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DAVID L. BRUTON

Abstract. For the first time all of the Norwegian Middle Ordovician odonto
pleurid material has been revised and it has been shown that specimens from
the Upper Chasmops Limestone (4bd), which were formerly referred to the
Swedish species

Apianurus furcata, belong to a new species, A. thOt'slundi. This
A. abietinus from the Upper Chasmops Shale (4by),

and a second new species,

are closely related to other apianurinid species from Sweden, Estonia, and
Virginia. Isolated exoskeletal parts of

Primaspis and Diacanthaspis have affin

ities with Caradocian species from Britain and Virginia, and one more complete
new species,

Primaspis multispinosa, is described from the older Ogygiocaris

Series (4aa). A series of measurements which are helpful when describing
apianurinid cranidia are defined. All new species have been illustrated with the
aid of stereoscopic photographs.

Introduction

The present paper appears as Number 19 in a series of reports dealing
with the stratigraphy and palaeontology of the Middle Ordovician in
the Oslo Region. The reader is referred to STORMER (1953) for details
of the stratigraphy and location of the districts mentioned herein.
For the first time a systematic revision of all the known Norwegian
Middle Ordovician material has been made, and the stratigraphic and
geographic distribution given.
An indication of the rarity of the Odontopleuridae in the Norwegian
Ordovician is that only some 20 isolated specimens, found in the
Paleontologisk Museum, University of Oslo (P.M.O.), represent the
total collecting of the past 50 to 100 years. In this material, three
genera, Apianurus, Primaspis, and Diacanthaspis have been recognized
including two new apianurinid species, A. thorslundi and A. abietinus
and one new primaspinid species, P. multispinosa. An isolated pygidium
and free cheek of Primaspis and a pygidium of Diacanthaspis have
also been found, but these cannot be referred to any known species,
and they are insufficient for defining new ones.
Recently, WHITTINGTON (1956, p. 270, Pl. 20, Figs. 18, 20-25)
referred specimens from the Chasmops Limestone to Apianurus aff.
furcata (Linnarsson), but revision of the holotype of A. furcata from
Sweden has convinced me that this is a different species from that
which occurs in Norway. The Norwegian material has been redescribed
as the new species A. thorslundi.
All of the specimens have been collected from dark limestone con
cretions and consist of isolated exoskeletal parts. The apianurinid
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pygidia have been tentatively assigned to the respective cranidia on
account of their stratigraphic contemporaneity although, in each case,
both parts have been collected from separated localities. The abundant
isolated parts of Primaspis multispinosa n. sp. were found after break
ing down a small limestone concretion rich in gastropods of the genera
Sinuites and Clathrospira. Other concretions and bedded limestone
from the same locality and horizon were likewise broken and found
to be almost completely devoid of both gastropod and trilobite remains.
In the concretion yielding the primaspinid fragments, only two crani
dia, three hypostomata, one complete pygidium, and very fragmentary
pleurae were found along with very abundant complete and broken
free cheeks. Evidence from the nature of the nodules and the distri
bution of the fauna in them led YOCHELSON (1963, p. 146) to conclude
that the gastropod-rich concretions of unit 4a represent an allochtho
nous fauna rather than one which lived in place.
The preponderance of free cheeks suggests that the material origi
nally accumulated on the sea floor, mainly as exoskeletal moults, to
be later drifted to form the familiar concretions. However, the fact
that cranidia and especially hypostomata are found together with free
cheeks indicates that the fragments had not come any great distance.
Relations of Norwe�ian fauna with those
from other areas

Several closely related apianurinid species are known from other Balto
Scandian regions during the Middle Ordovician. Apianurus thorslundi
n. sp. from the Upper Chasmops Limestone (4M) has recently been
found at an approximately equivalent horizon (Skagen Limestone)
in Vastergotland, Sweden (Bruton, in press), and the cranidium of A.
abietinus n. sp. is very like A. kuckersiana mickwitzi (Schmidt) from
the Estonian Keila Stage (D2). The genus is widespread in the Edinburg
and Oranda formations of Northern Virginia and A. thorslundi ( aff.
furcata of Whittington) is very dose to A. barbatus (WHITTINGTON,
1956, p. 270, Pl. 17, Figs. 2-12). Similarly, other trilobite genera of the
Chasmops Limestone or its Balto-Scandian equivalents (see STORMER,
1953, p. 130; THORSLUND, 1940, pp. 184-185) have dose affinities
with those from the Black River and Trenton St ages of the Appa
lachians (WHITTINGTON, 1956, p. 271). To date, Apianurus is not
=
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known from the British equivalent horizons, nor has it been recorded
from Bohemia.
Cranidia of Diacanthaspis have been described from the Shelve
Area, Shropshire (WHriTARD, 1961, pp. 204-206, Pl. XXVIII, Figs; l, 2),
and a species is known from the Craighead Mudstones, Girvan, Scotland
(TRIPP, 1954, pp. 663-664, Pl. l, Figs. 24-29). The pygidium from
Norway is not unlike those from Virginia, especially D. cooperi (W H IT
TINGTON, 1956, Pl. 3, Fig. 19), from the Lower Martinsburg Formation.
During the Middle Ordovician, several species of Primaspis occur
in the American, Bohemian, and British areas, but it is noticeable that
the Brito-Scandian and American species are morphologically similar,
while the Bohemian forms are different.
Terminolo�y and techniques employed

