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Graptolites are described from rock units around the Middle-Upper Ordovician boundary in the Oslo 
Region for the first time. Twelve taxa, including Dicranograptus clingani resicis subsp. nov., are studied 
systematically. Ten sections have been logged through the Venstøp Shale Formation, the base of which is 
marked by a phosphorite conglomerate. Below this horizon on Nakholmen (inner Oslofjord) a middle (?) 
Dicranograptus clingani Zone graptolite fauna is followed directly by Actonian/Onnian Stage trilobites. 

Above the phosphorite, graptolites indicating the Pleurograptus linearis Zone occur in association with 
Pusgillian Stage trilobites. It is concluded that the phosphorite represent a hiatus equivalent to a time 
interval including the late D. clingani and early P. linearis zones. 
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Over much of southem Scandinavia there is an 
extensive break between the Middle (Viruan) 
and Upper (Harjuan) Ordovician. This break has 
been well documented in Vlistergotland, Sweden 
by Wæm et al. (1948), Jaanusson (1963, 1964, 
1976, 1982a, b) and has also been recognised in 
the Oslo area, Norway by Raymond (1916, Kiær 
(1921) and Størmer (1953). The presence of a 
break in the Oslo area (Fig. l) was contested 
recently by Owen (1979) and Bruton & Owen 
(1979) who, on the basis of trilobite faunas, con
sidered that the transition was the result of a 
westward transgression of a widespread black 
shale facies over an area of carbonate deposition. 
The present detailed study of the shale facies and 
its contained graptolite faunas indicates that a 
hiatus can be recognised and that this spans an 
interval including the late Dicranograptus clin
gani and early Pleurograptus linearis zones. 

Previous remarks on inter-regional correlation 
around this interval of time in the Norwegian 
successions have been addressed to the use of 
shelly fossils, in particular the trilobites (Dean 
1960, 1963; Bruton & Owen 1979; Owen & Bru
tan 1980; Owen 1981), and only cursory attention 
has been paid to the co-occurring graptolites 
(Brøgger 1887; Owen 1979; Harland 1980). Mea
gre collections of Upper Ordovician graptolites 
housed in the Paleontologisk Museum, Oslo at
test to this, collections of shelly fossils from asso
ciated be�ded or nodular limestones being exten-

sive. This is not altogether surprising since the 
shales are commonly strongly cleaved, but as the 
presently illustrated material shows, this is not 
always the case. Our collections, amounting to 
several hundred specimens, contain material far 
better preserved than that previously illustrated 
from this time interval elsewhere. 

Stratigraphical terminology 

Following recent revisions by Owen (1978, 1979, 
1981) and Harland (1980, 1981) we use the terms 
Solvang, Venstøp and Grimsøya formations for 
what previously were respectively Upper Chas-

' mops Limestone ( 4bo), Lower Tretaspis Shale 
(4ca) and Tretaspis Limestone (4c�), the Cara
doc-Ashgill boundary being within an hiatus sep
arating the Solvang and Venstøp formations. 

In defining the Venstøp Shale Formation, Har
land (1980, p. 276) neglected to mention the 
original speiling 'Venstob' (Dahl! 1857, p. 118). 
However, this original formational name was su
perseded by the term 'Lower Tretaspis Shale' 
(Brøgger 1884, p. 266) and in rejuvenating the 
older term for this, Harland used the modem 
speiling 'Venstøp' (cf. Venstob). 

The graptolite biostratigraphical terminology 
applied to the Ordovician successions of Scandi
navia is the same as that defined for the standard 
British sequence. Clearly some zones are equiv-
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Fig. l. Map showing position of localities in the Oslo district and (inset) relation of Ringerike (with Frognøya) to Oslo. 

alent, although the presence in Norway of indig
enous taxa makes precise correlation difficult. 
Tims, while man y of the taxa described from the 
D. clingani and P. linearis zones as defined by 
Williams (1982) from Lapworth's classic locality 
at Dob's Linn, southern Scotland are present in 
our collections, those critical in recognising the 
boundary between the two zones, as well as 
Pleurograptus linearis (Carruthers) itself, are ah
sent. We therefore conclude that the British Up
per Ordovician graptolite zones are not really 
suitable for Norway and that their use in Scandi
navia commonly implies a false sense of accuracy 
of correlation. A revision of the Scandinavian 
graptolite zonal scheme requires, however, fur
ther studies of the present sort, and the British 
scheme has to be used in the meantime. 

Descriptions of sections 

Six-figure grid references are taken from the 
1:50000 topographical maps, sheet numbers 1914 
IV (Oslo) and 1814 I (Asker), published by 
Norges geografiske oppmåling (Norwegian Geo
graphical Survey). Unless otherwise stated, all 
measurements in section descriptions refer to dis
tances above the phosphorite at the base of the 
Venstøp Formation. It has been found necessary 
in Oslo-Asker to refer to two new members at 
the top of the Solvang Formation and to subdi
vide the Venstøp Formation into two members. 

Formal naming and erection of these units to full 
member status is, however, delayed, pending the 
imminent major revision of Ordovician lithostra
tigraphical terminology in the Oslo Region by 
Bockelie et al. The informal units used here are: 

A. The dark grey shale member with two dark 
limestones at the top of the Solvang Formation 
on Nakholmen. 

B. The green silty shale-limestone member de
veloped at the top of the Solvang Formation at 
western exposures in the Oslo district. 

C. The lower member of the Venstøp Forma
tion, making up the predominantly dark shale 
unit with occasional nodular limestones lying 
above the phosphorite. 

D. The upper member of the Venstøp Forma
tion comprising the interval with alternating pale 
limestones and shales below the tightly compact 
nodular limestone of the basal Grimsøya Forma
tion. 

Ole Deviks Veien. PM 023 438 (Fig. 2). A road 
cutting adjacent to an industrial estate approxi
mately 200 m south of the junction with Casper 
Storms Veien. First collected and measured by 
Owen (1977, text-fig. 9). The bedding dips at 50/ 
330 and the Venstøp Formation is completely 
exposed. 

The top of the Solvang Formation consists 
mostly of fairly dark, slightly calcareous shales 
with occasional nodular limestones. Such a litho
logy could well have been graptolitic, but it is 
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now heavily cleaved with marked cleavage dif
fraction around the nodules. The phosphorite 
rests on an horizon with occasional limestone 
nodules and is not immediately obvious, the 
change to a dark er, hard er shale being more 
noticeable. The first graptolites occur 0.09 m 
above the base of the Venstøp Formation but are 
flattened and highly deformed by cleavage, 
which Iies at about 45° to the bedding and is 
dominant. Although cleavage is weaker in the 
remainder of the formation, graptolites were not 
found between 0.45 and 4. 8 m. The basal2.9 m is 
unbioturbated, bioturbation first occurring just 
below the lowest nodular limestone at 3 m. The 
only other nodular limestone in the lowest mem
ber is a less well developed horizon at 4.8 m. 
This is overlain by a black, heavily pyritised bed 
with a lamina of beautifully preserved, crowded 
specimens of Dicellograptus pumilus Lapworth 
and occasional examples of Climacograptus cf. 
brevis Elles & Wood at 5.0 m. Above this black 
band the shale becomes increasingly paler, more 
calcareous and bioturbated, although it still 
yields occasional graptolites. A sudden change to 
more massive, calcareous and apparently unbio
turbated mudstone occurs just below 6 m. Above 
this leve! graptolites are rare, but Pseudoclima
cograptus (P.) clevensis Skoglund was found at 
6.0 m. The only other locality in the Oslo district 
where this species occurs is on Gressholmen 
where it is found at a similar horizon, suggesting 
a correlation between the two sections. 

The lowest nodular limestone assigned to the 
upper member of the Venstøp Formation occurs 
just below 7 m. It is, however, cut out in much of 
the section by a low angle fault; the effect of the 
faulting has been compensated for when con
structing the measured section. Between this and 
the following limestone are several dark, carbo
naceous bands. Each contains disseminated 
black flakes at the base and these become more 
densely packed towards the top. They probably 
represent increased production of carbonaceous 
material which was insufficient to cause dark 
shale formation. Elsewhere in the Oslo district 
the bands occur a little below the first limestone 
of the upper member. If they represent influxes 
of carbonaceous material produced by algal 
blooms or changes in sedimentation rates they 
may prove more reliable for lithological correla-

Fig. 2. The Venstøp Formation at Ole Deviks Veien with 
stratigraphical distribution of graptolites. 
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tion between the sections than the limestones, 
which are variable both in number and thickness. 
Several poorly developed nodular limestones oc
cur between 8.2 m and the base of the Grimsøya 
Formation at 9. 0 m; most of these are bioturbat
ed. The basal Grimsøya Formation at Ole De
viks Veien is a less tightly compact nodular lime
stone than elsewhere, with almost equal propor
tions of limestone and shale. 

The dark shales in the basal 3 m and at 5 m 
above the base of the Venstøp Formation at Ole 
Deviks Veien are the only lithologies approxi
mating to true black shales in this stratigraphical 
unit in the Oslo district. This, combined with the 
predominantly shale top of the Solvang Forma
tion and the relatively thick shale interbeds of 
the basal Grimsøya Formation, support the pre
viously accepted model of a sedimentary basin 
deepening towards the east. 

Gressholmen. NM 966 399 (Fig. 3). A section on 
a small peninsula 80 m ESE of the hotel. The 
succession is repeated 50 m west of the hotel, but 
at this locality the Venstøp Formation is vertical, 
heavily cleaved and evidently strike-faulted. 
Bedding in the collected profile dips at 45/340 
and is difficult to measure precisely as the expo
sure is a flat, wave-cut platform. Cleavage is 
subordinate to bedding and often absent, the 
tectonic stretching being represented by a slight 
surface lineation . 

The top of the Solvang Formation consists of 
alternating limestones and medium grey shales, 
both of which are bioturbated. The phosphorite 
rests on a discontinuous, brecciated limestone 
and forms a hard, dark band. The basal Venstøp 
Formation above the phosphorite is dark, unbio
turbated shale. The lowest graptolitic horizon at 
0.6 m contains abundant specimens of Ortho
graptus amplexicaulis (Hall) which are commonly 
fragmented and aligned, indicating current activ
ity. A low angle fault forms a prominent narrow 
gully near this horizon, but it appears to have 
had little effect on the succession. The graptolitic 
horizons at this locality have been badly weath
ered to a clay-like consistency. Recovery of grap
tolites therefore requires considerable excava
tion down to a level where the shale is fresh . 
Consequently, it is unlikely that all the fossilifer
ous horizons were found. 

Fig. 3. The Venstøp Formation on Gressholmen with stratigra
phical distribution of graptolites. 
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The only nodular limestone in the lower mem
ber of the Venstøp Formation is at 2. 7 m, the 
first bioturbation occuring just below. Above this 
leve! the shales are more massive, calcareous and 
paler. Graptolite horizons are restricted largely 
to narrow, more fissile, slightly darker bands. 
Several prominent horizons of extremely coarse 
and heavy bioturbation occur which are easily 
followed along strike due to their somewhat 
darker appearance. Such horizons are found in 
all exposures of the Venstøp Formation, but do 
not appear to be correlatable. At about 4. 5 m the 
shales become harder and less weathered, form
ing a strike-scarp above the wave-cut platforrn. 
Although the lithology becomes increasingly cal
careous and pale, occasional graptolites may be 
found. The highest graptolite horizons at 6.0 m 
include Pseudoclimacograptus (P.) clevensis 
Skoglund and Climacograptus tubuliferus Lap
worth; these taxa appear to allow correlation 
with the successions at Ole Deviks Veien and 
Grimsøya respectively and indicate a middle P. 
linearis Zone age. 

The characteristic dark, carbonaceous bands 
occur between 7 and 8 m, the first continuous 
limestone of the upper member of the Venstøp 
Formation following at 8. 0 m. The interbedded 
shales in this member are very pale and calcare
ous and are heavily bioturbated. The base of the 
Grimsøya Forrnation is at 9.8 m, being composed 
of a tightly compact, nodular limestone with sub
ordinate, irregular narrow shales. 

Nakholmen: NM 949 404 (lithology), NM 948 404 
(graptolites) (Fig. 4). This profile was construct
ed using two localities on the east and west sides 
of the southernmost ba y on the island of Nakhol
men. The section to the east is exposed in a 
vertical cliff sub-parallel to a sheet-like intrusion 
and slight metamorphism has largely destroyed 
the graptolites. The second exposure on the 
western side of the ba y dips at about 30/330 with 
little cleavage and is exposed in a wave-cut plat
forrn; it is this section which has provided the 
important graptolite fauna. Comparative shore
line sections are also available on the extreme 
western and north-eastern parts of the island, 
although the latter is heavily cleaved. 

The usual lithology of the Solvang Formation, 
consisting of al terna ting pale grey limestones and 

Fig. 4. The Venstøp Formation on Nakholmen with stratigra
phical distribution of graptolites. 
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shales, is overlain by 0.6 m of fairly dark, biotur
bated but finely laminated shale, followed by an 
irregular, coarsely bioturbated, black pyritic 
limestone. This is succeeded by a coarsely biotur
bated shale and a thin but prominent limestone 
which is overlain by the phosphorite. In the ex
posure on the eastern side of the bay this lime
stone is laterally discontinuous, while the phos
phorite nodules occur in a 10 cm interval of 
highly bioturbated shale. The shale below the 
thicker limestone yields graptolites which are 
commonly well preserved and indicative of the 
D. c/ingani Zone. Bruton & Owen (1979) re
corded the trolobites Tretaspis ceriodes s. l. and 
Triarthrus linnarssoni Thorslund from the black 
limestone, indicating an Actonian/Onnian age. 

The basal phosphorite is overlain by some 1.3 
m of black, unbioturbated shale yielding Dice/lo
graptus pumilus Lapworth, Climacograptus cf. 
brevis Elles & Wood and Orthograptus paupera
tus Elles & Wood. Bioturbation first appears just 
below the nodular limestone at 1.4 m. At this 
leve! occasional phosphorite nodules were found 
where limestone nodules were not present. It is 
not clear whether this indicates non-deposition as 
represented by the basal phosphorite or if they 
were formed by another process. Above the 
limestone the shales are paler, more calcareous 
and silty; several horizons yield abundant trinu
cleid fragments, indicating some form of win
nowing. Single limestone nodules occur at 3.1 
and 4.6 m. The first horizon with coarse biotur
bation is at 3.5 m, while the interval with carbo
naceous bands is between 5.0 m and the first 
limestone of the upper member of the Venstøp 
Formation at 5.6 m. The base of the Grimsøya 
Formation is at 7.4 m, giving a total thickness for 
the Venstøp Formation some 2 to 3 m less than 
in adjacent localities. 

Bygdøy. NM 947 432 (Fig. 5). An exposure on 
the foreshore approximately 150 m SSE of Rode
løkken cafe in the north-east of the peninsula. A 
second exposure 50 m directly below the cafe on 
the shore was employed for the top of the Sol
vang Formation and the lowest 1.5 m of the 
Venstøp Formation which are not exposed at the 
main section. The shales of the main section dip 
at 40/310 and are heavily cleaved, while those 
below the cafe are almost vertical with a similar 
strike and even more tectonically deformed. No 
graptolites were found at either locality due to 
dominant cleavage, although A. W. Owen found 
a specimen of Dicellograptus pumilus Lapworth 
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preserved in relief 1.5 m below the first nodular 
limestone slightly inland from these sections. 

