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The Nakholmen Formation, at its type locality on the island of Nakholmen, Bunnefjord, consists of 13-14 
m of dark shales with a few horizons of limestone nodules. The low-diversity but locally abundant fauna 
includes the brachiopods Hisingerella nana, Onniella cf. bancrofti and Sericoidea gamma, the trilobites 
Broeggerolithus discors and Lonchodomas aff. rostratus and the graptolites Amplexograptus rugosus, 
Climacograptus antiquus lineatus and Corynoides incurvus. The shelly and graptolite faunas suggest 
correlations with the Woolstonian-Actonian stages of the Caradoc and the lower part of the Dicranograp
tus clingani Zone respectively. The assemblage represents a deepwater, euxinic, biofacies offshore from 
the well-developed shelly associations in coeval strata in Asker, Ringerike and Hadeland. The brachio
pod fauna is markedly dissimilar from those coeval associations elsewhere in the region, but the trilobite 
faunas have many elements in common. 
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The Island of Nakholmen in the Bunnefjord con
tains a virtually complete sequence of limestones 
and shales ranging in age from early Caradoc to 
late Ashgill. These Ordovician rocks were first 
mapped by Brøgger (1887) and subsequently dis
cussed by Owen (1977) and Owen, Bockelie & 

Harper (1982). The strata are well exposed and 
locally fossiliferous. To date, the trilobites of the 
uppermost Caradoc Solvang Formation have 
been described and discussed in detail (Bruton & 

Owen 1979, Owen & Bruton 1980) together with 
those from the overlying Ashgill formations 
(Owen 1981). Williams & Bruton (1983) have 
described and discussed the graptolite fauna 
from the top of the Solvang Formation and the 
overlying Venstøp Formation. This paper de
scribes the stratigraphy and faunas of the high 
Caradoc Nakholmen Formation (Upper Chas
mops Shale of previous authors). This unit con
tains both shelly and graptolitic faunas permit
ting a correlation with the Woolstonian-Actonian 
stages of the Caradoc Series and the lower part 
of the Dicranograptus clingani Zone. The brach
iopod and trilobite faunas of the Nakholmen 
Formation are compared, as a whole, with 
broadly coeval assemblages to the immediate 
west in Asker and in the adjacent districts of 

Ringerike and Hadeland. The last two have been 
the subject of recent taxonomic studies by Owen 
& Harper (1982) and Harper & Owen (1984) 
respectively. 

Stratigraphy 

The Nakholmen Formation is here defined, at its 
type locality on the island of Nakholmen (Fig. 
lB), to include some 13-14 m of predominantly 
dark, silty shale with some horizons of nodular 
limestones and, more rarely, planar limestones. 
The extent and features of the stratotype togeth
er with the junctions of the unit with the under! y
ing 'Lower Chasmops Limestone' and the overly
ing Solvang Formation are indicated on Figure 2. 
The Nakholmen Formation was named, prior to 
its formal definition, by Owen (1983, p. 49) as a 
proper lithostratigraphical term to replace that of 
'Upper Chasmops Shale'. 

The formation was first described by Brøgger 
(1887, pp. 21-22) and discussed subsequently by 
Størmer (1953, p. 65); both authors noted that 
the unit thickened markedly westwards from 13-
14 m on Nakholmen to 30-40 m in Asker. A 
measured section through this formation and 



294 D.A. T. Harper et al. 

4 

Oslo 
N 

t 

A 8 

NORSK GEOLOGISK TIDSSKRIFT 4 (1984) 

NAKHOLMEN 

stratotype 

Fig. l. A. The Oslo-Asker district showing sample localities and localities mentioned in text: 1-Nakholmen, 2-Hovedøya, 3-
Bygdøy, 4-Blindernveien-Vestgrensa, 5-Fornebu, 6-Persteilene, 7-0støya, 8-Kalvøya, 9-Raudskjer, 10-Billingstad, U-Hvalstad, 
12-Landøya, 13-Holmen, 14-Blakstad. lnset map shows position of Oslo-Asker, Ringerike and Hadeland. 
B. Map of Nakholmen showing the outcrop of the Nakholmen Formation and the section described herein. 

contiguous strata on Persteilene, Nesodden 
(Spjeldnæs in Størmer 1953, fig. 5) indicates that 
the Nakholmen Formation becomes more calcar
eous westwards; limestone horizons are more 
common and the shales are of a lighter grey 
colour. 

The Nakholmen Formation is commonly poor
ly exposed and frequently tectonised; thus there 
are few sections where the complete stratigraphy 
of the formation may be studied. However, the 
stratotype section is virtually complete, well ex
posed and easily accessible. Shelly faunas are 
locally abundant whilst graptolites and scoleco
donts are present in the parastratotype on a pen
insula 300 m to the northwest (Fig. lB). 

Faunal distribution 

Brachiopods, graptolites and scolecodonts are 
described and figured from the Nakholmen For
mation, whilst elements of the trilobite fauna 
have been described elsewhere (Owen 1983, 
Owen in Owen & Harper 1982, Owen in Harper 
& Owen 1984). The distribution of these taxa 
together with rarer elements of the fauna (in
cluding bivalves, hyolithids and crinoid ossicles) 
through the Nakholmen Formation, are indicat-

ed on Fig. 2. The occurrences of brachiopod and 
trilobite species at this levet in the Oslo-Bærum, 
Asker, Hadeland and Ringerike districts of the 
Oslo Region appear on F'igs. 3 and 4 respective
ly. These data show a marked dissimilarity in the 
distribution patterns of these two dominant con
stituents of the shelly fauna. Whilst four of the 
trilobite taxa studied occur in all four areas and 
as many as eight at three, none of the brachio
pods is ubiquitous. The contrasting distributions 
of the mobile and sessile elements of the shelly 
benthos is further reflected in their relative di
versities with, to date, twice as many brachiopod 
taxa as trilobites present. 

The changing brachiopod biofacies through 
the type Nakholmen Formation may be summa
rized as follows: 

A few fragments of an indeterminate lingulide 
and Chonetoidea? sp. were collected near the 
base of the formation but higher, at horizon l, 
the fauna consists of rare Hisingerel/a nana and 
Sericoidea gamma. Both increase in abundance 
upwards through the formation - horizons 4, 5 
and 6 contain faunas with these species, whilst 
Onniel/a cf. bancrofti appears at horizon 4 and 
increases in abundance until it dominates the 
assemblage from horizon 7. 