The terminology followed is that used by WHITTINGTON (1956) except
that the terms rachis ( = axis) and dorsal furrow ( = axial furrow) are
taken from jAANUSSON (1956, pp. 36-37), as is the numbering and
lettering of the glabellar lobes (L) and furrows (S) from the posterior
forwards.
The orientation of specimens is that used by WHITTINGTON and
EVITT (1954, p. 11), in which it is arbitrarily decided that the plane
passing through the posterior margin of the occipital ring shall be
vertical. In this position, lengths (sag. or exs.) and breadths (tr.) are
measured as projected onto the plane at right angles to the direction
of view; in most cases this will be the assumed dorsal view.
Fig. l shows those measurements which have been considered the
more important when describing apianurinid cranidia. They are de
fined as:
Intra-mar-ginal cranidial length (A) measured along the sagittal line
from the midpoint of the anterior border furrow to the posterior
margin of the occipital ring. Because of the absence in odontopleurids
of a preglabellar field, the difference between this measurement and
total cranidial length is insignificant.
Total glabellar length (A1) measured along the sagittal line from the
midpoint of the anterior border furrow to the midpoint of the occipital
furrow.
Length of frontal glabellar lobe (A2) measured along an exsagittal line
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Measurements

of lengths and widths on
the apianurinid cranidium.

from the midpoint of the anterior border furrow to the inner end of
the S2 lateral furrow. Both A1 and A2 are important in relating the
proportional length of the glabellar field to both those of the cranidium
and the occipital ring.
Length of occipital ring (A3) from the midpoint of the occipital furrow
to the posterior margin of the occipital ring. Obtained by subtracting
A1 from A.
Posterior cranidial width (J) measured between the points of inter
section of the posterior facial sutures and the posterolateral margin.
Palpebral cranidial width (J1) measured along a transverse line joining
the midpoints of the palpebral lobes. In the event of the lobes being
broken, measurement between the palpebral furrows seems more useful.
Anterior cranidial width (J2) measured between the points of inter
section of the anterior facial sutures and the anterolateral margin.
Width of occipital rin g (K) is t aken as between the points of fusion of
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the outer parts of the occipital ring and the inner corner of the fixed
cheeks.
Median occipital width {K1) is the width of the raised middle portion
of the occipital ring measured at the occipital furrow and between
the posterior extension of the dorsal furrows.
Angular divergence of occipital spines (8) the angle between the inner
edges of the occipital spines at their proximal ends.
In the photographs, the left and right stereographs were made by
mounting the specimen on a platform which was tilted through a total
angular distance of 5 degrees (2.5 degrees each side of the vertical).
Two intensity lamps suitably positioned on the platform enabled them
to be moved with the specimen, thus not affecting the direction of the
light source and the area of illumination. By convention, the highlight
was always that on the left hand side.
A light coating of ammonium chloride was applied to each specimen,
and the photographs, except where stated, were taken by the author.
In the descriptions, paired structures have, in most cases, been
described in the singular.

Systematic descriptions

Family 0DONTOPLEURIDAE BURMEISTER, 1843
Subfamily APIANURINAE WHITTINGTON, 1956
Genus Apianurus WHITTINGTON, 1956
Type Species

Apianurus barbatus

WHITTINGTON, 1956.

Apianurus thorslundi n. sp.
Pl. l, Figs. 1-2; Pl. 3, Figs. 2-4
1956

Apianurus aff. furcata (Linnarsson)-Whittington, p.

270, Pl. 20, Figs. 18,

20-25. (Brief description and remarks on relations to other members of genus.)

