�-NORSK GEOLOGISK
TIDSSKRIFT
UTGITT AV

NORSK GEOLOGISK FORENING
OSLO
MED STATSBIDRAG OG MED BIDRAG
FRA NORGES ALMENVITENSKAPELIGE FORSKNINGS RAD

REDAKTØR:

NIELS-HENR. KOLDERUP

BIND 38.

h. l,

pp. 1-178.

A/S John Griegs Boktrykkeri
Bergen 1958

l
l
____

l

NORSK GEOLOGISK TIDSSKRIFT 38

THE MIDDLE ORDOVICIAN
OF THE OSLO REGION, NORWAY
10. Nautiloid Cephalopods
BY
WALTER c. SWEET
(The Ohio State University, Columbus, Ohio, U.S. A.)
With 21 plates and 20 figures in text

CONTENTS

4

:\bstract
Introduction and Acknowledgements ................................ .
The Cephalopod Faunas . . . .

.. .

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.. ..

5
6

.. . .

6

...................... .

12

Systematic Paleontology .......................................... .

25

Previous Mention . .

.

.

.

.

.

.

.

.

.

.

. ..

Distribution and Stratigraphic Significance
Classification

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

..

.

.

.

.

.

.

.

.

.

25

.......................................

27

..................................................

28

Descriptive Terminology
Descriptions

.

.. .

Suborder Ellesmeroceratina Flower, 1950 ....................... .

28

Family Baltoceratidae Kobayashi, 1935 ......................

28
28

Genus Eobactrites Schindewolf, 1932

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Eobactrites sandbergeri (Barrande) ....................... .
Family Bathmoceratidae Holm, 1899

....................... .

28
30

Genus Bathmoceras Barrande, 1865 ...................... . .

30

Bathmoceras norvegicum Sweet, n. sp. .................... .

32

Suborder Endoceratina Flower, 1950 .......................... .

33

Family Endoceratidae Hyatt, 1883 ......................... .

33

Genus Dideroceras Flower, 1950

..........................

.

33

Dideroceras wahlenbergi (Foord) ......................... .

35

Genus Endoceras Hall, 1844 .............................. .

38

.

38

Genus Vaginoceras Hyatt, 1884 ........................... .

40

Vaginoceras sp ........................................ .

40

Endoceras spp.

.

.

.

.

.

.

.

.

.

.

.

.. . . .

.

.. .

.

.

.

.

.

.

.

.

.. ..

.

.

.

.

..

.

2

WALTER C.

SWEET

Genus Cyrtendoceras Remele, 1886 .........................

43

Cyrtendoceras, n. sp. ...................................

43

Suborder Actinoceratina Flower, 1950 ..........................
Family Armenoceratidae Foerste & Teichert 1930

.............

46
46

Genus Nybyoceras Troedsson, 1926 .........................

46

Nybyoceras holmi Sweet, n. sp. ..........................

46

Nybyoceras sp. ........................................

49

Family Ormoceratidae Saemann, 1852 ........................

50

Genus Ormoceras Stokes, 1838 .............................

50

Ormoceras kiaeri Sweet, n. sp. ...........................

50

Family Lambeoceratidae Flower, 1957........................

52

Genus Hoeloceras Sweet, n. gen. ...........................

52

Hoeloceras helgoeyense Sweet, n. sp. ......................

54

Hoeloceras askeri Sweet, n. sp. ...........................

56

Suborder Michelinoceratina Flower, 1950 .......................

58

Family Michelinoceratidae Flower, 1945.......................

60

Genus Sactorthoceras Kobayashi, 1934 (emend. Flower, 1946) ...

60

Sactorthoceras sp. ......................................

60

Genus Polygrammoceras Foerste, 1927.......................

61

Polygrammoceras sp. ...................................

61

Genus Protokionoceras Grabau & Shimer, 1910 ..............

62

Protokionoceras strandi Troedsson ........................
Genus Kionoceras Hyatt, 1884

............................

"Kionoceras" sp. ......................................
Family Stereoplasmoceratidae Kobayashi, 1934

...............

Genus Stereoplasmoceras Grabau, 1922 ......................
Stereoplasmoceras longicameratum Sweet, n. sp.

62
63
63
64
64

............

64

Genus Stereoplasmocerina Kobayashi, 1936 ..................

67

Stereoplasmocerina lineata Sweet, n. sp. ...................

67

Stereoplasmocerina approximata Sweet, n. sp. ..............

69

Genus Ctenoceras Noetling, 1884 ...........................

71

Ctenoceras sp. A ........................................

73

Ctenoceras sp. B........................................

74

Genus Ephippiorthoceras Foerste, 1924 .....................

76

Ephioppirthoceras frognoeyense Strand .. ...................
?Genus Stereospyroceras Flower, 1955

......................

76
76

Stereopsyroceras? sp. ...................................

76

?Genus Gorbyoceras Shimizu & Obata, 1935 .................

78

Gorbyoceras? sp........................................ .

78

Suborder Ascoceratina Flower, 1950 ..... .............. ....... ..

79

Family Hebetoceratidae Flower, 1940.........................

79

Genus Probillingsites Foerste, 1928 ............. ........... .

79

Probillingsites, n. sp.... .................... .............

79

Suborder Oncoceratina Flower, 1950 ...........................

80

10.

THE :IIIDDLE ORDOYICIA),T,
------------- -·----- -·

.

:\AlJTILOID

3

CEPHALOPODS

------

Family Oncoceratidae Hyatt, 1883 . . .........................
Genus Oncoceras Hall, 1847

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

.

80
80

Oncoceras sp. ..........................................

80

Genus Beloitoceras Foerste, 1924 ...........................

81

......................

81

Family Allumettoceratidae Flower, 1946 ......................

84

Beloitoceras stoermeri Sweet, n. sp.
Genus Allumettoceras Foerste, 1926

.

.

. . . . . . . . . . . . . . . . . . . . . . .

Allumettoceras mjoesense Sweet, n. sp.
?Genus Tripteroceras Hyatt, 1884

.

84

...................

84

. . . . . . . . . . . . . . . . . . . . . . . . .

86

.

Tripteroceras? problematicum Sweet, n. sp. ................

86

Family Valcouroceratidae Flower, 1946 .......................

88

?Genus Valcouroceras Flower, 1943 ........................

88

Valcouroceras? holtedahli Sweet, n. sp. . ...................

88

Family Diestoceratidae Foerste, 1926 ........................

91

Genus Diestoceras Foerste, 1924 ...........................

91

Diestoceras sp. . ........................................

91

Suborder Tarphyceratina Flower, 1950 .........................

92

. . . . . . . . . . . . . . . . . . . . . . .

9Z

Family Trocholitidae Chapman, 1857
Genus Trocholites Conrad, 1 838

.

. . . . . . . . . . . . . . . . . . . . . . . . . . .

.

Trocholites depressus (Eichwald)

.

........................

92
93

Trocholites contractus Schroder ...........................

95

Trocholites hospes (Reme!e)

.............................

96

Genus Discoceras Barrande, 1867 ..........................

98

.

Discoceras arcuatum (Lossen)

.

........................... 103

Discoceras boreale Sweet, n. sp. .......................... 105
Discoceras boreale amplicameratum Sweet, n. subsp.
Discoceras depressum Sweet, n. sp.

.

.

....... 106

. . . . . . . . . . . . . . . . . . . . . .

108

Discoceras fleischeri Sweet, n. sp. ........................ 110
Discoceras ievesense (Balaschov)
Discoceras rarospira (Eichwald)
Family Lituitidae

.

.

.

.

.. . . .

.

..

.

.

.

.

.

.

.

.

.

.

.

.

.

.

112

......................... 114

Phill ips 1848.............................. 115
,

Genus Holmiceras Hyatt, 1894 ............................ 125
Holmiceras kjerulfi (Brøgger) .. .
Genus Ancistroceras Boll, 1857

.

.. .

.

.

.. . .... .

.

.. . . . ..

.

.

.

127

............................ 128
129

Ancistroceras undulatum Boll

Ancistroceras undulatum Boll? ........................... 130
Genus Angelinoceras Hyatt, 1894 .......................... 131
Angelinoceras sp.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

132

Genus Rhynchorthoceras Remele, 1882 ...................... 133
Rhynchorthoceras helgoeyense Sweet, n. sp. . ................ 1 35
Rhynchorthoceras angelini (Boll)?

.

....................... 140

Genus Lituites Bertrand, 1763 ............................. 141
Lituites lituus Montfort? ................................ 142
Lituites perfectus Wahlenberg

.

.......................... 144

4

\VAL

TER

C.

�---- -- �� ----- �- ----

SWEET

Genus Trilacinoceras Sweet, n. gen. ........................ 147
Trilacinoceras discors (Holm) ... .... ...... .. ... ........... 148
Trilacinoceras norvegicum Sweet, n. sp. .................... 150
Trilacinoceras sp........................................ 152
Genus Cyclolituites Remeie, 1886

.......................... 153

Cyclolituites lynnensis (Kjerulf) ... .. .... ......... .... .... . 154
Cyclolituites kjerulfi Sweet, n. sp. ........................ 157
?Genus Tyrioceras Strand, 1933

........................... 159

Tyrioceras? sp............................... . .......... 159
Suborder Discosorina Flower, 1940 ............................. 160
Family Ruedemannoceratidae Flower, 1950 ................... 160
?Genus Ruedemannoceras Flower, 1940 ................... .. 160
Ruedemannoceras? sp. .. ..... .. ... ..... .. .... ..... ... ... 160
Family Westonoceratidae Teichert, 1933 ...................... 162
Genus Broeggeroceras Sweet, n. gen. ........................ 162
Broeggeroceras contractum Sweet, n. sp. ................... 162
Broeggeroceras? elongatum Sweet, n. sp. .......... ..... .... 165
Family Cyrtogomphoceratidae Flower, 1940 ................... 166
Genus Strandoceras Flower, 1946

.......................... 166

Strandoceras strandi Sweet, n. sp.......................... 167
Strandoceras sp. ....................................... 169
Literature

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 170

Plates 1-21 . .. .. ...... ... .. .... .... ..... ....... . . ......... ... ..

Abstract :

.

177

Forty identifiable species of nautiloid cephalopods, referable

to 38 genera, are described from the Middle Ordovician Ogygiocaris and Chas
mops Series of the Oslo Region, Norway. A comparison of the cephalopod fau
nas represented with others in the Scando-Baltic province tends to confirm
previously suggested correlations of the Ogygiocaris Series with the Platyurus,
Schroeteri, and at !east part of the Crassicauda limestones of Sweden. Many
of the same cephalopod species found in Ogygiocaris strata are also known
from the Aseri, Lasnamae, and Uhaku limestones of Estonia, and two species
from the lower portion of this Series are closely similar to forms known best
from the essentially contemporaneous sarka beds of Bohemia. Ogygiocaris
Series cephalopods have little in common with presumably contemporaneous
forms in North America, but the same general fauna, or regional variants of
it, seems to occur in Korea, Manchuria, India, and perhaps in Australia, China,
and Argentina.
The cephalopods of the Ampyx limestone, the basal substage of the Chasmops
Series, are much like those of the upper part of the Ogygiocaris Series, and seem
to be closely related to forms from the Crassicauda limestone of Sweden and
the Uhaku limestone of Estonia. The few nautiloids now known from the upper
four-fifths of the Chasmops Series, are, however, for the most part referable
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to, or closely related to, genera best developed in the well known boreal faunas
which have a wide distribution in the Northern Hemisphere.
In the systematic portion of the report, three new generic names are proposed,

Hoeloceras (Lambeoceratidae), Trilacinoceras (Lituitidae) , and Broeggeroceras
(Westonoceratidae). In addition, 21 species are named and described for the
first time.

Descriptions and illustrations of one Lower Ordovician species

(Holmiceras kjerulfi (Brøgger)) and one Upper Ordovician species (Broeggeroceras?
elongatum, n. gen. & sp. ) are included for comparative purposes.
The stratigraphic distribution and morphological development of the Li
tuitidae indicate a close relationship to the Tarphyceratina. Lituitid cameral
deposits are discussed and evidence is presented to suggest that these structures
were secreted by siphuncular tissue which expanded into the camerae through
foramina resorbed in the ectosiphuncle. The independent development of ca
meral deposits in the secondarily straight lituitids supports the interpretation
of such structures as hydrostatic devices and suggests that the Lituitidae deve
loped from a stock in which cameral tissues had disappeared or lost their function.

Introduction and acknowledgements.

The following is the tenth report in a series begun by Størmer in
1953 and designed to elucidate the stratigraphic and paleontologic
features of Middle Ordovician strata in the Oslo Region, Norway. The
present study, which deals with the nautiloid cephalopods, is based
primarily upon specimens in collections at the Paleontological Museum
in Oslo and the State Museum of Natural History in Stockholm.
However, during 1956 and 1957, I had the opportunity to collect from
some localities at which Middle Ordovician strata are exposed, and
descriptions of many cephalopods found on these occasions are also
included. Since most exposures in the Oslo Region have been visited
many times by experienced paleontologists, it is not likely that many
well preserved nautiloids would have escaped notice. Therefore, it
seems likely that the aggregate of the collections at hand closely
approximates the composition of the cephalopod faunas as a whole.
It should perhaps be mentioned that the collections which form the
nucleus of this report have been assembled by many different persons
during a period of more than 100 years. The information accompanying
many specimens is vague or incomplete stratigraphically, and, although
some can be placed in the section on the basis of lithology or associated
fossils, little stratigraphic significance can be attributed to them.
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Many of these poorly labelled cephalopods are described, however,
and several species are erected on the basis of rather scanty material
with the hope that descriptions of them will serve as a guide to further
more systematic collecting.
I wish to express my appreciation to the United States Educational
Foundation in Norway for generous financial aid which made it pos
sible for me to spend a year in Scandinavia; and to Professor Leif
Størmer, director of the Paleontological Institute (now part of Institute
of geology) at Oslo University, for his help and many kindnesses
throughout my stay in Oslo. The assistance and counsel of Dr. Gunnar
Henningsmoen and Dr. Nils Spjeldnæs, both of the Paleontological
Museum, Oslo, is also warmly acknowledged, as is the kindness of
Mrs. Natascha Heintz, who translated parts of several Russian papers
for me. Professor Erik Stensio, Palæozoological Division, State Museum
of Natural History, Stockholm, graciously made the facilities of his
institution available during my visits there, and assisted in the com
pletion of the present project by arranging loans of type material and
specimens of Norwegian and Swedish nautiloids stored in Stockholm.
I have also profited through an exchange of stratigraphic and pale
ontologic ideas with Dr. Valdar J aanusson, Paleontological Institution,
Uppsala University, and Fil. Lie. Harry Mutvei, State Museum of
Natural History, Stockholm. The skill of Miss Bergljot Mauritz,
Faculty Photographer at the University of Oslo, and the artistry of
Miss Ingrid Lowzow is evident in the plates and text-figures, and I
express my appreciation to both for the time and care their preparation
required. Mr. Einar Fjellet prepared many of the polished sections.
The illustrations and sections were financed by funds from Norwegian
Research Council grants for joint studies of the Middle Ordovician
of the Oslo Region.
THE CEPHALOPOD FAUNAS
PREVIOUS MENTION

As early as 1784, Hans Strøm described and illustrated a nautiloid
cephalopod (of a type now referable to the Endoceratidae) from the
Oslo Region, and in 1797, Christian Hammer gave descriptions (but
apparently no illustrations) of several straight and coiled species from
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Melbostad in the Hadeland district. Neither Strøm nor Hammer in
clude generic or specific names or very exact information as to their
collecting localities. Hammer, however, attempted to identify his
specimen by comparing them with Gmelin's figures.
On his trip to Norway, Leopold von Buch (1810) collected cephalo
pods at several places in the Oslo Region. Lossen (1860a, 1860b) de
scribed part of von Buch's collection, referring two specimens to
Lituites arcuatus and several others to Lituites trapezoidalis. L. arcuatus
has never been illustrated, but according to Lossen (ap. cit.) the species
was based on specimens from the Toten district which were almost
certainly collected from the so-called Cephalopod shale. Several years
ago, Professor Trygve Strand, of Oslo University, studied the only
available type of L. aruatus and his observations, together with a
photograph of the specimen, are included in the present report. Lituites
trapezoidalis, the types of which come from Asker, southwest of Oslo,
has lang been regarded as synonymous with Discoceras antiquissimum
(Eichwald), an Upper Ordovician species.
Esmarck (1829) remarks that, on this trip to Trondheim, he observed
representatives of Orthoceratites and Lituites on Helgøya, an island in
Lake Mjøsa. He gives no figures of these fossils, but he does include
short generalized descriptions of them and remarks as to their probable
original length and size.
Kjerulf (1857) was apparently the first to publish faunal lists for
the strata in the "Christiania [OsloJ Basin". From his Etage 3 (which
represents a mixture of stages 3 and 4 as now recognized) he lists
(p. 285) : Orthoceratites communis Wahl., O. imbricatum Wahl. , O.
regularis, O. duplex, O. trochlearis His., O. annulatus Sow., Lituites
lituus, and Trocholites. From Etage 4 he identified O. regularis His.,
O. attenuatum dimidiatum Murch., O. �tndulatus, O. lineatus, O. gigas,
O. distans, O. duplex, Cyrtoceras, Lituites cornu-arietis Sow. , and Tro
cholites anguiformis Salter. In the latter part of the same paper, Th.
Dahll reports several of the same species, as well as Cyrtoceras inae
quiseptum, from the Langesund-Skien district, southwest of Oslo. A
majority of these species are Middle Ordovician forms, and Kjerulf's
collections form a large part of the anes described in a later part of
the present report. For the most part, however, it is not known to
which specimens he applied the names listed in his 1857 paper.
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In 1865, Kjerulf again noted the fossils common to the sedimentary
strata of the Oslo Region, and presented lists including 18 cephalopod
species, at least 12 of which are certainly Middle Ordovician. One of
these, Lituites lynnensis, was described and illustrated for the first
time in that report. It is interesting to note that in his 1865 report and
on Atlas Sheet 10 of a paper published in 1879, Kjerulf mentions the
occurence of Gonioceras anceps Hall in the upper part of Stage 4 on
Nakkholmen Island. I have not been able to locate the specimen(s)
upon which Kjerulf based this determination, but it may have been
like the one from substage 4b,8 here made the type of Hoeloceras askeri.
However, sinces Stage 4 includes Upper Ordovician strata, it is equally
possible that Kjerulf's G. anceps is Upper, rather than Middle Ordo
vician in age, although the type of that species (upon which Hall
based Gonioceras) comes from the \Vatertown formation of Wilderness
("Black River") age in New York.
Brøgger (1884) mentions the occurence of cephalopods ( Lituites
litutrs Montf. and "Orthoceren") in the Cephalopod shale at Mjøsa,
and also records the occurrence of lituitids and orthoceracones in the
Chasmops limestone and shale, and in the Encrinite limestone of the
Langesund-Skien district. However, he provided no descriptions or
illustrations of these forms. At about this same time, the Svvedish
paleontologist, Gerhard Holm, made several trips to the Oslo Region
to collect fossils, and, du ring these trips, he assembled a large collection
of cephalopods, primarily on Helgøya in Lake Mjøsa. He apparently
intended to study these forms thoroughly, but as far as I can determine,
he mentions (1885, p. 17) only one of them, Endoceras gladius, in his
many papers on Scandinavian fossils. Holm's collections are now
stored at the State Museum of Natura] History in Stockholm, and I
have been through them carefully. Several of the specimens he collected
are not duplicated in the collections in Oslo, hence are described in
the following report.
In his "Catalogue of Fossil Cephalopods . . . " (1888, 1891), Foord
mentions conspecific Norwegian specimens in connection with his de
scriptions of Orthoceras regulare (Schlotheim), Endoceras wahlenbergi
Foord, E. trochleare (Hisinger), and Lituites lituus Montfort. All of
these are Middle Ordovician species, and are ascribed to either the
Oskarshall group or Stage 4 at various localities in the Oslo Region.
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In 1909, Holtedahl published an important paper on Stage 4 in
the Lake Mjøsa district, in which work (p. 40--42) he lists Orthoceras
regulare Schl., O. centrale His., O. devexttm Eich., Endoceras gladius
Holm, Cyrtoceras priscum Eichw., C. oryx Eichw., C. digitale Eichw
Trocholites contractus Schroder, T. remelei Schroder, T. damesi Schroder,
T. aff. macromphalus Schroder, Lituites lituus Montfort, and L. per
fectus Wahlenberg? from 4A3 (the Cephalopod shale); O. scabn'dium
Angelin from 4B2 (the Coelosphaeridium beds); and O. sttavc and O.
cuneolus Eichwald from 4B3b (the Cyclocrinus zone). I have not located
all of Holtedahl's specimens, but several of his identifications are
confirmed by a study of material from the same general horizons.
and some of his determinations are revised in the present report.
Orthoceratites regularis Schlotheim is the type of Orthoceros Br iinnich
and, although it might be expected in 4aa4, none of the specimens
available to me can be referred to it with certainty. Troedsson (193 1
p. 28) also notes that he was unable to verify the presence of this
s pecies in the Norwegian Ordovician. Hisinger's Orthoceratites centralis
is based on an orthoceraconic fragment which has a central siphuncle
and a transversely striated shell. It may be referable to Orthoceros or
it may be a Stereoplasmocerina, like 5. lineatum, n. sp. , which occurs
in stratigraphically comparable beds. However, it is not possible to
place the species in any genus with certainty at the present time.
Balaschov (1953a, p. 211) refers Orthoceras devexum Eichwald to
Palaeocycloceras Shimizu & Obata, which, however, is regarded by
Flower (1943c, p. 122) to be a junior subjective synonym of Proto
cycloceras Hyatt, an ellesmeroceratinid. As Balaschov's reference is
unaccompanied by any explanatory notes and since I have not found
any annulated ellesmeroceratinids in Holtedahl's or other collections
from the Middle Ordovician of the Oslo Region this identification
must be regarded with question. Endoceras gladius Holm is apparent! y
synonymous with Nanno belemnitiforme Holm, which has priority.
Cyrtoceras priscum, C. oryx, and C. digitale, all of Eichwald cer
tainly do not belong in Cyrtoceras as it is presently recognized, but it
is not possible at the present time to revise the generic reference of
their types. It might be pointed out, however, that Balaschov (1953a,
p. 208) lists "Cyrtoceras" priscum Eichwald from zone F of the Estonian
section, hence it is unlikely that Holtedahl's Middle Ordovician speci. .
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men is conspecific. The form which Holtedahl placed in C. oryx Eich
wald is illustrated as figure l on Plate 10, but its generic and specific
reference cannot be determined. There is, however, a suggestion of
trochoid coiling in this specimen which, if verified by subsequent
collecting, will probably necessitate the erection of a new generic
category for it. I have not been able to locate any specimen labelled
C. digitale, but it may be either the one here described as Strandoceras
strandi, n. sp., or as Valcouroceras? holtedahli, n. sp.
Trocholites contractus Schri::ider occurs in the Cephalopod shale as,
Holtedahl states, but the specimens he placed in T. remelei Schri::ider
and T. aff. macromphalus Schri::ider, are probably the ones here re
ferred to T. depressus (Eichwald). Trocholites damesi Schri::ider is more
properly referred to Discoceras, but the name cannot be used with
certainty for any of the trocholitids in collections available to me.
Both Lituites lituus Montfort and L. perfectus Wahlenberg occur
in the Ogygiocaris Series, and Holtedahl's reference to them is un
doubtedly correct; however, I have not discovered representatives of
either species in collections from the Cephalopod shale.
Geisonoceras [
Orthoceras] scabridium (Angelin) appears to be the
only cephalopod known from the Coelosphaeridium beds, and, with
the addition of Discoceras ievesense (Balaschov), the same seems to be
true of Kionoceras [
Orthoceras] suave (Angelin) and Allumettoceras
=

=

[

=

Orthoceras] cuneolum

(Eichewald), both reported by Holtedahl

from the Cyclocrinus beds. The only specimen in collections at hand
(P.M.O. I 1478) labelled O. cuneolus Eichwald, comes from Hovinds
holm, presumably from the Cephalopod shale. This specimen has a
central, orthochoanitic siphuncle, and is being referred to Sactorthoceras.
However, Allumettoceras does occur in the Cephalopod shale, and its
presence in the somewhat younger Cyclocrinus beds would therefore
not be surprising.
In 1932, Troedsson prepared a thorough study of the vertically
striated orthoceracones in the Swedish Orthoceras limestone, in which
he also included descriptions of Protokionoceras strandi Troedsson,
and a Polygrammoceras, both from some part of the Chasmops Series
(4b) in the Oslo Region. Troedsson's descriptions are included in the
present report, and the latter specimen is figured for the first time
(Plate 2, figures 7 and 10). Troedsson also remarks (1932, introduction,
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p. l) that a specimen from the Ogyiocaris Series of the Oslo Region
" . . . reminds one of P. [Polygrammoceras] fasciatum but is a true
Spyroceras ..." , and " . . . a speciemen labelled Orthoceras ampli
cameratttm in the Paleontological Museum of Oslo, is poorly preserved

and does not show any longitudinal striation at all." I have not been
able to locate either of these specimens, but it should be noted that
no true Spyroceras is known to occur below the Lower Devonian and
the specimens available to Troedsson for study may have been like
those here referred either to Gorbyoceras? or Ctenoceras.
Careful systematic descriptions and an excellent stratigraphic ana
lysis of all the Upper Ordovician cephalopods then known from the
Oslo Region were published by Strand (1933). In his work are also
included descriptions of Ephippiorthoceras frognøyense Strand, Strando
ceras [as Protophragmoceras] sp., and several generically indeterminate
lituitids now known to have been collected from rocks of uppermost
Middle Ordovician age. Strand's descriptions of the first two of these
forms are reproduced here, but the types are not illustrated.
Subsequent to Strand's work, Norwegian cephalopods have been
mentioned andjor illustrated only in connection with general strati
graphic or popular discussions, or (as in Flower, 1946) in connection
with revisions in generic or specific taxonomy.
It should be added that, in 1932, Foerste studied a small assemblage
of fragmentary nautiloids from Middle Ordovician strata in the Trond
heim area. In his report, Foerste describes Endoceras stensetense, E.
c•ehnense , E. spp., Cyrtendoceras? sp., Orthoceras katuglåsense, Gei
sonoceras strandi, Cycloceras kiaeri, C. hoelandense, C. trondhfemense,

and Palaeonautitus? broeggeri from strata of the Hovind group, which
strata are probably equivalent in age to some part of the Ogygiocaris
Series of the Oslo Region. The types of Foerste's several species are
kept in Oslo, but they are so poorly preserved that it is indeed difficult
to compare any of the material at hand with them. Subglobular
trocholitids like those Foerste refers to Palaeonautilus appear to be
restricted to the upper part of the Ogygiocaris Series in the Oslo
Region and to generally equivalent strata in Estonia. Although the
broadly expanded, rather deeply involute conch may justify generic
distinction (i. e., Palaeonautilus rather than Trocholites) for these
forms, I am following the more conservative practice of placing them
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in Trocholites, to which they are very closely related. Regardless of
such taxonomic perplexities, however, trocholitids such as these appear
to be restricted to a fairly limited horizon in the Scando-Baltic pro
\·ince and are, for that reason, fairly good indices to the faunal realm
and the general age of the strata from which they are collected.
It should be mentioned that, in 1930 (p. 6) Hedstri:im figured and
tentatively indentified representatives of Endoceras sp., Orthoceras sp.,
Discoceras? sp., and Trocholites? sp. from a serpentine conglomerate
in the Otta Valley of central Norway. The coiled cephalopods almost
certainly belong in Estonioceras and Plectoceras (rather than in Dis
coceras and Trocholites), hence, as Hedstri:im concluded, the fa un a
reprcsented is probably of Lower, rather than Middle Ordovician age.
His conclusions as to age are strengthened by the fact that undescribed
collections from this same conglomerate contain a representative of
Piloceras and scveral annulated forms reminiscent, at least, of "Cv
clendoceras" vaginatum ( S chlotheim)
.

DISTRIBl'TlO:'\

A:.:D

STRATIGRAPHIC SIGNIFICANCE

It has been gcnerally agreed that no detailed discussion of corrc
lation with respect to the Middle Ordovician rocks of the Oslo Region
would be undertaken until all of the principal fossil groups have bcen
studied. The following rcmarks, then pertain only to the distribution
of Middle Ordovician cephalopods within the Oslo Region and to the
probable significance of this distribution stratigraphically. Table I
shows, schematically, the Middle Ordovician stratigraphic units of
the Oslo Region and their probable equivalents elsewhere. It has becn
compiled largely from the literature and is to be regarded as highly
provisional. This table is included, however, for the benefit of those
not familiar with Scando-Baltic stratigraphy so that the cephal o p o ds
described in the present report may be understood in general strati
graphic context. Table li shows the distribution, by stratigraphic
units and districts, of the cephalopods now known to occur in the
Middle Ordovician strata of the Oslo Region.
As Størmer (1953, p. 112, etc.) and Spjeldnæs (1957, p. 196) have
pointed out, the Oslo Region appears to have been differentiated into
a number of rather distinct lithological and faunal subprovin ccs
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during Middle Ordovician time. The faunal differentiation, as might
be expected, is strikingly shown by those animal groups which lived
for the most of their lives in dose association with the sea bottom,
but is not particularly evident in the presumably more highly mobile
nautiloid faunas. There are, to be sure, lateral differences in abundance
within essentially contemporaneous strata, but; insofar as I can deter
mine, no subprovincial distinctions seem to have been developed by
the nautiloids themselves.
At least a few cephalopods occur in one or more of the �everal
facies in each of the nine substages which comprise the Middle Ordo
vician Ogygiocaris and Chasmops Series in the Oslo Region. Nautiloids
are most abundant, however, in the so-called Cephalopod shale, which
forms the upper part of the Ogygiocaris Series in districts adjacent
to Lake Mjøsa, and in the perhaps partly equivalent Ampyx limestone,
the basal substage of the Chasmops Series. This gross distribution
suggests that for only a short part of Middle Ordovician time, and in
a rather restricted portion of the Oslo Region, were ecological con
ditions particularly favorable to the development of a large and varied
cephalopod fauna.
For the most part, the cephalopods now known from the Ogy
giocaris Series and from the early part of the superjacent Chasmops
Series represent a fauna known best from the Scando-Baltic province
and, perhaps, restricted largely to it. This general fauna, of which
the bizarre lituitids and the primitive trocholitid, Discoceras, are the
most striking elements, is unknown in North America. Genera sug
gesting it, however, have been reported from China, Manchuria, Korea,
Australia, and Argentina, and it has a few features in common with
the scanty early Middle Ordovician faunas described long ago by
Barrande from central Europe. A few species from the upper part
of the Ogygiocaris Series have dose affinities to largely contempo
raneous forms known best at present from eastern United States and
Canada. The number of these forms is small, however, and their
stratigraphic significance is difficult to assess.
With the exception of a few lituitids and the ubiquitous and appa
rently indigenous Discoceras, the nautiloids from the post-Ampyx
limestone portion of the Chasmops Series are referable to, or most
closely related to, genera which are known to have a rather wide
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distribution in the Northern Hemisphere. This rather cosmopolitan
cephalopod fauna is known from numerous localities in eastern and
central United States and Canada, and representatives of it have also
been reported from the Canadian arctic, Greenland, and Kazakhstan.
�!ore detailed, or particularly meaningful comparisons of the several
cephalopod faunas of the Norwegian Middle Ordovician with those
described from other parts of the world, or, indeed, with those pre
viously reported from the balance of the Scando-Baltic province, is
difficult for a number of reasons. Most of the Scando-Baltic nautiloid
species were named many years ago, at a time when a short description
of conch shape and ornamentation was considered to be sufficiently
diagnostic. A few of these have been carefully restudied, but the
majority of them can not now be referred with certainty to any known
generic group and will probably remain unrecognizable, even speci
fically, until they are redescribed in terms of their internal structures.
Furthermore, Scando-Baltic stratigraphic concepts and terminology
have changed considerably within the last several decades, hence in
many cases it is diHicult to interpret the stratigraphic information
which accompanies the older specific descriptions. In this connection,
it should also be noted that the types of many Middle Ordovician
nautiloid species were collected from glacial drift boulders in Poland
and Germany and it is possible, for the most part, to make only
reasoned "guesses" as to the stratigraphic interval from which these
boulders were derived. For these reasons, and for the additional reason
that precise stratigraphic information is unavailable for many of the
Norwegian nautiloids herein described,

the following remarks are

necessarily generalized. They will almost certainly need revision, at
lea't in part, when our knowledge of both the provincial and extra
proYincial distribution of the species involved becomes more adequate.
Cpper Didymograptus Shale (4aa1_2). Only a few identifiable nauti
loids have been collected from this unit in the Oslo Region, and all
of them come from the Oslo-Asker district. These specimens belong
in Eobactrites sandbergeri (Barrande), Dideroceras wahlenbergi (Foord),
and Trocholites depressus (Eichwald). Eobactrites has not previously
been reported from the Scando-Baltic province, being known heretofore
only from the �arka beds of Bohemia. Dideroceras wahlenbergi (Foord)
has been recorded from rocks which range in age from upper Arenig
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(Vaginatum limestone) through Llandeilo (Upper Gra:y Orthoceras
limestone), although it is probable that specimens from all of these
horizons do not belong in the same species. The genus is also repre
sented in Manchuria, Korea, and Argentina, in rocks of approximately
the same age. The type of Trocholites depressus (Eichwald) comes from
the Lasnamae limestone (C1b) of Estonia, but, in Norway at least ,
this species appears to range throughout the Ogygiocaris Series. It
might be pointed out, hO\,vever, that meaningful specific boundaries
are difficult to establish in these small trocholitids and it is probable
that little stratigraphic importance should be attached to them.
This small nautiloid assemblage does not seem to be particularly
characteristic of any of the several early Middle Ordovician horizons
in the Scando-Baltic region. The only form restricted to it is Eobactrites
sandbergeri (Barrande), which also seems to have a rather limit ed
range in Bohemia.
Ogygiocaris Slzale (4aa3). Several of the specimens in the collections
herein described were collected from strata representing some part of
this interval. These nautiloids are referable to Trilacinoceras discors
(Holm), Trilacinoceras norvegicum Sweet, n. sp., Stereoplasmocerina
lineata Sweet, n. sp., Discoceras depressmn Sweet, n. sp. , Rhynchortlzo
ceras angelini (Ball)?, Lituites lituus Montfort?, and Lituites perfecLus
\Vahlenberg. Lduites discors Holm is a very distinctive species which
I am referring to a new genus, Trilacinoceras. In Sweden, and parti
cularly on the Island of (Hand, this species occurs near the base of
the Schroeteri limestone and in Norway, it is most abundantly re
presented in the Cephalopod shale of the Nes�Hamar district. Tri
lacinoceras norvegiwm Sweet, n. sp. , appears to be morphologically
intermediate between Lituites tornquisti Holm and Trilacinoceras
discors (Holm), hence its appearance in the upper part of the Ogy
giocaris shale suggests that those strata are probably somewhat
younger than the upper part of the Platyurus limestone (zone vvith
Illaenus aff. sulcifrons) in Swedcn to which L. tornquisti seems to be
restricted (J aanusson & Mutvei, 1953). Rhynchorthoceras angelini (Ball),
with which several of the Ogygiocaris shale nautiloids may be con
specific, occurs in the upper Platyurus limestone of Sweden (J aanusson
& Mutvei, op. cit.), whereas Lituites lituus and L. perfectus seem to be
most characteristic of the Schroeteri limestone on Oland. Discoceras
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Sweet, n. sp., is most closely related morphologically to
D. damesi (Schroder,) the type and only known specimen of which
came from a drift boulder in Germany. According to Schroder (1891,
p. 20) this boulder also contained Glyptosphaerites leuchtenbergi, a
cystidean species listed only from the lower part of the Uhaku limestone
of Estonia by Kaljo et al. (1956, p. 14), but reported by Regnell
(1945, p. 156) to range from the Vaginatum limestone into the Uhaku
limestone of the Baltic provinces. All of the Swedish specimens of this
species, however, are from the Gigas-Platyuru<; interval. The type'> of
Stereoplasmocerina lineata, n. sp. , are from the Cephalopod shale of the
Nes-Hamar district.
A majority of the nautiloids now known from the Ogygiocaris
shale can be said to suggest a correlation of this unit with at least
part of the Schroeteri limestone of Sweden. In addition, the fact
that several species from the Ogygiocaris shale are also found in
the Cephalopod shale suggests that these two units may, in part, be
facies equivalents of one another.
Bronni Beds (4aa4 ) . Cephalopods are not known to occur in the
typically sandy facies of this unit in the Oslo-Asker district, and
it is either absent or its boundaries are difficult to define in other
parts of the Oslo Region. Presumably (see Størmer, 1953), this sub
stage is represented by at least part of the richly fossiliferous Cephalo
pod shale in the districts adjacent to Lake Mjøsa.
Cephalopod Shale. This unit is restricted in its development to
the districts surrounding Lake Mjøsa (Hadeland, Toten, Nes-Hamar,
depressttm

and Ringsaker). It is underlain by strata belonging to the Ogygiocaris

shale and overlain by the sparingly fossiliferous Robergia beds, which
are probably equivalent to some part of the Ampyx limestone as it
is developed in other parts of the Oslo Region. For these reasons,
the Cephalopod shale is probably in large part equivalent to the
Bronni substage of the Oslo-Asker district. However, it contains
nautiloids which are also found in the typical facies of both the
Ogygiocaris shale and Ampyx limestone. These facts suggest that, in
addition to rocks deposited contemporaneously with the Bronni beds
of the Oslo-Asker district, the Cephalopod shale contains strata
equivalent to the upper part of the typical Ogygiocaris shale and the
lower part of the type Ampyx limestone.
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The Cephalopod shale has yielded a great majority of the nautiloids
described in this report. The following genera and species are now
known to be represented in this unit:
Bathmoceras norvegicum, n. sp. Endoceras sp. Vaginoceras sp.
Cyrtendoceras, n. sp. Nybyoceras holmi, n. sp. Nybyoceras sp. Hoeloceras
helgoeyense, n. gen. & sp. Sactorthoceras sp. Stereoplasmoceras longi
cameratum, n. sp. Stereoplasmocerina lineata, n. sp. Stereoplasmocerina
approximata, n. sp. Ctenoceras sp. A. Stereospyroceras? sp. ?Oncoceras
sp. Allumettoceras mjoesense, n. sp. Valcouroceras? holtedahli, n. sp.
Trocholites depresstts (Eichwald) Trocholites contractus Schrbder.
Trocholites hospes (Remele) Discoceras arcuatum (Lossen) Discoceras
boreale, n. sp. Ancistroceras undulatum Boll? Rhynchorthoceras helgo
eyense, n. sp. Trilacinoceras discors (Holm) Cyclolituites lynnensis
(Kjerulf) Cyclolituites kjerulfi, n. sp. Ruedemannoceras? sp. Strando
ceras strandi, n. sp.
Most of these species are represented in collections at hand by
only a few specimens, and quite a number of them belong in genera
not heretofore reported from Middle Ordovician rocks in the Scando
Baltic region. Representatives of the several lituitid genera are,
perhaps, the most abundant nautiloids in the Cephalopod shale, but
Discoceras is not rare, and straight forms referable to Sactorthoceras,
Stereoplasmoceras, and Stereoplasmocerina are numerous.
Bathmoceras has a known stratigraphic range from late Lower
Ordovician into the early Middle Ordovician, but previously described
species of this genus all seem to be somewhat older than the new form
herein recognized. Endoceras and Vaginoceras, in their previously
rather broadly interpreted form are long-ranging genera characteristic
only of the Middle and Upper Ordovician. Although both genera have
recently been restricted in scope, it is difficult, at present, to know
which of the many described species (other than the types) should
be retained in either of them; hence it is not possible to assign the
Cephalopod shale specimens any particular stratigraphic significance.
Cyrtendoceras is a little-known genus which is apparently restricted
to the Scando-Baltic province. The age of known Cyrtendoceras species
suggests, however, that the genus is confined to the early Middle
Ordovician; that is, to that part of Middle Ordovician time represented
by the Platyurus-Schroeteri interval in Sweden.
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The type species of Nybyoceras is from the Upper Ordovician
Lyckholm beds of Estonia, but congeneric species are known to occur
in rocks as old as the Chazy limestone (Marmorian) of the United
States. It is to these older species that the new form herein described
seems to be most closely related. Hoeloceras is a lambeoceratid, inter
mediate in internal structure between Gonioceras Hall and Lambe
oceras Foerste. The Gonioceratidae do not make their appearance
until the Marmorian in North America; Lambeoceras is confined to
Upper Ordovician rocks in North America.
Sactorthoceras, Stereoplasmoceras, and Stereoplasmocerina are straight
forms based on types from the early Middle Ordovician of China and
Korea. Species of these genera have not heretofore been recorded
from parts of the world other than the type localities, although
Flower (1946, p. 168) reports that Sactorthoceras is known in the
Chazy and Black River limestones of the Champlain Valley in north
eastern United States.
AUumettoceras, Stereospyroceras, Valcouroceras, Trocholites, and
Ruedemannoceras are all known from the Chazy limestone of Marmor
age in the northeastern part of the United States. AUumettoceras ranges
upwards throughout the Middle and Upper Ordovician, as does Trocho
lites, but Stereospyroceras, Valcouroceras, and Ruedemannoceras are at
present known only from the Marmorian. Small species of Trocholites,
like T. depressus and T. contractus of the Scando-Baltic province, T.
ruedemanni and T. gracilis of the North American Chazy limestone,
and T. ammonioides from the Chikunsan beds of Makkol, Manchuria,
appear to be characteristic of the early Middle Ordovician, however,

and, at the present time, seem to be reasonably good indices to it.
Ancistroceras ranges from late Lower Ordovician into at least the
early part of the late Middle Ordovician. A. undulatum Boll appears,
however, to be most characteristic of the interval represented by the
Schroeteri and Crassicauda limestones of Sweden and the Lasnamae
and Uhaku limestones of Estonia. Trilacinoceras discors (Holm), as
noted previously, is characteristic of a zone in the lower part of the
Schroeteri limestone of bland, but representatives of it and of a closely
related species, T. norvegicum, n. sp., are also found in the imme
diately subjacent Ogygiocaris shale of the Oslo Region. Cyclolituites
lynnensis (Kjerulf) is most closely comparable to C. lynceus Holm,
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from the Schroeteri limestone of Oland; C. kjerulfi, n. sp., has no dose
counterpart among previously described species of Cyclolituites.
Rhynchorthoceras helgoeyense, n. sp., is also considerably different from
other known representatives of that genus, hence its stratigraphic
significance is difficult to assess.
The dominantly provincial elements of the Cephalopod shale
nautiloid fauna indicate a correlation of this unit with the Schroeteri
and Crassicauda limestones of Sweden and with the essentially equi
valent Lasnamae and Uhaku limestones of Estonia. The few forms
which appear to be referable to, or closely related to, North American
genera suggests that the Cephalopod shale is perhaps intermediate
in age between the Marmor and the Wilderness stages.
Ampyx limestone (4afJ). In the Oslo-Asker district, this unit has
yielded nautiloids referable to Endoceras sp., Discoceras boreale, n. sp.,
D. boreale amplicameratum, n. subsp., Ancistroceras undulatum Boll,
Angelinoceras sp., Lituites lituus Montfort?, and Trilacinoceras sp.
The gross stratigraphic significance of these genera has been discussed
in connection with other substages, but it seems appropriate to empha
size at this point the similarity between the Ampyx limestone and
Cephalopod shale nautiloids. This may be taken to suggest that the
typical Ampyx limestone of the Oslo-Asker district is in part equi
valent to the Cephalopod shale of the northern districts.
Lower Chasmops Shale (4ba). Only a few cephalopods are known
from this horizon, but they differ considerably from those which
precede them stratigraphically. Known specimens are referable to
Endoceras sp., "Kionoceras" sp. , Ctenoceras sp. B, Gorbyoceras? sp.,
Beloitoceras stoermeri, n. sp., and Tripteroceras? problematicum, n. sp.
In addition, a specimen of Rhynchorthoceras helgoeyense, n. sp., may
have been derived from this unit. None oi these nautiloids offer any
particularly diagnostic stratigraphic information, but they seem to
represent the incursion into the Oslo Region of cephalopods generally
thought to be characteristic of the so-called boreal, or "arctic" faunas.
Spjeldnæs (1957, p. 199) makes the interesting suggestion that ash
falls at about this time may have destroyed the previously indigenous
brachiopod faunas of the Oslo Region, and that subsequent immi
gration from other faunal provinces served to produce the rather
abrupt changes in faunal composition noted at this level.
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Lower Chasmops Limestone (4bfJ). The few nautiloids known from
the Lower Chasmops limestone, referable to Hoeloceras askeri, n. gen.
& sp., Probillingsites, n. sp., Discoceras ievesense (Balaschov), D.
rarospira (Eichwald), Tyrioceras? sp., and Broeggeroceras contractum,
n. gen. & sp., seem to indicate a return to the Oslo Region of several
provincial, Scando-Baltic elements. The Probillingsites, however, is
a boreal indicator, and Broeggeroceras is most closely related to genera
characteristic of the boreal nautiloid faunas. The type of Discoceras
ievesense (Balaschov) comes from the Johvi limestone of Estonia,
and other representatives of the same species are found in the some
what younger Cyclocrinus beds of the Nes-Hamar district. This
suggests that the species has a rather considerable stratigraphic range
and it is, for that reason, difficult to assign it any particular importance
in an age-evaluation of the Lower Chasmops limestone nautiloids.
Discoceras rarospira (Eichwald) is, according to Balaschov (1953a, p.
212) a very long-ranging species, extending from the Aseri limestone
into the Keila limestone of Estonia. Kaljo, et. al. (1956, p. 39) list the
species only from the Idavere of Estonia, however, and this unit is
probably not much different in age from the Lower Chasmops lime
stone.
Coelosphaeridittm Beds. These strata, restricted to the Hadeland,
Nes-Hamar, and Ringsaker districts, have yielded only one cepha
lopod, which was referred by Holtedahl (1909) to Orthoceras scabridium
Angelin. I have not been able to locate this specimen, but the species
(now generally referred to Geisonoceras Hyatt) was originally described
from O l an d, Sweden, and is listed by Lindstrom (1888) as occurring
in the Upper Red and Upper Gray Orthoceras limestones - both of
which are certainly considerably older than the Coelosphaeridium beds.
Upper Chasmops Shale (4by). No cephalopods are known to me
from the typical facies of this unit; however, a few occur in the essenti
ally equivalent, more calcareous Cyclocrinus beds of the Nes-Hamar
district.
Cyclocrinus Beds. Holtedahl (1909) reported Orthoceras suave
Angelin and Orthoceras cuneolus Eichwald from this unit in the Nes
Hamar district, and a representative of Discoceras ievesense (Balaschov)
is herein described from the same beds. Orthoceras suave Angelin
probably belongs in Kionoceras Hyatt, and Teichert (1930) reports
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that the types of Orthoceras cuneolus Eichwald are referable to Allu
mettoceras Foerste. I have not located either of Holtedahl's specimens,
but little significance can be attached to the cited identifications,
for both species have been interpreted rather broadly and many
probably unrelated specimens from different parts of the Scando
Baltic province have been placed in them in the past. The types of
both species, furthermore, came from Upper Ordovician strata. The
type of Discoceras ievesense (Balaschov), which also occurs in the
Lower Chasmops limestone, is from the Johvi limestone of Estonia.
It is, apparently, a rather long-ranging species. In addition to these
identifiable specimens, it should be rnentioned that the collections
at hand contain two fragmentary orthoceracones (P.M.O. 64729,
64735) of somewhat depressed cross-section which rnay represent
Allumettoceras, but can not be placed in that genus with certainty.
Upper Chasmops Limestone (4o1•2). In the Ringerike district, this
unit has yielded Ephippiorthoceras frognoeyense Strand and Diesto
ceras sp., whereas Endoceras sp., and small generically unidentifiable
lituitids and orthoceracones are known from the same strata in the
Oslo-Asker district. Strand (1933) has figured and discussed both
Ephippiorthoceras frognoeyense and the lituitids. None of these forms
have any particular extra-provincial significance stratigraphically, but
the Ephippiorthoceras and Diestoceras rnay be said to indicate that
the Oslo Region continued to rnaintain arctic connections during
this time.
Encrinite Limestone. This unit forms the upper part of the Chasmops
Series in the Gjerpen-Langesund district, and is thought to be essenti
ally equivalent in age to the Upper Chasmops limestone. The Encrinite
limestone has yielded a specimen referable to Discoceras fleischeri,
n. sp., and an incomplete, generically indeterminate lituitid similar
to, but some larger than, the ones Strand (1933, p. 52) described from
the overlying Tretaspis lirnestone in the same district. Discoceras
fleischeri is strikingly similar in form to a specimen from Silliman's
Fossil Mount, Baffin Island, described as "Discoceras aff. D. canadense
(Whiteaves)" by Miller, et al. (1954), and the two may well be conspe
cific. The Baffin Island strata which yielded the specimen Miller and
his colleagues studied are considered by them to be early Upper
Ordovician in age.
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Sphaeronid Limestone. This unit, which is a local development
of the lower part of the Upper Chasmops limestone in the northern
portion of the Hadeland district, has yielded but a single cephalopod.
This small specimen is referable to Strandoceras Flower. It can not
be associated definitely with any described species of that genus, but
•

it is not unlike 5. tyriense (Strand) from the Upper Ordovician Tretaspis
and Gastropod limestones of the Oslo Region.

