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b)

The present paper is the first in a series dealing with

the stratigraphy, paleontology and tectonics of the Middle Ordovician of the
Oslo Region, the latter comprising 11 districts located between Langesund
and Ringsaker. The term Middle Ordovician is discussed. The sequence of
the Oslo Region favours a lower boundary either below the Upper Didymo
graptus Shale (base of bijidus zone, 4a
(base of gracilis zone, 4a

(3),

)

a1

or below the Ampyx Limestone

boundaries corresponding to the base of Llanvirn

and Caradoc respectively. An upper boundary is suggested below the Lower
Tretaspis Shale = zone of Tretaspis seticornis (4c

)

a .

A historical review deals with the different periods in the paleontological
stratigraphical investigation

of the Middle Ordovician in the Oslo Region.

A survey of the Middle Ordovician section based to a large extent on
new observations by Heintz (=Hz), Henningsmoen (=Hm), Skjeseth (= Sk),
Spjeldnæs ( = Sp) and the present author ( = St), is presented. Each district
is treated separately. The large fossil collections accumulated through more
than 100 years will be described eventually. Thanks to determinations of the
graptolites by Dr. Bulman, Cambridge, England, it has been possible to date
most of the zones. The Orthoceras Limestone (3c

a--y)

seems to be equivalente

to less than one graptolite zone only, i.e. the zone of Didymograptus hirundo.
Considerable variation in facies occurs, ranging from black graptolite
shale, mixed graptolite and trilobite shale, shale, occasionally strongly arena
ceous, with shelly faunas, limestone with shelly faunas, to algal and coral
limestone, including reefs.

Local emergences have been traced and certain

general paleogeographic features outlined.
The Oslo-section is preliminarily correlated with sections in Sweden and
the Baltic. A more detailed correlation is postponed until the major fossil
groups are described.

Introduction.

With the aid of grants from The Norwegian Research Council
for Science and the Humanities, the Paleontological Institute and
the Paleontological Museum of the University in Oslo have initiated
a more detailed study of the Middle Ordovician of the Oslo Region.
Through more than a hundred years extensive fossil collections have
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been gathered from the shales and limestones of this region, more
than 400 trays with fossils are preserved in the Paleontological
Museum. Most of these fossils are, however, not described. Both
the late professor W. C. Brøgger and professor J. Kiær planned to
do so, but other work laid claim to their time.
The present studies are not limited to the paleontological descrip
tion of the fossils. Stratigraphical and tectonic investigations have
to be added in order to obtain a more complete information regarding
the general appearance both of the fossils and the sediments in which
the fossils occur.
The Lower Paleozoic of the Oslo Region deserves considerable
interest in many ways since it forms an intermediate development
between thick geosynclinal sedimentary series of great Britain and
the Trondheim Region of Norway (Vogt 1945), and the thin epi
continental series of the Baltic. The Oslo-series contains both shales
and limestones and the alternation, at least to some extent, of grap
tolite and shelly facies makes it more possible to correlate western
and eastern sequences.
In the present research the following take part: professor
A. Heintz, curator G. Henningsmoen, cand.real N. Spjeldnæs, cand.
real. S. Skjeseth and the present author. Besides these more permanent
members, curator J. Dons is effecting tectonic work of general interest
to our subject. Most of the fossils will be described by those mentioned
above, but some groups will be described by foreign specialists. The
Middle Ordovician corals are described by Dr. Dorothy Hill (1953) ,
Melbourn, Australia, certain trilobites (Styginidae) by Skjeseth (1953 b)

and ostracods by Henningsmoen (1953).
Conserning the field work, it has become appropriate to divide
the Oslo Region into a number of separate districts as shown in fig. l.
The division is merely arbitrary, not based on marked differences
in geological structures. A division into districts (of which some have
practically no Ordovician) has proved itself useful for museal purposes.
As mentioned below the northern limits of the Oslo Region are
somewhat uncertain. The Ordovician occurrences in the Snertingdal
and on Hedmarkvidda lie distinctly outside the Oslo Region, but
an outside position may possibly be claimed also of the Ringsaker
District (11).
The Langesund District (3) is being studied by Henningsmoen,
the Eiker (4) by Heintz, Oslo-Asker (l) and Holmestrand (2) by
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Spjeldnæs, Modum (5), Ringerike (6) and Hadeland (7) by Størmer,
and Feiring (8), Toten (9) , Nes-Hamar (10) and Ringsaker (11)
with the adjacent lying districts of Snertingdal and Hedmarkvidda,
by Skjeseth.
The field work was concentrated on the collecting of fossils from
the various beds and on the obtaining of representative sections of
the stratigraphical sequences within each district. Special stress has
been laid on the occurrences of facial variation, a point which seems
to be of special interest in connection with the determination of
major tectonic overthrusts. In connection with the tectonic studies
more detailed geological mapping of certain areas has become neces
sary. The mapping has to a large extent been based on aerial photos.
Considerable field-work has previously been accomplished by
Brøgger, Kiær, Holtedahl and others. Their unpublished notes have
been used as far as possible, especially when they offer information
about localities no longer accessible.
It became apparent during the work that detailed stratigraphy
could not be effected without a thorough and up-to-date study of
the fossils. To postpone the stratigraphical studies until all the fossil
groups are eventually described seems, however, little desirable, and
a description of the fossil forms are, on the other hand, not easy
without a general stratigraphical scheme. We find it therefore useful
to present a preliminary stratigraphical scheme which may prove
useful both to the paleontologists and to further stratigraphical
studies.
Thus the scope of the present paper is to present an introduction
to the general stratigraphy of the Middle Ordovician in the various
districts of the Oslo Region. The information given is based chiefly
on new observations and collections by Heintz, Henningsmoen,
Spjeldnæs, Skjeseth and the present author. When referring to new
observations in the text, I have as far as possible quoted the contri
butors by using abbreviations of their names: Hz= Heintz, Hm=
Henningsmoen, Sk= Skjeseth, Sp= Spjeldnæs, and St= Størmer.
Dr. O. M. B. Bulman of Cambridge, England, has been kind
enough, during a visit here in Oslo, to give a preliminary determination
of our Middle Ordovician graptolites. These deterrninations and his
a�certainments of the different graptolite zones have been of great
help in fixing a general stratigraphical skeleton. I wish to express
to Dr. Bulman our warmest thanks for this valuable contribution
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to our work on the Middle Ordovician stratigraphy. \Ve are also
indebted to fil.lic. V. J aanusson of Uppsala, for the determination
of certain asaphids. The brachiopods and ostracods are preliminarily
determined by Spjeldnæs and Henningsmoen respectively.
No work on the sedimentary petrology has been carried out yet.
In describing the sediments, the common terms such as "shales,
limestone, arenaceous limestone" have been used. l\iore detailecl
petrological studies of the sediments will probably show that other
designations are more correct.
In the present introduction which will appear as No. l in the
series: "The Middle Ordovician of the Oslo Region, Norway", the
previous research is dealt with more extensively in a special chapter
on a historical review.
Future papers in the series are chiefly plannecl to comprise
paleontological descriptions as well as stratigraphical - tectonic
descriptions of each district. In a final paper the stratigraphical
correlations vYill be treated in a more detailecl manner.
My sincere thanks are due to Miss Randi Gulliksen, Miss Berg
ljot Mauritz and Miss Lily Monsen for valuable technical assistance
in the preparation of the present paper.

The term Midd le Ordovician.
A

tripartition of the Orclovician System does not seem to be a

well established fact or at least it does not seem to be well defined in
accordance with the international zonal division of the Ordovician.
Apparently different and less distinct conceptions exist concerning
the term "Middle Ordovician".
In this country, Kiær (1920 p. 116) included parts of the Ogygio
caris Shale in the Lower Ordovician. The Upper Didymograptus
Shale (4a a1_2 ) was evidently regarded as belonging to the Lower
Ordovician, while the younger Ogygiocaris Beds (4a a3_4 ) , as well
as the Ampyx Limestone (4 a Ø) and the Chasmops Beds (4b a-o )
were considerecl as representing the Middle Ordovician.
In Sweden Regncll (1945 p. 63) arbitrarily restricted the Lower
Ordovician to comprise the Ceratopyge Series, and the Middle Ordo
vician the Asaphus and Chasmops Series. This evidently means that
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the lower boundary of the Middle Ordovician is drawn below the
Lower Didymograptus Shale (3-l).
In Great Britain, Bulman (1938 p. D 61) like Kiær, regard.s
the Llanvirn (Upper Didymograptus Shale) as the upper part of
the Lower Ordovician. One has to bear in mind, however, that in
England the Tremadoc (Ceratopyge Series) is generally included in
the Cambrian, a fact which may cause a fairly high boundary of
the Lower Ordovician.
In U.S.A., Raymond (1916), when treating the Balto-Scandi
navian sections, drew the line below the Upper Didymograptus
Shale (4a a1 ) .
In order to come to a preliminary conclusion concerning the
lower and upper boundaries of the Middle Ordovician, it is necessary
to consider the development of the transition series in Norway.
The Lower Didymograptus Shale (3b) ( = Phyllograptus Shale
of authors) rests on the Ceratopyge Limestone (3a y) forming the
uppermost zone of the Ceratopyge Series (2e-3a y). The Lower
Didymograptus Shale was divided by Monsen (1938) into four sub
zones (probably zones) of which the uppermost one (3b b) with
Phyllograptus angustifolius elongatus is regarded as forming the top
of the shale. Recent studies (Sp) have meanwhile suggested the
presence of a still higher zone below the Orthoceras Limestone, a
zone which is segregated here as the zone of Didymograptus hirundo
(pars) (3b e ) (p. 116). Evidently only the lower part of this British
zone is present.
The Lower Didymograptus Shale is succeeded, with rapid change
in facies, by the Orthoceras Limestone (3c). It may be mentioned,
however, that the upper zones of the 3b in the Ringsaker district
also show a limestone development with a trilobite facies (Skjeseth
1952). The Orthoceras Limestone of the Oslo type consists of a
basal Megalaspis Limestone (3c a ) with a thickness of 1-1,5 m, a
median Expansus Shale and Limestone (3c {3) 3-5 m, and an upper
Orthoceras Limestone (3c y) of 2.5-4 m. The name "Orthoceras
Limestone", even with s. str. added to it, is not fortunate because
it is apt to be confused with the name "Orthoceras Limestone"
meaning all three zones. The latter name, sometimes used with s.l.
added, has to be maintained since a tripartition of the limestone is
sometimes missing. A new designation for the upper zone would be
useful. Characteristic of the zone are the very numerous specimens
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of endoceratids belonging to such genera as Cyclendoceras and Vagino
CeJ'as. Although the genus Endoceras is hardly present, the name
Endoceras Limestone is suggested here as a substitute for Orthoceras
Limestone s. str. (3c y).
"Expansus Shale" is not a fortunate name either. Asaphus
expansus is only characteristic of the uppermost beds (l m) of the
3c Ø and the same species also seems to occur commonly in the lower
part (l m) of the Endoceras Limestone (3c y). Characteristic of 3c Ø
are the different species of the genus Asaphus, species which may
appear to serve as index fossils for different subzones. For this reason
the name Asaphus Shale is suggested as a substitute for Expansus
Shale and Limestone (3c Ø) .
The tripartite division of the Orthoceras Limestone is chiefly
based on the lithology (Brøgger 1882). It may be mentioned that
the index fossil Megalaspis limbata occurs both in 3c a and 3c Ø ·
A future, more detailed paleontological division of the Orthoceras
Limestone may not coincide with the present division based on the
lithology.
Concerning the Endoceras Limestone (3c y) Brøgger (1882 p. 25)
distinguished a lower part (l m) , the so-called Porambonites Beds
with a fauna similar to that of 3c Ø. The upper part contains besides
the cephalopods, Megalaspis grandis a.o. The uppermost beds with
Megalaspis gigas are also included in Brøgger's 3c y. As shown below
the compact Endoceras Limestone may be succeeded by shale and
limestone with a transitional fauna pointing both to the Orthoceras
fauna below and the Ogygiocaris fauna above. In certain districts
M. grandis and M. gigas distinguish succeeding beds above the
typical Endoceras Limestone. We were first inclined to segregate
these as separate zones or subzones, but afterwards came to the
conclusion that a detailed division of the Endoceras Limestone
(3c y) must be postponed until the whole Orthoceras Limestone has
been subjected to more detailed studies.
Above the Orthoceras Limestone there is found the charac
teristic Upper Didymograptus Shale (4a al-2 ) · Recent finds have
shown that the lower pa1 t of the shale belongs to the zone of Didy
mograpltts bifidus (4a a1) , the zone succeeding the D. hirundo-:'one
of the British graptolite section.
Further up there are the typical Ogygiocaris beds (4a a3) , the
bronni zone (4a a4 ) and eventually the Ampyx Limestone (4a Ø) . As
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discussed below (p. 122) , the transition behveen the bronni-zone and
the Ampyx Limestone includes breaks at certain parts of the Oslo
Region.
In the Oslo Region it might seem natural to draw the lower
boundary of the l\Iiddle Ordovician either at the base of Upper
Didymograptus Shale corresponding to the base of the Didymograptus
bijidus-zone (4-a a1 ) , or at the base of the Ampyx Limestone corre
sponding to the base of the Nemagraptus gracilis zone (4a {J) .
In favour of the first choice the lithological change between the
Orthoceras Limestone and the overlying black shale, the Upper
Didymograptus Shale might be mentioned. The line of division also
marks a horizon of upheavals and unstable conditions. Faunistically,
the boundary coincides largely with the first abundant occurrence
of biserial graptolites and the first appearance of cryptolitids so
characteristic of the Middle Ordovician. It also coincides with the
lower boundary of the Ogygiocaris Series, a designation introduced
in this paper after a suggestion made by Henningsmoen.
The second possibility also involves a lower boundary corres
ponding to the termination of an unstable p eriod with local uplifts.
The line of division marks the appearance of the characteristic
Reedclithus-fauna and has also the advantage of corresponding to
the lower boundary of the Chasmops Series in Nonvay (Chasmops
not actually appearing until the upper part of 4a (3.)
At present I am inclined to prefer the first alternative, which
also seems to give a better balance to the division of the Ordovician
and corresponds to the boundary between the Arenig and Llanvirn
in Great Britain. If a final decision has to be made it would be desirable
to do so in agreement with other workers in the field as suggested
to us also by Fil.lic. J aanusson at Uppsala. In the present paper
the sediments above the bijidus zone are preliminarily included in
the Middle Ordovician.
The upper boundary of the Middle Ordovician seems more easy
to establish in the Scandinavian countries. The thick limestones at
the top of the Chasmops Series (Upper Chasmops Limestone 4b o,
Encrinite- and Mjøsa Limestones) form natural terminations of the
l\Iiddle Ordovician in these countries. Between the limestone and
the black Lower Tretaspis Shale (4 c a) above, a hiatus generally
appears to be present, and this hiatus is much more pronounced in
the northern districts where the Middle Ordovician limestone (4b o)
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is succeeded by Lower Silurian beds. The Lower Tretaspis Shale or
zone of Tretaspis seticornis (4c a) evidently corresponds to the zone
of Pleurograptus linearis, a fact \vhich involves our upper boundary
of the Middle Ordovician lying below the upper boundary of the
Caradoc and thus does not corresponcl to the upper boundary of the
Midclle Orclovician of Great Britain.
The following zones are provisionally includecl here in the Micldle
Orclovician of the Oslo Region: The Upper Didymygraptus Shale
(4a al-2), the Ogygiocaris Shale (4a a3), the bronni Beds (4a a4), the
Ampyx Limestone (4a (3) and the Chasmops Shales and Limestones
(4b a-6). The clivision provisionally usecl in this paper may be
illustrated as follows:

l

Upper
Ordovician

l\liddle
Onlovician

ll

Lower
Orclovician

Tretaspis Series1
Chasmops Series
Ogygiocaris Series
Asaphus Series
Ceratopyge Series

l
l

l

Ashgill
Caradoc

Llandeilo Llanvirn

l

l

Arenig
Tremacloc

Historical review.

The fossiliferous shales and limestones of the Oslo Region
early attracted the attention of Norwegian and foreign scientists.
Leopold v. Buch (1810) and Hausmann (1811, 1812) travelling in
Norway in the early years of the last century, both mention the
many occurrences of fossiliferous sediments from the "t'bergangs
gebirge".
A more detailed and regional survey of the sedimentary rocks
was carried out by Esmark (1829) and Keilhau (1826, 1838), the
early professors in geology at the University of Oslo. Esmarck and
Keilhau, however, chicfly described the Cambro-Silurian sediments
from a petrological point of view. Thcy mention the alum shales as
1 Including the Isotelus Series, thus comprising the zones 4 c 'l.

-

5

a.
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bclonging to the base of the sequence, but otherwise give no infor
mation about the stratigraphy. Keilhau who published a very good
geological map of the Oslo Region, noticed the prevailing northern
dip of the strata and deduced erroneously the presence of a more
or less continuous sequence of great thickness without folds (except
smaller ones in connection with the faults) .
A following period clating around the forties, was devoted to
descriptions of the fossils. Already in 1781 Briinnich had clescribed a
trilobite (Ogygiccaris dilatata) from the Langesund? district, and in
1784 Strøm figured Ordovician fossils from Eiker (Eger) . More syste
matic discriptions of Norwegian trilobites appeare:l about fifty years
later by H. l\I. T. Esmarck (1833), Sars (1835) and Boeck (1838)
(comp. Størmer 194·0), and several species were also described by the
Swedish paleontologists Dalman (1826) and Angelin (1851, 1854).
Graptolites of the Oslo Region became known through the works of
Boeck (1851) and Scharenberg (1851).
A third period in the geological survey of the Oslo Region was
introduced in 1844 when the famous British geologist Sir R. E.
Murchison (1847) paid a visit to Oslo (Christiania) during a meeting
of Scandinavian scientists. On an excursion in the vicinity of Oslo
he was struck by the striking similarity in stratigraphy and tectonics
behveen the Oslo Region and Wales in the British Isles. Murchison
was the first to realize the presence of a comprehensive falding of
the sediments in the Oslo Region. He also visualized the possibility
of establishing a more detailed stratigraphical division based on
characteristic fossils.
Th. Kjerulf, at that time a young geologist at the University
of Oslo, was quick to grasp these new and highly inspiring views.
Murchison strongly urged both Kjerulf and D. Forbes, at that time
leader of the Apatite mine in Kragerø not far from Langesund, to
study in detail the stratigraphy of the Cambro-Silurian beds of the
Oslo Region. Kjerulf (1855, 1857) concentrated his studies mainly
on the Oslo district, while Forbes (1856) and with him T. Dahll,
worked on the Skien-Langesund section.
Kjerulf (1855) was able to prove that Murchison was right in
explab.ing the apparent great thickness of the sediment at Oslo as
being due to a constant repetition of the strata through folding.
Forbes (1856) was able to distinguish the major stratigraphical units
in the unfolded sedimentary complex of the Langesund district.
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In his important paper: "Ueber die Geologie des Stidlichen Nor
wegens" Kjerulf (1857), with contribution by Dahll (1857), laid the
foundation of the Lower Paleozoic stratigraphy of this country.
Kjerulf divides the Ordovician, including parts of the Cambrian and
Silurian, into two major groups named after the type localities:

Oscarshall Group

Oslo Group

15
13

4,

a,

Calcareous sandstone
Calcareous shales and marls with first
crinoids.

{3, Upper graptolite shale.
3 a, Orthoceratite limestone.
Alum shale and Lower graptolite shale.
2

3

Stage 2 comprises the Upper Cambrian alum shales (2a-d) as
well as the Ceratopyge Series (2e-3a) and the Lower Didymograptus
Shale of the Ordovician. Stage
a-{3 apparently represents the
Orthoceras Limestone s.l. (3c) and the Upper Didymograptus Shale
(4a a lower part) and apparently also the Ogygiocaris Shale (�·a a
upper part) . The division line between f3 and 4 is not clearly defined
and due to insufficient la belling of earlier finds, the fossil lists form
to some extent a mixture of different faunas. Thus Chasmops coni
cophthalma is referred to stage 3, while Asaphus expansus is said
to belong to stage 4. The placing of Chasmops conicophthalma in the
Orthoceras Limestone was probably due to a certain mixing of
Pterygometopus sclerops and the above mentioned species.
For the Langesund-Skien district, Dahll presents the following
divisions:
Venstøb or Herøy Limestone
Stage Sa

Fossum group: stage

4

a

3

Shale
Jl 4-a4b Venstøb
Impure grey limestone and inter

mittant shale. (Fossum Limestone).

Stage 3

1

Shale with Asaphus [Ogygiocaris]
dilatatus and upper graptolites.
Blue-grey Limestone (Orthoceras
Limestone) .

48

LEIF

STØRMER

The Fossum Limestone is evidently identical with the Encrinite
Limestone and the Venstøb shale with the black Tretaspis Shale.
Kjerulf also tried to correlate his stratigraphical divisions with
those presented by Angelin (1851-54) for Sweden a few years
earlier. Angelin's descriptions and references to Norwegian fossils
were of course of great help to Kjerulf in his stratigraphical deter
minations.
The rcsults obtained by Kjerulf soon attracted the interest of
foreign geologists. Murchison (1858) was particularly pleased with
Kjerulf's inclusion of the alum shales in a common group with the
graptolite shale, a grouping which Murchison regarded as a confir
mation of his view on the alum shale belonging to his Silurian.
Ferdinand Roemer, the well-known paleontologist, also became
interested and in 1859 visited the Oslo Region where Kjerulf and
Dahll took him around on several excursions. Roemer (1859) discusses
Kjerulf's stratigraphical divisions and doubted the justifications of
the two groups on the grounds that several fossils seemed to be com
mon to both groups according to the lists presented by Kjerulf. This,
however, referred chiefly to the above mentioned mistakes in the
lists.
Three smaller papers by Kjerulf (1862 a, b, c) dealt with the
distribution of the Ordovician rocks in the Oslo Region.
In 1865 appeared Kjerulf's guide to geological excursions in the
neighbourhood of Oslo (Kristiania) . The fossils, of which a few are
new, are treated stratigraphically, with references and some illu
strations. The Oscarshall- and Oslo Groups are abandoned in favour
of a stage-division. Chasmops conicophthalma is now transfered to
stage 4, but Echinosphaerites, characteristic of the top layers of the
Ampyx Limestone (4af3) , is still placed in stage 3. The term "Chasmops
Beds" was introduced by Kjerulf.
The valuable work of Kjerulf was continued by his successor
at the University, W. C. Brøgger. Brøgger evidently intended to
describe both stratigraphically and paleontologically the whole
Cambro-Silurian sequence of the Oslo Region. He started with the
Cambrian and his work on Stage 2 and 3 has become classical (Brøgger
1882) . His further studies on the Middle and Upper Ordovician,
stage 4, were interrupted, however, by his appointment to a professor
ship in Stockholm, and by his growing petrological interests. Fortu
nately he found time to publish an important paper on the strati-
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graphy and tectonics of the Cambro-Ordovician sediments of the
Langesund districts (1884) and another on the stratigraphy of the
Middle and Upper Ordovician of the Oslo District (1887). In his
Langesund paper the work of Forbes and Dahll was greatly extended
and in addition to a detailed stratigraphical description a correlation
with the Baltic was attempted. In his Oslo paper the Middle and
Upper Ordovician is divided into a number of zones designated as
subdivisions of stage 4. This division has become classical and later
authors have, as far as possible, tried to maintain this division
although it is based more on petrological characteristics than on the
fossil assemblages.
The stratigraphical studies introduced by Kjerulf and continued
by Brøgger were carried on by Bjørlykke (1905) and by Holtedahl
(1909) in his paper on stage 4 at Mjøsa. In addition to the fossil lists
and descriptions cf sections, Holtedahl gives certain petrological ana
lyses of the sediments and discusses the regional distribution and
transport of the material building up of the sediments. In a paper
on the limestone occurrences in the Oslo Region the same author
(Holtedahl 1912) also deals with the Middle Ordovician sediments.
In 1914 P. C. Raymond and W. H. Twenhofel from U.S.A.
visited the Oslo Region after having visited the Baltic and parts of
Sweden. In his valuable report of the expedition, Raymond (1916)
also introduces new and fruitful views on the stratigraphy of the Oslo
Region. He assumes a major hiatus between the Upper Chasmops
Limestone and the Lower Tretaspis Shale, and regards the Mjosa
Limestone as Middle Ordovician.