The top of the Solvang Formation consists of 
alternating medium to pale grey limestones and 
shales in approximately equal proportions. The 
top is finely bioturbated; bioturbation is com
monly heavier and coarser below the top l m. 
The phosphorite rests on a thin but continuous 
limestone and forms the normal hard, dark basal 
unit of the Venstøp Formation. It is followed by 
a dark grey, calcareous, non-bioturbated interval 
before the first nodular limestone is reached just 
below 2 m. Clear bioturbation is first seen at this 
horizon and occurs throughout the remainder of 
the formation. A second, less well developed, 
nodular bed is present at 2.3 m in the main 
section, but does not occur in the northerly pro
file. A third limestone band is apparently repre
sented by a single nodule in the northern profile; 
the section above this leve! is, however, highly 
disturbed and the nodule may represent a faulted 
occurrence of the 2.3 m bed seen in the main 
section. The first horizon with heavy, coarse bio
turbation occurs at 5.0 m, although both bedding 
and bioturbation are often unclear due to the 
heavy cleavage; this also obscures the carbona
ceous bands characteristic of the top of the lower 
member of the Venstøp Formation elsewhere. 
The first limestone of the upper member is at 7.3 
m. Above this the lithologies are pale and heav
ily bioturbated, the bioturbation being generally 
coarse in the limestones and fine in the shales. 
The base of the Grimsøya Formation is at 9.7 m. 

Fornebu. NM 915 414 (Fig. 5). An exposure on 
the foreshore east of the main runway at For
nebu Airport. The shale dips at about 40/330 and 
is heavily cleaved, but a few badly deformed 
specimens of Dicellograptus pumilus Lapworth 
were found at 0.5 m. The medium grey, lime
stone-shale alternations of the main member of 
the Solvang Formation are followed by 0.6 m of 
pale grey-green, finely laminated and nodular 
shales and limestones which are heavily biotur
bated. This is the easternmost development of 
the top green silty member of the- Solvang For
mation recognised in the present study. The top, 
rather more massive limestone has an uneven 
base, while the overlying hard, dark phosphorite 
bed rests on the brecciated upper surface. The 
boundary between the basal hard, phosphatic 
unit of the Venstøp Formation and the overlying 
softer, more typical dark shale is marked by a 
strike fault with calcite veining. It does not, bow-
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ever, appear to have much effect on the succes
sion. 

The first bioturbation occurs at l m, although 
this is fine and of low density. Just below the first 
nodular limestone at 2 m bioturbation increases 
and the shales become more calcareous, while a 
second limestone occurs at 3 m. The first band of 
coarse bioturbation is at 4.3 m; several dark , 
carbonaceous hands occur between 6 and 7 m but 
are not easily visible due to cleavage . The first 
continuous limestone is at 7 .4  m ;  both this and 
the following band are finely bioturbated, while 
the remaining limes tones in the upper member of 
the Venstøp Formation are coarsely bioturbated. 
The boundary with the Grimsøya Formation is at 
approximately 10 m, although this is not present 
in the foreshore section and was deduced by 
using an exposure some 20 m to the south-west. 

Snarøya. NM 901 388 (Fig. 5) .  A foreshore expo
sure adjacent to a footbridge crossing to the 
small island Strøm in the southern part of 
Snarøya, 2 km south of Fornebu Airport. The 
Venstøp Formation is moderately cleaved with a 
bedding dip of 70/330 and is faulted by both dip 
and strike faults . A graptolite fauna has been 
recovered 0.5-0.65 m above the base , including 
some three-dimensional specimens of Dicello
graptus pumilus Lapworth . 

The top of the Solvang Formation is similar to 
the development at Fornebu , but with a slightly 
thicker green interval . The same limestone ap
parently forms the top, which here shows the 
clearest sub-phosphorite brecciation seen in the 
present study. Above the basal hard unit the 
shale of the Venstøp Formation is slightly paler, 
siltier and calcareous than seen at most other 
localities.  A nodular limestone occurs at 2 m, 
bioturbation beginning just below this leve!. The 
remainder of the succession is paler and yet more 
calcareous with a single limestone nodule at 4.0 
m. This is  followed by several hands of coarse 
bioturbation and the carbonaceous beds from 5 . 9  
t o  6 . 4  m. The first limestone o f  the upper mem
ber of the Venstøp Formation is at 7 m; both this 
and the following band are not bioturbated, 
while the remaining limestones contain coarse 
bioturbation. A succession of alternating lime
stones and shales persists for some 7 m before 
reaching the base of the Grimsøya Formation ; a 
few strike faults are visible and evidently repeat 
this part of the succession .  

Grimsøya. NM 892 391 (Fig. 6) . An exposure on 
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the foreshore near the northernmost part of the 
island. The shale dips at 40/320 with only slight 
cleavage which is subordinate to bedding. The 
top of the Solvang Formation is represented by 
the green , sil ty member overlying the grey, lime
stone-shale alternations of the main member and 
contains 1llaenus (Paril/aenus) aff. fal/ax Holm 
(see Bruton & Owen 1979 , p. 219 ; Owen & 

Bruton 1980, p. 35) 0 .9  m below the top . Be
tween the last massive , pale green limestone , 
assumed equivalent to that seen at Fornebu and 
Snarøya, and the lowest exposed part of the 
Venstøp Formation, is an interval covered by a 
thick shingle beach. The top 2.7 m of the lower 
member exposed is atypical in being fairly dark , 
finely laminated and graptolitic. Graptolites 
were found from 5 . 3  to 6 .3  m above the assumed 
base and include abundant Climacograptus tubu
liferus Lapworth. The only other occurrence of 
this species in the Oslo Region is on Gresshol
men , where two poor specimens were found at 6 
m. Dendroid fragments also occur, which are 
here referred to Dictyonema cf. fluitans Bulman 
(see Fig. 25G). At 6.5 m the shales become paler 
and more calcareous, while the first limestone of 
the upper member of the Venstøp Formation is 
at 6.7 m. The Grimsøya Formation begins at 8 m .  

Kalvøya. NM 866 399 (Fig. 6) . The section o n  the 
easternmost tip of the island. The shale is verti
cal, striking 245°, and is extremely heavily 
cleaved; limestone nodules have apparently been 
tectonically 'rolled' from their original horizons 
to various levels in the shale. Although this is 
one of the easiest localities to take precise meas
urements , they therefore have little meaning and 
the most important part of the section is the top 
of the Solvang Formation. 

Here the alternating grey limestones and 
shales of the main member of the Solvang For
mation are followed by about 0.4 m of slightly 
green limestones with irregular shales , then 0 .9  
m of rubb ly ,  irregular limestones with pale green 
silty partings. The hard , basal phosphorite band 
of the Venstøp Formation overlies a narrow ir
regular green limestone.  Bioturbation is first 
seen at 1 . 0  m and occurs throughout the remain
der of the succession ; it is , however, difficult to 
see because of the dominant cleavage . A definite 
nodular limestone bed occurs just below 2 m, but 
the remaining nodules may have been tectonical
ly displaced. The upper limestone-shale member 
of the Venstøp Forma ti on appears to be relative
ly thick with many limestone beds between 5 . 7  m 



NORSK GEOLOGISK TIDSSKRIFT 2-3 (1983) The Caradoc-Ashgill boundary in Oslo Region 155 

::::;; 
u. 

� 
!Sl 
(J) 
::::;; 
a: 
(!) 

� 
u. 
0.. 
!Sl 
f-
(J) 
z w 
> 

� u. 
(!) 
z 
< 
> ...J 
o 
(J) 

.. .. 
... .. .c -.. !!! 
" c c ·-.. . 
� �  
.!: ��Q22> 
�· � ' ' . ' o .. 
� 8 
t: o ' 

three dark bands with 

' cårbonaceous flakes , 

' at base s ' 

J 

s S/ COarse bioturb. j.- ! 1  

f J 

@ " a:2Ø J CZZP 

J 
j 

J 

ar> ,o:> aP 
/ 

more massive 
f 

- - - - - -

black shale 

darker grey 

NESBRU 

::::;; 
u. 

� 
!Sl 
(J) 
::::;; 
a: 
(!) 

6 ::::;; 
u. 
0.. 
!Sl 
f-
(J) 
z 

5 w 
> 

l 

3 

2 

� u. 
(!) 
z 
< 
> _, 

� o 
.� (J) 
" 
.!!1 
� .. 
o 

heavy fine-
medium bioturb. 5 

J ) 

' 
� ' 

J 3 
J 

heavier bioturb., 

J paler, more 
calcareous 

' 
- � 

2 

slight fine bioturb. 
more calcareous 

/ - - - - - - - 1 

black, no bioturb. 

KALVØYA 

Fig. 6. The Venstøp Fonnation at Nesbru and on Kalvøya and Grimsøya. 

::::;; 
u. 
< 
>-
!Sl 
(J) 

· ::::;; 
ii: 
(!) 

6 
., ., 

medium grey, 2 .:: 
� 1! finely lami nated � "' 

no bioturbation .Q g. 
.:: � � 

5 o .. o .!,! " 
.!!1 
Q. E .. 
o 

::::;; - - - - - - - -
4 u. 

0.. 
!Sl f-
(J) 
z 
w 
> 3 

NOT 2 EXPOSED 

-1 
� 

GRIMSØYA 



156 S. H. Williams & D. L. Bruton 

� u. 
z 
w 
:.:: 
:.:: 
< 
ID 
a: 
tSI 
en 

J 

l J 

m:������!ies 
'/////// 

1 / 

27 

26 -

J l 

s 

1 
s 

. . . . .  
l 

ei::%> <Z::z; ;z,z,. = a, 
I 1 

r- -

J 
r-

more massive shale ::: 
25 r- f -

r- r- -

r- = 1 
<O> æ> -

NORSK GEOLOGISK TIDSSKRIFT 2-3 (1983) 

7 
1 7 .!!! 

·E 
,. 
e 

o ., 
E J "ti 
ei 6 (j 

1 6 
ca:> = = 

1 5 
.!!! ,. 
e ., 
"" <.> 

(2 .r 
ID <CZ> � 
< 
>-

4 
- = 

J 
r- --= 1  r-- J 

(j 
4 

tSI 
z 
" 

(2 
ID 
� 

� 
tSI 
z 
" 
o 
a: 
!!:. 
� u. 
Q. 
� en 
z 
w 
> 

-
..: 

� j � 
=- many !hin silt ribs � 
:-

(c. every 7cm) _ 

=- :: 
5 -:= 

=-
� =- s � -: 

� ) -== 
= · -=  

' 
j 

j 

$ ' 

$ 

J I 

.s l 

� � � 

' c 

j<> 1 heavy bioturb. , �" 
= .cz:> = 

s 

24 (2 
ID 
� 
< 
>-
tSI 
z 

23 " 
o 
a: 
!!:. 
� 
u. 

22 Q. 
tSI 1-en 
z 
w 
> 

21 .!!! � � " .. ., -� "" <.> .!! (j Q. 
E .. 

20 ei 

1 9  

l 
:� .!!! .. 

,. .i! 
e e � 1 8  ., .. Q. "" " ei <.> ! (j ei 

r- -
f 

r- -

r- f -

cZ:> � = 

r- ' l -

r- fewer ribs bul 
r more silty overall -

- l -
- -

? CD Cb 
� ) --=== 

many !hin silt ribs -

� 

<CD 

. . 

l 

J 

J 

j 

5 

l 

J 

J 

:: 
-

c 

<ZZ> 

. . . . . 

' 

J 

J 

. /  

o more silty and a: 
!!:. slightly paler 

1 3 
� c �  3 
u. o "l! 
Q. .... - - - - - -

tSI € E  
1- �!§ ' l en 
z :.o � - dark grey w - � o 

2 � "'  > ""' 
= e  
"' :5  

1 2  

medium-dark grey, 
slightly brown 

no bioturb. 
1 1  

o -grey silty shale 1 0 

� u. 
� 
z 9 
< 
> ...J 
o en -2 

8 

Fig. 7. The Venstøp Formation on Frognøya and the underlying top Solvang Formation (Høgberg Member) with stratigraphical 
distribution of graptolites. 

and the base of the Grimsøya Formation at 8.0 
m. These may, however, be repeated by strike 
faulting and the measurements should be treated 
with caution. 

Nesbru. NM 873 376 (Fig. 6) . A road cutting on 
the south bound (west hand) carriageway of the 
E18 motorway 300 m south of the cross over the 
R165 . The cutting is fairly recent but the shales 

are already weathered, dipping at 40/330. Clea
vage is fairly heavy but subordinate to bedding 
and both Dicellograptus pumilus Lapworth and 
Orthograptus amplexicaulis (Hall) were found 
0.5-0.6 m above the base. 

The top of the Solvang Formation is represent
ed by a thick development of green limestones 
and silts. It is overlain by the phosphorite which 
is here associated with pale green, heavily biotur-



NORSK GEOLOGISK TIDSSKRIIT 2-3 (1983) The Caradoc-Ashgill boundary in Oslo Region 157 

bated and possibly reworked sediment. It is fol
lowed by darker grey, fair! y calcareous, biotur
bated shale which becomes more massive after l 
m. A narrow nodular limestone occurs at 1.8 m, 
with thicker limestone beds at 3.6 and 4.7 m. The 
first band of coarse bioturbation is at 3.1 m, 
while the dark, carbonaceous bands are between 
6.2 and 6.7 m. The first limestone of the upper 
member of the Venstøp Formation is at 7 m; 
both this and the following limestone appear to 
lack bioturbation, while the remaining ones are 
very heavily and commonly coarsely bioturbated. 
Orthocones are common in both the limestones 
and shales of the upper member, which is far 
thicker here than in the eastern part of the Oslo 
district. Thirteen limestones are present before 
two bands of tightly compact nodules; the base of 
the Grimsøya Formation is taken at 10.9 m 
where the tightly compact nodular lithology be
comes continuous. 

Frognøya (Ringerike). NM 652 582 (Fig. 7). A 
cliff exposure on the north-west of the island. 
Owen (1979, p. 253) defined this as the strato
type of the Frognøya Shale which he later consid
ered (1981, fig. l) to be a geographical member 
constituting the whole of the local Venstøp Shale 
Formation. The shale is not cleaved, although 
bedding planes show a surface lineation, and dips 
at 20/100. Owen (1977, fig. 23, 1979) considered 
the Frognøya Shale to be 23.85 m thick, while 
the present study indicates a figure of 26 m. 
Following experience in measuring similar sec
tions both in the present study and elsewhere, 
the authors consider that maximum precision in 
measuring non-vertical profiles through such 
lithologies is about 10%, the discrepancy be
tween the present and Owen's measurements ly
ing within this range. The lithological record of 
the basal 15 m agrees well with Owen's unpub
lished figure, while the upper part varies some
what. 

The top of the Solvang Formation is here re
presented by the Høgberg Member ( defined 
Owen 1979, p. 249), consisting of blocky, grey 
silty limestones with grey-green silt partings. 
Owen (op. cit.) recorded a diverse trilobite fauna 
including Tretaspis seticornis (Hisinger) and Tre
taspis kiaeri Størmer which he considered to be 
lowest Pusgillian in age. Although the base of the 
Venstøp Formation (Frognøya Member) is 
sharp, it shows no sign of the phosphorite devel
oped throughout the Oslo district. The whole of 
the Venstøp Formation is rather silty with a dis-

tinet brown hue. The basal l.5 m is unbioturbat
ed, but above this, fine bioturbation is more or 
less continuous throughout the succession. A 
narrow silt band occurs at 1.5 m in an otherwise 
continuous shale for the first 4 m. Above this 
leve! nodular limestones, detrital limestones and 
calcareous silts occur. Owen (1977, fig. 23) did 
not distinguish between these lithologies; al
though there is continuous variation between 
them, the detrital horizons are clearly primary, 
while the crystalline limestone nodules may be 
partly secondary in origin. It is therefore consid
ered important to attempt to subdivide the litho
logies. One silt horizon at 6.0 m contains occa
sional limestone nodules which were almost cer
tainly secondary developments. 

