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Early Llanvim brachiopods and trilobites occur together with molluscs as clasts in a serpentine 

conglomerate thought to have been formed in an oceanic island setting during an early closing of the 

lapetus Ocean. The brachiopods show strong North American affinities while the trilobites are a mixture 

of North American and Balto-Scandian types. The fauna suggests that in oceanic island settings, fauna! 
provincial affinity in support of tectonic models should be used with caution. The twelve brachiopod 

genera include: Rutrumella implexa gen. et sp. nov., Ottadalenites incertus gen. et sp. nov., Neumania 
gen. nov. (type species: Atelelasma atlanticus Neuman, 1976) and Trondorthis subcircularis sp. nov. The 

nine trilobite genera include Asaphus (Neoasaphus)? sp. nov., Annamitel/a? cf. borealis Whittington, 

1964, Turgicephalus cf. turgidus (Whittington, 1965) and Pliomerafischeri (Eichwald, 1825). 

David L. Bruton, Paleontologisk Museum, Sars gate l, Oslo 5, Norway 
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The early Ordovician, fossiliferous, serpentine 
Otta Conglomerate of south central Norway has 
featured in many studies of the Scandinavian 
Caledonides. The mode of occurrence of its 
fauna is particularly unusual; well-preserved 
brachiopods, trilobites, gastropods, cephalopods 
and bivalves occur as clasts together with ser
pentine nodules in a serpentine rich matrix (Ofte
dahl 1969). The Otta Conglomerate is one of 
many such serpentine conglomerates within the 
sequence of nappes along the Caledonian front in 
Norway and Sweden (Stigh 1979), but it is the 
only one, to date, with identifiable fossils. 
Jaanusson in a recent appraisal of the asaphid 
trilobites (1979, p. A 143) emphasised their Bal
to-Scandian provincial affinities, whilst Yochel
son (1963) considered the large gastropod fauna 
to have a predominantly North American aspect. 
Faunal analyses of this type have been fun
damental in the formulation of models for the 
evolution of the Scandinavian Caledonides (e.g. 
Gee 1975, Gee & Zachrisson 1974). Evidence 
essential for the construction of such models 
includes the age of the fossils for the timing of 
ultramafite emplacement, their faunal province 
affinities and their geographic position relative to 
North American and Balto-Scandian Plates prior 
to nappe movement. Thus with these problems 
in mind we describe in detail previously unex
amined brachiopods and trilobites from collec
tions oflver Haugen and P. A. Øyen (Øyen 1930) 

housed in the Paleontologisk Museum, Oslo 
(abbreviated PMO), together with those briefly 
described and figured by Hedstrom (1930). 

Historical review 

The first recorded fossil from the Otta Con
glomerate was a gastropod recovered from a 
loose block in a field near Leire, probably 
around 1895 (Strand 1970). This specimen was 
subsequently described by Koken (1925) as 
Lesueurilla rudis ( = Lesueurilla n. sp. in Hed
strom 1930). Thirty years later, the discovery of 
a large block of fossiliferous conglomerate at 
Åsåren Quarry by an amateur collector, Iver 
Haugen, initiated a detailed search during which 
he and P. A. Øyen accumulated a large collec
tion (Øyen 1930); this was later sent to H. 
Hedstrom in Sweden for study. Hedstrom's pre
liminary report (1930) was based on this mate
rial. The recent find by the first author of a 
manuscript, now in the archives of Paleontolo
gisk Museum, Oslo, suggests a more complete 
study was in preparation but was never pub
lished. Although, initially, the fossils were reco
vered from loose blocks, they were later found in 

situ at several localities (Øyen 1930); but the 
localities were never precisely documented and 
recent attempts by ourselves and others to find 
them have failed. This study is therefore based 
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Fig. l. Map of southem Norway showing location of Otta. 

Smøla and Hølonda are areas yielding typical North American 
(Whiterock) faunas in a volcanic island setting (Bruton & 
Bockelie 1979, 1980). 

on the collections of Haugen and Øyen, the bulk 
of which was apparently never sent to Hedstrom 
but deposited in the Paleontologisk Museum, 
Oslo where it has remained unopened until now. 

Regional setting 

Wilson (1966) and subsequently Dewey (1969) 
suggested a two-fold division of the Scandina
vian Caledonides into eastern and western parts; 
each developed independently on opposite sides 
of a proto-Atlantic (lapetus) Ocean. The junction 
between the two is now represented by a major 
tectonic boundary. Nicholson (1971) argued that 
such a suture, if present, must be a low angle 
thrust; moreover, such a structure Gee and 
Zachrisson (1974) agreed would correspond to a 
nappe boundary. Jaanusson (1979) has recently 
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stressed the Llanvirn age and Baltic affinities of 
the Otta fauna; this together with the description 
of typical North American Whiterock faunas, 
north west of Otta from the western Trondheim 
area (Neuman and Bruton 1974, Bergstrom 1979) 
necessitates the positioning of the tectonic junc
tion between the two. Furt�er, Gee (1975, fig. 
SD), accepting that the similarity of faunas from 
different tectonic units may be explained by 
origins in the same fauna! province, presented 
models with the rocks of the eastern Trondheim 
area and those of the Koli nappe complex in 
Sweden deposited on the Baltic edge of a back 
are basin; further east a positive area contributed 
sediment westwards into this basin and east
wards into the Jamtland basin. Serpentinites 
were emplaced in the back are basin and subse
quent erosion of these gave rise to the serpenti
nite conglomerates of the Lower Seve-Koli unit. 
Similar conglomerates can be traced through the 
south-eastern part of the Trondheim area (Rui 
1972, Stigh 1979) and south to Otta where they 
occur in the lowest tectonic unit of the upper 
allochthon, i.e. above the Valdres Nappe and 
possibly even above the Jotun Nappe (for sum
mary see Nicholson 1979, pp. 5-9, fig. 2). Whilst 
all these conglomerates are not necessarily con
temporaneous they do, according to Gee (pers. 
comm. 16/10/80), occur at the same tectonic 
leve!, Moreover, they are not known from the 
western part of the Trondheim area. 

As discussed below, the Llanvirn age of the 
Otta fossils is confirmed but not their Baltic 
fauna) province affinities. This raises two impor
tant points concerning firstly, the geographic 
place of origin of the serpentinites, and second
ly, the placement of the tectonic suture. It now 
seems unlikely that the serpentinites were depo
sited in a basin so near the Baltic Shield in the 
manner suggested by Gee (1978, fig. 8); furth
ermore, the fauna) province information, if ap
plied with caution, may help decide whether the 
suture should be placed (i) at the base of the 
Seve-KOii Nappe Complex (Nicholson 1971) or 
(ii) at the base of the Gula Group (Gee and 
Zachrisson 1974). Critical to the evaluation of 
either solution is the supposed equivalence of 
the eastern Trondheim succession to that of the 
Koli. The previous mutual correlations of both 
units (e.g. Gee 1975) have relied heavily on the 
accepted Balto-Scandian affinities of the Otta 
fauna, the similarity of volcanic rocks in both 
areas and the occurrence of the Atlantic pro
vince dendroid graptolite Dictyonema flabelli-
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forme s.l. within phyllites in contact with the 
Gula Group (Størmer 1941, Vogt 1941). The 
proposed North American affinity for the Otta 
fossils would thus favour positioning the suture 
at the base of the Seve-Koli Nappe Complex. 

How far from the Bal tie Shield the serpentinite 
conglomerates originated is difficult to calculate, 
but it is of interest to note that according to Stigh 
(1979) all the conglomerates are remarkable in 
having petrologically similar clasts and matrix 
and also similar Al203 and Si02 percentages. 
This suggests a very isolated environment of 
deposition for the conglomerates, far removed 
from a land deri ved source of sediment. 

Taphonomy 

The Otta fossils occur as clasts in a matrix of 
detrital serpentine. The majority of the brachio
pods have their shell substance preserved as 
dolomite white the trilobites, cephalopods, 
bivalves and gastropods occur principally as 
moulds. Although much of the material is 
broken, abraided and disarticulated, it is not 
tectonically deformed. This may in part be the 
result of protection by the relatively soft serpen
tine matrix. Shell breakage, abrasion, the dis
proportionate numbers of pedicle and brachial 
valves together with the mixture of bionomic 
shell types (Jaanusson in Jaanusson et al. l979a, 
p. 267) amongst the brachiopods, suggest a 
transported origin for the assemblage; furth
ermore, small individuals of the same species are 
absent or very poorly represented as are taxa 
represented by small forms. This seems to sug
gest a gross sorting of the assemblage. 

With one exception, a pygidium of Asaphus 
(Neoasaphus) sp. (Pl. 4, fig. 8-10), all the trilo
bites are preserved as internat moulds, the ex
ception having bad the original dorsal ex
oskeleton preserved in dolomite. Etching of this 
with conc. hydrochloric acid in the case of the 
brachiopods revealed the excellent internat fea
tures illustrated (Pl. 2, figs. l, 4, 8). This raises 
the question as to why these internat structures 
are commonly so well preserved in contrast to 
the broken and abraded exteriors. This may be 
explained by assuming that the shells were infil
led with fine sediment during a period of expo
sure on the sea-floor prior to final transport. 

Depositional environment 

Jaanusson (in Stigh 1979, p. 146) has emphasised 
the allochthonous nature of the Otta fauna which 
is also noted above. The environment and mode 
of formation of the source rock for the con
glomerates are not, as yet, well understood. 
Oftedahl (1%9) considered various ideas but 
preferred a pyroclastic origin, white Gee (1975, 
p. 50 l) sugge sted the serpentines were emplaced 
during a phase of subduction in a basin west of 
the present Baltic Shield and their subsequent 
denudation resulted in a series of serpentinite 
conglomerates (see also Stigh 1979, p. 195). 
Assuming the serpentinites formed positive 
areas above the sea-floor, they may have 
afforded ideal sites for the colonisation of shelly 
faunas. Periodic down-slope movement of ero
sion products together with the associated 
benthos and nekton is envisaged to account for 
the unusual mode of occurrence of the Otta 
fossils. 

Significance of the fauna 

Neuman, in a series of papers (1964, 1968, 1971, 
1976), has described and discussed brachiopod 
faunas from suites of early Ordovician volcanic
lastic rocks in Maine, New Brunswick and New
foundland, and more recently Neuman and 
Bates (1978) have revised a similar type of fauna 
from Anglesey (see also Bates· 1968, 1972). 
These brachiopods and the co-occurring trilo
bites (Whittington in Neuman 1964, Dean 1971, 
1973a) together with comparable assemblages 
from West Norway (Neuman & Bruton 1974) are 
considered to represent the accumulations of 
animals inhabiting the shelves of oceanic islands 
(Neuman 1972, Bruton & Bockelie 1980). 

