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Middle Cambrian trilobites of Baltic and Laurentian aspect
are locally common and diverse in slope apron to deep outer
shelf deposits of the Brgnlund Fjord and Tavsens Iskappe
Groups which are exposed in a narrow belt along the nort-
hern coast of western and central North Greenland.

In the first of five papers comprising the present volume,
Jon R. Ineson, Finn Surlyk, A. K. Higgins and John S. Peel
describe the stratigraphy, facies and depositional setting of
these outer shelf sediments which are assigned to the Aftens-
tjernes@, Henson Gletscher and Kap Stanton Formations
(Early Cambrian — Early Ordovician). The first two of these
formations are known from the Brgnlund Fjord Group in its
principal outcrop and type area along the northern margin of
the Greenland Inland Ice, but the Kap Stanton Formation
(Tavsens Iskappe Group) is formally described herein. Dark,
fine-grained sediments dominate, ranging in composition
from lime mudstones to cherty calcareous or dolomitic mud-
stones. Lime grainstones and packstones are locally impor-
tant, while carbonate breccia beds dominate some sections.

Richard A. Robison describes abundant agnostoid trilobi-
tes from the Henson Gletscher Formation and the lower beds
of the Kap Stanton Formation, identifying representatives of
the Ptychagnostus gibbus, Ptychagnostus atavus and Lejo-
pyge laevigata interval-zones of the Middle Cambrian. Two
new genera (Megagnostus and Schismagnostus) are descri-
bed, as are five new species: Agnostus lophotus, Diplorrhina
oncota, Megagnostus diclidus, Schismagnostus plicatus and
Tomagnostus bothrus.

In the first of two papers, Loren E. Babcock describes
Middle Cambrian polymeroid trilobites of Laurentian and
Baltic aspect from the Henson Gletscher Formation and the
lowermost Kap Stanton Formation. Trilobites of Laurentian
aspect were found in lime mudstone and wackestone repre-
senting shelf lithofacies, while trilobites of Baltic aspect
characterise outer shelf, lime mudstone lithofacies. In addi-
tion to the three interval-zones recognised by R. A. Robison,
Loren Babcock recognises the Middle Cambrian Glosso-
pleura assemblage-zone in strata of the Henson Gletscher
Formation devoid of agnostoid trilobites. One new genus

(Costadiscus) and thirty three species of polymeroid trilobi-
tes are described, including the following new species: Bat-
hyuriscus concavus, Costadiscus minutus, Dasometopus
groenlandicus, Elyx trapezoidalis, Kootenia nodosa and Op-
sidiscus longispinus. Loren Babcock employs cladistic ana-
lysis to investigate the relationships of eodiscid and paradox-
idid trilobite genera. He concludes that the eodiscoids are a
paraphyletic and possibly polyphyletic group that did not
share a close common ancestor with the agnostoids. Para-
doxidids are considered to form a monophyletic group.

In a second paper, Loren E. Babcock demonstrates strong
biofacies segregation of polymeroid biofacies near the shelf
margin of the Laurentian continent, elucidating the expres-
sions ‘Atlantic’ and ‘Pacific’ previously used to express the
affinity of trilobite assemblages. Trilobites of Laurentian
aspect lived in warm, relatively shallow waters, while cool,
deeper waters contained biofacies of Baltic aspect. Poly-
meroids from the Glossopleura and Ptychagnostus gibbus
zones in the collections from northernmost North Greenland
are mainly of Laurentian aspect. Collections from the Lejo-
pyge laevigata zone of the Kap Stanton Formation are en-
tirely of Baltic aspect. Mixing of polymeroids of Laurentian
and Baltic aspect in collections from the Ptychagnostus
atavus zone was produced by downslope movement by sedi-
ment gravity flows. The segregation of trilobite biofacies is

~considered as evidence for the existence of a thermocline in

marine waters surrounding the Laurentian continent in the
Middle Cambrian. In conclusion, Loren Babcock discusses
the importance of the correct interpretation of biofacies seg-
regation for analyses of tectonostratigraphic terranes, noting
that recognition of cool water assemblages alone is not
sufficient evidence to assume that a terrane originated in
high latitudes.

John S. Peel describes a single enigmatic fossil from the
Henson Gletscher Formation as a new genus and species,
Nyeboeconus robisoni. Somewhat similar forms have been
identified recently as chondrophorine hydrozoans or Pro-
blematica but the balance of available evidence favours
interpretation of N. robisoni as a helcionelloid mollusc.
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Dansk sammendrag

De nordgrgnlandske litologiske enheder, Brgnlund
Fjord og Hans Tavsens Iskappe Grupper, indeholder rige
trilobitfaunaer af mellem-kambrisk alder. De findes i
mgrke, finkornede sedimenter, som er aflejret pa den ydre

“shelf. En ny formation, Kap Stanton Formationen, er
beskrevet.

Der beskrives mere end 70 trilobitarter fra Henson
Gletscher og Kap Stanton Formationerne; de 11 er nye
arter. Der er ligeledes opstillet og beskrevet 3 nye trilo-
bitslegter, Megagnostus, Schismagnostus og Costadi-
scus, og en helcionelloid mollusk, Nyeboeconus robisoni,
er bade en ny slegt og en ny art.

Der ses tydeligt flere forskellige samfund af poly-
meroide trilobitter i det undersggte materiale, og for-
skellene tolkes som forskelle i den oprindelige havtem-
peratur. Samtidige, almindeligt forekommende trilobitter
pd det nordamerikanske kontinent (Laurentia) levede i
varmt, relativt lavt vand omkring Grgnland, mens de
karakteristiske, mellem-kambriske arter fra gstersgom-
radet (Baltikum) levede i dybere og kgligere vand.

Forstéelsen af aflejringsmiljgets indflydelse pa forskel-
lene mellem trilobitfaunaer i Nordamerika og gsterspom-
radet er kritisk for fortolkningen af kontinentalpladernes
tidligere placering baseret p4 sammenligning af faunaer.

Imaqarnersiuineq

Kalaallit Nunaata Avannaarsuani ujaqqat pinngorsi-
manerat tunngavigalugu immikkoortinneqarsimasut,
Brgnlund Fjord aamma Hans Tavsens Iskappe Grupper,
uumasunik galerualinnik ukiut 500-600 milliunit matuma
siornatigut ujaranngorsimasunik frilobitinik akogaqaat.
Ujaqqani kinnganerni taartuni aseqqorissaartuni ikkan-
nersuup sivingarngani pinngorsimasuni siumorneqarsin-
naapput. Kinnganerit immikkoortumut nutaamut Kap
Stanton Formationimik taallugu immikkoortinneqarnis-
saat paasisat kingulliit tunngavigalugit siunnersuutigine-
qarpog, taakkulu qaleriiaarnerat sumilu kiviorarsimanerat
allaaserineqarluni.

Immikkoortuni marlunni Henson Gletscherimi Kap
Stanton Formationimilu trilobitit assigiinngitsut 70-it sin-
nerlugit allaaserineqarput; taakkunanilu agqanillit nutaa-
jullutik. Kiisalu galeruallit ilaqutaariit nutaat pingasut

Cover picture

siumorneqarsimasut allaaserineqarput, tassa Megagnos-
tus, Schismagnostus aamma Costadiscus, kiisalu alla im-
mikkuullaarissoq nutaaq Nyeboeconus robisoni.
Misissorneqartuni ilaqutaariit immap kissassusaanik
peqquteqartumik immikkuullaarinnerat takuneqarsinnaa-
voq. Maannakkut amerikkap avannarliup nunavissuani
siumorneqarsinnaasut (Laurentiami) immami kissartumik
ikkannerusumi uumasuusimapput, kambriumilli geqgaata
missaani stersgp imartaaneersut Kalaallit Nunaata
Avannaarsuani uumasimasunut naleqqgiullugit immami
itinerusumi nillernerusumilu uumasuusimallutik.
Amerikkami avannarlermi Pstersgllu eqqaani trilobitit
sumi uumasimanerisa assigiinngissutaat uumasuusimasut
tunngavigalugit nunavissuit gangarssuaq qanoq inissisi-
manerinut paasiniaanermi pingaarutegartorujussuuvoq.

Cape north of the island Primus, inner J. P. Koch Fjord. Section includes Aftenstjernesg and Henson Gletscher Formations of the
Brgnlund Fjord Group (lower crags near fjord) and the Kap Stanton Formation of the Tavsens Iskappe Group (up to crag in middle of
section); these are overlain by Ordovician black cherts of the Amundsen Land Group and yellow-weathering turbidites of the Peary

Land Group (upper crags).



Slope apron and deep shelf sediments of the
Brgnlund Fjord and Tavsens Iskappe Groups
(Lower Cambrian — Lower Ordovician), North
Greenland: stratigraphy, facies and
depositional setting

Jon R. Ineson, Finn Surlyk, A. K. Higgins
and John S. Peel

During most of the early Palaeozoic, the Franklinian Basin in North Greenland was
cbmposed of a southern shelf and a northern deep-water basin. From the late Early
Cambrian to the Early Ordovician, the shelf displayed a stepped, terraced profile with
two discrete breaks in slope. These occurred at the platform edge and at the boundary
between the outer shelf and the deep-water turbidite basin. The transect from platform
margin to deep outer shelf is recorded by the carbonate and siliciclastic sediments of
the Brgnlund Fjord and Tavsens Iskappe Groups (Lower Cambrian — Lower Ordovi-
cian). The platform margin and flanking carbonate slope apron are preserved in the
southern outcrop belt, trending east—west parallel to the margin of the Greenland Inland
Ice. Some 50-100 km farther north, strata of equivalent age reappear in an outcrop belt
that follows the northern coastline of western and central North Greenland; these strata
document the transition from slope apron to deep-water outermost shelf or upper slope.
In this northern outcrop belt, the Brgnlund Fjord Group comprises two formations,
the Aftenstjernesg Formation (Lower Cambrian) and the Henson Gletscher Formation
(Lower-Middle Cambrian), as defined from the southern outcrop belt. The Tavsens
Iskappe Group consists of a single formation defined here as the Kap Stanton For-
mation (Middle Cambrian — Lower Ordovician). The Brgnlund Fjord and Tavsens
Iskappe Groups in the northern outcrop belt are dominated by dark-coloured fine-
grained sediments ranging in composition from lime mudstones through marlstones to
cherty calcareous or dolomitic siliciclastic mudstones. Graded and cross-laminated
lime grainstones and packstones are locally important and carbonate breccia beds up to
several tens of metres thick dominate some sections and form persistent marker beds at
certain stratigraphic levels. These facies record deposition from suspension, mud-rich
turbidity currents, slides and debris flows in a slope apron to deep shelf setting.
The northern outcrop belt of the Brgnlund Fjord and Tavsens Iskappe Groups
represents an oblique section through the Cambrian outer shelf from proximal slope
apron in the west to deep outermost shelf in the east. Although the western platform
margin is not exposed, these deeper-water shelf deposits testify to a history of inter-
mittent platform progradation during the Middle and early Late Cambrian followed by
aggradation of the platform during the latest Cambrian and the Early Ordovician.

J. R. L, Geological Survey of Denmark, Thoravej 8, DK-2400 Copenhagen NV,
Denmark.

F. 8., Geological Institute, University of Copenhagen, @Oster Voldgade 10, DK-1350
Copenhagen K, Denmark.

A. K. H, Geological Survey of Greenland, Dster Voldgade 10, DK-1350 Copenhagen
K, Denmark.

J. 8. P, Dept of Historical Geology & Palaeontology, Institute of Earth Sciences,
Uppsala University, Norbyvigen 22, S-752 36 Uppsala, Sweden (formerly Geological
Survey of Greenland).

Cambrian platform margin and outer shelf deposits in  southern outcrop belt along the northern margin of the
North Greenland are best known from the extensive Inland Ice (Fig. 1; see Ineson & Peel, 1987; Surlyk &

Bull. Grgnlands geol. Unders. 169, 7-24 (1994) © GGU, Copenhagen, 1994
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Fig. 1. Sketch map showing the distribution of the Brgnlund Fjord and Tavsens Iskappe Groups in North Greenland. These strata
crop out in three discrete areas: the southern, eastern and northern outcrop belts. The dotted line marks the position of the Navarana
Fjord lineament. A and B show the location of the sections in Fig. 5 (see also Fig. 12). LK, Lauge Koch Land; NaF, Navarana Fjord;
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Ineson, 1987; Higgins et al., 1991a, b). However, con-
temporaneous strata also crop out in an east-west belt
parallel to the northern coastline of western and central
North Greenland (Fig. 1), in the cores of a series of open
to tight anticlinal folds and in thrust slices (Higgins &
Soper, 1985; Higgins et al., 1992). The sediments ex-
posed in this outcrop belt were deposited on the deeper-
water, more distal portion of the Cambrian shelf, near the
transition to the basin slope. With the exception of the
northernmost, allochthonous sections, these strata are
readily assigned to the Brgnlund Fjord and Tavsens Is-
kappe Groups as defined from the southern outcrop belt
(Peel, 1979a; Ineson & Peel, 1980; Ineson, 1988; Ineson
& Peel, unpublished).

The aim of this paper is to present a review of the
stratigraphy and regional depositional setting of the
Brgnlund Fjord and Tavsens Iskappe Groups in their
northern outcrop to act as an introduction to the detailed
taxonomic and biostratigraphic studies that follow in this
volume (Babcock, 1994a, b; Robison, 1994; Peel, 1994).
In addition, the Kap Stanton Formation, a new formation
of the Tavsens Iskappe Group, is formally defined. In
particular, the aim is to clarify the relationship between
these northern sections and the better known, more proxi-
mal shelf sediments of the southern outcrop belt (Fig. 1).

Regional setting

During the early Palaeozoic, North Greenland formed
part of the Franklinian Basin which extended westwards
into Arctic Canada. In Greenland, the preserved basin fill
stretches almost 1000 km from east to west and 200 km
from north to south. The succession is about 8 km thick
and is essentially of early Palacozoic age, although pos-
sibly extending down into the latest Proterozoic and up
into the earliest Devonian.

The outcrop pattern of the Lower Palaeozoic broadly
parallels the east-west coastline of North Greenland. Ar-
chaean crystalline basement and overlying Proterozoic
sedimentary strata crop out along the fringes of the Inland
Ice in the south and east. Succeeding Lower Palacozoic
strata occupy most of the remaining ice-free terrain. Out-
liers of Late Palacozoic and Mesozoic age unconform-
ably overlie the Franklinian Basin strata in eastern areas
of North Greenland (see Stemmerik & Hakansson, 1991,
Hakansson ef al., 1991). Rocks of the Franklinian Basin
are largely undeformed in the south; the degree of defor-
mation increases northwards and the metamorphic grade
is amphibolite facies in northernmost North Greenland;
details of the structure and metamorphic history are given
in Higgins er al. (1985) and Soper & Higgins (1990).

The full evolutionary history of the Franklinian Basin
in North Greenland is given in some detail in recent
review articles (Higgins et al., 1991a, b); a brief descrip-
tion is given here with emphasis on the Cambrian shelf.



For much of the early Palaeozoic, the basin consisted
of two discrete depositional elements: a shelf to the south,
bordering the craton, passing northwards into a deep-
water trough. The position and nature of the transition
from shelf to trough varied during the early Palaeozoic
(Hurst & Surlyk, 1983; Surlyk & Hurst, 1983, 1984). In
certain periods (e.g. Early Cambrian, Late Ordovician —
Early Silurian), the entire shelf region was the site of
shallow-water carbonate sedimentation and the shelf-to-
trough transition was an abrupt, often precipitous scarp
(see Surlyk & Ineson, 1987, 1992; Peel et al., 1992). At
other times (e.g. late Early Cambrian), the shelf was
dominated by siliciclastic sediments and showed a typical
continental shelf profile with a shelf-slope break in sev-
eral hundred metres of water. Intermediate profiles were
also represented, for example from the late Early Cam-
brian to the earliest Ordovician, during which time a
shallow-water carbonate platform occupied the southern
inner region of the shelf, grading northwards onto the
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mixed carbonate-siliciclastic outer shelf which in turn
passed abruptly into the deep-water trough.

The position of the shelf-to-trough transition foliows a
number of roughly east-west lineaments. These features
probably represent deep-seated faults or monoclines
which became successively active during the early Palae-
ozoic resulting in backstepping of the shelf margin. Thus,
from the earliest Cambrian to the Early Ordovician, the
shelf margin followed a line from Frederick E. Hyde
Fjord through outer J. P. Koch Fjord and north of the
present Wulff Land — Nyeboe Land coastline (Fig. 1). In
the Early Ordovician, the margin shifted southwards to
the Navarana Fjord lineament which proceeded to control
the position of the carbonate platform margin until the
late Llandovery. At this time, the outer platform foun-
dered and basinal sediments progressively onlapped the
shelf, with ultimate drowning of the preserved shelf at the
Llandovery-Wenlock boundary. Deep-water sedimenta-
tion continued over North Greenland until at least the

and siliciclastics RN

Fig. 2. Fence diagram (view from north) showing the regional stratigraphy of the Cambrian shelf and deep-water trough. SG, Skagen
Group; Pf, Portfjeld Formation; PdG, Paradisfjeld Group; Bu, Buen Formation; PG, Polkorridoren Group; BF, Brgnlund Fjord
Group; TI, Tavsens Iskappe Group; RG, Ryder Gletscher Group; VG, Vglvedal Group; AG, Amundsen Land Group.
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latest Silurian; the Franklinian Basin was uplifted and
deformed in the mid-Palacozoic Ellesmerian orogeny.

Stratigraphic framework and shelf evolution

The Cambrian sedimentation history of the North
Greenland shelf from Peary Land in the east to Nyeboe
Land in the west (Fig. 1) is recorded by the Skagen Group
(Nowermost Cambrian), the Portfjeld and Buen Forma-
tions (Lower Cambrian) and the Brgnlund Fjord, Tavsens
Iskappe and Ryder Gletscher Groups (Lower-Upper
Cambrian; Fig. 2). In recent reviews (Higgins et al.,
1991a, b), Cambrian shelf evolution has been considered
in terms of four stages.

The mixed carbonate-siliciclastic Skagen Group, rep-
resenting Stage 1 of Higgins et al. (1991a, b) is recog-
nised in isolated exposures from north-east Peary Land,
in the east, to northern Wulff Land, in the west (Figs 1,
2); it records deposition on a storm-dominated shelf fol-
lowing the initial transgression of Proterozoic basement.
The succeeding Portfjeld Formation (Stage 2), however,
extends widely over central areas of North Greenland and
records the development of a shallow-water carbonate
platform over much of the Franklinian shelf in North
Greenland (Fig. 3). At the northern limit of the shelf, the
platform was fringed by a belt of carbonate sands and
stromatolitic mounds, deposited under turbulent, ener-
getic conditions; the margin was a steep escarpment, at
least in its latter stages (Higgins et al., 1991a; Peel et al.,
1992).

Following exposure and karstification of the platform,
the shelf was transgressed; the siliciclastic shelf strata
deposited during this episode (Stage 3; Fig. 3) are as-
signed to the Buen Formation which is recognised
throughout central and east North Greenland and can be
correlated with similar siliciclastic formations in west-
ernmost North Greenland.

The mud-dominated deep shelf strata of the upper
Buen Formation are succeeded abruptly by carbonates of
late Early Cambrian age; this boundary heralds the devel-
opment of a major early Palacozoic carbonate platform
that ultimately decked the entire Franklinian shelf and
may have been connected with the East Greenland car-
bonate platform on the Iapetus margin of Laurentia. Dur-
ing the early phases of its development (Stage 4), how-
ever, the shallow-water platform was restricted to the
southern, inner portion of the shelf and passed north-
wards into a deeper-water outer shelf setting (Fig. 3). The
deep shelf, in turn, graded northwards into the deep-water
trough. The precise nature of the shelf-to-trough transi-
tion at this time is unknown. Although demonstrably a
steep scarp with considerable relief during the latter part
of Stage 2 and early Stage 3 (upper Portfjeld and lower

Buen Formations, see above), differential subsidence
across this structural lineament may have been less im-
portant and the transition more subdued by latest Early
Cambrian times. The contrast in thickness between the
outermost shelf deposits and the basinal Vglvedal Group,
however, indicates that significant relief persisted at this
margin throughout the Cambrian and into the Ordovician
(see Friderichsen et al., 1982; Higgins et al., 1991a, b,
1992).

The fundamental subdivision of the shelf environment
during the Cambrian is reflected in the stratigraphic
scheme (Fig. 2): platform interior rocks are assigned to
the Ryder Gletscher Group whereas platform -margin,
carbonate slope apron and deep shelf strata are assigned
to the Brgnlund Fjord and Tavsens Iskappe Groups. The
deeper-water outer shelf sediments grade southwards and
up-section into platform margin and platform interior
facies reflecting a general northward progradation of the
platform during the Cambrian (Fig. 2).

This simple south to north progradational pattern, how-
ever, does not explain the east-west variation in the
Cambrian stratigraphy (see Figs 2, 4). In western and
much of central North Greenland, the shelf subsided
uniformly from the Early Cambrian to the Early Silurian,
accumulating a thick and essentially conformable succes-
sion of platform carbonates. In contrast, the eastern mar-
gin of the North Greenland craton experienced uplift
during the Middle and Late Cambrian, probably in re-
sponse to an early collisional event along the western
margin of the Iapetus Ocean (Surlyk & Hurst, 1984;
Surlyk, 1991). This resulted in progressive exposure of
eastern shelf areas during the Cambrian and the devel-
opment of a regional unconformity at the base of the
Wandel Valley Formation (uppermost Lower-Middle
Ordovician; Fig. 2). Uplift was greatest in magnitude and
duration in the east so that the hiatus decreases in strati-
graphic importance westwards and is not recognised far-
ther west than Nares Land (Figs 1, 2).

Thus, in the southern outcrop belt (Fig. 1), the Brgn-
lund Fjord, Tavsens Iskappe and Ryder Gletcher Groups
record northward progradation of shallow-water carbon-
ate sediments over outer shelf deposits. In eastern areas,
the platform became progressively emergent during the
Cambrian and platform interior facies (i.e. Ryder
Gletscher Group) are only locally preserved beneath the
Wandel Valley Formation basal unconformity (Fig. 2). In
western North Greenland and adjacent areas of central
North Greenland, however, the outer shelf, slope apron
and platform margin deposits of the Brgnlund Fjord
Group, and by inference the Tavsens Iskappe Group, are
conformably succeeded by Cambro-Ordovician platform
carbonates assigned to the Ryder Gletscher Group (Fig.
2).



Early Cambrian
(Stage 2)

Early Cambrian
(Stage 3)
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Fig. 3. Cambrian palacogeography of North Greenland; see text for discussion. The position of the Cambrian shelf edge is
extrapolated westwards from the exposed margin of the Portfjeld Formation platform (Stage 2) in north-west Peary Land: the
inferred basin slope deposits (Stages 3. 4) occurring in thrust slices along the northern coastlines of Nares Land. Wulff Land and
Nyeboe Land (sec Higgins et al., 1992) are not incorporated in this simplified reconstruction.
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In the northern outcrop belt from outer J. P. Koch Fjord
to northern Nyeboe Land (Fig. 1), the carbonate slope
apron and deep, outer shelf sediments of the Brgnlund
Fjord and Tavsens Iskappe Groups were deposited basin-
ward of the maximum northernmost extent of the plat-
form (Fig. 2). They are overlain by black, cherty, graptol-
itic mudstones of Early Ordovician age, reflecting a shift
in the position of the trough margin in the Early Ordo-
vician from north of the northern coastline of central
areas of North Greenland to the Navarana Fjord linea-
ment (Figs 1, 2, 3). The easternmost sections of the
northern outcrop belt, in Navarana Fjord and outer J. P.
Koch Fjord, can be readily correlated with the southern
outcrop belt since the transition from platform to outer
shelf is superbly exposed in these southern exposures (see
Ineson & Peel, 1980, 1987; Higgins et al., 1991a, b).
West of Nordenskiéld Fjord (Fig. 1), however, this transi-
tion is not exposed; platform carbonates dominate the
southern outcrop and outer shelf facies make up the
northern outcrop belt, the intervening margin being bur-

ied beneath younger strata. The evolution of the platform
margin in this western area is discussed further below.

Lithostratigraphy

Three formations are assigned to the Brgnlund Fjord
and Tavsens Iskappe Groups in the northern outcrop belt;
these are equivalent to the lower three units of the four
part Cambrian — Lower Silurian starved basin sequence
described by Higgins & Soper (1985). The lower two
formations, overlying the Buen Formation (Figs 2, 4), are
assigned to the Aftenstjernesg and Henson Gletscher For-
mations of the Brgnlund Fjord Group, as defined from the
southern outcrop belt (Ineson & Peel, unpublished; see
also Higgins et al, 1991a, b). The third formation is
defined here as the Kap Stanton Formation, a new forma-
tion of the Tavsens Iskappe Group; this formation is
succeeded by the Amundsen Land Group, defined from a
more basinal setting by Friderichsen ez al. (1982). De-
tailed stratigraphic data from this Cambrian—Ordovician
outcrop belt were recently presented by Higgins et al.
(1992). Brief descriptions of the typical facies of the
respective formations are included here, together with an
interpretation of the broad depositional setting. .

Brgnlund Fjord Group

Aftenstjernesg Formation

Description. At the type section in southern Lauge Koch
Land (Fig. 1; Ineson & Peel, unpublished), the Aftenst-
jernesg Formation comprises ¢. 62 m of dolomites that
include glauconitic, phosphoritic grainstones and pack-
stones, carbonate turbidites, nodular and laminated dolo-
mites and carbonate breccia beds. In its northern outcrop,
from outer J. P. Koch Fjord, western Peary Land to north-
ern Nyeboe Land (Fig. 1), the Aftenstjernesg Formation
is typically 25-50 m thick (Figs 5, 6), although anoma-
lously thick sections have been recorded locally (e.g. c.
80 m in north-east Nyeboe Land; Higgins ef al., 1992). In
north-south transects, the formation thins slightly north-
wards (see Higgins et al., 1992, fig. 4).

The base of the formation is typically sharp and is
marked by a thin rusty-weathering interval of pyritic,
phosphoritic dolomitic limestones that include nodular
mudstones and wackestones and skeletal, intraclastic
packstones and grainstones. This unit, which is equiv-
alent to ‘Member A’ of the Aftenstjernesg Formation in
its southern outcrop (see Frykman, 1980), forms a readily
recognisable marker bed, about 1 m thick, in eastern
sections (Fig. 6a) above the dark greenish-grey silic-
iclastic mudstones of the Buen Formation. In western
sections, this unit may be thicker and the boundary more
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Aftenstjernesg; ALG. Amundsen Land Group.

gradational in character (see Fig. 5b). Above this basal
marker, the formation is dominated by nodular, thin-
bedded, argillaceous, dark grey or black lime mudstones
or dolomites. Parallel lamination is commonly evident
and cross-lamination is observed locally in rare graded
limestone beds. The formation is capped by a highly
persistent, clast-supported carbonate breccia bed, up to
20 m thick, which forms a characteristic marker bed
throughout the northern outcrop of the Aftenstjernesg
Formation (Figs 5, 6; Higgins et al., 1992). A closely
comparable and probably correlative mass-flow breccia
bed caps the Aftenstjernesp Formation over much of the
southern outcrop belt (see Ineson, 1980, 1985: Ineson &
Peel, unpublished).

Boundaries and age. The carbonate-dominated Aftenst-

jernesg Formation conformably overlies fine-grained si-
liciclastics of the Buen Formation as in the southern
outcrop belt (Ineson & Peel, 1980; unpublished): the
boundary is marked by a distinctive pyritic, phosphoritic
horizon or interval (see Fig. 6). The top of the formation
is defined at the top of a laterally persistent carbonate
mass-flow breccia sheet that marks a shift from the car-
bonate-dominated Aftenstjernesg Formation to the black
cherty calcareous mudstones and argillaceous lime mud-
stones of the Henson Gletscher Formation.

In its southern outcrop, the Aftenstjernesg Formation is
assigned a late Early Cambrian age; the basal beds yield a
diverse launa indicative of the Bonnia—Olenellus Zone
(Palmer & Peel, 1979: Bendix-Almgreen & Peel, 1988).
Similarly, in the northern outcrop belt, fossils are gener-
ally only present in the lowermost beds which have
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Fig. 6a. Aftenstjernesg Formation
(A) overlying the poorly exposed
Buen Formation (B). Note the light-
coloured scree emanating from the
base of the Aftenstjernese Forma-
tion: this reflects the presence of the
distinctive pyritic marker bed at the
base of the formation. Note also the
massive carbonate breccia bed (c. 7
m thick) capping the formation.
East side of Navarana Fjord.

Fig. 6b. Dark-coloured Cambrian
and Ordovician strata capped by
pale sandstone turbidites of the
Lower Silurian Merqujdéq Forma-
uon (M). B, Buen
(Lower Cambrian): A, Aftenstjer-
neso Formation (Lower Cambrian);
HG, Henson Gletscher Formation
(Lower-Middle Cambrian); KS,
Kap Stanton Formation (Middle
Cambrian - Ordovician); AL,
Amundsen Land Group (Ordo-
vician): D, Tertiary dyke. East side
of Navarana Fjord. Aftenstjerneso
Formation is ¢. 30 m thick.

Formation

yielded the coeloscleritophoran Chancelloria and hyo-
lithids at a number of localities. An atypically thick
section in north-east Nyeboe Land, however, is richly
fossiliferous throughout the formation. The fauna in-
cludes olenellid and eodiscid trilobites, associated with
the helcionelloid molluse Latouchella, dermal sclerites of
the palacoscolecidan worm Hadimopanella and inartic-
ulate brachiopods (Peel, 1974, 1979b; Dawes & Peel,
1984; Peel & Larsen, 1984; Higgins et al., 1992). Blaker
(1991) described Serrodiscus speciosus (Foord. 1873) [=
S. bellimarginatus of Dawes, 1976, p. 277 and Peel,
1979b, p. 116], together with S. daedalus Opik, 1975, S.?
latus Rasetti, 1966 and Olenellus sp. A late Early Cam-
brian age is indicated and the boundaries of the Aftenst-

jernese¢ Formation are considered to be essentially iso-
chronous throughout both the northern and southern out-
crop areas.

Facies and depositional environment. The dominant fa-
cies, comprising thin-bedded, nodular, argillaceous lime
mudstones, typically shows parallel lamination and was
deposited largely out of suspension, both from the water
column and from starved muddy turbidites. Bioturbation
is rare, indicating poorly-oxygenated bottom conditions.
Rare thin graded, cross-laminated packstones and wacke-
stones record the episodic incursion of more energetic
turbidity currents bearing carbonate sand and silt. The
thick. clast-supported, unstratified carbonate breccia bed



capping the formation has a dolomitised carbonate mud
matrix, indicating deposition from a viscous debris flow
(see Ineson, 1980, 1988).

The Aftenstjernesg Formation in the northern outcrop
belt records deposition primarily of hemipelagic lime
mud in an oxygen-starved, sub-wavebase, low energy
environment. The scarcity of sand-grade turbidites and
coarse debris flow deposits indicates deposition in a dis-
tal, outer shelf setting beyond the depositional range of
much of the coarser sediment gravity flows derived from
the advancing platform and slope apron (see Ineson,
1980, 1985; Higgins et al. 1991a, b).

Henson Gletscher Formation

Description. The Henson Gletscher Formation forms a
dark grey or black, recessive-weathering interval sand-
wiched between the more resistant carbonates of the
Aftenstjernesg and Kap Stanton Formations (Figs 5, 6b).
It is commonly between 20 m and 60 m thick but attains
some 90 m in northern Nyeboe Land (Fig. 5b).

In its southern outcrop, the Henson Gletscher Forma-
tion is characterised by dark, organic-rich argillaceous
lime mudstones and dolomites with a distinctive sand-
stone unit in the middle of the formation that thickens
southwards (Ineson & Peel, 1980, 1987, unpublished,
Christiansen et al., 1987). In the northern outcrop belt,
the formation is carbonate-starved relative to the southern
succession, being composed mainly of black, calcareous
or dolomitic, shaly mudstones and black cherts with sub-
ordinate spicular argillaceous lime mudstones or dolo-
mites. The proportion of carbonate increases westwards
and the Henson Gletscher Formation in northern Nyeboe
Land (Fig. 5b) is strongly reminiscent of the type section
in Lauge Koch Land (see fig. 22 in Ineson, 1980). At
Hand Bugt (Fig. 5b), thin beds and laminae of skeletal
packstone occur at certain levels in the upper half of the
formation (see Babcock, 1994a, b).

Sandstones are present in many sections through the
Henson Gletscher Formation in the northern outcrop belt
but are best developed in northern Wulff Land and Nye-
boe Land (Fig. 5b). These white, pale grey or yellow
sandstones are very fine-grained to fine-grained; beds are
typically 20-80 cm thick and the sandstones character-
istically form discrete 3—4 m thick units interbedded with
dark carbonates or cherty mudstones (Fig. 5b). Individual
sandstone beds are sheet-like over a few tens of metres
but often pinch and swell. They are internally structur-
eless or show sub-parallel or gently undulating lamina-
tion. Dish structures were observed locally and hum-
mocky cross-stratification was identified in northern
Nyeboe Land (Fig. 5b).
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Boundaries and age. The Henson Gletscher Formation
conformably overlies the Aftenstjernesg Formation (Figs
5, 6); the boundary is sharp although locally irregular and
is placed where black, cherty shaly carbonates or mud-
stones. overlie the prominent carbonate breccia bed at the
top of the Aftenstjernesg Formation (Fig. 6a). The top of
the formation is placed where the recessive-weathering
dark carbonates and mudstones are succeeded by a more
prominent, yellow-brown weathering carbonate-dom-
inated succession assigned to the Kap Stanton Formation
(Fig. 6b). The basal beds of the latter formation com-
monly consist of thin-bedded, nodular lime mudstones or
dolomites or, at a number of localities, the base is marked
by a carbonate breccia bed (Fig. 5a).

The formation is typically poorly fossiliferous in east-
ern sections in the northern outcrop belt; indeterminate
agnostoid trilobites were collected from the upper third of
the formation in outer J. P. Koch Fjord (Fig. 5a; locality 3
in fig: 1 of Babcock, 1994a, b and Robison, 1994). The
overlying Kap Stanton Formation yielded rich latest Mid-
dle Cambrian faunas (Lejopyge laevigata Zone) at this .
locality, some 10-20 m above the top of the Henson
Gletscher Formation (see Babcock, 1994a, b; Robison,
1994), suggesting that the uppermost beds of the forma-
tion are of late Middle Cambrian age in these eastern
sections.

In northern Nyeboe Land, in the west, rich trilobite
faunas were collected from a number of levels in the
Henson Gletscher Formation (locality 1, fig. 1 of Bab-
cock, 1994a, b and Robison, 1994). These faunas, which
are reported in detail in this volume (see Babcock, 1994a,
b; Robison, 1994; Peel, 1994), occur within the upper
two-thirds of the formation. The lower third of the forma-
tion is unfossiliferous but is probably of late Early Cam-
brian age, by analogy with the Henson Gletscher Forma-
tion in the southern outcrop belt (Ineson & Peel, unpub-
lished).

The lowest of the faunas in the Hand Bugt section
occurs at 88 m in the section, some 5 m below the
uppermost sandstone bench (Fig. 5b); this fauna is indica-
tive of an early Middle Cambrian age (Glossopleura
Zone; Babcock, 1994a). In addition to polymeroid trilo-
bites, this horizon has also yielded the helcionelloid mol-
lusc Latouchella arguta (Resser, 1939), originally de—
scribed from the lower Middle Cambrian of the Wasatch
Mountains (Resser, 1939).

Succeeding collections, at 102 m and 117-119 m in-
dicate respectively the Ptychagnostus gibbus and P. ata-
vus Zones of the medial Middle Cambrian (Babcock,
1994a; Robison, 1994). At 102 m, a diverse trilobite
fauna is accompanied by elkaniid and acrotretid brach-
iopods (Lars E. Holmer, personal communication, 1993)
and the mollusc Pelagiella. In an accompanying paper,
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Fig. 7. Sketch map of Hand Bugt, northern Nyeboe Land, showing the location (star) of the type section of the Kap Stantan

Formation.

Peel (1994) describes the enigmatic Nyeboeconus robi-
soni gen. et sp. nov. from this horizon. It should be noted
that in the southern outcrop belt, the sandstone-dom-
inated interval in the middle of the Henson Gletscher
Formation is thought to be wholly of Early Cambrian age;
Bonnia—Olenellus faunas were recorded from beneath,
within and locally immediately above the sandstone in-
terval whereas Middle Cambrian (P. gibbus Zone) faunas
first appear some 5—10 m above the top of the sandstone
unit. Early Middle Cambrian (Glossopleura Zone) fau-
nas, however, have not been located in the southern
outcrop bell.

Late Middle Cambrian faunas were not recorded from
the Henson Gletscher Formation in these western sec-
tions, suggesting that the boundary between the Henson
Gletscher and Kap Stanton Formations is markedly dia-
chronous in this outcrop belt, younging castwards. This
may reflect the oblique nature of the section through the
deep shelf facies belts provided by the northern outcrop
belt, such that the western sections record a more proxi-
mal setting relative to the platform than the eastern sec-
tions (see discussion below).

The marked diachroneity of the top of the Henson
Gletscher Formation passing away from the platform is
illustrated further by comparing the type section in the
southern outcrop belt at the head of J. P. Koch Fjord with
the section to the north (locality 3 in fig. 1 of Babcock,

19944, b and Robison, 1994) in the outer stretches of the
fjord (Figs 1, 5a). The boundary falls in the P. gibbus
Zone of the medial Middle Cambrian in the former sec-
tion and is of latest Middle Cambrian age (L. laevigata
Zone) in the latter. The successive northward pinchout of
carbonate slope apron wedges leads to the amalgamation
of dark, argillaceous, carbonate-starved deep shelf suc-
cessions which are assigned en masse to the Henson
Gletscher Formation (Fig. 4a).

Facies and depositional environment. The Henson
Gletscher Formation is a recessive-weathering, carbon-
ate-starved succession in relation to the Aftenstjernesg
Formation beneath and the Kap Stanton Formation above.
It is dominated by black shaly mudstones and variably
dolomitised marlstones and argillaceous lime mudstones.
These facies show well-developed parallel lamination,
often defined by variation in carbonate or silt content;
carbonate concretions are common. Laminae and thin
beds of skeletal packstone occur at certain levels. Black
chert forms discrete beds and nodules, and sponge spi-
cules are common. Bioturbation is very rare. This [acies
represents deposition of clay and subordinate lime mud
primarily from suspension; the thin coarser beds and
laminae probably represent deposition from dilute tarbid-
ity currents or possibly storm currents. The well-sorted,
fine-grained sandstone sheets have sharp, locally erosive



bases and, although typically structureless, may show
dish structures, diffuse parallel stratification and hum-
mocky cross-stratification; deposition was from bottom-
hugging sandy density currents probably initiated by
storms. .

Deposition of the Henson Gletscher Formation in the
northern outcrop belt occurred in a low-energy sub-wave-
base environment in a carbonate-starved outer shelf set-
ting. The high organic content, parallel-lamination and
scarcity of bioturbation indicates oxygen-deficient bot-
tom conditions. An influx of siliciclastic sand into the
outer shelf environment occurred at around the Early—
Middle Cambrian boundary.
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Tavsens Iskappe Group

Kap Stanton Formation

(new formation)

History. The formation has been previously referred to as
the ‘dolomite unit’, the third of four units making up the
‘Cambrian — Lower Silurian starved basin sequence’
(Higgins & Soper, 1985). The lower two of these units
are assigned to the Aftenstjernesg Formation and Henson
Gletscher Formation as described above; the fourth, up-
permost unit is assigned to the Amundsen Land Group of
Friderichsen ez al. (1982).
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Name. After Kap Stanton. a prominent cape in northern
Nyeboe Land (Fig. 7).

Type section. The type section (Fig. 8) is located ¢. 2 km
west of Hand Bugt on the north coast of Nyeboe Land
(Figs 1, 7). The steeply dipping. overturned strata are
exposed on the east side of a small stream gully on the
ridge overlooking the west shore of Hand Bugt. This is
locality 1 of Babcock (1994a, b) and Robison (1994).

Thickness. The formation is about 350 m thick at the type
section. It varies in thickness from c¢. 100 m in northern
Waulff Land and Lauge Koch Land to nearly 200 m at J. P.
Koch Fjord and over 300 m in Nyeboe Land.

Lithology. This prominent carbonate-rich, yellow or yel-
low-brown weathering formation contrasts strongly with
the black or dark grey mudstones, cherts and shaly car-
bonates of the Henson Gletscher Formation beneath and
the Amundsen Land Group above (Fig. 6b). The Kap
Stanton Formation is dominated by dark grey or black
argillaceous dolomites or limestones. The proportion of
siliciclastic mud to carbonate mud is variable both verti-
cally and laterally in the formation. The dark carbonate-
rich mudstones typically show parallel lamination but in
some sections laminated carbonates alternate with paler,
burrowed carbonate mudstones producing a distinctive
banded structure on a decimetre to metre scale.

At the type locality (Fig. 7), the formation is carbonate-
rich relative to eastern outcrops and consists of thin,
nodular or parallel-bedded argillaceous lime mudstones
and dolomites interbedded with clast-supported carbon-

Fig. 9. Overturned thinly-bedded
argillaceous lime mudstones: Kap
Stanton Formation, type section (c.
250 m above base), northern Nye-
boe Land. Massive slump-breccia
bed (centre left) is about 1 m thick.

ate breccia beds and thin graded skeletal-peloidal pack-
stone or grainstone beds (Figs 8—11). Medium-grained to
fine-grained, well-rounded quartz sand forms an impor-
tant component in the middle of the type section (Fig. 8,
113-192 m), occurring both as discrete sandstone turbi-
dites and as matrix in breccia beds. The nodular carbon-
ates commonly display slope creep deformation struc-
tures such as pull-aparts, brittle slumps and interstratal
breccia lenses and bands (Fig. 11). Partially dolomitised
argillaceous nodular carbonates often weather to a strik-
ing orange-dark grey banding — the ‘tiger limestones’ of
Dawes (1976). The clast composition of the mass flow
breccia beds (Fig. 10) is closely comparable to the associ-
ated in situ nodular and thin-bedded lime mudstones
suggesting derivation from the outer shelf, off-platform
region. However, the type section of the Kap Stanton
Formation also includes a large (¢. 20 m diameter) plat-
form-derived olistolith of light grey stromatolitic lime-
stone (Fig. 8).

Farther east, the succession is less varied, being com-
posed largely of dark grey to black argillaceous carbonate
mudstones or marlstones, interbedded with rare units of
ripple cross-laminated peloidal grainstone/packstone and
prominent carbonate breccia beds, typically up to 10 m
thick. The mass-flow breccia beds are commonly more
varied in composition than those at the type section, often
containing quartz sand and equidimensional metre-sized
blocks of light-coloured carbonate of probable platform
origin in addition to the dominant nodular or platy lime
mudstone clasts. A prominent and laterally persistent
breccia bed occurs near the top of the formation in the
Navarana Fjord to outer J. P. Koch Fjord area (Fig. 5a).



Boundaries. The Kap Stanton Formation lies conform-
ably between the dark mudstones, cherts and carbonates
of the Henson Gletscher Formation beneath and the
Amundsen Land Group above (Figs 5, 6b). The base is
placed where thin-bedded or nodular argillaceous carbon-
ate mudstones overlie recessive-weathering, shaly black
mudstones and cherts with subordinate lime mudstones.

In places (e.g. north Lauge Koch Land), the basal bed of

the formation is a thick carbonate breccia bed.

The top is placed where prominent-weathering argilla-
ceous platy carbonates (or marlstones) are succeeded by
black cherts and shaly mudstones assigned to the Amund-
sen Land Group.

Distribution. The Kap Stanton Formation crops out in
thrust slices and anticlinal fold closures near the north
coast of North Greenland from north-west Peary Land in
the east to northern Nyeboe Land in the west (Fig. 1).

Fauna and age. The boundaries of the Kap Stanton For-
mation are demonstrably diachronous (Fig. 4); the forma-
tion has a maximum proven age range of medial Middle
Cambrian to early Ordovician. Although fossils have not
been collected in the type section, rich trilobite faunas are
known from the lower beds in nearby sections in northern
Nyeboe Land (locality 2 in fig. | of Babcock, 1994a, b
and Robison, 1994; see Higgins et al., 1992). Associated
with trilobites in these collections are bradoriids, in-
articulate brachiopods and conodontomorphs. The trilo-
bite faunas indicate a medial Middle Cambrian (Prychag-
nostus atavus Zone) age for the basal strata in this area, as
is also indicated by the uppermost collections from the
Henson Gletscher Formation at the type locality of the

Fig. 10. Clast-supported limestone
breccia bed composed of angular
platy lime mudstone clasts in a lime
grainstone matrix. Note the coarse-
tail grading and bedding-parallel
orientation of elongate clasts in the
upper half of the bed. Kap Stanton
Formation, type section (¢. 100 m
above base), northern Nyeboe
Land.
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Kap Stanton Formation (see discussion above, Babcock,
1994a, b and Robison, 1994). To the east of outer J. P.
Koch Fjord, however, the lower strata of the formation
are of probable late Middle Cambrian age; rich trilobite
faunas indicative of the Lejopyge laevigata Zone of the
latest Middle Cambrian were collected from ¢. 20 m
above the base of the Kap Stanton Formation (see Bab-
cock, 1994a, b; Robison, 1994) where they are associated
with siliceous sponge spicules.

Much of the middle Kap Stanton Formation is un-
fossiliferous but shaly black argillaceous carbonates and
marlstones towards the top of the formation yield grapto-
lites of Ordovician age (Bjerreskov, 1989; Smith & Bjer-
reskov, 1994). West of Navarana Fjord. the uppermost
beds of the formation contain Llanvirn graptolites (Bjer-
reskov in Higgins et al., 1992). In other sections, how-
ever, such as in north-eastern Nyeboe Land and east-
ernmost outcrops, graptolites from the overlying Amund-
sen Land Group indicate a late Tremadoc age for the top
of the Kap Stanton Formation. Higgins er al. (1992)
suggested that the Kap Stanton Formation may extend up
into the late Ordovician in north-west Nyeboe Land.

Facies and depositional environment. The Kap Stanton
Formation is laterally more varied than the underlying
formations and records deposition in a variety of outer
shelf environments. In the type area (Figs 7, 8), nodular
or parallel thin-bedded, variably dolomitised argillaceous
limestones dominate the formation: they typically show
parallel lamination but are locally bioturbated. This facies
primarily represents hemipelagic suspension deposits but
probably also includes lime mud turbidites. Pull-aparts,
inter-stratal brecciation and brittle slump folds testify to




accumulation on a depositional slope. Graded. ripple

cross-laminated packstones and grainstones, graded
sandy breccias and muddy carbonate breccia beds record
deposition from a range of sediment gravity flow pro-
cesses. Breccia clasts are largely of off-platform origin
but also include blocks derived from the coeval platform
margin,

The Kap Stanton Formation in northern Nyeboe Land
thus records deposition in a sub-wavebase, low-energy
setting that typically received carbonate sediment in the
form of hemipelagic suspension deposits, turbidites and
mass-flow deposits. Evidence of a depositional slope is
common and the overall setting is interpreted as a carbon-
ate slope apron, deposited scaward of the shallow-water
carbonate platform.

In eastern sections (Fig. 5a), variably dolomitised dark
marlstones and argillaceous limestones dominate the for-
mation; these become graptolitic in the upper part and
primarily record deposition of clay-sized and silt-sized
carbonate and siliciclastic sediment from suspension. Al-
though typically parallel-laminated, local intervals show
a distinctive rhythmic alternation of laminated and
weakly bioturbated beds on a scale of 10-100 cm. Rare
units of cross-laminated peloidal grainstone and pack-
stone were deposited from tractional bottom currents;
unpublished palacocurrent data indicate shelf-parallel
currents. The Kap Stanton Formation in its eastern out-
crop, therefore, records deposition in a low-energy,
poorly oxygenated deep shelf setting; the low carbonate

Fig. 11. Platy nodular argillaceous
lime mudstones, partially dolomi-
tised. Note the pull-aparts and brit-
tle slump folds of inferred slope
creep origin. Kap Stanton Forma-
tion, type section (¢. 50 m above
base), northern Nyeboe Land.

content relative to the Nyeboe Land section indicates a
more distal, outermost shelf environment. beyond or at
the limit of carbonate dispersal from the shallow-water
platform.

Palaeogeography and platform evolution

The northern outcrop of the Brgnlund Fjord and Tav-
sens Iskappe Groups provides an extra dimension to the
reconstruction of Cambrian palaecogeography in North
Greenland. The southern outcrop belt documents the tran-
sition from shallow-water platform through platform
margin and foreslope to carbonate slope apron and proxi-
mal outer shelf settings (Ineson, 1985, 1988: Higgins et
al., 1991a). The data presented here and by Higgins et al.
(1992) allow northward extension of this palacogeo-
graphic transect from the distal slope apron to the deep
outermost shelf. A condensed succession of black shaly
mudstones and cherts with rare carbonate debris beds was
recorded from thrust slices along the northern coastline of
North Greenland (Higgins er al., 1992); these strata may
extend the transect to the shelf edge or the upper basin
slope.

The Brgnlund Fjord and Tavsens Iskappe Groups in the
northern outcrop belt record an oblique section across the
outer shell. The more proximal sections relative to the
shallow-water platform occur in the west, in Nyeboe
Land (Figs 1. 5b). Here the succession is nearly 500 m
thick and is carbonate-dominated with sandstone interca-



Fig. 12. Schematic liFted
block diagram showing
the inferred late Middle
Cambrian palaeo-
geography in western
and central North
Greenland (view from
north). A and B
indicate the locations
of the sections in Fig.
Sa, b, respectively. BE,
Buen Formation; BFG,
Brenlund Fjord Group;
TIG, Tavsens Iskappe
Group: RGG, Ryder
Gletscher Group.
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lations at a number of levels. The abundance of coarse-
grained sediment gravity flow deposits and evidence of
slope creep processes, particularly in the Kap Stanton
Formation, indicate deposition in a slope apron setting. In
the east, in contrast, the succession is typically 200-350
m thick and is clay-rich with only rare, thin sandstone
intercalations (Fig. 5a): a distal outer shelf setting is
indicated, generally beyond the range of coarse-grained
sediment gravity flows derived from the upper slope
apron and the platform margin to the south. Figure 12 is a
schematic representation of the palaeogeography during
the late Middle Cambrian showing the inferred location
of the sections at Hand Bugt in the west (Fig. 5b) and
outer J. P. Koch Fjord in the east (Fig. Sa).

In the J. P. Koch Fjord area, both the shelf edge and the
platform margin can be accurately located (see e.g. Fig.
3). In the late Middle Cambrian, for example, the outer
shelf was 70-80 km wide; the shelf edge lay about 20-30
km north of the outer J. P. Koch Fjord section (Figs 1. 5a)
whilst the prograding platform margin was situated at the
head of J. P. Koch Fjord, approximately 50 km south of
the section (see Fig. 12). The palacogeography of the
western area is less well-constrained since neither the
platform margin nor the shelf edge can be recognised; the
former is covered by younger strata and the latter is
inferred to lie north of the present coastline (Figs 1, 3).
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The evolution of the platform can be inferred, however,
by analogy with the eastern succession.

Despite the lateral variation in thickness and facies
from east to west, the overall stratigraphy of the northern
outcrop is remarkably uniform, suggesting that platform
evolution in the west followed a similar pattern to that
recorded in the east (Ineson, 1985, 1988; Ineson & Peel,
1987; Higgins et al., 1991a). Indeed, the Aftenstjerneso
and Henson Gletscher Formations at Hand Bugt in north-
ern Nyeboe Land (Figs 1, 5b) are comparable both in
thickness and overall facies development to the type
sections of these formations at the head of J. P. Koch
Fjord. some 250 km to the east (see fig. 22 in Ineson,
1980; Ineson & Peel, unpublished). This suggests that
these uppermost Lower-Middle Cambrian sediments at
Hand Bugt were deposited some 10-20 km north of the
platform margin, which was probably a progradational,
depositional margin (sensu Mcllreath & James, 1979) at
this time, as observed in the east (Inecson 1985, 1988;
Ineson & Peel, 1987).

The Kap Stanton Formation at Hand Bugt, Nyeboe
Land can be subdivided into three discrete intervals that
record discrete phases or events in platform evolution.
The lower unit (Fig. 8, 0-113 m) is carbonate-dominated
and includes abundant, thick carbonate debris sheets and
turbidites; this interval records a period of extensive
shedding of fine-grained sediment from the coeval plat-
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form and progradation of the slope apron by sliding and
resedimentation of peri-platform fines. This style of sedi-
mentation is well-known from eastern outcrops where it
can be correlated with periods of platform progradation
(Ineson & Peel, 1987; Ineson, 1988; Higgins et al.,
1991a). It can be suggested, therefore, that during the late
Middle to Late Cambrian, the western platform continued
to prograde northwards, possibly extending as far north
as the Navarana Fjord lineament (Fig. 1).

The middle unit of the Kap Stanton Formation at Hand
Bugt (Fig. 8, 113-192 m) is characterised by the appear-
ance of medium-grained to fine-grained, well-rounded
quartz sand, occurring both as discrete sandstone turbi-
dites and as matrix in thick sandstone-dolomite debris
beds. Such facies have been recorded from approximately
the same level in most sections through the formation
(Fig. 5a, 180 m, 220 m; Higgins et al., 1992). It is
probable that this incursion of siliciclastic sand onto the
outer shelf was related to the northward and westward
progradation of quartz sands during the Late Cambrian
and earliest Ordovician associated with the culmination
of uplift of the eastern shelf (Surlyk & Hurst, 1984,
Surlyk, 1991). In western Peary Land and Freuchen
Land, the Perssuaq Gletscher Formation records the
northward progradation of sandstones into the outer shelf
environment (Surlyk & Ineson, 1987) whereas the Per-
min Land Formation, and the correlative Kap Coppinger
Member of the Cass Fjord Formation, record the west-
ward extension of these sands across the shallow-water
platform of western North Greenland (Bryant & Smith,
1990). The eastern shelf was largely exposed at this time
(see Figs 2, 12), and siliciclastic sand bypassed the shelf
to form the basinal sandstone turbidites of the Vglvedal
Group, in Johannes V. Jensen Land (Surlyk & Hurst,
1984; Higgins et al., 1991a). The sandstones of the Kap
Stanton Formation thus mark a significant stage in the
evolution of the shelf when much of the eastern portion of
the platform was exposed and thus producing little cat-
bonate sediment. Sedimentation on the carbonate plat-
form in the west was apparently continuous but produc-
tivity was probably reduced due to the siliciclastic influx,
resulting in a decrease in the export of carbonate sedi-
ment to the deep shelf and a slowing or cessation of
platform progradation.

The upper 150 m of the Kap Stanton Formation in the
type section (Fig. 8) show an upward decrease in the
proportion of carbonate mudstone relative to siliciclastic
mudstone, and an overall decrease in both thickness and
abundance of coarser resedimented carbonate deposits.
This overall upward decrease in the proportion of carbon-
ate is a feature of the Kap Stanton Formation throughout
its outcrop (see Fig. 5 and Higgins et al., 1992) and
reflects a general decrease with time in the carbonate

export potential of the shallow-water platform. This may
have resulted from decreased productivity of the platform
but the preservation of a thick Cambro-Ordovician car-
bonate platform succession in central and western North
Greenland (Higgins et al., 1991a) makes it more likely
that the decrease records a shift in the style of platform
growth. The nature of the latest Cambrian — Early Ordo-
vician platform margin is unknown since it is nowhere
exposed in North Greenland. It is clear from the Cam-
brian and Middle Ordovician — Lower Silurian record of
platform evolution, however, that this period marked a
shift from a progradational style during the Cambrian to
an aggradational style during the latter part of the Ordo-
vician and the Early Silurian, when the platform margin
was anchored by differential subsidence across the Nav-
arana Fjord lineament (Hurst & Surlyk, 1983; Surlyk &
Hurst, 1984; Higgins et al., 1991a; Surlyk & Ineson,
1992).

The gradual upward decrease in carbonate in the up-
permost Cambrian to Lower Ordovician strata of the Kap
Stanton Formation probably records this shift in platform
margin development from progradational to aggrada-
tional, possibly initiated by the onset of differential sub-
sidence along the Navarana Fjord lineament in the latest
Cambrian.
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Agnostoid trilobites from the Henson
Gletscher and Kap Stanton formations
(Middle Cambrian), North Greenland

Richard A. Robison

Agnostoid trilobites are abundant and diverse in 10 collections from the Henson
Gletscher and Kap Stanton formations of North Greenland. Three agnostoid assem-
blages are identified from slope apron to deep outer shelf lithofacies, representing the
Ptychagnostus gibbus, Ptychagnostus atavus, and lower Lejopyge laevigata interval-
zones of Middle Cambrian age. This is the first report of fossils from the P. atavus Zone
in Greenland.

At least 17 agnostoid genera are represented in the Henson Gletscher and Kap
Stanton formations, of which Megagnostus and Schismagnostus are new. Diagnoses of
Agnostus, Diplorrhina, Doryagnostus, Lejopyge, Peratagnostus, Peronopsis, Pseu-
dophalacroma, and Tomagnostus are emended. From review of type material, some of
which is illustrated with new photographs, Cyclopagnostus, Grandagnostus, Phoidag-
nostus, Quadragnostus, and Spinagnostus are considered to be unrecognisable genera.

Forty agnostoid species, some in open nomenclature, are identified from the new
collections. The species Agnosius lophotus, Diplorrhina oncota, Megagnostus diclidus,
Schismagnostus plicatus, and Tomagnostus bothrus are new. Abrupt early holaspid
metamorphosis occurred in the cephalon of Schismagnostus plicatus and in the pygi-
dium of Peratagnostus cicer. A lectotype is selected for Agnostus lens Gronwall, 1902,
which is the type species of Cotalagnostus.

R. A. R, Department of Geology, University of Kansas, Lawrence, Kansas 66045—

2124, US.A.

The geological setting, lithostratigraphy, and deposi-
tional environments of the Henson Gletscher and Kap
Stanton formations are discussed in an accompanying
paper by Ineson et al. (1994). These formations represent
deposition in slope apron to deep outer shelf environ-
ments, and they contain rich Middle Cambrian faunas
dominated by trilobite assemblages that are unusuval in
having Laurentian, Baltic, and mixed aspects. Systematic
descriptions of the trilobites and discussions of their bio-
stratigraphy are presented in separate papers, one on the
polymeroids by Babcock (1994a), and one here on the
agnostoids. Separate biostratigraphic zonations for ag-
nostoid and polymeroid trilobites have been advocated
because of major differences in their morphology, distri-
butions, and inferred modes of life (e.g., Robison, 1976,
1984). The agnostoids were probably pelagic suspension
feeders whereas most polymeroids were probably benthic
deposit feeders (e.g., Robison, 1972b, 1987).

Bull. Grgnlands geol. Unders. 169, 25-77 (1994)

Molluscs, brachiopods, ostracods, and sponges are pre-
sent in the studied collections from the Henson Gletscher
and Kap Stanton formations, but they have not been
studied in detail.

Analyses of selected Middle Cambrian trilobite faunas
and their depositional environments suggest that differ-
ences between faunas of Laurentian and Baltic aspect are
related to environmental gradients in which temperature
was a major factor. This hypothesis is evaluated in anoth-
er accompanying paper by Babcock (1994b), which dis-
cusses palacogeography and trilobite biogeography.