Brachiopod assemblages dominated by the 
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Fig. 2. Measured section of the stratotype of the Nakholmen Formation. Faunal occurrences are indicated on the right of the 
profile whilst graptolite oecurrences at the parastratotype are shown on the teft. The horizons numbered refer to levels intensively 
sampled; p= l specimen, r = 2-5, c= 6--10, ve= 11-50 and a> 50. 
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HADELAND RINGERIKE 
Norderhov Fm. 

Oslo-Baerum Asker 

Furuber9 Fm. 

(upper) Vestbråten 

Hlslngerella nana (Hadding) 

Onn/etle cf. bancrottl Lindstrt)m 

Serlcoldea gamma (Spjeldnaes) 

Nlcolella cf. actonlae (J.deC. Sowerby) 

G/yptorthls sp. 

Platystrophla sp. 

Sken/dloldes spp. 

n-188 

"Horderleyella" cf. kegelensls oanduensls Hints 

dalmanellids indet 

Leptestllna lndentata (Spjeldnaes) 

Sowerbyølla serlcea askerensls Spjeldnaes 

"KJeer/nø• lepte Spjeldnaes 

"KJerulflna• tollollallle Spjeldnaes 

Porambonltes (Equlrostra) spp. 

spiriferide indet 

Petrocranla? sp. 

Nlcolølla? sp. 

Oolerorthls cf. 11lrgata (J.deC. Sowerby) 

Plectorthls spp. 

Pløtystrophla att. anomala Hiller 

ltfcewanella att. dorslsulcata Wright 

Skenldloldes cf. costatus Cooper 

Dalmanella sp. 

Sowerbyella serlcea hadeland/ca Spjeldnaes 

Eoplectodo"nta cf. øercedens Holtedahl 

Strophomena? cf. lata Spjeldnaes 

Gunnerella? sp. 

ltf/oøslna? sp. 

Leptaena strand/ Spjeldnaes 

Parastrophlnella sp. 

Orblculoldea sp. 

Rhactorthls sp. 

dalmanellid indet 

Trlplesla att. lnsularls (Eichwald) 

Oxoplecla sp. 

Sowerbyel/a sp. 

Strophomena sp. 

Hedstroemlna ungula Spjeldnaes 

KJerulflna po/ycyma 1/mbata Spjeldnaes 
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Fig. 3. Comparison of the percentage abundance of brachiopods in the argillaceous units directly below the Solvang Formation in 
Oslo-Asker, Hadeland and Ringerike. The Oslo-Bærum fauna is from locality l on Fig. lA and that from Asker from localities lO, 
11 and 13. Data from the latter area are preliminary. All the brachiopod remains (both pedicle and brachial valves) are included in 
the counts. Details of the Hadeland and Ringerike faunas are given by Harper (in Harper & Owen 1984 and Owen & Harper 
1982). 
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Stenoparela glaber (Kierulf) 
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Atractopyge sp. 
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Fig. 4. Comparison of the percentage abundance of trilobites in the argillaceous units directly below the Solvang Formation in 
Oslo-Asker, Hadeland and Ringerike. The Oslo-Baerum fauna is from localities 1-5, 7 and 8 on Fig. lA, that from Asker from 
Iocalities 9-12. All the trilobite remains in each· sample are included, no factors have been introduced to try to compensate for 
moult stages (see Jaanusson 1984, p. 128). Full details of the Hadeland and Ringerike faunas are given by Owen (in Harper & Owen 
1984 and in Owen & Harper 1982 respectively). The species of Remop/eurides include the closely related R. lunnerensis Nikolaisen 
and R. perspicax Nikolaisen from Hadeland and Ringerike respectively and indeterminate material from Asker. 

dalmanellid Onniella and the aegiromines Chon
etoidea or Sericoidea often in associaton with 
minute inarticulates have been documented by a 
number of authors from middle and upper Ordo
vician argillaceous rocks of varied offshore facies 
(e. g. Bretsky 197 0, Pickerill & Brenchley 1979, 
Harper 1979a, Hurst 1979b, Lockley 198 0, 1983). 
Furthermore, Jaanusson (1984) has noted and 
discussed the common middle Ordovician succes
sion of brachiopod associations from graptolitic 
shales to coarser grained rocks. The initial step 
(Jaanusson 1984, fig. 3) involves the transition 
from a Sericoidea or Chonetoidea dominated as
semblage to one where Sericoidea/Chonetoidea 
and a dalmanellid dominate. Although the data 
are to a degree limited, the initial step in Jaanus
son's succession can be demonstrated on Nakhol
men with reference to the changes through hori
zons 1-6; moreover the change to an Onniella
dorninated fauna suggested by data from horizon 
7 is one of two possible subsequent transitions in 

Jaanusson's model. Significantly the ultimate 
step on this branch is towards associations with 
both a dalmanellid and the plectambonitacean 
Leptestiina, important components of both the 
Asker and Hadeland faunas. 

Jaanusson considered increasing grain size to 
account for the changes within his ecological suc
cession of articulate brachiopod associations 
(1984, p. 131). However, no significant change in 
grain size was detected through the stratotype of 
the Nakholmen Formation. In horizons 1-3 in 
the Jower part of the formation, the pedunculate 
Hisingerella and the non-pedunculate Sericoidea 
are associated. Whilst it is clear that the Jatter 
genus lacked a pedicle in maturity and thus prob
ably adopted a recumbent mode of life, Hisinger
ella possessed an active pedicle permitting at
tachment to the substrate. The autecology of 
extinct fossil brachiopod genera and species pro
vides an area open to much reasoned specula
tion. Although there is Jittle doubt that the acro-
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tretaceans possessed a functional pedicle (Rowell 
1977), its form and precise function may not have 
been invariant for all members of the superfami
ly. For example, Henderson (1974) indicated 
that weakly biconvex and spinose Acrothelidae 
were anchored posteriorly by a short, robust pe
dicle whilst spines held the anterior commissure 
clear of the substrate. However, Cocks (1979) 
argued that the torynelasmatinine Caenotreta 
(senior synonym Opsiconidion Ludvigsen; see 
Popov 1981) resided with the apex of the pedicle 
valve in the sediment; he considered that at least 
half the length of the valve required submersion 
for stability, but that the pedicle, by virtue of the 
small size of the foramen, acted as a stabilizing 
device rather than for permanent attachment. 
Rowell & Krause (1973) explored the possibili
ties of both fixed and floating algae as possible 
substrates. An epiplanktonic existence (Schu
chert 1911) has long been an attractive hypoth
esis (see Rowell & Krause 1973, Percival 1979 
and Williams & Lockley 1983 for reviews) re
garding the modes of life of certain small and 
minute thin-shelled brachiopods, including small 
inarticulates and the aegiromines Chonetoidea 
and Sericoidea. There is, however, adequate evi
dence that living brachiopods may attach them
selves to soft substrates (Rudwick 1961, 1970, p. 
78); these brachiopods are also small and thin
shelled. Curry (1983) has recently discussed the 
ecology of the minute and extemely thin-shelled 
rhynchonellid Cryptopora gnomon. Significantly, 
this form possesses a pedicle of variable length, 
often in excess of the length of the valves them
selves, which divides distally into rootlets; the 
substrate was fine-grained. Curry (1983) consid
ered the valves to have rested on the substrate 
with the posterior facing downwards, tethered up 
current by the pedicle. During periods of sedi
ment influx the pedicle may have elongated, 
permitting floation above the sediment water 
interface. 

