BULLETIN OF THE GEOLOGICAL SOCIETY OF DENMARK - VOL. 74 - 2025

Fauna of the Seeterdal Formation (Cambrian Series 2,
Stage 4) of North Greenland (Laurentia)
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The fauna preserved in decalcified sandstones of the Seeterdal Formation (Cambrian
Stage 4) of southern Peary Land, North Greenland (Laurentia) is dominated by the
trilobites Kootenia marcoui and Bonnia brennus, which also occur in the equivalent
dark carbonates and mudstones of the Henson Gletscher Formation to the west.
They are associated with Olenellus and small ptychoparioid trilobites. Brachiopods
compared to Nisusia ancauchensis, originally described from the Precordillera terrane
in Argentina, show variation in shell morphology and the form of the pseudodelti-
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The Seeterdal Formation (Cambrian Series 2, Stage
4) of Peary Land, North Greenland, crops out in a
narrow belt along the northern side of Wandel Dal
from ‘Midsommersger’ via Seeterdal to Paralleldal in
the east (Fig. 1C; Ineson & Peel 1997). In the type area
of Seeterdal the formation consists of about 130 m of
recessive pale buff sandstones (Fig. 1A) lying between
pale dolostones of the Aftenstjernese and Paralleldal
formations in steep cliffs above the dark, recessive
mudstones and sandstones of the Buen Formation
(Cambrian Stages 3-4), heralding the establishment
of the Cambrian-Silurian carbonate platform that
dominates southern Peary Land and much of northern
Greenland to the west (Higgins et al. 1991a, b). The
Wandel Dal outcrops of the formation are sub-parallel
to strike but the pale sandstones of the formation in-
terdigitate with dark mudstones and carbonates of the
Henson Gletscher Formation in the ‘Midsommersger'—
Fimbuldal area, in which they form a prominent
middle member (Fig. 1B), to the west. From a regional
perspective, the Seeterdal Formation consists of a
wedge of sandstones, probably transported seawards
during severe storms and interrupting the deposition
of the outer shelf-slope carbonates and mudstones that
comprise the Henson Gletscher Formation (Higgins et
al. 19914, b). The Saeterdal Formation thins out 18 km
to the east of the type section, where the Paralleldal
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Formation directly overlies the Aftenstjernese Forma-
tion (Ineson & Peel 1997).

The Saeterdal Formation is poorly fossiliferous but
trilobites (Fig. 2) and brachiopods (Figs 3-6) may be lo-
cally abundant in the Seeterdal area where the moulds
of the decalcified fossils display a distinctive orange
brown colouration. Trilobites, including Olenellus Hall,
1861, indicate an early Cambrian age (Cambrian Series
2, Stage 4), with Bonnia brennus (Walcott, 1916) and Koot-
enia marcoui (Whitfield, 1884) documented by Blaker
& Peel (1997) also in the Henson Gletscher Formation
in outcrops to the west. Oryctocephalid trilobites de-
finitive of the latest Cambrian Stage 4, Ovatoryctocara
granulata assemblage (Blaker & Peel 1997; Geyer & Peel
2011; Peel et al. 2016) are not recorded from the Seeterdal
Formation, likely indicating that the latter formation is
slightly older than the Ovatoryctocara granulata assem-
blage of the Henson Gletscher Formation. However,
this assemblage occurs in dark carbonates and mud-
stones in the Henson Gletscher Formation quite unlike
the sandstones of the Saeterdal Formation, suggesting
that the difference may be related to sedimentary fa-
cies. Similarly, the brachiopod fauna of the Seeterdal
Formation lacks the organophosphaticlinguliformean
brachiopods that dominate the Ovatoryctocara granulata
assemblage of the Henson Gletscher Formation in
western Peary Land (Peel et al. 2016).
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The present paper revisits the fauna of the Seeter-
dal Formation, additionally describing brachiopods,
mainly Nisusia Walcott, 1905 and Kutorgina Billings,
1861, and a rare hyolithid. Kutorginais abundantin the
Paralleldal Formation some 20 km to the east (Popov et
al. 1997) but was also described from the Bastion For-
mation of North-East Greenland by Poulsen (1932) and

Skovsted & Holmer (2005) and from the Wulff River
Formation of Inglefield Land, North-West Greenland
(Poulsen 1958). The fauna as a whole is similar in gen-
eral composition and preservation to that of the lower
Cambrian lower Parker Shale of Vermont documented
by Shaw (1954, 1955).

