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A b s t r a c t. The lower part of the zone of Didymograptus hirundo, 
zone 3b s has been found, forming the upper part of the Lower Didymograptus 
Shale (3b) at Slemmestad, SSW of Oslo. The development of D. hirundo and 

some Isograptus species is briefly discussed. A number of biserial graptolites 

are described from zone 3b z. The stratigraphical importance of the occurrence 

of D. hirundo is mentioned. 

Introduction. 

The fossils mentioned in this note were found during the author's 
studies of the transitional beds between the Lower Didymog1apt�ts 
Shale and the Orthoceras Limestone (3c). Durivg a visit to the "Old 
\Juarry" at Slemmestad the author found Isograptus gibberulus, and 
professor L. Stormer therefore adviced me to study in detail the 
stratigraphy of the layers yielding this species. The specimens of 
Didymograptus hirundo report ed from this locality by MoNSEN (1937, 
p. 120) were also studied in order to ascertain that strata corre
sponding to the zone of Did. hinmdo occur below the Orthoceras Lime
stone at this locality. 

During these studies, a number of biserial graptolites were found, 
most of them in the upper layers at Slemmestad, but also in other 

localities, and in the collections of Paleontologisk Museum, Oslo. 
Beside the badly preserved Glossograptzrs ? sp. reported by MoNSEN 

(1937, p. 217), biserial graptolites of this age were unknown in Nonvay. 
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In Great Britain, biserial graptolites are met with in still older layers, 
in the middle part of the zone of D1d. extens�ts. The stratigraphical 
value of the biserial graptolites described in this note are none, at 
least for the present. 

Description of localities. 

The old quarry at Slemmestad is a part of a syncline running 
SW-NE. The Orthoceras Limestone was quarried in the southern 
part of the syncline, so that now the underlying Lower Didymograptus 
Shale is well exposed. The sections are chiefly along the bedding 
planes, which are intensively jointed, disected by a diabase dike, 
some N-S faults and a number of flexure-like zones of disturbance. 
The measurements of thickness are therefore approximative, because 
it is difficult to judge the vertical displacement along the flexures. 
It seems, however, to be of the order of size of less than 1/2 m. 

The profile found at this locality is, from the top: 

Orthoceras Limestone, with phosphatic band at the base. 

0-1 m. Grey mudstones with conchoidal fracture and some small 
ellipsoidal marl lanses. A few streaks of dark grey shale 
with graptolites (Layer I) occur near the base. 

1-2 m. Banded grey and dark shale. Graptolite layer I! in the 
lower part. 

2-3 m. Dominating dark grey shale with some lighter bands. 
Graptolite layer Ill in the lowest part. 

3-4,5 m Black shale with pyrite concretions. 

below 4,5 m, zone of Phyllograptus angustifolzus elongatus, 3b b. 
Most of the graptolites are found in the black or dark grey shale. 

The following graptolites were met with: From Layer I: Hallo
graptus mucronatus inutilis, Did. hirundo, Did. slemmestadt . . · 

From Layer Il: Orthograptus? sp., Glossograptus aff. acanthus, 
Hallograptus sp., Phyllograptus sp., Tetragraptus aff. bigsbyi, Iso
graptus gibbentlus, Did. hirundo, Did. slemmestadi. 

From Layer Ill: Orthograptus? sp., Trochograptus dzffusus, 
Phyllograptus cf. nobilis. Isograptus lunata, Did. hi1undo, Did. slemme
stadi, and in the upper part probably also Glossograptus aff. acanthus 
and Glyptograptus aff. dentatus. 
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Just below this layer one finds Phyllograptus angustijolius 

elongatus (not so large and numerous as lower down), Phyllograptus 

cf. t"llicifolius, Isographts norvegicus, Did. patuhts/ht"rundo, and 
Tetragraptus bigsbyi askerensis. 

Beside the graptolites, only some inarticulate brachiopods have 
been found. 

The graptolites mentioned in the above lists are the typical 
forms only, the whole fauna comprizes a large number of other forms, 
among them a 6-branched Dichograptus with broad branches and 
some other many-branched forms, a large number of extensiform 
and a few pendant Didymograptus species. 