This paper is based on diverse agnostoid trilobites
(Table 1) in 10 collections from North Greenland. The
fossils were collected at two localities in Nyeboe Land
and at one locality in Peary Land (Fig. 1) by John S. Peel
and other geologists of the Geological Survey of Green-
land (GGU) during regional geological investigations.

© GGU, Copenhagen, 1994
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Biostratigraphy

Five agnostoid interval-zones have been defined in
Middle Cambrian strata (Robison, 1984, pp. 5-9). With
the aid of both defining and characterising species (sensu
Murphy, 1977), these zones are identifiable in many
open-marine lithofacies of the world. Three of the zones,
Ptychagnostus gibbus, Ptychagnostus atavus, and Lejo-
pyge laevigata, are represented by rich and diverse ag-
nostoid assemblages in the new GGU collections from
North Greenland. Lack of fossils from the Ptychagnostus
praecurrens and Ptychagnostus punctuosus zones is
probably due to incomplete collecting, in part because of
such problems as ground accessibility and limited field
time (J. S. Peel, personal communication, 1987), rather
than to gaps in the stratigraphic succession. Previous
reports of trilobites from the P. punctuosus Zone in Nye-
boe Land (Poulsen, 1969) and Peary Land (Robison,
1984) support this conclusion.

Ptychagnostus gibbus Interval-zone

One collection (GGU 298970) from the middle Hen-
son Gletscher Formation of Nyeboe Land contains 12
species-group taxa (Fig. 2), including P. gibbus. More
than half of these species are widely distributed around
the world, and collectively the assemblage is most char-
acteristic of the gibbus Zone. Other evidence supporting
this zonal identification is the presence of Ptychagnostus
intermedius, a common and cosmopolitan species with an
observed stratigraphic range that is restricted to the gib-
bus Zone. Observed ranges of other species, especially
that of Doryagnostus vinicensis, as revised, suggest that
the collection is from the upper part of the gibbus Zone.

Ptychagnostus atavus Interval-zone

The atavus Zone is well represented by abundant spec-
imens in five collections, all from Nyeboe Land. Of these
collections, three (GGU 298969, 298974, 298975) are
from the upper Henson Gletscher Formation (Fig. 2) and
two (GGU 319789, 319790) are from basal beds of the
Kap Stanton Formation (Fig. 3). The total zonal assem-
blage contains at least 24 species-group taxa, including P.
atavus. Although fossils of this zone are widely distrib-
uted (Rowell et al, 1982), this is the first report of
diagnostic species in Greenland (cf. Robison, 1984, p. 7).
The presence of Ptychagnostus affinis in basal beds of the
Kap Stanton Formation suggests that those beds are in the
upper atavus Zone, possibly near its boundary with the
Ptychagnostus punctuosus Zone. \

Table 1. Classification of agnostoid trilobites
identified from the Henson Gletscher and

Kap Stanton formations

27

Order Agnostida

Family Agnostidae
Agnostus lophotus n. sp.
Agnostus? cf. exsulatus Poulsen

Family Clavagnostidae
Clavagnostus cf. milli Jago & Daily

Family Diplagnostidae
Diplagnostus planicauda (Angelin)
Iniospheniscus incanus? Opik
Linguagnostus groenwalli Kobayashi

Family Doryagnostidae
Doryagnostus vinicensis (Snajdr)

Family Metagnostidae
Diplorrhina oncota n. sp.
Diplorrhina cf. sallesi (Munier-Chalmas & Bergeron)

Family Peronopsidae
Hypagnostus brevifrons (Angelin)
Hypagnostus parvifrons (Linnarsson)
Peronopsis bulkurensis Pokrovskaya & Pegel
Peronopsis fallax (Linnarsson)
Peronopsis ferox (Tullberg)
Peronopsis interstricta (White)
Peronopsis cf. pusilla (Tullberg)
Peronopsis scutalis (Hicks)
Peronopsis sp. 1
Peronopsis sp. 2
Peronopsis sp. 3

Family Ptychagnostidae
Lejopyge barrandei (Hicks)
Lejopyge calva Robison
Lejopyge hybridus (Brggger)
Lejopyge cf. seminula (Whitehouse)
Ptychagnostus affinis (Brggger)
Ptychagnostus atavus (Tullberg)
Ptychagnostus gibbus (Linnarsson)
Ptychagnostus intermedius (Tullberg)
Tomagnostus bothrus n. sp.
Tomagnostus corrugatus (Illing)
Tomagnostus fissus (Linnarsson)
Tomagnostus perrugatus (Gronwall)

Family unassigned
Megagnostus diclidus n. gen. & n. sp.
Megagnostus glandiformis (Angelin), n. gen.
Peratagnostus cicer (Tullberg)
Phalagnostus ovalis (1lling)
Schismagnostus plicatus n. gen. & n. sp.
Toragnostus bituberculatus (Angelin)
Genus & species undetermined 1
Genus & species undetermined 2
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Fig. 3. Distribution of agnostoid species in GGU collections
from basal beds of the Kap Stanton Formation in Nyeboe Land
(locality 2, Fig. 1). Collections are not in stratigraphic sequence.
Both collections are from the Prychagnostus atavus Zone, and

probably from its upper part.
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Fig. 2. Stratigraphic distribution of
agnostoid species described from
the upper Henson Gletscher Forma-
tion in Nyeboe Land (locality 1,
Fig. 1). Scale indicates height in
metres above base of formation.
Six-digit numbers designate GGU
collections. GGU 298970 is from
the Ptychagnostus gibbus Zone.
GGU 298969, 298974, and 298975
are from the Ptychagnostus atavus
Zone.

Interval-zone

The laevigata Zone is represented by abundant speci-

mens

in four collections

(GGU 301311-301313,

313115), all from basal beds of the Kap Stanton Forma-
tion in Peary Land (Fig. 4). At least 12 species-group taxa
are represented, which collectively are characteristic of
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Fig. 4. Distribution of agnostoid species in GGU collections
from basal beds of the Kap Stanton Formation in Peary Land
(locality 3, Fig. 1). Collections are not in stratigraphic sequence.
All collections are from the lower Lejopyge laevigata Zone.



the informal lower subzone of the laevigata Zone (Robi-
son, 1984). Although L. laevigata is not present in these
collections, the species has been described from farther
south in Peary Land (Robison, 1984, 1988), where en-
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closing strata of the Holm Dal Formation have been
interpreted to represent deposition in an outer shelf envi-
ronment (Ineson, 1988).

Systematic descriptions

Terminology

Morphological terms used here are mostly defined in
the Treatise on Invertebrate Paleontology (Harrington et
al., 1959). Additional terms have been defined by Robi-
son (1964, 1982), Opik (1967), and Shergold et al.
(1990).

A common, iterative, evolutionary trend among agnos-
toid trilobites was the suppression of dorsal furrows and
other surface irregularities, mostly on the acrolobes. The
condition resulting from advanced suppression of such
features has commonly been referred to by the adjective
effaced (e.g., Shergold er al. 1990, p. 11). The opposite
primitive condition, with ordinary development of lobes
and furrows has no commonly used term, although it has
been called ‘en grande tenue’ by some authors (e.g.,
Opik, 1967, p. 56; Shergold et al., 1990, p. 11). This latter
term is not an adjective, and to simplify terminology, I
here refer to the primitive agnostoid condition as fur-
rowed. Unless otherwise stated, the furrowed condition is
a character state of all taxa diagnosed here.

Repositories

All Greenland material used in this study is identified
by collection or museum numbers. Repositories and their
abbreviations are Geological Survey of Greenland (Grgn-
lands Geologiske Undersggelse), Copenhagen (GGU),
and Geologisk Museum, Copenhagen (MGUH).

Phylum Arthropoda
Class Trilobita
Order Agnostida Salter, 1864

Remarks. The diagnosis of Agnostida by Robison (1984,
pp- 9-10) is followed here. The author of the taxon,
however, is J. W. Salter (Shergold et al., 1990, p. 4).
Using recently obtained information on ventral morphol-
ogy, Walossek & Miiller (1990) have critically evaluated
the phyletic relationships of agnostoids and stem-lineage
crustaceans. A phylogenetic analysis by Babcock (1994a)
suggests that the Agnostida is monophyletic.

Family Agnostidae M‘Coy, 1849
Genus Agnostus Brongniart, 1822

Agnostus Brongniart, 1822, pp. 8, 38; Jaekel, 1909, p. 399;
Kobayashi, 1939, pp. 159-162; Westergard, 1946, pp. 68—69,
84; Howell in Harrington et al., 1959, pp. 0172-0173; Pok-
rovskaya in Chernysheva, 1960, p. 58; Egorova & Pokrov-
skaya in Khalfin, 1960, pp. 159-160; Opik, 1961, pp. 74-75;
Palmer, 1962, p. F-12; Shergold et al., 1990, pp. 32-33
[selected references only]

Battus Dalman, 1828, pp. 136-137

Acutatagnostus Ergaliev, 1980, p. 91

Type species. Entomostracites pisiformis Wahlenberg,
1818, p. 42; by monotypy. Authorship of the species
name was reviewed by Rushton (1978, p. 258).

Emended diagnosis. Cephalon having preglabellar
median furrow. Glabella unequally divided by transverse
furrow (F3); anterior end rounded to ogival, posterior end
rounded to acuminate. Basal lobes simple, may indent
glabella. Genae smooth or weakly scrobiculate. Thorax
unmodified. Pygidium axiolobate and simplimarginate.
Axis separated from posterior border furrow; F1 and F2
moderately developed to nearly effaced; M2 with strong,
oval to carinate, median tubercle. Pleural fields post-
eriorly confluent. Borders of cephalon and pygidium rela-
tively narrow. Pygidial border having pair of small post-
erolateral spines. Border furrows increasing in relative
width during ontogeny.

Remarks. Following its validation in 1822, more than 250
species-group taxa were assigned to Agnostus, including
most of the agnostoids named during the nineteenth and
early twentieth centuries. With erection of many agnos-
toid genera during the twentieth century, most species of
Agnostus were reassigned to new genera. The progressive
removal of species eventually left the genus with its type
species, A. pisiformis, and a residue of species-group taxa
that mostly lack definitive generic characters. Although
the species content of Agnostus has significantly changed
during its taxonomic history, little attention has been
given to its definition and concept.
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Following the reassignment of most of its species, a
series of brief diagnoses of Agnostus were published by
Kobayashi (1939, pp. 150-160), Howell (in Harrington et
al., 1959, pp. O172-0173), Pokrovskaya (in Chernysh-
eva, 1960, p. 58), Egorova & Pokrovskaya (in Khalfin,
1960, pp. 159-160), and Palmer (1962, p. F12). Of those
authors, Kobayashi was the only one to list a complement
of species, and most of those were subsequently reas-
signed to other genera. Westergird (1946) did not give a
diagnosis of Agnostus, but he did diagnose or discuss four
species-group taxa under the generic name, including the
new species A. neglectus. In 1967, Opik (pp. 98-99)
established the genus Innitagnostus, which he differen-
tiated [rom Agnostus “and related groups (Homagnostus,
Geragnostus, Micragnostus)” by the presence of “a lat-
erally notched glabella with angulate recesses to fit the
basal lobes.” A new species, 1. innitens, was described by
Opik as the type of Innitagnostus, and he also reassigned
to that genus Agnostus inexpectans Kobayashi, 1938, A.
neglectus, and Tomagnostus tchatertensis Kryskov in Bo-
rovikov & Kryskov, 1963. Recently, Shergold et al.
(1990) published the most detailed diagnoses to date of
both Agnostus and Innitagnostus, but without accompa-
nying taxonomic discussion or indication of assigned
species.

After reviewing the taxonomy of Agnostus and closely
related genera, 1 no longer support the recognition of
Innitagnostus as a valid genus. Henningsmoen (1958, pl.
5, figs 1-12) has well illustrated some of the variation
observed within populations of A. pisiformis, the type
species of Agnostus. His illustrations show that some
specimens have a glabella notched to fit the basal lobes
and others do not. Some specimens also have weak abax-
ial development of the Fl and F2 furrows, giving a

‘laterally notched’ aspect to the glabella, and others do
not. This variation in the type species of Agnostus encom-
passes the only two characters cited by Opik (1967, p. 98)
to differentiate Innitagnostus from Agnostus. In my judg-
ment, a more important character of I innitens, the type
species of Innitagnostus, is the near effacement of its
preglabellar median furrow. This and its other characters,
especially those of its axial lobe, suggest that 1. innitens is
a transitional species linking Agnostus and Micragnostus
(sensu Fortey, 1980, pp. 21-22). Its observed stratigra-
phic occurrence also accords with this suggestion. Al-
though the transitional characters of I innitens make its
generic assignment arbitrary, based on the near efface-
ment of its preglabellar median furrow, I reassign it to
Micragnostus. Consequently, Innitagnostus is considered
o be a junior synonym of Micragnostus.

Among the characteristic features of Agnostus is a
preglabellar median furrow, which normally is absent in
late holaspid instars of Micragnostus. A vestige of the
furrow, however, may be evident in younger instars of
some species of Micragnostus (e.g., M. intermedius; see
Robison & Pantoja-Alor 1968, pl. 97, figs 3-5, as reas-
signed by Fortey, 1980, p. 21).

Agnostus, as emended. includes A. pisiformis (Wahlen-
berg, 1818), A. pater Westergérd in Holm & Westergird,
1930, A. inexpectans Kobayashi, 1938, A. neglectus
Westergard, 1946, A. exsulatus Poulsen, 1960, A. ac-
utatus (Ergaliev, 1980), and A. lophotus n. sp. (described
below). Acutatagnostus acutatus Ergaliev (1980, pp.
91-92, pl. 11, figs 16, 17), the type species of Acutatag-
nostus Ergaliev, 1980, has the anterior part of the pregla-
bellar median furrow effaced, but otherwise it conforms
to the emended diagnosis of Agnostus. Because the pre-
glabellar median furrow weakens forward in such species

Fig. 3. Agnostus lophotus n. sp. All
specimens from GGU 301313, un-
less otherwise stated, and all x 12.
la, b, cephalon in dorsal and lateral
views, MGUH 21.335. 2, latex cast
of cephalon. MGUH 21.336 from
GGU 313115, 3, cephalon, MGUH
21.337 from GGU 313115. 4a, b,
holotype pygidium in dorsal and lat-
eral views, MGUH 21.338. 5, 6, py-
gidia, MGUH 21.339 and 21.340.



as A. lophotus and A. exsulatus, anterior effacement ol
that furrow does not seem to warrant generic significance
in acutratus. Therefore, I reassign the species to Agnostus
and thereby suppress Acutatagnostus as a junior syn-
onym. Other described species may warrant inclusion in
Agnostus, but available morphological information, in
my judgment, is equivocal.

Agnostus pisiformis is the only agnostoid for which
appendages and soft anatomy are known (Miiller & Wa-
lossek, 1987). The fidelity of preservation in the illus-
trated Swedish specimens is extraordinary, providing far
greater detail than is known for any other trilobite spe-
cies. In the absence of comparable information from
other agnostoids, however, taxonomic evaluation of the

many characters of the appendages and other soft parts of

Agnostus remains moot.

The species here included in Agnostus have a compos-
ite observed stratigraphic range from the Lejopyge laevi-
gata Zone (upper Middle Cambrian) to the Pseudagnos-
tus curtare Zone (middle Upper Cambrian). Cephala as-
signed here as Agnostus? cf. exsulatus are from the upper
Ptychagnostus atavus Zone, but their generic assignment
is open to question.

Agnostus lophotus n. sp.

Fig. 5

Etymology. Greek lophotos, crested: relerring to the car-
inate glabella.

Holotype. Pygidium (Fig. 5.4a, b), MGUH 21.338 from
GGU 301313.

Material. More than 40 disarticulated cephala and pygi-
dia are in GGU 301312, 301313, and 313115.

Diagnosis. Glabella laterally swollen behind F3 and hav-
ing thread-like median carina behind median node. Axis
of pygidium, relatively short, tumid; Fl and F2 nearly
effaced.

Description. Agnostus with preglabellar median furrow
weakening forward. Anteroglabella short, anteriorly
rounded or ogival. Transglabellar furrow (F3) bowed
posteriorly. Posteroglabella with thread-like median ca-
rina extending rearward from median node, near mid-
length, to occipital band: Fl and F2 weak abaxially: M3
laterally swollen, resulting in greatest glabellar width just
behind F3. Genae smooth or having weak, irregular,
scrobicular pits. Pygidium with deep, sagittally wide,
posteriorly bowed, articulating furrow. Axis tumid and
relatively short, with terminal secondary node; F1 and F2
nearly effaced; median tubercle prominent, slightly elon-
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gate; posterior margin broadly rounded. Pleural fields
fairly uniform in width laterally and posteriorly. Border
furrow moderately wide on glabella, moderate to wide on
pygidium.

Remarks. A. lophotus closely resembles A. neglectus
Westergdrd (1946, p. 85, pl. 13, figs 7-9), but differs
from that species by having a preglabellar median furrow
that weakens forward, a pygidial axis that is broader,
shorter, and with more effaced ring furrows, and the
pleural fields are more uniform in width.

Occurrence. All specimens are from basal beds of the
Kap Stanton Formation in Peary Land, and are from the
lower Lejopyge laevigata Zone.

Agnostus? cf. exsulatus Poulsen, 1960
Fig. 6

Remarks. Two small cephala, one each in GGU 319789
and 319790, resemble specimens of A. exsulatus Poulsen
(1960, pl. 1, fig. 3; also Robison, 1988, fig. 7.5-8) by
having a relatively short glabella and a preglabellar
median furrow that weakens anteriorly. They differ, how-
ever, by having a narrower border furrow, straight rather
than posteriorly bowed transglabellar furrow (F3), and
more central placement of the median node on the post-
eroglabella. Whether these are ontogenetic or phyloge-
netic differences is difficult to judge from the small
sample.

Occurrence. Both cephala are from the basal beds of the
Kap Stanton Formation in Nyeboe Land, and from the
upper Prychagnostus atavus Zone. If further information,
especially concerning the pygidium, supports assignment
of this species to Agnostus, it will significantly extend
downward the observed stratigraphic range of the genus.

Fig. 6. Agnostus? cf. exsulatus Poulsen. 1, cephalon, MGUH
21.341 from GGU 319790, x 15. 2a, b, cephalon in lateral and
dorsal views, MGUH 21.342 from GGU 319789, x 15.
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Fig. 7. Clavagnostus cf. milli Jago & Daily. All specimens from
GGU 301313, unless otherwise stated, and all x 10. 1-3, ce-
phala, MGUH 21.343-21.345. 4-7. 9, pygidia, MGUH 21.346—
21.350. 8, pygidium, MGUH 21.351 from GGU 313115.

Family Clavagnostidae Howell, 1937
Genus Clavagnostus Howell, 1937

Type species. Agnostus repandus Westergard in Holm &
Westergard 1930, pp. 13-15.

Remarks. Jago & Daily (1974) have reviewed the taxo-
nomy ol Clavagnostus. Their emended generic diagnosis
is followed here, with the exception that not all speci-
mens have smooth genae. Some previously illustrated
specimens (e.g., Jago & Daily, 1974, pl. 11, figs 5-8, pl.
12, fig. 12) and some new specimens (Fig. 7) have weak

scrobicular depressions or pits both on genae of the ce-
phalon and pleural fields of the pygidium.

Clavagnostus cf. milli Jago & Daily, 1974

Fig. 7

Material. More than 40 specimens are in GGU 301312,
301313, and 313115.

Description of GGU specimens. Cephalon subquadrate
with pair of long, divergent, border spines. Genae con-
fluent (preglabellar median furrow absent). Glabella un-
divided, rounded anteriorly, angular posteriorly; median
node anterior, weak, and carinate; width of glabella great-
est at level of node. Pygidium subquadrate; border trispi-
nose with pair of moderate-sized posterolateral spines
and one tiny median spine. Axis lanceolate, unfurrowed,
extending to posterior border furrow; median node large,
may have superimposed smaller node on anterior surface;
transverse sulcus of posteroaxis having pair of elongate
pits and one or two secondary nodes. Surfaces of genae
and pleural fields smooth or with weak scrobicular pits.

Remarks. Specimens from North Greenland closely re-
semble those from Tasmania that Jago & Daily (1974)
assigned to Clavagnostus milli. They differ, however, in
having a carinate node rather than a simple node on the
glabella, and the tip of the pygidial axis is usually nar-
rower. Jago & Daily did not mention a medial spine on
the pygidial border, but at least one of their specimens
(pl. 11, fig. 15) appears to have the broken stub of such a
spine. All illustrated specimens of C. milli are rather
poorly preserved and are taphonomically deformed. mak-
ing it difficult to evaluate the taxonomic significance of
these differences. The Tasmanian and Greenland speci-
mens seem to be of approximately the same age. Whether
or not their minor differences represent only geographic
variation within a single species is unclear.

Clavagnostus trispinus Zhou & Yang (in Zhou et al.,
1977; see also Yang, 1978, pp. 17-18, pl. 1, fig. 2) from
the lower Lejopyge laevigata Zone of China, which has a
tiny median spine on the pygidial border, may be a junior
synonym of C. milli. Poor preservation of all illustrated
specimens of both taxa, however, hampers taxonomic
evaluation. Moreover, a cephalon of C. trispinus has not
been illustrated.

The Greenland specimens also closely resemble those
of C. repandus, but differ by having a more quadrate
pygidium, a more acuminate pygidial axis, and an addi-
tional spine on the pygidial border.

Occurrence. All of the Greenland specimens are from



Fig. 8. Diplagnostus planicauda (An-
gelin). 1, 2, cephala, MGUH 21.352
and 21.353, from GGU 301313, x 12.
3, pygidium, MGUH 21.354 from
GGU 298975, x 10.

basal beds of the Kap Stanton Formation in Peary Land,
and are from the lower Lejopyge laevigata Zone.

Family Diplagnostidae Whitehouse, 1936
Genus Diplagnostus Jaekel, 1909

Type species. Agnostus planicauda Angelin, 1851, p. 7.

Diplagnostus planicauda (Angelin, 1851)
Fig. §

New material. One pygidium is in GGU 298975, and 3
cephala and | pygidium are in GGU 301313.

Remarks. D. planicauda is a distinctive, geographically
widespread, and stratigraphically long-ranging species.
Its taxonomy was recently reviewed (Robison, 1988, pp.
33-35), and the new specimens add no new morpholog-
ical information.

Lu & Lin (1989, pp. 76-77, pp. 202-203, pl. 2, fig. 15,
pl. 3, figs 1-8) recently described and illustrated speci-
mens from western Zhejiang, China, that were assigned
to Diplagnostus planicauda vestgothicus (Wallerius), D.
zhexiensis Lu & Lin, and D. floralis Opik. Characters
used to distinguish all these taxa fall within the range of
variability observed within populations of D. planicauda,
including ontogenetic series. Therefore, I consider the
three taxa cited by Lu & Lin (1989) to be junior syn-
onyms of D. planicauda.

Occurrence. D. planicauda was recently reported to
range [rom near the base of the Prychagnostus punctuo-
sus Zone o near the top of the Lejopyge laevigata Zone
(Robison, 1988. p. 35). Occurrences recorded by Egorova
et al. (1982), Lu & Lin (1989), and Song (1989) indicate
that the species actually ranges downward to at least the
base of the Prychagnostus atavus Zone. A representative
pygidium of D. planicauda in GGU 298975 from Nyeboe
Land (Fig. 8.3) is also from the P. atavus Zone. Other
new specimens in GGU 301313 from Peary Land are
from the L. laevigata Zone.
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Genus Iniospheniscus Opik, 1979
Type species. Iniospheniscus talis Opik, 1979, pp. 50-51.

Remarks. Iniospheniscus is included in the Diplagnosti-
dae with question because its pygidial border is not zon-
ate. although medial expansion may indicate an incipient
zonate condition. Also, compared with other genera in the
family, the shape of its posteroaxis is unusual. The ge-
neric diagnosis of Shergold et al. (1990, p. 47) is fol-
lowed here.

Iniospheniscus incanus? Opik, 1979
Fig. 9.4

Remarks. A single, damaged pygidium in GGU 298969
from the upper Henson Gletscher Formation is assigned
to Iniospheniscus. Its lateral margins converge slightly
toward the posterior and it has a long, broad. pyriform
axis that extends to the posterior border furrow. Its post-
erior border is medially widened. On the anteroaxis the
Fl is weak, the F2 is effaced, and the median tubercle is
large and elongate. The posteroaxis is laterally expanded
and subpentagonal in outline. The acrolobe is slightly
constricted, the border furrow is wider laterally than it is
posteriorly, and the border has a pair of small post-
erolateral spines. These characters are similar to those of
I incanus Opik (1979, p. 51, pl. 9, figs 8, 9) from
Australia, but the pygidial axis is slightly broader and the
lateral borders are narrower. Assignment of the new pygi-
dium to . incanus is questioned, primarily because in-
formation about the entire exoskeleton is limited. The
new pygidium is from the Pryvchagnostus atavus Zone, as
are all described specimens of L incanus.

Genus Linguagnostus Kobayashi, 1939
Type species. Agnostus kjerulfi Brogger, 1878, pp. 49-50.

Remarks. The generic diagnosis of Shergold et al. (1990,
pp. 47-48) is followed here.



1b
Fig. 9. Undetermined agnostoids and Iniospheniscus.

la, b, Genus and species undetermined 1. Lateral and dorsal
views of pygidium, MGUH 21.355 from GGU 298970, x 8.

2, 3, Genus and species undetermined 2. 2, cephalon, MGUH
21.356 from GGU 298970, x 10. 3, cephalon, MGUH 21.357
from GGU 298969, x 10.
4, Iniospheniscus incanus? Opik, pygidium, MGUH 21.358
from GGU 298969, x 10.

Linguagnostus groenwalli Kobayashi, 1939
Fig. 10

Agnostus kjerulfi Brpgger, Gronwall, 1902, pp. 69-70, pl. 1, fig.
11

Linguagnostus kjerulfi forma gronwalli, Kobayashi, 1939, pp.
142-143

Linguagnostus gronwalli Kobayashi, Westergard, 1946, pp.
63-64, pl. 8. figs 30a, b: Pokrovskaya in Chernysheva, 1960,
pl. 1. fig. 5; Egorova, Pegel & Chernysheva in Egorova et al..
1982, p. 62, pl. 12, fig. 3, pl. 14, fig. 6, pl. 16, figs 11, 12

New material. Four cephala and 6 pygidia are in GGU
319789 and 319790.

Emended diagnosis. Cephalon having narrow border and
very wide, shallow border furrow; acrolobe uncon-
stricted. Glabella broad, subcylindrical: width of ante-
roglabella about twice its length; F3 shallow, narrow,
straight or slightly bowed rearward; posteroglabella with
carinate median node anterior from midpoint. Thorax
having wide axis. Pygidium zonate in late holaspid pe-
riod; collar thread-like. bowing forward onto posterior
border furrow. Acrolobe constricted and bordered post-
criorly by narrow sinuous ridge that fades posterolater-
ally into prong-like projections extending toward border
spines. Axis broad; FI and F2 mostly effaced; anteroaxis
subquadrate with carinate tubercle mostly confined to
M2; posteroaxis having well-developed transverse sulcus
and associated secondary median node near anterior mar-
gin, part behind sulcus reduced to small triangular ves-
tige. Pleural fields narrow between axis and posterior
border furrow, having pair of low. transversely elongate
swellings that may be separated by postaxial depression

Fig. 10. Linguagnostus groenwalli
Kobayashi. 1, cephalon, MGUH
21.359 from GGU 319790, x 5.5. 2,
cephalon from MGUH 21.360 from
GGU 319789, x 6. 3, incomplete py-
gidium, MGUH 21.361 from GGU
319790, x 6. 4, latex cast of pygi-
dium, MGUH 21.362 from GGU
319789. x 6. 5, incomplete pygidium
associated with smaller pygidium of
Ptychagnostus affinis (left), MGUH
21.363 from GGU 319790, x 6. 6.
deformed pygidium. MGUH 21.364
from GGU 319790, x 6.



or furrow. Pygidial border furrow very wide, shallow,
and irregular in width; border narrow, bispinose.

Remarks. The few new specimens of this species are
fragmentary or deformed, or both. Nevertheless, their
number and condition is sufficient to demonstrate most
characters of the cephalon and pygidium. Such diagnostic
characters of the pygidium as advanced effacement of
ring furrows, a carinate tubercle mostly confined to the
second ring, shape of the acrolobe, and a pair of low
swellings between the axis and posterior border furrow,
closely match those of rare and small specimens of Lin-
guagnostus groenwalli from Scandinavia (Westergard,
1946, pp. 63-64). Most of the pygidia from Greenland
are larger than those previously described from Scandina-
via, however, and have a shallow postaxial depression
rather than a median furrow, a wider border furrow, and a
pygidial collar (sensu Opik, 1967, p. 62). All of these
differences are likely to be of ontogenetic origin, and the
new specimens are therefore assigned to L. groenwalli.

In discussing Linguagnostus, Opik (1979, p. 52) con-
cluded that L. groenwalli “is an aberrant form with a
nonzonate pygidium” that “cannot be convincingly ac-
commodated in this [Linguagnostus] or any other genus
of Diplagnostidae.” With the discovery in Siberia (Ego-
rova et al., 1982, pl. 14, fig. 6) and Greenland of larger
specimens having a zonate pygidial border, L. groenwalli
now accords well with a recent diagnosis of Linguagnos-
tus (Shergold et al., 1990, pp. 47-48). As size increases,
the larger holaspid pygidia show progressively greater
separation of the posterior border and the narrow but
distinct collar (Fig. 10.3, 4, 6). Comparison of new speci-
mens indicates that the ontogenetic appearance of a collar
in L. groenwalli was delayed until the middle of the
holaspid period. /

The transverse ridge on the posterior border furrow of
L. groenwalli (Fig. 10.3, 4, 6) and the ridge separating the
posterior acrolobe and border furrow of L. kjerulfi (e.g.,
Westergard, 1946, pl. 8, fig. 32) both fall within the
definition of a pygidial collar (sensu Opik, 1967, p. 62;
Shergold et al., 1990, p. 16). Two separate ridges on
pygidia in Fig. 10.4 and 10.6 demonstrate that some
ridges previously identified as pygidial collars are not
homologous. Better preserved specimens should help to
evaluate the relationship and significance of these ridges.

Occurrence. L. groenwalli has been reported from the
Ptychagnostus punctuosus Zone of Denmark and Swe-
den, as well as approximately correlative levels in the
Anapolenus Zone of Russia (Siberia). New specimens
from Greenland are all from the basal beds of the Kap
Stanton Formation in Nyeboe Land, and are from the
upper Ptychagnostus atavus Zone.
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Family Doryagnostidae Shergold et al.,
1990

Emended diagnosis. Agnostoids with preglabellar median
furrow variably developed. Border furrow may expand as
small triangular depression (deltoid area) at junction with
preglabellar median furrow. Axial furrow well devel-
oped. Glabella cylindrical to slightly tapered, unequally
divided by transglabellar furrow (F3), rounded post-
eriorly. Basal lobes simple. Genae smooth. Pygidium
axiolobate and simplimarginate. Axis terminating short
of posterior border furrow; F1 and F2 undeveloped or
weakly developed only near axial furrow. Anteroaxis
with node on M2. Posteroaxis lanceolate to weakly
ogival, commonly with acuminate tip; transverse sulcus
and secondary node appearing during phylogeny. Post-
axial median furrow present. Margin of pygidium
rounded posteriorly, bispinose. Cephalic and pygidial
border furrows of moderate width.

Remarks. The subfamily Doryagnostinae was erected by
Shergold et al. (1990, p. 44), who assigned it to the family
Spinagnostidac Howell, 1935a. From review of the type
collection of Spinagnostus franklinensis Howell, 1935a,
the type species of Spinagnostus, it is noted that the
specimens are from multiple localities, all are disartic-
ulated, and all are poorly preserved. In my opinion, the
specimens lack diagnostic characters for differentiation at
the generic and family level, and a question about the
correct association of disarticulated parts is open. There-
fore, I consider both Spinagnostus and Spinagnostidae to
be unrecognisable taxa.

As emended below, the inferred ancestral species of
Doryagnostus, D. vinicensis (Snajdr, 1957), seemingly
evolved from Peronopsis gaspensis Rasetti, 1948 by de-
velopment of a preglabellar median furrow (Robison,
1978). A similar furrow, apparently from iterative evolu-
tion, is also present in such genera as Agnostus and
Ptychagnostus. Based on the inferred phylogeny of Do-
ryagnostus, I concur with Shergold et al. (1990) in as-
signing it to a separate family-group taxon, but I here
elevate it from subfamily to family rank. Such rank corre-
sponds to that of the Ptychagnostidae, which is inferred to
have arisen from Peronopsis brighamensis Resser, 1939
by independent evolution of a preglabellar median furrow
(Robison, 1978).

Without discussion, Shergold er al. (1990, pp. 44—45)
assigned Doryagnostus Kobayashi, 1939, Itagnostus
Opik, 1979, and Rhodotypiscus Opik, 1979 to their Do-
ryagnostinae. Of these genera, I consider Jfagnostus to be
a junior synonym of Peronopsis. The type species of
Itagnostus, Agnostus elkedraensis Etheridge, 1902, lacks
any reported evidence of a preglabellar median furrow.
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Moreover, it differs from Peronopsis montis (Matthew,
1899) by only its slightly more posterior median node on
the glabella and slightly more quadrate cephalon and
pygidium. Whether these differences are genotypic or
phenotypic is problematic, but in my opinion they lack
generic significance. An emended diagnosis of Pero-
nopsis is given below, which is broader in concept than
that ol Shergold et al. (1990). The type species of Rhodo-
typiscus, R. nasonis Opik, 1979 has an incomplete pregla-
bellar median furrow. A preglabellar median furrow is
variably developed in Dorvagnostus vinicensis (Snajdr,
1957, emended below), and commonly it is incomplete in
some populations (e.g.. Robison, 1978, pp. 8-9). All
other characters of R. nasonis are shared with repre-
sentative species of Doryagnostus, and Rhodotypiscus is
therefore suppressed as a subjective junior synonym.
With these taxonomic emendations, Doryagnostus is the
only genus presently assigned to the Doryagnostidae.

Doryagnostids can usually be distinguished from fur-
rowed ptychagnostids by lesser development of pygidial
ring furrows. Also, some doryagnostids have a deltoid
area on the cephalon, which is absent on ptychagnostids.
Effacement of furrows on the acrolobes is a common
evolutionary trend in ptychagnostids, but has not been
reported in doryagnostids.

Genus Doryvagnostus Kobayashi, 1939

Dorvagnostus Kobayashi, 1939, p. 148: Robison, 1978, p. §
(synonymy to date); Opik, 1979, pp. 81-82; Shergold et al.,
1990, pp. 4445

Ceratagnostus Whitehouse, 1939, pp. 255-256

Rhodotypiscus Opik. 1979, p. 79; Shergold et al., 1990, p. 45

Type species. Agnostus incertus Brogger, 1878, pp.
70-71.

Emended diagnosis. As for family.

Remarks. Species here included in Doryagnostus are D.
incertus (Brogger, 1878) ( = Ceratagnostus magister
Whitehouse, 1939), D. vinicensis (Snajdr, 1957; sce syn-
onymy below), D. deltoides Robison in Jell & Robison,
1978 ( = D. notalibrae Opik. 1979), D. nasonensis (Opik.,
1979), D. solidus Opik, 1979, D. sayramhuensis (Zhang,
1981). and D. sectilis Xiang & Zhang, 1985. Reasons for
and against the synonymy of D. incertus and D. magister
have been discussed by Robison (1978, p. 7) and Nikolai-
sen & Henningsmoen (1990, p. 61).

Opik (1979, p. 82) observed that a species of Dorvag-
nostus, possibly new, is present in Utah, and is repre-
sented by some specimens that 1 previously illustrated
(Robison, 1964, pl. 79. figs 8, 11) as ?Ptychagnostus sp.

and Prychagnostus hvbridus. 1 concur, but a search for
additional specimens has not been successful.

Doryagnostus vinicensis (Snajdr, 1957)
Fig. 11

Prychagnostus (Triplagnostus) vinicensis Snajdr, 1957, p. 235,
pl. 1, fig. 1; Snajdr, 1958 (in part), pp. 71-72, pp. 243-244,
pl. 4, figs 21, 722 (not pl. 4, figs 19, 20, 23, 24)

Doryagnostus wasatchensis Robison, 1978, pp. 8-9, pl. 1, figs
14, 6: pl. 2, figs 6, 9-13

Triplagnostus vinicensis (Snajdr), Fatka et al., 1981, pp. 367
368, pl. 1, fig. I, pl. 2, figs 6, 7

Dorvagnostus vinicensis (Snajdr), Fatka & Kordule, 1992, pl. 2,
fig. 4

New material. More than 20 disarticulated cephala and
pygidia are in GGU 298970.

Emended diagnosis. Doryagnostus having relatively
broad glabella, its width being about equal to or slightly
greater than that of adjacent genae at level of F3. Ante-
roglabella large and broadly rounded to obtusely pointed
at front. Posteroglabella tumid at rear, with median node
behind midpoint. Pygidium characterised by small border
spines. Posteroaxis lanceolate to slightly ogival, and usu-
ally without transverse sulcus.

Remarks. Several new specimens from North Greenland

Fig. 11. Dorvagnostus vinicensis (Snajdr). All specimens from
GGU 298970 and all x 8. 1, cephalon in dorsal and lateral views,
MGUH 21.365. 2, cephalon. MGUH 21.366. 3, pygidium in
dorsal and lateral views, MGUH 21.367. 4, pygidium, MGUH
21.368.



have characters that accord closely with the emended
diagnosis of D. vinicensis.

The original description of Ptychagnostus (Triplagnos-
tus) vinicensis was confused because it was based in part
on a holotype cephalon of Doryagnostus and in part on
pygidia of Lejopyge hybridus, as here reassigned. With
the aid of additional specimens, some complete, that
erroneous association of sclerites was recognised by
Fatka et al. (1981), but the species was assigned to
Triplagnostus. In subsequent discussion of new localities
by Fatka & Kordule (1992), however, the species was
reassigned without taxonomic comment to Doryagnostus.

Doryagnostus wasatchensis Robison, 1978, which was
described from Utah, is now considered to be a subjective
junior synonym of D. vinicensis. Minor differences be-
tween the type specimens of these taxa seem to have been
accentuated by taphonomic processes. On one hand, the
illustrated specimens from Czechoslovakia are preserved
as moulds in shale and show internal features of the
exoskeleton. On the other hand, the illustrated specimens
from Utah are preserved in limestone and show external
features of the exoskeleton.

The preglabellar median furrow is variably developed
in observed populations from Utah, but is uniformly
present in known specimens from Czechoslovakia and
Greenland. The more variable specimens from Utah are
inferred to represent an earlier stage of phylogeny.

Occurrence. The new specimens are from the middle
Henson Gletscher Formation, and are from the Prychag-
nostus gibbus Zone. The species has been reported else-
where from the Eccaparadoxides pusillus Zone of Cze-
choslovakia and the upper P. gibbus Zone of the United
States (Utah).

Family Metagnostidae Jaekel, 1909
Genus Diplorrhina Hawle & Corda, 1847

Diplorrhina Hawle & Corda, 1847, pp. 46-47; Lermontova,
1940, p. 123; Opik, 1967, pp. 75-76; Pek & Vangk, 1971, pp.
271-272; Shergold et al., 1990, p. 46

Mesospheniscus Hawle & Corda, 1847, p. 46

Quadragnostus Howell, 1935a, p. 219; Howell in Harrington ez
al., 1959, p. O186; Shaw, 1966, p. 849; Shergold et al., 1990,
p. 56

?Pseudoperonopsis Harrington, 1938, p. 151; Shergold et al.,
1990, p. 45

Type species. Diplorrhina triplicata Hawle & Corda,
1847, p. 47; subsequent designation by Pek & Vanék,
1971, p. 271 [ = Battus cuneifer Barrande, 1846, p. 18].

Emended diagnosis.. Cephalon commonly subquadrate.
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Glabella subcylindrical, length about two-thirds that of
cephalon, broadly angular at posterior; F3 well developed
to effaced, bowed rearward if developed, commonly
weakening abaxially. Anteroglabella short, subcircular to
elliptical. Posteroglabella laterally swollen at anterior
M3, slightly constricted at F2; median node near anterior
edge of M2. Basal lobes simple, anteriorly indenting
glabella. Genae confluent, smooth to scrobiculate. Tho-
rax unmodified. Pygidium axiolobate and simplimargi-
nate; width greater than length. Axis moderately long to
long; F1 and F2 weak or effaced; median tubercle moder-
ate in size, commonly elongate. Posteroaxis, if elongate,
having weak transverse sulcus and secondary median
node. Pleural fields smooth. Border flat, widening post-
erolaterally into pair of marginal spines.

Remarks. The generic names Diplorrhina and Mesosphe-
niscus, here considered to be synonyms, were first pub-
lished on the same page by Hawle & Corda (1847, p. 46).
Eleven species were assigned to Diplorrhina by Hawle &
Corda (1847, pp. 47-50), and from these Pek & Vangk
(1971, p. 271) subsequently designated D. rriplicata as
the type species. The type species of Mesospheniscus by
monotypy is Battus cuneifer Barrande, 1846. Lectotypes
for both D. triplicata and B. cuneifer were selected by
Snajdr (1958, pl. 3, fig. 9 and pl. 2, fig. 30, respectively),
but he reassigned cuneifer to Peronopsis, and he listed
triplicata as a junior synonym of P. cuneifer. Genal sur-
faces of specimens illustrated by Snajdr as P. cuneifer
vary from smooth to moderately scrobiculate, which he
attributed to ‘pelomorphic’ deformation (compare Pek &
Vanék, 1971, p. 271). After further study of the same
specimens, Pek & Vanék (1971) reassigned those with
smooth genae to Peronopsis cuneifer and those with
scrobiculate genae to Diplorrhina triplicata.

New specimens from North Greenland have characters
similar to those of specimens illustrated by Snajdr (1958)
as Peronopsis cuneifera, including genae that grade from
smooth to moderately scrobiculate (see Fig. 12.1-5).
Such scrobiculation is here judged to be a primary char-
acter rather than a secondary condition resulting from
taphonomic processes. Therefore, based on the apparent
variability in scrobiculation, in combination with shared
characters of the axial lobe and borders, 1 agree with
Snajdr (1958) that D. triplicata Hawle & Corda, 1847 is a
junior synonym of Battus cuneifer Barrande, 1846.

Some authors, including myself (Robison, 1964, p.
529), have previously considered Diplorrhina and Meso-
spheniscus to be synonyms of Peronopsis. Based on new
material and further analysis, I now consider Diplorrhina
and Mesospheniscus to be synonyms because of the syn-
onymy of their type species, but not synonyms of Pero-
nopsis. Because such taxonomy has not been previously
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suggested, I follow the Principle of the First Reviser
(International Code of Zoological Nomenclature, 1985,
Article 24) and here select Diplorrhina to have prece-
dence as the senior synonym. This choice is influenced
by the fact that the lectotype of D. triplicata, the type
species of Diplorrhina, is a complete holaspid (Snajdr,
1958, pl. 4, fig. 9) with a full complement of differential
characters. In comparison, the lectotype of Battus cu-
neifer Barrande, the type species of Mesospheniscus, is a
meraspid stage O instar (Snajdr, 1958, pl. 3, fig. 30) with
few differential characters.

Diplorrhina, as emended, is characterised by a post-
eriorly bowed glabellar F3, anterolateral swelling of the
glabellar M3, and a flattened, posterolaterally expanded,
spinose pygidial border. All of these characters may be
weakly developed or absent in early instars, and were
generally accentuated during ontogeny. Length of the
pygidial axis seems to have increased during phylogeny,
commonly reaching almost to the posterior border fur-
row. With elongation, the posteroaxis developed a weak
transverse sulcus with a secondary median node. Size of
the pygidial spines also increased during phylogeny, pri-
marily by increase in basal width. Expression of seg-
mental furrows on the axial lobe and development of
genal scrobiculation are both variable.

Among species here assigned or reassigned to Diplor-
rhina are Battus cuneifer Barrande, 1846, Agnostus quad-
ratus Tullberg, 1880, Quadragnostus solus Howell,
1935a, Peronopsis cylindrica Westergérd, 1946, Pero-
nopsis scaphoa Opik, 1961, and Diplorrhina oncota n.
sp. Other representatives of Diplorrhina are D. redita Pek
& Vanék, 1971 (pp. 274-275, pl. 1, figs 4, 5), which may
be a junior synonym of D. cuneifer, and Peronopsis fallax
depressa Westergérd, 1946 (pp. 27-38, pl. 2, figs 25, 26),
which may be a junior synonym of D. cylindrica. The
origin of Diplorrhina is unclear, but comparative mor-
phology and stratigraphic ranges suggest that it arose by
cladogenesis from either Peronopsis fallax or Peronopsis
ferox.

Specimens of Q. solus Howell, the type species of
Quadragnostus Howell, 1935a, have been previously il-
lustrated with only retouched photographs (Howell,
1935a, pl. 22, figs 6, 7; Howell in Harrington et al., 1959,
fig. 126.6a, b) that convey false information about char-
acters. The same specimens, which include the holotype
pygidium and a paratype cephalon, are illustrated here
with unaltered photographs (see Fig. 13). Although
poorly preserved, these specimens appear to possess the
differential characters of Diplorrhina, and therefore Qua-
dragnostus is considered to be a junior synonym.

Another species of Diplorrhina seems to be repre-
sented by poorly preserved specimens having a slightly
shorter pygidial axis than do the species mentioned

above. Some such specimens from France have been
assigned to Peronopsis sallesi (Munier-Chalmas & Ber-
geron) by Howell (1935b, pp. 226-227, pl. 22, figs 17,
187?). Other specimens from Spain and France have been
assigned to Peronopsis fallax sallesi by Sdzuy (1961, pp.
523-524, pl. 2, figs 1-8), Courtessole (1973, pp. 116—
117, pl. 2, figs 4-14), and Gil Cid (1981, pp. 118-119).
Similar specimens from northern Norway have been as-
signed to Peronopsis ferox sallesi by Nikolaisen & Hen-
ningsmoen (1990, pp. 57-59, fig. 6.A-G). Although most
of these specimens appear to represent Diplorrhina, the
species name is in question because the type specimen of
Agnostus sallesi Munier-Chalmas & Bergeron in Berge-
ron, 1889 is assumed to be lost (Laurie, 1990, p. 319).
This has further taxonomic implications because A. sal-
lesi is the type species of Pseudoperonopsis Harrington,
1938. The taxonomic affinity of Pseudoperonopsis is
therefore difficult to evaluate without more knowledge
about characters of the type specimen of A. sallesi, and
the genus is listed here as a questionable synonym of
Diplorrhina.

Most characters of Diplorrhina are closely similar to
those of the Metagnostidae (sensu Fortey, 1980, pp. 24—
29) of Ordovician age. A notable exception is the longer
axis on the pygidium of Diplorrhina. Based on these
similarities, I suggest that the metagnostids may have
originated from Diplorrhina, and that one change in the
transitional lineage was reduction of the posteroaxis be-
hind the transverse sulcus. More information from Late
Cambrian agnostoids is needed to test this hypothesis. In
the meantime, Diplorrhina is questionably assigned to
the Metagnostidae as its ancestral genus. Variable devel-
opment of genal scrobiculation in Diplorrhina may be
significant because metagnostids are the only Ordovician
agnostoids having that character.

Diplorrhina, as emended, is known from Czechoslova-
kia, Sweden, Norway, Denmark, England, France, Spain,
Russia (Siberia), Australia (Queensland), the United
States (Vermont), Canada (eastern Newfoundland), and
Greenland. It has an observed stratigraphic range from
the Ptychagnostus atavus Zone to the lower Lejopyge
laevigata Zone, and questionably from the upper Pry-
chagnostus gibbus Zone.

Diplorrhina oncota n. sp.
Fig. 12

Etymology. Greek onkotos, swollen; referring to the ante-
rolateral swelling of the glabellar M3.

Holotype. Cephalon (Fig. 12.1a-c), MGUH 21.369 from
GGU 301313.



Fig. 12. Diplorrhina oncota n. sp.
All specimens from GGU 301313
and all x 10, unless otherwise stated:
relative width of the pygidia has
probably been accentuated by tapho-
nomic compression. 1, holotype ce-
phalon in dorsal (a, b, stereogram)
and lateral (¢) views, MGUH
21.369. 2, 4, S cephala, MGUH
21.370-21.372. 3, cephalon, MGUH
21.373 from GGU 313115, x 8. 6, 8,
pygidia, MGUH 21.374 and 21.375
from GGU 313115, 7, pygidium,
MGUH 21.376.

Material. More than 20 specimens are in GGU 301313
and 313115.

Diagnosis. Diplorrhina with glabellar F3 effaced or with
only medial development, and M3 prominently swollen
at anterolateral corners. Genae smooth to moderately
scrobiculate. Pygidium wider than long: axis subcylindri-
cal forward of transverse sulcus, but weakly constricted
at M2; F1 and F2 mostly effaced: posteroaxis tapers to
broadly rounded point behind transverse sulcus. Lateral
pygidial borders unusually wide and flat.

Remarks. D. oncota most closely resembles D. cuneifer
(Snajdr, 1958, pl. 3, figs 13-37, pl. 4. figs 1-11) and D.
cylindrica (Westergard, 1946, pl. 3, figs 17-21) but dif-
fers from both by having a smaller antcroglabella, com-
mon effacement of the glabellar F3, and greater efface-
ment of ring furrows on the pygidium. D. cuneifer mainly
differs from D. cylindrica by having more scrobiculae
and a larger median tubercle on the pygidium.

D. solus (Howell, 1935a) is based on poorly preserved
specimens (Fig. 13) that differ little from those of D.
quadrata (Tullberg, 1880), and D. solus may be a junior
synonym. Those two taxa are easily differentiated from

D. oncota by their more evenly tapered pygidial axis and
better developed glabellar F3.

Occurrence. All specimens of D. oncota are from basal
beds of the Kap Stanton Formation in Peary Land, and
are from the lower Lejopyge laevigata Zone.

Fig. 13. Diplorrhina solus (Howell) from the St. Albans Shale of
Vermont. 1, paratype cephalon, Princeton University no. 40126,
x 5. 2, holotype pygidium, Princeton University no. 9793, x 5.
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Fig. 14. Diplorrhina cf. sallesi (Munier-Chalmas & Bergeron)
from GGU 319789. 1, 2, pygidia, MGUH 21.377 and 21.378,
both x 8.

Diplorrhina cf. sallesi (Munier-Chalmas &

Bergeron in Bergeron (1889)
Fig. 14

Remarks. The taxonomy of D. sallesi, as reassigned here,
has been recently reviewed by Nikolaisen & Henning-
smoen (1990, pp. 57-59). who referred the taxon (o
Peronopsis ferox sallesi. Two pygidia in GGU 319789
closely resemble those previously assigned to the taxon
(for synonymy, see Nikolaisen & Henningsmoen, 1990,
pp. 57-58), but their assignment to genus and species is
open to question in the absence of associated cephala.
Although seemingly affected by taphonomic compres-
sion, the two pygidia show the characteristic axial form
of D. sallesi and such other features as effaced ring
furrows, moderate-sized median tubercle, sulcate post-
eroaxis, and robust border spines (indicated by broken
stubs). The specimens are from basal beds of the Kap

Stanton Formation in Nyeboe Land, and are from the
upper Ptychagnostus atavus Zone.

Family Peronopsidae Westergard, 1936
Genus Hypagnostus Jaekel, 1909

Type species. Agnostus parvifrons Linnarsson, 1869, p.
82.

Hypagnostus brevifrons (Angelin, 1851)
Fig. 15

Agnostus brevifrons Angelin, 1851, p. 6, pl. 6, fig. 4; Bragger,
1878. pp. 57-58, pl. 6, fig. 10; Tullberg, 1880, pp. 35-36. pl.
2, fig. 29a, b; Gronwall, 1902, p. 76

Metagnostus brevifrons (Angelin), Jaekel, 1909. p. 399

Hypagnostus brevifrons (Angelin), Whitehouse, 1936, p. 104;
Kobayashi, 1939, p. 123, 125: Whitehouse, 1939, pp. 263-
264: Westergérd, 1946, pp. 48-49, pl. 5, figs 24-29; Opik,
1961, pp. 58-59. pl. 18, figs 6-10; Wang et al., 1963, p. 27,
pl. 2, figs 12—15; Lu ez al., 1965. pp. 4445, pl. 4, figs 21-24;
Khajrullina, 1970, p. 13. pl. 1. fig. 2; Khajrullina, 1973, pp.
42-44, pl. 2, figs 6, 9. 1. 12; Repina er al., 1975, p. 116, pl.
10, figs 7-10, pl. 11. figs 1-3: Rosova, 1977, p. 166, pl. 23,
figs 9-12; Ergaliev, 1980, pl. 4, figs 9-11; Yang, 1982, pl. 2,
figs 6, 7; Egorova, Pegel & Chernysheva in Egorova et al.,

46, fig. 2a; Xiang & Zhang, 1985, p. 67, pl. 17, figs 11, 12: Lu
& Lin, 1989, pp. 106-107. 223, pl. 11, figs 1, 2
Cyclopagnostus brevifrons (Angelin), Howell, 1937, p. 1166;
Opik, 1979, p. 66
Hypagnostus brevifrons vulgarus Qian & Qiu in Qiu et al.,
1983, p. 41, pl. 14, figs 5, 6

Fig. 15. Hypagnostus brevifrons
(Angelin). All specimens from GGU
313115, unless stated otherwise. 1,
dorsal exoskeleton, MGUH 21.379,
x 5. 2, incomplete cephalon, MGUH
21.380, x 10. 3a, b, cephalon in lat-
eral and dorsal views, MGUH
21.381, x 8. 4, cephalon, MGUH
21.382, x 15. 5, cephalon, MGUH
21.383 from GGU 301313, x 15. 6,
pygidium, MGUH 21.384, x 10.



New material. Thirteen specimens are in GGU 301312,
301313, and 313115.

Emended diagnosis. Hypagnostus with short, anteriorly
tapering remnant glabella; length less than half that of
cephalon. Pygidial axis unfurrowed, well separated from
posterior border furrow in late holaspid period; post-
eroaxis varies from subcylindrical with broadly rounded
rear to moderately tapered. Pleural fields confluent in
larger holaspides. Posterior border uniform in width.

Remarks. H. brevifrons differs from H. parvifrons, the
type species of Hypagnostus, by its shorter pygidial axis
in the late holaspid period and by lacking a medial expan-
sion of the posterior border. Also, its glabella is usually
more tapered.

The new specimens from Greenland have a consid-
erable range in holaspid size and show some related
changes in morphology. For example, the anterior gla-
bella usually is more tapered on larger holaspid cephala
(compare Fig. 15.1-5). On the pygidium, the axis extends
almost to the posterior border furrow on smaller ho-
laspides (Fig. 15.6), but is well separated on large ho-
laspides (Fig. 15.1).

Howell (1937) described Cyclopagnostus hesperius as
a new genus and new species. At the same lime, he
reassigned Agnostus brevifrons Angelin to Cyclopagnos-
tus, and both taxa were assigned to the new subfamily
Cyclopagnostinae and new family Cyclopagnostidae.
Soon after, Kobayashi (1939, pp. 123, 127-128) sup-
pressed Cyclopagnostus as a junior synonym of Hypag-
nostus. That synonymy has been generally accepted, al-
though Howell in Harrington et al. (1959, p. O175) and
Opik (1979, p. 66). both without explanation, continued
to recognise Cyclopagnostus as a valid genus. For com-
parison with H. brevifrons, the type specimens of C.
hesperius are here reillustrated with photographs that are
not retouched (Fig. 16). From review of these types, 1
conclude that the holotype of C. hesperius (Fig. 16.2) is
an agnostoid, but its characters are inadequate for identi-
fication at lower taxonomic levels. The holotype was
identified by Howell as a pygidium, but even that deter-
mination, in my opinion, is not entirely certain. The only
previously illustrated paratype (Fig. 16.1) is a cephalon
with characters similar to specimens of Hypagnostus, but
Howell’s handwritten label indicates that it is from a
different locality than the holotype. Assignment of these
two types to the same species cannot be verified, and the
holotype lacks definitive characters. Therefore, [ suggest
that the name Cyclopagnostus hesperius be restricted o
the holotype, and that Cyclopagnostus be regarded as an
unrecognisable agnostoid genus.

Fig. 16. Cyclopagnostus hesperius Howell from the St. Albans
Shale of Vermont. I, paratype cephalon, Princeton University
no. 9797, x 8. 2, latex cast of holotype, probably a pygidium,
Princeton University no. 9796, x 8.

Occurrence. H. brevifrons is cosmopolitan in open-ma-
rine lithofacies. Its observed stratigraphic range is from at
least the middle Prvchagnostus punctuosus Zone to the
middle Lejopyge laevigata Zone. All new specimens are
from basal beds of the Kap Stanton Formation in Peary
Land, and are from the lower L. laevigata Zone.

Hypagnostus parvifrons (Linnarsson, 1869)
Fig. 17

New material. Three cephala and 4 pygidia are in GGU
298969, 319789, and 319790.

Remarks. H. parvifrons is a common agnostoid species
(e.g., Westergard, 1946, p. 45; Robison, 1964, p. 529;
Opik. 1979, pp. 66-67; Egorova et al., 1982, p. 69; Zhang
& Jell, 1987, p. 43—44; Sun, 1989, pp. 89-90: Samson ef
al., 1990. p. 1466) with cosmopolitan distribution in
open-marine lithofacies. It is characterised by a glabellar
length less than hall that of the cephalon, an unfurrowed
and moderately tumid pygidial axis, and a posteriorly
widened pygidial border with a medial forward projec-
tion. The axis commonly extends to meet the medial
projection of the border, but the two may connect by a
short postaxial furrow. The new specimens from Green-
land, like many from North America, have a shorter axis
and a short postaxial median furrow.

Occurrence. The new specimens are from the upper Hen-
son Gletscher Formation and the basal Kap Stanton For-
mation in Nyeboe Land, and they are from the Ptychag-
nostus atavus Zone and possibly basal P punctuosus
Zone.



Fig. 17. Hypagnostus parvifrons (Linnarsson). 1, tectonically
deformed cephalon, MGUH 21.385 from GGU 319789, x 8. 2.
pygidium, MGUH 21.386 from GGU 319790, x 8.

Genus Peronopsis Hawle & Corda, 1847

Subjective junior synonyms include Mesagnostus Jaekel,
1909, Euagnostus Whitehouse, 1936, Eoagnostus Resser
& Howell, 1938, Archaeagnostus Kobayashi, 1939, ltag-
nostus Opik, 1979, Svenax Opik 1979, Axagnostus Lau-
rie, 1990: questionable synonyms include Acadagnostus
Kobayashi. 1939 and Micagnostus Khajrullina in Repina
et al., 1975.

Type species. Battus integer Beyrich, 1845, p. 44.

Emended diagnosis. Genae anteriorly confluent. Glabella
subcylindrical to slightly conical, rounded posteriorly,
unequally divided by straight or nearly straight F3. Axial
furrow may be incompletely effaced around anterogla-
bella. Basal lobes simple. Pygidium axiolobate and sim-
plimarginate with ring furrows (F1, F2) variably devel-
oped. Posteroaxis ogival to lanceolate.