Extensive studies of the Middle Ordovician were carried out by
]. Kiær, professor of historical geology and paleontology at the
University of Oslo. Like Brøgger, Kiær intended to describe the
Middle Ordovician of the Oslo Region. Other work, however, parti
cularly the description of the Downtonian vertebrates from Ringerike
near Oslo and Red Bay in Spitsbergen took most of the time in his
later years. His extensive collections are meanwhile preserved in the
Paleontological Museum and many of his observations are available
in his note-books.
Kiær adopted and confirmed Raymond's idea of a considerable
hiatus at the tap of the Middle Ordovician. His results are based on
new stratigraphical and paleontological observations (Kiær 1920, 1921,
1922, 1926). In the Paleontological Museum of the University Kiær
4
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introduced experimentally a new stage division (quoted by Funquist
1919) which, however, has been little used later on.
Frebold (1928) discusses the alternation of shale and limestone
in the Middle Ordovician section.
Local stratigraphical descriptions, mostly in connection with
geological mapping of the Oslo Region, have been given by Bjørlykke
(1898) , Werenskiold (1911) , Holtedahl and Schetelig (1923) , Grorud
(1940) and Størmer (1945) . A brief review of the stratigraphy was
presented by the latter author (1934) .
From time to time paleontological descriptions of the Middle
Ordovician fossils of the Oslo Region have been published. The earliest
ones have already been mentioned. In the following review it has also
been attempted to quote foreign papers in which material from the
Oslo Region is described.
Fossil calcareous algæ were described by Kiær (1920) and Høeg
(1927) and corals by Kiær (1897, 1930) . The gastropods were dealt
with by Koken and Perner (1925) and certain cephalopods described
by Holm (1885) and Strand (1933) , the latter dealing chiefly with
the Upper Ordovician cephalopods of the Oslo Region. Holtedahl
(1916) described the brachiopods belonging to the Strophomenida
(Opik limited his studies in Norway to the Lower Ordovician and
beds younger than the Middle Ordovician) .
With regard to the trilobites, Lindstrom published a new edition
of Angelin's Paleontologia Scandinavica (Angelin 1878a) , and Brøgger
(1886) described the hypostoma of the Asaphidae. The Trinucleidae
(Cryptolithidae) being dealt with by Størmer (1930) who also recorded
early descriptions of Norwegian trilobites (1940, 1943a) , Lichids by
Warburg (1939) , certain Raphiophoridae by Whittington (1950) and
Asaphidae by Jaanusson (195: ) . Some ostracods were described by
Dons and Henningsmoen (1950) . Pelmatozoans of the Oslo Region
have been treated by Angelin (1878b) , Jaekel (1899 and 1926) and
Regnell (1945) . Graptolites were described by Holm (1881), and
recently by Decker (1951) .
Paleontological descriptions are also included in some of the
stratigraphical papers previously mentioned. Stratigraphical corre
lations have been suggested by many authors, but since a more
detailed correlation is dealt with in a future paper, references are
not given in the present review.
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The sections of the Oslo Region.

The Caledonian Geosyncline with its thick series of Eocambrian
and Cambro-Ordovician sediments forms the western boundary of
the large Fenno-Scandian Shield of northern Europe. Eastwards this
Precambrian window is concealed under the flat-lying Early Paleozoic
sediments of the Russian Platform.
In the western part of the Fenno-Scandian Shield, in southern
Sweden and southeastern Norway, the Precambrian Shield is inter
rupted by patches, or areas of Early Paleozoic, Cambro-Silurian,
sediments resting on the Precambrian Platform. The areas are generally
bounded by vertical faults, at least on certain sides, and thus form
subsided areas or grabens.
The largest and most western of these subsided areas, is the
O&lo Region. This region differs from the other areas in having
experienced a comprehensive Permian ig 1eous activity, a feature
which has contributed to a considerable extent towards the formation
of this particular region.
As shown on the map (fig. l) the Oslo Region forms a narrow
strip of land reaching from the Langesund district in the SSW to
the Ringsaker district in the NNE, comprising a more or less rectangu
lar area of about 220 X 45 km. As discussed below the northern
limit of the Oslo Region is not clearly defined, but might perhaps
be drawn along the northern side of the Precambrian horst (Sk.).
From the surrounding Precambrian rocks the Oslo Region is
bordered either by Permian faults or merely by erosion of the sedi

mentary series which cover the Precambrian peneplane dipping
towards the central districts.
The major part of the Oslo Region is occupied by Permian intru
sives and lavas. The Cambro-Silurian sediments are chiefly confined
to the fertile districts at Oslo, in Ringerike and Hadeland and on
either side of the Mjøsa lake. More resistant sedimentary rocks,
hardened through contact metamorphism, are preserved around the
large intrusive bodies.
With an exception of the districts S of the City of Drammen,
the Cambro-Silurian sediments have been subject to Caledonian
folding with the folds showing a trend towards E or ENE. The inten
sity of the folding increases northwards, major overthrusts probably
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appear already at Ringerike (Stubdal), but are more significant in
the Mjøsa area where the Cambro-Silurian of the Ringsaker appears
to be typically allochthoneous (Sk.). The intensity of the Caledonian
orogenetic movements increases gradually northwards towards the
axial beits of the mountain range. It is therefore difficult to determine
the northern border of the Oslo Region. The border may either be
drawn north of the horst at the southern boundary of the Ringsaker
allochthone, or further north where a more complete series of Eocam
brian Sparagmite Series appears.
In order to facilitate the collection and storage of the fossils it
has been found useful to divide the Oslo Region into a number of
districts such as demonstrated in fig. l. A division might either be
strictly geological or based on regional and more practical
features.
There are geological features, both stratigraphical and tectonic,
which might justify a division based on the geology. The facies
naturally varies within the Oslo Region. In his comprehensive study
of the Silurian Kiær (1908) was able, in large features, to distinguish
a western and eastern facies. A somewhat similar division of the
Ordovician was suggested by Holtedahl (1909) and has recently been
confirmed and elucidated by Skjeseth (1953 a) in connection with his
studies on the Lower Didymograptus Shale (3b). Already Bjørlykke
(1905) had noticed a change in facies towards N.
A tectonic division of the Lower Paleozoic Series would have
to follow W-E (WSW-ENE) rather than N-S (NNE-SSW) lines.
A considerable shortening or piling up of the sediments took place
during the falding and thrusting. More rapid changes in facies would
therefore be apt to occur when passing northwards through the
Oslo Region. Abrupt changes in facies of this kind occur in Hadeland
and in the Mjøsa area.
Although a purely geological division of the sediments in the
Oslo Region might be accomplished, a more regional and less geological
one seems more practical, chiefly for museal reasons. The divi�ion
suggested in fig. l is to a large extent artificial, but has proved useful
both in the field work and in the museum.
In the following, brief descriptions are given of the Middle
Ordovician section within each district. (Certain districts have
practically no Middle Ordovician, but the division into separate
districts has also been made to satisfy other Lower Paleozoic series) .
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Fig. 1.

Districts of the Oslo Region. Ordovician outcrops black.

B = Brevik,
O= Oslo,

H = Hamar,

L = Langesund,

N= Norderhov,

l

P= Porsgrund, R= Røykenvik, S = Slemmestad.
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Local facial variations within each district are but slightly dealt
with in the following review.
As far as possible a uniform division into zones (or subzones)
is attempted. The stages and sub-stages were originally based on the
Oslo development which therefore serves as type section. In the
future it may be necessary to choose one particular exposure as type
section. Brøgger's zonal division was based more on lithology than
on fossils. This involves his minor divisions being possibly proved to
be of a very different value. Thus his 4a a in fact represents several
separate zones forming together a separate series, while a zone like
4b fJ evidently represents a much shorter space of time.
In order to avoid the least cause for confusion, the stage division
of Brøgger is maintained as far as possible. It has been necessary
only to introduce certain subdivisions of the minor divisions given
by Brøgger.

l.

THE OSLO-ASKER DISTRICT.

The Middle Ordovician of this district occupies a large part of
the City of Oslo as well as the lowland and the islands stretching
westwards through Bærum, Asker and Røyken and southwards in
the Bunnefjord. Good exposures are found in the road- and railway
sections, and along the shore-lines, particularly on the many islands.
On account of the many exposures it is possible to obtain a large
number of sections and thus an impression of detailed facies variation.
Because of the falding, however, larger continuous sections are difficult
to obtain. The soft shales are rarely preserved in their original thickness.
The City of Oslo ( Christiania
Kristiania) and its neigh
bourhood were the classical grounds of research in the Oslo Region.
The pioneer work of Kjerulf and Brøgger has been emphasized above,
but since then our knowledge and our fossil collections have been
considerably increased by the investigations of K. O. Bjørlykke,
J. Kiær, O. Holtedahl, W. Werenskiold, Th. Vogt, A. Heintz,
T. Strand, v. Weymarn, ]. F. Grorud, G. Henningsmoen, S. Skjeseth,
N. Spjeldnæs, L. Størmer a.o. In the present research the detailed
investigation of the district has been taken over by N. Spjeldnæs.
Local tectonic studies are carried out by J. Dons at Slemmestad,
Røyken.
=

=
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The basal transition beds (3c y). The transition from the compact
Endoceras Limestone to the black Upper Didymograptus Shale is
subject to variation within the district. At Toje, Slemmestad, Røyken,
the upper part of the Endoceras Limestone (3c y) contains endo
ceratids and the trilobites .n,fegalaspis grand is and Asaphus striatus.
At the top there is about 1.10 m of arenaceous limestone with grey
shale with limestone nodules. The arenaceous limestone is partly
packed with asaphid fragments. Fil.lic. ]aanusson has kindly exa
mined the specimen which he is inclined to recognize as belonging
to a species occurring in the Megalaspis gz gas-zone in Sweden. The
accumulation of asaphid shells is not found at Gjeitungholmen where
the thickness of the transition beds is only 0.5 m (Sp.) .
In Oslo (Killingen, Vekkerø) the transitional beds consist og
about l m of sandy dark limestone containing dark phosphatic
nodules and weather to a characteristic brownish colour. The beds
occur above the compact limestone with stylolites up to 15 cm deep
in the upper part.
In the eastern part of the city the transition beds have more
the character of a nodular limestone bed, partly with asaphid frag
ments (Sp.) .
The Upper Didymograptus Shale (4a a1_2). Because of tectonic
disturbances the graptolite shale above the Endr;ceras Limestonc has
often been subject to prismatic jointing which impairs the chances
of a satisfactory preservation of the fossils. It is also difficult to
establish the exact thi..:kness of the zones.
At Oslo (Killingen N) the brownish tr�nsitional beds are s�,c�
ceeded by black shale with grey str<'ak:. The shale may have thin
greyish beds and thin arenaceous limestone laminæ (about l cm)
wedging out laterally. The lowest 2 m has practically no limestone
lenses. Upwards the limestone lenses become more common. At about
8-10 m characteristic large (up to about 0.5 m) round lenses occur
which \veather to a yellowish-brown colour, and often interesected
by calcite veins. The lenses, which are generally without fossils,
consist according to Brogger of fine-grained lighter and darker
bluish-grey limes tone, partly arenaceous (Sp.) . Pyiite concretions are
common. Higher up (Huk) the round yellow lenses are replaced by
flatter ones and when the Ogygiocaris beds (4a a3 ) are reached, the
lenses weathcr grey, a colour common to most limestone beds of the
Middle Ordovician in the Oslo district.
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In the classical section of Huk, Bygdøy, the lower part (11 m)
of the shale is not exposed. Since graptolites of the Didymograptus
geminus zone are found at the very base of the exposed section (11.5 m
above 3c y), it is probable that the section is not greatly disturbed.
The thickness of the Upper Didymograptus Shale below the Ogygio
caris beds amounts to about 32 m.
North of Slemmestad, the Upper Didymograptus Shale is well
exposed at several localities. A more or less continuous section through
4-a a is found at the Eternite factory (Sp.) . The lower part, about
10 m, is developed as black or grey shale, the upper part arenaceous
and rich in mica. At 18 m arenaceous beds or large arenaceous lenses,
or a combination of both, appear. The thickness of the sandy beds
is about 6 m. They are succeeded by about 25 m of black shale with
round lenses weathering yellowish-brown. The total thickness of the
Upper Didymograptus Shale at Slemmestad thus amounts to about
49 m.
Fossils occur in the shale, in the pyrite concretions and as excep
tions in the limestone lenses. The fossils preserved in the shales are
graptc,lites and occasionally a few brachwpods, in the pyrite concre
tions and lenses gastropods and small cephalopods occur.
The best fossil section is found near to the Eternite factory at
Slemmestad, Asker (Sp.). About 2.20 m above the Endoceras Lime

stone (3c y) occur: Phyllograptus nobilis and Didymograptus obscurus( ?)
signifying the Didymograptus bijidus zone. According to Ekstrom
(1937 p. 47) Phyllograptus nobdis is significant of the lower subzone
of the bijidus zone. A possible Ogygio caris fr agment is recorded at
2.85 m.
At about 9 m the following occur: Didymograptus gemt"nus,
D. speciosus ? Pterograptus elegans, Climacograptus angustatus, C. sp.,
and Amplexograptus aff. maxwelli. The latter species also found at
10-11 m. These graptolites signify the Didymograptus geminus zone
(Great Britain) or Pterograptus elegans zone (Sweden).
Another locality (Sp), not far from the Eternite factory, has in
addition to the last mentioned fauna (Pterograptus elegans not present) :
Didymograptus murchiso1:i (also the SvYedish form), Phyllograptus cf.
glossegraptcides and P. sp.
From about 18--23 m sandy beds occur, partly developcd as
thick lenses of arenaceous limestone. In th<e shale between are found
Ogygiocaris sp. (Sp.).
-
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The graptolite faunas of the Upper Didymograptus Shale of
Røyken (reckoned as belonging to the Asker area of the Oslo-Asker
District) show the presence of both the Didymograptus bifidus zone,
4a a1, and the Didymograptus geminus zone, 4a a2• The bifidus zone
has a thickness of less than 9 m. The upper boundary of the geminus
zone has not been determined, but the thickness of this zone might
amount to about 40 m, giving a total of about 49. At Engerodden,
Asker the lenses of the geminus zone contain some fossils (Sp.) among
them a Trinucleus related to both T. hibernicus and T. fove
olatus.

In Oslo graptolite faunas are known from many localities, but
continuous sections are unknown. At Huk, Bygdøy, Hadding (1913,
p. 84) and Kiær found several different graptolite faunas, but no
zonal distribution was ascertained. More recent studies (Sp.) of the
classical section of Huk have revealed, 0.5 m above, the basal beds
of the exposed section (11.5 m above the 3c), a fauna of the geminus
(or elegans-) zone: Didymograptus stabilis, Amplexograptus aff. max
welli, Glyptograptus propinquu,s and G. teretiuscul11s. l m. h igher up:
Didymograptus nicholsoni ?, D. sp., Glyptograptits propinqititS, G. tere
tiuscuius, Amplexograptus aff. maxwelli and Climacograptus aff.
angustatus, suggesting the same zone (Sp.).
In the City of Oslo the geminus ( elegans) zone is recorded
from Stensberg gt. and Nordal Bruns gt. (Pterograptus elegans).
In Vestre Gravlund, Oslo, a fauna of Climacograptus scharenbergi,
Glyptograptus dentatus (or early teretiusculus), Climacograptus aff.
transiens? and Didymograptits sp., suggests the geminus-zone or some
what lower.
=

The Ogygiocaris Shale, 4a a3• The boundary between the Upper
Didymograptus Shale and the overlying Ogygiocatis beds is not
clearly defined. It is suggested by the replacement of the round
yellow limestone lenses w ith more flat lenses showing light-grey
weathering. These lenses of dark, fine-grained limestone contain the
typical Ogygioca ris-fauna.
At Huk the Ogygiocaris beds appear about 32 m above the
Endoceras Limestone (3c y). 6.5 m high er up in the section a continuous
sandy layer announces the overlying Trinucleus bronni zone (4a a4 ) .
The thickness of the Ogygiocaris Shale is thus only 6.5 m. It should
be noted, however, that Ogygiocaris dilatata is found occasionally,
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but not commonly, both below and above the zone which here
is regarded as the typical Ogygia Shale of the district.
At Asker the typical Ogygiocaris beds seem to have a more
pronounced thickness of 10-15 m, but this might be due to an
eadier appearance of the fossiliferous lenses with Ogygiocaris (the
lower lenses are larger than those of Huk).
Fossils are abundant and well-preserved in the fine-grained
limestone of the lenses. Characteristic of the fauna are:
Ogygiocaris dilatata sarsi, Nz"leus armadillo, Pseudomegalaspis
patagiata, Trinucleus foveolatus, Telephus bicuspis, Ampyx mammilatus,
Obolus sp., Lituites lituus.
In the city of Oslo, the Ogygiocaris-fauna has been found preserved

in shale together with graptolites at Tørtberg and Vulkan's Tomt.
Among the graptolites are ] anograptus laxatus and Glossograptus
hincksi, the latter characteristic of the Glyptograptus teretiusculus
zone of Great Britain or the equivalent Glossograptus hincksi-zone of
Sweden, the zone above the geminus-zone.
Near to the Eternite factory at Slemmestad a fauna containing:
Ogygiocaris dilatata sarsi (large specimen), Robergia microphthalma,
Trinucleus aff. foveolatus-bronni, Glyptograptus teretiusculus, Amplexo
graptus aff. arctus and Didymograptus (]anograptus ?) sp., occurs
higher up in the shale, about 65 m above 3c y and about 5 m below
4a fJ (Sp.). The fauna ,which probably still belongs to the tereti,usculus
zone (Bulman), seems to represent a transition between the Ogygio
caris- (4a a3) and bronni (4a a4 ) beds.
Old collections from Huk, Bygdøy, contain Amplexograptus cf.
perexcavatus suggesting, according to Bulman, the zone of Diplograptus
linnarssom', which in Sweden succeeds the hincksi-zone below the
putillus-zone.

The graptolites of the O gygiocaris-beds in the Oslo Region
suggest that the beds, or at least parts of them, may be correlated
with the teretiusculus- (or hincksi-) zone, or parts of it.
The Trinucleus bronni-zone (4a a4 ) . As mentioned by Brøgger
(1887 p. 17) the upper part of the Ogygiocaris beds has layers of
arenaceous limestone. These shales with arenaceous beds and apparently
a distinct fauna, seem to form a separate zone (Størmer 1930 p. 80).
As might be expected, the arenaceous beds vary considerably
from place to place within the district. Since Huk has been regarded
as the classical section this may be chosen as the type section.
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Arenaceous beds of the Tnnucleus bronni zone (4a a4) on Killingskjær
Vv of Bygdøy, near Oslo. Aut. phot.

The Ogygiocaris Shale with the flat lenses, is interrupted upwards
by more or less continuous layers of calcareous sandstone. A major
arenaceous band, which may be regarded as the base of the bronni
zone, occurs at a level of 6.5 m above the base of the Ogyg1"ocaris
beds (Sp.). Upwards, dark and lighter shale alternates with arenaceous
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and calcareous hands and
lenses. Thin, l cm or less, laminæ
of arenaceous shale ( ?) occur.
The arenaceous hands have a
thickness of 5-10 cm.
The structure demonstra
ted in a cross section of the
layers is of particular interest.
As shown in fig. 3 a distinct
current bedding showing what
is "up and down" in the layers,
is present, especially in the
lower part. In addition to this
ordinary current bedding, a
distinct small-scale falding is
found particularly in the me
dian and upper p arts of the
beds. These minor folds suggest
that shortfy after their depo
sition, the sandy beds were
subject to slumping, possibly
through subaquatic slides. The
slumping seems to have been
from W to E.
The repeated alternation
of arenaceous limestone hands
Fig. 3. Slumping arenaceous beds of
and shale suggests special con
the Trinucleus bronni zone (4a a4) on
ditions of sedimentation. We
Killingen by Oslo. In the lower part
don't
known, however, the
(to tne right) of the about lO cm thick
band a normal cross-bedding is demon
amount of sand in the shale.
strated. In the upper part, on the other
Future detailed petrological
hand, the beds are strongly crumbled.
and regional studies within one
The drawing is based on the specimen
district
might elucidate these
shown on pl. 3. Length of specimen
problems.
23 cm.
The uppermost part (about
4 m) of the 25 m of shale with the arenaceous layers, has prevailing
limestone hands alternating with shale. These beds seem to grade up
wards into the nodular limestone of the Ampyx Limestone (4a Ø).
=
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At Huk the section is somewhat disturbed by a minor overthrust
of the Ampyx Limestone.
On Killingen W. of Bygdøy, the arenaceous beds, succeeding
shale with smaller limestone nodules of the Ogygiocaris shale, are
very characteristic, but the thickness of the zone is only about 12 m.
A similar development is found at Engerodden, Asker, where
the zone of arenaceous beds and shale have a thickness of about
12 m. A little further S, however, the corresponding beds near the
Eternite factory and at Djuptrekodden seem to be developed as
2.5-7 m shale with limestone nodules and bands, some of them
slightly arenaceous (Sp.).
Also at Tøyen in the city of Oslo the typical arenaceous bands
seem to be absent (Sp.).
Fossils are preserved both in the arenaceous beds, the shale
and the limestone beds. The guide fossil is Trinucleus bronni ( T.
coscinorhinus), common in the arenaceous band. Here are found a
few small specimens of Ogygiocaris dilatata sarsi, and a small asaphid.
The age of the bronni zone is indicated by the find in the shale between
arenaceous beds at Frogner Plass, Oslo (Hm) of Dicranograptus
irregularis characteristic of the putillus zone, the graptolite zone above
the hincksi or teretiusc�tlus zone.
At Slemmestad where the arenaceous beds are practically absent,
a fauna evidently l m below the Ampyx Limestone contains a
Trinucleus allied to both T. foveolahts and T. bronni, a form apparently
characteristic also of the transition beds (Robergia beds) mentioned
above (Sp.). This suggests that true bronni beds are lacking at Slem
mestad, S. of Bjerkås.
=

The Ampyx Limestone ( 4a {J). Petrologically this zone is charac

terized by the prevailing limestone nodules and bands. Shale is present
behveen the limestone layers, but plays a minor part. At Huk, Bygdøy,
the section is interrupted by certain thrust planes, one at the bottom
as mentioned above. On Killingen near Bygdøy the apparent gradual
transition from the bronni zone upwards into the Ampyx Limestone
might be studied. The shale between the limestone bands decreases
in thickness and the sediment changes into a nodular limestone.
The limestone in the nodules is lighter or darker bluish-grey weathering
light-grey. Occasionally separate patches, or rather clusters of barytes
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with a diameter of 10-15 cm, occur in the shale. At the top the
Ampyx Limestone grades into the overlying Lower Chasmops Shale,
the transition taking place with an increase of shale between the
limestone layers. The transition might be studied at Huk, Bygdøy
and i.a. at the S-point of Gåsøya.
The thickness of the Ampyx Limestone at Huk, Bygdøy is 47 m
according to Brøgger. The same author mentions about 50 m at
Asker, but this figure seems rather hypothetical since continuous
sections are unknown.
In general the Ampyx Limestone is not rich in fossils. Brøgger
(1887 p. 17) possibly included parts of the bronni-zone in the limestone.
He mentions from the lower part among others Ogygiocaris dilatata
and Trinucletts bronni? (T. coscinorhinus of Brøgger). From higher
beds, in the typical nodular limestones, he records asaphids and
raphiophorids as well as "Trinucleus coscinorhimts". The latter may
have been confused with T. hibernicus broggeri which was then
unknown. Nileus armadillo and the Ampyx sp. are said to continue up
to the very top of the Ampyx limestone. Ampyx species and Echino
sphaerites aurantium are mentioned as characteristic fossils by
Brøgger (l.c.).
At Huk, Bygdøy, Trinucleus hiberm'cus broggeri occurs in the
lowest 1-2 m of the Ampyx Limestone. Reedolithus carinatus is
very characteristic, being found from the base to the top (Sandvika)
of the Limestonc. On Killingen near Bygdøy the species occurs 20 m
above the base together with Nilezes armadillo, Cybele sp., Sowerbylla
and Ullerella ulli. The latter form also seems to be a guide fossil
of the zone.
Ampyx species, i.a. large specimens of A. costatus, may be rare
(Huk), or occur fairly abundantly (Sandvika Hz.), Mediumsized
asaphids (not determined) are common.
At the very top of the limestone Echinosphaerites aurantium
appears. As shown at Gåsøy it is a typical transitional fossil occurring
at the top of the Ampyx Limestone and at the base of the Lower
Chasmops Shale in this locality.
A small Chasmops sp. occurring in nodular limestone beds with
Niletts armadillo at Bygdøy, also suggests a transitional fauna.
Another transitional fauna with Reedolithus carinatus, Chasmops
conicophthalma, Ullerella holtedahli, and numerous dalmanellids, is
found in the eastern part of the Oslo District (Sp.).
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Shale with layers of limestone lenses. Lower Chasmops Shale (4b a).
Syncline with thrust-plane to the right. Aut. phot.