In recent years the concept of Ordovician 
faunal provinces has received much attention 
following detailed studies principally of sequ
ences on and along fossil plate margins. Such 
provinces are well documented here and whilst 
comparisons in these regimes has often empha
sised the distinctness of provincial faunas, differ
ences become less obvious when remains of the 
istand are environments and intervening basins 
are available for study. For here may occur a 
combination of endemic genera with forms pre
viously recorded from rocks of different ages 
and/or provinces. This led Neuman (1972) to 
invoke the theories of istand biogeography to 
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exp1ain these unusual associations; the islands 
may act as both sites of evolution of new stocks 
and links in paths of animal migration. Furth
ermore, it is suggested here that marginal water 
temperatures around istand arcs may be signifi
cantly higher than those of the surrounding 
waters leading to the presence of warmer water 
faunas in a cool water belt. Then the supposed 
warm water North American (Bathyurid pro
vince) faunas described from istand sequences 
in Anglesey (Neuman & Bates 1978), Western 
Norway (Neuman & Bruton 1974, Bruton & 

Bockelie 1979, 1980) and Otta may be ex
plained in this way; the use, therefore, of 
faunal province affinity to establish the geog
raphic position of an istand are may be mislead
ing. The occurrence of Balto-Scandian elements 
amongst the Otta trilobites may not necessarily 
indicate the proximity of the Baltic Shield, but 
rather that they represent a deeper, cooler water 
biofacies. 

l. Brachiopods 

The Otta brachiopods have strong North Amer
ican affinities. Apart from the two endemic 
elements of the fauna Rutrumella implexa gen. et 
sp. nov. and Ottadalenites incertus gen. et sp. 
nov., the forms which can be given unequivocal 
generic assignments are best compared with 
allied species from the North American and 
Celtic Provinces. Trondorthis subcircularis sp. 
nov. is particularly similar to T. bifurcatus 
(Cooper) from the 'Rhysostrophia Zone' of the 
Antelope Val1ey Limestone of Nevada, whilst 
Valcourea sp. may turn out to be conspecific 
with V. intracarinata Ulrich and Cooper from 
the same formation. Besides their occurrences at 
Otta Neumania and Calyptolepta are recorded 
only from rocks of the Celtic Province; species 
of Neumania are present in the late Arenig fauna 
from Virgin Arm, Newfoundland and in the early 
Llanvim fauna from Anglesey, whilst Calyp
to/epta is described from Virgin Arm. Ptychog
lyptus and Palaeostrophia further strengthen the 
links of the Otta fauna with the North Ame ri can 
Province in the early Ordovician. 

Although the assemblage does not contain 
Productorthis, Tritoechia and Rugostrophia -
three of the four genera Neuman & Bates ( 1978) 
considered to be the hallmark of the Celtic Pro
vince- nonetheless Orthambonites, Neumania 
and Calyptolepta are well represented. The Otta 
fauna is therefore consistent with a position 
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within this peri-insular province - Otta repre
senting a further link in the early Ordovician 
string of islands in the lapetus Ocean. 

The generic composition of the Otta 
brachiopods suggests a late Arenig-early Lian
vim age for the conglomerate. Direct specific 
comparisons are difficult due;� to firstly, inadequ
ate Otta material, e.g. Valcourea sp., and 
secondly, a paucity of well documented congen
ers of man y species, e.g. Trondorthis, Neumania 
and Calyptolepta; thus the desirable correlations 
based upon specific similarity are not possible. 
However, on the evidence of the Trondorthis 

and Valcourea, the assemblage is more probably 
early Llanvirn than late Arenig. 

2. Trilobites 

Descriptions of trilobites from early Ordovician 
oceanic istand environments (Whittington 1964, 
Bates 1968, Dean 197 1, 1973a, Neuman & Bru
ton 1974, Bruton & Bockelie 1979) show that 
there is a mixing of elements considered charac
teristic of the North American (Bathyurid) and 
Balto-Scandian (Asaphid) Provinces, suggesting 
that this is a feature of these faunas but not so 
clearly of the brachiopods. Jaanusson ( 1979, p. 
A 143) in recognising the preponderance of 
Asaphus (Neoasaphus) in the Otta fauna, consi
dered this sufficient to indicate strong Baltic 
affinities and an early Llanvirn (late Kundan) 
age. This is a valid argument as long as this 
group, the asaphids, is only well documented 
from the province which it characterises. As 
more faunas are described, asaphids closely 
related to those once thought to be exclusive to 
Balto-Scandia are appearing in geographically 
widely separated sequences (cf. the pygidium of 
Priceaspis Legg 1976, pl. 5, fig. 3 and those of 
Asaphus (Neoasaphus) figured herein) from the 
Canning Basin of Australia (Legg 1976) to Spits
bergen (Fortey 1975). 

The Megistaspis sp. ( = Megistaspidella of 
Jaanusson 1979, p. A 143) is very incomplete 
though there seems little doubt as to its identi
fication with those Baltic species from the Mid
dle Ordovician (Llanvirn). Likewise, illaenids 
are represented by one pygidium of Stenopareia, 
a genus common in the Balto-Scandian Middle 
Ordovician. Other common Asaphid Province 
genera such as nileids are missing from the Otta 
fauna. 

The Bathyuridae is represented by the unusual 
genus Annamitella described from early Ordovi-
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T ABLE l. Sample count of the Otta brachiopod fauna. 
PV - single pedicle valves, BY - single brachial valves, Bkn. - broken valves, Art. - coflioined pairs of valves, Inds. -

individuals =sum of the number of conjoined pairs and the larger total of single valves. 

PV 

Orthis? sp. 

Orthambonites sp. 6 
Trondorthis subcircularis sp. nov. 25 
Valcourea sp. 4 
Paurorthis? sp. 

Neumania all. atlanticus (Neuman) 17 
Rutrumella implexa gen. et sp. nov. 
Ottada/enites incertus gen. et sp. nov. 2 
Ca/yptolepta all. diaphragma Neuman 7 
Ptychoglyptus? sp. 2 
Pa/aeostrophia sp. 

Camerella sp. 

indeterminate valves 9 
(Orthambonites sp. or Trondorthis subcircularis) 

cian oceanic island suites on Newfoundland, 
Anglesey and in Maine, but also from geographi
cally widely separated areas such as Argentina, 
Kazakhstan, northwest China, Australia and 
Vietnam, the last in a non-island setting of 
limestones and sandstones. This distribution 
suggests that Annamitella is almost certainly a 
planktonic form. 

The genus Pliomera occurs at about the same 
time in rocks of early Ordovician age in North 
America and the Baltic. lts origin is presently 
unknown, though the Otta material is identical 
with the type species, P. fischeri (Eichwald, 
1825) from the Llanvirn of the Bal tie area. 

Turgicephalus occurs with Baltic (Arenig
Llanvirn) genera from volcaniclastic rocks in 
Maine and in limestones with Whiterock genera 
of typical Bathyurid Province type from Spits
bergen. Likewise, Cybelurus is known from 
Spitsbergen, Newfoundland, Yukon territory 
and in Scotland. lts occurrence in the Oslo 
Region ( = Miracybele of Nikolai sen 1967) is 
much later. 

The stratigraphic distribution of Megistaspis, 
Asaphus (Neoasaphus) and Pliomera on plat
form Balto-Scandia suggests that the Otta Con
glomerate is of earl y Llanvim age. This is further 
supported by the 'younger' Whiterock aspect 
of Turgicephalus and Cybelurus and the Cha
zyan affinities of Ceraurinella and Amphilichas. 

BY Bkn. Art. Total Total 

valves Inds. 

l l l l 
2 6 8 6 
2 12 3 33 28 
5 Il l Il 6 

2 l 2 l 
9 23 26 17 
3 l 3 3 
2 2 4 2 
3 12 12 8 

2 2 2 
l l 

l l 
9 9 9 

BRACHIOPODA 

DA VID A. T. HARPER 

% 
Inds. 

1.2 
7.0 

33.0 
7.0 
1.2 

20.0 
3.5 
2.4 
9.4 
2.4 
1.2 
1.2 

10.6 

The poor condition of much of the material due 
to breakage and abrasion precludes a detailed 
biometrical analysis of each form. Measure
ments are, however, given for the best preserved 
specimens of each species, which are figured. 
The term material refers to those specimens used 
in the systematic descriptions; these, together 
with the remaining specimens, unsuitable for 
descriptive treatment, are listed in Table l. 

References to genera and their type species and 
higher taxonomic categories are omitted but are 
to be found in Williams et al. ( 1965). 

The morphological information pertaining to 
two of the three new genera erected in this 
section, Rutrumella and Ottadalenites, is at pre
sent incomplete. But generic differences tend to 
be typically those of kind rather than degree; the 
establishment of the distinct generic character 
within the available. sample of each has necessi
tated the formal erection of Rutrumella and 
Ottadalenites. The absence of certain informa
tion on these forms, however, may in due course 
limit the usefulness of the species upon which 
the genera are based (see also Neuman 1976, p. 
18). 
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Order Orthida Schuchert and 
Cooper, 1932 

Suborder Orthidina Schuchert and 
Cooper, 1932 

Superfamily ORTHACEA Woodward, 1852 
Family ORTHIDAE Woodward, 1852 
Subfamily ORTHINAE Woodward, 1852 

Genus Orthis Dalman, 1828 

Type species. - By subsequent designation of 
Davidson, 1853, p. 10 1, Orthis callactis Dalman, 
1828, p 93; from the Lower Ordovician of the 
U.S. S.R. 

Orthis? sp. 
Plate l, figs. 2, 3 

Material. - One virtually complete but poorly 
preserved brachial valve exterior. 

Measurements offigured specimen 
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Remarks.- This relatively small, broken shell is 
tentatively assigned to the genus Ort his. The 
val ve is about four-fifths as long as wide with the 
maximum width occurring at or near the straight 
hinge line, cardinal angles very slightly obtuse; 
the anterior and lateral profiles are essentially 
flat but a slightly convex rim is developed vir
tually at the commissure. The ornament com
prises about 12 strong costae with subangular 
profiles and each shows a marked thickening 
anteriorly; the wavelengths of the two median 
costae are both 1.5 mm and 2.0 mm at the 5 mm 
and lO mm growth stages respectively. There are 
only occasionally the slightest suggestions of 
concentric growth lines. 

In view of the questionable generic assignment 
of this material detailed comparison with other 
members of the genus is not warranted. Howev
er, the Otta form differs from the type species, 
Orthis callactis, in having fewer, less angular 
costae and squared to obtuse rather than sub
mucronate cardinal angles; in all these respects it 
more closely resembles Orthis sp. from the 
middle lower Llanvirn Stapley Volcanic Group 
of the Shelve inlier (Williams 1974, p. 5 1). 