Remarks. More that a hundred species-group taxa having
primitive agnostoid characters have been assigned to Pe-
ronopsis Hawle & Corda, 1847, including some of the
oldest known agnostoids of late Early Cambrian age.
Some species are based on large populations of well-
preserved specimens that have been well documented.
Many others, however, are based on one or a few speci-
mens that commonly are incomplete, immature, poorly
preserved, or otherwise inadequate for differential diag-
nosis. Since 1847, several Peronopsis-like genera have
been proposed, but little attention has been given to
phylogenetic relationships between them or to the taxo-
nomic value of defining characters. In recent comments
on the subject, Zhang & Jell (1987, p. 45) concluded that
“until these genera are interpreted on an international
basis and their morphological features found to be consis-
tent it serves no purpose to distribute one or two species
among these very closely related and typologically

erected genera.” | concur in principle with that conclu-
sion.

Many species that have been assigned to Peronopsis
seem Lo represent a plexus of gradational lincages. Dur-
ing more than three decades of investigating such agnos-
toids, I have from time to time attempted to differentiate
and define carly peronopsid lineages as a prelude to
possible application of either available or new generic
names. From these investigations, I have been unable to
identify characters, or sets of characters, with which I
have confidence in their value for differentiation of phy-
logenetic lineages. Therefore, I continue the common
practice of assigning agnostoid species with primitive
characters to Peronopsis in the broad sense.

Peronopsis, as here diagnosed, includes the oldest
known agnostoids. These are characterised by small late-
holaspid size, commonly a bipartite glabella, simple basal
lobes, confluent genae, narrow border furrows on the
cephalon and pygidium, a short, broad, unfurrowed pygi-
dial axis with weak median node. and lack of spines.
Some early species (e.g., . roddyi and its probable syn-
onyms P. acrorhachis and P. primigenea; compare Ra-
setti & Theokritoff, 1967, pp. 193-194, pl. 20, figs 1-22)
show variable effacement of the axial furrow around the
anteroglabella, and it is unclear whether this is a primitive
or derived character. Such effacement also is variable in
some later species (e.g., P. opimus Whitehouse; compare
Robison in Jell & Robison, 1978, pp. 9-10, pl. 2, figs
1-6), but it became complete and stable as a holaspid
character in some clades that have been designated by
generic names (e.g.. Hypagnostus, Kormagnostus).

Among evolutionary trends demonstrated by some lat-
er species of Peronopsis are increase in maximum ho-
laspid size, lengthening of the pygidial axis, variable
development of ring furrows (F1, F2) on the pygidium,
enlargement of the median node to a tubercle on the
pygidial M2, widening of cephalic and pygidial border
furrows, and appearance of a pair of spines on the post-
erior pygidial border. Weak genal scrobiculae rarely ap-
peared during late generic phylogeny. Early species gen-
erally lack constriction of the pygidial axis, whereas most
later species have a constricted M2 ring. With M2 con-
striction, the associated posteroaxis is commonly ogival,
but may become lanceolate. Most of these characters also
vary during ontogeny, and character transformations are
interpreted to be heterochronic in origin. It is these col-
lective factors that make taxonomic subdivision of Pero-
nopsis difficult.

In comparing the type species of Peronopsis and Axag-
nostus (Peronopsis integra and Agnostus fallax, respec-
tively). differential characters cited by Laurie (1990, p.
318) include shape of the anteroglabella, size of basal
lobes, convexity of the pygidial border. constriction of



the pygidial M2, length of the pygidial axis, and shape of
the posteroaxis. In my opinion, the morphological differ-
ences between these two taxa are minor and are compara-
ble to those commonly encountered between two species
of the same agnostoid genus. At this time, I see little
advantage in recognising two genera, and therefore con-
sider Axagnostus to be a junior synonym ol Peronopsis.

Peronopsis is cosmopolitan and eurytopic in marine
lithofacies. It has an observed stratigraphic range from
the upper Lower Cambrian to the upper Middle Cam-
brian.

Peronopsis bulkurensis Pokrovskaya &

Pegel in Egorova et al., 1982
Fig. 18

Peronopsis bulkurensis Pokrovskaya & Pegel in Egorova et al..
1982, p. 68, pl. 56, figs 11, 12

New material. Six cephala and 7 pygidia are in GGU
298975.

Remarks. The cephalon of Peronopsis bulkirensis is not
very distinctive. The late holaspid pygidium, however, is
as much as 50% wider than long and is characterised by a
swollen axis with a straight articulating furrow, weakly
developed ring furrows, moderate-sized median tubercle.
tumid posteroaxis, wide border furrow, and paired border
spines of moderate size. During holaspid ontogeny. the
pygidial axis anisometrically became wider, longer and
more tumid. and the postaxial median furrow decreased
in relative length and became less well defined.

Specimens of P. bulkurensis closely resemble those of
P. lata Shabanov in Savitsky er al. (1972, p. 65, pl. 7, figs
13, 14) and P. recta Pokrovskaya & Egorova in Savitsky
et al. (1972, pp. 65-66, pl. 7, figs 9, 10). Differences
between these species appear to be more taphonomic than
genetic, and the names may be synonyms. Further in-
vestigation of Siberian material is needed in order to test
this possibility.

Pygidia of P. bulkurensis somewhat resemble those of
P. fallax but the posteroaxis is more tumid, the ring
furrows are better developed. the postaxial median fur-
row is not effaced on larger holaspides, and the posterior
border is narrower and not as flat.

Occurrence. Peronopsis bulkurensis has been previously
reported from Siberia in the upper part of the Prychagnos-
tus atavus Zone. The new specimens are from the upper
Henson Gletscher Formation of Nyeboe Land. and are
also [rom the Prychagnostus atavus Zone.

5a

Fig. I8. Peronopsis bulkurensis Pokrovskaya & Pegel. All spec-
imens from GGU 298975. 1. cephalon with weak scrobicular
pits on the genae and partly exfoliated furrows, MGUH 21.387,
x 8. 2a, b, partly exfoliated cephalon in dorsal and lateral views,
MGUH 21.388, x 8. 3, 4, incomplete pygidia. MGUH 21.389
and 21.390, both x 8. 5, pygidium in lateral and dorsal views.
MGUH 21.391, x 7.

Peronopsis fallax (Linnarsson, 1869)
Fig. 19.3, 4

New material. Six pygidia are in GGU 319789 and
319790. Cephala of P. fallax are probably present in these
collections, but I have been unable to identify them with
confidence. partly because of poor preservation, and
partly because closely similar cephala of other species of
Peronopsis are present in the same collections.

Remarks. The taxonomy of P. fallax has been previously
reviewed (Robison, 1982, pp. 152-156). In a subsequent
study by Laurie (1990), fallax was reassigned as the type
species of a new genus Axagnostus, and the concept of
the species was significantly restricted. Upon further re-
view of this species, [ concede that inclusion of some



Fig. 19. Some species of Peronopsis.
1, 2, Peronopsis ferox (Tullberg):
pygidia, MGUH 21.392 and 21.393
from GGU 298975, both x 10.

3, 4, Peronopsis fallax (Linnarsson),
both from GGU 319790. 3, pygi-
dium, MGUH 21.394, x 10. 4, pygi-
dium, MGUH 21.395, x 7.

5, Peronopsis sp. 3: pygidium,
MGUH 21.396 from GGU 301313.
x 10.

6. Peronopsis sp. 2: latex cast of
pygidium, MGUH 21.397 from
GGU 319790, x 8.

7, Peronopsis sp. 1; lateral (a) and
dorsal (b) views of pygidium,
MGUH 21.398 from GGU 319789,
x 8.

8-10, Peronopsis interstricta
(White) from GGU 319790. 8, ce-
phalon, MGUH 21.399, x 8. 9, 10,

specimens in my synonymy list of 1982 may warrant
reconsideration, primarily because of their poor preserva-
tion or inadequate illustration. Nevertheless, my concept
of fallax remains essentially unchanged, and is based on
greater intrapopulation variability than seems o be ac-
cepted by Laurie.

Specimens of P. fallax are rare in the new collections
and are not well preserved.

Occurrence. The new specimens are from basal beds of
the Kap Stanton Formation in Nyeboe Land, and are from
the upper Ptychagnostus atavus Zone.

Peronopsis ferox (Tullberg, 1880)
Fig. 19.1. 2

New material. Two small holaspid pygidia of P. ferox are
in GGU 298975. Cephala of this species also may be
present, but if so I have been unable to confidently differ-

pygidia. MGUH 21.400 and 21.401,
both x 6.

entiate them [rom cephala of other species of Peronopsis
in the collection.

Remarks. Specimens of P. ferox are common at some
localities in the western United States. A description of
these and a taxonomic review of the species are being
prepared for separate publication. The new pygidia are
assigned to the species because of the short axis, effaced
ring furrows, confluent pleural fields of uniform breadth,
and pair of small marginal spines (compare Westergard,
1946, p. 38, pl. 2, fig. 27, pl. 3, fig. 2; Robison, 1972a, pp.
242-243, fig. 2A-F; Opik, 1979, pp. 54-55, pl. 4, figs
4-7). They resemble pygidia of Agnostus lophotus n. sp..
but differ by having a more straight articulating furrow
and a posterior border that narrows toward the marginal
spines.

Occurrence. P. ferox is rare in one collection from the
upper Henson Gletscher Formation in Nyeboe Land, and
the collection is from the Ptychagnostus atavis Zone.



Peronopsis interstricta (White, 1874)
Fig. 19.8-10

Agnostus interstrictus White, 1874, p. 7

Peronopsis interstricta (White), Robison, 1964, p. 530 (syn-
onymy to date), pl. 81. fig. 29, pl. 82, figs 1-15, 18: Robison,
1972a, pp. 244-245, fig. 4A-C: Gunther & Gunther, 1981, pl.
44, fig. B; Robison, 1982, pp. 156-157, pl. 6, pp. 9-11;
Young & Ludvigsen, 1989, p. 11, pl. 1, figs 21-26, pl. 2, figs
1, 2; Robison, 1991, fig. 8.3

New material. More than 50 specimens. most tectonically
deformed, are in GGU 319789 and 319790.

Remarks. The new specimens conform well with previ-
ous diagnoses (e.g.. Robison, 1964, p. 530; Young &
Ludvigsen, 1989, p. 11).

Specimens of P. interstricta from North America and
Greenland closely resemble those of £ opimus (White-
house, 1936) from Australia, differing mainly in less
effacement of the axial furrow around the anteroglabella,
slightly more posterior placement of the glabellar node,
and a shorter pygidial axis (compare Robison in Jell &
Robison, 1978, p. 10). The chronostratigraphic range of
P. interstricta encloses that of P. opimus, and it is possible
that these minor differences may be phenotypic rather
than genotypic. In the absence of a test for this hypothe-
sis. however, 1 continue to recognise P. opimus as a
separate species.

Occurrence. P. interstricta has been previously reported
from the United States (Nevada, Utah) and Canada (west-
ern Newfoundland). In North Greenland, new specimens
were collected from basal beds of the Kap Stanton For-
mation in Nyeboe Land. The composite observed species
range is from the basal Ptychagnostus gibbus Zone into
the Ptychagnostus punctuosus Zone. Associated agnos-
toids indicate that the Greenland specimens are from the
upper Ptychagnostus atavus Zone.

Peronopsis cf. pusilla (Tullberg, 1880)
Fig. 20

Material. Aboul 25 specimens are in GGU 298974,
298975, and 319790.

Remarks. Several specimens of Peronopsis from North
Greenland closely resemble Swedish representatives of P,
pusilla (e.g. Westergard, 1946, pp. 42-43, pl. 4, figs
12-18), a species characterised by weak genal scrobic-
ulae, low relief of the anteroglabella, a short pygidial axis
with effaced ring furrows, and a longer than usual post-
axial median furrow. The new specimens differ, however,
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in having smooth genae, greater reliel of the anterogla-
bella, and wider cephalic and pygidial borders. Although
minor, these differences are stable in the small samples
from North Greenland. Whether these are phenotypic or
genotypic differences is an open question, and I therefore
leave open the species assignment of these specimens.

Some of the specimens from Greenland are larger than
any previously illustrated for P. pusilla. The entire pop-
ulation demonstrates ontogenetic elongation of the pygi-
dial axis, correlative shortening and final effacement of
the postaxial median furrow, and incipient development
of a transverse sulcus on the posteroaxis (Fig. 20.4). In
outline, the pygidium also grades from subcircular in
small holaspides to subquadrate in large holaspides. The
largest pygidium (Fig. 20.4) has fine radial ridges on the
pleural fields.

Opik (1979, pp. 64-65) reassigned P. pusilla as the
Lype species of a new genus Svenax. For reasons stated in
the remarks on Peronopsis, 1 consider Svenax to be a
junior synonym.

Occurrence. Specimens are common in two collections

Fig. 20. Peronopsis cf. pusilla (Tullberg). All specimens from
GGU 298975. la, b, cephalon in dorsal and lateral views,
MGUH 21.402. x 7. 2, 3, smaller holaspid pygidia. MGUH
21.403 and 21.404, both x 10. 4, 5. larger holaspid pygidia in
dorsal (a) and lateral (b) views, MGUH 21.405 and 21.406, both
x 8.



from the upper Henson Gletscher Formation and one
pygidium is in a collection from the basal Kap Stanton
Formation, all from Nyeboe Land. All three collections
are from the Ptychagnostus atavus Zone. For comparison,
Peronopsis pusilla has been previously reported from
Sweden, Norway, Denmark, and Australia where it has a
composite observed stratigraphic range from the P. ata-
vies Zone 1o the P. punctuosus Zone (Westergard, 1946, p.
43, Opik, 1979, pp. 64-65). Howell (1925, pp. 37-38)
also reported Peronopsis cf. pusilla and Ptvchagnostus
punctuosus in a faunal list for eastern Newfoundland.
Canada.

Peronopsis scutalis (Hicks, 1872)
Fig. 21

New material. More than 100 specimens are in GGU
298969, 298970, 319789, and 319790.

Emended diagnosis. Peronopsis having narrow border
furrows, moderately deep to deep axial furrow, and no
border spines. Cephalon subcircular to subquadrate. Gla-

Fig. 21. Peronopsis scutalis (Hicks).
1, small holaspid cephalon, MGUH
21.407 from GGU 298969, x 10. 2,
mostly exfoliated, large holaspid ce-
phalon, MGUH 21.408 from GGU
298969, x 5. 3a, b, dorsal and lateral
views of partly exfoliated cephalon
showing posterior development of
incipient preglabellar median fur-
row, MGUH 21.409 from GGU
298970, x 5. 4a. b, dorsal and lateral
views of partly exfoliated cephalon
having finely punctate genae,
MGUH 21.410 from GGU 298969,
x 5. 5, small holaspid pygidium,
MGUH 21.411 from GGU 298969,
x 8. 6, exfoliated pygidium, MGUH
21.412 from 298969, x 5. 7a, b, ex-
foliated, incomplete pygidium in
dorsal and lateral views, MGUH
21.413 from GGU 298970, x 5. 8a.
b, exfoliated pygidium in dorsal and
lateral views, MGUH 21.414 from
GGU 298969, x 5. 9, mostly testate
but incomplete exoskeleton, MGUH
21.415 from GGU 310790, x 6.

bella slightly tapering toward anterior, length approxi-
mately two-thirds that of cephalon, F3 well defined: ante-
roglabella slightly wider than long, broadly rounded ante-
riorly: posteroglabella with median node near midlength.
Pygidium subcircular to ovoid. Axis variable in length.
with posterior end depressed; Fl and F2 mostly or en-
tirely effaced; median tubercle on M2 small but promi-
nent; posteroaxis lanceolate with secondary median node
at about midlength. Postaxial median furrow deep.

Remarks. Peronopsis scutalis is used here in the broad
sense of Westergard (1946, pp. 41-42) and Rushton
(1979, pp. 50-51). The name is applied to a common
group of Peronopsis in which length and terminal shape
of the pygidial axis is variable. Several authors, including
myself (Robison, 1988, p. 48), have attempted to taxo-
nomically differentiate this group. After further study,
partly based on new material, I now conclude that pub-
lished information is an inadequate basis for meaningful
taxonomic subdivision of the group. Further progress will
probably require detailed analysis of type material of
several taxa, most of which is not available to me at this



time. Smaller holaspides from Greenland closely resem-
ble the lectotype of Agnostus exaratus tenuis Illing, 1916,
which was reillustrated as Peronopsis scutalis tenuis by
Rushton (1979, fig. 3G).

Westergard (1946, p. 41) mentioned that most cephala
and pygidia of P. scutalis in collections from Sweden are
between 2 and 3 mm long, and shields 5 to 6 mm long are
rare. In comparison, cephala and pygidia 5 to 6 mm long
are common in new GGU collections from Greenland.
These larger specimens usually have much deeper and
stronger axial and postaxial median furrows than do
smaller holaspides, especially those with a cephalon or
pygidium less than about 3 mm long. Some accentuation
of dorsal furrows on the larger holaspides, however, may
be related to taphonomic compression in an argillaceous
matrix. During holaspid ontogeny of Greenland speci-
mens the posterior end of the pygidial axis changed from
acutely pointed (Fig. 21.5) to sharply rounded (Fig.
21.7a). Larger holaspides also may have a shallow trans-
verse sulcus on the posteroaxis.

Specimens that I previously assigned to Peronopsis
tenuis (Robison, 1988, pp. 4748, fig. 10.7, 8§, 10-12))
are here reassigned to P. scutalis in the broad sense.
Those preserved in grainstone have a secondary median
node near the posterior end of the axis (Robison, 1988,
fig. 10.10, 11), whereas new specimens preserved in
argillaceous mudstone have a secondary node further
forward on the axis (Fig. 21.7a). Whether or not these
nodes are homologous and whether or not their positions
are genotypically or phenotypically controlled are all
unknown. Therefore, the position of such nodes is not
here accorded taxonomic value.

Occurrence. Peronopsis scutalis is widespread in open-
marine lithofacies that mostly seem to represent cool-
water environments. It has a composite observed strati-
graphic range from the Ptychagnostus gibbus to the Lejo-
pyge laevigata zones. The new specimens are from the
upper Henson Gletscher Formation and the basal Kap
Stanton Formation, both in Nyeboe Land, and these spec-
imens have an observed range from the P. gibbus Zone to
the upper Ptychagnostus atavus Zone.

Peronopsis sp. 1
Fig. 19.7

Remarks. A single pygidium in GGU 319789 lacks spines
and is characterised by an unusually long posteroaxis. It
closely resembles a pygidium from the Lejopyge laevi-
gata Zone of Sweden that Westergérd (1946, p. 43, pl. 3,
fig. 16) illustrated as Peronopsis cf. insignis (Wallerius),
but differs by having a more elongate and less distinct
axial node, a less angular lateral profile, and by lacking
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paired muscle scars. The new specimen is from basal
beds of the Kap Stanton Formation of Nyeboe Land, and
is from the upper Ptychagnostus atavus Zone.

Peronopsis sp. 2
Fig. 19.6

Remarks. A single undetermined pygidium of Peronopsis
is in GGU 319790 from the upper Ptychagnostus atavus
Zone in basal beds of the Kap Stanton Formation, Nye-
boe Land. Its lateral margins diverge slightly toward the
posterior and it has a long axis that extends to the post-
erior border. Ring furrows are nearly effaced and the
median node is strong and elongate. The posteroaxis is
laterally expanded and has a broadly angular posterior
margin. The border furrow is moderately wide, the post-
erior border is medially expanded, and a pair of border
spines are of moderate size. The taxonomic affinities of
this specimen within Peronopsis are unclear. It super-
ficially resembles the pygidium of Iniospheniscus in-
canus Opik, but its axis is narrower, its lateral margins
diverge rather than converge toward the posterior, and its
border spines are larger.

Peronopsis sp. 3
Fig. 19.5

Remarks. A small, single, undetermined pygidium of
Peronopsis is in GGU 301313 from the Lejopyge laevi-
gata Zone in basal beds of the Kap Stanton Formation,
Peary Land. It is characterised by an elongate, subcy-
lindrical axis that extends almost to the posterior border
furrow. The median node is carinate, ring furrows are
very weak on the exfoliated surface, and a secondary
median node is on a long posteroaxis about one-third of
its length from the back margin. The border furrow is
wide, the lateral and posterior borders are subequal in
width except anterolaterally where they narrow, pleural
fields are narrow but confluent behind the axis, and two
border spines are small. This pygidium resembles that of
smaller holaspides of Peronopsis bulkurensis, but it has a
longer axis, lacks a postaxial median furrow, and has a
secondary median node. It also resembles the pygidium
of Peronopsis sp. 2 but its posteroaxis is not laterally
swollen and its exterior border is more uniform in width.

Family Ptychagnostidae Kobayashi, 1939

Remarks. The family diagnosis of Robison (1984) is
followed here. Further phylogenetic analysis during this
study, in part based on new material, has identified two
ptychagnostid lineages showing parallel evolution. Each
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lineage commenced with a furrowed species and each
evolved highly effaced, homeomorphic species. The
available names Lejopyge Hawle & Corda, 1847 and
Pseudophalacroma Pokrovskaya, 1958 are here applied
to these lineages. The diagnosis of each genus is emended
accordingly (see below).

In previous discussion of Lejopyge, Opik (1979, pp.
158-159) concluded that a high degree of effacement
evolved twice in separate lincages within the genus, and
that one lineage maintained its continuity in the species of
Pseudophalacroma. Although the two lineages discussed
by Opik share some species with the two lineages identi-
fied here, our conclusions differ significantly on the
source of each lineage and its species content (see re-
marks below on Lejopyge and Pseudophalacroma).

The Ptychagnostidae, after generic emendations that
follow, includes Ptychagnostus, Goniagnostus, Lejopyge,
Myrmecomimus, Pseudophalacroma and Tomagnostus.
Tomagnostella is questionably assigned to the family.

Genus Lejopyge Hawle & Corda, 1847

Lejopyge Hawle & Corda, 1847, p. 51; Kobayashi, 1937, pp.
437-447, Kobayashi, 1939, pp. 131-132; Lermontova, 1940,
p. 130; Westergard, 1946, p. 87; Pokrovskaya, 1958, pp.
72-76; Howell in Harrington et al., 1959, p. 178; Pokrov-
skaya in Chernysheva, 1960, p. 60; Opik, 1961, p. 85; Robi-
son, 1964, p. 521; Palmer, 1968, p. 27; Daily & Jago, 1975,
pp. 527-550; Jago, 1976, p. 12; Opik, 1979, pp. 157-159;
Robison, 1984, pp. 36-37; Robison, 1988, p. 48; Laurie,
1989, pp. 186-188; Shergold et al., 1990, p. 40

Miagnostus Jaekel, 1909, p. 401

Onymagnostus Opik, 1979, pp. 107-108; Robison, 1984, pp.
50-51; Laurie, 1988, p. 187; Shergold et al., 1990, p. 41

Onymagnostus (Agnostonymus) Opik, 1979, p. 114

Type species. Battus laevigatus Dalman, 1828, pp. 136—
137.

Emended diagnosis. Ptychagnostidaec with furrows on
acrolobes well developed to mostly effaced. Glabella
elongate, slightly and irregularly tapered, rounded to
bluntly pointed anteriorly. Basal lobes slightly elongate
to simple. Cephalic border of variable width in furrowed
species, becoming very narrow in highly effaced species.
Genae smooth to weakly scrobiculate. Pygidial axis long
to moderately long; M2 hexagonal; posteroaxis com-
monly ogival on furrowed species, becoming almost lan-
ceolate with near effacement of axial furrow. Postaxial
median furrow becoming effaced and pygidial pleurae
becoming confluent during ontogeny, usually by early
stages of holaspid period. Pygidial border fairly uniform
in width laterally and posteriorly, narrowing at anterolat-
eral corners; moderately wide in furrowed species, be-

coming narrow in effaced species. Spine development
variable and iterative on posterior cephalic border, tho-
rax, and posterior pygidial border.

Remarks. After further phylogenetic analysis, the concept
of Lejopyge Hawle & Corda, 1847 is here emended from
previous discussion (Robison, 1984, pp. 36-37). It also is
broadened to include species that have not been previ-
ously assigned to the genus, and the generic synonymy is-
significantly modified.

Prior to 1979, authors assigned to Lejopyge only spe-
cies having advanced effacement of furrows on the acro-
lobes. In his monograph on Swedish agnostoids, West-
ergird (1946, p. 87) summarised the taxonomic history of
Lejopyge, and concluded (p. 75) that “Ptychagnostus
(Tr.) elegans, elegans laevissimus, and Lejopyge laevi-
gata constitute an evolutional series with very small in-
tervals.” In 1979, Opik (p. 158) noted his acceptance of
Westergérd’s phyletic concept, but assigned all three of
the taxa cited by Westergérd to Lejopyge. To the begin-
ning of the phyletic series, and to the genus Lejopyge, he
also reassigned Agnostus lundgreni Tullberg, 1880 and A.
lundgreni var. nana Gronwall, 1902, which are furrowed
taxa. Following Opik, I (Robison, 1984, p. 37) accepted
lundgreni as the ancestral species of Lejopyge, and fur-
ther suggested (p. 46) that L. lundgreni probably orig-
inated from a lineage containing Ptychagnostus interme-
dius. Laurie (1989, p. 176) also included lundgreni in
Lejopyge, but re-evaluated some morphology to support
an alternative suggestion “that an origin for Lejopyge lies
somewhere within Onymagnostus.”

As a test of the phylogeny suggested by Laurie, I have
analysed the characters of several species of Lejopyge
and Onymagnostus using PAUP (Swofford, 1990). Pty-
chagnostus praecurrens was selected as the outgroup
because it is the oldest known species of the Ptychagnos-
tidae (Robison, 1978, p. 2) and it has character states that
are inferred to be primitive for the family. It was found
that most species of Lejopyge cluster closely with those
of Onymagnostus, but they do not cluster closely with
lundgreni, which supports Laurie’s suggestion regarding
the source of Lejopyge. Further phylogenetic analysis of
species (Fig. 22 and Table 2), based in part on new and
well-preserved specimens from North Greenland, has in-
dicated that Agnostus barrandei Hicks, 1872 and Agnos-
tus elegans Tullberg, 1880 fill intermediate positions in a
multi-character morphological gradient leading from Ag-
nostus hybridus Brggger, 1878, the type species of Ony-
magnostus, to Battus laevigata Dalman, 1828, the type
species of Lejopyge. In an exhaustive search in which all
characters were equally weighted, five parsimony trees
were discovered. The majority-rule consensus tree (Fig.
22) has the same arrangement of species as one of the



Fig. 22. Majority-rule consensus tree for
species of Lejopyge constructed from
character data in Table 2. The outgroup is
Ptychagnostus praecurrens.

parsimony trees. The morphological changes between
each of the analysed species are judged to be taxonom-
ically trivial. Also, it is clear from Fig. 22 that Onymag-
nostus, as recognised by previous authors, is paraphy-
letic. For these reasons, I now propose the suppression of
Onymagnostus as a subjective junior synonym of Lejo-
pyge.

As emended, Lejopyge includes L. laevigata (Dalman,
1828), L. armata (Linnarsson, 1869), L. barrandei
(Hicks, 1872), L. hybridus (Brggger, 1878), L. elegans
(Tullberg, 1880), L. seminula (Whitehouse, 1939), L.
calva Robison, 1964, and L. acantha Robison 1984. The
inferred phylogenetic relationship of these species is
shown by Fig. 22. With further evaluation, other previ-
ously named species may also warrant assignment to
Lejopyge.

The described morphological differences between L.
seminula and Onymagnostus semiermis Opik, 1979 are
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comparable to the variation observed within large pop-
ulations of L. hybridus, and I therefore further propose
the suppression of semiermis as a subjective junior syn-
onym of L. seminula. The geographic source and age of
the holotype of L. seminula are questionable (Robison,
1982, pp. 148-150).

Some species that were previously assigned to Lejo-
pyge, including A. lundgreni and Lejopyge rigbyi Robi-
son, 1984, are here reassigned to Pseudophalacroma (see
below).

Lejopyge, as emended, is interpreted to be a mono-
phyletic (holophyletic) genus that commences with L.
seminula, an inferred descendent of Ptychagnostus prae-
currens. Some species of Lejopyge retain a primitive
furrowed condition and others show variable effacement
of acrolobe features. Furrowed species are characterised
by an elongate axial lobe. The glabella has a minor and
irregular taper. A median node is anterior from the mid-
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Table 2. Characters, character states and data
matrix for Ptychagnostus praecurrens and
Lejopyge used to construct the cladogram

Late holaspid characters, character states, and data matrix for
Ptychagnostus praecurrens and eight species of Lejopyge, which
were used to construct the cladogram in Fig. 22. Characters not
preceded by an asterisk and scored ‘0’ represent the ancestral state,
and the same characters scored ‘1,” “2,” “3,” or ‘4’ represent derived
states coded as additive transformations. For characters preceded by
an asterisk (*), the character states are unordered. A question mark
(?) indicates missing data. If multistate characters are present in a
species, the most common state is scored in the data matrix.

*1, Cephalic border spines: absent (0) or present (1).
2. Preglabellar median furrow: present (0) or effaced (1).
*3. Axial furrow of cephalon: fully developed (0), uniformly
weak (1), effaced anterior of F3 (2), effaced anterior of F2
(3), or effaced anterior of basal lobes (4).
*4, Basal lobes: slightly elongate (0), simple (1), or elongate
2).
5. Cephalic F3: fully developed (0), weak (1), or effaced (2).
*6, Median node of posteroglabella: behind midpoint (0), at
midpoint (1), or in front of midpoint (2).
*7. Pygidial border spines: absent (0), incipient (1), or fully
developed (2).
8. Postaxial median furrow: present (0) or effaced (1).
*9. Separation of pygidial axis and posterior border furrow:
moderate (0), narrow (1), or wide (2).
*10. Axial furrow of pygidium: fully developed (0), weak (1),
effaced behind F2 (2), or effaced behind F1 (3).
11. Pygidial F1: fully developed (0), weak (1), or effaced (2).
12. Pygidial F2: fully developed (0), weak (1), or effaced (2).
*13. Pygidial M2 with median: node (0), tubercle (1), or spine
).

14. Posteroaxis: ogival (0) or lanceolate (1).

Species Character
1234567 8910111213 14
P. praecurrens 0 0 0 0 0 0 000 0 0 0 0 O
L. acantha 1 1412201732207
L. armata 1131202102220 7?
L. barrandei 01211201211 110
L. calva 0141220173220 7
L. elegans 011111010111 01
L. hybridus 000102010000 10
L. laevigata 613120012?2 22 02?
L. seminula 0000021110001 0O0

point of the posteroglabella in furrowed species, but its
more posterior position in some effaced species suggests
either migration of a single node during phylogeny or
possible suppression of the original node and develop-
ment of a latent, more posterior node (compare Robison,
1984, p. 17). Basal lobes are slightly elongate in L.
seminula, the earliest species of Lejopyge, but are mostly

simple in later species of the genus. Width of the cephalic
border is fairly uniform within species, but varies during
phylogeny, ranging from moderate in furrowed species to
very narrow in some effaced species. The pygidial axis is
ogival in species with a well-developed axial furrow, but
approaches a lanceolate condition with near effacement
of that furrow in L. elegans (e.g., Westergard, 1946, pl.
10, figs 14, 19). It is also important to note that tapho-
nomic compression and deformation of furrowed speci-
mens in argillaceous matrix has commonly resulted in
deepening of some furrows (especially the axial furrow),
narrowing of the axial lobe, and deformation of the axial
tip to a pointed, pseudolanceolate condition. On the pygi-
dial axis of furrowed species the second ring is character-
istically hexagonal and has a large posteromedian tuber-
cle that deeply embays the second ring furrow (F2). With
intermediate effacement of the acrolobe, as in L. barran-
dei, a smaller node may be superimposed on the median
tubercle (see Fig. 23.3), or the F2 and the primary tuber-
cle may disappear, leaving only the smaller secondary
node (see Fig. 23.8). Width of the pygidial border is
usually moderate and fairly uniform, but may narrow
slightly in species with advanced effacement of the acro-
lobe.

Lejopyge and Pseudophalacroma, as emended, have
overlapping geographic and stratigraphic ranges. Early,
furrowed species of Lejopyge clearly differ from early,
furrowed species of Pseudophalacroma by having a
longer axial lobe, a less tapered glabella, a median node
that is anterior rather than posterior from the midpoint of
the posteroglabella, a larger tubercle on the pygidial M2,
usually no postaxial median furrow on late holaspides,
and a pygidial border of more uniform width. Advanced
effacement of the acrolobes in late species of both Lejo-
pyge and Pseudophalacroma makes generic identifica-
tion difficult. Nevertheless, late species of Lejopyge dif-
fer from late species of Pseudophalacroma by having a
pygidial border that is sagittally narrower and which
remains more uniform in width.

Some partially effaced agnostoids closely similar to
Lejopyge barrandei have been assigned to Cotalagnos-
tus. Review of literature on Cotalagnostus, as well as
some type material, suggests that polyphyletic species
have been assigned to the genus. It also appears likely
that the only two illustrated syntypes of the type species,
Agnostus lens Gronwall, 1902, represent two species.
Therefore, to stabilise nomenclature and taxonomic con-
cepts, I here select the illustrated syntype pygidium
(Grénwall, 1902, pl. 1, fig. 9) to be the lectotype of A.
lens. That lectotype appears to represent a peronopsid,
whereas the illustrated syntype cephalon, except for size,
is virtually indistinguishable from the only illustrated
syntype cephalon of Agnostus altus Gronwall (1902, pl.



1, fig. 3), which is here considered to be a junior syn-
onym of Lejopyge barrandei.

Lejopyge, as emended, is widely distributed in open-
marine lithofacies and has an observed stratigraphic
range from the lower Prychagnostus gibbus Zone to al
least the top of the L. laevigata Zone.

Without an opportunity to observe type material of
Phoidagnostus Whitehouse, 1936, I (Robison, 1984, pp.
36-37) previously accepted Opik’s (1961, pp. 54, 86;
1967, p. 76) conclusion that Phoidagnostus is a synonym
of Lejopyge. After re-examination of the holotype of P.
limbatus, the type species of Phoidagnostus, Laurie
(1989, pp. 187-188) concluded that Phoidagnostus is not

Fig. 23. Lejopyge barrander (Hicks).
All specimens preserved with origi-
nal convexity in calcareous matrix of
GGU 298970, unless stated other-
wise. la. b, large, mostly exfoliated
cephalon in dorsal and lateral views,
MGUH 21.416, x 5. 2, cephalon,
MGUH 21.417, x 6. 3, pygidium,
MGUH 21.418, x 8. 4, 6, cephala
partially flattened in argillaceous
matrix, MGUH 21.419 and 21.420
from GGU 298969, x 8 and x 6. 5,
cephalon, MGUH 21421, x 8. 7,
pyeidium, MGUH 21.422. x 6. 8,
partly exfoliated pygidium having
densely spaced. fine punctae in test,
MGUH 21.423, x 6. 9. pygidium
flattened in argillaceous matrix.
MGUH 21.424 from GGU 298969,
x 6. 10a, b, large, partly exfoliated
pygidium in dorsal and lateral views,
MGUH 21425, x 5. 11a, b, pygi-
dium, slightly flattened in argillace-
ous matrix, in lateral and dorsal
views, MGUH 21.426 from GGU
298969, x 8.

1

wn

a synonym of Lejopyge. Subsequently, Shergold er al.
(1990, p. 56, fig. 18.5) gave a diagnosis of Phoidagnos-
fus, assigning it under ‘Familae Incertae Sedis,” and they
published the first photograph clearly illustrating the ho-
lotype of P. limbatus. That holotype is a cephalon and
incomplete thorax of an effaced agnostoid that appears to
be taphonomically deformed. In my opinion, its poor
preservation and lack of diagnostic characters preclude
adequate comparison with other effaced agnostoid taxa.
Therefore, I now consider Phoidagnostus to be an unrec-
ognisable genus.
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Lejopyge barrandei (Hicks, 1872)
Fig. 23

Agnostus barrandei Hicks, 1872, p. 176, pl. 5, figs 5, 6; Lake,
1906, p. 13, pl. 2, fig. 2; Illing, 1916, p. 413, pl. 30, figs 13,
14; Lake, 1946, p. 338

Agnostus laevigatus var. terranovicus Matthew, 1896, pp. 233—
234, pl. 17, figs la, 1b

Agnostus laevigatus var. ciceroides Matthew, 1896, p. 234, pl.
17, figs 3a, 3b

?Agnostus laevigatus var. mammilla Matthew, 1896 (in part), p.
234, pl. 17, fig. 2a (not 2b) [see Hutchinson, 1962, p. 86]

Agnostus altus Gronwall, 1902, pp. 58-59, pl. 1, figs 3, 4; Lake,
1906, pp. 12-13, pl. 2, fig. 1; Illing, 1916, p. 412, pl. 30, figs
9, 10

7Agnostus lens Gronwall, 1902 (in part), pp. 65-66, pl. 1, fig. 8
(not 9)

Cotalagnostus altus (Gronwall), Whitehouse, 1936, p. 93; Ko-
bayashi, 1939, p. 129; Pokrovskaya in Chernysheva, 1960, pl.
1, fig. 30

Cotalagnostus barrandei (Hicks), Whitehouse, 1936, p. 93; Ko-
bayashi, 1939, p. 129

Cotalagnostus illingi Kobayashi, 1939, p. 129

Cotalagnostus ciceroides (Matthew), Kobayashi, 1939, p. 129

Cotalagnostus mammillata (Matthew), Kobayashi, 1939, p. 129

Cotalagnostus terranovicus (Matthew), Kobayashi, 1939, p. 129

Ptychagnostus convexus Westergéard, 1946, pp. 73-74, pl. 10,
figs 5-10

Ptychagnostus ciceroides (Matthew), Hutchinson, 1962 (in
part); 85-86, pl. 9, figs 20-22 (not 23), pl. 10, figs 2-8 (not
1); Poulsen, 1969, pp. 5-6, fig. 5a, ?5b

Ptychagnostus barrandei (Hicks), Rushton, 1979, p. 54, fig.
5A-B; Morris, 1988, p. 195

Onymagnostus altus (Grénwall), Opik, 1979, p. 107

Onymagnostus ciceroides (Matthew), Opik, 1979, p. 107; Robi-
son, 1984, p. 51; Morris, 1988, p. 155

Onymagnostus convexus (Westergard), Opik, 1979, p. 107

not Triplagnostus convexus Westergard; Egorova, Pegel &
Chernysheva in Egorova et al., 1982, p. 65, pl. 2, figs 5,7 [? =
Pseudophalacroma lundgreni (Tullberg)]

Cotalagnostus aff. altus (Gronwall); Egorova, Pegel & Cher-
nysheva in Egorova et al., 1982, p. 73, pl. 8, figs 3, 8

Onymagnostus pseudomundus Xiang & Zhang, 1985, p. 76, pl.
16, figs 12, 13

Lectotype. Specimen figured by Hicks (1872, pl. 5, fig. 5)
and Lake (1906, pl. 2, fig. 2), selected by Rushton (1979,
p- 54).

New material. More than a hundred specimens are in
GGU 298969, 298970, 298974, 298975, 319789, and
319790.

Emended diagnosis. Lejopyge with variable efface-
ment of features on acrolobes. Cephalon and pygidium
semicircular, highly convex, nonspinose. Axial furrow of
cephalon weakening anteriorly, shallow to nearly effaced

laterally, indistinct or effaced around anteroglabella;
transglabellar furrow (F3) weak to effaced. Posterogla-
bella broad, subparallel sided; median node anterior from
midpoint. Basal lobes simple. Genae usually smooth;
preglabellar median furrow effaced. Cephalic border nar-
row. Axial furrow of pygidiom variable in depth, but
distinct, ranging from moderately deep to almost effaced.
Pygidial axis relatively short for genus, well rounded
posteriorly on later holaspides; F1 moderate to shallow in
depth, bowed anteriorly; F2 shallow to effaced, indented
by median tubercle of M2 that may have superimposed
node. Postaxial median furrow usually absent on ho-
laspides. Pygidial border moderate to narrow in width.

Remarks. L. barrandei is a species of Lejopyge character-
ised by intermediate and variable effacement of furrows
on the acrolobes. The degree of effacement increased
during ontogeny, especially on the cephalon, which has
been noted in populations from Sweden (Westergard,
1946, p. 73) and Newfoundland (Hutchinson, 1962, p.
85), and is clearly evident in populations from North
Greenland. Also, the degree of effacement may be influ-
enced by taphonomy, seemingly being enhanced by com-
pression in argillaceous matrix (Fig. 23.4, 6, 9, 11). Such
variability has contributed to a proliferation of taxonomic
names from widespread localities (see synonymy).

Some specimens of L. barrandei and Cotalagnostus
lens are similarly effaced, making their identification
difficult. Usually, however, L. barrandei has narrower
cephalic and pygidial borders of more uniform width,
lacks a postaxial median furrow, and the pygidial F1 is
usually evident and clearly deeper than the F2.

Occurrence. L. barrandei, as emended, has been reported
from England, Wales, Canada (eastern Newfoundland),
Greenland (Nyeboe Land), Denmark, Sweden, Russia
(Siberia), and China (Xinjiang). The new material is from
the upper Henson Gletscher and the basal Kap Stanton
formations of Nyeboe Land. The composite observed
stratigraphic range of the species is throughout most of
the Ptychagnostus atavus and Ptychagnostus punctuosus
Zones.

Lejopyge calva Robison, 1964
Fig. 24

Remarks. A single effaced cephalon and a fragmentary,
associated pygidium in collection GGU 301311 are as-
signed to L. calva (compare Robison, 1984, pp. 40-42,
fig. 23.1-8). Although the posterior border on the pygi-
dium is slightly wider than usual for this species, the
cephalic features, including degree of effacement of fur-



1a 1b
Fig. 24. Lejopyge calva Robison. Slightly exfoliated cephalon

{1a) and associated, fragmentary pygidium (1b), MGUH 21.427
from GGU 301311, x 10.

rows on the acrolobe, are characteristic of the species.
The specimen is from near the base of the Kap Stanton
Formation in Peary Land and is associated with a fauna of
the lower Lejopyge laevigata Zone. This is the first report
of L. calva from Greenland.

Laurie (1989) recently reviewed the species of Lejo-
pyge in Australia, and he reassigned a few Australian
specimens to L. calva. Most or all of those specimens, in
my opinion, represent Pseudophalacroma as emended
here rather than Lejopyge. Specimens of Lejopyge prae-
cox Opik, 1979 were independently and almost simulta-
neously reassigned to Lejopyge dubium (Whitehouse) by
Robison (1988, p. 49) and to L. calva by Laurie (1989, p.
189). Based on the wide pygidial border of praecox, as
well as other features, 1 still consider it to be a synonym
of dubium, but dubium is here reassigned to Pseudopha-
lacroma (see below).

Fig. 25. Lejopyge hybridus (Brog-
ger). |, partly exfoliated and tecton-
ically deformed cephalon, MGUH
21.428 from GGU 319790, x 8. 2,
partially flattened pygidium with
axis possibly narrowed by compres-
sion, MGUH 21429 from GGU
319790, x 10. 3, questionably as-
signed,  deformed  exoskeleton,
MGUH 21.430 from GGU 301311, x
6. 4, questionably assigned. flattened
exoskeleton, MGUH 21.431 from
GGU 298969, x 8.

Lejopyge hybridus (Brogger, 1878)

Fig. 25.1, 2, 37, 4?

New material. More than 30 specimens are in GGU
319790 and 6 questionably assigned specimens are in
GGU 298969 and 301311.

Remarks. The species diagnosis of Robison (1984, pp.
51-54) is followed here, although the species is reas-
signed from Onymagnostus 0 Lejopyge. A synonymy
and taxonomic discussion were included with that diag-
nosis. Lauric (1988, pp. 187-189) subsequently pub-
lished a shorter but essentially similar diagnosis under the
name Onymagnostus hybridus. In referring to my 1984
list of synonyms, Laurie noted some assignments that he
stated to be incorrect. Of those, [ agree that one specimen
from Utah, which was previously illustrated as Prychag-
nostus hybridus (Robison, 1964, pl. 79, fig. 11), is a
representative of Doryagnostus (see remarks on Doryag-
nostus). Laurie further noted that the holotype of Triplag-
nostus formosus Pokrovskaya & Khajrullina in Repina et
al. (1975, pl. 9, fig. 9), which in 1984 I reassigned to
hybridus, probably also belongs to Doryagnosius. 1 con-
cur with that probability, but am unable to make a firm
judgment from available illustrations. The inclusion of 7.

Jormosus in Laurie’s (1988, p. 187) list of synonyms of

O. hybridus indicates a generic assignment that is con-
trary to that made in his remarks (p. 188-189).

A few Australian taxa that [ listed in 1984 as synonyms
of Onymagnostus hybridus were reassigned by Laurie
(1988, p. 189) as synonyms of O. mundus Opik. 1979.
Laurie stated that O. mundus and taxa that he synony-
mised with it “are all very similar but differ from O.




hybridus ... in having very weakly impressed axial fur-
rows and in having a narrower, less bluntly pointed ante-
rior glabellar lobe.” In large populations of hybridus that
[ have observed, depth of the axial furrow is variable, and
the average depth varies from population to population.
The shape of the anterior glabella also is variable. With
regard to anterior glabellar shape, Lauric (1988, pp. 187,
189) used identical wording, “rounded to obtusely
pointed,” in describing that character in his diagnoses of
both O. hybridus and O. mundus. Therefore, 1 continue o
suppress (). mundus as a subjective junior synonym of L.
hybridus.

The new specimens from Greenland provide no new
information about morphology of the species.

Occurrence. L. hybridus is a common. widely distributed
species in open-marine lithofacies. Several new speci-
mens are from basal beds of the Kap Stanton Formation
in Nyeboe Land (e.g.. Fig. 25.1, 2), one questionably
assigned specimen is from the basal Kap Stanton Forma-
tion in Peary Land (Fig. 25.3), and a few other question-
ably assigned specimens are from the upper Henson
Gletscher Formation in Nyeboe Land (e.g.. Fig. 25.4).
The assigned specimens are from the Ptychagnostus ata-
vius Zone. The questionably assigned specimens are
mostly from the Prychagnostus atavus Zone, but one is
from the lower Lejopyge laevigata Zone.

Lejopyge cf. seminula (Whitehouse, 1939)

Fig. 26

Remarks. Eleven specimens in GGU 298970 have
morphological characters that appear to be transitional
between those of Lejopvge seminula and L. hybridus
(compare Robison, 1984, pp. 51-55. figs 30-32). They
resemble specimens of L. seminula by having slightly
clongate basal lobes. but length of the axial lobe is more
similar to that of L. hybridus. Therefore, their assignment
to a species is problematic.

The new specimens are from the middle Henson
Gletscher Formation of Nyeboe Land, and they probably

Fig. 26. Lejopyge cf. seminula
(Whitehouse) from GGU 298970.
la. b, cephalon in dorsal and lateral
views, MGUH 21.432, x 10. 2a, b,
pygidium in lateral and dorsal views,
MGUH 21.433, x 6.

are from the uppermost Prychagnostus gibbus Zone. This
biostratigraphic occurrence is intermediate between
ranges previously observed for L. seminula and L. hy-
bridus (Robison, 1984, pp. 54-55).

Genus Pseudophalacroma Pokrovskaya,
1958

Pseudophalacroma Pokrovskaya, 1958, p. 79: Opik, 1961, pp.
90-92; Opik, 1967, p. 77; Opik, 1979, p. 163; Qiu et al.
1983, p. 38; Lu & Lin, 1989, pp. 100-101, 218-219

Type species. Pseudophalacroma crebra Pokrovskaya,
1958, pp. 79-80; by original designation [ = P. dubium
(Whitehouse, 1936), see Robison, 1988, p. 49].

Emended diagnosis. Ptychagnostidaec with furrows of
acrolobes well developed to mostly effaced. Glabella
short, moderately and rather evenly tapered. anteriorly
acute. Basal lobes simple. Genae usually smooth. Ce-
phalic border narrow to thread-like. Pygidial axis short,
F1 deeper than F2; posteroaxis lanceolate to slightly
ogival. Postaxial median furrow present if posterior axial
furrow is not effaced. Pygidial border moderate to narrow
in width; widest medially, gradually narrowing toward
anterior corners. Spines may be present on cephalon,
thorax, and pygidial axis; not observed on pygidial bor-
der.

Remarks. Parts of the preceding diagnosis necessarily
pertain only to species that lack much effacement of
furrows on the acrolobes. Such species first appear in the
Ptychagnostus punctuosus Zone. and are present only in
the lower stratigraphic range of Pseudophalacroma as
emended.

Pseudophalacroma seems to be a monophyletic (ho-
lophyletic) genus that commenced with P. lundgreni. The
origin of P. lundgreni within the Ptychagnostidae remains
unclear, but it possibly arose from Prychagnostus inter-
medius (see Robison, 1984, 46, fig. 6). Other species, as
in Lejopyge, may retain the original furrowed condition



or may show variable effacement of acrolobe features.
Furrowed species are characterised by a relatively short
axial lobe. The glabella tapers to an acute point, and a
median node is posterior from the posteroglabellar mid-
point. A prominent postaxial median furrow separates the
pleural lobes on such furrowed species as P. lundgreni
and P. rigbyi, and a vestige is evident on some exfoliated
internal moulds of effaced species (Opik, 1979, pl. 65,
figs 1, 2; pl. 67, fig. 3; Robison, 1988, fig. 11.2). Charac-
ters that differentiate species of Pseudophalacroma and
Lejopyge are discussed above in remarks on Lejopyge.

Species here included in Pseudophalacroma are P,
dubium (Whitehouse, 1936), P. lundgreni (Tullberg,
1880), P. multifora (Opik, 1979), P. ovalis (Yang, 1982),
and P. rigbyi (Robison, 1984). Pseudophalacroma trian-
gularis Ju in Zhang, 1983 and P. breviovata Ju in Zhang,
1983 are here considered to be junior synonyms of P.
ovalis. The genus has an observed stratigraphic range
from near the base of the Ptychagnostus punctuosus Zone
to near the top of the Lejopyge laevigata Zone. It is
widely distributed in open-oceanic lithofacies.

Dong (1990, p. 318, pl. 3, fig. 12) illustrated an agnos-
toid pygidium from western Hunan, China, as Pseudo-
phalacroma triangularis Ju, and applied the same name
to a new zone in upper Middle Cambrian strata of that
region. With regard to the synonymy cited above, the
zone named by Dong now should be called the Pseu-
dophalacroma ovalis Zone. According to Song (1989,
fig. 7), the Chinese stratigraphic interval containing P.
ovalis questionably correlates with the Ptychagnostus
punctuosus Zone as used in other parts of the world.

Although new specimens of Pseudophalacroma are
not described here, an emended generic diagnosis is in-
cluded for comparison. with the emended diagnosis of
Lejopyge, given above. Specimens from the Holm Dal
Formation in North Greenland that were previously as-
signed (Robison, 1988, pp. 48-49, fig. 11.1-4) to Lejo-
pyge dubium (Whitehouse) are here reassigned as Pseu-
dophalacroma dubium.

Genus Ptychagnostus Jaekel, 1909

Type species. Agnostus punctuosus Angelin, 1851, p. 8.

Remarks. The generic diagnosis and description of Pty-
chagnostus by Robison (1984, pp. 12-13) are followed
here. More restricted diagnoses of Ptychagnostus have
been published by Laurie (1988, pp. 171-172) and Sher-
gold et al. (1990, p. 39), who reassigned some species to
five other genera or subgenera (Triplagnostus Howell
1935¢, Pentagnostus Lermontova, 1940, Acidusus Opik,
1979, Aotagnostus Opik, 1979, and Zeteagnostus Opik,
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1979) that I continue to regard as junior synonyms of
Ptychagnostus. My reasons for this synonymy remain
unchanged from those expressed in 1984.

Shergold & Laurie (1991) have petitioned the Interna
tional Commission on Zoological Nomenclature to use its
plenary powers to conserve the name Ptychagnostus.

Ptychagnostus affinis (Brggger, 1878)
Figs 10.5; 27.1, 2

New material. Two cephala and 2 pygidia are in GGU
319789 and 319790.

Remarks. The emended diagnosis of P. affinis by Robison
(1984, pp. 16-17) is followed here. Laurie (1988, pp.
172-176) subsequently discussed the species and made
corrections to its synonymy, with which I concur. The
new specimens are all fragmentary.

Occurrence. The geographic and stratigraphic distribu-
tions of P. affinis were reviewed by Robison (1984, p.
17). With a correction by Laurie (1988), the species is no
longer known from Alaska.

The new specimens are the first representatives of P.
affinis to be reported from Greenland. All are from basal
beds of the Kap Stanton Formation in Nyeboe Land, and
are from the upper Ptychagnostus atavus Zone.

Ptychagnostus atavus (Tullberg, 1880)
Fig. 275, 6

New material. Two cephala and 2 pygidia are in GGU
319790.

Remarks. The emended diagnosis of P. atavus by Robi-
son (1984, pp. 18-21) is followed here. A similar diag-
nosis was subsequently published by Laurie (1988, p.
180), but he reassigned the species to Acidusus. 1 agree
with Westergard (1946, p. 68) that the species atavus,
affinis and punctuosus ‘‘constitute a fairly continuous
evolutional series,” and like Westergérd I assign them all
to Ptychagnostus. P. affinis primarily differs from P.
atavus by the more anterior position of the median node
on the glabella, a weaker tubercle on the pygidial M2, and
development of weak granulation on the pleural fields. In
my opinion, these are characters that are appropriate for
defining species, but not genera. Moreover, difference in
position of the glabellar node may represent differential
expression of latent nodes rather than evolutionary mi-
gration of one node (see Robison, 1984, p. 17).

Occurrence. P. atavus is a common, widely distributed
species in open-oceanic lithofacies. The new specimens



Fig. 27. Some species of Prychag-
nosius.

1. 2. Ptychagnostus affinis (Brog-
ger). 1, damaged cephalon (right),
MGUH 21.434, associated with py-
gidium of Eodiscus scanicus (Lin-
narsson), MGUH 21.303, from GGU
319789, x 12. 2, fragmentary pygi-
dium, MGUH 21435 from GGU
319790, x 10.

3, 4, Prychagnostus gibbus (Linnars-
son). both from GGU 298970, 3, ce-
phalon, MGUH 21.436. x 12. 4,
damaged pygidium, MGUH 21.437,
x 10.

S, 6. Prychagnostus atavus (Tull-
berg), both from GGU 319790. 5a,

b, cephalon in dorsal and lateral
views, MGUH 21.438, x 12. 6, pygi-

are the first to be reported from Greenland. All are from
basal beds of the Kap Stanton Formation in Nyeboe
Land, and are from the upper Ptychagnosius atavus Zone.

Ptyvchagnostus gibbus (Linnarsson, 1869)
Fig. 27.3, 4

New material. More than 10 disarticulated specimens are
in GGU 298970.

Remarks. The diagnosis of P. gibbus by Robison (1984,
pp. 22-24) is followed here. Additional synonyms,
mostly from Australia, were listed and discussed by Lau-
rie (1988, pp. 196-198). He, however, assigned the spe-
cies to Triplagnostus, which I consider to be a junior
synonym of Ptychagnostus.

The new specimens from Greenland mostly are small
and not well preserved.

Qccurrence. The new specimens of P. gibbus are from the
middle Henson Gletscher Formation of Nyeboe Land,
and are from the P. gibbus Zone.

dium, MGUH 21.439, x 12.

7. 8, Ptychagnostus intermedius
(Tullberg), both from GGU 298970.
7, cephalon, MGUH 21.440, x 10. 8,
pygidium, MGUH 21.441. x 10.

Ptychagnostus intermedius (Tullberg, 1880)
Fig. 27.7, 8

New material. More than 20 disarticulated specimens are
in GGU 298970.

Remarks. Laurie (1988, p. 178) has suggested that Tull-
berg’s syntypes of Agnostus intermedius may be con-
specific with Ptychagnostus affinis (Brogger. 1878), and
he (1988, p. 172) listed A. intermedius as a questionable
synonym of P. affinis. He also reassigned to Zeteagnostus
scarifatus (Opik. 1979) specimens that I (Robison, 1982,
1984) previously assigned to Prychagnostus intermedius
(Bregger). Laurie further suggested that Z. scarifatus
may be a junior synonym of Ptychagnostus sinicus Lu
1957. These suggestions warrant additional investigation,
but pending their verification, I continue to follow an
earlier diagnosis (Robison, 1984, pp. 25-28) of P. inter-
medius.

The new specimens from Greenland fall well within
the range of variation shown by other populations of P,
intermediits.



Occurrence. The new specimens of P. intermedius are
from the middle Henson Gletscher Formation of Nyeboe
Land, and are from the Ptychagnostus gibbus Zone.

Genus Tomagnostus Howell, 1935¢

Tomagnostus Howell, 1935¢, p. 15: Whitchouse, 1936, p. 90;
Harrington, 1938, pp. 149, 154; Kobayashi, 1939, pp. 149-
150; Westergard, 1946, pp. 31, 58: Pokrovskaya, 1958, pp.
20-23; Howell in Harrington ez al., 1959, p. O175; Pokrov-
skaya in Chernysheva, 1960, p. 57; Rushton, 1979, pp. 54-55:
Shergold er al., 1990, p. 41

Type species. Agnostus fissus Linnarsson, 1879, p. 23.

Emended diagnosis. Ptychagnostidae with furrowed acro-
lobes. Glabella slightly to moderately tapered: anterogla-
bella usually having frontal sulcus; posteroglabella with
median node or carina, Fl and F2 variably developed.
Basal lobes slightly elongate, poorly defined anteriorly,
and indenting glabella. Preglabellar median furrow weak-
ening anteriorly or effaced. Genae having scrobiculae or
irregular pits, or both. Cephalic border narrow. Pygidial
axis having hexagonal M2; posteroaxis sulcate. Postaxial
median furrow present or absent in middle and late ho-
laspid stages. Pygidial border narrow, rarely collared.
Remarks. Tomagnostus has been variously assigned to the
Agnostidae, Diplagnostidae, Peronopsidae, and Ptychag-
nostidae (see Rushton, 1979, p. 55: Shergold et al., 1990,
p. 41). Based on all characters, but with emphasis on
those of the axial lobe, I concur with Shergold er al.
(1990) in assigning Tomagnostus (o the Ptychagnostidae.
Comparative morphology suggests that carly species of
Tomagnostus are most closely related to early species of
the ptychagnostid Lejopyge, as emended above. Details
of cladogenesis, however, remain obscure.

Species here included in Tomagnostus are T. fissus
(Linnarsson, 1879), T. perrugatus (Gronwall, 1902), T.
corrugatus (Illing, 1916), T. gracilis (1lling, 1916), T.
bothrus n. sp., and questionably 7. sibiricus Pokrovskaya
& Egorova in Savitsky et al.. 1972. Tomagnostus tchate-
riensis Kryskov in Borovikov & Kryskov, 1963 was
reassigned to Innitagnostus by Opik (1967, p. 98), but
Innitagnostus is here considered to be a junior synonym
of Micragnostus (see remarks on Agnostus). Tomagnos-
tus clarus Egorova & Pokrovskaya (in Egorova et al.,
1982) is reassigned to Schismagnostus n. gen. (see be-
low).