At another locality, the bus stop "Toern", about 500 m NNE 
of the old quarry, the following graptolites were found in a black 
shale l m. below the Orthoceras Limestone: Hallograptus aff. mucronatus 

inutilis, Did. hirttndo, and Did. slemmestadi. Also at S. Bjerkås
holmen, north of Slemmestad, indeterminable biserial graptolites 
were found just below the Orthoceras Limestone. 

The Did. hirundo zone is met with also in other parts of the 
Oslo District. At Rikshospitalet in the City of Oslo Did. ht"rundo 
occurs about l. m. below the Orthoceras Limestone. 2 m. below the 
limestone o ne fin ds I sograptus norvegicus and I sograptus hmata ? , 
together with Did. protobifidus and other pendant Didymograpti. 

At Huk, Bygdøy, Oslo, Glossograptus sp., Did. slemmestadt and 
badly preserved broad Didymograpti like patulusjhirundo are found 
0,2 m below the Orthoceras Limestone. 

The quantitative distribution of the species is very different in 

the different localities. At Slemmestad rather large forms with 
broad branches dominate, but in other places, such as in the City 
of Oslo, smaller forms are abundant. At Rikshospitalet, for instance, 
delicate pendant Didymograptids are dominating, whereas Phyllo
grapti, Did. hirundo and other large species are quite rare. 

Description of fossils. 

Isograptus gibberulus NICHOLSON, 1875. 
Pl. l, fig. 5. Text fig. l E .  

In the Norwegian Lower Didymograptus Shale this species seems 
to form the end of a continuous series of development. Typical 
specimens are found in Layer Il in the old quarry at Slemmestad. 
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These specimens agree well with those described by BULMAN (1933) 
from Sweden, and differ from the older I. norvegicus MONSEN in 
having all thecae overlapping, also the proximal ones. The thecae 
are also notably longer in I. gibberulus. 

This species was reported from two Norwegian localities by 
MoNSEN, (1937, p. 155); Bratland (Gausdal) and Modum (western 

part of the Oslo Region). No specimens from Modum are, however, 
preserved in the collections of Paleontologisk Museum, Oslo, whereas 

the holotype and several other specimens of I. norvegicus are from 
that locality. 

lsograptus norvegicus MoNSEN, 1937. 

PL l, figs. 2, 4. Text figs. l B, C, F. 

1937 Isograptus caduceus norveg1"cus (parte) - MoNSEN, 1937, 
p. 154, pl. 5, figs. 5, 12, 14, 18, not 17! 

This species differs from I. gibberulus in having the thecae less 
overlapping, so that up to 1/4 of the thecae are free. In the proximal 
part, some of the thecae are free all their length, at least at one 
side, forming one or more slits in the lowest part of the rhabdosome. 

The holotype of this species (MONSEN, 1937, pl. 5, fig. 18; this 
paper, pl. l, fig. 6 and text fig. l F) is rather peculiar in being like 
a Tetragraptus of the bigsbyi type, in which only two branches are 
preserved. It differs from the other specimens from the same locality 
in the uneven curvature of the distal part of the branches, and in 
the rapid increase of the thickness of the branches. The sicula is 
not preserved, so the budding can not be studied in detail. It is 
possible that this specimen represent another species than the other 
ones, but the present material is too small to permit a further 
splitting of this species. 

The holotype may also represent a primitive form, having several 
slits between the thecae in the proximal part. The younger specimens, 
from the zone of Phyllograptus angusttfolt"us elongatus, have only one 
slit (between the sicula and thecae 11), which is gradually reduced 
in the transitional forms between this species and I. gzbberulus. If 
the specimens are not well preserved, it may be difficult to discri
minate between the primitive forms of this species and Tetragrapti 
of the bigsbyi type, especially Tetragraptus b1gsbyi askerensis MoNSEN, 

in which the thecae of the proximal part is more vertical than usual, 
and somewhat overlapping (cf. MONSEN 1937, p. 170). 
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Textjig. 1 Development of the Norwegian Isograpti. 
A Isograptus spinosus sp. n. Ensjo, Oslo, zone 3by. Specimen no. K 0931. 

B I sograptus noruegicus MoNSEN, Modum, zone 3 bo. Specimen no. K 0909. 

C Isograptus norvegicus MoNSEN, Stensberggata, Oslo, zone 3 bo. Specimen 

nr. K 0904. 
D Isograptus lunata HARRIS, Old quarry, Slemmestad, zone 3b c, lower part 

of Layer Ill. 