Of particular interest is the occurrence in the Saeter-
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Fig. 1. A: type section of the Seterdal Formation measured by J.R. Ineson in 1979 (Ineson & Peel 1997, fig. 69) showing the
equivalent location of in situ faunas (GGU numbers) collected during 1978, about 2 km to the south-west of the type section, and
described herein. B: distribution of sandstone-dominated intervals (stippled) in the Seeterdal and Henson Gletscher formations of

southern Peary Land. C, locality map with a regional datum provided by the dark siliciclastic sediments of the Buen Formation

(black). Carbonate rich sediments and pale sandstones of Cambrian Series 2, Stage 4 (see B) form a narrow outcrop immediately

to the north of the outcrop belt of the Buen Formation. ‘Midsommersger’ consists of @vre Midsommersg in the west and Nedre
Midsommersg in the east. Derivation of GGU sample 298550 from the Henson Gletscher Formation in southern Freuchen Land.
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dal Formation of Nisusia cf. ancauchensis (Figs 3, 4), a
species originally described by Benedetto & Foglia
(2012) from the uppermost beds of the Ancaucha ol-
istolith near Jachal City, San Juan province, Argentina
(Cambrian Stage 4). Assignment of the North Green-
land material to Nisusia cf. ancauchensis supports the
recognition of the Precordillera terrane of Argentina
as a microcontinent derived from Laurentia (Keller
et al. 1998; Bordonaro et al. 2013; Pratt & Bordonaro
2014). A single specimen of Nisusia from the upper-
most Henson Gletscher Formation (Cambrian Stage
4, Ovatoryctocara granulata assemblage) of southern
Freuchen Land is included for comparative purposes.

Material

All material from the Seeterdal Formation was col-
lected on the north-western side of Seeterdal, Peary
Land, North Greenland (82°17°09”N, 32°45'W). The
locality is situated about 2 km south-west of the type
section of the formation (Ineson & Peel 1997, fig. 68A).

GGU samples 270579 and 270584 were collected by
J.S. Peel on 4th August 1978 at about 10 m above the
base (GGU sample 270579) and about 25 m below the
top (GGU sample 270584) of the formation (Fig. 1A).
Other GGU samples 270563-270590 were collected
by J.S. Peel on 3rd-5th August 1978. Each of these
samples is derived from an individual talus block
from the outcrop of the formation at an altitude of
about 425 m a.s.l.

GGU sample 298550 was collected by ].S. Peel on
15th July 1985 from the uppermost Henson Gletscher
Formation in southern Freuchen Land (82°09°N,
42°25"W), about 45 km west of Henson Gletscher
(Geyer & Peel 2011, fig. 1D, locality 1; see also Streng
et al. 2016; Oh et al. 2024).

Following mechanical preparation, specimens from
the Seeterdal Formation were coated with colloidal
carbon black in aqueous suspension, dried and then
whitened prior to photography with ammonium
chloride sublimate from a hot glass tube. The speci-
men from GGU sample 298550 is silicified and was
extracted from the host limestone with weak acetic
acid prior to scanning electron microscopy. All im-
ages were assembled in Adobe Photoshop 7 and CS4.

Systematic palaeontology

Repositories and abbreviations. GGU prefix indicates a
sample made as a participant in the North Greenland
Project (1978-1985), a regional mapping programme

of Grenlands Geologiske Undersogelse (Geological
Survey of Greenland), now the Geological Survey
of Denmark and Greenland, Copenhagen, Denmark
(GEUS). Type and figured specimens are deposited in
the type collection of the Natural History Museum of
Denmark, Copenhagen (MGUH prefix) and the Mu-
seum of Evolution, Uppsala University (PMU prefix).

Phylum Arthropoda Siebold, 1848
Class Trilobita Walch, 1771

Order Redlichida Richter, 1932
Suborder Olenellina Walcott, 1890
Superfamily Olenelloidea Walcott, 1890
Family Olenellidae Walcott, 1890

Genus Olenellus Hall, 1861

Type species. Olenus thompsoni Hall, 1859 from the lower
Cambrian of Vermont, U.S.A.