Although Tomagnostus is a widespread genus, its dis-
tribution suggests that it may have been mostly or en-
tirely adapted to cool-water habitats, but ranging in depth
from shallow to deep. The genus has an observed strati-
graphic range from the Prychagnostus gibbus Zone to the
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Ptychagnostus atavus Zone, and questionably into the
basal Ptychagnostus punctuosus Zone.

Tomagnostus bothrus n. sp.
Fig. 28.1-5, 7, 62, 8?

Erymology. Greek bothros, pit; referring to the many

scrobicular pits on the genac.

Holotype. Cephalon (Fig. 28.4a, b), MGUH 21.445 from
GGU 298970.

Material. Six cephala and 2 questionably assigned pygi-
dia are in GGU 298969 and 298970.

7
Fig. 28. Tomagnostus bothrus n. sp. All specimens are from
GGU 298970, unless otherwise stated. 1, cephalon, MGUH
21.442, x 8. 2, cephalon, MGUH 21.443 from GGU 298969, x
8. 3, cephalon, MGUH 21.444, x 8. 4, holotype cephalon in
lateral and dorsal views, MGUH 21.445, x 8. S, small holaspid
cephalon. MGUH 21.446, x 10. 6, questionably assigned pygi-
dium. MGUH 21.447 from GGU 298969, x 8. 7, large holaspid
cephalon. MGUH 21.448, x 7. 8, questionably assigned pygi-
dium, MGUH 21.449, x 7.
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Diagnosis. Tomagnostus with moderate convexity. Ce-
phalon having narrow glabella, many scrobicular pits on
genae, and posterolateral border spines. Questionably as-
signed pygidium with elliptical tubercle that is most tu-
mid posteriorly, and with postaxial median furrow
throughout holaspid period.

Description.  Cephalon subquadrate. Glabella only
slightly tapered; transverse furrow (F3) slightly bowed
posteriorly, shallow medially, deep laterally. Anterogla-
bella semicircular to subtriangular, with moderately de-
veloped frontal sulcus. Posteroglabella having relatively
well-developed F1 and F2 furrows: posterior end strongly
rounded, distinctly constricted between basal lobes:

Fig. 29. Tomagnostus corrugatus (Illing). All specimens from
GGU 298969. 1, small holaspid, MGUH 21.450, x 10. 2, pygi-
dium, MGUH 21.451, x 8. 3, pygidium with tiny incipient spine
on right-posterolateral margin. MGUH 21.452, x 8. 4-6, flat-
tened dorsal exoskeletons, MGUH 21.453-21.455. all x 8.

median node subcentral, near front of M2, and may be
connected to occipital band by thread-like median ridge.
Preglabellar median furrow effaced except for weak post-
erior vestige. Genae with many scrobicular pits. some
outlining pair of uninterrupted, arcuate regions on ante-
rior genae: pits on inside of arcuate regions usually coa-
lesced into pair of arcuate grooves opposite front of
glabella. Border narrow, with pair of short, stout, post-
erolateral spines on larger holaspides.

Thorax unknown.

Questionably assigned pygidium subquadrate to sub-
circular. M2 having elliptical tubercle that is low and
poorly defined anteriorly. Posteroaxis long and ogival.
Postaxial median furrow present in late holaspid stage.
Border narrow and nonspinose.

Remarks. T. bothrus differs from all previously described
species of Tomagnostus by having a pair of cephalic
border spines. Two pygidia, which are questionably as-
signed to this species, have characteristic features of the
genus except for retention of a postaxial median furrow in
late ontogenetic stages.

The cephalon of 7. bothrus further differs from that of
T. fissus by having a narrower glabella and the genal
prosopon is predominantly pits rather than grooves. The
questionably assigned pygidia of 7. bothrus differ from
those of 7. fissus by having a more pointed and better
defined axial tip.

Larger holaspid cephala of 7. bothrus resemble those
of Schismagnostus plicatus n. gen. & n. sp. in general
axial structure, but differ by the presence of a frontal
sulcus, the F3 is nearly straight rather than bowed post-
eriorly, and the M1 is more constricted between the basal
lobes. Other differences are the presence of border spines,
longer basal lobes, and a different style of genal scrobic-
ulae in 70 bothrus. In axial shape, the questionably as-
signed pygidia of 7. bothrus resemble those of Prychag-
nostus affinis and P. punctuosus, but in low-incident light
they show no evidence of surface granulation, which
characterises the latter species.

Occurrence. The few specimens of 7. bothrus are from
the upper Henson Gletscher Formation in Nyeboe Land,
and are from both the Prychagnostus gibbus and Prychag-
nostus atavis zones.

Tomagnostus corrugatus (Illing, 1916)
Fig. 29

Agnostus corrugatus 1lling, 1916, pp. 409410, pl. 29, figs 4, 75,
6-9
Tomagnostus corrugatus (11ling), Kobayashi, 1939, p. 149: Pok-



rovskaya, 1958, pp. 27-30, pl. 2, figs 1—4: Rushton, 1979, p.
56, figs 6A-B, 7D-E

Tomagnostus deformis Pokrovskaya; Egorova. Pegel & Cher-
nysheva in Egorova et al., 1982 (in part), pl. 8, lig. 9; (not pl.
5. fig. 5: Mot pl. 12, fig. 13)

New material. More than 15 specimens, most flattened
and poorly preserved, are in GGU 298969.

Emended diagnosis. Tomagnostus having thin exoskele-
ton of low convexity. Cephalon with moderately tapering
glabella and well-developed genal scrobiculae. Pygidium
having short and narrow axis, densely granular pleural
fields, and may have pair of incipient marginal spines.

Remarks. All recorded specimens of 7. corrugatus are
preserved in fine-grained matrix and show evidence of
taphonomic compression. Compared with associated ag-
nostoids, the new specimens from Greenland are signif-
icantly more flattened and seem to have had a thinner
exoskeleton. A paucity of taphonomically produced wrin-
kles, however, suggests that low convexity of the exoske-
leton, and especially the pygidium, is a primary character.

Occurrence. T. corrugatus has been previously reported
from the Prychagnostus atavus Zone of England and

Fig. 30. Tomagnostus fissus (Lin-
narsson). All  specimens from
GGU 298970, unless otherwise
stated. and all x 8. 1, latex cast of
partially flattened exoskeleton,
MGUH 21.456. 2a, b, dorsal and
lateral views of cephalon, MGUH
21.457. 3, large holaspid cephalon,
MGUH 21.458. 4. cephalon with
pattern of genal scrobiculae simi-
lar to that described for Tomagnos-
tus  fissus trifissus  (Matthew),
MGUH 21459 from GGU
298975. 5, 6, smaller holaspid ce-
phala, MGUH 21.460 and 21.461.
7. pygidium, MGUH 21.462. 8a. b.
incomplete, large holaspid pygi-
dium in dorsal and lateral views,
MGUH 21.463. 9. 10, pygidia,
MGUH 21.464 and 21.465.
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Russia (Siberia). The new specimens are [rom the upper
Henson Gletscher Formation in Nyeboe Land, and also
are from the P. atavus Zone.

Tomagnostus fissus (Linnarsson, 1879)
Fig. 30

Agnostus fissus Linnarsson, 1879, p. 23, pl. 2, lig. 34: Tullberg,
1880, 16, pl. 1. fig. 3a-d; Linnarsson, 1883, p. 31; Matthew,
1896, pp. 230-231; Lake, 1906, pp. 3—4. pl. 1. figs 1-3: Illing,
1916, pp. 406-407, pl. 28, figs 6-8: Nicholas, 1916. p. 452

Agnostus fissus trifissus Matthew. 1896. pp. 231-232, pl. 16,
fig. 10

PAgnostus fissus var. perrugatus Gronwall, Illing, 1916, p. 407,
pl. 28, fig. 9

Tomagnostus fissus (Linnarsson), Howell, 1935c¢, p. 15, figs 9.
10: Kobayashi, 1939, p. 149; Westergard, 1946, pp. 58-59, pl.
7, figs 21-29, pl. 16, fig. 8: Pokrovskaya, 1958, pp. 23-27, pl.
1. figs 1-11: Howell in Harrington et al.. 1959, fig. 114.4;
Pokrovskaya in Chernysheva, 1960, pl. 1. fig. 3;: Hutchinson,
1962, pp. 76-77. pl. 7. figs 1-5: Egorova et al.. 1976, p. 59,
pl. 37, figs 2-4. 11, 13, pl. 38, fig. 11, pl. 55, fig. 4; Rushton,
1979. fig. TA-C; Egorova, Pegel & Chernysheva in Egorova
et al., 1982, p. 59, pl. 3. figs 1-4. pl. 4, fig. 1. pl. 6, fig. 6, pl.
8, figs 4-7. pl. 9. fig. 5. pl. 51, figs 7. 8: Kindle, 1982, pl. 1.2,
figs 6. 10; Morris, 1988, p. 229; Shergold et al.. 1990, fig.
12.6a, b: Samson et al., 1990, p. 1467, fig. 5SC-E
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Tomagnostus fissus trifissus (Matthew), Kobayashi, 1939. pp.
149-150

New material. More than a hundred specimens are in
GGU 298969, 298970, 298974, and 298975.

Remarks. T. fissus is characterised by moderate o high
cephalic convexity. a wide glabella, a median carina
along the front half of the posteroglabella, usually poor to
moderate development of genal pits and scrobiculae, and
a lack of spines. Additional characters and the consid-
erable morphological variability of 7. fissus have been
well described by Westergard (1946, pp. 58-59). New
specimens from Greenland closely resemble those from
the type area in Sweden and they show similar variability.

Occurrence. T. fissus is a common species that has been
previously reported from Sweden, Norway, Denmark,
England, Wales, Canada (eastern & western Newloun-
dland), United States (South Carolina), and Russia (Sib-
eria). The new specimens are from the upper half of the
Henson Gletscher Formation in Nyeboe Land where they
are present in both the Prychagnostus gibbus and Pry-
chagnostus atavus zones.

Tomagnostus perrugatus (Gronwall, 1902)
Fig. 31.2, 3, 1?

Agnostus fissus var. perrugata Gronwall, 1902, p. 50, pl. 1,
fig. |

not Agnestus fissus var. perrugatus Gronwall. Illing, 1916, p.
407, pl. 28, fig. 9 [? = Tomagnostus fissus (Linnarsson)]

Agnostus sulcarus Illing, 1916, pp. 411-412, pl. 30, figs 3-6

Goniagnostus sulcarus (1lling), Howell, 1935c, p. 14

Tomagnostus perrugatus (Gronwall), Kobayashi, 1939, pp.
149-150: Westergard, 1946, pp. 59-60, pl. 8, figs 1-10;
Hutchinson, 1962, p. 77, pl. 7, figs 6-9; Savitsky et al., 1972,
p- 60, pl. 3, figs 7-10: Rushton, 1979, pp. 55-56, fig. 6C-E:
Egorova, Pegel & Chernysheva in Egorova er al., 1982, p. 59,
pl. 17, figs 5, 6, pl. 54, figs 9. 12: Morris, 1988, p. 229

Tomagnostus sulcatus (Illing). Kobayashi, 1939, p. 149

Fig. 31. Tomagnostus perrugatus (Gronwall). All specimens
from GGU 319790. 1, questionably assigned, small holaspid
cephalon, MGUH 21.466, x 10. 2, 3, pygidia. MGUH 21.467
and 21.468, both x 8.

Tomagnostus deformis Pokrovskaya, 1958, pp. 32-34, pl. 2, figs
5-9: Egorova, Pegel & Chernysheva in Egorova et al., 1982
(in part), p. 60, pl. 5, fig. 5, ?7pl. 12, fig. 13 (not pl. 8. fig. 9)

MMomagnostus perrugatus West. [sic], Pokrovskaya, 1958, pl. 2,
figs 10, 11

Agnostus sp. Snajdr, 1958, p. 70, pl. 46. fig. 3

Tomagnostus renata Fatka et al., 1981, pp. 368-369, pl. 2, figs
3-5

Tomagnostus cf. perrugatus (Gronwall), Fatka & Kordule, 1992,
pl. 2, fig. 3

New material. Two pygidia are in GGU 319790. One
cephalon in GGU 319789 and 2 cephala in GGU 319790
are questionably assigned to this species.

Emended diagnosis. Glabella narrow, tapering only
slightly. Genae having many radial scrobiculae (abaxial)
and pits (mostly adaxial), pair of arcuate grooves oppo-
site front of glabella, and may have pair of short longitu-
dinal grooves opposite M3. Transverse sulcus of post-
eroaxis having pair of tiny pits. Pygidial border flat,
without or with collar, and with pair of marginal spines.

Remarks. Westergard (1946, pp. 59-60) has described
well the morphological variability observed within pop-
ulations of this species in Sweden. Two new pygidia {rom
Greenland accord closely with his description. Cephala of
Tomagnostus associated with the new pygidia are not
well preserved and their identification to species is ques-
tionable.

Occurrence. Specimens representing 1. perrugatits have
been previously reported from Denmark, Sweden, Eng-
land, Canada (eastern Newfoundland), Czechoslovakia,
and Russia (Siberia). They have a composite observed
stratigraphic range from the Prychagnostus gibbus Zone
to the Prychagnostus punctuosus Zone. The new speci-
mens from Greenland are from basal beds of the Kap
Stanton Formation, and are from the Prychagnostus ata-
vits Zone.

Family unassigned
Genus Megagnostus n. gen.

Etymology. Greek mega, large, plus Agnostus; referring
to the exceptionally large size of some specimens.

Type species. Agnostus glandiformis Angelin, 1851, pp.
5-6.

Diagnosis. Cephalon mostly effaced, retaining only ves-
tiges of posterior border furrows; convexity low to mod-
erate. Cephalic doublure narrow. Thorax with anterior
segment sagittally longer than posterior segment; axial



rings transversely wide, effaced. Pygidium characterised
by unique doublure that curves inward and downward,
forming ventrally projecting flange. Pygidiuom smaller
than cephalon, with acrolobe effaced except for weak
median node; convexity low. Border furrow of pygidium
well developed or may become effaced posteriorly on
large holaspides. Articulating half ring narrow sagittally,
wide transversely; width averaging about half that of
pygidium. Articulating furrow narrow, shallow. Spines
absent.

Remarks. Agnostus glandiformis Angelin, 1851 has been
assigned by various authors to at least five different
genera (see synonymy below). Hlustrations by Lindstrom
(1901, pl. 1, fig. 7), Holm & Westergard (1930, pl. 1, fig.
4), and Westergard (1946, pl. 15, fig. 10a, b) show this
species to have an unusual, prominent flange that projects
ventrally from the pygidial doublure. The presence of a
border demonstrates that the specimen illustrated by
Holm & Westergérd is a pygidium rather than a cephalon
as stated in their figure caption. A similar flange is also
present on a new agnostoid species from North Greenland
(see Fig. 32.9a). This type of flange is considered to be a
significant synapomorphous character, and is used with
other characters in defining and differentiating the new
genus Megagnostus. Included in this genus are M. glandi-
Sformis (Angelin), M. diclidus n. sp., and questionably M.
resecta (Gronwall).

The prominent ventral flange on the pygidial doublure
of Megagnostus is probably part of a coaptive device for
interlocking the cephalon and pygidium during enroll-
ment. To my knowledge, a similar device has not been
reported in any other agnostoid genus.

A fine, asymmetric, submarginal groove also is present
on the interior surface of the pygidial doublure of both M.
glandiformis (see Fig. 33.4, 5, 12, 13) and M. diclidus
(see Fig. 32.5, 7). It is commonly seen on internal
moulds. Its position is remarkably similar to that of a
submarginal suture on the cephalon of the Ordovician

agnostoid Arthrorhachis elspethi, examples of which

were described and illustrated by Hunt (1966) as Trino-
dus elspethi. The pygidial doublure of Megagnostus,
however, shows no evidence of a functional suture.

In its style and advanced degree of effacement, Mega-
gnostus closely resembles Leiagnostus, a widespread
Lower Ordovician genus that has been recently revised
by Ahlberg (1988). However, subtle morphological dif-
ferences and a lack of likely connecting taxa in Upper
Cambrian strata suggest that these genera are not closely
related. The articulating half ring on the pygidium of
Megagnostus is much wider transversely than in Leiag-
nostus, which may indicate important differences in the
effaced axis of each genus. They also differ in such
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details as convexity of the pygidium and prominence of
its median node, which are less in Megagnostus. Further
review by Ahlberg (1992) has led to the suggestion that
Leiagnostus may be a highly effaced derivative of Lotag-
nostus from Upper Cambrian strata, and of the family
Agnostidae.

Affinities with other agnostoid genera are difficult to
assess because of the high degree of both cephalic and
pygidial effacement in Megagnostus. Widely spaced
points of origin of posterior border furrows on the cepha-
lon and a wide articulating half ring on the pygidium
indicate an unusually wide, though mostly effaced axial
lobe on both shields. All characters considered, Mega-
gnostus most closely resembles Phalacroma. The phy-
letic significance of that resemblance is problematic,
however, and the family assignment of Megagnostus is
left open.

The taxonomic status of Agnostus glandiformis var.
resecta Gronwall, 1902 is unclear. Westergérd (1946, pp.
93-94, pl. 14, fig. 19) elevated the taxon to species rank
and reassigned it to Phalacroma (see also Jago, 1976, p.
146, pl. 24, fig. 12). Additional specimens from Spain
were attributed to the species by Sdzuy (1961, pp. 525—
526, pl. 2, figs 10-13), but he reassigned it to Leiagnostus
Jaekel, 1909. Pygidia that have been assigned to the
species have a shallower border furrow and narrower
border than do pygidia of M. glandiformis of comparable
size, but are closely similar in other dorsal features. Until
more information is available, especially regarding struc-
ture of the pygidial doublure, the species is questionably
reassigned to Megagnostus.

Megagnostus is known from Sweden, Norway, Den-
mark, Greenland, Russia (Siberia), the United States
(Vermont), Australia (Tasmania), and questionably from
Canada (eastern Newfoundland), England, France, and
Spain. Assigned specimens are from the Lejopyge laevi-
gata Zone and some questionably assigned specimens
(M. ?resecta) are from the subjacent Ptychagnostus punc-
tuosus Zone and possibly older strata.

Megagnostus diclidus n. sp.

Fig. 32

Etymology. Greek diklidos, double folding; referring to
the upturned lateral borders of the pygidium.

Holotype. Pygidium (Fig. 32.9a, b), MGUH 21.477 from
GGU 301313.

Material. More than 50 disarticulated specimens are in
GGU 301312, 301313, and 313115.

Diagnosis. Cephalon subquadrate, width and length usu-



Fig. 32. Megagnostus diclidus n. gen. & n. sp. All specimens are from GGU 301313, unless otherwise stated.
g g g P P

ally about equal: convexity low. Thorax not known. Pygi-
dium subrectangular, width averaging about 0.9 times
that of length: convexity of acrolobe very low; median
node elongate. Pygidial borders narrow and upturned
laterally, diminishing in height posterolaterally, and un-
differentiated posteriorly except in early holaspides.

Remarks. Middle and late holaspid pygidia of M. diclidus
differ from those of M. glandiformis by having more
upturned lateral borders and by lacking a differentiated
posterior border furrow and border. To my knowledge,
form of the late holaspid border of M. diclidus is unique
among agnostoid trilobites. On early holaspid pygidia of

1, two flattened
cephala, MGUH 21.469. x 5. 2a, b. cephalon in dorsal and lateral views, MGUH 21.470 from GGU 313115, x 8. 3, cephalon and
thorax. MGUH 21.471 from GGU 313115, x 7. 4, 5. pygidia, MGUH 21.472 and 21.473 from GGU 313115, x 8 and x 6. 6a, b,
pygidium in lateral and dorsal views, MGUH 21.474, x 7. 7a-c, pygidium in frontal (a) and stereographic views (b, ¢), MGUH
21.475. x 7. 8. small holaspid pygidium, MGUH 21.476, x 8. 9a, b, holotype pygidium with exposed ventral flange (a), in lateral and
dorsal views, MGUH 21.477, x 8.

comparable sise, the border and furrow development is
similar in M. diclidus (Fig. 32.8) and M. glandiformis
(see Fig. 33.9), suggesting close phyletic affinity. Be-
cause these two morphs are consistently associated in
three collections from the Kap Stanton Formation, sexual
dimorphism is a possible explanation for the observed
differences. This seems unlikely, however, because the
glandiformis morph has been illustrated from several
localities around the world, whereas the diclidus morph is
known from only North Greenland. The cephalon and
pygidium of M. diclidus further differ from those of M.
glandiformis by being less convex, and on average the
cephalon is more quadrate and the pygidium is more



rectangular. In sagittal profile, the pygidium of M. dicli-
dus is angular with its apex coinciding with its median
node (Fig. 32.6a), whereas the pygidium of M. glandifor-
mis is broadly rounded with little perceptible change in
slope at its median node (see Fig. 33.3b, 12b).

Maximum observed size also differs significantly be-
tween M. diclidus and M. glandiformis. The largest ob-
served cephalon of M. diclidus is 7.6 mm long. The
largest cephalon of M. glandiformis in GGU collections
is 14.0 mm long, whereas Westergérd (1946, p. 96) noted
that the largest cephalon in Swedish collections is 16.0
mm long.

Occurrence. All specimens of M. diclidus are from basal
beds of the Kap Stanton Formation in Peary Land, and
are from the lower Lejopyge laevigata Zone.

Megagnostus glandiformis (Angelin, 1851)
Fig. 33

Agnostus glandiformis Angelin, 1851, pp. 5-6, pl. 6, fig. 1;
Brggger, 1878, p. 74, pl. 6, fig. 7; Tullberg, 1880, pp. 29-30,
pl. 2, fig. 20a, b; Lindstrom, 1901, p. 37, pl 1, fig. 7;
Gronwall, 1902 (in part), pp. 63-64 (not pl. 1, fig. 6); West-
ergérd in Holm & Westergérd, 1930, pp. 10-11, pl. 1, figs
2-5, pl. 4, figs 1-3

Leiagnostus glandiformis (Angelin), Jaekel, 1909, p. 401;
Sdzuy, 1961, p. 526

1Agnostus glandiformis Angelin, Hlling, 1916, p. 414, pl. 31, fig.
2 [specimen refigured as Grandagnostus sp. by Rushton,
1979, fig. 4C}

Grandagnostus vermontensis Howell, 1935a (in part), p. 221, pl.
22, figs 97, 10?, 11 (not 8); Howell, 1937 (in part), pp.
1166-1167, pl. 3, figs 6?, 82, 9 (not 5); Shaw, 1966, p. 848,
pl 97, fig. 10?

Grandagnostus glandiformis (Angelin), Howell, 1935a, p. 221;
Lermontova, 1940, p. 131, pl. 36, figs 7, 7a-j; Poulsen, 1969,
pp. 7-9, figs 7A-C; Jago, 1976, pp. 144146 [compared with
other species in discussion of Valenagnostus], pl. 24, figs 1-5

Phalacroma glandiformis (Angelin), Kobayashi, 1939, pp. 136—
139

1Grandagnostus longifrons Lermontova, 1940, p. 131, pl. 36,
figs 8, 8a-d

Phalacroma glandiforme (Angelin), Westergard, 1946, pp.
95-97, pl. 15, figs 3-17, pl. 16, figs 1, 2; Pokrovskaya, 1958,
pp. 53-56, pl. 4, figs 1-6; Pokrovskaya in Chernysheva,
1960, pl. 1, figs 26, 27; Khajrullina, 1970, p. 17, pl. 1, fig. 14;
Khajrullina, 1973, pp. 4849, pl. 3, fig. 15; Egorova, Pegel &
Chernysheva in Egorova et al., 1982, p. 74, pl. 22, ?fig. 6, pl.
23, Mig. 5, pl. 49, fig. 1, pl. 55, figs 12, 13, pl. 59, fig. 5, pl.
62, fig. 9

?Phalacroma maja Pokrovskaya, 1958, pp. 50-51, pl. 4, figs
9-12; Egorova, Pegel & Chernysheva in Egorova et al., 1982,
pp- 74-75, pl. 19, fig. 2, pl. 20, fig. 8, pl. 23, fig. 4, pl. 25, fig.
3, pl. 40, fig. 1, 2, pl. 47, fig. 2, 3, pl. 59, fig. 4, pl. 62, fig. 4

?Phalacroma longifrons (Lermontova), Pokrovskaya, 1958, pp.
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52-53, pl. 4, figs 13-15; Egorova, Pegel & Chernysheva in
Egorova et al., 1982, p. 75, pl. 15, fig. 4, pl. 30, fig. 1

Phalagnostus glandiformis (Angelin), Rosova, 1964, pp. 17-18,
pl. 2, figs 14-21, pl. 3, fig. 3; Poulsen, 1966, p. 122; Repina et
al., 1975, pp. 118-119, ?pl. 11, figs 20, 21

Phalagnostus cuneatus Rosova, 1964, pp. 18-19, pl. 2, fig. 22,
pl. 3, figs 10-12

?Lejopyge laevigata (Dalman), Poulsen & Anderson, 1975, pp.
2075-2076, pl. 2, figs 1-9 [see remarks on Peratagnostus
cicer]

Grandagnostus sp. Jago, 1976, pp. 141-142, pl. 22, figs 1-5

Grandagnostus major Courtessole ef al., 1988, p. 36, pl. 1, figs
6-11, pl. 8, fig. 7

Lectotype. Cephalon (State Museum of Natural History,
Stockholm) selected and illustrated by Westergard (1946,
p. 95, pl. 15, fig. 6).

New material. More than 50 disarticulated specimens are
in GGU 301312, 301313, and 313115.

Emended diagnosis. Cephalon subcircular to subpentago-
nal with broadly pointed anterior margin, width ranging
from about 0.9 to 1.0 times that of length; convexity
moderate to high. Pygidium subcircular to subpentago-
nal, width ranging from about 0.9 to 1.0 times that of
length; convexity low. Border furrow of pygidium broad
and shallow; border widens posteromedially on early
holaspides, becoming narrow and more uniform on later
holaspides. Dorsal exoskeleton finely punctate.

Remarks. From populations of M. glandiformis in Swe-
den, Westergard (1946, p. 96) noted that the ratio of
length to width for both cephala and pygidia is greatly
variable, even for specimens retaining original convexity.
In dorsal view, the outlines of both shields also vary from
subcircular (common in early holaspides) to subpentago-
nal (common in later holaspides). Many new specimens
from Greenland possess the diagnostic characters of M.
glandiformis and show similar ranges of morphological
variation.

M. glandiformis is characterised by extreme efface-
ment of dorsal features, including basal lobes, glabellar
median node, and all but posterior vestiges of the ce-
phalic border furrow. Jago (1976, p. 146) stated that some
specimens possess vestigial basal lobes. On specimens I
have observed, however, the basal lobes are expressed
only as weak swellings if preservation is good. Some
large cephala have a submarginal, ventral ridge formed
by angular folding of the doublure. Where exposed by
exfoliation, that ridge superficially resembles a border
furrow (Fig. 33.7), and could be mistaken for such. Well-
preserved topotype specimens from Sweden, seemingly
retaining original convexity, are illustrated here (Fig.
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Fig. 33. Megagnostus glandiformis (Angelin) n. gen. 1-3, comparative topotype specimens from Andrarum Limestone, Sweden; la,
b, cephalon in dorsal and lateral views, U.S. National Muscum of Natural History (USNM) no. 465529, x 3: 2a. b, cephalon in dorsal
and rear views. USNM 465530, x 4; 3a. b, pygidium in dorsal and lateral views, USNM 465531, x 3. 4, 5, comparative specimens
collected by William V. Murray from the Skeels Corners Formation. Vermont, showing wrinkles on cephala from compression in
shale, USNM 465532 and 465533, x 3 and x 6. 6, small holaspid cephalon, MGUH 21.478 from GGU 313115, x 8. 7. large holaspid
cephalon, partially flattened, MGUH 21.479 from GGU 301313, x 3. 8a, b, cephalon in dorsal and lateral views, MGUH 21.480
from GGU 301313, x 3. 9, 10, small holaspid pygidia from GGU 301313. MGUH 21.481 and 21.482, both x 8. 11, pygidium,
MGUH 21.483 from GGU 313115, x 4. 12a. b, pygidium in dorsal and lateral views, MGUH 21.484 from GGU 313115, x 3. 13,
large holaspid pygidium, MGUH 21.485 from GGU 301313, x 3.



33.1-3) for comparison with new-specimens from Green-
land, which have been variably compressed in fine-
grained matrix. ‘

The holotype of Grandagnostus vermontensis Howell,
1935a, which is the type species of Grandagnostus Ho-
well, 1935a, is a poorly preserved, incomplete, smooth,
probable cephalon that was recently discussed and reil-
lustrated (Robison, 1988, p. 53, fig. 12.7). In the absence
of definitive characters, I proposed that the name Gran-
dagnostus be restricted to the holotype of G. vermonten-
sis. My support for that proposal has not changed, and I
here consider Grandagnostus to be an unrecognisable
genus. Two specimens of M. glandiformis from a new
locality in Vermont are illustrated here (Fig. 33.4, 5) for
comparison with specimens from Sweden and Greenland.
I have also examined other specimens that were origi-
nally illustrated as G. vermontensis, which are here reas-
signed to M. glandiformis (see synonymy for references).

In a subsequent diagnosis of Grandagnostus Shergold
et al. (1990, p. 55) stated that the cephalic border is
narrow or absent and the glabellar node is advanced. The
holotype of the type species, however, shows no evidence
of either a cephalic border or a glabellar node, although
the configuration of adjacent matrix does superficially
resemble an incomplete border.

Based on observed morphological variation in pop-
ulations of M. glandiformis in Sweden and Greenland, I
suggest that Grandagnostus longifrons Lermontova,
1940, Phalacroma maja Pokrovskaya, 1958, and Phalag-
nostus cuneatus Rosova, 1964 may be based on geo-
graphic variants of M. glandiformis in which length of the
cephalon and angularity of its anterior margin are slightly
accentuated. Without access to type collections, however,
I reassign the specimens to M. glandiformis with ques-
tion. At least two of the specimens illustrated as Pha-
lacroma maja by Egorova, Pegel & Chernysheva (in
Egorova et al., 1982, pl. 47, figs 2, 3) appear to represent
M. glandiformis.

M. glandiformis has the distinction of including the
largest known specimens of the order Agnostida, which
in size are substantially larger than average for the order.
Westergard (1946, p. 96) noted that the species is the
largest agnostoid found in Scandinavia, and he reported
the largest cephalon to be 16.0 mm long and 15.0 mm
wide. A flattened cephalon in GGU 301313 (Fig. 33.7) is
14.2 mm long. The largest specimen from Greenland is a
poorly preserved, incomplete pygidium in GGU 313115.
It is 16.5 mm wide, but its length is indeterminate be-
cause of breakage. Although cracks indicate that its width
may have been increased slightly by compression, it is
relevant that the pygidium is smaller than the associated
cephalon in this species (Fig. 33.4, 5; see also West-
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ergard, 1946, pl. 15, fig. 13a-d). Therefore, GGU 313115
may contain the largest observed agnostoid trilobite.

Occurrence. M. glandiformis is a widespread species,
having been previously reported from Sweden, Norway,
Denmark, Russia (Siberia), the United States (Vermont),
Greenland (Nyeboe Land), Australia (Tasmania), and
questionably from Canada (eastern Newfoundland), Eng-
land, and France. The new specimens from Greenland are
all from basal beds of the Kap Stanton Formation in
Peary Land, and are from the lower Lejopyge laevigata
Zone. Most reported occurrences of the species are from
the L. laevigata Zone, however, it questionably ranges as
low as the Ptychagnostus atavus Zone.

Genus Peratagnostus Opik, 1967

Peratagnostus Opik, 1967, pp. 86-87; Palmer, 1968, p. B26;
Shergold, 1982, pp. 21-22; Shergold et al., 1990, pp. 43-44

Type species. Peratagnostus nobilis Opik, 1967, pp.
87-90.

Emended diagnosis. Cephalon mostly effaced, but retain-
ing posterior border furrows, vestiges of basal furrows,
and weak median node at about midlength; convexity
moderate to high. Posterior vestige of glabella rounded.
Thorax having transversely wide, effaced axial rings;
pleural furrows weak. Pygidial ontogeny characterised by
unusual, abrupt early holaspid metamorphosis during
which border furrow first developed; subsequently, axial
lobe increased in relative length and width as axial furrow
became posteriorly effaced or entirely effaced; ring fur-
rows undeveloped throughout ontogeny. Late holaspid
pygidium highly convex; median node poorly defined,
elongate. Articulating half ring of late holaspides variable
in transverse width, being greater than half that of pygi-
dium during early phylogeny and becoming less than half
that of pygidium during later phylogeny. Spines absent.

Remarks. The concept of Peratagnostus has commonly
been applied to species from only Upper Cambrian strata
(e.g., Shergold et al. 1990, pp. 43—44). Based in part on
character transformations during both ontogeny and in-
ferred phylogeny, that concept is expanded here to in-
clude reassignment of Agnostus cicer Tullberg, 1880 and
other species in Middle Cambrian strata.

The cephalon of Peratagnostus is characterised by
advanced effacement of furrows, which may make the
identification of disarticulated cephala difficult in collec-
tions containing other effaced genera. On some holaspid
cephala the glabella may be indicated by a vestigial
posterior swelling, and in some meraspid cephala the



66

posteroglabella may be weakly outlined. In all but pos-
sibly one species, P. hillardensis Palmer, 1968, even the
border furrow is effaced except for vestiges along the
posterior cephalic margin. In discussing Grandagnostus
falanensis (Westergérd), which is herein reassigned to
Peratagnostus, Rushton (1978, p. 257) noted that some
internal moulds from England have lateral and frontal
grooves that resemble a cephalic border furrow, but they
represent the inner edge of the cephalic doublure. The
single illustrated cephalon of P. hillardensis (Palmer,
1968, pl. 10, fig. 17) may also be an internal mould, and
therefore warrants further investigation of its reputed
marginal groove.

New specimens of P. cicer from North Greenland in-
clude distinctive juvenile pygidia (see Fig. 34.1, 2) that
closely resemble some pygidia previously assigned by
Shergold (1982, pl. 6, figs 4-7) to P. nobilis Opik, the
type species of Peratagnostus. A significant character of
these pygidia is a prominent, somewhat semicircular fur-
row on the dorsal surface. This, in reference to positions
of the anterior border furrows, is identified as an axial
furrow. Therefore, the largest of these pygidia are charac-
terised by a well-defined, short, tumid axis with no ring
furrows, and lateral and posterior parts of the border
furrow are not evident.

In his study of P. nobilis, Shergold (1982, pp. 22-23)
noted that pygidia with lengths less than 1.10 mm “are
decidedly different from those with lengths greater than
1.50 mm, and are considered to represent meraspid
growth stages.” He also noted that “no specimens with
lengths between 1.10-1.50 have been observed,” and he
concluded that if the smaller pygidia are to be regarded as
P. nobilis, “then a substantial pygidial metamorphosis
accompanies the change from meraspid to holaspid mor-
phogenetic stages.” A similar metamorphosis and a simi-
lar size gap between growth phases is indicated by speci-
mens of P. cicer (see Fig. 34). Pygidia in the smaller
growth phase range up to 1.1 mm in length and observed
pygidia in the larger phase commence at 1.4 mm in
length. Combined with general holaspid characters, I
consider the distinctive juvenile morphology, evidence of
dual growth phases, and the remarkably similar styles of
metamorphosis to indicate a close taxonomic relationship
between these two species, and to support their inclusion
in the same genus.

The smallest pygidium of P. cicer in collection GGU
313115 from Greenland (see Fig. 34.1) has one axial ring,
indicating that it represents degree 1 of the meraspid
period (Robison, 1964, pp. 516-518). An apparent lack
of axial rings on any of Shergold’s (1982, pl. 6, figs 4-7)
specimens of P. nobilis suggests that they are all ho-
laspides. Therefore, the metamorphosis in both P. nobilis
and P. cicer seems to have occurred during the early

holaspid period. In some modern marine arthropods
showing dual growth phases, the gap between them cor-
responds to onset of sexual maturity (Hartnoll, 1982).
Although the same may be true for Peratagnostus, the
rather abrupt change in form at very small body size may
suggest some other cause. Changes in trophic resources,
temperature, or mode of life are suggested as possible
alternatives.

Although proportions of the pygidial axis are very
similar in juveniles of P. cicer and P. nobilis (compare
Fig. 34.1, 2 with Shergold, 1982, pl. 6, figs 4-7), they are
quite different in large adults (compare Fig. 34.7, 8 with
Opik, 1967, text-fig. 18 and Palmer, 1968, pl. 10, fig. 24).
P. cicer also retains vestiges of the axial furrow. Axial
proportions of intermediate holaspid pygidia of P. cicer
(see Fig. 34.3, 4) accord with a possibility that the late
holaspid axis of P. nobilis is paedomorphic with respect
to that of P. cicer, its inferred ancestor. Thus, I attach
trivial rather than generic significance to the late holaspid
difference in axial proportions.

Juvenile specimens of Phalagnostus nudus (Beyrich,
1845), the type species of Phalagnostus Howell, 1955,
are closely similar to those of Peratagnostus. In Phalag-
nostus, however, the distinctive juvenile characters are
retained essentially unaltered into the late holaspid period
(compare Snajdr, 1958, pl. 5, figs 1-24). These persistent
characters include a prominent semicircular axis and ab-
sence of cephalic and pygidial border furrows except for
proximal vestiges along margins adjacent to the thorax.
Based on shared characters, I suggest that Peratagnostus
and Phalagnostus are closely related, and that Phalag-
nostus probably arose from Peratagnostus by paedomor-
phic retention of juvenile characters into the late holaspid
period. Phalagnostus can be differentiated from Per-
atagnostus by the absence of a metamorphosis during
ontogeny and by the related absence of two distinct
growth phases. Late holaspid characters, or course, are
quite different. As in modern marine arthropods (Wil-
liamson, 1982, p. 92), ontogeny within these genera
seems to be “a reminder that adult and larval evolution
can sometimes proceed independently.”

Other species of Peratagnostus, as emended, are also
present in Middle Cambrian strata. One of these is Cic-
eragnostus? falanensis Westergard, 1947. Rushton (1978,
pp. 256-258) reassigned this species to Grandagnostus,
and he suppressed Phalacroma bairdi Hutchinson (1962,
pp. 90-91) as a junior synonym. Additional specimens
were subsequently discussed and illustrated by Rushton
(1983, p. 117, pl. 15, figs 2-5, 8, 9) from younger strata.
As mentioned above in remarks on Megagnostus glandi-
formis, Grandagnostus is considered to be an unrecog-
nisable genus. In degree of effacement, specimens of
Jalanensis resemble those of both Megagnostus and Per-



atagnostus. In convexity and mammiform transverse pro-
file of its pygidium, however, they resemble specimens
of only Peratagnostus. Therefore, falanensis is here reas-
signed to Peratagnostus, and I concur with Rushton that
Phalacroma bairdi Hutchinson is a junior synonym. P.
falanensis seems to be a direct descendent of P. cicer,
from which it mainly differs by its axial furrow being
more effaced on the late holaspid pygidium. P. cicer has
an observed stratigraphic range in the Middle Cambrian
from the Ptychagnostus atavus Zone into the Lejopyge
laevigata Zone, and P. falanensis has a reported stratigra-
phic range from the uppermost Middle Cambrian (up-
permost Lejopyge laevigata Zone) to the middle Upper
Cambrian (upper Olenus Zone).

In addition to P. cicer (see synonymy below), other
species of Peratagnostus have been reported from mul-
tiple localities in the upper Middle Cambrian of China. P.
sinicus was named by Hsiang in Egorova et al. (1963)
and has been further documented by Lu et al. (1965, p.
39, pl. 3, figs 23-25), Xiang et al. (1981, p. 118, pl. 7,
figs 16, 17), and Xiang & Zhang (1985, p. 70, pl. 14, figs
1-4). ‘Peratagnostus exilis n. sp.” has been recorded on a
biostratigraphic chart of taxa identified by Dong (1990,
fig. 1) from a late Middle Cambrian section in western
Hunan, China. Although the generic assignment of
Dong’s specimens may be correct, the new species name
seems to be a nomen nudum. In an unpublished thesis by
Song (1989, p. 46, pl. 3, figs 3-6), an undetermined
species of Peratagnostus has been described and illus-
trated from the Lejopyge laevigata Zone of the same
section in western Hunan.

One or more undetermined species of Peratagnostus
may be represented by several distinctive juvenile speci-
mens from the Lejopyge laevigata Zone. These include
one pygidium from Sweden that Westergard (1946, p. 97,
pl. 16, fig. 3) identified as Phalacroma sp., several pygi-
dia from the Taconic sequence of New York that Rasetti
(1967, pp. 38-39, pl. 10, figs 22-26) assigned as ‘Agnos-
tida, pygidium no. 1, and two pygidia from Tasmania
that Jago (1976, p. 168, pl. 26, fig. 15) assigned as
‘Agnostid, gen. et sp. indet. no. 1.

Several agnostoid species from Upper Cambrian strata
have previously been assigned or reassigned to Peratag-
nostus. These have been reviewed in detail by Palmer
(1968, p. B26) and Shergold (1982, pp. 21-22).

In posterior view, a mammiform profile may be char-
acteristic of most or all late holaspid pygidia of Per-
atagnostus, as emended. Examples have been illustrated
by Opik (1967, pl. 52, fig. 1Ib), Rushton (1978, pl. 24, figs
9, 11), and Song (1989, pl. 3, fig. 8b). Others are shown
here (see Fig. 34.6¢c, 8a).

Peratagnostus, as emended, is geographically wide-
spread in open-marine environments, and it has an ob-
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served stratigraphic range from the Ptychagnostus atavus
Zone in the middle Middle Cambrian to the middle Upper
Cambrian (for summary of Upper Cambrian occurrences,
see Shergold et al., 1990, p. 44).

Peratagnostus cicer (Tullberg, 1880)
Fig. 34

Agnostus cicer Tullberg, 1880, pp. 26-27, pl. 2, fig. 16a, b;
Linnarsson, 1883, p. 32; Gronwall, 1902, p. 59

Agnostus cicer var. forfex Gronwall, 1902, pp. 59-60, pl. 1, fig.
5

Miagnostus cicer (Tullberg), Jaekel, 1909, p. 401

Ciceragnostus cicer (Tullberg), Westergard, 1946, pp. 90-91,
pl. 14, figs 4-9; Pokrovskaya in Chernysheva, 1960, pl. 1, fig.
29; Hutchinson, 1962, p. 89, pl. 10, figs 15, 16, pl. 11, figs 1,
2; Opik, 1967, p- 76; Yang, 1978, pp. 19-20, pl. 1, figs &, 9;
Yang, 1982, pl. 2, fig. 4; Egorova, Pegel & Chernysheva in
Egorova et al., 1982 (in part), p. 73, 7pl. 18, fig. 1, pl. 23, fig.
3; pl. 54, fig. 8; Mpl. 61, figs 3, 4 (not pl. 19, fig. 4)

Ciceragnostus cf. cicer (Tullberg), Westergérd, 1946, pl. 16, fig.
6a, b

?‘Agnostus’ sp. No. 3 Westergérd, 1946, p. 97, pl. 16, fig. 12a, b

New material. One complete specimen is in GGU 301313
(Fig. 34.7) and about 20 pygidia are in GGU 301312,
301313, and 313115. Several small cephala of this spe-
cies are probably present in the same collections, but
confident differentiation of these from associated small
cephala of Megagnostus glandiformis and Toragnostus
bituberculatus has not been possible, partly because of
advanced effacement of the cephalon in all three species
and partly because of inadequate preservation.

Emended diagnosis. Peratagnostus with cephalon mostly
effaced and highly convex.

Pygidium variably effaced, with axial furrow progres-
sively disappearing from posterior in early and middle
holaspides. Late holaspid acrolobe tumid, mammiform in
transverse profile. Axis commonly constricted at position
of M2 in middle and late holaspides; separated from
posterior border furrow in early holaspides, lengthening
to reach furrow in middle holaspides; width less than half
that of pygidium in early holaspides, increasing to more
than half in late holaspides. Median axial node weak to
well defined, usually elongate. Border furrow narrow in
early holaspides, broadening and shallowing in later ho-
laspides. Border convex in early holaspides, becoming
flat or downsloping in later holaspides, especially toward
posterior.

Remarks. Advanced effacement of some features, espe-
cially those of the cephalon, has hindered phylogenetic
analysis of Agnostus cicer Tullberg, 1880, and its generic



Fig. 34. Peratagnostus cicer (Tullberg). la. b. meraspid 1 pygi-
dium, MGUH 21.486 from GGU 313115, x 10 and x 16. 2a-c,
carly holaspid pygidium in dorsal (a, b) and lateral (c) views,
MGUH 21.487 from GGU 313115, x 10 (a) and x 16 (b, ¢). 3. 4,
small holaspid pygidia, MGUH 21.488 and 21.489 from GGU
313115, both x 10. 5, pygidium, MGUH 21.490 from GGU
301313, x 10. 6a-c, pygidium in dorsal, lateral and rear views,
MGUH 21.491 from GGU 301313, x 10. 7, exoskeleton with
cracked and flattened cephalon. MGUH 21.492 {rom GGU
301313, x 8. 8a. b, large pygidium in rear and dorsal views, with
inner margin of doublure exposed where rear border is broken,
MGUH 21.493 from GGU 301313, x 8.

assignment has been problematic. Although A. cicer was
reassigned to Ciceragnostus by Westergard (1946, pp.

90-91), it probably is not closely related to Agnostus
barlowi Belt, 1868, the type species of Ciceragnostits
(compare Morris & Fortey, 1985, pl. 1. fig. 1). a species
of Early Ordovician (Tremadocian) age. According to
Shergold et al. (1990, p. 55), Ciceragnostus is character-
ised by a narrow cephalic border and probably is an
effaced pseudagnostid. In comparison, A. cicer lacks all
but posterior vestiges of a cephalic border and it shows no
evidence of a pseudagnostid deuterolobe.

Reasons for reassignment of A, cicer to Peratagnostus
are given above in remarks on the genus. This reassign-
ment is based on both juvenile and adult characters, and
especially those of the pygidium.

P. cicer, as emended, is an agnostoid species showing
greater than usual ontogenetic variability in some fea-
tures of the pygidium. Also, similar variability is present
in populations from both Sweden and North Greenland.
Rates of ontogenetic increase in length to width ratio
were greater for the axis than for the entire pygidium
(compare pygidia in Fig. 34). Westergard (1946, p. 90)
noted that the axis of small pygidia (less than 1.5 mm in
length) is usually outlined throughout, this being a juve-
nile feature persisting in rare adults, and a feature used by
Gronwall (1902) to distinguish the variety forfex. Minor
differences in length to width ratios of the cephalon and
pygidium may result from taphonomic deformation and
should be used with care in taxonomy ol such species as
P. cicer. If compression is extreme, posterolateral edges
may collapse under the cephalon (e.g., Fig. 34.7). and
may further affect the cephalic length to width ratio.

QOccurrence. P. cicer, as emended, is known from Den-
mark, Sweden, the United States (Vermont). China (Hu-
nan, Guizhou), Russia (Siberia), and Greenland. The new
specimens are from basal beds of the Kap Stanton Forma-
tion in Peary Land, and are from the lower Lejopyge
laevigata Zone. The occurrence in Vermont is a new
report based on a single, articulated exoskeleton from the
Skeels Corners Formation. The Vermont specimen was
collected by W. V. Murray, and its description is being
prepared for inclusion in a separate publication. The
observed stratigraphic range of P. cicer is from the Pry-
chagnostus atavus Zone to the Lejopyge laevigata Zone
in the Middle Cambrian.

Genus Phalagnostus Howell, 1955
Type species. Battus nudus Beyrich, 1845, p. 46.

Remarks. Based on the position of anterior border fur-
rows, Rasetti (1967, pp. 38-39) concluded that the promi-



nent subcircular furrow on the pygidium ol Phalagnostus
is an axial furrow rather than a border furrow. That
interpretation has been supported by Poulsen (1969, p. 9),
Jago (1976, p. 146), and Rushton (1978, pp. 255-256). If
correct, Phalagnostus is an exceptional agnostoid in its
lack of both lateral and posterior borders on the late
holaspid pygidium.

Phalagnostus ovalis (Illing, 1916)

Fig. 35

Agnostus nudus (Beyrich) var. ovalis Illing, 1916, p. 415, pl. 31,
figs 9, 10

Phalacromina ovalis (11ling), Kobayashi, 1962, p. 29

Phalagnostus ovalis (Illing), Rushton, 1979, p. 60, fig. 9D;
Morris, 1988, pp. 174-175

not Phalagnostus ovalis Yang, 1982, pp. 302-303, pl. 2, fig. 1
[regarded as secondary homonym, now Pseudophalacroma
ovalis (Yang, 1982); 1985 International Code of Zoological
Nomenclature, Article 57(c))

New material. More than 20 specimens are in GGU
298970, 298975, 319789, and 319790.

Emended diagnosis. Cephalon ovoid, moderately convex
posteriorly. Axial furrow weakly defined posteriorly, dis-
appearing anteriorly from near basal lobes. Border furrow
weak posteriorly, absent laterally and anteriorly.
Pygidium ovoid, having low relief, except for axis.
Axial furrow wide, moderately deep. Axis subcircular to
subquadrate, lacking ring furrows; median node weak,
carinate. Pleural fields unusually flat, slightly downslop-
ing; confluent posteriorly; width more than doubling

Fig. 35. Phalagnostus ovalis (Illing).
All specimens from GGU 298970. 1,
partly exfoliated cephalon in dorsal
and lateral views, MGUH 21.494. x
8. 2, damaged cephalon, MGUH
21.495, x 8. 3, 6, smaller pygidia,
MGUH 21.496 and 21.497, both x
10. 4, large pygidium in dorsal and
lateral views, MGUH 21.498, x 8. 5,
damaged pygidium. MGUH 21.499,
x 8.
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from anterior to posterior. Border furrow weak anteriorly,
absent laterally and posteriorly.

Remarks. P. ovalis was previously known from only a
single enrolled specimen from England, which Rushton
(1979) designated as the lectotype. New specimens from
Greenland are closely similar, but the pygidial axis on
larger holaspides is slightly more elongate. The axis ap-
pears to have become more elongate during ontogeny, so
I do not regard that difference to be ol taxonomic impor-
tance.

This species is the type of Phalacromina Kobayashi
(1962, p. 29). which Rushton (1978, p. 256) suppressed
as a subjective synonym of Phalagnostus. 1 concur with
that action.

Occurrence. P. ovalis has been previously reported from
horizon C2 in the Abbey Shales of the English Midlands.
In North Greenland it is in collections from the upper
Henson Gletscher Formation and from basal beds of the
Kap Stanton Formation. Observed specimens from both
England and Greenland are from the Prychagnostus ata-
vis Zone.

Genus Schismagnostus n. gen.

Etymology. Greek schisma, cleft or split, plus Agnostus;
referring to the extraordinarily long frontal sulcus of the
juvenile glabella.

Type species. Schismagnostus plicatus n. sp.
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Diagnosis. Cephalon subquadrate. Glabella subcylindri-
cal, bipartite with F3 bowed rearward; F1 and F2 promi-
nent. Basal lobes simple to slightly elongate. Genae hav-
ing abundant scrobicular grooves and pits; separated by
preglabellar median depression, which may contain finer
scrobiculae. Border narrow to moderately wide. Glabella
of early instars having extraordinarily long frontal sulcus,
extending rearward to about level of F2.

Thorax not known.

Pygidium subquadrate with pair of posterolateral bor-
der spines. Axis variable in length, subcylindrical with
slight constriction at M2 and pointed posterior end; F1
weak, slightly bowed forward; F2 weak, straight to
slightly bowed forward; median tubercle ovate, moder-
ately large, confined to M2, and not interrupting F2.
Posteroaxis slightly ogival, having shallow transverse
sulcus with median node. Postaxial median furrow pre-
sent and deep if axis is reduced in length. Border furrow
moderately wide to wide.

Remarks. Schismagnostus is characterised by greater
morphological change in the cephalon than is usual in
other agnostoid genera during holaspid ontogeny. Begin-
ning at least with early holaspid specimens, the cephalon
already has well-developed genal scrobiculae, the ante-
roglabella is unusually small, and a deep frontal sulcus
penetrates the anteroglabella and continues well back into
the posteroglabella. To my knowledge, this is the only
agnostoid with a frontal sulcus extending into the post-
eroglabella. On later holaspid specimens the frontal sul-
cus is entirely effaced, which seems to have occurred
abruptly, perhaps between instars. At the same time, the
anteroglabella was substantially enlarged. In the preced-
ing diagnosis, however, late holaspid characters are em-
phasised because descriptions of agnostoid genera have
been generally based on characters of that ontogenetic
stage.

Late holaspid specimens of Schismagnostus resemble
those of some species of Tomagnostus in such characters
as pattern of genal scrobiculae and presence of a trans-
verse sulcus on the posteroaxis. Representative speci-
mens of the type species of each genus, however, differ in
all holaspid instar stages (compare Figs 30 & 36), al-
though less significantly in later ones. The early holaspid
cephalon of S. plicatus is characterised by a relatively
small anteroglabella and an extraordinarily long frontal
sulcus, which penetrates to about the level of the F2 (see
Fig. 36.1-6). Early holaspid instars of Tomagnostus fissus
also have a frontal sulcus, but the anteroglabella is rela-
tively large, its frontal sulcus is short, and the front part of
its posteroglabella is tumid and carinate (see Fig. 30.6)
rather than sulcate. Following a seemingly abrupt ontoge-
netic transformation, the frontal sulcus is entirely effaced

from the middle holaspid cephalon of S. plicatus, and its
anteroglabella is much enlarged in relative size (see Fig.
36.7a-c). In comparison, ontogenetic changes in propor-
tions of the anteroglabella and length of the frontal sulcus
are minor in 7. fissus. These and other differences in axial
structure are considered to have important taxonomic
significance, and are the basis for distinguishing the new
genus Schismagnostus. Based on all characters, but espe-
cially those of early ontogenetic stages, Schismagnostus
does not seem to be closely related to any described
agnostoid genus, and its phyletic origin is obscure.

Two species are here assigned or reassigned to Schis-
magnostus. One is the type species, S. plicatus n. sp.,
which is known from only the Ptychagnostus gibbus
Zone of North Greenland. The other is S. clarus (Pokrov-
skaya & Egorova in Egorova et al., 1982, p. 60, text-fig.
2, pl. 14, figs 7, 8), which has a reported range in Siberia
corresponding to the interval from the lower Ptychagnos-
tus punctuosus Zone to the lower Lejopyge laevigata
Zone.

Schismagnostus plicatus n. sp.
Fig. 36

Etymology. Greek plicatus, folded; referring to the strong
genal scrobiculae, even on the juvenile cephalon.

Holotype. Cephalon (Fig. 36.9a, b), MGUH 21.508 from
GGU 298970.

Material. Nine cephala and 2 pygidia are in GGU
298970.

Diagnosis. Cephalon having extraordinarily long frontal
sulcus on glabella of early holaspides, but effaced on later
holaspides. Basal lobes exceptionally short. Pygidium
with short axis, pleural fields divided by deep postaxial
median furrow, and pair of large border spines.

Description. Cephalon ovate to subquadrate; anterior
margin broadly rounded to nearly straight, lateral sides
tapering rearward. Glabella bipartite with F3 bowed rear-
ward. Frontal sulcus extraordinarily long in early ho-
laspides, extending rearward to about level of F2; seem-
ingly becoming abruptly effaced between early and mid-
dle holaspid stages. Anteroglabella short and laterally
constricted in early holaspides, width being about half
that of postjacent segment; abruptly increasing in relative
size as frontal sulcus is effaced. Posteroglabella elongate
rectangular; F2 weak to moderately well defined, F1 well
defined; M3 laterally tumid, divided by frontal sulcus in
early holaspides and by shallow depression in later ho-
laspides; M2 may be slightly constricted and less tumid



than M1 and M3 in early holaspides; M1 subcircular.
Median glabellar node weak; shifting from front of M1 in
early holaspides to middle M2 in later holaspides. Basal
lobes extraordinarily reduced in length, being only
slightly longer than exsaggital width of posterior border
in early holaspides, gradually enlarging in later holas-
pides, but still exceptionally short in late holaspid stage.
Genae having prominent scrobiculae throughout holaspid
ontogeny; rugae becoming more complex during onto-
geny, developing as many as five orders of branching in
late holaspides. Border furrow and border both narrow.

Thorax not known.

Pygidium subquadrate with lateral sides tapering for-
ward. Axis short, well separated from posterior border
furrow; Fl shallow, bowed anteriorly; F2 shallow,
straight or bowed forward; median tubercle on M2 ovate,
moderately large, and most tumid toward rear; post-
eroaxis slightly ogival with shallow transverse sulcus
containing median node surrounded by two pairs of tiny
pits. Pleural fields having rough surface; divided by deep,
median, postaxial furrow. Border [urrow moderately
wide. Border moderately wide posteriorly, narrowing an-
terolaterally; expanding posterolaterally into pair of
large, broad-based spines.

Remarks. S. plicatus appears to be closely related to
Tomagnostus clarus Egorova & Pokrovskaya (in Egorova
et al., 1982, p. 60, pl. 14, figs 7, 8), which is here
reassigned to Schismagnostus. Late holaspid specimens
of §. plicatus can easily be distinguished from those of S.
clarus, however, by their distinctly shorter basal lobes, a
shorter pygidial axis. presence of a postaxial median
furrow, narrower pygidial border furrow, and larger pygi-
dial border spines. Early holaspid specimens have not
been described or illustrated for S. clarus, and therefore
cannot be compared with those of S. plicatus.

Occurrence. All specimens of S. plicatus are from the

Fig. 36. Schismagnostus plicatus n. gen. & n. sp. All specimens
are from GGU 298970. 1-3, late meraspid or early holaspid
cephala, MGUH 21.500-21.502, all x 10. 4a. b, cephalon, prob-
ably an carly holaspid, in lateral and dorsal views, MGUH
21.503, x 10. 5, 6, cephala, probably early holaspides, MGUH
21.504 and 21.505, both x 10. 7a-c, middle holaspid cephalon in
stercographic (a. b) and lateral (¢) views, MGUH 21.506, x 10.
8, incomplete middle holaspid cephalon, MGUH 21.507, x 10.
9a, b, holotype cephalon in lateral and dorsal views, MGUH
21.508, x 8. 10a, b, pygidium in dorsal and lateral views,
MGUH 21.509, x 8. 1 la-c. pygidium in lateral and dorsal views
(b, ¢) and latex cast showing more complete right marginal spine
(a), MGUH 21.510. x 8.
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middle Henson Gletscher Formation of Nyeboe Land,
and are from the Ptychagnostus gibbus Zone.




Genus Toragnostus Robison, 1988

Type species. Agnostus bituberculatus Angelin, 1851, p.
6.

Remarks. The generic diagnosis of Robison (1988, pp.
52-53) is followed here (see also Shergold et al., 1990, p.
7).

Toragnostus bituberculatus (Angelin, 1851)
Fig. 37

New material. More than 70 specimens are in GGU
301312 (rare), 301313 (abundant), and 313115 (com-
mon).