NAME: The species is named in honour of Professor Per Thorslund
(Paleontologiska Institutionen, Uppsala University, Sweden).
TYPE DATA: Holotype, an incomplete cranidium (P.M.O. no. 66690)
from the Upper Chasmops Limestone (4M), Guttormsberget. Para
types, two incomplete cranidia lacking occipital spines (P.M.O. nos.
66691a, 3673) and one pygidium (P.M.O. no. 5647). All material
figured by WHITTINGTON (1956).
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DIAGNOSIS AND DESCRIPTION: Cranidium (PL l, Figs. 1-2; PL 3,
Figs. 2-3) gently convex, outline approximately subcircular. Glabella
gently convex (tr. and sag.) , maximum width (tr. ) at occipitalring, taper
ing forward to about half this width at anterior margin. Median raised
part of occipital ring moderately convex (tr.) and of length (sag.) one
third remainder of glabella. Lower lateral part of ring fused with inner
part of fixed cheek. Occipital spines (PL 3, Fig. 2) diverge at 86 de
grees and curve gently upwards and backwards; length almost twice
that of cranidium. Small median occipital spine base just behind
occipital furrow. Latter shallow and smooth medially, deepened later
ally behind base of L1. Posterior occipital band narrowest medially,
becoming wider beneath occipital spine and here defined by vertical
slope from anterior band; laterally, hands indistinctly separated.
Lateral glabellar lobes fused and reniform, L1 the larger. Lobes
flattened to sloping gently outwards and downwards to dorsal furrow.
S1, a small, deepened subcircular to triangular pit adjacent to
median lobe, S2 short and directed obliquely outwards and forwards;
outer end deepened immediately inside fusion of eye ridge and frontal
lobe. Anterior margin of latter straight and separated by very shallow
furrow from anterior border. Dorsal furrow a shallow, smooth band
delimiting reversed slope between lateral lobes and fixed cheek. Latter
triangular in outline, maximum width (tr.) opposite occipital furrow,
and rising upwards, outwards, and backwards to large palpebral lobe
(PL 3, Fig. 3) . Cheek rapidly narrows anteriorly so that only the dorsal
furrow separates the outer part of L2 from eye ridge. Eye posi

tioned well backwards so that a transverse line drawn through mid
point of palpebral lobe passes through the occipital furrow. Immedi
ately beneath eye lobe, posterior part of fixed cheek slopes forwards
and down to posterior margin. Palpebral lobe semicircular, with well
marked palpebral furrow merging with furrow on inner side eye ridge.
Latter broad gently convex and curving outwards and backwards
subparallel to line of occipital spine. Course of anterior facial suture
marked by slight sutural ridge which runs outside and subparallel to
eye ridge and curves inwards as it crosses upturned anterolateral
margin. Immediately inside latter, border furrow very deep. Posterior
course of suture continued downwards from palpebral lobe in line with
anterior suture and curves over posterior border. Latter short (tr.)
widest at suture. Exoskeleton with small closely spaced granules or
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spine bases which extend along the occipital spines; furrows and
changes in slope, smooth. Pygidium (Pl. 3, Fig. 4) from same horizon
but different locality is tentatively assigned here. Outline subtriangu
lar, length (sag.) l mm, width (tr.) 2. 6 mm. Rachis of two rachial rings
and short semicircular terminal portion; maximum width equal to
length. First ring moderately convex, very narrow (sag.), separated by
broad, shallow transverse furrow from second ring; latter lower and
indistinctly separated from terminal portion. Dorsal furrow moderately
impressed alongside first ring and transverse furrow, defined posteri
orly by change in slope between rachis and flat pleural area. Articu
lating half-ring longest sagittally, anterior margin convex forwards.
Upwardly directed pleural spine base opposite first ring. Posterolateral
border with 12 thin spines directed horizontally backwards and curved
slightly inwards distally. First two spines apparently short, third
slightly stouter but incomplete, innermost pair slimmer than remain
der. Rachial rings and terminal portion each with pair of conspicuous
spine bases disposed each side of sagittal line, and a third smaller
granule situated in furrow separating second ring from terminal
portion. Paired granules on the pleural area opposite second ring and
beneath terminal portion of rachis. Slightly smaller granules at base
of each border spine.
Details of thorax, free cheek and hypostoma, unknown.
DIMENSIONS: of cranidia; in mm

Specimen &
Hol otype
P.M.O. no.
Para type
P.M.O. no.
Para type
P.M.O. no.

number

l

A

l

A1

l

A•

l

K

l

K1

l

K2

l

J1

l

eo

66690.... l 7.2 1 4.2 1 1.0 l 7.0 l 4.7 1 3.0 l 9.? l 86
66691a... l 4.7 1 2.7 1 2.2 1 4.7 1 3.5 1 2.0 l 7.? l
3673 112.0 l 7.5 1 2.0 1 12.0 l s.5 1 5.0 116.? l
.. . .
.

