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OUTLINE STRATIGRAPHY OF
GRAPTOLITE-BEARING 3b

( LOWER

ORDOVICIAN )

STRATA IN THE OSLO REGION, NORWAY
Investigations of a section at Toyen, Oslo

BY
BERND-DIETRICH ERDTMANN
(Paleontologisk Museum, Sars gate l, Oslo 5, Norway)

Abstract. New material of 3b (Lower Ordovician) graptolites has recently been
collected from a temporarily accessible excavation at Toyen underground
station in the City of Oslo. The predominant shale formation of 3b encompasses
three distinctive lithostratigraphical members first named here. On the occur

,

rence and distribution of the genus Phyllograptus three biostratigraphical zones
could be delimited which approximately correspond to the lithological classifi
cation.
This report will show the non-quantitative range of 26 well-known graptolite
species and the main occurrence of about the same number of graptolites pre
viously described by MoNSEN (1937) and SPJELDNÆS (1953). Some still un
described graptolites are also provisionally mentioned. The distribution of these
species throughout the 3b sequence did not give sufficient support to the pre
viously established biostratigraphical zonation of corresponding graptolite
bearing strata in the Oslo Region. The proposed new threefold division of
graptolite-bearing 3b beds is more comprehensive than the former fivefold
system and will be proved to be more relevant for correlation with other areas.
The writer wishes to emphasize the preliminary character of the present
report because future biometrical investigations of the fossil material will
probably lead to a revision of many previously established species which are
intentionally not included in this report.
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Introduction and acknowledgements

Investigations of Lower Ordovician 3b graptolites in the Oslo Region
have not been carried out for a long time. Fossil descriptions were
prepared by

HERRMANN

(1883, 1885) and

MoNSEN (1937) and the first
BROGGER (1882) and MoNSEN
described by SPJELDNÆS (1953),

stratigraphical remarks were edited by
(1937). In addition, some fossils were

and, o n account of their stratigraphical relation, a new zone was
established in the upper 3b beds at some places in the Oslo Region.
The aim of the present investigation is to elucidate the horizontal
and vertical distribution of the rich 3b graptolite fauna in the Oslo
Region. Former attempts at classification have unfortunately been
based on insufficiently stratigraphically controlled sampling in the
fossil-bearing strata and on too vague identification of the graptolites.
Since 1937, a number of new investigations of Lower Ordovician
graptolites and strata have been carried out in different parts of the
world; much new material is known today, and quite new aspects and
methods of treating the fossil record have been proposed, discussed,
and applied. All these facts encouraged the writer to undertake a new
study of the fossil record of 3b. Biometrical studies in all graptolite
genera should lead to revision of the currently adopted taxonomic
classification and give rise to a new understanding of their ecologic
susceptibility and their spreading through space and time.
Further discussion relating to the problem of taxonomic treatment
of 3b graptolites from the Oslo Region will be delayed for future
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publication. The present report will deal with a preliminary outline of
the stratigraphical distribution of only 26 well-known species which
have been collected from one section and their biostratigraphical
evidence for comparison with other previously described 3b strata in
the Oslo Region and abroad.
The preliminary character of this report ought to be emphasized.
However, the author intends to give a short synopsis of the range of
the most important 3b graptolites in an attempt to establish a cor
rected stratigraphical scheme based on their main distribution.
All determinations in the present investigation were worked out
by observing features of gross morphology in some of the most distinc
tive graptolites. About 1,000 controlling measurements were made.
Altogether, 54 species were selected for determination, and 26 of these
were particularly followed through the entire sequence. The strati
graphical distribution of the other 28 species in three newly established
zones is also mentioned in this report.
To date, 132 species, subspecies, or varieties have been described
from 3b of the Oslo Region. A great many of them will probably prove
to be intraspecific variations without any stratigraphical significance,
or even different astogenetic stages of the same species. Therefore, the
investigation of many dubious species and former varieties must be
omitted until further biometrical studies can be made.
Some objections must be raised to the former stratigraphical zo
nation both because of ignorance of the whole 3b succession and because
of inaccurate determination of the fossil ranges. In many former zonal
schemes, the composition of the fossil assemblages is proved to be
incorrect or at least dubious. A new, more comprehensive, strati
graphical classification will be suggested in an attempt to give a clearer
foundation to biostratigraphical correlations.
Another important reason for reinvestigating 3b strata is the ob
viously different development of contemporaneous beds in various
places in the Oslo Region. As shown in Text-fig. 7, the distinctive
biological development of 3b in different areas is certainly a result of
regional variations in lithology. However, it is not an aim of the pres
ent investigation to deal with non-graptolitic faunas.

Only at Toyen is there found

completely of shales, indicating

a

a

3b

sequence

consisting virtually

distinctive graptolite-bearing facies

of the supposed semi-pelagic part of the '3b basin'. Although a grapto-
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Text-fig. l. Sketch showing the excavation at the future underground station
at Toyen in the City of Oslo. The basal Ceratopyge Limestone layers (3ay)
are exposed to the left and the massive Megistaspis Limestone (3ca) bench is
situated to the right. Drawn by Jens Melsom.

lite-bearing shale development has also been found outside the Oslo
Scania District (see Text-fig. 6), this is evidently restricted to the
central part of corresponding 3b sequences. Other complete lithological
and faunal developments comparable with that of Toyen or Slemme
stad are known only from Scania in southern Sweden.
The author wishes to acknowledge all the help and advice he has
received during more than two years of collecting and investigating
a large amount of graptolite material in Oslo.
Although it is impossible to list here all who personally contributed
to his interesting task, the writer especially wishes to thank Prof.
Leif Stormer, Prof. Anatol Heintz, Dr. Gunnar Henningsmoen, Oslo,
and Prof. Nils Spjeldnæs, Aarhus, for kind and critical supervision of
his investigations.
Owing to a grant from the Palaeontological Museum of Oslo, the
author was fortunate enough to be able to visit some of the famous
graptolite localities in Great Britain in 1964. The most successful
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arrangement of interesting excursions, studies of type-collections, and
prolific discussions greatly encouraged him during the preparation of
this paper. In connection with his visit to England, the writer is greatly
indebted to Prof. Oliver M. B. Bulman, Cambridge, and especially to
Dr. David Skevington, London, for kindly arranging the whole visit,
for all the fruitful discussions, and for help in correcting the manu
script. Dr. D. E. Jackson, Edmonton, Canada, kindly permitted the
author to use unpublished parts of his Ph.D. thesis and his collections
from the Skiddaw Slates.
The writer is also grateful for the valuable information and grapto
lite collections placed at his disposal by cand. mag.

O.

Fjelldal. Last,

but not !east, the writer wishes to thank Deutscher Akademischer
Austauschdienst, Bad Godesberg, Germany, for a generous scholarship
which enabled him to start and carry out his interesting studies on
3b graptolites in Oslo.
The section at Toyen and methods of investigation

During his first attempt at revising the large type collection of grapto
lites which formed the basis of MoNSEN's monographical description
of 'Die Graptolithenfauna im Unteren Didymograptusschiefer (Phyllo
graptusschiefer) Norwegens' (1937), the writer was faced by the prob
lem of inaccurate sampling of type material and superficial strati
graphical classification. By chance, a recent excavation for a new
underground station in the neighbourhood of the Palaeontological

Museum at Toyen in the City of Oslo provided a good exposure of 3b
shales and the opportunity to survey the contained graptolite fauna.
All field work there was carried out between October 1962 and April
1963.
The average strike direction of the bedding surfaces, from the
underlyingCeratopyge Limestone (3ay) to the covering Orthoceras Lime
stone (3c), is about 140° NNE-SSW and the general dip 25° towards
ESE. The whole sequence was little disturbed by folding or faulting.
As shown in Text-figs. l and 2, the shale unit comprising 3b is
confined by thick limestone beds belonging to the Ceratopyge Lime
stone (3ay) below and the Orthoceras Limestone

(3c)

above. The 3b

beds themselves include three distinct lithological units. This feature
will be shown to be significant in the fossil succession. It has not yet
been possible to define precisely the stratigraphical margin and transi-
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Text-figs. 2a-b.

View of the 3b sequence in the Toyen excavation. The lower

part of the sequence (except the basal and underlying layers) is seen in Text-fig.
2a, and the upper part in text-fig. 2b. Photo by Henningsmoen.

tion between 3ay and 3b, so that the uppermost nodular limestone
layer containing

Ceratopyge forficula

is provisionally considered to be

the highest horizon in 3ay. An overlying horizon consisting of glauco
nitic silt-shale, possibly indicating a short-time break in sedimentation,
will be used here as the transition between 3ay and 3b strata in the
Oslo Region

(ERDTMANN 1965, FJELLDAL,

thesis is preparation).

In many former publications, 3ay was incorrectly considered to be
long to the Tremadoc, while the whole sequence of 3b was previously
correlated with part of the Arenig of Great Britain. Recent investiga
tions of the British type areas, however, do not support this propo
sition, demonstrating that contemporaneous deposits of 3ay and the
lower part of 3b do not exist in British Lower Ordovician sequences

(WH ITTARD 1960, }ACKSON 1962).
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GALGEBERG MEMBER
Text-fig. 2b

The entire 3b sequence (Text-figs. l,
thickness of 19.75 m. The lower part

3)

consists of a total vertical

(0-7.32

m) consists mainly of

virtually unfossiliferous grey-green silty shale with numerous limestone
intercalations; large pyrite concretions are common, and glauconitic
beds are seen in the lowermost part. Near the base (at Bjerkåsholmen
and Hagastrand) and between 5.75 m and

6.80 m,

calcareous fillings of

gypsum pseudomorphs are abundant, possibly indicating evaporitic
conditions in sedimentation. Such phenomena from stratigraphically
corresponding beds have previously been described by BROGGER (1882)
and

REUSCH (1884)

from Bjerkåsholmen near Slemmestad in the Asker

District and some other temporarily accessible exposures in the City
of Oslo. This unit
ment of

(0-7.32 m),

forming a characteristic lower develop

3b in the Oslo-Asker District,

is supposed to have been depos
ited under shallow water conditions in a considerably shorter time th an
the overlying dark graptolitic shale. The existence of these beds has
also been previously mentioned by MoNSEN (1937) and STORMER (1937),
but without knowledge of their co mplete thickness because the entire

488
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sequence of 3b, and in particular the basal beds, were not then exposed
in classical type sections. The stratigraphical position will presumably
correspond to similar beds in the Hunneberg mountain, Vi:i.stergotland,
Sweden (TJERNVIK 1956) and Scania (HEDE 1951, TJERNVIK 1960), and
limestone beds of the Megistaspis armata and M. planilimbata (partim)
zones of Central Sweden (TJERNVIK 1956), and other parts of the Oslo
Region (SKJESETH 1952, FJELLDAL, thesis in preparation). The fossil
contents of these beds and their regionally different counterparts will
be dealt with below. The lithostratigraphical term Hagastrand Member
is proposed for this siltshale unit of 3b, according to a shore section
bearing this name near Slemmestad (Hagastrand
Hagebukten in
BROGGER 1882).
The central part of the 3b sequence starts abruptly with dark
graptolitic shale at 7.32 m. Same silty shale intercalations occur up
wards through nearly the whole sequence. However, these silty beds
become insignificantly thin and decrease in number upwards and are
even here rather graptolitic in comparison to lithologically similar
lower beds. The whole central part of 3b consists mainly of dark shale
yielding a continuously rich graptolite fauna on nearly all bedding
surfaces. From about 16.50 m upwadrs, grey shale development
increases gradually. The upper margin of the central unit of 3b at
Toyen is defined by a sudden faunal change rather than by a sharp
lithological change. This margin is fixed at 17.10 m above the previously
defined base of 3b. The lithostratigraphical designation for this shale
unit will be Galgeberg Member. The name is derived from one of the
most important type sections of Monsen at Galgeberg in the City of
Oslo. Equivalent beds are well known from many districts of the Oslo
Region, from Sweden, and probably from many other parts of the
world. The Galgeberg Shale Member comprises the sensu stricto beds
of Monsen's 'Unterer Didymograptusschiefer' as a biostratigraphical
unit and is divided by her into four zones (3ba-3M). At Vestfossen,
in the western facies development of 3b, the biological evidence of
corresponding shale layers has shown that the upper part of the
Galgeberg Member and the whole succeeding Slemmestad Member are
missing there (see Text-fig. 9). Also at Ottestad in the Hamar District
and Heramb in the Ringsaker District, the upper part of the Galgeberg
Member seems to be developed as trilobite-bearing mud- and limestone
facies (SKJESETH 1952, 1963, TJERNVIK 1956; also see Text-fig. 9).
=
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The fauna! development within this unit and its biostratigraphical
evidence will be dealt with below.
The uppermost part of 3b in the Toyen section, stretching from
17.10 m to 19.75 m, consists predominantly of grey silty shale in
cluding some thin dark shale layers. There again, there are thicker
unfossiliferous portions, and the fauna! assemblage is completely
different from the underlying Galgeberg Member. The lithostrati
graphical term Slemmestad Member is suggested here, since these beds
have been described there for the first time (SPJELDNÆ S 1953). A
similar development has previously been reported from Scania in
South Sweden (TJERNVIK 1960), while corresponding beds in the
western and northern facies areas of 3b of the Oslo Region are probably
missing due to a break in sedimentation (see Text-fig. 9).
The lithological succession of the Toyen section will be classified
as follows:
Lithostratigraphical designation
1::

Slemmestad

.....
Cll

Member

&

Galgeberg

.9

Ei
...

�
..c:
r.n

Member

1::

Hagastrand

:o

Member

�

!-<

l
l
117.10-19.75 l
Level of beds

m

7.32-17.10
0.00-7.32

Short description of lithology

Grey silty shale with thin dark shale
intercalations
Dark graptolitic shale with some grey

m

silty shale intercalations in the lower and
upper part; abundant pyrite concretions
Grey-green silty

m

shale with numerous

limestone intercalations, few dark shale
beds, and glauconite at the base

The whole section at Toyen was surveyed by dividing the entire
3b sequence into 105, mostly overlapping, 'sample zones'. These sample
zones were measured in situ during the collection of fossil material, and
103 of the 105 sample zones contained fossils. Larger unfossiliferous
portions have not been included in this hypothetical system. The
total number of samples is 1339, representing roughly 10,000 deter
minable fossil specimens. Each sample zone is between l cm and 30 cm
thick, but some of these sample zones overlap each other. This method
favours the delimination of fossil ranges and checks their quantitative
distribution and development. Future biometrical studies of the fossil
asse mblages will be controlled by the same system.
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The lower lithostratigraphical unit (Hagastrand Member) did not
yield sufficient fossil material to apply this 'stratimetric' method.
However, two fossiliferous sample zones were found, and two addi
tional samples represent purely sedimentological material at the very
base of 3b. Thus, 101 sample zones have been applied to 12.43 m,
extending from 7.32 m to 19.75 m of the main fossiliferous 3b sequence.

Previous stratigraphical classifications of 3b
The establishment of the 3b substage dates back to 1882, the year of
publication of BROGGER' s famous work 'Die silurischen Etagen 2 und 3
im Kristianiagebiet und auf Eker'. However, the occurrence of this
characteristic graptolite-bearing shale succession had been described
before this. Until the middle of the last century, Christiania (renamed
Oslo in 1925) did not extend beyond the present central area, and some
most excellent sections were recorded (KJERULF 1857) from places
which are now covered by buildings.
Both the designations and the definitions in the terminology of
the shale unit in question and of the symbol '3b' have often changed
according to the individual investigations of different authors. The
first stratigraphical remarks were published by KJERULF (1857), his
classification being based purely on lithology. According to Kjerulf,
the Middle Cambrian and Lower Ordovician strata belonged to the
so-called 'Oslo-Gruppe' consisting of several lithological 'Abtheilungen'
(divisions) abbreviated by a figure-system. This was the first use of
the well-known stage system as now applied. In his classification table,
KJERULF (1857, p. 20) mentioned:

Oslo-Gruppe

1

2.

Alaunschiefer

mit

Anthrakonit

oben

untere

Graptolithschiefer.
3a. Orthoceratit-Kalkstein.
3{J. Obere Graptolithschiefer.