Remarks. Complete specimens of 7. bituberculatus in
GGU 301313 (Fig. 37.4, 5) are the first to be illustrated
for the species. These show the anterior thoracic segment
to be longer sagittally than the posterior thoracic seg-
ment, and the axial ring of each thoracic segment is

Fig. 37. Toragnostus bitubercula-
tus (Angelin). la, b, cephalon in
dorsal and lateral views, MGUH
21.511 from GGU 313115, x 8. 2,
latex cast of pygidium with dou-
blure exposed where posterior bor-
der is broken, MGUH 21.512 from
GGU 313115, x 8. 3, flattened py-
gidium. MGUH 21.513 from GGU
301312, x 8. 4, dorsal exoskeleton,
MGUH 21514 from GGU
301313, x 10. 5a-c, dorsal exoske-
leton, MGUH 21.515 from GGU
301313, all x 10; a, latex cast
showing nearly complete anterior
thoracic segment: b, ¢. specimen in
lateral and dorsal views.

smooth. All new material, including numerous disartic-
ulated cephala and pygidia, agrees well with previous
descriptions of the species (for synonymy, see Robison,
1988, p. 53).

Lu & Lin (1989, pp. 113-114, 230, pl. 13, figs 7-10)
named a new species Phalagnostus carinatus that ap-
pears to be conspecific with 7. bituberculatus, but it is
said to differ by having a longer and more posterior
median carina on the cephalon as well as slight differ-
ences in the vestigial axial furrow and uniformity in
width of the border on the pygidium. The three illustrated
cephala of the Chinese species are not well preserved and
the nature of the median carina is not clear from the
photographs. Characters of the single illustrated pygi-
dium appear to be within the range of variation observed
elsewhere in populations of 7. bituberculatus. Thus, I
consider P. carinatus Lu & Lin to be a questionable
junior synonym of 7. bituberculatus.

Occurrence. T. bituberculatus is geographically wide-
spread in the Lejopyge laevigata Zone. Rare specimens
have been previously documented from the upper L.



laevigata Zone in the lower Holm Dal Formation of
Peary Land, North Greenland (Robison, 1988, p. 53, fig.
12.4-6). The new specimens are from the lower L. lgevi-
gata Zone in basal beds of the Kap Stanton Formation of
Peary Land.

Genus and species undetermined 1
Fig. 9.1a, b

Remarks. A single pygidium in GGU 298970 from the
Ptychagnostus gibbus Zone of the middle Henson
Gletscher Formation, Nyeboe Land, is unassigned to ge-
nus and species. It is characterised by a bowed articulat-
ing furrow, fully developed ring furrows (F1 & F2), a
carinate median tubercle, a tumid and ogival posteroaxis,
a short postaxial median furrow, a wide border furrow,
and a pair of border spines. If resembles pygidia of
Peronopsis bulkurensis, discussed above, but differs by
having a bowed rather than straight articulating furrow
and better developed ring furrows. It resembles Schis-
magnostus plicatus n. gen. & n. sp., described above, in
development of ring furrows, but its posteroaxis is more
tumid, it lacks a transverse sulcus, and its border spines
are less robust. It also resembles pygidia of Peronopsis
segmenta Robison, 1964 (compare Robison, 1982, pl. 6,
figs 3, 4), but the F2 is not effaced.

Genus and species undetermined 2
Fig. 9.2, 3

Material. Two cephala are in GGU 298969 and one
cephalon is in GGU 298970.

Remarks. Three small cephala of this taxon are character-
ised by a long, narrow, bipartite glabella with an F3 that
is bowed slightly rearward. The glabella also has a short
frontal sulcus. The posteroglabella is unusually long and
its median node is posterior from the midpoint. Basal
lobes are simple and do not indent the glabella, genae are
smooth, and the border is moderately wide anteriorly and
tapers posteriorly. Considering all characters, these ce-
phala resemble those of Tomagnostus but the border is
wider anteriorly and of less uniform width, and the basal
lobes do not indent the glabella.

Occurrence. This taxon is from the upper Henson
Gletscher Formation in Nyeboe Land, being present in
both the Prychagnostus gibbus and Ptychagnostus atavus
ZOnes.
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Systematics and phylogenetics of polymeroid
trilobites from the Henson Gletscher and Kap
Stanton formations (Middle Cambrian), North
Greenland

Loren E. Babcock

Middle Cambrian strata of northernmost North Greenland contain polymeroid trilo-
bites of Laurentian and Baltic aspect. Trilobites of Laurentian aspect were found
primarily in lime mudstone and wackestone representing shelf lithofacies, whereas
trilobites of Baltic aspect were found primarily in lime mudstone representing outer
shelf lithofacies. Rare packstone beds in the deeper water lithofacies contain assem-
blages of mixed aspect.

Thirty-three polymeroid species, some in open nomenclature, are described from the
Henson Gletscher and Kap Stanton formations of Nyeboe Land and Peary Land. Of the
21 genera identified, one eodiscid, Costadiscus, is new. Six species, Bathyuriscus
concavus, Costadiscus minutus, Dasometopus groenlandicus, Elyx trapezoidalis, Koo-
tenia nodosa, and Opsidiscus longispinus, are new.

Cladistic analysis indicates that eodiscid trilobites are a paraphyletic and possibly
polyphyletic group that probably arose from polymeroid ancestors through mosaic
heterochrony. The Polymerida, as previously applied, is also interpreted to be a
paraphyletic group. Small size in eodiscids was achieved independently from that in
agnostoids and condylopygids, probably through progenesis. Loss of eyes in some
eodiscids evidently occurred in more than one evolutionary lineage. Available evidence
suggests that agnostoids and eodiscids did not share a close common ancestor.

Cladistic analysis of Xystridura, Galahetes, Lermontovia, Bergeroniellus, Paradoxi-
des, Anopolenus, Clarella, and Centropleura indicates that these trilobites are part of
one monophyletic group, the family Paradoxididae. Two smaller clades within the
Paradoxididae are recognised; these are the subfamilies Xystridurinae, with Xystridura
and Galahetes, and Paradoxidinae with all the other paradoxidid genera. Both pae-
domorphic and peramorphic processes are inferred to have been important in the
evolution of the paradoxidid trilobites.

L. E. B., Department of Geological Sciences and Byrd Polar Research Center, The
Ohio State University, Columbus, Ohio 43210, U.S.A.

New occurrences of Middle Cambrian polymeroid tri-

lobites from the Henson Gletscher and Kap Stanton for-
mations of Nyeboe Land, and the Kap Stanton Formation
of Peary Land, North Greenland (Fig. 1), are documented
here. Trilobites from these areas were collected by staff
of the Geological Survey of Greenland (GGU) and are
relatively abundant and diverse (Table 1). The biofacies
and biogeographic significance of these trilobites, and
their implications for palaeo-oceanographic and plate-
tectonic reconstructions are addressed in an accompany-
ing paper (Babcock, 1994). Some of the fossils described
here were the basis for preliminary studies by Fletcher et
al. (1988), Babcock & Robison (1989), and Robison &
Babcock (1990). Collections range in age from the Glos-
sopleura Biochron to the Lejopyge laevigata Biochron.

Bull. Grgnlands geol. Unders. 169, 79-127 (1994)

Trilobites from the Glossopleura Assemblage-zone are
entirely polymeroids, whereas those from the Prychag-
nostus gibbus, P. atavus, and Lejopyge laevigata interval-
zones are mixed polymeroids and agnostoids. The agnos-
toid trilobites are described in an accompanying paper
(Robison, 1994).

Middle Cambrian strata of North Greenland contain
polymeroid trilobites of both Laurentian and Baltic as-
pect. Most previously described polymeroids are of Lau-
rentian aspect (Poulsen, 1927; Poulsen, 1964; Palmer &
Peel, 1981; Robison, 1988), which accords with the in-
terpretation (Scotese et al., 1979; Scotese & McKerrow,
1990) that Greenland and North America were united in a
single Cambrian continent, Laurentia (see also Peel &
Christie, 1982; Higgins ef al, 1991). Taxa of Baltic

© GGU, Copenhagen, 1994
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aspect are present along the northern coast of Greenland
in Nyeboe Land and Peary Land (Poulsen, 1969; Fletcher
et al., 1988; Babcock & Robison, 1989; Babcock, 1990a;
Robison & Babcock, 1990). Although polymeroids of
Baltic aspect have been previously described from au-
tochthonous or parautochthonous rocks of Laurentia (Ho-
well, 1937; Hutchinson, 1952; Shaw, 1966; Rasetti,
1967; Palmer & Stewart, 1968; Babcock, 1990a), new
specimens from North Greenland are the first from rela-
tively undisturbed stratigraphic sequences. Polymeroids
described here (Table 1) and associated agnostoids de-
scribed by Robison (1994) are preserved in shelf litho-
facies that represent native terranes (as defined by Kep-
pie, 1989) of the Laurentian palacocontinent. This new
material significantly increases the record of Cambrian
trilobites from the Innuitian margin of Laurentia.

Together with taxa described recently from the upper
Middle Cambrian Holm Dal Formation (Robison, 1988),
the new material provides important new data on the
biogeography of Middle Cambrian trilobites. Differences
between Middle Cambrian polymeroid assemblages of
Laurentian and Baltic aspect are inferred to have been
controlled by, or covaried with, water temperature and
are not necessarily due to endemism developed around
distantly separated cratons (Babcock, 1994).

Geologic setting and stratigraphy

Lower Palaeozoic rocks crop out along the coast of
North Greenland in a band up to 250 km wide, forming
the continuation of the Franklinian Basin of the Canadian
Arctic Islands (Higgins et al., 1991; Surlyk, 1991). The
northernmost part of this outcrop belt lies within the
east—west trending North Greenland fold belt, which con-
sists of Upper Proterozoic? to Silurian sedimentary rocks
that were deformed and metamorphosed primarily during
the Ellesmerian orogeny of Devonian age (Dawes, 1971,
1976; Dawes & Soper, 1973; Higgins et al., 1981, 1991;
Surlyk, 1991). Localised structural overprinting occurred
during the Eurekan orogeny of Cretaceous to Tertiary age
(Dawes, 1971, 1976; Higgins et al., 1981; Surlyk, 1991).
The North Greenland fold belt is a continuation of the
Innuitian orogenic system of arctic Canada (Dawes,
1976; Higgins et al., 1991).

The stratigraphy and evolution of the Cambrian shelf,
slope, and basin in North Greenland have been discussed
by Ineson (1980, 1985, 1988), Ineson & Peel (1987,
unpublished), Peel (1982), Peel & Christie (1982), Surlyk
& Ineson (1987), Higgins et al. (1991), Surlyk (1991),
and a summary by Ineson et al (1994) is published
together with this paper.

Two major depositional environments are represented
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Table 1. Classification of polymeroid trilobites
identified from the Henson Gletscher and
Kap Stanton formations

‘Polymerida’

Family Anomocaridae
Anomocarina excavata (Angelin)

Family Conocoryphidae
Dasometopus groenlandicus n. sp.
Elyx trapezoidalis n. sp.
Hartshillia inflata (Hicks)

Family Corynexochidae
Corynexochus? sp.

Family Dolichometopidae
Bathyuriscus concavus n. sp.
Bathyuriscus sp.

Glossopleura walcotti Poulsen

Family Dorypygidae
Kootenia nodosa n. sp.
Olenoides sp.

Olenoides cf. O. convexus Rasetti

Family Menomoniidae
Bolaspidella sp.
Family Ogygopsidae
Ogygopsis klotzi (Rominger)
Family Paradoxididae
Centropleura loveni (Angelin)
Centropleura angelini? Westergérd

Family Solenopleuridae
Parasolenopleura aculeata (Angelin)
Solenopleura bucculenta Grénwall
Solenopleurella transversa? Rasetti

Family Zacanthoididae
Zacanthoides sp.

Family unassigned
Elrathia sp.
Syspacephalus sp. 1
Syspacephalus sp. 2
Syspacephalus sp. 3
Eodiscus scanicus (Linnarsson)
Costadiscus minutus n. gen., n. sp.
Opsidiscus longispinus n. sp.
Undetermined corynexochoid
Undetermined ptychoparioid 1
Undetermined ptychoparioid 2
Undetermined ptychoparioid 3
Undetermined ptychoparioid 4
Undetermined ptychoparioid 5
Undetermined ptychoparioid 6

by Cambrian rocks of North Greenland (Higgins et al.,
1991; Ineson et al., 1994). An extensive carbonate shelf
lay to the south in the area near the margin of the present-
day Inland Ice, and a deeper water trough was in an area



82

: : Fig. 2. Stratigraphic distribution
Middle Cambrian ofgpolymeroi:;g trli)lobites in GGU
. Kap Stanton collections from the Henson Glet-
Henson Giletscher Formation FoF:mation scher Formation in Hand Bugt,
metres above base of section ?gett’)oe Laf“‘:l (llo{ca“‘y 1(’}1Fig' hl)'
e base of the Henson Gletscher
5.0 6.0 710 8.0 | I9|0 19? 1 10 :'2.2 1:?0 1?0 15.’0 F;)mlllation is 46 ;n aboYe thec?ésl‘;
of the measured section.
§ § § § § '§ lé collections 298971 to 298973 are
‘\Dl ‘\Dl ‘8 <\°l S ‘e‘ t\ol from the Glossopleura Assem-
N =W S © A0 blage-zone; GGU  collection
R 298970 is from the Ptychagnostus
gibbus Interval-zone; and GGU
Glossopleura walcotti — collections 298969, 298974, and
Syspacephalus sp. 3 - 298975 are from the Ptychagno-
Undet. ptychoparioid 1 - stus atavus Interval-zone.
Undet. ptychoparioid 5 -
Kootenia nodosa ——
Ogygopsis klotzi —
Bathyuriscus sp. -
Bolaspidella sp. -
Elrathia sp. -
Olenoides sp. -
Syspacephalus sp. 2 -
Zacanthoides sp. -
Undet. corynexochoid -
Undet. ptychoparioid 2 -~
Undet. ptychoparioid 3 -
Undet. ptychoparioid 4 -
Costadiscus minutus -
Eodiscus scanicus —
Hartshillia inflata -
Parasolenopleura aculeata -
Syspacephalus sp. 1 -
Undet. ptychoparioid 6 -

to the present-day north. The relationship between the
shelf and trough was complex, with the margin being
largely fault controlled. Cambrian shelf deposits reach a
maximum thickness of about 1.5 km and the basinal
deposits are 2 to 3 km thick.

Rocks containing trilobites reported here have been
only moderately disrupted structurally (Fletcher ez al.,
1988; also see Soper & Higgins, 1985; Higgins et al.,
1991). Stratigraphic relationships show that they were
deposited mainly in outer shelf environments. Correlation
of strata containing the fossils described herein along
well-exposed fjord walls to undeformed sequences in the
south, deposited higher on the shelf, indicates that these
outer shelf rocks are autochthonous, not allochthonous
(Higgins et al., 1991; Ineson et al., 1994). Palacontologic
evidence, in the form of mixed assemblages of trilobites

from warm-water and cool-water biofacies near the shelf
margin (Babcock, 1991, 1994), supports that interpreta-
tion.

Lithostratigraphy and fossil localities

New polymeroid trilobites have been collected from
two localities in Nyeboe Land and one in Peary Land,
North Greenland (Fig. 1). Collections were obtained from
the middle and upper parts of the Henson Gletscher
Formation of the Brgnlund Fjord Group and the basal
beds of the Kap Stanton Formation of the Tavsens Is-
kappe Group, which locally overlies the Henson
Gletscher Formation (Fig. 1).

The Kap Stanton Formation is formally defined in an
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Fig. 3. Polymeroid trilobites in GGU collections from basal beds
of the Kap Stanton Formation on the east side of Frankfield
Bugt, Nyeboe Land (locality 2, Fig. 1). Collections are from the
lower part of the Ptychagnostus atavus Interval-zone.

accompanying paper by Ineson et al. (1994), who also
present a general description of the geologic environ-
ment. The Henson Gletscher Formation in southern Freu-
chen Land contains trilobites of Early to Middle Cam-
brian age (Blaker, 1986, 1991; see also Higgins et al.,
1991), but all the collections described here are of Middle
Cambrian age. Trilobites of only Middle Cambrian age
have been previously reported from the Kap Stanton
Formation (Fletcher er al., 1988; Babcock & Robison,
1989; Robison & Babcock, 1990).

Locality 1 (Figs 1, 2), at Hand Bugt, Nyeboe Land,
includes a 90 m thick succession of the upper Henson
Gletscher Formation and lower Kap Stanton Formation.
Seven collections were obtained by J. S. Peel and M. R.
Blaker in 1985 (Fig. 2).

Locality 2 (Figs 1, 3) includes basal beds of the Kap
Stanton Formation on the east side of Frankfield Bugt,
Nyeboe Land. Two collections containing trilobites were
made by A. K. Higgins in 1985 (Fig. 3). GGU 319789
was collected from talus, but GGU 319790 was collected
in place. GGU 319789 is interpreted to be of local origin
because separate slabs in the two collections contain parts
and counterparts of the same trilobites (e.g., Olenoides cf.
convexus, Fig. 14.2).

Locality 3 (Figs 1, 4) includes basal beds of the Kap
Stanton Formation on a cape on the east side of J. P. Koch
Fjord, north of the island of Primus, western Peary Land.
Four collections were made at the locality, one by A. K.
Higgins in 1984, and the others by J. S. Peel and M. R.
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Blaker in 1985 (Fig. 4). The locality is approximately 40
km north of the type locality of the Holm Dal Formation
(Fig. 1; see Peel, 1988).

Depositional environments

Similarities in major lithofacies and biofacies paiterns
indicate that Greenland and much of North America were
united in a single continent, Laurentia, during Cambrian
time (e.g., Palmer, 1974). Thick and widespread carbon-
ate deposits support palacomagnetic evidence that the
continent was located in tropical latitudes (e.g., Scotese et
al., 1979; Scotese, 1987; Scotese & McKerrow, 1990; see
Babcock, 1994, fig. 2).

The depositional settings of the Henson Gletscher For-
mation in Nyeboe Land and the Kap Stanton Formation
in Nyeboe Land and Peary Land are described more fully
and interpreted in an accompanying paper (Ineson er al.,
1994). Both formations represent deposition in an open-
marine, mainly low-energy environment below normal
wave base. Sedimentation occurred seaward of an exten-
sive carbonate platform that bordered the craton. In the
northern outcrop belt, a carbonate-starved, outermost
shelf-slope environment is inferred for most of the Hen-
son Gletscher Formation, and a carbonate slope apron to
carbonate-starved outermost shelf setting is inferred for
the Kap Stanton Formation. Poor circulation may have
resulted in oxygen-deficient bottom waters that inhibited
sediment bioturbators. Thinly laminated carbonate and
siliciclastic muds and silts accumulated mainly from sus-
pension; thin beds of coarser sediment probably represent

301312 —
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Fig. 4. Polymeroid trilobites in GGU collections from basal beds
of the Kap Stanton Formation on a cape on the east side of J. P.
Koch Fjord, north of the island of Primus, Peary Land (locality
3, Fig. 1). Collections are all from the lower part of the Lejopyge
laevigata Interval-zone. GGU 301312, 301313, and 313115 are
from the same stratigraphic level, and GGU 301311 is from
approximately three metres lower in the section.



Fig. 5. Examples of major carbonate lithofacies from inferred

deep-water environments, both x 1: polished slabs are cut per-
pendicular to bedding; 1, mudstone (MGUH 21.229) from GGU

313115, Lejopyge laevigata Zone; 2, packstone (MGUH
21.230) from GGU 319789, Ptychagnostus atavus Zone.

deposition from dilute turbidity currents or possibly
storm-generated currents. Some intercalated grainstone
or packstone beds represent episodic deposits resulting
from tractional bottom currents.

Most trilobites in collections from the Prychagnostus
gibbus to Lejopyge laevigata zones are preserved in one
of two carbonate lithofacies: packstone or mudstone (Fig.
5). Those from the Glossopleura zone, however, are in
wackestone. More than 50 percent of the Henson
Gletscher and Kap Stanton formations at locality 1 is dark
grey to black limestone or dolostone. Most of the rock is
lime mudstone with lesser amounts of argillaceous lime
mudstone. Locally the mudstone grades to wackestone.

The mudstone facies (Fig. 5.1) is characterised by dark
grey or black colour, thin bedding to millimetre-thick
laminae, and lack of burrowing. Most bedding surfaces
are planar and nearly parallel to slightly undulatory and
discontinuous. The major constituent of the rock is fine-
grained carbonate. Minor constituents are spar, clay- and
silt-sized siliciclastics, and pyrite. Most of the fauna con-
sists of agnostoid trilobites. polymeroid trilobites of Bal-
tic aspect, and sponge spicules. Inarticulate brachiopods
are rare. In mudstone, the presence of some articulated
exoskeletons or molt assemblages and lack of obvious
size sorting or fragmentation of disarticulated sclerites

suggests that most of the trilobites lived at or near where
their remains were deposited.

Packstone beds (Fig. 5.2) are of centimetre-scale thick-
ness and are intercalated with mudstone. Locally they
grade to grainstone or wackestone. Their bases truncate
the mudstone laminae over which they were deposited.
Where evident, grading is crude and fines upward. The
tops of beds form sharp contacts with overlying milli-
metre-thick laminae of mudstone. In packstone, nearly all
trilobites are disarticulated and the sclerites are com-
monly fragmented, crudely size sorted, and mixed with
shells of hyoliths, hyolithellids, helcionelloids, inartic-
ulate brachiopods, and ostracodes. Remains of trilobites
of both Laurentian and Baltic aspect are present, although
those of Laurentian aspect are much more common. To-
gether, the evidence suggests that fossils in packstone
beds were transported downslope as bioclastic debris by
gravity flow. The total species diversity in packstone was
probably increased by redeposition of bioclasts. Also,
trilobites of slightly different ages may have been mixed,
although evidence of such mixing was not detected. For-
eign sediment was not found adhering to specimens, nor
were clasts discovered in the packstones. Judging from
the biostratigraphic ranges of taxa in the packstones,
there is no association of polymeroids that cannot be
attributed to ecological differences between biofacies.

Biostratigraphy

Both polymeroid and agnostoid trilobites are present in
Middle Cambrian rocks of North Greenland although
they do not always co-occur. They have very different
stratigraphic and geographic distributions, which accords
with inferred basic differences in their modes of life (e.g.,
Robison, 1976). Agnostoids, most of which were prob-
ably pelagic (Robison, 1972; Opik, 1979), are found
mainly in lithofacies representing open-shelf and slope
environments. Polymeroids, most of which were benthic,
are most abundant in open-shelf or restricted-shelf litho-
facies. Separate biozones based on agnostoids and poly-
meroids have been proposed for some major Middle
Cambrian biofacies (Robison, 1976). Zonation of poly-
meroids is described below. and the more refined zona-
tion of agnostoids is discussed in an accompanying paper
(Robison, 1994). In the systematic descriptions of taxa in
this paper, reference is made to one or both sets of
zonation, as appropriate.

The age of GGU collections 298971-298973 from
near the middle of the Henson Gletscher Formation of
locality 1 (Fig. 2) is based on only polymeroid trilobites
because agnostoids are not present. All identified genera
are relatively eurytopic and long-ranging and are wide-



spread primarily in open-shelf lithofacies of Laurentia.
The presence of Glossopleura walcotti in all three collec-
tions indicates that they belong to the Glossopleura As-
semblage-zone of Robison (1976).

Trilobites representative of three of the four agnostoid
interval-zones defined by Robison (1984) were found at
locality 1. In ascending order these are the Ptychagnostus
gibbus, Ptychagnostus atavus, and Lejopyge laevigata
interval-zones. In North Greenland, taxa representing the
Ptychagnostus punctuosus Zone were reported by Poul-
sen (1969; see also Robison, 1984, p. 35) from northern
Nyeboe Land.

The Ptychagnostus gibbus Zone is represented by one
collection, GGU 298970, from the Henson Gletscher For-
mation of locality 1 (Fig. 2). Although most polymeroids
in the collection are long-ranging, the faunal association
is consistent with a position close to the boundary be-
tween the Oryctocephalus and Bolaspidella assemblage-
zones of Robison (1976).

The Prychagnostus atavus Zone is represented by five
collections. Three of them, GGU 298969, 298974, and
298975, are from the upper Henson Gletscher Formation
of locality 1 (Fig. 2). GGU 298969 contains a species of
Syspacephalus that may represent an upward extension in
the observed range of this genus. Two other collections,

Systematic

Terminology

Most morphological terms used here are defined in the
Treatise on Invertebrate Paleontology (Harrington et al.,
1959a). Terms for lateral glabellar furrows and facial
sutures are from Henningsmoen (1957, pp. 12-14). The
term genal bar, applied to the family Paradoxididae, was
defined by Opik (1961). Morphological terms for genal
caeca follow Jell (1978, pp. 251-253). The term eye ridge
is used in a morphological sense even if part of the
structure appears to belong to the caecal network. Terms
for heterochronic processes follow McNamara (1986a,
1986b).

Repositories

All material referred to in this paper is identified by
collection or museum numbers if known. Institutions and
their acronyms are: Geological Survey of Greenland
(Grgnlands Geologiske Undersggelse), Copenhagen
(GGU); Geological Survey of Sweden, Uppsala (SGU);
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GGU 319789 and 319790, are from basal beds of the Kap
Stanton Formation of locality 2 (Fig. 3).

The Lejopyge laevigata Zone is represented by four
collections, 301311 to 301313 and 313115, from the
basal beds of the Kap Stanton Formation of locality 3
(Fig. 4). Of the identified polymeroids from North Green-
land, all four genera and four of five species are also
present in the informal lower L. laevigata Interval-zone
of Robison (1984; equivalent to the zone of Solenopleura
brachymetopa of Westergard, 1953), indicating a close
correspondence in age with the Andrarum Limestone of
Sweden (see Berg-Madsen, 1985).

Biogeography

As elaborated more fully in an accompanying paper
(Babcock, 1994), Middile Cambrian rocks of the Henson
Gletscher and Kap Stanton formations in Nyeboe Land
and Peary Land contain polymeroid trilobites (which are
described in this paper) of Laurentian and Baltic aspect.
Polymeroids from the Glossopleura and Ptychagnostus
gibbus zones are mostly of Laurentian aspect. Those in
the Ptychagnostus atavus Zone are of mixed Laurentian
and Baltic aspect, and those in the Lejopyge laevigata
Zone are entirely of Baltic aspect.

descriptions

Geologisk Museum, Copenhagen (MGUH); Swedish
Museum of Natural History (Naturhistoriska Riksmu-
seet), Stockholm (RM); Sedgwick Museum, Cambridge
(SM); and U.S. National Museum of Natural History
(Smithsonian Institution), Washington, D.C. (USNM).

Phylum Arthropoda
Class Trilobita

‘Polymerida’

Remarks. The Polymerida has been treated by some au-
thors as an order within the Trilobita. Based on phyloge-
netic analyses discussed under the ‘Eodiscidae’, the poly-
meroids are here interpreted to be a paraphyletic group
defined as all trilobites exclusive of the highly derived
Agnostida and the Nektaspida (see Fig. 27). The recent
trilobite classification of Fortey (1990) cannot be applied
at this time because of insufficient knowledge about ven-
tral cephalic characters for many of the taxa discussed in



this paper. For convenience, therefore, the term polyme-
roid is used here, but only in an informal sense.

Family Anomocaridae Poulsen
Genus Anomocarina Lermontova, 1940

Anomocarina Lermontova, 1940, p. 156: Westergard. 1950, pp.
14, 17; Howell in Harrington et al.. 1959b, p. O287: Ba-
lashova et al. in Chernysheva, 1960, p. 92

Type species. Proetus? excavatus Angelin, 1851, p. 22.

Remarks. The generic concept of Westergard (1950, p.
14) is followed here.

Anomocarina excavata (Angelin, 1851)
Fig. 6

Proetus? excavatus Angelin, 1851, p. 22, pl. 18, fig. 3; Angelin.
1878, p. 22, pl. 18, fig. 3

Anomocare excavatum (Angelin). Angelin, 1854, p. 25: Ange-
lin. 1878, p. 25, pl. 18. fig. 3: Brggger (in part), 1878, pp. 39,
40, pl. 3, fig. 14a (not 14); Gronwall (in part), 1902, p. 140
(not pl. 4, fig. 6); Holm & Westergard, 1930, pp. 16, 17. pl. 2,
figs 1-14, pl. 4, figs 19-21

Anomocarina excavatum (Angelin). Lermontova, 1940. p. 156,
pl. 48, figs 3, 3a-m

Anomocarina excavata (Angelin). Westergard, 1950, pp. 17-19,
pl. 3, figs 12-19; Kobayashi, 1962, pp. 107, 110, fig. 12b;
Rosova, 1964, pp. 31, 32, pl. 1, figs 7-15, pl. 3, figs 21-23;
Howell in Harrington er al.. 1959b, p. 0287, fig. 212.4;
Reyment, 1980, p. 8, figs 17a, 17b (copy of Angelin, 1878, pl.
18, fig. 3)

Anomocarina cf. excavata (Angelin). Westergard, 1950, p. 19,
pl. 3, fig. 20

Fig. 6. Anomocarina excavata (Angelin).
All specimens from GGU 301313.

1, small exfoliated cranidium. MGUH
21.231, x 8. 2, incomplete testaceous cra-
nidium, MGUH 21.232, x 4. 3, incom-
plete, partly exfoliated cranidium,
MGUH 21.233, x 2.5. 4, incomplete,
partly exfoliated pygidium, MGUH
21.234, x 2. 5, incomplete, partly ex-
foliated pygidium, MGUH 21.235, x 2.

Lectotype. Pygidium, RM Ar. 1433,

New material. Two small- to medium-sized holaspid cra-
nidia, two possible meraspid cranidia, and three holaspid
pygidia; all in GGU 301313.

Remarks. The holaspides of A. excavata agree in all
characters with specimens of similar size previously de-
scribed or figured from Scandinavia (Westergard, 1950),
Siberia (Lermontova, 1940), and Bennett Island (Holm &
Westergard, 1930). Possible meraspid cranidia differ
from larger specimens primarily in having somewhat
narrower anterior areas of the fixigenae, a slightly longer
preglabellar field, and slightly longer palpebral lobes.

Occurrence. Sclerites of A. excavata are present in dark
mudstone of the basal beds of the Kap Stanton Formation
at locality 3, Peary Land. Elsewhere, this species has
been reported from Sweden, Norway, Denmark, Siberia,
and Bennett Island. It has been reported from only the
Lejopyge laevigata Interval-zone.

Family Conocoryphidae Angelin
Genus Dasometopus Resser, 1936

Dasometopus Resser, 1936, p. 22; Westergard, 1950, pp. 34, 35:
Chernysheva, 1953, p. 16: Poulsen in Harrington et al..
1959b, pp. 0242, 0243; Suvorova in Chernysheva, 1960, p.
117

Type species. Harpides breviceps Angelin, 1854, p. 87,
by original designation (Resser, 1936, p. 22).



Emended diagnosis. Cephalon semicircular, much wider

than long; anterior margin broadly rounded. rarely
straight medially: border narrow, may be thickened. Gla-
bella subconical. approximately half cranidial length,
widest at base, tapering forward: with three distinct pairs
of lateral furrows. Preglabellar field having longitudinal
depression. Gena moderately convex, covered with in-
osculating type 4 caeca. Facial suture absent. Caecal
ridge of type 3. distinct. Eyes absent. Thorax with about
24 segments; axis narrow: pleura more than twice as wide
as axis, flattened, with distinet interpleural furrow, termi-
nating in long, narrow, backwardly directed spine, mar-
ginal spine on twelfth segment greatly elongated, width
of pleural lobe decreasing backward from twelfth seg-
ment. Pygidium micropygous, subtriangular, having
short, narrow marginal spines.

Remarks. Representatives of Dasometopus are presently
known from Sweden, Denmark, Siberia, and North
Greenland. Described species include D. breviceps (An-
gelin, 1854), D. latus Korobov, 1973, D. granulatus Ko-
robov, 1973, D. maensis Korobov, 1973, D. munacaensis
Korobov, 1973, D. rectus Korobov, 1973, and D. groen-
landicus n. sp. Another species, D.? incertus Westergard.
1950, from Sweden., may represent an undescribed genus.
It is discussed further in remarks on Elyx.

Specimens of Dasometopus from Sweden are in the
Ptychagnostus punctuosus and Lejopyge laevigata in-
terval-zones. Those from Siberia range from the Para-
doxides hicksii — Tomagnostus fissus Zone through the
limbataeformis  Zone of Korobov
(1973), which probably corresponds to a range from the
Ptychagnostus atavus through Lejopyge laevigata zones

Anomocarioides

Fig. 7. Dasometopus groenlandicus n. sp.
All specimens from GGU 319790.

1. holotype cephalon (a) and latex cast of
counterpart (b), MGUH 21.236. x 10. 2,
incomplete cephalon, MGUH 21.237, x
2.5. 3, incomplete cephalon, MGUH
21.238, x 2.5. 4. incomplete cephalon,
MGUH 21.239, x 2.5.
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of Robison (1984). New specimens from North Green-
land are in the P. atavus Zone.

Dasometopus gmenlandicus n. sp.
Fig. 7

Etymology. From Grenland (Greenland).
Holotype. Cephalon, MGUH 21.236.

Material. One small complete cephalon and numerous
fragments of larger cephala in GGU 319789 and 319790.

Diagnosis. Dasometopus having posterior cephalic mar-
gin slightly bowed forward over most of its length: border
thickened anteriorly and laterally; border furrow moder-
ately wide medially, narrowing slightly at sides; glabella
tapering very slightly toward anterior, bluntly rounded
anteriorly; large baccula present in axial furrow: eye
ridge strong, arcuate, extending nearly to border; surface
covered with widely spaced granules except on axis and
border.

Description. Cephalon ncarly twice as wide as long,
evenly rounded through anterior and lateral margin, post-
erior margin slightly bowed forward over most of length;
border narrow, thickened anteriorly and laterally, up-
turned posteriorly; border furrow shallow, moderately
wide medially, narrowing slightly laterally: posterior bor-
der furrow deep, moderately wide. Glabella convex,
raised above gena: slightly less than one-half cranidial
length; widest at L1, slightly tapering forward: bluntly
rounded anteriorly: lateral furrows distinct, deep at back,
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slightly shallowing forward; S1 bifurcate, oblique back-
wards; S2 and S3 transverse. Occipital ring convex, with-
out node or spine; occipital furrow moderately wide and
shallow medially, deep and narrow at side. Gena moder-
ately convex, comprising large raised area behind caecal
ridge and smaller raised area in front of caecal ridge,
separated by wide, shallow depression; covered with in-
osculating caeca, some connecting with caecal ridge;
raised lines stronger in front of caecal ridge. Preglabellar
field wide, subequal in length with glabella; preglabellar
depression wide, shallow. Axial furrow distinct, wide
posteriorly, narrowing anteriorly; baccula present in post-
erior one-quarter. Caecal ridge strong, arcuate; beginning
in axial furrow at middle of L4, extending nearly to
border. Facial suture and eye absent. Surface of genae
covered with strong, widely spaced granules.
Thorax and pygidium unknown.

Remarks. Cephala of D. groenlandicus n. sp. differ from
those of all other species in the genus by the combination
of a posterior border that is slightly bowed anteriorly over
most of its length, a glabella that slightly tapers forward
and is bluntly rounded anteriorly, the presence of baccu-
lae in the axial furrows, and the presence of widely
spaced granules on the genae.

The holotype cephalon of D. groenlandicus is small for
the species and is probably a young holaspid. Although it
is only one-sixth the maximum observed cranidial length,
it does not seem to differ significantly in proportion or
surface markings from larger specimens.

Occurrence. Broken cephala are relatively common in
dark mudstone beds of the basal Kap Stanton Formation
at locality 2, Nyeboe Land. They are associated with
trilobites indicative of the Ptychagnostus atavus Interval-
Zone.

Genus Elyx Angelin, 1851

Eryx Angelin, 1851, p. 4 [corrected to Elyx, 1854, p. XJ; Lind-
strom, 1901, p. 10

Elyx Angelin, 1854, p. X; Angelin, 1878, p. 4 [incorrectly cited
as Eryx; corrected p. X]; Howell, 1937, p. 1169; Westergard,
1950, p. 32; Poulsen in Harrington et al., 1959b, pp. 0243,
0244; Lermontova in Chernysheva, 1960, p. 118; Hutchin-
son, 1962, p. 98

Type species. Eryx laticeps Angelin, 1851, p. 4, by mono-
typy.

Emended diagnosis. Cephalon truncated anteriorly, much
wider than long; anterior margin very slightly rounded,
straight, or concave medially; anterolateral margin angu-

lar to very narrowly rounded; posterolateral margin
rounded; border narrow, convex, upturned anteriorly;
border furrow deep; preglabellar boss joins anterior bor-
der. Glabella subconical, convex, widest at base, moder-
ately tapering forward, truncated anteriorly, with 3 pairs
of lateral furrows. Gena convex. Facial suture and eyes
absent.

Thorax with 11 to 13 segments. Axis narrow, convex.
Pleurae wide, flattened, tips falcate; pleural furrows shal-
low, wide.

Pygidium small.

Remarks. Eryx was erected by Angelin (1851, p. 4) but, in
a corrigendum published in the second fasciculus of the
same work (1854, p. X), the name was emended to Elyx.
The change in spelling is demonstrably intentional (see
International Code of Zoological Nomenclature, Art. 33
(b) (1); International Commission on Zoological Nomen-
clature, 1985), and the spelling Elyx has been subse-
quently adopted by all authors except Lindstrom (1901).
Westergard (1950, p. 32) stated that the name of this
trilobite was emended because Eryx was preoccupied, but
Angelin did not state a reason for the emendation. The
date of publication of Elyx is 1851, the year in which the
misspelled name was first used.

Nine described species, all of middle to late Middle
Cambrian age, are here included in Elyx: E. laticeps

‘(Angelin, 1851) from Sweden, Denmark, Norway, and

Siberia; E. matthewi Hutchinson, 1962, from south-east-
emn Newfoundland; E. trapezoidalis n. sp. from North
Greenland; and E. alatus Korobov, 1973, E. arcus Koro-
bov, 1973, E. graevis Korobov, 1973, E. nelegerensis
Korobov, 1973, E. olenekensis Korobov, 1973, and E.
palmeri Korobov, 1973, all from Siberia. Another spe-
cies, E. americanus Howell, 1932, from St. Albans, Ver-
mont, was transferred to Ctenocephalus (Resser, 1936, p.
20). E. latilimbatus Brggger, 1878, is known from a
single cephalon that was only illustrated by a drawing
(Brggger, 1878, pl. 3, fig. 10). The specimen is probably
an external mould of a conocoryphid trilobite but not
Elyx. Although the anterior margin is concave medially,
the figure shows no evidence of angular or narrowly
rounded anterolateral corners or a preglabellar boss. The
slightly tapering glabellar sides, wide anterior border, and
wide lateral border are also different from those of Elyx.

Two conocoryphid species assigned by Korobov
(1973) to Elyx, E. shatskii Korobov, 1973, and Dasome-
topus? incertus Westergard, 1950, are of questionable
affinity and possibly represent an undescribed genus. D.?
incertus was based on a single fragmentary cephalon
from the Andrarum Limestone of Scania, Sweden. E.
shatskii was illustrated by two cephala from the Anomo-
carioides limbataeformis Zone of Siberia (Korobov,



1973). Some important cephalic characters that distin-
guish these two species from Elyx arc a semicircular
outline without angular or narrowly rounded anterolateral
corners, a glabella that is approximately half the length of
the cranidium, and the presence of a narrow medial ridge
in the preglabellar field rather than a subcircular boss.
They differ from Dasometopus primarily in having a
medial preglabellar ridge rather than a furrow, and a
distinct border furrow.

Some authors (Gronwall, 1902; Strand, 1929; Resser.
1936, 1937a) have regarded Elyx to be a junior synonym
of Crenocephalus Corda, 1847, but I agree with Howell
(1937), Westergard (1950), Poulsen in Harrington er al.
(1959b). and Hutchinson (1962) in recognising that char-
acters of the cephalon are sufficient to distinguish the two
genera. In addition to differential characters listed by
Westergard (1950, p. 32), Elyx differs from Crenocepha-
lus in the apparent lack of facial sutures. Westergard
(1950, p. 32) stated that facial sutures, if developed, arc
marginal, but a specimen of Elyx showing sutures has not
been reported. Specimens of E. trapezoidalis n. sp. from
North Greenland, which are preserved in reliel, show that
facial sutures are not present dorsally, marginally, or
ventrally.

One species, E. matthewi, was described (Hutchinson,
1962, p. 99) as having well-rounded anterolateral corners,
not angular, as are usual for the genus. Of the four
specimens identified by Hutchinson (1962, pl. 13, figs
3-6) as E. matthewi, however, none shows an intact
anterolateral margin. A small cephalon of a conocoryphid
trilobite that was figured by Hutchinson (1962, pl. 12, fig.
16) as Crenocephalus (Hartella) terranovicus Resser,
1925, agrees in all characters with Elyx and differs from
Ctenocephalus. That specimen, which probably belongs
to E. martthewi, has a nearly complete, and evidently
angular, anterolateral corner.

Specimens of Elyx from Sweden and Norway are in the
Lejopvge laevigata Interval-zone. Those from Siberia
range from the Corynexochus perforatus — Anopolenus
henrici Zone through the Anomocarioides limbataeformis
Zone of Korobov (1973), which probably corresponds to
a range from the Prychagnostus atavus through Lejopyge
laevigata zones of Robison (1984). New specimens from
North Greenland are in rocks of the L. laevigata Zone.

Elyx trapezoidalis n. sp.
Fig. 8

Etymology. From Latin, trapezoides. relerring to the trap-
ezoidal outline of the cephalon.

Holotype. Cephalon, MGUH 21.240.
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Material. Eight cephala or fragmentary cephala in GGU
301313.

Diagnosis. Elyx having comparatively short cephalon
with subtly angular anterolateral corner, lateral border
almost straight, genal angle broadly rounded, gena most
convex on line with preglabellar furrow.

Description. Cephalon trapezoidal, short (sag.) for genus,
anterior border slightly concave medially, anterolateral
corners subtly angular, lateral border nearly straight and
slightly converging forward, posterolateral corners
broadly rounded. Axial furrows deep. Glabella elevated
well above gena: S1 and S2 short, deep at side, oblique
backward: S3 reduced to shallow pit. Occipital furrow
deep at side, shallow medially. Occipital ring broken on
all specimens, may have node or spine. Preglabellar field
consisting of strong. well-defined boss. Gena convex,
highest on line with preglabellar furrow, steeply sloping
at margin to anterior and lateral section of border furrow
and slightly sloping backward to posterior section of
border furrow. Caecal ridge of type 3, weak, short, begin-
ning forward of S1 and directed obliquely backward then
laterally. Facial suture lacking. Surface of test covered
with fine, closely spaced granules and larger, irregularly
spaced granules, except in furrows; larger granules also
present on internal mould.

Fig. 8. Elyx trapezoidalis n. sp. All specimens from GGU
301313.

1. latex cast of holotype cephalon, MGUH 21.240, x 2. 2, right
side of small cephalon MGUH 21.241, x 6. 3, mostly exfoliated
cephalon in dorsal (a) and frontal (b) views, MGUH 21.242, x 4.
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Thorax and pygidium unknown.

Remarks. The cephalon of Elyx trapezoidalis n. sp. dif-
fers in outline and minor surface characters from that of
other species of the genus. In having a comparatively
short cephalon, which is concave along its anteromedial
margin, E. trapezoidalis most closely resembles E. lat-
iceps (Angelin, 1851) and E. matthewi Hutchinson, 1962.
The anterolateral corners of E. trapezoidalis, however,
are less angular than those of E. laticeps. At the anterolat-
eral corner, the anterior border is lower than the lateral
border of E. matthewi but not of E. laticeps. E. trape-
zoidalis has less well defined caecal ridges and S3 fur-
rows than either E. laticeps or E. matthewi. Finally, the
lateral margins of E. trapezoidalis are straighter than
those of either E. laticeps or E. matthewi.

Occurrence. E. trapezoidalis is present in dark lime mud-
stone beds of the basal Kap Stanton Formation at locality
3, Peary Land.

Genus Hartshillia 1lling, 1916

Hartshillia Tlling, 1916, p. 424; Lake, 1938, pp. 262, 263, 268;
Vodges, 1925, p. 101; Poulsen in Harrington et al., 1959b, p.
0244; Hutchinson, 1962, p. 109

Type species. Holocephalina inflata Hicks, 1872, p. 178,
by subsequent designation (Vogdes, 1925, p. 101).

Emended diagnosis. Cephalon semicircular, strongly
convex, lacking border; external furrows mostly to com-
pletely effaced, but axial and S1 furrows well-defined on
internal surface, other lateral glabellar furrows rarely
expressed on internal surface. Glabella long, narrowest
posteriorly, expanding forward; maximum width 0.3 to
0.5 times maximum cephalic width. Occipital ring with
strong medial spine. Frontal area short. Fixigena strongly
convex. Genal angle rounded, angular, or with genal
spine. Facial suture probably absent. Eyes absent. Post-
erior border furrow weak, margin concave.

Labrum ovoid, central body convex, anterior wings
large, border moderately wide.

Thorax with at least 8 segments. Axis slightly narrower
than pleural lobe, convex. Pleural lobe nearly flat. Pleural
groove straight for most of length, turned backward near
pleural tips. Pleural tips short, falcate.

Pygidium small. Axis about as wide as pleural lobe,
with 2 to 5 rings. Border wide, downwardly sloping.

Remarks. Hartshillia presently includes five species: H.
inflata (Hicks, 1872), H. terranovica Hutchinson, 1962,
H. clivosa Lazarenko, 1965, H. pusilla Lazarenko, 1965,

and H. taimyrica Lazarenko, 1965. Two species origi-
nally assigned to Hartshillia have been transferred to
other genera. H. spinata 1lling, 1916, was reassigned as
the type species of the conocoryphid Hartshillina Lake
(1940, p. 300), and H. marocana Gigout, 1951, was
reassigned as the type species of the ellipsocephalid Me-
setaia Hupé (1953, p. 158). Hlustrated specimens from
Morocco (Termier & Termier, 1950, pl. 191, figs 22-27)
were misidentified as Hartschillia [sic] sp. Although the
line drawings are poor, they are adequate to show that the
specimens are not effaced, and have facial sutures and
eyes. Although identification of the Moroccan specimens
is uncertain, they resemble a generalised ptychopariid.
Marginal facial sutures have been reported in only H.
inflata, the type species, but their presence is question-
able. Illing (1916, p. 424) stated that “most of the speci-
mens have no free cheeks, but some forms show a narrow
border broken away from the head which appears to
correspond to the free cheek, and it would appear prob-
able that the facial suture was almost marginal and con-
tinuous in front.” Later, Lake (1938, p. 268) reported that
no facial sutures are shown on the upper surface, and
Poulsen (in Harrington et al., 1959b, p. 0244) reported
that facial sutures were “apparently marginal.” Facial
sutures, if present in this species, are not convincingly
illustrated in any of Illing’s figures, nor are they present
in any of the well-preserved specimens of H. inflata from
North Greenland. Illing’s figured specimens are pre-
served in shale and are crushed. They are predominantly
internal moulds, but the margins of the now-missing test
are defined by external moulds. Illing may have been
misled by some artifact of preservation, and his material
should be re-examined for the presence of facial sutures.
Where present in well-dated rocks, Hartshillia appears
to be restricted to the middle and upper Middle Cam-
brian. Hartshillia inflata has been identified from St.
Davids, Wales, and near Nuneaton, England, where it
occurs with trilobites indicative of the Ptychagnostus
atavus and P. punctuosus interval-zones. Specimens ap-
parently belonging to H. inflata are associated with fos-
sils of the P. atavus Zone in North Greenland. In south-
eastern Newfoundland, H. terranovicus is associated with
trilobites indicative of the P. atavus Zone. Specimens
described from Siberia (Lazarenko, 1965) are from the
Paradoxides hicksii — Tomagnostus fissus and Corynex-
ochus perforatus — Anopolenus henrici zones of Korobov
(1973), and probably correspond in age to the Ptychag-
nostus gibbus through P. atavus zones of Robison (1984).



Fig. 9. Hartshillia inflata (Hicks).
All specimens from GGU 298969,
1, cephalon in dorsal (a), frontal
(b), and left-lateral (c) views,
MGUH 21.243, x 5. 2, incomplete
cranidium in dorsal (a) and right-
lateral (b) views, MGUH 21.244,
x 5. The right genal spine was
broken and healed during lite. Ce-
phalon of Eediscus scanicus (Lin-
narsson) to lower right of photo-

graph (MGUH 21.245). 3, partly
exfoliated  cephalon, MGUH
21.246, x 6.

Hartshillia inflata (Hicks, 1872)

Fig. 9

Holocephalina inflata Hicks, 1872, p. 178, pl. 6, figs 8-10:
Reed, 1898, p. 497: Gronwall, 1902, p. 87

Hartshillia inflata (Hicks). llling, 1916, pp. 424. 425. pl. 34, figs
1-5: Vogdes, 1925, p. 101; Lake, 1938, p. 268, pl. 38, figs
6-15; Lake. 1940, p. 300: Poulsen in Harrington et al.. 1959b,
p- 0244, fig. 181,9: Morris, 1988, p. 106

Lectotype. Incomplete thorax and attached pygidium, SM
A469, selected by Morris (1988, p. 106).

New material. Four cephala in GGU 298969.

Remarks. Hartshillia is represented by four cephala that
seem to fall within the range of variation of specimens of
H. inflata illustrated by Hicks (1872), Illing (1916), and
Lake (1938) from England.

The new cephala range from semicircular to anteriorly
elongate in outline, and have a width approximately 1.5
times the length. The single uncrushed specimen (Fig.
9.1) is very convex and has a strongly arched anterior
border. Some of the variation in outline and convexity
among specimens in the sample is evidently due to crush-
ing. In the most extreme example (Fig. 9.3), evidence of
the anterior arch is absent. All specimens are completely
effaced. and covered with fine, densely spaced puncta.
Furrows are not expressed on the outer surface but their
positions are indicated by narrow lincar bands lacking
puncta. The position of the axial furrow is only indicated
posteriorly. The genal spines are moderately long, nar-
row, straight. and impunctate. They extend backward
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from the posterior margin and, in profile view, are ap-
proximately three-fifths of the way up from the ventral
edge of the cephalon. The occipital spine is short and
strong. Facial sutures are absent.

Two partially exfoliated specimens reveal furrows and
fine, closely spaced granules on the internal mould. The
axial furrow is well defined posteriorly. and diverging
and shallowing anteriorly. Both the occipital furrow and
the posterior border furrow are well defined. The exoske-
leton is thick over the effaced furrows and moderately
thick elsewhere.

One specimen (Fig. 9.2) has a broken and healed right
genal spine. The means by which breakage occurred is
considered to be uncertain (see Babcock. 1993). The
spine was broken near its base as indicated by an irreg-
ularly swollen knob. Where regrown, the spine is not
straight as is usual, but is strongly curved downward and
backward. In life, it evidently projected below the lower
edge of the cranidium, suggesting that this species was
pelagic. rather than benthic.

Previously, the cranidium of H. inflata has been de-
scribed as having a punctate (Hicks., 1872, p. 178) or
finely granulate (Illing, 1916, p. 424 Lake, 1938, p. 269)
surface. The new material indicates that the external
surface of the test is punctate and the internal mould is
granulate.

Termier & Termier (1950, p. 29, pl. 185, fig. 25)
reported H. inflata from Morocco, but the cranidium
upon which their determination was made was misidenti-
ficd. The specimen, illustrated by only a line drawing. is
twice as wide as long exclusive of the occipital spine, has
facial sutures, and appears to be completely effaced ex-



Fig. 10. Corynexochus? sp.. broken
and crushed cranidium, MGUH
21.247 from GGU 319790, x 10.

cept for the anterior and posterior border furrows. The
specimen cannot be identified to genus from the original
illustration, but the great relative width, the presence of
facial sutures, and the presence of an anterior border
furrow demonstrate that it is not Hartshillia.

Occurrence. H. inflata is present in wackestone 71 m
above the base of the Henson Gletscher Formation at
locality 1, Nyeboe Land. It is associated with trilobites of
the Ptychagnostus atavus Zone. The species has been
previously reported from various localities in the English
Midlands (Hicks, 1872; Illing, 1916; Lake, 1938), where
it occurs with trilobites indicative of the Ptychagnostus
atavus and P. punctuosus interval-zones.

Family Corynexochidae Angelin
Genus Corynexochus

Corynexochus? sp.
Fig. 10

Remarks. A species ol corynexochid, probably Corynex-
ochus, is represented by a single, small, fragmentary,
crushed cranidium in GGU 319790. The cranidium is
characterised by a glabella that reaches to the anterior
border and that is strongly expanded anteriorly. Three
weak lateral glabellar furrows are present; S1 is directed
obliquely backward; S2 and S3 seem (o be shallow de-
pressions at the axial furrow. The anterior area of the
fixigena is narrow, and approximately one-third as wide
as the posterior area. The palpebral lobes are moderately
long.

Occurrence. Present in the basal beds of the Kap Stanton
Formation at locality 2, Nyeboe Land. It occurs with
trilobites indicative of the Ptychagnostus atavus Interval-
zone.

Family Dolichometopidae Walcott
Genus Bathyuriscus Meek, 1873
Bathyuriscus Meek, 1873, p. 484; Walcott, 1886, p. 215: Wal-

cott, 1916, pp. 330-334; Resser, 1935, p. 13; Kobayashi,
1942a, p. 155; Kobayashi, 1942b, p. 471; Lake, 1934, p. 186;

Shimer & Shrock, 1944, p. 607; Poulsen in Harrington et al.,
1959b, p. 0224; Robison, 1964, p. 534; Palmer, 1968, p. B44:
Robison. 1976, p. 102; Young & Ludvigsen, 1989, pp. 14. 15

Orria Walcott, 1916, p. 379; Kobayashi, 1942a, p. 172: Ko-
bayashi, 1942b, p. 473; Shimer & Shrock, 1944, p, 613;
Poulsen in Harrington et al., 1959b, p. 0224

Oriella Rasetti, 1948b, p. 329; Poulsen in Harrington et al.,
1959b, p. 0225

Wenkchemnia Rasetti, 1951, pp. 183, 184; Poulsen in Harring-
ton et al., 1939b, p. 0226: Suvorova & Chernysheva in
Chernysheva, 1960, p. 76

Type species. Bathyurus(?) haydeni Meek, 1873, p. 484,
by original designation (Meek, 1873, p. 484).

Remarks. The generic diagnosis of Robison (1964, pp.
534, 535) is followed here. It is modified, however, to
cite only one pair of fossulae, rather than two pairs, in the
axial furrow. Based on examination of a large number of
specimens in the U.S. National Museum and at the Uni-
versity of Kansas, I agree with the conclusion that Wenk-
chemnia is a junior synonym of Bathyuriscus (Robison,
1976, p. 102), although detailed evidence supporting that
conclusion has yet to be published.

- ‘

Fig. 11. Specimens of Bathyuriscus.

1-2, Bathyuriscus concavus n. sp., both from GGU 319790. 1,
holotype pygidium (a) and latex cast of counterpart (b), MGUH
21.248, x 3. 2. incomplete cranidium, MGUH 21.249, x 2.
34, Bathyuriscus sp., both from GGU 298970. 3, incomplete
pygidium, MGUH 21.250, x 5. 4, incomplete cranidium,
MGUH 21.251, x 2.



Bathyuriscus concavus n. sp.
Fig. 11.1, 2

Etymology. From Latin, concavus, hollowed or arched
inward, referring to the posteromedial notch in the pygi-
dium.

Holotype. Pygidium, MGUH 21.248.

Material. One cranidium and two pygidia in GGU
319790.

Diagnosis. Cranidium having fixigena with narrow ante-
rior area. Lateral glabellar furrows weak; axial furrow
moderately shallow; fossula moderately deep. Pygidium
with distinct posteromedial notch; axis with four rings
and long terminal piece; pleural lobe with six pleural
furrows and five interpleural furrows.

Description. Cranidium known from only one broken
specimen. Glabella moderately convex, long, slender
posteriorly, expanding evenly forward, extending nearly
to anterior margin; lateral furrows weak. Axial furrow
moderately shallow, fossula moderately deep. Occipital
ring broken medially, but evidently with node or spine.
Fixigena wide anteriorly, relatively narrow just behind
palpebral lobe, posterior area not preserved. Palpebral
lobe gently curved, moderately well-defined by weak
palpebral furrow; length about one-half of glabellar
length; anterior end of palpebral furrow intersects axial
furrow just behind fossula. Posterior border not pre-
served. Librigena unknown. Surface smooth.

Thorax unknown.

Pygidium transverse, width about twice length, having
distinct posteromedial notch, anterolateral spine absent.
Axis low, moderately tapering, anterior width more than
one-quarter width of pygidium; having 4 rings, long ter-
minal piece, and postaxial ridge extending almost to
posterior border. Axial furrows shallowing posteriorly.
Pleural field low, with 6 moderately wide pleural furrows
and 5 narrower interpleural furrows. Surface smooth.

Remarks. B. concavus differs from all other species of the
genus in having a moderately short and wide pygidium
with four rings and a long terminal piece in the axis, six
pleural furrows, and a distinct posteromedial notch.
Two species from Utah, B. brighamensis Resser,
1939a, and B. wasatchensis (Resser, 1939b), also have
distinct posteromedial notches in the pygidium. The pygi-
dium of B. concavus is slightly narrower and less trian-
gular in outline than that of B. brighamensis. It also
differs in the lack of small anterolateral spines, which are
present in some specimens of B. brighamensis. B. conca-
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vus differs from B. wasatchensis in having a more trans-
verse outline, and lacking well-developed anterolateral
spines.

Occurrence. Rare in packstone of the basal beds of the
Kap Stanton Formation at locality 2, Nyeboe Land. It is
associated with trilobites indicative of the Ptychagnostus
atavus Interval-zone of Robison (1984).

Bathyuriscus sp.
Fig. 11.3, 4

Material. Two cranidia and two pygidia in GGU 298970.

Remarks. Four sclerites belonging to this unassigned spe-
cies are in GGU 298970. They are from small holaspides
and are too poorly preserved for meaningful comparison
with other species.

The available cranidia are fragmentary. The glabella is
moderately long for the genus and wide anteriorly. Only
the S1 and S2 furrows are distinct, the S1 furrows being
moderately deep. The fossulae are moderately deep. The
anterior area of the fixigena is narrow. The palpebral
lobes are incomplete.

The available pygidia are small and broken. They ap-
pear to have been relatively transverse, and without a
distinct posteromedial notch. The axis is relatively con-
vex, moderately tapering, and contains five rings, a termi-
nal piece, and a postaxial ridge. The pleural field is low,
and has five wide pleural furrows and four narrower
interpleural furrows. The surface is smooth.

Occurrence. Rare in a packstone bed from approximately
56 m above the base of the Henson Gletscher Formation
at locality 1. It is associated with trilobites indicative of
the Ptychagnostus gibbus Interval-zone of Robison
(1984).

Genus Glossopleura Poulsen, 1927

Glossopleura Poulsen, 1927, p. 268; Kobayashi, 1935, p. 132;
Shimer & Shrock, 1944, p. 611; Rasetti, 1951, p. 163; Palmer,
1954, p. 67; Rusconi, 1954; Poulsen in Harrington, 1959b, p.
0224; Suvorova & Pokrovskaia in Chernysheva, 1960, p. 76;
Poulsen, 1964, p. 25

Bathyuriscus (Glossopleura) Poulsen. Kobayashi, 1942a, pp.
159, 160; Kobayashi, 1942b, p. 471 [misspelled Glosso-
pheura)

Sonoraspis Stoyanow in Cooper et al., 1952, pp. 50-53

Type species. Dolichometopus boccar Walcott, 1916, p.
363; by original designation (Poulsen, 1927, p. 268).