Brachial valve length1 hinge 
width 

maximum 
width 

no. of 
costae 

wavelength of 
costae medianly at 

5 mm to mm 

PMO 105.736 13.5 c. 17.3 c. 17.5 c. 12 1.5 2.0 

1 All lengths are measured sagittally. 

Genus Orthambonites Pander, 1830 

Type species. - By subsequent designation of 
Dall, 1877, p. 5 1, Orthambonites transversa Pan
der, 1830, p. 80; from the Ordovician of Estonia, 
U.S. S.R. 

Orthambonites sp. 
Plate l, figs. l, 4, 5, 6, 9 

Material.- Three incomplete external moulds of 
pedicle valves and one incomplete external 
mould of a brachial val ve. 
Description. - Moderately large, markedly ven
tribiconvex valves of evenly rounded subqua-

drate outline with maximum width at or near 
mid-valve length; cardinal extremities slightly 
obtuse. Pedicle valve about two-thirds as long as 
wide and about one quarter as deep as long. 
Anterior profile with maximum convexity 
medianly, flanks flatly convex; lateral pro file 
strongly convex with evenly rounded umbo. 
Brachial valve about two-thirds as long as wide 
and about one-tenth as deep as long. Anterior 
and lateral profiles almost flat but with narrow, 
shallow sulcus originating near umbo and de
veloping anteriorly. Radial ornament on brachial 
val ve of about 20 strong, evenly rounded costae, 
median pair of costae 1.0 mm wide at 5 mm 
growth stage. Concentric growth lines feebly 
developed. 
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Measurements offigured specimens 

Pedicle valves length hinge max 
(ext. moulds) width width 

PMO 105.787 11.0 c. 14.0 c. 14.0 
PMO 105.788 9.8 c. 11.0 13.3 

Brachial valve 
(ext. mould) 
PMO 105.789 c. 10.0 c. 15.0 c. 16.0 

Remarks.- Specific discrimination amongst the 
many Ordovician Orthambonites (s. l.) is based 
large! y upon recognition, statistically, of differ
ences in valve outline and profile together with 
the variation in the size and number of costae; 
the inadequate Otta sample thus does not allow 
the accurate definition of this species in accept
able terms, and therefore comparisons with allied 
forms would be, strictly speaking, meaningless. 
However, it can be suggested that the Norwe
gian species is characterised by about 20 costae, 
a flatly convex brachial valve with a feeble 
sulcus. 

Typical Orthambonites (s. s.) e.g. Orthambo
nites calligramma (Dalman, 1828) are characte
rised externally by the presence of very fine ribs 
on the costae and in the interspaces between 
costae; the poor preservation of the Otta mate
rial prevents the clear recognition of this di
agnostic feature, although there are local indica
tions of its presence (Pl. l, fig. 9). 

Genus Trondorthis Neuman, 1974 

Type species. - By original designation, 
Orthambonites bifurcatus Cooper, 1956, p. 297; 
from the Upper Pogonip Group (Whiterock), 
Nevada, U . S.A. 

Trondorthis subcircularis sp. nov. 
Plate l, figs. 7, 8, tO, Il, 13, 14, 16, 17 

O 1930 Orthis sp., Hedstrom, p. 8 (pars), pl. 2, 
fig. 9 
Name.- 'Subcircularis' referring to the outline. 
Holotype.- PMO 105.794; conjoined valves. 
Material. - One conjoined pair, an external 
mould of a brachial val ve, two internat moulds of 

pos. of max. depth no. of wavelength of 
width from costae median costa 
posterior at 5 mm 

4.0 2.5 c.20 1.0 
4.2 3.1 c. 18 1.2 

5.0 1.0 c. 20 1.0 

pedicle valves and one internat mould of a 
brachial valve (obtained by etching). 
Diagnosis.- Subcircular species possessing cos
tae and costellae of equal magnitude and with 2a 
arising first, before lå. 
Description. - Exterior. Moderately large, ven
tribiconvex valves of subcircular outline with 
maximum width occurring near midvalve; car
dinal angles obtusely rounded. Pedicle valve 
about two-thirds as long as wide and about 
one-third as deep as long. Anterior profile with 
maximum convexity median! y, flanks flatly con
ca ve; lateral profile fairly uniformly convex with 
prominent, swollen umbo. Ventral interarea 
short, curved and orthocline; delthyrium open. 
Brachial valve about three-quarters as long as 
wide and about one-sixth as deep as long; anter
ior profile with shallow sulcus originating at 
umbo but fading anteriorly, flanks convex flat
tening posterolaterally; lateral profile flatly con
vex, umbo subdued. Dorsal interarea short, 
curved and anacline; notothyrium open. Orna
ment of uniformly rounded costae and costellae 
about 2 per mm at 5 mm growth stage; costellae 
arising by internat branching with 2å appearing 
first, near the 2 mm growth stage. 
Ventral interior. - Teeth short but stout, sup
ported by thin dental plates. Muscle field about 
seven-eighths as long as wide and extending to 
near one-fifth valve length; comprising relatively 
large centrally situated adductors which extend 
anteriorly beyond the narrow, flanking diduc
tors. Proximal trunks of vascula media subparal
lel. 
Dorsal interior.- Strong linear cardinal process 
situated on elevated notothyrial platform flanked 
by divergent stout brachiopores, triangular in 
cross-section, and with anteriorly divergent 
bases. Adductors strongly impressed posteriorly 
and divided medianly by low ridge which fades 
near mid-valve. 
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Measurements offigured specimens 

Pedicle valves length binge max. 
(int. moulds) width width 

PMO 105.792 8.6 11.6 12.1 
PMO 105.793 11.7 12.0 12.5 

Pedicle valve of 
conjoined pair 

PMO 105.794 12.1 12.0 13.1 

Brachial valves 
(int. mou1d) 

PMO 105.791 9.0 12.4 13.0 

(ext. mould) 

PMO 105.790 10.4 13.1 14.0 

Brachial valve of length binge max. 
conjoined pair width width 

PMO 105.794 11.2 12.0 13.1 

Remarks. - Neuman (in Neuman & Bruton 1974, 
p. 77) distinguished his new genus Trondorthis 
from Orthambonites (sensu Cooper 1956) on 
account of the former's triangu1ar rather than 
lath-like brachiopores, ventra1 adductor muscle 
scar configuration and costellate ornament. The 
combination of these features present in the Otta 
material suggests assignment to Trondorthis. 

Apart from the Otta species only two other 
members of this genus are known; T. bifurcatus 
(Cooper, 1956) and T. strandi, Neuman, 1974. T. 
strandi, from the Hølonda area of Norway (Neu
man In Neuman & Bruton 1974, p. 81) is char
acterised by a fascicostellate ornament with the 
costellae being markedly subordinate to the cos
tae; the valves also attain a large size. The new 
species, T. subcircularis thus differs in having 
costae and costellae of equal magnitude, re
latively smaller mature valves, a subcircular 
rather than a predominantly transverse outline 
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pos. of max. depth length of width of 
width from muscle scar muscle 
posterior from umbo scar 

4.0 2.1 2.5 2.6 
6.0 3.0 3.3 2.8 

total no. of 
costellae costellae 
and costae and costae 
at 10mm per 5 mm 

medianly 
at 10mm 

6.0 4.0 3 0  8 

length of width muscle 
muscle scar scar 
from umbo 

4.5 1.5 c. 5.0 c. 5.0 

total no. of 
costellae costellae and 
and costae costae per 
at 1 0mm 5 mm median-

ly at 10 mm 

5.0 1.5 2 8  6 

pos. of depth total no. of 
max. width costellae costellae 
from poste- and costae and costae per 
ri or at 10mm 5 mm median-

ly at 10mm 

6.0 1.6 c. 2 8  7 

and a greater number of costae and costellae (i.e. 
28-30 as against 16-24 at lO mm). No differences 
between the internat features of these species 
could be established on the basis of the samples 
available. 

The Otta species is more similar to T. bifurca
tus (Cooper) from the Antelope Valley Lime
stone (Rhysostrophia Zone) in Nevada (Neuman 
in Neuman & Bruton 1974). The North Amer
ican form possesses a similar style of ornament 
and comparable numbers and densities of costae 
and costellae; it differs in having a persistently 
subquadrate outline and in the mode of bran
ching of the costellae - when present la arises 
with or before 2a. Nonetheless both T. bifurca
tus and T. subcircularis are clearly quite similar. 

Family PLAESIOMIIDAE Schuchert , 1 913 
Subfami1y PLAESIOMIINAE Schuchert, 1913 
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Genus Valcourea Raymond, 1911 

Type species. - By original designation, 
Plaesiomys strophomenoides Raymond, 1905, p. 
370; from the Crown Point Formation (Llan
deilo-Caradoc), New York State, U.S.A. 

Valcourea sp. 
Plate l, figs. 12, 15, 18, plate 2, figs. l, 2 

Material. - One pedicle valve, one extemal 
mould of a brachial val ve and one brachial val ve 
(subsequently etched to reveal dorsal interior) all 
indifferently preserved. 
Remarks. - The valves of the Otta Valcourea are 
transversely subquadrate with the maximum 
width at the alate binge line. The pedicle valve 
possesses a prominent, narrow carinate fold 
originating at the umbo, whilst the brachial valve 
has a complimentary narrow, well-marked sul
cus which develops anteriorly. The exteriors are 
omamented by fine (5 per mm medianly at 5 mm 
growth stage and about 50-55 present on each 
valve) evenly rounded costae and feeble concen
tric growth lines. The dorsal interior is characte-

Measurements offigured specimens 

rised by a strong, posteroventrally directed car
dinal process flanked by short, stout, anteriorly 
divergent socket ridges situated on the promin
ent notothyrial platform; this continues anterior
ly as strong median septum, bisecting the deeply 
impressed quadripartite adductor muscle field, 
and fading abruptly just before the anterior com
missure. 

The Otta Valcourea is most similar to V. 
intracarinata Ulrich & Cooper (1938, p. 125; 
Cooper 1956, p. 408), the oldest member of the 
genus; this form is present in the upper part of 
the Antelope Valley Limestone in Nevada (Ross 
1970, p. 23). The shape, mode and style of 
ribbing and development of the dorsal septum 
are identical to those of V. intracarinata, but until 
further material of the Norwegian species is 
available, this form is described under open 
nomenclature. Williams (1972, p. 213) has de
scribed a similar form from the Whiterock 
Muweelrea Grits, Uggool, County Mayo, Ire
land; however, the Irish form possesses more 
acute cardinal angles than the American species 
(Williams 1972) and also the specimens from 
Otta. 