No determinable graptolites are known from the Ampyx Lime
stone of the Oslo-Asker district. Since the Lower Chasmops Shale
belongs to the Diplograptus molestus-zone, it is reasonable to assume,
however, that the zone corresponds to the Nemagraptus gracilis zone
succeeding the p utilus-zone .
The Lower Chasmops Shale (4b a ) . Brøgger (1878) describes the
shale as black to greyish-black, weathering with grey colour. The
lowest part of the shale has layers of limestone nodules with a thickness
of 2-8 cm and a vcrtical distance between them of 30-40 cm.
At the top of the zone about a dozen continuous limestone beds
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occur about 10-15 cm thick and with a vertical distance between
each bed of 10-30 cm. In Asker the uppermost 10 m has layers of
nodules or occasionally continuous thin layers of limestone with
intervals of about 0.5 m (Arnestadtangen Sp.).
About 10 m above the base of s .ale, a couple of greenish layers,
a few cm in thickness, are found in various localities (Grefsen, Steilene,
Gåsøya) and may possibly represent altered beds of bentonite (Sp.).
On account of considerable prismatic jointing the shale weathers
easily.
The thickness of the zone is difficult to establish. According to
Brøgger it amounts to about 40 m.
The fossils may be fairly abundant in certain localities such as
at Slependen, Asker (Hz). In Oslo at Fredriks gt. beds of the Lower
Chasmops Shale have exposed crinoid stems of about 140 cm in
length!
Characteristic of the zone are:
Chasmops conicophthalma, Ch. aff. odini, "Asaphus" sp. div.,
Cybele sp., Sowerbyella cf. quinquecostata, Christiania cf. tenuicincta
(Asker), Clitambonites cf. schmidti, "Orthis" sp. (large form), Diplotrypa
sp., Pseudohornera sp., Caryocystis sp.
In Asker Caryocystis and Pseudohornera are characterishc of the
lower part of the section, while Sowerbyella, Christiania and Clitam
bonites seem more significant of the upper part (Sp.). Echinospaerites
occurs at the base in the transitional layers to 4a {J.
At Slependen, Asker, some graptolites have been found and
determined by Bulman as : Climacograptus scharenbergi, Diplograptus
molestus (type of Hadding, not of Thorslund), Climacograptus sp.,
Amplexograptus aff. arctus. The assemblage according to Bulman
indicates the Diplograptus molestus- or Amplexgraptus rttgosus-zone.
The Lower Chasmops Limestone (4b {J). In Oslo the limestone,
according to Brøgger (1887), consists of densely packed limestone
nodules occurring in layers about 3----4 cm thick, separated by 1-3 cm
of shale. At the top of the section we find a more pronounced division
i.nto beds of limestone, about 10 cm thick, and bands of shale, up
to 60 cm between the two uppermost limestone beds. The thickness
of the zone is about 12 m.
At Steilene (fig. 5 b) and at Blakstad brygge, Asker the thickness
amounts to 16-17 m. In the lower 3,5 m an alternation of nodular
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limestone, more compact limestone beds and layers of shale (up to
25 m), is found. The rest of the section consists of nodular limestone,
except the uppermost part which has three compact limestone beds
with 20 cm shale in between them (Sp.).
Characteristic fossils are: Kierulfina kieruljz", K. broggeri, Chas
mops sp., Asaphus ludibundus, Illaenus sp., Trocholithes sp., Diplotrypa
sp., Rhinidictya sp. and a diploporite cystoid.
The Upper Chasmops Shale (4b y). In Oslo the Lower Chasmops

Shale changes into a black shale with ellipsoid lenses of fine-grained
dark bluish limestone. In the lower part large lenses are scattered
measuring up to 100 cm X 30 cm. In the upper part the lenses are
smaller forming more continuous layers. The upper boundary of the
shale is preliminarily drawn at a pyrite layer below the first more
typical limestone bed (Sp.). The thickness of the Upper Chasmops
Shale at Nakholmen, Oslo is 13-14 m.
A considerable variation in the thickness of the shale is charac
teristic of the Oslo-Asker district. At Steilene (fig. Sa, b) the thickness
is 22 m and at Asker not less than 35-40 m (Sp.). At Asker the
shale is greyer with limestone bands, except the uppermost 5--6 m
which are developed as black shale with scattered blue lenses.
The fossils are very scarce in Oslo and Steilene, but fairly com
mon at Asker. Cryptolithus discors seems to be characteristic of the
zone.
The following species occur at Asker: Cryptolithus discors, Kiærina
sp., Sowerbyella sp., Graptodictya sp., Diplotrypa sp., Chasmatopora
sp., Chasmops extensa, Nicolella cf. actoniae, and Leptell01:dea sp.; in
the lower part Pterygometopus sp. and Calymene sp.
Upper Chasmops Limestone (4b o). This is perhaps the most
conspicuous zone of the Middle Ordovician because of its petrological
characteristics and relative abundance of fossils in certain layers.
The parallel beds of limestone alternating with 20-40 cm of
black shale are characteristic of the zone. In the type section of
Nakholmen, near Oslo, the lower boundary of the zone is reckoned
from where layers of limestone lenses (4 by) change into continuous
beds. As mentioned above, a distinct bed of pyrite forms a natural
base. In the lower part of the zone the bands of shale have a thickness
of 80 cm, and occasionally carry a few lenses. The thickness of the
5
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Fig. 5a, b. Detailed section through the Chasmops Beds (4b a-<5)
of Steilene E. of Slemmestad. Section measured by Spjeldnæs.
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shale hands decreases upwards, the distance between the limestone
hands decreasing to about 10 cm. Sometimes several limestone beds
seem to fuse together. The uppermost limestone band lies about
15 m above the base. This thick limestone band is succeeded by
black shale continuing upwards through the Lower Tretaspis Shale
(4c a) . The limestone band might form a natural upper boundary
of the limestone, the fossils, on the other hand, indicate a higher
boundary of the zone. Above the limestone band there is 1.20 m
of black shale with a few larger lenses of dark limestone. At 1.20 m,
16.20 m above the base of 4b !5, a layer of phosphatic nodules indicates
the real upper boundary of the Upper Chasmops Limestone at Oslo.
On Borøya, Asker, the zone has a thicknes of 23 m. Three different
parts of the zone might be distinguished. The lower 15 m is developed
as a nodular limestone. The middle 5-6 m has the characteristic
parallel beds of limestone alternating with shale. The uppermost
2-2,5 m consist chiefly of more irregular limestone beds with less
shale, the basal limestone beds resembling somewhat a reef-limestone.
The absence of the lower nodular limestone in the Oslo section sug
gests either that these beds were not deposited at Oslo (hiatus) or
that they are equivalent to the limestone beds and shale of these
localities. Both the lithology and the fossil fauna suggest that the
upper limestone beds in Asker represent higher (younger) strata than
the highest limestone beds in Oslo. The higher beds in Asker probably
correspond to both the uppermost black shale with large lenses at
Oslo and to some parts of the hiatus indicated by the phosphatic layer.
The fossils are chiefly confined to the upper part of the zone.
The following may be characteristic forms:
Chasmops extensa, Tretaspis ceriodes, T. c. angelini, IUaenus
glaber, Lonchodomas sp., Calymene sp., Stygina minor Skjeseth (1953b),
Ptychoglyptus ( Rafinesquina) aff. miinsteri, Hedstromina ( Leptaena)
sp., Diplotrypa sp., Escharopora sttbrecta and Echinosphaerites sp.
=

=

(large specimens).
The characteristic Haplosphaeronis kiæri has been found in the
Upper Chasmops Limestone of Gåsøy and Bjerkøy.
Concerning the vertical appearance of the fossil species, Tretaspis
ceriodes is confined to the uppermost part. In Oslo only the sub
species T.c. angelini seems to be present.
Exposures of the Upper Chasmops Limestone are also found in
the most eastern part of the Oslo-Asker district. NE of Svangstrand
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Alternating shale and limestone bands of the upper Chasmops Lime

stone (4b !5)

on Bjerkøy, Asker.

The beds are densely folded inside an an

ticline.

at the

J øssang phot.

Holsfjord, Parmann and Kiær found Chasmops extensa,
a large Echinosphaerites and several other species,
suggesti ng a development similar to that of Asker and Ringerike.
Tretaspis ceriodes,
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2.

THE HOLMESTRA�D DISTRICT.

The Middle Ordovician occurs along the coast SE of Rødtangen
at the outlet of the Drammensfjord. The beds, which are folded and
strongly metamorphosed, have not been studied in detail.
3.

THE LANGESUND-GJERPEN DISTRICT.

Sediments of the Middle Ordovician are found all the way from
the Langesund peninsula in SSE to the northern part of Gjerpen to
NNW. The sediments are not folded, only tilted eastwards (about
10-30°) and intersected by numerous Permian faults partly causing
a repetition of the section. Towards the Precambrian basement to the W,
the Cambro-Silurian formations form a distinct escarpment or "glint"·
Lying near the large intrusive bodies of the Permian larvikite,
the Middle Ordovician is considerably metamorphosed. Near the
border of the syenite the shales are altered into hornfels and the
fossils more or less destroyed both in the shale and the limestone.
Only at Herøya, the most western locality are the sediments un
metamorphosed. Here the Middle Ordovician has been studied in
a core from a boring carried out by the firm " Norsk Hydro". Good
sections are found along the coast W of Langesund and along the
Frierfjord where the fossils are rather well-preserved.
As mentioned in the historical account, the first stratigraphical
survey of the district was carried out by Forbes and Dahll. Later
on Brøgger (1884) made a detailed study on the Middle Ordovician
section which he divided into the stage 4a-e, a division not adopted,
however, in his later paper on the Oslo section (1887).
In more recent times fossil collecting and stratigraphical studies
have been carried out by Kiær, Strand, Størmer, Henningsmoen
and others.
The basal transition beds (3c y). At Molleklev W of Langesund
(St., Hg.) the uppermost bed of the Orthoceras Limestone contains
as mentioned by Brøgger (1884 p. 259) numerous specimens of
asaphids: Megalaspis grandis, M. gigas, Asaphus striatus and Niobe
cf. frontalis.
The fauna suggests a transition from the grandis to thP gigas beds
at the top of the Endoceras Limestone 3c y.
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The escarpment near Rognstrand '"'· of Langesund. The Endoceras

Limestone (3c

y)

at the base is succeeded by metamorphic black hale of the
Ogygiocaria Series (4a a).

The limestone changes abruptly into 20 rm of black shale with
grandis ? (smaller form resembling the form at Slem
mestad, Asker) and Ogygiocaris sp.
Megalaspis

The Upper Didymograptus Shale (4a a1_2) . At Molleklev (St,Hm) a
succeeding bed with phosphate nodules appar'C'ntly indicates the
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base of this shale. The characteristic black :shale weathering to a
brown colour on account of the pyrite content, is easily distinguishable
even from a longer distance. The shale has several continuous layers
of limestone some of which are rather thick (25 cm) and apparently
arenaceous. Scattered Iimestone lenses occur in the upper part.
At 16,45 m above the phosphatic layer a new phosphatic bed
appears.
Near the base of the Upper Didymograptus Shale, graptolites,
mostly fragments, are rather common. Certain specimens from
strata 37-39 cm above the basal phosphatic layer, have been deter
mined by Bulman as: Phyllograptus nobilis and Amplexograptus aff.
maxwelli, the former characteristic of the lower part of the Didymo
graptus bifidus zone (4a a1 ) .
Both Dahll (1857 p. 117) and Brøgger (1884 p. 259) also mention
other graptolites, among them Didymograptus geminus and D. murchi
soni indicating also the presence of the geminus zone (4a a2 ) . The
boundary between the bijidus and geminus zone as well as between
the geminus and Ogygiocaris zone is not demonstrated in the section.
-

The Ogygiocaris zone (4a a3 ) . As already mentioned a second
phosphatic layer occurs 16,45 m above the first (lowest) one situated
20 cm above 3c y. This upper level is marked by a terrace in the
section and at the same time the brownish weathering of the shale
disappears and limestone lenses become more and more common up
wards through the section. Petrologically, an upper boundary of this
shale with limestone lenses and beds is not indicated. A doser study
of the fossils, however, might give some evidence.
At 2 m above the upper level (17,69 m above the basal phosphatic
layer) , small trinucleids appear, and at 3 m Ogygiocaris dilatata and
Nileus armadillo. O. dilatata, which occurs at least up to 9 m above
the base (at 24.69 m) , is not the form occurring at Oslo (O.d.sarsi) ,
but evidently the main species originally described from the Lange
sund-Gjerpen distriet by Brunnich (1781). The other characteristic
members of the Oslo-fauna such as Trinucleus foveolatus, Pseudome
galaspis patagiata and Ampyx mammilatus, are also missing.
7 m (22.69 m) up Reedolithus carinatus, the guide fossil of the
Ampyx Limestone (4a fl) appears. T1inucleus cf. hibernicus broggeri
occms from 8-9 m and upwards.
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The Trinucleus bronni zone (4a a4 ) . This zone seems to be absent
in the section since the guide fossil has not been found. Because of
the appearance of Reedolithus carinatus one might be inclined to draw
a 1 6\:er boundary of the Ampyx Limestone at the 7 m level where
this species first occurs. This would, however imply that Ogygiocaris
continues upwards into the Ampyx Limestone and apparently that
the bronni-zone is missing, or has its equivalent in the Ogygiocaris
beds below the Reedolithus layers.
The Ampyx Limestone (4a {3). The thick zone is well exposed
along the shores of the Frierfjord and at the coast SW of Langesund.
The limestone lenses or more or less continuous limestone beds
of the Ogygiocaris zone, become more and more frequent, the sediment
changes into a shale and limestone and gradually into a nodular
bedded limestone with little shale in between. The nodular limestone
appears about 24 m above the Orthoceras limestone. Petrologically
this Ampyx Limestone has no distinct upper boundary. The line
has to be based on the fossil faunas only.
The fossil faunas do not give clear evidence as to where to draw
the lower boundary of the Ampyx Limestone. As mentioned above,
the characteristic Reedolithus carinatus and Trinucleus cf. hibernicus
broggeri occur slightly below beds with Ogygiocaris dilatata (forma
typica). If we draw the boundary below the level with the first ap
pearance of Reedolithus and Trinucleus, Ogygiocaris will belong partly
to the Ampyx Limestone. At 25.45 m over the basal phosphatic layer
the last Ogygiocaris was found and at 26 m the first Lonchodomas
rostratus appears. Future studies may decide where to draw the line.
The characteristic fossils of Ampyx Limestone of the district are:
Reedolithus carinatus, Lonchodomas rostratus, Ampyx costatus,

small asaphids,

Pterygometopus?,

in the lower part

Trinucleus

cf.

hibernicus broggeri.

The Reedolithus-Lonchodomas fauna is very constant through the
considerable thickness of nodular limestone forming the Ampyx
Limestone.
The upper boundary of the Ampyx Limestone is provisionally
drawn at a level 37 m in the Saltboden section along the Frierfjord.
At about 37 m the Reedolithus fauna disappears and the pelmatozoan
faunas appear. The lower part of the section is not exposed at Salt
boden, but found at Skindvika (Hm) . Unfortunately the exact connec-
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tion of the two sections is uncertain. A general comparison suggests
that about 20-30 m is missing at the base of the Saltboden section.
This gives a probable thickness for the Ampyx Limestone of some
where about 60 m.
The Echinosphaerites-Bryozoan-, and Mastopora- Coelosphaeridium
zones (4b a-y).
Because of their special development these zones have been given
other names than the more or less corresponding ones of the Oslo
Asker distriet.
Brøgger (1884 p. 261-64) distinguished two zones, a lower one
(4c) with Chasmops conicophthalma (50-60 m) and an upper one (4d)
with Mastopora concava (35 m). From the general impression of the
fossil faunas it seems useful, at least preliminarily, to divide the
conicophthalma zone of Brøgger into the two zones: the Echinosphaerites
zone and the Bryozoan zone.
The Echinosphaerites zone. No weU-marked change in the lithology
is noticable. In the lower part of the Saltboden-Skjellbukten section
the beds consist of shale with limestone nodules, a little more shale
than in the Ampyx Limestone below. Higher up the nodules become
more frequent again and in the upper part the shale increases and
the beds are like those of the lower part. At Kjærvik-tangen charac
teristic limestone beds occur at 6.10 and 7.36 m above the base
of the zone.
Characteristic fossils are:
Echinosphaerites aurantium, Chasmops aff. odini, Pseudasaphus ?
sp. (large form), strophomenid (thick-shelled), Diplotrypa sp.
As mentioned above, the lower boundary of the zone is drawn
where the Reedolitkus-fauna disappears and stems of Pelmatozoans
become characteristic. 15 m up in the section Echinosphaerites aurantium
appears and is characteristic of the following 44 m. At this level the
species gradually disappears to be replaced by bryozoans and associ
ating faunas. The upper boundary is thus not distinct. The total
thickness of the zone is thus 15 + 44
59 m i.e. about 60 m.
The Bryozoan zone. In the Frierfjord section the sediments
succeeding the Echinosphaerites beds chiefly consist of shale with layer
of limestone nodules. Above the shale comes a nodular limestone
belonging to the overlying zone. This petrological boundary corre
sponds fairly well with a change in the fossil fauna.
=
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The bryozoan beds are fairly rich in fossils. Characteristic
forms are:
Chasmatopora sp., Cliftonia sp., Orthids and Leptaena cf. minuta.
Many brachiopods are present and forms characteristic of the
underlying zone, such as Echinosphaerites and Pseudasaphus ? sp., are
also found. Since Chasmatopora sp. is also known from the underlying
Echinosphaerites beds a segregation of a separate Bryozoan zone may
perhaps be questioned.
The complete thickness of the Bryozoan zone is about 40 m.
The Mastopora-Coelosphaeridium zone. 1 m below the nodular
limestone the calcareous alga l'vfastopora concava appears in the
section along the Frierfjord. The nodular limestone continues upwards
about 20 m and then changes into shale with limestone layers or
layers of nodules. From now on the section is not exposed, corre
sponding to a thickness of about 15 m below the Encrinite Limestone.
This covered part is demonstrated in the section of Steinsvika
(Hm). 26 m of sediment (with an interruption of a covered part corres
ponding to 1.5 m) are here exposed below the Encrinite Limestone.
In the lower half, shale with limestone lenses prevails and in the
upper half, shale with limestone layers. At 4 and 4.5 m below the
typical Encrinite Limestone, bands of this characteristic coarse
grained limestone appears.
When comparing the Frierfjord and Steinsvika sections one
obtains the impression that the lower 10-12 m of the latter section
may correspond to the top layer of the for mer. Beginning with the
nodular limestone l m above the first appearance of 1Vfastopora,
this would give a complete thickness of the Mastopora-Coelosphae
ridium zone of 35 m.
Fossils are common, the characteristic ones being:
Mastopora concava, Coelosphaeridi�tm sp., Chasmops cf. bucculenta,
Orthis sp. (calligramma type), Leptaena sp., Platystrophia sp.
Christiania sp.
Coelosphaeridium is confined to the upper 15-2 0 m (upper 12 m
in Steinsvika, but since traces of Coelosphaeridium ? seem to be present
in the upper part of the section of Frierfjord (St.) the appearance
may be somewhat earlier). In the upper part of the Steinsvika section
the Coelosphaeridium beds have "worm trails" and numerous penta
gonal crinoid stems in addition to the other fossils.

76

LEIF

STØRMER

The Encrinite Limestone. A characteristic compact limestone
measuring about 40 m in thickness, forms the uppermost zone of the
Middle Ordovician in the Langesund-Gjerpen distriet. Between
Porsgrunn and Langesund the western escarpments of the eastwards
dipping limestone, are very conspicuous.
Being rather pure (90-95% CaCo3 in the richer parts) the
Encrinite Limestone is of considerable commercial value (Holtedahl
1912). Numerous smaller and some larger quarries are spread all
over the district. At Kjørholt the limestone is now mined below the
surface. In an extensive mine owned by Norsk Hydro the annual
production exceeds 60 0 0 0 0 tons. The CaC03 is used in producing
the Ca for the fertilizer Ca(N03)2• Limestone from other quarries
is consumed by the cement factories (Dalen-Portland) or used for
other purposes.
The Encrinite Limestone is partly developed as a reef limestone
(fig. 8). This naturally involves a considerable local variation of the
limestone. This variation has been studied by Henningsmoen and
by the present author who has assisted Norsk Hydro in surveying
the different limestone occurrences, and has thus had the opportunity,
especially through the core-analysis, to consider the local variation
of the CaC03-content.
The lower boun da ry of the Encrinite Limestone is fairly sharp,
but a transition is indicated by the appearance of a few hands of
crinoid limestone in the uppermost part of the Mastopora-Coelo
phaeridium-zone.
The typical crinoid limestone occurring in the lower part of
the Encrinite Limestone, is a dark, occasionally lighter, bluishgrey,
coarse-grained (crystalline) limestone. The occurrence of coal blende
might perhaps explain the often dark colour. Some beds weather
to a brownish colour due to the FeS2-content. Stylolites on a small
scale are common and a certain cyclic sedimentation is suggested.
The shallowness of the deposits is demonstrated also by the presence
of ripple marks and mud cracks (Hm).
At Brevik in particular, thin (less than l cm) light grey, nearly
white, laminæ in the limestone, might possibly represent metamor
phosed bentonite (Sp.). The laminæ have been subject to small
scale folding.
As indicated above, the typical Encrinite Lime!':tone, the coarse,
crystalline, nearly pure limestone, varies considerably from section
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The Encrinite Limestone at Steinsvika W. of Langesund.
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reef limestone. Aut. phot.

to section. The typical limestone is generally found at the base of
the zone. At Steinsvika in the S only 1.5-3.20 m of the limestone
seems to be present. Between Langesund and Stathelle and Brevik
-Heistad the thickness of the zone increases considerably. Along
the shore at Ås on the Frierfjord, about 8 m of reef limestone is present.
The CaC03-analysis of the cores shows that the pure limestone
( > 90 % CaC03) is not restricted to the typical crinoid limestone,
also the overlying, more fine-grained and less dark limestone might
have a high percentage of CaC03.
Compact limestone beds continue upwards through the zone.
In the upper part, however, the limestone becomes more bedded,
sometimes parallel limestone beds with shale in between.
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In most localities, the Encrinite Limestonc has been considerably
altered through contact metamorphism, and the fossils are accordingly
less satisfactorily preserved. As expressed in the name of the limestone,
crinoid stems are very common, locally literally building up thick
beds of the limestone.
Characteristic fossils are:
Solenpora cf. spongioides, Tryplasma versvikense, Eofletcheria
irregularis, large gastropods, Act�nomena ( Strophomena) cf. asmusi,
Plastystrophia sp. and Chasmops cf. extensa.
Besides the alga Solenpora, Kiær (1920 p. 11 7-18) mentions
fragments of Girvanella problematica. In the uppermost beds of the
limestone, large specimens of Echinosphaerites sp. are common.
=

4.