Between 11.3 and 15.5 m and 21.7 to 25.2 m 
are intervals with densely packed thin silts which 
are here shown diagramatically. The Venstøp 
Formation becomes rather more massive towards 
the top, while the junction with the overlying 
Sørbakken Formation is drawn at the base of the 
first thick, continuous limestone, here recorded 
at 26 m. Above this leve! the shales are paler and 
more calcareous. The Venstøp Formation con
tains rare graptolites in the shales, which are 
difficult to find owing to their preservation as 
black, flattened films in a dark brown-grey shale. 
Owen (1979, p. 253) recorded Dice/lograptus cf. 
johnstrupi Hadding 7.5 m below the top. This 
specimen is beautifully preserved in full relief 
(Fig. lOD) and is here identified as Dice/lograp
tus morrisi Hopkinson. The calcareous silt hori
zon which yielded the specimen was relocated 
during the present study and recorded at 17.7 m 
(8.3 m below the top). Although numerous flat
tened, very poorly preserved Dicellograptus were 
recovered from this leve!, no additidnal three
dimensional specimens were found. The grapto
lite fauna is insufficient to indicate whether the 
age of the Frogn øya Member is dis tinet from that 
of the Venstøp Formation in the Oslo district, 
but does indicate that it is no younger than P. 
linearis Zone. 

The Caradoc-Ashgill hiatus 

l. The phosphorite. - A bed of phosphorite has 
long been known to occur at the base of the 
Venstøp Formation (Størmer 1953), except on 
Nakholmen where Owen (1979, 1981) took the 
transition from the limestone-shale alternations 
of the Solvang Formation into dark shale as 
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Fig. 8. Comparison of sections through the Venstøp Formation in the Oslo district. 

marking the lower boundary. This resulted in the 
phosphorite being placed l m above the base of 
the Venstøp Formation on Nakholmen. We how
ever assign these dark shales below the phos
phorite to the Solvang Formation, meaning that 
the phosphorite occurs at the base of the Ven
støp Formation throughout the Oslo area. 

Detailed petrological study of the phosphorite 
and its origin is still awaited. Bjørlykke (1974, p. 
19) stated that it 'contains fragments of phos-

phorite and of micritic limestone in a matrix of 
fine grained quartz sand (O.l mm)' and that 
chemically it contains l% P205 (Bjørlykke 
1974, p. 53). Our observations indicate that it 
consists of limestone clasts or nodules coated 
with apati te and gra phi te (XRD analyses by Dr. 
C. Helvaci, pers. comm.).  At the Snarøya sec
tion (Fig. 5) the top of the Solvang Formation is 
clearly brecciated with dark, phosphoritised(?) 
veins. The phosphorite nodules occur in a heav-
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ily bioturbated dark shale in the eastern profile 
on Nakholmen and this may be true of other 
neighbouring localities, although not observed in 
the present study. At Nesbru a heavily bioturbat
ed green shale occurs in association with the 
phosphorite, while at Snarøya and other westerly 
sections a similar horizon occurs just below; un
like other bioturbated units the burrows are in
filled with dark material which may also be phos
phorite. These observations indicate that the 
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phosphorite represents not only a period of non
deposition, but one of active erosion with a pos
sible development of a hard ground. The anoma
lous occurrence of the dark unit marking the top 
of the Solvang Formation on Nakholmen may 
represent a remnant of strata removed elsewhere 
during this period (Fig. 8, Fig. 9). 

Interestingly enough, an almost identical suc
cession to that on Nakholmen was reported by 
Thorslund (1948, pp. 343--345) from the Kulla-
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younging of the top of the Solvang Formation. The remnant of dark shale at Nakholmen is of beds considered to have been 
removed elsewhere. 

torp borehole in Vastergotland, Sweden. Here l 

m of black shale containing a similar D. clingani 
Zone graptolite fauna to that on Nakholmen, is 
followed by a thin, partly phosphoritised lime
stone containing Tretaspis ceriodes (Angelin). 
Thorslund (1948, p. 357) assigned this lime
stone and underlying shale to the Chasmops 'Se
ries' (Viruan) in a similar manner to us. Skog
lund (1963, p. 8) later defined these beds as the 
Mossen Formation (see Jaanusson 1982a, fig. 4, 
1982b, pp. 171-173). The Kullatorp succession 
differs, however, from that on Nakholmen in 
that the Mossen Formation is separated from the 
underlying Skagen Limestone by a hiatus. 

2. Fauna/ evidence for a hiatus. - In discussing 
the fauna from the section on Nakholmen, Owen 
(1979, 1981, p. 5, table l) and Bruton & Owen 
(1979) assigned the dark shale and limestone unit 
below the phosphorite to the Venstøp Forma
tien. It yields the Actonian/Onnian trilobites 
Triarthus linnarssoni Thorslund and Tretaspis 
ceriodes (s. 1.) and consequently gives their de
fined base of the Venstøp Formation on Nakhol
men a Caradoc age. Elsewhere in the Oslo area 
the base is marked by a phosphorite lying direct
ly on the typical lithologies of the Solvang For
mation, while succeeding beds contain Tretaspis 
seticomis (Hisinger) and other taxa indicative of 

a low Ashgill (Pusgillian) age. On the basis of 
this evidence they concluded that the hiatus pos
tulated by Kiær (1921) and Størmer (1953, p. 87) 
and represented by the phosphorite did not exist, 
and that the restriction of T. kiaeri to Ringerike 
was due not to a break in the Oslo succession but 
to ecological control. 

On Nakholmen the top of the Solvang Forma
tien, as defined here, contains Dicranograptus 
clingani resicis subsp. nov., Amplexograptus 
compactus (Elles & Wood), Amplexograptus pul
chellus (Hadding), Neurograptus margaritatus 
(Lapworth) and Corynoides incurvus Hadding, 
indicating without doubt the presence of the D. 
clingani Zone as defined in Britain. Work by 
Williams (1982) suggests further that this assem
blage belongs to an earlier, råther than later, 
part of the zone. Succeeding beds of the Venstøp 
Formation on Nakholmen and elsewhere yield a 
conspicuously different graptolite fauna. The as
sociation of Dicellograptus pumifus Lapworth, 
Orthograptus amplexicaulis (Hall) and Climaco
graptus cf. brevis Elles & Wood indicates an 
uncertain late D. clingani or P. linearis Zone 
age. However, the occurrence of Pseudoclimaco
graptus (Pseudoclimacograptus) clevensis Skog
lund several metres above the base and that of 
Orthograptus pauperatus Elles & Wood at a 
number of horizons indicates unequivocal P. lin-
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earis Zone. Furthermore, the presence of Clima
cograptus tubuliferus Lapworth in the uppermost 
part of the lower member on Grimsøya and 
slightly lower on Gressholmen suggests the mid
dle P linearis Zone (for discussion of the range of 
this species see systematic description). 

Although there remains some uncertainty in 
precise zonal placement, the graptolites from the 
top of the Sol vang Forma ti on and the lower part 
of the Venstøp Formation appear to give finer 
biostratigraphical control than the trilobites. 
While the latter fail to confirm the presence of a 
break in succession because of the possibility of 
ecological control, the graptolites now give ad
ded support to the sedimentological evidence 
and suggest that the hiatus spans the time inter
val including the late D. clingani and early P. 

linearis zones. 

Correlation of the Caradoc-Ashgill 
boundary with the graptolite zones 

The stratigraphical ranges of trilobites across the 
Caradoc-Ashgill boundary in the Oslo Region 
were documented by Bruton & Owen (1979) and 
the faunas described by Owen & Bruton (1980) 
and Owen (1980, 1981). Comparison was made 
with similar faunas from the Actonian and On
nian stages in the type Caradoc succession of the 
Welsh Borderlands, England (Dean 1960, 1963). 
On this basis they considered the top of the 
Solvang Formation (as defined here) to be equiv
alent to late Actonian or Onnian, and the suc
ceeding Venstøp Formation (Owen 1981, fig. l) 
to be Pusgillian (lower Ashgill). 

On Nakholmen aD. clingani Zone graptolite 
assemblage is followed by a limestone yielding 
Onnian trilobites below the phosphorite. Above 
the phosphorite in the Venstøp Formation a P. 
linearis Zone graptolite fauna occurs in associ
ation with Pusgillian trilobites. An almost identi
cal succession is known from the Kinnekulle 
borehole in Vastergotland, Sweden (Thorslund 
1948, pp. 344-345, 357), thus indicating a second 
district in southern Scandinavia yielding Acto
nian/Onnian trilobites in association with mid
dle(?) D. clingani Zone graptolites. This seems 
somewhat at variance with the views of Ingham 
& Wright (1970) who drew the Caradoc-Ashgill 
boundary in the middle of the succeeding P. 

linearis Zone. Much of their evidence for corre
lation of the graptolite zones with the shelly 
stages was, however, tenuous, and recent studies 

by Williams (1981, 1982) and the present joint 
work calls for a reappraisal of previous records. 

In the Welsh Borderlands, Wade (1911) re
corded 'Orthograptus truncatus socialis' Lap
worth, a species characteristic of the Dicellograp
tus complanatus Zone, from the top-most beds of 
the Onny River section, and assigned them to the 
Ashgill, although they are now known to be late 
Caradoc in age. Bancroft (1933) equated the Ac
tonian Stage with the P. linearis Zone without 
comment. Dean (1958) found that O. socialis 
was not common in the Onny River, but did 
obtain a few graptolites which Strachan identi
fied as being no later in age than D. clingani 
Zone. These graptolites were 'Orthograptus of 
the truncatus group' ( = O. ex gr. amplexicaulis 
(Hall)) and 'Diplograptus (s. s. ) sp.'. As pointed 
out by Ingham & Wright (1970) this material is 
not sufficient to confirm the presence of the D. 
clingani Zone. Williams (1981, appendix l) ob
tained a moderately rich, but difficult to identify, 
fauna from the Onnian Stage of the Onny River 
section, including Dicellograptus spp. indet., Cli
macograptus mohawkensis (Ruedemann)?, Cli
macograptus spp. indet., Orthograptus q. quadri
mucronatus (Hall)?, O. ex gr. calcaratus (Lap
worth) and Amplexograptus compactus Elles & 

Wood?. He concluded that the assemblage was 
not zonally diagnostic, although if A. compactus 
s. s. was present, then the D. clingani Zone was 
indicated in association with an Onnian Stage 
shelly fauna. 

In Mid Wales the graptolitic Nod Glas shales 
occur in an otherwise shelly fauna! sequence. 
Shales from North Wales were considered to be 
equivalent by Cave (1965), although this was 
questioned by Whittington (1968, p. 112). Pugh 
(1923, 1928) recorded a mixed D. clingani!P. 
linearis Zone assemblage from the Nod Glas of 
the Corris area, as did Harper (1956) and Wil
liams (1981, appendix l) from broadly equivalent 
shales at Llanystumdwy near Criccieth, North 
Wales. Cave (1965) obtained the Onnian trinu
cleid trilobite Onnia gracilis (Bancroft) together 
with graptolites which he considered to be no 
later than D. clingani Zone. His assemblage of 
Dicellograptus morrisi Hopkinson, Climacograp
tus minimus (Carruthers) (sensu Elles & Wood, 
= C. mohawkensis (Ruedemann); see Williams 
1982), 'C. scalaris miserabilis Elles & Wood', 
'Orthograptus truncatus pauperatus Elles & 

Wood' and '0. calcaratus basilicus Lapworth' ( = 

Elles & Wood) is, however, more typical of the 
P. linearis Zone. Furthermore, it is now appar-
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ent (Lockley 1980, p. 39) that the Nod Glas shale 
and its equivalents represent a time span from 
mid-Caradoc to Ashgill with breaks in the suc
cession. 

The Caradoc-Ashgill succession at Girvan, 
south-west Scotland is apparent! y continuous and 
contains both shelly and graptolitic faunas. In 
Penwhapple Burn, Lapworth (1882, p. 606) re
corded a (probably late) D. clingani Zone grap
tolite fauna from the Cascade Beds of the Ard
well Group, including Dicranograptus ramosus 
(Hall), 'Dicellograptus forchhammeri Geinitz' ( = 

D. flexuosus Lapworth; see Williams 1982), Cli
macograptus caudatus Lapworth and 'Lasiograp
tus' margaritatus Lapworth. The higher part of 
the succeeding Lower Whitehouse Group in Pen
whapple Burn apparently contains a middle P. 
linearis Zone fauna (sensu Williams 1982). In 
addition to the zonal fossil itself, Lapworth 
(1882, p. 607) recorded Climacograptus tubuli
ferus Lapworth and Corynoides calicularis Nich
olson. Williams (1982) considers C. tubuliferus to 
be characteristic of the P. linearis and later 
zones, while C. calicularis and other Corynoides 
species are normally restricted to the D. clingani 
and earlier zones. Ingham & Wright (1970, p. 
235) and Ingham (1978, pp. 170-171) recorded 
the occurrence of Tretaspis ceriodes group trilo
bites from the base of the Upper Whitehouse 
Group on the Girvan foreshore and Penwhapple 
Burn, suggesting that the early and middle parts 
of the P. linearis Zone are no younger than 
Onnian in age and that the Caradoc-Ashgill 
boundary must Iie within the P. linearis Zone, a 
correlation accepted by A. Williams et al. (1972) 
and later authors. 

The successions at Nakholmen, Norway and 
Kinnekulle, Sweden therefore provide evidence 
conflicting with the Girvan succession but are 
similar to that of the Onny River, Welsh Border
lands, in that a middle(?) D. clingani Zone grap
tolite fauna is associated with Actonian/Onnian 
trilobites and (early to middle?) P. linearis Zone 
faunas are found with Pusgillian trilobites. Thus 
the D. clingani-P. linearis zonal boundary may 
correlate in the shelly sequence with somewhere 
from the late Actonian to early Pusgillian. The 
Caradoc-Ashgill sections in Wales and at Girvan 
clearly require critical recollecting and descrip
tion of the graptolites, and until this is completed 
no unequivocal conclusion may be made. On 
balance, however, it is our suggestion that the 
Caradoc-Ashgill boundary might well coincide 
approximately with the D. clingani-P. linearis 
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zonal boundary and not with the middle of the P. 
linearis Zone as suggested by Ingham & Wright 
(1970). 

Systematic section 

S. HENRY WILLIAMS 

All specimens are from the authors' collection, 
housed in the Paleontologisk Museum, Universi
tetet i Oslo (PMO) unless otherwise stated. 
Other material is from the Department of Geo
logical Sciences, Birmingham University (BU), 
the Hunterian Museum, Glasgow University 
(HM C) and the Palaeontologisk Institution, 
Universitetet i Lund (LO). Cleavage trace where 
present is indicated on illustrations. 