Hisingerella possesses a low conical pedicle 
valve and lacks spines; thus it is clear that an 
existence similar to that anticipated for Crypto
pora must be considered. 

The larger and more robust Onniella probably 
required a firmer substrate for stability. This, 
together with higher oxygen and food levels and 
perhaps local increases in grain size and carbon
ate content, may have contributed towards the 
appearance of the dalmanellid ne ar the to p of the 
forma ti on. 

Hurst's (1978) phenetic model for dalmanellids 

NORSK GEOLOGISK TIDSSKRIFT 4 (1984) 

considered in detail the morphology and distribu
tion of Onniella in the upper part of the type 
Caradoc. In particular Hurst (1978a, p. 543) reit
erated Lindstrom's (1953, p. 133) suggestion that 
O. bancrofti and O. broeggeri are morphological
ly very similar; moreover Hurst (1978a, p. 543) 
suggested that parallel associations may have ex
isted in the upper Caradoc Onny Shales and the 
middle Caradoc Sularp Shale. Clearly the Nak
holmen material possesses a number of features 
typical of Onniella species of more distal shelf 
environments, e.g. relatively smaller shells with 
deeper pedicle valves, V-shaped ventral diductor 
field and less transverse shells. The occurrence of 
this morphotype in the Nakholmen Formation is 
therefore consistent with the interpreted deeper 
water, offshore facies for the unit. 

In a regional context the brachiopod faunas of 
the N akholmen section have little or nothing in 
common at either the generic or specific level 
with the other coeval upper Caradoc assemblages 
studied elsewhere in the Oslo Region (Fig. 3). 
Significantly, however, at Blakstad on the south 
west margin of the Asker district, Sericoidea 
gamma is abundant in a dark shale facies; and in 
the Norderhov road section at Ringerike dark 
shales of the Norderhov Formation have yielded a 
low diversity brachiopod fauna dominated by On
niella. In contrast to the trilobites there seem to 
have been few eurytopk species of brachiopod; 
rather they indicate a strict dependence on par
ticular facies. 

The very restricted Broeggerolithus-dominated 
trilobite fauna of the type Nakholmen Formation 
is also known from elsewhere in the eastern part 
of the Oslo-Asker district. In contrast, localities 
farther west in Asker have yielded a much more 
diverse fauna of 11 species but without B. dis
cors. The faunas from Vestbråten and Hadeland 
are similarly diverse (11 and 14 species respec
tively) and contain many elements in common 
with that from Asker (Fig. 4). Although present, 
B. discors is very rare, comprising about l% of 
the trilobite specimens. The Vestbråten and Ha
deland faunas occur in grey limestones and cal
careous mudstones as do those from Asker. This 
contrasts with the black shales and limestones of 
the Nakholmen Formation in Oslo and Bærum. 
It is noteworthy that the Norderhov Formation 
at Norderhov in Ringerike is developed as a 
darker shale with fewer limestone nodules than 
at Vestbråten; B. discors is common and the only 
other trilobites are T. extensus and L. aff. rostra
tus. Thus the dark shales and limestones reflect 
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an environment in which the trilobite fauna was 
restricted to the most eurytopic of the forms seen 
in the diverse Ringerike, Hadeland and Asker 
faunas. Moreover it was an environment in 
which B. discors thrived. 

Correlation 

Although both brachiopods and trilobites occur 
throughout the type Nakholmen Formation, the 
brachiopods are of a restricted biofacies which 
prevents a widespread and direct correlation with 
rock units elsewhere. The trilobites, however, 
are less confined and provide a prospect for 
wider correlation of this unit. 

The overlying Solvang Formation contains a 
diverse and abundant trilobite fauna, with many 
species approximating to or conspecific with 
forms in the Actonian and Onnian stages of the 
Caradoc of Britain (Bruton & Owen 1979, Owen 
1980, Owen & Bruton 1980). Graptolites in the 
shaley uppermost part of the Solvang Formation 
on Nakholmen, which was previously assigned to 
the overlying Venstøp Forrnation, have been cor
related with the middle(?) part of the Dicrano
graptus clingani Zone (Williams & Bruton 1983); 
these beds are demonstrably equivalent to lime
stones farther west in Asker (Bruton & Owen 
1979). The shelly and graptolite faunas of the 
Solvang Formation thus provide an upper age 
limit for the Nakholmen Formation. 

The trilobite fauna of the Nakholmen Forrna
tion is not diverse, but the three forms present in 
the type section are also known from equivalent 
units below the Solvang Formation in Ringerike 
(Owen in Owen & Harper 1982) and Hadeland 
(Owen in Harper & Owen 1984). 9f the identifi
able species Lonchodomas aff. rostratus is very 
similar to forms with ranges which extend down 
into the Llandeilo, but Broeggerolithus discors is 
restricted to the units directly below the Solvang 
Formation (see Owen 1983) whilst closely allied 
forms are also known in Sweden, from the Moldå 
Formation in Dalarna and the Orå Formation in 
Jamtland. The Moldå Formation has been corre
lated with the middle part of the D. clingani Zone 
by Jaanusson (1976, fig. 12; 1982, fig. 4); the Orå 
Formation correlates with the highest Diplograp
tus multidens Zone and all but the uppermost part 
of the D. clingani Zone (Jaanusson & Karis 1982, 
fig. 1). 

As regards the brachiopods, none of the spe
eies present in the type N akholmen Forma ti on has 
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been recorded from coeval rocks in Ringerike or 
Hadeland, whilst only Sericoidea gamma occurs 
in the Asker development of the formation 
(Spjeldnæs 1957, p. 107). As noted previously, 
this last occurrence is in a local shaly tongue 
more similar to the Oslo-Bærum facies. 