THE SANDSVÆR-EIKER DISTRICT.

The Middle Ordovician of this district forms in many ways a
continuation of the Langesund-Gjerpen development. Just as there,
the sediments are generally metamorphosed and the unfolded beds
dip towards the large intrusive bodies lying to the S and SE instead
of to the E in Langesund-Gjerpen. In the northern part of Sandsvær
Eiker, along the Drammen Valley, the sediments lie rather flat.
Because of the metamorphism, especially of the upper part of
the Middle Ordovician of this district, detailed stratigraphical work
has been very limited. Brøgger (1879 p. 20) presents, based on obser
vations by Kjerulf, a section from Krekling. In later years fossil
collecting and stratigraphical-tectonic investigations have been carried
out by Størmer, Strand and particularly by Heintz who is studying
this district in detail.
The basal transition beds (3c y). Unfortunately the transition beds
are not exposed in the sections studied, the Orthoceras Limestone
(3c) generally forms a covered terrace concealing the transition beds.
Frequent finds of Megalaspis gigas at Eiker suggests that the top
layers of 3c y are present in that area. In the western part of Sands
vær, however, the Upper Didymograptus Shale seems to rest on
the Asaphus Shale (3 c {3), suggesting the absence of the Endoceras
Limestone (3c y) (Hz).
The Upper Didymograptus Shale (4a a1•2 ) . The shale is well
exposed in the river bed of the waterfall above Flata, Heistad (Hz, St,
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Hm, Sp). Only a small part of the section, perhaps less than l m?,
is not exposed above the presumed Asaphus shale (3c fl).
In the lower part, the black shale appears to be arenaceous and
beds of arenaceous limestone are not uncommon, although the shale
itself strongly prevails. Scattered layers of limestone lenses also occur
Fossils occur in the slightly metamorphic shale and partly in
the limestone lenses. Already l m above the base, Ogygiocaris dilatata
(forma typica ?), Asaphus sp., and graptolite fragments occur.
Asaphids and graptolite fragments are also found at about 3, 4, and
6 m, and at 12.40-12.50 a fairly rich fauna was discovered presenting:
Didymograptus bifidus, Ogygiocaris dilatata (forma typica), small and
broad asaphids, Lingulella ? sp. and Ullerella ulli.
The graptolites show that at least 12.5 m of the shale belong
to the Didymograptus bifidus zone (4a a1 ) . Ogygiocaris dilatata forma
typica thus appears already in the bifidus zone.
With our present fossil material it is not possible to define the
upper boundary of the bifidus zone. At 35.20 m, where more lenses
appear in the shale, we find Didymograptus murchisoni (determined
by Henningsmoen) indicating the presence of the zone of Didymo
graptus geminus (4a a2 ) .
Below this, Ogygiocaris dilatata forma typica is found at different
levels and at 22.80 it occurs in great abundance forming the lower
rich layer of Ogygiocaris. Calymene is found at 24.50 m and" Endoceras"
from 24-31 m. Fragments of a cystid, probably Cheirocrinus sp.
occurs in the rich Ogygiocaris-beds and further upwards.
The

thickness

of

the

Lower

Didymograptus

Shale

(4a a1_2)

might possibly be above 35-40 m (see below).

The Ogygiocaris Shale (4a a3) . It is difficult to distinguish such
a zone above the Upper Didymograptus Shale. The guide fossil of
the district, Ogygiocaris dilatatata (forma typica) seems to occur
already in the lower part of the bifidus zone and occurs in great
abundance in a bed about 12.50 m below layers of the geminus zone.
An upper rich layer of Ogygiocaris dilatata is found at 46. 60 m which
also is the last time it appears in the section.
Evidently the mixture or alternation of graptolites and trilobites
(Ogygocaris) is dependent on the hydrographical conditions under
which the faunas lived.
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At 34-36 m, where Didymograptus geminus occurs, the shale
has more limestone lenses than below. At about 39--40 m this changes
again into more shale and at the same time a certain change in the
fauna is noticeable. At 39 m brachiopods, bryozoans and Ullerella
appear besides Ogygiocaris and a few graptolites.
The first trinucleid, Trinucleus aff. hibernicus appears in the
upper rich layer of Ogygiocaris (46. 60 m). It might possibly be com
pared with the species occurring in the upper part of the Ogygiocaris
Shale at Slemmestad, Asker (Oslo-Asker district).
Trinucleus aff. hibernicus is characteristic of the beds upwards
from 46,60 to at least 63 m. At 61 m the shale changes into a nodular
limestone with shale, but from now on the metamorphism strongly
impairs the determination of the fossils. From 68-70 m pronounced
arenaceous beds with "worm trails" occur.
Judging from the development at Oslo-Asker the lower
boundary of the typical Ogygiocaris Shale has to be drawn above
the geminus zone. Provisionally it might be drawn at about 37 m.
If the Trinucleus aff. hibernicus - layers should prove to be contem
poraneous with those below the bronni-zone at Slemmestad, the upper
boundary of the Ogygiocaris zone might provisionally be drawn
somewhere below the arenaceous beds at about 67 m. Characteristic
f ossils of the true Ogygiocaris shale would t hen be:
Ogygiocaris dilatata (forma typica), Trinucleus aff. hibernictts,
Pseudasaphtts? sp., Christiania sp. The two latter forms occur in
the upper part (63 m). The small globular species of Christiania
differs from that of the Lower Chasmops Shale.
The thickness of the zone would then be about 30 m, which is
rather uncertain since the upper boundary of the geminus zone is
merely based on the absence of the characteristic graptolites above
35.60 m.
The Trinucletts bronni zone (4a a4) . The guide fossils have not
been found. Possibly the aranaceous beds at 68-70 m belong to
this zone. As mentioned below, the characteristic Reedolithtts carinatus
is found somewhat higher.
The Ampyx Limestone and Shale (4a {3) . The layers with Trinttc
leus aff. hibernicus and Pseudasaphus are also found along Muggerud
kleiva, the main road up to Sagvolden. The beds just above 4 a a3
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are missing, but further u p the road, shaie with limestone bands
contain numerous fossils. At a level corresponding to about 75-80 m
in the section at Flata, Reedolithus carinatus occurs, indicating the
Ampyx Limestone. The species is associated with: Christiania sp.,
small form, Ampyx sp. Calymene sp., Lichas sp., Cheirocrinus sp.
and others.
The thickness of the zone is not known.

Fig. 9.

The calcareous alga

Coelosphaeridium sp.

from Ravalsjøelva,Sand svær.

A. Heintz coll. l X. B. Mauritz phot.

The Chasmops zones (4b a-15). In spite of considerable metamorph
ism, good fossil collections have been obtained also from higher beds
(Hz). In the shale with limestone lenses there occur among others:
Asaphids, cephalopods, various brachiopods, Diplotrypa sp., Chasma
topora sp. and the calcareous algæ such as Coelosphaeridium sp. and
Mastopora sp., the former is very common in certain layers (fig. 9).
The fossils suggest a development, like that of the Langesund
Gjerpen District. A highly metamorphic pure limestone at the top
of the section shows the presence of the Encrinite Limestone also
in this district (Hz). A future study of the section may give further
details concerning the stratigraphy.
6 - N.G.T.

nr .
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5.

THE :\IODUM DISTRICT.

Like the two preceding ones, the Middle Ordovician of this
district is located round a large intrusive body. The intrusive massive
forms the nucleus in the elevated area protruding northwards between
the two southern branches of the Tyrifjord. The sediments, which
are largely metamorphic, form the sloping hills round the central
part. In this district the Cambro-Silurian is folded such as in the
Oslo-Asker district. The large Lier-Bærum syncline continues
westward into the Sjåstad syncline of the Modum district.
At present little is known of the Middle Ordovician stratigraphy
of the district. In the western part of the Sjåstad syncline shale with
nodules contains numerous specimens of Echmosphaerites aurantium
probably belonging to the transition beds between the Ampyx
Limestone and the Lower Chasmops shale, or possibly representing
a somewhat higher zone (St).

6.

THE RI:\GERIKE DISTRICT.

This district may be divided in two parts, a southern part
comprising the western parts of the low land between the two
northern branches of the Tyrifjord, an area reaching N to Norderhov,
and a northern part including the Middle Ordovician between
Norderhov and the Randsfjord, as far as to the SE continuation of
the Randsfjord fault.
The southern area forms a part of the large Ringerike syncline
or synclinorium. The gently dipping beds are not metamorphosed,
and the fossils well-preserved. Because of the thick and far extended
glaci-fluvial deposits along the Storelva, the basal pm·tion of tht·
section is unfortunately but slightly exposed. In the northern area
the sediments are more strongly folded and the shales are to a large
extent squeezed out. Here the basal part of the Middle Ordovician
is exposed, but good sections have not yet been studied in detail.
The Middle Ordovician of Ringerike i� briefly dealt with by
Kjerulf (1862b) in his description of a geological map. Brøgger studied
the Middle Ordovician section, but both he and later on Kiær, did
not publish their observations which are, however, preserved to a
certain extent in their note-books. Kiær made extensive collections
and in later years new collections and stratigraphical studics have
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been carried out by Heintz, Strand, and Størmer partly assisted by
Henningsmoen.
The basal transition beds (3c y). At Alm, Jevnaker, in the
northern part of the district at least 1-2? m of shale with limestone
beds contain a late 3c y fauna. The limestone beds have a thickness
of about 8 cm and the shale between about 30---40 cm. The beds
contain Megalaspis cf. grandis (small species) and M. gzgas.
The Upper Didymograptus Shale (4a a1_2 ) .
The shale is evidently present, but has not yet been studied
in detail. The thickness is unknown and, on account of the folding,
an accurate measurement will probably also be difficult to carry out
m the future.
The Ogygiocaris Shale (4a a3 ) and Trinucleus bronni zone (4a a4 ) .
These zones are exposed along the shore at Gomnes SW of
Hønefoss. No lower boundary of the shale is demonstrated and
probably only the upper part of the 4a a3 occurs. The lowest strata
exposed consist of shale and round limestone nodules weathering
to a characteristic yellow colour. Limestone flags of 2-3 cm thickness
are common in the upper part. Petrologically a bronni zone does not
seem to be separated from the Ogygiocaris shale below. The fauna
collected suggests, however, both zones:
Ogygiocaris dilatata sarsi, Pseudomegalaspis patagiata, Telephus
sp., Nileus armadillo, Trinucleus bronni, Remopleurides sp. and Sower
byella sericea (St). Kiær mentions in his notes the presence of Diplo
graptus and Dicellograptus.
The Ampyx Limestone and Shale (4a {3). Above the beds men
tioned there is a characteristic minute conglomerate or sedimentary
breccia with a thickness of 15 cm. The sediment consists of small
pieces of shale, limestone and fossil fragments. This small intraforma
tional conglomerate is succeeded by shale with limestone nodules,
5 cm shale and 4 cm of nodules. Upwards the nodules get more
closely set. The further continuation of the section is not exposed.
l m above the conglomerate Reedolithus carinatus, A mpyx sp. and
Asaphus sp. are found.
At Gullerud, near Norderhov, the conglomeratic bed does not
seem to be developed. Certain sandy beds and fragment beds with
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Trinucleus hibernicus broggeri, Lonchodomas sp., Remopleurides sp.
and Reedolithus carinatus might however be the equivalent layers.
In the road section studied by Kiær, shale with Ogygiocaris dilatata
(subspecies not determined), Telephus sp. and graptolite fragments
is succeeded, 1,5 m higher up, by shale with nodules with Reedolithus
carinatus, Trinucleus hibernicus broggeri and Asaphus sp. This migh
possibly be due to a late appearance of Ogygiocaris such as in the
Langesund-Gjerpen district. 7 m with Reedolithus carinatus is
exposed, at the top of the section the species is associated with
Ullerella holtedahli.
A more extensive section is found along the road at Kullerud.
30 m of shale with nodules and certain limestone beds. The nodules
are common near the base and decrease in density upwards. Near
the top limestone beds of 4-5 cm occur with 20 cm shale between.
The guide fossil, Reedolithus carinatus, is found in the lower 10 m,
the upper 20 m has practically no fossils except a few graptolite
fragments. It is therefore hardly possible to distinguish the upper
boundary of the zone. Probably a considerable part of the section
belongs to the overlying Lower Chasmops Shale.
In a road cut at Putten, a little further N, the thickness of the
4a fJ seems to be at least more than 19 m.
Characteristic fossils of the Ampyx Limestone and Shale (4a {J) are:

Reedolithus carinatus, Trinucleus hibernicus broggeti and Ullerella
ulli. In addition to these are Remoplettrides sp., and Asaphids.
The Lower Chasmops Shale (4b a) . This important zone was
studied in detail by Kiær who discovered and made extensive collec
tions in the rich beds along the shore at Bratterud. Besides Bratterud,
Kiær studied in detail the road cutting between Gomnes and Ruud,
which is now overgrown. Fortunately his notes give satisfactory
information about the stratigraphy.
As mentioned above, the 4a fJ shale with frequent lenses or
nodules gradually changes into a more pronounced shale with few
lenses. This grey shale represents the lower part of 4b a, but the
actual boundary is difficult to ascertain.
The basal part of the zone was exposed at Gomnes-Ruud
(Kiær). A shale with fairly frequent, small limestone lenses yielded:
Chasmops cf. conicophthalma, Ullerella holtedahli, Echinosphaerites and
Haplosphaeronis cf. kiæri, Diplotrypa. Slightly higher up, where the
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shale becomes more pronounced, Christiania sp. appears, the brachi
opod which Kiær noticed as very characteristic of the lower part
of the Chasmops Series.
Another transition fauna has been collected at Gullerud (St).
In shale with limestone lenses the following occur: Chasmops sp.
(small form), Asaphus sp., Pterygometopus sp., Calymene sp., Ampyx?
sp., Ullerella holtedahli, Sowerbyella sp., and Christiania sp.
A lower boundary of the Lower Chasmops Shale may provision
ally be drawn where the shale and limestone lenses change into a
more typical shale, and where the typical Christt"ania-fauna
appears.
The lowest part of 4b a seems to be lacking in the Bratterud
section. According to new measurements (St) the section comprises
about 34 m of greyish-green shale with scattered limestone lenses
or layers of lenses, and a {ew distinct arenaceous beds (at about
13, 24.5, 28, 31, and 32.5 m). A certain tectonic interruption of the
section is present, but the total thickness is hardly much different
from that which is measured.
The lowermost part of the section (previously exposed) com
prises 3---4 m of shale with Christiania cf. tenuicincta (round type).
Above this there is 24 m of shale with limestone lenses, scattered,
or appearing in layers with shale between. Specimens of Diplotrypa
are very common. In the upper 6 m, limestone beds, some of them
arenaceous, are prevailing. In this upper part, Christiania tenuicincta
occurf in large, oblong specimens (Kiær). The upper boundary of
the zone is drawn where more closely set limestone beds appear (at

about 35 m). Since some of the basal part is missing at Bratterud
the complete thickness of the shale probably amounts to about
35---4 0 m.
The fossil fauna might be characterized largely as a fairly coarse,
shelly fauna with brachiopods and bryozoans as the more prevalent
fo::-sil fauna.
Characteristic fossils are: Actinomena ( Strophomena) asmusi,
Kjerulfina broggeri, Opikina dorsata (="Rafinesquina imbrex") , O. del
toidea, Sowerbyella sp., Orthis sp., Diplotrypa sp., Chasmatopora sp.,
Hemiphragma sp., Chasmops aff. extensa, Illaenus cf. glaber.
=

The Lower Chasmops Limestone (4b (J). The road section Ruud
Solheim cuts through 28 m of limestone and shale. The upper 25 m
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of these probably belong to 4b {3. There is no sharp boundary between
4b a and 4b {3. In the top layers of 4b a, limestone bands appear and
become more and more abundant. Limestone beds, a few of them
with a thickness of 15-20 cm, alternate with shale and more or less
closely packed limestone lenses. Where thick limestone beds occur,
more shale is present immediately below and above, thus giving a
more constant ratio between limestone and shale through the zone.
Layers of more typical nodular limestone are also present.
The complete thickness of the Lower Chasmops Limestone
appears to be 25 m, the lowest 3 m of the Ruud-Solheim section
probably belongs to 4b a (St).
Fossils are scarce in the section; only Sowerbyella and a few
cystids. A richer fauna was collected by Kiær at Juvern, the old
river bed of Storelven. Characteristic fossils are:
Chasmops sp., Illaenus glaber?, Lonchodomas sp., Actinomena
asmusi, Strophomena rigida, lamellibranchs and Diplotrypa.
The Upper Chasmops Shale (4b y). The limestone of 4b {3 is
succeeded by shale often with large limestone lenses. The soft grey
shale is generally not much exposed. A section from 4b {3 through
4b y to 4b å is partly exposed along the road Southwards from Øde
gården. The thickness of the shale is not measured. A rough estimate

would suggest somewhere between 20-3 0 m.
Fossils are common i.a. at Vestbråten and Juvern. Characteristic
of the fauna are:
Lamellibranchs, Chasmops cf. extensa, Kferulfina kferulfi, Opikina
deltoidea and Sowerbyella.
The Upper Chasmops Limestone (4b å 1_2 ) . No complete section
through the limestone has been studied. Along the main road S. of
:Norderhov 12.5 m is exposed, excluding the base and the top, and
at Frognøy (the most southern locality), the upper 6 m are demon
strated.
S. of Norderhov the lowest 2 m consist of nodular limestone;
then there comes 6 m of mostly parallel beds of limestone alternating
with shale such as in the Oslo-Asker district. The uppermost 4.5 m
is developed as a more or less compact limestonc. In the lower part
of this limestone (8.5 m above exposed base) the following characteri-
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stie fossils appear: Tretaspis ceriodes, Lonchodomas sp. and Stygina
minor Skjeseth (1953b) and in addition to these, Calymene, Loncho
dmnas sp., "Rafinesquina" sp. and Sowerbyella. Higher up Echinosphae
rites occurs (large form) (St).
At Frognøy the 3.5 of compact limestone at the base might in
part correspond to the uppermost part of the former section. This
compact limestone, carrying numerous specimens of a large Echinos
phaerites in the lower part, is succeeded by 2.5 m of fairly thick
Jimestone beds alternating with less shale. In one of the basal lime
stone beds Kiær (1921 p. 499) discovered a rich fauna with "Trinuc
leus" and "Ampyx". Since he believed that the Tretaspis species
was more closely related to the characteristic T. seticornis above, he
regarded the limestone beds as belonging to a new zone which he
called the Lower Trinucleus ( Tretaspis) limestone. The Tretaspis,
however, proved to belong to a new species, T. kiæri, which suggests
a doser relation to T. ceriodes of the 4b o and therefore suggests a
connection with the Chasmops Limestone rather than with the over
lying Tretaspis series (Størmer 1930 p. 57, 1944 p. 393).
Strangely enough, a single specimen of Tretaspis seticornis was
found about 1.3 m above the rich layer of T. kiæri. If one can rely
on the Tretaspis species as being good guide fossils, which they seem
to be, this means (l.c.) that the boundary between the Chasmops
and Tretaspis Series, i.e. between 4b o and 4a a, runs in the middle
of the 2.5 m of limestone beds alternating with shale (similar condi
tions are found in Hadeland as shown below).
=

Since the layers are distinguished by a special guide fossil, it

seems natura! to divide the Upper Chasmops Lirnestone of Ringerike
into two subzones, a lower one with Tretaspis ceriodes (4b o1), and
an upper one with Tretaspis kiæri (4b å2).
The exact thickness of Upper Chasmops Limestone is not known,
hut it prohahly amounts to ahout 15 m.
Characteristic fossils are:
Chasmops extensa, Tretaspis ceriodes (4b o1), T. kiæri (4h o2),
Lonchodomas sp., Stygina minor, Phillipsinella parabola (4b o2),
Achnomena asmttsi and others.
The fossil faunas are very rich. Numerous species of trilobites
and hrachiopods are present; of interest is the occurrence of Haplo
sp7!aeronis kiæri.
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THE HADELAND DISTRICT.