Family DICRANOGRAPTIDAE Lapworth, 1873 

Genus Dicranograptus Hall, 1865 

Type species (by original designation). Grapto
lithus ramosus Hall, 1847, p. 270, pl. 73, fig. 3. 

Diagnosis (from Bulman 1970, V121). Proximal
ly biserial, dividing distally to 2 uniserial reclined 
stipes. 

Dicranograptus clingani Carruthers, 
1868 resicis subsp. nov. 
Figs. lOE-I, llA-F, 12A, B 

D 1915 Dicranograptus clingani Carr.; Hadding 
(pars), pp. 22-23, pl. 3, fig. 6. 

Derivation of name. - resicis (Latin) - stub of 
plant left after pruning. 

Holotype. - PMO 108.844 and counterpart PMO 
108.843. Internal casts of obverse and reverse 
views respectively, figured Figs. lOG-L From the 
dark shale member of the top Solvang Forma
tion, 0.5 m below the phosphorite, D. clingani 
Zone, Nakholmen. 

Material. - About thirty specimens preserved in 
various states of relief from fully three-dimen
sional to flattened. 
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Horizons and /ocalities. - Dark shale member of 
the Solvang Formation, 0.65-0.4 m below the 
phosphorite, D. clingani Zone, Nakholmen. 

Diagnosis.- Rhabdosome small, biserial portion 
with two or three thecal pairs, commonly 2 mm 
long and l mm wide. Uniserial portion 0.5-0.6 
mm wide (0.8 mm flattened and deformed). The
cae with gently convex supragenicular walls and 
slightly introverted apertures opening in to simple 
excavations, numbering 10-12 in 10 mm. First 
two thecae with mesial spines. 

Description. - The rhabdosome has stipes up to 
14 mm long. The proximal biserial portion con
sists of two or three thecal pairs, normally mea
suring 2 mm long and l mm wide. The width 
after th21 increases rapidly to 1.5-2.0 mm at the 
most distal part of the biserial portion. The stipes 
in the uniserial portion show strong, normally 
right-handed, torsion resulting from the original
ly spiralled nature of the rhabdosome. Undistort
ed dorso-ventral measurements are therefore not 
available, although the stipes seem to have been 
an almost uniform 0.5-0.6 mm wide throughout 
their length. This width may be up to 0.8 mm 
when flattened and tectonically distorted. The 
thecae number a constant 10-12 in 10 mm. The 
sicula is visible for about 0.7 mm in obverse view, 
although it may be almost as long as the biserial 
portion. It possesses a virgella up to 0.4 mm long 
and a short nema which occasionally extends 
distally beyond the biserial portion. Thl1 origi
nates from a point on the reverse side of the 
sicula some 0.6 mm above the aperture and 
grows down a short way beyond the sicula aper
ture before hending up. Thl2 grows down to a 
point a little above the sicula aperture before 
bending upwards. Both thl1 and 12 possess short 
mesial spines, although these are not commonly 
seen. Remaining development of the biserial 
portion is not clear; a pronounced median sep
turn is present throughout in obverse view, but 
no well preserved specimens have been found in 
reverse view to confirm that it is complete. It 
may be inferred that th31 is the dicalycal theca as 
illustrated for D. nicholsoni Hopkinson, 1870 by 
Bulman (1970, fig. 56), in which case the median 
septum must be complete. The remaining thecae 
in the biserial portion possess gently convex su
pragenicular walls above a slight geniculum and 
curved interthecal septa, which have a short ini
tial portion inclined at about 90° to the dorsal 
wall before bending up to run parallel with it. 

The apertures are slightly introverted and open 
into sub-triangular excavations which occupy 1/4 
of the total ventral wall and 116 of the total stipe 
width. The thecal style in the uniserial portion is 
unclear due to stipe torsion. It appears broadly 
similar to that of the early thecae but with 
straighter supragenicular walls and shorter, slit
like excavations. Prothecal folds are pronounced 
in the proximal uniserial portion and produce a 
slightly zig-zag median septum in the biserial 
portion. 

Remarks. - D. clingani resicis agrees broadly 
with Strachan's (1969, p. 190) revised description 
of the type material of D. clingani, with the 
exception of the biserial portion which is consis
tently shorter (2-3 pairs as opposed to 3--6 pairs 
when including Elles & Wood's (1904) topotype 
material). Although this difference appears small 
when the variation in topotype material is con
sidered, specimens of D. clingani with a short 
biserial portion have been recorded previously 
from other localities (e.g. Pugh 1923, p. 518 from 
the basal Nod Glas, Mid Wales; Hadding 1915 
from Jerrestad, Bornholm) and the variation is 
possibly stratigraphically significant. The reduc
tion in length of the biserial portion could be an 
evolutionary feature, those with a short one be
ing from horizons later than the last occurrence 
of D. clingani s.s. in southern Scotland. Had
ding's specimens of 'D. clingani' from Jerrestad 
agree well with D. clinigani resicis, while those 
from Vasagaard have rather longer biserial por
tions and one specimen has stipes 40 mm long. 
Further study could reveal continuous variation 
in coeval populations of D. clingani, in which 
case the material from Oslo could be assigned to 
Carruther's species, or that there is an evolution
ary change, in which case a fine subdivision of 
the D. clingani Zone may prove possible. D. 
clingani and D. clingani resicis possess a simple 
thecal style atypical of Dicranograptus which 
clearly separates them from all other members of 
this genus. It perhaps indicates a polyphyletic 
origin for Dicranograptus, although no dicrano
graptid or diplograptid ancestor is immediately 
apparent. 

Genus Dicellograptus Hopkinson, 
1871 

Type species (subsequently designated Gurley 
1896, p. 70). Didymograpsus elegans Carruthers, 
1867, p. 369, pl. 2, fig. 16a. 
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Diagnosis (from Bulman 1970, V121). Rhabdo
some of two reclined uniserial stipes, straight or 
curved. 

Dicellograptus pumilus Lapworth, 
1876 
Figs. lOA-C, 13A-0 

O 1876 Dicellograptus pumilus Lapw.; Lap
worth, pl. 4, fig. 81. 
O 1904 Dicellograptus pumilus Lapworth; Elles 
& Wood (pars) , p. 149, pl. 21, figs 3a, b d-f, 
text-figs 92a, b (non pl. 21, fig. 3c = D. morrisi) . 
O ?1915 Dicellograptus pumilus Lapworth; Had
ding, pp. 23-24, pl. 3, fig. 11. 
O 1963 Dicellograptus sp.; Skoglund, pp. 36-
37, pl. l, fig. 10. 
O ?1964 Dicellograptus pumilus Lapworth; Obut 
& Sobolevskaya, p. 40, pl. 6, figs 3-5. 
O 1982 Dicellograptus pumilus Lapworth (sic); 
Williams, pp. 239-243, figs 8d-j. 

Type specimen. -Not yet designated. Lapworth's 
material is from the Lower Hartfell Shale of 
Hartfell Spa near Moffat, southem Scotland. 

Material.- Several hundred specimens preserved 
in various states of relief from fully three-dimen
sional to flattened. One fragmentary specimen in 
partial relief from the Owen Collection (Hunter
ian Museum, Glasgow University). 

Horizons and localities. - The lower member of 
the Venstøp Formation, P. linearis Zone, at Ole 
Deviks Veien (bottom 6.5 m), Gressholmen 
(1.2-3.2 m above base), Nakholmen (0.25--0.5 
m), Snarøya (0.5--0.65 m) and Nesbru (0.5--0.6 
m). Fragments also found at Fornebu (0.5 m) 
and Bygdøy (Owen Collection). 
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Fig. 11. Dicranograptus clingani resicis subsp. nov. Dark Shale 
member, top Solvang Fm., 0.5 m below phosphorite, D. clin

·gani Zone, Nakholmen. A-E X 5, F X 10. A. PMO 108.860. 
Partial relief, obverse view. B. PMO 108.858. C. PMO 
108.850. Flattened, top of sieula possibly visible. D. PMO 
108.924. Partial relief, obverse view. E. PMO 108.875. With 
sub-parallel stipes. F. PMO 108.878. Partial relief, obverse 
view. 

Fig. JO. A-C. Dicellograptus pumilus Lapworth, 1876. Venstøp Formation, P. linearis Zone. x 5. A. PMO 108.957. Reverse view 
of proximal development. 0.25 m, Nakholmen. B. PMO 108.703. 0.25-0.35 m, Ole Deviks Veien. C. PMO 108.704. 0.25-{).35 m, 
Ole Deviks Veien. D. Dicellograptus mo"isi Hopkinson, 1871. HM C1890a. Reverse view, in full relief. Note pronounced right
handed slipe torsion and lateral grooves above prothecal folds. Detrital limestone 8.3 m below top of Venstøp Fm. (Frognøya 
Member), P. /inearis Zone, Frognøya. A. W. Owen Coll. x 10. E-1. Dicranograptus clingani resicis subsp. nov. Dark shale 
member, top Solvang Fm., 0.5 m below phosphorite, D. clingani Zone, Nakholmen. E. PMO. 108.850. Several flattened 
specimens. x 2. F. PMO 108.858. With virgella protruding beyond biserial portion. x 5. G. PMO 108.843. Latex east of holotype 
(counterpart) in reverse view. Note pronounced right-handed slipe torsion. x 5. H. PMO 108.844. Latex east of holotype (part) in 
obverse view. x 5. I. PMO 108.844. Proximal detail. Note clearly visible sicula and prominent median septum in biserial portion. 
X 10. 
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Diagnosis (slightly revised after Williams 1982). 
- Stipes up to 50 mm long, widening gradually 
from 0.4-0.5 mm to a maximum 0.6--0.8 mm, 
axial angle 30 to 60°. Thecae with gently curved 
supragenicular walls and slightly introverted ap
ertures, numbering 9-12 in 10 mm. 

Description. - The stipes are normally under 20 
mm long, although distal fragments up to 50 mm 
have been found. They widen from 0.4-0.5 mm 
at the aperture of th21 to 0.5--0.7 mm in 5 mm, 
and then increase almost imperceptibly to a 
maximum of 0.8 mm. The thecae number 10-12 
in 10 mm proximally, reducing slightly to about 9 
in 10 mm distally. The longest sicula observed 
measures l. 7 mm long, although it is rarely pre
served complete. The virgella is conspicuous but 
narrow, measuring up to 0.3 mm long. Th11 

originates from the left hand side of the metasi
cula some 0.5 mm above its aperture. It grows 
down along the sicula and the ventral wall ap
pears to follow the virgella once the theca has 
reached below the sicula aperture. It then bends 
to grow almost horizontal for 0.5-0.7 mm before 
turning slightly upwards to form the aperture. At 
this point a sub-apertural spine up to 0.3 mm 
long is produced. Th12 buds from th11 at its 
highest point on the reverse side of the sicula. It 
immediately grows down and across, then bends 
to grow horizontal or slightly upwards once the 
aperture of the sicula has been reached. It turns 
further upwards just before the aperture, giving 
off a sub-apertural spine similar to that of th11. 
Th21 buds from th12 directly opposite the sicula 
axis on the reverse side and grows slightly down 
before turning horizontal then upwards. Th22 

buds from th21 at a point slightly to the right of 
the sicula axis on the reverse side. It initially 
grows horizontal for a short distance before 
hending up. Th21 and 22 occasionally possess 
short, inconspicuous sub-apertural spines. 

The remaining thecae develop as two separate 
series and show little evidence of changing thecal 
style distally. Their appearance is, however, 
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somewhat variable depending on both tectonic 
stretching and stipe orientation; in full profile 
view the thecae are rather long and narrow, the 
interthecal septum sloping at about 20° to the 
dorsal wall for most of its length. However, it 
grows initially almost perpendicular to the dorsal 
wall for the first 0.05 mm of its length and this 
portion is sometimes thickened into an oval 
node. The septum becomes parallel to the dorsal 
wall immediately before the aperture. The supra
genicular wall is slightly concave then convex 
above the pronounced geniculum. The convex 
apertural portion is somewhat introverted, open
ing in to a narrow, pouch-shaped excavation oc
cupying 112-1/3 the total stipe width and reaching 
down for 113 to 114 the length of the supragenicu
lar wall. Prothecal folds are commonly pro
nounced, growing around the initial portion of 
the interthecal septa. They occasionally form a 
prothecal 'notch' marked by a groove in the dor
sal wall on the distal side of the fold, which may 
give the false appearance of a thecal aperture 
when preserved in dorsal scalariform orientation. 
When the thecae are preserved in slightly ob
lique orientation the interthecal septum appears· 
more steeply inclined to the dorsal wall and the 
supragenicular wall possesses more pronounced 
proximal and distal sloping portions. The excava
tions commonly appear wider. When the proxi
mal thecae are preserved obliquely the sub-aper
tural spines sometimes appear mesial, giving a 
thecal style similar to D. morrisi Hopkinson, 
1871. 

Remarks. - The type and topotype material of D. 
pumilus described recently by Williams (1982) is 
flattened and poorly preserved and the thecal 
style could therefore not be ascertained accurate
ly. This is the first time that D. pumilus has been 
described using well preserved material. The 
specimens described here are extremely variable 
in appearance owing to tectonic deformation and 
diagenetic compaction in a variety of orienta
tions. Because of this variability it was initially 

Fig. 12. A, B. Dicranograptus clingani resicis subsp. nov. Dark shale member, top Solvang Fm., 0.5 m below phosphorite, D. 
clingani Zone, Nakholmen. A. PMO 108.863. Latex east, showing proximal portion in obverse view. x 10. B. PMO 108.850. x 5. 
C-E. Climacograptus tubuliferus Lapworth 1876. Venstøp Fm., P. /inearis Zone, Grimsøya. x 5. C. PMO 109.010. Distal fragment 
with narrow nema. 0.65 m below upper member. D. PMO 109.009. Distal fragment with thickened nema. Horizon as Fig. 12C. E. 
PMO 109.025. Proximal fragment in partial relief. Proximal detail tigd. Fig. 15A. 0.8--0.9 m below upper member. F-1. 
Climacograptus cf. brevis Elles & Wood 1906. PMO 108.959. Associated with Onniella? sp. Venstøp Fm., 0.25 m above base, P. 
linearis Zone, Nakholmen, x 5. G. PMO 109.933. Latex east in reverse view. Dark shale member, top Solvang Fm., 0.65 m below 
phosphorite, D. clingani Zone, Nakholmen. x 10. H. PMO 108.%5. Obverse view, in relief. Venstøp Fm., 0.25 m above base, P. 
linearis Zone, Nakholmen. x 10. l. PMO 108.731. Distal fragment in scalariform orientation. Venstøp Fm., 0.46 m above base, P. 
/inearis Zone, Ole Deviks Veien. x 5. 
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Fig. 13. Dicel/ograptus pumilus Lapworth 1876. Venstøp Fm. , P. linearis Zone. A-F X 10, G-0 X 5. A. PMO 108.957. Detail of 
proximal development in reverse view. Also figd. Fig. lOA. 0.25 m, Nakholmen. B-D. 5. 0 m, Ole Deviks Veien. B. PMO 108. 753. 
Reverse view with almost complete sicula. C. PMO 108.755. Reverse view. D. PMO 108.756. Juvenile in obverse view with almost 
complete sicula. E. PMO 108.968. Obverse view, with long proximal spines. 0.25 m, Nakholmen. F. PMO 108.978. Reverse view 
with clear proximal development. 0. 5--0.65 m, Snarøya. G-1. 0.25--0.35 m, Ole Deviks Veien. G. PMO 108.716. H. PMO 108.715. 
Juvenile. I. PMO 108.714. J-M. 5.0 m, Ole Deviks Veien. J. PMO 108. 748. K. PMO 108.752. L. PMO 108.750. M. PMO 108.758. 
N. PMO 108.784. 6. 5 m, Ole Deviks Veien. O. PMO 108. 967. 0.25 m, Nakholmen. 

impossible to decide whether one or several Di
cellograptus taxa were present and they were all 
referred to 'D. cf. morrisi' as recorded from the 
Venstøp Formation by previous authors ( Owen 
1977; Harland 1980). However, careful study of 
several hundred specimens, of which approxi
mately one hundred have been catalogued, has 
revealed continuous variation between such ap
parently diverse forms as shown in Figs 13B and 
F, and the description matches el ose ly the brief 

one of the type material of D. pumilus. The 
specimens from Oslo do, however, appear to 
have possessed more tightly spiralled stipes than 
the types, resulting in stronger stipe torsion and 
giving a wider variation in axial angle. 