AFFINITIES: Examination of the holotype of A. furcata (Linnars
son, 1869) , from the Dalby Limestone, Vastergotland, Sweden, shows
quite clearly that it differs from A. thorslundi in the following ways:
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(l) narrower (tr. ) and more convex fronto-median lobe with sharp
change of slope between it and lateral lobes,
(2) lateral glabellar lobes sub-equal in size with deeper lateral furrows,
(3) shorter (sag. ) , more convex anterior band of occipital ring with
stouter, more divergent occipital spines, and
(4) much coarser and symmetrically arranged spine bases restricted
to strongly convex areas and thus leaving smooth broad furrows and
areas of occipital ring.
OccuRRENCE: Upper Chasmops Limestone (4M) . Oslo-Asker:
Bygdoy Hovedgård, Oslo; Terneholmen, Asker. Modum: Guttorms
berget, Sylling, Lier.

3,

Apianurus abietinus n. sp.
Pl. l. Figs. 3-4; PI.

Fig. l

NAME: From Latin abies (with reference to Furuberget, 'Fir
Mountain', one of the type localities) .
TYPE DATA: Holotype, the well-preserved cranidium lacking occip
ital spines (P.M. O. no. 21992) from the Upper Chasmops Shale (4by) ,
above Vestbråten, Royse, Ringerike. Coll. J. Kiær, 1920.
MATERIAL: In addition to the holotype, one pygidium (P.M. O.
no. 20655), from the Cyclocrinus Shale (4by) , Furuberget, Nes-Hamar.
Coll. O. Holtedahl, 1907.
DIAGNOSIS: Differing from A. thorslundi n. sp. in:
(l) The straighter and more strongly divergent eye ridge.

(2) The more divergent and apparently stouter occipital spines.
(3) Deeper, more elongate S1 glabellar furrow.
(4) The more convex frontal glabellar lobe which stands higher than
the adjacent L1.
DESCRIPTION: The cranidium (Pl. l, Figs. 3--4) of this species is
close to A. thorslundi from which it differs principally in the straighter
and more divergent eye ridge. This results in a much wider (tr. ) and
less steeply sloping posterior part of the fixed cheek inside the eye. Thus
the eyes are more widely spaced in relation to the sagittal line, and
concomitantly, the anterior facial suture is longer and more divergent.
In addition, S1 is much deeper and slot-like, and the frontal glabellar
lobe is more inflated with a rounded anterior part which overhangs
the anterior border.
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Pygidium (PL 3, Fig. 1), which is thought to belong here, exhibits
considerable differences from the pygidium attributed to A. thorslundi
(PL 3, Fig. 4). The specimen is 11 mm wide (tr. ) and 3 mm long (sag.).
Rachis slightly wider than long and almost reaching posterior border.
First ring narrow (sag. ), separated by smooth, shallow transverse fur
row from longer (sag. ) second ring. Latter subcircular and outlined by
well-marked dorsal furrow. Position of pleural spine marked by very
pronounced boss-like swelling of pleural area opposite outer end of
transverse furrow. Inner pleural area slopes rather steeply downwards
to posterior margin; outer area flatter. Posterolateral border with 14
spines, all incomplete. First spine an extension of anterolateral corner,
fourth spine below boss the stoutest, the remainder slim and appar
ently short. Pleural area and rachis with closely spaced spine bases of
same size as on cranidium.
DIMENSJONS: of cranidium; in mm
Specimen & number

l

H����� no. 21992 . .

l 6.8 1 4.0 l 1.2 1 8.0 l 5.0 l 3.0 Ill.? l 90

A

l

A1

l

A1

l

K

l

K1

l

K2

l

J1

l

eo

AFFINITIES: Two Estonian forms, A. kuckersiana (ScHMIDT, 1885,
pp. 4-5, PL l, Figs. 2-3; 0PIK, 1925, pp. 8-9, PL l; 1937, p. 47, Pl. 24,
Figs. 3-4), from the Kukruse (C2) Stage and A. kuckersiana mickwitzi
(SCHMIDT, 1907, pp. 23-24, PL l, Fig. 19), from the Keila (D 2) Stage,
are apparently closely related to those apianurinid species known from
Norway and Sweden.
A cranidium of A. kuckersiana figured by 0PIK (1937, Pl. 24, Fig. 3),
unlike the two new Norwegian species, is very similar to A. furcata
(Linnarsson) on account of the coarser granulation of the exoskeleton,
the subequal lateral lobes, and the shorter occipital ring. Although both
pygidia are considerably widened (tr.), that of A. kuckersiana (OPIK,
1937, Pl. 24, Fig. 4) differs from A. abietinus n. sp. in having a smaller
number (10) of border spines and a shorter rachis with well-defined
second ring and lower terminal portion. The cranidium of A. kuckersi
ana mickwitzi (ScHMIDT, 1907, p. 23, Pl. l, Fig. 19) would appear
closest to A. abietinus because of its similar proportions. A. kuckersiana
mickwitzi differs from A. kuckersiana in having a more obvious trape-
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zoidal g1abellar outline, and a finer granulation of the exoskeleton.
OccuRRENCE: Upper Chasmops Shale (4by) and Cyclocrinus Shale
(4by) . Ringerike: above Vestbråten, Royse. Nes-Hamar: Furuberget.
Subfamily 0DONTOPLEURINAE BURMEISTER, 1843
(emend. WHITTINGTON, 1956)
( Odontopleuridae of PRANTL & PRIBYL, 1949)
Genus Primaspis R. & E. RICHTER, 1917
=