Hisingerella nana was described initially by 
Hadding (1913, p. 61) from the Lower Dicello
graptus Shale of Skåne and subsequently record
ed from the middle Dicellograptus Shale on 
Bornholm (Hadding 1915, p. 30). Data from the 
Koangen boring in western Scania (Nilsson 1977) 
indicate the species to be present in the Clima
cograptus haddingi Subzone of the Glyptograptus 
teretiusculus Zone and also in the Dicranograptus 
clingani Zone. Onniella bancrofti sensu 
Lindstrom was first described from the Sularp 
Shale (Diplograptus multidens Zone) of Scania 
(Lindstrom 1953); it is now known from the D. 
clingani and D. multidens zones in Scania (Nils
son 1977) and the Blidene Beds (DmB) of West 
Latvia and the Keila Stage (Du) of south-east 
Estonia (Hints 1975). 

The graptolite fauna of the Nakholmen For
mation is sparse and rather poorly preserved; 
nevertheless of the three identifiable taxa, Am
plexograptus rugosus (Hadding, 1915), Climaco
graptus antiquus lineatus Elles & Wood, 1906 
and Corynoides incurvus Hadding, 1915, only the 
last is apparently restricted to the D. clingani 
Zone. C. antiquus lineatus was recorded by Elles 
& Wood (1906) to range from 'Upper Glenkiln 
Shale' (C. peltifer Zone?) to the D. clingani 
Zone. The highest occurrence at this leve! was 
confirmed by Williams (1981, Appendix l) at the 
type (?) locality of Llanystumdwy, North Wales. 
A. rugosus was recorded from the 'C. rugosus 
Zone' of Bornholm by Hadding (1915), whilst 
Bulman (1946) later described 'D. cfr. rugosus' 
from the Balclatchie Shale of Laggan Burn, Gir
van, south-west Scotland. The associated fauna of 
that unit suggests a leve! in the C. wilsoni Zone 
or lower D. clingani Zone, whilst Williams et al. 
(1972) assigned the .Balclatchie Group to the 
Harnagian and Soudleyan stages of the Caradoc 
(C. peltifer and C. wilsoni zones). Comparison 
with the middle or late D. clingani Zone fauna 
from the top of the Solvang Forma ti on (Williams 
& Bruton 1983) and appreciation of the apparent 
early range of A. rugosus tentatively indicate the 
lower part of the D. clingani Zone to be repre
sented in the Nakholmen Formation. 
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Fig. 5. All specimens from the Nakholmen Formation, Nakholmen, Oslo. 

A, B, D-G Hisingerel/a nana Hadding 

NORSK GEOLOGISK TIDSSKRIFT 4 (1984) 

A, B Partly exfoliated pedicle valve interior and latex east (PMO 104.004), both X12. 
D Posterior view of B, x 12. 
E Partly exfoliated pedicle valve exterior (PMO 104.014), x20. 
F Brachial valve interior (PMO 104.005), x20. 
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Systematic palaeontology 

Brachiopoda 
David A. T. Harper 

Five brachiopod species are now known from the 
type Nakholmen Formation, but only Hisinger
ella nana, Onniella cf. bancrofti and Sericoidea 
gamma merit detailed description. The prepara
tory, photographic and measurement techniques 
are those summarised in Harper (1984), whilst 
the terminology and classification is that of Wil
liams et al. 1965. Measurements have been made 
on fossil specimens where applicable as follows: 

x l - sagittal length (mm) 
x2 - maximum width (mm) 
x3 - hinge width (mm) 
X4 - position of max. width measured from 
posterior (mm) 
x5 - depth (mm) 

a - no. of ribs per mm medianly at 2. 5 mm/5 
mm growth stages. 

The rib notation is that of Bancroft (1928) . The 
material upon which the descriptions are based is 
indicated on Fig. 2. 

Family ACROTRETIDAE Schuchert, 1893 
Subfamily ACROTRETINAE Schuchert, 1893 

Genus Hisingerella Henningsmoen, 
1948 

Type species. - By original designation, Atrypa? 
nitens Hisinger, 1838, p. 77, from the Fjacka 
Shale (Pusgillian) , Dalarna, Sweden. 

Hisingerella nana (Hadding, 1913) 
Figs. 5A, B, D-G. 

D 1913 Acrotreta nana Hadding, p. 61, pl. 5, figs 
24-26. D 1915 Acrotreta nana Hadding, p. 30, pl. 
4, figs 23, 24. D 1948 Hisingerella nana (Rad
ding), Henningsmoen, p. 389. D 1977 Hisinger
ella nana (Hadding) ; Nilsson, p. 54. 
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Lectotype. - To be selected pending revision of 
type and topotype material from the Dicellograp
tus Shale of Scania, Sweden. 

Description. Exterior. - Minute, planiconical 
valves of transversely oval outline with maximum 
width at mid-valve length; hinge width about 
four-fifths maximum width and cardinal extrem
ities obtuse and rounded. Pedicle valve low cone 
approximately three-fifths as long as wide and 
about one-third as high as long. Apex rounded 
and virtually above posterior margin; elsewhere 
valve surface essentially flat, sloping anteriorly 
and laterally with an apical angle in excess of 90 
degrees (though probably modified by compac
tion). Features of pseudointerarea not known in 
detail but apparently divided medially by broad 
interridge. Brachial valve essentially flat, about 
as long as wide. Dorsal pseudointerarea with 
well-developed propareas divided by depressed 
media! plate. Ornament of variably thickened 
concentric lamellae. 

Ventral interior. - Evidence of robust apical 
process. Pair of transversely elliptical, posterior 
divergent cardinal muscle scars situated medianly 
and slightly raised above floor of valve. 

Dorsal interior. - Thin median septum extends 
anteriorly from near pseudointerarea to virtually 
anterior commissure. 

Measurements of figured specimens 

X1 X2 X3 X4 X5 

PMO 104.004 
Pedicle valve 
(internal mould) 1.5 2.5 2. 0 1.5 0.5 

PMO 104.005 
Brachial valve (interior) 1. 4 1. 3 1.1 0. 4 flat 

PMO 104. 006 
Brachial valve (interior) c 0.9 - c 0.5 flat 

Remarks. - Although H. nana is abundant at a 
number of horizons within the Nakholmen For
mation, much of the material is broken and has 

G 
C,H-N 
C , H 

Broken brachial valve.interior (PMO 104.006), x20. 
Onniella cf. bancrofti Lindstriim 

l, J 
K,N 
L,M 

Latex east and external mould of brachial valve (PMO 85543), both x4. 
Internal mould of pedicle valve and latex east (PMO 104. 007), both x5. 
Internal mould of brachial valve and latex east (PMO 86738), both x4. 
Internal mould of brachial valve and latex east (PMO 104. 008), both x5. 
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demonstrably suffered compaction; therefore 
biometric analysis of these thin, incomplete 
shells is not possible. Nevertheless, there is suffi
ciency of adequate material to determine the 
diagnostic features of the Nakholmen sample and 
to compare it with congeneric material from else
where. 