Olenellus cf. howelli Meek in White, 1874
Fig. 2G, I

1997  Olenellus cf. O. gilberti; Blaker & Peel, p. 60, fig.
55.10, 55.12, 55.13.

Figured material. Cephala; MGUH 23229 from GGU
sample 270584 and MGUH 34845 from GGU sam-
ple 270563, Seeterdal Formation, Cambrian Series 2,
Stage 4.

Other material. GGU samples 270565, 270568, 270582,
270584, 270587, 270589, Seeterdal Formation, Cambrian
Series 2, Stage 4.

Remarks. Olenellid cephala from the Seeterdal Forma-
tion are indifferently preserved due to their occur-
rence in coarse sandstone; other skeletal elements
are not known. Blaker & Peel (1997) compared this
species to Olenellus gilberti Meek in White, 1874, which
was described with a detailed morphological analysis
by Webster (2015), following earlier descriptions by
Palmer (1957, 1998).

Specimens of Olenellus gilberti illustrated by Web-
ster (2015) display a well-marked anterior deflection
of the border between the intergenal angle and the
genal angle whereas the posterior border continues as
a uniform curve out to the genal angles in the Saeter-
dal material (Fig. 2G). In this feature it more closely
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resembles Olenellus howelli (Meek in White, 1874) and
Olenellus fowleri Palmer, 1998 as illustrated by Palmer
(1998, fig. 9.5) from the Pioche Formation of Nevada.
However, the palpebral lobes of Olenellus howelli differ
in extending to the posterior furrow, while Olenellus
fowleri has a well developed plectrum joining the
glabella to the anterior border. Genal spines in the
Seeterdal material are slender and about 40% of the
length of the cranidium, although not preserved in
either of the illustrated specimens.

Order Corynexochida Kobayashi, 1935

Family Dorypygidae Kobayashi, 1935

Genus Bonnia Walcott, 1916

Type species. Bathyurus parvulus Billings, 1861 from the
lower Cambrian of Labrador.

Bonnia brennus (Walcott, 1916)
Figs 2C,J,L-O, R

1916 Corynexochus brennus Walcott, p. 314, pl. 57, figs
3-3b.

1948 Bonnia brennus; Rasetti, p. 16, pl. 3, figs 16-25
(includes synonomy).

1997 Bonnia brennus; Blaker & Peel, p. 87, figs 50,
51.1-5, 51.8, 51.10.

2016 Bonnia cf. brennus; Peel et al,, figs 3U, V, 4G, N.

Figured material. Cranidia: MGUH 23361 and MGUH
23362 from GGU sample 270563. Pygidia: MGUH
23368 from GGU sample 270579, MGUH 34843 from
GGU sample 270563. Hypostome: MGUH 34842 from
GGU sample 270563, Seeterdal Formation, Cambrian
Series 2, Stage 4.

Other material. GGU samples 270565 and 270587, Seeter-
dal Formation, Cambrian Series 2, Stage 4.

Remarks. A full description of Bonnia brennus was
given by Blaker & Peel (1997) on the basis of material
from the Henson Gletscher and Seeterdal formations
in North Greenland. Disarticulated cranidia and py-
gidia are common in the Seeterdal Formation. A single
hypostome (Fig. 2C) is proportionately slightly wider
than specimens illustrated by Blaker & Peel (1997,
figs 50.7, 50.8, 50.12) and Peel et al. (2016, fig. 4N) from
the Henson Gletscher Formation. It is distinguished
from hypostomes of the co-occurring Kootenia marcoui
(Whitfield, 1884) by its angular anterior margin and
well developed antero-lateral wings.
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Genus Kootenia Walcott, 1889

Type species. Baythyuriscus (Kootenia) dawsoni Walcott,
1889 from the middle Cambrian (Miaolingian Series)
of British Columbia, Canada.

Kootenia marcoui (Whitfield, 1884)
Fig. 2E, F H, K

1884  Dikellocephalus? marcoui Whitfield, p. 150, pl. 14,
fig. 7.

1997  Kootenia marcoui; Blaker & Peel, p. 90-95, figs 52,
53, 54.1-6, 54.10, 54.11 (includes synonomy).

Figured material. Cranidium: MGUH 23378 from GGU
collection 270590. Pygidia: MGUH 23399 from GGU
collection 270590 and MGUH 23401 from GGU col-
lection 270564, Seeterdal Formation, Cambrian Series
2, Stage 4.