Hence, the first classification of the Toyen Shale Formation was
established by Kjerulf, who called this unit 'Untere Graptolithschiefer'
(Lower Graptolite Shale).
Some graptolites, probably from this shale unit, were first described
and figured by BoECK (1851). His 'Graptolithus foliaceus' is probably a
Phyllograptus, and the specimen figured in Plate Il, No. 30, was later
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The latter

surely belongs to the group of pendent tetragraptids, and was probably
collected from the 3b localities ( V ækker6 and Galgeberg) mentioned by

(1865).
BROGGER (1882)

KJERULF

called the 3b substage 'Phyllograptusschiefer', a

name which was first used by ToRNQUIST
the occurrence of

16

(1875).

Brogger also listed

graptolite species and pointed to the different

faunal composition throughout the succession of 3b. The name 'Lower

1880, 1882,

Graptolite Shale', however, was still in use (TULLBERG

VoGT 1884) in both Norway and Sweden. At the same time, HERRMANN
(1883, 1885) described some new species of the family Dichograptidae,

most of these collected from the Galgeberg locality in Oslo. He also
applied Brogger's stratigraphical terminology using the term 'Phyllo
graptusschiefer'. In Sweden, different terms were used, such as Lower
Graptolite Shale by LINNARSSON, Phyllograptus Shale by ToRNQUIST
(in publications from

(1882),

1875

to

1900),

Tetragraptus Zone by TULLBERG

and Phyllo-Tetragraptus Shale by ToRNQUIST

(1901, 1904).

The term Lower Didymograptus Shale was first introduced by MoBERG

(1902)

and carefully defined for the Swedish stratigraphical nomen

clature. The same term was first transferred to the Norwegian terminol
ogy by STORMER

(in

HoLTEDA HL 1934). It has since been continuously

used in Scandinavian literature ( MoNSEN
SKJ E SETH

1952,

TJERNVIK

1956,

1937,

STORMER

1937, 1953,

and others).

However, the abbreviation symbol '3b' also has its own history.

As previously mentioned, KJERULF

(1857, 1865, 1879) included the
2'. BRoGGER (1882)

'Untere Graptolithschiefer' in his 'Abtheilung

introduced the bio-chrono-stratigraphical stage system ('Etagen') in
Norway, defining stage 3 as 'Asaphus Etage', although the main part
of this stage is not trilobite-bearing at all. It should be stressed that
whereas the figure-system established by Kjerulf was based on lithol
ogy, Brogger's classification was at least partly bio-chrono-strati
graphical. However, Brogger's subdivisions were still based on litho
logical units; as a result, 3b was defined as a dark or grey-green shale
layer embedded between the Ceratopyge Limestone (3ay) and the
Megalaspis Limestone (3ca) , and so it was a lithostratigraphical term.
Later attempts at subdividing 3b by MoNSEN

(1953)

(1937)

and SPJELDNÆS

were based on the graptolite evidence alone. Therefore, 3b was

usually considered to be a biostratigraphical term. In

1961,

the first
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code of stratigraphical terminology was issued by HENNINGSMOEN.
There, it is suggested that all Cambro-Silurian stages and their sub
divisions be regarded as chronostratigraphical units; this is generally
adopted by the present author and is applied, together with the
suggested biostratigraphical zone system, in this article.
The sequence of �raptolite assembla�es

Any attempt to comprehend the stratigraphical significance of fossils
relies upon an objective determination of the fossil record. However,
any reliable determination can be based only on a clear definition of
the fossil species.
In the present case, the writer regrets he cannot prove his deter
minations by a really well-established species definition. It is not the
intention of this· article to get to the bottom either of all the problems
concerning the species concept of graptolites or of the difficulties in
volved in reconstructing the original biological environment of grapto
lite assemblages as preserved. Biometrical investigations of the whole
graptolite material from Toyen and other places in the Oslo Region
will surely help to clarify proper genetic relationships of the graptolite
fauna. The previous concept of 'splitting' species into smaller and
smaller taxonomic units and raising them up to species level again
later on does not serve any purpose at all. In addition, this kind of
taxonomic classification does not possess any stratigraphical founda
tion in many cases, as frequently mentioned before.
However, many of the graptolite species and genera in the 3b shales
are morphologically sufficiently distinct to be used in taxonomic
classification. Among these forms most are 'classical', having already
been identified and distinguished in the last century by J. Hall, H. A.
Nicholson, C. Lapworth, S. A. Tullberg, and S. L. Tornquist. Almost
all of the 'classical' species have a long stratigraphical range and a
relatively wide distribution.
The 26 graptolite species selected as representative for study of
their particular ranges are essentially 'classical' forms. They have been
determined by help of 'conventional' methods, as previously mentioned.
Their non-quantitative distribution throughout all sample zones has
been studied and is shown in Text-fig. 3. The writer wishes to stress
that more than 20 additional species have been determined on the
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basis of their gross-morphological features, but, either because of their
regionally or stratigraphically unimportant distribution, or because of
their long vertical range (which is possibly due to ignorance of real
phyletic relationships) there seemed to be no advantage gained by
describing them here. Even among the graptolites dealt with here,
some species within the genera Didymograptus, Phyllograptus, and
Isograptus, in particular, gradually transgress from one rank to another.
Although many dendroid graptolites have been encountered
throughout the whole 3b sequence, their appearance seems to have no
stratigraphical significance. Their obvious concentration in a few bed
ding planes was possibly due to isolated and short-lived increases in
current velocity, which brought in material from elsewhere. Therefore,
the investigation of numerous dendroids, i.e. of the genera Clonograptus
and Bryograptus, and multiramous dichograptids such as Loganograptus
and Trichograptus is not attempted in this report. Representatives of
the peculiar Azygograptus were also frequently found, especially in the
upper part of the 3b sequence; however, the writer cannot yet ascertain
their stratigraphical evidence owing to the lack of taxonomic verifi
cation.
On the basis of the ranges of all graptolite species submitted to
this investigation, a new comprehensive biostratigraphical classifica
tion of 3b strata will be established. As shown in Text-fig. 3, three
characteristic units are conspicuous, and lead to the introduction of
three 'faunal development zones'. This term is introduced here and
defined as a biostratigraphical unit comprising the diachronous devel
opment of faunal assemblages which are synchronously accompanied
by the evolution or the stratigraphically documented gradation of a
higher taxon, i.e. starting with the genus level.
This biostratigraphical zone concept will be applied here for delim
itation of distinctive faunal-morphological units of the Toyen
sequence proceeding from the evolution of the genus Phyllograptus.
For inter-Scandinavian correlation, the natural lithological boundaries
for this classification will be respected.
The biostratigraphical significance of the term 'Phyllograptus
schiefer' as applied by BROGGER (1882) to the development in western
districts of the Oslo Region, where shale facies is restricted approxi

mately to the Galgeberg Member, appears to be restricted to the central
part of the 3b sequence in the section at Toyen.
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This central part yields the richest graptolite fauna, both in number
of species and in abundance of specimens. It is, so to speak, the
'epibole' of the faunal development in 3b (Text-fig. 4). A predominant
element of this fauna is apparently the genus Phyllograptus. The
qualitative and quantitative promin{'Jlce of different species of phyllo
graptids in corresponding beds all over the Baltic region makes this
genus a relevant representative for a properly compiled biostrati
graphical zonation. Thus, correlations with other areas are more reli
able and do not depend on non-isochronous faunal developments to
the same extent as does the former zone system.
Both the lower and the upper 3b strata of shale facies development
reveal some species of the genus Phyllograptus, but they are not the
same species as those occurring in the central part of the 3b sequence,
and comprise a smaller fraction in the assemblages containing them.
Proceeding from the above mentioned and defined zonal concept,
the following biostratigraphical classification of 3b of the Toyen
sequence is proposed (see also Text-figs. 3, 12):
Levels of beds

17.10-19.75

m

l

Symbol

3bC

l

Designation

Zone of sero (1ate)-phyllograptoid
development

10.50-17.10

m

3bB

Zone of

eu

(main)-phyllograptoid

development

0.00-10.50

m

3bA

Zone of proto (early)-phyllograptoid
development

The faunal assemblages are separately described below together
with a discussion of the delimitation of the zones. The quantitative
representation of species throughout the whole sequence is shown in
Text-fig. 4.
The zone of Proto-Phyllograptoid development

The classification of the lower part of 3b is somewhat problematical
owing to the scarcity of fossils. This may possibly be caused by en
vironmental factors involved in the depositional history of the Haga-
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strand Member. Sedimentological features strongly support the as
sumption that the sediments of the Hagastrand Member were deposited
relatively more quickly than the succeeding dark shale deposits. There
fore, the bio-chrono-stratigraphical range of 3bA seems to be justified
in respect to the chronological ranges of the younger zones.
From the beds of the Hagastrand Member at Toyen, covering
more than two-thirds of the lower biostratigraphical zone 3bA, only
three fossil-bearing sample zones were found and investigated. The
lowermost fossiliferous horizon was discovered at 3.10 m in normal
Hagastrand lithology, yielding some fragments of Clonograptus nor
vegicus. They are determined to be undoubted paratypes of MoNSEN's
holotype (1937) on the basis of their mode of branching and the habit
of the proximal part of rhabdosome. It is significant that Monsen said
this species was distinctive for the uppermost 3b beds (see also ERDT
MANN 1965).
Only orre graptolite-bearing dark shale layer was found in the
Hagastrand Member; its position is between 3.55 m and 3.68 m. From
this horizon, 30 samples were collected. However, nearly all the
material is fragmentary. Long stipe fragments with dichotomous
branching are considered to belong to Clonograptus galgebergi ( Mon
sen: Herrmannograptus galgebergi). Thicker stipe fragments presum
ably belong to Didymograptus protobalticus. Together with these
species, the writer found some undescribed graptolites belonging to
the genera Adelograptus and Didymograptus. It should be noted that
a completely similar graptolite assemblage was found at Storeklev in
the Hunneberg mountain, Sweden, by TJERNVIK (1956). Tjemvik did
not describe any graptolites, but called the whole assemblage 'Dicho
graptids'. The present writer collected additional material from there,
and confirmed the fauna! similarity. The stratigraphical position of
this horizon supports the proposition that the graptolite assemblage
encountered contains the earliest dichograptid fauna ever reported
from Europe.
A light grey limestone layer between 6.52 and 6.84 m represents
the next fossil-bearing stratum. This limestone bed has not yielded
richly fossiliferous material, except some trilobite fragments. These
have kindly been determined by Dr. G. Henningsmoen to belong to
the suborder Asaphina, i.e. Megistaspis planilimbata, Niobella cf. N.
bohlini and Cyclopyge sp. The trilobite fauna of this limestone layer
=
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enables comparison of the Hagastrand Member with the trilobite
bearing limestone succession of TJERNVIK (1956).
A biostratigraphical separation of the lower part of 3bA including
these three fossiliferous sample zones seems to be relevant, but will be
delayed until more detailed investigations. Beds approximately com
prising the Hagastrand Member will here be treated as the 'lower part'
of 3bA.
Suddenly, at 7.32 m the graptolite sequence starts without
important breaks. From this leve! to the very top of the 3b sequence
a nearly continuous succession of graptolite assemblages could be
seen. The frequency of bedding surfaces containing abundant
graptolites is impossible to ascertain. Nearly all fossils are compressed
to a film, and aggregated mostly in a vertical distance of some
hundred p.
Throughout the whole sequence of 3bA, some phosphatic inarticu
late brachiopods and phyllocarids occur constantly. Brachiopods of
the inarticulate fanilly Obolidae and phyllocarids possibly belonging
to the genus Cariocaris occur throughout the entire sequence of ob,
independent of environment. Some phyllocarids from 3b have pre
viously been described by STORMER (1937).
Many different graptolites were found in the first sample zones at
7.32 m and slightly above. Predominant are declined and deflexed
forms of the genus Didymograptus and horizontal forms of Tetragraptus.
Some probably yet unknown graptolites belonging to the reclined group
of tetragraptids are most distinctive for these beds. They are provi
sionally included in the species Tetragraptus phyllograptoides s. L In
addition to this particular Scandinavian species, the prominent occur
rence of the cosmopolitan Tetragraptus approximatus in the lower beds
is significant. Another important index-species, Didymograptus balticus,
which has been reported from corresponding beds at many places in
Scandinavia, appears scarcely, but is rather long-ranging in the upper
part of 3bA. Some extensiform didymograptids become increasingly
more important, i.e. Didymograptus geometricus, D. cf. D. demissus,
D. holmi, and D. constrictus. These species are clearly distinct from D.
extensus, whose possibly antecedent representatives first appear in
the uppermost sample zones of 3bA. Thin branched declined didymo
graptids , such as D. cf. D. pusillus and D. filiformis, have fre quently
been encountered in upper 3bA beds.
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About 100 specimens of a remarkable Phyllograptus were found in
sample batches between 9.75 m and 10.25 m. The rhabdosome never
exceeds 15 mm in length and acquires a high number of thecae in
relation to size. The first specimen of this true Phyllograptus was found
only about 30 cm above last representatives of Tetragraptus phyllo
graptoides. Similar specimens, provisionally called Phyllograptus sp.,
have also been found in basal shale layers at Vestfossen (private
collection of O. Fjelldal). The short vertical range with frequent
occurrence possibly makes this species a relevant comparison-mark
within the Oslo Region.
The fossil ranges in 3bA are controlled by 30 sample zones and
245 sample batches (trilobites are not included). Nearly all material
(215 sample batches in 26 sample zones) was collected from the upper
part of 3bA, i.e. between 7.32 m and 10.50 m of the 3b sequence.
The following fossils are determined from 3bA (The classification
of trilobites has been accomplished according to 'Treatise on Inverte
brate Paleontology, Part O, Arthropoda l' and of graptolites according
to 'T. I. P., Part V, Graptolithina'.):
l. Lower part (Hagastrand Member)
Class:
Trilobita WALCH, 1771

Family: Asaphidae

BuRMEISTER,

1843

Megistaspis planilimbata {ANGELIN, 1851)
Niobella cf. N. bohlini TJERNVIK, 1956

Family: Cyclopygidae
Cyclopyge sp.