The Middle Ordovician sediments are chiefly confined to the E
of the Randsfjord, S. of Røykenvik and N and W of the igneous
areas of Nordmarka and Hurdal. A Permian fault of considerable
throw, runs N-S along the Randsfjord; the southern continuation
of the fault, running SE, makes a somewhat artificial boundary
between the Ringerike and Hadeland districts. The eastern boundary
of the Cambro-Silurian sediments is one of erosion, the Precambrian
peneplane dips westwards below the Paleozoic series.
The sediments are strongly folded with a prevailing northern
dip and a W-E strike. In general the folds pitch slightly westwards
towards the fault. While the mostly incompetent lower beds of the
Cambro-Ordovician are strongly folded with numerous fairly small
and sharp folds, the incompetent and thick limestone zones at the
top of the Middle Ordovician, form large, gentler folds. The present
author considered the possibility of large overthrusts because of a
rapid change in facies (Størmer 1943b), more recent studies, however,
seem to suggest the rapid changes in facies are primary, rather than
due to overthrusts.
The Hadeland district was mapped by Kjerulf (1862) and
Miinster (1901) and more recently by Holtedahl and Schetelig (1923).
Holtedahl (l.c.) and Kiær (1926) pointed out the difference in the
NW and SE development of the Ordovician of the district and later
on Størmer (1945) found the change in facies to be strongly marked
along a W-E line between Gran and Lunner.
In describing the Middle Ordovician of the district, one has to
consider the northern and southern sections separately and try to
find out, as far as possible a connection between the two developments.
In the following (N) after a placename means an occurrence
N of the W-E-line corresponding largely to the boundary between
the parishes Gran and Lunner. (S) means S of the mentioned line.
Recent stratigraphical work connected with mapping has been
carried out by Størmer assisted by Henningsmoen, Major, Dons
and Skjeseth. Holtedahl has kindly pe1mitted me to use his
previous notes.
The basal transition beds (3c y). At Hovodden on the Randsfjord
(N), a good section through the basal beds is exposed. The uppermost
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layers of the compact Endoceras Limestone ( 3c y) is crowded with
specimens of endoceratids. Upwards the compact limestone gradually
turns into a bedded limestone, limestone beds and shale, and eventu
ally a shale with limestone lenses. The bedded limestone forms the
lower 2 m. This, and the following 6 m of shale with lenses, contain
the same fossil fauna with the characteristic fossils: Megalaspis
grandis and Asaphus striatus.
This subzone is succeeded by 3 m of shale with lenses containing
Megalaspis gigas.
Above this subzone there is another 3 m of shale with lenses
in which Asaphus (Neoasaphus) bottnicus Jaanusson 1953 was found.
The specimen was kindly determined by Fil.lic. Jaanusson who
mentions that the species occurs in the Crassicauda Limestone which
probably corresponds to our 4a {J?
The section thus indicates the presence of two upper subzones
of 3c y and an extra zone, the age of which is uncertain. As shown
in Pl. 5 the development of 3c y thus differs considerably from that
in Oslo where a distinct grandis-zone is not noticeable.
The basal transition beds are not exposed in the southern part
of the Hadeland district.
The Upper Didymograptus Shale (4a a1.2 ) . On account of the
strong folding, causing considerable jointing and compression of the
shale, the fossils are not preserved in the shale itself and a continuous
section cannot be measured. Since no well-preserved graptolites have
been found, the stratigraphy of the lower part of the Ogygiocaris
Series is impossible to make out. Probably the Lower Didymograptus
shale is present in a more or less "normal" development, but no
exact data exist. The upper beds of Hovodden might have represented
a "shelly facies" of the Upper Didymograptus Shale, but the one
fossil found points, however, to younger zones as mentioned above.
The Ogygiocaris Shale (4a a3) . The shale is well exposed at
Røykenvik railway station (N) where it has been studied by Holte
dahl (Holtedahl and Schetelig 1923 p. 20). He describes the shale
as black to dark-grey, argillaceous, with flat limestone lenses con
taining Ogygiocaris, Nileus and Obolus. The thickness of the Ogygio
caris Shale (4a a3 ) is unknown.
The fauna is the typical Ogygiocaris-fauna of Oslo-Asker:
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Ogygiocaris dilatata sarsi, Pseudomegalaspis patagiata, Niletts arma
dilla a. o.
The guide fossil is also found m the Vigga Valley (S). (St).
The Cephalopod Shale (4a a4?). As discussed below, at least a
major part of this shale may correspond to the Trinucleus bronni
zone (4a a 4). According to the description by Holtedahl (l.c.) the
typical Ogygiocaris shale is succeeded by a few m of nodular limestone
(like in the Mjøsa districts) and then by dark shale with irregular,
more or less rounded lenses which in a weathered state are seen to
contain numerous cephalopods and gastropods. In the Vigga Valley
(S) rounded lenses also occur, but less typical apparently.
The thickness of this shale is very considerable. Holtedahl assumes
a thickness of possibly 100 m for the combined 4a a1_3 and the Cephal
opod Shale.
Neither petrologically, nor faunistically does the Ampyx Lime
stone (4a {3) of the Oslo-Asker section seem to be developed at Hade
land. Parts of the arenaceous beds above the Cephalopod Shale in
the Northern part of Hadeland, might correspond to parts of the
Ampyx Limestone.
The Lower Chasmops Shale (4b a?) of the south and the shale
with arenaceous beds of the north (4a {J-4b a?). S. of Kraggerud,
in the Vigga Valley (S), grey shale, fairly thick, comes on the top
of the Cephalopod Shale. The shale has been subject to considerable
prismatic jointing. Only "worm trails" and a few fossils (Loncho
domas sp., Asaphus sp) have been noticed.
At Røykenvik (N) there occurs a series of shale with limestone
bands and thick beds of calcareous sandstone. The shale, which
apparently has very few fossils, has not been studied in detail. Holte
dahl mentions bryozoans only and assumes a possible thickness of
about 40 m for the zone.
The Middle Chasmops zones (4b {J-y) of the south and the Coe
losphaeridium-Cyclocrinus zones of the north, Considerable diffe
rence is found in the development of the North and South. While
the latter resembles the Mjøsa sections, the former shows some
connections with those of Ringerike and Oslo-Asker.
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At Lunner (S) andE of the Vigga Valley (S), the Lower Chasmops
shale (4b a) is succeeded by a zone of shale with distinct continuous
limestone layers or of fairly large lenses of limestone. The thickness
of the zone is about 10-15 m (continuous sections not studied in
detail). The limestone beds may be rich in fossils. Characteristic
forms are:
Chasmops cf. extensa, Calymene sp., Ampyx sp., Remopleurides
sp. and Kjerulfina broggeri?
A similar fauna has been found about 40? m below the Sphaeronid
Limestone at Nerby (N). The zone rnight possibly correspond to the
Lower Chasmops Limestone (4b (J) of Oslo-Asker.
In the section at Lunner (S) the continuation upwards is as
follows: 36 m of shale with scattered lenses (not well exposed), then
3,5 m with limestone bands in the shale, then 40 m of badly exposed
shale, and at the top below the Upper Chasmops Limestone (4b b),
11 m of shale with frequent limestone lenses. This gives a total of
not less than about 90 m, a thickness perhaps too great for a zone
possibly corresponding to the Upper Chasmops Shale (4b y) only.
Fossils have not been collected in the shale.
At Røykenvik (N) the thick shale with conspicuous arenaceous
layers, corresponding to the Lower Chasmops Shale (4b a ) and prob
ably some older beds (4a (J), continues upwards in zones resembling
the Coelosphaeridium and Cyclocrinus beds of the Mjøsa districts as
pointed out by Holtedahl (l.c.).
The lower part of the section along the shore south of Røyken
vika, consists of 30m of prevailing greyish-green shale with limestone
lenses, particularly in the lower 10 m, and lenses particularly in the
upper 10m. Fossils are rather common, as characteristic the following
may be mentioned:
Leptaena rhomboidalis, Opikina sp. and Diplotrypa; near the top
large specimens of Diplotrypa, Chasmops cf. conicophthalma, and
Strophomena sp.
The upper part of the section comprises about 25 m of more
calcareous deposits, the mostly continuous limestone bands prevail
in comparison with the alternating shale. Arenaceous beds are com
mon. One bed may consist of limestone at the top and a sandy bed
at the base. Characteristic fossils seem to be:
Diplotrypa (small specimens), Illaenus sp., Cybele sp. and Sower
byella sp.
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The contact to the overlying Sphaeronid Limestone is not exposed,
but the thickness given is not far too low.
In the Røykenvik section, the lower 30 m probably correspond
to the Coelosphaeridium beds, and the upper 25 m (or a little more)
to the Cyclocrinus beds.
At Tønnerudodden (N), further S., a series of 40 m are exposed
below the Sphaeronid Limestone (Kiær 1926).
The lower 18 m of the exposed section consists of shale with
less frequent limestone beds and lenses. Characteristic fossils of this
"Cyclocrinus Shale", according to Kiær, are:
Diplotrypa sp. (large specimens), Sowerbyella sericea, S. schmid#
precedens, Platystrophia sp. Cyclocrinus sp. (small).
Above this there is 22.5 m of "Cyclocrinus Limestone". Of this
the lower 17 m consists of bedded limestone with shale, a few
limestone beds being arenaceous. Large Diplotrypa specimens are
common. The overlying 2 m are developed as a nodular limestone
and the uppermost 4 m as shale, with large ellipsoid limestone lenses
("Gastropod Limestone" of Holtedahl). Besides large gastropods
certain cup-corals occur determined by Hill (1953) as: Streptelasma
curvatum, S. holtedahli and S. sp.
At Nerby (N) a shale with limestone lenses, about 2 m below
the Sphaeronid Limes tone contains numerous specimens of Sower
byella sp. besides Illaenus sp., Diplotrypa sp. a.o.
The Upper Chasmops Limestone (4b 15) of the south and the Sphae
ronid Limestone and Gagnum Shale of the north. The Upper Chas
mops Limestone forms a characteristic zone in the southem part
of Hadeland. The W-E limestone ridges are conspicuous in the
area round Roa and at Lunner. Tectonically the limestone forms more
or less V-shaped synclines in which the basal portion is very often
narrow.
A section through the Upper Chasmops Limestone might be
studied W of Lunner railway station (S). The lower 6 m consist of
grey limestone beds with some shale between the layers. The next
13 m are chiefly developed as a nodular limestone. In the upper
23 m, limestone beds altemating with some shale, prevail. The
general impresion of the zone is a series of compact limestone beds
separated by thin layers of shale. The nodular limestone is subordinate.
The altemation of limestone and shale is of considerable importance
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in the tectonic behaviour of the zone. Because of the lamination a
differential movement of each layer of the limestone might be permit
ted. During the falding the Upper Chasmops Limestone therefore
acted more as a pack of separate limestone beds rather than one
compact limestone zone. This explains the comparatively steep folds.
In the railroad section S of Lunner station the upper part (20m)
of the limestone is exposed (Størmer 1945 p. 383). At the base of the
exposed part 2 m of limestone layers and shale appear. Then 4 m
of nodular limestone above which there is a compact limestone of

9

m with the following characteristic fossils:

Tretaspis

ceriodes,

Lonchodomas sp. and large Echinosphaerites sp. The uppermost 5 m
form an apparent gradual transition into the overlying black Tretaspis
Shale (4c

a) .

At the transition, arenaceous beds and beds with trails

are present suggesting shallow conditions or a hiatus. The conditions
are similar to those of Ringerike (Frognøy).
The typical bedded limestone is found dose to the W-E line
separating the northern and southern facies. The compact limestone
beds occur i.a. at the outlet of the small pond at Korsrudbråten.
As suggested in the section at Lunner, the thickness of the Upper
Chasmops Limestone in the southern part of Hadeland, amounts
to about 42 m (previously assumed by me to be about 25-30 m).
Characteristic fossils are:
Chasmops extensa (not common), Tretaspis cen:odes, Lonchodomas
sp., Stygina minor Skjeseth (1953b) Strophomena sp. and Echinosphae
rites sp. (large forms).
The

Sphaeronid

Limestone

is

characteristic of the northern

development N of the W-E line at the boundary Lunner-Gran.
The limestone at Tønnerudodden (N) was described in detail by
Kiær (1926). In this locality a tripartite division of the limestone
is noticeable.
l.

(Base). The Lower Sphaeronid Limestone consisting of 16-17 m
of a densely packed light grey nodular limestone with Vermi
porella sp., Dacyporella sp. a Streptelasma-form, and bryozoans.

2.

The Sphaeronid Shale forms 7 m of grey-green calcareous shale
with

Haplosphaeronis

Tretaspis sp.,
Dalmanella sp.

kiæri,

Stygina sp.,

Leptaena minuta,

Chasmops sp.,

Sowerbyella cf. quinquecostata,

and
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3. The Upper Sphaeronid Limestone, consists of at least 25 m of
light grey nodular limestone with Haplosphaeronis kiæri, H. k.
norvegica, Chasmops sp., Stygina sp., Platystrophia biforata,
Opikina cf. dorsata (
Rafinesqztina z"mbrex' ), and Diplotrypa sp.
=

''

'

Further E, at Nerby, just N of the W-E line, a more or less
continuous section through the limestone is exposed. The section
comprises (Størmer 1943b and 1945 p. 387) 70 m of light grey nodular
limestone. Only a few limestone beds (with little shale) interrupt
the rather uniform nodular limestone. Tectonically the compact
nodular limestone behaves differently from the bedded Upper Chas
mops Limestone further south. The Sphaeronid Limestone forms
larger, U-shaped, open synclines.
Fossils are abundant in certain layers. At 12-15 m a fauna was
collected among which the following are characteristic:
Haplosphaeronis kiæri, Chasmops extensa, Tretaspis ceriodes,
Stygina minor Skjeseth (1953b), Ampyx ? aculeatus, Sowerbyella sp. a.o.
The guide fossil Haplosphaeronis kiæri is also found higher up
in the limestone.
A short part of the section is missing above the limestone. The
thickness of the Sphaeronid Limestone, which here is not divided by
an intermittant shale, amounts to 70-75 m.
The Gagnum Shale overlies the Sphaeronid Limestone at Nerby
Gagnum (N). The shale is dark grey with comparatively thin layers
of limestone nodules. The thickness is 20-25 m.
Characteristic fossils are: Tretaspis ceriodes, Lonchodomas sp.,
Stygina minor Skjeseth (1953b), Illaenus parvulus, Remopleurides sp.,
Calyptaulax [Homalops] norvegicus, Platystrophia sp. and orthids.
In the shale there has also been found Tretaspis kiæri. The
presence of T. ceriodes and T. kiæri indicates that the shale is not
identical with the Tretaspis Shale (T. seticornis) , but corresponds to
the upper part of the Upper Chasmops Limestone, a development
faunistically equivalent to that of Ringerike (STøRMER 1945).
8.

THE FEIRING DISTRICT.

The Middle Ordovician of this district is strongly metamorphosed,
fossils being but badly preserved. Vogt (1884 p. 215) has described
the section W of Lake Mjøsa. Shales of "stage 4" occur above the
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Orthoceras Limestone in many of the sections. In spite of the
metamorphism measurement of thickness may be possible.
9-11.

THE MJØSA DISTRICT.

These three districts are often treated as one unity, the Mjøsa
District. Previous and present researches have usually comprised all
three districts at the same time. In this general review it might,
therefore, be useful to do the same.
Cambro-Silurian rocks form the base of the rich agricultural
districts round Lake Mjøsa. Because of the cultivated fields, good
exposures are scarce being chiefly confined to quarries, road- and
railway cuts and outcrops along the rivers and shorelines.
The Mjøsa districts as a whole, are bordered on the W by the
Precambrium by the Hundselv fault, on the N largely by the Eocam
brian rocks ("sparagmites") (as pointed out by Skjeseth the northern
boundary of the Oslo Region might be drawn S of the Ringsaker
district), to the E to the exposed underlying Precambrian, and to
the S chiefly by the igneous rocks of the Feiring district. Major
Permian faults split up the region into different tectonic units. As
shown by Skjeseth (1952a) the preservation of the Cambro-Silurian
is largely due to the subsidence and slight tilting of the rocks between
major faults. A conspicuous horst of Precambrian rocks is maintained,
forming the Solbergås between Ringsaker and Nes.
The Middle Ordovician sediments are strongly folded. Due to
the doser neighbourhood of the axial beits of the Caledonian mountain
range, overthrusts occur in addition to the folds. As shown by Skjeseth
(l.c.) the Cambro-Silurian sediments of Ringsaker are probably
allochthonous, belonging to a nappe or sheet thrust over the para
tochthonous series below.
The Middle Ordovician of the Mjøsa districts was treated briefly
by Hisinger (1823, 1828), who presented a drawing of Coelosphaeridium,
and by Kjerulf (1857, 1862c). A more detailed stratigraphical study
of the Mjøsa Limestone was presented by Kiær (1897) and some
years later, Holtedahl (1909) gave a detailed account of the remaining
part of the Middle Ordovician.
Holtedahl divides the "stage 4" into two series, a lower Asaphid
Series and an upper Chasmops-Siphone Series. The further division
is as follows:
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I. Asaphid Series. l. Ogygia ( Ogygiocaris) shale, 2. Nodular
limestone, 3. Shale with cephalopods and gastropods.
Il. Chasmops-Siphone Series. l. Shale and limestone without fossils,
2. Calcareous limestone and shale with Coelosphaeridium, 3a. Shale
with Cyclocrinus, Chasmops, Leptaena etc., 3b. Limestone with
the same fossils.
=

Comprehensive fossil lists and correlation with other regions as
well as remarks on the lithology, are given in Holtedahl's paper.
More recently, Skjeseth (1953a) has dealt with the Lower Ordovi
cian of the districts and he his now carrying out a detailed study
and mapping of the Middle Ordovician of the whole region.
Middle Ordovician fossils have been collected by Kjerulf, Brøgger,
Kiær, Rekstad, Miinster, Holtedahl, Rosendahl, Strand and H. Major.
9.

THE TOTEN DISTRICT.

Like the Hadeland District the Toten District is bordered on
the W by a prominent Permian fault (concealed by the Randsfjord
in the former case) .
In both cases, the subsided area dips gently towards the fault,
this leaving the younger beds preserved in the western part only.
Another Permian fault, a southern continuation of one crossing
Helgøya, changes the pitching of the folds eastwards (Sk) .
The Middle Ordovician is strongly folded with a W-E strike.
The thick and compact Mjøsa Limestone forms characteristic syn
clines in the western part of the district.
The basal transition beds (3c y). The development of the Ortho
ceras Limestone (3c) is different from that of the southern districts
mentioned. At Raufoss the limestone consists of 14 m of bedded
compact limestone with a characteristic reticulate surface formed by
fissures partly filled with arenaceous material. In the eastern part
of the district the development is more similar to that of Nes-Hamar.
Above the Orthoceras Limestone there is 6 m of nodular limestone
grading into shale with limestone lenses. The lower part of these
transition beds contains: Megalaspis grandis, the upper part: Mega
laspis gigas. This indicates the presence of the upper beds of the
Endoceras Limestone (3c y).
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The Upper Didymograptus Shale (4a a1_2) , the Ogyciocaris Shale
(4a a3) and the Cephalopod Shale (4a a4?) . On account of the strong
"
folding these shales are not well-preserved. A river section at Kolbu
has dark shale with larger limestone-lenses containing a typical
Ogygiocaris fauna of the Oslo type:
Ogygiocaris dilatata sarsi, Pseudomegalaspis patagiata, Trinucleus
foveolatus, Nileus armadillo.
The Cephalopod Shale (4a a4 ?) with its round limestone nodules
1s exposed along the Lena and Hekshus rivers.
The Robergia Beds (4a (3-4b a) . The name of these beds has
been suggested by Skjeseth. Holtedahl mentioned the same beds as
grey shale with thin beds of arenaceous limestone and quite small
limestone lenses. The Robergia Beds which are better known from
the other Mjøsa districts, evidently occur and form the basement
of large parts of the covered land of Toten. In the section along the
Bøver river, beds of calcareous sandstone are common up to the
characteristic thick arenaceous beds of the next zone. (Holtedahl
l.c. p. 15).
The Coelosphaeridium zone (4b (3?). The lower part consists of
shale with thick beds of arenaceous limestone. The upper shaly part
of this zone is described by Holtedahl (l.c. p. 26) from Eina. The
grey shale, mostly prismatically jointed, weathers to a characteristic
brown to brownish-red colour, sometimes displaying a bluish tint.
The thickness of the zone is difficult to establish.
The shale is highly fossiliferous, characteristic forms are:
Coelosphaeridium cyclocrinophilum, Mastopora concava, Chasmops
cf. conicophthalma, Illaenus glaber, Platystrophia biforata, Actinomena
cf. asmusi, Diplotrypa sp.
The Cyclocrinus zone (4b y?). The development not studied
much in detail, seems to be similar to that of the Nes-Hamar district.
The Mjøsa Limestone (4b 15 +). Like the Encrinite Limestone
of the Langesund-Gjerpen and Sandsvær districts, this limestone
terminates the Middle Ordovician Series. Being rather pure, and
having a thickness of more than twice that of the Encrinite Limestone,
the Mjøsa Limestone has a considerable commerci al valne, a fact
7

-

N.G.T. nr. 31
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Fig. 10. Erosion furrows and overlying breccia in the Mjøsa Limestone of
Ånerud, Toten. Skjeseth phot.

which is demonstrated by the many quarries scattered all over the
country (Holtedahl 1912).
The conception of the age of the Mjøsa Limestone has changed
from time to time. The limestone is not succeeded by the Lower
Tretaspis Shale (4c a) such as the limestone of the southern district.
A Silurian sandstone of Llandoverian age rests directly on the Mjøsa
Limestone. Largely because of its coral faunas, the limestone was
at first correlated with the Gastropod Limestone (Sa) at the very top
of the Ordovician elsewhere in the Oslo Region (Kiær 1897, Holtedahl
1909). Raymond (1916) and later Kiær (1920, 1921, 1926) formed,
however, another opinion on the stratigrapical position of the Mjøsa
Limestone. From a comparison with the Baltic regions, it became
apparent that the limestone belonged rather to the Middle Ordovician,
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Fig. 11. Solenopora beds in the Mjøsa Limestone near

Hundselv,
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Toten.

Skjeseth phot.

largely contemporaneous with the Upper Chasmops Limestone (4b o)
of Oslo.
In the Toten District the Mjøsa Limestone is well exposed in
several quarries N of Eina. As a representative section, the one
occurring in the quarry at Ånerud (Sk), might be chosen.
The Mjøsa Limestone has a thickness of 100 m (99.80 m). The
lower 80 m consist of compact grey, partly crystalline limestone and
to a small extent (upper part) of bedded limestone of a reddish colour.
Above this there is about l m (0.90 m) of dark arenaceous shale,
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and then 6. 5 m with compact "reticulate" limestone intersected by
numerous minor stylolites at different levels.
At the top of the "reticulate" limestone, a marked erosion surface
occurs (fig. 10) . Erosion furrows up to 15 cm in depth, penetrate
into the limestone. The sediment filling the furrows and covering the
limestone in general, consists of about 6 m of crossbedded arenaceous
limestone breccia. This sediment is again succeeded by 6 m of compact
limestone with numerous minor stylolites.
The upper surface of the Mjøsa Limestone shows very interesting
features (Sk). Prior to the deposition of the overlying Silurian
sandstone, the limestone has been subject to considerable erosion.
Especially in the quarry at Kyset thick veins of the characteristic
yellow-weathering Silurian sandstone penetrates deep into the under
lying sandstone. A perfect Presilurian Karst erosion is demonstrated.
The fissures and "tunnels" go down to at least 2.80 m below the
surface of the limestone.
The fossil content of the Mjøsa Limestone of the Toten District
is chiefly confined to Solenopora sp. which occurs in abundance
through out the zone (fig. 10).
At Anerud a few corals and stromatoporoids occur near the top
of the limestone and in the road cut of Holte a coral reef limestone,
2 m thick , comes between beds with Solenopora. According to deter
minations by Hi ll (1953) the reef limestone contains: Liopora favosa
and Eofletcheria subparallella. The corals are associated by stromato
poroids and Solenopora (Sk).
10.

THE :'\ES-HAMAR DISTRICT.