Pedicle valve of 
conjoined pair 

length binge depth total no. no. of costae per mm 
width of costae medianly at 5 mm growth stage 

PMO 105.795 5.6 c. 9.0 1.3 c. 50 4 

Brachial valve of 
conjoined pair 

length binge depth total no. no. of costae per mm 
width 

PMO 105.795 

Brachial valve 
(ext. mould) 

PMO 105.796 

(int. mould) 

PMO 105.797 

5.2 

6.5 

7.5 

Superfamily ENTELETACEA Waagen, 1884 
Family PAURORTHIDAE Opik, 1933 

c. 9.0 

12.4 

c. 12.0 

0.8 

0.8 

2.5 

Genus Paurorthis Schuchert & 
Cooper, 1931 

Type species. By original designation Orthambo
nites parva Pander, 1830, p. 83; from the Lower 
Ordovician of Estonia, U . S. S. R. 

Il- Norsk Geoloiisk Tidsskr. 2/81 

of costae 

c. 50 

c. 55 

length of 
muscle scar 
from umbo 

3.0 

Paurorthis? sp. 
Plate 2, figs. 13, 14 

medianly at 5 mm growth stage 

5 

5 

width of length of 
muscle median 
scar septum 

2.5 6.5 

Material. - A  conjoined pair of poorly preserved 
intemal moulds. 
Remarks. - The small conjoined pair of intemal 
moulds is tentatively assigned to Paurorthis. 
Although the intemal features of both valves 
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accord well with a placement in this genus it is 
by no means certain that the valves are punctate, 
due to the coarse mode of preservation. The 

Measurements offigured specimen 

Pedic1e valve 
(int. mou1d) 

PMO 105.798 

Brachial valve 
(int. mou1d) 

PMO 105.798 

length 

6.5 

6.5 

hinge 
width 

6.1 

6.1 

max. 
width 

c. 6.9 

c. 6.9 

Suborder Clitambonitidina Opik, 
1934 
Superfamily CLIT AM BO NIT ACEA Winchell & Schuchert, 
1893 
Family CLITAMBONITIDAE Winchell & Schuchert, 1893 
Subfamily ATELELASMATINAE Cooper, 1956 

Genus Neumania gen. nov. 
Name. - For Dr. R. B. Neuman. 
Diagnosis. - A transverse atelelasmatinid genus 
with prominent imbricate lamellae developed 
over complete shell surface, a pronounced dor
sal sulcus and narrow plates bordering delthyr
ium. 
Type species. - Designated herein Atelelasma 
atlanticus Neuman, 1976, p. 24; frpm the Sum
merford Group (late Arenig), Newfoundland, 
Canada. 
Other species. - Apomatella (?) sp. in Bates, 
1968, p. 163; from the Bod Deiniol Formation 
early Llanvirn), Anglesey, N. Wales. (=At
elelasma sp. in Neuman & Bates 1978, p. 600.) 
Remarks. - Neuman (1976, p. 25) identified a 
distinctive group of atelelasmatinids which differ 
from all other species of Atelelasma in posses
sing a lamellose ornament over the whole shell 
surface, similar to that of the clitambonitinid 
Ladogiella. The group comprises A. atlanticus 
Neuman (1976, p. 24) and Apomatella (?) sp. 
(Bates 1968, p. 163); besides the persistent 
lamellose ornament common to both, these 
forms also possess a marked dorsal sulcus. 
These two kinds of feature also characterise the 
relatively abundant but poorly preserved Otta 
material and moreover, it is here considered that, 
in particular, the presence of lamellae on all three 
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well-developed dorsal muscle scars indicate that 
the small size of the species may be taxonomical
ly characteristic. 

pos. of depth length of width of 
max. width muscle scar muscle 
from poste- from umbo se ar 
ri or 

3.0 1.2 

3.0 0.5 4.5 2.8 

species warrants their separate generic recogni
tion within the Atelelasmatinae. Thus Neumania 
may be viewed as an Atelelasma having a well
defined imbricate, lamellose ornament de
veloped over the whole shell surface; the known 
members of the genus are also characterised by 
prominent dorsal sulci, but until further congen
ers are recognised the significance of this attri
bute is hard to assess. The presence, in Neum a
nia, of narrow plates bordering the delthyrium 
suggests a closer affinity with Atelelasma than 
the allied Apomatella. 

Neumania aff. atlanticus (Neuman, 
1976) 
Plate 2, figs. 3, 4, 5, 7, 8, 10, Il 

D 1930 Orthis sp., Hedstrom, p. 8 (pars), pl. 2, 
fig. 11. 
D aff. 1976 Atelelasma atlanticus Neuman, p. 

24, pl. 3, figs. 6-23. 

Material. - Six pedicle valves (one of which 
subsequently etched to produce internat mould) 
and three brachial valves (o ne of which also 
etched to produce internat mould). All speci
mens are indifferent! y preserved externally. 
Description. - Exterior. Moderately large, parti
cularly ventribiconvex valves of subquadrate 
outline with maximum width at hinge; cardinal 
extremities acute and slightly produced. Pyra
midal pedicle valve about four-fnths as long as 
wide and about one-half as deep as lang; anterior 
proftle with shallow sulcus and convex flanks. 
Ventral interarea long, about one-third valve 
length, flat, horizontally striated and apsacline; 
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delthyrium wide, open and bordered laterally by 
narrow, thin plates. Brachial valve about four
fifths as long as wide and about one-quarter as 
deep as long. Lateral profile flatly convex, umbo 
inconspicuous; anterior proflle with pronounced 
sulcus originating near posterior margin but fad
ing anteriorly. Dorsal interarea flat, short and 
anacline; notothyrium wide and open. Ornament 
of rounded costae and costellae numbering about 
3 per mm at 5 mm and lO mm growth stages, 
medianly, together with strong imbricate growth 
lamellae present on entire shell surface with 
about 3 per mm at 5 mm and 10 mm growth 
stages. 
V entra/ interior.- Short pointed teeth extending 

Measurements of figured specimens 

anterolaterally from margins of delthyrium. 
Spondylium simplex extending ariteriorly 
beyond binge line, whilst supporting median 
septum extends to about one-quarter valve 
length; muscle field comprising central adduc
tors and flanking diductors weakly impressed on 
floor of spondylium. 
Dorsal interior. - Thin, linear cardinal process 
situated on short notothyrial platform; widely 
divergent socket ridges almost parallel to binge 
line. Quadripartite adductor muscle field about 
one-half as long as wide and extending to near 
mid-valve from where prominent pair of vascula 
media emerge and extend to anterior commis
sure. 

Brachial valve 
(int. mould) 

length binge depth length length of width of 

PMO 105.799 

Pedicle valve 
(int. moulds) 

PMO 105.801 
PMO 105.802 

Brachial valve 
(exterior) 

PMO 105.800 

18. 0 

14.5 
18.2 

15.6 

width 

c. 20.0 

17.9 
19.4 

c. 20.0 

Remarks. - The Otta Neumania most closely 
resembles the type species N. atlanticus from 
the Summerford Group of Newfoundland in hav
ing its maximum width at the binge line, acute 
cardinal extremities and two orders of ribs. 
These features separate the Norwegian and 
North American forms from the Welsh speci
mens assigned here to Neumania (Neuman and 
bates, 1978, p. 600). Furthermore, the ribbing 
density and lamellar configuration of N. atlanti
cus are both comparable with those of the Otta 
form (note that for Neuman, 1976, pl. 3, figs. 
�14, measurements of the illustrated forms indi
cate the relevant plate magnifications to be x 1.5 
and not x 2 as stated). The Canadian species is 
consistently smaller and possesses a strong dor-

2.7 

3.0 
5.2 

4.0 

of inter-
area 

6.1 
8.0 

muscle scar 
from umbo 

8.5 

length of 
median septum 
from umbo 

6.0 
10.0 

no. of cos
tae and 
costellae 
per mm me
dianly at 10 
mm growth 
stage 

3 

muscle scar 

8.9 

no. of 
lamellae per 
mm at 10 mm 
growth stage 

3 

s� median septum; at present these differences 
are not used to formally separate the two forms. 

Order Strophomenida Opik, 1934 
Suborder Strophomenidina Opik, 
1934 
Superfamily PLECTAMBONITACEA Jones, 1928 
Family PLECTAMBONITIDAE Jones, 1928 
Subfamily AHTIELLINAE Opik, 1933 

Genus Rutrumella gen. nov. 
Name.- Latin 'rutrum' meaning a shovel; refer
ring to the shape of the brachial val ve. 
Diagnosis. - Large, subquadrate, ahtiellinid 
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genus with evenly rounded geniculation, low, 
dorsal, median septum and ornament of, prin
cipally, impersistent rugae on both disc and trail. 
Type species. - Rutrumella implexa gen. et sp. 
nov.; from the Otta Conglomerate (Llanvirn), 
Norway. 
Remarks. - The new genus has many features in 
common with the other members of the Ahtielli
nae but the combination of these features re
quires separate generic recognition. The two 
stage mode of geniculation typical of Reinversel
la Bates and Guttasella Neuman is not charac
teristic of the Otta genus, whilst the presence of 
rugae, albeit impersistent, over both the disc and 
trail serves to separate the new form from mem
bers of Schedophyla Neuman, Ahtiella Opik and 
Ukoa Opik. Furthermore the last two genera 
possess sharp ventral geniculations together 
with relatively well-defined transverse discs; but 
in contrast to the typical small size of Ahtiella 
species Ukoa is large and comparable therefore, 
in this respect, with Rutrumella. Inverse/la Opik 
possesses persistent rugae and is characterised 
by a strong geniculation and the absence of a 
dorsal median septum. 

Rutrumella implexa gen. et sp. nov. 
Plate 2, 1igs. 9, 12, 15 

Name. - Latin 'implexus' meaning uncombed, 
dishevelled, referring to the ornament. 
Holotype. - PMO 105.803; brachial valve ex
tenor. 

Measurements offigured specimens 
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Material. -Two brachial valves and one internat 
mould of a brachial valve; all relatively well 
preserved. 
Diagnosis. - Large species of rounded subqua
drate outline; impersistent rugae on both disc 
and trail of equal magnitude and numbering 
about three per 2 mm. 
Description. - Exterior. Moderately large, gently 
geniculate and resupinate valves of rounded 
subquadrate outline with maximum width at 
slightly mucronate hinge line; anterior commis
sure rectimarginate. Brachial valve about three
quarters as long as wide and about one-quarter 
as deep as long; uniformly curved trail about 
one-third as long as disc. Anterior profile with 
broad, flatly convex median area and narrower, 
convexly rounded, sloping flanks; lateral profile 
flatly concave over posterior third of valve but 
convex and rounded at and near area of genicula
tion. Dorsal interarea short, flat and anacline, 
notothyrium closed by convex chilidium. Orna
ment of feebly developed, impersistent rugae of 
equal magnitude on both disc and trail. Radial 
ornament subdued and restricted to trail. 
Dorsal interior. - Low, ill-defined notothyrial 
platform; cardinal process fairly simple, linear 
and elongately triangular in outline, stout and 
expanded where nearest posterior margin but 
thinning anteriorly; strong, essentially straight 
socket ridges diverge anteriorly at 120° from 
behind cardinal process. Adductor scars weakly 
impressed, divided medianly by ridge, which is 
particularly low and broad immediately anterior 
to notothyrial platform but thins and heightens 
near mid-valve; it fades anteriorly. 

