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Panarchaeogonus, hitherto classified with either Olenidae, Brachymetopidae, or Otarionidae [=Aula

copleuridae], is here included in the last-named, and together with lsbergia and Cyamops gen. nov. is
placed in the Scharyiinae. Previously known species are described, together with Panarchaeogonus
ph/yzacius sp. nov. and Cyamops stensioei gen. et sp. nov. Additional species of Panarchaeogonus and
Cyamops are described under open nomenclature.
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Work on Lower Palaeozoic proetacean trilobites
has involved systematic searches through many
museum collections in Britain and Scandinavia,

Subfamily SCHARYIINAE Osm6lska,
1957

Exoskeleton small, commonly un

and these have yielded a number of specirnens of

Diagnosis.

the poorly understood Ordovician genera Panar
chaeogonus Opik, 1937 and Isbergia Warburg,

der lO mm long; cephalon with or without genal
spine; glabella weakly inflated, triangular or

including hitherto unidentified complete

trapezoidal; Sl sometimes shallow or effaced;

1925,

-

specimens. Study of these genera suggests how

facial suture normal opisthoparian or cedarii

both might be related to one another and to a

form (in Scharyia only); thorax of

third, new genus. All are assigned to the Aulaco

thoracic spine absent; pygidium with or without

pleuridae.

border, axis with

Terminology

follows Harrington et

(1959:0117-0126)
1974:685).

Moore

and Owens

al.

in

(1973:3-5,

5-9 rings;

6-9 segments,

pleural furrows wide

and generally deeper th�n interpleural, with
which they run parallel.
Genera. - Sc haryia Pfibyl, 1946; Panarchaeo
Opik, 1937; /sbergia Warburg, 1925;

gonus

Cyamops, gen. nov.

Systematic section

Stratigraphical range. - Or.<Jovician (Uandeilo)

Family AULACOPLEURIDAE Angelin,
1854

Remarks. - Panarchaeogonus and /sbergia have

Remarks.

- Thomas

& Owens

(1978)

have

discussed this family fully, and included in it the
Otarionidae R. & E. Richter,

1926

as a junior

subjective synonym. For convenience the genus
Otarion has been used in its broadest sense

herein, but Thomas and Owens (op. cit.) have
recommended that it be restricted to species
centred on the type species, O.
Zenker,

to Devonian (Eifelian).

1833.

diffractum

been associated with various families, and both
have hitherto been known only from cephalic
remains. Panarchaeogonus was originally de
scribed from the Ordovician of Estonia by Opik,
who placed it with question in the Olenidae
because of its resemblance to the 'olenid' Aula
copleura. Henningsmoen

(1957:20, 21)

removed

both genera from the Olenidae, and regarded
them as likely proetaceans.

Sdzuy

(1955:40)

likewise considered Panarchaeogonus a proe
tacean. Schmidt (in Moore

1959:0408) doubtfully

assigned the genus to the Brachymetopidae, but
in a footnote on the same page considered it
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Fig. l. Stratigraphical distribution of Panarchaeogonus, Cyamops and lsbergia in Salto-Scandia, Britain, and lreland.

hetter placed incertae sedis, an opinion shared
by

(1960:408).

Whittington

1974: 687)

(1973:84,
(1975:230) have

Owens

and Fortey & Owens

suggested that it is an aulacopleurid.
Like

Otarion,

Panarchaeogonus

has

well

developed Sl , and the broad similarity between
cranidia of the two genera has led to specimens

(1946:4)

with the proetids. Piibyl

(1953:216)

and Hupe

both assigned lsbergia to the Proe

tinae, while R. & E. Richter & Struve (in Moore

1959:0385) did so with reservation. Pillet (1969:
62), with question, and Abdullaev (1972:105, 118)

placed it in the Holotrachelidae.
lsbergia and Cyamops gen. nov. have pygidia

of the latter being assigned to Otarion. Panar

and thoraces like Panarc haeogonus,

chaeogonus differs from Otarion in the combina

each has one less thoracic segment. The earliest
Cyamops is from the late Caradoc. The cephalon

tion of the following: weakly vaulted cephalon,

though

backwardly placed

of this genus is like that of Panarchaeogonus

palpebrallobes, set elose to the glabella, cephalic

except that the eyes are smaller and further

triangular glabella,

large,

margin not incurved at base of genal spine, no

forward,

thoracic

longer

absent. Cyamops is likely to have evolved from

pygidium with more axial rings and pleural ribs.
Despite these differences, broad morphological

effacement of the deep Sl. lsbergia is of rather

axial

spine,

proportionately

Sl

is effaced,

and eye ridges are

Panarchaeogonus by reduction in eye size and

similarities in the structure of the cephalon and

unusual aspect in that the preglabellar field and

pygidium suggest a close relationship. The ear

free cheeks are strongly declined; if these were

liest known occurrence of Otarion is from the

to be 'flattened out', however, the result would

Arenig, extensus Zone of south France (Dean

1966:337,

19,

13, 14);

be exceedingly similar in aspect to Cyamops.

those of

Therefore lsbergia could have evolved from

Panarchaeogonus are from the mid Ordovician

Cyamops by progressive declination of the free

(Liandeilo-early Caradoc) of Estonia and eastern

cheeks and preglabellar field. There is certainly

pl.

figs.

Il ,

USA. The later appearance of Panarchaeogonus

no reason to associate lsbergia with the proetids

suggests possible derivation from Otarion during

or holotrachelids.

the earlier Ordovician (see also Fortey & Owens

1975:231).

Warburg

(1925:186-7)

Phyletic linkage between Panarchaeogonus,
Isbergia and Cyamops is not difficult to imagine

claimed that lsbergia

if the evolutionary steps postulated above are

had a combination of proetid and cyphaspid

correct.

(i.e., aulacopleurid) characters, but classified it

similarities with Sc haryia,

Panarchaeogonus

also

shows

close

which have been
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Fig. 2. Comparison of cranidial characters distinguishing Panarchaeogonus species.

discussed by Owens (1974:687), and in view of

for Panderia megalophthalma Linnarsson by

the above discussion these two genera, together

Bergstrom (1973:45, fig. 13). No other proe

with Isbergia and Cyamops, are included in the

tacean with Isbergia- like morphology is known.

Scharyiinae, and the subfamily diagnosis emend

N early all of the speeimens of the type species

ed accordingly. Further, the close link between

of Cyamops are on slabs of pink Iimestone from

Otarion

and Panarchaeogonus

suggests that

the Scharyiinae belong in the Aulacopleuridae.

one accumulation within the Bada Limestone at
Kallholn, and were collected by Professor E. A.
Stensio in 1951. Dr. V. Jaanusson kindly ob

Distribution. -The distribution of Scharyia was

tained details of the occurrence of this limestone

given by Owens (1974:688-689). Panarchaeogo

from Professor Stensio (April 1976), and these

nus is known mostly from carbonates from

are sumrnarised as follows:

Balto-Scandia, Scotland, lreland, and the Ap

obtained from a single enclosure of laminated,

'The slabs were

palachian region of North America, all sup

non-argillaceous limestone within the core of the

posedly in low latitudes during the Ordovician.