When preserved in full profile orientation, the 
difference between D. morrisi and D. pumilus is 
clear, D. morrisi having steeper interthecal 
septa, . more introverted apertures and pro
nounced proximal and distal sloping portions of 
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the supragenicular walls separated by mesial 
spines in up to the twelfth pair of thecae. The 
axil is also more narrow and robust and the stipes 
widen more rapidly. Proximal specimens of D. 
pumilus preserved in oblique orientation (e.g. 
Fig. 13B) may, however, give a superficial re
semblance to D. morrisi, although they never 
possess angular supragenicular walls or such a 
robust appearance. The thecal style of D. pumi
lus is somewhat reminiscent of the earlier D. 
flexuousus Lapworth, 1876 (ex D. forchhammeri 
(Geinitz, 1852) - see Williams 1982), although 
the latter has a larger and more robust rhabdo
some with an open, Leptograptus-like appear
ance. In addition it appears to have less intro
verted thecae, although no well preserved, three
dimensional specimens have been found to con
firm this. D. johnstrupi Hadding, 1915 possesses 
similar supragenicular walls and sub-apertural to 
mesial spines to D. pumilus, but the apertures 
are deeper and more introverted. D. carruthersi 
Toghill, 1970 is the only other species from a 
similar horizon which might be confused with D. 
pumilus. Both the stipe widths and thecal style 
are broadly similar (although known only from 
flattened specimens), but the axil of D. carru
thersi is narrower and more angular. 

Dicellograptus morrisi Hopkinson, 
1871 
Figs 100, 14A-E 

O? 1867 Didymograpsus flaccidus Hall; Nichol
son, pp. 110-111, pl. 7, figs 1-3. 

O 1868 Didymograpsus elegans Carruthers; Car
ruthers (pars), pl. 5, figs 8b, c (non figs. 
8a, d = D. elegans s. s. ). 

O 1871 Dicellograpsus morrisi sp. nov.; Hopkin
son, p. 5, pl. l, figs 2a-h. 

O 1876 Dicellograptus morrisi Hopkinson; Lap
worth, pl. 4, fig. 85. 

O 1877 Dicellograptus morrisi Hopkinson; Lap
worth, pl. 7, fig. 6. 

O 1904 Dicellograptus morrisi Hopkinson; Elles 
& Wood, pp. 155-157, pl. 21, figs 6a-d, 
text-figs 98a-e. 

O 1904 Dicellograptus pumilus Lapworth; Elles 
& Wood (pars), pl. 21, fig. 3c (non p. 
149, pl. 21, figs 3a, b, d-f = D. pumilus 
s. s. ). 

O 1963 Dicellograptus morrisi Hopkinson; Skog
lund, pp. 31-32, pl. l, figs l, 2. 

O 1970 Dicellograptus morrisi Hopkinson; Tog-
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hill, pp. 17-18, pl. 7, figs 1-4, text-figs 
4d-f. 

O 1976 Dicellograptus morrisi Hopkinson; Erdt
mann, pp. 92-93, pl. 5, figs U2b, M/6a, 
pl. 11, fig. K/2b, pl. 12, fig. K/4. 

O 1982 Dicellograptus morrisi Hopkinson; Wil
liams, pp. 238-239, figs 7e, f, Sa-c. 

Type specimen. - Not yet designated. Hopkin
son's syntypes are from the Lower Hartfell Shale 
of Hartfell Spa near Moffat, southern Scotland. 

Material. - One specimen preserved in full relief 
from the Owen Collection (Hunterian Museum, 
Glasgow University). Twelve flattened sped
mens preserved as black films in dark brown
grey shale, and numerous badly preserved speci
mens preserved as black films in a coarse, calcar
eous silt. 

Horizons and localities. - Frognøya Shale Mem
ber of the Venstøp Formation, 8.3 and 9 m below 
the Sørbakken Forrnation, P. linearis Zone, 
Frognøya, Ringerike. 

Diagnosis (from Williams 1982). - Stipes over 90 

mm long, widening rapidly from 0.5 mm to a 
maximum 1.2 mm. Axial angle 30 to 60°, axil 
rounded. Thecae number 9-14 in 10 mm, with 
curved supragenicular walls and introverted ap
ertures. 

Description. - The !argest stipe fragment is 25 
mm long. The stipes widen rapidly from 0.5 mm 
at the aperture of th21 to 0.8 mm within 5 mm 
(slightly narrower when preserved in full relief) 
and reach a maximum of about l mm. The axial 
angle varies from 30 to 45°. The thecae num ber 
11-13 in 10 mm proximally but a distal count is 
not possible. The sicula measures approximately 
1.6 mm long and possesses a virgella 0.2 mm 

'long. Proximal development is unclear, except in 
the single specimen preserved in relief; it is 
broadly similar to that described for D. pumilus, 
but thl1 and 12 produce prominent mesial spines 
at the point where the ventral wall bends from 
horizontal to vertical. The remaining thecae have 
almost straight interthecal septa inclined at about 
45° to the dorsal wall, while the supragenicular 
walls are separated into almost straight proximal
ly and distally sloping portions by a short but 
conspicuous mesial spine in at !east the first 
twelve pairs of thecae. The apertures are intro
verted, opening into narrow, semicircular exca-
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Fig. 14. Dicellograptus morrisi Hopkinson 1871. Venstøp Fm. 
(Frognøya Member), 9 m below Sørbakken Fm. , P. linearis 
Zone, Frognøya. X 5. A. PMO Hl9.038. B. PMO 109.036. C. 
PMO 109.041. D. PMO 109.040. E. PMO 109.042. 

vations which occupy 112-1/3 the total stipe width 
and reach down for about 113 of the supragenicu
lar wall. Prothecal folds are prominent in the 
dorsal wall, especially in the three-dimensional 
specimen where 'grooves' can be seen as appar
ent extensions of the interthecal septa. These 
may represent the interthecal septal nodes as the 
specimen is an internal mould with no trace of 
the original outer periderm. 

Remarks.- The specimens from Frognøya agree 
well with the type material from southern Scot
land, although the maximum widths are a little 
narrower and the proximal thecal count slightly 
lower (11-13 instead of 12-14 in 10 mm). D. 
morrisi is clearly separable from D. pumilus by 
its more rapid widening, different thecal style 
and tighter axil and from D. johnstrupi Hadding, 
1915 by the position of the spines (mesial as 
opposed to sub-apertural), the convex nature of 
the supragenicular walls and the tighter axil. In 
addition to Norway and Great Britain, D. 
morrisi is also known from Sweden (Skoglund 
1963), Australia (pers. obs.) and Canada (Erdt
mann 1976). 
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Family DIPLOGRAPTIDAE Lapworth, 1873 

Genus Climacograptus Hall, 1865 

Type species (by original designation). - Grapto
lithus bicornis Hall, 1847, p. 268, pl. 73, fig. 2 
(pars- Riva 1974). 

Diagnosis (from Bulman 1970, Vl25). - Rhabdo
some nearly circular in crossection, scalariform 
views consequently common; thecae slightly 
geniculate, with deep apertural excavations, su
pragenicular walls straight, parallel to axis of 
rhabdosome. 

Climacograptus tubuliferus 
Lapworth, 1876 
Figs 12C-E, 15A-N 

O 1876 C/imacograptus tubuliferus Lapw.; Lap
worth, pl. 2, fig. 49. 

O 1877 Climacograptus scalaris var. tubuliferus 
Lapw.; Lapworth, pl. 6, fig. 33. 

O 1902 Climacograptus tubuliferus Lapworth; 
Hall, p. 55, pl. 13, fig. 5, pl. 14, fig. 4. 

O 1906 Climacograptus tubu/iferus Lapworth; 
Elles & Wood, pp. 203-204, pl. 27, figs 
8a-d, text-figs 134a-c. 

O 1947 C/imacograptus tubu/iferus Lapworth; 
Ruedemann, p. 440, pl. 75, figs 54-56. 

O ?1948 Climacograptus styloideus Lapworth; 
Henningsmoen, p. 404. 

O 1955 Climacograptus tubuliferus Lapworth; 
Harris & Thomas, p. 40, pl. l, figs 10-12. 

O 1960 Climacograptus tubuliferus Lapworth; 
Berry, p. 85, pl. 19, fig. 5. 

O 1963 Climacograptus tubuliferus Lapworth; 
Ross & Berry, p. 132, pl. 10, figs l, 2. 

O ?1963 Climacograptus styloideus Elles & 

Wood; Skoglund, pp. 38-40, pl. 2, figs 
1-4, pl. 3, fig. 3. 

O 1969 C/imacograptus tubuliferus Lapworth; 
Moors, pp. 268-270, figs 3a-c. 

O 1977 Climacograptus tubuliferus Lapworth; 
Carter & Churkin, pp. 23-24, pl. 7, fig. 
5. 

O 1982 Climacograptus tubuliferus Lapworth; 
Williams, pp. 245-246, figs lla-n. 

Type specimen. - Lapworth's original specimen 
has not yet been recognised (Strachan 1971, p. 
35). 
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Fig. 15. Climacograptus tubuliferus Lapworth 1876. Venstøp Fm., P. linearis Zone. x 5 (except A x 10). A-C. 0.&-0.9 m below 
upper member, Grimsøya. A. PMO 109.025. Proximal detail, reverse view, in relief. Complete specimen figd. Fig. 12E. B. PMO 
109.019. Oblique orientation, proximal missing. C. PMO 109.020. Distal fragment with thickened nema. D-L. 0. 65 m below upper 
member, Grimsøya. D. PMO 109.001. E. PMO 109.004 F. PMO 109.D13. G. PMO 109.011. H. PMO 109.002. l. PMO 108.999. J. 
PMO 109.000. K. PMO 109.006 L. PMO 109.012. M, N. 6 m above base, Gressholmen. M. PMO 108.820. N. PMO 108.825. 

Material. - About thirty specimens, mostly flat
tened but two preserved in partial relief. 

Horizons and localities. - Venstøp Shale, P. lin
earis Zone, 6 m above the phosphorite on Gress
holmen and 0.9-0.65 m below the first limestone 
band of the upper member on Grimsøya. 

Diagnosis (from Williams 1982). - Rhabdosome 
over 40 mm long, gradually increasing from 0.8 
mm to the maximum 2.0 mm in 20 mm. Proximal 
end pointed. Thecae typically Climacograptus in 
style, numbering 8-13 in 10 mm. Nema long and 
up to 1.5 mm wide. 

Description. - The rhabdosome is up to 25 mm 
Jong (excluding the nema), widening rapidly 

from 0.6--0.7 mm (up to 1.0 mm deformed) at the 
aperture of thl1 to 1.2-1.4 mm in 5 mm and 
reaching the maximum 1.5 mm ( occasionally up 
to 2.0 mm) in 10 mm. Proximally the thecae 
number 12-14 in 10 mm, reducing to 10-11 in 10 
mm distally. The sicula is exposed for about l 
mm in obverse view and possesses a long, con
spicuous virgella up to l mm Jong. Thl1 grows 
down parallel to the sicula and along the virgella 
0.2 mm below the sicula aperture before hending 
sharply upwards. Thl2 grows down only a short 
way before turning up, leaving a short section of 
the sicula wall exposed below it when preserved 
in full biprofile orientation. Th11 and 12 are non
spinose and the proximal end has a rather point
ed appearance. The remaining thecae have 
straight, vertical or sub-vertical supragenicular 
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walls above sharp genicula. The apertures are 
horizontal, opening into short and narrow exca
vations which occupy 114-116 of the rhabdosome 
width and 1/3-114 of the total ventral wall. The 
interthecal septa initially slope at about 45o to the 
rhabdosome axis, but quickly turn to run verti
cal. No median septum has been observed and it 
is unclear whether one existed. The nema ex
tends up to 4 mm distally and is commonly thick
ened up to 0.4 mm wide. Both the astogenetic 
stage when thickening begins, and the extent of it 
is variable. 

Remarks. -The specimens described here agree 
with Williams' (1982) diagnosis using type and 
topotype material from southern Scotland, al
though they are a little smaller and do not often 
reach a maximum width of 2.0 mm. Specimens 
described as C. styloideus Elles & Wood, 1906 
from the Fjacka Shale of Vastergotland, Sweden 
by Henningsmoen (1948) and Skoglund (1963) 
are rather narrower than Elles & Wood's types 
of this species and do not show the critical 'bal
loon-shaped' nemal attachments. It is therefore 
possible that their material should be referred to 
C. tubuliferus. Apart from C. styloideus, C. tubu
liferus is distinct from all other diplograptids oc
curring in the P. linearis Zone. 

Elles & Wood (1906) and several more recent 
authors have recorded rare C. tubuliferus from 
the D. clingani Zone, although Williams (1982) 
found the earliest occurrence at Dob's Linn to be 
middle P. linearis Zone and the earlier records 
are questioned. C. tubuliferus has been described 
from equivalent horizons in North America 
(Ruedemann 1947; Berry 1960; Ross & · Berry 
1963; Carter & Churkin 1977) and Australia 
(Hall 1902; Harris & Thomas 1955; Moors 1969), 
where it has recently been recorded from as high 
as the Upper Bolindian (equivalent of late Ash
gill, D. anceps Zone) by Vandenberg (1981). 
Cooper (1979) also recorded it from the ortho
graptus Zone of New Zealand (late Caradoc, D. 
clinganil P. linearis Zone equivalent?). 

Climacograptus cf. brevis Elles & 

Wood, 1906 
Figs 12F-I, 16A-I, 20E 

O cf., 1906 Climacograptus brevis sp. nov.; Elles 
& Wood, pp. 192-193, pl. 27, figs 2a
f, text-figs 125a, b. 
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O cf. 1963 Climacograptus brev is cf. mutabilis 
Strachan; Skoglund, p. 42, pl. 5, figs 
3, 4. 

O cf. 1974 Climacograptus brev is strictus (Ruede
mann); Riva, pp. 18--20, text-fig. 5. 

Material. - Numerous specimens preserved flat
tened and in partial relief. 

Horizons and localities. - Venstøp Formation, P. 
linearis Zone at localities in the Oslo district and 
on Frognøya, Ringerike. Dark shale member of 
the top Solvang Forrnation, 0.65--0.4 m below 
the phosphorite, D. clingani Zone, Nakholmen. 