Other material. Abundant in most samples from the
Seeterdal Formation, Cambrian Series 2, Stage 4.

Remarks. Kootenia marcoui is distinguished from other
lower Cambrian species of the genus in North Green-
land by its seven pairs of pygidial spines (Blaker & Peel
1997). Disarticulated cranidia and pygidia of Kootenia
marcoui are common in the samples from the Henson
Gletscher Formation in western Peary Land and in
the Saeterdal Formation.

Family Zacanthoididae Swinnerton, 1915

Genus Zacanthopsis Resser, 1938

Type species. Olenoides levis Walcott, 1886 from the
lower Cambrian of Pioche, Nevada, U.S.A.

Zacanthopsis sp.
Fig. 2D

Figured material. MGUH 34844 from GGU sample
270587, Seeterdal Formation, Cambrian Series 2, Stage
4.

Remarks. Within the limits imposed by its poor preser-
vation, this single internal mould of a cranidium can
be compared with Zacanthopsis blakeri Geyer & Peel,
2011 from the Henson Gletscher Formation of western
Peary Land, originally referred to Zacanthopsis levi
(Walcott, 1886) by Blaker & Peel (1997). Unfortunately,
most of the broad convex anterior border has been
worn away.



Fig. 2. Trilobites from the Seeterdal Formation (Cambrian Stage 4), Seeterdal, North Greenland; internal moulds. A: Undetermined
ptychopariid, MGUH 34840 from GGU sample 270563, cranidium. B: Anebocephalus? sp., MGUH 34841 from GGU sample 270563,
cranidium. C, J, L-O, R: Bonnia brennus (Walcott, 1916). C: MGUH 34842 from GGU sample 270563, hypostome. J, R: MGUH 23362
from GGU sample 270563, cranidium in lateral (J) and dorsal (R) views. L: MGUH 23368 from GGU sample 270579, pygidium. M, O:
MGUH 23361 from GGU sample 270563, cranidium in dorsal (M) and lateral (O) views. N: MGUH 34843 from GGU sample 270563
pygidium. D: Zacanthopsis sp., MGUH 34844 from GGU sample 270587, cranidium with broken anterior. E, F, K, H: Kootenia marcoui
(Whitfield, 1884).E, F: MGUH 23401 from GGU sample 270564, pygidium in dorsal (E) and lateral (F) views. K: MGUH 23378 from
GGU sample 270564, cranidium. H: MGUH 23399 from GGU sample 270590, pygidium. G, I: Olenellus cf. howelli Meek in White,
1874. G: MGUH 23229 from GGU sample 270584, cranidium. I: MGUH 34845 from GGU sample 270563, broken cranidium. P, Q:
Harklessaspis? sp. P: MGUH 23581 from GGU sample 270568, cranidium. Q: MGUH 23582 from GGU sample 270563, cranidium.
Scale bars: 1 mm (J); 2 mm (A-D, G, I, K-O, Q, R); 3 mm (H); 4 mm (E, F, P)
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Order Ptychopariida Swinnerton, 1915

Remarks. In available material, small ptychopariidans
are known only from isolated cephala, with the result
that generic assignments are tenuous.

Genus Anebocephalus Sundberg & Webster, 2022

Type species. Anebocephalus silverpeakensis Sundberg
& Webster, 2022 from the Harkless Formation, Cam-
brian Series 2, (mid-Dyeran Regional Stage), Nevada,
US.A.

Anebocephalus? sp.
Fig. 2B

Figured material. MGUH 34841 from GGU sample
270563, Seeterdal Formation, Cambrian Series 2, Stage
4,

Remarks. The anterior margin of this internal mould
of a cranidium (Fig. 2B) is more convexly curved in
dorsal view than in Eoptychoparia pearylandica Geyer
& Peel, 2011 from the Henson Gletscher Formation
(Cambrian Stage 4), but the specimens illustrated by
Geyer & Peel (2011, fig. 21) show variation both in the
curvature and the width of the brim. The postero-
lateral extensions of the fixigenae are not exposed.
The transverse width of the fixigenae at the anterior
margin of the eye is slightly greater than the corre-
sponding width of the glabella. Eoptychoparia peary-
landica was referred to Anebocephalus by Sundberg &
Webster (2022).