RAYMOND,

1925

Class:
Graptolithina BRONN, 1846
Order: Dendroidea NICHOLSON, 1872
Family: Anisograptidae BULMAN, 1950
Adelograptus sp.
Clonograptus norvegicus MoNSEN, 1937
C. (
Herrmannograptus) galgebergi ( MoNSEN, 1937)
=

Order: Graptoloidea LAPWORTH, 1875
Family: Dichograptidae LAPWORTH, 1873
Didymograptus sp.
D. protobalticus MoNSEN, 1937
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2. Upper part (7.32-10.50 m)
Class:
Graptolithina BRONN, 1846
Order: Graptoloidea LAPWORTH, 1875
Family: Dichograptidae LAPWORTH, 1873
Dichograptus cf. D. octobrachiatus (J. HALL, 1865)
Tetragraptus approximatus NICHOLSON, 1873
T. quadribrachiatus (J. HALL, 1865)
T. phyllograptoides STRANDMARK, 1901
Phyllograptus sp.
Didymograptus protobalticus MoNSEN, 1937
D. balticus TULLBERG, 1880
D. vicinatus MONSEN, 1937
D. cf. D. pusillus TULLBERG, 1880
D. filiformis TULLBERG, 1880
D. cf. D. affinis NICHOLSON, 1869
D. geometricus ToRNQUIST, 1901
D. cf. D. demissus ToRNQUIST, 1901
D. constrictus s. l. (J. HALL, 1865)
D. validus TORNQUIST, 1901
D. holmi ToRNQUIST, 1901
D. decens ToRNQUIST, 1890
D. suecicus s. l. TULLBERG, 1880

A number of varieties of some of the species of graptolites listed
above were established by MoNSEN (1937). Many of them, as well as
some of Monsen's species, were not identified in the present material
or were proved to be indeterminable intraspecific variations.
The zone of Eu-Phyllograptoid development

Any delimitation between the faunal assemblages of 3bA and 3bB
will be difficult to a certain extent because of some transgressing
species. Here, it would possibly be appropriate to establish a 'transition
zone'.
Within sample zones between 10.25 m and 10.75 m at Toyen, the
existence of 14 species has been ascertained; however, only four of
them considerably transgress both limits. These are really long-ranging
graptolites: Tetragraptus quadribrachiatus, Dichograptus cf. D. octo-
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brachiatus, Didymograptus suecicus, and D. cf. D. affinis. Altogether,
seven characteristic 3bA species definitely disappear and three species
enter within this 'sector'. For practical reasons, the median line at
10.50 is defined as the margin between the 3bA and 3bB zones. Except
for the previously mentioned four long-ranging species, only five
others transgress this hypothetical line for a short space.
Although no specimens of Phyllograptus are found in the lower part
of 3bB between 10.50 m and 11.83 m, almost all characteristic attend
ant species are already present, i.e. Didymograptus extensus and the
pendent Tetragraptus fructicosus, from the very base of 3bB and,
somewhat higher, the reclined Tetragrapti, T. bigsbyi (divergent form)
and T. cf. T. serra. These forms are the second most significant group
throughout 3bB after the phyllograptids. Reclined forms of tetragraptids
and Didymograptus extensus range exclusively through 3bB and would
possibly be appropriate index fossils for this zone. However, the writer
is inclined to reject their appliance as index species for as long as any
European interpretation of species established and described by J.
HALL (1858-65) from North America remains uncertain or tentative.
Of course, the same objection could be made against any distinction
of phyllograptid species to be applied as index fossils. This is one
fundamental reason why the writer has not applied any index-species
at all at the present stage of investigation. On account of this palae
ontological reservation, the present biostratigraphical classification is
based on a comprehensive taxonomic concept. Further zonal sub
divisions of 3b strata can only result from a generally accepted im
provement or revision of taxonomy in Dichograptidae.
From 11.83 m upwards, phyllograptids appear suddenly and
abundantly. Their first representatives in 3bB are rather small and
'compact' in shape, belonging to Phyllograptus densus. Specimens of
this species become increasingly longer upwards in the sequence. In
higher beds it was rather difficult to distinguish possible young asto
genetic stages of P. aff. P. angustifolius from mature rhabdosomes of
P. densus. Biometrical studies of these forms will probably help to
ascertain distinctive features of phyletic importance. Such a gradual
development of phyllograptids increasing in size continues upwards
through 3bB, finally resulting in the large Phyllograptus elongatus.
Here, we have probably to deal with an obvious example of phylo
genetic increase of size.
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Another interesting lineage of phyletic development is connected
with the groups of reclined tetragraptids and extensiform didymograp
tids. As already stated, after the phyllograptids these two groups are
the most prominent in 3bB. It was first stated by Nicholson in 1895
that the primary generic classification of graptolites, and of Dicho
graptidae in particular, is questionable because 'the number of stipes
possessed by Graptolites has been looked upon as a character of prime
importance' ( N ICHOLSON and M ARR 1895).
Proceeding from the actual problem of investigating phylogenetic
relationships in some of the above listed genera, some more points
made by the same authors should be noted:
' ... taking the above facts into consideration, we find reason to conclude
that the character of the hydrothecæ is the most important point to retain in
view in separating different families of the Graptoloidea. Taking any group of
forms with hydrothecæ of a similar character, we believe that the next most
important point to consider as indicating genetic relationship is the " angle of
divergence". On the other hand, the number of stipes in the polypary is a char
acter of minor importance; since we think it can be shown that, separating
Graptolites into groups will in many cases exhibit a series of parallel modifica
tions as regards the number of stipes in polypary, the older forms of the group
being the more complex, and the later forms undergoing reduction as regards
this particular. Our views may be best illustrated by reference to forms belonging
to the "genera"

Bryograptus, Dichograptus, Tetragraptus, and Didymograptus, the

appearance of which in time, in the above sequence, is indicated by stratigraph
ical observations.'

Although generally agreeing with the above statement of Nicholson
and Marr, the writer feels obliged to point to the error caused by
previous ignorance of the real stratigraphical position of the 'genera'
Bryograptus, Dichograptus, Tetragraptus, and Didymograptus. It has
often been shown by subsequent investigators, especially J ACKSON
(1962), and the present writer, that there is no stratigraphical evidence
for a chronological succession of the above mentioned genera. However,
the writer agrees with Nicholson and Marr that there is probably
little, if any, phylogenetic relationship between distinctive groups
within the above cited fictitious 'genera'. Keeping this in mind, it
will possibly become easier to elucidate the confusing taxonomy of
Dichograptidae.

Returning to the actual problem of dealing with the 3bB fauna, it
is interesting to pursue the development of some more distinctive
graptolites. The development of Tetragraptus bigsbyi ten ds more or
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less to distal convergence of stipes, attaining its final stage in T.
askerensis (cf. Monsen: Tetragraptus bigsbyi var. askerensis), while
extensiform didymograptids seem to branch into two lineages of
development. As already mentioned by NICHOLSON and MARR (1895,
p. 537}, there seems to be one group conservatively retaining morpho
logical features of rhabdosome and thecal structures and another
tending to the structure of D. hirundo. The writer strongly questions
the multiramous origin of the didymograptids and believes that D.
holmi and D. decens evolved into the true D. extensus and associated
forms, whereas another phyletic development descends from deflexed
forms, retaining the same proximal development, i.e. as the typical
British lineage D. deflexus, D. nitidus, and D. hirundo. A possibly
Scandinavian 'offshoot-lineage' may be illustrated by the lineage
Didymograptus balticus, D. constrictus, D. validus, and Monsen's D.
ensfoensis.

Further, attention should be drawn to the first appearance of tiny
forms of pendent Didymograpti even in the lowermost beds of 3bB.
They are very rare in the beginning, becoming larger in size and more
abundant in higher beds of 3bB. Small forms certainly belong to
Didymograptus minutus, and larger to Monsen's D. protoindentus, which
is difficult to distinguish from Elles's holotype of Didymograptus
protobifidus. However, rhabdosomes of D. protoindentus usually attain
a rather large size and acquire a similar habit to D. bifidus, which has
been found in much younger beds (4aa1_2 in the Toyen section and
in otlfer places in the Oslo Region).
The uppermost part of 3bB shows a faunal assemblage which is
almost completely different from the lowermost part. Together with
Phyllograptus elongatus, specimens of Isograptus become more and
more significant. It could also be observed here that the phyletic
development starts with small forms which increase both in size and
abundance. At about 15.25 m the first small 'compact' isograptids are
found. They are determined as Isograptus gibberulus. This species is
one of very few transgressing the upper limit of 3bB. From about
16.40 m on, large forms of Isograptus norvegicus become abundant.
In the upper beds of 3bB (from about 16.00 m to 17.10 m), a strati
graphical subdivision is possibly based on the distinctive assemblage
of Phyllograptus elongatus, the first isograptids, reclined tetragraptids,
and some didymograptids, especially D. gracilis. This assemblage
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Diagram showing the species distribution of 3b graptolites based
on the investigation of 54 species ranges.

properly represents the faunal constituents of Monsen's 3M zone in
its modem conception as seen in the Slemmestad section (Spjeldnæs,
written communication). Also, some badly preserved specimens of a
diplograptid were found in the top layers of 3bB possibly related to
Glyptograptus austrodentatus or G. dentatus.
The faunal development in 3bB was investigated by dividing the
entire 6.60-m-thick sequence into 56 sample zones which partly overlap

each other. Altogether, 881 samples were collected. The average verti
cal interval space of each sample zone is only about 12 cm, and at
leasj: 16 samples represent fossil material from each of these sectors.
From 3bB the following graptolites are determined:
Graptolithina BRONN, 1846
Class:
Order: Graptoloidea LAPWORTH, 1875
Family: Dichograptidae LAPWORTH, 1873
Dichograptus cf. D. octobrachiatus (J. HALL, 1865)
Tetragraptus quadribrachiatus (J. HALL, 1865)
T. fructicosus (J. HALL, 1865)
T. bigsbyi (J. HALL, 1865)
T. askerensis MoNSEN, 1937
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T. cf. T. serra (BRONGNIART, 1828)
Phyllograptus densus T6RNQUIST, 1879
P. cf. P. ilicifolius J. HALL, 1865
P. aff. P. angustifolius J. HALL, 1865
P. elongatus BuLMAN, 1931
Didymograptus vacillans TuLLBERG, 1880
D. v-fractus SALTER, 1863
D. filiformis TuLLBERG, 1880
D. cf. D. atfinis NICHOLSON, 1869
D. gracilis T6RNQUIST, 1890
D. nicholsoni LAPWORTH, 1875
D. validus T6RNQUIST, 1901
D. decens T6RNQUIST, 1890
D. extensus J. HALL, 1858
D. suecicus s. l. TULLBERG, 1880
D. praenuntius T6RNQUIST, 1901
D. minutus T6RNQUIST, 1879
D. protoindentus MoNSEN, 1937
Isograptus gibberulus ( NICHOLSON, 1875)
I. norvegicus MoNSEN, 1937
Family: Diplograptidae LAPWORTH, 1873

Glyptograptus aff. G. austrodentatus (HARRIS & KEBLE,
1932)
The graptolite development of the entire 3b fauna definitely
attained its culmination in the uppermost part of 3bB (see Text-fig.
At the levels of

4).

13.00 m and 17.00 m, the presence of 15 species could

be detected in the same sample zone, i.e. two-thirds of all species listed
from 3bB above. From about

16.50 m upwards, some change in lithol

ogy starts again. The faunal development was probably influenced
by the alteration of environmental factors.

The zone of Sero-Phyllograptoid development
The distinction of 3bC at Toyen is based on an entirely new faunal
composition of the beds between

17.10 m and 19.75 m separated from

the graptolite succession below by a marked break in the faunal
development; very feW" late 3bB species transgress the

17.10 m line.
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It is advantageous to discuss the reasons for this abrupt faunal break.
A gradual change in lithology has already been mentioned; this starts
from about 60 cm below the faunal break at 17.10 m. The number and
thickness of silty shale intercalations continue gradually to increase
above 17.10 m, but there appears to be no real lithological reason for a
sudden change at this particular point; neither has it been possible to
trace any obvious break in sedimentation. However, the writer believes
that this may be a reason for this faunal change. A temporary break
in sedimentation, together with a strong change of the biological
environment would possibly account for this problem.
From beds of 3bC, no good graptolite assemblages have been en
countered. Sometimes, the fossil spedmens are much better preserved
than in lower beds, but usually they occur individually, i.e. bedding
surfaces covered by different spedes together were scarce, even in
black shale layers. It is also remarkable that small graptolite spedmens
seldom appear. Espedally in coarser grained silty layers, huge sped
mens of Schizograptus diffusus (generic classification according to
written communication by Spjeldnæs), Dichograptus octobrachiatus
s. str., and Didymograptus hirundo occur abundantly. The occurrence
of smaller isograptids, didymograptids, phyllograptids, and diplo
graptids is restricted to only a few layers.
Although Dichograptus octobrachiatus was abundant in certain shale
beds, this form has almost nothing in common with that mentioned
previously apart from the characteristic eight branches. This form is
very similar to spedmens from the Quebec Region which have been
available for the author's investigation {the material in question has
kindly been sent by Dr. F. Osborne, Universite Laval, Quebec,
Canada). Proceeding from the assumption that these Canadian sped
mens are closely related to J. Hall's type specimen of Dichograptus
octobrachiatus, the relationship of corresponding 3bC forms will be
confirmed. Therefore, any inclusion of older eight-branched dicho
graptids in this spedes has been treated with reservation. Similar large
spedmens of D. octobrachiatus are well known from the Skiddaw
Slates in England {ELLES and Woon 1901-18) and were recently re
ferred to the zone of Didymograptus hiru ndo by J ackson (thesis, un
published).
In the upper beds of 3bC, numerous thin-branched tetragraptids
were found. They show approximately the same habit as some six,
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branched forms occurring in the same beds. The phyletic and taxo
nomic position of these six-branched dichograptids, first mentioned
by SPJELDNÆS (1953), is as yet unknown. A similar fauna together
with Didymograptus hirundo, but in much better state of preservation,
was recently collected by the writer at Vasterplana, Kinnekulle moun
tain, Sweden ( J oHANSSON, WESTERGÅRD et al. 1943, TJERNVIK 1956).
At least three different species of didymograptids are encountered
in 3bC. Most distinctive are rigid forms belonging to Didymograptus
hirundo in the lower part and specimens resembling Monsen' s D. slem
mestadi which occur throughout the entire 3bC zone. However, the
existence of these species has recently been questioned as a result of
biometrical investigations (written communication from Spjeldnæs).
Didymograptids referred to this species are considered to be certain
developmental stages in the astogeny of D. hirundo. In the very top
beds of 3bC, some aggregations of a remarkably delicate extensiform
didymograptid have been detected. Because of the 'fragile' shape of
the stipes and the tenuous, nearly invisible sicula, these specimens are
considered to belong to the Australian Didymograptus distinctus, which
has previously been reported from Darriwilian beds of Victoria and
even from top shale layers just below the Limbata Limestone in
Scania (TJERNVIK 1960).
Phyllograptids have scarcely been found in this zone. The majority
of these strongly resemble Phyllograptus anna as described and pictured
by J. HALL (1865); some slender specimens could be compared with
P. cf. P. nobilis (cf. SPJELDNÆS 1953) in the structure of the thecal
apertures, but not in the shape of the rhabdosome. However, the
writer is inclined to question the previous taxonomic classification of
this Norwegian form. In any case, the specimen figured by SPJELD
NÆS (1953, Pl. l, Fig. 10) certainly belongs to a diplograptid species.
Here, it should be noted that no 3bB phyllograptids have been
found in 3bC. In addition, phyllograptids suddenly assume only
secondary importance in 3bC. It is proposed that these 3bC
phyllograptids in particular are 'exotic invaders' and did not
develop from 3bB forms. The faunal 'image' of Dichograptidae in
3bC, and phyllograptids in particular, strongly resembles a 'typo
Iytic' stage of their phylogenetic development. Thus, this fact
supports the designation of 3bC as a 'zone of sero-phyllograptoid
development'.
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Diplograptids form the most remarkable group in the graptolite
assemblage of 3bC. They are not quantitatively prominent, but form
a most characteristic and new element in the upper 3b sequence.
Although their taxonomic classification is as yet imperfectly known,
some prominent forms

will

be mentioned which were tentatively de

scribed by SPJELDNÆS (1953). Some badly preserved specimens pre
sumably be long to Glyptograptus

austrodentatus subsp. indet. (according

to BuLMAN 1963). These forms are very small and resemble Bulman's
Figures in their proximal portion and in the form of the thecae. Larger
specimens were also found; they may be related to Bulman's

(op. cit.)

G. austrodentatus americanus.
previously determined as

is Trigonograptus ensiformis,
Orthograptus? sp. (SPJELDNÆ S 1953, SKE

VINGTON 1963a,

but this species occurs sparsely and is

Another

distinctive

diplograptid

1963b),

Glossograptidae seem
to be represented only by some specimens of Glossograptus aff. G.
acanthus.

restricted to the middle and upper part of 3bC.

Discussion of the chronostratigraphical position of the upper
margin of 3b is delayed to the next chapter. At the very top of 3b
at Toyen, at 19.75 m, the lithology changes sharply from thin dark
shale below into an 8-cm-thick light phosphatic layer and subsequently
1.60 m of compact limestone of 3ca above. Sinograptids which have
recently been found in the uppermost beds of 3b at Slemmestad
(Spjeldnæs, written communication) and of corresponding strata in
Scania (TJERNVIK

1960)

were not seen at Toyen.