Description. - Small rhabdosome up to 20 mm 
long, widening imperceptibly from 0.8 mm at the 
aperture of th11 to the maximum 1.0--1.2 mm 
within 5 mm. Proximally the thecae number 12 in 
10 mm, reducing distally to 10 in 10 mm. The 
sicula is norrnally visible for 0.7 mm in obverse 
view, although in one specimen (Fig. 16H) it is 
visible for 1.2 mm which appears to represent its 
entire length. It possesses a virgella up to 0.5 mm 
Iong. Th11 grows initially down to a point below 
the sicula aperture before hending sharply up. 
The aperture of th11 is normally Ievel with the 
highest part of the sicula exposed. Th12 grows 
upwards throughout its length, leaving the sicula 
wall below it commonly free for 0.25 mm, giv
ing the proximal end a pronounced asymmet
rical appearance. The first two thecae are non
spinose. The median septum is complete, indicat
ing separate development of the thecal series, 
although it is not clear which theca is dicalycal. 
The thecae are sub-alternate, varying in appear
ance from Glyptograptus-1ike with flowing, con
vex ventral walls to almost Climacograptus with 
sharp genicula and sub-vertical supragenicular 
walls. The apertures are horizontal, opening into 
excavations which occupy anything from 114 to 
over 112 the total ventral wall and 1/3-114 the 
rhabdosome width. The interthecal septa are 
short, reaching down only about half the length 
of the supragenicular wall, almost straight and 
inclined at about 30° to the rhabdosome axis. A 
distally projecting nema is occasionally present 
which is sometimes partly thickened at its base 
and up to 3 mm long. 

Remarks. - The specimens described here agree 
most closely with Riva's (1974) description of C. 
brevis. strictus (Ruedemann, 1908) which has 
similar dimensions and thecal style; this taxa has, 
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however, a much earlier range. They are rather 
wider than C. brevis s.s. which has a normal 
maximum width under l mm and occurs earlier. 
The only comparable material of similar age is C. 
brevis cf. mutabilis Strachan, 1959 described by 
Skoglund (1963) from the Fjåcka Shale of 
Våstergotland. However, this has a greater 
proximal width of 1.2 mm which is maintained 
throughout the rhabdosome and more closely set 
thecae (14 in 10 mm). C. brevis mutabilis s.s. is 
wider still (l.S mm) with a similar high thecal 
count and was described from the earlier Middle 
Ordovician Ludibundus Beds of eastern Sweden 
(D. multidens Zone?). 

The specimens of C. cf. brevis preserved in 
relief have a distinctive Glyptograptus-like thecal 
style, while those which are flattened are more 
typically Climacograptus in appearance. This 
may reflect the difference between internal and 
external moulds and the material is therefore 
assigned to Climacograptus. Poorly preserved 
specimens of C. cf. brevis may be confused with 
C. miserabilis Elles & Wood, 1906 which is 
known to occur in late D. clingani Zone (Wil
liams 1982). The latter species has, however, a 
more typically Climacograptus thecal style with 
shorter, rounded excavations and is rather nar
row, typically widening from 0.6 mm to a maxi
mum 0.8-1.0 mm. C. brevis and its subspecies 
have been recorded from the Middle Ordovician 
(N. gracilis-D. multidens zones) in many parts of 
the world, although the only member of the 
group to have been described previously from as 
late as the P. linearis Zone is C. brevis cf. muta
bilis. 

Genus Amplexograptus Elles & 
Wood, 1907 
Type species (by original designation). - Diplo
graptus perexcavatus Lapworth, 1876, pl. 2, fig. 
38. 

Diagnosis (from Bulman 1970, V125). - Rhabdo
some ovoid or subrectangular in cross section, 
with a tendency to reduction in thickness of peri
derm; thecae strongly geniculate, apertural exca
vations deep and long, generally with selvage 
round infragenicular wall, sometimes developed 
into genicular flange and sometimes confluent 
with apertural selvage; supragenicular wall typi
cally slightly inclined outwards, rarely parallel to 
axis of rhabdosome. 
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Fig. 16. Climacograptus cf. brevis Elles & Wood 1906. Venstøp 
Fm., P. linearis Zone. A-C X 10, D-1 X 5. A. PMO 108.759. 
Obverse view, in relief. 5.0 m, Ole Deviks Veien. B-D. 4.5-
5.0 m, Gressholmen. B. PMO 108.839. Obverse view, in relief. 
C. PMO 108.835. Proximal detail of counterpart shown in Fig. 
16D. x marks the corresponding point in part and counterpart. 
D. PMO 108.836. Partial relief, showing growth fusellae. E. 
PMO 108.776. 5.75 m, Ole Deviks Veien. F, G. 0.46 m, Ole 
Deviks Veienn. F. PMO 108.725. G. PMO 108.724. H. PMO 
l 08.834. Kink ed complete specimen in obverse view, apparent· 
ly showing complete sicula. 4.5-5.0 m, Gressholmen. l. PMO 
108.819. Complete specimen in oblique orientation. 3.2 m, 
Gressholmen. 

Amplexograptus compactus (Elles & 
Wood, 1907) 
Figs 17A-K, 18A-G, 20A 

D 1873 Orthograptus compactus; Lapworth 
(nom. nud. ), p. 134. 

D 1907 Diplograptus (Mesograptus) multidens 
var. compactus Lapworth; Elles & 
Wood, pp. 262-263, pl. 31, figs. lOa-c, 
text-fig. 179. 
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O 1915 Diplograptus (Mesograptus) compactus 
Lapw.; Hadding, pp. 16-17, pl. l, figs 
19-21. 

O ?1955 Diplograptus cf. multidens var. compac
tus Elles & Wood; Clark & Strachan, p. 
696, fig. 31. 

Lectotype. - BU 1290, figured by Elles & Wood 
(1907, pl. 31, fig. lOb) and this paper (Fig. 17A) 
is here selected as Jectotype. This slab contains 
five additional fragments showing details of 
proximal (Fig. 17B) and distal portions. From 
the Lower Hartfell Shale, D. clingani Zone, 
Dob's Linn, southern Scotland. Lapworth Col
lection, Birmingham University. 

Material. - Twenty five specimens preserved as 
flattened films or in partial relief. Nine speci
mens from the Lapworth Collection. 

Horizons and localities. - Dark shale member of 
the top Solvang Formation, 0.65-0.4 m below 
the phosphorite, D. clingani Zone, Nakholmen. 
Lapworth's material from the same horizon and 
locality as lectotype. 

Diagnosis (revised). - Robust rhabdosome up to 
60 mm long, widening from 1.2 mm to a maxi
mum 3.0 mm (3.5 mm deformed) in 20 mm. 
Thecae with straight, sub-vertical supragenicular 
walls and almost straight, inclined interthecal 
septa, numbering 10-14 in 10 mm, excavations 
long but narrow. First two thecae with mesial 
spines. Nema often long and broad. 

Description. - Large robust rhabdosome up to 60 
mm long (excluding nema), widening from 1.2 
mm at the aperture of th11 to a normal 2.2 mm in 
10 mm and reaching the maximum 2.5-3.5 mm 
(commonly 3.0 mm) within 20 mm. Proximally 
the thecae number 12-14 in 10 mm, reducing 
slightly to 10-12 in 10 mm distally. Few speci
mens have been observed with well preserved 
proximal development. The sicula is exposed for 
about 0.8 mm in obverse view and possesses a 
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virgella approaching l mm long. Both th11 and 12 

grow initially down, then up, and produce short 
but prominent mesial spines up to 0.2 mm long. 

The remaining thecae are gently sigmoidal 
with almost straight interthecal septa and 
straight, vertical or sub-vertical, supragenicular 
walls. The apertures are horizontal, opening into 
somewhat rounded, triangular excavations which 
occupy 113 of the total ventral wall and 114 
(proximally) to 116 (distally) of the rhabdosome 
width. They are reinforced by thickened genicu
lar hoods and apertural flanges. The thecal style 
is commonly altered drastically in the distal rhab
dosome by oblique compression, sometimes re
sulting in an Orthograptus-Jike appearance with 
sloping supragenicular walls and wider excava
tions. This change in thecal style is, however, 
apparent and not an original morphological fea
ture. The rhabdosome appears to have been sep
tate, although conclusive evidence is not present. 
The nema is prominent throughout the rhabdo
some, forming a thickened vane(?) after the first 
ten or so thecal pairs. It projects distally up to 15 
mm Jong and 0.8 mm wide. 

Remarks. - Elles & Wood's original assignment 
of A. compactus to the subgenus 'Diplograptus 
(Mesograptus)' (i.e. Diplograptus s. s. ) was based 
on the change of thecal style along the stipe, 
which is here recognised as a preservational fea
ture. The type species of Diplograptus, D. pristis 
(Hisinger, 1837) which was redescribed by Skog
lund (1963) possesses a totally different thecal 
style from A. compactus, being far more Ortho
graptus-Jike in appearance. Bulman (1962) re
ferred 'D. ' pulchellus Hadding, 1915 to 
Amplexograptus in his revision of the genus. A. 
compactus has an identical thecal style to this 
taxa, the type species of Amplexograptus (A. 
perexcavatus) and the types of A. fallax Bulman, 
1962 preserved in partial relief, and an identical 
proximal development to the Jatter two. The pre
sent author therefore has no doubt in reassigning 
'Diplograptus' compactus to the genus Amplexo
graptus. 

Fig. 17. A-K. Amplexograptus compactus (EIIes & Wood 1907). x 5 (except E, F x 2, K x 10). A. BU 1290. Proposed lectotype 
(short thickened nema omitted). Figd. Elles & Wood (1907, pl. 31, fig. 10b). Lower Hartfell Shale, D. clingani Zone, Dob's Linn, 
southem Scotland. Lapworth Coll. , Birmingham University. B. BU 1290. Paratype on same slab as lectotype. C-K. Dark shale 
member, top Solvang Fm., 0.5 m below phosphorite (K, 0.65 m below), D. clingani Zone, Nakholmen. C. PMO 108.896. D. PMO 
108.897. E. PMO 108.908. F. PMO 108.912. G. PMO 108.912. Proximal detail. H. PMO 108.908. Proximal detail. I. PMO 
108.920. Distal fragment. J. PMO 108.893. Note 'wavy' median line caused by nema. K. PMO 108.929. Distal fragment in 
scalariform orientation. 
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Fig. 18. Amplexograptus compactus (Elles & Wood 1907). Dark shale member, top Solvang Fm., 0.5 m below phosphorite, D. 
clingani Zone, Nakholmen. A-D x 5, F, G x 2. A. PMO 108.879. B. PMO 108.864. C. PMO 108.867. D. PMO 108.852 . E. PMO 
108.851. F. PMO 108.921. G. PMO 108.854. 
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Fig. 19. Amplexograptus puichel/us (Hadding 1915). Dark shale member, top Solvang Fm., 0.5 m below phosphorite (except D, E, 
0.65 m below), D. clingani Zone, Nakholmen. x 5. A. PMO 108.846. Counterpart figd. Figs 19 H, 200. B. PMO 108.923. C. 
PMO 108.884. D. PMO 108.936. E. PMO 108.931. F. PMO 108.900. G. PMO 108.876. H. PMO 108.847. Also figd. Fig. 200, 
counterpart figd. Fig. 19 A. l. PMO 108.910. 

A. compactus may be readily separated from the 
associated A. pulchellus by its much larger form 
and by the apparent lack of proximal thecal 
spines in the latter species. Diplograptus multi
dens Elles & Wood, 1907 is evidently closely 
related and should probably also be assigned to 
Amplexograptus; it is, however, considerably 
more robust than A. compactus and normally 
occurs somewhat earlier. The remaining taxa as
sign ed to Diplograptus by Elles & Wood (viz. D. 
modestus subspp. and D. magnus H. Lapworth, 
1900) are from the Lower Silurian, with different 
proximal development and thecal styles, and are 
not considered to be representatives of Amplexo
graptus. 

Positively identified specimens of A. compactus 
appear to have been described only from Britain 
and Scandinavia. It was recorded by Thorslund 
( 1948, p. 345) from the top Chasmops 'Series' 
(Mossen Formation), D. clingani Zone in the 
Kullatorp borehole of Viistergotland, central 
Sweden and from equivalent horizons in the Lin
degård borehole (Glimberg 196 1, p. 82) and 
Kolingen borehole (Nilsson 1977, p. 23) of west
ern Scania, southernmost Sweden, but does not 
appear to have been redescribed since Hadding 
(1915). Questionable specimens of A. compactus 
have been recorded from the type Onnian Stage 
of the Welsh Borderlands (Williams 1981, Ap
pendix l) and from the Middle Ordovician of the 
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Fig. 20. A. Amplexograptus compactus (Elles & Wood 1907). PMO 108.888. Complete flattened specimen with proximal spines 
and thickened nema. Dark shale member, top Solvang Fm., 0.5 m below phosphorite, D. c/ingani Zone, Nakholmen. x 5. B-D. 
Amplexograptus pulchellus (Hadding 1915). Dark shale member, top Solvang Fm., 0.5 m below phosphorite, D. clingani Zone, 
Nakholmen. x5. B. PMO 108.881. C. PMO 108.918. D. PMO 108.847. Proximal detail figd. Fig. 19H, counterpart figd. Fig. 
19A. E. Climacograptus cf. brevis Elles & Wood 1906. PMO 108.835. Venstøp Fm., 4.5--5.0 m, P. linearis Zone, Gressholmen. 
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Gaspe Peninsular, north-east of Quebec, eastern 
Canada (Riva 1968, p. 1389). Riva (1974, p. 4) 
also recorded 'D'. compactus s.s. from the D. 
multidens Zone of eastern America. Clark & 

Strachan (1955) gave a brief description and fi
gure of a single specimen from the Senigon bore
hole in southern Quebec which they referred to 
'D. cf. multidens var. compactus'. Although the 
specimen has a similar overall form to A. com
pactus it is too poorly preserved for positive iden
tification, as is the specimen figured by Geh 
(1963, pl. 5, fig. 8) as 'D. multidens compactus' 
from the Miaopo Shale of western Hupei Prov
ince, China. 

Amplexograptus pulchellus 
(Hadding, 1915) 
Figs 19A-l, 20B-D 

O 1915 Climacograptus pulchellus n. sp.; Had
ding, p. 19, pl. l, figs 22a, b, 23a, b. 

Lectotype. - LO 2655T, figured by Hadding 
(1915, pl. l, figs 22a, b), is here selected as lecto
type. The type slab also contains Hadding's other 
figured specimen (LO 2656t) and numerous 
other specimens, several of which show hetter 
proximal ends than the lectotype. The holotype 
of Amplexograptus lacer Hadding, 1915 (p. 17, 
pl. l, fig. 24), LO 2642T, occurs on the reverse 
of the slab. From the Middle Dicellograptus 
Shale, D. clingani Zone, Risebæk, Bornholm, 
Denmark. Hadding Collection, University of 
Lund. 

Material. - Thirty flattened specimens. Numer
ous flattened specimens on Hadding's type slab. 
Three flattened specimens from the Koangen 
borehole (referred to by Nilsson 1977, p. 24), 
University of Lund collections. 

Horizons and localities. - Dark shale member of 
the top Solvang Formation, 0.65-{).4 m below 
the phosphorite, D. clingani Zone, Nakholmen. 
Hadding's specimens from Bornholm (see Lecto
type). Koangen borehole material from the Di
cellograptus Shale (as redefined by Bergstrom 
1982, p. 189), D. clingani Zone, western Scania. 
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Diagnosis (revised). - Rhabdosome up to 30 mm 
long, widening from 0.8 mm to a maximum 1.7 
mm within 8 mm. Thecae with straight, sub
vertical supragenicular walls and almost straight, 
inclined interthecal septa, numbering 10-15 in 10 
mm, excavations long but narrow. Proximal the
cae non-spinose. Nema commonly thickened. 