Cranidia of Onchocephalus? freucheni Geyer & Peel,
2011, also from the Henson Gletscher Formation
(Cambrian Stage 4), differ in terms of a more parallel-
sided glabella and a straight anterior border furrow.
Onchocephalus? freucheni was referred to the new
genus Coenoides by Sundberg & Webster (2022), with
type species Coenoides scholteni Sundberg & Webster
(2022) from the upper Harkless Formation, Nevada.

Genus Harklessaspis Sundberg & Webster, 2022

Type species. Harklessaspis parvigranulosus Sundberg &
Webster, 2022, from the Harkless Formation, Cam-
brian Series 2 (Dyeran Regional Stage), Nevada, U.S.A.

Harklessaspis? sp.
Fig. 2P, Q

1997 Ptychoparioid genus and species undetermined
B, Blaker & Peel, p. 132, fig. 51.6?, 51.9, 51.11.

1997 Ptychoparioid genus and species undetermined
C, Blaker & Peel, p.133, fig. 51.7.
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Figured material. Cranidia; MGUH 23581 from GGU
sample 270568; MGUH 23582 from GGU collection
270563. Seeterdal Formation, Cambrian Series 2, Stage
4.

Remarks. Blaker & Peel (1997) placed the two illustrated
specimens (Fig. 2P, Q) in separate species, but they are
united here, given their relatively poor preservation
and the variation in the shape of the front border il-
lustrated by Sundberg & Webster (2022) in the type
species. The degree of expression of the median expan-
sion within the anterior border varies, but the border
furrow itself is characteristically deep to either side.

Undetermined ptychopariid
Fig. 2A

Figured material. Cranidium: MGUH 34840 from GGU
sample 270563, Seeterdal Formation, Cambrian Series
2, Stage 4.

Remarks. The glabella of this internal mould is pro-
portionately shorter than in Harklessaspis? sp., while
the brim is wider anteriorly and less sharply defined.

Phylum Brachiopoda Duméril, 1806

Subphylum Rhynchonelliformea Williams
et al., 1996

Class Kutorginata Williams et al., 1996
Order Kutorginida Kuhn, 1949

Superfamily Nisusioidea Walcott &
Schuchert in Walcott, 1908

Family Nisusiidae Walcott & Schuchert in
Walcott, 1908

Genus Nisusia Walcott, 1905

Type species. Orthisina festinata Billings, 1861, Potsdam
Group, Cambrian Series 2; Vermont, U.S.A.

Remarks. Bell (1941) divided nisusiids into two groups
on the basis of their shape and the location of the ven-
tral umbo. Mao et al. (2017) listed 39 species of Nisusia
from the Cambrian but Holmer et al. (2019) considered
only half of these in their cladistic analysis. Holmer
et al. (2019) recognised two clades of nisusiids, with
most species referred to a group in which the umbo
is elevated above the rest of the ventral valve (cf. Figs
31, 4D), which is shallowly concave behind the umbo



in lateral profile. The second group included mainly
non-spinose species with biconvex shells. They sug-
gested that Laurentia was the main place for nisusiid
dispersal during Cambrian Series 2 with possible
records existing from Cambrian Stage 3 (Saxen 2017),
although Nisusia alaica (Popov & Tikhonov, 1990) was
described from Cambrian Stage 3 in the Kyrgyz Re-
public. Cambrian Stage 4 representatives include the
type species Nisusia festinata (Billings, 1861), originally
described from Vermont (Billings 1861, p. 10, figs 11,
12), and Nisusia ancauchensis Benedetto & Foglia, 2012,
described from the Precordillera terrane in Argentina
(Benedetto & Foglia 2012, fig. 4.1-4.5).

Oh et al. (2022) analysed the phylogeny and distri-
bution of Nisusia, adding a few more species to the
data base of Holmer et al. (2019) and recognising two
clades descended from a paraphyletic basal group.
Spinose taxa occur in all three groups. Nisusia festinata
and Nisusia ancauchensis were placed in separate clades
and considered to be derived from a basal group
with strong and long spines. Such coarse spines are
known in Nisusia alaica and Nisusia metula Brock et al.,
1998, the latter from Cambrian Series 3 (Miaolingian)
in New South Wales. A silicified juvenile specimen
referred to Nisusia sp. undet. from the uppermost
Henson Gletscher Formation (Cambrian Series 2, Stage
4, Ovatoryctocara assemblage; Fig. 4K-N) in southern
Freuchen Land, about 45 km west of Henson Gletscher,
also displays coarse spines that are much more promi-
nent than those preserved in specimens of Nisusia
from the Seeterdal Formation (Figs 3A-Q, 4A-]).

