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Hyolithids with helens and an operculum, and a second species of loricate cycloneuralian, Sirilorica pustulosa sp. nov.,
are described from the Sirius Passet Lagerstätte (early Cambrian; Cambrian Series 2, Stage 3) of Peary Land, North
Greenland. An ethmophylloid archaeocyathan and a species of the bivalved arthropod Isoxys are described in open no-
menclature. The association of trace fossils with body fossils is discussed. • Key words: Cambrian, Lagerstätte, Green-
land, Hyolitha, Cycloneuralia, trace fossils.
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In the quarter of a century that has passed since the first re-
cognition of the early Cambrian Sirius Passet Lagerstätte
(Conway Morris et al. 1987, Babcock & Peel 2007, Peel &
Ineson in press), some 20 new species have been described
from the highly innaccessible locality on the northernmost
shore of Greenland (latitude 82°47.6´N, longitude
42°13.3´W; Fig. 1). This paper adds to these by describing
several rare or poorly preserved taxa, and an association of
trace fossils with a body fossil. The material was collected
during expeditions to North Greenland in 1989, 1991, 1994
and 2006 from talus accumulating below a succession of
about 8 m of black shale and laminated mudstones of the
Buen Formation that abut the steep outer margin of the ero-
ded carbonate platform of the Portfjeld Formation (Ineson
& Peel 1997, in press; Peel & Ineson in press).

It is estimated that the biota contains about 40 species
and those described to date are listed in Fig. 1B. The assem-
blage is dominated by arthropods and lobopods, with abun-
dant shields of the bivalved arthropod Isoxys volucris (Wil-
liams et al. 1996, Stein et al. 2010) and articulated
exoskeletons of the trilobite Buenellus higginsi (Blaker &
Peel 1997, Babcock & Peel 2007); an additional species of
Isoxys is described herein. Trilobite-like arthropods (some
as yet undescribed) are also conspicuous. Many arthropod
and lobopod specimens show preservation of appendages,
musculature and internal organs (Budd 1993, 1995, 1997,
1998, 1999a, b; Taylor 2002; Lagebro et al. 2009; Peel &
Stein 2009; Stein 2010). Other fossils include polychaete
and palaeoscolecidan worms (Conway Morris & Peel 2008,

2010) and articulated halkieriids (Conway Morris & Peel
1990, 1995; Vinther & Nielsen 2005; Conway Morris &
Caron 2007). Peel (2010) described the loricate
cycloneuralian Sirilorica carlsbergi and a second species of
the genus is described herein. Arthropods apart, sponges are
conspicuous amongst the undescribed faunal elements;
brachiopods, helcionelloid molluscs and echinoderms are
absent. New elements reported here include hyoliths, some
with helens, and an ethmophylloid archaeocyathan.

In browsing the abundant literature concerning the biota
of Cambrian lagerstätten such as Chengjiang (Hou et al.
1999, 2004; Luo et al. 1999; Chen 2004) and the Burgess
Shale (Briggs et al. 1994, Conway Morris 1998), it is easy to
forget that the exceptional preservation displayed by so
many animal groups is not offered equally to all, even in
these special preservational environments. Thus, hyolithids
form a small, crushed, but otherwise well preserved, element
of the Burgess Shale fauna; they are often fully articulated,
with operculum and helens preserved in place (Yochelson
1961, Babcock & Robison 1988). Members of the Class
Hyolitha may be very common at Chengjiang but articulated
hyolithids with helens are not reported. Some specimens are
associated with opercula and have been interpreted as
hyolithids or orthothecids (helens are present in hyolithids
but not in orthothecids) (Chen 2004, fig. 308).

Less than 20 specimens of hyoliths are currently known
from the Sirius Passet Lagerstätte and some are described
herein. While several preserve life associations of conch,
operculum and the paired helens, their general poor state of
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preservation precludes precise determination, despite their
originally hard external skeleton. Their calcareous shells
and three-dimensional sediment infilling are crushed or
partly crushed in mudstone and preserved as composite
moulds and impressions with no trace of the original shell
and little detail of ornamentation. The presumed originally
aragonitic hyolith shells were clearly less resistant to
diagenetic processes than other calcareous fauna, such as
trilobites, halkieriids and the rare archaeocyathans.