Description. - Rhabdosome up to 30 mm long, 
widening from 0.8 mm at the aperture of th11 to 
the maximum 1.5--1.7 mm within 8 mm. Proxi
mally the thecae number 13-15 in 10 mm, reduc
ing to 10-12 in lO mm distally. Proximal develop
ment has not been observed, but the sicula is 
exposed for about l mm in obverse view and 
possesses a virgella up to O. 7 mm long. Th11 and 
12 are non-spinose, giving the proximal end a 
rounded appearance. The remaining thecae are 
gently sigmoidal with slightly curved interthecal 
septa inclined at about 20° to the rhabdosome 
axis, sharp genicula and gently inclined supra
genicular walls. The horizontal or slightly ever
ted apertures open into triangular excavations 
which occupy 1/3 of the total ventral wall and 
approximately 1/4 of the rhabdosome width 
proximally, although this becomes reduced to 
115--116 distally. The apparent thecal style is com
monly changed by oblique compression. It is un
clear whether a median septum is present. The 
nema is commonly thickened, reaching up to 0.2 
mm wide and 4 mm long. The thickening begins 
fairly early during astogenetic development, al
though the timing appears rather variable. 

Remarks. - A. pulchellus was first referred to 
Amplexograptus by Thorslund (1948, p. 345) 
without comment. Bulman (1962, p. 466) was 
first to discuss the transfer of the species from 
Climacograptus in his revision of Amplexograp
tus and this opinion is accepted here. Although 
the thecal style is typically Amplexograptus the 
type species, A. perexcavatus, and many other 
taxa of this genus (e.g. A. compactus) possess 
two proximal thecal spines. Bulman, however, 
evidently did not consider this to be a diagnostic 
generic feature. It remains a possibility that the 
Jack of spines on the first two thecae of A. pul
chellus is preservational; however, some fifty 
specimens have been examined, none of which 

Proximal detail figd. Fig. 16C. x 10. F-M. Orthograptus amplexicaulis (Hall1847). Venstøp Fm., P. linearis Zone. x 5 (except L, 
M x 10). F. PMO 108.692. 0.25--0.35 m, Ole Deviks Veien. G. PMO 108.713. 0.25--0.35 m, Ole Deviks Veien. H. PMO 108.735. 
4.8 m, Ole Deviks Veien. 1-K. 0.7 m, Gressholrnen. l. PMO 108.785. J. PMO 108.788. K. PMO 108.799. L. PMO 108.830. 
Proximal in obverse view. 6 m, Gressholmen. M. PMO 108.990. Proximal in reverse view. 1.15 m below upper member, Grimsøya. 
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appear to possess them. This provides a ready 
means of differentiating it from other similar 
species of the same age (e.g. A. fallax Bulman, 
1962 (? = A. vasae (Tullberg, 1882)), A. lacer 
Hadding, 1915) in addition to the greater widths 
of these species. A. pulchellus has only been 
recorded previously from the D. clingani Zone of 
Bornholm, Denmark (Hadding 1915), Scania, 
southernmost Sweden (Nilsson 1977, p. 24) and 
Vastergotland, central Sweden (Thorslund 1948, 
p. 345), while Hadding (1915) has remained the 
only description. 

Genus Orthograptus Lapworth, 1873 

Type species (by original designation). Grapto
lithus quadrimucronatus Hall, 1865, p. 144, pl. 
13, figs 1-10 

Diagnosis (from Bulman 1970, V126). - Thecae 
straight or with very slight sigmoidal curvature; 
paired apertural spines in one group, large basal 
spines not uncommon; rhabdosome rectangular 
or ovoid in cross section. 

Orthograptus amplexicaulis (Hall, 
1847) 
Figs 20F-M, 21A-0, 23A-C 

O 1847 Graptolites amplexicaule sp. nov.; Hall, 
pp. 79-80, 316, pl. 26, figs lla, b. 

O 1877 Diplograptus truncatus Lapw.; Lapworth, 
p. 133, pl. 6, fig. 17. 

O 1907 Diplograptus (Orthograptus) truncatus 
Lapworth; Elles & Wood, pp. 233-234, 
pl. 29, figs 3a-e, text-figs 154a, b. 

O 1908 Diplograptus (Glyptograptus) amplexi
caulis (Hall); Ruedemann (pars), pp. 
361-365, text-figs. 302-304, 305-306?, 
307, pl. 25, figs. 11, 13, 10?, 12? 

O 1974 Orthograptus amplexicaulis (Hall); Riva, 
pp. 29-34, pl. 2, figs. 7-10, text-figs. 9a-k 
(with synonymy). 

O 1982 Orthograptus? amplexicaulis (Hall); Wil
liams, p. 251, figs. 14e, g. 
(summary only) 

Lectotype. - A.M.N.H. 634/1 (American Muse
um of Natura! History). Designated by Riva 
(1974, p. 29). The specimen figured by Hall 
(1868, pl. 25, figs 6, 7) and Riva (1974, pl. 2, fig. 
7). From the Trenton Limestone at Middleville, 
New York State, U.S.A. 
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Material. - About eighty specimens in all states 
of preservation from full relief to flattened. 

Horizons and localities. - The Venstøp Forma
tion, P. linearis Zone, up to 6 m above the base 
in the Oslo district and 4.8 m below the Sørbak
ken Formation on Frognøya, Ringerike. 

Diagnosis (revised). - Rhabdosome over 40 mm 
long, widening rapidly from 1.2-1.5 mm to a 
maximum 3.0 mm. Thecae straight, inclined at 
30-35° to rhabdosome axis, without genicula, 
opening into simple, everted apertures, number
ing 10-12 in 10 mm. First two thecae spinose. 
Rhabdosome aseptate, distally projecting nema 
rarely present. 

Description. - The rhabdosome is large, occa
sionally reaching over 40 mm long and increasing 
rapidly in width from 1.2-1.5 mm at the aperture 
of th11 to 2.0-2.5 mm in 10 mm. The maximum 
width is reached soon after; this may be up to 
3.0 mm but is commonly less, especially in ob
liquely preserved specimens. Proximally the the
cae number 12 in 10 mm, reducing distally to 
about 10 in 10 mm, although distortion some
times results in more closely spaced thecae. 
The sicula is some 1.5 mm long, although it is 
only exposed for 0.7-0.9 mm in obverse view, 
and possesses a short virgella up to 0.2 mm long. 
Th11 grows initially downwards parallel to the 
sicula, extending a short way below the sicula 
aperture before hending up at about 45° to the 
rhabdosome axis. Th12 grows down only a short 
distance before turning up and out. The first two 
thecae bear short but conspicuous spines. The 
remaining thecae bud altemately throughout the 
rhabdosome, there being no median septum. The 
thecae are straight and inclined at 30-45° to the 
rhabdosome axis, the free ventral ('supragenicu
lar') wall being continuous with the interthecal 
septum and lacking a geniculum. The occasional 
rounded outline of the supragenicular wall may 
be due to distortion. The apertures are everted 
and almost perpendicular to the interthecal 
septa. No distally projecting nema has been ob
served in the material described. 

Remarks. - A great deal of variation in both 
rhabdosome width and thecal style is present, 
due mostly to tectonic stretching and flattening 
in a v�riety of orientations. O. pauperatus Elles 
& Wood, 1907 is closely related but narrower 



NORSK GEOLOGISK TIDSSKRIFT 2-3 (1983) 

-

� 
l 

. :·:.• t::·.: 
·./ 

The Caradoc-Ashgill boundary in Oslo Region 181 

Fig. 21. A-0. Orthograptus amplexicau/is (Hall 1847). Venstøp Fm., P. linearis Zone. A-Ex 10, F-H, L-0 x 5, J x 2. A. PMO 
108.822. Oblique orientation in relief, obverse view. 6 m, Gressholmen. B. PMO 108.828. In relief, partially 'dissected' to reveal 
outline of entire sicula. 6 m, Gressholmen. C. PMO 108.787. Obverse view, in relief. 0.7 m, Gressholmen. D, E. PMO 108.778. 
Isolated proximai fragment in relief, showing reverse (D) and obverse (E) views. 6 m, Ole Deviks Veien. F-H. 0.7 m, 
Gressholmen. F. PMO 108.791. G. PMO 108.801. H. PMO 108.805. 1-K. 0.25-().35 m, Ole Deviks Veien. l. PMO 108.710. 
Juvenile with first 2 1/2 thecae. J. PMO 108.707. Large complete specimen. K. PMO 108.709. Tectonically widened proximal 
fragment. L. PMO 108.736. M-0. 5.75 m, Ole Deviks Veien. M. PMO 108.772. Proximal fragment, Obverse view. N. PMO 
108.773. Proximal fragment in oblique orientation, reverse view. O. PMO 108.771. Proximal fragment, reverse view. P. 
Orthograptus pauperatus Elles & Wood 1907. PMO 108.774. Venstøp Fm., 5.75 m, P. linearis Zone, Ole Deviks Veien. x 5. 

and with more gradual widening. The two can, 
however, be easily confused when they have suf
fered tectonic stretching and some of the sped
mens described here may be incorrectly identi
fied. The synonomy of O. truncatus with O. am
plexicaulis was suggested by Riva (1974), making 
it a widely recorded, cosmopolitan species of the 
Upper and Middle Ordovician. 

Orthograptus pauperatus Elles & 
Wood, 1907 
Figs 21P, 22A-C, 23D, E 

O 1907 Diplograptus (Orthograptus) truncatus 
var. pauperatus var. nov.; Elles & Wood, 
p. 237, pl. 29, figs 5a-d. 

O 1915 Diplograptus truncatus Lapw. var. pau-
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Fig. 22. A-C. Orthograptus pauperatus Elles & Wood 1907. 
Venstøp Fm., P. linearis Zone. x 5. A. PMO 108.779. Obverse 
view, in relief. 6 m, Ole Deviks Veien. B. PMO 108.777. In 
relief, 'dissected' to show complete outline of sicula. 6 m, Ole 
Deviks Veien. C. PMO 108.804. 0.7 m, Gressholmen. D. Cory
noides incurvus Hadding 1915. PMO 108.945. Dark shale 
member, top Solvang Fm., 0.4 m below phosphorite, D. clin
gani Zone, Nakholmen. X 5. E-G. Pseudoclimacograptus 
(Pseudoclimacograptus) clevensis Skoglund 1963. Venstøp 
Fm., P. linearis Zone. x 5. E. PMO 108.780. 6 m, Ole Deviks 
Veien. F. PMO 108.781. 6 m, Ole Deviks Veien. G. PMO 
108.826. The fragment and long spine is probably the first 
thecal pair and virgella rotated after breakage. 6 m, Gresshol
men. 

peratus Lapw. mscr.: Hadding, p. 15, pl. 
2, figs 8--11. 

O 1948 Diplograptus truncatus pauperatus Elles 
& Wood; Henningsmoen, p. 403. 

O 1963 Orthograptus pauperatus Elles & Wood; 
Skoglund, pp. 45-46, pl. l, fig. 11. 

O 1970 Orthograptus truncatus pauperatus Elles 
& Wood; Toghill, p. 24, pl. 16, figs l, 2. 

O 1976 Orthograptus amplexicaulis pauperatus 
Elles & Wood; Erdtmann, pp. 113--114, 
pl. 4, fig. M/la, pl. 9, figs M/4a, M/4b. 

O 1982 Orthograptus? pauperatus Elles & Wood; 
Williams, p. 251, figs 14a, f, h. 

Type specimen. - Not yet designated. Elles & 
Wood's specimens are from the Lower Hartfell 
Shale of Hartfell Spa near Moffat, southern Scot
land (Lapworth Collection, Birmingham Univer
sity). 

Material. - Several specimens in various states of 
preservation. 

Horizons and localities. - Venstøp Formation, P. 
linearis Zone, 6 m above the base at Ole Deviks 
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Veien, 5. 25 and 6 m above the base on Gresshol
men, 0.6-0.9 m below the first limestone of the 
upper member on Grimsøya; questionable speci
mens from 0.5 m above the base on Nakholmen, 
0.65 m above the base at Snarøya and 7.5 m 
below the Sørbakken Formation on Frognøya, 
Ringerike. 

Diagnosis (from Williams 1982). - Small amplex
icaulis group diplograptid up to 25 mm long and 
2 mm wide. Thecae simple and everted, number
ing 10--12 in 10 mm. Sicula and first two thecae 
with small spines . 

Remarks. - Inadequate material has been found 
in the present study to permit an accurate de
scription owing to the unclear effects of tectonic 
distortion and consequent confusion with O. am
plexicaulis (Hall, 1847). The interthecal septa of 
O. pauperatus seem to be inclined at a consis
tently lower angle than O. amplexicaulis (30° 
instead of 30-45°); this would be expected in 
tectonically stretched material, although the 
specimen figured by Skoglund (1963) also shows 
a similar low angle. The Scandinavian material of 
O. pauperatus also shows almost horizontal the
ca! apertures as opposed to the strongly everted 
ones of O. amplexicaulis; the material described 
by Williams (1982) from southern Scotland how
ever possesses more everted apertures. The two 
species are clearly closely related, but O. pauper
atus has a more restricted range. Although it 
occurs in both the D. clingani and P. linearis 
zones in southern Scotland, Williams (1982) con
sidered it to be more characteristic of the P. 
linearis Zone. 

O. pauperatus has been described from the 
Fjacka Shale of Vastergotland, central Sweden 
(Henningsmoen 1948; Skoglund 1963) and the 
Middle Dicellograptus Shale of Bornholm, Den
mark (Hadding 1915). It has also been recorded 
from horizons equivalent to the P. linearis Zone 
in Alaska (Churkin et al. 1971), Idaho (Carter & 
Churkin 1977), Australia (Thomas 1960), New 
Zealand (Cooper 1979), China (Mu 1963) and 
doubtfully from Peru (Bulman 1931). 

Genus Pseudoclimacograptus Pfibyl, 
1947 
Type species (by original designation). - Clima
cograptus scharenbergi Lapworth, 1876, pl. 2, 
fig. 55. 
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SubgenusP. (Pseudoclimacograptus) 
Pfibyl, 1947 

Type species. - As for genus. 

Diagnosis (from Bulman 1970, V126). - Supra
genicular wall convex, apertural excavations 
short, deep and introverted; median septum 
mostly zigzag throughout. 

Pseudoclimacograptus 
(Pseudoclimacograptus) clevensis 
Skoglund, 1963 
Figs 22E-G 

O 1963 Pseudoclimacograptus elevens is n. sp. ; 
Skoglund, pp. 37-38, pl. 2, figs 5-8. 

Holotype. - UM No Vg 757. Figured Skoglund 
(1963, pl. 2, fig. 6). From the Fjacka Shale, 
Jonstorp, Vastergotland. Skoglund Collection, 
Museum of the Palaeontological Institute, Uni
versity of Uppsala. 

Material. - Three almost flattened fragmentary 
specimens. 

Horizons and localities. - Venstøp Formation, P. 
linearis Zone, 6 m above the base, Ole Deviks 
Veien and Gressholmen. 