Hisingerella is a common element of many 
middle and upper Ordovician faunas associated 
with offshore argillaceous facies in Scandinavia. 
However, despite its abundance, almost all the 
material presently available for study is from 
shaly facies and thus has suffered both compac
tion and breakage; little detailed information as 
to the min ute and thin-shelled genus is thus avail
able and its systematic position has remained in 
doubt (Rowell in Williams et al. 1965, p. H279). 

New material obtained from acid residues 
· from a limes tone unit near the top of the Frog

nøya Shale (Pusgillian) in the Ringerike district 
has helped clarify the concept of the genus and 
indicates a systematic position within the Acro
tretinae (Harper, unpublished data) . 

The mode of preservation and apparent mor
phological simplicity of Hisingerella inhibits ac
curate specific discrimination within this stock; 
nonetheless, examination of type material of H. 
nitens (and its junior synonym H. dubia (Had
ding 1913)) and H. nana suggests the Nakholmen 
form is the latter. The sample of H. nana exam
ined from the Dicellograptus Shale of Scania has 
a circular rather than oval outline and less angu
lar ventral and dorsal apices than those of H. ni
tens, whilst the former appears also to have a less 
pronounced concentric ornament. 

Family DALMANELLIDAE Schuchert, 1913 

Genus Onniella Bancroft, 1928 

Type species. - By original designation Onniella 
broggeri Bancroft 1928, p. 46; from the Onny 
Shale Formation (Onnian) , south Shropshire. 

Onniella cf. bancrofti Lindstrom, 
1953 
Figs 5C, H, 1-N, 6A, C, D. 

D cf. 1953 Onniella bancrofti Lindstrom, p. 132, 
pl. l, figs 1-3, Fig. la-d. D ef. 1975 Onniella 
bancrofti Lindstrom; Hints, p. 43, pl. 10, figs 1-
12, fig 25. D non 1977 Onniella bancrofti Havli
cek, p. 128, pl. 17, figs 22-25. D cf. 1977 Onniel-
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la bancrofti Lindstrom; Nilsson, p. 55. [see 
Lindstrom 1953 for full synonymy of species till 
that date] 

Holotype. - LO 3503 T, internal mould of bra
chial valve, from Sularp Shale (Caradoc) , Fågel
sång, Sweden. 

Description. Exterior. - Medium-sized, ventribi
convex valves of subcircular outline; maximum 
width at or near mid-valve length. Cardinal ex
tremities obtuse and rounded; hinge width about 
four-fifths maximum width. Anterior commis
sure plicate. Pedicle valve about four-fifths as 
long as wide and about one-sixth as deep as long. 
Anterior profile carinate with pronounced fold 
arising at umbo and developing slightly anterior
ly; flanks concave, flattening posterolaterally. 
Lateral profile with prominent swollen umbo; 
elsewhere surface flat and anteriorly sloped. 
V entra! interarea short, flat and apsacline; delth
yrium open, pierced apically by minute pedicle 
foramen. Brachial valve about three-quarters as 
long as wide and at !east one-tenth as deep as 
long. Anterior profile with narrow sulcus origi
nating within l mm of posterior margin and de
veloping anteriorly till at margin it occupies one
third of valve width; base and sides curved. 
Flanks convex but flatten posterolaterally. Lateral 
profile convex with maxirimm curvature median
ly; umbo subdued. Dorsal interarea very short, 
flat and anacline; notothyrium open. Ornament 
of costae and costellae with evenly rounded pro
files, about 5 and 4 per mm medianly at the 2.5 
and 5 mm growth stages respectively. Dorsal 
costellae arise, in inner three sectors, by repeat
ed internal branching thus: 2a) 3a) Hi) 2ai) 3ai) 
25. Two costae occupy the dorsal sulcus whilst 
one, which trifurcates at 0.5 mm growth stage, 
accentuates the ventral fold. Fine concentric 
growth lines variably thickened. 

Ventral interior. - Elongate subcordate muscle 
scars about three-quarters as wide as long and 
about one-quarter valve length, consisting of pair 
of centrally situated sublanceolate adductor 
scars, separated medianly by minute septum and 

· flanked by diductor lobes which extend further 
anteriorly. Pair of relatively thick vascula media 
diverge anteriorly from front of aductor tracks 
and initially, trifurcate in to vascula terminalia at 
about three-quarters valve length. Gonoceols im
pressed posterolaterally, pitted each about as 
long as wide. Anterodorsally directed teeth, 
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Fig. 6. All specimens from the Nakholmen Formation, Nakholmen, Oslo. 
A, C, D, Onniella cf. bancrofti Lindstrom 
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A, C External moulds and 1atex east of two pedicle valves (PMO 104.009), x7. 
D Internal mould of pedicle valve (PMO 86738), x4. 
B, E-J Sericoidea gamma (Spje1dnæs) 
B, G Internal moulds of pedicle (uppermost) and brachial valves and latex casts (PMO 104.010), x 10. 
E, F External mould and latex east of pedicle valve (PMO 104.011), x 10. 
H Broken external mould of pedicle va1ve, impacted by brachial valve (PMO 104.012), x 10. 
I, J External mould and latex east of pedicle valve (PMO 104.013), x10. 
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small but strong supported by curved, steeply 
inclined dental plates which define lateral extent 
of ventral muscle field. 

Dorsal interior. - Cardinalia comprising cardinal 
process with relatively short, thin shaft attached 
to posteriorly expanded and crenulated, bilobed 
myophore almost completely filling notothyrium. 
Stubby, robust brachiophores, encased by secon
dary shell, and markedly more divergent than 
thinner, near vertical bases; fulcral plates possibly 
present but ob�cured by secondary shell. Short 
notothyrlal platform continuous with relatively 
low, rounded, median ridge which extends anter
iorly to about one-half valve length; it divides 
quadripartite muscle scar, about three quarters 
as wide as long and with markedly larger anterior 
scars. Elsewhere on valve interior external orna
ment feebly impressed. 