Gagnum Shale. Only one nautiloid, referable to Discoceras fleischeri,
n. sp. , has been collected from the Gagnum shale, a shaly development
of the Upper Chasmops limestone in the Hadeland district. D. fleischeri
also occurs in the Encrinite limestone, a fact which tends to strengthen

the previously expressed o pinion that these units are of essentially
the same age.

Mjøsa Limestone. Although this reefy facies of the Upper Chasmops
limestone is richly fossiliferous, it has yielded only a few cephalopods.
These specimen are referable to Ormoceras kiaeri, n. sp. , and to

Discoceras sp. The Discoceras may be referable to D. fleischeri, n. sp. ,
but can not be placed there with certainty. Ormoceras kiaeri is rather
common in the Mjøsa limestone, but it is a rather generalized form
and, at least at present, of little valne stratigraphically.

SYSTEMATIC PALEONTOLOGY
Ideas with regard to a natura! classification of the nautiloid
cephalopods have changed considerably in the last half century, and

have been particularly refined during the past decade. It is customary
to regard the Nautiloidea and their later derivatives, the Ammo
noidea, as groups of equivalent taxonomic rank, and the two groups
together are generally distinguished from all other cephalopods by
placing them in the Subclass Tetrabranchiata (rather than Dibranchi
ata) . It should be mentioned, however, that a subdivision of the
Cephalopoda into Tetra-, and Dibranchiata is based upon the number
of gills in living representatives of these subclasses, and reference of
the largely fossil nautiloids and the wholly extinct ammonoids to the
Tetrabranchiata can be justified only by the fact that the sole modem
representative of this Subclass, Nautilus, has 4, rather than 2 gills.
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Under the impression that the Cephalopoda were to be considered
a Subphyllum of the Mollusca, Flower & Kummel (1950) subdivided
the N autiloidea into 14 orders, primarily on the basis of the siphun
cular structure. Recently, however, the authors of Part L of the
"Treatise on Invertebrate Paleontology"(Arkell, et al., ],.957) have
treated the Ammonoidea as an Order, and, since the Nautiloidea are
presumably of equivalent taxonomic rank, it seems best to consider
all nautiloids together as representing but a single Order. For this
reason, those of Flower & Kummel's ordinal names which are perti
nent to the following report are reduced to subordinal rank, and their
endings are herein emended in conformity with the practice adopted
in the "Treatise on lnvertebrate Paleontology''.
It has been recognized for more than half a century that, for the
most part, the external form of the nautiloid conch is a rather un
reliable guide to relationship and that a taxonomic scheme based
upon shape alone does not very closely approximate an "ideal"
classification, which should, insofar as possible, express phylogeny.
Since only a few fundamental conch shapes are possible in the Nauti
loidea, it is not surprising to find that they recur in many only distantly
related stocks and at widely separated stratigraphic horizons. For this
reason, particular taxonomic significance is now attributed to internal
features of the conch, particularly to the siphuncle, muscle impressions,
and cameral deposits, for the range of possible variation in these
structures is considerably greater and, being internal, they were least
susceptible to environmental influences. Reduced emphasis on conch
shape should not be interpreted to mean, however, that this feature
is of no systematic importance. The shape of the conch is variable
within only small limits on the specific and generic levels, and several
families and even suborders are characterized by similarly shaped
conchs.
Largely on the basis of the siphuncular (including both endo-,
and ectosiphuncular) structure, Flower & Kummel (1950) recognized
14 major nautiloid stocks, which included some 74 families. Subse
quent to 1950, Flower (1955c, p. 245) has noted that the orders Nau
tilida and Centroceratida are so closely related that it seems inadvis
able to separate them. Hence, at the present time, the Order Nauti
loidea is thought to include 13 suborders, the majority of which are
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Paleozoic in both origin and abundance. Eleven of the 13 suborders
were established by or shortly after the beginning of the Middle
Ordovician, and representatives of eight of them occur in the Middle
Ordovician strata of the Oslo Region.

Terminology. As is the case in all other animal groups with which
I am familiar, there has been a great deal of variation, and not a
little confusion in the terminology used in the description of fossil
nautiloids. Within recent years, however, the common terms have
come to be employed in the same way by most writers, and, even
though " . . . there are logical objections to the application to these
animals of such terms as anterior, posterior, dorsal, and ventral,
with what appears to be their customary meaning, . .. it can be justi
fied on the basis of usage" (Miller & Furnish, in Arkell, et al., 1957,

p.

xx) .

That is, if nautiloids are oriented for descriptive purposes in

a manner anatomically comparable to that employed for pelecypods
and gastropods, the adapical portion of the body is, indeed, dorsal,
the cephalopodium ventral, the hyponomic side posterior, and the
opposed side anterior, as Mutvei (1956, p. 179) insists they "must"
be . However, it is doubtful if more than an few small, primitive
nautiloids lived in such a position, hence the more familiar termino
logy is applied to the conch oriented in a living position (insofar as
this can be determined) and the few anatomical terms commonly used
are employed in a "functional" sense. For these reasons, the nautiloids
which form the basis for the following report are described in terms
whose meaning, with respect to fossil nautiloids, is well established
and widely understood.

Those not familiar with these terms are

referred to Flower (1946, p. 57-68) who gives an excellent review
of the major structural features of nautiloids, their development,
and the terms applied to them for descriptive purposes. Teichert &
Glenister (1954, p. 32-34) have prepared a chart and a glossary
explaining the terminology of septal necks. In their report, they
also introduce several new descriptive terms, a few of which are
employed in the following descriptions .
The catalogue designations, P. M.O. and R.M . , used in the descrip
tive and illustrative sections of this report refer, respectively, to the Pale
ontological Museum, Oslo, and the Palæozoological Division of the State
:Museum of Natural History (Naturhistoriska Riksmuseet) , Stockholm.
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DESCRIPTIO:t\S.

Class C e ph a l o p o d a Leach, 1817
Order N a u t i l o i d e a Zittel, 1884
Suborder E Iles me r o c e r at in a Flower, 1950

[nom. transl. herein (ex E l l e s m e r o c e r a t i d a

Flower, 1950).=

EnnL Y B a l t o c e r a t i d a e Kobayashi, 1935.

GENUS Eobactrites Schindewolf, 1932.
Tvpe species: Bactrites sandbergeri Barrande, 1867.
In 1933 (p. 72) , Schindewolf defined

Eobactrites as " Bactritidae

mit kreisrundem Gehausequerschnitt, Lobenlinie mit schmalem, zun
genformigem Siphonallobus,

im ubrigen vollig gerade.

Anwachs

streifen nahezu geradlinig, mit nur angedeutetem sehr breiten, flachen
Sinus auf der Siphonalseite."
Although

Eobactrites was assigned to the Bactritidae of Hyatt by

Schindewolf, he shows it (1942, p. 356) in his phylogenetic chart of
the Cephalopoda as being an independent, Ordovician development
from the " Orthoceracea", and not connected directly with the line
which, he believes, led from

Bactrites to the Goniatitacea in the upper
Bactrites Sandberger,

part of the Silurian. The genus is indeed similar to

differing from it only in that the section is circular rather than some
what depressed and the ventral lobe of the suture is deeper and more
acute adapically.
Many writers follow Schindewolf in referring

Eobactrites to the

Bactritidae; however, it was placed with question in the Baltoceratidae
by Flower (in Flower & Rummel, 1950, p. 608) and that procedure
is followed here. It should be noted, however, that the taxonomic
position of forms like these is a much debated subject. They are
regarded by some as primitive ammonoids whereas others tend to
believe that they are orthochoanitic nautiloids with small, marginal
siphuncles. A third possibility has been suggested by Shimansky
(1954, p. 70,
includes

et seq.), who refers the families Bactritidae (in which he
Eobactrites), Parabactritidae, and Ctenobactritidae to a new

order, the Bactritoidea, conceived to be intermediate between, but
equal in rank to the Nautiloidea and Ammonoidea.
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Eobactrites is known

only from the type species, and from a single stratigraphic horizon,
the Sarka beds of Bohemia. The genus is closely similar to both

Bactroceras Holm and Baltoceras Holm [

·

? Cochlioceras EichwaldJ,

\vhich are, in turn, closely related to each other. Both

Bactroceras
Baltoceras have tubular ventral siphuncles which are only slightly
separated from the margin of the conch; in Baltoceras, the siphuncle
and

is relatively large in proportion to the conch diameter, whereas in

lJactroceras and Eobactrites it is quite small.
Eobactrites sandbcrgeri (Barrande).
Plate 2, figures l, 3, 5.
l !:'67. Bactrites sandbergeri BARRANDE,

Systerne Silurien du centre de la Boherne,
Cephalopodes. Texte l, p. 49.
Bactrites sandbergeri BARRANDE, J dem, pl. 245, fig. 9-21.
Bactrites sandbergeri I3ARRANDE, Idem, pl. 413, fig. 10-14.
Eobactrites sandbergeri ScHINDEWOLF, Palaont. Zeitschr., Ed. 14, p. 174.
Eobactrites sandbergeri ScHINDEWOLF, Preus. Geo!. Lanrlesanst., Ahh., :\.
F., Hft. 148, p. 72, pl. 4, fig. 9a, 9h.
Il.

l <'6<'.
1870.

1932.
1933.

Jf aterial: Three specimens, all fragmentary, and perhaps repre
senting isolated parts of the same individual. All are internal molds.
P . �\I. O. I 1812a-c.
.

Dcscription: Conch long, slender, " pencil-shaped" expanding

at

an angle of less than 8° adapically. Cross-section circular. Camerae
long, about 2 occurring in a length equivalent to the conch diameter.
Septa subhemispherical, with an adapical convexity equivalent to

somewhat more than half the length of

a

camera. Sutures straight and

clirectly transverse to the long axis of the conch except micl-ventrally
where they are sharply deflected adapically to form cleep, \'-shaped
lobes. Siphuncle marginal in position, tubular in form, and with a
diameter only one-eighth to one-tenth that of the conch. Septal necks
are orthochoanitic and the connecting rings are cylindrical; detailecl
structure not obtainable from pyritized specimens at hand.

Remarks: All of the specimens I am studying agree closely with
the ones from Bohemia figured by Barrande and Schindewolf, and are
associated with them without question. Other evidence suggests that
the l�pper Didymograptus shale and the Sarka beds of Bohemia are
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of essentially the same age, and the presence in both strata of

Eobac
trites strengthens this correlation.
Distribution: Sarka beds of Bohemia; Upper Didymograptus shale
(4aa1_2), north of Yilla Victoria and south of Bygdøy sjøbad, Oslo.

F.-\MIL Y B a t h m o c e r a t i d a e Holm, 1899.
GENUS Bathmoceras Barrande, 1865.

Type species: Orthoceras complexum Barrande, 1856.
Orthoceracones and/or exogastric cyrtoceracones with circular,
ovate, or somewhat elliptical cross-section, short camerae, and a
relatively large, marginal, orthochoanitic siphuncle.

Cavity of si

phuncle partially restricted by secondary deposits arising from the
connecting rings and assuming the form of thick-walled, apically
truncated, adorally invaginated cones. Apical and apertural extre
mities of conch unknown.
The nomenclatural history and stratigraphic distribution of Bath
moceras were reviewed by Teichert in 1939 (p. 385-387) and by
"Clrich, et al., in 1944 (p. 129-130), and, since that time, only a few
additions have been made to our knowledge of the genus. In the
hundred years which have elapsed since Barrande described

Orthoceras
complexum, the type of Bathmoceras, only five additional species have

been referred to the genus. Each of these, furthermore, is known from
only one, or from just a few, incomplete individuals. Forms referable
to

B. linnarssoni Angelin are apparently the oldest known repre
Bathmoceras, having been reported from the lower part

sentatives of

of the Vaginatum limestone of Sweden (Holm, 1889)1 and from the
slightly younger Kunda limestone (Bm) of Estonia (Balaschov, 1953a,
1 In the original description of this species (Angelin & Lindstrom, 1880,
p. 8) only the locality, Kinnekulle, Westrogothiae [
Vastergotland] is given.
Later (1888, p. 13) Lindstrom lists the species, together with others, from the
Upper Gray Orthoceratite Limestone, now known to be equivalent to at !east
the upper part of the Schroeteri limestone. However, this was apparently a
mistake, for Holm states (p. 271) that the type of B. linnarssoni comes from the
Gray Vaginatum limestone, which, in present-day terminology, includes two
units, the Expansus and Raniceps limestones. Holm also reports (1899, p. 272)
an occurrence of the species in the Glauconitic Gray Vaginatum limestone of
O land.
=
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p. 207; 1955a, p. 53, pl. 5, fig. 2). Both B. complexum (Barrande)
and B. praeposterum Barrande (which is probably conspecific with B.
complexum) come from the Sarka beds at Wosek (near Rokycany)
Czechoslovakia (Teichert, 1939, p. 386), which have long been con
sidered to include strata equivalent to at least part of the Llanvirn
of Great Britain. The only known specimen of B. australe Teichert
was collected from a 74-foot fossiliferous band near the middle of
the Larapintine Series in the Western Macdonell Ranges of Central
Australia, which " band" Teichert (1939, p.387) considers to correspond
in age to " . . . the very late Skiddavian and Llanvirn of Great
Britain." Bathmoceras norvegicum, n. sp. , described below, comes from
the Cephalopod shale at Helgøya (Nes-Hamar district), and these
strata are generally considered to be equivalent in age to the upper
part of the British Llandeilan.
Ulrich, et al. (1944, p. 130, pl. 8, fig. 3-8) referred to Bathmoceras?

tennesseense the silicified internal molds of five small siphuncles,
collected from the Chepultepec dolomite (probably Tremadoc in age)
ncar

J efferson

City, Tennessee. These authors very carefully point

out, however, that these specimens are considerably older than the
other known members of the genus, and unlike them in at least one
particular. That is, the siphuncle apparently contains endocones,
structures which are unknown in typical represcntatives of Bathmo
ceras. For these reasons, then, it does not seem advisable to continue
the reference of Ulrich, et al. s species to Bathmoceras, even tentatively.
'

A specimen from the Sjdanovfjellet Series of Spitzbergen, described
by Maj or

(in

Maj or & Winsnes, 1955, p. 37, pl. 4, fig. 4, 5) as B.

J

aff. tennesseense U.F. M.U. , is likewise not a Bathmoceras. Its generic
affinities are uncertain.
From the above discussion, it appears that Bathmoceras ranges
from the upper part of the Arenig into the uppermost part of the
Llandeilo, and has a geographic distribution which includcs the Scando
Baltic, central Bohemian, and Central Australian provinces. As Tei
chert (1939, p. 387) has pointed out, it is unlikely that such highly
specialized forms as these could have developed independently at
about the same time in such widely separated regions; hence, there
must have been reasonably free marine connections between these
an'as during late Lower, and early Middle Ordovician times.
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Bathmoceras norvegicum Sweet, n. sp.
Plate l, figures 5, 7; text-figure l.

Type data: lVIy knowledge of this new species is based on two
incomplete internal molds, neither of which shows any of the internal
features of the conch. The largest of these specimens, P.lVI. O. I 1527,
is designated the holotype. The single paratype is housed in the State
:\Iuseum of Natural History, Stockholm, where it is numbered 88002.
Both specimens came from the Cephalopod shale on Helgøya, in the
Xes-Hamar district.

Diagnosis: A slightly cyrtoceraconic species of Bathmoceras, in
which the conch cross-section is ovate, the camerae are short, and the
sutures sinuous, forming lateral lobes and dorsal and ventral saddles.

Descriptions: The holotype is an internal mold, 101.5 mm long,
which represents 28 or 29 camerae of a slight cyrtoceraconic phrag
mocone. The maximum lateral and dorsoventral diameters of the conch are essen
tially equal, but the cross-section is ovate
rather than circular in shape, the dorsum
being more narrowly rounded than the
venter. At the adoral end of the twelfth
camera, dorso-ventral and lateral dia
meters are 24 mm, whereas at the adoral
end of the 28th camera
Fig. l. B atnmoceras norvegzcum,
n.

sp. Diagrammatie transverse

section through the adoral end
of the holotype, xl.

(see text-fig. l)

they are 26 and 29 mm, respectively.
The venter is gently but regularly convex
throughout its length; the dorsum is con
cave. The camerae are short, 12 occurring
in a length equivalent to the maximum

lateral diameter of the conch. Sutures form rounded dorsal saddles,
slight lateral lobes, and prominent ventral saddles, the crests of
which project adorally for a distance equivalent to the length of one
and a half camerae.

A small fragment of recrystallized test adheres to the adoral end
of the right side of the holotype. The surface of this fragment is
crossed by

a

series of growth-bands which appear to slope very slightly

from venter to dorsum.
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The siphuncle is ventral and marginal in position, and slightly
less than 9 mm in diameter near the adoral end of the specimen. Its
internal structure is not preserved, but, near the adapical end of the
specimen, it has been etched by weathering in such a fashion that its
principal features can be studied. The septal necks are rather short and
orthochoanitic. The connecting rings are faintly concave externally,
but their internal surfaces form a series of annuli which project inward
and adorally for a distance equivalent to the length of about one
camera.
The single paratype was collected by Prof. Gerhard Holm from the
same horizon and locality as the holotype. It is 31 mm long and re
presents 11 camerae of the phragmocone. Like the holotype, it is
ovate in cross-section, rather rapidly expanding, and slightly cyrto
ceraconic. Sutures are well exposed laterally and ventrally. They
form shallow, asymmetrical lateral lobes and broad, but fairly sharp
crested ventral saddles. The siphuncle is not preserved.

Remarks: Bathmoceras norvegicum, n. sp., differs from other species
of the genus in that its section is ovate, rather than circular or de
pressed. Furthermore, it is slightly curved longitudinally, which sets
it apart from other described species - with the possible exception
of

B. australe Teichert, which may also be a curved form.
Distribution: Bathmoceras norvegicum is known at present only

from the Cephalopod shale at Helgøya, in the Nes--Hamar district,
Norway.

Suborder En do c e ratina Flower, 1950

[nom. transl. herein (ex Endoceratida Flower, 1950)].
FA:\IIL Y E n d o c e r a t i d a e Hyatt, 1883.
Gm·ms Dideroceras Flower, 1950.
Type species: Endoceras wahlenbergi Foord, 1887.

Dideroceras was erected by Flower (in Flower & Kummel, 1950,
p. 609) for endoceroids " . .. unique in having septal necks which
extend apicad for the length of one and a half to two camerae, with
connecting rings." Recently, the same author (Flower, 1955a, p. 368)
has given a somewhat more complete diagnosis, in which the genus
IS

conceived to include " ... slender endoceroids with rather deep
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camerae in proportion to the shell diameter. Siphuncle ventral, septal
necks extending for the length of tvvo camerae, rarely one and a half.
Endocones simple, their termination subcentral. Blades have not been
observed. Apical ends are believed to belong to the N anno type,
but further confirmation is required."
The latter diagnosis implies that, since 1950, Flower has studied
material in addition to that available to either Foord or Holm (1895,
p. 9-17, pl. (1) , fig. 1-8) , for both their illustrations of

Endoceras
wahlenbergi, upon which our concept of Dideroceras must rest, show
septal necks which extend apicad for only one and a half camerae.
In addition to

Dideroceras, unusually long, or macrochoanitic septal
Chisiloceras Gortani (which, however,
has a central rather than a ventral siphuncle) , in Kotoceras Kobayashi
necks are apparently found in

(which is a depressed endoceroid with specialized endocones) , and in

Hudsonoceras Flower (which shows a peculiar ventral disposition of
endosiphuncular deposits and is referred, for that reason, to the
Manchuroceratidae rather than to the Endoceratidae) . Specimens from
the Middle Ordovician of south Korea, referred by Kobayashi (1934,
p. 387, pl. 13, fig. 4-5: p. 388, pl. 13, fig. 6; pl. 14, fig. 4) to

Vagi
noceras neichianense Yu and V. cf. reedi Yu, have long septal necks,

extending, at least adapically, for a distance of about one and a half
camerae. These probably belong in

Dideroceras. However, the same

appears to be true of Kobayashi's (1934, p. 386, pl. 10, fig. 1-5)

Cyclendoceras orientale, which, in addition to closely spaced surficial
annuli, also has septal necks that appear to be prolonged adapically
for one and a half camerae. Macrochoanitic septal necks do not, then,
seem to be particularly rare, although (as suggested by the chronology)
they may well be a primitive structure.
According to Flower (195Sa, p. 368) ,

Dideroceras is known to

occur in the " ... upper red and grey Orthoceras limestone of Europe
and Asia." Holm reports

Endoceras wahlenbergi from the glauconitic

gray Vaginatum limestone of C>land and from the red Vaginatum
limestone of Ostergotland, and Harrington & Leanza (1957, p. 35) ,
on the authority of Cecioni, report a specifically indeterminate

Di
deroceras from the Hoekaspis schlagentweiti zone (lower Llanvirnian)

in the Rio Capillas district of Argentina. In the Oslo Region, the genus
is known at present only from the lower part of the Ogygiocaris Series
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(4aa1_2) but it may eventually be found to occur in the subjacent
Asaphus Series, the cephalopod fauna of which has not yet been studied
in detail. In this connection, it should perhaps be mentioned that
Foord (1888, p. 140) reports that there are specimens of D.

wahlenbergi

from three Norwegian localities (Fossum, River Glommen, and Drøbak)
in the collections of the British Museum. Those from the latter two
localities were certainly collected from drift boulders, but at Fossum,
near the southwestern corner of the Oslo

Region,

an

essentially

complete Ordovician section is exposed. It is probable, then, that the
specimens available to Foord also came from some part of the Ogygio
caris Series.

Dideroceras wahlenbergi (Foord) .
Plate 2, figure 9; Plate 21, figure 3; text-figure 2A-B.
1887. Endoceras Wahlenbergi FooRD, Ann. and Mag. ::\at. Hist., ser. 5,

v.

20,

p. 393, fig. la-e.
1888. Endoceras Wahlenbergi FooRD, Catalogue of the Fossil Cephalopoda in

the British Museum, pt. l, Nautiloidea, p. 136-140, fig. 11, 13-14.
1895. Endoceras Wahlenbergi HoLM, Geol. Foren. i Stockholm, Forh., bd. 17,

p. 9-17' pl. l, fig. 1-8.
1950. Dideroceras wahlenbergi FLOWER, in Flower & Kummel,

logy,

v.

J our.

Paleonto

24, p. 609.

kl aterial: Ten pyritized internal molds, all incomplete. These are
stored in the Paleontological Museum, Oslo, where they are numbered
I 0200, I 0202-3, I 0205, I 11341-2, 64316-18, 64320, 3585

(

=

I 0244) , 69260, 69261.

Description: The most nearly complete of the several Norwegian
specimens at hand is illustrated in figure 9 on plate 2. This specimen
is a pyritized internal mold, 310 mm long, which represents about
32 camerae of the phragmocone. The specimen is crushed, but at its
adoral end the conch has a circumference of about 125 mm, which
indicates an original diameter of ca. 40 mm (if the conch is assumed
to have been essentially circular in cross-section as are other, smaller
fragments of the same species). Seventy-three mm apicad of the adoral
end, the reconstructed dorso-ventral diameter is 35 mm, which indi
cates that the conch originally enlarged very slowly (about l :15) and
had an apical angle of about 4°. The siphuncle is ventral and nearly
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B
Fig. 2. Dideroceras wahlenbergi (Foord).
the siphuncle,

x3.

(A)

Diagrammatie oblique section through

(B) Reconstructed adoral cross-section of the specimen shown
in figure

3,

Plate 21,

xl.

marginal in position and, near the adoral end of the specimen, its
diameter is 13 mm, or about one-third that of the conch.
Text-figure 2A, drawn from an oblique section through the si
phuncle of a small specimen

(see figure 3, Plate 21), shows that the

septa have a concavity equivalent to about half the length of a camera.
The siphuncle is composed of macrochoanitic septal necks which
extend apicad for a distance of one and a half camerae, and con
necting rings whose length is equivalent to that of the septal necks.
The necks are convex outward in their mid-portions, concave where
they overlap the next adapical neck, and slightly convex outward
at their pointed adapical extremities. The connecting rings begin at
the septal foramen, between the neck of that septum and the inva
ginated neck of the next adoral septum. They are thin for the length
of half a camera, thicken to the width of the invaginated neck at its
adapical end, then thin gradually adapically to form only a " coating"
on the inner side of the distal end of the invaginated neck. This vari
ation in thickness serves to "smooth-out " the inner surface of the
siphuncle so that only broad annulations show on the external surfaces
of the siphuncular fillings.

THE :.riTmLE ORDOYICIAN.

10.

XAUTILOID CEPHALOPODS

37

The ectosiphuncular sheath is occupied by secondary organic
deposits in the form of endocones, built up as a series of apparently
intergrading conical lamellae, the apices of which lie in th�siphuncular
mid-line. From measurements and reconstructions involving several
specimens, it appears that these deposits filled the siphuncle for a
distance of at least 180 mm orad from the apical end. Slight differences
in color within the endosiphuncular deposits suggest the presence of a
thin, straight, subcentral tube; but no other structures have been
detected.
Remarks: All of the specimens at hand, although distorted to a
greater or lesser degree, compare favorably with the ones upon which
Foord based his concept of Endoceras wahlenbergi. It might be noted
that Foord's specimens enlarge at a somewhat greater apical angle
(5" rather than 4 °) than do those I am studying and, in at least one
of his forms (1888, p. 131, fig. 13) the mid-siphuncular tube is sinuous,
rather than straight.
It should perhaps be pointed out that, although Flower (1955a,
p. 368) reports that blades have not been observed in the endosi
phuncular deposits of Endoceras wahlenbergi, Holm (1895, p. 9-17,
pl. l, fig. 2,6) mentions and clearly illustrates these structures in a
specimen he referred to that species from the glauconitic gray Vagi
natum limestone of Oland. There are two blades illustrated which,
together with the illustrated lachrymiform cross-section of the si
phuncle, give the endosiphuncular deposits a pronounced asymmetry.
It is possible, of course, that these structures serve to indicate that
Holm's specimens were specifically distinct from Foord's. Therc is

no reason at present to advocate such a distinction, however, for
Foord's notes do not include any very clear discussion of the endo
siphuncular structures of the types of Endoceras wahlenbergi, so it is
not known what latitude should be allowed the species at present.
Foord refers to Endoceras wahlenbergi a number of forms described
by others as Orthoceras, Orthoceratites, or Endoceras duplex Wahlenberg,
but his reasons for doing so are not very clear. Most of these forms
were apparently associated with E. wahlenbergi on the basis of external
similarities, for the illustrations cited fail, for the most part, to give
any suggestion of the siphuncular structure. Fot this reason, Foord's
synonymy is not repeated above; a proper disposal of forms included
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in it would require an extensive restudy of widely scattered type
material, a project which is beyond the scope of the present work.
Distribution: In Norway, this species appears to be restricted to
the Upper Didymograptus shale (4 aa12). Representatives of it have
been collected from that horizon at Huk and Killingstad, Bygdøy;
and from exposure on Finnmarksgate, Tøyen, all in the Oslo-Asker
distri et.
GE:t\US Endoceras Hall, 1844.
Endoceras spp.

Plate

3,

figures

10, 11.

In the collections I am studying, there are a number of frag
mentary, but probably congeneric endoceroids which I am unable to
identify specifically. All of these forms, however, appear to be holo
choanitic and they are being referred, for that reason, to Endoceras
(s. l.) even though the structure of the endosiphuncular deposits can
not be determined in any of them. Two of the more nearly complete
specimens are illustrated, and the following descriptions of them are
included, largely for the sake of completeness.
The larger of the two illustrated specimens is an internal mold,
116 mm long, which represents about 8 camerae of the phragmocone.
This segment expands rather slowly (ca. l :6), is slightly depressed in
cross-section, and is gently but regularly curved longitudinally. The
siphuncle is large (ca. three-sevenths the conch diameter), marginal,
and located on the convex side of the conch. About 5 camerae occur
in a length equivalent to the lateral diameter of the conch. Sutures are
straight and directly transverse. The siphuncular wall is composed of
holochoanitic septal necks which extend apicad for the length of one
camera. No connecting rings have been observed; they may have been
destroyed by recrystallization or solution. The endosiphuncle is com
pletely filled with dark gray, fine-grained limestone, which suggests
that endocones were not originally developed this far orad in the conch.
The smaller of the two illustrated specimens is 85 mm long, and
represents 7 camerae of a phragmocone which is slightly curved
longitudinally and essentially circular in section, having a diameter
of 56 mm. The septa are shallow, saucer-shaped, and join the walls
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of the conch to form simple, straight sutures, which are directly
transverse to the axis of the conch. The siphuncle is circular in section,
ventral in position, and 22 mm in diameter at the adapical end of
the conch. It is composed of holochoanitic septal necks which extend
apically for a length of one camera. In their adoral halves, the septal
necks are distinctly concave in vertical outline, but in their adapical
portions they expand slightly within the camerae. Connecting rings,
if present, are indistinguishable. No endosiphuncular deposits are
recognizable, presumably the fragment represents a portion of the
conch orad of the youngest endocones.
Remarks: Endoceroid taxonomy has been so refined in recent years
that it is difficult to make proper generic (let alone specific) disposition
of fragmentary material which does not preserve the frequently ela
borate endosiphuncular structures. Indeed, the scope of the genus
Endoceras has been so restricted (Flower, 195Sa, p. 340-342) that
it is probable that only a few of the vast number of previously de
scribed species can still be referred to it. The specimens at hand are
all slightly curved longitudinally and exogastrically. Such curvature
has not previously been reported in the endoceroids, but it is probably
not a primary feature in the Norwegian forms. That is, most of the
specimens I have observed in place are oriented with the heavy,
siphuncular side down and it would be expected that any post
mortem deformation of the shell due to diagenetic or tectonic com
paction of the sediments surrounding it would result in a depression
of the center of the conch and a bowing of its extremities. Radial,
open fractures transecting the siphuncular fillings tend to support
the view that this curvature is secondary rather than primary.
Distribution: The illustrated specimens (P.M. O. I 1881 and 61067)
come from the Ampyx limestone at Høvik, Bærum, and from the
Upper Chasmops limestone on Bjerkøya, both localities in the Oslo
Asker district. Other specimens, which are too poorly preserved or
incomplete to merit description or illustration, occur in collections
from the Cephalopod shale on Helgøya (Nes-Hamar district), from
4ba at Gomnes-Rud (Ringerike district), and from 4bo on Gåsøya
(Oslo-Asker district.)
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Vaginoceras Hyatt, 1884.
Vaginoceras sp.

figure 4; text-figure 3A-B.

Material: Four specimens (R.M. MO 87972; P.M.O. 69262, I 156836929-36928 (one specimen), 69263,) all fragmentary, partially testi
ferous internal molds. All four specimens are from the Cephalopod
shale on Helgøya (Nes-Hamar district).

Fig. 3. Vaginoceras sp. (A)
Diagrammatic cross-section
through the adoral end of the
siphuncle, x2. (B) Schematic
longitudinal section through
the siphuncle, x2, Both dia
grams prepared from the
specimen shown in figure 4,
Plate l.

Descriptions: Although small and somewhat less complete extern
ally than the other specimens, the illustrated individual exhibits
the diagnostic internal features of the conch and hence merits a more
detailed description than do the rest. The specimen to which I refer
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is an incomplete internal mold, representing 5 camerae of a slightly
depressed phragmocone with dorso-ventral and lateral diameters of
34 and 38 mm, respectively, at its adoral end. The camerae are fairly
short, about 6 occurring in a length equivalent to the maximum
lateral diameter of the conch. As a result of the conch depression,
the sutures form slight dorsal and ventral lobes with broad inter
vening lateral saddles.
The siphuncle is large and essentially circular in section. At the
adoral end of the specimen it has a diameter of 13 mm, and is located
only 3 mm from the ventral wall of the conch. As shown in text-figure
3B, the ectosiphuncle is composed of holochoanitic septal necks which
are perfectly straight for most of their length but slightly incurved
at their distal ends. These necks, which are only one camera long,
merge distally into thick connecting rings which begin in the septal
foramen and extend apicad on the inner side of the septal neck to
the distal end of the next septal neck. As a result of this, the inner
side of the ectosiphuncle is quite smooth. With the exception of a
thin, subcentral tube, the endosiphuncle is filled by thick calcareous
endocones, formed of cone-shaped laminae, the surfaces of which meet
the central tube at an angle of a little less than 20°. In cross-section,
the central tube and the tip of the speiss are subcuneate in shape
(see text-figure 3A), being laterally compressed and more narrowly
rounded ventrally than dorsally. No blades like those reported in other
species of Vaginoceras are discernible, but such a structure may be
represented by a thin, dark, radial line in the ventral part of the siphun
cular deposits. It should be pointed out, however, that the siphuncular
deposits have been recrystallized and now consist of radially arranged
calcite crystals. These recrystallized deposits, therefore, fracture
readily in a radial pattern and are transected by numerous discon
tinuous, thread-like breaks. It is possible, consequently, that the blade
like structure noted above may be nothing more than a discoloration
along one of these fractures.
No cameral deposits occur in the specimen at hand; the dorsal
shell wall has been completely destroyed, and the chambers filled
with dark gray limestone. However, a series of faint, longitudinal
ridges occurs on the ventral side of the internal mold. Such ridges
have been interpreted to represent "incipient cameral deposits"
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(Flower, 1946, p. 50; 1955d, p. 100) in other genera, and they may
have the same explanation in the specimen at hand It is possible
on the other hand, that they were formed during the growth of the
animal in association with the forward migration of the retractor
musculature.
In general shape and proportions, the remaining three representa
tives of Vaginoceras in collections at hand are similar to the small
specimen just described. All of them, however, represent considerably
larger, and therefore younger parts of the conch, and in none of them
are any traces of the endosiphuncular deposits preserved. The small
fragments of recrystallized test which adhere to two of these forms
are smooth-surfaced and marked only by a series of very fine, closely
spaced growth-lines.
Remarks: Vaginoceras is closely similar to Endoceras, and the two
names have generally been regarded as synonyms. Flower (1955a,
p. 340-342, 348-350), however, has recently restudied the types of
both genera and his emended diagnoses of them indicate that, although
very closely related, the two are probably distinct. That is, the
"endosiphotube" of Vaginoceras is compressed, cuneate in cross
section, and supplemented by dorsal and ventral blades. That of
Endoceras is subtriangular and supported by three radial blades which
are ventro-lateral and dorsal in position. In that the tube of the
Norwegian specimen just described is compressed and subcuneate in
cross-section, it resembles Vaginoceras. Furthermore, the numerous
thin, strongly inclined lamellae in the endosiphuncular deposits and
the smooth-surfaced ectosiphuncle are apparently also characteristic
of that genus as Flower has redefined it.
Hyatt apparently had misconceptions concerning the siphuncular
structure of Orthoceras multitubulatum Hall when he proposed the
name Vaginoceras for it, hence it is not surprising to find that a
variety of species fitting Hyatt's description, but probably not con
generic with Hall's species have been referred to Vaginoceras. As
Flower (1955a, p. 348-350) has pointed out, however, only a few of
these can still be retained in the genus with certainty, hence it is
somewhat difficult to determine its stratigraphic range. Insofar as I
can determine, valid species of Vaginoceras are known only from
North America and Greenland, where they occur in strata of Wilder-
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ness ( Black River) age, that is, in rocks which are somewhat younger
than the Cephalopod shale of the Oslo Region.
Distribution: In Norway, Vaginoceras occurs in the Cephalopod
shale on Helgøya (Nes-Hamar district) . Two poorly preserved speci
mens which are externally somewhat similar to the Cephalopod shale
forms occur in collections from the Ampyx limestone in the Oslo
Asker district. These specimens may represent Vaginoceras, but can
not be assigned to that genus with certainty.
=

GE:\'CS

Plate

10,

Cyrtendoceras Remele, 1886.
Cyrtendoceras, n. sp.

figure 6; text-figure 4A-B.

Material: A single, partially testiferous internal mold (P.M.O. I
1523) from the Cephalopod shale at Helgøya (Nes-Hamar district.)
Description: A partially testiferous internal mold, 83 mm long,
which represents at least 6 adoral camerae of the phragmocone and
an essentially complete body chamber. The conch fragment is curved
longitudinally and compressed laterally, having estimated dorso
ventral and lateral diameters of 36 mm and· 30 mm, respectively, at
its adapical end. At the apertural margin, a portion of which is pre
served laterally, the lateral and dorso-ventral diameters are about
42 and 45 mm. Both the venter and dorsum are curved, the venter
(or siphuncular side) being concave, the dorsum convex. The sides
are straight adapically, but near the apertural margin they curve

inward slightly, indicating that the aperture was slightly constricted.
A part of the peristome is preserved on the right side of the conch.
It is straight and slopes slightly apicad from dorsum to venter. The
camerae are short, about 9 occurring in a length equivalent to the
dorso-ventral diameter of the conch. Apparently the septa are only
slightly concave. Due to compression, the sutures form slight lateral
lobes and low, broad ventral and dorsal saddles.
The surfaces of both the internal mold and the large areas of test
which adhere to it are marked by a series of transverse annulations.
Those of the test are low, distinct, parallel to the sutures, and closely
spaced, one occurring near the adapical end of each camera. The
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Fig. 4. Cyrtendoceras, n. sp. Reconstructed, somewhat schematic longitudinal (A)
and transverse (B) sections through the specimen shown in figure 7, Plate 10.
Both diagrams xl.

annulations shown on the internal mold, hmvever, are faint, low, and
rather widely spaced, their crests being about 12 mm apart.
Text-figure 4A is a diagrammatic view of a longitudinal dorso
ventral section through the specimen. The septa are preserved only
near the dorsal margin of the conch, and the position and size, but
not the structure of the siphuncle are indicated in the adapical part
of the section by two thick, parallel, curving lines of recrystallized
calcite. These structures, together with the features shown in an
adapical cross-section of the conch (text-figure 4B) indicate that the
siphuncle was circular in section, 9 mm in diameter, and located
between the center and the concave margin of the conch.
Remarks: Even though the internal structures of this specimen
have been largely destroyed, it is so similar to previously described
species of Cyrtendoceras that it is being assigned to that genus without
question. With only a few exceptions, species of Cyrtendoceras are
similar in that they are compressed, rather strongly curved, closely
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camerated, and externally annulated to a greater or lesser degree.
The specimen at hand has a siphuncle which is located somewhat
farther from the concave (ventral ?) side than is apparently typical,
and its body chamber is slightly contracted aperturally. For these
reasons, it is suspected that it reprcsents a previously undescribed
species. No name is being proposed for it, however, for it is felt that
such an incomplete specimen would serve as a very poor holotype.
The name Cyrtendoceras was first published ([RemelcJ 1886, p. 338)
in the third-person account of a paper presented by Adolf Remele
before a scientific meeting in Berlin, and, although a brief description
of the genus was given in that report, no species are mentioned.
There is, therefore, some question as to whether or not the name should
be ascribed to Remele, or to Patrunkey (1926, p. 127) who was the
first to refer a valid species to it. Teichert & Glenister (1954, p. 65-66)
point out, quite correctly, that Endoceras (Cyrtocerina) hircus Holm,
referred to Cyrtendoceras by Patrunkey in 1926, must be considered
the type of Cyrtendoceras. However, they are of the opinion that
Patrunkey is also the author of the generic name. I am inclined to
believe that the name Cyrtendoceras was clearly made available by
Remele in 1886 for " .. . all the species of the world which would
come under the generic description as originally published ..."
(Summary of Opinion 46, I. C. Z. N.) and he should, therefore, be cited
as its author. Foerste's (1932b, p. 165) proposal of the name Cyrtendo
ceras remelei for the specimen upon which Remele apparently based
his concept of Cyrtendoceras does not affect the status of C. hircus
(Holm) as its type.
In addition to the unnamed group probably represented by the
specimen at hand, three species of Cyrtendoceras are known from the
Scando-Baltic province. All of these come from rocks of early Middle
Ordovician age; that is, from the Aseri limestone of Estonia, the
somewhat younger Schroeteri limestone of Sweden, and from the
Cephalopod shale of Norway. C. estoniense Foerste, from the Lower
Ordovician Kunda limestone of Estonia, differs greatly from other
species of Cyrtendoceras, and probably belongs in some other genus,
perhaps in Campendoceras Teichert & Glenister. C. carnegiei Teichert
& Glenister, from an Upper Canadian horizon in the Emanuel limestone
of Northwestern Australia, is, indeed, similar to the Baltic species
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described by Holm (1895) and Foerste (1932b, p. 165-170, pl. l, fig.
1,2; pl. 2, fig. 2). However, Flower (1955a, p. 338) believes the types
of this species to be the adapical portions of a piloceroid, which is
possibly the case.
Distribution: The only representative of Cyrtendoceras known from
the Oslo Region, comes from the Cephalopod shale exposed at the
south tip of Helgøya, in the Nes-Hamar district.