Brachial valves length hinge width depth no. of rugae per 2 mm at 

19. 1 c. 40.0 8.0 

PMO 1()5.803 
(int. mould) 

PMO 105.804 15.6 c. 23.0 3.9 

Remarks. - The small and insufficient nature of 
the sample available does not allow for an accu
rate definition of the degree of variation in such 

5 mm lO mm 

3 3 

length of width of length of median 
cardinalia cardinalia septum from 
(sag.) umbo 

3.2 9.9 8.5 

features as mode of ornament and shell outline; 
the latter in particular may turn out to be quite 
variable if a larger sample becomes known. 
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Family? TAFFIIDAE Ulrich & Cooper, 1936 

Genus Ottadalenites gen. nov. 
Name. - After 'Ottadalen'. 
Diagnosis.- Large, convexoplane, alate, ?taffiid 
genus with simple cardinal process and small 
socket ridges which combined comprise a par
ticularly narrow cardinalia relative to binge 
width. Ornament of relatively coarse costae and 
branching costellae of equal magnitude. 
Type species.- Ottadalenites incertus gen. et sp. 
nov.; from the Otta Conglomerate (Llanvirn), 
Norway. 
Remarks. - Although represented only by a few 
indifferently preserved specimens the distinctive 
character of the sample merits generic recogni
tion. The outline, size and orthoid-like cardinalia 
suggests a tentative association with the early 
plectambonitacean taffiids. However, the con
vexoplanar valves, very narrow cardinalia and 
typically coarse ornament of branching costae 
set it apart from other members of the family. 

Ottadalenites incertus gen. et sp. 
nov. 
Plate 3, figs. 1-6 

O 1930 Orthisina n. sp., Hedstrom, p. 8, pl. 2, 
fig.2 
Name. - Latin 'incertus' meaning uncertain; 
referring to the origin and affinities of the spe
eies. 

Measurements offigured specimens 

Brachial valve (int. mould) length binge width 

PMO 105.805 23.1 44.0 

Brachial valve (ext. mould) length binge width 

PMO 105.807 24.1 c. 40.0 
Pedicle valve (ext. mould) 
PMO 105.806 24.2 c. 40.0 
Pedicle valve 
PMO 105.808 c. 25.0 c. 44.0 

Remarks.- This new species is known only from 
a relatively small sample of indifferently pre
served valves. Quantification, in detail, is there
fore not possible of the characters which may be 
compared with congeners, e.g. shell shape, 
mode and density of ornament and the relative 
dimensions of the internal structures. 

Holotype. - PMO 105.805; internal mould of a 
brachial valve. 
Material. - Two brachial valves and two pedicle 
valves. Specimens are poorly preserved. 
Diagnosis. - Large, subquadrate species with 
ornament of strong costae and costellae number
ing about 2 per 2 mm at 5 mm growth stage. 
Description. - Exterior. Large convexoplanar 
valves of subquadrate outline with maximum 
width at alate binge line; anterior commissure 
rectimarginate. Pedicle valve roughly flat about 
two-thirds as long as wide, details of interarea 
unknown. Brachial valve about two-thirds as 
long as wide and about one-tenth as deep as 
long. Anterior profile flatly convex with max
imum convexity medianly, flanks flatly concave; 
lateral profile flatly convex, umbo subdued. Dor
sal interarea short, flat and anacline; notothyr
ium covered by small convex chilidium. Orna
ment of fairly strong, evenly rounded costae and 
costellae most prominent medianly; costae and 
costellae num ber three per 2 mm at l O mm 
growth stage medianly, and although most ribs 
arise at umbo, costellae appear by branching at 
and near 10 mm growth stage. Concentric orna
ment poorly preserved. 
Dorsal interior. - Cardinalia particularly narrow, 
comprising small, simple cardinal process thick
ened anteriorly and situated on low, ill-defined 
notothyrial platform. Socket ridges, short but 
stout, unsupported, projecting anteroventrally 
from margins of notothyrium. Details of muscu
lature and vascular system unknown. 

depth width of cardinalia 

5.0 9.0 

depth no. of costae and 
costellae per 2 mm at 
5 mm lO mm 

4.6 2 

2.8 2 3 

2.9 2 3 

Family LEPTELLINIDAE Ulrich & Cooper, 1938 
Subfamily LEPTELLININAE Ulrich & Cooper, 1938 

Genus Calyptolepta Neuman, 1976 

Type species. - By original designation Calyp
tolepta diaphragma Neuman, 1976, p. 36; from 
the lower Summerford Group (late Arenig), New 
World Island, Newfoundland, Canada. 
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Calyptolepta aff. diaphragma 
Neuman, 1976 
Plate 3, figs. 7, 8, 10, Il, 12, 13 , 14 , 17 

O aff. 1976 Calyptolepta diaphragma Neuman, 
p. 36, pl. 6, figs. 5-18. 

Material. - One conjoined pair, one internat 
mould of a pedicle val ve and one external mould 
of a brachial valve; none is well preserved or 
complete. 
Description. - Exterior. Small, concavoconvex 
valves of transversely semicircular outline with 
maximum width at slightly alate binge line; car
dinal extremities acute. Anterior commissure 
feebly plicate. Pedicle valve about two-thirds as 
long as wide and about one-flfth as deep as long. 
Anterior profile with prominent, narrow, median 
fold originating at umbo; flanks flatly concave. 
Lateral profile uniformly convex with small, 
strongly convex umbo. Ventral interarea flat, 
about one-tenth valve length and apsacline; del
thyrium covered by small convex pseudodelti-

Measurements offigured specimens 
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dium. Brachial val ve about three-fifths as long as 
wide and about one-quarter as deep as long. 
Anterior profile dominated by weU-marked me
dian sulcus, originating at posterior margin and 
developing anteriorly; flanks flatly concave. 
Lateral profile evenly concave with inconspi
cuous umbo. Dorsal interarea flat, about one
tenth valve length and hypercline; notothyrium 
covered by small convex chilidium. Radial orna
mentation of fine, evenly rounded, differentiated 
parvicostellae numbering about five per mm at 5 
mm growth stage. 
V entra/ interior. - Teeth short, stout and unsup
ported. Muscle scars poorly preserved but 
apparently consisting of small pair of centrally 
situated adductors flanked by diductors extend
ing anteriorly to about one-quarter valve length. 
Prominent ventral platform broadly w-shaped, 
about as long as wide, divided medially in post
erior half of valve by low ridge flanked by pair of 
elongate depressions marking medial margins of 
platform; anterior and lateral margins defined by 
curved trenches. 

Pedicle valve of conjoined pair length binge width depth no. of costae and costellae per mm 
medianly at 5 mm 

PMO 1 05 .809 
Brachial valve of conjoined pair 
PMO 105.809 
Brachial valve (ext. mould) 
PMO 105.810 

Pedicle valve (int. moulds) 

PMO 105.812 
PMO 105.811 

7.8 

6.8 

5.4 

11.6 
6.5 

c. 11.5 

c. 11.5 

11.2 

c. 18.0 
9.1 

Remarks. - Neuman (1976, p. 35) erected the 
genus Calyptolepta containing only the type 
species C. diaphragma to include leptellinids 
ha ving a chilidium, an apically perforate pseudo
deltidium and platforms in both valves. Apart 
from the type and the Otta specimens assigned to 
this genus, the imperfectly known Leptel/ina? 
decipiens Billings (see Ulrich & Cooper 1938, p. 
191) may also betong here. 

The Norwegian material is compared with the 
type but differs principally in having a less muc
ronate binge line; furthermore the parvicostel
late ornament of the Otta form is less well diffe
rentiated. 

1.6 

1.5 

1.2 

2 .7 
2 .0 

5 

6 

length of ventral width of ventral 
platform platform 

8.1 9.6 
not well-defined 

Family SOWERBYELLIDAE Opik , 193 0 
Subfamily PTYCHOGLYPTINAE Cooper , 195 6 

Genus Ptychoglyptus Willard, 1928 

Type species. - By original designation Ptychog
lyptus virginiensis Willard, 1928, p. 283; from the 
Middle Ordovician (Porterfield) of Virginia, 
U.S.A. 

Ptychoglyptus? sp. 
Plate 3, figs. 15, 16 

Material. - One fragment of a pedicle val ve. 
Remarks. - A small, poorly preserved shell 
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fragment is assigned to Ptychoglyptus principal
ly on account of its distinctive ornament. The 
valve, when complete, was probably about one
half as long as wide and about one-fifth as deep 
as long. Both profiles are evenly convex. The 
ornament consists of strong rounded rugae with 
symmetrical profiles which have wavelengths of 
about 0.5 mm at or near the 5 mm growth stage, 
medianly; these rugae are interrupted by at least 
nine strong costae which define ten radial sec
tors, each with the chevron-shaped arcs slightly 
concave anteriorly. 

The available material binders precise com- · 

parisons with other allied species whilst the 
absence of interiors of the Otta form prevents, at 
present, an unequivocal generic placement. 

Order Pentamerida Schuchert & 
Cooper, 193 1 
Suborder Syntrophiidina Ulrich & 
Cooper, 1936 
Superfamily PORAMBONITACEA Davidson, 1853 
Family HUENELLIDAE Schuchert & Cooper, 1931 

Measurements offigured specimen 

Genus Palaeostrophia Ulrich & 
Cooper, 1936 

Type species. - By original designation, Syn
trophia orthia Walcott, 1905, p. li; from the 
Chaumitien Limestone (Upper Cambrian), Tsi
nian, Shantung, China. 

Palaeostrophia sp. 
Plate 3, fig. 9 

Material. - One relatively complete but poorly 
preserved brachial valve. 
Remarks. -The shell is particularly distinctive in 
possessing a prominent fold with a curved crest, 
arising near the umbo and developing markedly 
anteriorly; the flanks are convex and the anterior 
commissure strongly plicate. 

Brachial valve length hinge width maximum pos. of max. width 
from posterior 

depth 
width 

PMO 105.814 7.3 7.6 c. 10.0 3.3 4.2 

Family CAMERELLIDAE Hall & Clarke, 1894 
Subfamily CAMERELLINAE Hall & Clarke, 1894 

Genus Camerella Billings, 1859 

Type species. - By subsequent designation of 
Hall & Clarke, 1893, p. 2 19, Camerella volborthi 
Billings, 1859, p. 301; from the Rockland Forma
tion (Upper Ordovician), Ontario, Canada. 