Remarks. The generic concept of Palmer (1954, p. 67) is
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followed here. His diagnosis is emended, however, (o
include species having a short anterior border in front of
the glabella, a small node on the occipital ring, or medial
nodes or spines on the axial lobe of some thoracic seg-
ments.

More than 50 species of Glossopleura have been de-
scribed from western North America, North Greenland,
and the Precordillera terrane of Argentina. Many species
are in need of re-evaluation, but discriminating among
some species can be difficult because furrows on the
dorsal surface are generally weakly expressed in ho-
laspides and because exoskeletal convexity, which has
been used as a character for diagnosing species, can be
influenced by compaction. The pygidial outline and
width of the pygidial border can vary within rather wide
limits in a species, as shown by specimens of G. walcotii
(Fig. 12.3-12.6).

Glossopleura walcotti Poulsen, 1927
Figs 12; 13.6

Glossopleura walcoui Poulsen, 1927, pp. 268, 269, pl. 16. ligs
20-30; Poulsen, 1946, p. 318; Poulsen, 1964, pp. 25-29, pl. 1,
figs 2-4, text-figs 3, 4; Palmer & Halley, 1979, p. 79, pl. 16,
figs 6-8, 11-19

Glossopleura expansa Poulsen (in part), 1927, p. 269, pl. 16, fig.
32

Glossopleura longifrons Poulsen (in part), 1927, p. 272, pl. 17,
fig. 10

Lectotype. Cranidium, MGUH 2277, designated by Poul-
sen (1964, p. 20).

New material. Twenty-five sclerites in GGU 298971—
298973.

Remarks. Sclerites of G. walcotti are common in several

sections in North Greenland. Morphological variation in
this species has been discussed by Poulsen (1964, pp.
25-27), who also reassigned specimens previously re-
ferred to other species. New specimens of Glossopleura
from Nyeboe Land all fall within the limits of variation of
G. walcotti as outlined by Poulsen (1964).

Occurrence. G. walcotti is widespread in open-shelf
lithofacies of the Glossoplewra Assemblage-zone in
North Greenland and the western United States. New
material is from wackestone approximately 42 m above
the base of the Henson Gletscher Formation at locality 1,
Nyeboe Land. The species has been previously reported
from the Cape Wood Formation of North-West Greenland
(Poulsen, 1927; Poulsen, 1964) and the Carrara Forma-
tion of Nevada and California (Palmer & Halley, 1979).

Family Dorypygidae Kobayashi
Genus Kootenia Walcott, 1889

Bathyuriseus (Kootenia) Walcott, 1889, p. 446

Kootenia Walcott. Walcott, 1918, p. 131; Walcott, 1925, p. 92;
Kobayashi, 1935, pp. 156, 192; Resser, 1937b, p. 15: Resser,
1938, p. 84: Deiss, 1939, p. 100: Resser. 1939a, p. 15; Resser,
1939b, p. 46; Lermontova, 1940, p. 139; Resser, 1942, p. 27;
Howell, 1943, p. 244; Shimer & Shrock, 1944, p. 613; Resser,
1945, p. 199; Rasetti, 1948a, p. 14; Rasetti, 1948b, p. 332;
Thorslund, 1949, p. 4; Lermontova, 1951, p. 122; Rasetti,
1951, p. 188; Lochman in Cooper et al., 1952, p. 121; Hupé,
1955, p. 9; Palmer, 1954, p. 64; Ivshin, 1953, p. 37; Lochman,
1956, p. 1390; Poulsen in Harrington et al., 1959b, p. O218;
Suvorova & Pokrovskaia in Chernysheva, 1960, p. 78: Ler-
montova, 1951, pp. 122-124; Chernysheva. 1961, p. 126;
Lazarenko, 1962, p. 60; Termier & Termier, 1950, pl. 187,
figs 3, 4: Suvorova, 1964, pp. 86-90; Demokidov & Laza-
renko, 1964, p. 2041; Egorova et al., 1960, p. 192; Fritz,
1972, p. 35: Young & Ludvigsen, 1989, p. 17

Dorypyge Matthew, 1899, p. 56

Fig. 12. Glossopleura walcetri Poulsen. All speci-
mens from GGU 298971, unless otherwise stated.
1, incomplete cranidium, MGUH 21.252, x 2.5. 2,
librigena, MGUH 21.253, x 3. 3, smallest ob-
served pygidium, MGUH 21.254, x 16. 4, small
pygidium, MGUH 21.255, x 8. 5, pygidium,
MGUH 21.256 from GGU 298972, x 3. 6, pygi-
dium, partly exfoliated, MGUH 21.257, x 2.5.



Notasaphus Gregory, 1903, p. 155; Whitchouse, 1939, pp. 241
243

Type species. Bathyuriscus (Kootenia) dawsoni Walcott,
1889, p. 446, by original designation.

Remarks. The generic diagnosis of Palmer (1968, pp.
B47, B48) is lollowed here.

Kootenia nodosa n. sp.
Fig. 13

Etymology. From Latin, nodus, swelling, referring to the
median axial nodes on the pygidium.

Holotype. Pygidium, MGUH 21.258.

Material. More than 40 sclerites in GGU 298970-

298973.

Fig. 13. Kootenia nodosa n. sp. All
specimens from GGU 298970.

1, holotype pygidium in dorsal (a)
and right-lateral (b) views, MGUH
21.258, x 5. 2, latex cast of weath-
ered pygidium, MGUH 21.259, x
4. 3, latex cast of incomplete pygi-
dium, MGUH 21.260. x 5. 4, small
cranidium, MGUH 21.261, x 8. 5,
small cranidium, MGUH 21.262, x
5. 6, labrum, MGUH 21.263, x 7;
pygidium of Glossopleura walcotti
Poulsen in lower right of photo-
graph is the same specimen illus-
trated in Fig. 12.3. 7, librigena,
MGUH 21.264, x 5. 8, large, in-
complete  cranidium, MGUH
21.265, x 4.5.
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Diagnosis. Kootenia having moderately elongate crani-
dium. Glabella slightly expanding anteriorly; lateral fur-
rows weak, Pygidium having five rings, a terminal piece,
and a postaxial ridge in the axis; each axial ring with a
small median node; pleural field with five furrows and
four weak interpleural furrows: margin with six pairs of
subequally spaced spines, first pair short and slender,
others short and moderately wide.

Description.  Cranidium moderately elongate, well-
rounded anteriorly. Glabella strongly convex, slightly ex-
panding anteriorly, slightly constricted at S1, distinctly
constricted in front of fossulae: lateral glabellar furrows
shallow, S1 geniculate, S2 transverse. Occipital ring with
strong median spine. Anterior border narrow in front of
glabella, slightly wider at sides. Anterior area of fixigena
reduced to narrow depression between border and eye
ridge. Eye ridge distinct. Posterior area of fixigena
slightly more than one-half glabellar width. Palpebral
lobe moderately long in small specimens but incomplete
in large specimens. Surface with fine, densely spaced
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granules except in furrows and on anterior border; ante-
rior border with terrace lines that parallel margin.

Thorax unknown.

Pygidium semicircular except for marginal spines.
Axis convex, elevated well above pleural field. moder-
ately tapering, having five rings, terminal piece, and short
postaxial ridge extending to posterior margin; ring fur-
rows shallowing posteriorly; each axial ring with small
median node, decreasing in size posteriorly. Pleural field
slightly convex. having five furrows that shallow post-
eriorly and four weak interpleural furrows. Border furrow
shallow, wide. Margin with six pairs of spines, sub-
equally spaced: first pair short and slender, remaining
spines short, nearly uniform in length, moderately wide.
Surface with fine, densely spaced granules except in
furrows.

Remarks. Numerous species of Kootenia have been de-
scribed from various localities worldwide but none is
particularly similar to K. nedosa in the combination of
pygidial characters. K. nodosa has a distinctive pygidium
with five rings in the axis, each with a small median node
of variable expression. Six pairs of short marginal spines
are present. The first pair is slender and the rest are
moderately wide. Another distinctive character of the
pygidium is that five pairs of furrows and four pairs of
weak interpleural furrows are present in the pleural re-
gion.

Occurrence. Common in wackestone approximately 42

m above the base of the Henson Gletscher Formation at
locality 1. Nyeboe Land. It is associated with polyme-
roids indicative of the Glossopleura Assemblage-zone.

Genus Olenoides Meek, 1877

Olenoides Meek, 1877, p. 25: Kobayashi, 1935, pp. 152-154
(for synonymy to 1935): Lermontova, 1940, p. 138; Shimer &
Shrock, 1944, p. 613; Ivshin, 1953, p. 37: Palmer, 1954, pp.
62. 63: Poulsen in Harrington er al., 1959b, p. O218; Robison,
1964, p. 537; Robison, 1971, p. 799; Robison, 1988, p. 64;
Young & Ludvigsen, 1989, p. 19

Neolenus Matthew. 1899, p. 52 (see Kobayashi, 1935 for syn-
onymy to 1935): Lake, 1938, p. 260

Type species. Paradoxides(?) nevadensis Meek, 1870, p.
62, by original designation (Meek, 1877, p. 25).

Remarks. The generic diagnosis of Robison (1964, p.
537) is followed here.

Olenoides sp.
Fig. 14.1

Material. One nearly complete pygidium and one nearly
complete cranidium, plus several cranidial and pygidial
fragments, in GGU 298970.

Remarks. A distinctive species of Olenoides is repre-
sented by sclerites in GGU 298970. The cranidium is

Fig. 14. Specimens of Olenoides.

I. Olenoides sp. Weathered bedding surface with
broken pygidium (left), MGUH 21.266, and broken
cranidium (right). MGUH 21.267. from GGU
298970, x 2.

2. Olenoides ct. O. convexus Rasetti; pygidium (a)
and latex cast of counterpart (b), MGUH 21.268
from GGU 319789 (a) and 319790 (b), x 8.



known from only fragmentary, partially exfoliated speci-
mens. The glabella is anteriorly expanding, moderately
convex, and elevated well above the fixigena. It extends
well past the anterolateral corner of the cranidium, and is
unfurrowed except for a short, weak depression extend-
ing from each fossula. The occipital furrow is distinct.
The occipital ring is broken, but evidently bore a medial
spine. The fixigena is wide for the genus. Both the axial
furrows and eye ridges are distinct. Surface prosopon
appears to have been lacking except for terrace lines that
parallel the margin, and which are present only on the
anterior border.

The thorax is unknown, and the pygidium is known
from only incomplete, exfoliated specimens. The axis is
elevated well above the pleural field, and contains four
rings and a long terminal piece. It is slightly tapered
posteriorly, and has a minor constriction at the fourth
ring. The ring furrows are strong. The first two axial rings
both have a small median node. Other rings may have had
median nodes, but all the specimens are broken. The
pleural field is moderately convex, and has three strong,
wide pleural furrows, and three weak interpleural fur-
rows. Both pleural furrows and interpleural furrows be-
come slightly shallower posteriorly. Marginal spines con-
sist of five pairs that are subequally spaced and post-
eroradially disposed. The first four pairs evidently were
long and slender. The last pair is moderately long, and
about one-half the width of the preceding spines. Surface
prosopon has not been observed.

Four described species of Olenoides have five pairs of
marginal spines. They are O. serratus (Rominger, 1887)
from the Stephen Formation of British Columbia and
possibly boulder I-9, Ville Guay, Quebec (Rasetti,
1948b), O. decorus Resser, 1942, from the Marjum For-
mation of Utah, O. superbus (Walcott, 1908) from the
Marjum Formation of Utah, and O. aptus Suvorova,
1964, from Siberia. The pygidium of the species from
North Greenland most closely resembles the pygidium of
O. serratus. Tt differs from both O. serratus and O.
decorus in having longer marginal spines, a shorter termi-
nal piece in the axis, and shallower interpleural furrows.
It differs from O. superbus in having marginal spines of
different lengths and two or three fewer axial rings.
Differences in the pygidium that distinguish it from O.
aptus are somewhat narrower pleural lobes, deeper pleu-
ral and interpleural furrows, a longer terminal piece in the
axis, and marginal spines that project more radially.

Occurrence. Present in a packstone bed from approxi-
mately 56 m above the base of the Henson Gletscher
Formation at locality 1, Nyeboe Land. It is associated
with trilobites of the Ptychagnostus gibbus Interval-zone
of Robison (1984).
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Olenoides cf. O. convexus Rasetti, 1948b
Fig. 14.2

Olenoides convexus Rasetti, 1948b, p. 338, pl. 51, figs 5-9

Material. Two pygidia, one in GGU 319790, the other in
GGU 319789 (part) and 319790 (counterpart).

Remarks. Two new pygidia are compared with Olenoides
convexus Rasetti, 1948b, which was previously known
from only boulder G-6, of Middle Cambrian age, from
Grosses Roches, Quebec. An associated cranidium was
not found. The best preserved pygidium (Fig. 14.2) is
complete except for the ends of its marginal spines. It
differs slightly from Rasetti’s figured specimens in hav-
ing marginal spines that are subequally spaced instead of
slightly increasing in separation posteriorly. The ring
furrows of both specimens are less well impressed than
on specimens illustrated from Quebec. Characters of the
pygidium that are diagnostic of O. convexus, including
the presence of four pleural furrows, three interpleural
furrows, and four pairs of marginal spines, each of which
is offset slightly forward of its corresponding pleural
furrow and is upwardly curved distally, are all present on
the new specimens.

Occurrence. New material is from a packstone bed of the
basal Kap Stanton Formation at locality 2, Nyeboe Land.
It is associated with trilobites indicative of the Ptychag-
nostus atavus Interval-zone of Robison (1984).

Family Menomoniidae Walcott
Genus Bolaspidella Resser, 1937

Bolaspidella Resser, 1937b, p. 3; Robison, 1964, pp. 552-554
(for synonymy to 1964); Robison, 1971, p. 801; Shaw, 1966,
p. 292; Palmer, 1968, p. B66; Opik, 1967, p. 367; Opik, 1970,
p. 44; Shah & Sudan, 1982, p. 237; Robison, 1988, p. 79

Hysteropleura Raymond, 1937, p. 1094; Shaw, 1966, p. 290

Type species. Ptychoparia housensis Walcott, 1886, by
original designation (Resser, 1937b, p. 3).

Remarks. Robison (1964, 1971, 1988) discussed the con-
cept and content of Bolaspidella. That generic concept is
followed here.

Bolaspidella sp.
Fig. 15

Material. One cranidium in GGU 298970.

Remarks. A single, small, mostly exfoliated cranidium is
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Fig. 15. Bolaspidella sp.: cranidium, mostly exfoliated, MGUH
21.269 from GGU 298970, x 10.

present in GGU 298970. Identification of the specimen to
species is deferred until more material is available. The
glabella is moderately tapered and bluntly rounded at the
front. Three pairs of lateral glabellar furrows are well
developed. Medially, the occipital ring is wide, and has a
broken spine base. The anterior border is wider than the
preglabellar field. The palpebral lobes are moderately
long and located opposite the glabellar midpoint. Ante-
riorly, the facial suture is strongly convergent, and post-
eriorly, it is strongly divergent. Granules ol bimodal size
cover the entire cranidium, except in the furrows, and
type 4 caeca radiate from the anterior and anterolateral
areas of the axial furrow into the preglabellar field.

Occurrence. From a packstone bed approximately 56 m
above the base of the Henson Gletscher Formation at
locality 1, Nyeboe Land. It is associated with trilobites of
the Piychagnostus gibbus Interval-zone of Robison
(1984).

Family Ogygopsidae Rasetti
Genus Ogygopsis Walcott, 1889

Ogygopsis Walcott, 1889, p. 466: Miller, 1892, p. 710; Grabau
& Shimer, 1910, p. 289; Walcott, 1916, pp. 375, 376; Ray-
mond & Walcott, 1937, p. 718; Shimer & Shrock, 1944, p.
613; Rasetti, 1951, p. 190; Rasetti in Harrington er al., 1959b,
p- 0219; Nelson, 1963, pp. 244-247; Palmer, 1964, pp. F6,
F7; Young & Ludvigsen, 1989, p. 19

Taxioura Resser, 1939b, p. 62: Shimer & Shrock, 1944, p. 617,
Egorova et al., 1960, p. 187

Type species. Ogvgia klotzi Rominger, 1887, by original
designation (Walcott, 1889, p. 466).

Remarks. The diagnosis of Ogygopsis followed here is
that of Palmer (1964), who also provided a brief differ-
ential diagnosis of each species.

Ogvgopsis klotzi (Rominger, 1887)
Fig. 16

Qgygia klotzi Rominger, 1887, p. 12, pl. 1, fig. 1

Ogygia? klotzi Walcout, 1888, p. 166

Ogygopsis klotzi Walcott, 1889, p. 446; Woodward, 1902, p.
530, text-fig. 1; Walcott, 1908, pl. 4, fig. 4; Grabau & Shimer,
1910, p. 289, fig. 1597; Walcott (in part), 1916, pp. 377, 378,
pl. 66, figs 1, la (not 1b); Raymond & Walcott, 1937, fig.
1382: McLaughlin & Enbysk, 1950. p. 470, pl. 65. fig. I;
Rasetti, 1951, pp. 191, 192, pl. 12, figs 1-5. pl. 21, figs 1-3,
pl. 29, figs 6-8: Rasetti iz Harrington et al., 1959b, p. 0219,
fig. 160,/; Nelson, 1963, pp. 244, 247; Palmer, 1964, pp. F6,
F7; Hofmann & Parsley, 1966, pp. 209-211, text-fig. 2;
Gupta (in part). 1967, p. 276, figs 1-3, 5, 9 (not 6); Campbell,
1971, pp. 437-440, pl. 52, figs 11, 12: Rudkin, 1979, fig.
la-h; McNamara & Rudkin, 1984, pp. 164-168, figs 9, 10;
Young & Ludvigsen, 1989, pp. 19, 20, pl. 5, fig. | 1. pl. 6, figs
1-4, fig. 6C: Talent, 1990, p. 405

Ogygia (Ogygopsis) klotzi Rominger. Matthew, 1899, pp. 58, 59

Maxioura elongata McLaughlin & Enbysk, 1950, pp. 470, 471,
pl. 65, figs 2, 9

Taxioura? sp. McLaughlin & Enbysk, 1950, p. 471, pl. 65, fig.
3

Ogygopsis klorzi? Stoyanow, 1958, pp. 349, 350, pl. 1, fig. 2

Holotype. Philadelphia Academy of Natural Sciences
(fide Rasetti, 1951, p. 192), number unknown.

New material. One cranidium, two pygidia, and one libri-
gena in GGU 298971-298973.

Remarks. New specimens of Ogvgopsis from Nyeboe
Land conform in all observed characters with figured or

Fig. 16. Ogvgopsis klotzi (Rominger).
All specimens from GGU 298971,
1, latex cast of librigena, MGUH
21.270, x 2. 2, broken pygidium,
MGUH 21.271, x 3. 3, weathered py-
gidium, MGUH 21.272, x 3.



examined specimens of O. klotzi from the Stephen For-
mation of British Columbia. The new specimens are all
holaspides but are small compared to the maximum size
obtained by specimens from British Columbia. Pygidia
from Nyeboe Land have relatively weaker interpleural
furrows than those from British Columbia. This character
is variable, and probably influenced by compaction, and
it is not considered to have taxonomic significance.

Specimens described by McLaughlin & Enbysk (1950)
as Taxioura elongata and Taxioura? sp. from the Metal-
line Limestone of Pend Oreille County, Washington seem
to belong to O. klotzi, judging from published illustra-
tions. O. klotzi was also described from the Metalline
(McLaughlin & Enbysk, 1950, p. 470}, and I tentatively
consider the three forms to be synonyms.

Occurrence. From wackestone approximately 42 m
above the base of the Henson Gletscher Formation at
locality 1, Nyeboe Land. Other unquestioned reports of
O. klotzi are from British Columbia (Rasetti, 1951, pp.
191, 192), California, Nevada and Washington (Nelson,
1963, p. 247), Pennsylvania (Campbell, 1971, pp. 437,
438), and western Newfoundland (Young & Ludvigsen,
1989, pp. 19, 20). The total observed range of O. klotzi is
from the upper part of the Olenellus Assemblage-zone to
the Oryctocephalus Assemblage-zone (upper Ptychag-
nostus praecurrens Interval-zone of Robison, 1984). Nel-
son’s (1963) statement that O. klotzi ranges into the upper
Middle Cambrian seems to be erroneous.

A report of O. klotzi from Zachaldor, Kashmir, India
(Gupta, 1967), seems to be in error. Talent (1990) demon-
strated that five of six of Gupta’s figures were copied
from Rasetti (1951). The other figure (Gupta, 1967, fig.
6) appears to be part of the axial lobe of an indeterminate
trilobite, but the axial rings are too narrow for the speci-
men to belong to Ogygopsis.

Family Paradoxididac Hawle & Corda

Remarks. Numerous discussions of the classification and
evolution of paradoxidid trilobites have been published
over the last 70 years. Some important opinions include
those expressed by Howell (1933), Whitehouse (1939),
Westergard (1950), Snajdr (1957, 1958), Poulsen (in Har-
rington et al., 1959b), Opik (1961), and Bergstrém and
Levi-Setti (1978).

Six genera of the family Paradoxididae (sensu Poulsen
in Harrington et al., 1959b) and two genera of the family
Protolenidae (sensu Henningsmoen in Harrington et al.,
1959b), which are putatively closely related (Opik,
1961), were analyzed cladistically using PAUP (Phyloge-
netic Analysis Using Parsimony; Swofford, 1989) to de-
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ELRATHIA
XYSTRIDURA
GALAHETES
LERMONTOVIA
BERGERONIELLUS
PARADOXIDES
ANOPOLENUS
CLARELLA
CENTROPLEURA

Fig. 17. Cladogram illustrating hypothesized phylogenetic rela-
tionships among selected genera of the family Paradoxididae,
based on characters preserved in holaspides. Elrathia is used as
the outgroup. Characters represented by character bars (num-
bered) are explained in the text.

termine phylogenetic relationships among the taxa. The
analyzed paradoxidids and protolenids are inferred to be a
monophyletic (holophyletic) group (Fig. 17) united by
the shared derivation of a distinctive, elongate palpebral
lobe. Here, this monophyletic group is treated as the
family Paradoxididaec Hawle & Corda, 1847. It embraces,
but is not restricted to, the genera Xystridura, Galahetes,
Lermontovia, Bergeroniellus, Paradoxides, Anopolenus,
Clarella, and Centropleura. Analyses were performed on
a data matrix (Table 2) of equally weighted characters
expressed in holaspides. All genera analyzed are known
from relatively complete specimens. Paradoxides was
used as a proxy for the group that also includes Acado-
paradoxides, Eccaparadoxides, Hydrocephalus, and Eo-
paradoxides. Where there was ambiguity about character
states present in a genus, characters in only the type
species were analyzed. Transformation states were polar-
ised using Elrathia as the primitive outgroup.

An exhaustive search of genera in the Paradoxididae
yielded one most parsimonious tree (Fig. 17). Within the
Paradoxididae, two major clades seem to have arisen.
One, the subfamily Xystridurinae Whitehouse, 1939, in-
cludes Xystridura and Galahetes. This group is united by
the shared acquisition of a macropleural segment that is
ankylosed to the pygidium rather than being shed forward
into the posterior thorax as in other paradoxidids (Fig. 17,
character bar 1). A large rostral plate is present in both
Xystridura and Galahetes. It is either homoplasic with the
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Table 2. Characters used to express relationships
among paradoxidid trilobites

Characters and character states used to construct the cladogram
expressing inferred relationships among paradoxidid trilobites (Fig.
17). Character states are those of holaspid specimens. A question
mark indicates missing data.

1. Anterior glabella: not expanded (0); slightly expanded (1);
greatly expanded (2).
. Confluent S1 lateral glabellar furrow: absent (0); present (1).
. Number of lateral glabellar furrows: 4 (0); 3 (1); 2 (2); 0 (3).
. Anterior glabellar furrow: transverse (0); longitudinal (1).
. Anterior branch of facial suture: divergent (0); retro-
divergent (1).
6. Size of pygidium: small (0); micropygous (1); macropygous
2).
7. Number of pleurae in pygidium: greater than or equal to 3
(0); less than 3 (1).
8. Number of thoracic segments: less than or equal to 13 (0);
14 to 15 (1); 16 (2); 17 to 21 (3).
9. Size of rostral plate: medium (0); large (1); small (2).
10. Anterolateral spines on labrum: absent (0); present (1).
11. Pygidial border: present (0); absent (1).
12. Curvature of palpebral lobes: even (0); uneven (1).
13. Length of palpebral lobes: short (0); moderately long (1);
very long (2); to rear of cranidium (3).
14. Metafixigenal spines: absent (0); present (1).
15. Macropleural segment in anterior thorax: absent (0);
present (1).
16. Width of pleurae: wide (0); moderately reduced (1); much
reduced (2).
17. Macropleural segments in posterior region: absent (0);
ankylosed to pygidium (1); shed into thorax (2).
18. Eye ridges: present (0); absent (1).
19. Length of genal spines: less than or equal to one-half of
body length (0); greater than one-half of body length (1).
20. Pleural lobes: convex (0); flat (1).
21. Axial spine in thorax: absent (0); present (1).
22. Preoccipital ridge: absent (0); present (1).
23. Medial nodes on pygidial axis: absent (0); present (1).
24. Maximum holaspid length: less than 7 cm (0); equal to or
greater than 7 cm (1).

W oA WN

Genera Characters
1 11111 11112 2222
12345 67890 12345 67890 1234
Elrathia (outgroup) 00000 00000 00000 00000 0000
Centropleura 21011 20210 11210 22111 0001
Xystridura 10100 00011 10100 01000 0000
Paradoxides 21200 11301 10101 10100 0001
Bergeroniellus 00000 11171 10100 10000 0000
Lermontovia 00100 113?77 (00100 00000 1100
Anopolenus 11011 201?77 10300 221?71 0001
Clarella 21011 201?77 11310 221?71 0001
Galahetes 20100 00017 10110 01000 0010

rostral plate of Centropleura or symplesiomorphic. The
sister group of the xystridurines includes the paradox-
idines Lermontovia, Bergeroniellus, Paradoxides, Ano-
polenus, Clarella, and Centropleura. Previously, Ler-
montovia and Bergeroniellus were assigned (Henning-
smoen in Harrington et al, 1959b) to the subfamily
Protoleninae Richter & Richter, 1948 of the family Proto-
lenidae Richter & Richter, 1948 and Anopolenus, Clar-
ella, and Centropleura were assigned to the subfamily
Centropleurinae Angelin, 1854, of the family Paradox-
ididae. Herein, all these genera are considered to belong
in the subfamily Paradoxidinae Hawle & Corda, 1847.
The group shares an increased number of thoracic seg-
ments (14 or more), which is interpreted to be a pera-
morphic character (Fig. 17, character bar 2).

The subfamily Centropleurinae Angelin, 1854, with
Centropleura as the nominal genus, is here considered to
be a junior synonym of Paradoxidinae Hawle & Corda,
1847. Although Anopolenus, Clarella, and Centropleura
seem to constitute a monophyletic group, retention of
separate formal status for that group would result in the
use of the name Paradoxidinae for a paraphyletic group
including Lermontovia, Bergeroniellus, and Paradoxides.

Each of the character bars numbered 2 to 6 (Fig. 17) is
supported by at least one character, although some char-
acters are probably reductions from the inferred primitive
condition for the paradoxidids. Character bar 2 represents
the shared acquisition of 14 or more thoracic segments
and a small pygidium. Character bar 3 represents a reduc-
tion in width of the pleurac. Character bar 4 represents
the acquisition of a confluent S1 lateral glabellar furrow.
The loss of eye ridges at this stage is probably an expres-
sion of paedomorphosis, but the heterochronic process
that led to an increase of the adult length to greater than 7
cm is equivocal. Character bar 5 represents the acquisi-
tion of a longitudinal anterior glabellar furrow, a retro-
divergent expression of the anterior branch of the facial
suture, a backward extension of the palpebral lobe near or
to the posterior border furrow (possibly through paedo-
morphosis), and the shedding of macropleural segments
forward into the posterior thorax (probably an expression
of peramorphosis). Other characters at character bar 5 are
extreme reductions in width and convexity of the thoracic
pleurae. Character bar 6 represents the acquisition of
metafixigenal spines in holaspides. The character arose
through  paedomorphosis and  was  probably
independently derived in Galahetes. That it arose through
paedomorphosis is evident from the appearance of meta-
fixigenal spines in the early ontogeny of Xystridura,
Galahetes, and Centropleura and its loss in the later
ontogeny of Xystridura. Extensive ontogenetic sequences
are not known for either Anopolenus or Clarella, but it is



inferred that they share basic similarities with the onto-
geny of Centropleura.

Genus Centropleura Angelin, 1854

Centropleura Angelin, 1854, p. 87; Angelin, 1878, p. 87; Lind-
strém, 1901, pp. 16, 24, 49; Gronwall, 1902, pp. 122, 123;
Tiling, 1916, p. 430; Howell, 1933, p. 216; Howell, 1937, p.
1170; Lake, 1934, pp. 187-189; Lermontova, 1940, p. 135;
Shimer & Shrock, 1944, p. 609; Westergard, 1950, pp. 3, 4;
Poulsen in Harrington et al., 1959b, p. 0214; Opik, 1961, p.
99; Lermontova in Chernysheva, 1960, p. 71; Suvorova,
1960, p. 71; Rasetti, 1967, p. 90

Anopolenus Salter. Kobayashi, 1935, p. 126

Luhops Snajdr (in part), 1957, pp. 239, 244; Snajdr (in part),
1958, pp. 152-153

Type species. Paradoxides loveni Angelin, 1851, p. 2, by
monotypy (Angelin, 1854, p. 87).

Emended diagnosis. Cephalon semiparabolic in dorsal
outline. Cranidium flattened except for strongly convex
axis; anterior border wide, upturned; posterolateral corner
rounded, usually with metafixigenal spine. Glabella
strongly convex, forwardly expanding; S1, S2, S3 trans-
verse, S4 oblique backward; L4 triangular. Palpebral lobe
long, thin, arcuate, unevenly curved. Fixigena flat except
for slightly raised genal bar and palpebral lobe. Librigena
narrow; genal spine long, curved, divergent. Facial suture
retrodivergent on anterior branch; broadly arcuate, di-
vergent at eye; posterior branch concave, cutting post-
erior border between genal and metafixigenal spines.
Labrum subquadrate, anterior border strongly curved, an-
terior wings short, posterior wings short to long. Rostral
plate large, broadly curved, narrow medially and widen-
ing distally.

Thorax having 16 segments, strongly convex axially,
flattened pleurally. Axial furrow well defined. Segments
1 to 13 narrower than cranidium; axial rings wide, con-
vex; pleural furrows shallow, oblique; segments terminat-
ing in short to moderately long pleural spines. Segments
14 to 16 hypertrophic, falcate.

Pygidium short, wide, flattened except for axis. Pleural
field wide, having 2 or 3 pairs of short marginal spines.

Remarks. Westergard (1950) reviewed the taxonomic his-
tory of Centropleura and the closely related genera Ano-
polenus and Clarella. Although the morphological differ-
ences among these taxa seem to be relatively minor, I
continue to recognise each as an independent genus rather
than recognising Anopolenus and Clarella as subgenera
of Centropleura as Opik (1961) did. Snajdr (1957)
erected the paradoxidid genus Luhops with Paradoxides
expectans Barrande, 1852, as the type species. Opik
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(1961, pp. 103, 104), however, indicated that Snajdr had
combined cranidia of Paradoxides or Hydrocephalus
with pygidia and a thorax of Centropleura in his concept
of Barrande’s (1852) species. After examination of casts
of some of Snajdr’s (1958) illustrated specimens (USNM
90831), I concur with Opik’s conclusion. Illustrated ma-
terial of C. (Beishanella) beishanensis Xiang & Zhang,
1985, the type species of the subgenus, is not sufficient to
determine whether or not continued use of the subgeneric
name is warranted.

Centropleura was widespread during the Middle Cam-
brian, possibly because it had a pelagic lifestyle (see
Fortey, 1985). Characters supporting a pelagic existence
(Fortey, 1985; Babcock in press) include strongly re-
duced pleural areas, an inflated glabella, the presence of
numerous terrace lines on the dorsal surface, large eyes,
and elongate marginal spines. Dispersal and adaptive
radiation in the genus are inferred to have taken place in
marine waters below the thermocline.

As presently defined, Centropleura includes the spe-
cies C. loveni (Angelin, 1851), from Scandinavia, Ben-
nett Island, and North Greenland; C. angelini Westergard,
1950, from Sweden and possibly North Greenland and
Tien Shan; C. angustata Westergard, 1950, from Sweden;
C. belli Hutchinson, 1952, from Quebec; C. expectans
Barrande, 1852, from Bohemia; C. keguginensis Xiang &
Zbhang, 1985, from Tien Shan; C. oriens Chernysheva,
1953, from Siberia; C. phoenix Opik, 1961, from Queens-
land, Australia; C. pugnax Illing, 1916, from England; C.
sibirica Lermontova, 1940, from Siberia; C. sonax Opik,
1961, from Queensland, Australia; C. tianshanensis
Xiang & Zhang, 1985, from Tien Shan; and C. vermon-
tensis Howell, 1932, from Vermont. C. (Beishanella)
beishanensis Xiang & Zhang, 1985 is from Tien Shan. C.
neglecta Opik, 1949, is known from only one fragmen-
tary cranidium from Victoria, Australia. Evidence that it
should be retained in Centropleura is inconclusive. Some
other described occurrences of Centropleura include
specimens unassigned to species from central Nevada
(Stewart & Palmer, 1967; Palmer & Stewart, 1968; Bab-
cock, 1990a), New York (Rasetti, 1967), the Altai region
of Russia (Romanenko, 1985), Tasmania (Jago, 1972a,
1990), and northern Victoria Land, Antarctica (Cooper et
al., 1976, 1983). Its observed stratigraphic range is from
the Ptychagnostus atavus Zone to the Lejopyge laevigata
Zone.

Centropleura loveni (Angelin, 1851)
Figs 18, 19, 20.1-6

Paradoxides loveni Angelin (in part), 1851, p. 2, pl. 3, figs 1-3
Centropleura loveni (Angelin). Angelin (in part), 1854, p. 87,
Angelin (in part), 1878, p. 95, pl. 3, fig. 1, la; Gronwall,
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Fig. 18. Centropleura loveni (Angelin).

1, axial shield, weathered along the middle. MGUH 21.273 from GGU 301313, x 1.25: an agnostoid trilobite, 7oragnostus
bituberculatus (Angelin), is near the left side. 2, latex cast of slightly disarticulated axial shield. MGUH 21.083 from GGU 301312,
x 1.25: a neoplasm (tumor) is on the right pleural area of the sixth thoracic segment (see Babcock 1993: figs 3.1, 3.2).

1902, pp. 124, 125:: Lermontova, 1940, p. 135, pl. 41, figs
2-4: Holm & Westergard, 1930, p. 16, pl. 3, figs 13-16, pl. 4,
figs 24-25; Westergard (in part), 1950, pp. 4. 5. pl. 1, figs 1-3
(not4), pl. 2. fig. 27, (not 1); Poulsen (in part) in Harrington et
al., 1959b, p. 0214, fig. 154a (not 1545): Reyment (in part).
1980, p. 7, fig. 15¢ (copy of Angelin, 1851, pl. 3. fig. 1) (not
15a?, 15b): Babcock, 1993, figs 3.1, 3.2

Centropleura angelini Weslergard (in part), 1950, pp. 4-6, pl. 1,
fig. 10

Lectotype. Angelin (1851, p. 2) based the type species of

Centropleura, Paradoxides loveni. on an unknown num-
ber of specimens now in the Swedish Museum of Natural
History and the Paleontological Museum, Uppsala Uni-

versity. His figures (Angelin, 1851, pl. 3, figs 1-3: one
reproduced by Reyment, 1980, fig. 15¢) of C. loveni are
composites and include characters of C. loveni, C. ange-
lini Westergard, 1950, and probably Paradoxides. West-
ergard (1950) recognised that two species ol Centro-
pleura were present in Angelin’s collections and referred
some specimens to his new species C. angelini. The only
specimen from Angelin’s material that was figured by
Westergard (1950, pl. 1, fig. 1) and identified as C. loveni
(RM Ar. 32354) is here selected as the lectotype. It is a
small, fragmentary cranidium.

and

New material. Numerous disarticulated sclerites



three articulated axial shields in GGU 301311-301313
and 313115.

Emended diagnosis. Cranidium about 1.4 times wider
than long. Exsagittal parts of anterior border with slight
inward deflections in large holaspides; deflection lacking
in small holaspides. Anterior border furrow deep and
narrow anteriorly, shallowing and widening laterally. Ax-
ial furrow deep and narrow anteriorly, shallowing and
widening posteriorly. Glabella pyriform, elevated well
above fixigenae, reaching greatest width at L4, reaching
greatest height in center of L5, sloping steeply forward to
anterior border furrow and gently backward to occipital
furrow. Lateral glabellar furrows shallowing anteriorly;
S1 confluent, composite; S2 nearly straight, slightly
oblique backward; S3 slightly convex, transverse; S4
slightly convex. Occipital furrow deep at sides, shallow-
ing medially. Occipital ring lacking node. Fixigena with
small metafixigenal spine near posterolateral end of bor-
der. Posterior margin and posterior border furrow
strongly deflected on axial side of spine. Palpebral lobe
not extending to posterior border furrow. Genal bar
slightly bowed laterally.

Labrum slightly wider than long, moderately convex;
having nearly straight, tapering lateral margin. Posterior
wing long, truncated, slightly deflected in middle.

Thorax narrowest at segment 9, axis slightly tapering
posteriorly. Anterior segments (1 to 13) having pleural
spines that successively increase in length toward post-
erior. Segments 14 to 16 having curved anterior and
posterior margins; pleural tips extending beyond pygi-
dium, extension decreasing posteriorly from segment 14.

Pygidium bell-shaped, width about 1.5 times length.
Anterior margin slightly curved; anterolateral corner
broadly rounded; lateral margin slightly curved, diverg-
ing posteriorly. Axis having 2 or 3 rings and terminal
piece, moderate to strongly tapered posteriorly. Posterior
margin having 3 pairs of spines, length decreasing adax-
ially; spine pairs 1 and 2 posteromedially directed; spine
pair 3 very short, posteriorly directed. Pleural furrows
consisting of 3 shallow, wide pairs, weakening post-
eriorly.

Terrace lines cover dorsal surface except palpebral
lobe, palpebral area of fixigena, anterior border furrow of
cranidium, and axial furrows; strong except on glabella
and anterior margin of axial rings away from middle.
Terrace lines also present ventrally on marginal areas and
labrum.

Remarks. Well-preserved, but somewhat crushed, speci-
mens referable to C. loveni are present in the lower Kap
Stanton Formation of North Greenland. Except for differ-
ences attributable to crushing, these specimens are identi-
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cal to inflated specimens from Sweden and Denmark,
some of which are introduced here for comparison (Figs
19.11, 20.3).

Angelin (1851) included representatives of two species
of Centropleura in his concept of C. loveni from the
Andrarum Limestone of Scania, Sweden (Westergard,
1950). Characters that can be used to differentiate the two
species are primarily in the cranidium. The name C.
loveni has been restricted to cranidia that have palpebral
lobes not extending to the posterior border furrow, and
that have the posterior margin and border furrow for-
wardly bent near the posterolateral corner (Westergard,
1950). Cranidia that have the palpebral lobes extending to
the border furrow, a nearly straight posterior margin, and
a nearly straight border furrow, belong to C. angelini.

Morphologically different pygidia also have been
found in the Andrarum Limestone. One morph tends to
have an elliptical outline (Fig. 20.7; Westergard, 1950, pl.
1, fig. 4) and another tends to have a bell-shaped outline
(Fig. 20.3, Westergard, 1950, pl. 1, fig. 10a). As no
complete specimens of either species were known at the
time of Westergérd’s writing, the pygidia could not be
assigned with certainty to their proper cranidia. Com-
plete, articulated specimens of C. loveni from North
Greenland (Fig. 18) show that Westergard incorrectly
assigned elliptically shaped pygidia to C. loveni. By im-
plication, he also incorrectly assigned bell-shaped pygi-
dia to C. angelini.

Whether or not the rostral plate of C. loveni was fused
to the labrum is uncertain. A disarticulated rostral plate
from North Greenland (Fig. 20.2) seems to have been
cleanly separated from the labrum medially, but frag-
ments of exoskeleton appear to adhere to the distal mar-
gins. llustrated labra of Centropleura that are free of the
dorsal exoskeleton (Westergard, 1950, pl. 2, figs 2, 3;
herein, Fig. 20.5) are also free of the rostral plate, sug-
gesting that the labrum and rostral plate were either
unfused or weakly ankylosed.

Ontogeny and heterochrony. New material of C. loveni
from North Greenland and Scandinavia (Figs 18, 19,
20.1, 20.3, 20.4) provides substantially more information
about the ontogeny of this species than has been previ-
ously known. Small cranidia (Figs 19.1-19.7) show a
remarkable resemblance in overall morphology to me-
raspides or small holaspides of Xystridura templetonensis
(compare with specimens figured by Opik, 1975). This
supports monophyly in the paradoxidids and furthermore
suggests that major morphological innovations in the
cranidium of Centropleura arose through paedomorpho-
sis from the common ancestor of the two major paradox-
idid clades. Critical points of comparison are (1) the
facial sutures, which are deeply incised in meraspides of
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Fig. 19. Centropleura loveni (Angelin). All specimens from GGU 301313, unless otherwise stated.

1-5, small cranidia, MGUH 21.274-21.278, respectively, all x 10. 6, small, damaged cranidium, MGUH 21.279, x 8. 7, small,
crushed cranidium, MGUH 21.280, x 8. 8, cranidium, MGUH 21.281, x 3. 9, medium-sized cranidium from the Andrarum
Limestone of Andrarum, Scania, Sweden: introduced for comparison; USNM 465519, x 3. 10, cranidium, MGUH 21.282, x 1.5. 11,
large, exfoliated cranidium in dorsal (a), left-lateral (b), and frontal views from the Andrarum Limestone of Andrarum, Scania,
Sweden; introduced for comparison; USNM 465520, x 1.



Fig. 20. Specimens of Centro-
pleura.

1-6, Centropleura loveni (Ange-
lin). 1, pygidium, mostly exfo-
liated, MGUH 21.283 from GGU
313118, x 2. 2, weathered rostral
plate, MGUH 21.284 from GGU
313115, x 1. 3. pygidium, trom
Borregard. Bornholm, Denmark;
introduced  for  comparison;
USNM 463521, x 2.5. 4, smallest
observed  pygidium, MGUH
21.285 from GGU 301313, x 12.
5, labrum, MGUH 21.286 from
GGU 313115, x 2. 6, incomplete
librigena retaining much of the
genal spine, preserved mostly as
an external mould, MGUH
21.287 from GGU 301313, x 1.

7, Centropleura angelini Wesler-
gard: incomplete pygidium from
the Andrarum Limestone, Andra-
rum, Scania, Sweden: introduced
for comparison; USNM 465522,
x 2.

8, Centropleura angelini? West-
ergard; pygidium. mostly exfo-
liated, MGUH 21.288 from GGU
301313, ¥ 2.5

both genera and become retrodivergent in holaspides of
Centropleura; (2) the genal bars, which are lost in ho-
laspides of Xystridura but not Centropleura; and (3) the
metafixigenal spines, which are lost early in meraspid
ontogeny by Xystridura but are retained by holaspides of
Centropleura. Both genera evidently underwent protrac-
tion and retraction (see McNamara, 1986b) of the anterior
glabella during the late meraspid or holaspid period, but
C. loveni seems to have undergone more than X. remple-
tonensis.

As discussed in remarks on the Paradoxididac, Cen-
tropleura has characters in the post-cephalic arca that
suggest a peramorphic origin.

Occurrence. Disarticulated sclerites and articulated axial
shields are moderately common in mudstone beds of the
basal Kap Stanton Formation at locality 3, Peary Land.
Besides North Greenland, C. /oveni has been reported

from Sweden. Denmark, and Bennett Island. Its observed
range is confined to the informal lower part of the Lejo-
pyge laevigata Zone of Robison (1984).

Centropleura angelini? Westergard, 1950
Fig. 20.8

Centropleura loveni Angelin. Angelin (in part), 1854, p. 87;
Angelin (in part), 1878, p. 95, pl. 3. figs 1, la; Westergard (in
part), 1950, pp. 4, 5, pl. 1, fig. 4: pl. 2. figs 1, 37; Poulsen (in
part) in Harrington et al., 1959b, p. O214, fig. 154h; Reyment
(in part), 1980, figs 15a?, 15b

Centropleura angelini Westergard (in part), 1950, p. 6, pl. 1.
figs 5-9 (not 10)

Holotype. Cranidium, RM Ar. 1617.

Material. One pygidium in GGU 301313.
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Remarks. A single, mostly exloliated pygidium of Cen-
troplewra in GGU 301313 seems to fall within the range
of variation of C. angelini as herein revised (see remarks
under C. loveni). The pygidium is much wider than long
and has a roughly elliptical outline. A specimen referred
to C. angelini from the Andrarum Limestone of Sweden
is illustrated for comparison (Fig. 20.7). The identifica-
tion of the specimen from North Greenland is question-
able because a cranidium referable to C. angelini was not
found in any collection from North Greenland, and be-
cause examination of pygidia referable to C. loveni from
Scandinavia and North Greenland has shown consid-
erable variation in outline of the pygidium.

Occurrence. Present in mudstone beds of the basal Kap
Stanton Formation at locality 3, Peary Land. Besides
North Greenland, C. angelini is also known from Scandi-
navia. Specimens definitely referable to C. angelini are
from the informal lower part of the Lejopyge laevigata
Zone of Robison (1984).

Family Solenopleuridaec Angelin
Genus Parasolenopleura Westergard, 1953

Liostracus Angelin (in part), 1854, p. 27; Angelin (in part),
1878, p. 27

Parasolenopleura Westergard, 1953, pp. 21, 22; Poulsen in
Harrington et al., 1959b, p. O275; Rushton, 1966, pp. 46. 47

Type species. Calymene aculeata Angelin, 1851, pp. 23,
24 (not Poletaeva, 1955). by original designation (West-
ergard, 1953, p. 21).

Remarks. The generic concept of Westergard (1953, pp.
21, 22) is followed here.

Parasolenopleura aculeata (Angelin, 1851)
Fig. 21

Calymene aculeata Angelin, 1851, p. 23, pl. 19, fig. 2; Angelin,
1878, p. 23, pl. 19, fig. 2

Liostracus aculeatus (Angelin). Angelin, 1854, p. 27; Angelin.
1878, p. 27, pl. 19, fig. 2; Linnarsson, 1879, p. 11, pl. 1, figs
12-15; Linnarsson, 1883, p. 22: Walcott, 1884, pl. 6, fig. 6;
Lesley, 1889, p. 351, fig.; Walcott, 1913, p. 137, pl. 13, fig. 6;
Krashopeeva, 1958. p. 109; Strand, 1929, p. 351, pl. 2, fig. 5:
Brogger. 1878, p. 46 (30), pl. 3, fig. 3 (cf. Parasolenopleura
spinigera Westergard, fide Westergard, 1953, p. 23)

Andrarina aculeatus (Angelin). Raymond, 1937, p. 1106

Parasolenopleura aculeata (Angelin). Westergard, 1953, pp.
23-25, pl. S, figs 6-10, pl. 6, figs 1-4: Poulsen in Harrington
et al., 1959b, p. 0275, fig. 204,12

Parasolenopleura cf. aculeata (Angelin). Rushton, 1966, p. 47,
pl. 6, fig. 14: Morris, 1988, p. 168

Fig. 21. Parasolenopleura aculeata (Angelin); partly exfoliated
cranidium, MGUH 21.289 from GGU 298969, x 7.

Lectotype. Cranidium, RM Ar. 46143a.
New material. One cranidium in GGU 298969.

Remarks. The species concept of Westergard (1953, pp.
23, 24) is followed here. The new specimen from Nyeboe
Land (Fig. 21) is a mostly exfoliated cranidium with a
broken anterior border and occipital ring. It agrees in all
characters with specimens figured by Westergird (1953)
and, although slightly younger than that material, does
not add new morphological information about the spe-
cies.

Westergard (1953, p. 24) noted that the surface gran-
ulation in this species is a variable character. The new
specimen from North Greenland has fine, densely spaced
granules similar to specimens illustrated (Westergérd,
1953, pl. 6, figs 3, 4) from the Exsulans Limestone of
Scania, Sweden.

QOccurrence. Present in mudstone of the upper part of the
Henson Gletscher Formation at locality 1, Nyeboe Land.
Specimens examined by Angelin (1851) are from the
Acrothele (Redlichella) granulata conglomerate of
Borgholm, Sweden. Those specimens and the ones re-
ported by Westergard (1953) from Sweden and Norway
are from the Ptychagnostus gibbus Interval-zone. A spec-
imen compared with this species by Rushton (1966) was
found in a loose block that may have come from the
Purley shales. The Purley shales of England contain a
fauna indicative of the P. gibbus Interval-zone. The new
specimen from North Greenland extends the range of this
species up to the P. aravus Interval-zone.

Genus Solenopleura Angelin, 1854

Solenopleura Angelin, 1854, p. 26; Salter, 1866, p. 305; Ange-
lin, 1878, p. 26; Salter, 1881, p. 499; Walcott, 1884, p. 36;
Matthew, 1887, p. 357; Miller, 1889, p. 567; Beecher, 1895,
p. 178; Pompeckj, 1896, p. 546; Beecher, 1897, p. 192;
Lindstrom, 1901, p. 25: Grabau & Shimer, 1910, p. 277;
Vogdes, 1925, p. 113; Lake, 1931, p. 133; Kobayashi, 1935,
p. 262; Howell, 1937, p. 1173; Lermontova, 1940, p. 151;
Ivshin, 1953, p. 93: Chernysheva, 1953, p. 34; Westergard,



1953, pp. 7-11; Hupé. 1955, p. 137; Poulsen in Harrington ez
al., 1959b, p. O275: Egorova et al.. 1960. pp. 231, 232: Ivshin
et al. in Chernysheva. 1960. p. 119; Chernysheva, 1961, p.
242; Palmer & Gatehouse, 1972, p. D25; Chernysheva, 1980,
pp. 65-67. 72, 73
Calymene Brongniart (in part). Angelin, 1878, pp. 22, 23
Jincella Snajdr, 1957, p. 244; Snajdr, 1958, p. 196

Type species. Calymene holometopa Angelin, 1851, p.
23, by subsequent designation (Walcott, 1884, p. 36).

Remarks. The generic concept of Solenopleura and argu-
ments relating (o its type species were discussed by Cher-
nysheva (1980). Her diagnosis of the genus is followed
here.

Solenopleura bucculenta Gronwall, 1902
Fie. 22

2. a2

Solenopleura bucculenta Gronwall, 1902, pp. 152, 153, pl. 4.

Fig. 22. Solenopleura bucculenta
Gronwall. All specimens  from
GGU 301313, unless otherwise
stated.

I, small cranidium, MGUH
21.290. x 16. 2, incomplete pygi-
dium, mostly exfoliated, MGUH
21.291, x 3. 3, partly exfoliated
cranidium in dorsal (a). frontal
(b), and right-lateral (c) views,
MGUH 21.292, x 3. 4, incom-
plete labrum, MGUH 21.293, x 3.
5, incomplete librigena, MGUH
21.294, x 3. 6, partly exfoliated
cranidium in dorsal (a) and left-
lateral (b) views, MGUH 21.295,
x 3. 7. exfoliated cranidium from
the Andrarum Limestone of An-
drarum, Scania, Sweden: intro-
duced for comparison; USNM
465523, x 3. 8, weathered axial
shield, MGUH 21.296 from GGU
313115, x 1.5. 9, large cranidium,
incomplete and exfoliated, from
(led, Bornholm, Denmark; intro-
duced for comparison: USNM
465524, x 1.25.
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fig. 18; Czarnocki, 1927, p. 196; Westergard, 1953, pp. 13,
14, pl. 3, figs 1-3

Solenopleura cf. bucculenta Gronwall. Cobbold in Cobbold &
Pocock, 1934, p. 366, pl. 42, fig. 18a, b; Morris, 1988, p. 212

Holotype. Repository unknown.

New material. Numerous disarticulated sclerites and ar-
ticulated exoskeletons in GGU 301313 and 313115.

Remarks. Until now, S. bucculenta has been known from
only cranidia, which were thoroughly described by West-
ergard (1953, pp. 13, 14). For comparison with new
material from North Greenland, two specimens from
Scandinavia are illustrated here (Figs 22.7, 22.9).
Specimens from North Greenland add new information
about sclerites other than the cranidium. The librigena
(Fig. 22.5) is narrow, moderately convex, and has a
semicircular outline. Tts border is wide and convex and
the border furrow is deep and wide. An incipient spine is
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present at the genal angle. Surface prosopon consists of
rather widely spaced. large granules between which are
smaller, densely spaced granules. Granules are absent in
the border furrow.

The labrum is known from a single broken specimen
(Fig. 22.4). It is long, relatively narrow, and convex. The
border is convex and separated from the central body by a
deep and narrow furrow. The anterolateral corners are not
preserved.

Several axial shields are in collection 313115 but,
because of weathering, few details are preserved. At least
ten segments are in the thorax, and most appear to have
falcate tips (Fig. 22.8).

The best available pygidium (Fig. 22.2) is mostly ex-
foliated. It is moderately convex, and has a width that is
about twice the length. The axis is strongly convex, and
contains two rings and a long terminal piece that extends
almost to the posterior margin. A weak medial groove
extends the entire length of the terminal piece in the
steinkern. The axis is widest at the second ring, and tapers
slightly both anteriorly and posteriorly. Two distinct
ridges and two weak interpleural furrows are in the pleu-
ral lobes. A border is not present. Test adheres to the
internal mould only near the anterolateral corner. show-
ing surface prosopon of small, densely spaced granules.
Large granules like those on the cephalon are evidently
absent from the pygidium.

Occurrence. Common in mudstone beds ol the basal Kap
Stanton Formation at locality 3, Peary Land. The species
seems to range from the Ptychagnostus punctitosus Zone
to the Lejopyge laevigata Zone of Robison (1984). Speci-
mens described by Westergard (1953) from Sweden and
Denmark are from the Paradoxides davidis Zone and the
lower part of the Lejopyge laevigata Interval-zone. Speci-
mens compared with this species (Cobbold in Cobbold &
Pocock, 1934, p. 366) from Rushton, Shropshire, Eng-
land, are from the Paradoxides forchhammeri Zone,
which probably corresponds to about the same interval
(P. punctuosus Zone to lower L. laevigata Zone).

Genus Solenopleurella Poulsen, 1927

Solenopleurelia Poulsen, 1927, p. 269: Shimer & Shrock, 1944,
p. 617; Lermontova, 1951, pp. 132-133; Rasetti, 1951, pp.
240, 241; Poulsen in Harrington er al., 1959b, p. 0275;
Egorova et al., 1960, p. 232; Ivshin er al. in Chernysheva,
1960, p. 119: Rasett, 1965, p. 1013

Type species. Solenopleurella ulrichi Poulsen, 1927, by
original designation (Poulsen, 1927, p. 269).

Remarks. The generic concept of Poulsen (in Harrington
et al., 1959b, p. 0275) is followed here.

Solenopleurella transversa’? Rasetti, 1965

Fig. 23

Solenopleurella transversa Rasetti, 1965, p. 1014, pl. 120, figs

Holotype. Cranidium, USNM 145034.
New material. One cranidium in GGU 319790.

Remarks. This species was described (Rasetti, 1965) on
the basis of a single broken cranidium from central Penn-
sylvania. A cranidium from Nyeboe Land is questionably
assigned to this species because it agrees with the holo-
type in all critical characters. Aside from a difference in
size, the new specimen (Fig. 23) differs from the holotype
by having a slightly shorter palpebral lobe, and differ-
ences in surface granulation. The holotype has very low
granules that are fine and closely spaced on the anterior
border, moderately spaced on the occipital ring, and
coarse and moderately spaced on the palpebral area of the
fixigena. The specimen from North Greenland has gran-
ules of bimodal size on the fixigena. Such characters are
variable within species of other solenopleurid trilobites
and are here given no taxonomic significance.

The Greenland specimen shows two well-impressed
pairs of lateral glabellar furrows and a third pair that is
faintly impressed. Although Rasetti (1965) reported only
two pairs of furrows, re-examination of the holotype

1b
Fig. 23. Solenopleurella transversa? Raselti.

I, partly exfoliated cranidium in dorsal (a), frontal (b), and
left-lateral (¢) views. MGUH 21.297 from GGU 319790, x 8.



(USNM 145034) reveals the presence of a third pair that
is very [aintly impressed.

Occurrence. Present in a packstone bed of the basal Kap
Stanton Formation at locality 2, Nyeboe Land. It is asso-
ciated with trilobites indicative of the Prychagnostus ata-
vius Zone of Robison (1984). The holotype is from the

Pleasant Hill Limestone (upper Middle Cambrian) of

Henrietta, Blair County, Pennsylvania (Rasetti, 1965).

Family Zacanthoididae Swinnerton
Genus Zacanthoides Walcott, 1888

Embolimus Rominger, 1887, p. 15: Woodward. 1902, p. 539

Zacanthoides Walcott, 1888, p. 165: Miller. 1889, p. 569;
Beecher, 1897, p. 191: Matthew, 1897, p. 187; Matthew,
1899, p. 63: Lindstrom, 1901, p. 16; Gronwall, 1902, p. 129;
Grabau & Shimer, 1910, p. 273: Kobayashi. 1935, p. 123;
Shimer & Shrock. 1944, p. 619: Palmer, 1934, pp. 69. 70;
Rasetti in Harrington er al., 1959b, p. O227: Suvorova &
Pokrovskaia in Chernysheva, 1960, p. 77; Palmer, 1968, p.
B350; Palmer & Halley, 1979, pp. 96. 97: Young & Ludvigsen,
1989. pp. 20, 21

Type species. Embolimus spinosa Rominger, 1887, p. 15
(= Zacanthoides romingeri Resser, 1942, pp. 56, 57).

Remarks. The generic diagnosis of Palmer (1954, p. 69)
is followed here.

Zacanthoides sp.

Fig. 24

Material. Six cranidia and three pygidia in GGU 298970.

Remarks. Broken cranidia and pygidia in GGU 298970
belong to a distinctive species of Zacanthoides. The cra-
nidium is subtrapezoidal in outline, gently convex, and
the anterior margin is slightly curved. It has a low, long
glabella that expands slightly forward and is bluntly
rounded anteriorly. The axial furrow is weak. Three pairs
of large muscle scars are present on the glabella: S1 is
long and oblique backwards. S2 is short and transverse,
and S3 is oblique forwards. The occipital furrow is shal-
low, but deepest at the sides. A small median node is
present on the occipital ring. The frontal area is approxi-
mately one-tenth the total length of the cranidium. The
lixigena is flat, and its width is subequal with that of the
occipital ring. The palpebral area is long, extending to the
anterior end of the occipital ring. The anterior end of the
palpebral lobe is continuous with the eye ridge. A well-
defined palpebral furrow is present. The course of the
anterior section of the facial suture is strongly divergent
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forward from the palpebral lobe. The posterior limb is not
preserved in any specimen. The surface is smooth.