Suborder Actinoce rtina Flower, 1950

[nom. transl. herein (ex A c t i n o c e r a t i d a Flower, 1950)].
FA:\IILY A r m e n o c e r a t i d a e Foerste & Teichert, 1930.
r

Nybyoceras Troedsson, 1926.
Nybyoceras holmi Sweet, n. sp.

GENUS

Plate l, figure l; Plate 21, figure 4; text-figure 5A-B.
Name: This new species is named in honor of the late Professor
Gerhard Holm, of Stockholm, who collected the holotype.
Type data: Holotype (R.M. MO 150035-36) a partially testiferous
internal mold, the adapical 6 camerae of which have been sectioned
longitudinally so as to expose the siphuncle.
Material: In addition to the holotype, Professor Holm's collections
from Helgøya, in Norway, contain the internal mold of a fragmentary
body chamber which also appears to belong in Nybyoceras holmi, n. sp.
This specimen is also housed at the State Museum of Natura! History
in Stockholm, where it is numbered MO 150037.
Diagnosis: A species of Nybyoceras which agrees with the type
species of the genus in conformation of the ectosiphuncle, but differs
from it in that the conch is depressed and the endosiphuncular annuli
appear to be more elaborately developed ventrally than dorsally.
Descriptions: The holotype is a partially testiferous internal mold,
50 mm lang, of part of a straight phragmocone which is subelliptical
in cross-section with dorso-ventral and lateral diameters which increase
from 13 and 16 mm adapically to 21 and 24 mm near the adoral end.
This indicates an apical angle of about 12° between the sides and 18°
between the dorsum and the venter. Nine camerae are preserved.
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Fig. 5. Nybyoceras holmi, n. sp. Diagrammatic longitudinal and transverse
sections of the holotype, x3 and xl, and an enlarged, schematic view of one
segment of the siphuncle.

The septa have a concavity equivalent to the length of one camera,
and their junction with the walls of the conch produces sutures which
form broad dorsal and ventral lobes and somewhat narrower lateral
saddles. The test preserved at the adoral end of the specimen shows
a series of very faint, fine growth-lines which are straight and directly
transverse to the axis of the conch dorsally and laterally, but which
form slight sinuses ventrally.
Text-figure SA is a diagram of a slightly obligue dorso-ventral
cross-section through the adapical 6 chambers of the specimen (see
also figure 4, Plate 21). From this figure it, can be seen that the si
phuncle is large, dose to the venter, and composed of segments which
expand broadly within the camerae. Furthermore, it decreases some
what in size adorally, by an amount greater than can be attributed
to the slight obliquity of the section. The septal necks are abruptly
recurved and are short and recumbent dorsally but somewhat langer
and not in contact with the adapical surface of the septum ventrally.
In addition to this, the septa become somewhat convex adorally
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immediately adjacent to the dorsal side of the siphuncle. The connect
ing rings are thin, and broadly adnate to the adapical surface of the
succeeding septum. In the adoral part of the ventral side, and in the
adapical portion of the dorsal side, the rings are in contact with the
septal surface for only a short distance. Annulosiphonate deposits
occur in the adapical 4 camerae of the holotype. These take the form
of simple annuli in the septal foramen and adjacent parts of the
camerae, but appear to be more heavily developed ventrally than
dorsally. Furthermore, the sequence preserved suggests that, on the
ventral side, the deposits tended to grow more rapidly in an adoral
direction, whereas those on the dorsal side are prolonged most notice
ably adapically. In part of the phragmocone preserved, the central
"tube" is incompletely formed, and only one radial canal is preserved.
This canal is arcuate in cross-section, with the convex side of the are
adoral. No perispatium is preserved, and the intimate relation between
deposits and connecting ring suggests that no structure of this nature
existed originally. Thin episeptal deposits occur in the dorsal portioi:J.
of the camerae. Recrystallization of these deposits prevents a deter
mination of their structure.
The single paratype represents an adorally incomplete, partially
testiferous intemal mold of a detached body chamber, 43 mm long,
which is depressed in cross-section and expands at a rate similar to
that of the holotype.
Remarks: The depressed conch of this species, together with the
ventral concentration of endosiphuncular deposits is sufficient to set
it apart from other known species of Nybyoceras. The shape of the
ectosiphuncle, however, is closely similar to that of N. bekkeri (Troeds
son), the type species, as is the relationship between septal necks and
connecting rings. It should also be noted that the siphuncle appears
to decrease in diameter adorally, a feature seemingly characteristic
,J
of Nybyoceras.
Distribution: The only known representatives of Nybyoceras holmi
are from the Cephalopod shale at Hovindsholm, Helgøya in the Nes
Hamar district, Norway.
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N ybyoccras sp.

Plate 5, figures 4, 7.

Material:

Two incomplete specimens (P.M.O.,

I

1466,

I

1475) from

the Cephalopod shale at Helgøya (Nes-Hamar district) belong in

Nybyoceras,

and may be conspecific with N.

holmi,

n. sp. They are

being described separately, however, because they are so poorly
presen·ecl that specific identification is not possible.

Dcscriptions:

The specimen represented by figure 7 on Plate 5

is 92 mm long. The aclapical 52 mm consits of about 12 camerae of the
phragmocone which have been partially recrystallized, and weathered
in such a fashion that a natural lateral section, exposing the siphuncle,
is formed. The adoral 40 mm of the specimen is a hollow internal mold,
from which weathering has removed all of the internal structures

of

the conch. Although this specimen is quite incomplete, it appears
that it represents a rather gradually expanding conch of slightly
depressed cross-section, the siphuncle of which is ventral in position,
but apparently not quite marginal. The septal necks are cyrtochoani
tic; the connecting rings expand rather widely within the camerae,
and appear to be adnate adapically but not adorally. The siphuncular
segments are now filled with light-colored, coarsely crystalline

calcite

which suggests that they were originally occupied by annulosiphonate

of the shell.
49 mm long and

deposits which were recrystallized during fossilization
The specimen shown in figure 4 on Plate 5 is

consists of an internal mold of 7 camerae of a narrow, slowly expanding

phragmocone vvhich is somewhat depressecl in cross-section.

The

camerae are short and shallow, and the sutures, which are essentially
straight dorsally and laterally, form slight ventral lobes. The surface

longitudinal
mm apart. The siphuncle is
essentially circular and about 4 mm in diameter where it passes through
the septum, and its ventral side is located 4.8 mm from the ventral
wall of the conch at the specimen's adoral end. Its segments become
somewhat smaller in diameter adorally. Internally, the siphuncle is
composed of strongly recurved (but not recumbent) septal necks,
moderately expanded connecting rings, and secondary annulosiphonate
of the specimen is marked by a series of fine, irregular
lines, the crests of which are about l
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deposits, the detailed structure of which has been destroyed by re
crystallization.
Distribution: Both of the specimens described above come from an
exposure of the Cephalopod shale at Hovindsholm, Helgøya, in the
Nes-Hamar district, Norway.

FAMILY

O rmo c e r a t i d a e Saemann, 1852.
Ormoceras Stokes, 1838.
Ormoceras kiaeri Sweet, n. sp.

GENUS

Plate 20, figures l, 2; text-figure 6A-D.
Name: The specific name, kiaeri, is proposed in honor of the late
Professor Johan Kiær, who was for many years Professor of Historical
Geology and Paleontology at the University of Oslo.
Type data: The holotype, P.M.O. I 1602, is a natura! longitudinal
section of a fragmentary phragmocone which has been polished to
bring out details in the internal structures. It was collected from the
Mjøsa limestone near Bergvik, Helgøya (Nes-Hamar district) by
Professor Kiær.
Material: In addition to the holotype, the collections of the Pale
ontological Museum in Oslo contain six similarly preserved specimens,

all from the Mjøsa limestone in the Nes-Hamar, and Ringsaker
districts, which are being referred to this new species without question.
These specimens are numbered P.M.O. 69264, 69265, 56901, 56902,
64980, 64991.
Diagnosis: A depressed, closely camerated species of Ormoceras,
with a large, subcentral siphuncle.
Descriptions: The holotype is an internal mold, 61 mm long, which
represents 20 camerae of the phragmocone and has been weathered
in such a fashion as to present a natural longitudinal section through
the siphuncle. In a length of 40 mm, the conch expands from diameters
of 20 mm to 27 mm, suggesting an apical angle of between 8° and 9"
Reconstructions suggest that the original cross-section must have
been either considerably depressed (as shown in text-figure 6D) with
a subcentral siphuncle, or subcircular with a markedly eccentric
siphuncle (as shown in text-figure 6C). Several other representatives
o
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Fig. 6. Ormoceras kiaeri, n. sp. (A, B) Diagrammatie longitudinal sections through
the holotype, B being an enlargement, x3, of a portion of A, to show the structure
of the endosiphuncular deposits. (C, D) Reconstructions of the cross-section
of the holotype according to two postulated positions for the siphuncle.

are depressed and have a subcentral siphuncle, hence it is assumed that
the same was originally true of the holotype and that text-figure 6D
represents its true cross-sectional shape. The camerae are short; the
dividing septa are regularly saucer-shaped and have an adapical
convexity equivalent in length to about 1/3 camera. The siphuncle
is cyrtochoanitic, being composed of recurved (but not recumbent)
septal necks and broadly expanded connecting rings. At the septal
foramen the siphuncle has a width equivalent to about one-seventh
the conch diameter, but near cameral mid-length, it expands to a
diameter of a little less than a fourth that of the conch. Simple annu

losiphonate deposits occur within the ectosiphuncle and, as is typical
of the actinoceratinids, they are more advanced adapically than
adorally. As shown in text-figure 6B (and in figure 2, Plate 20), these
deposits consist of annuli in the septal foramina which show internal
laminae indicating that they grew both adapically and adorally by
circumferential accretion. In the adapical chambers, the deposits of
adjacent camerae approach each other so that only a narrow space
separates them near cameral mid-length and the siphuncular opening
is constricted to a narrow, straight, subcentral tube. No perispatium
is visible adapically, but such a space appears to be present between
annuli and connecting rings adorally.
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The camerae of the holotype are occupied by thin episeptal de
posits which apparently are continuous around the complete circum
ference of the conch. These deposits, which are thicker adapically
than adorally, developed first in the angle between the free portion of
the septum and the wall of the conch, later spreading toward the
siphuncle along the adoral face of the septum, and adorally along the
cameral walls. About half-way between the conch wall and the
siphuncle, the deposits are abruptly terminated.
A median dorso-ventral section through a larger and somewhat
more completely preserved specimen is shown by figure l on Plate 20.
This specimen is 48 mm long, and represents 10 camerae of a somewhat
depressed phragmocone (dorso-ventral and lateral diameters at the
adapical end, 23 and 28 mm, respectively) with a large, subcentral
siphuncle. The configuration of the ectosiphuncle is exactly like that
of the holotype, but the specimen apparently preserves none of the
annulosiphonate deposits.
Rcmarks: The specimens at hand differ from Ormoceras hade
landicum (Strand) in that the septal necks are not recumbent and the
conch is somewhat depressed (rather than circular). O. kiaeri is also
similar to and probably closed related to O. tyriense (Strand) but that
species may be cyrtoceraconic, and the septal necks appear to be
recumbent. In addition, the siphuncle of O. tyriensc is submarginal in
position rather than subcentral as in O. kiaeri.
Distribution: O. kiaeri, n. sp., is known from the Mjøsa limestone
in the Nes-Hamar district, where representatives of it have been
collected at Bergvika, Helgøya. Other specimens of the same species
were collected at a locality on the east side of Brummundal, in the
Ringsaker clistrict.
FAJ\IILY

La m be o c e r a t i d a e Flovver, 1957.
Sweet, n. gen.

GE�l·s Hoeloceras

Namc: The genus is named in honor of Mr. Jacob Hoel, proprietor
of the farm Hovindsholm on Helgøya.
Type species: Hoeloceras helgoeycnse Sweet, n. sp.
Diagnosis: Depressed (but not flattenecl) lambeoceratids, elliptical
m cross-section and with sutures bearing dorsal and ventral lobes
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Fig. 7. Schematic representations of the ectosiphuncles of (A) Lambeoceras, (B)
Gonioceras, (C) Actinoceras, and (D) Hoeloceras, n. gen. (A) and (B)
after Teichert, 1934.

and lateral saddles. Septa curve apicad near the septal foramen; the
septal neck is short, acutely recurved, and recumbent. Connecting
rings broadly expanded in each camera and adnate adapically but not
adorally. Endosiphuncular deposits typically actinoceroid.
Rernarks: Hoeloceras is clearly related to both Gonioceras and

and may be intermediate between these genera and
The genus differs from Gonioceras in that the conch is
not strongly flattened, the lateral margins are not angular, and the
sutures are not recurved ventro-, and dorsolaterally. The siphuncular
structure is quite similar to Gonioceras, but in that genus the connecting
rings are more broadly expanded within each camera and are adnate
to the bounding septa both adapically and adorally. In conch shape,
Hoeloceras is more nearly like Lambeoceras, but the sutures of Lambeo
ceras show angular lateral saddles and occasionally a slight lateral
reversal in curvature. A comparison of the ectosiphuncular structure,
however, serves to distinguish the two genera. That is, in Lambeoceras,
Larnbeoceras,

Actinoceras.
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the septa bend abruptly apicad at the septal foramen in a pseudo
orthochoanitic fashion and it is only at the extreme adapical end of
these funnel-like processes that short, recumbent septal necks are
developed. The septal neck of Actinoceras is a simple, cyrtochoanitic
structure and is not preceded adorally by any appreciable deflection
of the septa. For comparative purposes, outlines of the siphuncular
segments of Actinoceras, Gonioceras, Hoeloceras, and Lambeoceras are
shown in text-figure 7.
Distribution: At the present time, representative of Hoeloceras
are known only from the Oslo Region in Norway. H. helgoeyense, n. sp.,
is one of the common species in the Cephalopod shale of the Nes
Hamar district; H. askeri, n. sp., occurs in the Lower Chasmops
limestone (4bf)) in the Oslo-Asker district.

Hoeloceras helgoeyense

Sweet, n. sp.

Plate 6, figures 1-3, 5-7; text-figure 7D.
The specific name, helgoeyense, refers to the type locality,
the island of Helgøya, in Lake Mjøsa.
Type data: The holotype, P.M.O. 69266, is a incomplete internal
mold of the 14 adoral camerae of the phragmocone and the adjacent
part of the body chamber. It was collected by the writer from an
exposure of the Cephalopod shale on the southern coast of Helgøya,
in Lake Mjøsa (Nes-Hamar district).
Material: Five internal molds (in addition to the holotype), all
incomplete, one partially testiferous. P.M. O. 69267, 69268 69269,
69270, 69271.
Diagnosis: A closely camerated species of Hoeloceras characterized
by a strongly depressed (but not flattened) conch, a relatively small
siphuncle, and sutures which form a slight, but distinctive mid-ventral
saddle.
Description: No single one of the available representatives of this
species is complete, hence the followipg description is based, in part,
at least, on all six of t he specimens at hand.
Conch orthoceraconic, expanding l mm in width in each 6-7 mm
of length, and strongly depressed, the lateral diameter being about
Name:
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one and a half times the dorso-ventral diameter. Camerae short,
10 occurring in a length equal to the lateral diameter of the conch
adapically, and 1 1 occupying this distance adorally. Septa moderately
deep, with a concavity equivalent to the length of one and a half
camerae. Sutures form a broad, shallow dorsal lobe, narrow lateral
saddles, and a broad ventral lobe which is subdivided in the ventral
mid-line by a low, sharp-crested saddle.
Surface of shell exhibits a cancellated pattem formed by the inter
section of faint, closely spaced, transverse growth-lines and a series
of rather prominent, but somewhat irregular longitudinal lirae. Ventral
side of intemal mold marked by a prominent longitudinal "furrow",
which indicates the presence on that part of the shell interior of a
corresponding longitudinal ridge. In addition to the prominent ventral
"furrow", the intemal mold also exhibits a somewhat fainter and
less continuous series of longitudinal lirae. As these are similar in
spacing to those developed on the shell exterior, it is possible that the
shell was longitudinally "corrugated". However, these markings may
represent the mural portion of cameral deposits, or they may have
been formed on the interior of the shell as primary features (perhaps
in association with the areas of muscle attachment) but independent
of the extemal omamentation.
The siphuncle is ventral and marginal in position. At the septal
foramen, where the siphuncle is one-eighth the height of the conch,
the septa curve gently apicad for a short distance, then are abruptly
and acutely deflected away from the siphuncular axis to form short
brimmed, recumbent, angularly cyrtochoanitic necks, the length of
which is equal to about one-fourth that of the camera. The connecting
rings join the septal necks on the adoral side of the brim. They are
broadly adnate adapically on the ventral side, but only narrowly
adnate dorsally. They do not contact the septum at all adorally.
Within each camera, the connecting rings expand greatly, so that,
near cameral mid-length, the ectosiphuncle has a diameter equal to
about one-fourth the conch height.
The ectosiphuncle is occupied by typically actinoceroid endo
siphuncular deposits. These consist, in each camera, of annular rings
which begin their development at the septal foramen and grow pro
gressively orad and apicad so that, in the oldest camerae, adjacent
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annuli are separated only by a zone of somewhat irregular tubules or
"canals" which appear to radiate outward from the vacant, subcentral
portion of the siphuncle. These tubules or "radial canals" have been
interpreted in other actinoceroids (see, for example, Teichert, 1934)
to represent a siphuncular vascular system. In the specimens at hand,
however, they appear to be formed by the coalescence of the irregular,
tuberculated adapical and adoral surfaces of adjacent annuli, and,
although these surficial irregularities may be impressions of a vascular
system, they are not necessarily so. That is, they may represent only
irregularities on the surface of a progressively shrinking siphuncle.
Remarks: Hoeloceras helgoeyense differs from H. askeri, the only
other species at present referable to the genus, in that the conch is
more rapidly expanding, not as strongly compressed, and the sutures
do not form such deep dorsal and ventral lobes.
Distribution: This species appears to be restricted to the Cephalopod
shale of the Nes-Hamar district, where it is a fairly common com
ponent of the molluscan fauna.

Hoeloceras askeri

Plate 2, figure 8; Plate

6,

Sweet, n. sp.

figure 4; text-figure 8 A-C.

Name: The name, askeri, refers to Asker Herred, southwcst of the
city of Oslo, within which the type locality of the species is founcl.
Type data: The holotype, and only known specimen, P.M. O. 69272,
is an internal mold representing about 40 camerae of the phragmocone.
It was collected in 1951 by Dr. Nils Spjeldnæs from the lower part of
the Lower Chasmops limestone (4bP') at Arnestadtangen, Asker
(Oslo-Aker clistrict).
Material: One incomplete internal mold, the holotype.
Diagnosis: A strongly depressed species of Hoeloceras, in which
the conch expands rather slowly (apical angle of somewhat less than
lOe) and the sutures from deep dorsal and ventral lobes.
Description: The holotype and only known representative of this
new species is a distorted internal mold, 185 mm long, which is pre
served in black, pyritic limestone, and consists of about 40 camerae
of the phragmocone. That portion of the conch preserved expands
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Fig. 8. Hoeloceras askeri, n. gen. & sp. (A) Diagrammatic dorso-ventral section
through the siphuncle, x2. (B) Enlargement of that part of (A) circled, ca. x3.
(C) Restored adoral conch cross-section, showing position of siphuncle, xl.

only 14 mm laterally in a length of 116 mm, which indicates an apical
angle of somewhat less than 10°. As indicated by text-figure 8C, the
cross-section is asymmetrically subelliptical, the venter being much
more broadly rounded than the dorsum. The camerae are short and
deep, but the septa are concave only laterally, being essentially flat
(although ventrally inclined) in their mid-portions. Sutures form deep,
broadly U-shaped ventral and dorsal lobes, and prominent, narrow
lateral saddles which project adorally for a distance equivalent to
the ventral length of about 4 camerae. It should be noted that, near
the adoral end of the specimen, the sutures appear to form ventrolateral
saddles, as in Gonioceras. This, however, is caused by oblique dis
tortion of that part of the conch and no significance is attached to it.
As shown in text-figure 8A--B (and in figure 4, Plate 6), the
siphuncle is large, slightly depressed, markedly nummuloidal in shape,
and located close to the venter. Adjacent to the septal foramen, the
septa are rather strongly curved adapically, so that the short, abruptly
recurved, recumbent septal necks are directed orad in their distal
portions. The connecting rings are thin, and expand widely within
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the camerae. They are free from the adapical surface of the adoral
septum, but broadly adnate to the adoral face of the adapical septum,
the width of the adnate zone corresponding to a little more than that
of the recurved part of the septum itself. The cavity of the siphuncle
is obviously restricted by organic deposits, but their nature can not
be determined with certainty. A narrow, subcentral tubular opening,
with a diameter of about l mm can be traced for the full length of that
part of the siphuncle sectioned, but no "radial canals"or "perispatium"
can be distinguished. Presumably the specimen represents the adapical
part of a much larger phragmocone, hence it is probable that the sipho
nal cord had been reduced, in this portion of the conch, to a thin,
subcentral strand.
The surface of the internal mold bears a faint series of longitudinal
lirae, spaced about 2 mm apart, which may represent the mural
portion of weakly developed cameral deposits. Aside from these,
however, no other indication of cameral deposits is discernible.
Remarks: This species is distinguished from its somewhat older
congener, H. helgoeyense, by its more depressed conch, deeper sutural
lobes, and its relatively slight rate of adoral expansion. It might also
be noted that the area of dorso-adapical adnation of the connecting
rings is wider in H. askeri than in H. helgoeyense, but this difference
might as easily be attributable to slight variations in the plane of
the two sections or to post-mortem distortion.
Distribution: Hoeloceras askeri is known, at present, only from the
Lower Chasmops limestone (4bp) in the Oslo-Asker district.

Suborder Michelinoce ratina Flower, 1950

[nom. transl.

herein

(ex

M i c h e l i n o c e r a t i d a Flower, 1950)].

This suborder includes the majority of orthoceraconic nautiloids
of the Paleozoic, and it is well represented in the Middle Ordovician
rocks of the Oslo Region. Identification of genera and proper deli
mitation of species within this suborder, however, requires exception
ally well preserved material, and, in addition, it is desirable to have
the juvenile as well as the adult parts of the conch. That is, the si
phuncle and the camerae, together with the deposits in them, may
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show definite ontogenetic changes which are important in recognizing
and understanding relationships. Unfortunately, most of the material
at hand is neither well preserved internally nor particularly complete;
there are only a few long segments of the same conch available. For
these reasons, it is suspected that the following diagnoses and descrip
tions, many based on reconstructions, include only a few of the actual
number of genera and species present.
The identifiable michelinoceratinids of the Oslo Region Middle
Ordovician can be separated, on the basis of their internal and external
features, into four rather well defined groups:
l) Smooth-surfaced, rather closely camerated forms with a central
or slightly eccentric, orthochoanitic siphuncle and no discernible
cameral or endosiphuncular deposits. These forms are referred to
Sactorthoceras Kobayashi.
2) Smooth-surfaced forms with a central or eccentric, suborthochoani
tic to cyrtochoanitic siphuncle and well developed cameral, but no
endosiphuncular deposits. Representatives of this group are re
ferred to two species of Stereoplasmoceras Grabau.
3) Smooth-surfaced conchs like those of group 2 except that the
siphuncle is constricted by a more or less continuous, non-segmenta!
endosiphuncular "lining". Such forms are placed in Stereoplas
mocerina Kobayashi and Ephippiorthoceras Foerste.
4) Variously annulated, striated, and ribbed conchs in which the
internal structure appears to be like that of group 3 are referred,

on the basis of external features, to Ctenoceras Noetling,
spyroceras Flower, and ?Gorbyoceras Shimizu & Obata.

?Stereo

In addition to forms belonging in one of the four groups just
outlined, there are several specimens for which no internal information
is available. Two of these were referred by Troedsson (1932, p. 14, pL 7,
fig. 7, text-fig. 3; p. 21) to Polygrammoceras Foerste and Protokionoceras
Grabau, and an additional specimen is here placed in "Kionoceras
Hyatt" with question. Descriptions of these specimens are included,
largely for the sake of completeness; it has not been possible to verify
their generic references.
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GENUS

M i c h e l i n o c e r a t i d a e Flower, 1945.
Kobayashi, 1934 (emend. Flower, 1946).
Sactorthoceras sp.

Sactorthoceras

Plate 3, figure 12; Plate 4, figures l, 7.
Material: Four fragmentary internal molds (P.M.O. 62973, 62974,
I 1471, I 1478), only one of which (P.M.O. I 1478) retains any trace
of internal structures. All, however, are from the Cephalopod shale
at Hovindsholm, Helgøya, and their dimensions indicate that they
probably belong in the same species.
Description: Conch a longiconic orthoceracone which is circular
in cross-section and attained an over-all length of at least 70 cm, the
adapical five-sixths of which represented the phragmocone. The
phragmocone expands uniformly by l mm in each 12 mm of its length,
which indicates an apical angle of about 5°. The body chamber is
slightly inflated near mid-length, and an annular constriction im
mediately apicad of the peristome indicates that the late mature shell
margin was considerably thickened. On one side of the conch, pre
.
sumably the venter, the peristome is produced into a broad emargi
nation which probably represents the hyponomic sinus.
In the adapical two-thirds of the phragmocone, the camerae are
rather closely spaced, about 6 occurring in a length equal to the conch
diameter. In the adoral one-third, however, only 3 camerae occupy
a similar length. As shown in figure 1 on Plate 4, this change in cameral
proportions occurs quite abruptly, the zone in which cameral length
increases gradually being very short. The septa are shallow, saucer
shaped structures, with an adapical concavity equal to less than half
the length of a camera; the sutures are simple, straight, and directly
transverse to the long axis of the conch. The siphuncle is circular in
cross-section, central in position, and its diameter is equivalent to
one-ninth of the conch. It is composed of short, straight septal necks
and thin, perfectly straight and cylindrical connecting rings. No
organic deposits occur within either the siphuncle or the camerae.
Remarks: The species represented by the four specimens upon
which the above description is based may well be distinct from the
few others which have been referred to Sactorthoceras. No name is
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being proposed for this species, however, because my knowledge of
it is based upon fragments of several different individuals which can
not be conclusively associated with each other. Externally, fragments
of this species may be confused with Stereoplasmocerina approximata,
n. sp., in which the camerae are also rather closely spaced. However,
the slightly depressed conch and eccentric siphuncle of the latter,
together with its considerably different interim, serve to distinguish
the two.
Distribution: At present, Sactorthoceras sp. is known only from the
Cephalopod shale at Hovindsholm, Helgøya, in the Nes-Hamar
district. The genus to which it belongs, however, has a wide geographic
distribution, having been reported from early Middle Ordovician rocks
in Korea and northeastern Gnited States.

GEl\l'S

Polygrammoceras

Foerste, 1927.
sp.

Polygrammoceras

Plate 2, figures

7, 10.

1932. Polygramnzoceras sp. TIWEDSSON, Lunds Cniversitets Arsskr., 1\.F., Avd.
2, bd. 28, no. 6, p. 21.

JJaterial: One partially testiferous, but almost completely re
crystallized phragmocone, P. M. O. I 1714-15.
Description: Troedsson's description of this specimen reads as
follows: " The specimen consists of a phragmocone, about 75 mm in
length, broken at both ends, and somewhat crushed. Diameter at
anterim end 18 mm. Angle of aperture about 4°. Interim structure
apparently not preserved. Surface marked with longitudinal ribs
which differ as much in size as in Polygrammoceras olandicum but are
flat on top as in P. lineatum. This is certainly a new species. It is derived
from layers which probably belong to the basal part of stage 4b, a
higher lenl than the Orthoceras limestone of Sweden."
Remarks: As Troedsson states, this is probably the specimen re
ferred to Orthoceras lineatum His. by Kjerulf (1857, p. 285; 1865).
Its reference to Polygrammoceras may be correct, but it should be
pointed out that longitudinal striation of the shell is probably a form
of ornamentation developed independently in several only distantly
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related groups of orthoceraconic nautiloids. The use of this extemal
ornament taxonomically is, for that reason, open to question. For
example, a specimen from Falkoping, Sweden, referred by Troedsson
(1932, pl. l, fig. 6) to Polygrammoceras lineatum (Hisinger) has small,
but well developed annulosiphonate deposits, and should probably
be placed in the Ormoceratidae. Polygrammoceras endoceroides Troeds
son, although longitudinally striated extemally , has endocones and
orthochoanitic septal necks, and was made the type of Troedssonella
by Kobayashi in 1934. There is, furthermore, considerable variation
in the extemal omamentation, as well as in the intemal structure
of species referred to Polygrammoceras by Foerste. It appears, then,
that the genus has been utilized in the past as a "catch-all" for super
ficially similar orthoceracones, and it is probable that the several
species still retained in it do not form a natural unit. The type of
Polygrammoceras, P. twenhofeli Foerste, is cyrtochoanitic, and has
connecting rings which are considerably expanded within the camerae.
Apparently, however, these segments do not contain secondary or
ganic deposits. The Norwegian specimen, as Troedsson points out,
does not preserve the conch interior, hence it is not known whether
it agrees with the type species in siphuncular structure.
Distribution: The label which accompanies this specimen indicates
only that it was collected from Stage 4b, at Løken, Bygdøy, in the
Oslo-Asker district.
GE:;-.;es

Protokionoceras

Grabau & Shimer, 1910.
Troedsson.

Protokionoceras strandi
1932.

Protokionoceras strandi

TROEDSSON, Lunds Univ. Arsskr., �.F., Avd. 2,

bd. 28, no. 6, p. 14, pl. 7, fig. 7; text-fig. 3.

Type data: Holotype, and only known representative (P. M.O. I
0323) of this species is a body chamber from some part of the Chasmops
Series in the city of Oslo.
Description: Troedsson's description of this species is as follows:
"Conch slightly flattened dorso-ventrally, diameters of apertural end
being 10 and 9 mm. Length of specimen about 25 mm. Apertural
angle 8°. Siphuncle centren, about one-twelfth as wide as the conch.
Depth of air chambers and structure of siphuncle cannot be made
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out. Surface marked with 37 primary longitudinal ribs: the intervals
are fluted and covered with 4 or 5 secondary fine striae. The shell is
also provided with transverse annulations or annuli. These are rather
strong on one side - whether this is the venter or dorsum cannot
be decided- and give an impression of Spyroceras, but on the opposite
side they are almost missing, though the vertical striation is well
marked.''
Remarks: Troedsson's reference of this species to Protokionoceras
is the best that can be made in the absence of internal structures,
but it is unfortunately the case that ornamentation of the type de
scribed is probably not an infallible key to generic affinities. That is,
annulation, vertical striation, cancellation, and fluting of the test
occur on such a variety of conchs, not all similar internally, that it
seems unwise at present to consider these features of primary im
portance in generic determinations.
Distribution: The only known representative of this species was
collected from some part of the Chasmops Series in Waldemar Thranes
gate (between Bergstien and Kingosgate), Oslo.
Hyatt, 1884.
"Kionoceras" sp.

GENUS Kionoceras

Plate 15, figure 2
1"11aterial: One incomplete, recrystallized body chamber, from the
Lower Chasmops shale of the Ringerike district. P. M. O. I 1859.
Description: An internal mold, 29 mm long, which

IS

circular in

cross-section and expands from a diameter of 8 mm adapically to
10 mm adorally. No trace of septa or sutures is discernible on this
specimen, hence it is assumed to represent a body chamber. The
surface is marked by a series of longitudinal ribs, the angular crests
of which, near mid-length of the specimen, are separated by about
l mm. The troughs of the shallow interspaces which separate adjacent
ribs are less than 0.5 mm below the rib crests.
Remarks: Similarly ribhed or fluted orthoceracones have long been
referred to Kionoceras Hyatt, regardless of their age or internal
dissimilarities. Flower (1952, p. 33-38) has restudied a number of
these forms and his conclusions with respect to them indicate that
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external ornament of the type generally thought to characterize
developed several times in the past, and in several different
nautiloid stocks. Consequently, in the absence of information con
cerning its internal structures, the specimen at hand is referred, for
descriptive purposes, to "Kionoceras" sp. Little significance is at
tached to this specimen, and a description of it has been included
only for the sake of completeness.
Distribution: Lower Chasmops shale, Bratterud, Ringerike.

Kionoceras

S t e r e o p l a s m o c e r a t i d a e Kobayashi, 1934.
Gmws Stereoplasmoceras Grabau, 1922.
Stereoplasmoceras longicameratum Sweet, n. sp.

FAl\IILY

Plate 3, figure 5; text-figure 9A.
Name: The specific name, longicameratum, refers to the relatively
long camerae of this new species.
Type data: Holotype (P.M.O. I 1470) is a partially testiferous
internal mold of part of a phragmocone. It was collected from the
Cephalopod shale at Hovindsholm, Helgøya (Nes-Hamar district).
NIaterial: The holotype and a poorly preserved but essentially
similar conch fragment (P. M. O. 1661-62) from the Ogygiocaris shale
of the Hadeland district are the only two specimens which can be
referred to this species with certainty at the present time.
Diagnosis: A long-chambered representative of Stereoplasmoceras
characterized by hyposeptal and episeptal cameral deposits which
have a distinctively botryoidal or algal-like structure.
Description: The holotype of this new species is a partially testi
ferous, fragmentary internal mold some 58 mm long, which represents
6 camerae of the phragmocone. This conch fragment is circular in
cross-section and expands l mm in each 18 mm of its length, suggesting
an apical angle of about 3°. The camerae are relatively long, only two
occupying a length equivalent to the conch diameter. The septa are
regularly subhemispherical in shape; the sutures are simple, straight,
and directly transverse to the axis of the conch. The surface of the
small areas of recrystallized test is smooth, but bears very faint,
closely spaced growth-lines which are apparently parallel to the sutures.
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B

Diagrammatic median dorso-ventral section, ca. x2, through the

Stereoplasmoceras longicameratum,

n.

sp.,

showing siphuncular

structure and structure and disposition of cameral deposits. (B) Diagrammatic
longitudinal section, x2, through the siphuncle of

mata,

Stereoplasmocerina approxi-

n. sp., based on the holotype.

The siphuncle is circular in cross-section, has a diameter at the
septal foramen of about one-sixth the conch diameter, and is located

between the center and the ventral margin of the conch. At a place
where the conch diameter is 17 mm, the center of the siphuncle is
5 mm from the venter. It is composed of cyrtochoanitic to subortho
choanitic septal necks and thin, structureless connecting rings which
expand only slightly within the camerae. In the six siphuncular
segments preserved, there are no discernible organic deposits.
The camerae are occupied by both hyposeptal and episeptal de
posits, the detailed structure of which is shown in text-figure 9A.
These deposits consist, within each camera, of an adorally tapering,
longitudinally laminated mass of calcite, laid down principally against
the walls of the camera, but encroaching in the later stages of deve-
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lopment onto the adoral surface of the septum. Insofar as I can
determine, this layer is continuous around the entire circumference
of the conch; however, it is considerably thinner ventrall y than
dorsally. On the dorsal side of the conch, the adapical portion of the
peripheral deposit extends much farther toward the center of the
conch than on the ventral side, and, in its inner portion, is botryoidal
in structure, resembling a mass of encrusting algae.
Hyposeptal deposits are represented on the dorsal side of all 6
septa by botryoidal masses of laminated calcite which began their
growth in the dorso-adoral portion of the conch, apparently after
the major portion of the episeptal deposits were formed. In both
the epi-, and hyposeptal deposits, there are a few laminae of much
darker color. These color differences disappear in thin-section, hence
it is probable that they are caused by the inclusion in some layers
of disseminated organic material which is insufficient in quantity to
be observable in thin-section, but sufficient to cause a marked color
difference in an opaque section.
Remarks: The combination of an apparently empty, slightly cyr
tochoanitic siphuncle with well developed cameral deposits indicates
that the species just described belongs in Stereoplasmoceras. This new
species differs, however, from previously described representatives of
Stereoplasmoceras, and particularly from 5. pseudoseptum Grabau, the
type species, in that its camerae are longer, its siphuncular segments
only slightly expanded, and the inner adapical edges of the dorsal
cameral deposits form peculiar botryoidal structures. It should be
noted that a similar structure is present in the cameral deposits on
the ventral side of Stereoplasmocerina approximata, n. sp., which,
however, has a more or less continuous endosiphuncular "lining",
cyrtochoanitic septal necks, and rather broadly expanded connecting
rings. It is possible that the apparently peculiar structure of the
cameral deposits in these two species, and the lack of comparable
structures in other representatives of the genera to which they belong
are reflections only of differences in preservation.
Distribution: Stereoplasmoceras longicameratum is known at present
from the Cephalopod shale at Hovindsholm, Helgøya (Nes-Hamar
district) and at Hovstangen, Gran, in the Hadeland district.
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Kobayashi, 1936.
Sweet, n. sp.

Stereoplasmocerina lineata

Plate 5, figures 2, 5; text-figure lOC-D.
Name: The specific name, lineata, refers to the transversely lineated
test of this species.
Type data: My knowledge of this species is based on four incomplete
specimens (R.M., MO 150012, 150013, 150014, 150016) one of which
is partially testiferous. All of these specimens were collected by Gerhard
Holm from the Cephalopod shale at Hovindsholm, Helgøya (Nes
Hamar district). They are all considered to be of equal rank as types,
hence are designated syntypes,
Material: In addition to the four syntypes, there is a body chamber
(P. M. O. I 0250) from the Ogygiocaris beds at Håkavik, Asker, which
resembles the syntypes, hence is referred to this species with question.
Diagnosis: A small, narrowly expanding species of Stereoplas
mocerina with a central suborthochoanitic siphuncle, transversely
banded or lineated test, thick episeptal cameral deposits and a con
tinuous, non-segmenta!, endosiphuncular "lining".
Description. Conch orthoceraconic, circular in cross-section, and
enlarging laterally by l mm in every 12 mm of length, indicating an
apical angle of about 6°. Mature conch apparently 175-200 mm lang,
of which three-fourths is phragmocone and one-fourth body chamber.
Camerae moderate in length, 21/2-3 occurring in a length equivalent
to the diameter of the conch. Septa regularly subhemispherical, with
a concavity slightly less than the length of a camera. Sutures straight
and directly transverse to the axis of the conch. Test ornamented
by a series of fine, transverse adapically imbricate growth-bands,
about 10 of which occur in a length of l mm. Test noticeably thickened
immediately apicad of the mature peristome, causing a prominent
constriction in the internal mold at the adoral end of the body chamber.
Siphuncle central in position, about one-twelfth the width of the
conch, and composed of suborthochoanitic (or slightly cyrtochoanitic)
necks and thin, structureless connecting rings which expand slightly
within the camerae. The cavity of the siphuncle is reduced by an
apparently continuous, non-segmenta! "lining" which is of such a
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thickness that its inner surface is everywhere parallel to the ectosi
phuncle. Camerae occupied by thick episeptal deposits which are of
considerably finer grain-size than the coarsely crystalline, secondary
calcite filling the balance of the conch.
Remarks: Insofar as I have been able to ascertain, Stereoplasmo
cerina is a monotypic genus, recognized heretofore only from its type
species, 5. tofangoense (Kobayashi), which occurs in the Toufangian
of southern Manchuria. The genus is closely related to, and perhaps
not really distinct from Stereoplasmoceras Grabau. That is, Stereoplas
nwcerina differs from Stereoplasmoceras primarily in that the siphuncle
is lined with "stereoplasmic" deposits, rather than empty. The non
segmenta! nature of this endosiphuncular "stereoplasm" suggests that,
unlike other endosiphuncular deposits, it may have begun to accu
mulate in all camerae at essentially the same time, that is, after the
animal had reached full maturity. Hence, it is possible that Stereoplas
moceras (without endosiphuncular "stereoplasm") represents only the
immature stages of conchs which, at full maturity, would be referred
to Stereoplasmocerina. It is doubtful if this problem can be solved
except through a careful statistical study of a large number of speci
mens from the same horizon and locality, a procedure which is not
possible with the Norwegian material at hand.
Stereoplasmocerina lineata differs from S. tofangoense (Kobayashi)
in that its shell is transversely banded and its siphuncular segments
are not widely expanded. It may be distinguished from its provincial
contemporary, S. approximata, n. sp., by its smaller mature size, its
relatively langer camerae, and its central, suborthochoanitic siphuncle.
It is closely related to, and occurs in association with annulated nauti
loids of similar size here referred to Ctenoceras Noetling, but differs
from these in having a smooth, rather than annulated surface.
It should perhaps be pointed out that S. lineata is closely compar
able in size, and perhaps also in internal structure, to Orthoceratites
conicus Hisinger, which Troedsson, in 1931 (p. 24) stated he was
going to make the type of a new genus, Conorthoceras. Opinion differs,
however, as to whether such a statement can be strictly interpreted
to constitute a generic designation, or whether, as Jaanusson & Mutvei
(1953, p. 19, footnote l) believe, Troedsson's name is a nomen nudum.
I am inclined to believe that Conorthoceras was legally established by
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Troedsson, although he did not mean to do so, and has the cited
species as its type. However, neither Hisinger's nor Angelin & Lind
strom's illustrations of the type of Orthoceratites conicus suggest much
as to its internal structure, hence it can not be determined at present
just what should be included in it. If, as one of Angelin & Lindstrom's
figures (1880, pl. 9, fig. 2) suggests, the siphuncle does indeed contain
a more or less continuous, non-segmenta! lining, then it is possible
that Troedsson's Conorthoceras and Kobayashi's Stereoplasmocerina
are synonyms, and the former name, having priority, will have to
prevail. On the other hand, it is possible that, even though the si
phuncular linings may be similar, Conorthoceras is a distinct genus.
That is, the septal necks of its type species, as illustrated by Angelin
& Lindstrom, are quite long and perfectly straight and the siphuncle
is only slightly expanded within the camerae. These, however, are
features which may characterize different ontogenetic stages of the
same conch in some michelinoceratinids, hence their value as generic
criteria is open to question.
Distribution: Stereoplasmocerina lineata is known best from the
Cephalopod shale of the Nes-Hamar district, but it probably occurs
as well in the Ogygiocaris beds of the Oslo-Asker district.

Stereoplasmocerina approximata

Sweet, n. sp.