The island of Helgøya and the Nes peninsula N of it, are bordered
on the N by the Permian horst of Precambrian rocks. No major
fault seems to separate Nes from Hamar and Furnes on the E side
of the lake (Sk).
Good exposures are found particularily along the railway N of
Hamar and along the �hore of the lake. The southern shores of
Helgøya have been the hunting grounds for good fossils ever since
the time of Leopold v. Buch.
Due to the strong Caledonian falding, the more incompetent
beds in particular, are considerably compressed and distorted, making
it very difficult to obtain continuous stratigraphical sections. It is
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Fig. 12. Shales and limestone beds (inverted) forming the upper part of the
Endoceras Limestone (3c

y)

at Holmen, Helgøya. Skjeseth phot.

to be noted, however, that below the large, open synclines of the
competent Mjøsa Limestone the shales have been little disturbed
and consequently offer good opportunites for more detailed strati
graphical studies.
The basal transition beds (3c y). These beds might be studied
at Helskjær, Helgøya, at the church of Furnes, and at Fura, Løten.
At Helskjær, Helgøya (Sk), the Orthoceras Limestone (3c) shows
an Oslo development, different from that of Toten. A L mbata
Limestone (3c a ) of 1.2 m, is succeeded by Asaphus Shale (3c fl)
of 1.1 m and further by an Endoceras Limestone (3c y) of which
he compact lower part is 1.2 m thick. Above the compact Endoceras
Limestone with endoceratids there is l m of nodular limestone and
above that 3 m of shale and limestone with Megalaspis grandis and
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Asaphus striatus. These beds are further succeeded by 1.5 m of shale
with continuous limestone beds containing Megalaspis gigas. Ov-erlying
beds of shale with limestone lenses, 0.5-1 m in thickness, carry
underterminable trilobite fragments.
The development of 3c y is thus similar to that of Hadeland N.
At the church of Furnes (Sk) the Endoceras Limestone is suc
ceeded by a shale with limestone lenses containing a rich fossil fauna.
The fossils are found in one layer of limestone lenses 4 m above the
top of the compact Endoceras Limestone and l m below a dark
shale which probably belongs to the overlying Upper Didymograptus
Shale (4a al-2 ) The fauna (Sk) is a peculiar mixture of the Orthoceras Lime
stone (3c) and Ogygiocaris Shale (4a a ) faunas:
Megalaspis cf. grandis, M. gigas, Niobe frontalis, Ampyx nasutus
Asaphtts sp., Ampyx mammilatus, Nileus armadillo, Ogygiocaris cf.
dilatata, Trinucleus sp. and Telephus mobergi.
The species listed as Megalaspis cf. grandis might represent a
transition between M. grandis and M. gigas.
The first four species point to the Orthoceras Limestone, while
the last five ones rather suggest the higher Ogygiocaris Series.
Most of the species listed may occur in one single limestone
lens thus excluding the possiblility of a tectonic mixture of several
zones.
At Fura, Løten (Sk), a locality in the eastern part of the Hamar
district, the Orthoceras Limestone appears as a 6-8 m thick reticulate
limestone, resembling the development at Toten rather than that
at Helgøya and Hamar.
Above the compact Orthoceras Limestone, which is strongly
deformed by tectonic pressure, there is a shale with lenses possibly
4 m thick, possessing Megalaspis gigas indicating the top layers of 3c y.
The Upper Didymograptus Shale (4a a1_2 ) and the Ogygiocaris
Shale (4a a3 ) . The black shale with the limestone lenses is exposed
in several localities, i.a. along the shore of Helgøya. The shale itself
is too badly preserved to offer determinable graptolites. Our know
ledge of the shale is therefore confined to the upper part with the
fossiliferous limestone lenses.
The lenses or ellipsoids are mostly flat, having a diameter of
30--40 cm and consisting of bluish-black, fine-grained limestone
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(Holtedahl 1909 p. 45). Characteristic of the lenses are the numerous
baryte crystals on the surface.
The thickness of the shale is quite uncertain, but Holtedahl
sugge:;ts 20-30 m as being possible.
The shale contains a typical Ogygiocaris-fauna of the Oslo-type.
Ogygiocaris dilatata sarsi, Pseudomegalaspis patagiata, NilMts armadillo,
Ampyx mammilatus, Tn.nucleus foveolatus, Telephus bicuspis, T. mo
bergi, and Triarthrzts sp.
3---4 m of nodular limestone layers follow above the shale. Few
fossils, among them Nileus armadillo, are present.
The Cephalopod Shale (4a ai) . The black shale contains lime
stone lenses different from those of the Ogygiocaris Shale. The lenses
are more rounded, less flat, and the barytes appears as irregula1
protuberances on the surface. Pyrite concretions often representing
individual fossils, are common in the shale.
The fossil fauna is very characteristic, consisting chiefly of
cephalopods and gastropods:
Orthoceras sp. div., Trocholites sp. div., Lituites lituus, Pleuroto
maria ? hyperborea, Raphiostoma schmidti, Lytospira norvegica. Of
trilobites have been recorded: Ogygiocaris dilatata (rare), Robergia
microphthalma, Nileus armadillo, Asaphzts sp. div.
The thickness of the shale is unknown, but seems to be very
considerable.
The Robergia Beds (4a (3-4 b a) . The black Cephalopod Shale
1s succeeded by a coarser grey shale with thin, usually less than
2 cm thick, calcareous sandstone beds and scattered, regular limestone
lenses of small size (5-8 cm in length). In the Nes-Hamar district
only a few gastropod fragments have been found (Holtedahl l.c. p. 10).
The thickness of this shale is unknown but evidently very
considerable.
The Coelosphaeridium Zone (4b f3 ?). At Helgøya (Holmen) the
Robergia Beds with its thin arenaceous beds, is succeeded by shale
\vith up to 20-30 cm thick arenaceous limestone beds. In these beds
Holtedahl found traces of Coelosphaeridiu,m and Diplotrypa. Similar
beds occur N of Hamar and the upper beds are also exposed here.
The upper part of the shale has less arenaceous and thinner lime
stone bands.
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The beds are fossiliferous and the following species may be
mentioned as being typical:
Coelosphaeridium cyclocrinophilum, Platystrophia lynx, Diplotrypa
sp., 1'vfastopora concava.
In addition to these common forms, there are Pterygometopus,
Actinomena cf. asmusi etc.
The thickness of the zone is unknown, but probably very con
siderable.
The Cyclocrinus Zone (4b y?). The classical section is the railway
cutting at Furuberget N of Hamar. Below a syncline of Mjøsa Lime
stone the Cyclocrinus- and parts of the Coelosphaeridittm zones are
exposed.
According to Holtedahl the Cyclocrinus Beds may be divided
into a lower shale with limestone beds and an upper bedded limestone.
Above this there is shale with arenaceous limestone beds which
Kiær (1897) and Holtedahl (l.c.) included in the Mjøsa Limestone,
although the latter mentions (p. 33) that is should rather belong
to the Cyclocrinus Beds. More recent studies of the section (Sk)
confirm the inclusion of the beds in the Cyclorinus Beds, a view
applied in this paper.
A lower boundary of the Cyclocrinus-zone is not at all well
marked. Holtedahl presents 15 m of dark-grey shale with calcareous
sandstone below the bedded limestone. Coleosphaeridium occurs,
however, 7.20 m below the limestone (Sk), a fact which makes it
difficult to draw the line.
The bedded limestone has characteristic grey, partly arenaceous
parallel limestone beds, about 10 cm thick, alternating with a few
cm of shale. The thickness of the limestone is 8 m.
The upper part of the Cyclocrinus-zone (previously regarded as
belonging to the Mjøsa Limestone) consists of shale with calcareous
sandstone beds sometimes cross-bedded, and beds of purer limestone.
In the uppermost part, the limestone beds attain a thickness of
30-40 cm, forming a transition to the Mjøsa Limestone above.
Fossils are more or less common throughout the zone. In the
shale below the limestone, the following species are characteristic:
Sowerbyella sericea, Chasmops cf. bucculenta, Pterygometopus
kuckersiana, Actimonena cf. asmusi, Platystrophia sp., Diplotrypa sp.
and less common: Cyclocrimts sp.
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Fig. 13. The Mjøsa Limestone at Bergvika, Helgøya. The lower part of the
section is here developed as a reef limestone. Skjeseth phot.
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Sowerbyella sericea, Chasmops maxima, C.

cf. bucculenta, Illaenus glaber,
and Actinomena cf. asmusi.
In the upper shale:

Platystrophia

(small form) ,

Crania

sp.

Sowerbyella sericea, Chasmops cf. b�tcculenta, C. sp., Actinomena
cf. asmusi, Platystrophia sp., Diplotrypa sp. and Cyclocrinus sp. New
forms are (according to Kiær and Holtedahl) i. a. "Rhynchonella bore
alis", "Atrypa headi", Nicolella actonia and the ostracod Tallinnella
kiaeri Henningsmoen (1953.) .
The Mjøsa Limestone (4b o+).

The classical exposures are Helg

øya and Furuberget (Kiær 1897) .
On Helgøya the limestone forms a syncline well exposed in
Bergsvika. Of particular interest is the strong development of the
stromatoporoid reefs (fig. 13, 14) . As might be expected the reef
facies has a rather local development. Recent studies (Sk) demon
strate variations in thickness on either side of the syncline. In the
following the measurements pertain to the southern branch of the
syncline, while the northern values are given in ( ) .
Above a basal limestone of l m (2 m) with Solenopora there is
5 m (2 m) of arenaceous limestone partly developed as a sedimentary
breccia with corals.
The following 9 m (10) is developed as a spectacular stromato
poroid reef with corals.
Above the reef there is an arenaceous limestone breccia of 2 m
(4 m) with corals marking the extinction of the reef. An overlying
dark Solenpora- limestone of l m (0.5 m) passes into a limestone of
1.5 m (2. 0 m) .
Then follows 17 m (12.5 m) of fossiliferous bedded limestone
with some shale between the beds. The uppermost part is developed
as 10 m (10 m) of compact reticulate limestone resembling the Masur
Limestone of Sweden (Sk) .
The section exposed comprises 41 m, but this represents only
the lower part of the Mjøsa Limestone.
The characteristic fossils are:
Solenopora compacta, Stromatopora sp., Eofletcheria s�tbparallela
Hill (1953) , Liopora favosa and Nyctopora aff. parvotubulata.
At Furuberget the complete thickness of the Mjøsa Limestone is
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Fig. 14. Detail of the stromatoporoid reef in the Mjøsa Limestone of Bergvika,
Helgøya. Skjeseth phot.
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exposed. The upper compact part is quarried. The section is as
follow (Sk):
The lower 16.8 m consist of compact, partly bedded limestone
with Solenopora sp. Then follow 2 m with compact Solenopora lime
stone showing numerous corrosion surfaces or minor stylolites.
A calcareous fragment layer of 0.20 m contains stromatoporoids
and corals, and evidently represents the remains of the reefs so
conspicuous further SW.
The upper 61 m form a compact limestone of which the upper
40 m are practically without fossils.
The complete thickness of the Mjøsa Limestone of the Nes
Hamar district is 80-85 m.
11.

THE RINGSAKER DISTRICT.

This district, comprising the southern part of the Ringsaker
parish and smaller parts of Veldre and Furnes, has lake Mjøsa on
the W side, the horst and the Brumund Valley forming the SE-E
boundaries. To the N, the boundary is less distinct. The "Ringsaker
inversion" with the appearance of Eocambrian sediments, forms a
more or less artificial boundary.
In spite of being farther N, the Middle Ordovician sediments
including the shales, are fairly well preserved. Good exposures are
found in many places especially along the Railway (Fangberget).
The basal transitional beds (3c y). The Orthoceras Limestone
has a development similar to that of Toten. The compact limestone
has the characteristic reticulate surface. The thickness, however, is
much greater, being not less than 40 m (Sk). Visible fossils are scarce
and it is therefore hardly possible to decide which zone or subzone
constitutes the top layer of the limestone. Endoceratids are common
10-15 below the upper surface.
No transitional layers are found between the top of the compact
limestone and the black shale above. Although transitional zones or
subzones may be concealed in the limestone itself a comparison with
the conditions at Toten makes this less probable.
The Upper Didymograptus Shale (4a a1_2 ) . At Tande railway
station Bjørlykke (1905 p. 20) found Glyptograptus teretiusculus and
Climacograptus scharenbergi and later on Holtedahl (1909 p. 13) found
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gemt"nus indicating the geminus zone 4a a2 • The
thickness of the black Upper Didymograptus Shale is unknown.
The absence of the shale in certain localities may be due to tectonics.

Didymograptus

The Ogygiocaris Shale (4a a3 ) . This shale probably has the same
lithology and fossils as in the district further S. Possibly a shelly
facies (O gygiocaris- fauna) may appear somewhat earlier than in Oslo.
Characteristic fossils are:
Ogygiocaris dilatata sarsi, Trinucleus foveolatus, Nileus armadillo,

and Triarthrus sp.
The thickness of the zone is unknown.

Telephus bicuspis

The Cephalopod Shale (4a ai ) The presence of this zone is
suggested by the characteristic lenses with irregular protuberances.
The zone of which a greater part may be absent, has not been parti
cularly studied in the district.
The Robergia Beds (4a f3-4b a) . New sections (Sk) have con
siderably extended our knowledge of the grey shale with thin cal
careous sandstone beds and small lenses.
At Heramb the following fossils have been found in the shale:
Robergia microphthalma, Pseudomegalaspis patagiata, ostracods,
and the following graptolites determined by Dr. Bulman: Corynoides
cf. curtus, Glyptograptus teretiusculus euglyphus?, Amplexograpttts aff.
vasae, and Diplograptus sp.
A more complete section is found in the cutting of the Brumund

river at Holmen.
The base of this section is formed by 10 m of Cephalopod Shale
changing from black to a grey colour up towards the lower boundary
of the Robergia Beds.
The lower 28 m consist of grey shale with calcareous sandstone
beds and lenses with Ampyx costatus and Nileus armadillo in the
lower part and some graptolites at the top. Then there follow 7 m
of shale with scattered small lenses. The next 13 m of shale have
thin beds of calcareous sandstone. The fossil fauna comprises:
Robergia microp!,thalma, "Megalaspis" sp. , Dionide sp.
The following graptolites have been determined by Dr. Bulman
from this and the lower part of the section:
Dicellograptus sextans exilis, Climacograptus? scharenbergi, C. sp.,
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aff. vasae and Lasiograptus cf. harknessi. The next
7 m consist of shale with thick (20 cm) layers of cross-bedded cal
careous sandstone. The upper 22 m comprise parallel beds of arena
ceous limestone alternating with less shale.
According to Dr. Bulman, the graptolite assemblage, occurring
in the upper part of the section, suggests a horizon somewhat higher
than the zone of Nemagraptus gracilis.

Amplexograptus

The Coelosphaeridium Zone (4b (3?). The shale is well exposed at
Fangberget and Tørud-Brattberg. In both localities the basal part
of the zone may be missing; at least the coarse beds of calcareous
sandstone, occurring on Helgøya in the Nes-Hamar District, are
not known.
The Fangberget section is described by Holtedahl (1909 p. 2326). The dark-grey, prismatically jointed shale has 5-10 cm thick
beds of more or less arenaceous limestone weathering to a charac
teristic reddish-yellow (rusty) colour. The thickness of the shale
between the limestone beds amounts to 1/3 to 2!3 m.
Already in the lower beds, species of Coelosphaeridium and
Mastopora appear. The fairly rich fossil fauna is rather constant
throughout the section which measures 40 m in thickness.
At Tørud-Brattberg (Sk) the section is somewhat disturbed,
but the thickness of the zone seems also to be 40 m here. The sediments
are similar to those of Fangberget. A characteristic arenaceous lime
stone band of 15 cm contains numerous Coelosphaeridi�tm.
Characteristic fossils are:
Coelosphaer·idium cyclocrinophilum, l'Æastopora concava, Platystro

cf. b�tcculenta, C. sp., lllaenus glaber, Actinomena
cf. asmusi, Porambonites sp., Orthis sp., Diplotrypa sp. and pelma
tozoan stems. Cyclocrinus schmidti occurs, but is rare. Graptolite
fragments have been determined by Bulman as Diplograptus or
Amplexograptus sp.
phia lynx, Chasmops

y�). At Fangberget this zone is prac
tically not exposed between the Coelosphaeridium Shale and the Mjøsa
Limestone. Holtedahl (l.c.) mentions, however, that traces of a zone
with compact limestone (limestone beds) such as at Furuberget, are
not found.
At Tørud-Brattberg (Sk) the Cyclocrinus Beds consist of grey,
partly arneaceous shale with a few more or less arenaceous limestone
The Cyclocrinus Zone (4b
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beds. Minor sedimentary breccia, crossbedded sandstone and ripple
marks indicate shallow conditions. At the top characteristic beds
of 5-7 cm with pelmatozoan stems.
The thickness of the zone is only 12 m suggesting that the upper
part of the zone is actually missing (Sk).
Characteristic fossils are:
Cyclocrinus sp., Sowerbyella sericea, Chasmops sp., Actinomena
cf. asmusi, "Rafinesquina" sp.
The Mjøsa Limestone. (4b o+). At Tørud-Brattberg (Sk) the
12 m of Cyclocrinus zone is followed by about 30 m of compact
limestone with Solenopora sp. Besides this fossil, "Rhynchonella
borealis" occurs near the base and cephalopod fragments higher up.
Above the 30 m of compact limestone there are 60-70 m of
red calcareous shale containing pieces of the underlying limestone.
The calcareous shale probably belongs to the Mjøsa Limestone.
Except for a few specimens of Obol�ts sp. no fossils have been found.
The considerable hiatus above the Mjøsa Limestone is pointed
out by the presence of a quartz conglomerate and an overlying
quartzite assumed by Skjeseth to be equivalent to the Phacops
Quartzite of Sweden.

ADDITIONAL DISTRICTS.

1.

Snertingdal.

Middle Ordovician sediments are found in the district N\V of

Ringsaker, outside of the Oslo Region. The outcrops have not been
studied in detail, but fossils have been found by .Miinster (1901),
some of which were identified by Holtedahl (1909 p. 13) as:
Ogygiocaris dilatata sarsi, Trinucleus foveolatus and "Aeglina"
sp.? the latter probably Telephus sp. as mentioned by Hadding (1913).
The fossils which are preserved in limestone lense of the common
type, prove the occurrence of the typical Ogygiocaris Shale of Oslo
type so far N . .Miinster (1901) found the Ogygiocaris beds to be suc
ceeded by arenaceous beds up to 5-6 m in thickness.
2. Hedmarks-vidda.
Scattered occurrcnces of the .Middle Ordovician are also found
NW of the Ringsaker District. Bjørlykke (1905 p. 33) mentions the
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occurrence of Ogygiocaris dilatata at Brennseter. A doser study of
these outcrops has not yet been carried out.

Comparison of the various district
and the sequences correlated with the international
graptolite time scale.

A more detailed and reliable correlation of the strata within the
Oslo Region has to be postponed until the major part of the fossils
has been satisfactorily described. At present however, one may
draw certain condusions from the facts already available. The corre
lation has largely to depend on a few better known fossils and, to
same extent, also on the lithology.
Thanks to Dr. Bulman's determinations of the graptolites, it
has been possible to establish the age of our Middle Ordovician zones.
In particular, the Oslo-Asker section has permitted a doser correla
tion with the graptolite sections of Great Britain and Sweden (Scania).
Characteristic of the sequences of the Oslo Region is the con
siderable variation in lithofacies. On orre side, we have the typical
black graptolite shales and, on the other side the characteristic
reef limestone. Between these extremes we have all types of transitions.
A mixed graptolite and trilobite facies is of considerable importance
in fixing the age of the zone. Sandy facies is significant in connection
with tectonics. Different facies, meaning the change in lithofacies
within orre stratigraphical unit, is also common. It is difficult, however,
to be sure that a difference of lithofacies actually comprises orre
and the same stratigraphical unit. Our studies of the sections give
the impression that numerous smaller hiatuses are present, suggesting
in several cases, that one distinct lithofacies might be contemporaneous
with a hiatus rather than with another lithofacies of about the
same age.
The fossil assemblages naturally change with the different
lithofacies. The present studies have also indicated the presence of
vicarous forms within apparently similar facies. We might mention
the two types of Ogygiocaris dilatata and their associating faunas.
A rapid change in lithofacies is aften found in the sections.
A graptolite shale may be succeeded, apparently without transition,
by a limestone with a trilobite-brachiopod fauna. The rapid change
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Fig. 15. H.egional development of the Middle Ordovician of the Oslo Region.
(Read 4a

(3,

not 4-b

(3,

for the Ampyx Limestone).

does not need to signify a hiatus of some kind. Slight hydrographic
alterations may have caused better ventilated conditions (comp.
Strøm 1936).
In designating the stratigraphical units (fig. 15) , the previously
established names have been used as far as possible. It may perhaps
be emphasized that local names would have been preferable to
names such as "Ampyx Limestone", but since this type of designation
is so well established in the Baltic-Scandinavian Ordovician it
could be maintained to a reasonable extent.
When a zone is developed as a graptolitc shale it is given the
name of the corresponding graptolitc zone of the British or Swedish
section. Frequently, one part of a zone is developcd as a graptolite
S - N.G.T. nr. 31
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shale while the rest comprises limestone beds with a shelly fauna.
In this case the two lithofacies represent parts of one zone only.
The designation of such a part of a zone may meet with difficulties.
The lower, graptolite part of the Didymograptus h irun do-zone is here
called 3b s, while the rest of the zone evidently corresponds to
3c a-y.
In the following, the different zones are treated cronologically.
In order to fix the lower and upper boundaries of the Middle Ordo
vician, it is necessary to consider and discuss the series immediately
below and above.

THE

BASE OF THE MIDDLE ORDOVICIAN.

As mentioned above, the Upper Didymograpthus Shale rests
on the transition beds above the Orthoceras Limestone.
In order to date the Orthoceras Limestone it is necessary to
investigate the underlying Lower Didymograptus Shale (3b). Usually
the graptolite shale changes abruptly into the Megalaspis Limestone
(3c a) forming the base of the Orthoceras Limestone. This is, however,
not always the case. As shown by Skjeseth (1953a) a different devel
opment is found in Ringsaker. The upper part of the Lower Didymo
graptus Shale here is developed as shale with limestone lenses con
taining a trilobite fauna older than that of the true Orthoceras Lime
stone (Pl. 5). In the Langesund distri et the shale is missing; the
Orthoceras Limestone, probably a higher part of it (3cy), rests on
alum-shale of the Uppermost Cambrian and at Sandsvær the Asaphus
Shale (3c fl) seems to rest on the Upper Cambrian and the Endoceras
Limestone (3c y) to be missing (Hz).
The Low er Didymograptus Shale (3b).

The shale between the Ceratopyge Limestone (3a y) and the
Megalaspis Limestone (3c a) , has been studied by Monsen (1937),
who suggests the following division of the zone (or zone complex
rather):
Subzone of
-)) -)) -

Phyllograptus angustifolius elongatus

{

Phyllograptus densus

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

Didymograptzts balticus
Didymograptus validus

(3b fl2)
(3b fl1)

• • •

3b t5

. 3b y
3b fl
•

. •
. •
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Tetragraptus approximatus

(3b a2)
3b
(3b a1 )
•

•

a

Tetragrapttts phyllograptoides

From Galgeberg, Oslo, Monsen (1937 p. 80) mentions the occur
rence of Didymograptus hirundo in the upper part (uppermost 0.60 m)
of the subzone 3b lJ. The species has also been recorded at Slemmestad
(l.c. p. 86).
Recent studies of the Slemmestad section (Sp) have furnished
new information on the shale immediately below the Orthoceras
Limestone. Above the zone 3b lJ with Phyllograptus augustifolius
elongatus there occur 4.5 m of shale, the lower 2 m being black and
the upper 2.5 m grey. The section is as follows:
at 4.5 m, base of Megalaspis Limestone 3c a.
>> 3.5 m, Didymograptus hirundo and biserial graptolites.
>> 2.5 m, Didymograptus hirundo, extensiform Didymograpti,
Isograptus gibberulus and biserial graptolites.
>> l.S m, Didymograptus hirundo, Trochograptus difttsus, Phyllo
grapttts sp. and biserial graptolites.
at O m, Phyllograptus angustifolius elongattts, Phyllograptus sp.,
Isograptus gibberulus norvegicus (
I. caducetts nor
vegt'ctts), extensiform Didymograpti and biserial grap
tolites.
=

The specimens of Isograptus gibberultts being described in a later
paper by Spjeldnæs (1953) appear to correspond to the typical British
specimens and deviate from I. g. norvegictts of the zone 3b d.
A comparison with the classical British sections gives us a clue to
the age of the beds immediately below the Orthoceras Limestone.
According to Monsen (1937 p. 258) the British zone of Didymograpttts
extensus corresponds to the three zones 3b (3, 3b y, and 3b lJ of the
Norwegian section. Elles (1933) divides the extenstts-zone into four
subzones:
Zone of
Zone of

Didymograptus hirundo
Didymograpttts
extensus.

l

Subzone of

Isograptzts gibberulus.

->>-

Didymograptus nitidtts.

->>-

Didymograpttts deflexus.