Nisusia cf. ancauchensis Benedetto & Foglia, 2012
Figs 3A-1, K-Q, 4A-]

Figured material. MGUH 34846, MGUH 34848-34853,
MGUH 34857 and MGUH 34858 from GGU sample
270563; MGUH 34847 and MGUH 34856 from GGU
270587, MGUH 34855 from GGU sample 270566. Seeter-
dal Formation, Cambrian Series 3, Stage 4.

Description. All specimens from the Saeterdal Formation
occur in decalcified sandstone as external moulds (Fig.
3N, O) and composite moulds with variable preserva-
tion of the strongly costellate outer surface and growth
lines. Herein, the relief of described morphological
features relates to their form on the specimens as il-
lustrated. Conjoined valves have not been observed.
Maximum observed width is about 15 mm, length 11
mm, measured on a ventral valve. Greatest width is
slightly anterior of the hinge line.

The highest point of the ventral valve lies at the
pointed umbo, which may extend posteriorly to over-
hang the apsacline to catacline interarea (Figs 3K, L,
4C-D) or rise abruptly from the valve surface (Fig. 31,

P). The foramen is apparently located at the apex of
the umbo (Fig. 4B, C, E). In lateral profile the ventral
valve is initially flattened, sometimes shallowly con-
cave (Figs 3H, 4H) behind the umbo before increasing
in convexity towards the anterior margin (Figs 3C,
4D). The ventral surface may show a median sinus
posteriorly (Fig. 4E) but its anterior margin is almost
planar (Fig. 3D) or even with a shallow fold (Fig. 3P).
The junction between the ventral surface and interarea
is angular, usually with a prominent rounded cord
along the crest (Figs 3B, G, M, 4E, J). The pseudodelti-
dium varies from transversely narrow (Fig. 3B) with
grooved margins near the apex (Figs 3G, 4I) to wide
with diffuse margins (Fig. 4B, C); it may be depressed
medially (Fig. 3B) or uniformly convex (Fig. 3G, H). The
depth of the open delthyrium is about half the height
of the interarea (Fig. 3M, arrow). Grooves delimiting
the margins of the adapical portion of the pseudodelti-
dium may curve onto the valve surface (Figs 3G, 4I).
In one specimen (Fig. 3F) the grooves persist almost to
half the length, suggesting an association with muscle
scars. Radial dorsal ornamentation initially consists of
7-10 costellae close to the umbo, with only two or three
on the projecting apex (Fig. 3K, L). About 30 radial
elements are present at the anterior margin due to
progressive interdigitation of additional costellae (Fig.
3A). Comarginal ornamentation consists of obscure
fine growth lines and more prominent cords. Tubercles
(fine spine bases) occur at the intersection of the cords
and costellae (arrows in Figs 3A, D, 4E) and are seen
as pits in the external mould (arrows in Figs 3N, O).
The dorsal valve is poorly known, with a rounded
apex. Its radial ornamentation is crossed by comarginal
growth lines but may be subdued except near the ante-
rior margin (Figs 3Q, 4F), as in one ventral valve (Fig.
3P). However, ornamentation is uniformly developed,
with spines, in an external mould (arrow in Fig. 30).

Remarks. Specimens from the Seeterdal material show
variation in terms of shell shape and the nature of the
pseudodeltidium. End members in this continuum
(Figs 3A-D, 4A-E) could easily be assigned to differ-
ent species, but on account of the small sample size,
ontogenetic variation and the lack of information
concerning the dorsal interarea, they are collectively
compared to Nisusia ancauchensis Benedetto & Foglia,
2012, while recognising similarities with some of the
varied material assigned by Walcott (1912) to the type
species Nisusia festinata. However, unlike the Seeterdal
specimens, some material from Vermont assigned
to Nisusia festinata by Walcott (1912) and Shaw (1955)
has the hinge line extended into alae and forming the
greatest width of the shell.