Plate 4, figure 8; text-figure 9B.
Name: The specific name, approximata, refers to the closely spaced
camerae which are one of the distinctive features of this species.
Type data: Holotype (P.M.O. 69276) a weathered, incomplete in
terna! mold of part of the phragmocone, which has been sectioned
longitudinally to expose the siphuncle. The specimen was collected from
the Cephalopod shale at Hovindsholm, Helgøya (Nes-Hamar district) .
Material: One incomplete specimen, the holotype.
Diagnosis and description: The holotype and only known repre
sentative of this new species is an incomplete internal mold, 110 mm
long, which represents 30 camerae of the phragmocone. This conch
fragment is somewhat depre�sed in cross-section, dorso-ventral and
lateral diameters at its adapical end being 18 and 20 mm, respectively,
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and it expands dorso-ventrally, rather uniformly by l mm in each
11 mm of length. The camerae are closely, but not uniformly spaced,
5-6 occurring in a length equal to the dorso-ventral diameter of the
conch. The septa are shallow, with an adapical concavity equivalent
to about half the length of a camera; the sutures are straight and
directly transverse dorsally and laterally, but on the venter they form
broad, shallow lobes.
The siphuncle is circular in section and located between the center
and the ventral side of the conch. At a place where the conch diameter
is 18 mm, the septal foramen is 2 mm in diameter and the siphuncular
axis is 7 mm from the venter. The siphuncle is cyrtochoanitic in struc
ture, with short, recurved septal necks and thin-walled, subglobular
connesting rings. The siphuncle is lined by an apparently non
segmenta! layer of organic carbonate which is somewhat thicker
ventrally than dorsally, but extends the full length of the specimen.
The ventral and lateral parts of the adapical 9 camerae are parti
ally filled by deposits of laminated organic carbonate. These deposits
are entirely episeptal and the adapical sequence in successive camerae
indicates that they began as simple mura! and episeptal laminae
in the angle between the septum and the conch wall. From this be
ginning, successive crinkled laminae were added, with progressive ir
regularity, until, in the oldest camera retained, the space between
the ventral wall and the siphuncle is almost completely occupied by
an irregularly laminated mass of calcite. During the grinding of the
longitudinal section (figure 8, Plate 4) from \vhich text-figure 9B
was prepared, cameral deposits were first noted in the ventrolateral
zone, at a position approximately opposite the siphuncle. No deposits
are discernible dorsally, but that part of the conch is somewhat less
well preserved and such structures, if originally formed there, may
have been obliterated.
Remarks: Stereoplasmocerina approximata, n. sp., is clearly distinct
from 5. lineata, n. sp., on the basis of its more closely and more ir
regularly spaced camerae and its larger, slightly depressed, more
rapidly expanding conch. In addition, the siphuncular segments are
more inflated, the septal necks cyrtochoanitic, and the laminae of
the cameral deposits are "crinkled". Morphologically, this new species
is suggestive of Ephippz·orthoceras. However, the internal features
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of that genus (which presumably belongs in the same family) are not
well known, and prcviously reported representatives of it are all
considerably younger than the specimen at hand.
Distribution: The holotype, and only known specimen, is from the
Cephalopod shale at Hovindsholm, Helgøya, in the Nes-Hamar
district.
GENUS Ctenoceras

Noetling, 1884.
Noetling, 1884.

Type species: Ctenoceras schmidti

)l'oetling (1884, p. 115-116) diagnosed Ctenoceras as follows:
'"Gehause fast cylindrisch, sehr lang und in flachem Bogen ge
kriimmt. Sipho klein, subcentral, der Processualseite [ convex sideJ
naher liegend. Septa beinahe halb kugelformig gewolbt, Kammer
nahte wohl einfach ringformig, Wohnkammer wahrscheinlich kurz,
.
stets mit drei Eindriicken, einem unpaaren, spaltformigen auf der
Antiprocessual- [
concave-J, zwei paaringen, flachen auf der Pro
cessualseite [
convex sideJ. Zahlreiche regelmassige und kraftige
\Vachsthumsrunzeln in Form schrager Ringe, getrennt durch flache
Furchen werden durch die beiden Schalschichten gebildet. Schale aus
zwei ( ?) Schichten zusammengesetzt, die aussere mit feinen, scharfen
Querstreifen, parallel den Wachsthumsringen bedeckt, die innere fein
gestichelt."
To this diagnosis it should be added that the types of C. schmidti
are somewhat compressed and the annulations, as well as the growth
lines, are slightly sinuous, forming broad salients on the convex (
Yentral ?) side of the conch. A section through the siphuncle of an
apparently congeneric Norwegian specimen indicates that, at least
in the mature part of the conch, this structure is orthochoanitic,
composed of short, straight septal necks, and connecting rings which
expand slightly at their adoral ends. In addition, the siphuncle is
lined with an essentially continuous, apparently non-segmenta! de
posit of organic carbonate. For this reason, Ctenoceras is here referred
to the Stereoplasmoceratidae, even though more typical representatives
of this family have cyrtochoanitic (or suborthochoanitic) septal necks.
Remarks: Unfortunately, only one of the several specimens of
Ctenoceras available to me is preserved in such a way that its internal
structures can be studied, and in this specimen preservation leaves
=

=

=

=
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much to be desired. It undoubtedly represents a new species, but
comparisons between it and the types of C. schmidti Noetling are
difficult to draw because nothing is known of the internal structure
of that species. It is perhaps presumptuous, then, to refer a large
number of the annulated cyrtoceracones from the Norwegian ::VIiddle
Ordovician to Ctenoceras. However, these specimens are externally
quite similar to C. schmidti and an association with Ctenoceras is
strongly implied, if not definitely established.
If, as suggested by a specimen here described as Ctenoceras sp. B,
the siphuncle of Ctenoceras contains a continuous, non-segmental lining
of organic calcite, it would seem to have its closest relationships with
annulated stereoplasmoceratids like Tofangocerina Kobayashi, Gor
byoceras Shimizu & Obata, and Stereospyroceras Flower. It differs
from these, however, in that the siphuncle is orthochoanitic and no
deposits have been observed in the camerae. Admittedly, these com
parisons are based on rather tenuous evidence; a more complete
diagnosis of Ctenoceras will have to be based on a restudy of C. sclnnidti,
which is beyond the scope of the present work.
According to Noetling (1884, p. 116, 121) Ctenoceras was known
to him only from the Lower Ordovician Vaginatenkalk in Estonia.
and from glacial boulders derived from it. It is probable, however,
that Scmidt's "Vaginatenkalk" included, at the top, rocks now assigned
to the Middle Ordovician Aseri Limestone (Cia). The list of fossils
from a boulder of "Ctenoceras limestone" given by Patrunkey (1925,
p. 69) contains many elements which suggest an early Middle, rather
than a late Lower Ordovician age for the stratum which yielded it.
Even so, the type species of Ctenoceras, the only species heretofore
reported, seems to come from rocks somewhat older than those in
which probable congeners occur in Norway. That is, nearly all of the
specimens here referred to Ctenoceras were collected from the Cepha
lopod shale and, with only a few exceptions, they come from the same
locality. Two specimens, including the sectioned one, come from the
Lower Chasmops shale (4ba). Thus it appears that Ctenoceras, as
herein interpreted, has a stratigraphic range from near the base of
the Middle Ordovician into at least the mid-portion of the upper part
of that Series. Closely related stereoplasmoceratids occur within the
same stratigraphic interval in both Asia and North America.
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Ctenoceras sp. A.

Plate 2, figure 2; Plate 3, figures 6, 8, 9;
Plate 17, figure 3; ?Plate 2, figure 6.
Type data: No single one of the several specimens referable to thi"
species is particularly well preserved and nothing is known concerning
their internal structures. For these reasons, no specific name is being
proposed for them.
Material: Sixteen fragmentary specimens, (P.M.O. I 1430, I 1455.
I 1505, I 1507, I 1508, I 1526, I 1536--37, I 1570, I 1579, I 1659, 69277.
69278, 69279, 69280, 69281, 69282) several partially septate, most
preserving recrystallized portions of the test. All similar in that internal
structures have been completely obliterated during preservation.
Description: All of the specimens of this group are similar in that
they represent some part of an annulated, slightly cyrtoceraconic
conch which expanded very slowly (about l mm laterally in 12 to
13 mm axially) and was somewhat compressed. Both the annulation"
and the growth-lines which mark the surfaces of these specimens are
sinuous and form broad salients on the convex side of the conch. The
siphuncle is small (about one-tenth the conch diameter) and subcentral
in position. Its structure can not be determined.
Remarks: This group of specimens, which undoubtedly represents
an undescribed species, is very closely related externally to C.
schmidti Noetling. The species differs from C. schmidti, however, in
being only slightly curved and in having a small, central siphuncle.

In addition, the longitudinal impressions which mark the adoral part
of the body chamber in Noetling's species have not been recognized
in any of the several specimens I am studying.
Distribution: All but two of the specimens at hand come from the
Cephalopod shale at Hovindsholm, Helgøya, where the species they
represent appears to be rather abundantly represented. A specimen
from a drift boulder in the Toten district and a similar form from
Lunder farm, Hadeland belong in the same species, and probably come
from the same (or essentially the same) stratigraphic horizon.
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Ctenoceras sp. B.

Plate 3, figure l; Plate 21, figure 8; text-figure lOA-B.
Type data: Incomplete conchs and poor internal preservation make
it undesirable to select any of the specimens at hand as type for the
undescribed species to which they almost certainly belong.
Material: Two partially testiferous internal molds (P.M. O. I 1348,
I 1841) preserved in black limestone; one preserves the internal
structures. In addition to these, two specimens (P.M O I 0386, I 1862),
too fragmentary to be positively associated with either of the two
just mentioned, occur in Prof. J. Kiær's collections from the Lower
Chasmops shale at Bratterud, Ringerike.
Description: Conch straight or very slightly curved adapically,
and somewhat compressed laterally. Camerae rather long, about 2.5
occurring in a distance equivalent to the lateral diameter of the conch.
Septa deep, subhemispherical, and with a concavity equal in depth
to the length of one camera. Surface of shell and internal mold trans
versely annulated, the annulations projecting somewhat farther orad
on one side of the conch than on the other. Growth-lines fine, closely
spaced, and somewhat irregular, although essentially straight and
directly transverse to the long axis of the conch.
Siphuncle central in position, circular in section, and with a dia
meter about one-sixth that of the conch. It is composed of short,
straight septal necks and thin, asymmetrically subfusiform connecting
rings which expand somewhat at their adoral ends and are invaginated
into the septal foramen adapically. The interior of the ectosiphuncle
is lined with an apparently continuous non-segmental layer of organic
calcite, parts of which appear to have been removed by post-mortem
solution.
Remar!?s: The two specimens to which the above description refers
appear to belong in an undescribed species of Ctenoceras, which differs
from the type species of that genus in that it is not strongly curved,
the annulations are not markedly bowed on the convex side, and the
siphuncle is central rather than somewhat eccentric in position. The
species represented by these two specimens differs from Ctenoceras
.

.

THE MIDDLE ORDOVICIAN.

A

10.

NAUTILOID CEPHALOPODS

75

D

hg. 1 O. (A) Schematic median dorso-ventral section, x2, through a specimen
1dentified as

Ctenoceras sp. B. (B) An enlargement of a part of (A), ca. xl.S, to

show the ecto-, and endosiphuncular structure. (C, D) Stereoplasnzocerina lineata,
n.

sp. (C) is an enlargecl view of a part of (D), which is a cliagrammatic view of

" longitudinal section through the adapical part of one of the syntypes, x2.

sp -\, described above, in the possesion of a much larger siphuncle
and in the reduced sinuosity of the growth-lines and annulations.
.

.

It should perhaps be noted that the smaller of the two specimens,

the one illustrated in figure l on Plate 3, represents the adapical portion
of a conch which was broken transversely during the animal's lifetime,
and later repaired. ·cndoubtedly, the shell was damaged at or near the
aperture and later growth lines are deflected orad of this break for
a distance of several millimeters.
Distribution: At present, representatives of this species are known
from two loealities in the Oslo-Asker distriet (Nakholmen Island
and "Slottsveien" [=Karl Johans gate], Oslo. The Nakholmen Island
specimen comes from the Lower Chasmops shale (4ba), and it is
probable that the same horizon yieldecl the Oslo form.
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GE::\VS Ephippiorthoceras Foerste, 1924.
Ephippiorthoceras frognoeyense Strand, 1933.
1933. Ephippiorthoceras frognøyense STRAND, Norsk Geo!. Tidsskr., bd. 14, p.
17, pl. 3, fig. 4.

This species is fully illustrated and described in Strand's report
and I can add nothing to his diagnosis of it. The form is mentionecl
here because the strata from which its type was collected are now
regarded as uppermost }liddle Ordovician (rather than lowermost
rpper Ordovician) in age.
Occurence: 4bo, Frognøya, Ringerike, 1.5 m below the black Tre
taspis shale.
Repository: P.:\1.0. I 2109 (Holotype).
?GE::\US Stereospyroceras

Flower,

1955.

Stereospyroceras? sp.

Plate 3, figure 3.
Jfaterial: One incomplete external mold (P.M.O. I 1463--64)
suggests the presence of Stereospyroceras in the Cephalopod shale of
the Nes-Hamar district. However, I can not assign this specimen to
Stereospyroceras with certainty for that genus can be distinguishecl
from Gorbyoceras Shimizu & Obata only on the basis of structures
\vhich are not preserved in the individual at hand. The following
description is based Iargely upon a latex east of the external mold,
and upon small fragments of the internal mold which are preserved
at the adoral and adapical ends of the specimen.
Dcscription: Conch fragment 62 mm long, slightly cyrtoceraconic,
circular in cross-section, and with adapical and adoral diameters of
8.5 and 12.5 mm, respectively. The external mold is bounded by
septal faces both adapically and adorally, hence the entire specimen
represents part of the phragmocone. Camerae rather long, about 3
in a distance equivalent to the conch diameter; septa shallow, saucer
shaped; sutures straight and directly transverse to curving long axis
of conch. Surface marked by a series of narrowly rounded transverse
annulations and a prominent set of longitudinal ribs. The annulations
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are directly transverse to the conch axis, and alternate in position
with, and are parallel to the sutures; adjacent crests rise about l mm
above the convex interspaces which separate them. The longitudinal
ribs are subangular in transverse section and continuous for the full
length of the specimen. As no additional ribs appear to have been inter
polated during growth, there are 32 both adorally and adapically, with
the concave interspaces increasing gradually in width toward the
adoral end of the specimen.
Adapically, weathering has exposed the siphuncle in one camera.
At this place, it is circular in section, l mm in diameter, and located
2 mm from the convex (ventral?) side of the conch. It is subfusiform
in shape, which suggests that the septal necks are cyrto-, or subortho
choanitic in structure, and that the connecting rings expand somewhat
within the camerae. The fact that this structure now stands in relief
above the septal face suggests that it was filled with organic deposits.
However, if present, these deposits are not now discernible.
Remarks: The specimen at hand is reminiscent of forms from the
Chazy group of New York referred to Spyroceras clintoni (Miller) by
Ruedemann (1906, p. 445--449), later (Flower, 1946, p. 144) included
in Gorbyoceras, and quite recently (Flower, 1955b, p. 827) placed in
Stereospyroceras. The latter two genera are quite closely related in
ternally, and indistinguishable externally. They differ primarily in
that siphonal and cameral deposits are more advanced in Stereospyro
ceras than in Gorbyoceras, and known representatives of the two genera
are separated by an interval which includes nearly all of the Middle
Ordovician. Quite probably, as intermediate forms are described, the

two genera will be found to be structural extremes in a closely related
group, within which generic boundaries will be even more difficult
to establish. As details of the internal structure can not be obtained
from the Norwegian specimen just described, I can not refer it to either
Stereospyroceras or Gorbyoceras with certainty, although it is almost
certainly a member of the nautiloid group to which these two genera
belong. It is here placed tentatively in Stereospyroceras because the
rocks from which it was collected are not greatly different in age from
the Chazyan of Vermont, which yielded the type species.
Distribution: Cephalopod shale, Hovindsholm, Helgøya (Nes
Hamar district).
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?GENUS

Gorbyoceras Shimizu & Obata, 1935.
Gorbyoceras? sp.

Plate 3, figure 2.
For purposes of description, a single fragmentary specimen (P.M.O.
I 1846) from the Lower Chasmops shale (4ba) is being referred tenta
tively to Gorbyoceras, although its affinities are not at all clear.
Description: The specimen towhich I refer is a partially testiferous
internal mold of an annulated orthoceracone, the surface of which
is further ornamented by two sets of lirae, one longitudinal, the other
transverse. No trace of the internal structure is preserved and it is
indeed uncertain as to whether the specimen represents phragmocone,
body chamber, or parts of both. In cross-section, the conch is circular.
The annuli are directly transverse to the conch axis; their crests are
rather narrowly rounded, whereas the concave spaces which separate
them are broad and shallow. About 5 annuli occur in a length equi
valent to the maximum adoral diameter of the conch. The longitudinal
lirae are of essentially equal prominence and spacing, and about 10
occur in a width of 10 mm. The transverse lirae, on the other hand,
are broader, flatter, and more closely and irregularly spaced than the
longitudinal ones.
Remarks: Although details of the type of surface ornamentation
just described vary widely and are probably of little taxonomic signi
ficance, the specimen described differs markedly in these details
from the representatives of Ctenoceras and Stereospyroceras? yielded
by other strata in the Oslo Region. In the past, such specimens have
been referred generally to Spyroceras, but that genus has a rather
specialized internal structure and is probably not represented by any
pre-Devonian species. The specimen at hand is similar externally to
the several Upper Ordovician forms referred to Gorbyoceras by Flower
(1946, p. 143-162) and is provisionally regarded as being congeneric.
However, it should be stated unequivocally that I attach little im
portance to either the specimen or the identification.
Distribution: Lower Chasmops shale (4ba), Volden, Asker (Oslo
Asker distri et).
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e r at in a Flower, 1950

[nom. transl. herein (ex Ascoceratida Flower, 1950)].
FAMILY H e b e t o c e r a t i d a e, Flower, 1940.
GENUS Probillingsites Foerste, 1928.
Probillingsites, n. sp.

Plate 5, figure 3.
Type data: The single specimen available, P.M. O. 8220, is too poorly
preserved to serve as holotype for the undescribed species to which
it almost certainly belongs.
Material: One incomplete specimen, an internal mold, representing
two or three camerae of the phragmocone and part of the body
chamber. This specimen was collected from the Lower Chasmops
limestone (4bfJ) at Ringsås, Ringerike, by Professor Olaf Holtedahl.
Description: The single specimen to which the following remarks
pertain is an internal mold, 50 mm long, of two (or possibly three)
camerae of the phragmocone and a body chamber which is incomplete
adorally but retains portions of pyritized test on its left side. The conch
fragment is very slightly depressed, dorso-ventral and lateral diameters
at the adapical end of the body chamber being 23 and 25 mm re
spectively. The ventral margin of the phragmocone and the adapical
two-thirds of the body chamber is convex, but on the adapertural
one-third is slightly concave. The dorsal outline is concave adapically,
but, near the adoral end of the specimen, it becomes slightly convex.
The sides are convex, with a maximum convexity near the mid
portion of the body chamber. Only one suture, which is interpreted
to represent the junction between body chamber and phragmocone,
can be traced completely around the conch, but portions of at least
one other (slightly apicad of the first) can be seen in the right lateral
and dorsal zones. These sutures appear to be subparallel, and slope
orad from venter to dorsum, forming angles of about 80° with the
curved axis of the conch. The septum of truncation is not preserved
ventrally, but the relatively smooth adapical continuation of the
dorsal profile toward the venter suggests that this septum was essenti
ally parallel to the sutures and not deeply (although asymmetrically)
concave.
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The test exhibits a series of fine growth-lines which are straight
and essentially perpendicular to the curved axis of the conch ventrally,
but slightly oblique laterally and dorsally. These lines are somewhat
farther apart ventrally than dorsally, which suggests that the aperture
sloped adapically toward the dorsum.
Rernarks: In general configuration, this specimen of Probillingsites
is not unlike others (including the type species) which have previously
been described. It apparently belongs to that group of species in
which the septa are subparallel (rather than dorsally divergent).
However, the inclination of the septa with respect to the conch axis
is considerably less in the Norwegian species just described than in
congeneric, but probably somewhat younger American forms.
Distribution: Lower Chasmops limestone (4btJ), in the Ringerike
district. If the correlations between the Norwegian section and that
of North Amercia suggested in Table I are correct, this is the oldest
recorded occurrence of Probillingsites.
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transl. herein (ex O n c o c e r a t i d a Flower, 1950)].

F AMILY Oncoceratidae Hyatt, 1883.
GENUS Oncoceras Hall, 1847.
Oncoceras sp.
Plate l, figure 6.
Material: One fragmentary internal mold, P.M.O. I 1531, which
does not preserve any of the internal structures of the conch.
Description: The single specimen here referred to Oncoceras is a frag
mentary internal mold, 50 mm long, which represents 4 camerae of the
phragmocone and the adjacent part of the body chamber. The conch
is very slightly cornpressed, dorso-ventral and lateral diameters at
the adapical end of the body chamber being 25 and 24 mm, respectively.
Only a short segment of the dorsurn is preserved, but it is nearly
straight. The venter, however, is rnarkedly curved and the sides are
slightly convex, converging both adapically and adorally. The camerae
are longer ventrally than dorsally, apparently rather shallow, and
the fact that the adoral camera is somewhat shorter than those
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prcceding it suggests that the specimen rcpresents a mature individuaL
The aperture is not preserved, nor are any of the internal structures
discernible. A small subcircular structure near the venter at the
adapical end may represent the siphunclc, but this can not be con
firmed.
Remarks: The specimcn described bricfly above, although in
complete, exhibits a majority of the features which characterize
Oncoceras Hall as that genus is presently understood (Flower, 1946,
p. 240-246). That is, the maximum conch diameters are near the
adapical end of the body chamber (rather than farther orad as is
generally the case in the closely rclated Beloitoceras Foerste). The
conch is not, however, inflated dorsally, and it is similar to the less
gibbous representatives of Beloitoceras in this respect.
Distribution: The horizon and locality from which the describecl
specimen was collected are not known. It is probable, howevcr, that
it, like most of the othcrs with which it is catalogued, came from the
Cephalopocl shale in the area in and around Lake :\fjøsa.

GE:\Cs Beloitoceras Foerste, 1924.
Reloz"toceras stoermeri Sv\·eet, n. sp.

Plate 5, figure 1; Plate 17, figure

l;

Plate 21, figure 7.

Same: The specific name, stoermeri, is proposed in honor of Pro
fessor Leif Størmer, Professor of Historical Geology and Paleontology
at Oslo ·cnivcrsity, and Director of the Paleontological Institute in
that

institution.

Type data: The holotype, P.:VI.O. I 1860, is

a compressed and
somewhat distorted, testiferous internal mold which has been sectioned
longitudinally to expose the siphuncle. This specimen was collected
in 1913 by Professor J. Kiær from the Lower Chasmops shale of the
Ringerike district.
Jfaterial: In addition to the holotype, Professor Kiær's collections
from the same locality and horizon contain an incomplete internal
mold of the adoral part of an oncoceratinid conch (P.M. O. I 0387)
which appears to be conspecific with the holotypc of B. stoermeri, n.
sp., and is here associated with it without question.
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Diagnosis: A species of Beloitoceras characterized by an only

slightly gibbous conch and a dorsum which is concave throughout its
length. The species belongs in the form-group typified by B. clochense
Foerste, but is larger and somewhat less strongly compressed than
previously described representatives of this form-group.
Descriptions: The holotype, which is about 57 mm long, is a dis
torted internal mold of 11 camerae of the phragmocone and the
adjacent adapical part of the body chamber. It has been crushed
adorally, but adapically it appears to be little distorted. In its un
distorted adapical portion, the conch is subovate in cross-section,
and higher than wide, having lateral and dorso-ventral diameters of
14 and 15 mm, respectively. The venter, which is somewhat more
narrowly rounded than the dorsum, is convex and regularly cun·ecl
longituclinally, and in profile it clescribes an essentially circular are
with a radius of about 50 mm. The dorsum is longitudinally concave
adapically, bnt becomes nearly straight adoral! y. The sides a ppear
to be very faintly convex. The camerae are short and the septa only
slightly concave. The two adoral camerae are only half the length of
those preceding them, which indicates that the specimen represents
a mature individual. The sutures are virtually straight, but form
broad lateral lobes and low ventral and dorsal saclclles. The test is
transversely rugose, e xhibiting a series of low "wrinkles" and growth
bands which are, in general, parallel to the sutures.
The siphuncle is rather small and located near the ventral margin
of the conch. At the adapical end of the specimen, it is l mm in elia
meter and situated l mm from the venter; at the adoral end of the
phragmocone, it is about 3 mm in diameter, and some 2 mm from the
conch margin. Throughout the length of the specimen, the siphuncle
is composed of short, suborthochoanitic septal necks and thin connect
ing rings which expand only slightly within the camerae, their maxi
mum width being attained in the adapical third of their length.
Dorsally, but not ventrally, the adapical part of the connecting ring
is adnate to the adoral surface of the septum for a short distance.
The siphuncle contains no secondary organic deposits, nor do any
occur in those parts of the camerae which are preserved.
The smaller of the two specimens here referred to B. stoermeri,
n. sp., is 48 mm long, is coarsely recrystallized, and consists of the
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partially testiferous internal mold of a body chamber and probably
two or three camerae of the phragmocone. It is slightly compressed
in cross-section; the ventral profile is regularly and rather markedly
convex, whereas the dorsal outline is concave adorally, but straight
to gently convex in its adapical portion. The sides are convex and
converge both adapically and adorally. The aperture is not preserved.
The test is marked by a series of fine, irregular growth-rugosities
which slope laterally from venter to dorsum. None of the internal
structures are preserved.
Remarks: A large number of species of Beloitoceras have already
been proposed, but, insofar as I am aware, none have heretofore been
recognized in the Middle Ordovician of the Scando-Baltic province.
A majority of the known Middle Ordovician species come from North
America, and representatives of the genus have also been reported
from Greenland. Many of these species are based on incomplete or
poorly preserved material, and they are said to differ from one another
chiefly in amount of curvature, size, position, and extent of adoral
gibbosity, length of camerae, and form of the sutures. By and large,
little information is available concerning the structure of the siphuncle
or the range of variation within the several described specific groups.
There can be no doubt that there is considerable morphological
difference exhibited by the described species of Beloitoceras, but the
taxonomic significance of these is, of course, a matter of opinion.
The specimens at hand fall well within the morphological limits of
Beloitoceras, as that genus is generally interpreted. However, they
differ in a number of respects from all the types recorded in the litera

ture as much, at least, as those specimens differ from one another.
Beloitoceras stoermeri, n. sp., probably belongs in and seems to be
characteristic of a group of species typified by B. clochense Foerste
(see Flower, 1946, p. 268-9). In this group, the conch is only slightly
gibbous and the dorsum is concave throughout its length. Although the
Norwegian species is somewhat larger than the majority of forms refer
able to this group, it is not unlike slightly curved members of it such
as B. carveri (Clarke), B. huronense Foerste, and B. bucheri Flower.
However, in addition to being larger (and probably somewhat older)
then the types of any of these species, B. stoermeri is also less strongly
compressed. No specific information concerning the siphuncular struc-
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ture of any of the 3 North American species just mentioned is available,
but they appear to have siphuncles similar at least in size and position
to that of B. stoermeri.
Distribution: At present, Beloitoceras stoermeri is known only from
two specimens, both of which came from the Lower Chasmops shale
(4b a) at Bratterud, on the west side of Røysetangen in the Ringerike
district of the Oslo Region.

FA:\IILY

A l l ume t t o c e r a t i d a e Flower, 1946.
Foerste, 1926.
Allumettoceras mjoesense Sweet, n. sp.
GEKCS Allumettoceras

Plate 3, figure

7;

Plate 4, figure 5; Plate

21,

figure

CJ.

1Vame: The specific designation, mjoesense, refers to Lake Mjøsa
(Xes-Hamar district) in which Helgøya, the type locality, is situated.
Type data: As holotype, I am designating the specimen illustrated
in figure 5 on Plate 4 (P.M. O. 69283). The remaining four specimens
P.:\I. O. 69284, 69285, 69286; R.M. MO 150038) are regarded as para
types, and information concerning the internal structures of the conch
has been derived from them.
i11aterial� Five incomplete internal molds, four of which are pre
served in dark gray limestone, the fifth in pyrite. All but the holotype
have been sectioned longitudinally. All are from the same horizon and
locality, the Cephalopod shale on Helgøya (Nes-Hamar district).
Diagnosis: A relatively large, rapidly expanding species of Allu
mettoceras which differs from previously described species of the genus
in that the venter is broadly rounded (rather than flattened) and the
siphuncle is somewhat more removed from the ventral margin of the
conch than appears to be "typical".
Descriptions: The holotype is an incomplete internal mold, 57 mm
long, which represents 10 complete camerae of the phragmocone and
parts of two more. It is subelliptical in cross-section, having dorso
ventral and lateral diameters at the adapical end of 17 and 24 mm,
respectively. The conch expands laterally by 8 mm in 30 mm of length,
which indicates an apical angle of about 15°. The camerae are short,
8 occurring in a length equivalent to the lateral diameter of the conch.
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The septa are shallow and the sutures sinuous, forming prominent
ventral and very slight dorsal lobes separated by broadly rounded
lateral saddles. The siphuncle is circular in section and, at the adapical
end of the specimen, has a diameter of 2 mm. At this place, it is located
3 mm from the ventral margin of the conch.
The mid-ventral surface of the internal mold is marked by a
rather prominent set of longitudinal ribs or ridges which appear to
be separated into two series, one on either side of the mid-ventral
line. Similar, but less prominent markings occur around the remainder
of the conch circumference. These may represent the molds of vestigial
organic deposits in the camerae or may, in some way, be associated
with the muscle attachment areas.
The structure of the siphuncle is well illustrated by a specimen
similar to the holotype externally, but somewhat larger in over-all
dimensions. As shown in figure 9 on Plate 21, the siphuncle of this
specimen is cyrtochoanitic, composed of septal necks which are more
strongly recurved dorsally than ventrally, and thin, apparently struc
tureless connecting rings which expand only slightly within the ca
merae. There are no organic deposits within the siphuncle.
The specimen illustrated as figure 7 on Plate 3, is 52 mm long,
and represents 6 camerae of the phragmocone. The conch is depressed;
near the adapical end of the specimen, dorso-ventral and lateral
diameters are 30 mm and 23 mm, and 14 mm orad of this these di
mensions are 32 and 24 mm, respectively, suggesting and apical angle
of only 8°. Both the dorsum and venter are broadly arched, whereas
the sides are much more narrowly rounded. The venter has been etched

by weathering, but it does not appear to have been flattened nor to
have had a convexity significantly less than that of the dorsum. The
camerae are short; the septa are shallow, with an adapical convexity
equivalent to about the length of half a camera. The sutures are
sinuous, and directly transverse to the long axis of the conch. Dorsally
and laterally they are essentially straight, but ventrally they form a
broad shallow lobe, the depth of which has been greatly accentuated
by weathering.
The siphuncle is preserved in the adapical 2 camerae. It is cyrto
choanitic in structure, composed of rather long, gently recurved
septal necks, and thin connecting rings which expand only slightly
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within the camerae. At the adapical end of the specimen, the siphuncle
is circular in section, 4 mm in diameter, and located 4 mm from the
ventral margin of the conch (or about half-way between the venter
and the cen.ter). Apparently there are no secondary deposits either
in the siphuncle or in the camerae. However, it should be pointed
out that, as in the holotype, the surface of the internal mold is marked
by a series of fine longitudinal ribs or ridges, several of which extend
the full length of the specimen and are broken only where they cross
the sutures.
Remarks: As the above descriptions indicate, there is some slight
variation between the available representatives of Allumettoceras
mjoesense, n. sp., in rate of conch expansion and disposition of the
surficial markings on the internal mold. They are, nevertheless, all
of the same age and all so similar internally that there seems to be no
good reason for assigning specific significance to these morphological
variations. The new species described falls well within the limits of
Allumettoceras as that genus is presently understood, and differs from
congeneric forms only in that the venter is not noticeably flattened
and the siphuncle is somewhat more removed from the margin than
appears to be typical.
Distribution: All of the available representatives of Allumettoceras
mjoesense come from the Cephalopod shale at Hovindsholm, Helgøya,
in the Nes-Hamar district of the Oslo Region, Norway. The genus
Allumettoceras has a rather extended range within the Ordovician,
having been reported from rocks which range in age from early Middle
Ordovician (Marmorian) through the Upper Ordovician (Richmond)
of the western United States.

?GENUS Tripteroceras Hyatt, 1884.
Tripteroceras? problematicum

Sweet, n. sp.

Plate 2, figure 4; Plate 21, figure 5.
Name: The specific name refers to the doubtful taxonomic position
of this new species.
Type data: The holotype and only known representative of this
new species (P.M.O. I 1340) is a fragmentary internal mold which

THE MIDDLE ORDOVICIAN.

10.

NAUTILOID CEPHALOPODS

87

has been sectioned longitudinally to expose the siphuncle. It was
collected from the Lower Chasmops shale (4ba) in the Ringerike
district by Professor J. Kiær, in 1913.
Diagnosis: A species of nautiloid cephalopods, probably referable
to Tripteroceras Hyatt, characterized by a conch that is subtriangular
in cross-section and by sutures which form a low, but prominent
mid-ventral saddle.
Description: The holotype is 29 mm long, and represents about
11 camerae of the phragmocone. It has adapical dorso-ventral and
lateral diameters of 8 and 9 mm, respectively, and expands rather
slowly so that comparable measurements 12 mm orad of the adapical
end are only 9 and 10 mm. The cross-section of the conch is sub
triangular; the ventral side is broadly arched and nearly flat, the
lateral zones are also broadly convex and converge toward the dorsum,
which is acutely rounded and almost angular. The septa are deep,
subhemispherical, and project adapically in their free portions for a
distance equivalent to the length of a camera. Sutures are prominent} y
sinuous, forming low, pointed saddles flanked by shallow lobes on the
venter, broad saddles in the ventrolateral zones, deep lateral lobes,
and, presumably, rather sharp saddles on the dorsum. The siphuncle
is small, empty, and submarginal in position. The septal necks are
strongly and abruptly recurved; the thin, apparently structureless
connecting rings expand rather widely in the adapical part of each
camera, but are essentially straight, or even slightly incurved, ada
pically. No endosiphuncular or cameral deposits are discernible.
Remarks: Superficially, the specimen just described bears a con
siderable resemblance to the three known species of Clinoceras Mascke
(Mascke 1876; Dewitz, 1880, p. 173, pl. 4, fig. l; Patrunkey, 1926,
p. 114) . That is, the configuration of the sutures, particularly on the
venter, is strikingly like that of Clinoceras dens Mascke, which, however,
has an asymmetrically ovate conch cross-section. The siphuncle of
Clinoceras, however, appears to be considerably different from that
of the specimen at hand in that the septal necks are not strongly re
curved and the connecting rings are faintly plano-convex, the side
nearest the wall of the conch being somewhat flattened. In that the
conch of the Norwegian specimen is subtriangular in cross-section,
it is similar to the several known species of Tripteroceras. It differs
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from all of them, however, in that the sutures form prominent mid
ventral crests. Internal comparisons are not possible, for the siphuncu
lar structure is not knO\vn in detail for any previously described re
presentative of Tripteroceras. Presumably, however, the siphuncle in
this genus is cyrtochoanitic and unoccupied by any later endosi
phuncular deposits. For these reasons, then, the fragmentary form
at hand (which clearly represents an undescribed species) can not be
associated with Tripteroceras or any other genus with certainty.
Distribution: Lower Chasmops shale (4bu) at the west side of
Røysetangen, Ringerike.

FAMILY V a l c o u r o c e r a t i d a e Flower, 1946.
?GENCS Valcouroceras Flower, 1943.
Valcouroceras? holtedahli Sweet, n. sp.
Plate 5, figure 6; Plate 21, figure 6; text-figure llA�B.
Name: This new species is named in honor of Professor Olaf Holte
dahl, of Oslo University, who collected its holotype.
Type data: The holotype (P.M.O. I 1669�70) and only known
representative of this species is a weathered fragment of part of a
small phragmocone which has been sectioned longitudinally to expose
the siphuncle. It was collected from the upper part of the Ogygiocaris
Series (probably from the Cephalopod shale) in the Hadeland district.
Diagnosis: A valcouroceratid species, perhaps referable to Val
couroceras Flower, characterized by a compressed, exogastric conch,
short camerae, and a subventral, suborthochoanitic to slightly cyrto
choanitic siphuncle occupied even in early stages by prominent actino
siphonate deposits.
Description: The holotype and only known representative of this
new species is an internal mold, 26.5 mm long, which represents 11
camerae of a small, slightly cyrtoceraconic, exogastric conch of
lachrymiform cross-section, the dorsum being broadly rounded and
the venter subangular. The camerae are short, the septal concavity
equivalent to about the length of one camera, and the sutures sinuous,
forming sharp-crested ventral and low, broad dorsal saddles with
intervening shallow lateral lobes. None of the original test is preserved,
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Fig. 11. Valcouroceras? holtedahli, n. sp. (A) Diagrammatic median dorso-ventral
section, x3, through the holotype. (B) Outline view, x2, of the

adoral septum of the holotype.

but the surface of the internal mold shows a series of rather coarse,
raised longitudinal lines which suggests that the inner surface of the
shell was, for some reason, of irregular circumferential thickness.
Figure 6 on Plate 21, and text-figure llA, which is an enlarged,
diagrammatic view of the same dorso-ventral section through the
holotype, show that the siphuncle is subventral in position, has a

diameter equivalent to about one-sixth that of the conch, and is
composed of suborthochoanitic or only faintly cyrtochoanitic septal
necks, and connecting rings which expand slightly within the camerae.
Within the connccting rings there are secondary organic deposits
consisting of cresent-shaped annuli, the adapical ends of which are
produced into the siphuncular cavity as a series of longitudinal, radial
blades or rays. These deposits are undoubtedly actinosiphonate struc
tures, but their detailed morphology can not be determined from the
material at hand which has been somewhat recrystallized.
Extrasiphuncular deposits, almost certainly organic in nature, form
annuli about the connecting rings. These deposits are most advanced
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adapically, where they virtually fill the camerae on the ventral side
of the siphuncle; adorally, however, they are thinner, which suggests
that their development within any orre camera was delayed until a
considerable length of conch had been formed beyond it. On the dorsal
side of the conch, the camerae are filled with coarsely crystalline
calcite, hence any organic deposits that may have formed there are
now indistinguishable.
Remarks: Representatives of the Valcouroceratidae, which family
includes only six genera at present, have been reported previously
only from the North American Middle and Upper Ordovician. The
family was erected by Flower (1946, p. 335) to include exogastric,
cyrtochoanitic cyrtoceracones of subtriangular cross-section, which
almost certainly developed from the Oncoceratidae, but differ from
typical members of that family in that there are actinosiphonate
deposits in the siphuncle. The holotype of Valcouroceras? holtedahli
is similar externally to the several Chazyan (Marmorian) species of
Valcouroceras described by Flower in 1943a and 1955b, particularly
to the adapical ends of those forms. However, as Flower pointed out
in 1943a, and again in more detail in 1946 (p. 339-343), actonisi
phonate deposits are well developed only in the adoral end of the
siphuncle in typical members of Valcouroceras, whereas earlier portions
of the siphuncle are vacant or have only simple endosiphuncular
annuli. In that annulosiphonate deposits are apparently well developed
in V.? holtedahli, it is more like Augustoceras Flower (=? Wether
byoceras Foerste), but typical representatives of that genus are broader
in cross-section, having strongly recurved septal necks, and are, at
present, known only from rocks of early Upper Ordovician age in
North America.
From its stratigraphic position and a structural pattern which
seems to include both primitive and advanced features, it would
appear that V. ? holtedahli is probably best regarded as a regional
variant of the Valcouroceratidae, in which are combined the compres
sed conch and suborthochoanitic septal necks of the early part of
Valcouroceras and the more completely elaborated endosiphuncular
deposits of Augustoceras. Undoubtedly, when more nearly complete
representatives of this species are discovered, it will be necessary to
propose a new generic name for them. At the present time, however,
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the principal significance of V.? holtedahli is that it is one of the few
components of the early Middle Ordovician nautiloid fanua now known
from Norway which appears to be at all closely related to essentially
contemporaneous North American forms.
Distribution: Valcouroceras? holtedahli, n. sp., is known at present
only from the holotype, which was collected from the upper part of
the Ogygiocaris Series, probably from a horizon in general equivalent
to the Cephalopod shale of the Nes-Hamar district, at Hovstangen,
Gran, in the Hadeland district.

F AMILY Die s t o c e r a t i d a e Foerste, 1926.
GENUS Diestoceras Foerste, 1924.
Diestoceras

sp.

Plate l, figure 3.
One distorted specimen, P.M. O. I 0565, from the upper
most part of the Middle Ordovician in the Ringerike district.
Description: The single specimen here referred to Diestoceras Foerste
is a flattened internal mold, 38 mm long, preserved in grayish-brown
shale. It represents 8 camerae of the phragmocone and an essentially
complete body chamber. Insofar as I can determine, the conch axis
was originally perfectly straight and the sides diverged regularly on
the phragmocone and contracted smoothly and evenly over the short
body chamber.
Material:

The sutures are straight and directly transverse to the conch

axis. The surface of the internal mold bears a series of coarse longitudi
nal markings similar to those found in other representatives of Diesto
ceras and an indistinct "basal zone", marked by a faint, transversely
serrate line, exists at the adapical end of the body chamber. The
apertural margin is not preserved and none of the internal structures
are discernible.
Distribution: The specimen described briefly above was collected
from the upper part of substage 4b0, on Frognøya in the Ringerike
district of the Oslo Region. The genus becomes abundant, and is
known from several species in the Upper Ordovician strata of the
Oslo Region (Strand, 1933, p. 85-87).

\VALTE!{

Suborder Tar ph y
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e r at in a Flower, 1950

i nom. transl. herein (ex T a r p h y c e r a t i d a Flower, 1950)].

FA:\IILY T r o c ho l i t i d a e Chapman, 1857.
Subglobar to discoidal nautilicones with 3 to 5 or more slowly
expanding, dorsally impressed whorls, and a long body chamber which,
in most genera, tends to become free from the inner whorls adapertur
ally. Camerae short, sutures simple, or forming broad ventral, lateral,
and dorsal lobes with somewhat narrower saddles on the ventrolateral
and umbilical margins. Siphuncle marginal, or dorsad of center except
in initial volution where it may have a central or ventral position.
Septal necks short, orthochoanitic; connecting rings typically thick
ened, but are thin, at !east adapically, in Trocholites. Surface sculpture
variable in prominence but consistent in being composed of ada
pically imbricating growth-lamellae which form deep ventral sinuses.
In many forms periodic constriction of the shell results in a series of
sinuous transverse annulations which also form deep ventral sinuses.
As thus defined, the family includes the Ordovician genera Tro
cholites, Discoceras [
Schroederoceras], Curtoceras, Arkoceras, Jaspero
ceras, Litoceras, Trocholitoceras, "Wichitoceras, Hardmanoceras, and the
Silurian Grajtonoceras. A large majority of the Ordovician forms refer
=

able to this family are known only from rocks of Upper Canadian
(�c Arenigian) age in ::\orth A.merica, but several have been reported
from strata of similar age in Australia. Two of the dominantly Lower
Ordovician genera, Curtoceras and Hardmanoceras, are represented
by species in the early Middle Ordovician, and the genera Trocholites
and Discoceras appear to be restricted entirely to the Middle and
Upper Ordovician.
GENUS Trocholites Conrad, 1838.
Type species: Trocholites ammonius Conrad, 1838.

Small, gradually expanding nautilicones, typically subdiscoidal
in shape, with 5 or more volutions and a body chamber one-half to
three-fourths of a volution long which does not diverge from preceding
volutions. Whorl section broadly reniform; dorsal part of whorl im-
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prcssed, but impressed zone rarely deep. Cmbilicus wide, in most
species not deep; umbilical perforation small. Siphunclc orthochoanitic
in structure, and dorsal or subdorsal in position at all stages of growth.
The connccting rings are thin1. Surface sculpture variable, but in
most forms it consist of fasciculate growth-lines (or bands) and ribs
which form ventral sinuses. In a few species a faint ventral keel appears
on the outer vvhorl, and variously developed nodes or tubercles have
becn reported to occur in the umbilical regions.
Trocholites is known to occur in Europc, �orth America, and Asia,
and to have a stratigraphic range from early Middle through t:ppcr
Ordovician. The genus is distinguished from other closely related
forms by its gencrally small size and its persistently marginal dorsal
siphuncle. Although here described as a species of Trochotites, further
studies of well preserved representatives of the subglobular T. hospes
(I<emele) may indicate that it is structurally, as well as morpholo
gically, distinct from Trocholites, as Remele, Foerste, and Strand haYe
suggcsted. This species was originally referred to the genus Palaeo
nautilus, as were other similarly globular trocholitids. At the present
time, howcver, there seems to be no logical reason to seJJaratc forms
\Vith inflated whorls from Trocholites.
Trocholites depressus (EichwaldJ.

Plate 7, figures 3-7; tcxt-figurc 12.
1840. Xautilus depressa EICHWALD, �Ceber das silurische Schichtensystem von

Ehstland. St. Petersburg. p. 106.
l 1-160. Clymenia depressa ErcHWALD, Lethaea Eossica, pt. I,

v.

2, p. 1350, pl.

50, fig. 5a-b.

1880.