The sequence of 3bC comprises 2.65

m

(17.10-19.75 m) in the

Toyen section. Altogether, 203 samples were collected from 19 sample
zones.
All graptolites determined from 3bC belong to the following species:
Class:

Graptolithina BRONN, 1846

Order:

Graptoloidea LAPWORTH, 1875

Family: Dichograptidae LAPWORTH, 1873

Dichograptus octobrachiatus (J. HALL, 1865)
Schizograptus ( Trochograptus) dilfusus (HoLM, 1881)
Tetragraptus? sp. (four- and six-branched)
Phyllograptus anna]. HALL, 1865
P. ? cf. P. nobilis HARRIS & KEBLE, 1932
=
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Didymograptus slemmestadi MoNSEN, 1937
D. hirundo SALTER, 1863
D. distinctus HARRIS & THOMAS, 1935
Isograptus gibberulus (NICHOLSON, 1875)
l. lunatus HARRIS, 1933
Family: Glossograptidae LAPWORTH, 1873
Glossograptus aff. G. acanthus ELLES & Woon, 1918
Family: Diplograptidae LAPWORTH, 1873
Glyptograptus austrodentatus austrodentatus BuLMAN,
1963
G. austrodentatus americanus BuLMAN, 1963
Trigonograptus ensiformis (J. HALL, 1865)

As mentioned above, the upper margin of 3bC is determined by a
lithological change from shale to limestone, implying a faunal change
also. Any development of the graptolite fauna cannot be traced into
the limestone series, called Orthoceras Limestone (3c). The total thick
ness of 3c in the Toyen section is about 6 m. Above the Orthoceras
Limestone, a dark shale sequence starts again which belongs to the
Upper Didymograptus Shale (4aa1_2). Here, the graptolite succession
continues (STORMER 1953, BERRY 1964) and also yields some phyllo
graptids. According to recently published investigations of this fauna
by BERRY (1964), the following phyllograptids are recorded from
4aa1_2:

Phyllograptus angustifolius J. HALL, 1865
P. glossograptoides EKSTROM, 1937
P. nobilis HARRIS & KEBLE, 1932
P. d. P. typus var. parallelus BuLMAN, 1931

Being aware of the fact that Phyllograptus angustifolius as figured
by BERRY (1964) is much more like J. Hall's Figures of this species
than are forms known from 3bB, one should note that none of the
phyllograptids listed above have anything apparent in common with
those from 3b. It is obvious that phyllograptids recorded from 3bC
and 4aa1_2 strikingly coincide with those described from the Quebec
Group by J. HALL (1865) and reinvestigated by RAYMOND (1914).
This may be of some stratigraphical importance for correlations of these
particular significant faunas.
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Here, the writer wishes to emphasize that any interpretation of the
newly proposed biostratigraphical system should include 4aa1_2 beds
in the zone of sero-phyllograptoid development. This zone actually
ranges independently from 3bC, as the latter is a restricted term for
the inter-Scandinavian type of facies development; the appliance of
the term 'sero-phyllograptoid development zone', however, implies a
more universal trend of fauna! development.
Stratigraphical correlations

Any attempt at 'isostratic' or even 'isochronous' comparison and cor
relation of fossil-bearing rock sequences is made difficult by the prob
lems arising both from the subjective approach inherent in such an
investigation, and from the incomplete nature of any graptolite as
semblage. A short quotation elucidates the first mentioned difficulty:
'There is no special concept of the stratigraphical species, and the problems
that arise in the use of fossils as horizon markers are perhaps mainly nomen
clatural rather than taxonomic. If a spade were always called a spade no doubt
correlation would be greatly eased, though it might not be very exact if the
spade were anything from a steam shovel to a teaspoon.' (T. N. GEORGE in: The
Species Concept in Palaeontology, p. 136, 1956.)

This quotation points to one substantial problem of any biostrati
graphical correlation, since even the best field survey or laboratory
investigation suffers from subjectivity and disagreement of personal
conceptions.

Another drawback is essentially implied in the subject eo ipso.
Graptolite assemblages usually do not represent any projection of the
actual former biocoenosis and so cannot give us a full understanding of
the inter-relationship between genetics and ecology in a fossil popula
tion. Thus, any graptolite assemblage, as now seen, usually represents
a taphocoenosis; as a result, many attempts at long-distance corre
lation based upon these more or less random graptolite assemblages
have been based upon misinterpretation.
Besides these purely biological aspects of the subject, some further
objections must be raised to former attempts at graptolite correlations.
The examples given below illustrate that previous authors very often
have not been aware of regionall y different facies developments in a
certain stratigraphical unit. In fact, stratigraphical classification by
many early stratigraphers was based on monotypic rock or fossil
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sequences, a method similar to the classical approach in palaeontology.
Later works have attempted to show that biostratigraphy is independ
ent of lithostratigraphy; however, such a strict separation would
appear to be impractical as it neglects the interdependence of these
two aspects (see p. 509, 11. 2-6).
There is no doubt that 'isochronous', or 'time leve!', correlation
should be exclusively objective; however, any such correlation is
impossible, the nearest approach being to study different sequences
having similar developments in litho- and bio-facies. Befare correlation
of different localities can be definite, we must attempt to reconstruct
the original graptolite biocoenosis from the taphocoenosis found.
The following chapters discuss biostratigraphical correlations of 3b
strata proceeding from the proposed zonal system described above,
and using facies correlations as far as possible.
For inter-Scandinavian correlations of 3b strata, two different
facies concepts are used. In an attempt to reconstruct palaeogeography,
isochronous variations of lithology and fauna are distinguished ac
cording to the new biostratigraphical scheme (see Text-fig. 6). In this
way, we easily get an idea of two-dimensional facies transitions and
possibly come to a hetter understanding of palaeogeography and even
palaeoecology. Because of these facies transitions, any interpretation
of conditions existing at any one time can only result from a detailed
regional study ranging over several time-planes. If we then realize the
interdependence of diachronous development of fauna and sediments,
and try to correlate the distribution of similar and dissimilar strati
graphical columns, we possibly come nearer to the genesis of strati
graphical sequences.
The writer believes that befare deducing palaeogeography and
palaeoecology, it would be advantageous to correlate similar 'strati
morphological' sequences. Therefore, some new terms are introduced
dealing with both diachronous and two-dimensional facies concepts.
First, the term 'stratigenetic development' is used for regionally
distributed stratigraphical sequences similar in age, lithology, and
fauna, and thus in depositional history. An approximate conformity
in thickness is also of primary importance.
For further derivations and reconstruction of the stratigraphical
genesis (see also VISHER 1965), terms such as 'stratigenetic sequence'
and 'stratigenetic facies' are used in the following chapters.
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CORRELATION OF DIFFERENT STRATIGENETIC FACIES IN SCANDINAVIA

Some new approaches to stratigraphical correlation of Lower Ordo
vician strata in Scandinavia have recently been accomplished. Most
prominent investigations, e.g.

TJERNVIK

j AANUSSON

(1956, 1960),

(1960a, 1960b) and SKJESETH (1952, 1963), attempted to compile
interdigitating successions of trilobite and graptolite stratigraphy.
However, attempts at detailed stratigraphical classification and corre
lation based on microfossils have scarcely been made, except with
conodonts by LINDSTROM (1957).
Another comprehensive chronostratigraphical classification has
been proposed by

jAANUSSON (1960a),

who attempts to include both

the former zonation of lithostratigraphy and the trilobitefgraptolite
distribution. Strata of the 'Oelandian Series' agree approximately with
the current concept of the Lower Ordovician. As a Scandinavian
counterpart to the less complete British succession, a new classification
for the Baltic-Scandinavian Region might be favourable and more
successful. Here, J aanusson's classification is applied and correlated
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with the present stratigraphical scheme. It should be noted, however,
that the picture given in Text-fig. 5 represents an over-generalization
to the extent that horizontal lines might not be considered to be 'time
level marks'.
Because of the poor distribution of Lower Ordovician rock deposits
as seen now, areal reconstruction of the original two-dimensional facies
distribution is more difficult. However, the writer tries to express his
personal idea of the palaeogeographical facies distribution in Text-fig. 6.
Of course, he is well aware of the fact that the picture given repre
sents a superficial generalization because of the gross-abstraction of
actual facies intergradation and distribution. Another drawback in
this interpretation (Text-fig. 6) is the strong dislocation of Lower
Ordovician beds in areas adjacent to the original geosyncline. There
fore, the author wishes to stress that one should not place too much
reliance upon all the marginal lines as they are drawn.
Using former detailed stratigraphical investigations, especially that
by TJERNVIK (1956), the present author is able both to trace different
palaeogeographical facies distribution of 3b strata in the Baltic-Scandi
navian Region and to compare sequences of similar stratigenetic
development.
Three of the four sketch maps in Text-fig. 6 should give a sufficient
impression of the environments present in 3bA, 3bB, and 3bC times.
Some distinctive features of 'stratigenesis' become obvious. Proceeding
from the trough of the 'Oslo-Scania Depression', which persisted
through 3b times, the shale-sea widened in 3bA and 3bB times and
probably regressed in 3bC times. According to TJERNVIK (1956), the
-�

Text-fig. 6. lllustrations of palaeogeography in 3b times showing the distribution
of biological and lithological facies in Southern Scandinavia.
Area of no deposition of 3b beds (plain areas), predominantly trilobite limestones
(sign of limestone), predominantly graptolite shales (horizontal shading), arkosic
sandstones of the 'blue quarzite formation' (coarsely stippled shading) and geo
synclinal region (symbol: V).
Top left: Instructional map of Southern Scandinavia showing some important
3b localities. Connecting lines are drawn between similar stratigenetic sequences
which are shown in Text-figs. 8-11.
Top right: Distribution of bio- and litho-facies in 3bA (Hunneberg) time.
Bottom left: Distribution of bio- and litho-facies in 3bB (Billingen) time.
Bottom right: Distribution of bio- and litho-facies in 3bC ('Early Limbata')
time.

OUTLINE STRATIGRAPHY OF GRAPTOLITE-BEARING 3b

513

(/
BEitND·D. EROrNANN

Text-fig. 6

l .fl!

BERND-DIETRICH ERDTMANN

514

designations 'Hunneberg sea' and 'Billingen sea' seem to be appro
priate for the periods of 3bA and 3bB. If we also borrow a character
istic name for the 3bC period from the Viistergotland area, the designa
tion 'Kinnekulle sea' can properly be suggested (in the explanation of
Text-fig. 6, the name 'Early Limbata' is used).
Throughout the 3b times, the Oslo Region was only a part of the
Baltic shelf sea, and in its stratigenetic development completely in
corporated with the Swedish part. However, here discussion will be
centred on the correlation within the Oslo Region, because of the
frame of the present investigation.
The best-known 3b localities in the Oslo Region and elsewhere in
Scandinavia are shown in Text-figs.

6 and 7. Many of these localities

represent complete successions of 3b strata and have previously been
mentioned by numerous investigators. The interconnection and the
facial differentiation of these sequences are also dealt with in the
following chapters.
In the upper left corner of Text-fig. 6, there is an instructional map.
The four lines connect distinct localities where there are some charac
teristic sequences of similar stratigenetic development. Thus, each line
represents a distinctive 'homo-stratigenetic facies'. In the following
chapters, four stratigenetic facies districts serve as a basis for regional
correlation. The names of these districts are derived from the regional
or local names of the respective end-points of the lines or of the sur
rounding provinces. Attention is drawn mainly to the facies develop
ment exhibiting a most complete graptolite shale succession. Therefore,
the districts are grouped in the following order:

1. The Oslo-Scania and

Jiimtland

Districts

Similar stratigenetic sequences are reported from Anderson (And.) in Jamtland;
Tuv (Tuv), Toyen (Toy.), Slemmestad, Modum, Feiring, Klekken, Helskjær, and
possibly Snertingdalen in the Oslo Region; Storeklev (Sto.), Mossebo (Mos.) and
Kinnekulle (Kin.) in Vastergotland; Få.gelsång (Fåg.), Flagabro (Fla.), and
Kiviks Esperod in Scania. Stratigraphical columns of localities marked by () and
shown on the instructional map in Text-fig. 6 are illustrated in Text-fig. 8 below.
Within the Oslo Region this stratigenetic development is called Toyen
Slemmestad facies, from the type area.
The lithology and the semi-pelagic fauna indicate deposition within the
outskirts of the Oslo-Scania and Jamtland Depressions.
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2. The Heramb-Vestfossen District
Similar stratigenetic sequences are reported from Heramb (Her.), Ottestad ,
Vestfossen (Vest.), Krekling, and Vakkero in the Oslo Region. Some strati
graphical columns are shown in Text-fig. 9.
The stratigenetic development in the northern area around Heramb differs
slightly from the southern part. Therefore, the stratigenetic developments are
separated into 'Heramb facies' and 'Vestfossen facies'.
The lithology and fauna suggest shallow water deposition (western flank
of the Oslo-Scania Depression) in the lower part and semi-pelagic (graptolite
shales) in the upper part of the sequences. There are probable breaks in sedi
mentation because of the lack of upper 3bB and 3bC graptolites (see also
Text-fig. 9).
3. The Storsfon-Billingen District
Similar stratigenetic sequences are reported from Tosså.sen (Tos.), Kloxå.sen in
Jamtland; Skattungbyn (Ska.) in Dalarna; Store Backor (St. B.) and Stora
Stolan in Billingen, and a drilling core from Borghamn in Ostergotland. Some
stratigraphical columns are shown in Text-fig. 10. The sediment and fauna
suggest shallow water deposition (eastern flank of the Jamtland and Oslo
Scania Depressions) in the lower part and oscillating between shallow and semi
pelagic in central part. The upper beds appear to have been deposited in shallow
water again.
4. The Central Baltic District
Similar stratigenetic sequences are reported from the South Bothnian District
around Gavle (Gav.); Sjurberg (Sju.) in Dalarna; Latorp (Lat.), Lanna in
Narke; Vii.stanå. (Vas.) in Ostergotland; Ottenby (Ott.), Kopings Klint, Åle
klinta, Horns Udde, and Boda Hamn (BOd. H.) on the island of Oland. In this
district, some breaks in sedimentation are observed in the northern part of
Oland (BOda Hamn) in the lower part, and at some places in Billingen (Oltorp)
and Ostergotland (Skå.ningstorp) in the central part of the sequences.
The lithology and fauna indicate neritic shallow water conditions throughout '
3b times. At some places, shale intercalations might probably indicate temporary
submersion, while emersion above the sea level is supposed for other strati
graphical levels.
Some additional deposits, which are partly graptolite-bearing,
from other regions in Scan<linavia are described; however, these do
not belong to any of the above mentioned facies districts. The depo
sition of the sediments in question is supposed to have occurred in

3b times.
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5. Some 3b Deposits from the Caled01iian Syncline and Other Areas of
Uncertain Facies Classification

Graptolite shales, probably of upper 3b age, are described from the Bogo (Bogo)
River in the Trondheim Region and from Gausdalen (Gau.) and Valdres (Val.)
in central southem Norway. Probable autochthonous 3b deposits are also re
ported from Lake Malgomaj in Vasterbotten, North Sweden. The stratigenetic
origin might possibly be referred to the miogeosyncline region of the Caledonian
trough.
Along the southem and southeastem margin of the miogeosynclinal belt
from the Hardangervidda to Trysil (Try.) an arkosic sandstone ('blue quarzite')
is reported to have been deposited during 3b times (SKJESETH 1962). The mode
of deposition is supposed to indicate a temporary uplift movement possibly due
to the so-called Trysil phase.

It should be noted that the following chapters, which are based on
the stratigenetic classification as explained above, deal exclusively
with graptolite correlation; the trilobite correlation and other im
portant remarks are only briefly referred to.
1. The Oslo-Scania and ]iimtland districts

As mentioned above, the Oslo-Scania and Jamtland Districts include
all stratigenetic sequences of the Toyen type. This particular develop

ment of stratigenetic distribution might be traced approximately by
the line of the 'Oslo-Scania Depression', stretching from the northern
districts of the Oslo Region (Nes and Hadeland Districts, cf. STORMER
1953) through parts of Vastergotland to Scania in Sweden. The distri
bution of this stratigenetic facies is also shown in Text-fig. 7 for the
Oslo Region in particular, and can easily be deduced from the vertical
combination of exclusively shale-bearing areas throughout the entire
" 3b times (see palaeogeographical facies distribution-maps of 3b in
Text-fig. 6).
Proceeding from the Toyen sequence, some 3b exposures in the
parish of Slemmestad are most readily comparable. Along the shore
of the Oslofjord, complete 3b sequences are repeated several times
(BROGGER 1882). Recent investigations by the author have shown a
very similar stratigenetic development of the Toyen type at Bjerkås
holmen and Hagastrand. Even the same dark shale layer with, among
others, Clonograptus norvegicus and C. galgebergi has been detected in
the same position. Beds with Tetragraptus phyllograptoides and Didy-
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mograptus geometricus

have also been found 30 cm above a distinctive
limestone layer corresponding with the Toyen section. The upper part
of 3bA and lower part of 3bB are not so well-exposed at Slemmestad.
On the other hand, the subsequent 3b succession is most excellently
exposed in the well-known 'Graptolite Valley' ( STORMER 1953, SPJELD
NÆS 1953, j AANUSSON 1965). Here, the type locality of upper 3bB and
3bC beds should properly be situated.
Also, in the city of Oslo many 3b exposures existed temporarily.
However, all these classical exposures, as at Galgeberg, the Ensjo
brickyard, and at Stensberg gate, suffered the same fate as the Toyen
excavation did recently: they are now covered by buildings. Many
ancient type collections of HERRMANN (1883, 1885) and MoNSEN (1937)
originate from these localities.
Complete 3b sequences of the stratigenetic Oslo-Slemmestad facies
outside the type area are either not exposed or insufficiently investi
gated within the Oslo Region. Green silty shales, probably of the Haga
strand Member, are reported to overlie the Ceratopyge Series in Modum
and at Klekken in Ringerike (0. Fjelldal, personal communication).
From Fure in Modum, Tetragraptus approximatus has previously been
collected by HERRMANN (1885), which indicates the presence of 3bA
there. New collections by O. Fjelldal revealed rich graptolite material
of the lower and central parts of 3bB from Modum. From Klekken,
graptolites are not yet known. The existence of 3bC in Modum and
Ringerike is assumed, but not as yet proven by graptolite evidence.