Mineral growth has taken place as irregular aggregates
in the apertural region in some hyolith specimens, probably
as an early diagenetic process similar to the mineralization
of gut diverticula and muscle fibres characteristic of many
Sirius Passet arthropods (cf. Budd 1998, Babcock & Peel
2007). It is also a feature of many Sirius Passet arthropod
specimens that while elements of the body cavity may be
preserved in fine three-dimensional detail due to early
diagenetic mineralization, distal extremities simply fade
into the surrounding sediment. Additionally, as discussed
below, assemblages of burrows preserved in association
with body fossils often show enhanced three-dimensional
preservation within the area of the body fossil.

Specimen depositories. – All illustrated specimens carry
MGUH numbers indicating their deposition in the type col-
lection of the Geological Museum, Copenhagen, Denmark,
now a part of the Natural History Museum of Denmark.
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The association of body fossils and three-dimensionally pre-
served trace fossils (burrows) is a conspicuous feature of the
Sirius Passet Lagerstätte (Fig. 2). Conway Morris & Peel
(1995) considered the association of traces with Halkieria
evangelista to be fortuitous; the horizontal burrows have
been impressed on the Halkieria specimens from both hig-
her and lower sedimentary levels. Budd (1999b) referred to
body-trace fossil interaction but without elaboration. Bab-
cock & Peel (2007) noted that the behaviour of the horizon-
tal burrows was sometimes controlled by the shape of skele-
tal elements, although they suggested it could be as a
response to physical hindrance rather than scavenging. They
concluded that the trace fossils may have mined nutrients as-
sociated with both the decaying animal soft parts or with
biofilms developed around them. Alternatively, trace fossils
may have been selectively mineralized in the organic rich
sediments associated with the cadavers. Peel & Stein (2009)
illustrated narrow burrows traversing compactional folding
in the arthropod Aaveqaspis inesoni without deflection, indi-
cating that the burrows were formed after compaction.

One specimen of an undescribed arthropod illustrated
here (Fig. 2) presents a varied association of burrows. The
largest burrows (width ca 2.5 mm) form a size class seen in
many other specimens and they also occur in the sediment
surrounding the body fossils, albeit usually less conspicu-
ously (Fig. 2A, arrow 1). Narrower burrows are less easily
traced beyond the tergite margin and most are concentrated
to its area. Damage to the tergites resulting from the activi-
ties of trace fossil-forming animals is limited to com-
pactional distortion against the infilled larger burrows
(Fig. 2A, arrow 2, Fig. 2D).

The largest burrows are sinuous and infrequent T-junc-
tion branching (compare Wang et al. 2009, fig. 3A) has
been observed in other specimens. When observed beyond
the margins of body fossils they are often much less sinu-
ous. They may be impressed by compaction into the ter-
gites from below (Fig. 2D) or from above (Fig 2A, arrow 3)
and variation in their expression suggests changes in their
level within the sediment. In some cases, the distinctive ter-
gite ornamentation can be traced over the impressed bur-
row, indicating folding of the tergite during compaction
(Fig. 2E, arrow 4). Internally, the large burrows sometimes
appear more granular than the surrounding sediment. This
fill, and even the outer surface, sometimes shows a longitu-
dinal (‘spicular’ or nodulose) texture, in some cases possi-
bly formed by faecal pellets.

Smaller burrows are mainly preserved in positive relief
and range from 0.1 mm to about 1 mm in width; they are ir-
regularly sinuous to straight, with infrequent simple
branching (Fig. 2B, E). In some cases their direction is
clearly controlled by the arthropod body fossil (e.g.
Fig. 2E, arrow 5 where the burrow follows the tergite
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�!" Location of the Sirius Passet Lagerstätte in North Greenland
(A). The faunal list (B) includes all described taxa, with those from the
present paper in upper case.
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�$" Trace fossil assemblage associated with arthropod shield. MGUH 28755. • A – dorsal view of shield, showing the location of Fig. 2B–E; for
explanation see text. Trace fossils are preserved in positive relief except for the impressed burrow (arrow 3), × 1.2. B × 3.5. C × 4. • D – vaulting and crack-
ing of shield against underlying trace, × 5. • E – finely ornamented head shield and tergites, overlapping from left to right, × 5.5. Sirius Passet Lagerstätte,
Buen Formation, Sirius Passet, Peary Land, North Greenland.