;> --

-

Tetragraptus

(reclined).
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The uppermost subzone contains the typical Isograptus gibberulus,
apparently identical to the species at Slemmestad, and transient forms
such as Didymograptus nitidus-hz'rundo.
The ovcrlying zone of Didymograptus hirundo "is marked by the
true broad D. hirundo, accompanied by many D. hirundo-nitidus
transients" (Elles 1933 p. 97).
While the occurrence of Isograptus gibberulus might point to
the upper subzonc of the extensus-zone, the abundant appearance
of the true Didymograptus hirundo strongly suggests the hirundo-zone.
Isugraptus gibberulus seems to be a ble to continue upwards into the
hirundo-zone. This is evidently the case in Sweden (Elles 1933 p. 107,
and Monsen 1937 p. 258b) where it occurs, though with a more broad
branched form, in the Lower Asaphus Limestone (Holm 1895).
The section at Slemmestad, Asker, suggests the presence of the
lower part of the zone of Didymograptus hirundu below the Megalaspis
Limestone, the basal zone of the Orthoceras Limestone (3c).
Since parts of the hirundo-zone appear to be present above the
zone of Phyllograptlts angustifolius elongatus (3b b), it seems reasonable
to introduce a new designation for this lower part of the DidyJnograptus
hirundo zone in the Oslo-Asker District. As part of the Lower
Didymograptus Shale it may be called the zone of Didymograptus
hirundo (pars)
3b E.
The Orthoceras Litwstone with the transition beds ( 3c).
In the Oslo-Asker district the limestone comprises, as mentioned
above, l. the Megalaspis Limestone (3c o.) , 2. the Asaphus Shale
(3c {3) and 3. the Endoceras Limestone (3c y).
With an exception of the uppermost transition beds the Ortho
ceras Limestone (3c) has a rather uniform development in most districts
of the Oslo Region. The Oslo-development is found at Sandsvær
Ringerike, Hadeland and Nes-Hamar (except at Løten) . At Lange
sund and Sandsvær on the other hand, parts of the limestone are
missing, and at Toten and Ringsaker (and Løten) the Orthoceras
Limestone rapidly increases in thickness and instead of the three
"lithological" zones, we find one compact limestone vvith a charac
teristic "reticulate" pattern.
More pronounced variation is found in the development of the
upper beds of the Endoceras Limestone (3c y) i.e. the transitional
beds between the Orthoceras Limestone and the overlying Upper
Didymograptus Shale.
=
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In Oslo-Asker the upper part of the compact Endoceras Lime

Megalaspis grandisl and
Asaphtts- fragments
characteristic of the gigas- zon c in

stone contains the characteristic trilobitcs

Asaphus striatus.

Arenaceous beds above contain

which probably bclong to species
S\veden (J aanusson).
(3c

y)

subzonal division of the Endoceras Limestonc

A

is more conspicuous in the northern districts. In Hadeland,

Toten and Nes-Hamar, the compact Endoceras Limestone with

Cyclendoceras

and Vaginoceras sp.cliv. is succceclecl by 3-6 m of

shale and limestone with

Megalaspis grandis

In Eiker, Brøgger (1882 p. 29) distinguishes

and

Asaphus striatus.

separate upper part

a

Megalaspis

of the Endoceras Limestone with the guide fossil of

grandis.

(In the Langesund-Gjerpen and Nes-Hamar districts,

mixed faunas occur which will be discussed below). The characteristic
beds with .�Iegalaspis

grandis

may probably be clistinguished as a

separate subzone such as in Sweden, but this has to be postponed
until a more detailed study of the Orthoceras Limestone has been
accomplished.
Both at Hadeland (N) and Helgøya the
by a few meter s (3

m

grandis-zone is succecded

and 1.5 m ) of shale with limestone lenses

containing the characteristic

1Uegalaspis gigas.

This species is also

found at Langesund, Eiker, Oslo (Brøgger 1882), and Nes-Hamar.
Just as in Sweden these beds with

Megalaspis gigas

also evidently

form a separate subzone (or zone).
The local clistribution of the transitional becls.
Pl.

5
1

As

shown in

the beds vary consiclerably in thickness from place to place

The name refers to the species clescribecl by Sars

1940

p.

134).

(1935) (comp. Stormer
(1882 p. 89) and

This species has been assumcd by Holm

others to be a synonym of },1 egalaspis centaurus
cribcd by Dalman

(1826)

("A saphus Centaurus") clees

from Ormøga in Alebøke on bland, Swcclen.

The fragments clescribecl by Dalman (fragments of large free cheeks)
are possibly too little known to maintain Dalman's species as a valid
species. ]\1. {irandis

=

centaurus occurs on bland in becls below those

with the relatecl form "11. gigas (Bohlin

1949).

Both spccies belong to

one Megalaspis group which also inclucles Jf. rudis. Angelin's
and Steinharclt's

(1:''174)

(1854)

use of Dalman's specific namc for a spccies of

Illaemts has causecl some confusion.

Holm

(1882

p.

89)

who became

aware of this alterecl the namc from lllaenus centaurus to I. chiron,
and later on this was again changecl to I. schroeteri (Westcrgårcl
Because

of the former name,

the term "Centaurus

previously usecl to signify the Schroeteri
beds below the Gigas Limestone.

(

=

1943).

Limestone" was

Chiron) Limestone, not the
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and even seem to be more or less absent in certain localities. The
most complete development is to be found in the NW part of the Oslo
Region, at Ringerike (

?),

Hadeland, Toten, Helgøya. In Oslo-Asker

and particularly at Langesund, the beds are but slightly developed,
and at Sandsvær, both the Endoceras Limestone and the transition
beds may be absent (actual transition not well exposed). The thick,
compact Orthoceras Limestone of Ringsaker is succeeded by

caris

Ogygio

beds, but this may be due to the squeezing out of the soft Upper

Didymograptus Shale. The occurrence, however, of typical

ceras-Vaginoceras

layers about

10-15

Cyclendo

m below the top may perhaps

suggest higher beds included in the limestone.
Mixed transtional faunas occur at Langesund and Furnes (Nes
Hamar). At Langesund a thin top-layer of the compact Orthoceras
Limestone contains both

Megalaspz·s grandis

and

M. gigas.

At Furnes

the two species and a characteristic mixed fauna occur in the same
limestone bed in the shale above the compact limestone. The con
temporaneous

appearance

may

be

explained

in

different

ways:

l. The vertical ranges of the guide fossils overlap, causing mixed
faunas in the transition between two zones.

2.

The mixture may

be due to a redeposition of an earlier non-consolidated fossiliferous
sediment (similar to the occurrence of post-glacial shells together
with

recent ones along the present northern shores).
The changes in the development of the transitional beds suggest

a time of

unstable

conditions. Local

regressions

with emergences took

place, as suggested in the S distrkts. The trilobite limestone facies
might have been replaced by graptolite-black shale facies to a certain
extent. It is therefore possible that in certain localities the upper
part of the Endoceras Limestone (3c y) has been replaced by grapt
olite shale.

The age aj the Orthoceras Limestone (3c a-3c

y).

The present finds of graptolites at the very top of the Lower
Didymograptus Shale (3b e) and at the very base of the Upper Didy
mograptus Shale (4a

)

a1 ,

enable us to determine the relative age and

duration of the Orthoceras Limestone (3c) in between.
The uppermost beds of the Lower Didymograptus Shale belong
to the

Didymograptus hirundo

zone, showing that at least parts of

this zone are present below the Orthoceras Limestone.
Above the Orthoceras Limestone there comes the zone of

grapttts bijidzts. Phyllograptzts nobilis,

Didymo

characteristic of the lower sub-
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bifidus zone in Sweden (Ekstrom 1937 p. 47), occurs above
grandis-gigas beds at Langesund, and above probable gigas-beds in
Oslo-Asker (Pl. 5). This shows that also the lower part of the
bifidus zone is present. A certain overlapping of the gigas- and bifidus
zone of the

zones probably exists, but is evidently so small that the boundary

bifidus-gigas zones largely coincides with the boundary
bifid�ts zone and the next graptolite zone below i.e. the
zone of Didymograptus hirundo.
The Orthoceras Limestone (3c a-y) of the Oslo Region is thus

between the
between the

equivalent to a little less than one graptolite zone, i.e. the zone of

Didymograptus hirundo.
This short duration of

the

Orthoceras

Limestone,

probably

representing several trilobite zones or subzones, is rather surprising.
The hirundo-zone is apparently a "normal" graptolite zone. In Great
Britain (Elles 1933) the graptolite assemblages of the zone show a
moderate and gradual development from the base to the top of the
zone, a fact indicating a "normal" duration and no interruption of
any importance during the sedimentation.
The correlation indicated in fig. 16 deviates considerably from
the current views on the duration of the interval between the two
Didymograptus shales. A hiatus (the Trysil emergence) and about
two graptolite zones are generally assumed to be equivalent to the
trilobite zones mentioned. In a recent publication Kautsky
correlates the Norwegian Orthoceras Limestone (3c

a-y)

Didymograptus extensus (in fact
subzones probably of zonal value), D. hirundo and

bifidus.

graptolite zones of

(1949)

with the

comprising several
D.

THE OGYGIOCARIS SERIES.

The Upper Didymograptus Shale (4a al-2) and the Ogygiocaris-bronni
beds (4a a3_4).
The new graptolite finds, kindly determined by Dr. Bulman,

Didymograptus bifidus (4a a1)
geminus) (4a a2). The lower part
with Phyllograptus nobilis, has been

have shown the presence of the zones of

D. murchisoni
the bifidus zone,

and
of

-

(or rather D.
the subzone

established in two localities as mentioned above. At Sandsvær the

bifidus

-

fauna is found about 13 m above the Expansus shale (3c {3).

The occurrence of

Ogygiocan·s

near to the base of the shale indicates
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that the lower portion hardly represents a shaly facies of the Endo
ceras Limestone
since

Ogygiocaris

(With

the

possible exception of the

gigas

-

beds,

sp. occurs in the transition beds of Furnes, Nes

Hamar). In the same section the

geminu s

-

zone is met with about

36 m above 3c {J, indicating a considerable thickness of the somewhat
arenaceous shale. In the Slemmestad section the Scanian subzone
with

Pterograptus elegans
In the

is characteristic.

more northern districts the thickness of the shale is

practically unknown and the graptolites rarely preserved on account
of the tectonics. In judging the presence or absence of the respective
zones a careful comparison of the trilobite faunas is also necessary.
At Gausdal NW of the Oslo Region, graptolite shales replace
the Orthoceras Limestone (3c) below shales with graptolites indi
carting the zones 4a

aH

(Bjørlykke

1905,

Lapworth

1905).

Considerable interest is attached to the problem of facies variation
in the Upper Didymograptus Shale and the overlying

bronni zones. The facies variation is not restricted

Ogygiocaris

and

to distinct variation

in the lithofacies. The differences in closely related faunas, parti
cularly the presence of vicariate forms, suggest important but possibly
slight differences in the hydrographical and other conditions.
The presence of two different forms of the index fossil Ogygi
ocaris dilatata is most significant. O. d. forma typical (pl. l) is
restricted to the Langesund-Gjerpen and Sandsvær-Eiker districts
(with the

exception

of a specimen from Asker preserved in the

Paleontological Museum (Hm)).
the

O.d.sarsi

Oslo-Asker district as well as of

(pl.

2)

is characteristic of

Ringerike, Hadeland and

the Mjøsa districts.

Ogygiocaris dilatata forma typica occurs in the
Didymograptus bifidus, and probably appears very early

strata

with

immediately

above the transition beds. It is of interest to notice that a rclated
form occurs already in the transitional beds at Furnes (Nes-Hamar).
At Sandsvær complete "grave-yards" of

Ogygiocaris

are found at

certain levels, but most of the specimens may represent east exuviae
from the moultings.
Not only the two forms of

Ogygiocaris distinguish the

two develop

ments of the Upper Didymograptus Shale and the Ogygiocaris beds.

Asaphus
Pseudomegalaspis patagiata, Trinucleus foveolatus and

At Sandsvær the index fossil is accompanied mostly by
species, while

others of the Oslo-Mjø::a development, are lacking.
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At Sandsvær a mixed graptolite and trilobite facies appears
already at the base of 4a

a.

district the lower part, 4a

At Langesund and in the Oslo-Asker

a1_2,

appears in more typical graptolite

facies, containing only small pyritized gastropods and cephalopods
besides the graptolites. In the Oslo development the fauna with

Ogygiocaris dilatata sarsi, Pseudomegalq,spis patagiata and Trinucleus
foveolatus, appears fairly late (4a a3 ) . Its appearance is evidently due
'

to better aeriated conditions and it is possible that these conditions
and the associating fauna arrived earlier in the northern districts than
in Oslo (Sk).
The fauna mentioned occurs (Oslo-Asker) in shale together with
graptolites of the

Glossograptus hincksi

zone (4a

)

a3 .

The appearance

together with graptolites might perhaps suggest that

dilatata sarsi

Ogygiocaris

and its associates were able to endure less ventilated

waters than those of the forma typica. Related forms inhabiting
adjacent seas are a common phenomenon today. The different species
of the recent Xiphosura off the coast of Asia may be mentioned.
Future study of new trinucleids occuring together with the

Ogygiocaris

faunas

may

permit

a

doser

correlation

of

the

faunas.
The term "Ogygiocaris Shale" is not a very fortunate one. Since
in the type section of Oslo the typical Ogygiocaris Shale is confined
to the layers above the two graptolite zones (4a

)

a1_2 ,

the name is

restricted to these layers. In the SW districts, on the other hand, the

Ogygiocaris

fauna also comprises the two lower zones (4a

an upper true Ogygiocaris Shale (4a

a3

)

a1_2

)

and

is consequently difficult to

distinguish. (Another complication may be added if the sarsi-fauna
appears to start earlier at Mjøsa than at Oslo).
In spite of the differences in the faunal elements, the zones
4a

a 1_3

have a fairly uniform development within the Oslo Region.

More varied conditions are met with when we pass onwards to the
next zone, 4a

a4,

of the frequent occurrence of
In Oslo the

bronni zone because
Trinucleus branni ( coscinorhinus).

which has been termed the

bronni

=

zone has a number of characteristic sandstone

layers. The cross-bedding suggests strong current action, and the
prediagenetic slumping of the beds (pl.

3

and fig.

3)

may indicate

a certain inclination of the bottom (possibly in front of a delta).
In two samples investigated, the slumping seems to be directed
eastwards, suggesting a transport of material from a western land.
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A doser study of these features as well as of the sedimentary petrology,
will probably elucidate these problems.

bronni zone
Climacograptus putillus1 zone, corresponding to
the teretiusculus-zone of Great Britain (fig. 16).

Thanks to graptolite finds (Hm), the age of the
has been fixed to the
the upper part of
In the

bronni

zone the sandy sediments have apparently a

rather local distribution.

At Slemmestad

(S of Engerodden)

thickness has considerably decreased. At Sandsvær a few

m

the

of com

pact arenaceous beds (fossils not found) are present. (At Eiker a
more comprehensive development may be present, but has not yet
been studied in detail). In the Langesund-Gjerpen District the

bronni

zone seems to be completely absent. Keither the sandy beds

nor the index fossil have been found but the possibility of vicariate
species is present. This may suggest a hiatus, probably land conditions
during the bronm·-time. At Ringerike the typical sandy beds are
missing.

Trinucleus bronni

is, however, found in the uppermost part

of the Ogygiocaris beds below the "conglomerate" marking the base
of the Ampyx Limestone (4a (3). Probably land conditions existed
in this distriet in the latter part of the

branni

time. Further N, the

characteristic bronni-beds seem to be completely lacking. The sandy

bronni-beds thus appear to have
prising the Eiker- Sandsvær,

a W-E distribution chiefly com

Modum(?),

and

Oslo- Asker

districts.
In Hadeland and in the Mjøsa districts the Ogygiocaris Shale
grades into

a

characteristic thick shale with round limestone nodules,

often with barytes. Because of its fauna the shale has been called
the Cephalopod Shale. In the Mjøsa districts especially this shale
is very fossiliferous and the fauna is almost exclusively confined to
cephalopods and gastropods. Only few trilobite specimens are found:

Ogygiocaris dilatata, Nileus armadillo, Asaphus, 2
1909 p. 9).
Holtedahl (1909 p. 60) was inclined to correlate

sp.

(Holtedahl

the Cephalopod

Shale with the Ampyx Limestone (4a {J). With our present know
ledge of the vertical distribution of the tribolites mentioned, it seems
more natural, however, to regard the shale as contemporaneous with
the bronni-zone. This is to a certain extent corroborated by the fact
that the uppermost part of the Ogygiocaris Shale in Oslo often
1

The graptolite is now described as C. haddingi by Glimberg, (Geo!. Foren.

Forhand!. Stockholm, 74, 1952.)
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contains cephalopod specimens, among them species such as

lituus
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Lituites

which is characteristic of the Cephalopod Shale.

The cephalopod-gastropod facies points to special ecological
conditions. The cephalopods were nectonic forms while the gastropods
belonged to the benthos. Other benthonic forms such as the trilobites
are practically lacking. The gastropods are often preserved in pyrite
in the black shale, just as the gastropod specimens are commonly
found in the more pronounced black graptolite shale of 4a

a1_2

in

Oslo. The conditions observed may suggest a particular cephalopod
sea partly land-locked, with the bottom waters insufficiently aeriated
offering living facilities only to gastropods and a few other forms (forms
from which fossil remains are not preserved are naturally excepted).
Summing up, we may say that the
zone between the typical

Reedolithus

Ogygiocaris

bronni

zone, the transition

beds below and the

Ampyx

beds above, marks a time of local uplifts and erosion

(also of Eocambrian or older rocks) causing special ecological con
ditions in the adjacent seas.

THE CHASMOPS SERIES.

The Ampyx Limestone (4a (J) and the Lower Chasmops Shale (4b a) .
In the SE districts, comprising primarily Langesund-Gjerpen
and Oslo-Asker, the Ampyx Limestone is developed as a compara
tively thick zone of nodular limestone with shale. The rather uniform
fauna, chiefly characterized by

fairly short time of
certain extent

a

deposition.

Reedolithus carinatus, indicates a
The Ampyx Limestone forms to a

transgressional zone above the probable hiatus of

the S and the coarse beds of the Oslo-Asker District. The transgres
sional nature is suggested by the basal "conglomerate" of the Ampyx
zone of Ringerike. In the SE, calcareous beds prevail suggesting a
quiet off-shore

( ?)

sedimentation.

At Sandsvær-Eiker and Ringerike the shale content becomes
more significant, indicating increasing accumulation of argillaceous
material.
Since determinable graptolites are not known from the zone,
the age has to be determined indirectly by the graptolites in the

bronni zone (4a a4) corresponds to
putillus zone and the graptolites of the overlying Lower Chasmops
Shale (4b a) of Oslo indicate the Diplograptus molestus zone ( = Climazones below and above. Since the

the
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cograptus peltijer zone), the zone betvveen, the Ampyx Limestone
(4a {J), probably corresponds to the Nemag1aptus gracilis zone.
N of Ringerike the Reedolithus fauna is not known. In Hadeland
and the :V1jøsa district the Cephalopod Shale (probably 4a a4) is
succeeded by a thick zone of shale with numerous beds of sandstone.
The arenaceous content i:o particularly conspicuous in the northern
district�. The zone, nearly 100 m thick, has very few fossils. Recent
graptolite finds in the upper part of the series at Ringsaker indicate
a graptolite zone above the one with Nemagraptus gracilis. The
occurrence of Pseudomegalaspis patagiata and Nileus armadillo in
the lower part of the series suggest that the lower part may correspond
to the Ampyx Limestone. A rapid sedimentation is to be assumed
for these coarse sediments and it is uncertain whether the whole
Ampyx Limestone is present or a hiatus exists somewhere above
the Cephalopod Shale.
A distinct differentiation in facies is thus also traceable within
the zone of the Ampyx Limestone (4a {J). In the SE the calcareous
sediments prevail, further NW the shale is more characteristic and
in the N a strong conveyance of sandy material, possibly with intervals
of emergence, mark!:: the adjacent land.
Somev'V·hat similar local conditions apparently existed during the
deposition of the Lower Chasmops Shale (4b a). In the Oslo-Asker
District and in Ringerike, the shale contains a rich fauna of brachi
opods, cystids, bryozoans and trilobites, a faunal assemblage indicating
well aeriated bottom conditions.
Separate graptolite finds point to the zone of Diplograptus
molestus ( Climacograptus peltijer) as mentioned above. In the Lan
gesund-Gjerpen District the beds are more calcareous (have more
limestone lenses) and the fauna is mainly characterized by the cystids
as emphasized in the name Echinosphaerites Beds.
Northwards, the shale grades into the strongly arenaceous beds
of the Hadeland-Mjøsa districts. The beds of the latter districts
have been termed the Robergia Beds (Sk) because of the occurrence
of R. microphthalma together with the graptolites mentioned (the
occurrence of R. m. at this high level is unexpected).
A differentiation in facies is thus also significant of the Lovver
Chasmops Shale. In the middle and southern districts, S of the inva
sion of considerable quantities of sand from rising lands to the N,
a vigorous bottom fauna flourished.
=
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The Lower Chasmops Limestone (4b {3) and the Upper Chasmops
Shale (4b y) and contemporaneous deposits.
The favourable bottom conditions continued through the deposi
tion of the limestone and shale of the Lower Chasmops Limestone.
Until the fossils are studied in detail, a strict correlation of the
different districts is premature, but generally speaking we may say
that the bryozoan beds were contemporaneous with 4b f3 of Oslo
Asker. Rich fossil faunas are found i.n the Langesund-Gjerpen, and
Sandsvær-Eiker districts, and in the southern part of the Oslo
Asker (Steilene), but in Ringerike and elsewhere i.n the Oslo-Asker
District the fossils are not common. In Hadeland the limestone zone
seems to thin out and the zone itself (even in another facies) may
possibly be lacking in the N.
In Oslo the Lower Chasmops Limestone (4b {3) is succeeded by
the Upper Chasmops Shale (4b y), a characteristic black shale relati
vely poor in fossils, probably deposited under less ventilated conditions.
This black shale facies seems to have a rather local distribution around
Oslo. To the SW, W and N this black shale apparently grades into
more grey shale and eventually into calcareous sediments.
A certain western and eastern, or rather concentric arrangement
of the facies was suggested already by Kiær (1906) for the Silurian
and by Holtedahl (1909 fig. 15) for the Ordovician, a view recently
elaborated by Skjeseth ( 1953 b). The concentric arrangement is
exaggerated by the strong folding and overthrusting of the sediments
in the northern district.
In Ringerike the 4b y contains a trilobite and lamellibranch
fauna representing a transition between the black shale of Oslo and
the largely contemporaneous algal and branchiopod assemblages of
the facies to the SW and N. The characteristic algal (Mastopora,
Coelosphaeridium and Cyclocrinus) (pl. 4) and brachiopod limestones
and shales are confined to a western are (not continous) comprising
the districts of Langesund, Gjerpen and Sandsvær in SW, and N.
Hadeland and the Mjøsa districts in the N. The sediments were
evidently deposited in quite shallow littoral waters. Breaks might
be present. As mentioned in unprinted notes by Kiær, the frequent
occurrence of Coelosphaeridium sp. not far below the base of the
Encrinite Limestone in the Langesund-Gjerpen District, may imply
the absence of the Cyclocrinus beds in the southern district.
Passing from S to N the invasion of sandy material is already
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significant in� Hadeland, but becomes very typical in the Cyclocrinus
beds of the Mjøsa districts.
Summing up the condition during the deposition of the Lower
Chasmops Limestone (4b {3) and the Upper Chasmops Shale (4b y)
the following features are salient. In this period, also, a land to the
N or NW is suggestive, consisting of Eocambrian or older Dcks being
subject to considerable erosion, producing great amounts of sand.
(A. western "Telemark Land", such as emphasized by Skjeseth (1952)
for the time of the Lower Didymograptus Shale (3b), is suggested
in the thick, partly arenaceous Upper Didymograptus Shale (4a a1_2 )
of Sandsvær). The algal-brachiopod facies, forming a western are,
were probably deposited along a coast, possibly of smaller islands.
In the N great quantities of sand (from Eocambrian or older rocks)
were transported from a main land, probably by a main river system,
and deposited on the bottom of the shallow waters along the coast.
In the S arenaceous material is less common. Local uplifts during
the Cyclocn:nus time, probably furnished calcareous and argillaceous
mate1ial only. Towards the inner, eastern are, the deposits suggest
more stagnant waters immediately above a probably rather foul
bottom. This distribution of the sediments lagely corresponds to that
assumed by Skjeseth ( 1952) for the zone-complex 3b.