Type species

Odontopleura primordialis

Barrande,

1846

(see

PRANTL and

P:ibBYL 1949, p. 144; WHITTINGTON 1956, pp. 198-199, Text-fig. 5)

Primaspis multispinosa n. sp.
PL 2, Figs. 1--6

NAME: refers to the many spines on the pygidium.
TYPE DATA: Holotype, slightly damaged cranidium (P.M. O. no.
72776a). Paratypes, one pygidium (P.M. O. no. 72776) , one cranidium
(P.M. O. no. 72776b), two free cheeks (P.M. O. nos. 72773, 72776c) ,
one hypostoma (P.M. O. no. 72776c) and three thoracic pleural frag
ments (P.M. O. nos. 72774b, 72776, 72776d) . Material from a bluish
black, pyrite-rich, limestone lens of the Ogygiocaris Series (4aa) , road
section Nydal-Furnes Church, Nes-Hamar District. Coll. S. Skjeseth,
1950.
OTRER MATERIAL: In addition to the types, numerous free cheeks,
two hypostomata, and pygidial and thoracic fragments (P.M.O. nos.
72772a-f, 72773a-c, 72774-5), all collected from the same small lens.
Material associated with gastropods, Clathrospira elliptica (Hisinger)
and Sinuites (S.) niger Koken.
DIAGNOSIS AND DESCRIPTION: Cranidium (Pl. 2, Figs. 1-2), meas
ured across palpebral lobes, slightly less than one and one-half times
maximum length (sag.). Median glabellar lobe gently convex, but
frontal lobe sloping steeply down to anterior margin and expanding
laterally. Glabella widest at occipital ring, narrowing slightly forwards.
Posterior part of occipital ring damaged. Behind L11 a low occip
ital lobe defined most clearly by shallow depression on inner side.
Occipital furrow broad and shallow medially, becoming deepened
laterally arou nd base of L1. Three pairs of laterallobes, L1 the larger,
pear-shaped and inflated to same level as adjacent median lobe. L2
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elongated, L3 a small, but obvious swelling. S1 and S2 directed
obliquely outwards and forwards at about 50 degrees; both furrows
deepened between lobes. Longitudinal furrow shallow. Dorsal furrow
a well-marked smooth band separating glabellar lobes and adjacent
fixed cheek. Eye ridge narrow, moderately convex, not crossing dorsal
furrow anteriorly, but depressed adjacent to frontal lobe. Palpebral
lobe slanting outwards and positioned well backwards such that a
transverse line drawn through the mid-point would pass in front of the
occipital furrow and about one-third up from the base of L1. Well
developed palpebral furrow which merges with the furrow along inner
side of eye ridge. Fixed cheek widest (tr.) at palpebral lobe, flattened
and sloping outwards and downwards from dorsal furrow to eye ridge;
posteriorly, cheek curves inwards and slopes downwards to posterior
margin. Anterior branch of facial suture runs forward just outside
and parallel to eye ridge and curves inwards to cut anterior margin.
Posterior branch twice as long (tr. ) as anterior, directed outwards at
right angles to base of eye and curved gently backwards inside of
librigenal spine. Posterior border straight, border furrow smooth and
shallow. Fronto-median lobe, lateral lobes, fixed cheeks, and occipital
ring coarsely granulated; eye ridge and palpebral lobe with slightly
smaller granules; furrows smooth to minutely granulate.