From Hadeland, only one section was investigated by the author.
The section in question is exposed on an eastem slope between the
Tuv and Gjefsen farms ( HoLTEDAHL and ScHETELIG 1923). As shown
in the column in Text-fig. 8, about 4 m of green silty shales are referred
to the Hagastrand Member, succeeded by 7 m of dark shale which is
strongly disturbed by tectonics. In the lowermost dark shale layers,
some graptolites were seen. They are determined as Tetragraptus phyllo
graptoides, T. approximatus, and Didymograptus protobalticus, indicat
ing the lower beds of the upper part of 3bA. About 5 m above,
some badly preserved fragments of extensiform didymograptids were
found. However, the presence of Phyllograptus has also been reported

from the immediate neighbourhood (Brandbu-kampen) by HoLTEDAHL

and SCHETELIG (1923). Below the covering Limbata Limestone at Tuv,
about 2 m of thick silty shale sequence possibly belong to 3bC.
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The distribution of graptolite-bearing 3b strata in the northern
districts of the Oslo Region is as yet rather uncertain because of
complicated tectonic disturbance in this area. Nearly all Cambro
Silurian sediments are intensely folded and dislocated. The less re
sistant shale layers in particular probably served as a 'lubricant' during
the folding and thrusting movements. Even where 3b shales are
preserved undisturbed, they are usually greatly affected by contact
metamorphism of Permian eruptives and intrusives which completely
destroyed all delicate graptolite remains. In any case, SKJESETH
(1952, 1963) maintained that 'the development seems to be like that
of the district around Oslo' (1963, p. 62). In the area around Feiring,
a residual sedimentary rock succession is known which most probably
belongs to the Lower Ordovician. According to VoGT (1884), chiastolitic
shales underlying the Orthoceras Limestone should presumably belong
to the Lower Graptolite (Didymograptus) Shale. Graptolites have not
been found in this strongly metamorphosed rock complex.
The northernmost shale formation of 3b is known from the island
Helgoya in Lake Mjosa. On the southern shore at Helskjær, steeply
dipping 3b shales are exposed in an inverted anticline ( HoLTEDAHL
1909, SKJESETH 1963). Although the fossil evidence has not yet been
demonstrated, the great thickness and lithological habit of these shales
underlying the Limbata Limestone show great similarity to the Oslo
Slemmestad development, rather than to the Heramb sequence which
is situated not far to the north.
West of Helskjær and north of Tuv, some scattered allochthonous
deposits of 3b shales are known in Snertingdalen. The relationship
of these beds to the present facies district is questioned by the
author.
Some classic graptolite localities from different places in Vaster
gotland have been well known for a long time ('Vestrogothia' of
ToRNQUIST 1901, 1904). Mossebo and Storeklev, situated at the north
eastern and southwestern slopes of the 'tabular' Hunneberg mountain,
are certainly the most familiar because of previous publications. How
ever, these localities, as well as two exposures at the Kinnekulle
mountain, are incomplete and reveal either the lower (Hunneberg) or
the uppermost (Kinnekulle) beds of the so-called 'Phyllograptusskiffer'
(Shale) sequence. In the Hunneberg mountain, the graptolite shale is
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Text-fig. 8. Schematic correlation of some similar stratigenetic sequences from
Jamtland and the Oslo-Scania Region.
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cut off by a platfonn-like intersection of dolerite which preserved the
underlying limestones and shales from Pleistocene ice erosion. Owing
to the western dip of the dolerite sheet, the sequence of Storeklev
attains only the stratigraphical level of Tetragraptus phyllograptoides,
whereas a somewhat higher level is reached at Mossebo (see columns
in Text-fig. 8). Only a few graptolites are known from Storeklev. They
originate from some very thin dark shale beds first mentioned by
TJERNVIK (1956), who did not describe them, but called them collec
tively 'Dichograptids' in his investigation. The present writer collected
additional material from the same horizon at Storeklev, and detected
striking similarity with the stratigraphically corresponding fauna
mentioned above from the Hagastrand Member at Toyen and at
Slemmestad (Bjerkåsholmen, Hagastrand, Kutangen). Tjernvik also
points to the possibility that these strata could be contemporaneous
with limestones of the Megistaspis armata zone.
The stratigenetic habit of the Mossebo sequence seems to differ
from Storeklev in the lower development. Dark limestones and mud
stones yielding Megistaspis armata and M. planilimbata replace 'Haga
strand' shales. This may indicate shallower conditions, more ap
proaching an eastern facies development. Above these limestones, dark
shales start with Tetragraptus phyllograptoides and the peculiar Cymato
graptus undulatus {JAANUSSON 1965), which is represented by only a
single specimen at Toyen. The stratigraphical position of this layer
may be somewhat lower than similar beds at Toyen. Many distinctive
higher 3bA graptolites were first described from the uppermost beds
at Mossebo (TORNQUIST 1901, 1904). Among these, Didymograptus
geometricus, D. holmi, and D. validus may be most prominent. The
graptolite succession of the Hunneberg mountain, subsequently com
bined with the Storeklev and Mossebo sections, will probably corre
spond to 3bA at Toyen (see Text-fig. 12).
The graptolites of the green shales underlying the Limbata Lime
stone at Kinnekulle have already been mentioned above in the de
scription of the 3bC strata. Except for short notes on the localities at
Vasterplana {JOHANNSSON and WESTERGÅRD 1943), and at the Hallekis
quarry, no detailed investigations have yet been published. Future
studies of drilling core material may give more information on the
stratigenetic development of the entire shale sequence. The alternation
of shales with Didymograptus hirundo and limestone layers with
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Megistaspis lata is not known from the Oslo Region and represents a
useful stratigraphical contribution (TJE RNVIK 1956).
The combination of all sequences mentioned above from Vaster
gotland probably supports an inclusion of this district in the strati
genetic facies described in this chapter, although the existence of beds
corresponding with 3bB has not yet been demonstrated.

A detailed zonal succession of graptolites from Lower Didymo
graptus Shales in Scania has recently been described by TJERNVIK
(1960). According to his investigations of a drilling core from Flagabro,
the total thickness of the shale sequence is thought to be about 23 m.
Although too much reliance should not be placed on this figure because
of partial fault repetition within the sequence, the thickness may be
approximately the same as at Toyen. The fauna! development also
closely resembles the Toyen succession (Text-Jigs. 8 and 12). Tjernvik's
lower units, A l and A 2, are developed in the same way as beds of the
Hagastrand Member, but including Tetragraptus phyllograptoides here.
The upper margin of the 'Hunnebergian Group' (A 1-A 3) is certainly
placed higher than between 3bA and 3bB on the supposition that the
graptolite ranges are approximately contemporaneous in both locali
ties. The highest beds of the Lower Didymograptus Shales enclosed in
the core have been subdivided into two zones (B l and B 2) of the Bil
lingen Substage. Apart from beds with Isograptus norvegicus, which
have not been found at Flagabro, these zones show dose relationship
to 3bB at Toyen. The uppermost beds at Flagabro are only tenta
tively investigated; they were not represented in the drilling core. These
beds, 5 m thick, were exposed below the Limbata Limestone in a nearby
stream section. The graptolite fauna mentioned from these beds
strongly resembles that of 3bC at Toyen. The occurrence of Maeandro
graptus schmalenseei and Pseudobryograptus, however, show more re
lationship to the uppermost 3b beds at Slemmestad, and may indicate
a still higher position than the upper margin of 3bC at Toyen.
Another drilling core section has been described from Fågelsång
in the western part of Scania (HEDE 1951). The thickness of the se
quence of Lower Didymograptus Shale is reported to be about only
4 m, probably owing to faulting. Beds corresponding to the lower part
of 3bA were possibly included in the Ceratopyge Shales and Limestones
or else are missing; so, the graptolite succession starts approximately
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at the same level as at Flagabro-provided that the fossil determination
is correct. A substantial part of the beds correlated with the lower part
of 3bB is also certainly lacking. Hede's zone of Phyllograptus densus
very likely includes graptolites from 3bB and 3bC.
More graptolite beds of 3b age were described from other places in
Scania, e.g. Kiviks Esperod (TULLBERG 1880), Killerod and Jerrestad
(TULLBERG 1882, T6RNQUIST 1901, 1904), without reporting sufficiently
on the stratigraphy.
In Jamtland, in the northwestern part of central Sweden, some
scattered outcrops of Phyllograptus Shale were found and described
(LINNARSSON 1872, WIMAN 1893, 1897, HADDING 1912, BULMAN 1951,
TJERNVIK 1956). The appearance of these beds can be classified, owing
to the tectonical position, as both allochthonous and autochthonous
(TJERNVIK 1956). For this facies consideration, we shall deal with the
first only. The alternating shale and limestone sequence on Anderson
Island in Lake Storsjon is situated entirely in the eastern nappe region
of the Caledonides. Thus, the original place of deposition is unknown.
The graptolite-bearing shale sequence shows a development which is
faunally very similar to 3bA (Text-fig. 8). Tetragraptus phyllograptoides,
T. cf. T. approximatus, and even Cymatograptus undulatus are reported
from the central part, and Didymograptus validus from the uppermost
part of the shale sequence. These beds are succeeded by a thick lime
stone layer which TJERNVIK (1956) referred to the Limbata Limestone.
Therefore, deposition of beds corresponding to 3bB and 3bC probably
did not take place.
The palaeogeographical situation of the Anderson deposit through
3bA times is obscure. It is uncertain whether the beds in question
originated from a trough-like depression incorporated in the miogeo
synclinal region of the Caledonian syncline or from a local depression
in the epicontinental sea. A direct stratigenetic connection with the
Oslo Region seems unlikely.
2. The Heramb- Vestfossen district

Previous research has shown that when alternations of different lithol
ogy and fauna are assembled in one characteristic stratigenetic
scheme, then 'monotopic' developments are also 'monotypic'. There
fore, any attempt at a superposed classification or co-ordination of
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more or less dissimilar stratigenetic sequences is always to some ex
tent a gross generalization.
Thus, reconstruction of the palaeo-morphological development of
the western and eastem flank districts parallel to the Oslo-Scania
Depression is made very difficult. As previously mentioned, horizon
tally different facies, both of lithology and of fauna, were originally
gradually transgressing, and- it must not be forgotten- that the same
also happened in a vertical (diachronous) direction. Therefore, an
analysis of sequences showing as much variation vertically as hori
zontally should particularly take this three-dimensional oscillation in
development into account.
To date, one section through 3b strata from the northem area of
the Oslo Region has been described. An incompletely preserved se
quence at the Heramb yard is known from SKJESETH's

(1952)

investi

gations. As far as actually exposed, dark shales could be found only
in the central part of the sequence. The graptolite evidence of these
shales is poorly preserved owing to tectonic distortion. However,

Tetragraptus quadribrachiatus, T. cf. T. serra, and Didymograptus balti
cus are reported to be the graptolites occurring in the lowest beds.
Some others, Tetragraptus bigsbyi, Dichograptus octobrachiatus, Phyllo
graptus densus, and P. aff. P. angustifolius extend either into the
uppermost mud- and limestone layer (see also Text-fig.

9) or even range

exclusively through the latter. The intercalation of graptolite-bearing
mudstones with trilobite-bearing limestone lenses will probably refer
the graptolite strata of Heramb to 3bB. The absence of 3bC graptolites
could indicate a break in sedimentation; however, the trilobite evidence
of the overlying limestone layers is not sufficiently known to confirm
this statement.

A

closely related stratigenetic development is possibly developed

south and east of Hamar

(SKJE SETH 1963),

where trilobites corre

sponding to 3bB are known from Ottestad (TJERNVIK
As shown in Text-figs.

7

and

9,

1956).

the stratigenetic sequences at

Heramb and Vestfossen are clearly distinct from each other. However,
they are convergent to the extent that the occurrence of graptolite
bearing shales is exclusively restricted to strata approximately corre
sponding to the uppermost 3bA and the central part of 3bB. In com
parison with the type of vertical development seen at Toyen, a con
siderable restriction in graptolite stratigraphy is indicated.
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Text-fig. 9.

1965

Attempt at a bio-chrono-stratigraphical correlation of three char

acteristic sections, each representatively showing different stratigenetic facies
developments within the Oslo Region. The graptolite distribution as well as
the Ceratopyge and Limbata Limestones are considered to indicate isochronous
deposition.

The graptolite shale sequences of the Eiker-Sandsvær District (cf.
STORMER 1953) have not yet been submitted to any detailed investiga
tion. The occurrence of 3b here was first ascertained by BROGGER
(1882). However, the stratigenetic development of 3b strata, and of
the lower part in particular, is rather distinctive, replacing 3bA shales
by compact trilobite-bearing limestone layers, such as those already
described above (also Text-fig. 9). The shale succession abruptly trans
gresses the Planilimbata Limestone yields, in the lowest layers, such
late 3bA graptolites as Didymograptus constrictus and D. filiformis. The
subsequent shale sequence consists of dark and richly graptolitic beds
similar to the Galgeberg Member at Toyen. Graptolites encountered
from the uppermost shale layers determined as Tetragraptus bigsbyi,
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Phyllograptus aff. P. angustifolius, and concomitant forms from the
upper part of 3bB. Here, the absence of both uppermost 3bB and
typical 3bC graptolites should be noted. The uneven surface observed
below the overlying Limbata Limestone also strongly supports the
assumption that upper 3b strata are actually missing at Vestfossen.
Some adjacent exposures at Krekling (BROGGER 1882, S KJE SET H
1952, MoNSEN 1937), Lunde (BROGG ER 1882) and Kolberg (near Vest
fossen) probably show a stratigenetic development similar to that of
the Vestfossen section (personal investigations and communication
from O. Fjelldal). Strata belonging to 3b in age disappear immediately
south and southwest of Krekling, and are not deposited in the Skien
Langesund District (BR6GGER 1882, personal communication from
Prof. A. Heintz).
At Vækker6, in the southwestern outskirts of Oslo, a shore-section
(BROGGER 1882) revealed a stratigenetic development closely resem
bling the Vestfossen succession. Detailed collections and reinvestigations
of the Ceratopyge and subsequent limestones have recently been
carried out by Fjelldal. Personal investigations of some shale-samples
from the lowermost shale layers have also shown that the graptolites
found there belong to the uppermost 3bA. The palaeogeographical
connection of Vækker6 with the Vestfossen District is obscure. There
fore, the illustration of the Vækker6 sequence given in Text-fig. 7
provisionally interprets this as a kind of 'facies island'.
3. The Storsfon-Billingen district