carbonate mound. At one end the laminated

Conversely, it is unknown from areas such as

beds, with an exposed thickness of about 1.5

the Anglo-Welsh area and Bohemia, which at the

m, showed a sharp vertical boundary against the

same time were in boreal latitudes.
All the material of Isbergia and Cyamops is

massive limestone, while at the other end, same
6 m away, the junction was obscured'. Slabs of

from carbonates, chiefly from 'reef' limestones

this laminated limestone have yielded literally

such as the Bada Limestone and Chair of

thousands

Kildare Limestone. The morphology of Isbergia

(most! y lacking free cheeks) of this species (e.g.,

is unusual in Proetacea, corresponding broadly

Fig. 7H), all more or less the same size and with

to that of Panderia Volborth, 1863 and Holotra

no ontogenetic stages present; no other fossils of

of

nearly

complete

exoskeletons

chelus Linnarsson in Tomquist, 1819, and it may

any kind occur. The accumulation might repre

have had a made of life similar to that suggested

sent a moulting ground; most specimens are east

202 R. M. Owens
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Panarchaeogonus parvus Opik,
1937
Figs. 3; 4, A-F.

O. 1894 Cyphaspis sp.; Schmidt: 60, pl. 4, fig. 44. O. 1937
Otarion sp. a; Opik: 29, pl. 3, fig. 7. Ov.* 1937 Panarchaeogo
nus parvus Opik: 34, pl. l, fig. 3, text-figs. 6, 7. Dv.• 1937
Panarchaeogonus alav us Opik: 38, pl. 26, figs. 3, 4, text-fig. 8.
Dv. 1959 Panarcheogonus parvus Opik; Moore (ed. ): 0408,
fig. 3 1 1, la-b. D. 1970 Otarion sp. a Opik; Roomusoks: 18 1.
Dv. 1970 Panarchaeogonus atavus Opik; Roomusoks: 181.
Dv. 1970 Panarchaeogonus parvus Opik; Roomusoks: 181.

Holotype. -(By original designation): cranidium
Fig. 3. Reconstruction of cephalon of Panarchaeogonus
parvus Opik, 1937. x 15 approx.

with associated free cheek (IGT Tr2227) [Opik
1937, pl. l, fig. 3; herein Fig. 4A-D]; Ordovi
cian, Kukruse Stage, Kohtla-Jiirve, Estonia.
- In addition to the holotype two
cranidia (IGT Tr2228), cranidium (!GT Tr2229)
from type stratum, type locality; cranidium (!GT
Tr2230)-the holotype of P. atavus Opik, from
type stratum, Kukruse, Estonia.

Material.

off exuviae, and only a small number would
appear to be dead animals. The specimens show
little or no sign of having been broken up or
abraded, so that the accumulation is presumably
autochthonous. It may have been deposited in a
sheltered cavity within the reef mound, to which
the animals could retreat to moult. A small slab
of laminated blue-grey limestone with numerous
specimens, but not so well preserved, was
recently (1976) found by Dr. H. Mutvei at
Osmundsberget.

Diagnosis. -Sl shallow, shallowing anteriorly,

isolating or partially isolating ovate LI which is
about 2/5 glabellar length; weakly convex preg
labellar field of approximately equal width (sag.)
to anterior border; anterior border furrow well
defined; preocular facial sutures divergent; dor
sal surface smooth.
- Cranidial sagittal length and
palpebral width almost equal. Glabella triangu
lar, almost as long as wide, weakly convex in
longitudinal profile, more strongly so in trans
verse section. Sl shallow but distinct on holo
type (Fig. 4A), but deeper on other specirnens
(Fig. 4E). Partially isolated or isolated LI ovoid,
about 2/5 glabellar length, 1/3 its basal width.
Weak S2 on holotype (Fig. 4A, D). Although
Opik (1937:36) implies the presence of a faint S3
and includes one on his reconstruction (Opik
1937, text-fig. 6, 35), I have been unable to
detect one on any specimen.
SO broad and shallow, widest between adaxial
ends of LI, where it is nearly transverse;
deflected weakly backwards behind LI, where it
is deeper and narrower than sagittally. Occipital
ring widest sagittally, where it is as wide (sag.)
as anterior border. Posterior border nearly trans
verse sagittally, turning forwards abaxially. No
lateral occipital lobes. Small median node,
placed posteriorly.
Small sulcus present at each anterolateral
corner of glabella. Preglabellar field approxi-

Description.

Genus Panarchaeogonus Opik,
1937
Type species. -'(By original designation): Pa

�

narchaeogonus p rvus Opik, 1937.
Diagnosis. - Glabella triangular, with distinct
Ll; palpebral lobe large, elose to glabella; weak
eye ridge present; three sulci commonly present
on posterior part of preglabellar field; thorax of
nine segments; pygidium with narrow axis with
five - nine rings; pleural areas with five - six
pairs of pleural ribs which extend to margin;
postaxial ridge may be present; surface of wxo
skeleton smooth or granulose.
Species. - P. parvus Opik, 1937; P. holmi
(Warburg, 1925); P. phlyzacius sp. nov.; P.
trigodus (Warburg, 1925) and several unassigned
species.
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mately 1/3 length of glabella, weakly convex in

fixed cheek,

longitudinal section. Palpebral lobe long, about

cheek known eye not preserved, but there is a

1/3 length of glabella, subcrescentic with a
negative skew towards posterior. It is back

no wider than lateral border. Cephalic border

wardly placed and out from axial furrow. A very

furrow shallow but distinct. Anterior and lateral

weak depression runs forwards from

el�.

e

and 'a single angle. On single free

suggestion of a narrow eye socle. Field convex,

which

borders both broad and gently convex. Posterior

dies out before reaching y. Weak eye ridge

border furrow narrower and deeper than others.

present, running from sulcus to y. Preocular

Posterior border narrower than anterior or la

facial sutures divergent, postocular sections
defining minute triangular posterior portion of

long and narrow. Surface of cephalon smooth.

teral. Genal spine with narrow base, and fairly

Dimensions offigured spe eimens (in mm)
A

At

A2

Aa

A4

K

�

IGT Tr2228 (E)

2.15
2.05

1.15
1.15

0.45
0.35

0.25
0.25

0.30
0.30

1.30
1.45

(2.05)
2.15

IGT Tr2230 (E)

1.70

0.90

0.25

0.30

0.25

1.10

(1.65)

IGT Tr2227 (E)

Holotype
Holotype of
P. atavus

Remarks. - Opik (1937:34-39) described two
species of Panarchaeogonus, P. parvus and P.
atavus from the Kukruse Stage of Estonia. The
only differences between them are the glabellar
outline (cf. Figs. 4A, E and F) and the deeper Sl
of the single cranidium of P. atavus, which is
smaller than those of P. parvus. I consider these
to be of intraspecific significance only, and thus
consider P. atavus a junior subjective synonym
of P. parvus. The cranidium figured by Opik

Panarchaeogonus holmi (Warburg,
1925)
Fig. 4,G-J.

Ov. • 1925. Cyphaspis ho/mi Warburg: 193, pl. 5, figs. 34-35.
Ov. /937 Cyphaspis ho/mi Warburg; Opik: 35, 39. Dv. /968
Otarion ho/mi (Warburg); Shaw: 42. Dv. 1974. Otarion cf.
tenue Kie1an; Dean: 68 pars (pl. 29, fig. 3 only).

Lectotype. -A cranidium

(RM Arl0803), select

ed from Warburg's syntynes. The specimen was

S

(1937, pl. 3, fig. 7) as 'Otarion sp. a' corresponds

figured by Warburg (192 , pl. 5, fig. 34) and is

in glabellar outline and shape of

.figured herein Fig. 4, G-1. A second cranidium,

LI with P.

parvus, and is here included in this species.