Diagnosis (after Skoglund 1963). - Small rhabdo
some widening from 0.8--1.0 mm to 1. 2 mm by 
th41. Thecae altemate and sigmoidal, horizontal 
apertures opening into short, narrow excava
tions, numbering 14 in 10 mm. First two thecae 
non-spinose. 

Remarks. - The three fragments found during 
this study are inadequate to permit a full system
atic description. Although poor, they agree in all 
respects with Skoglund's original description, ex
cept that the !argest fragment (Fig. 22G) reaches 
a maximum width of 1.4 mm, and are considered 
to be safely assignable to this taxa. The thecal 
count of 14 in 10 mm is consistent with that given 
by Skoglund in his description and with his fig
ured material, but not with his diagnosis, where 
it was listed as 10 in 10 mm. The long spine 
present in the !argest fragment may represent the 
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virgella broken off and rotated or may belong to 
another specimen. 

The only other species of Pseudoclimacograp
tus (Pseudoclimacograptus) to have been de
scribed from a similar age is P. (P.) bonus Mik
haylova, 1970 from the upper Caradoc and Ash
gill(?) of Kazakhstan, central Soviet Asia. This 
species was described from more complete (al
beit flattened) material than Skoglund's types 
and includes good proximal and distal portions. 
The overall form and thecal count are similar to 
P. (P.) clevensis but the supragenicular walls are 
more vertical with pronounced genicula and it is 
therefore here accepted as a separate species. 
Riva (1969, fig. 6) recorded and figured P. (P.) 
cf. clevensis from the Lower Lorraine of the 
Quebec area. These are more complete than 
Skoglund's type specimens but agree well in both 
overall form and thecal count. Riva (1974, p. 5) 
later recorded P. (P.) cf. clevensis to be restrict
ed to the C. manitoulinensis Zone and identical 
to the specimens referred to 'Climacograptus cf. 
extremus H. Lapworth, 1900' by Ruedemann 
(1947, p. 426, pl. 72, figs 20, 21). 

Family LASIOGRAPTIDAE Lapworth, 1879 

Genus Neurograptus Elles & Wood, 
1908 

Type species (subsequently designated Bulman 
1929, p. 179). - Lasiograptus margaritatus Lap
worth, 1876, pl. 2, fig. 60. 

Diagnosis (after Bulman 1955, V88). - Straight, 
simple, Orthograptus-Iike thecae; single or 
paired apertural spines breaking up into a highly 
developed lacinia; scopulate septal processes 
sometimes developed. 

Remarks. - Although Bulman (1955) recorded 
the spines of Neurograptus and Hallograptus as 
apertural in the original edition of the 'Treatise 
on Invertebrate Paleontology', in the revised 
graptolite volume (1970) he quoted them as geni
cular. The present study and Strachan's (1951) 
unpublished description of N. margaritatus show 
the spines to be apertural, in contrast to the 
genicular spines of Lasiograptus described from 
isolated material by Rickards & Bulman (1965). 
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Neurograptus margaritatus 
(Lapworth, 1876) 
Figs 23F-K, 24A-I, 25A-C 

O 1876 Lasiograptus margaritatus Lapw.; Lap
worth, pl. 2, fig. 60. 

O 1877 Lasiograptus margaritatus Lapw.; Lap
worth, p. 135, pl. 4, fig. 25. 

O 1908 Lasiograptus (Neurograptus) margarita
tus (Lapworth); Elles & Wood, pp. 332-
333, pl. 34, figs 6a-e, text-figs 219a, b. 

O ?1955 Neurograptus cf. margaritatus (Lapw.); 
Clark & Strachan, pp. 696-Q97, fig. 3c. 

O 1977 Neurograptus margaritatus (Lapworth); 
Carter & Churkin, p. 28, pl. 3, fig. 9. 

O ?1977 Neurograptus margaritatus (Lapworth); 
Walters, p. 949, pl. 2, fig. k. 

O 1982 Neurograptus margaritatus (Lapworth); 
Williams, pp. 252-253, figs 15a-f. 

Lectotype. - Lapworth's original figure is insuffi
cient to allow positive identification of the speci
men. BU 1353a from Lapworth's original collec
tion, figured by Elles & Wood (1908, pl. 34, fig. 
6a and text-fig. 219b) as 'typical specimen' and 
refigured here (Figs 23F, 24H) is here selected as 
lectotype. From the Lower Hartfell Shale, D. 
clingani Zone, Dob's Linn, southem Scotland. 

Material. - Twelve flattened specimens and two 
preserved in relief. Numerous flattened speci
mens from two slabs in the Lapworth and Wood 
collections (Birmingham University). 

Horizons and localities. - Dark shale member of 
the top Solvang Formation, 0.5 and 0.4 m below 
phosphorite, D. clingani Zone, Nakholmen. 
Lapworth's specimens from same horizon and 
locality as lectotype. Wood's specimens from 
same horizon at Hartfell Spa, near Moffat, 
southem Scotland. 
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Diagnosis (revised). - Small rhabdosome up to 
20 mm long, widening from 0.8 mm to a maxi
mum 2.5 mm (excluding lacinia). Thecae straight 
and inclined, numbering 12-14 in 10 mm (unde
formed), with apertural spines developed into 
lacinia. Overall rhabdosome width including la
cinia up to 4 mm. 

Description. - The rhabdosome is up to 20 mm 
long, widening from 0.8-1.2 mm at the aperture 
of th11 to a maximum 2.5 mm in 6 mm ( excluding 
lacinia). Thecal density is uncertain, varying 
from 12-20 in 10 mm in deformed specimens. 
Elles & Wood recorded it as 12-14 in 10 mm 
which is probably correct for undeformed materi
al. The sicula is exposed for about 0.6 mm in 
obverse view and possesses a virgella up to 0.8 
mm long. Development is diplograptid, th11 bud
ding from the reverse side of the sicula and grow
ing down a short way before hending slightly up. 
Its aperture is simple and almost vertical and 
positioned above a prominent apertural spine up 
to 0.3 mm long. Th12 and all remaining thecae 
possess long apertural spines which divide distal
ly to produce a regular complete lacinia. It is 
unclear from the described material whether the 
spines are single or paired; Strachan (1951, pp. 
64-65, text-figs. 8a, b) showed them to be paired 
and bifurcating to give a lacinia composed of 
pairs of longitudinal fibres. The overall maxi
mum width of the rhabdosome including the la
cinia is up to 4 mm. The thecae are simple and 
sub-altemate with straight interthecal s�ta and 

.free ventral walls lacking genicula. The a"pertures 
are slightly everted, although commonly appear 
introverted due to oblique compression. The 
rhabdosome is aseptate and a distally projecting 
nema is not normally present. 

Remarks. - No descriptions of N. margaritatus 
preserved in relief have been published previous-

Fig. 23. A-C. Orthograptus amplexicaulis (Ha11 1847). Venstøp Fm. , P. linearis Zone, Gressholmen. A. PMO 108.832. Distal 
fragment in oblique orientation. Note heavy bioturbation. 6 m. x 5. B. PMO 108.798. Densely packed, aligned fragmentary 
rhabdosomes. 0.7 m x 2. C. PMO 108.795. Aligned rhabdosomes. 0.7 m. x 2. D, E. Orthograptus pauperatus Elles & Wood 1907. 
Venstøp Fm., P. linearis Zone. x 5. D. PMO 109.023. O.IHJ.9 m below upper member, Grimsøya. E. PMO 108.831. 6 m, 
Gressholmen. F-K. Neurograptus margaritatus (Lapworth 1876). F-H x 5, 1-K x 10. F. BU 1353a. Proposed lectotype. Lower 
Hartfell Shale, D. c/ingani Zone, Dob's Linn, southern Scotland. Figd. Elles & Wood (1908, pl. 34, fig. 6a, text-fig. 219b). Also 
tigd. here Fig. 24 H. Lapworth Coll., Birmingham University. G. BU 1355b. Distal fragment. Lower Hartfell Shale, D. clingani 
Zone, Hartfell Spa, near Moffat, southern Scotland. Figd. Elles & Wood (1908, pl. 34, fig. 6e). Wood Coll. , Birmingham 
University. H-K. Dark shale member, top Solvang Fm. , 0.5 m below phosphorite (H, 0.4 m) , D. clingani Zone, Nakholmen. H. 
PMO 108.951. Also tigd. Fig. 24 G. l. PMO 108.872. J. PMO 108.882. Detail of proximal development partly preserved in relief. 
K. PMO 108.848. Also tigd. Fig. 24 E. 13- Geologisk Tidsskr. 2-3/83 
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Fig. 24. Neurograptus margaritatus (Lapworth 1876). x 5 (except D x 10). A-G. Dark shale member, top Solvang Fm. , 0.5 m 
below phosphorite (G, 0.4 m) , D. clingani Zone, Nakholmen. A. PMO 108.885. Distal fragment in partial relief. Latex east figd. 
Fig. 25 A. B. PMO 108.865. C, D. PMO 108.905. Complete specimen in partial relief, with proximal detail (D). E. PMO 108.848. 
Tectonically widened specimen. Also figd. Fig. 23 K. F. PMO 108.914. G. PMO 108.951. Also figd. Fig. 23 H. H, I. Lower Hartfell 
Shale, D. clingani Zone, Dob's Linn, southern Scotland. Lapworth Coll. , Birmingham University. H. BU 1353a. Proposed 
lectotype. Figd. Elles & Wood (1908, pl. 34, fig. 6a, text-fig. 219 b). Also figd. here Fig. 23 F. I. BU 1353 b. In scalariform 
orientation. Same slab as lectotype. Figd. Elles & Wood (1908, pl. 34, fig. 6 c). 

ly, although Strachan (1951) described and fig
ured similarly preserved material from Sweden in 
an unpublished thesis. Although the material de
scribed here is somewhat hetter, isolated speci
mens are needed before a reliable description of 
the proximal development and lacinia may be 
made. The great variation in rhabdosome width 
is due partly to variable deformation during dia
genetic compaction, to which this type of rhab
dosome with extraneous thecal processes is par
ticularly susceptible. The thecal counts of 20 in 
10 mm are probably anomalous and due to both 
tectonic stretching and oblique longitudinal com
pression. Contrary to their description, the mate
rial described by Elles & Wood commonly at
tains a maximum width of 2.5 mm, excluding 
lacinia. 

N. margaritatus is a very distinctive species and 

has been frequently recorded from equivalents of 
the D. clingani Zone and slightly earlier, but not 
often described. Nilsson (1977, p. 24) recorded 
N. margaritatus? from the Koangen borehole of 
western Scania, southernmost Sweden. Riva 
(1974, pp. 4-5) recorded N. cf. margaritatus from 
the C. americanus Zone of eastern North Amer
ica and N. margaritatus itself from the following 
O. ruedemanni Zone, while Bergstrom et al. 
(1974) recorded it from the D. clingani Zone of 
Newfoundland. The single specimen described 
and figured by Carter & Churkin (1977) from the 
D. clingani Zone of Idaho is unquestionably N. 
margaritatus s.s., as are those figured by Riva 
(1969) from the Quebec area. However, the ma
terial figured and described by Clark & Strachan 
(1955) and Walters (1977) is insufficient for posi
tive identification. Harris & Thomas (1955, p. 
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Fig. 25. A-C. Neurograptus margaritatus (Lapworth 1876). Dark shale member, top Solvang Fm., 0.5 m below phosphorite, D. 
clingani Zone, Nakholmen. A. PMO 108.885. Latex east. Original specimen tigd. Fig. 24 A. x 10. B. PMO 108.871. Distal 
fragment in scalariform orientation, associated with Orthograptus amplexicaulis (Hall 1847)? (PMO 108.870). x 5. C. PMO 
108.906. Proximal fragment in obverse view with long virgella. x 10. D-F. Corynoides incurvus Hadding 1915. Dark shale 
member, top Solvang Fm., 0.5 m below phosphorite, D. clingani Zone, Nakholmen. x 10. D. PMO 108.904. E. PMO 108.856. F. 
PMO 108.855. G. Dictyonema sp. cf. fluitans Bulman 1928. PMO 109.014. Venstøp Fm., 0.65 m below upper member, P. linearis 
Zone, Grimsøya. x 5. 
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41, fig. 45) gave a brief description of N. 
margaritatus from Victoria, together with several 
Australian synonymies, but their figured speci
men is more reminiscent of Plegmatograptus neb
ula Elles & Wood, 1908. VandenBerg (1981) has 
more recently recorded N. margaritatus from the 
Eastonian of Australia. 

Farnily CORYNOIDIDAE Bulman, 1945 

Genus Corynoides Nicholson, 1867 
Type species (by monotypy).- Corynoides calicu
laris Nicholson, 1867, p. 108, pl. 7, figs 9--11. 

Diagnosis (from Bulman 1970, V 119).- Rhabdo
some consisting of sicula with broad lamelliform 
virgella and 2 adnate thecae bearing broad aper
tura! processes; where a 3rd theca occurs, it is 
small and isolate. 

Remarks. - Finney (1978, p. 493) suggested re
cently that Corynoides could have evolved from 
Glossograptus by means of arrested development 
at an early astogenetic stage. This comparison 
using isolated material may provide the final so
lution to the problem of affinity of the Corynoi
didae, debated since Nicholson's original erec
tion of the genus Corynoides (see Strachan 
1949). 

Corynoides incurvus Hadding, 1915 
Figs 22D, 25D-F 

D 1915 Corynoides incurvus n. sp.; Hadding, pp. 
25-26, pl. 3, figs 24--27 (30-32?). 

D 1949 Corynoides incurvus Hadding; Strachan, 
pp. 158-159, text-fig. 3. 

O ?1960 Corynoides incurvus Hadding; Berry, p. 
69. 

Lectotype. - LO T, figured by Hadding (1915, pl. 
3, fig. 24) was selected as lectotype by Strachan 
(1949). From the Middle Dicellograptus Shale, 
D. clingani Zone, Vasagaard, Bornholm, Den
mark. Hadding Collection (University of Lund). 

Material. - Four flattened specimens. 

Horizons and localities. - Dark shale member of 
the top Solvang Formation, 0.5 and 0.4 m below 
phosphorite, D. clingani Zone, Nakholmen. 
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Diagnosis (from Strachan 1949). - Rhabdosome 
5-7 mm long and 0.8 mm broad, slightly curved 
throughout its length and more abruptly at the 
distal end, where it widens to 1.5 mm. 

Description. - The rhabdosome is up to 5.5 mm 
long, consisting of a long sicula and two long 
thecae growing downwards throughout their 
length. The sicula is about 5 mm long, widening 
to about 0.5 mm at its aperture. A short nema, 
but no virgella has been observed; the latter was 
present but has become obscured by the thecae. 
Th11 buds from a point near the top of the sicula 
and grows down parallel to it, ending in a simple, 
downward facing aperture with a broad apertural 
process. Thl2 buds from th11 then grows down
wards on the opposite side of the sicula to a 
slightly lower level, giving off a similar apertural 
process to the first theca. 

Remarks. - The specimens agree well with Had
ding's original and Strachan's revised descrip
tions. Strachan (1949, p. 158) assigned the sub
species Corynoides curtus pristinus Ruedemann, 
1947 to C. incurvus but Riva (1974, p. 34) disa
greed owing to its restriction to the N. gracilis 
Zone and slightly different appearance. Com
parison using flattened, poorly preserved materi
al is unreliable and an improvement on Stra
chan's revision of Corynoides would require fur
ther isolated, three-dimensional material similar 
to that utilised by Bulman (1945-47). 
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