Palaeonautilus depressus REMELE, Festschr. f. die 50 jahrige Jubelfeier
der Forstakad., Eberswalde, p. 246;----, 1.'\81, Zeitschr. d. deutsch.
geol. Ges., Bd. 33, p. 13.
1882. ?T. depressus ScHRiiDER, Physikal.-i:ikon. Ges. zu KCinigsberg, Schriften,
Bd. 23, p. 98.
1882. ?T. cf. incongruus SCHRODER, ibid., p. 97.

1 Dr. R. H. Flower has written me that Trocholites can have thickenecl
connecting rings, but that they show best in later whorls. Some small species,
such as the ones from the Norwegian Middle Ordovician, do not show this
thickening well, although its apparent absence may be little more than a
matter of scale.
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1891. T.

depressus ScHRODER,

Paleont. Abh.

v.

Dames & Kayser, N. F., Bd. l

(whole ser. Bd. 5) Hft. 4, p. 13, pl. l (24), fig. 4, 7.
1926. T.
1953. T.

depressus PATRUNKEY,
depressus BALASCHOV,

Zeitschr. f. geschiebeforsch., Bd. 2, p. 125.
Trudy V.N.E.G.R.I., n. s., no. 78, p.

24-2-3,

pl. 7. fig. 2.

Material: In the collections I am studying, there are 7 specimens,
(P.M.O. I 0491, I 1460, I 1755, I 1839, I 2407, 69287, 69288), all from
some part of the Ogygiocaris Series, which compare very favorably
with the type of T. depressus (Eichwald) , and almost certainly belong
in that species as it is presently understood. All are internal molds;
only one preserves any trace of the surface sculpture.
Description: All of the specimens at hand are internal molds of
some part of a subdiscoidal nautiliconic conch. The most nearly com
plete of these (figures 4 and 6 on Plate 7) have over-all diameters
(measured across the umbilicus) of 30 and 34 mm, and consist of 5
rather slowly expanding volutions which are broadly reniform in
cross-section. The outer half-volution represents the body chamber.
The camerae are relatively long, about 3 occurring in a distance equi
valent to the lateral diameter of the conch. Sutures are essentially
straight, and directly transverse to the axis of the conch, but, owing
to conch shape, they form slight dorsal and lateral lobes, and saddles
on the venter and umbilical seams.
As is clear from text-figure 12, the siphuncle is small and margi
nodorsal in position as far apicad as it can be traced. Its structure
can not be determined from any of the specimens at hand, but pre
sumably, as in other trocholitids, it is orthochoanitic.
Only one specimen (figure 5 on Plate 7) is preserved in such a
fashion that any of the surface sculpture can be seen. This takes the
form of slightly oblique ribs which are most prominent on the inner
most volutions but very faint on that part of the body chamber
preserved. Small test fragments on the body chamber of the same
specimen show a series of fine, sinuous growth-lines, which are fasci
culate, and form deep, rounded ventral sinuses.
Remarks: Trocholites depressus is apparently quite similar to T.
incongruus (Eichwald) , with which it is associated stratigraphically,
but differs from the latter primarily in being somewhat larger. The
pattern of ornamentation here described seems doser to that illustrated
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12. Trocholites deprcssus (Eichwald).

Schematic view of a median longitudinal
section
figure

through
Plate 7,

5,

the

x2.

specimen shown

in

Heavy dark line on

dorsal side of inner whorls represents the
siphuncle.

by Schroder forT. depressus than to that shown by him forT. incon
but it is difficult to attach any particular significance to minor
differences in ornamentation. The two species of Flower (1943b, p. 79,
pl. 5, fig. 6, 7; p. 81, pl. 5, fig. 4, 5) from the Valcour limestone (Mar
morian) of New Y ork are similar in size to the forms here described,
butT. ruedemanni expands more rapidly (and is, therefore, much like
T. hospes (Remele)) and T. gracilis has a narrowly rounded venter in
the outer volution, as doesT. ammonioides Kobayashi (1934, p. 428, pl.
26, fig. 1-3) from the Chikunsan beds of Makkol, in southern Korea.
Distribution: Representatives of T. depressus occur in Norway
in the Cpper Didymograptus shale (4aal-2) at Huk, Bygdøy, at Bakke
bukt, and at Fornebo, all in the Oslo-Asker district, and a single
specimen is known from the Cephalopod shale at Hovindsholm,
gruus,

Helgøya, in the Nes-Hamar district. The holotype of the species

was collected by Eichwald from the Lasanmae limestone of Estonia.
Trocholites contractus

Schroder.

Plate 7, figures l, 2.
1891. Trocholites contractus ScHRODER, Paleont. Abh.
Bd. l (whole ser. Bd.

1926. T.

5)

Hft. 4, p. 19, pl. l

v.

(24),

Dames & Kayser,
fig.

X. F.,

2.

contractus PATRUNKEY, Zeitschr. f. geschiebeforsch., Bd.

2,

p.

125.

A single internal mold, P.M.O. I 1461-2.
The single representative of this species in the collec
tions I am studying, is a steinkern of a small, thickly subdiscoidal
J1aterial:

Description:
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nautiliconic conch, about 20 mm in diameter (measured across the
umbilicus), the 4 or 5 whorls of which are reniform in cross-section
and expand rather gradually orad. The body chamber occupies the
outer half-volution; the aperture is not preserved. The camerae are
short; the sutures form slight ventral, lateral and dorsal lobes, with
low, narrow saddles on the ventrolateral and umbilical margins. As
shown in figure 2 on Plate 7, the siphuncle is small, tubular, and
marginodorsal in position.
Remarks: The small size of the specimen, together with the fact
that the camerae do not shorten adorally, suggests that it represents
an immature individual. Nevertheless, the rate of adoral expansion
in the outer volution appears to be somewhat less than that of the
inner ones, and there is no measurable incrcase in height within the
length of the body chamber. Both of thesc features distinguish the
holotype of T. contractus from other, similar species.
Distribution: In Norway, T. contractus occurs in the Cephalopod
shale at Ho\', in the Toten district.
Trocholites hospes (Remelc).

Plate 8, figures 3, 5.
1880. Palaeonautilus hospes

EEMELE, Festschr. f. die 50 jahrige ] ubelfeier der
1881, Zeitschr.
Forstakad., Eberswalde, p. 249, pl. 2, fig. 3---4;
d. deutsch. geol. Ges. , Bd. 33, p. 13.
Trocholites hospes ScHRODER, Physikal.-okonom. Ges. zu Konigsberg,
Schriften, Ed. 23, p. 100.
T. hospes ScHR6DER, Paleont. Abh. v. Dames & Kayser, 1\. F. , Bd. 1
(whole ser., Ed. 5), Hft. 4, p. 17-18, pl. l (24), fig. 8, 9.
T. hospes PATRUNKEY, Zeitschr. f. geschiebeforsch., Bd. 2, p. 125.
Palaeonautilus hospes FoERSTE, Denison Univ. Bull., Jour. Sei. Labs., v.
24, p. 286-288, pl. 43, figs. 2A, 2E; pl. 44, figs. 4, 5.
T. hospes BALASCHOV, Trudy V.N.E.G.I-<. T., n.s., no. 78, p. 244--245, pl.
5, figs. 3a-�c.
-- �,

1882.
1891.
1926.
1929.
1953.

1Vlaterial: One interna] mold of an essentially complete conch,
RM. MO 150030) and one incomplete internal mold (P. M. O. 69289).

Description: The most nearly complete of the two specimens is

an internal mold in black limestone which is 53 mm in maximum
diameter (measured across the umbilicus) and represents about 5\18
\'olutions of a rapidly expanding, subglobular, deeply umbilicate conch.
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The whorls are very broadly reniform in cross-section, having a width
to height ratio of about 3:2 at the adoral end. The outer half-volution
represents the body chamber. It is incomplete aperturally, but flares
somewhat adorally which suggests that very little of it is missing.
No test remains, but a series of low, sinuous, transverse ribs is preserved
on the body chamber. These ribs form prominent, U-shaped sinuses
ventrally, and broad, asymmetrical salients ventrolaterally and
laterally.
The second of the two specimens is an incomplete and somewhat
distorted internal mold, preserved in pyrite. In all measurable pro
perties, it is precisely similar to the first specimen described. In this
specimen, however, portions of the inner whorls are exposed, and they
compare in size and detail with Remelt?'s illustrations of the type of
T. hospes. The ventral annulations are more prominent on this specimen,
and this prominence seems to increase slightly on the inner whorls.
Remarks: The specimens at hand are almost precisely like the types
of Trocholites hospes (Remele), hence there is no doubt as to their
specific identity. There is, however, some question as to the generic
reference, as a glance at the synonymy will disclose. The relatively
large size, strongly gibbous form of the conch, and widely flaring lateral
margins of the peristome set this species apart from the more typically
discoidal Trocholites, and these morphological differences were con
sidered by both Remele and Foerste to be more than specific signi
ficance. A majority of writers, however, follow Schroder in referring
the species to Trocholites (with which it has much in common) and
that practice is followed here, albeit with some reservations. That is,
although there is considerable variation in conch shape and size
within the known early Middle Ordovician species of Trocholites, only
one other (T. ruedemanni Flower) resembles T. hospes in gibbosity,
and only one of its contemporaries (T. macrostoma Schroder) approa
ches it in size. Furthermore, its whorls are more deeply impressed
and much more rapidly expanding than are those of any other species
of the genus heretofore described.
Distribution: In Norway, Trocholites hospes appears to be confined
to the Cephalopod shale, the two known representatives having been
collected from that horizon at Melbostad (Hadeland district) and at
Hovindsholm, Helg øya (Nes-Hamar district).
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GENUS

Barrande, 1867.
antiquissima Eichwald, 1840.

Discoceras

Type species: Clymenia

Conch with 31/2 to 5 fairly slowly expanding, generally depressed
volutions which are impressed dorsally and characterized by a reni
form, trapezoidal, or subquadrangular cross-section. Body chamber
one-quarter to one-half volution or more in length, in most species
free from preceding whorl adorally, and in some species, contracted
immediately apicad of aperture. Umbilicus perforate, but diameter
of perforation small. Chambers typically short, septa shallow, sutures
forming ventral, lateral, and dorsal lobes and ventrolateral and dorso
lateral saddles. Shell surface marked by adapically imbricate lamellae
which form ventral and dorsal sinuses and asymmetrical lateral sa
lients, the chords of which are strongly oblique to the sutures. In
more advanced (or more specialized) forms, shell is periodically con
stricted, giving rise to a series of more or less pronounced annulations
or "ribs" which are parallel to the growth-lamellae.
Siphuncle central in initial half-volution, marginodorsal in succee
ding 11;2 to 2 whorls, then separating from dorsum to greater or
lesser degreee in outer volutions. As shown in text-figure 15A, the
septal necks are short, loxochoanitic to orthochoanitic in structure;
connecting rings thickened in their mid-portions, but thinning ada
pically and adorally in each camera. Organic cameral deposits not

known.
Mutvei (1957, p. 237, 239, p. 8, fig. 1-5; pl 9, fig. 1-3) has
recently described impressions in the body chambers of two specimens
of Discoceras, one referred by him to D. angulatum (Saemann) and
the other identified only as D. sp. In both of these specimens, the
so-called "annular elevation" (slightly raised, sinuous, transverse band
of shell material near the adapical end of the body chamber) is similar
in that the broad area to which the retractor muscles were functionally
attached occupies a ventral position (rather than a lateral position,
as in Nautilus, or a dorsal position, as in Lyceoceras, Orthoceros,
Baltoceras, Lituites, etc.). In Mutvei's specimen of D. angulatum, the
areas of functional retractor attachment are marked by low, elliptical
bosses of shell material which extend considerably orad on the venter
beyond narrow, sinuous, in part tuberculate ridges which mark the
.
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functional areas of attachment of the mantle and subepithelial mus
culature, respectively. In the specimen described as D. sp. (which is
similar, at least in whorl outline, to D. ievesense (Balaschov)) the
annular elevation bears no ventral bosses, but its adoral edge is
produced into a ridge which swings orad on the venter and bears a
shallow, V-shaped, adapically-directed recess in the mid-ventral line.
Presumably, this recess corresponds to the narrow, longitudinal trough
which separates the ventral bosses of D. angulatum, and marks the
point of separation, at least adorally, between the right and left
retractor muscle complexes.
Remarks: Representatives of D. antiquissimum (Eichwald) are not
uncommon in the Gastropod limestone (Sa) of the Oslo Region, and
the above description (largely adapted from Strand, 1933, p. 32-33)
is based primarily upon these specimens. In addition, a well preserved
specimen of the type species was sectioned in a plane parallel with
the siphuncle (see figures l, 2 on Plate 11), and data concerning its
structure have been derived from this specimen. In this connection,
it should also be mentioned that similar sections have been prepared
from a representative of Discoceras roemeri Strand, and for many of
the species from the Middle Ordovician of the Oslo Region described
below. In all of these, the structure and position of the siphuncle is
qualitatively the same at corresponding growth stages, which indi
cates that a compact and closely knit generic group is involved.
A great majority of the species of Discoceras heretofore described
have been referred at one time or another to Schroederoceras Hyatt,
as have a number of others (e.g., Curtoceras teres (Eichwald), Estonio
ceras lamellosum (Hisinger), etc.) which are now known to belong in
neither Discoceras nor Schroederoceras. Hyatt (1894, p. 458-460)
erected Schroedoceras for 11 species of Middle and Upper Ordovician
nautilicones, mostly European, which he realized were dose to Disco
ceras, but differed primarily from that genus in having less prominent
ornamentation, or annulations developed only on the inner whorls.
Most of his generic diagnosis, however, consists of a comparison bet
ween Schroederoceras and Trocholites, and there is no question but
that these two are distinct both externally and internally. After
studying representatives of the types of both genera, Strand (1933,
p. 32) concluded that there was no significant difference between
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(Saemann), the type of Schroederoceras, and D. anti
(Eichwald), the type of Discoceras, hence treated Schroe
deroceras as a junior subjective synonym of Discoceras. The name
Schroederoceras was retained by Ulrich, et al. (1942, p. 79-80), who
regarded the " ... subquadrangular cross section of its whorls" to
be one of its most distinctive characters, and, apparently, the only
one sufficiently important to be specifically mentioned. Flower &
Rummel (1950, p. 613) follow Strand in suppressing Schroederoceras,
but Balaschov (1953b, p. 250-251) has recently described most of
the trocholitids from the Ordovician of the Russian Platform in terms
of Schroederoceras, apparently restricting Discoceras so that it is doubtful
if any but the type species would be retained in it.
I have been able to study only a plaster east of the type of Schroe
deroceras angulatum (Saemann), but careful comparisons of sections
from closely related forms from the Gastropod limestone convince
me that the supposedly significant variations in whorl outline, length
of body chamber, and prominence of annulations all occur in a group
of species which are so closely similar internally as to be essentially
indistinguishable. Annulation appears to be initiated on the innermost
whorls of the older species but to be absent or poorly defined on the
outer whorls of those forms. It is only in a few of the later species that
annulation is a marked feature of all whorls, which suggests that its
appearance is proterogenetic, as it seems to be, for example, in a
large number of Mesozoic ammonoids. If there were any reasons to
believe that Schroederoceras angulatum represented either the smooth,
ancestral stock or the derived annulated group, I would favor
retention of the name. However, it represents only an intermediate
form (as do several other species) and I can distinguish no clearly
defined specific groups on any of the several morphological bases
enumerated above. Consequently, I am in complete agreement with
Strand who regarded all of these species as members of a single generic
group, for which Discoceras is the oldest available name.
Discoceras is distinguished from the several Lower Ordovician
representatives of the Trocholitidae in that its conch is larger, same
times compressed, and typically more prominently ornamented. These
differences are, however, difficult to quantify, and it is probable that
longitudinal sections through the siphuncle would exhibit more dia
gnostic intergeneric features. Such sections have been illustrated only
S. angulatum

quissimum
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for Curtoceras (Ulrich, et al. , 1942, p. 71, fig. 18; p. 72, fig. 19; p. 73,
fig. 20, 21; pl. 39, fig. 2; pl. 50, fig. 1-4) hence comparison of these
presumably more characteristic internal structures is difficult except
with that genus. In Curtoceras, the siphuncle is distinctly ventral in
position in the first camera, subcentral in the remainder of the first
volution, and subdorsal (but never marginal) in all succeeding volutions.
C urtoceras also occurs in the Lower and Middle Ordovician of the
Scando-Baltic province (Balaschov, 1953b, p. 245-250), and Holm's
(1885, pl. 5, fig. 5,6) illustrations (but not Schindewolf's, 1942, p. 351,
fig. Se) of one of these species (Curtoceras teres (Eichwald)) are essenti
ally similar to the ones of the type species, C. eatoni (Whitfield), given
hy Ulrich et al. (1942, loe. cit.).
\Vith the exception of a questionahle specimen reported by Thomas
& Teichert (1947, p. 50--51) from the Lower Ordovician of Bendigo,
Victoria, Australia, and a specimen described (as D. aff. D. canadense
(Whiteaves)) by Miller et al. (1954, p. 116-117, pl. 58, fig. 7; text-fig.
17) from Baffin Island, Discoceras is apparently restricted to rocks
of Middle and Vpper Ordovician age in the Scando-Baltic province.
It should be noted, however, that a specimen, from Spiti, in the
central Himalaya, referred to Trocholites julijormis Salter by Reed
(1912, p. 80, pl. 12, fig. 4) and specimens from the Ordovician of
Yun-nan, China, placed by the same author (Reed, 1917, p. 37, pl.6,
fig. 4, 4a-b, 5-Sa) in Trocholdes yunnanensis Reed have the sub
qnadrate, depressed whorls and large marginodorsal siphuncles cha
racteristic of Discoceras and may properly belong in that genus. On
the other hand, it is improbable that the types of D. canadense (White
aves), from the arctic Upper Ordovician of Manitoba, belong in
Discnceras. They are not dorsally impressed and their surface sculpture,
while broadly similar in pattern, is not much like that of Discoceras
in detail. Miller et al.'s Discoceras? sp. from Silliman's Fossil Mount,
Baffin Island, is so poorly preserved and anomalous that it seems un
wise to list it as a representative of Discoceras. Their "D. aff. D.
canadense (Whiteaves)", however, seems to be typical of the genus
and, furthermore, is closely similar in whorl outline and size to D.
fleischeri, n. sp., from the uppermost Middle Ordovician of the Oslo
Region. Teichert's (1937, p. 85-86, pl. 17, fig. 4, 5) Discoceras sp.,
from Mt. Nautilus, Baffin Island, is much like the specimen illustrated
by Miller and his colleagues, and may be conspecific.
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(Lossen).

Plate 12, figure 4; ?Plate 8, figure 7; text-figure 13J.
l tl60. Lituites arcuatus LossEN, Zeitschr. d. deutsch. geol. Ges., Ed. 12, p. 25.

T::pe data: This species was originally based upon two specimens
from the Toten district of the Oslo Region. One of these is illustfated
here for the first time, but it is probable that both of them, originally
stored in the Museum flir Naturkunde in Berlin, were destroyed
when that institution was bombed during World War IL Before the
war, however, Professor Trygve Strand studied and prepared an
illnstration of one of these specimens, and it is primarily from his
unpublished notes that the following diagnosis and description are
drawn.
Diagnosis: Mature conch consisting of slightly more than 3%
Yolutions, with a maximum diameter (measured across the umbilicus)
of about 100 mm. Body chamber free from preceding volution, and
widely divergent. Whorls essentially as broad as high, broadly rounded
ventr8lly, flattened laterally, and only slightly impressed dorsally.
Surface sculpture consisting of closely spaced lirae, l to 3 mm distant,
which form lateral and ventral sinuses. Camerae short, about 4.5 in
a distance equivalent to the conch diameter at the adoral end of the
series measured. Sutures form shallow dorsal, ventral, and lateral
lobes. Siphuncle dorsal and submarginal in position at end of third
volution.
..

Fig. 13. Discoceras Barrande. Diagrammatic transverse sections of (A) D.
damesi (Schri:ider); (B) D. rarospira (Eichwald); (C) D. gubkovense (Balaschov);
(D) D. angulatum (Saemann); (E) D. fleischeri, n. sp.; (F) D. danckelmanni
(H.emelt'); (G) D. hyatti Strand; (H) D. ievesense (Balaschov); (l) D. depressum,
n. sp.; (J) D. arcuatum (Lossen); (K) D. vasalemmense (Balaschov); (L) D. aff.
canadense (Whiteaves) Miller, Youngquist, & Collinson; (M) D. bandonis Remele;
(:\) D. saemanni (Hyatt); (O) D. boreale, n. sp.; (P) D. roemeri Strand; (Q) D.
antiquissimum (Eichwald); (R) D. wesenbergense (Balaschov); (S) D. tammikuense
(Balaschov). D, G, �. P, and Q, after Strand, 1933, x0.65. B, C, H, K, R, and
S, after Ralaschov, 1953, xl. L, after Miller, et al., 1954, xl. F, and M, after
Remele, 1890, xl. All others are original, xl.
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Description: The specimen upon '.Vhich the above diagnosis Is
based is an internal mold of the adapical 3 volutions of the conch
to which is attached an incomplete external mold of an additional
three-fourths volution. The adoral end of the outer whorl is separated
from the preceding volution by a distance of 10 mm. At the end of
the third volution, the height and width of the camerae are 17 mm,
the maximum width occurring at mid-height. The venter is broadly
arched, the sides flat, and the dorsum slightly impressed, the \vidth
of the impressed zone being about 9 mm. Surface sculpture is preserved
on the external mold, and consists of adapically imbricating lamellae,
l to 3 mm distant, behveen which occur fine, parallel growth-lines.
Lamellae and growth-lines are oblique and somewhat convex ador<1lly
on the sides, but form a broad, rounded hyponomic sinus ventrally.
Siphuncle is near, but not in actual contact with the dorsum, its
diameter at the end of 3 volutions being about 2 mm.
A second specimen, from the Cephalopocl shale on Helgøya, pro
bably represents D. arctuat11m, out it is so incomplete that it can not
be referrecl to that species with certainty. This specimen (figure 7 on
Plate 8) is an external mold of the apical 3 volutions of a rather slowly
expanding conch, 71 mm in diameter. Several sutures are exposed
on the sides of the innermost volutions; these form shallow lo hes in
those place<s, and their spacing indicates that, in that part of the conch,
about 3.5 camerae occupied a length equal to the lateral diameter of
the whorl. Surface sculpture consists of a pattern of growth-lamellae
similar to that exhibited by the type of D. arcuatum described in the
immediately preceding paragraphs.
Remarks: Although no certain representatives of D. arcuatum occur
in collections I am studying, Lossen's and Strancl's remarks concerning
the forms upon which it is basecl inclicate that it is a distinct species,
differing from contemporaneous representatives of Discoceras in whorl
outline, in having a widely divergent body chamber, and having finer
and more closely spaced growth-lamellae.
Distribution: The two original types were collected by Leopold
von Buch at Billerucl in the Toten district. Presumably they came
from the Cephalopod shale, as does the fragmentary external mold
tentatively referred here to this same species.
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Discoceras boreale Sweet, n. sp.

Plate 8, figures 4, 6; Plate 9, figures l, 2; Plate 10, fignre 2, 3, 4, 5, 7;
Plate 11, figure 4; text-figure 13 O.
The name, boreale, is derived from the Latin signifying
North, or northern.
Type data: Holotype, an essentially complete internal mold (P. M. O.
61428) from the Cephalopod shale at Hovindsholm, Helgøya (Nes
Hamar district).
Material: This new species is represented in collections at hand
by some 25 specimens, some of which are partially testiferous internal
molds of various portions of the conch; others are external molds.
Diagnosis: A large species of Discoceras with a conch about 150 mm
in over-all diameter at maturity, and consisting of 4 slightly impressed
volutions, the inner 2 of which are clepressed, the outer ones somewhat
higher than wide. Text-figure 13 O, based on the holotype, shows
the shape of the volutions at various stages in conch growth. Camerae
are shallow and short, 5-7 occuring in a length equivalent to the
maximum diameter of the volution at the adoral end of the series
measured. Sutures form dorsal, lateral, and very slight mid-ventral
lobes. Body chamber less than one-fourth volution in length and only
slightly separated from the preceding whorl at its adoral end. Si
phuncle sbghtly ventrad of center in first camera, marginodorsal from
end of first volution to beginning of second, and between 7 and 10 mm
N ame:

from dorsum in outermost whorl. Siphuncular structure orthochoani

tic, with short straight septal necks and thick, tubular connecting
nngs.
Shell ornamentation consists of a series of adapically imbricate
lamellae, each from 2 to 3 mm long and containing 7 to 10 growth
lines. The adoral edges of these lamellae form well marked ridges which
swing adapically on the sides and form broad, rounded sinuses on the
venter. There is also a more widely spaced series of low annulations
which is parallel to the growth-lamellae but most prominently deve
loped in the adapical volutions.
Remarks: This species inclucles a majority of the many specimens
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of Discoceras occurring in the Cephalopod shale of the Oslo Hegion.
The above diagnosis is based largely upon the holotypP, but it would
not be moclified in any significant way by a consideration or detailed
description of the other available representatives of the species, which
are clearly conspecific \vith it. There is, as might ee expected, some
slight variation in relative cameral length and in general conch pro
portions. As a rule, the camerae are more variable in the adapical
than in the adoral parts of the conch, but this variation is within
rather small limits, as the specific diagnosis indicates. There is con
�iderably more variation in the prominence (but not in the kinn) of
surface sculpture. It seems unwise to attribute great significance to
this, however, for much of it is undoubtedly due to post-mortem
breakage or weathering of the shell.
Discoceras boreale is distinguished from previously recognized,
essentially contemporaneous species of Discoceras such as D. damesi
(Schroder), D. arcuatum (Lossen) and D. bandonis Remele, by its
large size, closely spaced camerae, maturely compressed volutions,
and rather prominent ornamentation.
Distribution: Representatives of this species are most common
in the Cephalopod shale of the Nes-Hamar district, but they are
also found at that horizon in the Toten district. A single specimen
from Slottsbakken, Oslo belongs in D. boreale, and it probably came
from the Ampyx limestone (4ap). Two additional representatives were
collected on Lindøya, in the Oslofjord, by Gerhard Holm, but the
labels which accompany them give no stratigraphic information.

Discoceras boreale amplicamerat�.m

Plate

11,

Sweet, n. subsp.

figure 3.

Nam e : The subspecific name refers to the relatively long camerae
which distinguish the subspecies from the typical species.
Type data: The holotype, P.M.O. 69308, is a fragmentary internal
mold of a portion of one of the outer volutions of the conch. It was
collected from t he Ampyx limestone (4ap), at Fornebo airport, Oslo
(Oslo-Asker district.)
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Material: In addition to the holotype, 2 other specimens appear

to be referable to this new subspecies. One of them, P.M.O. I 0262,
comes from an exposure of the Ampyx limestone between Arnestad
strand and Asker (Oslo-Asker district); the other (P.l\1.0. I 030)
was collected on Ildjernet, an island in the Oslofjord.
Diagnosis: Like D. boreale, n. sp., but with somewhat broader
adoral cross-section, relatively longer camerae, (3.5 to 4 in a length
eguivalent to the maximum diameter of the volution) and more
prominent annulations on the adoral part of the conch.
Description: The most complete representative of this subspecies,
the holotype, is an internal mold of half a volution of the phragmocone
of a large conch, the over-all diameter of which exceeded 100 mm, the
maximum transverse diameter of the specimen. There are slightly
less than four camerae in a distance equal to the maximum diameter
of the conch at its adoral end. The whorl cross-section is subquaclrate,
the height being somewhat greater than the width. Sutures form
clorsal, lateral, and ventral lobes, the latter being very broad and
shallO\v. The surface of the test is ornamented in a fashion similar
to that of D. boreale s. s. , but the annulations show prominently on the
internal mold, which is not the case in comparable parts of the typical
speCies.
Remarhs: All of the specimens referred to this subspecies came
from rocks which may well be essentially equivalent in age to (or
only slightly younger than) the Cephalopod shale of the Nes-Hamar
district, which yielded a majority of the specimens of D. boreale.
The features which distinguish D. boreale amplicameratum from the
typical D. boreale, are all differences of degree, which suggests that
the animal itself was undoubtedly very similar to the typical species.
It is possible that the slight differences in whorl shape, cameral length,
and prominence of ornamentation are a result of either provincial
isolation, slight differences in age, or both. They do not seem to be
great enough, however, to warrant referring the Ampyx limestone
specimens to a separate species.
Distribution: All three specimens are from the Ampyx limestone
(4af1) in the Oslo-Asker district.
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Discoceras depressum

Sweet, n. sp.

Plate 12, figure 5; text-figure 13 I
Name: The specific name, depressum, refers to the fact that the
whorls of this species are depressed, that is, wider than high.
Type data: The holotype (P.M.O. 69290) is a somewhat distorted
internal mold of an essentially complete conch. It was collected at
Helsvær, Østre gravlund (Oslo--Asker district), presumably from some
part of the Ogygiocaris shale.
Material: Two specimens, both internal molds, the most nearly
complete being the holotype, the second numbered P.M.O. 69291.
Both came from the same locality and almost certainly from essenti
ally the same horizon.
Diagnosis: A moderately large species of Discoceras, in which the
volutions are broadly depressed, having a height to width ratio of
about 3 :5. Test prominently ornamented by sinuous growth lamellae
but apparently not annulated in adult stages.
Descriptions: The holotype is the somewhat distorted internal
mold of an essentially complete nautiliconic conch, 92 mm across,
which is composed of 4 moderately expanded volutions. The body
chamber occupies the adoral third of the outermost volution; its
apertural end has been crushed, but it appears to have been slightly
separated from the venter of the penultimate whorl for a short distance
adorally. In cross-section, the whorls are broadly depressed, with
a ratio between height and width of about 3 :5. The venter is broadly
arched (but not flat), the sides are rounded, and the dorsum impressed.
However, the impressed zone is very shallow even in the adapical
whorls. The maximum whorl width occurs distinctly ventrad of mid
height, or at a point about one-third the distance from venter to
dorsum. The camerae are short, 4 occnrring in a length equivalent
to the lateral diameter of the conch at that place. Sutnres are sinuous
as a result of the whorl outline, and form broad, shallow ventral,
lateral, and dorsal lobes, separated by somewhat more narrowly
rounded ventrolateral and dorsolateral saddles.
Portions of the replaced test adhere to the ventral side of the body
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chamber, and to the sides of the innermost volutions. These indicate
that the test was ornamented in a fashion similar to other species of
Discoceras, that is, by a series of adapically imbricate growth-lamellae,
the adoral edges of which form lirae which are oblique to the sutures,
are convex orad laterally, and form rather deep, rounded sinuses on
the venter. Apparently, these lirae were originally most prominent
adorally.
The siphuncle is large, and only slightly separated from the venter
at the adoral end of the phragmocone. As in other species of Discoceras
it is orthochoanitic, with short, straight or loxochoanitic septal necks
and thickened connecting rings.
The single paratype is similar to the holotype, but it is smaller
and represents only the adapical 2% volutions of the conch. It indi
cates, however, that the siphuncle became separated from the dorsal
margin of the conch at the end of about l% volutions, and that the
umbilicus is perforate. The diameter of the perforation is less than
half a millimeter. In addition, this specimen preserves an external
mold of the test, from which it can be seen that, adapically, the growth
bands were short, and their adoral edges formed fine lirae of equal
prommence.
Remarks: This species differs from other contemporaneous forms,
and from a majority of the known species of Discoceras regardless
of age, in the possession of whorls which are considerably depres.sed,
even at maturity. D1:scoceras damesi (Schroder) is apparently similar
in that it has depressed whorls through at least the third volution.
However, that species was based on a fragment which provides an

excellent example of the surface sculpture and immature cross-section,
but gives no information concerning the camerae or sutures. It differs
from D. depressum in that the cross-section is elliptical rather than
subtrapezoidal, its volutions expand more rapidly, and the ornamen
tation appears to be somewhat coarser adapically. Trocholites yunna
nensis Reed, from the Middle Ordovician of Yun-nan province in
China, resembles D. depressum in most comparable features, parti
cularly in whorl outline. The internal structures of Reed's species are
unknown, however, hence it is not completely certain that it belongs in
Discoceras.
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Distribution: The holotype and paratype of this species both came

from Helsvær, Østre gravlund, in Oslo. Thcy were collected many
years ago, however, by an amateur paleontologist, and are not accom
panied by any stratigraphic information. Other specimens from the
same locality suggest that the rocks which yielded the collection
belong in the Ogygiocaris shale, hence the types of D. depressum are
provisionally ascribed to that horizon in this report.

Discoceras fleischeri Sweet,

n.

sp.

Plate 12, figure l; text-figure 13E.
Name. The specific name, fleischeri, is proposed in ho nor of Mr. W.

Fleischer, an employee of the Norsk Hydro Company, who collected
the holotype.
Type data: The holotype, P. M. O. 69292, is an adorally incomplete
internal mold which was found at Kjørholt limestone quarry near
Brevik (Langesund-Gjerpen district) and was probably derived from
the Encrinite limestone.
1\I aterial: In addition to the holotype, the collections at hand
contain l specimen (P. M. O. 69293) from virtually the same strati
graphic horizon within the Oslo Region. This is so similar to the hola
type of D. fleischeri that it is being assigned to it with no question.
Diagnosis: A species of Discoceras characterized by its relatiyely
small size, depressed volutions, ]arge siphuncle, and prominent ada
pica] annulations.
Descriptions: The holotype of this species is an adorally incomplete,
partially testiferous internal mold representing about 3 Y:! whorls of
a subdiscoidal nautiliconic conch, the over-all diameter of which is
69 mm. The outermost volution is non-septate, and presumably re
presents the body chamber. The volutions are depressed in cross
section, the height being rather uniformly four-fifths the width. As
shown in text-figure 13E, the venter is broadly and gently convex;
the sides are rounded, convex, and converge dorsally; the dorsum is
very shallowly impressed, and its width is slightly less than half the
maximum width of the whorl. The maximum width of the volution
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is located at a point one-third the way between the venter and the
dorsum. In the inner 3 volutions there are 3 camerae in a ventral
distance equivalent to the lateral diameter of the conch. As the camerae
do not become noticeably shorter at the adoral end of the phragmo
cone, it is presumed that the specimen is immature. Sutures form
dorsal, lateral, and very faint ventral lobes, narrowly rounded dorso
lateral saddles, and broad asymmetrical ventrolateral saddles.
The internal structures of the conch have been almost completely
destroyed by recrystallization, but the siphuncle is exposed at two
places in the penultimate whorl. At these places, which are about

half a volution apart, the siphuncle is circular in section, about 2 mm
in diameter, and. locaterl l.S to

2

mm from the dorsal side of the

conch.
Recrystallized fragments of the

test,

exposing both outer and inner

layers, adhere to the lett side of the phragmocone and the ventral
side of the body chamber. From these fragments it is clear that the
test was ornamented by a series of sinuous growth-bands which form
asymmetrical lateral salients and deep,

broadly l'-shaped ventral
sinuses . At intervals of 3 to 4 mm, these bands form ridges on the
test surface which are prominent laterally but somewhat less conspi
cuous ventrally. In the adapical volutions, a series of faint lateral
annulations appears on the mold, corresponding in position to the
ridges of the onter shell surface. No such annulations are discernible,
hovvever, on the adoral volution.
A single speci men (P.l\1.0. 69293) from the Gagnum shale at JVIjør,
Gran (in the Hadeland district) also seems to belong in D. fleischeri.
This specimen is an almost completely testiferous internal mold,
some 61 mm in over-all diameter, vvhich represents 3 to 3% volutions
of a nautiliconic conch. The volutions are depressed, four-fifths as
h igh as wide, and only moderately expanding orad. The structure of
the conch interior can not be determined, but the siphuncle is exposed
at the adapical end of the outer volution. At this place, it is 2 mm in
diameter and virtually m argi n al in position. The surface sculpture
of the outer volution is like that of the holotypc, but the lateral ribs
are not as pr omin ent. However, like the holotyp e the inner volutions
appear to be faintly annulated.
,
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Remarks: Discoceras fleischeri is, as might be expected, very closely
related to the several species of Discoceras described by Strand (1933)

from the Upper Ordovician of the Oslo Region, and particularly to
D. roemeri Strand. In all of these species, however, the whorl cross
section is subquadrate in shape, and in D. roemeri, the dorsal side
of the body chamber is slightly wider than the venter. It might also
be noted that the specimen from Silliman's Fossil Mount, Baffin
Island, described by Miller, et al. (1954, p. 116-117, pl. 58, fig. 7;
text-figure 17) as D. aff. D. canadcnse (Whiteaves) has a cross-sectional
shape and pattern of ornamentation closely similar to D. fleischeri
(see text-figure 13L) and may be closely related to or conspecific
with the Norwegian species. The strata which yielded the Baffin
Island specimen are regarded by Miller and his colleagues as of "earl y
Upper Ordovician" age, and the Upper Chasmops and Encrinite
limestones of the Oslo Region, although presumably somewhat older
than the typical North American Upper Ordovician, may be of much
the same age as the Baffin Island shales.
Distribution: Representatives of this species occur in the Encrinite
limestone of the Langesund-Gjerpen district, in the Upper Chasmops
limestone of the Oslo-Asker district, and in the Gagnum shale which
forms essentially the sall!-e horizon in the northern part of the Hadeland
district.
Discoceras ievesense (Balaschov).
Plate 12, figures 2, 3; text-figure 13H.
1953. Schroederoceras ievesense BALASCHOV, Trudy V.N.E.G.R.I. , n. ser.,

no.

78,

p. 259-260, pl. 9, fig. la-c.

Material: Six specimens, all incomplete, from the Lower Chasmops

limestone (P.lVLO. I 2412, I 0357--59, I 0353, I 1767, I 1766) of the
Oslo-Asker district and from the Cyclocrinus beds (P.M.(). I 1741)
of the Nes-Hamar district are referred to this species without question.
Two others (P.M. O. I 0378, and I 1436 (
34414)), one from the
Lower Chasmops limestone and the other from the Cyclocrinus beds,
are included here tentatively.
Descriptions: The most nearly complete of the several specimens
at hand (figure 2 on Plate 12) is an internal mold of the conch, from
=
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which it is clear that the mature individual had an over-all diameter
of about 110 mm, and consisted of nearly 4 rather rapidly expanding
whorls which are subquadrate in cross-section and about as high
as wide. The body chamber is somewhat compressed adorally, occupies
the outermost quarter volution, and does not appear to have diverged
from the preceding whorl for any appreciable part of its length, if
at all. The camerae are short, abont 5 Y2 occurring in a distance equal
to the diameter of the conch at the adoral end of the series measured.
Sutures are sinuous, forming broad, rounded lobes on the flattened
venter and sides, and in the shallow dorsal impressed zone. These
lobes are separated ventrolaterally and dorsolaterally by narrow,
rounded saddles. The surface of the test is marked by rather coarse
lirae formed by the adoral edges of short, adapically imbricate growth
lamellae, and a series of broad, faint annulations parallel to the growth
bands. Both growth-bands and annulations are oblique to the sutures
and broadly convex adorally on the sides. They form deep, U-shaped
sinuses on the venter. The annulations vary in prominence adorally,
but are more closely spaced and distinct adapically.
The siphuncle is large, and located 2 to 4 mm from the dorsum at
the adoral end of the phragmocone. As in other species of Discocems,
it is composed of short, orthochoanitic septal necks and thick, tubular
connecting rings.
The remaining five specimens which certainly belong in this species
are similar in all comparable respects to the one just described. They
differ from it, and from the holotype, in being somewhat distorted
and fragmentary. Only one of these (P.M.O. I 0358) is illustrated.
Remarks: Although there is some minor variation exhibited, in

the aggregate the specimens at hand are so similar to the illustrated
types of Discoceras 1:evesense (Balaschov) that there is little doubt
but that they belong in that species (or in one so closely similar
morphologically as to be indistinguishable from it). The holotype,
from the Johvi limestone (Dr) of Estonia, is presumably somewhat
younger than the Norwegian specimens, but its subquadrate whorl
cross-section. large siphuncle, and rather rapid adoral expansion are
so characteristic that, even though the forms at hand are probably
older, they are placed in the species without question.
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Distribution: Lower Chasmops limestone on Bygdøy, Snarøya,

Lindøya, and perhaps on Steilene Fyr (all in the Oslo-Asker district);
Cyclocrinus beds at Furuberget (Nes-Hamar district) and perhaps
also at Tangen, Gjøvik (Toten district). In Estonia representatives
of this species are reported only from the Johvi limestone.

Discoceras rarospira (Eichwald).

Plate 17, figure 6; text-figure 13B.
1860. Clymenia rarospira ErcHWALD, Lethaea Rossica, Text, v.l, pt. 2, p. 37 8,
pl. 29, fig. 2a-b [not pl. 29, fig. la-b, or 6a-c].
1870. Lituites rarospira BARRANDE, Distrib. des Cephalopodes, etc. , p. 61.
1894. Schroederoceras rarospira HYATT, Am. Philos. Soc., Proc. , v. 32, p. 467.
1953. Schroederoceras rarospira BALASCHOV, Trudy V.X.E.G.R.I., n. ser. , no.
78, p. 251-252, pl. 6. fig. 4a-b.