(RM

Ar10804) is a paralectotype. The third

An additional cranidium (Fig. 5, 0) from the
Kukruse Stage of Kohtla-Jlirve bears some
resemblance to P. parvus, but differs in having a

fragmentary cranidium mentioned by Warburg

trapezoidal glabella, sigmoidal preglabellar field,

Sweden.

weak anterior border furrow and presence of S3.
A free cheek (Fig. 5, K) from the same locality
has a weak lateral border furrow, and probably
belongs to the same species as the cranidium.
The glabellar outline is atypical of Panarchaeo
gonus, and pending further information, these
two specimens are assigned with question to the
genus asPanarchaeogonus? sp. 4.

has not been seen. The type material is from
Limestone, Ostbjorka, Siljan district,

Boda

Diagnosis.- SI deep, shallowing anteriorly and
incompletely isolating large LI, which is about
half glabellar length; preglabellar field of sigmoi
dal proflle, 2/3 glabellar length and considerably
broader than narrow anterior border; anterior
border furrow weak; preocular facial sutures
strongly divergent.

P. parvus is most like P. sp. 3 from the

Description. - Cranidial length and palpebral

Ashgill-Llandovery of northem England (see p.
218).

width approximately equal. Glabella triangular,
about 4/5 as long as wide. Sl arcuate, adaxially
convex, strongly inclined backwards and conflu
ent with occipital furrow, but shallowing anteri
orly, partially isolating pear-shaped LI, which is
about 1/2 glabellar length. S2 and S3 weak,

204
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former running in same direction as anterior part
of Sl, latter only weakly inclined backwards and
close to anterior end of glabella. Occipital ring as
wide (trans.) as glabella, and somewhat wider
(sag.) than anterior border.
Preglabellar field sigmoidal in longitudinal
section, about 2/3 length of glabella. A weak
sulcus is present on its posterior edge, opposite
the anterolateral corner of the glabella. Anterior
border furrow weak; anterior border narrow,
about 1/4 length of preglabellar field. Preocular

205

and e +' well out from axial furrow. Weak eye
ridge runs from y slightly forwards to join axial
furrow just behind sulcus. Palpebral lobe cre
scentic, about 2/3 glabellar length. Postocular
facial suture runs backwards and outwards from
e + ' defining min ute triangular posterior por
tion of fixed cheek.
Very little of the external surface is preserved
on available specimens, and details of surface
sculpture are unknown. On internal moulds, the
preglabellar field is caecate.
·

facial sutures strongly divergent, (} about 40°. y

Dimensions offigured specimens (in mm)
K

A
RM
RM

Ar10803 (l)
Arl0804 (l)

2.75
(4.30)

1.40
2.05

0.80
1.45

0.20
(0.25)

ho/mi is very similar to the
Caradoc species P. phlyzacius sp. nov. (see
diagnosis below; cf. Fig. 4, G-J and K-0).
Shaw (1968:42) considered P. ho/mi to bear
close resemblance to Otarion planifrons (Eich
wald). Opik's (1937, pl. 2, figs. l, 2, text-fig.

Remarks. - P.

Fig.4.

A-F. Panarchaeogonus parvus Opik, 1937.
A-D. Holotype, cranidium: A-dorsal, B-lateral, C·
anterior and D-anterior oblique views, x15. Orig.
Opik 1937, pl. l, fig 3, Kukruse Stage, C 11, Kohtla
Hirve, Estonia (IGT Tr2227).
E. Cranidium, dorsal view, x15, Orig. Opik, 1937,
text-fig. 7B, p. 38. Horizon and locality as above (IGT
Tr2228).
F. Cranidium, dorsal view, x15. Orig. Opik 1937, pl.
26, figs. 3, 4 (holotype of P. atavus Opik, 1937).
Kukruse Stage, C 11, Kukruse, Estonia (IGT Tr2230).
G-J.

(Warburg, 1925).
G-I. Lectotype, cranidium: G-dorsal, H-lateral and 1anterior views, x12. Orig. Warburg 1925, pl. 5, fig. 34.
Boda Limestone, 6stbjorka, Siljan district. Sweden
(RM Arl0803).
J. Cranidium, dorsal view, x8. Orig. Warburg 1925, pl.
5, fig. 35. Horizon and locality as above (RM Ar l0804).

Panarchaeogonus ho/mi

K-0. Panarchaeogonus ph/yzacius sp. nov.
K-M. Holotype, cranidium: K-dorsal, L-lateral and M
anterior views, x15. Lower Chasmops Limestone,
Stage 4b,8, Langåra, Oslo-Asker district, Norway (P MO
8697).
N. Pygidium, dorsal view, x15. Horizon as above,
Fyrsteilene, Oslofjorden (PMO 70465).
O. Cranidium, dorsal view, x9. Horizon as above,
island south of Kalvøya, Bærum, near Oslo, Norway
(PMO 8698).

0.35
0.55

1.50
(2.50)

(2.50)
(4.20)

Lectotype

5:28) figures of this species shows that it has
typical Otarion characters, and is thus not
closely related to P. ho/mi.
Dean (1974:68) described aulacopleurid cra
nidia from the Chair of Kildare Limestone, Chair
of Kildare, eastern Ireland, as Otarion cf. tenue
Kielan, l%0. One of these specimens, BM
It3282 (Dean 1974, pl. 29, fig. 3) differs from the
others in having a sigmoidal preglabellar field, a
much stronger forward taper to the glabella and
proportionately larger Ll. In these features it is
closely similar to P. ho/mi, and is assigned to
that species.

Panarchaeogonus phlyzacius
sp. nov.
Fig. 4, K-0.

Derivation of name. - From Greek phlyzacium,

a small pustule: alluding to the surface sculpture.
Holotype. - Cranidium (PMO 8697) from Lower
Chasmops Limestone (4bØ), Langåra, Oslo
Asker district, Norway.
Paratypes. - Cranidium (PMO 8698) from island

south of Kalvøya, Bærum, near Oslo, and
pygidium (PMO 70465) from Fyrsteilene, Oslo
fjorden; both from type stratum. Cranidia (PMO
9724347) from Lower Chasmops Shale (4by),
east side of Semsvannet, Oslo-Asker district.

206 R. M. Owens
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Diagnosis. - Cranidium like that of P. holmi, but

with isolated LI ; pygidial axis with nine rings,
six pairs of pleural ribs; sculpture of fine
granules.
Cranidium weakly vaulted, with
sagittal length and palpebral width almost equal.
Glabella triangular, 3/4 as long as wide and
defined by deep, conjoined axial and preglabel
lar furrows. Sl deepest anteriorly where it joins
axial furrow, shallowing towards posterior where
it runs into SO. Ll ovate, with independent
convexity from rest of glabella and approxi
mately 1/2 its length. S2 and S3 not seen. SO
shallow, more or less transverse in the sagittal
region, but curved gently backwards behind Ll.
Occipital ring slightly wider (sag.) than anterior
border, but not as wide (trans.) as glabella.
Preglabellar field sigmoidal in longitudinal sec
tion, about 1/3 length of glabella. Anterior
border furrow weak, anterior border narrow,
Description.

-

uptumed, about 1/3 length (sag.) of preglabellar
field. Preocular facial suture diverges strongly
abaxially forwards at about 30° to an exsagittal
line through 'Y. 'Y and e + ' distant from axial
furrow, palpebral lobe large, 1/2-2/3 glabellar
length. A weak eye ridge runs from y adaxially
forwards to axial furrow, joining it just behind a
weak sulcus at anterolateral corner of glabella.
Postocular facial suture runs backwards and
outwards from e + '·
Pygidium with narrow axis, nine rings defined
by shallow ring furrows which become progres
sively shallower towards posterior. No postaxial
ridge. Pleural areas with six pairs of ribs. Pleural
furrows deep and broad, running parallel with
interpleural furrows, which are narrow and
shallow. Anterior pleural band a Iittle wider
(exsag.) than posterior.
Granulose sculpture covers entire known exo
skeleton.