Free cheek (Pl. 2, Figs. 4, 6) large compared with cranidium and
considerably widened (tr.). Marginal border gently curved and strongly
convex, becoming swollen at base of librigenal spine. Border (Pl. 2,
Fig. 6) with at least 17 short, stout border spines directed outwards
and downwards from the lower surface; each spine curved at the tip.
Cheek surface flattened to very gently convex and rising to eye lobe
from well-marked border furrow. Eye (Pl. 2, Fig. 4) oval and raised
above cheek surface; faint facets discernible. Librigenal spine short,
tapering, and gently curved outwards and backwards. Cheek surface
coarsely granulated with granules of the same size as on cranidium;
lateral border and librigenal spine minutely granulate.
Hypostoma (Pl. 2, Fig. 5) quadrate, with straight anterior margin;
sloping anterolateral corner with short, dorsally directed wing. Flat
tened posterior border with shallow median notch; lateral corner
rounded. Lateral border convex and bearing small shoulder. Median
body with anterior and posterior lobes marked off by short curved
middle furrow which runs from very deep V-shaped depression at
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anterolateral corner. Anterior lobe moderately convex (tr. }, flattened
(sag. ) and gently sloping down to anterior margin; posterior lobe
broader and steeply sloping to rounded posterior border furrow.
Latter deepened adjacent to posterior lobe. Border, minutely granu
late, median body with faint swelling at inner end of middle furrow.
Thoracic pleurae, only known from isolated fragments, number
unknown. One segment (P.M. O. no. 72776) shows a narrow pleural
ridge swollen at the fulcrum and directed out into slim pleural spine.
Short curved anterior spine also present. Pleural ridge outlined by
single row of large granules.
Pygidium (Pl. 2, Fig. 3) 8 mm wide (tr. ) , 2 mm long (sag. ) . Rachis
as wide as long and composed of two rings. First ring moderately con
vex, second ring lower and sloping downwards to posterior border
furrow. Dorsal furrow narrow and deepened along side first ring, be
coming shallower posteriorly. Pleural ridge curves outwards and back
wards from the first ring to reach posterior margin at about one-third
pleural width. Major spine slightly longer than pygidium, curved in
wards and rather strongly upwards distally. Seven secondary spines
inside and five outside of major spine, making a total of 19 border
spines and thus exhibiting asymmetry. Wide border which is flat or
gently sloping inwards to weU-marked border furrow. Inner pleural
area depressed, outer area raised adjacent to ridge furrow and sloping
downwards to border furrow. Coarse granules on pleural area grouped
to form radial rows; larger granules on border near the base of each
spine. Pleural ridge with a pair of conspicuous granules and border
spines finely granulate.
DIMENSIONS: Holotype cranidium P.M. O. no. 72776a; length
(sag. ) 3. 5 mm, width (tr. , at palpebral lobes) 4. 5 mm. Paratype crani
dium, P.M. O. no. 72776b, 3.2 mm and 4.0 mm. Paratype hypostoma,
P. M. O. no. 72776c, width (tr. ) 2. 3 mm, length (sag. ) 2. 2 mm.
DISCUSSION AND AFFINITIES: The exoskeletal parts described are
all thought to belong here since they occur together in the same small
limestone lens. The cranidium possesses all the typical features of
Primaspis (see WHITTINGTON 1956, p. 98), including the well-developed
L3 glabellar lobe which WHITTINGTON (1956, p. 120) regards as im
portant when distinguishing this genus from Diacanthaspis. The wide
(tr. ) free cheek, a reflection of the long posterior facial suture, however,
is not typically primaspinid, nor is the square hypostoma which differs
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from those known for Primaspis
rectangular, slightly wider than
long (WHITTINGTON 1956, pp. 171-172, Text-fig. 2, Pl. l, Figs. 20, 21)
and Diacanthaspis- shield shaped (ibid. Pl. 3, Fig. 13; Pl. 5, Figs.
13, 14, 16). The depth and direction of the middle furrows and the ex
treme convexity of the hypostoma of Primaspis multispinosa n. sp.
are quite unlike any which I have had the opportunity to examine
among the silicified Ordovician material from Virginia. However,
primaspinid hypostomata are very rare, and, to my knowledge, only that
described by Whittington for P. acitus is known in any detail.
The pygidium, in which the outer posterior secondary spine is not
fused with the enlarged base of the major spine, is similar to P. cf.
whitei, P. simulatrix (with 14 and 16 spines respectively; WHITTARD
1961, Pl. 27, Figs. 8, 10) and the specimen with 16 border spines de
scribed by MAcGREGOR (1963 p. 813, Pl. 16, Fig. 22) from approxi
mately equivalent horizons of Llandeilo age in Britain, but differs in
having a greater number (19) of border spines. Among the younger
Caradoc species, P. horani (Billings, 1853; with 16 spines), P. semi
evoluta (see DEAN 1962, p. 122, Pl. 17, Fig. 15; with 10 spines and P.
harnagensis (see DEAN 1963, p. 237, Pl. 44, Fig. 6; with 14 spines) also
have this type of spine arrangement. However, P. acitus (WHITTING
TON 1956, p. 199, PL l, Figs. 9, 10, 16; PL 2. Fig. 15; with 12 spines),
P. caractaci (see DEAN 1963, p. 239, Pl. 44, Fig. 9; with 14 spines) and
the pygidium figured in Pl. 3, Fig. 5, all have the outer posterior sec
ondary spine and the major spine fused. Such an arrangement
bearing in mind that the major spine of the pygidium is homologous
with the major spine of the thoracic pleura-is very unusual, but,
nevertheless, I see no reason for separating these two pygidial types
and include both in the genus Primaspis.
OccuRRENCE: Ogygiocaris Shale (4a a3) . Nes-Hamar: Road section
Nydal-Furnes Church.
-