Material: A single specimen, P.M.O. I 2142, probably from the
Lower Chasmops limestone of the Oslo-Asker district.
Description: The single representative of this species in collections
at hand is 84 mm in over-all diameter and represents 3 or 3% whorls
of a subdiscoidal phragmocone. The body chamber and an indetermi
nate length of phragmocone are missing adorally. The whorls are
compressed, slightly impressed dorsally, and subovate in outline. At
the adoral end of the otuer volution, lateral and dorsoventral diameters
are 24 and 26 mm respectively. There are 3% to 4 camerae in a distance
(measured along the venter) equivalent to the lateral diameter of the
conch. The septa are shallow; the sutures form slight ventral and
lateral saddles. In the outer volution, the siphuncle is 5 mm in dia
meter and located 2 mm from the dorsal margin of the conch.
The surface of the test is marked, on the outer volution, by a
series of fine, closely spaced growth-lines which represent the adoral
edges of thin, adapically imbricate shell-bands. In addition to these,
there is a more widely spaced, but rather irregular series of low annu
lations. Both growth-lines and annulations form deep, rounded ventral
sinuses and asymmetrical lateral salients.
Remarks: This specimen differs from the holotype of Discoceras
rarospira (Eichwald) only in having somewhat shorter camerae (i.e.,
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3 Y� to 4 rather than 3 in a ventral distance equivalent to the lateral
diameter of the conch). Furthermore, it almost certainly comes from
strata essentially equivalent in age to those from which Eichwald's
specirnens were collected. The specimen is of additional interest for
it shows that, during the animal's lifetime, a colony of bryozoans
apparently grew on the ventral surface of the conch and was progress
ively covered as conch growth continued. Remnants of this colony
now occur between the outer two volutions. This suggests that the
animal was most probably sluggish; certainly even such a small
incrustation would inhibit its agility as a swimmer, and it is doubtful
if such a colony would have been established on the shell of a very
highly mobile animal.
Distribution: The single Norwegian representative of this species
now known probably came from the Lower Chasmops limestone at
Blakstadtangen in the Oslo-Asker district. Balaschov (1953a, p. 212)
has reported it from C1 (Aseri-Lasnamae-Uhaku limestones) of Estonia
and with question from D2, the Keila limestone. However, Kaljo,
et al. (1956, p. 39) list it only from the Idavere (Cm) of Estonia.
FAr>liL y L i t u i t i d a e Phillips, 18481.
1

The designation "Lituidae", proposed by Noetling in 1884 (and corrected

to "Lituitidae" by Schri:ider in 1891), has long been considered the oldest
available formal name for the family typified by Lituites. The same name,
however, was formal! y employed and diagnosed by Phillips (Phillips, J ., 1848,
The Malvern Hills, compared with the Palaeozoic districts of Abberley, Wool

hope, May Hill, Tortworth, and Usk. Geol. Surv. Great Britain, Mem., v. 2,
pt. l, p. 246, 250) some 36 years before �oetling u sed it, and Phillips (rather
than Noetling) must then be regarded as the author of Lituitidae. In this connec
tion it should also be mentioned that the name "Lituidae" was proposed by
Gray (1847, Zool. Soc. London, Proc., pt. 15, p. 206) for a family of living
cephalopods typified by Lituus Brown, 1756 (which Gray believed to be the
oldest available name for Spirula Lamarck, 1801). Although Gray's "Lituidae"
(which is properly compounded) is based on a genus which may have no status,
it may have to be retained. It does not, however, constitute a preoccupation
of Noetling's "Lituidae", as Remele (1890, p. 99, footnote l)

believed, for

Noetling's spelling is in error, and the apparent homonymy results from this.
Fortunately, neither Gray's nor Noetling's names have any effect on the status
of Lituitidae Phillips.
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Orthochoanitic nautiloids with shells consisting of a compressed
adapical tarphyceraconic, gyroceraconic, or cyrtoceraconic stage fol
lowed adorally by an orthoceraconic or somewhat sigmoidally curved
portion which is typically subcircular in cross-section. The late mature
peristome is characterized by two, three, four, or five lobate or narrowly
produced, linguiform lappets. The test is marked by sinuous, transverse
growth-lines and, in some species, a parallel series of annulations, the
salients and sinuses of which correspond in position, at least adorally,
to the lappets and emarginations of the peristome. The siphuncle
is ventral and marginal in position at the apex of the conch, but
becomes central or subdorsal in the first few camerae. In subsequent
camerae, its position may be central or even slightly ventrad of the
center. In Rhynchorthoceras, however, the siphuncle appears to be
ventrad of the center at all stages of growth. The siphuncle is ortho
choanitic. The septal necks are rather long and essentially straight;
the connecting rings are distinctly laminated, although not promi
nently thickened as in many Lower Ordovician genera. In at least
two, and probably in all lituitid genera, the connecting ring is slit,
perforated, or otherwise incomplete ventrally near mid-length of each
camera. This perforation appears to have been formed by resorption
of part of the connecting ring, but there is no unequivocal evidence
to make this a certain conclusion.
Cameral deposits of a distinctive nature have been described
(Holm, 1885, p. 21-24, pl. 3, fig. 2a--c; pl. 4, fig. 1-20: Remele,
1890, p. 65, fig. 41 ; p. 70, fig. 42; p. 72, fig. 43; p. 74, fig. 44;
Schindewolf, 1942, p. 348) in species belonging in Lituites, Ancis
troceras, and Rhynchorthoceras. In all of these species, there are
thick episeptal and hyposeptal deposits in each camera, the diagonal
junction of which forms a transversely crenulated, conical surface
("pseudoseptum") with its truncated apex at the septal foramen.
The deposits are continuous laterally and ventrally, but they do
not meet dorsally, leaving on that side wedge-shaped spaces.
In the episeptal deposits this space contracts adapically and peri
pherally, whereas in the hyposeptal deposits it appears to contract
only toward the center of the conch. Subsequent to the formation of
the epi-, and hyposeptal deposits, additional, but distinctly different
deposits were formed within the dorsal hiatus. These deposits form
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a longitudinal, dorsal wall (the "vertical lamella" of authors) the
laminae of which bend around the connecting rings of the siphuncle
in such a fashion as to form a subcentral, dumb-bell, or hour-glass
shaped pillar. Near cameral micl-length, the laminae curve into the
siphuncle through the slit or perforation in the connecting ring, and,
in that way, become continuous with more or less irregular, but
nevertheless laminated endosiphuncular deposits. As is true in other
nautiloicls having comparable structures, the cameral deposits of the
lituitids are delayed in their development so that, as a rule, they are
thick adapically but thin or absent in the adoral camerae of the
phragmocone. Holm's (loe. eit.) excellent illustrations of these deposits
in Aneistroeeras show, as do several specimens of Rhynehorthoeeras
in the collections at hand, that, although the hiatus in the cameral
deposits is typically mid-dorsal in position, it may be laterally de
flected in a few camerae to produce a "vertical lamella" that is
distinctly offset when traced the length of the specimen. It should
also be noted that Remele (loe. eit.) figures dendritic impressions in
the adoral surfaces of episeptal deposits in Lituites perfeetus and L.
lasaulxii. These are of a type reminiscent of those in Leuroeyeloeeras
cf. niagarense, which are thought by Flower (1941a, p. 482-488) to
represent impressions of the vascular system in a supposecl "cameral
mantle".
The annular elevation, or area of muscle attachment, has been
described in Lituites proeerus Remele (Noetling, 1882, pl. 11, fig. 5)
and its configuration in Rhynehorthoeeras helgoeyense, n. sp., is suggested
by a structure shown in text-figure

14B

and in figure 9 on Plate

4.

Schri:ider (1881, p. 60) has also suggested that a faint line near the
adapical end of the body chamber in the holotype of Rhynehorthoeeras
zaddaehi Remele may represent the annular elevation in that species,
but his descri.ption of it, and Remele's illustrations (1890, pl. 6, fig.
Sa, Sb) of the same specimen do not permit comment on the correctness
of this interpretation.
In Litzt1:tes proeerus, the annular elevation is divisible into two
subparallel parts, a relatively wide adoral annulus (conchial zone I
of Mutvei, 1957, p. 224) and a narrow, ridge-like adapical annulus
(conchial zone Il of Mutvei). Conchial zone I consists of a slightly
raised annular ridge which is distinguishable from conchial zone Il
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Fig. 14. Diagrammatic representations of the annular elevations of (A) Lituites
procerus Remele after (Noetling, 1882) and (B) Rhynchortlzoceras lzelgoeyense, n
sp., x0.5. "a", the adoral suture; "b", conchial zone II; "c", conchial zone I.

only laterally and dorsally. The two zones are apparently confluent
ventrally. On the sides, zone I separates from zone Il, and widens
dorsad, attaining its greatest width dorsally. In the dorsal mid-line,
zone I is constricted in w1dth in such a fashion that it forms two
transversely, but imperfectly elliptical areas, which were presumably
the loci of attachment for the retractor musculature. Zone Il is
represented by a low, annular ridge which, at least laterally and dor
sally, is parallel to the adapical margin of zone I.
In Rhynchorthoceras helgoeyense, n. sp., a faint, incomplete im
pression, similar to that of conchial zone I in Noetling's specimen of
Lituites p rocerus, occurs at the adapical end of the body chamber.
The elliptical areas of retractor attachment are only slightly wider
than the lateral extension of conchial zone I, but, as in L. procerus,
they are dorsal in position and apparently separated from one another
by only a slight mid-dorsal constriction in width.
At the present time, the Family Lituitidae includes eight Ordo
vician genera (Lituites, Angelinoceras, Cyclolituites, Holmiceras, An
cistroceras, Rhynchorthoceras, Tyrioceras, and Trilacinoceras, n. gen.).
The Silurian Ophidioceras may belong here (Flower, in Flower &
Rummel, 1950, p. 614), but, if so, its relationships are obscure. Holmi
ceras, Ancistroceras, and Rhynchorthoceras have all been reported from
the Upper part of the Lower Ordovician (Vaginatum limestone of
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bland, Runda limestone of Estonia, Asaphus shale or Endoceras
limestone of the Oslo Region, Norway) although the references (Ru
diger, 1889, p. 80: Schindewolf, 1942, p. 348--349) to Rhynchorthoceras
in rocks this old are probably in error. That is, I have been unable
to locate any description of, or reference to, such an occurrence other
than by Rtidiger and Schindewolf, and it seems probable that the
latter based his remarks on the former's catalogue, in which a large
number of typically Middle Ordovician species are ascribed to the
Vaginatenkalk. Rtidiger's error in doing this seems apparent when the
stratigraphic comments of the species' authors are consulted.
Numerous lituitids are found in the Platyurus, Schroeteri, and
Crassicauda limestones (which; in the order listed, succeed the Vagi
natum limestone in Sweden), in the Ogygiocaris and lower Chasmops
series of the Oslo Region, and in the Lasnamiie and Uhaku limestones
of Estonia. In later Ordovician rocks, however, lituitids are not
common. A 1 yrioceras? occurs in collections from the Lower Chasmops
limestone of the Oslo Region, and several generically indeterminate
forms have been found in the Upper Chasmops limestone ( see Strand,
1933, p. 51--52, who included descriptions of some of these specimens
in his Upper Ordovician study). Balaschov (1953a, p. 213) has reported,
but has not yet described or figured, a new species of Tyrioceras from
zone D1 of the Russian platform, and the type species of that genus
is from the Upper Ordovician Tretaspis limestone in the Oslo Region.
Undoubted lituitids also occur in an undescribed fauna from the Boda
limestone of the Siljan district in Sweden, which is probably equivalent
in age to the Norwegian Gastropod limestone (i. e., uppermost Ordo
vician).
As is clear from the preceding discussion, the Lituitidae are known
best from, and appear to be restricted largely to the Scando-Baltic
Ordovician. Numerous specimens from other parts of the world have
at one time or another, been placed in Lituites, but, insofar as I have
been able to determine, the great majority of these belong in other
genera and other families. No lituitids are known from North America,
nor from the widespread arctic Ordovician cephalopod faunas. Har
rington & Leanza (1957, p. 35) report Lituites sp. from the upper
Llanvirnian Proetiella tellecheai zone of western Argentina, and Reed
(1917, p. 38-39, pl. 6, fig. 7, 7a) has described a representative of
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Lituites from Ordovician strata at Shih-tien, in southwestern Yun-nan,

China. However, his illustration of this specimen, which is part of
the adapical whorl, indicates that it lacks the prominent annulations
which ordinarily mark this part of the conch in Lituites, and his
description of it states that " ... the surface of the shell ... is encircled by rather strong concentric equidistant striae ... ", which
again suggests that, if the specimen is, indeed, a Lituites, it is certainly
not a "typical" representative of the genus. This specimen of doubtful
affinities is probably the one Balaschov (1953b, p. 230-231) had in
mincl when he included China in the geographic range of Lituites.
In 1942 (p. 346--350), Schindewolf suggested that coiling in the
Lituitidae developed proterogeneticall y and that the ancestors of this
family are to be found in the group of straight nautiloids he terms
"Orthoceracea". It seems probable, however, that his conclusions
were based on faulty stratigraphic information, and, in addition, he
does not seem to have attached any great significance to the internal
features of the conch. Flower (in Flower & Kumme!, 1950, p. 614)
placed the Lituitidae in his Order Barrandeoceratida, and, in at least
one subsequent paper (1954, chart, p. 35) inclicates his belief that
the family was derivecl from the Barrandeoceraticlae. In 1955c, how
ever, this same \vriter statecl (p. 251) that " ... in spite of marked
structural clifferences in the wall of the siphuncle, it now appears
that the Tarphyceratidae are the ancestors of a group of coiled shells
which persisted throughout the Ordovician and Silurian. Most remark
able among these forms is the family Lituitidae ...". As Flower was
concerned only with the general problems of coiling in fossil nautiloids,
his 1955c statements were neither arnplified nor explained. Quite
independently, and in connection with the present studies, I have
arrived at essentially the same conclusion. That is, for the reasons
enumeratecl in the several paragraphs immediately below, it appears
most logical to believe that the Lituiticlae represent a rather bizarre
and specialized group of nautiloids stemming not from the straight
"Orthoceracea" nor the coiled Barrandeoceratidae, but from either
the Tarphyceratidae or Trocholitidae - both of which are closely
related and constitute the nucleus of the Suborder Tarphyceratina.
The oldest known lituitids, both referable to Holmiceras Hyatt, are
coiled adapically, and the apparent absence in Lower Ordovician
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Discoccras boreale,

n. sp., and (B)
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Rhynchorthoceras helgoeyense,

(A)

n. sp. Presumably

comparable structures are shown by the same symbols in both diagrams, and the

R. helgoeyense
figure 3, Plate 20).

relationship between endosiphuncular and cameral deposits in

is shown in (B). (Compare also figurc

4, Plate 11, and

rocks in the Scando-Baltic region or elsewhere of similarly ornamented
straight or cyrtoceraconic forms casts doubt upon Schindewolf's
hypothesis that the Lituitidae developed from such an ancestor
th:rough the addition of proterogenetic coiling (although it is distinctly
possible that the family exhibits proterogenesis in other features) .
On the contrary, the stratigraphic evidence, even though it is far from
satisfactory or complete, indicates that the ancestral group was coiled
rather than straight.
The ectosiphuncle of those lituitids available to me for study is
complex, at least in the larger parts of the phragmocone. The con-
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necting rings are clearly differentiated into two structurally distinct
laminae (see text-figure lSB) which, although not unduly thickened
are almost precisely comparable in arrangement and appearance to
those of Discoceras (compare text-figure ISA) . In addition, it appears
likely that a portion of the connecting ring was resorbed after the entire
structure had been formed, giving the siphuncular tissues access to
the camerae. This suggests that the Lituitidae (or at least those forms
in which the siphuncular and cameral structures are known) developed
from a group in which cameral tissues had disappeared or lost their
function, and that the deposits, like the shell from, were developed
independently and not inherited as a pattern from the ancestral group.
Holm's (1897b, pl. 9, fig. 1-3) illustrations of the adapical portion
of Lituites perfectus Wahlenberg, indicate that the siphuncle is pri
mitively ventral or subventral in position, but that it migrates dorsad
very rapidly as coiling of the conch proceeds. This is true also in at
least some of the genera now included in the Trocholitidae, and, to
a lesser extent, is found also in the Tarphyceratidae.
These several lines of reasoning, taken together, suggest that the
ancestors of the Lituitidae had a coiled conch in which the siphuncle
moved dorsad from a primitively subventral location and was com
posed of long, straight septal necks and connecting rings differentiated
into well defined Iayers. It is also probable that the ancestral stock
was characterized by a somewhat compressed conch and had a well
developed hyponomic funne! and, therefore, a relatively prominent
hyponomic sinus on the ventral side of the peristome.
These postulated conditions are all fulfilled by the Trocholitidae,
and, to a somewhat lesser degree, by the Tarphyceratidae as well.
In both of these families, gyroceraconic or late-maturely uncoiled
conchs are also found. Furthermore, both of these groups reached the
acme of their development, diversity, and distribution in the Arenig
(or Upper Canadian), near the end of which epoch the first lituitids
seem to have made their appearance.
One rather distinct, but probably superficial morphological differ
ence separates the lituitids fro111 the tarphyceratinids. That is, the
loci of retractor muscle attachment in the latter group are ventral
in position, whereas in the lituitids they are dorsal. I am inclined to
suspect, however, that this apparently striking difference is to be
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regarded as little more than a reflection of disparities in conch shape.
which, in turn, suggests that the tarphyceratinids and lituitids, although
otherwise closely related, were adapted to different environments,
living habits, or both. I can think of no other part of the animal's
anatomy which would be as delicately sensitive, for purely mechanical
reasons, to a change in habits or shell form as would be the musculature
involved in retracting or adjusting the cephalopodium. Mutvei (1957,
p. 231-232) has shown that known muscle-attachment patterns
can be referred to orre of three general groups: orre in which the re
tractor scars are ventral, another in which they are lateral, and a
third in which they are dorsal. The first includes primitive, coiled
nautiloids like Estonioceras, Planctoceras, and Discoceras; the second
includes Nautilus and other coiled shells which are deeply involute;
and the third is composed of shells which are essentially straight at
maturity. It seems to me quite probable that if, for example, a group
l species gave rise to a group 3 form, there would be little likelihood
of the group l muscle pattern remaining unaltered in the derived
species. It is rather more likely that a majority of nautiloids with
group 3 shell form, regardless of their ancestry, would show group
3 muscle patterns, or variations of them. This is little more than a
reaffirmation of the rather widely held belief that gross conch form
in nautiloid cephalopods is an adaptive feature and orre in which a
great deal of convergent homeomorphy is to be expected.
Even though the ancestry of the Lituitidae seems to be rather
clear, it is difficult to recognize evolutionary patterns or clear phylo
genetic relationships within the group itself. Solutions to these pro

blems are complicated at the present time not only by the generally
incomplete preservation of the lituitids, but also by a lack of definitive
stratigraphic information concerning the distribution of the several
genera and species which constitute the family. Although certain
broad generalizations are suggested by the facts now available, a
morphological study of carefully made stratigraphic assemblages will
be needed to provide more detailed information.
The peculiarly uncoiled shell is perhaps the most striking character
of the Lituitidae as a whole. Its gross form, however, exhibits con
siderable plasticity, even on the specific level, and does not for that
reason, appear to be a particularly reliable or useful guide to general
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phylogeny. On the other hand, the rather striking patterns formed
by the growth-lines, together with apparently systematic ontogenetic
modifications in these patterns, seem to be more useful in suggesting
relati onships.
Although Holmiceras, Ancistroceras, and Angelinoceras are some
what different in gross conch shape, their growth-lines show a similar
ontogenetic sequence in patterns and modifications, and there can
be little doubt but that these three genera are very closely related.
That is, growth-lines in early portions of the conch are characterized
by ventral, lateral, and dorsal sinuses. During growth, the ventral
and dorsal sinuses tend to be reduced and, in at least Hvlmiceras and
A ncistroceras, are replaced at maturity by broad salients.
The same tendencies are exhibited by some (but not by all) species
of Rhynchorthoceras, which, however, has a cyrtoceraconic conch and
may well include at present the cyrtoceraconic form-derivatives of
several species of Ancistroceras. The position of Tyrioceras is not
clear because it is separated from the major group of described li
tuitids by a considerable stratigraphic interval and nothing is known
of its early stages. It may be related, however, to the Holmiceras
A ncistroceras group.
Lituites, Cyclolituites, and Trilacinoceras are also closely related
and their somewhat later stratigraphic appearance suggests that the
group they represent was derived from the more primitive Holmiceras
Ancistroceras stock. Typical Lituites is characterized by prominent
ventral and lateral growth-line sinuses throughout growth, and by
a broad dorsal sinus which is subdivided by a Iow salicnt except,
perhaps, in the very earliest parts of the conch. At maturity, the
salients which separate the growth-line sinuses are elaborately pro
duced to form five prominent lappets in all known species. In this
respect, then, the growth-line sequence of Lituites very closely re
semoles that developed in the early parts of the Holmiceras and
A ncistroceras conch.
Lituites tornquisti Holm deviates from this general pattern in that
it has ventral and lateral (but no dorsal) emarginations in the early
growth-lines, a shallow dorsal sinus in somewhat later stages, and
the elaborate five-Iappeted Lituites peristome only at maturity. The
three-lobed growth-line pattern is carried completely to maturity in
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Trilacinoceras discors (Holm) and a transition from L. tornquisti to
T. discors is found in T. norvegicum, n. sp., which is not only inter
mediate in age, but develops slight secondary dorsolateral salients in
the peristome at late maturity. It thus seems highly likely that
Trilacinoceras developed from Lituites through L. tornquisti.
Cyclolituites does not uncoil to any appreciable extent, but it has
a pattern of growth-lines and an elaborate five-lappeted mature
peristome very similar to those of Lduites. It seems probable, there
fore, that Cyclolituites is little more than a specialized form-derivative
of Litm.tes, modified in size and shape as an adaptation to some res
tricted or otherwise specialized ecological niche.
The several developmental sequences indicated in the preceding
paragraphs very strongly suggest that modifications in the growth
line patterns of the lituitids appeared proterogenetically. The early
four-, or five-lobed pattern of the Holmiceras-Ancistroceras lineage
seems to have been established throughout the conch and highly
elaborated in Lituites, and the maturely three-lappeted peristome of
Trilacinoceras is heralded in the early (rather than in the late) stages
of Lituites tornquisti. The gaps which separate the genera and species
cited above are, in many cases, considerable, and it is possible that,
as more cletailed collections are made and studied, other phylogenetic
schemes will appear to be more practical. Nevertheless, on the basis
of information presently available, the relationships indicated seem
to be the most plausible.

GENUS Holmiceras Hyatt, 1894.

Type species: Lituites praecurrens Holm, 1891.
Conch lituiticonic, either slightly compressed or somewhat de
pressed, with adapical spiral composed of one to one and a half loosely
coiled volutions and a relatively short adoral uncoiled portion which
is sigmoidal in longitudinal profile and expands rather rapidly orad
of the apical spiral. Camerae relatively short, septa only slightly
concave. Sutures essentially straight adapically, but adorally they
form broad, shallow ventral and (in the type species) dorsal lobes.
Growth-lines and annulations form ventral, lateral, and dorsal sinuses
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and ventrolateral and dorsolateral salients in the early parts of the
conch, but adorally, the ventral and dorsal sinuses disappear so that,
on the body chamber, the venter and dorsum are occupied by broad
salients. In the adoral portion of the phragmocone the siphuncle is
circular in section and located slightly dorsad of the center. N othing
is known of its position or structure in earlier parts of the conch, but
presumably it is similar in both respects to other lituitids.
Remarks: H olmiceras is clearly rather closely related to Ancistro
ceras, from which it differs primarily in having an open (or gyrocera
conic) spiral and an uncoiled segment which has a sigmoidal (rather
than straight) longitudinal profile. In both Holmiceras and Ancistro
ceras, the ventral and dorsal growth-line sinuses are reduced orad,
and there can be but little doubt that at maturity the apertural
margins in both genera were essentially alike.
At the present time, only two species can be referred to Holmiceras.
These species are both Lower Ordovician in age, and were apparently
essentially contemporaneous, H. praecurrens (Holm) being known only
from the Gray Vaginatum limestone of bland (Holm, 1891, p. 761) ,
and H. kjerulfi (Brøgger) from the Orthoceras limestone (s. l. ) of the
Oslo Region, Norway (Brøgger, 1882, p. 54, pl. 12, fig. 16) . The strong
morphological similarity between Holmiceras and Ancistroceras, to
gether with the fact that Holmiceras seems to precede A ncistroceras
stratigraphically, suggest that the former gave rise to the latter. It
should also be pointed out that the early stages of Holmiceras (and
also of Ancistroceras) are somewhat more elaborately duplicated in
the more specialized lituitids Angelinoceras, Lituites, Cyclolituites, and
Trilacinoceras. In the latter genera, however, characters typical of
the early parts of Holmiceras and A ncistroceras are carried into the
mature conch, which suggests that the prominently sculptured peri
stome of the more advanced forms is a feature introduced protero
genetically, and that the simpler peristome indicated by the late stages
of Holmiceras and A ncistroceras is the primitive (rather than either
an advanced or specialized) condition.
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Holmiceras kjerulfi (Brøgger).
Plate 4, figures 2 , 3 and 4.
1882. Lituites kjerulfi

BRøGGER, Die silurischen Etagen 2 und 3 im Kristiania

gebiet und auf Eker, etc., p. 54, pl. 12, fig. 16.

Type data: Lectotype, and only known representative, and in
complete internal mold preserved in coarse-grained, light buff lime
stone. P.M. O. I 006.
Description: The lectotype and only known specimen of this species
is an incomplete internal mold, 54 mm long, which represents 17
camerae of a lituiticonic phragmocone and includcs the adoral quarter
volution of the adapical spiral and the adjacent part of the uncoiled
adoral portion. Reconstruction of the adapical part of the conch
suggests that the over-all diameter of the coiled portion (measured
parallel to the axis of the uncoiled segment) can not have greatly
exceeded 15 mm, and the small diameter of the adapical end of the
specimen suggests that the coiled part probably consisted of no more
than one gyroceraconic volution. Throughout that part preserved,
the conch is slightly compressed and the venter somewhat flattened.
In the uncoiled segment, the dorso-ventral diameter of the conch
increases by l mm in every 5 mm of length.
The camerae are relatively longer adapically than adorally. In
the adapical portion of the specimen, 3 camerae occupy a distance
equivalent to the dorso-ventral diameter of the conch, whereas in the
adoral portion, 4 camerae occupy a similar distance. Adapically, the
sutures are straight and directly transverse to the long axis of the
conch. Adorally, however, .they become progressively more sinuous,
developing broad, shallow ventral lobes, ventrolateral saddles, shallow
lateral lobes, and broad, only slightly arched dorsal saddles.
The siphuncle is exposed in transverse section at the adoral end
of the specimen. At this place it is circular in section, 2 mm in diameter,
and located slightly dorsad of the center of the conch.
Remarks: Although the lectotype of H. kjerulfi is neither as nearly
complete nor as well preserved as the type of H. praecurrens, the type
of Holmiceras, it is very closely similar to it. H. praecurrens expands
more rapidly than H. kjemlfi (l mm in 3 mm, rather than l mm in
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5 mm), is more closely camerated (6 camerae in a distance equal to
the conch diameter, rather than 3 or 4), and, at least adorally, is
depressed in cross-section, rather than slightly compressed. The type
species also exhibits a very slight dorsal lobe in the sutures, whereas
the Norwegian species has a broad, nearly flat saddle in that position.
Distribution: The only known representative of Holmiceras kjerulfi
is from either the upper part of the Asaphus shale (3cf3) or the lower
part of the immediately overlying Endoceras limestone (3cy), at
Slemmestad in the Oslo�Asker district. Both of these horizons are,
of course, considered to be uppermost Lower Ordovician in Age.
GENt:S Ancistroceras Boll, 1857.
i= Strombolituites Remele, 1881].

Type species: Ancistroceras undulatum Boll, 1857.
Conch lituiticonic, composed of l Y2 to 2 contiguous or only slightly
separated adapical whorls followed adorally by a long, rather rapidly
expanding orthoceraconic portion. The whorls of the enrolled segment
are laterally compressed and the umbilicus is perforate. The ortho
ceraconic segment expands at an angle of about 30°, is essentially
circular in cross-section, and succeeds the enrolled part without
forming the elongate sigmoidal ventral profile typical of Lituites.
Conch surface marked by sinuous growth-bands and annulations
which form five salients adapically, three, and finally two adorally,
at least in some species. Peristome of mature conch with broad dorsal
and ventral salients and shallow lateral emarginations.
Ancistroceras is most closely related to Holmiceras, from which
it differs in having small, tightly coiled whorls and a somewhat more
rapidly expanding conch. Mature portions of the conch are difficult
to distinguish from some species of Rhynchorthoceras, but typical
representatives of that genus seem to be somewhat less rapidly ex
panding.
The oldest reported representatives of Ancistroceras come from
the uppermost Gigas ( = Vaginatum) limestone on O land (Bohlin,
1955, p. 128), and the youngest from the Ampyx limestone of the
Oslo Region, which is probably only slightly younger than the upper
part of the Crassicauda ( Ancistroceras) limestone of (>land.
=
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Ancistroceras undulatum Ball, 1857.

Plate 13, figures 2, 3, and 5.
L1tuites (Ancistroceras) undulatum BoLL,

1857, Archiv d. Verein des Freunde der

::\aturgesch. in Mecklenburg, Jahrg. 11, p. 87, pl. 8, fig. 25ac.

. -l ncistroceras

undulatum

DEWITZ, 1880, Zeitschr. d. deutsch. geol. Ges., Bd. 32,

p. 387: - -- NoETLING, 1884, Kgl. Preuss. geol. Landesanst., Jhrb. f.
1883, p. 132-135, pl. 18, fig. 7, 7a:--- HoLM, 1885, Paleont. Abh. v.
Dames & Kayser, Bd. 3, Hft. l, p. 21-24, pl. 3, fig. 2a, 2b, 2c; pl. 4, fig.

l, 3, 4-20: - - - RuorGER, 1889, Ueber die Silur-cephalopoden aus
den mecklenburgischen Diluvialgeschieben, p. 4445:---HoLM, 1891,
Geol. Foren. i Stockholm, Forh., bd. 13, p. 38:---PATRUNKEY, 1926,
Zeitschr. f. geschiebeforsch., Bd. 2, p. 120, 121: - - - FoERSTE, 1929,
Denison Univ. Bull., Jour. Sei. Labs., v. 24, p. 272-275, pl. 41, fig. lA,
lB, 3A, 3B, 4A, 4B, 4C; pl. 42, fig. 3, 4:--- BALASCHOV, 1953, Trudy
V.N.E.G.R.I., n. ser., no. 78, p. 236-238, pl. 14, fig. 5a, 5b, 6, 7.

Strombolituites undulatum

REMELE, 1881, Zeitschr. d. deutsch. geol. Ges., Bd.

33, p. 191, fig. l:--- REMELE, 1882, ibid., Bd. 34, p. 117119, pl. 5,
fig. l.

Jfaterial: Three fragmentary specimens (P.M. O. I 0196, I 03 74 ,
58q10) representing various parts of the phragmocone.
Descriptions: The specimen illustrated in figure 2 on Plate 13 is
the adapical coiled portion of Ancistroceras undulatum, to which only
the adapicall7 mm of the uncoiled, orthoceraconic segment is attached.
The coiled portion has a diameter of lO mm, and consists of l Y:!-2
tightly coiled volutions. The umbilicus can not be seen. The uncoiled
portion expands at the rate of l :2, or at an angle of about 30°. Growth
bands and annulations mark the external surface of this fragmentary
specimen: they form ventrolateral, dorsolateral, and dorsal salients,
the latter of which is bounded dorsolaterally by slight sinuses.
The !argest of the three specimens here referred to Ancistroceras
undulatum Boll is the one represented by figure 5 on Plate 13. This
specimen is 128 mm long, essentially circular in cross-section, and
abont 64 mm in diameter at its adoral end. The interior is very coarsely
recrystallized, but faint outlines of one septum and a subcircular,
tubular structure at the adoral end indicate that the specimen repre
sents only part of a much larger phragmocone which expanded rather
rapidly and had an essentially subcentral siphuncle. The rate of
')
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conch expansion is about l in 3, which indicates an apical angle of
somewhat less than 30°. Growth-bands and annulations are well
preserved in the dorsal, ventral, and right lateral zones, and form
deep, broadly lJ-shaped ventral sinuses, symmetrically rounded ventro
lateral salients, broad, shallow lateral sinuses, and faint salients in
the dorsolateral and dorsal zones. Adorally, the dorsolateral and
dorsal salients blend so that in that part of the conch the dorsum and
the dorsolateral zones are occupied by a sing le broad" gently arched
salient.
A third specimen, in which only the v entral and ventrolateral
portions of the adapical part of the phrag mocone are exposed, is
shown in figure 3 on Plate 13. This specimen is 94 mm long, expands
at the rate of about l: 2.5, and shows a sequence of growth-band and
annulation patterns similar to those exhibi ted more completely on
the larger form described above.
Distribution: In Norway, certain representatives of Ancistroceras
undulatum Boll are known only from the Ampyx limestone (4ap) in
the Oslo-Asker district. A large number of specimens, described below
as A. undulatum Boll?, occur in the Cephalopod shale of the Nes
Hamar district, which, in its upper parts, at least, may be of about
the same age as the Ampyx limestone.
A ncistroceras

undulatum Boll �

Plate 18, figure l .
1l1aterial: I n addition t o the specimens o f Ancistroceras undulatum
described above, the collections at hand contain ten specimens which
undoubtedly belong in Ancistroceras, and may well be referable to A.
undulatum Boll. None of these can be identified with certainty, how
ever, nor do the majority of them merit illustration or extended
description. Brief mention of several of these specimens is included
here because they represent parts of the conch not previously known.
Description: Two of the specimens (R.M. MO 88048, MO 88093) to
which I refer, are adapical portions of a straight phragmocone in
general similar to A. undulatum; five (P.M.O. I 2368, 69294, 69296, I
1552-3, I 1438) represent the fragmentary adoral portions of conchs
which attain rather large diameters (62, 67, 70, 95, and 112 mm), ex-
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pand rather slowly (ca. l: 6), and have annulations which form broad
ventral salients, shallow ventrolateral sinuses, and broad, flat dorsal
salients. The !argest of these, that is, the one with a diameter of
112 mm, is also the !argest representative of Ancistroceras heretofore
reported.
One of the specimens at hand (P.M.O. 69294), shown in figure l on
Plate 18, is 135 mm long, circular in section, 95 mm in diameter,
and preserves an essentially complete mature peristome. This structure
corresponds precisely in configuration to the adoral growth-band
pattern. That is, it shows broad dorsal and ventral salients and ventro
lateral emarginations. Furthermore, the peristome is preceded ada
pically by a broad contracted zone, which presumably indicates that
the mature shell margin was considerably thickened.
Two specimens, probably from the Ampyx limestone (4ap), also
belong in Ancistroceras, perhaps in A. undulatum. One of these (P.M.O.
I 1712) is similar to the large, slowly expanding forms described above,
whereas the other (P.M.O. 3806-7), which seems to be only a body
chamber, is smaller in diameter (61 mm adorally; 48 mm adapically)
and expands at the rate of l: 5. Growth-bands on both specimens form
well marked ventral sinuses, ventrolateral salients, lateral sinuses,
dorsolateral salients, and dorsal sinuses, the prominence of which
may be due, in part, to compression.
Distribution: Eight of the ten specimens referred to above come
from the Cephalopod shale at Hovindsholm, Helgøya (Nes-Hamar
district) and two of them (from Løken, Bygdøy, and Håkavikodden,
respectively, in the Oslo-Asker district) were probably collected from
the

Ampyx limestone (4ap).
GENUS Angelinoceras Hyatt, 1894.

Type species: (herein designated) Lituites latus Angelin, 1880.
Conch lituiticonic, with relatively large, compressed, loosely coiled
adapical spiral, and a rather rapidly expanding, somewhat compressed
uncoiled segment, which has a sigmoidal ventral outline in its adapical
portion. Growth-lines and annulations, insofar as they are known,
form deep ventral sinuses, prominent ventrolateral salients, broad,
asymmetrical lateral sinuses, low dorsolateral salients, and a broad.
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nearly straight dorsal sinus which is subdivided, at least in the early
stages, by a mid-dorsal salient. Expands more rapidly and has larger
coiled portion than Lituites; expands less rapidly, and has adapical
whorls markedly distinct (in size and loose-coiling) from Ancistroceras.
In his original discussion of Angelinoceras, Hyatt (1 894, p. 508509) mentions only two species, Lituites latus Angelin and Lituites
anguinus Angelin. Neither was cited as type, nor, to the best of my
knowledge, has either been designated as such subesquently. The
two cited species are very different, t heir types are not particularly
well preserved, and, after a study of both specimens, I can see no
very good reason for uniting them in the same genus. Consequently,
since Hyatt's generic concept of Angelinoceras seems to have been
based largely upon Lituites latus Angelin, that species is here designated
the type of Angelinoceras. Lituites anguinus seems, properly, to belong
in Lituites Bertrand, rather than in Angelinoceras, which, based on
L. latus, is quite different in form.
Angelinoceras latum (Angelin), the only previously described species
of this little-known genus, is apparently restricted to the lower part
of the Platyurus limestone of Sweden. The genus seems, however,
to be represented in the Ampyx limestone (4af1) of the Oslo Region
by an incomplete specimen which can not be diagnosed specifically.
This suggests that A ngelinoceras has a rather extended range in the
early Middle Ordovician of the Scando-Baltic province, although the
genus does not seem to be particularly common.
A ngelinoceras sp.

Text-figure 16.
Material: A single, fragmentary internal mold, P.M.O. I 027-8.
Description: The only representative of Angelinoceras in the col
lections at hand is an internal mold, 82 mm long, which represents
the adapical spiral, 37 mm in diameter, and the early part of the
uncoiled, orthoceraconic portion of the phragmocone, 45 mm long.
The coil consists of about 2 volutions, which expand rather gradually
and are not in contact with each other. The straight portion joins
the apical coil with a noticeable increase in diameter, but with no
marked sigmoid curvature on the venter. This segment expands from
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a diameter of about 15 mm at its proxi
mal end, to 18 mm at the adoral end
of the specimen, indicating a growth
coefficient of about l: 15. No growth
lines or annulations are preserved.
Remarks: The coiled portion of the
conch in the specimen just described
compares almost exactly with a sirnilar
part of the type of Angelinoceras latum
(Angelin). However, A. latmn expands
adorally at the rate of about l: 4, and,
in this respect, the two are considerably
different. The fact that the Norwegian
specimen comes from rocks which are
considerable younger than those yiel
ding typical A. latum suggests that it
represents a distinct species. It is,
however, too poorly preserved to be
diagnosed completely and a proper
delimitation of the undescribecl species
to which it may belong is not now
possible,
Distributz:on: Ampyx limestone (4af)),
Ildjernet (Oslo-Asker clistrict).
GExus
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Fig. 16. A ngelinoceras sp. Out
line diagram, xl, of a specimen
(P.M.O. I 027-28) from the Am
pyx limestone (4af1) at lldjernet
(Oslo-Asker district.)

Rhynchorthoceras Remele, 1882.

Type species: (clesignatecl by Foerste, 1929) Rhynchorthoceras beyrichi
I�emele, 1882.
Conch a longiconic cyrtoceracone which is slightly curved in its
aclapical portion but essentially straight for most of its length. Ca
merae vary in length, but sutures are invariably simple and directly
transverse to the long axis of the conch. Body chamber may be
nearly half the length of the conch and, in known species, it expands
somewhat less rapidly than does the phragmocone. Siphuncle large in
size, central or ventro-central in position, and orthochoanitic in
structure, being composecl of rather long, straight septal necks and
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laminated connecting rings. Camerae occupied, at least in the adapical
portions of the conch, by heavy epi-, and hyposeptal deposits, the
disposition and detailed structure of which is apparently like that
found in other lituitids (see family diagnosis above). Surface of test
marked by sinuous growth-bands which form ventrolateral and dorsal
salients and lateral and, in most forms, slight ventral sinuses. Peri
stome unknown except in two specimens herein referred to R. helgo
eyense, n. sp. In these specimens, the peristome has an outline corre
sponding to the configuration of the growth-bands on the body
chamber and adoral parts of the phragmocone.
To the best of my knowledge, only three species of Rhynchorthoceras
have been reported (Remele, 1882, p. 134: Lindstrom, 1888, p. 11:
Jaanusson & Mutvei, 1953, p. 19) from strata in place. These species,
R. oelandicum Remele, R. tenuistriatum Remele, and R. angelini (Boll),
are recorded, respectively, from the Upper Gray Orthoceras limestone
of Oland, the Upper Red Orthoceras limestone of Sweden, and from
the upper part of the Platyurus limestone (zone with Illaenus aff.
s�tlcijrons) in the Siljan district, Sweden. It is probable that the latter
two occurrences represent essentially the same stratigraphic horizon.
All but one (R. oelandicum) of Remele's species were based on specimens
from drift boulders, but the reported lithology and fossil content of
these boulders suggest the Upper Red and Gray Orthoceras limestones
of Sweden, or, in more modem terms, the Platyurus, and Schroeteri
Crassicauda limestones. Riidiger (1889, p. 80) ascribes all of Remele's
species to the gray "Vaginatenkalk", a reference that is seemingly
erroneous when the other species referred by him to this same horizon
are considered. Schindewolf (1942, p. 349) states that Rhynchorthoceras
is confined to the B3b horizon (in Estonian terms) when, in fact, it
has yet to be reported from that level by anyone other than Riidiger.
In Norway, Rhynchorthoceras ranges upward from the Ogygiocaris
Series probably into the Lower Chasmops shale (4ba).
As others have noted, Rhynchorthoceras is strikingly similar to
Ancistroceras, from which it differs, typically, in having no adapical
coiled portion and in expanding much less rapidly orad. Furthermore,
the configuration of the growth-bands and of the mature peristomes
in these two genera are, for the most part, very similar. The rather
simple, only sinuous growth-bands of early Rhynchorthoceras species
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(e. g., R. angelini) mimic, throughout most of the length of the conch,
those of mature Ancistroceras, whereas the more elaborate pattern
developed by the presumably somewhat younger R. helgoeyense, n.
sp., is more like the pattern developed in the early stages of Ancistro
ceras. As no noticeable ontogenetic changes in growth-band configura
tion are discernible in any of the described species of Rhynchorthoceras,
one may be permitted to wonder if each of these species may not
represent an uncoiled form derived independently from Ancistroceras
at various stages in the evolution of that genus, rather than a separate! y
ev o l ving lineage only initially derived from Ancistroceras.
Rhynchorthoceras helgoeyense Sweet, n. sp.
Plate 4, figures 6, 9; Plate 14, figure 4; Plate 18, figures
2, 3; Plate 20, figure 3; text-figure 17.
Name: The specific designation refers to the island Helgøya, in
Lake Mjøsa, on which the type locality is situated.
Type data: No complete specimen of this species is available,
hence the following diagnosis and description are based on five speci
mens (P.M. O. 19, I 1538, 69297, 69298, 69299) all of which represent
different (although in part overlapping) portions of the conch. All
but one of these specimens (P. M.O. 19) came from the same horizon
and locality and, as they clearly belong in the same species, they are
considered to be syntypcs, and to be of equal rank as types. I am well
aware that it is desirable, when possible, to select as the " name-bearer"
for a species, a single specimen, or holotype. None of the ones at hand,

however, shows all of the significant features of the conch, and it
would ill serve the purposes of taxonomy to tie the name and hence
the specific concept of this new species to any single one of these
speCies.
J;faterial: Eleven incomplete specimens representing various parts
of the conch. Several partially testiferous. Nine from the Cephalopod
shale at Helgøya (Nes-Hamar district). One specimen, P.M. O. 19,
from a drift block found between Nes and Ringsaker (Nes-Hamar
district). One incomplete internal mold of the body chamber and the
acloral two camerae of the phragmocone, probably from the Lower
Ch<1srnops shale (4ba) on Bygdøy, in the Oslo-- Asker district.
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Diagnosis: A slightly cyrtoceraconic longicone characterized by
relatively long camerae and possessing prominently sinuous grmvth
Iines which form dorsal, ventral, and lateral sinuses adapically, but
only ventral and lateral sinuses adorally.
Description: The following description is a composite, based upon
all five of the syntypes, no single one of which is described separately.
Conch a slightly curved longicone of essentially circular trans\·erse
section. A reconstruction, based on all 5 syntypes, indicates that the
mature conch exceeded 500 mm in length, was curved only in the
adapical one-fifth of its length, and expanded adorally rather regularly
at the rate of l mm in each 5 to 7 mm. Adapically, there are three
camerae in a length equivalent to the conch diameter; throughout
the mid-portion of the phragmocone, only two camerae occupy this
distance; and, the adoral 2 or 3 camerae seem to be somewhat more
closely spaced so that, in that part of the phragmocone, about 3 occur
in a distance equal to the lateral diameter of the conch. The body
chamber is long, representing about a third the total length of the
conch. The sutures are straight and directly transverse to the long
axis of the conch; the septa are subhemispherical, and have an ada
pica! concavity equivalent to slightly less than the length of half a
camera.
The surface of the test, and to a lesser degree that of the internal
mold, is marked by sinuous, transverse growth-bands which form,
on the adapical part of the conch, rather prominent ventral and lateral
sinuses and broad, shallow dorsal sinuses. Adorally, however, the
dorsal sinus becomes progressively less prominent so that the mature
peristome is marked by ventral and lateral emarginations and an
essentially flat-crested dorsal salient.
The siphuncle is circular in section, one-eighth to one-tenth the
diameter of the conch, and located slightly ventrad of the center at
all stages observed. It is composed of long, straight septal necks
(which extend apicad for about one-fourth the length of the camera)
and laminated connecting rings, the structure of which is shown
diagrammatically in text-figure 15B. It has not been possible to as
certain the detailed microstructure of either of the two Iayers which
make up the connecting ring, but a strong similarity between these
laminae and those of Nautilus (see, for example, AppeWff, 1893:
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Stenzel, 1952, p. 15, fig. 13: Mutvei, 1056, p. 180, fig. 1) suggests
that the thin, clear, somewhat irregular outer layer of R. lzelgoeyense
corresponds in structure to the outer lamina of porous, spicular car
bonate in Nautilus, and that the relatively thick, dark-colored inner
layer is essentially like the inner "chitinous" layer of Nautilus. In
R. helgoeyense, however, there is nothing to suggest that either the
inner or outer laminae of the connecting rings grades into and becomes
continuous with the septum, as appears to be the case in Nautilus.
Near, or slightly apicad of cameral mid-length, the connecting
rings are discontinuous ventrally, or ventrolaterally, at least in those
camerae which are occupied by cameral deposits. This perforation is
not always in the same position with respect to the dorsum and venter,
and its edges are irregular and uneven which suggests that it was
formed by resorption of a part of the connecting ring after that struc
ture had been completely secreted around the siphuncle.
Organic calcareous deposits, similar to those described in other
lituitid genera, occupy the camerae of Rhynchorthoceras helgoeyensc
in at least the apical third of the conch. These structures consist of
laminated epi-, and hyposeptal deposits which are continuous ventrally
and laterally, but not dorsally, on which side a prominent hiatus,
occupied by a subsequently secreted "vertical lamella" is present.
The disposition of these deposits is illustrated diagrammatically in
text-figure 17a-g, which shows a series of transverse sections made
from a small but othenvise typical representative of this species. The
structure and disposition of the deposits, together with their relation
to the ectosiphuncle and the endosiphi.mcu lar deposits is shown in

figure 3 on Plate 20. From th ese illustrations, and from a careful
study of the several specimens available, it seems logical to conclude
that, at some time subsequent to the formation of the connecting
rings, a hole was resorbed on the ventral side of the rings permitting
a "balloon-shaped" segment of the siphuncular tissues to expand into
the camerae. From the outer surface of this inflated siphuncular tissue,
thin layers of calcium-carbonate were secreted ventrally and laterally,
but not dorsally, for it seems that, on that side of the camera, the
opposite sides of the inflacted siphuncular tissue failed to meet in the
early stages. Concurrent with the deposition of carbonate in the ca
merae, thin, somewhat irregular layers of the same composition were
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Fig. 17. Rhynchortlwceras helgoeyense, n. sp. Diagramma tie views (a-g) of
transverse serial' sections through two adapical camerae of a small specimen.
Location of transverse sections indicated in the upper left-hand diagram, which
represents a median lateral section through the same specimen. Episeptal
deposits stippled; hyposeptal deposits cross-ruled; septa, conch wall, and con
necting rings shown by heavy lines; broken lines represent junction between
epi-, and hyposeptal deposits; laminae in "vertical lamella" shown by some
what finer, solid lines. All of the transverse sections oriented with venter down.
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laid down against the inside of the ectosiphuncle. The laminae of these
deposits can, in many cases, be traced directly into those which form
the cameral masses. After the camerae were partially filled by the
encroaching epi-, and hyposeptal deposits, it seems probable that a
pair of bulbs, representing the opposed ends of the now shrunken
siphuncular "balloon" continued to exist in the dorsal hiatus and
that, as the surfaces of these came in contact with each othe<, thin
laminae of calcium-carbonate were secreted between them to form
the so-called "vertical lamella".
Xear the adapical end of the body chamber of a specimen from
either the Lower Chasmops shale or Lower Chasmops limestone, there
is an incomplete impression of a structure that appears to represent
the attachment areas for the retractor musculature. A reconstruction
of the annular elevation, based on this impression, is shown in text
figu re 12B, and I can add little by way of description to the infor
mation conveyed by that illustration. No trace of "conchial zone Il"
can be found, and the incompleteness of the impression which probably
represents "conchial zone I" makes it difficult to be certain that it is,
indeed, a muscle "scar". However, it has the general configuration
that might be expected in the lituitids, hence it is illustrated largely
for the sake of completeness.
Remarks: In conch form, rate of expansion, and configuration of
internal structures, Rhynchorthoceras helgoeyense is not greatly different
from a number of the species of Rhynchorthoceras previously described.
However, its camerae are relatively much longer than are those of
other known species, and the sinuosity of the growth-bands is con
siderably more prominent than in any species heretofore described.
The configuration and development of the ornamentation in this
species is, as a matter of fact, more like that of the common species
of A ncistroceras than it is like other species of Rhynchorthoceras.
Among described representatives of Rhynchorthoceras, this new species
most closely resembles R. zaddachi Remele, but it differs from that
species in having more prominently sinuous growth-bands which form
a ventral sinus, a somewhat more rapidly expanding conch, and rela
tively longer camerae.
Distribution: Nine of the eleven available representatives of this
:--pecies come from the Cephalopod shale at Hovindsholm, Helgøya
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(Nes-Hamar district); one conspecific specimen comes from a drift
block between Nes and Ringsaker (Nes-Hamar or Ringsaker districts);
and a single, distorted internal mold, which also appears to be con
specific was collected from a rubble heap on Bygdøy (Oslo-Asker
district). Ostracods ( Ullerella holtedahli (Dons)) associated wi th the
latter indicate that it probably came from either the Lower Chasmops
shale (4ba) or the Lower Chasmops limestone (4b(f).