Dimensions offigured spe eimens (in mm)
K

A
PMO 8698 (E)
PMO 8697 (E)

4.10
2.35

2.25
1.25

0.95
0.60

0.35
0.20

The cranidium of P. phyzacius is
very similar to that of P. holmi in general plan,
but differs in having isolated, much broader and
more swollen Ll, and in the much stronger
forward taper of the glabella. The type of surface
sculpture may also differ, but that of P. holmi is
unknown.

Remarks.

-

Panarchaeogonus trigodus

(Warburg, 1925)
Fig. 5, A-H.
Dv. * 1925 Cyphaspis trigoda Warburg: 190, p. 15, figs. 38-39.
Dv.I937 Cyphaspis trigoda Warburg; åpik: 35, 38. Dv. • 1939
Proetus (Astroproetus) whillardi Begg: 376, pl. 6, fig. 3. Dv.
1951 'Cyphaspis' trigoda (Warburg); Prantl and Piibyl: 436.
Dv. 1968 Otarion trigoda (Warburg); Shaw: 42. Dv. 1969
Otarion trigoda (Warburg); Temple; 222. Ov. 1974 Panar
chaeogonus whillardi (Begg); Owens: 688, fig. 2B. Dv. 1974
Otarion sp., Dean: 68, pl. 28, fig. 9; pl. 29, fig. 2. O ?v. 1974
Proetid gen. et sp. undetermined B, Dean: 64, pl. 27, figs. 10,
12.

0.55
0.30

(2.70)
1.55

(3.70)
(2.20)

Holotype

Lectotype (here selected). - A partially exfoli

ated cranidium, UM 065, from Warburg's syn
types. The specimen was figured by Warburg,
pl. 5, fig. 38; and is figured herein Fig. 5, A-B;
from Boda Limestone, Klittberg, Siljan district,
Sweden. Cranidia UM 01370 and RM Arl0806,
from Boda Limestone of Klittberg and Boda
respectively are paralectotypes.
Material. - Cranidia RM Ar43859 from Boda

Limestone, 6stbjorka, Siljan district, Sweden,
Ar23082 from U pper Ordovician limestone
erratics from Hulterstad, Oland, Sweden, BM
lt3281 and BM lt3284 from Chair of Kildare
Limestone, Chair of Kildare, eastem lreland;
complete intemal mould, HM Al083 from Raw
theyan Stage, Upper Orummuck Group, Starfish
Bed No. 2, Ladybum, Girvan, Scotland (holo
type of P. whittardi).
RM

Diagnosis. - Sl deep, isolating sm all LI which is

1/3-2/5 glabellar length; preglabellar field weak
ly convex, about 1/3 glabellar length, and consid
erably broader than narrow anterior border;
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anterior border furrow deep, well defined; preo
cular facial sutures parallel; pygidial axis with 5
(6?) rings; pleural areas with 5 pairs of ribs;
sculpture of fine granules on L l and preglabellar
field.
Description. - Cephalon a Iittle over twice as

wide posteriorly as long, rather weakly vaulted.
Cranidium with palpebral width and sagittal
length approximately equal. Glabella triangular,
about 9/10 as long as wide. Sl deep, confluent
with axial and occipital furrows, describing an
adaxially convex are. LI small, ovate, with
independent convexity from remainder of glabel
la and 1/3-2/5 its sagittal length. S2 and S3 not
seen. Glabella defined by deep conjoined axial
and preglabellar furrows. On internal moulds
there are three shallow sulci, one sagittal, the
others each at the anterolateral corners of the
glabella, running on to preglabellar field from
preglabellar furrow.
SO narrower and shallower than axial and
preglabellar furrows, nearly transverse between
LI lobes. Occipital ring sagittally widened,
marginally narrower (sag.) than preglabellar
field. Preglabellar field about 1/3 sagittal length
of glabella, convex in longitudinal sec tion. Ante
rior border furrow narrow, distinct. Anterior
border much narrower (sag.) than preglabellar
field, and weakly convex. Palpebral lobe large,
nearly 2/3 sagittal length of glabella, elevated to
height of its sagittal region. Weak eye ridge seen
on some specimens. Eye large, crescentic, ap
parently with a narrow eye socle. Preocular
facial sutures parallel, postocular facial sutures
with e and � separated by a short distance,

intervening stretch parallel with axial furrow. w
a little way from axial furrow to lateral margin.
Field of free cheek weakly convex. Lateral
and anterior border furrows narrow. Cephalic
border, where seen, is narrow and uptumed.
Genal spine extends at least as far back as third
thoracic segment. Cephalic doublure narrow,
ventrally convex, with a few subparallel terrace
lines.
Thorax of nine segments, marginally longer
(sag.) than cephalon. Axis broad (trans.), consid
erably wider than pleurae anteriorly, not quite as
wide posteriorly. First four axial rings maintain
about same width (trans.), but thereafter axis
tapers rather rapidly backwards. Each axial ring
nearly transverse, in longitudinal section weakly
convex. Pleura with deep, broad pleural furrow,
dividing it into anterior and posterior pleural
bands of approximately equal width.
Pygidium subparabolic, without border. Axis
tapers rapidly backwards to a blunt point,
maintaining same degree of taper as posterior
part of thoracic axis. It consists of five (possibly
six) rings, of which the first four are clearly
defined by deep ring furrows. III-defined postaxi
al ridge present. Broad, weakly convex pleural
areas, with five pairs of ribs, of which posterior
two pairs obscure. Pleural furrow deep and
broad, interpleural shallow and narrow. Both
run more or less parallel, so that anterior and
posterior pleural bands are of approximately
equal width (exsag.).
,.
Sculpture of fine granules on Ll and on
preglabellar field. Their distribution on the rest
of the exoskeleton is unknown, since it is known
only from internal moulds.

Dimensions offigured speeimens (in mm)
Cranidia

A

A1

A2

Aa

A4

K

8--8

UM D65 (E/1)
Ar10806 (E)
HM A1083 (l)

2.50
2.15
1.75

1.40
1.25
0.95

0.55
0.40
0.35

0.25
0.20
0.15

0.30
0.30
0.30

1.50
1.30
1.10

(2.40)

RM

207

1.90

Lectotype
Holotype of
P. whittardi

Pygidium

z

y

w

X

HM Al083 (l)

1.15

0.75

2.70

0.75

Holotype of
P. whittardi
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Comparison of the holotype, the
only known specimen, of P. whittardi with
specimens of P. trigodus reveals no specific
differences between them. Cranidia from the
Chair of Kildare Limestone described by Dean
(197 4:68, pl. 28, fig. 9; pl. 29, fig. 2) as Otarion
sp. also belong in P. trigodus. Pygidia from the
same horizon, described by Dean (197 4:64, pl.
27, figs. lO, 12) as 'proetid gen. et sp. undeter
mined B' compare closely with the pygidium of
the holotype of P. whittardi, and almost certainly
belong to Panarchaeogonus species; both P.
trigodus and P. holmi occur in the Chair of
Kildare Limestone, but the pygidium of the
latter is unknown. Since they closely resemble
that of P. trigodus, Dean's pygidia are here
included with question in that species.

Remarks.

-

Panarchaeogonus sp. l
Fig. 5;I,J.

One cranidium (SGU Collection,
unnumbered) from Boda Limestone, Ostbjorka,
Siljan district, Sweden.