margin). Other burrows make use of tergite boundaries to
move from above the tergites to below them (or vice versa;
Fig. 2A, arrow 2). Figure 2E (arrow 6) shows a 0.1 mm
wide burrow crossing the first tergite but disappearing at
the anterior and posterior margins (left and right in the fig-
ure). Most of the smaller burrows appear smooth, but a few
may be annulated (Fig. 2B, left).

Whilst the increased sinuous character of the larger
burrows within the margins of the shield relative to within
surrounding sediment suggests a causual relationship, such
is more apparent with regard to the narrow traces. The pro-
ducers of the burrows are not known. Conway Morris &
Peel (2008, 2010) described polychaetes and palaeosco-
lecidans from the Sirius Passet Lagerstätte but illustrated
specimens are several times larger than the largest burrows
figured here (Fig. 2A).

Similar associations of body fossils and trace fossils
have been described from the contemporaneous Chengjiang
Lagerstätte by Zhang et al. (2007) and from the middle
Cambrian of Bohemia by Chlupáč & Kordule (2002). Wang
et al. (2004, 2009) described the interaction between non-

mineralized body fossils from the middle Cambrian Kaili
Lagerstätte and gordiid burrows of similar size and form to
the largest burrows figured here (see also Lin et al. (2010).
Caron (2006) and Mángano & Caron (2009) reported simi-
lar occurrences from the middle Cambrian Burgess Shale.
All the occurrences seem to combine feeding benefits for the
burrowers based on nutrient enriched sediments associated
with body fossil cadavers with taphonomic processes fa-
vourable for preservation, such as early consolidation/min-
eralization facilitated by an organic rich environment. The
latter, at least, draws attention to a community of organisms
otherwise poorly discernible in the lagerstätten sediments.
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Phylum Porifera Grant, 1836
Class Archaeocyatha Bornemann, 1884
Order Ajacicyathida Bedford & Bedford, 1939

Ethmophylloid archaeocyathan sp.
Figure 3A, B

Figured specimen. – MGUH 29253 from Geological Sur-
vey of Greenland sample 340103, Sirius Passet, Peary
Land, North Greenland.

Discussion. – Fragments of flattened archaeocyathan cups
occur sporadically within the Sirius Passet Lagerstätte and
a representative example is figured here. In this, the radial
septa extend slightly beyond the outer wall and are separa-
ted by three rows of sub-rectangular pores (Fig. 3A, B).
Andrej Y. Zhuravlev (written communication 2010) identi-
fied the specimen as an ethmophylloid archaeocyathan of
late Atdabanian-middle Botomian age (Cambrian Series 2,
Stage 3) which is in accordance with the Nevadella Zone
age of North American usage suggested by the occurrence
of Buenellus higginsi. The figured specimen and others in
the collection are broken proximally, suggesting derivation
from the nearby carbonate platform.

Phylum Loricifera Kristensen, 1983
Class, order and family uncertain

Genus Sirilorica Peel, 2010

Type species. – Sirilorica carlsbergi Peel, 2010, Buen For-
mation, Sirius Passet Lagerstätte (early Cambrian, Atdaba-
nian; Cambrian Series 2, Stage 3), North Greenland.

Sirilorica pustulosa sp. nov.
Figure 4

Holotype. – MGUH 29254 from Geological Survey of
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�&" A, B – ethmophylloid archaeocyathan sp., MGUH 29253,
crushed cup in lateral view (B, × 6), with detail of outer wall (A, × 16).
• C – Isoxys sp., MGUH 29255, × 1.5. Sirius Passet Lagerstätte, Buen For-
mation, Sirius Passet, Peary Land, North Greenland.
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Greenland sample 340103, Sirius Passet, Peary Land,
North Greenland. The species is currently known only
from part and counterpart of a single specimen.