The type of stratigenetic facies encountered in several sections stretch
ing from Lake Storsjon in Jamtland through Dalarne to Billingen in
the Vastergotland Region is here considered to belong to the eastern
flank of the Jamtland and Oslo-Scania Depressions. This means that
the vertical development of sections in this district should correspond
approximately to the western flank district. The stratigenetic facies
of both districts also agrees to the extent that graptolite shales are
approximately restricted to the same bio-chrono-stratigraphical
'period'. The main difference between both flank regions is caused by

different stratigen etic development of the upper 3b strata. In th e
Heramb-Vestfossen District, no 3bC graptolites, or replacing trilo

bites, have been encountered. In the Tossåsen-Billingen District,
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however, deposition of upper 3b beds seems to have occurred, at least
in the north.
Several outcrops of Lower Ordovician deposits are reported from
the autochthonous belt along the eastern nappe margin in Jamtland
(TJERNVIK 1956). The occurrence of 'Phyllograptusskiffer' has pre
viously been mentioned and described by LINNARSSON (1872), WIMAN
(1893), HADDING (1912), and BuLMAN (1951). The sequence shown in
Text-fig. 10 is actually compiled from two sections as illustrated by
TJERNVIK (1956, p. 174). In a road-cutting at Kloxåsen, limestones of
the Megistaspis armata and M. planilimbata zones and subsequent
shales with Phyllograptus densus are exposed. Up to the level exposed,
the stratigenetic development closely resembles the 3bA sequence at
Vestfossen. More complete sections through 3b strata have temporarily
been exposed at Tossåsen, in the 'classical area of Phyllograptus
Shales' in Jamtland (WIMAN 1893). According to previous authors, if
the identification of Didymograptus hirundo? could be fully confirmed,
the shale sequence at Tossåsen would seem to extend entirely up to
Limbata Limestone. Among graptolites reported from the lower part
of the sequence are Didymograptus filiformis, D. cf. D. decens, D. aff.
D. minutus, Phyllograptus densus, and Didymograptus callotheca (BuL
MAN 1951), the last having recently been referred to Maeandrograptus
leptograptoides (JAANUSSON 1965). This fossil assemblage indicates a
correlation of the containing beds with the uppermost part of 3bA
and the lower part of 3bB at Toyen. From higher strata, the occurrence
of Phyllograptus elongatus and Megistaspis estonica is recorded by
Tjernvik (1956). If the presence of Didymograptus hirundo should be
reliable, strata corresponding with 3bB and possibly 3bC also exist at
Tossåsen.
Many well-known graptolites were originally described by T6RN 
(1879, 1890) from the Siljan area in Dalarne. Although a stream
section near Skattungbyn was illustrated by T6RNQUIST (1877) and
later investigations based on this (HOLM 1882, T6RNQUIST 1879, 1890,
TJERNVIK, 1956), no detailed stratigraphical classification exists as
yet. However, such prominent graptolites as Phyllograptus densus and
Didymograptus minutus (1879), Didymograptus decens and Didymo
graptus gracilis (1890) were first described by Tornquist from the
Skattungbyn section; even a well-known index trilobite, Megalaspides
QUIST
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is not sufficiently known; therefore, the stratigraphical position of the fossils is
tentatively drawn. Compiled according to

T6RNQUIST (1877)

and

TJERNVIK

(1956).

dalecarUcus, was first described

1882) from the same section.
The fossils mentioned above support an inclusion of these beds in
3bB; this stratigenetic type should also be included in the Storsjon
Billingen District. The stratigenetic development of the nearby Sjur
berg section (see next chapter) strongly supports the assumption that
the 3bA and 3bC strata around Skattungbyn probably consist of
limestones.
(HoLM

The restriction of graptolite shales to the so-called 'Billingen Group'
(approximately corresponding with 3bB) was stressed by TJERNVIK
when he reported same graptolite localities from Billingen in Våster
gotland (1956). The most complete graptolite shale development is seen
in the westernmost sequence in the Billingen area, at Stora Backor.
The occurrence of Phyllograptus densus, P. aff. P. angustifolius, Tetra-
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graptus cf. T. bigsbyi, and extensiform didymograptids, as well as
Phyllograptus elongatus from higher beds, has been recorded from Stora

Backor. However, shales obviously decrease towards the east, because
other sections (Stora Stolan and Stenbrottet) reveal only thin shale
layers containing Phyllograptus densus and P. aff. P. angustifolius.
Thus, summing up the graptolite evidence of the above localities, the
shale sequence of Stora Backor probably corresponds with 3bB of
Toyen, whereas the more eastern sections are probably equivalent to
the lower and central parts of the 3bB development. It is worth
mentioning that intercalated limestones with Megalaspides dalecarlicus
and shales with Phyllograptus densus have been encountered still
farther to the east at Borghamn in Ostergotland (Westergård 1940);
this excellently illustrates a stratigenetic facies transition towards a
complete vertical limestone development.
Here, a striking example showing the great variation in 'strati
genesis' within the narrow Billingen area should be noted. From
Oltorp, only a few kilometres east of Stora Backor, TJERNVIK (1956),
and from Skåningstorp in Ostergotland, WESTERGÅRD (1940) described
sections where limestones of the M. planilimbata zone are directly
overlain by Limbata Limestone, probably indicating the non-deposi
tion of 3bB beds, although these beds are represented by shales at
Stora Backor (see THORSLUND 1960, p. 74 and Text-fig. 6 above).
4. The Central Baltic district

The stratigenetic sequences assembled in the Central Baltic Facies
District represent a distinctive type of a vertical development of 3b
strata yielding a predominantly trilobite-bearing or shelly limestone
succession. The occurrence of graptolites within this area has not yet
been recorded from any of the sequences illustrated in Text-fig. 11 or
mentioned above (p. 515). Therefore, no detailed correlation with the
Toyen sequence will be attempted. A superficial correlation with the
zonal scheme of the graptolite shale stratigenetic development is
shown in Text-fig. 11 based on considerations illustrated in Text-fig. 5.
As shown in Text-fig. 11, some thin shale or mud-shale intercala
tions occur mainly within the zones of Megalaspides dalecarlicus and
Megistaspis estonica. The stratigenetic significance of these shale layers
was also stressed by TJERNVIK (1956) as they appear to indicate oscil-
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Correlation of some similar stratigenetic sequences

of predomi

nantly trilobite-bearing limestone development in the Central Baltic District.
Compiled according to TJERNVIK {1956).

lating epirogenetic movements. The obviously greater frequency of
these intercalations from the Narke (column of Latorp) and Ostergot
land (column of Vastanå) Regions probably illustrates the vicinity of
the adjacent stratigenetic facies to the west. Therefore, shale inter
calations of 'Billingen' (3bB) strata demonstrate that the Billingen sea
attained a maximum extension of shale deposition in 3b times.
A similar stratigenetic development of the Central Baltic Region
also includes the limestone series of B1p, B1 y and probably BII,. (lower
part?) in the 3b stage ( J AANUSSON 1960a) in Estonia. Beds correspond
ing with 3bA or the Hunneberg substage appear to be missing in
the Estonia District.
,
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5. Some 3b Deposits from the Caledonian Syncline and Other Areas of

Uncertain Facies Classification

A richly fossiliferous and rather well-preserved graptolite fauna was
recently described from near Lokken in the Trondheim Region (BLAKE
1962). The graptolites are found in a dark grey silty shale, called Bogo
Shale (from the river name at the type locality). The graptolite shales
are embedded in a thick sedimentary succession belonging to the
Lower Hovin Series (upper part of the Lower and Middle Ordovician).
The graptolite assemblage recorded by Blake consists mainly of iso
graptids, diplograptids, glossograptids, and some species of the family
Dichograptidae. Both the generic arid specific associations as seen here
strongly support a 'Pacific' aspect of the graptolite fauna found from
the eu-geosynclinal region of the Norwegian Caledonides (SKEVINGTON
1963a). The stratigraphical position of the graptolites in question is
not yet clearly ascertained. Solely on the evidence of some characteristic
isograptids and diplograptids (Glyptograptus cf. austrodentatus?), Skev
ington correlated the Bogo fauna with Y apeenian and Lower Darri
wilian strata of Australia. Proceeding from this stratigraphical
proposition, the graptolite fauna at Bogo should approximately
correspond with the sero-phyllograptoid development zone strictly
taking into account the original comprehensive definition of this unit
(see also Text-fig. 12).
There exist some additional partly graptolite-bearing deposits of
previously proposed 3b age in Scandinavia which cannot be classified
as belonging to either of the above facies districts. The occurrence of
Isograptus, Didymograptus (extensiform), Tetragraptus (reclined), and
Trigonograptus have previously been noted from Gausdalen (BJOR
LYKKE 1890, LAPWORTH 1905, MONSEN 1937) and recently been con
firmed by the present author (unpublished). The faunal aspect of this
graptolite assemblage resembles both the 3bC association and partly
that of 4aa1_2 of Toyen and that of the Bogo Shale described above.
The scattered occurrence of a similar graptolite fauna in the
mountain group of Mellene in Valdres (STRAND 1959) supports the
existence of a miogeosynclinal graptolite sea in the Valdres-Gausdal
area during 3bC times.
Some graptolites were also noted from the northeastern outskirts
of the Caledonian syncline. GAVELIN and KuLLING (1955) mentioned
'Phyllograptus angustifolius' and 'Isograptus gibberulus' from probably
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autochthonous beds in Vasterbotten (North Sweden). The graptolite
localities in question are situated at the Malgomaj lake and should
possibly belong to the facies development of the Storsjon Region, thus
extending this to the north.
From several places along the southeastem margin of the Cale
donian miogeosynclinal belt, a series of arkosic sandstones is recorded
as intercalating with phyllites or graptolite-bearing shales in the
Valdres-Gausdal area (SKJESETH 1962). The same formation is also
well known from the Hardangervidda in central southern Norway and
from Trysil in the eastern nappe area of the Norwegian Caledonides
(see also 'instructional map' in Text-fig. 6). The deposition of this
'blue quarzite formation' is supposed to correspond to 3b in age, prob
ably indicating a regional epirogenetic uplift movement in this time.
The approximate distribution of the 'blue quarzite formation' is shown
in Text-fig. 6.
GRAPTOLITE CORRELATION OF SCANDINAVIA WITH OTHER REGIONS OF
THE ATLANTQ-BALTIC PROVINCE

Graptolites have always been considered to be useful, both as strati
graphical horizon markers and for long distance correlation, because
of their wide distribution and relatively abundant occurrence. This
statement is valid for stratigraphers if one is aware of several reserva
tions. A most important observation from the present investigation
demonstrates that the species contained in a fossil graptolite asse m
blage may differ qualitatively in their horizontal distribution. Some
species appear to be cosmopolitan; others are restricted to the Euro
pean and eastem Appalachian ('Atlanto-Baltic') region; many are
typical inter-Scandinavian representatives; some are only of local
(monotypic) importance. Jf one investigates any graptolite assemblage,
a precisely identical one can scarcely be found at the same horizon in
another locality (the only exception seen is the one previously recorded
from the Hagastrand Member). To obtain a more stable picture of
long distance graptolite distribution, both cosmopolitan species and
the universal trend of specific and generic development should be
taken into account. Even so, a full isochronous b10stratigraphical
correlation cannot be attained.
In this chapter, an attempt is be made to correlat e the proposed
zonal system of the Toyen sequence with some corresponding graptolite
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successions or biostratigraphical classifications from Europe and
eastern North America.
As illustrated in the palaeogeographical maps in Text-fig. 6, the
emergence of a land-arch probably separated the Scandinavian basin
from thosc in Poland and Bohemia, and from the miogeosynclinal
troughs in England, the Ardennes, the Rhine-Taunus area, and
Thuringia during 3b times. The Ordovician sequences seen on the
Gotland and Bornholm islands in the Baltic Sea and found from drill
ing cores in Denmark showed that strata of 3b age were not deposited
there. This may be a basis for inter-relationship of the graptolite fauna
within the peri-Baltic belt.
The key to graptolite correlation between the Baltic and peri
Baltic regions is best found in the recent British classification. Several
attempts have been made to correlate the classic graptolite successions
of the British Isles with those of Scandinavia (NICHOLSON 1876,
ELLES 1933, SKEVINGTON 1963b) and vice-versa ( LINNARSSON 1876,
MONSEN 1937, jAANUSSON 1960b). For a long time, ELLES'S (1933)
distribution of 'zonal assemblages' was considered to be well estab
lished; then JACKSON (1962) showed the failure of this zonal system.
On account of Jackson's now generally adopted classification and
personal investigation of his material from the Skiddaw Slates, the
present writer is able to give a tentative correlation of the new 3b
zones with the British zonal system (see also Text-fig. 12).
The biostratigraphical position of the lowermost graptolite beds in
the Skiddaw Slates is not yet completely known. Graptolites which
are characteristic for 3bA and which are only seen in this zone are not
reported from Britain. However, it is noteworthy that some undoubted
rhabdosomes of Tetragraptus approximatus have been found by the
present author in previous collections from the Skiddaw Slates (British
Museum of Natura! History, reg. no. H. 957). This species appears to
be cosmopolitan and a good horizon marker in stratigraphy. Jf T.
approximatus could be included in Jackson's lowest subzone of Didymo
graptus deflexus, then the latter probably represents a sirnilar develop
ment of the uppermost part of 3bA. Beds corresponding to the sub
stantial part of 3bA, i.e. approximately up to the 8.00 m mark in the
Toyen succession (see Text-fig. 3), are probably missing in Great
Britain.
Here, it should be noted that Jackson's 'subzones' as introduced
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in his 1962 publication (used in Text-fig. 12 of this paper) are now
accorded full zonal rank (Skevington, personal communication). The
predominant occurrence of deflexed didymograptids, together with
declined forms within the zone of D. deflexus, seems to be in common
with a similar development of transitional beds of 3bA/3bB and the
lower part of 3bB at Toyen. The quantitative occurrence of phyllo
graptids throughout the subsequent British zones of Didymograptus
nitidus and Isograptus gibberulus shows a similar curve of percentage
to that through the central and upper part of 3bB. However, D. nitidus
is certainly unknown in Scandinavia and isograptids, Isograptus gib
berulus in particular, occur rarely in the possible corresponding beds
at Toyen. Jackson's zone of Didymograptus hirundo also shows both
similarities in its development compared with the faunal succession of
Toyen, and distinctive deviations. Similarities are seen in the rapid
ascendence of diplograptids and initial occurrence of glossograptids;
any increase of dependent ( 'tuning fork') didymograptids, however,
or even the presence of reclined tetragraptids in 3bC are not found at
Toyen. Probably the lower margin of 3bC must be traced somewhat
lower than the corresponding limit of the British D. hirundo zone.
Referring to the intercalating lithological boundary (3c limestones) of
3bC in most places in Scandinavia, the graptolite succession in Britain
seems te exceed this line in the upper part of the D. hirundo zone.
A contemporaneous transgressional deposition of thick sandstones
is recorded fmm many places in western and southern Europe during
3b times (Bretagne, Montagne Noire, Asturia, and Sardinia). However,
graptolite deposits or even successions of stratigraphical value have not
yet been found from these rocks, or from probable contemporaneous
'Assises de Saint Bernard' in Belgium, possibly due to later metamor
phism.
In central Europe, the Barrandian sea transgressed over large
areas in Bohemia, Thuringia, the Sudetes, and southern Poland.
However, 3b graptolites have been found and described from only a
few places. Although no detailed stratigraphical classification of Lower
Ordovician beds of Bohemia has yet been accomplished, Boucek's
zone of Komårov (dp) should correspond approximately with 3b.
BoucEK (1933) described Phyllograptus angustifolius, Tetragraptus
quadribrachiatus, and Didymograptus minutus, among others, from
this zone.
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An approximately 50-m-thick, partly graptolite-bearing sequence
of 'Arenigian' age has already been described by CzARNOCKI (1950) from
Gora Swi�ty Krzyz (Holy Cross Mountains) in southern Poland. A
more detailed investigation of the graptolite succession has recently
been published by ToMCZYK (1962). The strict interpretation of his
Brzeziny beds should probably correspond with the recent concept of
Jackson's British classification dealt with above. However, the bio
stratigraphical zonal scheme of ToMCZYK (1962, p. 30) shows little
relationship to the British succession and still less to the Scandinavian
one. Although the single graptolite figured from the Brzeziny beds,
Phyllograptus angustifolius, shows striking similarity with Phyllo
graptus aff. P. angustifolius from 3bB of Scandinavia, any direct rela
tionship between the Brzeziny fauna and that of 3b from Scandinavia
must be abandoned according to the succession described.
Concerning the common occurrence of some characteristic grapto
lites, the Lower Ordovician fauna of the eastern flank of the Appa
lachian geosyncline of North America has previously been considered
to be closely related with the European one. However, this relation
ship is based mainly on a common transferent interpretation of grap
tolites originally described by J. HALL (1858-65) from the Quebec
province of Canada. There appear to be some striking similarities be
tween Lower Ordovician genera of the family Dichograptidae on both
sides of the Atlantic. As Hall did not give any detailed stratigraphical
comments on his graptolites, later European interpretation could
easily assign them to subsequent attempts at classification. A first
attempt at reinvestigation and stratigraphical classification of Hall's
localities and material by RAY MO ND (1914) appears to have been over
looked by many European experts.
Meanwhile, many attempts at correlation across the Atlantic have
been made ( GRABAU 1916, TROEDSSON 1923, RUEDEMANN 1947, SKEV
INGTON 1963b, and many others). When comparing the species com
position in the North American and Scandinavian 3b assemblages,
great deviations become obvious. However, the confusing disagree
ment could possibly be solved by biometrical studies which would
certainly reveal many synonyms.
Proceeding from RAYMOND's (1914) zonal system, a correlation is
attempted, taking the possibility of synonyms into consideration.
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ToYEN

Zone A

3bA

Tetragraptus approximatus
T. serra (young astog. stage?)
T. quadribrachiatus
Phyllograptus ilicifolius (y. a. st. )
Zone B, C1, C2?