Material.
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(sag.) preglabellar field. This and the broad, well
defined anterior border have their closest coun
terparts in P. parvus, although in the latter the
preglabellar field is much longer. The nearly
parallel preocular facial sutures invite compari
son with P. trigodus, but P. sp. l differs in
having a much narrower preglabellar field, in
having a proportionately wider, more intlated
glabella and in not having the palpebral lobe
elevated to the height of the sagittal region of the
glabella. A new species is evidently represented,
but more material is needed before it can be
formally described.

Panarchaeogonus sp.2
Fig. 5,N.

Material.
One internal mould of a cranidium,
Geological Survey of lreland No.76-0850, from
Caradoc, Actonian Stage, Carnes Beds, Bel
lewstown, eastern Ireland.
-

-

Cranidium approximately as long
as wide and moderately vaulted. Glabella triangu
lar, about 9/10 as long as wide. LI about 2/5
sagittal length of glabella, separated from the
rest of it by Sl which is contluent with occipital
and axial furrows, and directed backwards at
about 35°. S2 and S3 both shallow, non-incised
and confluent with axial furrow, S2 nearly
opposite y, S3 a short distance in front. SO
transverse between adaxial ends of Sl, but
curves backwards behind LI . Occipital ring too
badly preserved for description. Preglabellar
field convex in longitudinal section, short (sag.),
2/3 sagittal length of anterior border and about
l/5 length of glabella. Weak sulci at anterolateral
comers of glabella. Anterior border furrow
narrow, deep, well-defined. Anterior border
broad, weakly convex.
Preocular facial sutures nearly parallel. y well
out from axial furrow. Palpebral lobe large,
crescentic, just over 1/2 sagittal length of glabel
la, not elevated to height of its sagittal region.
Very weak eye ridge runs from y to just behind
sulcus at anterolateral corner of glabella. From
e +' postocular facial suture runs strongly abaxi
ally and backwards. Sculpture of fine granules.

Description.

-

Remarks. - P. sp. l is distinctive in its short

5.
A-H. Panarchaeogonus trigodus (Warburg,1925).
A, B. Lectotype, cranidium. A-dorsal and B-anterior
views, x14. Orig. Warburg 1925, pl. 5, fig. 38. Boda
Limestone,Klittberg,Siljan district,Sweden (UM 065).
C, D. Cranidium, C-dorsal and O-lateral views, x15.
Orig. Warburg 1925, pl. 5, fig. 39. Boda Limestone,
Boda,Siljan distriet,Sweden (RM Ar10806).
E-H. Complete dorsal exoske1eton, intemal mould.
E-dorsal, F-lateral, G-anterior and H-anterior oblique
views, x12. Orig. Begg 1939, pl. 6, fig. 3 (holotype
of Proetus (Astroproetus) whittardi Begg, 1939) and
Owens 1974, text-fig. 2B, p. 688. Rawtheyan Stage,
Upper Drummuck Group, Starfish Bed No. 2, Lady
bum,Girvan,Scotland (HM AI083).

Fig.

l, J.

sp. l. Cranidium, 1-dorsal and J
anterior oblique views, x Il. Boda Limestone, Ost
bjiirka,Siljan district,Sweden (SGU coll. unnumbered).

Panarchaeogonus

K,O. Panarchaeogonus? sp. 4.
K. Free cheek,dorsal view, x12. Kukruse Stage,C Il,
Kohtla-Jiirve, Estonia (IG Tr2227).
O. Cranidium, dorsal view, x6. Horizon and locality
as above (RM Ar47561).
L, M. Panarchaeogonus? sp. 5.
L. Cranidium, internal mould, dorsal view, x10.
Cautleyan Stage, Killey Bridge Formation, bank of
Little River, 210 m E of Slate Quarry Bridge, 1.95
km at 158° from trig. point on Craig Bardahessiagh,
Co. Tyrone,Ireland (GSMGU1920).
M. Cranidium, internal mould, dorsal view, x15.
Horizon and locality as above (GSM GUI917).
N.

sp. 2. Cranidium, dorsal view,
x10. Actonian Stage, Carnes Beds, Bellewstown,
eastern Ireland (Geological Survey of Ireland No.
76-0850).

Panarchaeogonus
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Cranidium weakly vaulted. Gla
beila tapering weakly forwards, bluntly rounded
anteriorly, about as long as wide and defined by
shallow preglabellar furrow conjoined with deep
er axial furrows. Ll triangular, Sl directed
obliquely inwards and backwards at about 45°,
confluent with axial furrow but dying out before
reaching SO, S2 short, shallow, directed oblique
ly backwards slightly less strongly than S l , and a
short distance in front of it. SO about as deep as
axial furrows, curved weakly backwards and not
deflected behind Ll. Occipital ring 4/5 width
(sag.) of preglabellar field, narrowing laterally.
Preglabellar field about 1/3 length of glabella,
weakly convex in longitudinal section. Anterior
border furrow broad, shallow. Anterior border
rather narrow, weakly convex. Preocular facial
sutures weakly divergent.
Remainder of cranidium unknown.

Description.

-

This single cranidium does not
closely resemble any other Panarchaeogonus
species. The glabella outline is most similar to
that of P. parvus, but it differs from this species
in having the preglabellar field appreciably long
er (sag.) than the anterior border and in having
the preocular facial sutures longer and straighter.

Remarks.

-

Panarchaeogonus sp. 3
Ov. 1969 Otarion megalo'ps (McCoy, 1846); Temple: 221,
(pl. 5, fig. 22 only).

pars.

Cranidium, BM It5049 from lowest
Llandovery or high Ashgill limestone overlying
Keisley Limestone, exposure near foot of Keis
ley bank, Keisley, Cumbria, northern England
(NY 7136 2377).

Material.

Although Temple (1%9:221) in
cluded this specimen in Otarion megalops, he
did note (femple l%9:222) that it compared with
Otarion trigoda (i.e., P. trigodus). lts weakly
inflated, triangular glabella contrasts with the
other specimens of Temple's O. megalops,
which are typical Otarion; all characters indicate
assignment to Panarchaeogonus. The combina
tion of convex preglabellar field, divergent preo
cular facial sutures, deep anterior border furrow
and anterior border of equal width to preglabel
lar field has its closest counterpart in P. parvus
(cf. Fig. 4A-F and Temple 1969; pl. 5, fig. 22).
If Temple's (1%9) suggested age for the

Remarks.

·

-

-

limestone at Keisley is correct, then P. sp. 3 is
the only known Silurian occurrence of Panar
chaeogonus.

Panarchaeogonus? sp. 4
Fig. 5;K,O.

See above, under P. parvus, (p. 210).

Panarchaeogonus? sp. 5
Fig. 5;L,M.

Material.
Cranidia, GSM GU 1911, GU 1916,
GU 1917-18 (counterparts), GU 1920, from
Ashgill, Cautleyan Stage, Killey Bridge Forma
tion, river bank on Little River, 210 m E of Slate
Quarry Bridge, 1.95 km at 158° from trig. point
on Craig Bardahessiagh, Co. Tyrone (H 7297
7268).
-

Glabella subquadrate, weakly
vaulted, tapering gently forwards, bluntly round
ed anteriorly and somewhat wider (trans.) than
long. Defined by deep axial furrows conjoined
with shallower preglabellar furrow. Ll trapezoi
dal, partially isolated by deep Sl which runs into
axial furrow but shallows and dies out before
reaching SO, S2 and S3 shallow, short and nearly
transverse. SO narrow, shallower than axial
furrows, curved gently forwards sagittally. Oc
cipital ring narrow, 1/2 sagittal length of pregla
bellar field and not narrowing laterally. Small
median node close to posterior margin.
Preglabellar field l/3 glabellar length, gently
convex. Anterior border furrow broad, shallow.
Anterior border much narrower than prel
g abel
lar field, marginally wider than occipital ring.
Preocular facial sutures weakly divergent, y
distant from axial furrow. Palberal lobe large,
broad (trans.) and backwardly placed, nearly 1/2
glabellar length. Postocular suture runs close to
posterior border furrow, defining narrow
(exsag.) postocular fixed cheek.
Dorsal surface smooth.