E Isograptus gibberulus NrcHOLSON, old quarry, Slemmestad, zone 3b c, 

Layer Il. 

F Isograptus norvegicus MoNSEN, holotype, from Modum, zone 3b o. Specimen 

no. K 0225. 

The specimens shown is this figure are also found in plate l, as unretouched 

photographs. Figs. A, B, C, and F are figured by MoNSEN (1937) . 

All fignres are 6 times enlarged. 
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It is probable that the intermediate forms between norvegicus 
and gibbetttltts could be given specific or subspecific names, but at 
present this seem unadviceable, because the present material is too 
small to show the limits of variation, and because a detailed compari
tion may show that some of the names given to early varieties of 
Isograptus by HARRIS ( 1933) from Australia (and by RuEDEMAN 1906 

from U.S.A. ) may be applied to the Norwegian forms as well. 

Isograptus lunata HARRIS, 1933. 

Pl. l, fig. 3. Text fig l D. 

1933 Isograptus caduceus var. lunata - HARRIS 1933, p. 90, 

text figs. 3--6. 
This species is common in Layer Ill at Slemmestad, and it is 

also found at a corresponding or somewhat lower level in the City 
of Oslo. It was first believed to be a transitional form between 
norvegicus and gibberulus, but further collecting of a large number 
of specimens showed that this species has some constant features, 
which separates it from the two other species. There is no overlap 
in the limits of variation within the two groups. 

The diagnostic feature is the angle of divergence of the branches, 
which is more than 90° in lunata, and much less in the two other 
species. The limits of variations is very small within the tvvo groups, 
even when a large number of specimens have been measured. The 
sicula is also smaller in lunata than in the two other species. The 
development of the thecae is like that of the transitional forms 
between norvegicus and gibberul�ts, with all the thecae fused, except 
the sicula and 11• 

Since norvegicus and gz'bberuhts are connected with a continuous 
series of intermediate stages, all with approximately the same angle 
of divergence, it seems advicable to regard I. lzmata as a separate 
species, and not only as a subspecies as done by HARRIS, 1933. 

The Australian forms seem to have a wider variation than the 
Norwegian ones as regards the angle of divergence, but this may 
be due to compression of some of the Australian specimens. Further 
studies may show that the Norwegian form is a separate species or 
subspecies. 
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I sograptus spinosus sp. n. 

Pl. l, fig. l. Text fig. l A. 

177 

1933 Isograptus caduceus norvegicus (parte) - MONSEN, 1937, 

pp. 154, 241-242, pl. 5, fig. 17. 
Holotype: No. K 0931, Paleontologisk Museum, Oslo. 
Type locality and horizon: Ensjo, city of Oslo, zone of Phyllo

graptus densus (3 bi') (in MONSEN 1937, explanation to plate 5, by 
an error Ph. ang�tstifolius elongatus). 

Diagnosis: I sograptus with practically no overlap of the thecae 
in the proximal part, and only slight overlap in the extreme distal 
parts, so that the thecae form long spines. 

In this species nearly all the thecae are free, but here also the 
tendency to increase in overlapping of the thecae in the distal parts 
is seen. The even curvature of the upper margin is found in this 
species just as in the younger ones. It has to be mentioned that 
even this species has, as far as can be judged, and isograptid type 
of budding. This is indicated by the steepness of the proximal thecae 

This species is apparently the oldest one of the genus described 
till now, and the conditions of the thecae may therefore be regarded 
as primitive. The overlapping thecae appearing in the distal ends 
of the branches mark the development of this line, which in Norway 
ends with I. gibberulus. If Isograptus spinosus is accepted as a primitive 
Isograptus, this will exclude the Tetragrapti of the bigsbyi type as 
the ancestors of Isograptus. 

The dimensions and angles of the I sograptus species described 

here are shown in Table I; the development of the rhabdosomes in 
plate l, and the degree of overlapping of the thecae in text fig. l. 

Species 

gibberulus o • • • • • • • • •  o .  

lunata • • •  o • • • • • • • • • • • •  

norvegicus . . . . . . . . . . . .  

spinosus • • • • • •  o • • • • • • •  

TABLE I. 

Max. 
width. 