Measurements of figured specimens 

PMO 85543 
Brachial valve 
(external mould) 

PMO 104.007 
Pedicle valve 
(internal mould) 

PMO 86738 
Brachial valve 
(internal mould) 

PMO 104.008 
Brachial valve 
(internal mould) 

PMO 86738 
Pedicle valve 
(internal mould) 

PMO 104.009 
Pedicle valve 
(external mould) 

XI X2 

8. 5 11. 5 

7. 9 clO. O 

c8.0 c12.0 

9. 0 12. 2 

3. 7 c4.6 

8.0 5. 8 

x3 

9.0 

8.0 

clO. O 

11.0 

c4.0 

5. 0 

x4 x5 a 

4. 5 

4. 0 1. 0 -

4. 0 

4. 5 

2. 0 0. 8 5/4 

3. 0 c1. 5 -

Remarks. - The genus Onniella is widespread in 
rocks of Caradoc and Ashgill age; a large num
ber of species have been documented from the 
North American (Wang 1949, Cooper 1956, Hall 
1962, Alberstadt 1973, Harper 1979b ), Bal ti c 
(Lindstri:im 1953, Hints 1975, Cocks 1982) , 
Anglo-Welsh (Bancroft 1945, Williams 1963, 
1974, Hurst 1978) and Bohemian (Havlicek 1977) 
provinces. Moreover the morphology and occur
rence of the Onniella species in the type upper 
Caradoc have recently been analysed in terms of 
their possible ecophenotypic strategies (Hurst 

NORSK GEOLOGISK TIDSSKRIFT 4 (1984) 

1978a, b) , though this approach has attracted 
criticism (Harper, Tipper & Walmsley 1982) . 

The Nakholmen species is most similar to O. 
bancrofti Lindstri:im (1953, p. 132) from the Su
larp Shale of the Scania district of Sweden. More 
recently this species has been described in detail 
and illustrated from the Blidene Beds (DmB) of 
West Latvia and the Keila Stage (Du) of West 
Estonia (Hints 1975, p. 43) ; subsequently Nilsson 
(1977) recorded O. bancrofti from the D. multi
dens and D. clingani zones of the Koangen bor
ing, Scania. 

As far as can be judged, the valve interiors of 
the Nakholmen species fall within the ranges of 
variation shown by the Swedish, Estonian and 
Latvian samples, and although Lindstri:im (1953, 
p. 131) had no details regarding the radial orna
ment of the Swedish form, data from the Nakhol
men sample indicate the configuration and densi
ty of ribbing to be closely comparable to that for 
Hints' material. 

Lindstri:im (1953, p. 133) considered O. ban
crofti to resemble most O. broeggeri Bancroft, 
1928, the type species of the genus, from the 
Onny Shale Formation (Onnian) of Shropshire. 
Hurst (1978, p. 258) has revised in detail the 
morphology of the species and moreover has 
synonymized O. inconstans Bancroft, 1945 from 
the underlying Acton Scott Formation (Acton
ian). Although both O. bancrofti and O. broeg
geri have a V-shaped ventral muscle field and 
relatively deeply impressed dorsal muscle scars, 
the Scandinavian species has a coarser radial or
nament; and although the rib systems of the two 
are broadly comparable, O. broeggeri is charac
terised by the more common development of 
external costellae. 

Havlicek (1977, p. 128) has reassigned Meso
dalmanella bancrofti Havlicek, 1951, from the 
Vinice Formation (middle Caradoc) , Beroun, 
Czechoslovakia, to Onniella. The species, how
ever, is poorly known. Nevertheless, the generic 
assignment, if correct, implies that a new name is 
required for Lindstri:im's species. 

Family SOWERBYELLIDAE Opik, 1930 
Subfamily AEGIROMENINAE Havlicek, 1961 

Genus Sericoidea Lindstrom, 1953 

Type species. - By original designation, Leptaena 
sericea J. de C. Sowerby var. restricta Hadding, 
1913, p. 62; from the Sularp Shale (Caradoc) , 
Fågelsång, Scania. 
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Sericoidea gamma (Spjeldnæs, 1957) 
Fig. 6B, E-J. 

O 1957 Chonetoidea gamma Spjeldnæs, p. 106, 
pl. 2, figs 12-13, text-fig 24C. 

Holotype. - PMO 66988, internal mould of bra
chial valve, from the Nakholmen Formation, 
Blakstad Road junction, Asker. 

Description. Exterior. - Small, planoconvex 
valves of transversely subelliptical outline with 
maximum width at hinge line; cardinal extrem
ities sharp and acute. Anterior commissure recti
marginate. Pedicle valve about one-half as long 
as wide and about one-tenth as deep as long. 
Anterior and lateral profiles flatly convex with 
subdued umbo. Ventral interarea short, flat and 
apsacline; delthyrium partly open, covered api
cally by minute, convex pseudodeltidium. Bra
chial valve about one-half as long as wide with 
roughly flat anterior and lateral profiles. Dorsal 
interarea, very short, flat and hypercline; nototh
yrium open. Ornament of differentially accentu
ated fine ribs with evenly rounded profiles, num
bering 10-12 per mm, medianly at 2.5 mm 
growth stage; about every fifth rib accentuated 
on larger shells. Concentric ornament of fine 
growth lines variably thickened near anterior 
commissure. 

Ventral interior. - Teeth minute, dorsilaterally 
directed and unsupported. Minute, bilobed mus
eie scars weakly impressed and comprising pair 
of elongately oval diductor scars surrounding 
pair of markedly smaller lanceolate adductors 
separated by minute median septum. Entire scar 
about three-fifths as long as wide and about one
tenth as long as valve itself. Elsewhere valve 
interior characterised by radially arranged min
ute pustules occupying interspaces between fee
bly impressed ribs. 

Dorsal interior. - Cardinalia comprising short, 
thin socket ridges, subparallel to hinge line and 
ankylosed medianly to minute cardinal process. 
Transversely bilobed dorsal platform, about two
fifths as long as wide and partitioned medianly 
into two lobes by median septum which extends 
anteriorly to about two-fifths valve length. An
terolateral margins of platform marked by single 
are of about 10 small, discrete septules with five 
arranged on each side of median septum. Else
where val ve interior fine! y pustulate and external 
ornament impressed. 