Description.

-

These cranidia are similar to P.? sp.
4 in glabellar outline, but differ in having deeper
Sl, a broader (trans.) palpebral lobe and a hetter
defined anterior border furrow.

Remarks.

-

Trilobite genera Panarchaeogonus, Isbergia, Cyamops
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Genus Cyamops gen. nov.
Type species.

gen. et

- Cyamops stensioei

sp.nov.

Derivation of name. - Greek cyamos, a bean,
and ops, eye; referring to shape of eye. Gender:
feminine.

Diagnosis. - Glabella trapezoidal, with weakly
impressed lateral furrows; preglabellar field sig
moidal or straight in longitudinal section; no eye
ridges; thorax of 8 segments; pygidium with
conical axis with 6-7 rings; pleural areas broad
with 5-6 pairs of ribs, pleural and interpleural
furrows reach margin; exoskeleton smooth.

Species. - C. stensioei sp. nov.; C. sp. l .
Fig. 6. Reconstruction of Cyamops stensioei gen. et sp. nov.
x9 approx.

Cyamops stensioei sp. nov.
Figs. 6; 7, A--1.

ly convex in longitudinal section, more strongly

Derivation of name. -In honour of Professor E.

adaxially and forks; posterior branch continues

A. Stensio, who discovered the material of this

backwards towards occipital furrow, where it

so in transverse section (Fig. 7, B, C). S l widens

meets small forward running depression; anterior

species at Kallholn.

Holotype. - Complete dorsal exoskeleton, RM
Ar47556, from Boda Limestone, Kallholn, Siljan
district, Sweden.
hypostoma RM

e

+' S2 and S3 both
·

simple, S2 opposite y and curving gently back
wards, S3 a short distance in front, nearly
transverse.

Paratypes. - Complete dorsal exoskeleton, RM
Ar47518,

adaxial part of S l opposite

Ar46812r

and

nu

SO of variable depth: it may be shallow and
rather obscure (Fig. 7A),. or deeper and more

merous stabs containing thousands of complete

sharply

or nearly complete specimens (e.g. RM Ar45663,

sagittally and laterally. Occipital ring widest

RM Ar45664, RM Ar46826c, RM Ar49932) in
Naturhistoriska Riksmuseet, Stockholm, all

sagittally,

from the type locality; one slab (RM Ar49933)

from upper part of Boda Limestone, south of
north entrance to the deep pit, Osmundsberget.

Diagnosis. - Posterolateral corners of glabella
fused with anterolateral corners of occipital ring;
preglabellar field about 1/3 glabellar length;
palpebral lobe about 1/3 glabellar length, for
wardly placed.

Description.

defined

(Fig.

where

it

is

7G),

arched

nearly

1/4

forwards
length of

glabella. Narrows rapidly laterally, with antero
lateral

corners

confluent

with

posterolateral

comers of glabella. Prominent median node.
Preglabellar field about 1/3 glabellar length,
nearly straight in longitudinal section. Preocular
facial sutures divergent, (} about 30°, and {3- y
almost straight. Postocular section runs abaxial
ly backwards from

e

+ ,, cutting posterior mar

gin near base of genal spine, defining small
triangular posterior portion of fixed cheek.

- Cephalon slightly longer than

Palpebral lobe rather small, about 1/3 glabellar

thorax, about twice as long as pygidium. Cepha

length, placed well forwards,

lic border narrow, ill defined. Palpebral width

furrow, but y some distance from it. In trans

e

+'dose to axial

about 4/5 cranidial length. Glabella trapezoidal,

verse section palpebral lobe gently inclined from

3/4-9/10 as long as wide, tapering quite strongly

axial furrow. Eye small, crescentic, with indivi

widest

dual lenses clearly visible (Fig. 71). No eye

posteriorly and defined by shallow but distinct

forwards,

socle. Free cheek declined quite steeply from

conjoined axial and preglabellar furrows. Weak-

eye. Posterior border furrow rather deeper than

14*- Geologisk
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lateral, shallowing at base of genal spine. Genal
spine broad based, with shallow median furrow,
and tapering rapidly backwards, extending as far
back as fourth thoracic segment. One or more
raised ridges run forwards from genal angle,
extending about halfway up genal spine. A single
raised ridge circumscribes cephalic margin.
Hypostoma with convex median body which
widens only slightly posteriorly. Median furrow
rather faint and weakly impressed. Lateral bord
er strongly uptumed. Posterior border very
narrow. No anterior border furrow. Anterior
wings small, uptumed. Posterior wings small,
represented by small upward flexure of lateral
border. On anterior lobe is series of irregular
raised ridges in an area defined by three longer
ridges arranged in a triangle whose apex points
forwards.
Thorax of 8 segments. Last axial ring about
2/3 width of first (trans.). Articulating half ring
about l/2 length (sag.) of annulus. In longitudinal
section, each ring weakly convex. Anteriorly
axis wider (trans.) than pleura, but posteriorly
reverse is the case. Pleura with deep pleural

furrow, truncated at extreme abaxial end by
articulating facet. Fulcrum about half way along
pleura, and distal part of latter is gently declined
from it. Posterior pleural band wider (exsag.)
than anterior. Posterolateral corner of pleura
bluntly pointed.
Pygidium subparabolic, without border and
more than twice as wide as long. Axis with 6
rings, 3/4 pygidial length, and anteriorly is
slightly less than 1/3 its transverse width, taper
ing posteriorly to a blunt point. In longitudinal
section each ring gently convex, ring furrows
indistinct. Pleural areas with 5-6 pairs of ribs,
which widen slightly abaxially, curving gently
backwards. Posterior pleural band a little wider
than anterior, pleural and interpleural furrows
more or less parallel. Pleural furrows deeper,
deepening slightly before shallowing again dose
to margin. Narrow, sharp interpleural furrows
not as deep as pleural adaxially, but deeper at
their extreme abaxial ends. No postaxial ridge.
Cephalic and pygidial doublures narrow, with
fine, subparallel terrace lines. Exoskeleton
smooth.

Dimensions offig u red specimens (in mm)
Cranidia
RM Ar47556
RM

(E)

Ar47518 (E)

Pygidia
RM
RM

Ar47556 (E)
Ar47518 (E)

A

A.

A2

2.80
2.35

1.55

0.55

0.20

1.30

0. 45

0.20

z

y

w

X

1.50

1.20
0.80

3. 45
2.60

0.70

0.95

Aa

1.05

Remarks. - Two species ofCyamops are known.