Dichograptus octobrachiatus
Tetragraptus fructicosus
T. serra
Phyllograptus typus
P. ilicifolius
Didymograptus extensus
D. nitidus
D. similis
D. constrictus
D. indentus
Zone C8, D1

Dichograptus octobrachiatus
Tetragraptus pendens
Phyllograptus anna
Isograptus caduceus
Diplograptus dentatus
Trigonograptus ensiformis

Tetragraptus approximatus
T. sp. (proto-phyllograptoides?)
T. quadribrachiatus
Phyllograptus sp. ( ?)
3bB

Dichograptus cf. D. octobrachiatus
T. fructicosus
T. cf. T. serra
P. aff. P. angustifolius ( ?)
P. densus (?)
D. extensus s. str.
D. extensus (s. var. Monsen?)
D. suecicus (?)
D. constrictus
D. protoindentus (?)
3bC

Dichograptus octobrachiattts
Pseudobryograptus sp. ( ?)
P. anna
I. norvegicus ( ?)

Glyptograptus dentatus
T. ensiformis

(?)

The writer wishes to emphasize that the above correlation repre
sents his personal opinion. The scheme had to be greatly simplified,
both palaeontologically and stratigraphically, because the original
material of

Hall

and Raymond was not available to the author. Some

very useful information was kindly transmitted by Dr.

F.

Osborne,

Quebec, Canada.

A short note should be added concerning the previous classification
Phyllograptus angustifolius J. Hall, 1865. Proceeding from Hall's
original description and illustration, paratypic forms from Scandinavia

of

are not

known from 3b or corresponding beds, whereas closely similar
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specimens have frequently been described from the Vaginatum Lime
stone (3cp-3cy) of (Hand ( HoLM, 1 895, S KEVINGTON, in press) and
from the Upper Didymograptus Shales (4aa1_2) in Norway (BERRY
1964). All forms from 3b and corresponding strata previously referred
to this species are considered not to be conspecific, and are provision
ally determined as Phyllograptus aff. P. angustifolius.
The graptolite assemblages of the Deep Kill sequence, New York
State, also strongly deviate from those reported in Europe. RUEDE
MANN (1902, 1947) subdivided the Deep Kill series into three main
zones. All of them contain such advanced phyllograptids as Phyllo
graptus angustifolius and P. ilicifolius; the two lower zones also contain
extensiform didymograptids and reclined tetragraptids. According to
the concurrent appearance of these graptolites, the two lower zones
should possibly be correlated with the central and upper beds of 3bB,
and the upper zone at Deep Kill with approximately 3bC.
The faunal succession at Deep Kill has recently been revised
( BERRY 1962). Many additional species were revealed, resulting in a
greater resemblance to the European development. It is noteworthy
to mention that, according to BERRY (1962), intermingling faunas of
dependent didymograptids (D. protobifidus and D. bifidus) and ad
vanced phyllograptids (P. angustifolius) possibly indicate an earlier
appearance of these species in the Deep Kill Shale than in Scandinavia.
The occurrence of Didymograptus bifidus before the expansion of iso
graptids, however, is difficult to explain when comparing with the
European development of these distinctive groups. If the palaeonto
logical and stratigraphical classification of the latter species is reliable,
the 'Pacific' influence might be indicated by this (according to T HOMAS
1960). An attempt at a correlation of the Deep Kill Series with 3b is
shown in Text-fig. 12.
GRAPTOLITE CORRELATION OF SCANDINAVIA WITH THE PACIFIC PROVINCE
AND OTRER REGIONS

The Lower Ordovician graptolite succession of Victoria, Australia,
appears to have been as well documented and classified as the Scandi
navian one. However, the range of species and the composition of
assemblages is distinct from the British-Scandinavian development of
fauna.
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It is not the intention here to discuss thoroughly the similarities
and differences between both successions; this was done recently by
THOMAS (1960) and SKEVINGTON (1963b). However, a few points
arising from the detailed Australian classification (THOMAS 1960) which
best show the faunal differences from Europe should be noted.
The Lancefieldian fauna appears to be somewhat similar to the
Norwegian 2e-3bA stages, keeping in mind remarks on the classifi
cation of some Australian 'Didymograptus' species by SPJELDNÆS
(1963), SKEVINGTON (1963b), and ERDTMA NN (1965). On account of
the common occurrence of Tetragraptus approximatus, La 3 is con
sidered to correspond at least to the part of 3bA containing this species
(see Text-figs. 3 and 12). The lower part of 3bA should possibly be
included in La 2. The Bendigonian fauna consists mainly of pendent
and horizontal tetragraptids and deflexed-declined didymograptids,
thus resembling the uppermost 3bA and lowermost 3bB or a typical
proto-phyUograptoid development. Reclined tetragraptids, extensiform
didymograptids, and a few phyllograptids are hetter represented in
the Chewtonian and Castlemainian fauna, possibly giving a Scandi
navian 3bB aspect to the Australian faunal development of these zones.
The isograptids become a progressively important element of the
fauna through the Upper Chewtonian, Castlemainian, and Yapeenian
zones. They thus appear to play the same role in Australia as do the
phyllograptids in Scandinavia. However, pendent didymograptids,
indicative of Llanvirnian in England and 4aa1 in Norway, are recorded
mainly from Chewtonian and Castlemainian beds. These forms have
also been identified from beds in North America of an age similar to
those of Australia (BERRY 1960, 1962). The Yapeenian zone of Aus
tralia consists predominantly of isograptids, which do not correlate
with 3bC as seen at Toyen, but which possibly show some resemblance
to corresponding strata in Scania. The first occurrence of diplograptids
and glossograptids, a prominent element of the 3bC fauna of Toyen,
has not been demonstrated from Yapeenian beds; the first appearance
of Glyptograptus austrodentatus is recorded from lowermost Darriwilian
(Da 1). Thus, a correlation of 3bC with Yapeenian and Da l is difficult.
As indicated above, the graptolite successions of North America,
the western part in particular, show dose relationship to the Australian
development. Graptolite-bearing sequences have been described by
KINDLE and WHITTINGTON (1958) from Newfoundland, by jACKSON
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sequences proceeding from the proposed classification of 3b at Toyen. Zig-zag
different sequences or when the delimitation is uncertain.
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and LENZ (1962) from North Yukon, from the western U.S. and
British Columbia by JACKSON (1964), and from Texas by BERRY (1960).
Some Lower Ordovician graptolites were recently described from
Argentina {TURNER 1960). Their stratigraphical intercalation with
trilobite-bearing sequences of striking Scandinavian faunal composition
was surveyed by HARRINGTON and LEANZA (1957). The zonal distribu
tion of graptolites given by these authors (op.cit.p.30) strongly indicates
a development of the Argentinian fauna similar to the 3b of Toyen.
Some incomplete and not continuous Lower Ordovician graptolite
successions have recently been described from southeastem China.
Graptolites, such as Tetragraptus approximatus and, higher up, Didymo
graptus filiformis, some small extensiform didymograptids, and a re
clined Tetragraptus, are reported from the Tonggao Shale { LEE and
CHEN 1962). The similarity to the upper part of 3bA and the lowermost
beds of 3bB should be noted. The occurrence of 19 Tetragraptus species
has recently been described from the lowermost part of the Ningkuo
Shale { GEH 1964), partly supporting a correlation of these beds with
3bB in Norway. The almost entirely sinograptid composition in fauna
of higher strata has previously (Mu 1957) been referred to the Didy
mograptus hirundo zone of Britain.
Before finishing this short survey, the author wishes to point to the
further distribution of similar graptolite-bearing strata, corresponding
to 3b in age, which have not yet been described, or could unfortunately
not be placed at his disposal. The occurrence of well-preserved Lower
Ordovician sequences in Northwest Africa, Kazachstan, and Siberia
is generally known, and publication of investigations from those places
is awaited with great interest.
Zusammenfassun�

In der vorliegenden Arbeit wurde eine vorlåufige Dbersicht iiber die
litho- und biostratigraphische Auswertung eines Profils durch grapto
lithenfiihrende Schichten der unterordovicischen Etage 3b gegeben.
Seit den ersten stratigraphischen Untersuchungen unterordovi
cischer Schichten im Oslo-Gebiet ist die beschriebene Gesteinsserie
als 1>Unterer Graptolithenschiefer<< ( KJERULF 1857), oder »Phyllo
graptusschiefer<< (TORNQUIST 1875, BROGGER 1882) und schliesslich
als 1>Unterer Didymograptusschiefer<< ( MoBERG 1902, STORMER 1934,
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MoNSEN 1937) bekannt. Wegen mehrerer Synonyme hat iiber die Benen
nung und stratigraphische Aufteilung Unklarheit geherrscht. Durch die
Einfiihrung des stratigraphischen >>Etagensystems<< (KJERULF 1857) und
dessen nachfolgende Verfeinerungen (BROGGER, 1882) wurde der Untere
Didymograptusschiefer als »3b<< bezeichnet. Im Laufe der friiheren Unter
suchungen wechselte die Bedeutung dieses Symbols von einer offensicht
lich lithostratigraphischen (KJERULF 1857, BROGGER 1882) zu einer
biostratigraphischen (MoNSEN 1937) und schliesslich zu einer chrono
stratigraphischen ( HENNINGSMOEN 196 1) iiber. In der vorliegenden
Untersuchung wurde die Bezeichnung >>3b<< biochronostratigraphisch
aufgefasst.
Fiir die biostratigraphische Klassifizierung des Unteren Didymo
graptusschiefers wurde die vertikale Abfolge von mehr als 50 Grapto
lithenarten festgestellt, von denen 26 charakteristische und palåonto
logisch gut begriindete Formen in der Text-Figur 3 dargestellt sind.
Die Zonenaufteilung von 3b ist im wesentlichen auf die faunistische
Gesamtentwicklung der Vergesellschaftungen und der leitenden Gat
tung PhyUograptus begriindet worden. Es erwies sich als unzweckmås
sig, iiber die vorgeschlagenen drei Zonen hinaus, feinere stratigra
phische Einheiten einzufiihren, und zwar aus verschiedenen Griinden:
Die phyletischen Beziehungen und die Taxonomie der meisten 3b
Graptolithen (hauptsåchlich aus der Familie Dichograptidae) sind un
klar und teilweise unbegriindet; Das Auftreten von lokaien (mono
typischen) Formen und sogar Vergesellschaftungen in den meisten
Schichten wiirde bei einer Feingliederung stratigraphische Vergleiche
sehr erschweren, und schliesslich konnten biologisch und sedimento
logisch fazielle Unterschiede nicht so leicht erfasst und beriicksichtigt
werden. Die Anwendung eines neuen biostratigraphischen Zonenbegriffs
(»faunal development zone<<, siehe 5.493) soll den Versuch, weitreichende
stratigraphische Vergleiche durchzufiihren, erleichtern. Es soll bier
allerdings darauf hingewiesen werden, dass die Symbole 3bA, 3bB,
3bC fiir die drei vorgeschlagenen Zonen iiber das Oslo-Gebiet hinaus
nicht direkt angewandt werden sollten, weil der Begriff 3b nur fiir die
typische Entwicklung in diesem Gebiet hinreichend definiert ist.
Die vertikale Ausbildung der Schichtenfolge von 3b und chrono
logisch entsprechender Ablagerungen im skandinavisch-baltischen
Raum ist faziell sehr verschieden. Zur Erleichterung »inter-skandi
navischer<< Vergleiche wurden fiinf Distrikte definiert, die einen in
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sich mehr oder weniger ahnlichen lithologischen und biologischen Auf
bau der Profile zeigen. Abgesehen von dem sogenannten Geosynklinal
Distrikt der norwegischen Kaledoniden, sind die Profile innerhalb
jeweils einer der vier anderen Distrikte des Epikontinentalbereichs
sowohl vertikal wie horizontal ahnlich ausgebildet (siehe Text-Figuren

8-11).
Die vertikal-fazielle Ahnlichkeit innerhalb jedes Distrikts lasst
wahrscheinlich auch auf eine gleichartige Entstehung und >>Abla
gerungsgeschichte<< schliessen. Da der lithologische Aufbau der unter
suchten Schichten zu einem gewissen Grade auch die faunistische Ent
wicklung beeinflusste, hat sich die vertikale Fazies auch in der Grapto
lithenabfolge widergespiegelt. Um diese im letzten Absatz dargestellten
Verhaltnisse kiirzer wiedergeben zu konnen, wurde der Begriff >>strati
genetische Entwicklung<< (stratigenetic development, siehe S.
eingefiihrt

510)

und bei inter-skandinavischen Vergleichen angewandt.

Allerdings ist auch hierbei der

Schwerpunkt auf den regionalen

Vergleich der Graptolithenfaunen gelegt worden.
Dber das epikontinentale Gebiet Skandinaviens hinaus scheint eine
detaillierte stratigraphische Korrelation noch nicht moglich zu sein.
Der Verfasser hat deshalb nur versucht, in der faunistischen Ge
samtentwicklung der

Dichograptidae,

die von anderen europaischen

und aussereuropaischen Gebieten beschrieben sind, gemeinsame oder
unterschiedliche Merkmale miteinander in Beziehung zu bringen.
REFERENCES
BERRY, W. B. N. 1960. Graptolite faunas of the Marathon Region, West Texas.

Univ. Texas, Publ. no. 6005: 1-179, PL I-XX.
1962. Stratigraphy, zonation, and age of Schaghticoke, Deepkill, and

Normanskill Shales, Eastem New York. Geol. Soc. Am. Bull. 73 :695-718.
1964. The Middle Ordovician of the Oslo Region, Norway. 16, Graptolites

of the Ogygiocaris Series. Norsk geol. tidsskr. 44 :61-170, PL I-XVI.
BJORLYKKE, K. O. 1890. Graptolitforende skifere i vestre Gausdal. Norges geol.

undersok. Årbok for 1890: 1-10.
BLAKE, D. H. 1962. A new Lower Ordovician graptolite fauna from the Trond

heim Region. Norsk geol. tidsskr. 42 :223-238, Pl. I-IL
BoECK, C. 1851. Bemærkninger angaaende Graptolitheme. P. T. Mallings Bog

trykkeri: 1-10, Pl. I-Il.
BoucEK, B. 1933. Contributions to the knowledge of the graptolites of the

Komårova (dp) and Sarka (dy) zone. Zgl. otisk z. Vestn. stat. geol. Ust.

C.

s. R., 9:1-9.

OUTLINE STRATIGRAPHY OF GRAPTOLITE-BEARING 3b

543

BROGGER, W. C. 1882. Die silurischen Etagen 2 und 3 im Kristianiagebiet und

auf Eker. Univ. progr. 2. Sem. 1882:1-376, PL I-XII.
BuLMAN, O. M. B. 1951. Some didymograptids and associated forms from the

Phyllograptus Shales of Tossåsen, Jemtland. Geol. Foren. Stockh. Forh.
72 :389-396.
1955. Graptolithina. In Moore, R. C. Editor, Treatise on Invertebrate

Paleontology, Part V, Geol. Soc. Am. and Univ. Kansas Press: Vl -VlOl.
1963. On Glyptograptus dentatus (BRONGNIART) and some allied species.