Primaspis sp. indet.
Pl. 3,

Figs. 5, 6

MATERIAL: One well-preserved free cheek (P.M.O. no. 69633), one

pygidium exposed from the ventral side (P.M.O. no. 69633a) and two
fragmentary thoracic segments (P.M.O. no. 69633b). All from the
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same limestone block in the Upper Chasmops limestone (4bc5), upper
most layer, Skjærholmen. Coll. ]. Kiær.
DESCRIPTION: Free cheek (Pl. 3, Fig. 6) excluding librigenal spine,
forming an approximate quadrant of a circle. Border narrow, strongly
convex and bearing at least 10 spines of which the last pair occur at
the base of the librigenal spine. Latter short and tapering backwards
from raised and swollen base. Anterior suture following faint sutural
ridge which is directed straight forwards before curving inwards to
cross the border and furrow. Course of posterior suture forming slightly
more than a right angle to anterior suture, directed outwards for half
cheek width and curved strongly backwards inside base of librigenal
spine. Cheek surface and base of spine coarsely granulated, border,
and spines, furrow and distal part of librigenal spine more finely granu
lated.
Pygidium (Pl. 3, Fig. 5) 7 mm wide (tr.), 2 mm long (sag.). Rachis
about as wide as long and occupying one-third width of pygidium at
anterior margin. First ring strongly convex, second ring lower, half as
long as first and weakly separated from langer terminal portion which
reaches the posterior margin. Dorsal furrow narrow and deep. Pleural
ridge short, straight and connected to long tapering major spine. Six
short posterior secondary spines, the outermost spine fused with the
swollen base of the major spine; three outer secondary spines, thus
giving total of 14 spines. Doublure broad, flattened and gently sloping
inwards; narrower sagittally with shallow concave notch at tip of
rachis. Doublure and spines very finely granulate.
AFFINITIES: The free cheek is not unlike that of P. caractaci (see
DEAN 1963, Pl. 44, Fig. 11) from the Actonian Stage of Shropshire,
England. The pygidia of this and of the Norwegian species have the
same complement of posterior secondary spines, and in both, the basal
part of the major spine is fused with the proximal half of the outermost
posterior secondary spine. In the Norwegian species however, there are
three anterior secondary spines (2 in caractaci), and the langer rachis,
with well-developed terminal portion, reaches the posterior border.
OccuRRENCE: Upper Chasmops Limestone (4bc5). Oslo-Asker:
Skjærholmen.
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Genus Diacanthaspis WHITTINGTON, 1941; emend. 1956
Type species:

Diacanthaspis cooperi

Whittington, 1941

7

Diacanthaspis sp. indet.
Pl. 3, Fig.

MATERIAL: one well-preserved pygidium (P. M. O. no. 73605) from

the Upper Chasmops Limestone (4M), collected by the road to Lyng
stad, at the southern part of Granåsen, Gran, Hadeland. Coll. L.
Stormer and G. Henningsmoen, 1941.
DESCRIPTION: Pygidium (Pl. 3, Fig. 7) subtriangular, width (tr. )
3.9 mm, length (sag. ) 1. 2 mm, excluding spines. Rachis a little wider
than long, maximum width at first ring equal to one-third total
pygidial width. First ring wide (tr. ) , narrow (sag.) , and moderately
convex. Second ring longer and sloping downwards to reach posterior
border furrow. Dorsal furrow shallow alongside first ring, deeper along
side second. Articulating halfring as wide as first ring, anterior margin
curved convexly forwards; articulating furrow moderately deepened.
Pleural ridge directed outwards from first ring for about half width
of pleural area, then curved sharply backwards and ending with spine
base (spine not preserved but presumably directed upwards) on postero
lateral margin between the bases of the fourth and fifth border spines.
Border with 14 spines, the innermost 3 pairs produced straight back
wards, outer 4 spines directed radially. Outermost spine extends out
wards from anterior border and is slimmer than remainder. Anterior
and posterior borders gently convex with well-defined furrows. Outer
pleural area depressed each side of a ridge crossing the area midway
between pleural ridge and border. First rachial ring with pair of node
like swellings; pleural ridge with prominent spine base at the point
where the ridge is turned backwards; remainder of pygidium smooth.
DISCUSSION AND AFFINITIES: Details of the rachis, pleural ridge
and upwardly directed major spine at the border, are similar to those
in D. cooperi (see WHITTINGTON 1956, Pl. 3, Fig. 19) from the Lower
Martinsburg Formation, Virginia, the only difference between the
two is the larger number (14) of border spines in the Norwegian species,
there being 12 spines in D. cooperi. The pygidium of D. elapsus (see
TRIPP 1954, Pl. l, Figs. 28, 29) differs in that it lacks the major pleural
spine on the border. The younger species D. decacantha (Angelin), from
the Upper Ordovician of Sweden and Poland (KIELAN 1960, p. 103),
Bornholm ( RAvN 1899) and North Wales (WHITTINGTON 1965), differs
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in having a smaller number (12) of border spines, all of which are sub
equal in length, flattened dorso-ventrally and incurved back-wards.
OccuRRENCE: Upper Ghasmops Limestone (4M). Hadeland, Gran
åsen, Gran.
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PLATES 1-3