The pygidium, exclusive of the border spines, is semi-
elliptical in outline. Its sagittal length is about 0.6 times
the width. The axis is convex, and slightly tapered post-
eriorly. It contains four rings and a long terminal piece.
The pleural ficld is convex, subtriangular, and slightly
narrower than the axis. Three pleural furrows are present;
the anterior two are distinct and the third is weak. The
border is poorly defined, flat, and narrower than the
pleural field. Four pairs of marginal spines are present,
the anterior two being long, and the posterior two being
short. The surface is smooth.

Although seemingly distinctive, the new material of
Zacanthoides is not assigned to a species because it is not
well preserved. It is most similar to Z. variacantha Palm-
er & Halley (1979, p. 97) from the western United States
in overall appearance. It differs from that species, how-
ever, primarily in having a straighter anterior cranidial
border, in lacking a cranidial plectrum, and in having two
pairs of elongated marginal pygidial spines instead of one
pair.

Occurrence. Present in a packstone bed from approxi-
mately 56 m above the base of the Henson Gletscher
Formation at locality I, Nyeboe Land. It is associated
with trilobites indicative of the Prychagnostus gibbus
Interval-zone of Robison (1984).

Fig. 24. Zacanthoides sp. All specimens from GGU 29897().
1, incomplete cranidium, MGUH 21.298, x 5. 2, incomplete,
exfoliated pygidium, MGUH 21.299, x 4. 3, latex cast of in-
complete pygidium, MGUH 21.300, x 2.
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Family unassigned
Genus Elrathia Walcott, 1924

Elrathia Walcott, 1924, p. 56: Robison, 1964, pp. 540, 541 (see
for synonymy to 1964): Robison, 1988, p. 92

Type species. Conocoryphe (Conocephalites) kingii Meek
(1870, p. 63).

Remarks. The generic diagnosis of Robison (1964) is
followed here.

Elrathia sp.

Fig. 25

Material. Several small cranidia and two pygidia in GGU
298970.

Remarks. Several incomplete cranidia and two exfoliated
pygidia of a species of Elrathia are present in GGU
298970. They are not assigned to species because the
material is not well preserved. The cranidium is charac-
terised by having a moderately upturned anterior border,
a moderately wide axis, three incipient lateral glabellar
furrows, slightly convergent sides of the glabella, a weak
medial node on the occipital ring, palpebral lobes that are
about one-third the length of the glabella, and moderately
strong eye ridges. Fine granules cover the entire crani-
dium except in the furrows. and faint type 4 caeca radiate
from the anterior and anterolateral areas of the axial
furrow into the preglabellar field. The pygidium is alate
with weak posterolateral swellings. The axis is moder-
ately convex and slightly tapered. It contains four rings, a

Fig. 25. Elrathia sp., both from GGU 298970,

|, small, broken cranidium in dorsal (a), frontal (b). and left-
lateral (¢) views, MGUH 21.301, x 6. 2, exfoliated pygidium,
MGUH 21.302, x 2.

terminal piece, and a short postaxial ridge. Three pairs of
strong furrows are in the pleural lobes.

QOccurrence. Sclerites are present in wackestone beds
approximately 56 m above the base of the Henson
Gletscher Formation at locality |, Nyeboe Land. They are
associated with trilobites indicative of the Ptychagnostus
gibbus Interval-zone of Robison (1984).

Genus Syspacephalus Resser, 1936

Syspacephalus Resser, 1936, p. 28: Lochman, 1947, pp. 62-65;
Rasetti, 1951, pp. 241. 242: Rasetti, 1955, p. 6; Rasetti in
Harrington ef al., 1959b, p. 0237; Suvorova in Chernysheva,
1960, p. 117; Shaw, 1962, p. 337; Fritz, 1972, p. 47; Robison,
1976, p. 102; Palmer & Halley, 1979, p. 115

Elrathina Resser, 1937b. p. 11: Diess, 1939, pp. 87. 88; Shimer
& Shrock, 1944, p. 611; Rasetti, 1951, p. 221: Howell in
Harrington er al., 1959b, p. 0240; Balashova er al. in Cher-
nysheva, 1960, p. 105; Zhuravleva et al., 1970, p. 37; Palmer
& Halley, 1979, p. 103; Young & Ludvigsen, 1989, p. 24

Type species. Agraulos charops Walcott, 1917, p. 72, by
original designation (Resser, 1936, p. 28).

Remarks. Based on the examination of a large number of
specimens at the University of Kansas and in the U.S.
National Museum, I agree with the conclusion that Syspa-
cephalus and Elrathina represent a single lineage of trilo-
bites (Robison, 1976, p. 102). Representatives of this
ptychopariid lineage show considerable morphological
variation in the cranidium, and, although individual spe-
cies may appear distinct, evaluation of all species as-
signed to both genera indicates that there are no consis-
tent and meaningful differences between Svspacephalus
and Elrathina.

Syspacephalus sp. 1
Figs 26.1-4

Material. Six cranidia and three librigenae in GGU
298969.

Remarks. lsolated cranidia in GGU 298969 represent a
species of Syspacephalus that has a narrow glabella, long
and shallow lateral glabellar furrows, a convergent and
convex anterior branch of the facial suture, and a weak
eye ridge. Associated librigenae are characterised by be-
ing narrow and having a long genal spine.

Occurrence. Disarticulated sclerites are present in a pack-
stone bed from approximately 71 m above the base of the
Henson Gletscher Formation at locality 1, Nyeboe Land.
The specimens are from the P. atavus Interval-zone.



Svspacephalus sp. 2
Figs 26.5. 6; 31.4a

Material. Numerous cranidia in GGU 298970.

Remarks. This species of Svspacephalus is characterised
by a moderately long, smooth cranidium. The glabella is
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almost parallel-sided, narrow, slightly rounded anteriorly,
and slightly but distinctly notched at the fossula, espe-
cially in small holaspides. The lateral furrows are deep in
small holaspides, and shallow to moderately deep in large
holaspides; S1 are geniculate, S2 are straight and weakly
oblique backward, and S§3 are transverse with a distinct
anteromedial depression. The occipital furrow is deep

Fig. 26. Specimens of Svspacephalus.

1-4, Syspacephalus sp. 1, all from GGU 298969. 1. cranidium in dorsal (a), frontal (b), and left-lateral (¢) views, MGUH 21.304, x 6.
2, cranidium in dorsal (a) and right-lateral (b) views, MGUH 21,305, x 6. 3, cranidium, MGUH 21.306, x 6. 4, incomplete librigena,
MGUH 21.307, x 6.

5-6, Syspacephalus sp. 2, both from GGU 298970. 5, cranidium in dorsal (), left-lateral (b), and frontal (¢) views, MGUH 21.309, x
3. 6, cranidium in dorsal (a) and left-lateral (b) views, MGUH 21.308, x 3; occipital spine was probably broken and healed during
life.

7-9, Svspacephalus sp. 3. 7, small cranidium, MGUH 21.310 from GGU 298972, x 7. 8, broken cranidium in dorsal (a), right-lateral
(b), and frontal (¢) views, MGUH 21.311 from GGU 298971, x 6. 9, weathered, exfoliated cranidium in dorsal (a) and right-lateral
(b) views, MGUH 21.312 from GGU 298971, x 6.
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abaxially and shallows medially; the occipital ring is
moderately large and has a moderately long, slender,
hook-like medial spine projecting vertically then back-
ward. The frontal area is relatively short, and the anterior
border is wider than the preglabellar field. Anteriorly, the
fixigena is relatively narrow, and posteriorly it is wide.
The anterior border furrow is shallow and wide, and the
posterior border furrow is deep and wide. Eye ridges are
usually strong.

Occurrence. Cranidia are abundant in a packstone bed
from approximately 56 m above the base of the Henson
Gletscher Formation at locality 1, Nyeboe Land. They are
associated with eodiscids and agnostoids indicative of the
Ptychagnostus gibbus Interval-zone of Robison (1984).

Syspacephalus sp. 3
Fig. 26.7-9

Material. Five cranidia in GGU 298971 and 298972.

Remarks. Broken cranidia in GGU 298971 and 298972
resemble specimens of S. spinifera Rasetti, 1951, from
British Columbia. The major observed difference be-
tween specimens is that those from North Greenland have
a slightly longer frontal area of the cranidium than do
those from British Columbia.

Occurrence. Present in wackestone beds of the Henson
Gletscher Formation at locality 1, Nyeboe Land. Associ-
ated polymeroid trilobites indicate a correlation with the
Glossopleura Zone of the Laurentian shelf.

‘Polymerida’ incertae sedis: ‘Eodiscidae’

Remarks. Conclusions about the phylogenetic relation-
ships of eodiscid trilobites have differed for more than a
century because, as a group, they include characters com-
mon to both polymeroids and agnostoids. Kobayashi
(1943a, 1943b, 1944) reviewed early interpretations of
the relationships and evolution of eodiscids. More re-
cently, they have been considered to be agnostoids (e.g.,
Howell in Harrington et al., 1959b), ancestors of agnos-
toids (e.g., Jell, 1975), similar to ancestors of agnostoids
(Miiller & Walossek, 1987), and of doubtful assignment
(Robison, 1987).

To further evaluate eodiscid relationships, I included
six genera of eodiscids in a cladistic analysis with six
genera of polymeroids, two condylopygids, three agnos-
toids, and one nektaspid. The taxa selected represent nine
major groups of trilobites present in Lower or Middle
Cambrian rocks. The groups are olenellids (represented

by Olenellus), redlichiids (represented by Xystridura),
ptychopariids (represented by Elrathia), corynexochids
(represented by Olenoides), oryctocephalids (represented
by Tonkinella and Thoracocare), eodiscids (represented
by Eodiscus, Dawsonia, Costadiscus, Pagetia, Pagetides,
and Neocobboldia), condylopygids (represented by Con-
dylopyge and Pleuroctenium), agnostoids (represented by
Agnostus, Peronopsis, and Ptychagnostus), and nektas-
pids (represented by Naraoia). For consistency in eval-
uating all the taxa, 22 characters of adult, dorsal morphol-
ogy were used (Table 3). Characters of juvenile or ventral
morphology, which have been shown to be of importance
in analyzing phylogenetic relationships among many tri-
lobites (Fortey, 1990), were not used because they are
incompletely known in many of the analyzed taxa. Re-
sults on ‘polymeroid’ taxa using this technique are in
general agreement with results obtained previously that
incorporated data on the dorsal and ventral morphology
of the exoskeleton (Fortey, 1990). -

The trilobites were analyzed cladistically using the
PAUP (Phylogenetic Analysis Using Parsimony) pro-
gram (Swofford, 1989). To avoid incorporating a priori
assumptions about the significance of different characters
in determining affinity, all characters were equally
weighted. Transformation states were polarised using the
outgroup method. The data set was analyzed using a
hypothetical outgroup based on merostomes and crusta-
ceans because identifying the most primitive group of
trilobite is contentious {Babcock, 1990b).

Five parsimony trees were discovered, but only the
majority-rule consensus tree has been illustrated (Fig.
27). The Agnostida evidently comprises a highly derived,
monophyletic group (or clade) from which the eodiscids,
condylopygids, and Naraoia are excluded. This interpre-
tation differs from that of Briggs & Fortey (1989) in
which Naraoia and the agnostoids are interpreted as hav-
ing fewer derived characters than polymeroids. Synapo-
morphies (shared derived characters) of the agnostoids
are a saddle-like labrum, basal lobes on the cephalon, an
edge-to-edge cephalothoracic hinge, two segments in the
anteroaxis of the pygidium, and highly modified tips on
the thoracic segments. The condylopygids also seem to
form a clade, being united by the shared derivation of
median nodes or ridges on all thoracic segments and an
expanded posteroaxis of the pygidium. Lack of a calci-
fied exoskeleton in Naracia must be interpreted as a
secondary loss of a character rather than a symplesio-
morphic condition.

Trilobites collectively classified in the order Polyme-
rida (e.g., Robison, 1987), including eodiscids, are appar-
ently not united by synapomorphic characters. Dorsal
ecdysial sutures, eye ridges, and articulating half-rings,
which were previously interpreted to be synapomorphies
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Table 3. Characters used to express relationships among eodiscid and other trilobites

Characters and character states used to construct the cladogram (Fig.
27) expressing inferred relationships among eodiscid and other
trilobites. Character states are those of holaspid specimens.
Generalized primitive characters of crustaceans and merostomes
have been used to create a hypothetical outgroup for the purpose of
polarizing character transformations. A question mark indicates
missing data.

1. Maximum exoskeletal length: greater than 1 cm (0); less than
1 cm (1).

2. Cephalic sutures: marginal (0); circum-ocular (1); absent (2).

3. Number of thoracic segments: greater than 5 (0); 3 to 5 (1);
22;00.

4. Shape of labrum: plate-like (0); saddle-like (1).

5. Pleural region of pygidium: segmented (0); effaced (1).

6. Eyes: present, centrally located (0); present, nearly marginal
(1); absent (2).

7. Basal lobes: absent (0); present (1).

8. Glabella: short, tapered (0); long, anteriorly expanded (1);
short, anteriorly expanded (2); long, tapered (3); long,
bulbous anteriorly (4).

9. Cephalothoracic hinge: overlapping (0); edge-to-edge (1).

10. Glabellar segmentation: 3 to 4 lateral furrows (0); single
transglabellar furrow (1).

11. Segmentation in pygidial axis: fully segmented (0); 3
segments in anteroaxis (1); 2 segments in anteroaxis (2).

12. Median node or ridge on anteroaxis of pygidiom: without
node or ridge (0); with node (1); with ridge (2).

13. Pleural tips of last thoracic segment: posteriorly directed (0);
anteriorly directed (1).

14. Median node or ridges on all thoracic segments: absent (0);
present (1).

15. Posteroglabella: without node or ridge (0); with node (1);
with ridge (2).

16. Axis of pygidium: tapered (0); expanded posteriorly (1).

17. Eye ridges: present (0); absent (1).

18. Axial width relative to pleurae: narrow (0); wide (1).

19. Calcification of exoskeleton: absent (0); present (1).

20. Terrace lines on border: present (0); absent (1).

21. Genal spines: present, short to intermediate length (0);
present, long (1); absent (2); secondary (3).

22. Borders: not ridge-like (0); ridge-like on cephalon (1);
ridge-like on cephalon and pygidium (2).

23. Pygidium: 3 or fewer unreleased segments (0); 4 or more
unreleased segments (1); secondarily reduced (2).

24. Preglabellar furrow: absent (0); present (1).

25. Metafixigenal spine: absent (0); present (1).

26. Palpebral lobes: short to intermediate length (0); long (1);
absent (2).

Genera Characters
1 11111 11112 22222 2
12345 67890 12345 67890 12345 6
Outgroup 00000 00000 (0000 00000 00000 O
Naraoia 023?21 20300 00000 01001 20200 2
Olenellus 00000 00400 00000 00010 00000 O
Xystridura 01000 00400 00000 00010 00101 1
Elrathia 01000 00000 00000 00010 00100 O
Olenoides 01000 00100 00000 00010 00100 O
Thoracocare 11210 10100 00000 00111 12100 ©
Tonkinella 01110 10100 00000 00011 11100 O
Costadiscus 12100 20000 00000 00011 22100 2
Pagetides 11100 10000 00000 00011 22100 O
Eodiscus 12100 20000 00000 01011 22100 2
Pagetia 11200 10000 00000 00011 22100 O
Serrodiscus 12101 20000 00000 01011 32100 2
Dawsonia 12200 20000 00000 01011 22100 2
Neocobboldia 11100 10000 00000 01011 21200 O
Peronopsis 12211 21011 21101 O1111 22200 2
Prtychagnostus 12211 21011 21101 O1111 22210 2
Agnostus 12211 21011 20101 01111 22210 2
Condylopyge 12270 202?20 12012 11110 22200 2
Pleuroctenium 12220 202?20 12012 11117 32200 2

of polymeroids (Briggs & Fortey, 1989), are here in-
terpreted as symplesiomorphies of polymeroids, agnos-
toids, and condylopygids. The absence of these character
states in agnostoids and condylopygids is probably due to
reduction related to paedomorphosis. On the best avail-
able evidence from adult morphology, the ‘Polymerida’
seems to be paraphyletic. A paraphyletic group is a grade
or ancestral taxon. It contains some but not all of the
descendants of a common ancestor. Membership in the
group is defined only by the absence of more derived
descendants. For convenience, I have continued use of
the term ‘Polymerida’ elsewhere in this paper, even
though the taxon seems to be artificial in a phylogenetic
sense.

The eodiscid genera seem to be polyphyletic from
trilobites of the order Polymerida. Synapomorphous char-

acters have not yet been identified for eodiscids. Rather,
these trilobites seem to be characterised by an extreme
reduction of some characters common in other polyme-
roids. Some such characters as the labrum, however,
seem to be relatively unmodified from the polymeroid
condition (see Jell, 1970; Zhang, 1989). Reduction is
inferred to have taken place primarily through paedo-
morphosis (probably progenesis in most examples).
Analogous patterns of reduction have been inferred in the
evolution of Thoracocare (Robison & Campbell, 1974)
and Tonkinella (McNamara, 1986b), both from orycto-
cephalid ancestors. On account of the variety of combina-
tions of characters that have been reduced (including
eyes, facial sutures, number of thoracic segments, and
segmentation in the pleural region of the axis), it is
inferred that some expressions of reduction have occurred
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independently in more than one lineage. Jell (1975,
1990), for example, provided cogent arguments for con-
sidering blindness to have been achieved independently
in at least three eodiscid lineages. The eodiscid condition,
therefore, probably represents a grade of evolution in
trilobites rather than a clade. Available evidence does not
suggest that agnostoids and eodiscids shared a close com-
mon ancestor.

In consideration of the uncertain phylogenetic status of
the eodicids, I consider all eodiscid genera to be incertae
sedis with respect to other polymeroids. This convention
follows that discussed by Wiley (1979) for artificial taxa.

HYPOTHETICAL

Fig. 27. Majority-rule cladogram

OUTGRQUP illustrating hypothesized phylo-
genetic relationships among se-
OLENELLUS lected trilobite genera, based on
characters preserved in holas-
OLENOIDES pides. The outgroup is hypotheti-
cal, and based on symplesiomor-
ELRATHIA phic arthropod characters ex-
pressed in crustaceans and
XYSTRIDURA merostomes.
TONKINELLA
THORACOCARE
NEOCOBBOLDIA
PAGETIA
PAGETIDES
COSTADISCUS
EODISCUS
DAWSONIA
PLEUROCTENIUM
CONDYLOPYGE
AGNOSTUS
PTYCHAGNOSTUS
PERONOPSIS
NARAOIA

Genus Eodiscus Hartt in Walcott, 1884

Type species. Eodiscus pulchellus Hartt in Walcott, 1884,
p. 24 (by monotypy). E. pulchellus is a subjective junior
synonym of Microdiscus scanicus Linnarsson, 1883, p.
29 (see Rasetti, 1952, pp. 439, 447).

Remarks. Rasetti (1952, p. 447) discussed the generic
concept of Eodiscus, and synonymous generic names.
His concept of the genus is followed here.

Eodiscus scanicus (Linnarsson, 1883)
Figs 9.2a, 28

Microdiscus scanicus Linnarsson, 1883, p. 29, pl. 4, figs 17, 18;
Gronwall, 1902, p. 79
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Fig. 28. Eodiscus scanicus (Linnarsson). All specimens from
GGU 319790, unless otherwise stated.

I, small cephalon, MGUH 21.313, x 10. 2. partly exfoliated
cephalon with occipital ring in dorsal (a) and left-lateral (b)
views, MGUH 21.314 from GGU 298969, x 7. 3, partly ex-
foliated cephalon, MGUH 21.315, x 7. 4, pygidium, MGUH
21.316, x 7. 5, two cephala, MGUH 21.317 (above) and MGUH
21.318 (below), x 7.

Microdiscus punctatus Salter. Whiteaves, 1878, p. 225; Walcott.
1884, p. 24, pl. 2, fig. 1; Lesley, 1889, p. 405, fig. 1; Lake (in
part), 1907, p. 36: Nicholas (in part), 1916, p. 460

Eodiscus pulchellus Hartt in Walcott, 1884, p. 24; Grabau &
Shimer, 1910, p. 248, fig. 1543, h, i: Raymond, 1913, p. 103.
fig. 2: Kobayashi, 1943a, p. 39; Kobayashi, 1944, pp. 52, 53.
56-58

Microdiscus punctatus var. pulchellus Hartt. Matthew, 1886. p.
74, pl. 7. fig. 12

Microdiscus punctatus var. precursor Matthew, 1886, p. 75, pl.
7, fig. 13

Microdiscus precursor Matthew. Matthew, 1896, p. 239, pl. 17.
fig. 7, text-fig

Microdiscus pulchellus (Hartt). Matthew, 1896, p. 242, pl. 17,
fig. 8

FEodiscus scanicus (Linnarsson). Raymond, 1913, p. 104, fig.
10; Yanishevski, 1950, pl. 1, figs 10-14; Rasetti, 1952. pp.
447, 448, pl. 53, figs 7-16, pl. 54, figs 10-16; Hutchinson,
1962, p. 59, pl. 2, figs 1, 2: Rushton, 1974, p. 89; Morris,
1988, p. 91; Robison, 1994, fig. 27.1 (left)

Eodiscus praecursor (Matthew). Raymond. 1913, p. 103, fig. 8
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Microdiscus punctatus var. scanicus Linnarsson. 1lling, 1916, p.
423, pl. 33, figs 11, 12

Microdiscus cf. M. punctatus Salter. Strand, 1929, p. 348

Spinodiscus  punctatus  scanicus  (Linnarsson).  Kobayashi,
1943a, p. 39: Kobayashi, 1944, p. 57

Spinodiscus matthewi Kobayashi, 1943a. p. 39: Kobayashi,
1944, pp. 56-58

Deltadiscus praecursor Kobayashi, 1943a, p. 39; Kobayashi,
1944, p. 60. pl. 1. fig. 10 (also printed as Deltacandus)

Dawsonia canadensis Kobayashi. 1944, p. 60, pl. 2, fig. 14

Eodiscus punctatus scanicus (Linnarsson). Westergard, 1946,
pp. 24-26. pl. 1. figs 6-11

Lectotype. Cephalon (sclected from Linnarsson’s syn-
types) by Westergard, 1946, p. 26), SGU Type 5602.

New material. Numerous sclerites in GGU 298969,
208974, 319789, and 319790.

Remarks. This species was adequately diagnosed by
Westergard (1946, pp. 24-26). who regarded it as a sub-
species of Eodiscus punctatus (Salter, 1864) because in-
termediates are recognised between it and E. punctatus. 1
follow Rasetti (1952) and Hutchinson (1962) in assigning
this taxon species rank because of significant differences
in the stratigraphic ranges of E. scanicus and E. puncta-
tus, even though their ranges seem to be bridged by
morphological intermediates.

Occurrence. Common in packstone approximately 71 to
73 m above the base of the Henson Gletscher Formation
at locality 1, and in the basal beds of the Kap Stanton
Formation at locality 2. In North Greenland, as in north-
ern and western Europe, E. scanicus is associated with
trilobites of the Prychagnostus atavus Interval-zone of
Robison (1984). E. scanicus is widespread in western
Europe. Material has been collected from Sweden, Nor-
way, and Great Britain (Westergard, 1946, p. 26). In
accreted terranes of eastern North America, E. scanicus
has been reported from the Paradoxides hicksii Zone of
castern Newloundland (Howell, 1925, as reassigned by
Westergard, 1946, p. 26: see also Hutchinson, 1962) and
from the Paradoxides abenacus Zone of New Brunswick
(Rasetti, 1952, p. 448).

Genus Costadiscus n. gen.

Etymology. From Latin, costa. rib, and discus, disk: in
reference to the multiribbed pygidium.

Type species. Costadiscus minutus n. gen., n. sp.

Diagnosis. Cephalon semicircular, wider than long; gla-
bella narrow, tapered, angular anteriorly: preglabellar
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field wide; cheeks separated by preglabellar median fur-
row; border narrow laterally, expanding anteriorly: eyes
absent; occipital ring expanded into spine; baccula pre-
sent; posterior border furrow joins baccular furrow. Ho-
laspid thorax with three segments; segment | transversely
narrower than segments 2 or 3; pleural tips point back-
ward in segment 1, forward in segments 2 and 3. Pygi-
dium semicircular, wider than long. Axis narrow, not
reaching posterior border furrow, having 8 segments.
Pleural field having 8 segments, continuous to postero-
medial line. Border narrow.

Remarks. Trilobites of this genus are characterised by a
narrow axis, a glabella that is angular anteriorly, a lack of
eyes and facial sutures, a border furrow that joins the
baccular furrows, three thoracic segments in the holaspid
period, a wide border on the anterior cephalon, a narrow
border on the pygidium, and a pygidium having deep
furrows in the pleural field and eight pleural segments.

The cephalon of Costadiscus n. gen. is most similar to
that of Eodiscus Hartt in Walcott, 1884, but the pygidium
resembles that of Dawsonia Hartt in Dawson, 1868. If
sclerites are found separately, they could easily be con-
fused with Eodiscus or Dawsonia. The cephalon of Cos-
tadiscus differs from Eodiscus primarily in the glabella,
which is angular anteriorly, and in the posterior border
furrow, which joins the baccular furrow. The pygidium of
Costadiscus differs from Dawsonia in having one or two
more axial rings, three more segments in the pleural field,
and a much narrower border.

At present, only the type species, C. minutus n. sp., is
included in Costadiscus.

Costadiscus minutus n. sp.
Fig. 29

Etymology. From Latin, minutus, little or small; in refer-
ence to the small exoskeleton of this species.

Holotype. Nearly complete specimen, MGUH 21.322.

Material. Four nearly complete specimens, and 15 dis-
articulated specimens in GGU 298969, 319789, and
319790.

Diagnosis. As for genus.

Description. Cephalon about 1.4 times wider than long
exclusive of occipital ring and spine. Glabella high,
reaching greatest width across L1; S1 deep, convex,
oblique backward; S2 deep laterally, shallowing
medially, simple, straight. Occipital furrow deep at sides,
moderately impressed and straight across axis. Occipital

spine reaching to third thoracic segment in holaspid;
median node of variable expression at base of spine.
Cheeks higher than glabella, highest about midway
across, rapidly sloping to anterior and lateral border fur-
row; preglabellar furrow distinct. Baccula low, subtrian-
gular; low ridges connect inner part of baccular furrow to
occipital ring. Holaspid genal angle rounded, meraspid
genal angle angular. Ridges on anterior and lateral border
low, narrow, closely spaced.

Holaspid thorax with three segments, axis moderately
high, pleurae flattened. Segment | transversely narrower
than cephalon, segments 2 and 3 about as wide as cepha-

Fig. 29. Costadiscus minutus n. gen., n. sp. All specimens from
GGU 298969.

1, small exoskeleton, MGUH 21.319, x 8. 2, cephalon, MGUH
21.320, x 7. 3. specimen lacking pygidium but showing spines
extending from occipital ring and axis of third segment, MGUH
21.321, x 7. 4, holotype exoskeleton, MGUH 21.322, x 7. 5,
specimen lacking third thoracic segment, MGUH 21.323, x 7.



lon. Pleural tip rounded and posterolaterally directed in
segment |, angular and anterolaterally directed in seg-
ments 2 and 3. Pleural furrows distinct; in segment |
strongly concave near axial furrow, strongly convex lat-
erally and distally; in segment 2 moderately concave near
axial furrow, nearly straight laterally and distally; in
segment 3 strongly concave near axial furrow, moder-
ately convex laterally then turned strongly forward dis-
tally. Axis about 1.5 times wider than maximum glabellar
width; third axial ring with median spine reaching to
about middle of pygidium.

Pygidium about 1.4 times wider than long. Axis nar-
row, gradually tapering, not reaching posterior border
furrow, higher than pleural furrow, having eight seg-
ments plus terminal piece; first axial ring with small
median node; ring furrows deep, continuous for entire
length; axial furrows deep. Pleural field high, highest
about midway across, rapidly sloping to border furrow,
with cight segments, interpleural furrows deep distally,
gradually shallowing medially. Border narrow, anterior
border thickened laterally; articulating facets truncating
anteropleural corners.

Dorsal surface smooth except for anterior and lateral
cephalic border, which is finely granulated.

Ontogeny. Growth stages represented are meraspid de-
grees 1 and 2, and several holaspid instars. Protaspides
have not been recognised in C. minutus. Normal size
increase in C. minutus is accompanied by the following
morphological changes during the meraspid and holaspid
periods: retraction of the glabella, change in shape of the
genal angles from angular to broadly rounded, increase in
number of thoracic segments to three, movement of seg-
ments forward from the anterior of the pygidium, in-
crease in number of both pygidial axial rings and pygidial
pleurae from five in meraspid degree | to eight in ho-
laspid period, relative decrease in width of the pygidial
border, reduction of relief of both the cephalon and pygi-
dium, and development of granulation on the cephalic
border during the holaspid period. The occipital and
medial thoracic spines are broken in all studied me-
raspides, and any changes in these characters are un-
known.

Occurrence. Common in mudstone and packstone beds
approximately 71 to 73 m above the base of the Henson
Gletscher Formation at locality 1 and in the basal beds of
the Kap Stanton Formation at locality 2. The species is
associated with trilobites indicative of the Prychagnostus
atavus Interval-zone of Robison (1984).
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Genus Opsidiscus Westergard, 1949

Aulacodiscus Westergard, 1946, p. 26: Hupé, 1953, p. 170: not
Aulacodiscus Douvillé, 1921 (Gastropoda: see Westergird,
1949, p. 606)

Opsidiscus Westergard, 1949, p. 606; Rasetti in Harrington ez
al., 1959b, p. O188; Pokrovskaya, 1959, p. 177; Pokrovskaya
in Chernysheva, 1960, p. 56: Poletacva & Romanenko, 1970,
p. 73; Jago, 1972b, pp. 227-229; Jell, 1975, pp. 75-78

Type species. Aulacodiscus bilobatus Westergard (1946,
pp- 26-28), by original designation (Westergard, 1949).

Remarks. The concept and content of this genus were
thoroughly reviewed by Jell (1975. pp. 75-78).

Opsidiscus longispinus n. sp.
Fig. 30

Etymology. From Latin, longus, long, and spina, spine; in
reference to the elongate occipital spine.

Holotype. Cephalon, MGUH 21.325.
Material. Three cephala in GGU 319789 and 319790.

Diagnosis. Opsidiscus having straight medial margin on
cephalon; posterior glabellar part wider and more convex
than anterior part, transglabellar furrow distinct; occipital
spine long, slender; eye convex, located subcentrally on
gena; eye ridge strongly curved, convex near axial fur-
row, indistinct near palpebral lobe; border furrow without
scrobicules.

Description. Cephalon semicircular in outline, anterior
margin straight medially, anterolateral corner well-
rounded, posterolateral corner geniculate. Glabella bi-

2

Fig. 30. Opsidiscus longispinus n. sp.. both from GGU 319790.
1. cephalon with broken occipital spine, MGUH 21.324, x 16. 2,
holotype cephalon, MGUH 21.325, x 16.
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lobed; anterior part narrow, short, convex, and rounded
anteriorly; transglabellar furrow straight; posterior part
about 1.5 times length of anterior part, strongly convex,
elevated well above gena and anterior part, expanding
slightly forward; lateral furrows absent. Occipital spine
long, thick, directed away from cephalon at about 10
degree angle; length beyond posterior margin of occipital
ring about 1.6 times cephalic length exclusive of spine.
Occipital ring subequal in width with widest part of
posterior glabella, continuous with occipital spine. Oc-
cipital furrow indicated only at sides by distinct pit. Axial
furrow moderately deep, moderately wide in front, nar-
rower at side, with distinct pits at intersection with trans-
glabellar furrow. Bacculae absent. Genae convex, sloping
at sides, moderately sloping at front, separated by shal-
low preglabellar median furrow. Eye convex, moderately
long, wide, slightly crescentic; located subcentrally on
gena. Eye ridge originates in axial furrow about one-third
distance from back of anterior part of glabella, forms
narrowly curved arc to anterior end of palpebral lobe;
adaxial one-half of length convex, abaxial one-half indis-
tinct. Facial suture absent. Preglabellar field subequal in
length with anterior part of glabella. Border furrow shal-
low, moderately wide in front, narrowing and slightly
deepening laterally, narrow and deep posteriorly; pits
absent. Border narrow, slightly convex anteriorly and
laterally; slightly narrowed at posterolateral corner, up-
turned at genal angle, rapidly narrowing toward occipital
ring. Surface of cephalon smooth or with several small
granules on cheek behind eye.
Thorax and pygidium unknown.

Remarks. In characters of the cephalon, O. longispinus
differs from all described species of the genus by having
a distinctly bipartite glabella with a posterior part that is
markedly wider and more convex than the anterior part,
by having a convex eye that is located near the middle of
the gena, and by having a strongly arcuate eye ridge.
Aside from O. longispinus, complete occipital spines are
known from O. altaicus Poletaeva in Poletaeva & Roma-
nenko (1970), O. antarcticus (Palmer & Gatehouse,
1972), O. brevicaudatus Jell (1975), O. depolitus Roma-
nenko in Poletaeva & Romanenko (1970), O. microspi-
nus Jell (1975), and O. teretistes Jell (1975). Among
these species, the spine of O. longispinus is by far the
longest. It is also evenly tapered, unlike that in O. altai-
cus, O. brevicaudatus, and O. teretistes. Besides O. lon-
gispinus, only O. antarcticus and some specimens of O.
argusi Jago (1972b) lack scrobicules in the border fur-
row. The presence of granules over the surface of the
cephala of O. argusi and O. bilobatus (Westergard,
1946), and the presence of functional facial sutures in O.

antarcticus, further distinguish these species from O.
longispinus.

Occurrence. Present in a packstone bed of the basal Kap
Stanton Formation at locality 2. It is associated with
trilobites indicative of the Ptychagnostus atavus Interval-
zone of Robison (1984).

Undetermined corynexochoid
Fig. 31.1

Remarks. A single, incomplete, exfoliated cranidium,
possibly belonging to Olenoides, is present in GGU
298970. The specimen is small. Its glabella is parallel-
sided, moderately convex, and elevated slightly above the
fixigena. It extends well beyond the anterolateral corner
of the cranidium and is unfurrowed. The occipital furrow
is distinct and a deep pit is developed at the side. The
occipital ring has a long, stout medial spine. The fixigena
is narrow anteriorly and very wide behind the palpebral
lobe. The axial furrow is distinct, and an eye ridge is not
evident.

It is possible that this specimen is a small individual of
Olenoides sp., described above from GGU collection
298970. The present lack of specimens intermediate in
size between this specimen and a specimen of Olenoides
sp. (Fig. 14.1), however, leave some reason for doubt.

Occurrence. Present in a wackestone bed approximately
56 m above the base of the Henson Gletscher Formation
at locality 1, Nyeboe Land. It is associated with trilobites
indicative of the Ptychagnostus gibbus Interval-zone of
Robison (1984).

Undetermined ptychoparioid 1
Fig. 31.2

Remarks. Two small, distinctive cranidia are in GGU
298971. They are moderately convex and have a sub-
quadrate glabella with a low, weak, longitudinal ridge
medially. Lateral glabellar furrows are moderately deep.
The S1 and S2 are geniculate, and the posterior branches
are more deeply impressed than the anterior branches.
The S3 are straight and slightly oblique forward. The
occipital ring is subtriangular and long, being approxi-
mately one-third the glabellar length. It extends backward
to a sharp point, but does not end in a true spine. A low,
weak, longitudinal ridge is present medially. The anterior
border is not preserved. The posterior border is convex
and narrower than the border furrow. It is backwardly
deflected at about midlength. The axial furrow is deep,
and weak fossula are present. The fixigenae appear to be
narrow although the margins are broken. Strong eye



Fig. 31. Undetermined polymeroid
trilobites.

1. Undetermined corynexochoid.
Incomplete  cranidium, MGUH
21.326 from GGU 298970). x 4.5.

2, Undetermined ptychoparioid 1.
Incomplete cranidium in dorsal (a)
and left-lateral (b) views, MGUH
21.327 from GGU 298971, x 7.
3. Undetermined ptychoparioid 2.
Incomplete cranidium in dorsal
(a). frontal (b), and right-lateral (¢)
views, MGUH 21.328 from GGU
298970, x 6.

4-6, Undetermined ptychoparioid
3, all from GGU 298970. 4. in-
complete cranidium, latex cast of
counterpart  (a) and part (b),
MGUH 21.329; small cranidium
of Svspacephalus sp. 2 and cepha-
lon of agnostoid are associated
with the counterpart: x 4. 5. axial
region of cephalon, MGUH
21.330, x 4. 6, cranidial fragment
including part of border, MGUH
21.331, x 4.

7. Undetermined ptychoparioid 4.
Incomplete  cranidium, MGUH
21.332 from GGU 298970, x 2.
8, Undetermined ptychoparioid 5.
Incomplete  pygidium, MGUH
21.333 from GGU 298973, x 8.
9, Undetermined ptychoparioid 6.
Incomplete librigena with some of
the genal spine attached. preserved
as part and counterpart (a and b),
MGUH 21.334 from GGU
298974, x 1.

ridges. extending strongly obliquely backward from the
fossulae, are present.

In general aspect, the cranidium appears to resemble
some described species of Glaphyraspis and Welleraspis.
Among preserved characters of the cranidium, however,
the new specimens differ from Welleraspis and Glaphy-
raspis in lacking a true occipital spine, having geniculate
S1 and S2 lateral glabellar furrows, or having a back-
wardly deflected posterior border. Critical characters of
the anterior border and the palpebral lobes are not pre-
served. The undetermined cranidia are associated with a
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polymeroid fauna indicative of the Glossopleura Zone,
and are substantially older than either Glaphyraspis or
Welleraspis.

Occurrence. Present in a wackestone bed approximately
42 m above the base of the Henson Gletscher Formation
at locality 1. Nyeboe Land. It is associated with trilobites
indicative of the Glossopleura Assemblage-zone of Robi-
son (1976).
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Undetermined ptychoparioid 2
Fig. 31.3

Remarks. A single fragmentary cranidium in GGU
298970 having some similarities with Elrathiella is left in
open nomenclature. The specimen is large and relatively
low in front and lateral profile. It has a long, slightly
tapering glabella that shows four weak pairs of lateral
furrows. A weak ridge-like structure extends the length of
the glabella. The occipital ring is broken. The occipital
furrow is moderately deep at the sides but shallows
medially. The axial furrow is moderately deep, and a pair
of fossulae is present. Distinct eye ridges are present. The
anterior border is wide. The anterior border furrow is
shallow and wide, and has a slight backward deflection
medially. At its widest, the preglabellar field is about
three-quarters the length of the anterior border. Although
broken, the anterior parts of the fixigenae were probably
wide. The posterior parts of the fixigenae and the pal-
pebral lobes are missing. Type 4 caeca radiate into the
preglabellar field.

Occurrence. Present in a packstone bed approximately 56
m above the base of the Henson Gletscher Formation at
locality 1, Nyeboe Land. It is associated with trilobites
indicative . of the Ptychagnostus gibbus Interval-zone of
Robison (1984).

Undetermined ptychoparioid 3
Figs 31.4-31.6

Remarks. Several broken cranidia of a distinctive poly-
meroid are present in GGU 298970. The glabella is con-
vex, expanded forward, and contains four deep lateral
furrows; S1 is confluent, straight, slightly oblique back-
wards, and deepest at the sides; S2 and S3 are straight,
transverse, and deepest near mid-course; S4 is back-
wardly directed and pit-like. The occipital ring is excep-
tionally narrow, and the occipital furrow is unusually
wide and deep. The axial furrow is narrow. Little is
known of the rest of the cranidium. It is evidently flat,
possessing a rather long palpebral lobe, and has a rather
narrow upturned border. A putative metafixigenal spine
is present at each posterolateral corner. A network of fine
raised lines covers at least the posterior part of the fixige-
nae.

In axial characters, this taxon resembles some paradox-
idid trilobites, especially Centropleura, Anopolenus, and
Clarella, but none of these taxa has such a short palpebral
lobe or occipital ring.

Occurrence. Present in a packstone bed approximately 56
m above the base of the Henson Gletscher Formation at

locality 1, Nyeboe Land. It is associated with trilobites
indicative of the Prychagnostus gibbus Interval-zone of
Robison (1984).

Undetermined ptychoparioid 4
Fig. 31.7

Remarks. Several cranidial fragments in GGU 298970
cannot be assigned to genus. They are characterised by a
rather wide border and fixigenae having large, closely
spaced granules. The fragments resemble fixigenae of
some genera of alokistocarids.

Occurrence. Present in a packstone bed approximately 56
m above the base of the Henson Gletscher Formation at
locality 1, Nyeboe Land. It is associated with trilobites
indicative of the Ptychagnostus gibbus Interval-zone of
Robison (1984).

Undetermined ptychoparioid 5
Fig. 31.8

Remarks. A single broken pygidium in GGU 298973 is
unassigned. It apparently has a subhemispherical outline,
a convex, slightly tapering axis, and a nearly flat pleural
area. Three rings and a terminal piece are present in the
axis. Three pairs of wide and shallow pleural furrows and
two interpleural furrows are present in the pleural region.

Occurrence. Present in a wackestone bed approximately
42 m above the base of the Henson Gletscher Formation
at locality 1, Nyeboe Land. It is associated with trilobites
indicative of the Glossopleura Assemblage-zone of Robi-
son (1976).

Undetermined ptychoparioid 6
Fig. 31.9

Remarks. Several elongate, tubular, and moderately
curved genal spines are present in GGU 298974. One
specimen has the posterolateral comer of the librigena
attached. The genal spines are approximately circular in
cross section and smooth externally. Their affinities are
unknown although they resemble the genal spines of
some Late Cambrian olenid trilobites.

Occurrence. Present in a wackestone bed approximately
73 m above the base of the Henson Gletscher Formation
at locality 1, Nyeboe Land. It is associated with trilobites
indicative of the Ptychagnostus atavus Interval-zone of
Robison (1984).
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Biogeography and biofacies patterns of
Middle Cambrian polymeroid trilobites from
North Greenland: palacogeographic and
palaeo-oceanographic implications

Loren E. Babcock

Fossils from Middle Cambrian rocks of Peary Land and Nyeboe Land, North Green-
land, show that polymeroid trilobite biofacies were strongly segregated near the shelf
margin of Laurentia. Some biofacies include trilobites of Laurentian aspect that lived in
warm, relatively shallow water, and other biofacies have trilobites of Baltic aspect that
lived in cool, deeper water. Polymeroids in the Glossopleura and Ptychagnostus gibbus
zones are from open-shelf lithofacies and are mostly of Laurentian aspect. Polymeroids
in the Lejopyge laevigata Zone are from deep, outermost shelf to upper slope lithofa-
cies and are entirely of Baltic aspect. Polymeroids in the Ptychagnostus atavus Zone
are from an intermediate, outer-shelf setting and are of mixed Laurentian and Baltic
aspect. Mixing of polymeroids from different biofacies is inferred to have occurred
through downslope movement by localised sediment gravity flows. The presence of
segregated trilobite biofacies at the shelf margin of Laurentia is the first evidence for a
thermocline in marine waters surrounding Laurentia during the Middle Cambrian,
although evidence for a thermocline during the Early and Late Cambrian has been
reported previously.

The presence of polymeroids of Baltic aspect in Laurentian rocks of North Green-
land has important implications for the analysis of tectonostratigraphic terranes. The
presence of cool-water trilobites is not sufficient evidence to conclude that the terrane
originated in high palaeolatitudes. Identification of an autochthonous terrane of a
continental margin is possible, however, on the basis of fossil assemblages containing
mixed biofacies representatives. Provenance identification is possible because the
assemblages are expected to include taxa characteristic of warm-water cratonic areas
along which the terrane originated.

L. E. B., Department of Geological Sciences and Byrd Polar Research Center, The
Ohio State University, Columbus, Ohio 43210, U.S.A.

Historically, Cambrian trilobite faunas from the cir-
cum-Atlantic region have been assigned to either an At-
lantic or Pacific faunal province. These provinces have
also been called Acado-Baltic and North American, re-
spectively. Several biogeographical studies (e.g., Loch-
man-Balk & Wilson, 1958; Palmer, 1969, 1972, 1979;
Cowie, 1971, 1974; Theokritoff, 1979, 1985; Shergold,
1988) have shown that the Pacific province is character-
ised by polymeroid trilobites that were mostly endemic to
the shelf of Laurentia, whereas the Atlantic province is
characterised by polymeroids that were first described
from localities in Scandinavia, southern Great Britain,
Maritime Canada, or New England.

Trilobites of the Atlantic province have been important
in studies of early Palacozoic biostratigraphy and palaeo-
geography. Zonations developed for Middle Cambrian
trilobites worldwide are commonly compared to the zo-

Bull. Grgnlands geol. Unders. 169, 129-147 (1994)

nation of Sweden’s trilobites (Westergard, 1946, 1953).
Information about trilobite biogeography is also routinely
used to supplement palacomagnetic, stratigraphic, struc-
tural, or other geologic evidence about the configuration
and history of continents and oceans during the early
Palaeozoic.

The biogeography of Cambrian trilobites has been cen-
tral to some arguments concerning the origin of tecto-
nostratigraphic terranes in the Appalachian Orogen (see
Keppie, 1989 and Horton et al., 1989 for definitions of
terranes). The presence of polymeroids having Atlantic
affinities in rocks of Maritime Canada and New England
(e.g., Howell, 1925; Hutchinson, 1952, 1962; Poulsen &
Anderson, 1975; Bergstrom & Levi-Setti, 1978) has been
used to infer the exotic origin of these terranes and
subsequent accretion to North America during the middle
or late Palaeozoic (see Williams & Hatcher, 1982; Secor
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et al., 1983; Gromet, 1989; Keppie, 1989). Although not
all examples of Atlantic trilobites in North America have
been associated with accreted terranes, common practice
has been to suspect an exotic origin for a terrane that
contains such a fauna (see Secor ef al., 1983; Gromet,
1989; Horton et al., 1989; Samson et al., 1990), partic-
ularly if structural and stratigraphi¢ -evidence suggests
that it was previously decoupled from North American
shelf rocks.

This paper documents the biogeographic and biofacies
distributions of polymeroid trilobites from Middle Cam-
brian rocks of the Henson Gletscher and Kap Stanton
formations of Nyeboe Land and Peary Land, North
Greenland (Fig. 1). Systematic descriptions are given in
an accompanying paper (Babcock, 1994). An additional
accompanying paper by Robison (1994) describes agnos-
toid trilobites from the same formations. The newly de-
scribed faunas are preserved in open-shelf to deep out-
ermost shelf or upper slope? lithofacies; the palaecoge-
ographic setting is described in a third accompanying
paper by Ineson et al. (1994). The Henson Gletscher and
Kap Stanton formations are coeval in part with the Holm
Dal Formation (Peel, 1988), and were in close palaeoge-
ographic proximity (Fig. 1). The Holm Dal Formation
contains polymeroid genera that are characteristic of
open-shelf environments of Laurentia (Robison, 1988).
Middle Cambrian strata in relevant patts of Nyeboe Land
and Peary Land are relatively undisturbed structurally,
and lithostratigraphic correlations in the region have been
made with a high degree of confidence over scores of
kilometres (J. S. Peel, personal communication, 1988; cf.
Higgins et al., 1991). Fossiliferous localities (Fig. 1) are
in native terranes, as defined by Keppie (1989), of the
Laurentian palacocontinent.

The faunas from the Henson Gletscher, Kap Stanton,
and Holm Dal formations provide an opportunity to com-
pare open-shelf faunas with those of nearby, deeper ma-
rine environments along the Innuitian margin of Lauren-
tia. Sharp biofacies differences between open-shelf litho-
facies and deep outermost shelf lithofacies are interpreted
to result from differences in either water temperature or
environments that covary with temperature. Polymeroids
of Laurentian aspect were present in warm shelf waters,
whereas polymeroids of Baltic aspect were present in
deeper, cool waters.

Biogeographic terminology

The terms Atlantic (or Acado-Baltic) and Pacific (or
North American) previously have been used both for the
geographic origins of Cambrian trilobite faunas and for
faunal provinces. Boundaries of the faunal provinces do
not always agree with the boundaries of tectonic plates as
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presently understood. The terms Pacific and North Amer-
ican, for example, have been used for trilobites or faunas
typical of shelf lithofacies of North America as well as
Greenland and other regions. The terms Atlantic and
Acado-Baltic have been used for trilobites or faunas first
described from Scandinavia, Britain, or parts of eastern
North America. Similar trilobites, however, also have
been found in such other regions as Siberia, Australia,
and Antarctica. Poulsen (1969) even applied the term
‘Atlantic’ to sparse agnostoid assemblages from North
Greenland.

To reduce ambiguity, I use separate terms for the geo-
graphic origin of a fauna and its aspect. The geographic
origin of a fauna is simply the geographic or palacoge-
ographic locality from which the fauna was collected.
The aspect of a fauna refers to a recognised geographic or
palaeogeographic region with which an assemblage of
taxa is most characteristically associated. It is not neces-
sarily equivalent to a faunal province as previously in-
terpreted. Both types of terms are derived from recog-
nised geographic or palacogeographic names. The aspect
of a fauna, although it bears the name of a geographic
region, is recognised as an entity separate from any geo-
graphic region. As an example, a fauna collected from
Laurentia is a Laurentian fauna, but it may contain taxa of
Laurentian, Baltic, Gondwanan, or other aspect.

Palaeogeography and biogeography

Current palacogeographic reconstructions (e.g., Sco-
tese, 1987; Scotese & McKerrow, 1990) show the Cam-
brian world as comprising four principal cratonic areas,
Laurentia, Baltica, Gondwana, and Siberia, as well as
other smaller tectonic plates (Fig. 2). Terminology and
definitions of tectonic plates used in this paper generally
follow those of Scotese et al. (1979). Exceptions are
England, Acadia, and Armorica, which are defined ac-
cording to Young (1986).

Laurentia included cratonic North America, Green-
land, western Newfoundland, northern Ireland and Scot-
land, Spitsbergen, western Norway, and the Chukotsk
Peninsula of eastern Siberia. During the Cambrian, Lau-
rentia was in tropical latitudes. At times, extensive car-
bonate platforms developed in surrounding warm, shal-
low seas. Development of the platforms led to marked
differentiation of trilobite faunas in restricted-shelf and
open-shelf habitats (e.g., Palmer, 1972, 1973; Robison,
1976).

Siberia, which consisted of the present-day Siberian
platform, Mongolia, Manchuria, and Taymyr, was also in
low latitudes during the Cambrian. It too was the site of
carbonate-platform development during parts of the
Cambrian.
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Baltica, which consisted of north-western Europe ex-
clusive of the British Isles and western Norway, was
probably in moderately high to high southern latitudes
during most of the Cambrian (Scotese et al., 1979; Sco-
tese, 1987; Scotese & McKerrow, 1990; Torsvik et al.,
1991; but see Smith et al., 1981). Shelf sedimentation
was dominated by fine-grained siliciclastics, including
alum shales. Carbonate units comprise a minor part of the
Cambrian section.

Major components of Gondwana were South America,
Africa, Florida, Arabia, Turkey, Iran, Afghanistan, India,
Madagascar, Australia, and parts of Antarctica. Gond-
wana extended from tropical to polar latitudes. England
(Wales, southern Ireland, and southern England), Acadia
(eastern New England and Maritime Canada except for
eastern Nova Scotia and western Newfoundland), and
Armorica (Bohemia, southern Germany, France, Iberian
Peninsula, northern Morocco, and eastern Nova Scotia)
were three important peri-Gondwanan terranes. All were
located in polar or subpolar latitudes of the North African
sector of Gondwana.

Other important terranes include those of Kazakhstania
(including present-day Kazakhstan, Tien Shan, and the
Aral Sea area) and present-day China. Recent evidence
suggests that Kazakhstania is composed of several fused

Fig. 2. Maps of reconstructed
Middle Cambrian paleogeogra-
phy (after Scotese & Denham,
1988). Outlines of present-day
geographic areas are included for
reference. The view is from 30
degrees south latitude. 1, View
emphasising the relationships of
Laurentia, Baltica, and Siberia. 2,
View emphasising Gondwana and
the peri-Gondwanan terranes.

microcontinental blocks, and includes an archipelago lo-
cated in low palaeolatitudes (Cook & Taylor, 1989; Cook
et al., 1991). Considerable uncertainty remains concern-
ing the palacogeographic positions of tectonostrati-
graphic terranes of China.

A variety of geophysical, stratigraphic, structural, pet-
rologic, and palacontologic evidence has been used to
assess plate-tectonic history. Faunal evidence is of partic-
ular importance in the lower Palacozoic because other
reliable geologic and geophysical evidence can be more
difficult to obtain than for other intervals of the Phanero-
zoic. Distributions of fossils played a major role in Wil-
son’s (1966) hypothesis of a proto-Atlantic Ocean, as
well as in many subsequent studies of the history of the
Tapetus Ocean. Distributional data continue to be impor-
tant in current arguments about the definition and history
of terranes in the circum-Atlantic region (e.g., Williams
& Hatcher, 1982; Secor et al., 1983; Samson et al., 1990)
and elsewhere.

Studies of the distribution of Cambrian trilobites
worldwide (e.g., Palmer, 1969, 1972, 1979; Jell, 1974,
Burrett & Richardson, 1980; Shergold, 1988; Robison,
1991) have demonstrated that shelf seas of the major
cratonic areas of Laurentia, Baltica, Siberia, and Gond-
wana tended to have relatively large numbers of endemic



trilobite genera and species. Endemism is strongest
among polymeroids, most of which were probably ben-
thic. Most genera and many species of the largely pelagic
agnostoids had cosmopolitan distributions in world
oceans (e.g., Robison, 1972, 1984, 1988; Opik, 1979).

Patterns of distribution of early Palaeozoic trilobites in
the circum-Atlantic region have traditionally been used to
define Atlantic (or Acado-Baltic) and Pacific (or North
American) faunal provinces (e.g., Palmer, 1969, 1972;
Poulsen, 1969; Cowie, 1971, 1974). Biotic exchange be-
tween these regions has been generally thought to have
been limited by several factors, including the time avail-
able for larval migration across geographic distances
(McKerrow & Cocks, 1976; Burrett & Richardson, 1980;
Fortey & Cocks, 1986). In this interpretation, Iapetus
may have been wide during the Cambrian (Conway Mor-
ris & Rushton, 1988). A trend of increasing similarity
between North American and western European faunas
during the Ordovician and Silurian has been inferred to
result from the progressive closure of Iapetus and the
elimination of faunal barriers (McKerrow & Cocks,
1976).

Studies of distributional patterns in the circum-Atlantic
region, like most that have used biogeographic data to
help determine the configuration of plates during the
early Palaeozoic, have incorporated three major assump-
tions (Taylor & Forester, 1979). First, faunal elements
were assumed to have been largely restricted to shallow-
shelf seas of single continental blocks. Second, the shal-
low-shelf seas were surrounded by deeper oceans, which
inhibited dispersal. Third, the degree of faunal dissimi-
larity between areas is assumed to have been a function of
their past geographic separation (also see Sneath &
McKenzie, 1973). Mounting evidence from the distribu-
tions of trilobites (Palmer, 1973; Fortey, 1975; Taylor,
1976, 1977; Cook & Taylor, 1975; Taylor & Cook, 1976;
Ludvigsen, 1978; Taylor & Forester, 1979; Babcock &
Robison, 1989; Robison & Babcock, 1990) and other
organisms (Skevington, 1974; Sweet and Bergstrom,
1974; Barnes & Féhraeus, 1975; Bergstréom & Carnes,
1976; Bergstrom, 1977; Fortey & Cocks, 1986) indicates
that these assumptions are not always valid. Factors of
the marine environment other than distance have prob-
ably had an important influence on the degree of faunal
resemblance between geographic regions. Such factors
may include latitudinal climatic gradients (e.g., Ekman,
1953; Valentine, 1973) and differences between shelf
seas and the deep sea (e.g., Hedgpeth, 1957; Bruun, 1957,
Menzies et al., 1973; Benson, 1975, 1988; Taylor, 1977).
The effects of both of these factors on faunal distributions
have been disregarded or accorded minor importance in
many studies of early Palacozoic faunas. Also, they have
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often been disregarded when synthesising geological and
geophysical data for palacogeographic reconstructions.

Biogeographic affinities of North Greenland
polymeroid trilobites

Middle Cambrian rocks of North Greenland contain
polymeroid trilobite assemblages of both Laurentian and
Baltic aspect. Most polymeroids described by Poulsen
(1927), Poulsen (1964), Palmer & Peel (1981), and Robi-
son (1988) have closest affinities with trilobites that are
characteristic of open-shelf areas of Laurentia. Polyme-
roids identified by Poulsen (1969) from Nyeboe Land,
including Eodiscus punctatus and a paradoxidid (possibly
Centropleura) have closest affinities with taxa character-
istic of cratonic areas of Baltica. The observed geo-
graphic distributions of polymeroid taxa identified from
the Henson Gletscher and Kap Stanton formations are
summarised in Tables 1 to 4.

All genera in new Geological Survey of Greenland
(GGU) collections (Babcock, 1994, but see also a prelim-
inary notice by Fletcher et al., 1988) from the Glos-
sopleura Zone (Table 1) are widely distributed in open-
shelf lithofacies of Laurentia. One genus, Kootenia, is
also known from shelf lithofacies of present-day Asia and
Australia. Two species, Ogygopsis klotzi and Glosso-
pleura walcotti, have been recognised elsewhere in Lau-
rentia.

In addition to its occurrence in North Greenland, O.
klotzi is known from the Stephen Formation of British
Columbia (Rasetti, 1951), the Metalline Formation of
Washington (McLaughlin & Enbysk, 1950), the Miller
Mountain Formation of Nevada (Nelson, 1963), the Cow
Head boulders of western Newfoundland (Young & Lud-

Table 1. Distributions of polymeroid genera
in the Glossopleura Zone of the
Henson Gletscher Formation

TAXA AN AM GB AL CR OL

Glossopleura walcotti -
Kootenia nodosa G
Ogygopsis klotzi S

G

s
G
s
Syspacephalus sp. 3 G

1 Q QI

Qe Q|
Qe QQ

Observed geographic distributions of polymeroid genera (G) or
genera and species (s) identified in the Glossopleura Zone of the
Henson Gletscher Formation (hyphen indicates absence of a
genus). Abbreviations of geographic regions are AN, northern
Appalachia (western Newfoundland and Quebec); AM, middle
Appalachia (New York and Pennsylvania); GB, Great Basin
(Utah, Nevada, and California); AL, east-central Alaska; CR,
Canadian Rocky Mountains; and OL, tectonic blocks other than
Laurentia.
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Table 2. Distributions of polymeroid genera
in the Ptychagnostus gibbus Zone of the
Henson Gletscher Formation

TAXA AN AM GB AL CR OL
Bathyuriscus sp. G G G G G -
Bolaspidella sp. - G G G - G
Olenoides sp. G G G G G
Syspacephalus sp. 2 G G G - G -
Zacanthoides sp. G G G G G -

Observed geographic distributions of polymeroid genera (G)
identified in the Ptychagnostus gibbus Zone of the Henson
Gletscher Formation (hyphen indicates absence of a genus).
Abbreviations of geographic regions are AN, northern Appalachia
(western Newfoundland and Quebec); AM, middle Appalachia
(New York and Vermont); GB, Great Basin (Utah, Nevada, and
California); AL, east-central Alaska; CR, Canadian Rocky
Mountains; and OL, tectonic blocks other than Laurentia.

vigsen, 1989), and the Kinzers Formation of Pennsylva-
nia (Campbell, 1971). Each occurrence represents an
open-shelf setting near the ocean-facing side of a carbon-
ate platform. Other occurrences of Ogygopsis (Nelson,
1963; Palmer & Halley, 1979) indicate that the genus is
most commonly associated with platform-edge environ-
ments (Palmer & Halley, 1979).