Measurements of figured .specimen 

Camerella sp. 
Plate 2, fig. 6 

Material. - One virtually complete brachial 
valve. 
Remarks. - One dorsal exterior is assigned here. 
The valve is strongly convex, with an evenly 
rounded fold arising at about one-third of the 
valve length, and is about as wide as long. Four 
evenly rounded costae, arranged in two pairs 
occupy the fold, whilst at least three are present 
on each flank. 

Brachial valve length hinge width maximum pos. of max. 
width from 
posterior 

depth 
width 

PMO 105.815 7.7 c. 7.0 7.6 4.0 6.0 
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TRILOBITA 

DA VID L. BRUTON 

Family ASAPHIDAE Burmeister, 1843 
Subfamily ASAPHINAE Burmeister, 1843 

Genus Asaphus Brongniart m 

Brongniart & Desmarest, 1882 

Subgenus Asaphus (Neoasaphus) 
Jaanusson, 1953 

Type species.- By original designation, Asaphus 
ludibundus Tornquist, 1884, from the Ludibun
dus Limestone, Siljan district, Sweden. 

Asaphus (Neoasaphus)? sp. nov. 
Plate 4, figs. 1-12, 14, 16 

O 1930. Asaphus cornutus Pander: Hedstrom, p. 
6, fig. l' pl. l' fig. 4 

Material. - Four cranidia, 2 pygidia, l free 
cheek, l hypostoma and l thoracic segment, all 
figured. Additional material includes 14 pygidia 
and 2 cranidia. 
Diagnosis and description. - The deep basal 
glabellar furrow and frontal dorsal furrow 
together outline a club-like glabella which is 
narrow and pinched-in sagittally opposite the 
basal lobes, and broad (tr.) and steeply sloping 
anteriorly. Occipital and basal glabellar furrows 
are deep, the latter outlining basal lobes. The 
eyes are situated relatively far forward at half 
glabellar length, and the anterior branch of the 
facial suture is only slightly divergent forwards. 
Occipital and basal glabellar furrows are deep, 
the latter outlining basal lobes. 

The pygidium (Pl. 4, figs. 8- 10) is extremely 
well preserved and shows the ev en width of the 
doublure, the short notch being the terminal 
portion of the rachis and the evenly spaced lines 
which cross the doublure at a shallow angle 
rather than being parallel to the margin. The 
rachis tapers evenly backwards and is straight
sided. At !east six rachial rings are present, the 
first 2-3 being complete across the top of the 
rachis on the internal mould, the remainder 
accentuated laterally by the apodemes. The rings 
become fainter posteriori y. The pleurae are 
smooth. 
Discussion.- Apart from the revision of the type 
and a second closely related Baltic species, by 
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Jaanusson ( 1953) and of younger material by 
Henningsmoen ( 1960), this group is in need of 
modem revision. An idea of the various species 
known can be gained from the study of illustra
tions by Neben & Krueger ( 197 1, 1973, 1979). 
The present material is too incomplete to be 
given a new name, yet it seems to be sufficiently 
distinct from previously described species of the 

A. (N.) cornutus-group (Jaanusson 1953, p. 392) 
characterised by deep occipital and basal glabel
lar furrows. Hedstrom ( 1930, p. 4) identified the 
present material as belonging to the last named 
species and material identified as such is figured 
by Neben & Krueger ( 197 1, pl. 27, figs. 5-6; 
1979, pl. 120, figs. 1-5). If this latter material is 
correctly identified, then the pygidium differs in 
having a more strongly furrowed rachis and well 
marked furrows on the pleurae. The palpebral 
lobes are much lower in the present material 
than they are in A. (N.) cornutus and in this 
respect resemble members of the ludibundus

group. 
A thoracic segment (Pl. 4, fig. 14) and an 

incomplete hypostoma (Pl. 4, fig. 16) are in
cluded here. The latter is asaphid-like but appears 
to have longer, thinner prongs than is typical for 
Asaphus (Neoasaphus) and in consequence has 
a longer posterior notch. In a previous paper 
(Bruton 1974, p. 109), I drew attention to this 
feature, likening it to that found in Isoteloides 
Raymond, 19 10 and Stegnopsis Whittington, 
1965. New figures of /soteloides given by Fortey 
( 1979, pl. 24, fig. 5) support this comparison, 
though the present material shows that. the me
dian body is only weakly convex. 

Subfamily lsotelinae Angelin, 1854 

Genus Megistaspis Jaanusson, 1956 

Type species. - Trilobites limbatus Boeck 1838 
(see Størmer 1940, p. 14 1; Jaanusson 1956, p. 68, 
pl. l, figs. 1-3) from the Asaphus Shale (3bJ3), 
Akersbakken, Oslo. 

Megistaspis sp. 
Plate 4, fig. 15 

Discussion. - Hedstrom ( 1930, p. 6) lists several 
pygidia under the name Megistaspis. The most 
diagnostic is an extemal mould from which the 
latex east (Pl. 4, fig. 15) has been made. Details 
of the rachis are poorly preserved, but the right 
pleural area shows at !east 12 ribs, all of which 
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show the distinct longitudinal rib furrow charac
teristic for Megistaspis of the M. gigas - M. 
heroica - type known from the early Middle 
Ordovician of Balto-Scandinavia (Bohlin, 1960). 
However, the margin is incomplete and no de
tails of the doublure can be seen. 

Family BATHYURIDAE Walcott, 1886 

Genus Annamitella Mansuy, 1920 

Type species. - By original designation, A. 
asiatica Mansuy \..1920 from the ordo'<'.ician.,Bl'es 
quartzeux de Dong-son, Annam, Vietnam. 

Annamitella? cf. borealis 
Whittington, 1964 
Plate 4, figs. 13, 17-19 

O 1930. Phacops sclerops Dalman: Hedstrom p. 
6, pl. l' fig. 2. 
Material. - One enroled exoskeleton and two 
pygidia, all figured. 
Discussion. - The gently forward tapering bar
rei-like glabella, large centrally placed eyes with 
marked palpebral furrow and features of the 
pygidium including a backward tapering rachis 
with rounded tip, 4 rachial rings and pleural ribs, 
and a shallow border furrow, suggest that the 

· enrolled specimen (Pl. 4, figs. 17-18) belongs to a 
bathyurid remarkably like Annamitella? cf. 
borealis Whittington (1964, p. E28, pl. 6) from 
Ordovician tuffs in Maine. Two additional pygi
dia (Pl. 4, figs. 13, 19) are also assigned here. 
Whittington (1964) gave a detailed survey of this 
and related species and has since (Whittington in 
Neuman 1972, p. 300) discussed the relationship 
between Bathyuriscops, Proetiella and Monella 
(type species M. perplexa Bates, 1968), consi
dered to be congeneric. Dean (1973) described 

A? insulana from the Lower Ordovician of New 
World Island, Newfoundland, and in doing so, 
gave a detailed survey of the genus which is not 
repeated here. The present material is not well 
preserved, and it is not possible to see if glabellar 
furrows are present or not. Such furrows are 
more obvious on the material from Newfound
land than on that from Maine and, in addition, 
the Newfoundland pygidia possess a greater 
number (7-8 compared with 4-5) of rachial rings. 

A? insulana from the Arenig of Newfoundland 
and A? perplexa from the Arenig of Wales, are 
more similar to each other than they are to A? 

borealis from Maine and the present material 

from approximately the same age or younger. 

t'amily ILLAENIDAE Hawle & Corda, 1847 

Genus Stenopareia Holm, 1886 

Type species. By original designation, Illaenus 
linnarssoni Holm, 1882 from the Boda Lime
stone, Siljan district, Sweden. For further re
marks see Owen & Bruton (1980). 

Stenopareia sp. 
Plate 5, figs. 1-3 

Material. - One pygidium, figured. 
Discussion. - Shaw (l%8) assigned pygidia of 
the type figured here (Pl. 5, figs. 1-3) to Bumas
toides, a genus represented by several species 
known from the Middle Ordovician of eastem 
North America (for discussion see Chatterton & 

Ludvigsen 1976; Ludvigsen & Chatterton 1980). 
The present material however, differs from the 
type species B. milleri (Billings, 1859), see Whit
tington 1954 and B. lenzi Chatterton & Ludvig
sen 1976, in having only a very weakly cuspate 
inner margin of the doublure, and in this respect 
seems more like specimens of B. aplatus 
(Raymond) and Bumastus globosus (Billings) 
figured by Shaw (l%3, pl, 16; fig. 19; pl. 17). 
Both Whittington (1954, p. 139) and Chatterton 
& Ludvigsen (1976, p. 29, 37) thought the pygi
dium of Bumastoides aplatus to be too angulate 
along the anterior margin for it to be assigned to 
the genus, and this seems to be the case with the 
larger pygidia which are very like those figured 
for Stenopareia glaber (cf. Shaw 1%3, pl. 17, 
fig. 8 and Owen & Bruton 1980, pl. 4, figs. 
15-17). I agree with Chatterton and Ludvigsen 
that it is becoming increasingly difficult to dis
tinguish Bumastoides from those forms of Steno
pareia in which the inner margin of the pygidial 
is cuspate such as it is on S. glaber. Neverthe
less Bumastoides, as represented by its type 
species, is characterised by extreme effacement 
of the dorsal furrows leaving only the lunette 
clearly visible on internat moulds of cranidia, 
and a smoothing out of pygidia. These features 
are quite distinctive on B. lenzi and B. tenuirugo
sus (Troedsson 1929, pl. 15, figs. 1-10) from the 
Middle Ordovician of Canada and northem 
Greenland respectively, and on hitherto unde
scribed younger forms which I have studied from 
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Norway and Estonia. Thus defined, the sped
mens figured by Shaw (1968) are not Bumas
toides or Bumastus, but Stenopareia. Other spe
eies such as B. billingsi (Raymond & Narraway 
1908; see Bradley 1930, pl. 28, fig. 2), B. scoticus 
Tripp 1965 from the Caradoc of Scotland and the 
Illaenus sp. (Bates 1968, figs. 9, 10, 12, 13) from 
Anglesey, have a tongue-like median projection 
of the pygidial doublure and a straight anterior 
margin suggesting that these are also Steno
pareia but of the S. linnarssoni - group. They 
also have a tranverse articulating facet, but this is 
a functional morphological feature associated 
with enrolment and the shape of the last thoracic 
segment, which is shown to vary with size 
(cf. Owen & Bruton 1980, pl. 2, fig. 14 and 
pl. 3, fig. 6). Specimens described by Dean 
(1971, pl. 5, fig. 6; pl. 7, figs. 6-10; 1973, pl. 5, 
figs. 6-9, 12) from the Ordovician of New World 
Island, Newfoundland, have a characteristically 
short facet and defined rachis and seem to be 
more like Baltic species of Illaenus s. s. 