Rhynchorthoceras angelini (Boll)?
llH57. Lituites angelini BaLL, Archiv d. Verein des Freunde d. Naturgesch. in
Mecklenburg, J ahrg. 11, p. 89, pl. 4, fig. 11.
'1882. Rhynchorthoceras angelini REMELE, Zeitschr. d. deutsch. geo!. Ges., Bd.
34, p. 135.

Material: Two crushed, partially testiferous internal molds (P . .\I.O.
69300, 69301) probably from the Ogygiocaris beds of the Oslo-Asker
district. Neither specimen merits illustration.
Description: The two specimens which I am tentatively referring
to Rhynchorthoceras angelini (Boll) are similar in that they expand
rather gradually, have simple transverse sutures, and have about
4 camerae in a length equivalent to the conch diameter. The growth
bands of the test, although disturbed by distortion, seem to have been
only slightly sinuous, rather closely spaced, and oblique to the sutures.
Apparently they formed very shallow, broad, asymmetrical lateral
sinuses and virtually flat-crested dorsal and ventral salients. The
siphuncle is central or slightly ventrad of the center in the most
nearly complete specimen, but nothing can be determined of its
structure.
Remarks: Rhynchorthoceras angelini may be distinguished from
other species of that genus by its rather gradual rate of enlargement
and by the markedly oblique, but only slightly sinuous course described
by the growth-bands of its test. In that the specimens at hand exhibit
all of these features, they resemble R. angelini. However, both of them
are so poorly preserved that positive identification or more detailed
comparison is not possible.
Distribution: The two specimens came from the Ogygiocaris beds
at Helsvær, Østre gravlund, Oslo (Oslo-Asker district).
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GENUS Lituites Bertrand, 1763.
[

=

Hortolus of authors
=

(not Montfort, 1808) ;
Spirulites Parkinson, 1811].

Type species: Lituites lituus Montfort, 1808.
The name Lituites was widely used in the past for coiled nautiloids
in which the outer volution became free or straight. As the genus is
understood at present, however, it includes only those lituitids charac
terized by 5 lappets (ventrolateral and dorsolateral lappet pairs, and
an unpaired dorsal lappet) in the late mature peristome, and a relatively
slowly expanding (but rather long) conch marked extemally by trans
verse growth-lines and annulations, the salients and sinnses of which
correspond to the apertural lappets and emarginations. The whorls
of the coiled part of the conch may be closely approximated (but not
clorsally impressed), or loosely gyroceraconic, even within an otherwise
homogeneous specific sample. As a rule, the shell cross-section increases
in area rather rapidly in the coiled part, somewhat less rapidly in the
straight portion of the phragmocone, and only slightly in the body
chamber, which may equal or exceed the straight phragmocone in
length. The siphuncle, like that of other lituitids, is orthochoanitic
and tubular. In the initial camera of at least one species (L. perfectus
\\'ahlenberg) the siphuncle is ventral in position, but moves toward
the center in the next 3 or 4 camerae and, in the remainder of the
phragmocone, is subclorsal in position. The camerae are occupied by
cameral deposits which are apparently similar to those described in

the familial diagnosis above.
Remarhs: Klein (1731) was the first to describe and illustrate a
representative of this genus, but the name Lituites was used for the
first time and for forms similar to those Klein described, by Breyn in
1732. For this reason, Breyn is commonly cited as the author of the
name Lituites. It should be pointed out, however, that Breyn limited
the term Lituites to the steinkem, employing the name Lituus for the
shell. As others have pointed out, though, Breyn can not be considered
a Linnean author, nor can the names he employed for fossils be re
garded as having any status under the Rules of Nomenclature. Teichert
(1940, p. 594) was of the opinion that Gmelin (1793) was probably the
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first Linnean author to use and define the name Lituites. The name
\\'as used in 1763, however, by Bertrand (p. 89 and p. 284) \\·hose
restriction of it to " ... ces tuyaux [ of Orthoceratites] sont recourbes
..." together with his references to Klein's and Breyn's studies, seems
to constitute an adequate, if rather broad and unsatisfactory definition
of the genus. Furthermore, Bertrand's introductory remarks indicate
that he was fully acquainted with the Linnean system of binominal
nomenclature, and his occasional use of it elsewhere in his two-volume
dictionary indicates that he can probably be regarded as a Linnean
author. Thus, insofar as I can determine, the name Lituites sho u ld
be ascribed to Bertrand (rather than to Breyn or Gmelin). No species
are cited by Bertrand, and thus the name was available in 1763 for
. . . all of the species of the world which would come under the
generic description as originally published ... " (Summary of Opinion
46, I. C.Z. N.) Lituites lituus, proposed in 1808 by Montfort, appears
to be the first such species named, and it has long been regardecl
as the type of the genus.
At present, undoubted representatives of Lituites are known only
from the early Middle Ordovician of the Scando-Baltic province.
The oldest species known to me are from the lower Platyurus limestone
of Sweden, whereas the latest certain species are found in strata
comparable in age to the Ampyx limestone of the Oslo Region. It
should be stated, however, that small, generically indeterminate
lituitids from the Upper Chasmops limestone and from the lower
part of the Tretaspis Series of the Oslo Region may be referable to
Lituites, as may some of the undescribed specimens from the Boda
limestone of Dalarna, Sweden. None of these forms can be referred
to the genus (or to any other) at the present time.
"

Lituites lituus Montfort?
Plate 14, figure 5; Plate 15, figure 4.
?1808. Lituites lituus MoNTFORT, Conchyliologie systematique, vol. l, p. 278-.
280.

Material: Three fragmentary internal molds, one partially testi
ferous, from the Ogygiocaris Series, and one distorted internal mold
from the Ampyx limestone (basal Chasmops Series).
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Descriptions: The specimen illustrated in figure 5 on Plate 14,
(P. M.O. I 0264), is a fragment 57 mm long, which represents the left
side of a body chamber to which recrystallized patches of the shell
adhere. The convexity of the specimen indicates that it was essentially
circular in cross-section, and it has a dorso-ventral diameter of 49 mm
at the adoral end. The preserved portion of the shell, which is about
l mm thick, is crossed by six conspicuous, broadly rounded annulations,
the crests of which are about 10 mm apart and rise about 4 mm above
the intervening troughs. Between the crests of adjacent annulations,
there are from 13 to 15 growth-lines. The annulations and growth
lines form deep ventral sinuses (which are incompletely preserved),
ventrolateral salients which rise about 11 mm above the lowest part
of the ventral sinuses, broad, shallow lateral sinuses with troughs
about 5 mm below the ventrolateral salients, broad dorsolateral
salients and sinuses, and a low dorsal lobe which is also incomplete.
The specimen shown in figure 4 on Plate 15, (P.M.O. I 1732), is
a compressed internal mold, 84 mm long, of part of a body chamber
\vhich attained a maximum diameter of about 50 mm. This specimen
is similar in other comparable features to the one described in the
preceding paragraph, but it is less well preserved.
A third specimen from the Ogygiocaris Series (P.l\1.0. 56557) also
provisionally included in L. lituus Montfort, is a steinkern, 52 mm
long and 50 mm in diameter at the adoral end. This specimen has been
obliquely distorted but it is similar in general aspect to the two
previously described.
A specimen from the Ampyx limestone (P. M.O. I 0266) probably
belongs in L. lituus, but it is too poorly preserved to merit either
illustration or detailed dcscription. It is a partly testiferous fragment
of a large body chamber, the annulations of which exhibit ventro
lateral and dorsolateral salients, and ventral and lateral sinuses. The
dorsum is not preserved. This specimen is similar to the three slightly
older forms described above, but, like thEm, it can not be placed in
any species of Lituites with complete certainty.
Remarks: The four fragments at hand agree rather well in details
of surface sculpture with more nearly complete representatives of
L. lituus, such as the one described by Holm in 1891. All of these
forms are, however, somewhat larger than appea.rs to be normal.
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Distribution: Three specimens come from the upper part o f the
Ogygiocaris Series (probably from the Ogygiocaris shale). They were
collected at Engervik, Asker, and Hjortnestangen, and Vigelands
Fontene, Oslo (all in the Oslo-Asker district). A single specimen,
which appears to be conspecific, was collected by Prof. Olaf Holtedahl
from the Ampyx limestone (4a{J) at Gullerud, Norderhov, in the
Hadeland district.
Lituites perfectus Wahlenberg.
Plate 14, figures 2, 3; ?Plate 16, figures 2, 4.
Lituites perfectus \'V AHLENBERG, 1818, Petrificata Telluris Suecanae, p. 83;
-WAHLENBERG, 1821, Petrificata Telluris Suecanae, p. 83; -BRONN & ROEMER, 1850, Lethaea geognostica, 3d ed., v. l, p. 494, pl. l,
fig. 3a; --- BoLL, 1857, Archiv d. Verein des Freunde d. 2\faturgesch.
in Mecklenburg, Jahrg. 11, p. 85, pl. 9, fig. 3la-e; ---LossEN, 1860,
Zeitschr. d. deutsch. geo!. Ges., Bd. 12, p. 19; - - - REMELE, 1880,
Festschr. f. die 50 jahrige Jubelfier der Forstakad., Eberswalde, pl. l, fig.
2a-b [not pl. l, fig. 3]; - - - REMELE, 1890, Diluvialgesch. d. Nord
deutsch. Flachlandes, I Stuck, 3. Lief., pl. l, fig. 2a-b; pl. 6, fig. 3a-c;
- - -- HoLM, 1891, Geol. Foren. i Stockholm, Forh., bd. 13, no. 7, p.
12-20, pl. 2, fig. 1-5; - - - [pars] PATRUNKEY, 1926, Zeitschr. f.
Geschiebeforsch., Bd. 2, p. 118-119;
- - BALASCHOV, 1953, Trudy
V.K. E. G.R.I., n. ser., no. 78, p. 334-35, pl. 14, fig. 4.
Lituites striatus BoLL, 1857, Archiv d. Verein des Freunde der Katurgesch. in
Mecklenburg, Jahrg. 11, p. 86, pl. 9, fig. 31f.
Lituites tenuicaulis REMELE, 1890, Diluvialgesch. d. Norddeutsch. Flachlandes,
I. Stuck, 3. Lief., pl. 3, fig. 2a-b;- PATRUNKEY, 1926, Zeitschr.
f. Geschiebeforsch., Bd. 2, p. 118-19;?
-- BALASCHOV, 1953, Trudy
V.N.E.G.R.I., n. ser., no. 78, p. 231-32, pl. 14, fig. l.
-

-

--

--

-

lVIaterial: One fragmentary internal mold preserving the peristome,
and two additional specimens, of some-vvhat questionable affinities,
representing fragmentary apical spirals. Other specimens in the col
lections at hand may represent L. perfectus, but, for various reasons,
they can not be identified specifically.
Descriptions: The representative of L. perfectus depicted in figures
2 and 3 on Plate 14, (P.M.O. I 1736), is a partly testiferous steinkern,
80 mm long, representing part of a body chamber, at the adoral end
of which portions of the modified peristome are preserved. The cross-
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section of the conch is essentially circular, with diameters of 40 mm
at the aperture and 35 mm, 50 mm apicad of the lowest point of the
ventral sinus. This indicates a growth-coefficient of l :lO, at least in
the apertural region. The configuration of the growth-lines and
annulations indicates that the aperture was modified by five lappets,
separated ventrally, laterally, and dorsolaterally by relatively deep,
rounded emarginations. The ventrolateral lappets are almost com
pletely preserved, as is the outline of the hyponomic sinus which lies
between them ventrally. These lappets project adorally 24 mm above
the corresponding part of the lateral sinuses. In their free portions,
they are symmetrically lanceolate in form and curve gracefully inward
and dorsad, their pointed distal extremities reaching nearly to the
lateral mid-plane of the conch. At their tips, the lappets are separated,
from each other by a distance of approximately 10 mm. Each lappet
is deeply furrowed longitudinally, with the ventral edge rising some
3 mm above the lateral edge. No shell is preserved in the lappets.
The hyponomic sinus is symmetrically U-shaped, and is the deepest
of the apertural emarginations, its margin lying some 10 mm apicad
of the deepest portions of the lateral sinuess. On the steinkern, the
lip of this sinus projects ventrad, indicating that the shell was markedly
thickened at the margin. The lateral sinuses are also broadly rounded,
U-shaped emarginations, but the plane containing their axes is in
clined adapically toward the venter, forming an angle of about 20')
with the lateral mid-plane of the conch.
Neither the dorsolateral nor mid-dorsal lappets are preserved,
but the presence of salients in the growth-lines and annulations near
the aperture in the dorsolateral and dorsal zones suggests their former
presence. These growth-lines, and the annulations which are parallel
to them on the steinkern, form deep, broadly rounded ventral sinuses
ventrolateral salients, shallow lateral sinuses, relatively low dorso
lateral salients and sinuses, and a broad dorsal salient. The annulations
represent periodic thickening of the shell parallel to the peristome,
formed presumably at times when growth was temporarily halted.
The apertural lappets were almost certainly not formcd until growth
was completed and the animal had reached its normal maximum size,
for the lappets clearly restrict the opening of the aperture transversely.
In addition to the specimen just described, the collections at hand
lO
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contain steinkerns of three detached adapical spirals (P.M.O. I 024,
69302, I 1539) which probably belong in L. perfectus, but can not be
placed there with certainty for this part of the conch is known to
vary between such wide limits that precise specific determination is
difficult. All three specimens are similar; the most nearly completc
(P.M.O. I 024) is illustrated as figure 4 on Plate 16, and a more frag
mentary specimen (P.M.O. 69302) is shown in figure 2 on Plate 16.
These specimens indicate that the spiral is widely gyroceraconic,
consisting of about 21/! open whorls which have an over-all diameter
(measured parallel with the long axis of the straight portion of the
conch) of 34 mm. All three specimens are broadly elliptical in cross
section, with a proportion between the major and minor axes of about
3: 2. The siphuncle is small and lies well dorsad of center in the 011ter
volution. The surfaces of all three specimens are marked by a series
of sinuous transverse annulations which form ventral, lateral, and
dorsal sinuses, and ventrolateral and dorsolateral salients, and di
minish in prominence adorally. Each annulation occurs near the mid
point of a camera, of which there are about 15 in the outer half
volution of the larger of the two illustrated specimens.
Remarks: The aperturally complete specimen described abon
agrees in all comparable respects with the one from the Schroeteri
limestone of Oland studied by Holm. It is also strikingly similar to
the body chamber herein made the type of Triliacnoceras norvegiwm,
n. sp., but differs from that specimen in being essentially circular
(rather than compressed) in section, somewhat smaller in size, and
more rapidly expanding orad. In addition, there is a suggestion in
the dorsolateral zones of a salient in the annulations, hence there was
probably a pair of dorsolateral lappets. These structures are not
found as primary features in T. norvegicum, and there are no dorso
lateral salients in the growth-lines or annulations of that species.
The adapical parts to which reference is made are somewhat greater
in over-all diameter than the average of forms in collections available
to Holm, but, in other respects, they agree rather closely with his
descriptions. These forms can not be referred to L. perfectus with
certainty, however, for the apical part of the conch in Lituites is
known to vary between rather wide morphological extremes, en·n in
a single species.

THE :\IIDDLE ORDOVICIAX.

10.

XAUTILOID CEPHALOPODS

147

Distribution: Ogygiocaris Series (probably Ogygiocaris shale) at
Akers Kirke (Oslo-Asker district), Hamar, in the Nes-Hamar
district, and Konnerud, Land. (The latter locality is outside the Oslo
Region, in the mountains \Vest of the Toten district.)
GExvs

Trilacinoceras Sweet, n. gen.

�Va11te: The generic name refers to the three lappets of the adult
peristome.
Type species: Lituites discors Holm, 1891.
Diagnosis: Conch lituiticonic with two to three open or approxi
mated (but not impressed), compressed, planispiral whorls adapi
cally, and adorally an essentially straight, slightly compressed
orthoceraconic segment, of which nearly half the length is body
chamber. Conch expands rather gradually hence appears to be es
sentially tubular adorally. Growth-lines and annulations prominent,
forming conspicuously deep ventral sinus and five salients adapically,
but only three salients (ventrolateral and dorsal) throughout most
of uncoiled part. Peristome with incurving, tongue-shaped ventro
lateral lappets, deep ventral sinus, and broad, low dorsal lappet. A
secondary dorsolateral lappet pair may be formed in species which
are probably transitional between Lduites tornquisti Holm and Tn:
lacinoceras discors (Holm), but the development of these is not heralded
in either the gro\vth-lines or annulations at the extreme adoral end
of the body chamber. Siphuncle dorsad of center throughout length
of phragmocone.

Remarks: As Holm recognized when he described Lituites discors,
this species differs from typical Lituites (L. litwus, L. perfectus) in
several ways. That is, it is considerably smaller in over-all dimensions,
expands less rapidly, is somewhat compressed at maturity, and produces
a mature peristome with three (instead of five) lappets. These differ
ences seem to me to be of more than specific valne, hence, L. discors
is here made the type of a new genus, for which the name Trilacinoceras
is proposed. The genus appears to be most closely related to Lihtites,
and particularly to L. tornquisti Holm. The latter species also exhibits
only three growth-line salients through most of its length, but, at
maturity, it develops five, rather than only three, apertural lappets.
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In this connection, it should be noted that T. norvegicum, n. sp.,
forms two small secondary lappets in the dorsolateral part of the
peristome at a very late stage in the development of the apertural
margin. This suggests that it is transitional between L. tornquisti and
T. discors, and further that the development of a single dorsal salient
(in place of the apparently more primitive dorsal salient and dorso
lateral sinuses) is done in the early, rather than the late, ontogenetic
stages. That is, in the sequence L. tornquisti-T. norvegicum-T. discors,
new or more specialized characters seem to appear proterogenetically,
with reversion to the more primitive condition adaperturally in L.
tornquisti, and perhaps vestigially in T. norvegicum. In T. discors,
however, the more advanced tri-salient configuration of the growth
lines appears well established, even in the mature peristome.
Holm reports L. discors from the uppermost red Lituites limestone
(Platyurus limestone) at two localities, L>land and Dalarna. He also
suggests that the species is represented by an incomplete body chamber
from a drift boulder of light gray Lituites ( Schroeteri ?) limestone,
which Remele (1880, p. 223, pl. l, fig. 3) first described as L. perfectus
but later (1890, pl. l, fig. 3) referred with question to L. fallax. The
species is abundantly represented in the collections I am studying
from the Cephalopod shale in the Hadeland, Toten, and Nes-Hamar
districts. It also occurs in the upper part of the Ogygiocaris shale in
the Oslo district, and a new species, T. norvegicum, is described from
the Ogygiocaris shale of the Nes-Hamar district. Specifically inde
terminate forms are also found in the Ampyx limestone (4afJ) of the
Oslo-Asker district.
=

Trilacinoceras discors (Holm) .

Plate 13, figures l, 4, 6; Plate 15, figure 5:
Plate 16, figures l, 3, 7, 8, 10.
Festschr. f. die 50 j ii.hrige J ubelfier der Forst
pl. l, fig. 3.
?1890.Lituites fallax REMELE, Diluvialgesch. d. �orddeutsch. Flachlandes, I.
Stiick, 3. Lief., p. 44, pl. l, fig. 3.
1891. Lituites discors HoLM, Geo!. Foren. i Stockholm, Forh., bd. 13, no. 7,
p. 26-29, pl. l. fig. 5-7; pl. 3, fig. 3-4.
1894. Ancistroceras discors HYATT, Am. Philos. Soc., Proc., v. 32, p. 508.
1880. Lituites perfectus REMELE,

akad., Eberswalde, p.

223,

THE

�IIDDLE

ORDOYICIA�.

10.

).;AFfiLOID CEPHALOPODS

149

Material: In collections from the Ogygiocaris Series, there are 13
specimens, (P.M.O. I 0249, I 1497, I 1498, I 1499, I 1500, I 1650, I
1651, I 1658, I 1660, 31194), all fragmentary, which correspond closely
in size, shape, and ornamentation to the ones upon which Holm based
T. discors. In addition to these, there are 24 specimens (P.M.O. I 023,
I 0143, I 0149, I 0152, I 0154, I 0156-0160, I 0164, I 0189-0192,
I 0237, I 0238, I 0241, I 0248, I 1440, I 1515, I 1516, I 1563, 69303),
mostly distorted, which represent the adapical portion of the conch.
These can be associated rather certainly with the more distinctive
adoral fragments, for there is preserved with two of them a significant
length of the uncoiled phragmocone, and these segments clearly
belong in T. discors.
Descriptions: All of the forms here referred toT. discors have conchs
which are slightly compressed laterally throughout their length,
expand slowly (about l: 15-1: 20) and are marked externally by a
series of growth-lines and annulations which form ventral and lateral
sinuses and ventrolateral and dorsal salients. In two of these specimens,
the mature peristome is essentially complete, and, as shown in figures
l, 4, and 6 on Plate 13, it is almost precisely the same in configuration
and dimensions as the one Holm illustrates. The adapical fragments
referred without question to this species show considerable variation
in coil approximation, but the over-all diameter of the coiled portion
seems to remain rather consistently between 23 and 30 mm. Several
of them are attached to straight segments showing the growth-line
configuration of T. discors, and one of them (figure 5 on Plate 15)
has attached to it a straight seg ment, some 134 mm long, which is

indistinguishable in its adoral part from the adapical portions of the
specimens showing the mature peristome.
Remarks: The only species with which incomplete representatives
of Trilacinoceras discors might be easily confused is Lituites tornquisti
Holm. However, since all of the specimens referred to above come
from a stratigraphic interval of younger age than the one which yields
L. tornquisti (the Platyurus limestone of Sweden) and the adoral
fragments clearly belong in T. discors, I do not hestitate to conclude
that all of these specimens belong in the same species. They may
be distinguished fromT. norvegicnm, n. sp., which is of about the same
age, by their more slender, less rapidly expanding, and considerably
smaller conchs.
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Distribution: Trilacinocems discors is widespread in the Oslo Region.
Representatives of it are known from the Ogygiocaris shale (4a a3) at
Vulkans verkstedstomt, Oslo; Huk and Vekkopp, Bygdøy (all in the
Oslo-Asker district), from the Cephalopod shale at Hovindsholm,
Helgøya (in the Nes-Hamar district) and from the Ogygiocaris shale
or Cephalopod shale at Lunder farm, Hadeland district. It is probable
that this apparently ubiquitous species is the one which has been listed
in older reports as "Lituites lituus".

Trilacinoceras norvegicum Sweet, n. sp.

Plate 15, figures

l,

3, and

7.

Name: The specific name, norvegicum, refers to Norway.
Type data: The holotype, P.M.O. I 1578, is an incomplete internal
mold which preserves an essentially complete mature peristome. The
label which accompanies it indicates that it was collected from an
exposure at Storhamar, near the town of Hamar in the Nes-Hamar
district. Although the label gives the "Ampyx limestone" as the
stratigraphic horizon, this is doubtful, for the Ampyx limestone, as
such, is not developed in the Nes-Hamar district, and the so-called
Robergia beds, which represent about the same horizon in that area
are rather sparingly fossiliferous. Furthermore, I have collected an
essentially identical specimen from the upper part of the Ogygiocaris
shale on Helgøya (almost directly across Lake Mjøsa from Storhamar),
hence it seems likely that both come from the older Ogygiocaris shale.
Material: Two specimens of essentially similar size and representing
about the same part of the conch. The best of the two is designated the
holotype. The other (P.M.O. 69304) is somewhat distorted, and only
one side is complete.
Diagnosis: A large species of Trilacinoceras which is laterally
compressed at maturity and characterized by 3 primary apertural
lappets (a ventrolateral pair and an unpaired mid-dorsal lappet) and
a pair of low, secondary dorsolateral lappets, formed very late in the
development of the mature peristome as low salients in the dorsal
part of the lateral emarginations. Unlike the primary lappets, the
position of the secondary dorsolateral pair is not marked by salients
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in the growth-lines or annulations. T. norvegicum differs from T.
d1:scors (Holm), the type of Trilacinoceras, in that it is considerably
larger at maturity, the apertural lappets are longer and more pro
nounced, and a pair of secondary dorsolateral lappets are present in
the mature peristome.
Description: The holotype is an internal mold, 60 mm long, which
represents the adapertural portion of a body chamber and preserves,
at its adoral end, an essentially complete mature peristome. The conch
expands only slightly in that part of it preserved, is compressed in
cross-section, and has lateral and dorso-ventral diameters of 39 mm
and 44 mm respectively. The surface of the mold is marked by sinuous
growth-lines and annulations which form deep, V-shaped ventral
sinuses, sharp ventrolateral and broad dorsal salients, and shallow,
asymmetrical lateral sinuses. The late mature peristome is marked
by a deep, U-shaped ventral sinus; prominent incurved ventrolateral
lappets which curve dorsad near their distal ends; broad, shallow,
lateral sinuses, and a bluntly rounded mid-dorsal lappet, the margins
of \Yhich are gently, but markedly incurved. The dorsolateral part
of the lateral sinus is sinuous, being broken near its mid-length by a
low, blunt, smoothly rounded salient which appears to have developed
late in the formation of the peristome, for its position is not heralded
by salients in the growth-lines or annulations, and the youngest of
these pass directly across it with no noticeable deflection.
Immediately apicad of the peristome on the internal mold there
is a trough-like constriction ventrally and laterally (but not dorsally).
Apparently this represents a narrow zone of thick shell secreted
laterally and ventrally to protect the delicately sculptured edge of
the aperture. The secondary dorsolateral lappets occur at the dorsal
extremities of this marginal constriction, and they may represent a
zone transitional between the reinforced margin and the incurved,
but apparently not thickened dorsal margin of the aperture.
Remarks: Although nothing is known of the early portions of the
conch, this species clearly belongs in Trilacinoceras. It may be dis
tinguished fromT. discors (Holm) by its greater size, more pronounced
lateral compression, and by the presence of low, secondary lappets in
the dorsolateral part of the peristome. As pointed out previously,
t h is species may be transitional between Lituites tornquisti (Holm, and
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T. discors (Holm), and the secondary dorsolateral lappets may be
vestiges of the original, and apparently more primitive 5-lappeted
peristome.
Distribution: As pointed out under the heading "Type data",
just above, there is some question as to the stratigraphic horizon
which yielded the holotype. However, as has also been noted, a
second, closely similar specimen was collected from rocks which
without doubt belong in the upper part of the Og ygiocaris shale,
hence it seems reasonable to conclude that both specimens came
from the same horizon. Both are, in addition, from the Nes-Hamar
district.

Trilacinoceras sp.

Plate 17, figure

5.

Material: Two specimens (P.M.O. I 0646, I 0647) both fragmentary,
and both from the same horizon and locality, the Ampyx limestone
as exposed in the immediate vicinity of the Royal palace in Oslo.
Description: Both specimens are somewhat distorted, but com
pression has least altered the shape of the one illustrated as figure 5
on Plate 17. This specimen, which is 113 mm long, appears to represent
only a body chamber which was apparently essentially circular in
cross-section, and expands from an adapical diameter of 27 mm to
33 mm, 60 mm orad of the adapical end. This indicates a growth
coefficient of about l: 10. Growth-lines and annulations form deep,
rounded ventral sinuses, low ventrolateral salinets, asymmetrical
lateral sinuses, and a broadly arched salient in the dorsolateral and
dorsal zones. The crest of this salient extends about 4 mm farther
orad than do those of the ventrolateral salient pair.
The unillustrated specimen agrees with the first in the configuration
of the growth-lines and annulations, but it is somewhat larger. It is
a badly distorted internal mold, 121 mm long, which represents the
adoral 2 camerae of the phragmocone and the adapical 105 mm of the
body chamber. It expands at the rate of l: 6, but this figure probably
has little significance because distortion is not equal in all of its parts.
Remarks: These specimens quite probably represent an undescribed
species of Trilacinoceras which differs from T. discors and T. nor-
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vegicum in shape and size, and in the fact that the dorsal salients of
the growth-lines are projected much more prominently orad. They
also appear to be the youngest known representatives of the genus.
Distribution: Both specimens were collected from exposures of
:Middle Ordovician strata made during excavations for the Royal
Palace, in Oslo. Although the specific stratigraphic horizon from which
they were collected is not given on the labels which accompany them,
the illustrated specimen bears the pygidium of an asaphid trilobite
near its adoral end, and the fragmentary cranidium of a trinucleid
adapically. Both of these trilobites probably belong in undescribed
species, but, taken together, they indicate that the cephalopod probably
came from some part of the Ampyx limestone (4ap).

G ENUS Cyclolituites Remele, 1886.
Type species: Litttites applanatus Remele, 1880.

Lituitids with discoidal, subdiscoidal, or subglobular, coiled conchs,
of which the outer volution, the body chamber, or only its apertural
end is not in contact with preceding volutions. Peristome of mature
individuals with five lappets corresponding in position to growth-line
salients. Siphuncle small, tubular, located well dorsad of center even
at maturity.
Remarks: Cyclolituites is a distinct, if small genus, to which only
four species can now be referred with certainty. Hyatt's (1894, p.
505-506) C.? americanus, from the St. George beds at Gargamelle
Cove, Newfoundland, is excluded from Cyclolituites, for it is reported
to have a conch 2 to 2Y:! times as large as any known from the Scandi
navian Ordovician. Furthermore, the siphuncle of C.? americanus is
"ventro-centran" in position (rather than subdorsal) and the cross
section (see Ulrich, et al., 1942, p. 68, fig. 17H) of the conch is quite
unlike that of any species of Cyclolituites known to me. The genus is
closely related to Lituites, of which many authors (Schri:ider, 1890,
p. 46; Ulrich, et al., 1942, p. 75; Flower, 1955c, p. 251) believe it to be
a juvenile form. It differs from Lituites, however, in that it remained
small throughout life and developed no orthoceraconic free segment.
The elaborate development of apertural modifications indicates,
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however, that known species of Cyclolt'tuites are not juveniles of other
lituitid genera, but fully grown individuals which never attained
great size.
The only known specimen of the type species, C. applanatus
(Remele), was found in a drift boulder of light gray "Orthoceras
limestone" near Eberswalde, Germany, from which erratic Remele
(1880, p. 241) also lists Lt:tuites perfectus, Asaphus raniceps, A. undu
latus, Illaenus cf. schmidti, and Lichas sp. The color of the rock and
the presence of Lituites perfectus in it suggest the Schroeteri limestone
of Sweden, but the trilobite assemblage, if correctly identified, seems
more like that of the Vaginatum limestone. The only representatives
of Cyclolituites which have been collected from strata in place, however,
come from the Schroeteri limestone on bland, and from the Cephalopod
shale (or an essentially equivalent horizon) in the Hadeland and Nes
Hamar districts of the Oslo Region, Norway. All of these stratigraphic
units are probably of nearly the same age, which suggests that Cyclo
lituites was a short-lived form which appeared only briefly in the
Llandeilan.
Cyclolituites lynnensis (K jerulf).

Plate

l,

figure 2; Plate 8, figures

l,

2; text-figure 18A-D.

1865. Lituites lynnensis [pars] KJERULF, Veiviser ved geologiske excursioner i
Christiania omegn, p. 9, 14, fig. 22a [not fig. 22b].

1867. Discoceras lynnense BARRANDE, Syst. Sil. du Centre de la Boheme, pt.

Il, p. 177.
1894. Cyclolituites lynnensis HYATT, 1894, Am. Philos. Soc., Proc., v. 32, p. 505.

Type data: In those parts of Kjerulfs collections from Lynne
[now Lunder], Hadeland, which I have been able to locate, there are
no specimens which correspond to both his drawings of Lituites
lynnensis; there are, instead, representatives of two species of Cyclo
lituites, on a combination of which Kjerulf seems to have based his
concept of L. lynnensis. Five specimens (R.M. MO 150023, MO 150022,
MO 150026, MO 150031 (2 specimens)) which correspond closely
to Kjerulf's figure 22a are, therefore, retained in Cyclolituites lynnensis,
and the largest and most nearly complete of these (R.M. MO 150023)
is designated as lectotype.
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Material: In addition to the five specimens from Hadeland, six
virtually identical specimens from the Cephalopod shale in the Nes
Hamar district (P.M.O. I 1575, I 1832 (4 specimens), I 1557) are also
being referred to C. lynnensis (Kjerulf), and my understanding of
the species is, therefore, based on all eleven specimens.
Descriptions: Cyclolituites lynnensis (Kjerulf) has a subdiscoidal
conch composed of 2-2 'l2 whorls which are strongly compressed
laterally, slightly impressed dorsally, and prominently keeled ventrally
near the aperture. The umbilical perforation is large; the outer volution
of th e conch is free only at its extreme adoral end. The late mature
peristome is modified by five lappets which correspond in position
to the dorsal, dorsolateral, and ventrolateral salients of the growth
lines and annulations. Siphuncle small in size, subdorsal in position
in at least the outer whorl.
The lectotype, shown here in figure 2 on Plate l, represents only the
left side of a nearly complete individual. It is about 29 mm in diameter
and consists of 2% volutions of a conch which is tightly coiled and
whose volutions are strongly compressed laterally. The body chamber
is 37 mm long and occupies the outer half volution. It expands from
an estimated lateral diameter of 6 mm at its adapical end to about
12 mm at the adapertural end, indicating a growth-coefficient of
about l: 6. The aperture is not complete, but the annulations immedi
ately adjacent to the apertural end of the body chamber form pro
minent ventrolateral salients, broad lateral sinuses, low dorsolateral
salients, and shallow dorsolateral sinuses. Their course on the venter
and dorsum can not be seen. The umbilicus is open; the diameter of
the perforation is about 2 mm.
The peristome is essentially complete on a specimen from the
Cephalopod shale at Helgøya. This specimen, depicted in figure 2 on
Plate 8, consists of a body chamber only, 24 mm long, which expands
at the rate of l :4, but is similar in other proportions to the lectotype.
The apertural margin of this specimen is portrayed diagrammatically
in text-figure 18A. From this figure it can be seen that the peristome
is produced ventrolaterally and dorsolaterally into a pair of lanceolate
lappets, separated ventrally and laterally by deep, U-shaped emargina
tions. Smaller emarginations occur on the umbilical shoulders, and a
narrow, short, linguiform lappet occupies the dorsal segment of the
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Fig. 18. (A-D) Cyclolituites lynnensis (Kjerulf). (E-H) Cyclolituites kjerulfi,
n. sp. (A) and (E) are schematic representations of the adoral growth-line
sequences, x2; (B) and (F) are diagrammatie lateral views, xl.S; (C) and (G)
are cross-sections at the adoral end of the body chamber, x2; (D) and (H) are
conch cross-sections at the adapical end of the body chamber, x2. Views of
both species based on their respective holotypes.

margin. The venter is flattened throughout its length and near the
adoral end it becomes distinctly keeled, bounded ventrolaterally by
relatively deep furrows which continue adorally along the mid-portion
of the ventrolateral lappets. Dorsally there is a conspicuous impressed
zone, which terminates adorally 2 mm apicad of the tip of the dorsal
lappet. Its position is marked in this segment, however, by a broad
furrow which subdivides the dorsal lappet longitudinally.
A third specimen (figure l on Plate 8), also from Helgøya, is an
essentially complete conch with a diameter across the umbilicus of
about 25 mm. The body chamber of this specimen is 32 mm long,
expands at a rate of about l: 8, is markedly flattened ventrally and
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laterally, and is impressed dorsally. The phragmocone is about 2
volutions in length; the umbilical perforation measures about 3 mm
across. The course of the growth-annulations on the body chamber
indicates that the mature aperture was produced into 5 lappets,
although these are not preserved.
The remaining 8 specimens are mostly imcomplete portions of
body chambers or of tightly coiled, laterally flattened phragmocones
which agree closely in general configuration and dimensions with the
more nearly complete specimens just described. Several of these frag
ments occur in the same rock samples with the figured individuals,
hence there can be little doubt but that they all represent the same
speCies.
Remarks: Cyclolituites lynnensis (Kjerulf) differs from C. applanatus
(Remelt') chiefly in that it is dorsally impressed, whereas Remele's
illustrations of the type species indicate that in it the whorls are in
contact, but not impressed. The Norwegian species is closely similar
to C. lvnceus Holm from the Schroeteri limestone of (Hand. Holm's
species, hovvever, is somewhat broader adorally than C. lynnensis and
the ventral keel of the outer volution is prominent for at least the
full length of the body chamber, rather than being developed only
adorally as in C. lynnensis.
Distribution: Representatives of this species are known at present
from the Cephalopod shale at Lunder farm, Hadeland, and at Hovinds
holm, Helgøya, in the Nes-Hamar district.

Cyclolituites kjerulfi Sweet, n. sp.

Plate 16, figures 5, 6, 9; text-figure 18E-H
l 1<65. Lituites lynnensis [pars] KJERULF, Veiviser ved geologiske excursioner i

Christiania omegn, p. 9, 14, fig. 22b [not fig. 22a].

Name: The specific name is in honor of Professor Theodor Kjerulf,
whose important geological investigations of a century ago laid the
foundation upon which later stratigraphic knowledge in the Oslo
Region has been built.
Type data. In Kjerulf's collections, there are seven specimens (R.M.
MO 150021, MO 150024, MO 150025, MO 150027, MO 150029, MO
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150032, MO 150033), all fragmentary, upon at least one of which ht•
appears to have based his drawing of the ventral side of Litzn:tes
lynnensis. These specimens can not remain in that species, however,
for they differ in several essential respects from its type, as pointed
out above. Consequently, they are here referred to a new species,
Cyclolituites kjerulfi, and the most nearly complete specimen (R.:\I.
MO 150021) is designated the holotype.
Diagn osis : Conch subglobular, rapidly expanding, with only the
innermost volution tightly coiled. Whorls slightly compressed laterally
broadly rounded ventrally, with a broad, mid-ventral keel representing
successive positions of a low, spout-like hyponomic process. Annn
lations (and, presumably, also growth-lines) form deep, l'-shaped
ventral sinuses, asymmetrical ventrolateral salients, broad, shallow
lateral sinuses, and a low, broad dorsal salient. Mature peristome not
known, but presumably it has five lappets corresponding in postition
to the growth-line salients. Siphuncle persistently subdorsal in po
sition.
Descriptions: The holotype, shown in figure C) on Plate 16, is a
steinkern with a maximum diameter (measured across the umbilicus)
of 20 mm, which represents about 21/8 volutions of the conch. One and
three-fourths volutions are phragmocone, whereas the outer three
eighths volution, which is 16 mm long, is body chamber. The inner
volution is tightly coiled, but the dorsal side of the outer one is se
parated from the venter of the preceding whorl by about 0.5 mm at
the end of half the outer volution, and by about 2 mm at the adoral
end of the body chamber. The dorsoventral diameter of the conch
at the adapical end of the body chamber is 6 mm; a comparable
measurement at the adoral end of the specimen is 1 1 mm. This indi
cates a growth rate of about l: 3. The rate of expansion in the adoral
half volution of the phragmocone, however, is only l: 6. Bo t h the
phragmocone and body chamber are somewhat compressed laterally
so that, as shown in text-figure 18G-H, the cross-section is somewhat
elliptical. In the adoral half of the body chamber, the venter becomes
swollen along its mid-portion, forming a broad keel which corresponds
in width and position to the ventral sinuses in the growth-lines. Annu
lations form a pattern of sinuses and salients like that given in the
specific diagnosis.
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The remaining six specimens, of which only two are illustrated,
are similar in that, with one exception, they represent only internal
molds of the body chamber. One specimen (unillustrated) differs
slightly from the rest in that is outer volution appears to be in contact
with the inner one nearly as far orad as the proximal end of the body
chamber. No particular significance is attached to this, however, as
the specimen is comparable in all othe r respects to the holotype and
details of coiling seem to be of little taxonomic value in the lituitids.
Remarks: Cyclolituites kjerulfi differs from other known species
of the genus in that, typically, it is uncoiled for a greater part of its
length than are the others, and it is not markedly compressed laterally.
It resembles the others, however, in over-all size, details of surface
sculpture, and in the presence of a low ventral keel adorally.
Distribution: The seven known specimens of this new species all
come from the Cephalopod shale at Lunder farm, in the Hadeland
district.
? G EXUS

Tyrioceras Strand, 1933.
Tyrioceras? sp.

Plate 14, figure 1.
J1aterial:

One fragmentary, somewhat distorted specimen (P.M.O.
l 1840) from the Lower Chasmops Iimestone (4bØ) on Nakholmen
island (Oslo-Asker district).
Description: Specimen 100 mm Iong, representing an internal mold
of at least one camera of the phragmocone, to which is attached a
considerable length of the body chamber. The specimen is distorted,
but the siphuncle appears to have been essentially central and the
growth-bands form three sinuses (ventral, ventrolateral, and dorso
lateral) and a dorsal salient. Except for distortion, the growth-band
configuration is similar to that exhibited by Tyrioceras kferulfi Strand.
This similarity is strengthened by the fact that the bands themselves
are broad and adapically imbricated, as is the case in the type series
of Tyrioceras.
Remarks: The presence of an additional sinus in the growth-bands
of this specimen distinguishes it from A ncistroceras and Rhynchortho
ceras (which it resembles in other respects) and suggests a relationship
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with Tyrioceras. It is, however, so poorly preserved that I am not
certain as to its generic affinities. A brief description and an illustration
of this specimen are included, however, largely for the sake of com
pleteness.
Distribution: The specimen described above is from the Lower
Chasmops limestone (4bj)) on �akholmen island in the Oslo-Asker
district.
Suborder Discoso rina Flower, 1940

[nom. trans. herein (ex Di s c o s o r o i d e a Flower, 1940;
Di s c o s o r id a Flower, 1957)].
FA�IILY R u e d e m a n n o c e r a t i d a e Flower, 1940.
?GENUS Ruedemannoceras Flower, 1940.
Ruedemannoceras? sp.