Material assigned to Nisusia ancauchensis was based
on a few specimens described by Benedetto & Foglia
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Fig. 3. Brachiopods from the Seeterdal Formation (Cambrian Stage 4), Seeterdal, North Greenland. A-I, K-Q: Nisusia cf. ancauchensis
Benedetto & Foglia, 2012. A-D: MGUH 34846 from GGU sample 270563, ventral (A), postero-ventral (B), lateral (C) and oblique
anterior (D) views of ventral valve, with arrows indicating spine bases. E, F: MGUH 34847 from GGU sample 270587, lateral (E) and
ventral (F) views of ventral valve, with apex broken away. G, H, M, P: MGUH 34848 from GGU sample 270563, oblique postero-
ventral (G), ventral (H, P) and postero-lateral (M) views of ventral valve with arrow in M indicating delthyrium. I: MGUH 34849
from GGU sample 270563, ventro-lateral view of ventral valve. K, L: MGUH 34850 from GGU sample 270563, oblique views of
central valve. N: MGUH 34851 from GGU sample 270563, external mould of ventral valve with hole produced by spine (arrow).
O: MGUH 34852 from GGU sample 270563, external mould of dorsal valve, with holes produced by spines (arrow). Q: MGUH
34853 from GGU sample 270563, antero-ventral view of ventral valve on same slab as P. J: Nisusia sp,, MGUH 34854 from GGU
270563, dorsal view of dorsal valve with cardinal ridges arrowed. Scale bars: 2 mm (A-N); 3 mm (O, P).
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(2012) from the uppermost beds of the Ancaucha ol-
istolith at Quebrada Ancaucha, about 30 km west of
Jéchal City, San Juan province, Argentina (Cambrian
Stage 4). Benedetto & Foglia (2012) commented that the
pseudodeltidium of Nisusia ancauchensis was greatly
enlarged, twice as wide as long, and unbounded
by lateral furrows. This is seen in a ventral valve
from GGU sample 270566 where the dark pits in the
posterior view relate to shadow under the apsacline
interarea rather than to sockets (Fig. 4B, C). Other
similar specimens from GGU sample 270587 (Fig. 4E,
I) show that the adapical part of the pseudodeltidium
is parallel-sided before expansion. In an additional
specimen it is bounded by a groove that deepens
adapically (Fig. 3G, H, M) and terminates at an open
delthyrium (arrow in Fig. 3M), although this groove is
much narrower than that seen in Nisusia alaica (Popov
& Tikhonov (1990, pl. 3, figs 21a, 23). More frequently,
the pseudodeltidium expands slowly and uniformly,
occupying about a quarter to a fifth of the width of
the interarea (Fig. 3B) in a manner reminiscent of
Nisusia festinata as illustrated by Billings (1861) and
Walcott (1912).

A prominent, cord-like elevation along the angu-
lation between the interarea and the valve surface
in the holotype ventral valve of Nisusia ancauchensis
(Benedetto & Foglia, 2012, fig. 4.1-4.4) is also seen
specimens from Seeterdal (Figs 3B, G, 4E, I) but it is
lacking in Nisusia festinata.

Apart from its longer and coarser spines, the silici-
fied specimen of Nisusia sp. undet. from the Henson
Gletscher Formation in southern Freuchen Land (Fig.
4K-N), displays a pseudodeltidium that is similar to
some specimens of Nisusia cf. ancauchensis from the
Seeterdal Formation (Figs 3G, 4E).

Nisusia sp.
Fig. 3]

Figured material. MGUH 34854 from GGU sample
270563, Seeterdal Formation.

Remarks. A single internal mould of a shallowly convex
dorsal valve attributed to Nisusia preserves about 15
coarse costellae with rare branching that in their coarse-
ness resemble Eoconcha Cooper, 1951. Traces of ridges