The earlier, Cyamops sp. l, is from the Caradoc
Macrourus Limestone, and known only from
one cranidium. In nearly all aspects - glabella
shape, size and position of palpebral lobe,
preglabellar field, occipital ring - it is like
Panarchaeogonus, but differs in lacking an eye
ridge and in having Sl effaced. Cyamops sten
sioei from the Ashgill, known from abundant and
complete material, differs from C. sp. l in its
smaller, more forwardly placed eye, greater
divergence of the preocular facial sutures, shal-

K

�

0.50

2.05

2.25

0.40

1.50

1.70

A4

Holotype

Holotype

Fig. 7.
A-1. Cyamops s/ensioei gen. et sp. nov., Boda Limestone,
Kallholn, Siljan district,Sweden.
A-C. Holotype,dorsal exoskeleton. A-dorsal,B-lateral
and C-anterior views, x lO (RM Ar47556).
D-F. Hypostoma. D-dorsal, E-lateral and F-anterior
views, x30 (RM Ar46812r).
G, l. Dorsal exoskeleton. G-dorsal view, x12.5, l
lateral view,to show detail of eye, x30 (RM Ar47518).
H. Portion of slab with abundant exoskeletal remains,
x2 (RM Ar45663).

J-L. Cyamops sp. l. J-lateral, K-dorsal and L-anterior
views, x15. Macrourus Limestone (erratic block),
Eriksiire, ()(and,Sweden (RM Ar19169).
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1ower occipital ring and longer. straighter post
ocular facial sutures (cf. Fig. 7A, G, K). A
phyletic trend in Cyamops seems to be, there
fore, reduction in eye size and gradual efface
ment of the occipital furrow. Of Panarchaeogo
nus species, P. parvus most closely resembles
C. sp. l (cf. Fig. 4A and Fig. 7K), the latter
differing from the former in the detailed struc
ture of the preglabellar area, in lacking eye
ridges and in lacking Sl; Cyamops might have
arisen from Panarchaeogonus species of the P.
parvus type during the Caradoc. The only
known complete Panarchaeogonus, a specimen
of P. trigodus (Fig. 5, E), has nine thoracic
segments; Cyamops stensioei had eight and a
proportionately longer pygidium. Thus some
where along the postulated Panarchaeogonus Cyamops line, one less segment was released
into the thorax during ontogeny.
Cyamops stensioei is evidently adapted for
living in algal 'reefs', perhaps in crevices with
reduced light, as the number of eye-lenses is
comparatively small; the occurrence of the
fossils also suggests such an existence (see p.
210). Cyamops sp. l bad larger eyes, and possibly
bad a 'normal benthonic' existence, and besides
the little-modified C. stensioei line, possibly
gave rise to a second, more modified line-that of
lsbergia, adapted to a rather different habitat on
algal 'reefs' (see p. 209). Adaptive characters of
Panarchaeogonus, Cyamops, and lsbergia are
found in the cephala; characters of the thoraces
and pygidia are very similar in all three, and are
clearly non-adaptive, and lend clues to the
association of lsbergia with the other two
genera.

Cyamops

sp. l

Fig. 7,J-L

Material. -One cranidium, RM Arl6169, Mac

rourus Limestone
Oland, Sweden.

(erratic block),

Eriksore,

Comparison. -This cranidium differs from that

of C. stensioei in its larger palpebral lobe,
situated further backwards, in having less diver
gent preocular facial sutures, a deeper occipital
furrow, confluent with the �/{ial furrow, a
narrower (exsag.) posterior portion of the fixed
cheek and in having a 'ground Wass' texture to
the dorsal surface.

Remarks. - See discussion under C. stensioei

above.

Genus Isbergia Warburg, 1925
Type species (original designation. - lsbergia

planifrons Warburg, 1925.

Diagnosis. - Cephalon strongly vaulted; glabel

lar furrows weak, non-incised; preglabellar field
and free cheeks strongly declined; no genal
spine or eye ridge; thorax of 8 segments,
pygidial axis with 5� poorly defined rings,
pleural areas with 5� pairs of ribs; dorsal
exoskeleton smooth.
Species.

- l.

planifrons

parvula Warburg, 1925.

Warburg,

1925; I.

Remarks. - Species from the Ordovician and

·

Silurian of north America, assigned to Isbergia
by Cooper (1953:20) and Lesperance (1968: 816),
respectively, have been shown byOean (1972) to
be isocolids.

Isbergia planifrons

Warburg, 1925

Fig. 8; Fig. 9, A-J.
Dv.• 1925/sbergiaplanifrons Warburg: 817, pl. 5, figs. 54-57,
text-fig. 17:187. Dv. 1925 'Cyphaspis' sp. ind. c; Warburg:
209, pl. 5, fig. 58. Dv. 1959 lsbergia planifrons Warburg;

Moore (ed.), fig. 293, 2a-b:0386. Ov. 1969Isbergiaplanifrons
Warburg; Pille!, pl. 3, fig. l. O? 1972 Isbergia planifrons

Warburg; Abdullaev: 118, pl. 49, figs. 12-15. Ov. 1974
Isbergia cf. planifrons Warburg; Dean: 64, pl. 44, figs. 4, 5, 9.

Lectotype. - A cephalon

(UM 0198), one of
Warburg's syntypes, is selected here as lecto
type. The specimen was figured by Warburg
1925:187, text-fig. 17 and is figured herein fig. 9,
H -J ; from Bod a Limestone, Kallholn, Siljan
district, Sweden. The following, all from the
Boda Limestone, are paralectotypes: SGU coll.
(unnumbered- Fig. 9C), cranidium, from Os
mundsberget; LPI L03119t, cranidium, from
unknown locality; UM 01354, UM 01362, UM
01365a-d, six cranidia from Kallholn.
- From the Boda Lime
stone, Siljan district, Sweden: RM Ar5233 complete specimen; RM Ar5232 -cephalon; RM
Ar5231-nine cranidia; RM Ar5234 -cranidiwm,
cephalon with incompl.ete thorax; RM Ar52�S
twp cephala, four cranidia; RM Ar5230 -pygi
dilllm; all from Arvet. RM Ar45812 - two

Additional material.
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cranidia; RM Ar47491 -cranidium; RM Ar47492
-cranidium; RM Ar43732 -pygidium; all from
Kallholn. RM Ar43849 -pygidium, from Viis
tanå. UM 074, pygidium from Ostbjorka [origi
nal of 'Cyphaspis' sp. ind. c, Warburg 1925, pl.
5, fig. 58]. From Stage 5a, Oslo Region, Norway:
PMO 20842-cranidium, PMO 20777a, pygidium
from Stavnestangen, Ringerike. From Chair of
Kildare Limestone: GSM 103714, cranidium,
from Chair of Kildare, Ireland. The cranidium
figured by Abdullaev (1972 pl. 49, Figs. 12-15),
from the Upper Ordovician of Uzbekistan,
USSR, probably belongs to this species.
Diagnosis. - Glabella in longitudinal section

forming one almost continuous curve with pregla
bellar field, with only a slight break in slope at
preglabellar furrow; eye about half sagittal length
of glabella, situated at about half its own length
from posterior margin of cephalon.

A

8

Fig. 8. Reconstruction of Isbergia p/anifrons Warburg, 1925.
A-<iorsal view, B-lateral view, x 17 approx.