7 mm 

10 

7 (10) 

6 

l Slits in l Thecae l Zone 
prox. part in 10 mm in Norway 

no ne 15-16 3be 

l 16 3be 
1-3 13-14 3M 

several 16 3by 

In Australia HARRIS (1933) described the development of the 
Isograpti. The present material seems to form only a small part 
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of the rich phylogenetic series described by that author. Same small 
differences seem to occur between the two areas, the important 
being that the Norwegian species show no increase in size, and that 
the younger forms have not been observed in Norway. 

Isograptus nor·oegicus seems to correspond to I. caduceus primula 
HARRIS but is larger. I. spinosus may be a transitional form between 
Didymograptus eocaduceus HARRIS, and the younger Isograpti. D. 

eocaduceus was suggested to be o ne of the ancestors of I sograptus by 
HARRIS (1933, p. 98) who, however, lacked intermediate forms. A 
specimen which was referred to D. eocaduceus with same doubt was 
reported by MoNSEN (1937, p. 242) from the same zone and locality 
as the holotype of I. spinosus. It is therefore possible that the early 
development of the Isograpti are better known from Norway than 
from Australia. On the other hand, the later part of the developmental 
series is not found in Norway, probably because of the change of 
facies. In Great Britain and Sweden, this developmental series is 
unknown, the only species described in detail is the typical I. gib
berulus. Other forms are, however, probably present. 

Didymograptus hirundo SALTER, 1863. 

Text figs. 2 B-E 

The development of this species from D. extensus and D. nitidus 
has been thoroughly described by BULMAN (1936) and ELLES (1933). 
A large number of transitional forms are met with in this series, 
which seems to be continuous. The specimens found at Slemmestad 
belong as far as the proximal part is known to the "lower" types 
of hirundo, or to transitional forms between patulus ToRNQUIST and 
hirundo. The youngest specimens from which the proximal part is 
known are, however, from the lower part of Layer Ill, and the frag
mentary specimens met with in the higher layers have broader 
branches with the thecae directed more straightly downwards 
(Table Il). It is therefore highly probable that they representent 
the typical hirundo. The proximal part of a specimen from Layer Ill 
and the layers just below are shown in text fig. 2 (B, D). 

The only difference between the Norwegian and the British 
specimens is that the thecae 12 and 21 are not fused below the crossing 
canals in the Norwegian specimens, which in this feature are more 
like Did. patulus (text fig. 2 A). On the other hand the sicula and 
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Textfig. 2 Development of Didymograptus hirundo. 

A Did. patulus ToRNQVIST, zone of Isograptus gibberulus, Scania, Sweden. 
B Did. hirundojpatulus?, zone 3be, just below Layer Ill, Old quarry, Slemme

stad specimen no. K 0916-K 0917. 

C Did. hirundo, narrow form, Basal portion of D. hirundo zone, Shropshire. 

D Did. hirundo. zone 3be, Layer Ill, the youngest specimen with proximal 

part in the author's material. 

E Did. hirundo, typical (somewhat laterally compressed) Zone of D. hirundo 

Xorth Wales. 

Figs. A, C, E, are from BLJLMAN; 1938, text fig.' 29. The specimen shown 

m fig. B is figured by MoNSEN, 1937 (pl. 15, figs. 8, 12). 

All figures are 5 times enlarged. 

12 - :\.G.T. nr. 31 
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TABLE Il. 

Specimen from layer 
Width of l Thecae in 

branches l O mm 

Angle og l Depth of 

thecae sicular slit1 

below III . . . . . . . . . . . .  2,8 mm 13 60° 0,6 mn1 

Ill 
to p of 

I 
Ill 

. . . . . . . . . . 

o • • • • • • • • •  

. . . . . . . . . .  

3,1 

3,7 

4,1 

12 60° 0.4 

11 75-80° -

11 85--90° -

thecae F are fused in the Norwegian speCimens, as in the typical 
hirundo from Great Britain. 

Glyptograptus aff. dentatus (BROGKIART, 1828). 

Pl. l, figs. 12-13. 

Three specimens probably belonging to this species have been 
found. Two are from the upper part of zone 3b o. They are from 
the same slab as Glossograptus sp. figured by MONSEN (1937, pl. 1 l 
fig. 1). These two specimens have 11 thecae in 10 mm (G. dentatus 
has according to ELLES & W OOD 18 to 12) ; the maximal length is 
26 mm (fragmentary) and they are 4 mm broad (2 mm for G. den
tattts). The proximal part is not found, and the state of preservation 
is not good. The specimens can therefore not be determined safely. 
They belong probably to a new species, but the material present is, 
however, much too meagre for a safe specific determination. 