The Upper Chasmops Limestone (4b b) and contemporanemts deposits.
The prominent limestones terminating the Middle Ordovician
sections of the Oslo Region are most conspicuous. The facies of the
limestones differs within the same arcs as was suggested for the
zones below. The fossil floras and faunas differ to such a degree that
a detailed correlation may be difficult or even impossible between
remote districts.
Starting with the western are, comprising Langesund-Gjerpen,
Sandsvær and the Mjøsa districts, we find the zone developed as a
mostly compact limestone ranging in thickness from about 40-100 m.
The underlying shale and limestone of the S, and the shale and arena
ceous beds of the N., rapidly, but still gradually, change into the
overlying limestone, the Encrinite Limestone of the S, and the
Mjøsa Limestone of the N. The sand, so conspicuous in the Cyclocrinus
beds of the K, now decreases and disappears, indicating the cessation
of the supply of sand carried from the adjacent land.
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Charaeteristie of the limestone of the western are is the abund
anee of ealcareous algae (Solenopora), crinoids (stems), corals and
stromatoporids. Regular coral- and stromatoporid reefs occur in plaees,
and brachiopod- bryozoan- trilobite faunas may alternate with
the assemblages mentioned.
The corals (Hill 1952) of the S and N do not belong to the same
species, but the presence of the same genera indicates a fairly com
mon age of the two limestones. With our present, preliminary know
ledge of the fossils, it is very probably that the Encrinite and Mjøsa
Limestones are more or less synehronous. Sinee the Mjøsa Limestone
is not succeeded by the Lower Tretaspis Shale, but by a Silurian
quartzite, marking a considerable hiatus below, it is possible that
the Mjøsa Limestone lasted longer than the limestone of the S.
Future detailed studies of the fossils will furnish hetter material for
a more aeeurate correlation.
The limestones with their algae and corals were evidently de
posited in shallow water. At Langesund ripple-marks and mudcracks
have been observed, and at Mjøsa deeper erosion furrows oeeur.
Frequent 'local emergenees, some of them more important than others,
apparently took place during the deposition. Cross-bedding, partly
on a large scale (fig. 10), suggests strong currents or wave action.
A next are is suggested by the Sphaeronid Limestone of Hadeland
N. This thick limestone appears as a nodular limestone, not a compact
limestone as in the outer western are. Calcareous algae are present
to a certain extent, and a few rugose corals too, but otherwise the
fossils comprise cystids, brachiopods and trilobites. Of particular
interest is the overlying Gagnum shale, a fairly dark shale with
limestone hands containing a trilobite-brachiopod fauna (Størmer
1945, p. 387). The presence of Tretaspis ceriodes and T. kiæri shows
that this shale also belongs to the zone of the Upper Chasmops
Limestone (4b bn)· T. ceriodes is also characteristie of the Sphaeronid
Limestone whieh evidently corresponds to the main part of 4b b.
At Ringerike cystids are also characteristic of parts of the Upper
Chasmops Limestone whieh otherwise has much in common with the
limestones of S Hadeland and Oslo-Asker, thus representing an
eastern inner are. In these districts the nodular limestone is more
or less replaeed by eontinuous limestone beds alternating with dark
shale suggesting less fresh bottom conditions. In the faunas the
trilobites prevail.
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In Oslo the uppermost beds of the 4b o are developed as a black
shale with a few large lenses containing Tretasp1:s ceriodes angelini.
Above this there comes a layer of phosphatic nodules indicating a
hiatus. Further W in Asker and KW in Ringerike higher beds of the 4b o
evidently appear. The upper zone with Tretaspis kiæri (4b o2) is
preserved in Ringerike and Hadeland, and the transition upwards
into beds with the first T. seticornis shows no marked sign of breaks.
Lithologically a hiatus would be more likely in the sandy basal
beds of the black Tretaspis Shale (4c a). In Oslo a hiatus above the
Upper Chasmops Limestone is very Probable, but a similar pro
nounced break seems hardly to be present at Ringerike.
The Gagnum Shale of N Hadeland is succeeded by the Gagnum
Limestone which probably forms a limestone facies of the Lower
Tretaspis Shale (Størmer 1944). It does not seem necessary to assume
a major hiatus here. The hiatus may possibly occur higher up between
the Gagnum Limestone and the Gastropod Limestone (4c-5a).
Further N a large hiatus appears between the Mjøsa Limestone and
the Lower Silurian, leaving out the complete Upper Ordovician and
probably parts of the basal Silurian.
If we try to visualize the general conditions during the deposition
of the Upper Chasmops Limestone time, we have to bear in mind that
in the western are, both in this and the zones below, a distinct relation
to the corresponding Baltic faunas is significant (pointed out by
Brøgger and others). This indicates an undoubted connection through
a common sea, or through common coastal waters rather, between
the two remote regions. While the Oslo Region occurrences were
ptobably situated not far from the SE borders of the Caledonian
miogeosyncline, the Baltic ones were situated on the craton far from
the borders of the miogeosyncline. The algal and coral reefs probably
grew along the shores of festoons of low islands sometime sheltering
les well aeriated waters behind them, waters supporting a bottom
fauna chiefly composed of trilobites (besides non-preservable forms).
During the subsequent time, the barrier increased considerably
as indicated by the prominent hiatus in the Mjøsa districts. This
barrier may have been one of the major reasons for the formations
of the typical black shales of the Lower Tretaspis Shale. The large
areas of black shale, both in Norway and Sweden, suggest a great
sea with badly ventilated bottom, a sea sheltered to the NW and
W by the barrier mentioned.
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A review of the Middle Ordovician sediments of the Oslo Region
shows the following main feature: the constant alternation between
limestone and dark shales, a struggle between fresh bottom deposits
and black mud sedimented under less well aeriated conditions. The
ecological changes are also influenced by occasional emergences of
land, both in the sedimentary region where the uplift resulted in
supplies of clay and calcareous mud, and in the regions outside the
"Oslo Region" where the rising land of Eocambrian and older rocks
resulted in considerable supplies of sand.

A preliminary correlation
chiefly with the Swedish and Baltie sections.
In fig. 16 the Oslo-Asker section is correlated with the British
graptolite zones. The nomenclature of the series has varied somewhat
from time to time. Dr. C. J. Stubblefield has kindly informed me
about the designations now used by the Geological Survey of Great
Britain. According to their terminology the Llanvim comprises both
the bz:jidus and murchisoni zones, while the Llandeilo is confined to
the teretiusculus zone only. The zone of Nemagraptzts gracilis is in
cluded in the Caradoc since the guide fossil occurs in the basal part
of this Series (Stubblefield 1930 p. 87, Williams 1951 p. 5). The
Caradoc thus includes the gracilis; peltifer, wilsoni, clingani and
linearis zones.
This division is apparent!y not unanimously adopted. (Jones 1938)
is inclined to have the lower boundary of the Caradoc within the
gracil·is-zone. On the other hand he has used the Llandeilian to
embrace the teretiusculus-peltifer zones, just like Elles and Wood
(1901). Caradoc-Ashgill is sometimes called Lower and Upper Bala.
Sweden. The main features in the correlation of the Middle
Ordovician series of Scandinavia are fairly well-known. One may
distinguish an Asaphus Series (upper part) , succeeded by a Chasmops
Series. The name Ogygiocaris Series is here suggested for the upper
part of the Asaphus Series.
The graptolite shale-facies prevail in Scania in the S and also
to some extent in the allochthone of Jamtland further N. In Central
Sweden and the autochthone of Jamtland, on the other hand, lime
stones with shelly facies are common, particularly in the lower part
9

-
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TRILOBITE-GRAPIDLITE FACIES
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of the series. The series of the Oslo Region have much in common
with the allochthone of Jamtland, but occupies at the same time a
somewhat intermediate position between the shale and limestone
facies of Sweden.
Starting with the basal part of the section, the bifidus zone
(Ekstrom 1937 p. 49) succeeds the zone of Megalaspis limbata in
Scania. Since the latter zone evidently corresponds to 3c a-3c {3
of the Oslo Region a hiatus comprising the Endoceras Limestone 3c y
(including at least parts of the Gigas Limestone) which correspond
largely to the Vaginatum Limestone of Sweden (Jaanusson and
Mutvei 1951, p. 635), must be present.
The subzone with Megalaspis grandis ( centaurus) is characteri
stic also of Sweden, underlying the Gigas Limestone of Oland (Bohlin
1949). The Vaginatum Limestone of Dalarna has quite recently been
studied by Jaanusson and Mutvei (1951 p. 630). Cyclendoceras vagina
tum continues upwards into the Gigas Limestone.
The Gigas Limestone is succeeded by the Platyurus Limestone
which may be more or less equivalent to the bifidus zone. Above
the Platyurus Limestone there comes the Schroeteri Limestone,
previously called the Centaurus- or Chiron Limestone (Westergård
1943 p. 75). According to Moberg (1890 p. 16), this limestone on
Oland contains, besides Illaenus schroeteri ( I. chiron) , among
others Ogygiocaris dilatata sarsi, Pseudomegalaspis patagiata, Telephus
bicuspis suggesting the zone of 4a a3 or possibly 4a a4 of the Oslo
Region. Thorslund (1940 p. 121) is inclined to regard the Schroeteri
=

=

Limestone

as

equivalent

to

the

Climacograpttts

putillus

zone

4a a4•
The Ancistroceras Limestone succeeding the Schroeteri Lime
stone on Oland may be regarded as a subzone of the latter (Wester
gård 1943 p. 75).
The development of the beds corresponding to the zones of
Climacograptus putillus and Nemagraptus gracilis is of particular
interest. In Dalarna Jaanusson (1947 p. 46) regards the so-called
"Flag Limestone" as a separate zone with the guide-fossils: Illaenus
crassicauda and Tallinnella dimorpha. Because of the occurrence of
Lasiograptus (Hallograptus) bimucronatus the zone has been corre
lated with the gracilis-zone. The Crassicauda Limestone deviates from
the underlying Schroeteri Limestone in having species of Chasmops
and no Pseudomegalaspis patagiata. There is reason to believe that
=
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the Crassicauda Limestone may be correlated with the Ampyx
Limestone (4a {3) of Oslo.
In Jamtland the gracilis zone of the autochthone is evidently
represented by a basal conglomerate and· sandstone (Loftarstone)
and otherwise missing (Thorslund 1940 p. 121).
Both in Scania and in the allochthone of Jamtland, the putillus
and gracilis zones appear in shaly, mostly graptolite facies. Since
trilobites also occur to some extent, a more accurate correlation
with the Oslo Region might be attempted.
In the Oslo Region the putillus zone is probably represented by
the bronni zone (4a a4 ) which has a very variable development
suggesting unstable conditions with local uplifts and the erosion of
adjacent regions.
The bronni beds also occur in Scania (Funkquist 1919 p. 22
and Nilsson 1951) where it rests on beds of variable ages (Asaphus
Limestone to geminus zone ?) thus forming an overlapping zone.
This is also suggested by the presence of a conglomerate and a phos
phatic bed as well as by an increase of mica in the shale (Hede 1951
p. 63). Similar conditions are found on Bornholm (Poulsen 1936
p. 51).
In the allochthone of Jamtland arenaceous beds occur in the
Upper Ogygiocaris Shale (Hadding 1929 p. 173, Thorslund 1940
p. 106, 121).
When comparing the bronni beds of Sweden and Norway it is
important to establish the accurate age of these beds. Nilsson (1951
p. 687) discusses the age of the bronni beds in Scania. Just below the
beds (above the conglomerate) there occurs a graptolite fauna
including Dicranograptus irregularis which is elsewhere found in the
putillus zone. The overlying mudstone carries Trinucleus bronni,
Telephus granulatus and Nileus armadillo.
In determining the age of the bronni beds, Nilsson points to
the presence of the guide-fossil in a zone above the zone of Ogygiocan:s
dilatata in Norway (Størmer 1930 p. 74). As shown above, howevcr,
Trinucleus bronni is characteristic of a zone (4a a4 ) above the typical
Ogygiocaris Shale (4a a3 ) , but the species Ogygiocaris dilatata still
occurs in the bronni zone. The occurrence of Telephus granulatzts in
the upper part of the Ogygiocaris Shale of Jamtland, a shale deter
mined as belonging to the gracilis zone by Hadding (1912 p. 601)
is also mentioned in favour of the higher zone. In Norway, however.
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T. granulatus occurs in the typical Ogygiocaris Shale (4a aa ) (Sk)
apparently belonging to the hincksi zone below the Ptttillus
zone.
The Ogygiocaris Shale of the allochthone of Jamtland, which
includes the arenaceous beds above mentioned, evidently extends
further upwards comprising the ptdillus zone and possibly the lower
part of the gracilis zone as suggested by the presence of Ogygiocaris
dilatata sarsi in the lower part of the gracilis zone which is repre
sented here by Nemagraptus gracilis remottts (Hadding 1913 p. 24).
Although the Ogygiocaris Shale of the Jamtland allochthone
may possibly extend upwards into the gracilis zone, it seems natural
to correlate the bronni beds of Scania with the very similar bronni
zone of Oslo (4a a4 ) , the zone above the typical Ogygiocaris Shale
(4a a3 ) of this region, and apparently contemporaneous with the
putillus zone. Whether the arenaceous beds of Jamtland are of the
same age or slightly younger, is still uncertain.
In all events the sections of the Oslo Region and Sweden indicate
a period of considerable unrest just before the deposition of the zone
of Nemagraptus gracilis.
As pointed out by Thorslund (1940 p. 121) and Størmer (1945 p.
396) the base of the gracilis zone forms a natural base of the Chasmops
Series in Scandinavia. Nilsson (1951 p. 692, 693) is of the same
opinion but is also inclined to include the bronni-zone which in my
opinion belongs rather to the unstable period terminating the typical
Ogygiocaris beds.
The emergence before the deposition of the N emagraptus gracilis

zone seems to have had a wide distribution and may have been a general
feature. The Crassicauda Limestone, evidently corresponding to this
zone, is missing both in the autochthone of Jamtland (Thorslund
1940) and in the core of Gotland (Thorslund 1938). As suggested by
Thorslund (1940 p. 183) the Benan Conglomerate of Girvan, Great
Britain, and the Rysedorph Hill Conglomerate of U.S.A. may possibly
be more or less contemporaneou�. It might be mentioned that in the
Llandeilo District of Wale�, Great Britain, the Llandeilo Flags are
followed, with profound lithological and faunal change by the gracilis
shales (Williams 1951 p. 5) .
Our knowledge of the Chasmops Series of Sweden is recently
increased by field studies in Jamtland (Thorslund 1940) and Dalarna
(Thorslund 1935, Jaanusson 1947, and Jaanusson and Martna 1948),
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and through borings on Gotland (Thorslund and Westergård 1938)
and at Kinnekulle, Vastergotland (Thorslund 1948).
In the allochthone of Jamtland the sections have much in common
with those of the Oslo Region. The Schroeteri Limestone is thus
developed as a shale ( 4a a3) and in the overlying Chasmops Series
dark bedded limestone and black shale prevail (Thorslund 1940 p. 95).
The lower part of the series contains Asaphus ludibundus, Echino
sphaerites aurantium a.o. , the upper Tretaspis ceriodes ( l. c. p. 125).
T. ceriodes also occurs at the base of the Masur Limestone which
probably forms a transitional zone between the Chasmops and
Tretaspis Series as mentioned by Thorslund. Immediately below the
J\Iasur Limestone the shale contains Dicranograptus clingani, and a
little further down, Amplexograptus vasae.
In the autochthone of Jamtland, in Dalarna, and elsewhere in
southern SvYeden except in Scania, limestone beds predominate in
the Chasmops Series. In Jåmtland the lower part (about 20 m)
contains Chasmops conicophthalma, Asaphus lubibundus a. o. , the upper
part (10-15 m) Chasmops extensa, Tretaspis ceriodes, Cryptolithus
discors a.o. The species show the connection with the Oslo Region.
C. discors is associated with Amplexograptus cf. vasae. Since C. discors
has appeared to be characteristic of 4b y at Oslo, the occurrence in
Jamtland suggests the zone 4b y to be equivalent to the vasae zone
and consequently the 4b o to be equivalent to the clingani zone
=

-

(Tretaspis ceriodes).

The lowest part of the Chasmops Series in Dalarna is represented
by the Crassicauda Limestone, as mentioned above. The corresponding
zone is evidently missing in the Jamtland authochthon (Jaanusson
1947). The Lower Chasmops Limestone with Asaphus lztdibundus
contains beds of plastic clay (parabentonite). The Upper Chasmops
Limestone (Macrourus Limestone and Shale) has Chasmops macrourus
which may be identical with C. extensa. The limestone passes into
the Slandrom Limes tone ( Masur Limestone) in the upper part of
which occurs Tretaspis seticornis, thus confirming the assumption of
the Slandrom Limestone forming a transition between the Chasmops
and Tretaspis Series (Jaanusson and .Martna 1948). The conditions
seem to be similar to those in Ringerike and Hadeland where bedded
limestone and shale form the transition.
The upper part of the Chasmops Series is locally developed as
reef-limestone, the Kullsberg Limestone (Thorslund 1935) which seems
=
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to extend onwards into the Tretaspis Series. The reef limestone
which also appears to be present in the northern Baltic, may be
compared, at least the lower part, with the Mjøsa Limestone of the
Oslo Region (Størmer 1945 p. 397).
In the deep borings at Kinnekulle, Vastergotland (Thorslund
1948), the Chasmops Series has a thickness of 28-30 m of which
onl�· the uppermost 2-3 m belong to the Upper Chasmops beds.
Characteristic of the series are the thick layers of plastic clay (para
bentonite). As in sections of the Oslo-Asker District, Tretaspis
ceriodes occurs at the top of an Upper Chasmops limestone (
4b o)
belmY the black Tretaspis Shale ( 4c a ) . The occurrence of Dicrano
graptzrs clingam· and Amplexograptus vasae in the shale just below
is of importance. The mixture of these guide fossils in the same beds
shmYs that one has to be cautious in determining the zone of the
shale. In this connection it may be mentioned that Nilsson (1951
p. 691, foot-note) has found Nemagraptus gracihs together with
Amplexograptus rugosus, two species which also are guide-fossils of
succeeding graptolite zones.
--\. considerable break is probably present between the Upper
and Lower Chasmops beds (the break may possibly be somewhat
lower than at 65.75 m since Philipsinella cf. parabola extends a little
further down). The occurrence of Reedolithus carinatus above Amplexo
grapt us 1ugosus ( Diplographts molestus) is of interest.l This may
suggest that the 4a fJ of the Oslo Region extends into the rugosus
(or molestus-) zone (if R. carinatus has the same range in Sweden,
and if the graptolite does not extend below its zone). A comp arison
\Yith the sequence of the Oslo Region suggests that a major part
both of the Lower and Upper Chasmops Series is absent at Kinnekulle.
The boring on Gotland (Thorslund and Westergård 1938) suggests
a break just above the Macrourus Limestone.
Summing up, we may say that the Chasmops Series of Sweden
comprises the saine interval as in Norway, from the base of the
gracilis to the top of the clingani zone. Both below and above the
series breaks occur in a number of localities. The Swedish sequences
appear to be less complete, a feature also suggested by the lesser
thickness of the zones.
=

=

=

1 Dr. Bulman has verbally indicated that the species describecl as Diplo
graptus molestens by Thorsluncl (1948) may not be indentical with Amplexo
graptus rugosus Haclcling (1915) non Tullberg.
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The Baltics. Boulders from the Northern-Baltic Region (Wiman
1906) suggest a section related to that of Mjøsa ("Baltic Sea" Lime
stone).
Brøgger (1884, 1887) already tried to correlate the Middle
Ordovician of the Oslo Region with that of Esthonia. He correlated
4b a-{3 with Kuckers (Kukruse) - ltfer (Idavere), the Mastopora
beds of Langesund with the Jewe (Johvi), and the Encrinite Lime
stone (4b 15 +) with the Kegel (Keila). Holtedahl (1909) correctly
regarded the Coelosphaeridium beds of Mjøsa as contemporaneous
with the Jewe (Johvi), but the younger beds were placed too high on
account of an earlier erroneous determination of the age of the Mjøsa
Limestone. Raymond (1916) correlated the Coelosphaeridium and
Cyclocrinus beds with the Jewe (Johvi) and Kegel (Keila) with which
they undoubtably have very much in common. The overlying Mjøsa
Limestone and the Upper Chasmops Limestone (4b 15) should then
be equal to the upper part of the Kegel (Keila) or the Wesenberg
(Vasalemma), or both.
The correspondance in the late Middle Ordovician algal floras
of the "western" facies of the Oslo Region, the North Baltic and
Esthonia, suggests more or less continuous littoral conditions.
The lower boundary of the Chasmops Series of the Oslo Region
probably corresponds to the base of the Crassicauda Limestone of
Dalarna which Jaanusson (1947 p. 48) correlates with the base of
the Uhaku stage (C115). In the Baltic countries, however, the Chasmops
species appear earlier than in Scandinavia and a lower boundary of
the Chasmops Series is therefore less pronounced in the fauna.
Other countries. Correlations with other countries are postponed
till more complete fossil lists have been obtained. It may be men
tioned that the characteristic Tretaspis kiæri of Ringerike is apparently
a guide fossil in England (Bancroft 1933) and also occurs in Belgium
(Richter, R.a. E. 1951). Tretaspis clarkey from Newfoundland (Cooper
1930 p. 288) seems to be identical with T. ceriodes and the fauna is
also otherwise similar to our 4b 15.
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Pl. 2.

Ogygiocaris dilatata sarsi.
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Toten. Old collection.
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a3•

PLATE 3

Pl. 3.
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Killingen,
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Trinucleus

bronni zone (.e:-a

a4)

on

Oslo. In the lower part (to the right)

normal crossbedding. In the upper part the beds are disturbed by
slumping. Slight!y reduced. Photographed in distilled water. Aut. coll.
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Ringsaker. To the left Mastopora concava.
coll. About l

Fig. 2.

Coelosphaeridium

sp.

l

X.

Torud-Brattberg,

Specimen whitened. Skjeseth

X.

Coelosphaeridium

Polished surface.

zone

at

Veldre.

Lange
sund

Sandsvær

Oslo
Asker

Hadeland N.

1-lamar,

Nes,

Helgøya

Ringsaker

Toten W.

Furnes

4aol
20
Didymo
grapt. -+
bifidus

Meggigas

--- grandis ,.{::::::===:

15

1:

li
l!
1/
li
,.

4act1
Phyl!o-·_�F=�

gr apt.
nobilis

JO

l
l

t

il
;�
5

Phyllo

l.

grapr.�
no bilis Ji=��!!'

Meg.gigas
---grandi.s

l

-r
l

c-.

..

o

3b

3b

3b

E=:::=:r

3b f_- 3co(,

?>br-J
3bp

1'1.

.1.

LOII't'l" �liddll' < lnlo\·ician sncccssions

m

the ( lsh 1\cgion.

LANGESUND

SAND SVÆR

OSLO

"RINGERIKE

RINGSAKER

HADELANDN

HADELANDS

6b-c

300m

... ....
l

.....

... .....

6b-c

l

4co(

l

l

?

,.

l
l

\

250m

l
l'

\
\

l

\

4col

\
\

\
\

l

/

uPP

er

cr.o&"'

\

\

o"S

Limestone

200m

150m

Coeiosphoe.
r;diu.,.,
~o".,

Robergia

lOOm

Bede

?

50m

Om
2d

2d

.3b

3b
3b
+40m

Pl. 6.

l\Iiddle Ordovician suc essions in the Oslo Region.
3b