Palaeontology 6: 665-689, PL 96-97.

CzARNOCKI, J. 1950. O odkryciu facji graptolitowej w dolnym ordowiku G6r

Swi�tokrzyskich. Acta geol. Pol. l, z. l:2-7.
ELLES, G. L.

The Lower Ordovician graptolite faunas with special

1933.

reference to the Skiddaw Slates. Summ. Progr. Geol. Survey for 1932,
part 2: 94-111.
and WooD, E. M. R. 1901-18. A monograph of British graptolites. The
Palaeontogr. Soc.: 1-539, PL I-LII.
ERDTMANN, B.-D. 1965. Eine spat-tremadocische Graptolithenfauna von Toyen
in Oslo. Norsk geol. tidsskr. 45:97-112, PL I-V.
GAVELIN, S. and KuLLING, O. 1955. Beskrivning till berggrundskarta over

Vasterbottens lan. Sveriges geol. undersokn. ser. Ca, 57:1-296, map in
2 sheets.

GEH, M. Y. 1964. Some species of Tetragraptus from the Ningkuo Shale (Lower
Ordovician) of Zhejiang (Chekiang). Acta Pal. Sinica. 12:367--410.
GEORGE, T. N. 1956. Biospecies, chronospecies and morphospecies. In Sylvester
Bradley, P. C. Editor, The species concept in palaeontology. The Syst.
Ass. 2:123-137.
GRABAU, A. W. 1916. Comparison of American and European Lower Ordovicic

formations. Geol. Soc. Am. Bull. 27:555-622.
HADDING, A. 1912. Några iakttagelser från Jamtlands ordovicium. Geol. Foren.

Stockh. Forh. 34:589-602, Pl. VII A-B.
HALL, J. 1858. Note upon the genus Graptolithus and description of some

remarkable new forms from the shales of the Hudson River Group.
Canad. Nat. Geol. 3:139-150, 161-177.
1865. Graptolites of the Quebec Group. Geol. Survey Canada, mem.:
1-151, Pl. A-B, I-XXI.

HARRINGTON, H. J. and LEANZA, A. F. 1957. Ordovician trilobites of Argentina.
Univ. Kansas Press, spee. publ. l :1-276.
HEDE, J. E. 1951. Boring through Middle Ordovician-Upper Cambrian strata

in the Fågelsång District, Scania (Sweden). Lunds Univ. Årskr., N. F.
Afd. 2, 46, no. 7:1-87, PL I-Ill.

HENNINGSMOEN,

G.

1961. Co de of stratigrafical nomenclature for Norway.

Norges geol. undersok. 213:229-233.
HERRMANN, M. O. 1883. Vorlaufige Mitteilung iiber eine neue Graptolithenart

und mehrere bisher noch nicht aus Norwegen gekannte Graptolithen.
Nyt Mag. Naturvidensk. 27:341-359, PL I-Il.

BERND-DIETRICH ERDTMANN

544

M. O. 1885. Die Graptolithenfamilie Dichograptidae LAPW., mit
besonderer Beriicksichtigung von Arten aus dem norwegischen Silur.
Nyt Mag. Naturvidensk. 29: 122-215.
HoLM, G. 1882. tl'ber einige Trilobiten aus dem Phyllograptusschiefer Dale
carliens. Bih. Det Kung!. Svenska Vet.-Akad. Hand!. 6, no. 9:1-16, Pl. I.
1895. Om Didymograptus, Tetragraptus och Phyllograptus. Sveriges geol.
undersokn. ser. C, no. 150:319-359, Pl. I-IV.
HoLTEDAHL, O. 1909. Studien iiber die Etage 4 des norwegischen Silursystems
beim Mjosen. Vidensk. Selsk. Skr., I. Mat.-Naturv. Kl. 1909, no. 7:1-76.
and ScHETELIG, J. 1923. Kartbladet Gran (Map description). Norges
geol. undersok. 97:1-46, l map.
JAANUSSON, V. 1960a. Graptoloids from the Ontikan and Viruan (Ordov.)
limestones of Estonia and Sweden. Bull. Geol. Inst. Univ. Uppsala. 38:
HERRMANN,

-

-

289-366.

1960b. On the series of the Ordovician System. Int. Geol. Congress XXI,
Part XVII: 70-81.
1965. Two multiramous graptoloids from the Lower Didymograptus
Shale of Scandinavia. Geol. Foren. Stockh. Forh. 86:413-432.
JACKSON, D. E. 1962. Graptolite zones in the Skiddaw Group in Cumberland,
England. Jour. Pal. 36:300-313.
1964. Observations on the sequence and correlation of Lower and Middle
Ordovician graptolite faunas of North America. Geol. Soc. Am. Bull. 75:
523-534.

and LENZ, A. C. 1962. Zonation of Ordovician and Silurian graptolites
of Northem Yukon. Bull. Amer. Ass. Petro!. Geol. 46:30-45.
JoHANSSON, S., SuNDIUS, N. and WESTERGÅRD, A. H. 1943. Beskrivning till
kartbladet Lidkoping. Sveriges geol. undersokn. ser. Aa, no. 182:1-197,
l map.
KINDLE, C. H. and WHITTINGTON, H. B. 1958. Stratigraphy of the Cow Head
Region, westem Newfoundland. Geol. Soc. Am. Bull. 69:315-342.
KJERULF, T. 1857. Ueber die Geologie des siidlichen Norwegens. Nyt Mag.
Naturvidensk. 9:1-141, Pl. I-V.
1865. Veiviser ved geologiske excursioner i Christiania omegn. Univ.
progr. 2. halvaar 1865:I-IV, 1-43.
1879. Udsigt over det sydlige Norges geologi. P. F. Steensballes boghandel,
Christiania (Oslo): 1-262.
LAPWORTH, C. 1905. Notes on the graptolites from Bratland, Gausdal, Norway.
In Bjorlykke, K. O. Editor, Det Centrale Norges Fjeldbygning. Norges
geol. undersok. 39, appendix: 1-15, Pl. I-Il.
LEE, C. K. and CHEN, X. 1962. Cambrian and Ordovician graptolites from
Sandu, S. Gueizhou (Kueichou). Acta Pal. Sinica. 10:12-30.
LINDSTROM, M. 1957. Two Ordovician conodont faunas found with zonal
graptolites. Geol. Foren. Stockh. Forh. 79:161-178.
LINNARSSON, G. 1872. Anteckningar om den kambrisk-siluriska lagerserien
Jemtland. Geol. Foren. Stockh. Forh. l :34-47.

OUTLINE STRATIGRAPHY OF GRAPTOLITE-BEARING 3 b

545

G. 1876. Vertical range of graptolites in Sweden. Geol. Mag. 2nd
ser. dec. 2, 3: 241-245, Pl. I.
MoBERG, J. C. 1902. Didymograptusskiffer. Geol. Foren. Stockh. Forh.
LINNARSSON,

24:44-48.

MoNSE N, A. 1937. Die Graptolithenfauna im Unteren Didymograptusschiefer
(Phyllograptusschiefer) Norwegens. Norsk geol. tidsskr. 16:57-266, Pl.
I-XX.

Mu, A. T. 1957. Some new or little known graptolites from the Ninkuo Shale
(Lower Ordovician) of Changshan, Western Chekiang. Acta Pal. Sinica.
5:369-437.

H. A. 1876. Notes on the correlation of the graptolite deposits of
Sweden with those of Britain. Geol. Mag. dec. 2, 3:245-249.
- and MARR, J. E. 1895. Notes on the phylogeny of the graptolites. Geol.
M ag. 42:529-539.
RAYMOND, P. E. 1914. The succession of faunas at Levis, P. Quebec. Amer.
Jour. Se. 38:523-530.
REUSCH, H. 1884. Geologiske notiser fra Kristianiaegnen. Nyt Mag. Natur
vidensk. 28:105-152.
RUEDEMANN, R. 1902. Graptolite facies of the Beekmantown Formation in
Rensselaer County, N. Y. New York State Mus. Bull. 52:57�05.
- 1947. Graptolites of North America. Geol. Soc. Am. Mem. 19:1-652,
Pl. I-XCII.
SKEVINGTON, D. 1963a. A note on the age of the Bogo Shale. Norsk geol. tidsskr.
NICHOLSON,

43:257-260.

-

1963b. A correlation of Ordovician graptolite-bearing sequences. Geol.
Foren. Stockh. Forh. 85:298-319.
SKJESETH, S. 1952. On the Lower Didymograptus zone (3B) at Ringsaker, and
contemporaneous depof;its in Scandinavia. Norsk geol. tidsskr. 30:
138-182, Pl. I-V.
1962. 'Trysilhevningen', kambro-ordovicisk stratigrafi i Femundtraktene.
Norges geol. undersok. 215:101-112.
1963. Contributions to the geology of the Mjosa Districts and the classical
sparagmite area in Southem Norway. Norges geol. undersok. 220:1-126,
l map, l Table.
SPJELDNÆS, N. 1953. The Middle Ordovician of the Oslo Region, Norway. 3.
Graptolites dating the beds below the Middle Ordovician. Norsk geo!.
tidsskr. 31:171-184, Pl. I.
1963. Some Upper Tremadocian graptolites from Norway. Palaeontology.
6:121-131, Pl. XVII-XVIII.
STORMER, L. 1934. Cambro-Silurian Zones of the Oslo Region, with a brief
correlation between the British and Norwegian sections. In Holtedahl,
O. Editor, The Geology of parts of Southem Norway. Proc. Geol. Assoc.
45 :329-337. l Table.
1937. Planktonic crustaceans from the Lower Didymograptus Shale (3b)
of Oslo. Norsk geol. tidsskr. 16:267-278, Pl. I.

546

BERND-DIETRICH ERDTMANN

STORMER,

The Middle Ordovician of the Oslo Region, Norway. l. Intro

L. 1953.

duction to stratigraphy. Norsk geol. tidsskr.

31:37-141, Pl. I-VI.
1959. Valdres-sparagmittens stratigrafiske stilling. Norges geol.
undersok. 205:184-198.
THOMAS, D. E. 1960. The zonal distribution of Australian graptolites. Jour.
Proc. Roy. Soc. New South Wales. 94:1-58.
THORSLUND, P. 1960. The Cambro-Silurian of Sweden. Sveriges geol. undersokn.
ser. Ba, 16 and Publ. Pal. Inst. Univ. Uppsala. 31 :69-110.
TJERNVIK, T. E. 1956. On the Early Ordovician of Sweden. Stratigraphy and
fauna. Bull. Geol. Inst. Univ. Uppsala. 36:107-284, Pl. I-XI.
- 1960. The Lower Didymograptus Shales of the Flagabro drilling core.
Geol. Foren. Stockh. Forh. 82 :203-217.
ToRNQUIST, S. L. 1875. Berattelse om en geologisk resa genom Skånes och
Ostergotlands paleozoiska trakter sommeren 1875, inlemnad till Kongl.

STRAND, T.

Vetenskaps-Akademien. Ofvers. Kongl. Vet.-Akad. Forh.

1877.

Nyblottad geologisk profil med Phyllograptusskiffer i Dalarna.

Geol. Foren. Stockh. Forh.

1879.

Stockh. Forh.

1890.

4:44�57.

Undersokningar ofver Siljanområdets graptoliter. Part l. Lunds

Univ. Årskr.

1901.

3:241-245.

Några iakttagelser Ofver Dalarnas graptolitskiffrar. Geol. Foren.

26:1-33,

Pl. I-Il.

Researches into the graptolites of the lower zones of the Scanian

and Vestrogothian Phyllo-Tetragraptus beds. Part l. Lunds Univ. Årskr.

37, Afd. 2, no. 5:1-26, Pl. I-Ill.
1904. idem Part 2. ibidem 40, Afd. 2, no. 2:1-29, Pl. I-IV.
TOMCZYK, H. 1962. Problem stratigrafii Ordowiku i Syluru w Polsce
ostatnich badan. Inst. geol. Prace 35:1-134, Pl. I-IV.

w Swi�tle

TREATISE ON INVERTEBRATE PALEONTOLOGY. Part 0. Arthropoda l. Moore,
R. C. Editor. Geol. Soc. Am. and Univ. Kansas Press: O
TROEDSSON, G. T.

1923.

1-0 560.

Forsok till jamforelse mellan Sveriges och Nord

amerikas Ordoviciska graptolitskiffrar. Geol. Foren. Stockh. Forh.

45:

227-248.
TuLLBERG, S. A.

1880. Några Didymograptus-arter

Kiviks-Esperod. Geol. Foren. Stockh. Forh.

-

1882.
1-44.

5:39-43.

Skånes graptoliter. Part l. Sveriges geol. undersokn. ser. C,

TuRNER, J. C. M.

1960.

VISHER, G. S.

1965.

14. 1-2:1-180.

Use of vertical profile in environmental reconstruction.

Bull. Amer. Ass. Petro!. Geol.

J. H. L. 1884.

49:41-61.

Undersogelser ved den sydlige del av Mjosen i

Nyt Mag. Naturvidensk.
WESTERGÅRD, A.

50:

Faunas graptoliticas de America del Sur. Rev. Ass.

Geol. Argentina. Summ.

VoGT,

i Undre Graptolitskiffer vid

H. 1940.

81

og

82.

28:215-248.

Nya djupbormingar genom aldsta Ordovicium och

Kambrium i Ostergotland och Narke. Sveriges geol. undersokn. ser. C.

437:1-72.

OUTLINE STRATIGRAPHY OF GRAPTOLITE-BEARING 3b

547

WHITTARD, W. F. 1960. Angleterre et Pays de Galles. Fase. 3a IV: Ordovicien.
In Pruvost, P. Editor, Lexique stratigraphique international. Vol. l,
Europe, fase. 3a. Centre Nat. Reeh. sei. l, fase. 3a IV: l-296.
WIMAN, C. 1894. Ober die Silurformation in Jemtland. Bull. Geol. Inst. Univ.
Uppsala. l :256-276 , Pl. I.
1897. Kambrisch-silurische Faciesbildungen in Jemtland. Ibid. 3: 269304, Pl. V-VII.
Aecepted for publication June 1965
Printed Deeember 1965

STRATIGENETIC
FAC lES

SNERTINGDALEN
•

Dl STRI BUTION

AND

OF 3b IN THE
OSLO REGION
of Disfance

Sca/e

of the Columns

PROBABLE

(CENTRALBASIN

C) Slemmestad Member

�
e:
(/)
Ci

B) Galgeberg Member
A)

·. · .
o c

·. ·. . . .
. .
.

(SHALLOW IN LOWER PART)

�

COLUMN OF VE STFOSSEN:

8) Lower Didymog!'aptus

�
(/)

Ci

. . . .. .
. .
.·... ·....·....· ...
.
·.
·.
·.
. ·.... ·. . · .
··. ·.
. .
. . .·. . ·. . · ..
.·.
D. s F! OR o:

Hagastrand Member

§

co

PROBABLE

··.:·. L L
.. . . . ·.. .
·. . · . ·
·. ·. . . .
.
.

COLUMN OF TOYEN:

�
i:::
:::::,

VESTFOSSEN FACI ES
CER TAIN

. :·.:·.A

20m

TOYEN-SLEMMESTAD FACIES

•

. .
. . . · . ·. · · ·.
.. . . ·..

·

l NDEX A ND EXPLANATION

. ·

• •

40 km

Sca/e

CERTAIN

.

Sha l e
A) Megistaspis armataplanilimba t a Limestone

HERAMB FACIES (SHALLOW

IN LOWE R AND
UPPER PART)

COLUMN OF H ERAM B:

B 2) Meg. estonica Mudand Limestone

B 1) Graptolite Shale

P ROBABLE

A?) Meg.armata
p lanilimbata? Mudstone
- _---

Tentative

Facies Limits

o
::0

o

BERND-D.

ERDTMANN

Text-fig. 7. Map of the Oslo Region showing the general distribution of 3b and the areas revealing
similar stratigenetic development.
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