The third specimen is from Stensberggata (City of Oslo) cf. 
MoNSEC\ (1937, p. 67). It is 20 mm long, 2,5 mm broad and has 
11 thecae in 10 mm. On the same slab are found Tetragraptus of. 
bigsbyz and an extensiform Didymograptus quite like D. slemmestadi. 

It is therefore highly pro bable that the specimen comes from approxi
mately the same horizon as the two other specimens. This one is smaller 
than the two others and may belong to another species, probably 
to G. dentatus itself. The bad state of preservation and the lack of 
the proximal part makes, however, the indeDtification of the species 
uncertain. 

1 The distance between aperture of the sicula and a line drawn through 

the apertures of the adjoining thecae. 
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Orthograptus ? sp. 

Pl. l, fig. 11. 

This peculiar species is quite common in Layers Il and Ill in 
the profile described from Slemmestad, but only fragments have been 
found till now. The maximal length observed is 11 mm, and the 
width is 2-2,5 mm. The thecae are of a simple Dichograptid type, 
and 12 of them are found in 10 mm. The angle between them and 
the pronounced median septum is 35--40°. No proximal part 
was found. 

According to BuLMAN (1938, pp. D29, D57) only some few 
genera of biserial graptolites with Dichograptid thecae are known; 
Orthograptus (and Petalograptus) and Cardiograptus. The present spe
eies differs from Orthograptus in having no spines, and from Cardio
graptus in the shape of the rhabdosome, which is slender parallel
edged in this species and leaf-shaped in Cardiograptits. Because the 
proximal part is not known, it is impossible to settle its generic 
position. Provisionally it is included in Orthograptus. 

Hallograptus aff. mucronatus inutilis (HALL, 1865). 

Pl. l, fig. 8. 

This form is common in Layers I and Il in the profile described 
from Slemmestad. The specimens from Layer I, which are the best 
preserved ones, are quite like Hallograptus mucronatits inutilis 
(HALL) cf. ELLES & WooD (1901, p. 332), but are somewhat langer, 
max. length 20 mm (incomplete) (imttilis max 15 mm). Width 
2-2,5 mm.(= inutilis). 12 thecae are found in 10 mm, as in imttilis. 

In Great Britain, Hallograptus mucronatus inutilis is reported 
from the zones of Did. extensus and Did. bifidus. 

Glossograptus aff. acanthus ELLES & \VooD. 
Pl. l fig. 7. 

This form is common in Iayer Il at Slemmestad. It is rather 
like Hallograptus aff. mucronatus mzttilis in the shape of the thecae, 
but differs from that species in the subfusiform rhabdosomme. 
Length 19 mm. (According to ELLES & WooD 1901, p. 314, more 
than 25 mm.) Width 4 mm ( ��c acanthus). 14 thecae in 10 mm (10 ac
cording to ELLES & WooD). ELLES & WooD says: "The subfusiform 
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shape of the polypary and the disposition of the spines give to this 
species a more Phyllograptoid appearance than of any of its British 
congeners''. In fact the Norwegian specimens show a marked thickening 
in the central part of the rhabdosome, and in some cases apparently 
a double row of thecae as if the species was a Phyllograptus with 
glossograptoid thecae. According to BuLMAN (1938, p. D58, Table Il) 
the Glossograpti have descended from Phyllograptus, and the precent 
species seems to be an intermediate form or a very early type of 
Glossograptus. 

Glossograptus acanthus is reported from the zones of Did. extensus 

and Did. bift:dus. in Great Britain. 

Phyllograptus cf. nob�lis HARRIS & KEBLE, 1932. 

Pl. l, figs. 9-10. 

A species of Phyllograptus is met with in Layers Il and Ill at 
Slemmestad, in which the thecae are not in contact for quite their 
full length, and the thecal walls have the sigmoidal curvature charac
teristic of this species (cf. EKSTROM, 1937, p. 34-35 pl. 6, figs. 22-25). 
All the normal-sized specimens of this species are, however, badly 
preserved, and some of the features mentioned may to a certain 
degree be due to compression and distortion. Pl. l fig. 10 shows 

a small specimen, probably belonging to this species, in which the 
free thecae are especially well seen. 