Family SCUTELLUIDAE Richter & Richter, 1955 
Subfamily STYGININAE Vodges, 1890 

Genus Turgicephalus Fortey, 1980 

Type species. - By original designation, Tur
gicephalus falcatus Fortey, 1980 from the late 
Arenig, Valhallan Stage, Spitsbergen. 

Turgicephalus cf. turgidus 
(Whittington, 1965) 
Plate 5, figs. 6, 1 

Material. - One cranidium, figured. 
Discussion. - Dorsal and anterior views of the 
cranidium (Pl. 5, figs. 6-7) resemble those fi
gured as Raymondaspis sp. by Whittington 
(1964, pl. 7, figs. 8, 9, 12) from Ordovician tuffs 
in Maine, and as R. turgidus (Whittington 1965, 
p. 406, pl. 59, figs. l, 8) from western Newfound
land. The latter species, thought by Whittington 
to belong perhaps to a separate genus, has since 
been assigned by Fortey (1980, p. 5 1-52) to his 
genus Turgicephalus erected for a group of re
lated species from the Arenig-Lianvim of Scan
dinavia and Spitsbergen. Although similar to 
Raymondaspis, Turgicephalus possesses a com
bination of characters including a more convex 
glabella, which is said to produce a more illaenid-
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like cephalon. Whittington's material and the 
present cranidium resemble each other more 
closely than they do the species of Turgicepha
lus figured by Fortey (1980) and both possess a 
narrow marginal rim on the cephalon which is an 
illaenid rather than a scutelluid feature. Likewise 
the free cheeks of T. turgidus are typically 
illaenid. The diverging dorsal furrows which 
curve outwards in front of the eyes and well 
developed occipital ring, however, are not 
illaenid features. A cranidium (Fortey 1980, pl. 
9, figs. 1-3, 5) resembling the present one, was 
assigned to the genus Theamataspis (type spe
eies: T. illaenoides Opik, 1937, pl. l, figs. 5, 6), 
but the latter is not well defined being based on a 
small growth stage of a scutelluid-like cranidium, 
and is known only from this and a second 
cranidium (Neben & Kreuger 1979, pl. 144, figs. 
10, 11) from the Middle Ordovician of the Baltic 
area. ?Theamataspis sp. Lu (1975, p. 390, pl. 34, 
figs. 1-3) is too poorly preserved to be recognis
able. Fortey's material of T. tuber from the 
Arenig of Spitsbergen is quite distinctive and in 
those features which can be compared, differs 
from the present cranidium in having straight 
dorsal furrows and a concave anterior border. 
This latter feature and the reduced occipital ring 
suggests that the Spitsbergen material is not 
Theamataspis but a form of Turgicephalus, in 
which increased convexity of adjacent cheeks 
and glabella and the stronger effacement of the 
dorsal furrows, gives it a more illaenid-like 
appearance. This effacement and a somewhat 
constricted glabella in the region of the extra
axial muscle impression, was thought by Fortey 
(1980, p. 59) to be a significant difference, but it 
seems no more distinctive on Theamataspis tu
ber than it does on Turgicephalus hinlopensis 
(cf. Fortey 1980, pl. 7, fig. 5 and pl. 9, fig. l). 
Thus T. falcatus., T. hinlopensis, T. tuber, T. 
turgidus and T. cf. turgidus (see Fortey 1980), 
show transitions one to the other culminating in 
the reduction of the anterior border and increase 
in convexity of the glabella. The reduction of the 
occipital ring in T. tuber is complete in the 
closely related genus Dulanaspis Chugaeva 
1958, from the Caradoc of Kazakhstan. 

Resemblances between the cranidium (Pl. 5, 
figs. 6, 7) and one assigned to ?Bathyurid sp. 
indet. from the early Ordovician of the Trond
heim Region (Bruton 1974, p. 107, fig. 16E) are 
less, although in the latter the forwardly curved 
dorsal furrow and narrow occipital ring is simi
lar. 
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Family CHEIRURIDAE Hawle & Corda, 1847 

Subfamily CHEIRURINAE Hawle & Corda, 1847 

Genus Ceraurinella Cooper, 1953 

Type species. - By original designation 
Ceraurinella typa Cooper, 1953, from the Edin
burg Formation, Strasbourg Junction, Virginia, 
U.S.A. 

Major revisions of the genus have been made 
by Chatterton & Ludvigsen (1976) and by Lud
vigsen (1979). 

Ceraurinella sp. 
Plate 5, figs. 4-5 

Material. - Two cranidia, of which one is fig
ured. 
Discussion. - Features of the present cranidium 
suggest that it is most like the Chazy species C. 
nahanniensis Chatterton & Ludvigsen (1976, pl. 
9; Ludvigsen 1979, figs. 12, 13), than C. latipypa 
Shaw (1968, pl. 15, figs. 12-19), on account of 
the shorter, straighter glabellar furrows and the 
fact that the basal furrow (S1) does not curve 
backwards to circumscribe the basal lobe, the 
evenly rounded frontal lobe and narrow anterior 
margin, and the wider (tr.) fixed cheeks. Fea
tures of the basal glabellar lobe also distinguish 
the present material from C. magnilobata Tripp, 
1967 from the Stinchar Limestone of the Girvan 
area and from the Ceraurinella sp. (Bates 1968, 
pl. 13, figs. 14-16) from Anglesey. Whittington 
(1965, p. 410) compared the oldest species from 
North America, C. po/ydorus (Billings) from the 
Whiterock of Newfoundland with the Baltic spe
eies C. ingricus Schmidf 1881, pl. 6, figs. 1-2. 

The latter differs from the present material in 
glabellar lobation and the angulate form of the 
frontal glabellar lobe and anterior margin. C. 
frequens Chugaeva, 1968 and Ceraurinella sp. 
(Chugaeva 1973, pl. 9) appear to be more like 
Ceraurus than Ceraurinella on account of the 
transverse slot-like S2 and S3 furrows, which 
together with St outline a T-shaped median part 
of the glabella. Cranidia of Ceraurus aculeatus 
Eichwald, type species of Paraceraurus Miinnil 
1958, are exceedingly like the present material 
(cf. pl. 5, fig. 5 and Opik 1937, pl. 13, figs. 3-4) 
differing only in the more forwardly expanding 
glabellar and discrete basal glabellar 1obes. In 
these features C. aculeatus resembles species 
belonging to the Ceraurinella kingstoni group 
(Ludvigsen 1979, p. 21). The pygidium of 

Ceraurus aculeatus, however, has an additional 
median spine making a total of seven spines, said 
by Lane (1971, p. 73) to be unusual for the 
Cheirurinae. This median spine is present as a 
small knob on the pygidium of Sycophantia 
Fortey 1980 (type species S. seminosa Fortey), a 
genus thought by Fortey to represent an early 
stage in the evolution of the Ceraurinella group. 
In my view, a form like Ceraurinella aculeatus is 
part of this story which, if correct, means that 
Paraceraurus Mannil 1958 is a junior subjective 
synonym of Ceraurinella Cooper 1953. 

Family PLIOMERIDAE Raymond, 1913 

Genus Pliomera Angelin, 1852 

Type species. - By subsequent designation, 
Vodges 1925, Asaphusfischeri Eichwald, 1825 

Pliomerafischeri (Eichwald, 1825) 
Plate 5, figs. 8-13 

O 1825 Asaphus.fischeri: Eichwald, p. 52, pl. 3, figs. 2a, b. O 

1854 Pliomera.fischeri: Angelin, p. 30, pl. 20, figs. 2a-c. O non 
1882 Amphion.fischeri: Brogger, p. 135, pl. 6, fig. 3a. O 1881 

Amphionfischeri: Schmidt, p. 191, pl. 13, figs. l-8a, b. O 1930 

Pliomera.fischeri: Hedstrom, p. 6, pl. l, fig. 3. O 1937 Pliomera 
fischeri: Opik, p. 116, pl. 19, fig. 4, pl. 25 fig. 5, fig. 32. O 1957 

Pliomera .fischeri: Harrington & Leanza, p. 215. O 1959 

Pliomera .fischeri: Harrington in Moore, p. 439, fig. 344. O 

1961 Pliomera .fischeri: Whittington, p. 917, text-fig. l. O 

?non 1971 Pliomera fischeri: Neben & Krueger, pl. lO, figs. 
18-21 O ?non 1973 Pliomera fischeri asiatica: Chugaeva, p. 
90, pl. 13, figs. 1-3. O 1979 Pliomera .fischeri: Neben & 
Krueger, pl. 119, figs. 1-5. 

Material.- In addition to the figured material of 
two cranidia and one pygidium, three incomplete 
cranidia. 
Discussion.- The pygidium (Pl. 5, figs. 10-12) is 
the same as that figured by Hedstrom (1930) but 
has been prepared to reveal the left side and 
details of all the border spines. Comparison 
between the present material and the comp1ete 
enrolled specimen figured by Brogger (1882; 
PMO H2627) shows that they are extremely 
similar except that the pygidium of the present 
material has a broader (tr.) rachis at the anterior, 
and the posterior pair of border spines are lon
ger. In this respect and in details of the crani
dium, the present material is identical to those 
specimens figured by Opik (1937) and Neben & 

Krueger (1979) from the Kunda Stage in the 
Baltic region. According to Dr. V. Jaanusson 
(pers. comm. 25/3/1980) all this is probably from 
the Valaste Substage (B Ill) from beds with 
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Asaphus raniceps. Brogger's specimen and 
others I have examined are slightly older and 
from beds with Asaphus expansus. In Sweden, 
the boundary between the Arenig and Llanvirn 
roughly coincides in the shelly facies with the 
junction between the zone of A. expansus and A. 
raniceps (Skevington 1963). Also more like the 
older material are those specimens figured by 
Neben & Krueger (1971, pl. 10, figs. 18--20) and 
Chugaeva (1973, pl. 19, figs. l-3) in which the 
dorsal furrows on the cephalon are less divergent 
and the glabella is more convex (tr.). There thus 
appears to be two chronological species or sub
species of P.fischeri, of which the present mate
rial is most like type and topotype material of 
probable Llanvirn age. 

Family ENCRINURIDAE Angelin, 1854 
Subfamily CYBELINAE Holliday, 1942 

Genus Cybelurus Levitskiy, 1962 

Type species.- Cybelurus p/anus Levitskiy 1%2 
(for synonomy see Fortey 1980, p. 94; for discus
sion of genus see Dean 1973). 