Type locality and horizon. – Sirius Passet Lagerstätte. Si-
rius Passet, Peary Land, central North Greenland (latitude
82°47·6´N, longitude 42°13·3´W), at an altitude of about
450 m. above sea level. Buen Formation, Cambrian Se-
ries 2, Stage 3 (early Cambrian); Atdabanian (Nevadella
Zone of North American usage).

Derivation of name. – With reference to the pustulose orna-
mentation.

Diagnosis. – Species of Sirilorica with numerous, well-
developed pustules along the hinge zones between the pla-
tes of the lorica.

Description. – As in the type species, the lorica consists of
two interdigitating circlets of seven elongate, flat, plates
which carry one or more broad spines at their spatulate ter-
minations. Individual plates are joined by flexible hinge
zones which may be finely papillate or striated but carry
evenly spaced, round to elongate, pointed pustules. Soft
tissues extending beyond the terminations of the lorica are
poorly known. At the inferred anterior in the holotype, a
narrow granular zone is succeeded by a poorly defined
smooth area, with two (possibly three) preserved denticles
located at the boundary between these two zones. The den-
ticles are tear shaped, with a rounded base facing the lorica
and a sharp distal point. The denticle surface is marked by
three small longitudinal cusps posteriorly, while the distal
point is also somewhat raised.

Discussion. – Sirilorica pustulosa sp. nov. is readily distin-
guished from the type species, S. carlsbergi, by the pustu-
les along the hinge zones of the lorica. Only two denticles
are clearly preserved in the only known specimen of S. pus-
tulosa (Fig. 4C, D) whereas up to six have been described
in S. carlsbergi (Peel 2010, fig. 2). In the latter, however,
the number of denticles present seems to be a preservatio-
nal artifact. The denticles in S. carlsbergi were described as
multicuspidate whereas the holotype of S. pustulosa pre-
serves tear shaped plates carrying raised cusps (Fig. 4C);
this difference may also result from differential preserva-
tion.

Peel (2010) interpreted Sirilorica as a tubular lorica, al-
though all available specimens are crushed. Typically three
(or four) plates on the upper surface overlie four (or three)
plates on the undersurface, with the overlapping of the two
series producing a complicated lattice pattern. In Sirilorica
pustulosa the effect is emphasized by plate margins show-
ing pustules in positive and negative relief, respectively
(Fig. 4A, B).

Phylum Arthropoda von Siebiold & Stannius, 1854
Class, order and family uncertain

Genus Isoxys Walcott, 1890

Type species. – Isoxys chilhoweanus Walcott, 1890, Chil-
howee Group (early Cambrian), Tennessee, U.S.A.

Isoxys sp.
Figure 3C

Figured material. – MGUH 29255 from Geological Sur-
vey of Greenland sample 340103, Sirius Passet, Peary
Land, North Greenland.

Discussion. – This single fragmentary specimen differs
from Isoxys volucris Williams, Siveter & Peel, 1996 in
terms of its size and preservation (Williams et al. 1996,
Stein et al. 2010). Isoxys volucris attains a maximum
legth of about 2.2 cm, excluding the cardinal spines, whe-
reas Isoxys sp. was 5 to 6 cm long excluding spines. The
preserved surface of the shield valves of Isoxys sp. is also
smooth, apart from minor folds, whereas I. volucris typi-
cally is highly wrinkled after compaction, with a well de-
veloped and conspicuous doublure (Williams et al. 1996,
Stein et al. 2010). This contrast between the doublure and
the remaining lateral areas of the valves is not seen in Iso-
xys sp., nor in most of the other species placed within the
genus by García-Bellido et al. (2009). Additionally, the
single preserved spine of Isoxys sp. is steeply inclined and
also relatively more robust than the spines of I. volucris.
In this respect it is similar to Isoxys glaessneri
García-Bellido, Paterson, Edgecombe, Jago, Gehling &
Lee, 2009 from the lower Cambrian Emu Shale
Fossil-Lagerstätte of Kangaroo Island, South Australia,
although that species is only half the size (García-Bellido
et al. 2009).

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

Discussion. – The status of hyoliths as a separate phylum or
a class of molluscs remains unresolved; it is discussed from
a historical perspective by Malinky & Yochelson (2007)
who favoured the latter assignment.