Stratigraphical Conclusion. 

STORMER (1952) has called the uppermost part of the Lower 
Didymograptus Shale zone 3b e. This zone, as defined here, com
prizes the uppermost 4,5 m (including the layers with Trochograptus 

diffusus) in the Slemmestad District, the only place in the Oslo 
Region where this zone has as yet been thoroughly studied. It 
corresponds to the lower part of the zone of D. hirundo in Great 
Britain. 

It seems as if the hirundo zone in Great Britain is not much 
larger than one of the subzones in the extensus zone, and should rather 
be compared with them in thickness and duration than with the 
whole extensus zone (cf. ELLES, 1933, p. 96-97). Isograptus gibberulus 
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seems to occur earlier in Great Britain than in Norway, where the 
typical I. gibberztlus is not met with till in the lower part of the hirundo 

zone, whcreas it seems to occur already together with nitidus-patulus
praenuntius types in Great Britain. The same is probably true in 
Sweden, where the zone of I sograptus gibberulus corresponds to both 
zone 3b o and 3b y in Norway (cf. MoNSEN 1937, p. 226). 

The fauna of the hirundo zone at Slemmestad (old Quarry) is 
peculiar in being dominated by biserial graptolites. This may perhaps 
have some connection with the lithology of the sediment (banded 
shale, indicating relatively rapid changes in hydrology). At "Toern", 
Slemmestad, the hirztndo zone is represented by black shales, and 
here the extensiform Didymograptids are dominating. 
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Explanation to Plate I. 

l) Isograptus spinosus sp. n. Holotype. From Ensjo, Oslo. Zone 3by, of 
Phyllograptus densus) Specimen nr. K 0931 . Type to MoNSEN 1 937, Pl. 5 
fig. 1 7. 4 X. 

2) Isograptus norvegicus MoNsEN. From Modum. Zone 3bo, of Phyllograptus 

angustifolius elongatus. Specimen nr. K 0909. Type to .MoNSEN 1 937, 

pl. 5, fig. 12.  4 X. 

3) Isograptus lunata HARRIS, From the old quarry, Slemmestad. Zone 3bs 
of Didymograptus hirundo (lo west part) . 4 x. 

4) Isograptus norvegicus MoNSEN. From Stensberggt. Oslo. Zone 3bo, of 
Phyllograptus angustifolius elongatus. Specimen nr. K 0904. Type to 
MoNSEN 1937, pl. 5, fig. 14.  4 x. 

5) Isograptus gibberulus (KICHOLSON) From the old quarry, Slemmestad. 
Zone 3bs, of Didymograptus hirundo 4 x. 

6) Isograptus norvegicus MoNSEN. Holotype. From Modum. Zone 3bo, of 
Phyllograptus angustifolius elongatus. Specimen nr. K 0225. Type to 
MoNSEN 1937 pl. 5, fig. 18. 4 x. 

7) Glossograptus aff. acanthus ELLES & \Voon. From the old quarry, Slemme
stad. Zone of Didymograptus hirundo, 3bs. 4 x. 

8) Hallograptus aff. mucronatus inutilis (HALL) From the old quarry, Slemme
stad. Zone 3bs, of Didymograptus hirundo. 4 x. 

9) Phyllograptus cf. nobilis HARRIS & KEBLE. From the old quarry, Slemme
stad. Zone 3bs, of Didymograptus hirundo. 2 x. 

10) Phyllograptus cf. nobilis. Small specimen probably belonging to this 
species. From the old quarry, Slemmestad. Zone 3bs, of Didymograptus 

hirundo. 4 x. 

11) Orthograptus? sp. Specimen with distal end preserved. From the old 
quarry, Slemmestad. Zone 3bs, of Didymograptus hirundo. 4 x. 

1 2) Glyptograptus aff. dentatus (BROGNIART) Large type. From the old quarry, 
Slemmestad. Zone 3bs, of Didymograptus hirundo. Specimen nr. 40755. 2 x. 

1 3) Glyptograptus aff. dentatus (BRoGNIART) Smaller type. From Stensberggt. 
Oslo. Zone 3bå?, of Phyllograptus angustifolius elongatus ? 2 x. 
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