The type Nakholmen Formation 305 

Measurements of figured specimens 

PMO 104.010 
Pedicle valve 
Brachial valve 
(in terna! moulds) 

PMO 104.011 
Pedicle valve 
( external mould) 

PMO 104.013 
Pedicle valve 
(external mould) 

x1 x2 x3 x4 

2.8 5.0 4.5 1.5 
2.6 5.0 4.5 1.5 

at 
2. 7 5.6 5.6 binge 

3. 0 5. 8 5.6 l. O. 

x5 a 

c 0. 2 -

flat 

0. 3 10/-

0.3 12/-

Remarks. - Spjeldnæs (1957, p. 106) initially de
scribed S. gamma on the basis of a large sample 
from the 'Upper Chasmops Shale' at Blakstad, S. 
W. Asker and moreover noted its presence with
in coeval strata on the island of Nakholmen. 
Although he assigned his species to Chonetoidea 
Jones, Spjeldnæs (1957, p. 106) noted S. gamma 
differed from younger Chonetoidea sp�cies. 
Whilst the latter, e.g. Chonetoidea iduna Opik, 
are typical members of Jones' genus, S. gamma 
is hetter accommodated within Sericoidea 
Lindstrom by virtue of its simple septule arrange
ment and differentiated radial ornament. 

S. gamma differs from the genotype species S. 
restricta (Hadding, 1913) from the Sularp Shale 
of the Fågelsång district of Scania (see also 
Lindstr6m 1953, p. 134) in having less well
developed median septa, whilst there is a sugges
tion that the costellae of S. gamma are more 
commonly accentuated. Nevertheless the Swed
ish and Norwegian species together with S. aff. 
restricta from the middle Caradoc Craighead 
limestones (Williams 1962, p. 187) form a close
knit morphological group quite different from S. 
abdita Williams from the Costonian Derfel Lime
stone and S. aff. abdita from the lower Caradoc 
Balclatchie mudstones; the latter forms have a 
finer radial ornament and commonly possess a 
second, anterior are of dorsal septules (Williams 
in Whittington & Williams 1955, p. 418 and Wil
liams 1962, p. 188) . S. homolensis Havlfcek 
(1967, p. 52) from the Bohdalec Formation (up
per Caradoc) of Czechoslovakia has a more elon
gate outline and dorsal platform together with a 
relatively longer median septum than those spe
eies discussed above; moreover lateral septa are 
lacking. 
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Fig. 7. All from the Nakholmen Formation, Nakholmen, Oslo. 
A·H Amplexograptus rugosus (Hadding, 1915). A, B X20; C-H x5. A. PMO 111. 471. B. PMO 111.470. C. PMO 

111.466. D. PMO 111.463. E. PMO 111. 462. F. PMO 111.473. G. PMO 111. 477. H. PMO 111.464. 
I, J Corynoides incurvus Hadding, 1915. x10. l. PMO 111.474. J. PMO 111.469. 

Graptolites 
S. Henry Williams 

Graptolites have been described previously from 
the Lower Ordovician and early Middle Ordovi
cian in the Oslo Region (e.g. Monsen 1937, Ber
ry 1964). The fauna of the Ashgill Venstøp For
mation was described recently by Williams & 

Bruton (1983), who also recorded a late Caradoc 
fauna from the top of the underlying Solvang 
Formation on Nakholmen. No graptolites have, 
however, been recorded from the Nakholmen 
Formation, although the shale lithology is rather 
similar to that of the graptolitic Venstøp Forma
tion. The Nakholmen Formation is generally 
cleaved too heavily for graptolites to be pre
served, but careful collecting from an exposure 
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Fig. 8. All from the Nakho1men Formation, Nakho1men, Oslo. 
All x5. 
A 

B-F 

Climacograptus antiquus lineatus Elles & 
Wood, 1906. PMO 111.475. 

Amplexograptus rugusos (Hadding, 1915). 
B. PMO 111.476. c. PMO 111.465. D. PMO 
111.467. E. PMO 111.478. F. PMO 111.479. 

G, H Amplexograptus cf. rugosus (Hadding, 1915). 
G. PMO 111.480. H. PMO 111.472. 
Corynoides incurvus Hadding, 1915. PMO 
111.468. 
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on the south-western tip of the island of Nakhol
men (Figs. lB, 2) has revealed the first known 
specimens from this unit. 

All specimens were collected from the lower 
part of the unit on the south-western tip of Nak
holmen. Bars on figures indicate stretching direc
tions shown on the slabs by surface lineations. 

Family DIPLOGRAPTIDAE Lapworth, 1873 

Genus Amplexograptus Elles & 
Wood, 1907 

Amplexograptus rugosus (Hadding, 
1915) 
(Figs. 7A-H, 8B-F) 

D 1882 Climacograptus rugosus n. sp. ; Tullberg, 
p. 19. D 1915 Climacograptus rugosus Tullb. ; 
Hadding, pp. 19-20, pl. l, figs 13-18. D ?1946 
Diplograptus cfr. rugosus (Tullberg); Bulman, 
pp. 50-51, pl. 6, figs 8-10. 

Type specimen. - Not yet designated. The loca
tion of Tullberg' s types is presently unknown. 

Material. - About thirty specimens. 

Diagnosis. - Withheld until type and topotype 
material can be studied. 

Description. - The rhabdosome is usually under 
15 mm long. Distal width increase is only slight 
from the proximal l mm (0. 8-1. 5 mm de
formed) . Maximum widths in deformed material 
reach up to 1. 8 mm. Thecal density is more or 
less constant at 14-16 in lO mm. The sicula is l. 7 
mm long with a virgella up to 0. 8 mm and possi
bly a short anti-virgella spine or pair of spines. 
Proximal development is typically diplograptid. 
Thl1 and 12 bear conspicuous mesial spines up to 
0. 4 mm long. Remaining thecae are typically 
Amplexograptus in style with sharp geniculae and 
short, vertical supragenicular walls. Excavations 
are long, deep and pouch-shaped, occupying 114 
the total rhabdosome width and almost 1/2 the 
total ventral wall. lnterthecal septa are almost 
straight and inclined at about 30° to the stipe 
axis. A short nema commonly extends distally up 
to 3 mm long. 

Remarks. Tullberg' s description was brief, non
quantitative and lacked illustrations. The first, 
and apparent! y only, full description of the spe-



308 D.A. T. Harper et al. 

eies was given by Hadding (1915) . The present 
material agrees well with his description and fig
med specimens. Unfortunately, the horizons 
from where his specimens originated are not 
easily definable in terms of the British sequence 
of graptolite zones and the species is currently of 
limited biostratigraphical use. Two of the figured 
(Figs. 7 G, H) , and several other specimens from 
Nakholmen are rather smaller than A. rugasus 
s.s., even when tectonic deformation is taken 
into account. These are here referred to A. cf. 
rugasus. Bulman' s specimens of 'D . cfr. ruga
sus' belonging to Amplexagraptus. Bulman 
overall dimensions to the nominate species, but 
are too fragmentary for positive identification. 