Genus Trapezovitus Sysoiev, 1958

Type species. – Trapezovitus sinscus Sysoiev, 1958,
early Cambrian (late Atdabanian-early Botomian, accor-
ding to Missarzhevsky 1989, p. 170) of the Siberian Plat-
form.
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Trapezovitus sp.
Figure 5E, F

Figured material. – MGUH 29256–29257 from Geologi-
cal Survey of Greenland sample 340103, Sirius Passet,
Peary Land, North Greenland.

Description. – Two partly crushed external moulds carry
prominent longitudinal ribs on the dorsum which sug-
gest assignment to Trapezovitus. In one specimen the
ribbed surface appears to be continuous with a smooth,
anteriorly convex, surface representing the operculum
(or possibly the projecting ligula of the ventral surface)
but a fracture separates the two areas (Fig. 5E). Lateral
areas of the conch are incompletely preserved, giving the
impression that the operculum is wider than the conch.
Eight longitudinal ribs are visible and the tip of the
conch is turned up, indicating slight convexity of the
ventral surface.

Discussion. – The type species, T. sinscus, seems to have a
more rapidly expanding shell with fewer longitudinal ribs
(Meshkova 1974, Valkov 1975, Meshkova et al. 1983) but
other species described by Valkov (1975) are more slender,
with more numerous ribs. Trapezovitus sp. appears to have
less steeply inclined lateral areas, in cross-section, when
compared to described species, but this may be a preserva-
tional effect.

Hyolithid sp.
Figure 5A–D

Figured material. – MGUH 29258–29261 from Geologi-
cal Survey of Greenland sample 340103, Sirius Passet,
Peary Land, North Greenland.

Description. – Five specimens preserve helens in position of
growth (Fig. 5A–C), while a sixth specimen placed here has
the operculum slightly displaced (Fig. 5D). All but one ap-
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 ����
�'" Sirilorica pustulosa sp. nov., Sirius Passet Lagerstätte, Buen Formation, Sirius Passet, Peary Land, North Greenland. Holotype, MGUH 29254.
• A – lateral view showing pustulose hinge zones between plates of the lorica, lighting from right, × 3.3. • B – detail of hinge zone, × 7.5. • C – anterior
denticles, × 7.5. • D – detail of anterior margin of lorica showing denticles at the junction between the granular zone and the smoother area, to the right, × 5.
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pear to be preserved in dorsal aspect, as composite moulds,
but crushing has increased the depression of the lateral slo-
pes relative to the lateral margins and the median dorsal sur-
face. The median dorsal area is flattened (Fig. 5B); no trace
of ornamentation remains. The operculum, where present, is
poorly differentiated from the conch, dorsally, and the con-
centric surfaces visible in Fig. 5A, C include portions of the
ligula. Paired helens are preserved, either as raised ridges or
depressions. Typically, the margin along the convex side is
raised relative to that along the concave side, such that
the surface slopes towards the postero-lateral areas. In some
cases, however, this surface represents the impression of the

underside of the helen rather than its upper surface (Fig. 5A,
left helen).

Discussion. – Poor preservation prevents precise assignment
of this taxon despite the association of all skeletal elements.

The best preserved associations of hyolithid conchs
with articulated helens and an operculum from Cambrian
strata have been described by Martí Mus & Bergström
(2005) on the basis of specimens from the middle Cam-
brian of the Czech Republic originally described by Marek
(1967, 1972). The specimens are preserved as moulds in
three dimensions and exquisite details of the musculature
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 ����
�(" Hyoliths, Sirius Passet Lagerstätte, Buen Formation, Sirius Passet, Peary Land, North Greenland. • A–D – hyolithid sp., A – MGUH 29258,
× 7.2; B – MGUH 29259, × 3.4; C – MGUH 29260, × 4, D – MGUH 29261, × 3.4. • E, F – Trapezovitus sp., E – MGUH 29256, × 4; F – MGUH 29257,
× 4.7. • G, H – orthothecid sp., MGUH 29262, G × 2.5; H – detail of operculum, × 7.