G. walcotti was first described from the Cape Wood
Formation of Inglefield Land, North-West Greenland.
Later, abundant material was reported from the Carrara
Formation of Nevada and California (Palmer & Halley,
1979). Glossopleura was previously identified primarily

from restricted-shelf lithofacies (e.g., Robison, 1976;
Palmer & Halley, 1979), but examination of collections
at the University of Kansas and the U.S. National Mu-
seum of Natural History indicates that some species were
more eurytopic than previously thought. In the Henson
Gletscher Formation, G. walcotti is associated with such
characteristic open-shelf taxa as Ogygopsis and Syspa-
cephalus. Kootenia, with which it is also associated, is
eurytopic (Robison, 1976).

Genera of polymeroids in GGU collection 298970
from the Prychagnostus gibbus Zone have strongest af-
finities with genera from open-shelf environments of
Laurentia (Table 2). Syspacephalus and Zacanthoides are
known only from Laurentia. Bolaspidella is known with
certainty from Laurentia (Robison, 1988) and the Precor-
dillera terrane of Mendoza, Argentina (Poulsen, 1960).
The Precordillera terrane may have been derived from
Laurentia (Ramos et al., 1986; Robison, 1991). The re-
ported occurrence of Bolaspidella from Kashmir (Shah &
Sudan, 1982) is probably in error (Robison, 1988). Ex-
cept for Zacanthoides, which is eurytopic, all the genera
are most commonly associated with open-shelf litho-
facies. Olenoides inhabited open-shelf sites in Laurentia
but was also present in Siberia, Kazakhstania, and Gond-
wana. Kootenia is a eurytopic genus that is common in
Laurentia, but like some other dorypygids, it was rather
widely distributed in low palaeolatitudes. Finally, Eo-
discus was widespread in open-shelf settings around
much of the world. Functional analyses of morphology
and wide geographic distributions indicate that most eo-
discids were pelagic or perhaps planktonic (Jell, 1975).

Table 3. Distributions of polymeroid genera in the Ptychagnostus atavus Zone of the
Henson Gletscher and Kap Stanton formations

TAXA AN AM GB CR AL CM SW EN Sp AU
Bathyuriscus concavus G G G G - - - - -
Corynexochus? sp. - - - G - G G - -
Costadiscus minutus - - - - - - - - -
Dasometopus groenlandicus - - - - - G - G -
Eodiscus scanicus - - - - s s S - -
Hartshillia inflata - - - - G - s G -
Olenoides cf. O. convexus s G G - - - - G -
Opsidiscus longispinus - - - - - G - - G
Parasolenopleura aculeata - - - - - S G - -
Solenopleurella transversa? - s - - G? G G? - -
Syspacephalus sp. 1 G G G - - - - - -

Observed geographic distributions of polymeroid genera (G) or genera and species (s) identified in the Ptychagnostus atavus Zone of
the Henson Gletscher and Kap Stanton formations (hyphen indicates absence of a genus). Abbreviations of geographic regions are
AN, northern Appalachia (western Newfoundland and Quebec); AM, middle Appalachia (New York and Pennsylvania); GB, Great
Basin (Utah and Nevada); AL, east-central Alaska; CR, southern Canadian Rocky Mountains; CM, maritime Canada except for western
Newfoundland; SW, Sweden; EN, England south of the Caledonian suture; SP, Siberian platform; and AU, Australia.
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Table 4. Distributions of polymeroid genera in the Lejopyge laevigata Zone of the
Kap Stanton Formation

TAXA AM GB SW NO EN CM BO BI SP AU
Anomocarina excavata - - s - - - S s -
Centropleura angelini G G S G G G G G G
Centropleura loveni G G s G G G G s G
Elyx trapezoidalis G - G - G - - G -
Solenopleura bucculenta G? - s G - - - G -

Observed geographic distributions of polymeroid genera (G) or genera and species (s) identified in the Lejopyge laevigata Zone of the Kap
Stanton Formation (hyphen indicates absence of a genus). Abbreviations of geographic regions are AM, middle Appalachia (New York and
Vermont); GB, Great Basin (Nevada); SW, Sweden; NO, Norway; EN, England south of the Caledonian suture; CM, maritime Canada except
for western Newfoundland; BO, Bohemia; BI, Bennett Island; SP, Siberian platform; and AU, Australia.

This, together with the numerous pelagic agnostoids in
GGU 298970 (Robison, 1994), suggests that trilobites in
this collection had unrestricted access to the open ocean.
Polymeroids in new collections (Babcock, 1994) repre-
senting the Prychagnostus atavus Zone are of mixed
Laurentian and Baltic aspect (Table 3), and those in the
Lejopyge laevigata Zone are entirely of Baltic aspect
(Table 4). Patterns in the palacogeographic distributions
of polymeroids occurring in these two zones in North
Greenland were explored using multivariate methods.
Results, summarised in the following section, reveal a
strong distinction between major faunal associations
(biofacies) and some subtle but important associations.

Multivariate analyses of trilobite collections

Multivariate methods were used to explore patterns of
faunal association among polymeroid trilobites from se-
lected localities in North Greenland, North America,
Scandinavia, and Great Britain. Faunas analysed are from
the Ptychagnostus atavus and Lejopyge laevigata zones.

Binary (presence—absence) data were analysed using
cluster analysis (CA) and multidimensional scaling
(MDS). Analyses were performed using version 3 of the
SYSTAT statistical package (SYSTAT, Inc.) on an Apple
Macintosh II computer. Cluster analysis was used to
separate data sets into discrete groups (see Hazel, 1970,
1977). In Q-mode analyses, objects (collections) were
related to each other on the basis of their attributes (gen-
era). In R-mode analyses, attributes (genera) were related
to each other on the basis of the objects (collections) in
which they occur. Clustering was performed on Eucli-
dean distance coefficients using average linkage and un-
weighted pair group arithmetic means. Euclidean dis-
tance has the advantage of producing a distribution that
closely approximates to the binomial probability distribu-
tion with data that are not sparse (C. G. Maples, personal
communication, 1990). Therefore, values of Euclidean

coefficients can be tested for statistical significance by
using binomial probabilities (see Archer & Maples, 1987;
Maples & Archer, 1988). Confidence intervals estab-
lished for clusters on data from the L. laevigata and P.
atavus zones are listed in Table 5.

To test further the reliability of clusters, MDS was used
in a manner analogous to R mode. The rationale for using
it is that CA can distort between-group relationships,
although relationships within compact groups are likely
to be accurate (Kruskal, 1964a, 1964b; Hazel, 1977).
MDS distributes distortion evenly between large and
small distances (Hazel, 1977). Lastly, fidelity and con-
stancy indices (Hazel, 1970, 1977; Hood & Robison,
1988) were calculated for all genera in principal clusters
as measures of how well they characterise a particular
cluster. A fidelity index measures the extent to which a
taxon is confined to samples of a cluster. Fidelity (F) is
defined by

Fji = Ni /Z:Nl * 10

where N; is the number of collections in each cluster in

Table 5. Confidence intervals for clusters of
trilobite presence-absence data

ZONE N P<0.10  P<0.05 P<0.01
Lejopyge laevigata 27 0.75 0.81 0.89
Prychagnostus atavus 21 0.77 0.83 0.90

Confidence intervals for clusters of trilobite presence-absence data
produced in Q-mode and R-mode, derived from a comparison of
Euclidean distance coefficients to a binomial distribution (data
provided by C. G. Maples). Samples on which cluster analysis was
performed are from the Lejopyge laevigata and Ptychagnostus
atavus zones. Coefficients greater than the listed values are
considered to be statistically dissimilar. N indicates the number of
columns in the data matrices.
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which the species is present, and 2N; is the total number
of collections in which the species is present. A con-
stancy index measures the extent to which a taxon is
present in samples of a cluster compared to all possible
occurrences. Constancy (C) is defined by

Cji=Ni/Ti*10

where T; is the total number of samples in a cluster. Both
indices are rounded to the nearest whole number. Genera
having both high fidelity and high constancy indices best
define a cluster (Hazel, 1970).

Data on genera from 9 localities in the L. laevigata
Zone and 10 localities in the P. atavus Zone were ana-
lysed. Collections chosen for analysis are either new
(GGU 298969, 301313, and 319790) or from the pub-
lished literature. Data compiled from published sources
are mostly based on well-described collections but some
identifications by Kindle (1982) are considered to be
preliminary. For some taxa, nomenclatural revisions have
been made to bring names into conformity with current
taxonomic concepts. Except for GGU collections, collec-
tions were agglomerative and commonly included taxa
pooled from two or more geographically close localities.
Binary data, rather than frequency data, were chosen
because taphonomic factors, including effects of preser-
vation, diagenesis, and collecting, can render compari-
sons between frequency data suspect (Archer & Maples,
1987). Samples used are not of uniform size, and are not
necessarily from the same ecological context (see Kaes-
ler, 1966). Furthermore, the numerical abundance of pre-
served and identified taxa probably does not faithfully
represent the original faunal composition (see Staff ef al.,
1986). Trilobite data from other parts of the world were
not included in the analysis partly because of differences
in some generic concepts as applied outside of North
America and western Europe. Also, the tendency of many
shelf-dwelling Cambrian polymeroid genera to be en-
demic to a region or continent would produce data sets
containing few presences and a large number of absences.
Such sparse data will tend to skew calculations to empha-
sise differences between localities. Furthermore, they will
tend to truncate zones of statistical significance (Maples
& Archer, 1988).

Complete and reduced data matrices were analysed.
The complete data matrix for samples from the L. laevi-
gata Zone consisted of 75 genera from nine localities
(collections). For the P. atavus Zone it consisted of 37
genera from 10 localities. In the reduced data matrices,
genera present in only one collection were eliminated
from analyses. Such taxa may be important constituents
of individual collections, but they yielded little compara-
tive information and tended to increase distance coeffi-

cients between collections. The smaller matrices con-
tained 27 genera from the L. laevigata Zone and 21
genera from the P. atavus Zone. Both the complete and
reduced matrices produced similar patterns of clusters.
Different values of coefficients evidently resulted from
collections that contained large numbers of genera not
present in other collections. To illustrate better the simi-
larities among collections, only results based on the
smaller data matrices are discussed.

Analysed collections from the L. laevigata Zone in-
clude two from North Greenland (GGU 301313, herein,
and Holm Dal Formation, Robison, 1988), four from
Scandinavia (Scania and Vistergotland in Sweden, Born-
holm in Denmark, and Norway; Westergérd, 1946, 1953),
one from southern Great Britain (Thomas et al., 1984),
one from eastern Canada (Cow Head Group of Quebec,
Kindle, 1982), and one from western North America
(House Range, Utah; Robison, 1964, personal communi-
cation, 1989; Beebe, 1989).

Q-mode CA produced two principal clusters contain-
ing similar genera (Fig. 3, A, B). The average distance
coefficient between clusters A and B is 0.82. The null
hypothesis that there is no difference between these clus-
ters is rejected at the 0.05 level (see Table 5). Cluster A
includes GGU 301313 and collections from localities in
Scandinavia and Great Britain south of the Caledonian
suture. Cluster B includes collections from the Holm Dal
Formation of North Greenland, the House Range of Utah,
and the Cow Head boulders of western Newfoundland.
The principal clusters correspond to localities that have
polymeroid genera entirely of Baltic and Laurentian as-
pect, respectively. The lack of taxonomic overlap be-
tween collections may be partially a function of the col-
lections chosen for study, but in large measure it seems to
be indicative of a fundamental difference between trilo-
bite biofacies. Examination of available literature shows
that less than five percent of all polymeroids recorded
from shelf lithofacies in the L. laevigata Zone of Lauren-
tia are also present in coeval rocks of Baltica and the
peri-Gondwanan terranes.

R-mode cluster analysis produced two primary clusters
(Fig. 3, I, II) that show which groups of genera are
responsible for the Q-mode clusters. The average dis-
tance coefficient between clusters I and II is 0.82. The
null hypothesis that there is no difference between clus-
ters is rejected at the 0.05 level (see Table 5). Cluster I
contains 16 genera that are either geographically wide-
spread or restricted to sites in North Greenland, Scandi-
navia, or Great Britain. Genera that previously have been
observed only in Baltica include Acrocephalites, Dol-
ichometopus, and Gronwallia. Agraulos, Bailiaspis, and
Paradoxides have wider distributions but are best known
from regions that were in high palaeolatitudes, including



Fig. 3. Cluster analysis of data on
polymeroid collections from the Lejo-
pyge laevigata Zone of North Green-
land and selected localities in North
America, Scandinavia, and Great Bri-
tain. Data are plotted in order formed
by Q-mode clustering of collections
and R-mode clustering of genera. Pri-
mary clusters are labelled with Ro-
man numerals and uppercase letters.
Cluster A contains genera of Baltic
aspect, and cluster B contains genera
of Laurentian aspect.
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Baltica, Gondwana, and peri-Gondwanan terranes. Ano-
mocarina, Anomocarioides, and Dasometopus are known
from sites in Baltica and Siberia. Dasometopus and Ano-
mocarina are reported by Babcock (1994) from North
Greenland. Elyx has now been observed in Baltica, Sib-
eria, Acadia, and North Greenland. From published re-
cords, Centropleura, Corynexochus, Opsidiscus, and So-
lenopleura all have relatively wide distributions, al-
though not necessarily during the L. laevigata Biochron.

Cluster II contains eleven genera which are restricted
to Laurentia except Olenoides and Modocia. Olenoides is
diverse in Laurentia but was also present in shelf seas of
Siberia, Kazakhstania, China, and the Precordillera ter-
rane of Argentina. It, like some other genera assigned to
the Dorypygidae (Poulsen in Harrington et al., 1959:
0217-0219), seems to have been widely distributed in

Centropleura

low palaeolatitudes. Modocia is a common and diverse
genus in Laurentia, and the only verified occurrence other
than Laurentia is a single specimen from England (Rush-
ton, 1978). '

Results using MDS (Fig. 4) are in close agreement
with results of the CA. Genera that formed clusters in
R-mode analysis form discrete, rather compact groups in
two-dimensional MDS. The first dimension represents a
contrast between the 16 genera of Baltic aspect and the 11
genera of Laurentian aspect. The second dimension pri-
marily represents a contrast between more widespread
genera and less widespread ones.

Fidelity and constancy indices for clusters (Fig. 3) are
listed in Table 6. Cluster I contains 16 genera that define
cluster A and have been collected from localities in Scan-
dinavia, Great Britain, or Peary Land, North Greenland
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Fig. 4. Scattergram of coordinates of genera analysed by multi-
dimensional scaling. Taxa analysed are from the Lejopyge laevi-
gata Zone. Open circles correspond to polymeroid genera of
Baltic aspect as defined in Q-mode cluster analysis, and closed
circles correspond to genera of Laurentian aspect. A numeral
next to a circle indicates the number of genera that are stacked
vertically at that point.

(GGU 301313). All have high fidelity indices. Genera
that also have high constancy indices are Agraulos, Ano-
mocarina, Bailiaspis, Centropleura, Elyx, Gronwallia,
Paradoxides, and Solenopleura. Some genera appear to
have been largely restricted to Baltica and England but,
as indicated above, this is an artifact of the localities that
were chosen for analysis. Cluster II includes genera that
define cluster B and that are most common in open-shelf
lithofacies of North America. All have high fidelity and
constancy indices. Except for Olenoides and Modocia, all
are restricted to Laurentia. Extra-Laurentian samples con-
taining these genera, however, were not included in the
analysis.

Trilobite samples from the L. laevigata Zone of the
Kap Stanton Formation are interpreted to represent au-
tochthonous associations of trilobites in deep, outermost
shelf or possibly upper slope lithofacies. Specimens are
commonly articulated and fragile fossils preserved paral-
lel to bedding in dark, organic-rich lime mudstone. Dis-
articulated sclerites are also common, but are generally
unbroken. Some specimens represent undisturbed
moulted exoskeletons. Specimens range from small me-
raspides to large holaspides. Little post-mortem or post-
moulting transportation of sclerites is indicated. Further-
more, the presence of undisturbed laminae indicates little
or no faunal mixing by bioturbation. All four genera and
four of five species present in these collections (Table 4)
are also present in coeval rocks of Scandinavia. Some
genera or species are found in open-shelf lithofacies of
southern Great Britain, Siberia, Kazakhstan, Australia, or
China. None of the genera is present in coeval rocks of
the Holm Dal Formation (see Robison, 1988). This is

remarkable in view of the fact that section 3, where
trilobites of Baltic aspect were found, is only about 40 km
from the type section of the Holm Dal Formation in Peary
Land (Fig. 1). The Holm Dal Formation contains trilo-
bites primarily of Laurentian aspect (see Robison, 1988).
Major tectonic dislocation has not been observed in this
region (Fletcher er al., 1988; Higgins et al., 1991). Rocks
of the Holm Dal Formation represent an inferred low
energy, open-shelf environment (Ineson, 1988); water
depths were probably significantly less than those in
which the sediments of the lower Kap Stanton Formation,
as seen along J. P. Koch Fjord, were deposited.
Collections analysed from the P. atavus Zone include
two from North Greenland (GGU 298969 and 319790;
Babcock, 1994), one from western North America
(House Range, Utah; Robison, 1964 and unpublished
data), two from eastern Canada (Cow Head Group, Que-
bec, Kindle, 1982; and south-eastern Newfoundland,

Table 6. Fidelity and constancy indices for
polymeroids from the Lejopyge laevigata Zone

CLUSTER A CLUSTER B

F C N F C N
Modocia - - - 10 10 3
Bolaspidella - - - 10 10 3
Cedaria - - - 10 10 3
Olenoides - - - 10 7 2
Elrathia - - - 10 7 2
Bonneterrina - - - 10 7 2
Kingstonia - - - 10 7 2
Hemirhodon - - - 10 7 2
Meteoraspis - - - 10 7 2
Deiracephalus - - - 10 7 2
Tricrepicephalus - - - 10 7 2
Corynexochus 10 3 2 - - -
Acrocephalites 10 3 2 - - -
Dorypyge 10 3 2 - - -
Opsidiscus 10 3 2 - - -
Dolichometopus 10 5 3 - - -
Bailiaspis 10 7 4 - - -
Anomocare 10 5 3 - - -
Anomocarioides 10 5 3 - - -
Dasometopus 10 5 3 - - -
Gronwallia 10 7 4 - - -
Agraulos 10 8 5 - - -
Paradoxides 10 8 5 - - -
Solenopleura 10 10 6 - - -
Elyx 10 8 5 - - -
Anomocarina 10 8 5 - - -
Centropleura 10 8 5 - - -

Fidelity (F) and constancy (C) indices for polymeroids in two
Q-mode clusters shown in Fig. 3 from the Lejopyge laevigata Zone.
The number of collections containing a genus is listed under N. A
hyphen indicates the absence of a genus from a cluster.



Hutchinson, 1962), three from Scandinavia (Norway,
Vistergotland, and Bornholm; Westergard, 1946, 1953),
and one from southern Great Britain (Thomas et al.,
1984). The GGU collections include specimens in both
mudstone and packstone. Genera preserved in both lithol-
ogies were grouped together in this analysis because all
that are present in mudstone are also present in pack-
stone.

CA in Q mode produced two primary clusters (Fig. 5,
A, B) that show major faunal differences between collec-
tions containing polymeroids of Laurentian and Baltic
aspect. The Euclidean distance coefficient between clus-
ters A and B is 0.76, which is considered to be of
borderline statistical significance at the 0.1 level (see
Table 5). Cluster A contains collections from Great Bri-
tain, south-eastern Newfoundland, Scandinavia (Vister-
gotland, Bornholm, Scania, and Norway), and North
Greenland (GGU 298969 and 319790). Cluster B con-

R-mode clusters

Euclidean distance
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tains collections from the House Range, Utah, and the
Cow Head Group, western Newfoundland.

GGU collections 298969 and 319790 from North
Greenland and collections from boulders of the Cow
Head Group of Newfoundland all consist of mixed as-
semblages of polymeroids having Laurentian and Baltic
aspect. All polymeroids in the GGU collections preserved
in mudstone are of Baltic aspect and probably represent
trilobites indigenous to the deep, outermost shelf litho-
facies. Most polymeroids preserved in packstone are also
of Baltic aspect. One of 5 genera (20 percent) in GGU
298969 and 2 of 6 genera (33 percent) in GGU 319790,
however, are of Laurentian aspect. Most polymeroids
from the Cow Head collections are of Laurentian aspect
but 4 of 10 genera (40 percent) are of Baltic aspect. A few
trilobites of Laurentian or Baltic aspect may have coex-
isted in some places, but the differences between taxa
preserved in mudstone and packstone in North Greenland

8

L~ A

o

- B
Q-mode clusters |- ]

| <

o

[ S

¥

Fig. 5. Cluster analysis of data on 0..8 0',7 0'.6 0'_5 04
polymeroid collections from the
Ptychagnostus atavus Zone of
North Greenland and selected lo-
calities in North America, Scandi- i
navia, and Great Britain. Data are

—

i, .
§28. gRE
“5933\:" Sof
523E5:33 5
03 02 01 00 5ui>8m§ow::°§
[P |
. L Bathyuriscus
s
Etrathia

Bolaspidelia

plotted in order formed by Q-

yspacep |
Solenapleurella

mode clustering of collections _J—'Ii

Corynexochts
Costadlscus

and R-mode clustering of genera. |
Primary clusters are labelled with
Roman numerals and uppercase
letters. Cluster A contains genera
of Baltic aspect (except Ole-
noides, Bathyuriscus, and Syspa- M

—| Meneviefla
Centropleura

Balllaspis

Eodi

cephalus), and cluster B contains

_‘——— Hartshillia .
Clareila
Bailiefla
Holocephalina

Parasolenopisura

genera of Laurentian aspect.



140

2
0.5 o0 o4 i
.9 O N 4. 0 B
2 2
[ ]
g 0.5 1 2 . ° 3
e} o
N ° L
15 r : T T : . T
15 1 05 0 05 1 15 2 25
Dimension 1

Fig. 6. Scattergram of coordinates of genera analysed by multi-
dimensional scaling. Taxa analysed are from the Pfychagnostus
atavus Zone. Open circles correspond to polymeroid genera of
Baltic aspect as defined in Q-mode cluster analysis, and closed
circles correspond to genera of Laurentian aspect. A numeral
next to a circle indicates the number of genera that are stacked
vertically at that point.

suggest that biofacies of polymeroids were strongly dif-
ferentiated.

Stratigraphic and sedimentologic evidence suggest that
trilobites in GGU collections 298969 and 319790 and
collections from the Cow Head Group have been mixed
by sedimentary processes. All of these collections contain
disarticulated and fragmented trilobite sclerites and occur
in deeper-water successions that accumulated basinward
of steep-rimmed, shallow-water carbonate platforms. The
specimens from North Greenland that are preserved in
packstone are crudely size-sorted, and are interpreted to
have been redeposited by sediment gravity flows (see
Ineson, 1980 and discussion in Ineson et al., 1994). The
Cow Head material was collected from limestone breccia
that was inferred to have been deposited by gravity flow
(Hubert et al., 1977; Hiscott & James, 1985; James &
Stevens, 1986). Boulders in the Cow Head Group repre-
sent several depositional lithofacies (Kindle, 1982; James
& Stevens, 1986).

R-mode CA produced three primary clusters (Fig. 5,
I-111). Cluster I contains all of the genera of Baltic aspect
except Eodiscus, Parasolenopleura, and Paradoxides,
which form cluster III. Genera in clusters I and IIT are
responsible for cluster A produced in Q mode. Cluster II
contains seven genera characteristic of open-shelf sites in
Laurentia. These taxa are responsible for cluster B pro-
duced in Q mode. The average Euclidean distance coeffi-
cient between clusters I and II is 0.63. The null hypothe-
sis that there is no difference between clusters I and II
cannot be rejected (P > 0.1; see Table 5). The rather low
distance coefficient is probably due mostly to the pres-
ence of three mixed collections (GGU 298969, GGU

319790, and Cow Head Group) in the analysis. The
distance coefficient between clusters I + II and Il is 0.82,
which is considered to be of borderline statistical signif-
icance at the 0.1 level (see Table 5). Cluster III contains
three genera that were evidently widespread. The cluster
has a high level of dissimilarity from the other clusters
probably because the contained genera are widely distrib-
uted among localities that contain polymeroids of Baltic
aspect.

Results of MDS (Fig. 6) illustrate the relatively lower
distance coefficients between clusters containing poly-
meroids of mostly Baltic aspect (Fig. 5, A) and Lauren-
tian aspect (Fig. 5, B), compared to samples analysed
from the L. laevigata Zone. Genera that comprise clusters
A and B form loose clusters. Most of the taxa in cluster B
have coordinates near those in cluster A. Eodiscus, Para-
doxides, and Parasolenopleura have coordinates that are
most distant from taxa in cluster A. The first axis has
been fitted primarily to the contrast between polymeroids
of Laurentian and Baltic aspect. The second axis is fitted
primarily to the contrast between more widespread and
less widespread genera.

Fidelity and constancy indices for polymeroids from

Table 7. Fidelity and constancy indices for
polymeroids from the Ptychagnostus atavus Zone

CLUSTER A CLUSTER B

F C N F C N
Olenoides - - - 7 10 3
Bathyuriscus - - - 7 10 3
Modocia - - - 10 10 2
Alokistocare - - - 10 10 2
Elrathia - - - 10 10 2
Bolaspidella - - 10 10 2
Syspacephalus - - - 5 5 2
Solenopleurella 10 3 2 - - -
Corynexochus 10 3 2 - - -
Costadiscus 10 3 2 - - -
Hartshillia 10 4 3 - - -
Anopolenus 10 3 2 - - -
Clarella 10 3 2 - - -
Bailiella 10 3 2 - - -
Holocephalina 10 3 2 - - -
Bailiaspis 7 3 3 - - -
Meneviella 7 3 3 - - -
Centropleura 5 1 2 - - -
Eodiscus 9 9 8 - - -
Parasolenopleura 10 8 6 - - -
Paradoxides 10 8 6 - - -

Fidelity (F) and constancy (C) indices for polymeroids in two
Q-mode clusters shown in Fig. 5 from the Ptychagnostus atavus
Zone. The number of collections containing a genus is listed under
N. A hyphen indicates the absence of a genus from a cluster.



the P. atavus Zone are listed in Table 7. Except for
Centropleura, all 14 genera that produced cluster A have
high fidelity indices. Those that also have high constancy
indices are Eodiscus, Paradoxides,
pleura. All genera in cluster B except Syspacephalus

and Parasoleno-

have high fidelity and constancy values. Syspacephalus is
restricted to Laurentia, but disarticulated sclerites have
been found in one mixed assemblage, GGU 298969, in
which most polymeroids are of Baltic aspect.

In summary, collections from packstone beds of the P.
atavus Zone of North Greenland (e.g., GGU 298969 and
319790) contain polymeroids of both Laurentian and Bal-
tic aspects. Most examined specimens are disarticulated
and fragmented. Polymeroids in the intervening mud-
stones are entirely of Baltic aspect, and tend to be found
articulated. Trilobites in mudstonce are interpreted to have
been indigenous to the deep outermost shelf. Those in
packstone, however, have probably been mixed by sedi-
ment gravity-flow processes introducing skeletal material
typical of outer-shelf environments into the deeper-water
setting.
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Environmental relationships of trilobites

Middle Cambrian strata of the L. laevigata and P.
atavus zones of North Greenland include biofacies dom-
inated by polymeroids having either Laurentian or Baltic
aspect. Trilobites of Baltic aspect were evidently indige-
nous to the deep outermost shelf or upper basin slope,
whereas those ol Laurentian aspect inhabited open-shelf
lithofacies. Resedimentation of trilobite sclerites has re-
sulted in the mixing of trilobites of different aspects in
some beds of the P. atavus Zone (Fig. 7).

In recent years, faunal differences in Cambrian rocks
have been commonly attributed to environmental gra-
dients in which temperature played a major role (Cook &
Taylor, 1975, 1977; Taylor, 1976, 1977; Taylor & Cook
1976; Taylor & Forester, 1979; Theokritoff, 1979; Con-
way Morris & Rushton, 1988; Shergold, 1988; Babcock
& Robison, 1989; Robison & Babcock, 1990). Stratigra-
phic and biogeographic evidence has been presented to
show that some oceans were thermally stratified during
the Early Cambrian (Theokritoff, 1979) and the Late
Cambrian (e.g., Taylor & Forester, 1979), just as they are
during the Holocene (e.g., Benson, 1975, 1988). The
results presented in this paper suggest that ocean waters

TRILOBITES OF LAURENTIAN ASPECT

THERMOCLINE

CARBONATE-STARVED -
OUTERMOST SHELF

DEEP-WATER
TROUGH

Autochthonous or Parautochthonous Remains  Allochthonous Sclerites

in Debris Beds

TRILOBITES OF BALTIC ASPECT

Autochthonous or Parautochthonous Remains

Fig. 7. Model of the Innuitian margin of Laurentia off present-day North Greenland during the Middle Cambrian illustrating the
relationships of physiography, sedimentation patterns, and trilobite biofacies. Polymeroid trilobites of Baltic aspect (represented by
Centropleura, right) are inferred to have lived below the permanent thermocline. Fossils of Baltic trilobites are preserved in lime
mudstone and are commonly articulated. Polymeroids of Laurentian aspect (represented by Bathvuriscus. left) are inferred to have
lived in warm shallower water above the thermocline but their disarticulated remains (represented by isolated sclerites of
Bathyuriscus) were dispersed basinward by gravity displacement of sediment and redeposited in debris beds.
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surrounding Laurentia were also thermally stratified dur-
ing the Middle Cambrian (Fig. 7). Other postulated ex-
planations for biogeographic barriers, including a deep-
water basin (see Wilson, 1966; Cowie, 1971) and a land
barrier (Ulrich & Schuchert, 1902), were reviewed by
Theokritoff (1979). Theokritoff rejected the idea that a
deep-water basin was alone sufficient to act as a bioge-
ographic barrier on both uniformitarian arguments and
evidence about the distribution of some Early Cambrian
trilobites. The notion of a land barrier was rejected on the
basis of biogeographic and stratigraphic evidence.

The terms thermosphere and psychrosphere (Bruun,
1957) describe the divisions of the world oceans that are
respectively above and below the permanent thermocline.
In low and intermediate latitudes, warmer, less dense
waters of the thermosphere, which are characterised by
temperatures higher than 10°C, float above cooler, more
dense waters of the psychrosphere, which are character-
ised by temperatures lower than 10°C (Bruun, 1957;
Benson, 1975). In present-day, high-latitude shelf areas,
the thermosphere is not present.

Based on an analysis of modern isopod biofacies, Tay-
lor & Forester (1979) found that faunas indigenous to
warm shelves in low latitudes show strong similarities to
other warm-water faunas and strong dissimilarities to
faunas in cool marine waters. Those from cool waters
show a high degree of similarity whether they are in high
latitudes or in low latitudes below the permanent thermo-
cline. It is likely that thermal stratification of water
masses during parts of the early Palacozoic similarly
affected the biogeographic distributions of trilobites (see
Taylor & Forester, 1979). The mostly endemic shelf fau-
nas of Laurentia are inferred to have been adapted to
warm water, whereas faunas described from shelf areas
of Baltica and southern Gondwana or from peri-Gond-
wanan terranes located in south-polar regions are inferred
to have been adapted to cool water.

Taylor & Forester (1979) listed three criteria that they
considered to be necessary to demonstrate the presence of
a two-layered thermally stratified Palaeozoic ocean. They
are (1) evidence of deep-water environments, (2) strong
biofacies differences between indigenous faunas of deep-
water environments and those of adjacent warm shelves,
and (3) widely distributed deep-water faunas that show
greatest taxonomic resemblance to faunas in other deep-
water environments and shallow-water environments of
high latitudes.

Rocks and faunas of the L. laevigata and P. atavus
zones of North Greenland meet Taylor & Forester’s crite-
ria. First, deep-water shelf environments, basinward of
the carbonate platform are represented by the Henson
Gletscher and Kap Stanton formations. Rocks from those
units are interpreted (Ineson et al., 1994) to represent

open-shelf to deep, outermost shelf (or possibly basin-
slope) environments along the Innuitian margin of Lau-
rentia.

Second, indigenous deeper-water polymeroid faunas of
North Greenland show strong dissimilarities with coeval
faunas from the adjacent warm-water Laurentian shelf.
Polymeroid faunas of the L. laevigata Zone that were
indigenous to putative deep, outermost shelf environ-
ments do not share any genera or species with a fauna
reported from the coeval Holm Dal Formation (Robison,
1988), which was deposited in an inferred low energy,
open-shelf setting (Ineson, 1988). Trilobites described
from the type section of the Holm Dal Formation were
collected approximately 40 km south of locality 3 (Fig.
1), indicating that faunal changes between the shelf and
slope were abrupt.

Shallower water faunas from the P. atavus Zone of
North Greenland were not available for comparison. Nev-
ertheless, comparison of trilobites in mudstone and pack-
stone from GGU collections 298969, 319789, and
319790 indicate a strong faunal dissimilarity between
putative open-shelf-dwelling and deep, outermost shelf-
dwelling polymeroids. Some polymeroids found as rese-
dimented particles in GGU collections are interpreted to
have been derived from open-shelf settings where poly-
meroids of Laurentian aspect predominated. Two species,
Olenoides cf. O. convexus and Solenopleurella trans-
versa, have been previously described from open-shelf
sites elsewhere in Laurentia. Except for the eodiscid
Costadiscus, which is known only from North Greenland,
polymeroids in undisturbed mudstone are exclusively of
Baltic aspect.

Finally, polymeroids indigenous to putative deep, out-
ermost shelf or upper slope environments of the L. laevi-
gata and P. atavus zones in North Greenland are taxo-
nomically most similar to faunas from shallow-shelf en-
vironments of cool, high-latitude arcas of Baltica,
Acadia, Armorica, and England. Some taxa, including
Centropleura, FEodiscus, and solenopleurids, are also
known from deep-water Laurentian sites in north-western
Vermont (Howell, 1937; Shaw, 1966), south-ecastern New
York (Rasetti, 1967) and central Nevada (Stewart &
Palmer, 1967; Palmer & Stewart, 1968; Babcock, 1990).
Indigenous deep-water polymeroids of the Henson
Gletscher and Kap Stanton formations evidently did not
also inhabit shallower water environments of the Lauren-
tian shelf. Where trilobites of mixed Laurentian and Bal-
tic aspect have been found in the same beds, evidence
suggests that they were brought together by taphonomic
processes.

Polymeroids of the P. atavus Zone in Nyeboe Land
support stratigraphic and structural evidence (Fletcher et
al., 1988; Higgins et al., 1991; Surlyk, 1991) that these



rocks are in situ and were not accreted by plate collision.
Minimal fragmentation and lack of size sorting suggest
that specimens preserved in mudstone probably are au-
tochthonous or parautochthonous to environments at con-
tinental margins, including deep, outermost shelf and
perhaps slope areas. Specimens in packstone, which are
more fragmented and size sorted, are interpreted to have
been redeposited. Many were probably carried basinward
from proximal shelf sites by gravity flows. Analogous
deposits containing resedimented trilobites that were near
the Laurentian continental margin have been described
from the Upper Cambrian of central Nevada (Cook &
Taylor, 1975, 1977; Taylor, 1976; Taylor & Cook, 1976).
There, redeposited warm-water trilobites of Laurentian
aspect are interbedded with indigenous trilobites having
an Asian aspect. Other possible continental slope deposits
that contain resedimented trilobites of mixed provincial
affinities (Taylor & Forester, 1979) include some in the
Taconic sequence of New York (Bird & Theokritoff,
1968; Bird & Rasetti, 1968), the Cow Head Group of
western Newfoundland (Babcock, 1991; see Kindle,
1982), and the Collier Shale of Arkansas (Hart et al.,
1987; Hohensee & Stitt, 1989).

Geological implications

During the Middle Cambrian, separate polymeroid bio-
facies developed in warm waters of the Laurentian open-
shelf and in cool waters of deeper, outermost shelf to
uppermost basin or slope? areas. Most genera and almost
all species found in open-shelf lithofacies were endemic
to Laurentia. Important exceptions are genera of the Do-
rypygidae (especially Dorypyge, Kootenia and Ole-
noides) which are widespread in shelf facies of some
tectonic plates that were in low palaeolatitudes. Most
genera and species of polymeroids from deeper-water
habitats of North Greenland seem to be the same as those
from cool, shallow-shelf sites of Baltica or peri-Gond-
wanan terranes.

The presence of polymeroids of Baltic aspect in Lau-
rentian rocks of Nyeboe Land and Peary Land, North
Greenland, has important implications for reconstructing
the history of tectonic blocks during the early Palaeozoic.
It is evident that the presence of trilobites of Baltic aspect
in a suspect terrane attached to a tectonic plate that was in
low palaeolatitudes is not sufficient evidence in itself to
conclude that the terrane is exotic. An exotic terrane is
one that has moved from a distant source and subse-
quently accreted to another tectonic plate. A native ter-
rane, by comparison, can include deep-shelf, slope or
basinal areas adjacent to or on the tectonic plate with
which it is now associated. The presence of cool-water
trilobites of Baltic aspect in a suspect terrane has been
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commonly used as evidence of an origin in high latitudes.
Some cool-water biofacies, however, are similar to each
other regardless of latitude or depth and a suspect terrane
containing such trilobites could in fact have an origin
either in high latitudes or in deep water of low latitudes.

Cool waters evidently were avenues for the dispersal of
some organisms (Taylor & Forester, 1979). On this ac-
count, the degree of taxonomic dissimilarity among cool-
water faunas of different regions is not necessarily a
function of the palacogeographic distance between those
areas. Thus, conclusions about the latitudinal separation
of tectonic blocks during the geological past that are
based on differences between warm-water and cool-water
biofacies are suspect. Conclusions about palaeolatitude
based on faunas and lithofacies from shelf successions
are more reliable, but palaeomagnetic evidence remains
the best indicator of the original latitudinal positions of
terranes.

The presence of mixed assemblages of warm-water
and cool-water biofacies in the P. atavus Zone of North
Greenland illustrates a method by which autochthonous
terranes of the outer continental shelf or slope can be
identified (Babcock, 1991). Taphonomic, sedimentologic,
and stratigraphic evidence needs to be examined before
assemblages of mixed aspect can be determined to repre-
sent organisms that either lived together or were redepo-
sited as bioclastic debris from ecologically separate bio-
facies. In addition to improving interpretations of the
tectonic history of suspect terranes, study of mixed as-
semblages in continental shelf and slope environments
may help to improve the resolution of biostratigraphic
correlations between separate continents.
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John S. Peel

Lower and Middle Cambrian strata yield a variety of
mainly small cap-shaped shells which are not readily
assigned to molluscan classes, such as the Gastropoda or
Tergomya, living at the present day (Peel, 1991a, b).
Notable amongst these small fossils are shells of the
Class Helcionelloida which are characterised by a bilater-
ally symmetrical (isostrophic) cap-shaped form, usually
coiled through less than one whorl (Peel, 1991b).

Helcionetloids are widespread and diverse (e.g. Roza-
nov et al., 1969 (= Raaben, 1981); Runnegar & Jell,
1976; MacKinnon, 1985; Geyer, 1986; Yu, 1987; Peel,
1988, 1991b; Missarzhevsky, 1989; Bengtson et al.,
1990; Benton & Erwin, 1993) but their record in post-
Middle Cambrian strata is uncertain, as is their relation-
ship to the molluscan groups which survive them.

Reconstruction of helcionelloid anatomy is not without
dispute; helcionelloids have been considered to be gastro-
pods (i.e., torted molluscs) but at the present day there is
general agreement that they were untorted. In a model
strongly influenced by a search for the origin of the
Bivalvia, Runnegar & Pojeta (1974; see also Pojeta &
Runnegar, 1976; Runnegar & Pojeta, 1985) considered
helcionelloids to be exogastrically coiled untorted mol-
luscs (i.e., with the apex lying anteriorly) similar to try-
blidiid Tergomya such as Pilina, Tryblidium and the ex-
tant Neopilina. Others have interpreted the apex in hel-
cionelloids to lie at the posterior such that coiling of the
shell is endogastric (Yochelson, 1978, 1979; Geyer,
1986; Peel & Yochelson, 1987; Peel, 1988, 1991a, b).
Peel (1991a, b) asserted this view in formally separating
the endogastric helcionelloids from the exogastric Tergo-

Bull. Grgnlands geol. Unders. 169, 149-155 (1994)

An enigmatic cap-shaped fossil from the
Middle Cambrian of North Greenland

Nyeboeconus robisoni gen. et sp. nov., is described from the Middle Cambrian Henson
Gletscher Formation of western North Greenland. Some authors have interpreted
similar shells as chondrophorine hydrozoans or invertebrate fossils of uncertain sy-
stematic position. The coiled, cap-shaped shell and the presence of an internal plate, or
pegma, suggest, however, that this new form is the second genus to be described of the
Family Enigmaconidae MacKinnon, 1985 (Mollusca, Class Helcionelloida), otherwise
known only from rocks of similar age in New Zealand.

J. S. P, Dept of Historical Geology & Palaeontology, Institute of Earth Sciences,
Uppsala University, Norbyvigen 22, §-752 36 Uppsala, Sweden (formerly Geological
Survey of Greenland).

mya; both helcionelloids and tergomyans were regarded
as untorted.

The contrasting reconstructions of helcionelloids both
rely heavily on interpretations of the mantle cavity, in
particular the pattern of presumed inhalant and exhalant
respiratory water currents. Taking into account the gen-
eral small size of most helcionelloids (cf. Runnegar &
Jell, 1976; Runnegar & Pojeta, 1985), it can not be
assumed that these interpretations are valid. Most of the
minute helcionelloids were subject to different physical
and biomechanical constraints than the significantly
larger molluscs which formed the basis for the mantle
cavity reconstructions. While refuting the exogastric re-
construction of helcionelloids proposed by Runnegar &
Pojeta (1974), Peel (1991b, pp. 19-20) admitted that his
preferred endogastric model accepted the same precept
that water transport into and out of the helcionelloid shell
was possible.

The cap-shaped shell form is not restricted to the Hel-
cionelloida in the Lower and Middle Cambrian. Artic-
ulated halkieriids (Conway Morris & Peel, 1990; Peel,
1991¢) from the Lower Cambrian of North Greenland
preserve a calcareous cap- shaped shell at the anterior and
posterior extremities and the latter, in particular, is not
unlike some molluscan shells in gross form. A broadly
similar spectrum of shell forms of problematic origin has
been documented by Qian & Bengtson (1989) from the
earliest Cambrian of China, demonstrating that a variety
of organisms produced shells of this type. That such a
morphology is not necessarily indicative of molluscan
affinity is clearly demonstrated by suggestions that some

© GGU, Copenhagen, 1994



150

locality 1 locality 2

/

. s \\,\ "y Yl
3 \»  Type section of
Holm Dal Formation

4

82
Hand
Bugt
Nyeboe Land
-4 Ry
-8 4
‘s Ve i
i !
> -
50 km
A S . Bronlund Fjord &
Tavsens Iskappe Groups
>
é Wande! Valley Fm Amundézn Land é _é Amundsen Land Groﬁ—r:__ _8
Ie) S (o] o
(0] - -
Ht3 HER 2[o]
8 e E 5 Kap i::mow ) S 3 g Kap Stanton Formation S
g = |~ |
=1 Pe‘ssua“a Tom S8 =1 2 E
alo == Dilfm £go a £ — % s
Elk- Fimbuldal Fm & S O . 4]
% H ] = Henson Gletscher Formation Ois
O Ekspedition Brae Fm enson ¢} — 9 & el
s ° _E’M;—r—‘_ Gletscher 8 = ol Fo]
= % Henson Gletscher Fm Fm @ =y § Aftenstjernese Formation §
§ Aftenstjemesa Fm aens. Fm| [ E| |3 Buen Formation -
3 Buen Fm Buen Fm (j W N Nyeboe Land NW Peary Land E
S SW Peary Land NWPeary LdN| (> Localities 7 & 2 Locality 3
B Locality 3
g
g
. o B
D Locality3 | & | . _.....
.| |58
Locallty 2 g 2 E E Lejopyge
B E S5 | ltaovigata
Locality 1 g Zone o .
ocallty c 2 * 5 & Fig. 1. Derivation of fossiliferous samples
c S| -----aa.. . . . B
é ] :(% % 3 % ’-‘é! Plychagnostus described in this paper and the accompanying
P g a g é 5 &£ 5 | punctuosus papers by Babcock (1994a, b) and Robison
......... 5 N g (] Zone (1994). A, locality and outcrop map; Nyeboe-
Y% c E L
hagnostu - § £ conus robisoni was collected from the Hen-
:gﬁ,_,:gn g 5 £ c e Holm Dal son Gletscher Formation of the Brgnlund
Zone '«‘é g% Formation Fjord Group at locality 1. B, C, geological
......... 5 £ ucE_, type section cross-sections thrf)ugh Cambrian — Lower
Ptychagnostus B 5 Ordovician strata in North Greenland. BFG,
gﬁ’:“s % T Brgnlund Fjord Group; TIG, Tavsens Iskappe
e
______ (] Group; RGG, Ryder Gletscher Group (from
Glossopleura 8 Y Ineson et al., 1994). D, biostratigraphy of
(=1
Zone £ fossiliferous samples; Nyeboeconus robisoni

was collected from the Ptychagnostus gibbus
interval-zone at locality 1.



of these Cambrian fossils may represent chondrophorine
hydrozoans (Yochelson & Gil Cid, 1984; Stanley, 1986;
Babcock & Robison, 1988). Thus, the cap-shaped fossil
in these forms is no longer interpreted by these authors as
the external, calcareous, dorsal shell of a mollusc, but as
an impression of the internal, organic, float (pneuma-
tophore) of a medusoid cnidarian.

A single enigmatic fossil of Middle Cambrian age
from the Henson Gletscher Formation of northern Nye-
boe Land promotes a discussion of these possible in-
terpretations, also the suggestion by Evans (1992) that
similar fossils may represent an invertebrate of presently
unknown affinity. The specimen is associated with a few
non-trilobite fossils which were kindly brought to my
attention by Richard A. Robison; it is described below as
Nyeboeconus robisoni gen. et sp. nov. in his honour, in
gratitude for his studies and advice concerning Greenland
Cambrian fossils during the past decade.

Nyeboeconus robisoni is from the Henson Gletscher
Formation, west of Hand Bugt, northern Nyeboe Land,
western North Greenland (Fig. 1, locality 1). Several
specimens of the helcionelloid Latouchella are also pre-
sent in the same sample (GGU 298970), associated with
elkaniid, acrotretid and orthoid brachiopods (Lars E. Hol-
mer, personal communication, 1993), conodontomorphs
and the mollusc Pelagiella. Pelagiellids also form a char-
acteristic group of molluscs in Lower and Middle Cam-
brian strata. While possibly related to helcionelloids, they
are readily distinguished by anisostrophic coiling which
gives a superficial resemblance to the gastropod shell.

The most conspicuous fossils in the Henson Gletscher
Formation at the collection locality are polymeroid and
agnostoid trilobites described elsewhere in this volume
by Babcock (1994a, b) and Robison (1994). An accompa-
nying paper by Ineson et al. (1994) provides a stratigra-
phic and environmental background for these faunal de-
scriptions.

Systematic description
. Genus Nyeboeconus gen. nov.

Type species. Nyeboeconus robisoni gen. et Sp. nov.

Derivation of name. From Nyeboe Land, North Green-
land and conus (latin), a cone.

Diagnosis. Cap-shaped fossil, slightly elongate in the
plane of bilateral symmetry, in plan view; coiled through
about one quarter of a revolution, with clearly distin-
guished sub-apical and supra-apical surfaces and a sub-
central apex. Internal mould with prominent comarginal
rugae on the supra-apical surface, crossed by sharply
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defined radial grooves and varices; a prominent trans-
verse groove on the internal mould represents a plate
(pegma) on the sub-apical surface of the shell interior.
Shell calcareous and seemingly thin, with an external
ornamentation of radial ridges which correspond in their
position to the grooves on the internal mould.

Discussion. In terms of the prominent pegma on the shell
interior, Nyeboeconus closely resembles Enigmaconus
MacKinnon, 1985 (Class Helcionelloida) from the late
Middle Cambrian of New Zealand (MacKinnon, 1985,
pp. 72-74, fig. 7). It is readily distinguished from this
genus by its prominent ornamentation of rugae and radial
grooves on the internal mould and less laterally com-
pressed form; the internal mould (and consequently the
shell interior) in Enigmaconus is smooth. The shell in
Enigmaconus also appears to be taller, but this (together
with some of the lateral compression) may in part reflect
preservation of just the early part of the New Zealand
shell as an internal mould; this is supported by compari-
son of Enigmaconus and Nyeboeconus in lateral aspect.
In the former (cf. MacKinnon, 1985, fig. 7b, n), the most
abapical part of the slot representing the pegma lies much
closer to the latest preserved apertural margin than the
corresponding point in Nyeboeconus (Fig. 2b).

The general similarity of Nyeboeconus to Enigmaco-
nus in terms of shell form and the pegma watrants place-
ment of the Greenland form within the Family Enig-
maconidae MacKinnon, 1985. It should be noted that
MacKinnon (1985, p. 72) considered the pegma to lie
nearest to the shell anterior while this surface is here
interpreted as posterior (cf. Peel, 19913, b).

In terms of the unusual ornamentation of the inner
surface of the shell, Nyeboeconus resembles Marocella
Geyer, 1986 of uncertain systematic position which was
proposed on the basis of specimens from the Cambrian of
Morocco. Geyer (1986) assigned to this genus specimens
described as Scenella morenensis sp. nov. by Yochelson
& Gil Cid (1984) from the Cambrian of Spain, and
interpreted as the floats of chondrophorine hydrozoans.
Nyeoboeconus differs from these specimens, and from
additional material of Marocella described from Antarc-
tica by Evans (1992), in possessing a prominent trans-
verse pegma on the shell interior.

At first glance, Nyeboeconus bears some resemblance
to the reconstruction (in dorsal aspect) presented by Con-
way Morris ef al. (1991) of the problematic organism
Libodiscus ascitus from the Upper Palaeozoic of Canada,
showing a disc with concentric markings and some sort of
transverse structure. The similarity, however, is quite
superficial, although relevant in this context on account
of the comparison between Libodiscus and supposed
chondrophorines made by Conway Morris et al. (1991).



Fig. 2. Nyeboeconus robisoni gen. et sp. nov. MGUH 22.188 from GGU sample 298970, Henson Gletscher Formation, northern
Nyeboe Land, western North Greenland (Fig. 1). internal mould, x 5 (photo: R. A. Robison). a, apical view showing prominent
comarginal rugae, radial ornamentation and the transverse groove representing the pegma. Fragments of shell with external

ornamentation of radial ribs and growth lines occur on the supra-apical surface (top left) and around the apertural margins. b, lateral
view showing the concave sub-apical surface (left) with pegma and the convex supra-apical surface with conspicuous comarginal
rugae. Note the slightly protuberant apex which is slightly broken and the strong radial ornamentation.

Nyeboeconus robisoni gen. et sp. nov.

Fig. 2

Holotype. MGUH 22.188 from GGU sample 298970,
Henson Gletscher Formation. northern Nyeboe Land.
western North Greenland (Fig. 1, locality 1). GGU sam-
ple 298970 was collected at a height of 102 m in the
section through the Aftenstjernesg, Henson Gletscher and
Kap Stanton Formations at Hand Bugt (cf. Ineson et al.,
1994, fig. 4b and Babcock, 1994a, fig. 2). The specimen
is preserved on the same small slab as a cephalon of
Lejopyge barrandei (MGUH 21.416) illustrated by Robi-
son (1994, fig. 23.1a, b).

Description. The only known specimen of this species is
a cap-shaped fossil which, in dorsal view, is slightly
longer in the plane of bilateral symmetry than wide; the
apex is slightly excentric, lying closer to the apertural
margin on the sub-apical surface. In lateral aspect, the
shell is clearly coiled through about one quarter of a
whorl, with a convex supra-apical surface and a concave
sub-apical surface: shell height is almost two-thirds of
shell length. Apex slightly protuberant on the internal
mould, smooth. The dorsal surface carries strongly devel-
oped comarginal rugae which are most conspicuous on
the supra-apical surface, bul fade away across the lateral
areas as the sub-apical surface is approached. These are
crossed by closely spaced and sharply defined radiating
grooves on the internal mould, presumably corresponding
to sharp ridges on the shell interior; series of elongate
radial nodes, or varices, cross the convex surfaces of the

rugae on the supra-apical surface. In the final preserved
growth stage, comarginal rugae are absent and the planar
aperture is slightly expanded.

A deep slot is present on the internal mould on the sub-
apical surface, representing a plate (pegma) extending
into the shell interior. The groove terminates near the
base of the final prominent ruga on each lateral arca; the
bottom of the groove slopes up (adapically) from cach
lateral area towards the median plane of symmetry. Thus,
the adapical surface of the pegma was probably arched
and not a simple plate extending transversely straight
across the shell interior from the lowest point of the
groove on one side to the corresponding position on the
other side.

Fragments on the supra-apical surface and near the
apertural margin indicate that the shell is calcareous and
thin; radiating spiral ridges on the shell exterior corre-
spond in position to the radiating grooves on the internal
mould.

Discussion. On account of the prominent ornamentation,
casual examination suggests that the single specimen
preserves the shell exterior and that this surface is orna-
mented with radiating cords separated by narrow grooves
(Fig. 2). Closer scrutiny reveals, however, fragments of
calcarcous shell on the supra-apical surface with raised
radial ribs and growth lines. The deep transverse slot
largely filled with calcareous shell material, representing
the pegma, also serves to confirm that this is an internal
mould. Thus, the shell interior carries radial ridges which
are reflected on the internal mould as deep grooves; the



thinness of the preserved shell fragments indicates that
the coarse comarginal rugae affected both the outer and
inner shell surfaces.

In view of the very small size of the preserved shell
fragments it is difficult to assess if any exfoliation of shell
material has taken place during separation of the fossil
from the matrix. It remains possible, therefore, that the
original shell thickness was somewhat greater than that
preserved. The presence of clearly discernible radial or-
namentation on the fragments of shell argues strongly
that the calcareous shell material is not a secondary calca-
reous deposit.

Stratigraphic age. The only known specimen of Nyeboe-
conus robisoni is from the Henson Gletscher Formation
at Hand Bugt, northern Nyeboe Land, western North
Greenland (Fig. 1, locality 1). Agnostoid trilobites from
the same collection (GGU 298970) are interpreted as
belonging to the upper part of the Ptychagnostus gibbus
interval-zone of the Middle Cambrian in an accompany-
ing paper in this volume by Robison (1994). Co-occur-
ring polymeroid trilobites are described in papers in this
volume by Babcock (19944, b). In the same section, the
Henson Gletscher Formation ranges up into the Ptychag-
nostus atavus interval-zone of the Middle Cambrian, and
possibly also to the latest Middle Cambrian at locality 3
(Fig. 1). In more southern outcrops in North Greenland,
along the margin of the Inland Ice, the formation is
mainly of Early Cambrian age (Higgins ez al., 1991a, b;
Ineson et al., 1994).

Chondrophore or mollusc?

In proposing Marocella as a mollusc-like shell of un-
certain affinity, Geyer (1986) clearly indicated that this
form is distinct from Scenella which he regarded as a
tryblidiid monoplacophoran (= tergomyan of current us-
age, although the genus is now considered to be a helcio-
nelloid, cf. Peel, 1991a, b,). Thus, the assignment of
Scenella to the chondrophorine hydrozoans proposed by
Yochelson & Gil Cid (1984) was refuted, an opinion also
reiterated by Berg-Madsen & Peel (1986) and Landing &
Narbonne (1992). The interior of the calcareous shell in
Scenella is smooth, lacking the deep grooves seen in
Marocella and Nyeboeconus.

Yochelson & Gil Cid (1984; see also Stanley, 1986)
are probably correct in their assertion that many Cam-
brian and Ordovician fossils identified in collections or in
the literature as Scenella may be chondrophores, but their
extension of this concept to the type materials of Scenella
as illustrated by Knight (1941) is inappropriate. Relevant
non-chondrophorine features of these type specimens in-
clude the calcareous shell and the distinct spiral coiling.
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The detailed description of Marocella by Evans (1992)
demonstrates that the structure and ornamentation of the
shell interior is seemingly without parallel in molluscs. In
particular, the sharp ridges on the shell interior can not be
reconciled with the normally smooth (or smoothened)
internal surface of molluscan cap-shaped shells. There is
some similarity in terms of ornamentation with the non-
calcareous, internal float of the extant chondrophore Por-
pita which attains a size of up to 8 cm in diameter
(Stanley, 1986), more than 10 times larger than Maro-
cella. The float of Porpita is not coiled, however, and it is
radially symmetrical about the central apex, whereas Ma- _
rocella is clearly coiled with distinct sub-apical and su-
pra-apical surfaces.

In terms of coiling, Marocella resembles Nyeboeconus
but the general similarity in terms of ornamentation on
the inner surface is less marked in detail. The latter genus
has broad comarginal rugae and not the sharply defined
rugae seen in Marocella; the spiral rugae of Marocella
have not been discerned in Nyeboeconus.

Evans (1992) noted that shells of Marocella showed
some similarity to the terminal plates of halkieriids (cf.
Conway Morris & Peel, 1990; Peel, 1991c) but preferred
to leave the affinity of the genus unresolved. The compar-
ison of Marocella to the halkieriid shells may prove to be
an attractive general model for future reconstructions but
available data can not yet add further substantiation.

On balance, the calcareous shell and shell coiling of
Nyeboeconus suggest that this genus is a mollusc and not
a chondrophorine hydrozoan, although the ornamentation
of the shell interior remains problematic. The high degree
of similarity with Enigmaconus in terms of the sub-apical
pegma is perhaps the most convincing indicator of mol-
luscan affinities. Pojeta (1985) regarded the appearance
of a pegma to be the delimiting character of the Class
Rostroconchia from its helcionelloid ancestor, although
Peel (1991a,b) has demonstrated that pegma-like struc-
tures are developed in a variety of helcionelloids. How-
ever, the pegma of Nyeboeconus compares well with the
same structure in rostroconchs (cf. Pojeta & Runnegar,
1976), adding impetus to the suggestion of MacKinnon
(1985) that Enigmaconus (and now Nyeboeconus) might
be suitable ancestral forms to the Rostroconchia.

To summarise, while a possible Cambrian record for
chondrophorine hydrozoans is acknowledged, Scenella
and Nyeboeconus are considered to be helcionelloid mol-
luscs, although the internal ornamentation of the latter
genus is admittedly unusual. Marocella is not placed
systematically, in agreement with Geyer (1986) and
Evans (1992).
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