Hadding suggested the possibility of 'C. ruga
sus' belonging to Amplexa-graptus. Bulman 
(1946) agreed that it had a greater affinity with 
this genus than to Climacagraptus, but concluded 
that the taxon should be assigned to Diplagrap
tus. Bulman' s (1962) revision of Amplexagraptus 
leaves no doubt in the present author' s mind that 
Tullberg' s species belongs to this genus. 

Genus Climacograptus Hall, 1865 

Climacograptus antiquus lineatus 
Elles & Wood, 1906 
(Fig. SA) 

O 1906 Climacagraptus antiquus Lapworth Var. 
lineatus var. nov.; Elles & Wood, p. 201, pl. 27, 
Figs 5a-f, text-figs 132a-c. 

Type specimen. - No type has yet been designat
ed. Etles & Wood' s figured material originated 
from the 'Upper Glenkiln Shale' of Craigmichan 
Scaurs, southern Scotland and from the 'Di
cranograptus Shale' of Llanystumdwy, North 
Wales. The two localities are separated widely 
both stratigraphically (C. peltifer (?) vs. D. clin
gani Zone) and geographically. Further work is 
therefore needed befare the true type locality 
may be deduced. 

Material. - One almost complete specimen and 
several fragments. 

Diagnosis. - Not yet given. 

Descriptian. - The one good specimen is 25 mm 
lang, widening from 1.0 mm proximally to the 
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maximum 1.4 mm within 8 mm. Thecae number 
lO in lO mm proximally, reducing slightly to 8 in 
lO mm dis tall y. The sicula has a robust virgella 
1.4 mm lang. Thl1 and 12 bear short but con
spicuous mesial spines 0.3 mm lang. Remaining 
thecae are typically Climacagraptus in style with 
sharp geniculae and straight, vertical suprageni
cular walls. Excavations are short, narrow and 
semicircular, occupying 1/5-1/6 of total rhabdo
some width. Interthecal septa are straight and 
subvertical, reflecting the gently sigmoidal na
ture of the thecae. 

Remarks. -C. antiquus lineatus does not appear 
to have been redescribed since its original publi
cation, although it has been recorded several 
times (see Strachan 1971, also by Nilsson 1977) . 
The anomalously lang range given by Elles & 

Wood (1906) requires further investigation, al
though Williams (1981, appendix l) ratified the 
occurrence in late D. clingani strata at the type 
(?) locality of Llanystumdwy. 

Family CORYNOIDIDAE Bulman, 1945 

Genus Corynoides Nicholson, 1867 

Corynoides incurvus Hadding, 1915 
(Figs. 71, J, 81) 

D 1915 Carynaides incurvus n. sp.; Hadding, pp. 
25-26, pl. 3, Figs 24-27 (30-32?) . O 1949 Caryn
aides incurvus Hadding; Strachan, pp. 158-159, 
text-fig. 3. D 1983 Carynaides incurvus Hadding; 
Williams & Bruton, p. 188, Figs 22d, 25d-f. 

Lectatype. - LO 2697T, figured Hadding (1915, 
pl. 3, Fig. 24). 

Material. - Four specimens. 

Diagnasis. - (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. 

Remarks. - Insufficient material is present to add 
to the description of material from the tap Sol
vang Formation (middle or late D. clingani 
Zone) of Nakholmen given by Williams & Bru
tan (1983) . C. incurvus has been recorded pre
viously only from the D. clingani Zone, implying 
a similar age for the Nakholmen Formation. 
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Fig. 9. Scolecodont elements from the Nakholmen Formation, Nakholmen, Oslo. All x20. A. PMO 111.484. B. PMO 111.481. C. 
PMO 111.482. D. PMO 111.483. 

Trilobita 
Alan W. Owen 

Indeterminate fragments of trilobites occur at 
various levels in the type Nakholmen Formation, 
and one specimen from 2.35 m below the top of 
the unit is clearly part of an illaenid cranidium. 
Two identifiable species are recorded from shale 
horizons (Fig. 2): Broeggerolithus discors (Ange
lin), and Lonchodomas aff. rostratus (Sars). B. 

discors is also represented in museum collections 
from limestone nodules. All three species have 
been described recently from the broadly con
temporaneous Norderhov Formation at Vestbrå
ten, Ringerike (Owen & Harper 1982) and the 
Furuberg Formation (upper Kirkerud Group) in 
Hadeland (Harper & Owen 1984). The type ma
terial of B. discors is from the Nakholmen For
mation on Nakholmen. The presence of Onniella 
on the same block as the neotype indicates that 
B. discors was redescribed by Owen (1983) from 
the uppermost part of the formation, together 
with specimens termed B. aff. discors from the 
Moldå and Orå formations in Dalarna and 
Jlimtland, Sweden respectively. 

Scolecodonts 
S. Henry Williams 

Scolecodonts (fossil polychaete jaws) occur com
monly in association with graptolites in Lower 
Palaeozoic black shales, although they are com
monly overlooked by palaeontologists. One hori
zon in the Nakholmen Formation yields relative
ly common specimens; all are single elements 
and all but one are of evenly denticulate, first 
maxillae. The remaining element has the long, 
narrow, overall appearance of a carrier, but is 
weakly denticulate anteriorly. Over the past two 
decades a num ber of articles have been published 
describing both jaw clusters (e.g. Kielan-Jawor
owska 1962, 1966; Szaniawski 1970) and single 
elements (e.g. Bergman 1979) isolated from Or
dovician and Silurian limestones. Kielan-Jawor
owska (1968) and Jansonius & Craig (1971) ar
gued for the employment of parataxonomy in 
describing scolecodonts, concluding that such a 
dual system of classification was justifiable to 
allow separate generic names for complete jaw 
apparatuses and single elements. 

Ancient polychaete jaw apparatuses are clear-
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ly comparable with modem ones, but differences 
do exist. Kielan-Jaworowska (1968) concluded 
that from twelve families present in the Palaeo
zoic, eight had become extinct. Although scole
codonts have not yet been employed biostratigra
phically, it seems inevitable that the y will eventu
ally be found to have some use, if only in achiev
ing a very rough subdivision during the Palaeo
zoic. I therefore consider it worthwhile figuring a 
selection of elements from the Nakholmen For
mation, although they are currently of little help 
taxonomically or biostratigraphically (Fig. 9) . 
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