�
�� ��	���� � ���������� 	�!
����	�� 	
����	�
��	��
"	���	�����	����	#�$���%���



and internal structures have been used to elucidate the
function of the helens in life. Such detail is not present in
the crushed Greenland specimens but the gross form of the
conch in the two occurrences is not similar. A conch of
comparable width, but with a shorter ligula and more ellip-
tical cross-section, is seen, however, in another Czech mid-
dle Cambrian species, Jincelites vogeli Valent, Fatka,
Micka & Szabad, 2009, where helens are preserved but not
in articulation with the conch (Valent et al. 2009).

Numerous associations of fully articulated hyolithids
from the midddle Cambrian Burgess Shale of British Co-
lumbia and the Spence Shale of Utah were described by
Yochelson (1961) and Babcock & Robison (1988). Speci-
mens showing similar proportions to the Sirius Passet mate-
rial were referred by Babcock & Robison (1988) to the ge-
nus Haplophrentis Babcock & Robison, 1988 but their
dorsal surface carries a median crack interpreted as resulting
from a minor internal septum. The conical shield and cardi-
nal shield areas of the operculum (cf. Martí-Mus &
Bergström 2005, text-fig. 1) are clearly visible in the Bur-
gess Shale material (Yochelson 1961) but are not recognised
in the poorly preserved Greenland material which also lacks
details of shell sculpture. Yochelson (1961) commented on
the postero-lateral slope of the flat surface of the helens in
specimens from the Burgess Shale which is also a feature of
the Greenland specimens. Butterfield & Nicholas (1996) as-
signed to Haplophrentis middle Cambrian bedding plane as-
semblages of articulated hyolithids from the Mount Cap
Formation of northwestern Canada, also illustrating finely
preserved skeletal elements from macerated samples. Kruse
(1998) described helens in an articulated hyolthid from the
middle Cambrian of northern Australia.

Articulated hyolithids are less well known from the lower
Cambrian. Howell & Stubblefield (1950) described a speci-
men from Wales, U.K., with helens and operculum, but it is
too poorly preserved to compare with the Greenland speci-
mens. Yochelson (1961, pl. 33, fig. 4) illustrated a poorly pre-
served specimen from the Kinzers Shale (Botomian; Cam-
brian Series 2, Stage 4) of Pennsylvania, somewhat younger
than the Sirius Passet Lagerstätte (Atdabanian; Cambrian Se-
ries 2, Stage 3) in which a single helen is present, although
Skinner (2005, p. 173) reported other finds. Of particular in-
terest is the record of Hyolithes czarnae Orłowski &
Waksmundzki, 1986 from the pre-trilobite Cambrian (Series
1, Terreneuvian) of the Holy Cross Mountains of Poland
which appears to be the oldest documented association of
conch, operculum and helens, although not referable to
Hyolithes sensu stricto (compare Malinky 2006). The helens
appear to be more robust than in the Greenland hyolithid and
the conch has convex sides in dorsal view, in contrast to the
straight sides of the narrower specimens from Greenland. The
operculum of the latter is poorly known whereas well devel-
oped conical and cardinal shields are seen in Hyolithes
czarnae (Orłowski & Waksmundzki, 1986).

Orthothecid sp.
Figure 5G, H

Figured material. – MGUH 29262 from Geological Sur-
vey of Greenland sample 340103, Sirius Passet, Peary
Land, North Greenland.

Discussion. – The conch in this single crushed specimen
(length 29 mm) expands with shallowly concave sides du-
ring the first half of its growth, before becoming almost
parallel sided near the aperture. The apertural margin is
seen beyond the overlying operculum and is slightly ex-
panded medially, with very shallow lateral sinuses. Orna-
mentation is restricted to a few striations near the tip
which are much finer than the longitudinal ribs of Trape-
zovitus sp. The operculum is poorly preserved and diffi-
cult to delimit from the surface of the conch. It carries co-
marginal growth increments but these do not clearly
delimit its margins except along its dorsal margin (adapi-
cal as preserved, left in Fig. 5H). This margin is flattened
with a cord-like brim and a slight median fold. Although
the sides and ventral margin of the operculum are not
clearly perceived, it appears small in comparison to the
width of the conch, suggesting that the latter was trapezoi-
dal in cross-section.
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