Cybelurus sp. 
Plate 5, fig. 14 

O 1930. Cybele bellatula Dalman: Hedstrom, p. 
6 pl. l ' fig. l. 
Material. - The figured specimen is that figured 
by Hedstrom (1930). The specimen has since 
been prepared to show more clearly details of 
the pleural fields and rachis. 
Description.- The pygidium (Pl. 5, fig. 14) has a 
maximum width anteriorly slightly greater than 
the length of the rachis. The latter tapers gently 
and has at least Il rachial rings of which only the 
first four are clearly defined over the mid-part of 
the rachis on the dorsal surface. More posterior 
rings are defined only laterally by deep 
apodemes. The pleura has four segments divided 
by deep pleural furrows separating anterior and 
pleural hands. The anterior hands are prominent 
on the first three somites and are only slightly 
smaller than the posterior bands, becoming thin
ner and almost indistinct on the fourth somite. 
The posterior hands thicken backwards at the 
base of the border spines; spines incomplete. 

Discussion. - Details of the ribs and number of 

rachial rings suggest that the present pygidium 
can be assigned to Cybelurus rather than Cybele, 

Cybellela or Atractopyge (see Nikolaisen l%1; 
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Whittington 1%5; Dean 1971, 1973) though dif
ferences between them are slight compared with 
their respective cephala. Many pygidia have the 
first four rachial rings continuous mesially, but 
specimens of Cybelurus including C. halo and C. 
brutoni (Fortey 1980) from Spitsbergen, show 
that this character is variable, and much depends 
on preservation and if dorsal surfaces or internat 
moulds are being examined. Likewise, as noted 
by Dean (1973, p. 12), presence or absence of 
anterior pleural hands and their size relative to 
the posterior pleural bands can also vary within 
species of Cybelurus and Atractopyge. In overall 
shape the present pygidium resembles more 
closely C. halo (see Fortey 1980, pl. 22, fig. 6) 
than it does C. mirus (see Whittington 1965, pl. 
65), C. occidentalis Dean 1973 (pl. 2, figs. 3, 6; 
pl. 3, fig. l) and C. expansus (Reed 1944; Tripp 
1976, pl. 7, figs. 1--6). Details of the pleural ribs 
seem to distinguish the pygidium from those 
assigned to Atractopyge. 

Family LICHIDAE Hawle & Corda, 1847 

Genus Amphilichas Raymond, 1905 

Type species. - Platymetopus lineatus Angelin, 
1854, from the Boda Lmst. (Upper Ordovician), 
Sweden. 

Amphilichas sp. 
Plate 5, figs. 15, 16 

Discussion.- The two incomplete pygidia (Pl. 5, 
figs. 15, 16), one preserved as an internal mould 
and showing a fair! y complete rachis, part of the 
right pleural area and details of the doublure, the 
other a latex east from an incomplete external 
mould, resemble material of Amphilichas fig
ured by Shaw (1%8) from the Chazy of New 
York and from equivalent horizons in Oklahoma 
(Shaw 1974) and Western Canada (Chatterton & 

Ludvigsen 1976). Neither shows, however, suffi
cient of the rachis to determine whether it 
reaches the posterior border. In addition only 
one rachial ring is clearly visible behind the 
articulating half ring. The first and second 
pleurae on the specimen (Pl. 5, fig. 15) are as 
wide as those on A. aff. A. aspratilis (Bradley, 
1930; see Chatterton & Ludvigsen 1976, pl. 20, 
figs. 40, 41) but the interpleural furrow on the 

second pleura seems to be lacking on both sped
mens figured here. On the specimen (Pl. 5, fig. 
16) the interpleural furrow on the first pleura 
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curves backwa(ds and almost reaches the 
antero-lateral border, a feature not seen on the 

North American material nor on material from 
the Upper Stinchar Lmst. of the Girvan district 
(Tripp 1967, pl. 6, figs. 17, 19). This feature is 
characteristic of Metopolichas (cf. M. verru
cosus see Warburg 1939, pl. 3, fig. 6; Neben & 
Krueger 1971, pl. 9, fig. 5), but in this genus the 
rachis is longer, the third p le ura is furrowed and 
the posterior margin is usually indented. This 
latter feature is clearly shown on material figured 
by Dean (1973, pl. 4, figs. 1-9) as M. cf. M. 
verrucosus from the Ordovician of New World 
Island, Newfoundland. 
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Explanation of plate l 

Figs. l, 4. Orthambonites sp. PMO 105.787. External mould of 
pedicle valve and latex east, x 3. 
Figs. 2, 3. Orthis? sp. PMO 105.786 and PMO 105.785. 
Brachial val ve exterior and ex terna) mould of same val ve, x 2. 
Figs. 5, 6, 9. Orthambonites sp. 5, PMO 105.788. External 
mould of pedicle valve, x 3. 6, 9. PMO 105.789. External 
mould of brachial val ve and latex east, x 3. 
Figs. 7, 8, lO, l l, 13, 14, 16, 17. Trondorthis subcircularis sp. 
nov. 7, 8, PMO 105.790. Latex east and external mould of 
brachial valve, x 3. lO, Il, PMO 105.794. Brachial and pedicle 
valve exteriors of conjoined pair, x 3. 13, 16, PMO 105.791. 
Internal mould of brachial valve and latex east, x 3. 14, 17, 
PMO 105.792 and PMO 105.793. Internal moulds of pedicle 
valves, x 3. 
Figs. 12, 15, 18. Valcourea sp. 12, 15, PMO 105. 795. Pedicle 
and brachial valve exteriors of conjoined pair, x 6. 18, PMO 
105.796. Ex terna) mould of brachial val ve, x 3. 

Explanation of plate 2 

Figs. l, 2 .. Valcourea sp. PMO 105.797. Internal mould of 
brachial vaive and latex east, x 3. 
Figs. 3-5, 7, 8, 10, 11. Neumania aff. atlanticus (Neuman, 
1976). 3, PMO 105.816. Interarea of pedicle valve, x 2. 4, 7, 
PMO 105.799 Internat mould of brachial valve and latex east, 
x 2. 5, 8, PMO 105.802. Latex east and internal mould of 
pedicle valve, x 2. lO, PMO 105.800. Brachial valve exterior, 
x 2. l l, PMO 105.801. Internal mould of pedicle val ve, x 2. 

Fig. 6. Camerella sp. PMO 105.815. Brachial valve exterior, 
X3. 
Figs. 9, 12, 15. Rutrumella implexa gen. et sp. nov. 9, PMO 
.105.803. Brachial valve exterior, x 1.5. 12, 15, PMO 105.804. 
Internal mould of brachial valve and latex east, x 1.5. 
Figs. 13, 14. Paurorthis? sp. PMO 105.798. Internal moulds of 
brachial and pedicle valves of conjoined pair, x 6. 
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Explanation of plate 3 

Figs. 1�. Ottadalenites incertus gen. et sp. nov. l, 2, PMO 
105.805. Internat mould ofbrachial valve and latex east, x l. 3, 

PMO 105.806. Pedicle valve exterior, x l. 4, 5, PMO 105.807. 

External mould of brachial valve and latex east, x l. 6, PMO 
105.808. Extemal mould of pedicle valve, x l. 
Figs. 7, 8, 10, 11-14, 17. Calypto/epta alT. diaphragma Neu
man, 1976. 7, 10. PMO 105.809. Pedicle and brachial valve 
exteriors of conjoined pair, x 4. 8, PMO 105.810. External 
mould of brachial valve, x4. Il, 12, PMO 105.812. Latex east 
and internat mould of pedicle valve, x 3. 13, 14, 17, PMO 
105.811 Lateral, posterior and dorsal views of internat mould 
of pedicle valve, x 4. 

Fig. 9. Palaeostrophia sp. PMO 105.814. Brachial valve ex
terior, x 3. 

Figs. 15, 16. Ptychog/yptus? sp. PMO 105.813. External mould 
of pedicle val ve and latex east, x 6. 

Explanation of plate 4 

Figs. 1-12, 14, 16. Asaphus (Neoasaphus)? sp. nov. 1-2. PMO 
105.737. Cranidium, frontal and dorsal views, x 1.5. 3, PMO 
70642. Cranidium, dorsal view, x l. 4, 6, PMO 105.739. 

Pygidium, oblique teft lateral and dorsal views, x 1.25. 5, 7, 

PMO 70638. Cranidium, teft lateral and dorsal views, x 2.0. 

8-10, PMO 105.740. Pygidium, dorsal, posterior and teft lateral 
views, x 1.5. Il, PMO 105.738. Cranidium, dorsal view, 
x 1.25. 12, PMO 105.741. Free cheek, oblique frontal view, 
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x 1.5. 14, PMO 105.742. Thoracic segment, dorsal view, X 1..5. 

16, PMO 105.743. Hypostoma, dorsal view, x l. 
Fig. 15. Megistaspis sp. PMO 105.746. Incomplete pygidium, 
latex east from external mould, dorsal view, x 1.2. 

Figs. 13, 17-19. Annamilel/a? cf. borealis Whittington, 1964 

13. PMO 105.744. Pygidium, dorsal view, x 3. 17, 18. PMO 
105.745. Enroled individual, dorsal view of cephalon and 
ventral view of pygidium, x 3. 19, PMO 74167. Pygidium, latex 
east from external mould, dorsal view, x 4. Specimen original 
of Hedstrom 1930, pl. l, fig. 2. 

Explanation of plate 5 

Figs. 1-3. Stenopareia sp. PMO 10.5.747. Pygidium, anterior, 
dorsal and teft lateral views, x 1.5. 

Figs. 4-.5. Ceraurinel/a sp. PMO 105.748. Cranidium, right 
lateral and dorsal views, x 2.5. 

Figs. 6-7. Turgicephalus cf. turgidus (Whittington, 1965) PMO 
10.5.750. Cranidium, dorsal and anterior views, x 4. Figs. 8-13. 

Pliomerafischeri (Eichwald, 1825). 8, 9. PMO 105.751. Crani
dium, oblique frontal and dorsal views, x 2.5. 1�12. PMO 
74168. Pygidium, right lateral, oblique posterior and dorsal 
views, x 2. Original of Hedstrom, 1930, pl. l, fig. 3. 13. PMO 
105.752. Cranidium, oblique frontal view, x4. 

Fig. 14. Cybelurus sp. PMO 74166. Pygidium, dorsal view, X 5. 

Original of Hedstrom 1930, pl. l, fig. l. 
Figs. 15-16. Amphilichas sp. 15. PMO 105.753. Pygidium, 
dorsal view, x 1.5. 16. PMO 105.754. Pygidium, latex east of 
extemal mould, dorsal view, x 1..5. 
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Pl. l 
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Pl. 2 
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Pl. 4 
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