Plate 15, figure 6; Plate 17, figure 2.
Material: Three fragmentary specimens (P.M.O. I 2211, 69305,
69306) from the Cephalopod shale at Hovindsholm, Helgøya (Nes
Hamar district) may represent Ruedemannoceras Flower, or some
closely allied generic group, but they are so incomplete that they can
not be referred to that genus (or to any other) with certainty.
Descriptions: The specimen shown by figure 2 on Plate 17, is a
hollow external mold of the left side of a cyrtoceraconic conch, in the
adoral portion of which an internal mold of the body chamber is
preserved. The cross-section, which can be seen at the adapical end
of the body chamber, is essentially circular, although the dorsoventral
diameter is about l mm less than the lateral one, which may indicate
a slight depression of the conch. On the adapical two-thirds of the
phragmocone, the dorsal and ventral margins describe regular curves
which are circular arcs of fairly short radii; however, orad of this, the
curvature of the conch decreases considerably. A slight inward curva
ture of the sides adorally suggests that the aperture may have been
somewhat contracted. Near the apertural end of the body chamber,
the internal mold exhibits a prominent constriction, which, however,
does not occur in the adjacent external mold. This indicates that the
shell was thickened internally apicad of the aperture, and suggests
that the specimen represents a mature individual.
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The surface of the test, as seen from its external mold, was marked
by a series of closely spaced growth-lines which are directly trans
verse to the curving axis of the conch. The surface of the external
mold is also crossed by a number of broad annulations which are
parallel to the lines of growth.
The phragmocone has been entirely removed by weathering, but,
at the adapical end of the body chamber, the position and size of the
siphuncle are indicated by a subcentral, circular projection, 5 mm in
diameter, the adapical margins of which flare slightly, suggesting
that the septal necks were cyrtochoanitic.
The specimen shown in figure 6 on Plate 15 is an incomplete internal
mold, 45 mm long, which represents a segment of a slightly curving
body chamber. Both the venter and the dorsum of this specimen
curve, and, near mid-length, it has dorso-ventral and lateral diameters
of 28 and 29 mm, respectively, which indicates that the conch is
slightly depressed. The surface of the mold is crossed by a series of
rather prominent annulations, some 3 mm apart on the sides, which
are essentially normal to the curving axis of the conch, but somewhat
more widely spaced on the convex than on the concave side of the
conch.
An unillustrated specimen, P.M.O. 69306, is similar to the two just
described in curvature, size, and surficial markings, and it is almost
certainly conspecific with them.
Remarks: Although none of the features exhibited by the three
specimens mentioned above necessarily restrict them to either Ruede
mannoceras or to the family to which it belongs, it should be pointed
out that the large, subcentral, apparently cyrtochoanitic siphuncle
and cyrtoceraconic conch would be unusual in any other known group
of early Paleozoic nautiloids. The specimen at hand are somewhat
more curved than are the three North American species of Ruede
mannoceras, but in the other comparable respects they are quite
similar to them.
Dz:stribution: All three of the specimens herein tentatively referred
to Ruedemannoceras were collected from the Cephalopod shale at
Hovindsholm, Helgøya, in the Nes-Hamar district. Peculiarly, they
represent the bulk of the cyrtoceraconic forms now known from that
richly fossiliferous loe ality.
11
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FAMILY \Ye s t o n o c e r a t ida e Teichert, 1933.
GE:'i'US Broeggeroceras Sweet, n. gen.
Name:

This new genus is named in honor of the late Professor
W. C. Brøgger, of Oslo University.
Type species: Broeggeroceras contractum Sweet, n. sp.
Diagnosis: Conch an exogastric, slightly depressed brevicone with
markedly contracted aperture. Siphuncle ventral, cyrtochoanitic, with
short, strongly recurved septal necks and thickened connecting rings
which expand moderately within the camerae. Adapical ends of
connecting rings not produced into bullettes. Camerae apparently
empty.
Remarks At the present time, representatives of Broeggeroceras
are known only from the Oslo Region, Norway. The type species
occurs in the Lower Chasmops limestone (4bf.i), and a second species,
only tentatively referred to this genus, is found in Upper Ordovician
strata which belong in the interval 4cf.i-4cy. Morphologically, Broeg
geroceras seems to be most closely related to Simardoceras Flower,
from which it differs, however, in having an elliptical (rather than a
lachrimiform) cross-section, and apparently no organic deposits within
the siphuncle.
Broeggeroceras and Simardoceras are reminiscent of Winnipegoceras
Foerste, but the latter genus is typically more strongly curved, has
a greatly produced body chamber, and is compressed in cross-section.

Broeggeroceras contractum Sweet, n. sp.

Plate 19, figures l, 2, 3; Plate 21, figure 2;
text-figure 19A-C.
Name: The specific name refers to the adapertural contraction of
the body chamber.
Type data: The single specimen upon which this species is based
(P.M.O. I 0346-47) was collected by W. C. Brøgger, and is accom
panied by a note, in the handwriting of August F. Foerste, stating that
it is a "new genus of Cyrtoceras". There is little doubt but that this
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A
Fig. 19. Broeggeroceras contractum, n. gen. & sp. (A) Diagrammatic lateral section
through the siphuncle between "a" and "b" in (C), x2. (B) Superimposed outlines
of conch at adapical end of body chamber and apertural margin, x1. (C) Dia
grammatic section of conch, x0.5, with suggested adapical restoration. All
diagrams based on the holotype. (See also figure 2, Plate 21).

specimen does, indeed, represent a heretofore undescribed generic
group, and it is here designated the holotype of Broeggeroceras con
tractum, n. gen. & sp.
Diagnosis and description: The holotype and only known repre
sentative of this new species is an incomplete internal mold, 96 mm
long, which consists of the adoral 8 camerae of the phragmocone and
an essentially complete body chamber. The conch is depressed, brevi
conic, and attains its greatest height and width (42 mm and 44 mm,
respectively) at the adapical and of the body chamber. The venter is
convex, with its point of maximum convexity located at the adapical
end of the body chamber. There is an additional dorsal convexity in the
adoral half of the body chamber. The sides are convex, except on the
body chamber, where they become concave for short distances oppo
site the dorsal contractions. The mature peristome is complete dorsally
and laterally. It is dorsally inclined, elliptical in shape, and has dorso-
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ventral and lateral diameters of 26 and 32 mm, respectively. The
constriction which immediately precedes it adapically presumably
represents a thickening of the mature shell margin.
The camerae are short (6.5 in a length equal to the maximum
dorso-ventral diameter of the conch), and separated by shallow septa
which join the conch walls to form essentially straight, transverse
sutures. The adoral camera is only half the length of those preceding
it adapically, which indicates that the specimen represents a mature
individual. At the adapical end of the body chamber, there is a distinct
"basal zone", consisting of a crenulated line approximately coincident
with, but slightly orad of the adoral suture. The crests of this line
coincide in position with a series of longitudinal grooves faintly pre
served on the phragmocone and body chamber.
The position and structure of the siphuncle are shown diagram
matically in text-figure 19A and C. From these figures it can be seen
that the siphuncle is large and subventral in position adorally, but
proportionately doser to the margin adapically, suggesting that, in
the missing carly stages, it was probably submarginal. The septal
necks are short and so strongly recurved as to be essentially recumbent.
The connecting rings expand slightly within the camerae and are
free adorally, but adnate to the surface of the septum for a short
distance adapically. They are markedly thickened and attain their
greatest width in the adapical part of the camerae. Their inner surfaces
project farthest toward the center of the siphuncle at the septal
foramen, but no noticeable annuli are formed there. Preservation of
the specimen does not permit a more detailed study of the siphuncular
structure.
No cameral deposits are discernible and it seems unlikely that any
were originally present. It might be mentioned, however, that longi
tudinal grooves, similar to those which mark the exterior of the speci
men at hand, are regarded by Flower (1946, p. 50; 1955d, p. 100)
as an expression on the internal mold of incipient cameral deposits.
However, the fact that these grooves are coextensive with the ones
marking the surface of the body chamber suggests that they are not
impressions of cameral deposits, but represent longitudinal "ribs" on
the shell's inner surface which were probably primary structures
formed in persistent folds or wrinkles in the pallial surface of the
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animal. The fact that these longitudinal markings extend well orad
of the apical end of the body chamber also seems to exclude the idea
that they are related, in any way, to the areas of muscle attachment
on the inner surface of the conch.
Distribution: The specimen just described was collected by Pro
fessor Brøgger from the Lower Chasmops limestone (4bp) on Nak
holmen island in the Oslofjord (Oslo-Asker district).

Broeggeroceras? elongatmn Swect,

n.

sp.

Plate 18, figures 4, 5, 6.
Name: The specific name refers to the elongate conch of this species.
Type data: The holotype (P.M.O. 62088) and only known specimen
of this new species is an incomplete internal mold which has been
sectioned longitudinally. It was collected from Upper Ordovician
strata belonging in either substage 4c(3 or substage 4cy, at Rauskjær,
Vestfjorden, in the Oslo-Asker district.
Diagnosis and description: The holotype of this species is an internal
mold, 112 mm long, which represents 7 (and parts of 8) camerae of
the phragmocone and an essentially complete body chamber. In cross
section, the conch is depressed, having dorso-ventral and lateral dia
meters of 38 and 46 mm, respectively, at the adapical end of the body
chamber. The venter is smoothly and evenly curved throughout its
length, but the general concavity of the dorsal profilc is broken by
a slight convexity over the adapical two-thirds of the body chamber.

The sides are convex, contracting both adapically and adorally. The
mature peristome is almost completely preserved. Its margin is simple,
its dorso-ventral and lateral diameters 33 and 38 mm, respectively,
and it slopes apicad from venter to dorsum.
The camerae are short, about 8 occurring in a length equivalent
to the dorso-ventral diameter of the conch. The adoral camera is
somewhat shorter than those preceding it adapically, hence it is
probable that the specimen represents a mature individual. The septa
are shallow, and the sutures slightly sinuous, forming broad, shallow
dorsal and ventral lobes, and low lateral saddles. The surface of the
internal mold is marked, also, by a series of fasciculate longitudinal
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ribs or ridges which are most prominent on the surface of the phrag
mocone, but continue into at least the adapical third of the body
chamber. None of the internal structures of the conch are preserved,
but a circular structure about halfway between the center and the
venter at the adapical end of the specimen indicates the position and
size of the siphuncle. This structure is 4 mm in diameter, and its center
is located some 8 or 9 mm from the ventral margin of the conch.
Remarks: Lack of detailed information concerning the structure
of the siphuncle in this species makes it impossible to assign it with
certainty to Broeggeroceras, which it strongly resembles in other
respects. As in Broeggeroceras contractum, however, the considerable
depression of the conch serves to distinguish this new species from
other westonoceratids, to which group it almost certainly belongs.
Distribution: The holotype is from either the Tretaspis limestone
(4Cf3) or the Upper Tretaspis shale (4 cy) at Rauskjær, Vestfjorden,
in the Oslo-Asker district.

FAMILY

Cy r t o g o m p h o c�r a ti d a e FlO\ver, 1940.
GENUS Strandoceras Flower, 1946.

Type species: Protophragmoceras tyriense Strand, 1933.

Compressed, endogastric cyrtoceracones of rather marked curva
ture, which are lachrymiform in transverse section, the venter being
more narrowly rounded than the dorsum. Camerae short; sututes
slightly sinuous, forming shallow lateral lobes and dorsal and ventral
saddles, the latter rather acute. Siphuncle cyrtochoanitic, dose to
concave (ventral) margin of conch, and composed of thickened, broadly
expanded, two-layered segments, produced adapically into conspi
cuous bullettes.
The type species of Strandoceras is from the Lower Tretaspis
limestone of the Oslo Region, and the family to which it belongs is
widespread and abundant in the boreal L'pper Ordovician. With the
exception of Protophragmoceras sp., Strand, from the Sphaeronid lime
stone ( 4bå) of the Oslo Region - which is probably also referable
to Strandoceras
cyrtogomphoceratids have not previously been
reported from Middle Ordovician rocks in the Scando-Baltic province.
=
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Fig. 20. Strandocrras strandi, n. sp. (Al Diagrammatic median dorso-ventral
sedion through the holotype, xl. ( 13) Outline view of the adoral camera, xl
(n�nter dmYn).

(Cl

Enlarged schematic view of h\·o siphuncular segments. (See
also figure l, Plate 21).

Ho\Yever, one such species is represented by a specimen from Hovinds
holm, Helgøya (Nes-Hamar district) and it almost certainly camc

from the Cephalopod shale of probable Llandeilo age. Furthermore,
this species is externally and internally similar to the holotype of
Strandoceras tyriense (Strand) and it undoubtedly belongs in the same
genus.
Strandoceras stra11d1. Sweet, n. sp.

Plate 17, figure 4; Plate 21, figure 1; text-figure 20A-C.
of

Name: The specific name is in honor of Professor Trygve Strand,
Oslo l'niversity.
Type data: Holotype (P.:.VLO. 69307) is a partially testiferous
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internal mold which has been sectioned obliquely in such a fashion
that the internal structures are exposed along the ventral margin of
the conch.
Diagnosis: A species of Strandoceras which differs from the type
of the genus in that it is apparently not so strongly curved and the
siphuncle does not expand as rapidly orad.
Description: The holotype is partially testiferous internal mold,
45 mm long (dorsally), which represents 13 camerae of a rather
strongly curved phragmocone. The conch is compressed, with lateral
and dorso-ventral diameters at the adapical end of 34 and 50 mm,
respectively. The cross-section is narrowly lachrymiform, the venter
being more acutely rounded than the dorsum. The camerae are short,
the septa are deep, and the sutures are slightly sinuous, forming
shallow, asymmetrical lateral lobes, sharp-crested ventral, and more
broadly rounded dorsal saddles.
Text-figure 20C is a diagrammatic dorso-ventral section through a
portion of the siphuncle. From this figure, and from text-figure
20A-B, it can be seen that the siphuncle is rather large, slowly
expanding adorally, and located dose to the ventral, concave side of
the conch. The septal necks are short and strongly recurved, but not
recumbent. The connecting rings are thick, adorally adnate to the
succeeding septum, broadly expanded within the camerae, and pro
duced adapically so as to contact the adoral end of the preceding ring.
Their adapical ends are swollen to form distinct pendant bullettes in
the septal foramen. The structure of the two layers which form the
connecting rings is difficult to determine, but both appear to be
composed largely of calcareous elements, the long axes of which, in
the inner layer, are oriented perpendicular to the inner surface of the
outer layer.
Remarks: Strandoceras strandi, n. sp., is indeed similar to S. tyriense
(Strand), the type of the genus, differing from it primarily in that the
conch is not so strongly curved, more compressed, and the siphuncle
does not enlarge so rapidly orad. The siphuncle and cross-section are
different in size and proportions from S. sphynx (Schmidt), which
is also a rather slightly curved member of the genus.
Distribution: Cephalopod shale, Hovindsholm, Helgøya (Nes
Hamar district).
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1933. Protophragmoceras sp. STRAND, Norsk Geo!. Tidsskr., bel. 14, p. 96-97,
pl. 11' fig. 11.
1957. Strandoceras? sp. FLOWER, in Flower & Teichert, liniv. Kansas, Paleont.
Contrib., Mollusca, Art. 6, p. 57.
:VI aterial: One small specirnen (P.M. O. I 2392) which represenb
the adapical part of a curved phragrnocone and has been sectioned
longitudinally (in a lateral plane) so as to expose the siphuncle.
Description: The specimen to which Strand referred is the frag
mentary internal mold of 8 camerae of the phragmocone. This frag
ment is rather strongly convex dorsally, very slightly concave ventrall.v
and somewhat compressed in cross-section, having dorso-ventral and
lateral diameters of 14.5 and 18 mm adapically, and 31 and 27 mm
adorally. The dorsum is more narrowly rounded than the venter and
the cross-section is broadly lachrymiform in shape. The camerae are
shallow and short; the sutures are virtually straight laterally, but
form prominent dorsal, and acutely rounded ventral saddles. The
siphuncle is relatively large and closely approximated to the ventral
margin of the conch. As in other species of Strandoceras, it is composed
of rather long, recumbent septal necks and thick, expanded, two
layered connecting rings, the adapical ends of which, in each camera,
are produced into pendant, inflated bullettes.
Remarks: This specimen is closely similar in comparable features
to Strandoceras tyriense (Strand) , the type of Strandoceras, and, as
Strand points out (1933, p. 97), can" ... hardly be distinguished from

the apical part of the conch ... " of that species. The rocks from which
it was collected, however, are somewhat older than are those which
yielded the holotype of S. tyriense, so it is possible that the specimen
at hand represents an undescribed species. It is not made the type
of such species, however, because it is so incomplete that any diagnostic
specific characters it may possess are not easily distinguishable and it
would, therefore, not serve as a good type. Strand's somewhat re
\Vorded description of this specimen is included, largely for the sake
of completeness, because the Sphaeronid limestone from which it
was collected is now known rather certainly to be of Middle Ordovi
oan age.
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Distribution: Sphaeronid limestone, Tønnerudodden (near Gjøvik) ,
Hadeland district. The Sphaeronid limestone is now generally con
sidered to be Middle Ordovician and to be of the same general age as
the Upper Chasmops limestone of the Oslo-Asker, Ringerike, and
Hadeland (South) districts (see Størmer, 1953) .
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PLATES

1-21

As virtually all specimens illustrated are black in color, most were coatecl
with ammonium chloride before photographing, and the photographs were
slightly retouched after the plates were assembled. The originals of specimens
clesignated P.M.O. are in the Paleontological :VIuseum, Oslo; those designatecl
R.M. are in the State Museum of �atural History (Xaturhistoriska Riksmuseet),
Stockholm, and the numbers refer to the collections of the Paleozoological
Division.

PLATE l.
Fig. l.

Nybyoceras holmi, n. sp. Ventral view of the holotype, x l. Cephalopod
shale, Hovindsholm, Helgøya. R.M. M O 1 5003 5-36..... . .. (p. 46)

Fig. 2.

Cyclolituites lynnensis (Kjerulf). Lateral view of the holotype, x1.5.
Cephalopod shale, Lunder farm, Hadeland. R.M. M O 150023 ..(p. 154)

Fig. 3.

Diestoceras

Fig. 4.

Vaginoceras sp.Ventral view, x l, of a small specimen.Cephalopod shale,
Hovindsholm, Helgøya. R.�I. M O 87972. ................... (p. 40)

sp. Lateral ( ?) view, x1.5, of a distorted specimen. Upper
Chasmops limestone (4bå), Frognøya, Ringerik�. P.l\1.0. I 0 56 5. (p. 91).

Fig. 5, 7.

Fig. 6.

Bathmoceras norvegicum. n. sp. Lateral and ventral views of the hola
type, x l. Cephalopod shale, Hovindsholm, Helgøya. P..M.O. I 1 527.
(p. 32)

Oncoceras

sp. Lateral view, xl.5. Horizon and locality unknown.
. ........................................ (p. SO)

P.J\1.0. T 1531.

PLATE l

PLATE 2.
Fig. l, 3, 5.

Eobactrites sandbergeri (Barrande). \'entra! views, x2, of 3 conch
fragments, perhaps representing parts of the same individual.
Upper Didymograptus shale (4aa1_2), Bygdøy, Oslo. P.M.O.
I 1S12b, I 1812c, I 1812a ............................ (p. 2S)

Fig. 2.

Ctenoceras sp. A. Ventrolateral view of an incomplete specimen, xl.
Cephalopod shale, Lynne (Lunder), Hadeland. P.M.O. l 16 59 .. (p. 73)

Fig. 4.

Tripteroceras? problematicum, n. sp. Ventra! view of the holotype, x2.
Lower Chasmops shale (4ba) Røysetangen, Eingerike. P.M.O. l 1340.
(p. 86)

:Vig. 6.

Ctenoceras sp. A ? Lateral view, x1, of a specimen of uncertain specific
affinities. Horizon unknown. Hovinclsholm, Helgøya. P.M.O.
I 1 506.
.
(p. 73)

Fig. 7, 10.

Polygrammoceras sp. Fig. 7 is a lateral ( ?) view, xl, and fig. 10 is
an enlargement, ca. x3, of a part of fig. 7, to show surface sculpture.
Horizon unknown. Bygdøy, Oslo. P.:\1.0. I 1714-1 5. ..... (p. 61)

Fig. S.

H oeloceras askeri, n. sp. Ventra! view of the holotype, xl. Lower Chas
mops limestone (4b(J) Arnestadtangen, Asker. P.l\1.0.69272 .... (p. 56)

Fig. 9.

Dideroceras wahlenbergi (Foorcl). Ventra! view of an incomplete specimen,
x0.5. UpperDidymograptus shale(4aa1 2), :Vinnmarksgate, Tøyen, Oslo.
P.M.O. 69261 ........................................... (p. 3 5)
__

PLATE 2

PLATE 3.
Fig. l. Ctenoceras sp. B. Enlarged view, x2, of the adapical part of a small
specimen. Lower Chasmops shale (4ba), ::\akholmen Island, Oslofjord.
P.:\1.0. I 1841.
(p. 74)
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Fig. 2. Gorbyoceras? sp. Lateral (? ) view of a fragmentary specimen, xl.
Lower Chasmops shale (4ba), Volden, Asker. P.M.O. I 1846 ... (p. 78)
l<ig. 3. Stereospyroceras? sp.Lateral view, x1, of a latex east.Cephalopod shale,
Hovindsholm, Helgøya. P.M.O. l 1463...................... (p. 76)
Fig. 4. Ctenoceras? sp. Lateral (? ) view of an incomplete specimen, xl. Ampyx
limestone (? ), Løken, Bygdøy. P.M.O. I 1713 ................ (p. 71)
Fig. 5. Stereoplasmoceras longicameratum, n. sp. Lateral view of the holotype,
xl. Cephalopod shale, Hovindsholm, Helgøya. P.:VI.O. I 1470... (p. 64)
Fig. 6, 8, 9. Ctenoceras sp. A. Lateral views of 3 fragmentary specimens. Figs.
6, 8, x1.5; fig. 9, x2. Cephalopod shale, Hovindsholm, Helgøya.
P.:\1.0. l 1 508, l 1 507, and I 1 50 5...................... (p. 73)
Fig. 7.

Allumettoceras mjoesense, n. sp. Ventral view, xl. Cephalopod shale,
Hovindsholm, Helgøya. RM. M O 1 50038.................... (p. 84)

Fig. 1 O, 11. .h.'ndoceras sp. Lateral views of two incomplete specimens, x0.7 5.
Original of fig. 10 is from l:pper Chasmops limestone (4brl) , Bjerk
øya; that of fig. 11 is from the Ampyx limestone (4afJ), Høvik,
Bærum. P.M.O. I 1881 and 61067....................... (p. 38)
Fig. 12. Sactorthoceras sp. Lateral (? ) view of an incomplete specimen, x 1.
Cephalopocl shale, Hovindsholm, Helgøya. P.M.O. I 147S-79.. (p. GO)

PLATE 3

PLATE 4.
Fig. l. Sactorthoceras sp. Lateral (? ) view, xl, of a specimen m which the
cameral length changes abruptly. Cephalopod shale, Hovindsholm,
Helgøya. P."�I.O. 62974. .................................. (p. 60)
Fig. 2, 3, 4. Holmiceras kjerulji (Brøgger). Dorsal, lateral, and ventral views,
xl, of the lectotype. Asaphus shale (3cf3) or Endoceras limestone
(3cy), Slemmestad. P.M.O. I 006 .......................(p. 127)
Fig. 5. Allumettoceras mjoesense, n. sp. Ventral view of the holotype, xl.
Cephalopod shale, Hovindsholm, Helgøya. P.:\1.0. 69283 ...... (p. 84)
Fig. 6. Rh;•nchorthoceras helgoeyense, n. sp. Ventral view, xl, of one of the 5
syntypes. Cephalopocl shale, Hovindsholm, Helgøya. P.M.O. 69297.
(p. 13 5)
Fig. 7. Sactorthoceras sp.Lateral (? ) view, x0.5, of a specimen with an essentially
complete peristome. Cephalopod shale, Hovindsholm, Helgøya. P.M.O.
62973. ................................................. (p. 60)
Fig. tl.

Stereoplasmocerina approximata, n. sp. Longituclinal dorso-ventral
polished section, xl, through the holotype. Cephalopod shale, Hovindsholm, Helgøya. P.:\1.0. 69276.............................. (p. 69)

Fig. 9. Rhynchorthoceras helgoeyense, n. sp. Lateral view, x0.5, of a large speci
men which exhibits faint traces of the retractor muscle impressions
at the adapical end of the body chamber. Lower Chasmops shale (4ba)
or Lower Chasmops limestone (4bf3), Bygdøy, Oslo. P.:VI.O. 69309.
(p. 13 5)

PLATE 4

PLATE 5.
Fig. l. Heloitoceras stoermeri, n. sp. Lateral view of the paratype, x1.5. Lower
Chasmops shale (4ba), Røysetangen, Ringerike. P.l\1.0. I 0387.. (p. 81)
Fig. 2, 5. Stereoplasmocerina lineata, n. sp. Two syntypes, x1 and x1.5, re
spectively. Cephalopod shale, Hovindsholm, Helgøya. RM. l\10
1 50012, l\10 1 50014. ................................... (p. 67)
Fig. 3. Probillingsites, n. sp. Lateral view, x1.5. Lower Chasmops limestone
(4bf3), Ringsås, Ringerike. P.M.O. 8220...................... (p. 79)
Fig. 4, 7. Nybyoceras sp. Ventral and dorsal views of two fragmentary speci
mens, xl. Cephalopod shale, Hovindsholm, Helgøya. P.M.O. I 1475
and 11466............................................. (p. 49)
Fig. 6. Valcouroceras? holtedahli, n. sp. Lateral view of the holotype, x1.5.
Cephalopod shale, Hovstangen, Gran. P.:\1.0. l 1669-70. .... (p. 88)

PLATE 5

6

PLATE 6.
Fig. l, 2, 3, 5, 6, 7. Hoeloceras lzelgoeyense, n. sp. Ventral views of the holotype
(fig. l, xl.S) and three additional, conspecific individuals
(figs. 3, 6, 7, all xl) Fig. 2 is an enlarged view of a longi
tudinal dorso-ventral section through a fourth individual,
and fig. 5 is a view, ca. x3, of an artificial east of the si
phuncle, prepared from the adapical part of the specimen
shown in fig. 3.All four specimens are from the Cephalopod
shale, Hovindsholm, Helgøya. The east shown in fig. 4
is not catalogued; the specimens in figs. l, 2, 3, 6, and 7
are numbered P.M.O. 69266, 69271, 69267, 69261\, and
69269. ..................................... (p. 54)
Fig. +.

Hoeloceras asker i, n. sp. Longitudinal dorso-ventral polished section,
x1.5, through the holotype, the same specimen shown in fig. Son Plate
2. Lower Chasmops limestone, Arnestadtangen, Asker. P.M.O. 69272.
(p. 56)

PLATE 6

PLATE 7.
Fig. l,

2.

Trocholites contractus Schroder........................... (p. 95)
Lateral view, xl.5, of a nearly complete specimen, and a dorsal view,
x2, of a segment from the outermost volution of the same specimen.
Cephalopod shale, Hov, Toten. P.lVI.O. I 1462.

Fig. 3, 4, 5, 6, 7. Trocholites depressus (Eichwald) .................... (p. 93)
(Fig. 3) Lateral view, x2, of a distorted specimen from some
part of the Ogygiocaris Series (4aa), Hamar. P.lVI.O. I 1460.
(Fig. 4) Lateral view, x2, of an essentially complete, slightly
distorted specimen. Ogygiocaris Series (4aa) Fornebo airport,
Oslo. P.M.O. I 0491.
(Fig. 5) Lateral view, x2, of an incomplete specimen from the
Cephalopod shale, Hovindsholm, Helgøya. P.l\I.O. I 1839.
(Fig. 6) Lateral view, x2, of a nearly complete, pyritized
specimen, presumably from the Ogygiocaris Series, Bakkebukt,
Oslo. P.M.O. I 2407.
(Fig. 7) Xatural transverse section, x3, showing shape of outer
whorls. L'pper Didymograptus shale (4aa1_2). Huk, Bygdøy,
Oslo. P.M.O. 69287.

PLATE 7

PLATE
Fig. l,

2.

�.

Cyclolituites lynnensis (Kjerulf). Lateral views, xl.5 and x2, of an
essentially complete specimen and a body chamber showing the
apertural lappets. Both specimens from the Cephalopod shale, Hovindsholm, Helgøya. P.J\I.O. I 1832 and I 1 57 5.............(p. 1 54)

Fig. 3, 5. Trocholites lwspes (H.emele). Apertural and lateral views of the same
specimen, x1. Cephalopod shale, :Vlelbostad, Hadeland. R.J\I. M O
1 50030. .............................................. (p. 96)
Fig. 4, 6. Discoceras boreale, n. sp. Lateral views, x1, of two incomplete spe
eimens. The original of fig. 4 is from the Cephalopod shale, Hovinds
holm, Helgøya, whereas that of fig. 6 is from an unknown horizon
on Lindøya, in the Oslofjord. R.M. M O 1 50019 and M O 1 50011.
(p. 10 5)
Fig. 7. Discoceras arcuatum (Lossen)? Lateral view, x1, of an artificial latex
east showing the inner whorls of an individual reminiscent of D.
arcuatum (Lossen). (See Plate 12, figure 4) . Float block (probably from
Cephalopod shale), Toten district. Y:vi.O. 31171..............(p. 103)

PLATE 8

PL\TE 9.
Fig. l, 2.

Discoceras boreale, n. sp. Lateral views, x l and x0.5, respeetively,
of a latex east showing the surfaee ornamentation, and of the holotype.
The speeimen from whieh the latex east was made is from a glaeial

drift boulcler in the Toten clistriet; the holotype is from the Cephalo
pocl shale at Hovinclsholm, Helgøya. P.l\1. 0. 31200 ancl 61428. (p. 105)

PLATE 9

PLATE 10.
Fig. l. Gen. & sp. indet. Lateral view, x l, of the specimen identifiecl as Cyr
toceras or:J:X (Eichwald) by Holtedahl, 1909. Probably from Cephalopocl
shale in the :\es-Hamar clistrict. P.l\1.0. I 1428............. (p. lO)
Fig. 2, 3, 4, 5, 6. Discoceras boreale, n. sp...........................(p. lOS)
(Fig. 2) Lateral view, x l, of a smlal specimen representing
the innermost volutions. Cephalopocl shale, Hovindsholm,
Helgøya. P.!\1.0. I 1838.
(Fig. 3) Septal view, x3, of a fragment from one of the inner
volutions. Probably from the Cephalopocl shale in the Nes
Hamar district. P.l\I.O. 36921.
(Fig. 4) Lateral view, x l.5, of a pyritized specimen from some
part of the Ogygiocaris Series, Bygdøy, Oslo. P.'YI.O. I 1851.
(Fig. 5, 6) Aclapertural and lateral views, x l, of an incomplete
specimen from some part of the Ogygiocaris Series, Slotts
bakken, Oslo. P.'YI.O. l 1 731.
Fig. 7. Cyrtendoceras, n. sp. Lateral view, x l, of a specimen from the Cepha
lopocl shale, south tip of Helgøya, Xes-Hamar clistrict. P.l\I.O. T 1523.. (p. 43)

PLATE 10

PL\TE 11.
Fig. l, 2.

Discoceras antiquissimum (Eichwalcl). Fig. l is a longituclinal section,

xl, through the siphuncle of a specimen from the Gastropocl limestone

(5a) of the Oslo Eegion. Fig. 2 is an enlargement of the inner part of
Fig. l, ca. x3.
Fig. 3. Discoceras boreale amplicameratum, n. sp. & subsp. Lateral view, x0.75,
of the holotype. Ampyx limestone (4a(:i), Forneho airport, Oslo. P.J\1.0.
6930K . .................................................(p. 106)
Fig. 4. Discoceras boreale, n. sp. Enlarged '>iew, x+, of a thin-section of the inner
two whorls of a specimen from an unknown horizon and locality. (p. 105)

PLATE 11

PLATE 12.
Fig. l.

Discoceras fleischeri, n. sp. Lateral view of the holotype, x l. Encrinite
limestone, Kjørholt limestone quarry, Brevik. l'.l\1.0. 69292 . .(p. 110)
.

Fig. 2, 3. Discoceras ievesense (BalaschoY). Lateral views, x0.5 aud xl, of two
fragmentary specimens. Lower Chasmops limestone ( 4b{J), Bygdøy,
Oslo, and Snarøya, Oslofjord. P.:VI.O. I 2412 and! 035 7-59 .(p. 112)
.

Fig.+. Discoceras arcuatum (Lossen). Lateral vie\Y, x1, of one of the two original
types. Cephalopod shale, Billerud, Toten. Museum fiir ::\aturkunde.
Berlin. ................................................(p. 103)
Fig. 5.

n.
sp. Lateral view of the holotype, x0.75.
Ogygiocaris Series, probably 4aa3, Helsvzt'r, Østre gravlund, Oslo. P.:VI.O.
69290.
(p. 1 os)

Discoceras depressum,
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PLATE 12

PLATE 13.
Fig. l, 4, G. Trilaciuoccras discors (Holm). Figs. l and 4 are lateral and ventral
views, x1, of the same specimen; fig. G is a clorsal view of a seconcl
specimen, xl. Both specimens from the same block of limestone.
Cephalopod shale, Hovinclsholm, Helgøya. P. M. O. 31194. . . (p. 148)
Fig. 2, 3, 5. Ancistroceras Ulldulatum (Bol!) . Fig. 2 is a lateral view, xO.S, of the

aclapical portion of an incomplete specimen; fig. 3 is a dorsal view,
x1, of a seconcl specimen; and fig. 5 is a lateral view, x0. 75, of the
most nearly complete specimen available. The originals of figs.
2 and 5 are from the Ampyx limestone (4a(:i) , Ostøya and Fornebo
airport; that of fig. 3 is from an unspecified horizon in the Oslo
district. P.l\1.0. 58910, I 0196, and I 03 7+, respectively. . . (p. 129)

PLATE 13

PLATE 14.
Fig. 1.

Tyrioceras? sp. Lateral view, x0. 75, of a specimen of uncertain affini
ties. Lower Chasmops limestone (4b/)), :'\akholmen Island, Oslofjord.
P.::\1.0. l 1840. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . (p. 159)

Fig. 2, 3.

Lituites perjectus \\'ahlenberg. Yentral and right lateral views, x1,
of the adoral part of a specimen which retains an essentially complete
mature peristome. Horizon not kno,,·n, Konnerud, Land. P.::\1.0. I
1 736. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (p. 144)

Fig. 4.

Rhynclzorthoceras helgoeyense, n. sp. Lateral view, x1, of orre of the five
syntypes. Cephalopod shale, Hovindsholm, Helgøya. P.l\1.0. l 153S.
(p. 135)

Fig. 5.

Lituites lituus Montfort? Lateral view, xl. Ogygiocaris Series (4arx) ,
prohably 4a(13, Engervik, Asker. P.l\1.0. l 0264 . . . . . . . . . . . . . . .(p. 142)

PLATE 14

2

PLATE 15.
FiR. 1, 3, 7. Trilacinoceras norvegicum, n. sp. Lateral, ventral, and clorsal views,
x1, of the holotype. Probably from the Ogygiocaris shale (4aa3), at
Storhamar, in the Xes-Hamar clistrict. P. :\I. O. l 1578. . . . (p. 150)
Fig. 2.

"Icionoceras" sp. Lateral! view, x2, of a fragmentary orthoceracone
of uncertain affinities. Lower Chasmops shale (4ba) , Bratterud, 1\jngerike. P. lVI.O. l 1859. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (p. 63)

Fig. 4.

Lituites lituus lVIontfort? \'entra! view, x1. ) Ogygiocaris shale (4aa3) ,
Hjortnestangen, Oslo. P. :\:1. 0. I 1 7 32. . . . . . . . . . . . . . . . . . . . . . . (p. 142)

Fig. 5.

Trilacinoceras discors (Holm) . Lateral view, x0. 7 5, of a Jatex east made
from a Cephalopod shale specimen collectecl at Hovindsholm, Helgøya.
P.M. O. 69393. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. (p. 148)

Fig. 6.

Huedemannoceras? sp. Lateral view, x1, of an incomplete internal mold
of uncertain affinities. Cephalopod shale, Hovinclsholm, Helgøya. P. :VI.O.
69305 . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . (p. 160)

PLATE 15

PLATE 16.
Fig. l, 3, 7, S, 10. Trilacinoceras discors (Holm) . Fig. l is a dorsal vievv, xl. S,
of a latex east of part of the straight segment of a conch;
figs. 3, 7, 10 are lateral views, xl. S, of latex casts of the
adapical coiled segment of three aclditional conchs. Cepha
lopocl shale, Hovindsholm, Helgøya. P.l\1.0. l 1516, I 1563,
I 1440. Fig. S is a lateral view, x1, of a crushed specimen
which probably came from the Ogygiocaris shale (4aa3), at
the Royal Palace, Oslo. P. :\I. O. I 023. . . . . . . . . . . . . . (p. 14S)
Fig. 2, 4. Lituites perfectus \\'ahlenherg) Lateral views, xl, of two fragmentary
aclapical spirals referred with question to this species. l Ogygiocaris
shale (4aa3) , Huk, Bygdøy, and Gamle Akers Kirke, Oslo. P. l\I. O.
69302, I 024. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (p. 144)
.

.

.

Fig. 5, 6, 9. Cyclolituites kjerulji, n. sp. Dorsal and lateral >·ie·ws, x2, of two
fragmentary specimens and a lateral view, x2, of the holotype.
Cephalopod shale, Lunder farm, Hadeland. H..:!\I. l\10 150029 (2
specimens) and MO 150021 (the holotype) . . . . . . . . . . . . . . (p. 157)

PLATE 16

!'LATE 17.

Fig. l.

Heloitoceras stoermeri, n. sp. Lateral ,·iew, xl, of the holotype. Lower
Chasmops shale (4ba) , Bratterurl, Eingerike. 1'.:\f.O. I 11->60. . . . (p. 81)

Fig. 2.

Huedernannoceras? sp. Lateral view, xl, of a cyrtoceracone of uncertain
affinities. Cephalopod shale, Hovinclsholm, Helgøya. P.l\1.0. I 2211.
(p. 160)

Fig. 3. Ctenoceras sp. A. Lateral view, x1, of an incomplete internal mold.
Cephalopocl shale, Hovinclsholm, Helgøya. P.:\I.O. 6927 8. .
(p. 73)
.

.

.

.

Fig. 4.

Strmzdoceras strandi, n. sp. Lateral vie,,·, x1, of the holotype. Cephalopocl
shale, Hovinclsholm, Helgøya. 1-'.M.O. 6930 7 . . . . . . . . . . .. . . . . . (p. 167)

Fig. 5.

Trilacinoccras sp. Lateral view, x0. 75, of a specimen of uncertain
specific affinities. ?Ampyx limestone, Ha/l), Hoyal Palace, Oslo. P. l\1. 0.
r 0647
(p. JS2i
.

Fig. 6.
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Uiscoceras rarospira (Eichwalcl) . An incomplete specimen, x1, ? from
the Lower Chasmops limestone (+a{:il, Blakstacltangen, Asker. P.l\1.0.
l 2142. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (p. ll+i

PLATE 17

1

3

PLATE 18.
Fig. l.

Ancistroceras undulatum Ball? Lateral view, x0.5, of a large internal
mold representing the adoral part of the body chamber and showing
an essentially complete mature peristome. Cephalopod shale, Hovindsholm, Helgøya. P.:VI.O. 69294..............................(p. 130)

Fig. 2, 3. Rhynchorthoceras hel� oeyense, n. sp. Lateral views, x1 and x0.5,
respectively, of two syntypes. Cephalopod shale, Hovindsholm, Helg
øya; and from between Nes and Ringsaker (::\es-Hamar or Ringsaker districts) . P.M.O. 69298 and 19......................(p. 135)
Fig. 4, 5, 6. Broeggeroceras? elongatum, n.gen. & sp. Yentral, lateral, and dorsal
views of the holotype, x0.7 5. 4c(:i-4cy, west part of 1\.auskjær,
Yestfjorclen (Oslofjord) . P.:\I.O. 62088...................(p. 165)

PLATE 18

PLATE 19.

Fig. 1, 2, 3. Hroeggeroceras contractum, n. gen. & sp. Dorsal, lateral, and ventral
Yiews of the holotype, xl. Body chamber bears an external mold
of a colony of bryozoans referable to Sagenella [
Berenicea] Hall.
Lower Chasmops limestone (4bjl), ::\ akholmen I slancl, Oslofjord.
P.::\1.0. I 0346-47 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (p. 162)
=

PLATE 19

PLATE 20.

Fig. l, 2.

Ormoceras kiaeri, n. sp. Longitudinal dorso-ventral sections, ca. x2,
through a paratype and the holotype. Mjøsa limestone, Bergvika,
Helgøya (�es-Hamar district). P.:\i.O. 69264. I 1602. . . . (p. 50)

Fig. 3. Hh)'lzchorthoceras lzelgoeyense, n. sp. Enlarged view, ca. x7, of a part
of a thin-section through the siphuncle of a well-preserved specimen.
::'\ote continuity of cameral and endosiphuncular deposits through
break in connecting ring. Cephalopod shale, Hovindsholm, Helgøya.
l'.l\f.O. 69310. . . . . .. . . . . . . . . . .. . . . . . .. . . . . . . . . .. . . . . . . .. (p. 135)

PLATE 20

PLATE 21.
Fig. l.

Strandoceras strandi, n. sp. Slightly oblique longituclinal section through
the siphuncle of the holotype, xl.:-:13. Cephalopocl shale, Hovindsholm,
Helgøya. P.M.O. 6 9307. (see also fig. 4, Pl. 17) ..............(p. 167)

Fig. 2. Broeggeroceras contractum, n. gen. & sp. Longituclinal lateral section,
x1.22, through the siphuncle of the holotype.Lower Chasmops limestone
(4bf)) Xakholmen. P.l\1.0. I 0346-47. (see also fig. 1-3, Pl. 1 9). (p. 162)
Fig. 3.

Dideroceras wahlenbrrgi (Foorcl). Longituclinally oblique dorso-ventral
section, xl.S, through the siphuncle of a fragmentary specimen. �Cpper
Diclymograptus shale (4aa1

Fig. 4.

__

2),

Tøyen,

Oslo. P.l\1.0. 6 9260.... (p. 35)

Nybyoceras holmi, n. sp. Longituclinal clorso-ventral polishecl section
through the holotype, x1.9. Cephalopod shale, Hovinclsholm, Helgøya.
RM. M O 150035-36. (see also fig. l, Pl. 1)................. (p. 46)

Fig. 5.

Tripteroceras? problematicum, n. sp. Longituclinal clorso-ventral section,
x1.9, through the holotype. Lower Chasmops shale (4ba), Røysetangen,
Ringerike. P.M.O. I 1340. (see also fig. 4, Pl. 2) ...............

Fig. 6.

Valcouroceras? holtedahli,
xl.9,

(p. R6)

n. sp. Longituclinal clorso-ventral section,

through the holotype. Cephalopocl shale,

Hovstangen,

Gran,

Hadeland. P.M.O. I 166 9-70. (see also fig. 6, Pl. 5) .......... (p. SS)
Fig. 7.

Reloitoceras stoermeri, n. sp. Longituclinal clorso-ventral setion, x1.3K,
through the holotype.Lower Chasmops shale (4bu), Bratterud, Hingerike

P.:\1.0. I 1860. (see also fig. l, Pl. 17) ...................... (p. Sl)
Fig. S.

Ctenoceras sp. B. Longituclinal section, x1.34, through a specimen from
Slottsveien [

=

Karl Johans gate], Oslo, \\hich probahly came from the

Lower Chasmops shale. P.:\1.0. l 1347-+S .................. (p. 74)
Fig. 9.

Allumettoceras mjoesense, n.sp.Longitudinal clorso-ventral section, xl.73
through a specimen from the Cephalopod shale, Hovinclsholm, Helgøya.

P.:\1.0. 69284............................................ (p. 84)

PLATE 21

I 1\ NHO LD.
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