Description. -Cephalon strongly vaulted. Pos

teriorly glabella occupies about half cephalic
width and is slightly wider than it is long,
narrowing forwards gently to rounded frontal
lobe. Sl-3 not apparent on the external surface
(e.g., Fig. 9, A, C, E, H) but more easily seen on
intemal moulds (Fig. 90). Sl: opposite centre of
palpebral lobe; S2: opposite y. 8oth extend
about 1/3 of the way to sagittal line, both
directed obliquely backwards at about 70°. S3:
near anterolateral corner of glabella, not running
into axial furrow, directed obliquely backwards
at similar angle to Sl and S2.
SO deep, median section arched gently for
wards sagittally, lateral ends also turning gently
forwards. Occipita1 ring narrows almost to a
point abaxially, and Jacks lateral lobes. In
longitudinal section it is very weakly convex.
Preglabellar field about 1/3 length of glabella,
declined almost vertically In longitudinal sec
tion it is very weakly convex, forming an almost
continuous curve with profile of glabella (Fig.
98, J). Anterior border furrow shallow but
distinct, with ioner part of narrow anterior
border declined from it at about 45°. On edge of
anterior border there is a strong raised ridge, and
in front of this an anterior border declined
vertically.
Preocular facial sutures nearly parallel, y a
little way out from axial furrow. Palpebral lobe
rather narrow, subcrescentic and a little under
l/2 kngth of glabella, and situated dose to it. Its
pos�rior end is about IV8 the way up glabella
from posterior. In transverse section palpebrål
.·

lobe weakly convex and almost horizontal.
Postocular facial sutures run abaxially and back
wards from e + ' to cut posterior margin a short
distance inside genal angle. Eye long, crescentic,
and about 1/2 length of glabella. Visual surface
strongly convex, composed of at !east fifty small
facets. Eye socle indistinct. Free cheek steeply
declined from eye, with a weakly convex field.
Lateral and posterior border furrows wide and
shallow, and lateral border widens, becoming
progressively more stee ply declined towards
posterior. Posterior border widens abaxially to
become about as wide as posteriq_r part of lateral
border. No genal spine.
Thorax with 8 segments. Axis tapers back
wards so that last ring is about 3/5 of width of
first. In transverse section axis fairly strongly
arched. In lateral profile each ring nearly flat,
gently declined towards articulating furrow
which is arched weakly forwards sagittally.
Pleurae about 1/2 width of axis anteriorly, but
posteriorly are nearly as wide. Fulcrum close to
axial furrow anteriorly' but posteriorly is about
halfway along pleurae, which are quite steeply
declined and turn gently backwards abaxially.
Each pleura has distinct pleural furrow, which
extends almost to its distal extremity, dividing
pleura into widtlr posterior band and narrower
anterior band. Distal end of pleura .terminates
bluntly with rotmded anterolateral .aorner and
angular posterolateral corner.
Pygidium subparabolic, without bdtder, about
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2/5 as long as wide. Axis anteriorly between 1/3
and 2/5 pygidial width, tapering backwards to a
blunt point, extending for about 3/4 pygidial
length. 5-6 axial rings defined by shallow ring
furrows which curve gently forwards sagittally;
in longitudinal section, each ring gently convex.
Postaxial area steeply declined. Pleural areas
convex with 5-6 pairs of ribs curving gently back
wards, pleural and interpleural furrows nearly

parallel. First pair of pleural furrows deep and
incised, remainder shallower and wider. Inter
pleural furrows narrow and sharp, more distinct
than pleural. Both sets of furrows extend close
to margin, anterior and posterior pleural hands
of similar width and convexity. Pygidial doublure
rather narrow, with fine, parallel terrace lines,
and is weakly ventrally convex.
Dorsal exoskeleton smooth.

Dimensions offigured spe eimens (in mm)
A

Cranidia
UMD198 (E)
SGU coll. (Fig. 8C)
PMO 20842 (E)
LPI L03119t (E/1)
RM Ar5233 (E)

2.90

1.85

Pygidia

z

PMO 20777a (E)
UMD74 (E)
RM Ar5233 (E)

1.45
1.40
(0.80)

At

A2

Aa

A4

K

1.90
1.80
(1.65)
1.25
1.05

0.40
(0.30)
0.45
0.35
0.30

0.30

0.30
0.45

0.20
0.10
0.15

2.10
2.00
1.85
1.30
1.15

y

w

X

1.20
l.l5
0.60

2.20
2.20
1.50

0.30
0.25

�

2.45

Lectotype

2.15
(1.30)

0.90
0.80
0.45

Remarks. - By comparison with that of the

Fig. 9.

complete exoskeleton, it has been possible to
identify the pygidium described by Warburg
(1925:209, pl. 5, fig. 58) as 'Cyphaspis' sp. ind. c
as /. planifrons. The specimen of this species
from the Chair of Kildare Limestone, Chair of
Kildare, Ireland mentioned by Warburg (1925:
188) could not be traced in Warburg's collections
at Uppsala from that locality (see also Dean
1974:64), butDean (1974, pl. 44, figs. 4, 5, 9) has
figured another cranidium from the same locality
as lsbergia cf. planifrons. He noted small
proportional differences between this cranidium
and Boda Limestone specimens, but they are not
considered here to be of specific significance,
and the specimen is included in/. planifrons.

A-J.

Isbergiap/anifrons Warburg, 1925.
A-8. Oorsal exoskeleton, partiaUy exfoliated. A-dorsal
and B-lateral views, x 20. Boda Limestone, Arvet,
Siljan district, Sweden

(RM

Ar5233).

C. Cranidium, dorsal view, x 16. Orig. Warburg 1925,
pl. 5, figs. 54-55. Boda Limestone, Osmundsberget,
Siljan district, Sweden (SGU coll. unnumbered).
O. Cranidium. Oorsal view, partiaUy exfoliated showing
glabellar furrows on internal mould, x 18. Orig. War
burg 1925, pl. 5, figs. 56-57. Boda Limestone, locality
unknown (LPI L03119t).
E. Cranidium, latex east from external mould. Oorsal
view, x 15. Tretaspis Series, Stage 5a, Stavnestangen,
Ringerike, Norway (PMO 20842).
F. Pygidium, dorsal view, x 20. Horizon and locality
as E (PMO 20777a).
G. Pygidium, dorsal view, x 15. Orig. Warburg 1925,
pl.

5,

fig.

58.

Boda

Limestone, 6stbjorka,

Siljan

district, Sweden (VM 074).
H-J. Lectotype, cephalon. H-dorsal, 1-anterior and J
lateral views, x Il. Orig. Warburg 1925, text-fig. 17,

Isbergia parvula

Warburg, 1925

Fig. 9, K-M.

p. 187. Boda Limestone, Kallholn, Siljan district, Swe
den (VM 0198).
K-M. Isbergiaparvula Warburg, 1925.

Ov.• 1925/sbergia parvula Warburg; 188, pl. 5, figs. 49-53.

K. Cranidium, dorsal view, x 18. Orig. Warburg 1925.
pl. 5, figs. 49-50. Boda Limestone, Kallholn, Siljan

Lectotype.

- A cephalon (UM 073), one of

Warburg's syntypes, is here selected as lecto
type. Figured by Warburg 1925:5, figs. 51-53;

district, Sweden (VM 072).

L,

M. Lectotype, cephalon.

L-dorsal and M-lateral

views, x 20. Orig. Warburg 1925, pl. 5, figs. 51-53.
Horizon and locality as K (VM 073).
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and figured herein Fig. 9, L, M; from Boda
Limestone, Kallholn, Siljan district, Sweden.
The cranidia UM 072, UM Dl360a-b and UM
D l355a-b, all from the type locality, are para
lectotypes.

Additional material.

- One cephalon,
Ar47587, from Boda Limestone, Kallholn.

RM

Diagnosis. - Differs from

l. planifrons in:
glabella and preglabellar field do not form a
continuous curve in longitudinal section; eye
about 1/3 length of glabella, separated from
posterior margin of cephalon by a distance equal
to its own length.

Dimensions offigured specimens (in mm)
K

A
UMD72 (E)
UMD73 (E)

1.85
1.80

1.25
1.15

0.25
0.35

0.30
0.25

0.10
0.15
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