PLATE l
Apianurus thorslundi n. sp.
Fig. l.

Paratype cranidium, P.M.O. no. 3673. Dorsal stereograph X 3. Upper

Chasmops Limestone, 4bt5. Temeholmen, Asker. Coll. : unknown.
Fig. 2. Same specimen as in Fig. l. Anterior stereograph X 3.
A pianurus abietinus n. sp.
Fig. 3. Holotype cranidium, P.M. O. no. 21992, Dorsal stereograph X 3. Upper
Chasmops Shale, 4by. Above Vestbråten, Royse, Ringerike. Coll. : J. Kiær, 1920.
Fig. 4. Same specimen as in Fig. 3. Anterior stereograph X 3.

PLATE

l

PLATE 2

Primaspis multispinosa n. sp.
Fig. l.

Holotype cranidium, P.M.O. no. 72776a. Dorsal stereograph

X

9.

Ogygiocaris Shale, 4aa3• Road section Nydal-Fumes Church, Nes-Hamar. Coll.:
S. Skjeseth, 1950.
Fig. 2. Same specimen as in Fig. l. Anterior stereograph X 9.
Fig. 3. Paratype pygidium, P.M.O. no. 72776. Dorsal stereograph X 6.
Fig. 4. Paratype free cheek, P.M.O. no. 72773. Dorsal stereograph X 14.
Fig. 5. Paratype hypostoma, P.M.O. no. 72776c. Dorsal view,

X 10. Photo by

Miss B. Mauritz.
Fig. 6.

Paratype free cheek, P.M.O. no. 72776c. Slightly oblique dorsal view

with specimen tilted to show border spines,

X 10. Photo by Miss B. Mauritz.

All specimens from the same limestone lens as holotype.

PLATE 2

PLATE 3

Apianurus abietinus n. sp.
Fig. l.

Pygidium,

P.M.O. no. 20655. Dorsal stereograph

x

5. Cyclocrinus

Shale, 4M. Furuberget, Nes-Hamar. Coll.: O. Holtedahl, 1907.

Apianurus thorslundi n. sp.
Fig. 2. Holotype incomplete cranidium with parts of occipital spines present,
P.M.O. no. 66690. Dorsal view, X 3. Upper Chasmops Limestone 4b<5. Guttorms
berget, Sylling, Lier, Modum. Coll.: unknown.
Fig. 3. Paratype incomplete cranidium, P.M.O. no. 66691a. Dorsal stereograph

X 8. The specimen shows, on the left side, the large palpebral lobe extending
over the posterior margin. Upper Chasmops Limestone 4b<5. Terneholmen,
Asker. Coll.: unknown.
Fig. 4.

Paratype damaged pygidium, P.M.O. no. 5647. Dorsal view,

X 10.

Upper Chasmops Limestone. Bygdi:iy Hovedgård, Oslo. Coll.: unknown. Photo
by Miss B. Mauritz.

Primaspis sp. indet.
Fig. 5. Incomplete pygidium, P.M.O. no. 69633a. Ventral view,

X 8. Upper

Chasmops Limestone 4b<5 (uppermost layer). Skjærholmen, Oslo-Asker. Coll.:

J.

Kiær. Photo by Miss B. Mauritz.

Fig. 6.

Free cheek, P.M.O. no. 69663. Slightly oblique dorsal view, X 7. From

same limestone block as Fig. 5. Photo by Miss B. Mauritz.

Diacanthaspis sp. indet.
Fig. 7. Pygidium, P.M.O. no. 73605. Dorsal view. Note broken base of major
spine on posterior border between fourth and fifth border spines. X 15. Upper
Chasmops Limestone, 4M. Along roadside to Lyngstad, at southern part of
Granåsen, Gran, Hadeland. Coll.: L. Stormer and G. Henningsmoen, 1941.
Photo by Miss B. Mauritz.

PLATE 3