Fig. 4. Nisusia Walcott, 1905, Cambrian Stage 4, North Greenland. A-J: Nisusia cf. ancauchensis Benedetto & Foglia, 2012 from the
Seeterdal Formation (Cambrian Stage 4), Seeterdal. A-D: MGUH 34855 from GGU sample 270566, ventral valve in ventral (A),
postero-ventral (B, C) and lateral (D) views. E: MGUH 34856 from GGU sample 270587, ventral valve in postero-ventral view. F:
MGUH 34857 from GGU sample 270563, dorsal valve. G-J: MGUH 34858 from GGU sample 270563, ventral valve in ventral (G),
antero-ventral (H), postero-ventral (I) and postero-lateral (J) views. K-N: Nisusia sp. undet., uppermost Henson Gletscher Forma-
tion (Cambrian Stage 4), southern Freuchen Land. PMU 38495 from GGU sample 298550, silicified ventral valve in ventral (K),
anterior (L) and posterior (M, N) views. Scale bars: 1 mm (K-N); 2 mm (A-]).
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corresponding to linear cardinal sockets (Popov & Tik-
honov 1990, fig. 3b) extend laterally from the apical area
(Fig. 30, arrows), which is slightly depressed as a result
of thickening by a notothyrial plate on the shell interior.

Superfamily Kutorginoidea Schuchert, 1893
Family Kutorginidae Schuchert, 1893

Genus Kutorgina Billings, 1861

Type species. Kutorgina cingulata Billings, 1861, Cam-
brian Series 2, UAnse au Loup (Belle Isle), Labrador,
Canada.

Kutorgina cf. cingulata Billings, 1861
Fig. 5A-C, F-1

Figured material. MGUH 34860-MGUH 34862 and
MGUH 34864 from GGU sample 270563; MGUH
34863 from GGU sample 270566; MGUH 34859 from
GGU sample 270587. Seeterdal Formation, Cambrian
Series 3, Stage 4.

Remarks. Specimens of Kutorgina cf. cingulata Billings,
1861 from the Seeterdal Formation contrast markedly
in terms of preservation with the silicified material
described from the Paralleldal Formation by Popov
etal. (1997). While the pronounced comarginal rugae
are conspicuous in external and composite moulds
(Fig. 5A-C), they are only weakly visible on internal
moulds (Fig. 5F, G). Similar preservation was illus-
trated by Shaw (1955) in specimens from the lower
Parker Shale of Vermont.

Order Chileata Williams et al., 1996
Superfamily Matutelloidea Andreeva, 1962
Family Matutellidae Andreeva, 1962

Genus Matutella Cooper, 1951

Type species. Matutella clarkei Cooper, 1951 from the
Shady Formation, Cambrian Series 2, Austinville,
Virginia, U.S.A.

Fig. 5. Kutorgina cf. cingulata (Billings, 1861) and hyolithid from the Seterdal Formation (Cambrian Stage 4), Saeterdal, North
Greenland. GGU sample 270563 unless stated. A-C, F-I: Kutorgina cf. cingulata (Billings, 1861). A: MGUH 34859 from GGU sample
270587, composite mould of juvenile dorsal valve. B: MGUH 34860, composite mould of juvenile dorsal valve. C: MGUH 34861,
digitally reversed external mould of juvenile dorsal valve. F, G: MGUH 34862, internal mould of ventral valve. H: MGUH 34863
from GGU sample 270566, internal mould. I: MGUH 34864, internal mould of dorsal valve. D, E: Hyolithid sp. indet. MGUH 34865
from GGU sample 270566, internal mould in dorsal (D) and lateral (E) views. Scale bars: 2 mm.
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Matutella sp.
Fig. 6

Figured material. MGUH 34866 from GGU sample
270563, Seeterdal Formation, Cambrian Series 2, Stage
4.

Remarks. This is known from a single, poorly pre-
served, incomplete internal mould of a dorsal valve.
Traces of coarse costellae are retained lateral to the
prominent dorsal fold. Preservation is too poor to per-
mit meaningful comparison with material described
by Cooper (1951), Andreeva (1962) and Aksarina &
Pelman (1975).

Fig. 6. Matutella sp,, MGUH 34866 from GGU sample 270563,
internal mould of dorsal valve in oblique anterior (A), dorsal

(B) and lateral (C) views. Seeterdal Formation, Cambrian Series
2, Stage 4. Scale bars: 3 mm.

Phylum uncertain
Class Hyolitha Marek, 1963
Order Hyolithida Syssoiev, 1957

Hyolithid sp. indet.
Fig. 5D, E

Figured material. MGUH 34865 from GGU sample
270566, Seeterdal Formation, Cambrian Series 2, Stage
4.

Remarks. A single, poorly preserved conch has a
transversely uniformly convex dorsum and rounded
angular transitions to the flattened basal surface. The
conch is curved slightly towards the dorsum; the pres-
ence of a ligula is not confirmed.
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