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A phosphatised fossil Lagerstätte from the middle 
Cambrian (Wuliuan Stage) of North Greenland 
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The upper Henson Gletscher Formation (Cambrian, Miaolingian Series, Wuliuan 
Stage) of southern Lauge Koch Land and Løndal, south-western Peary Land, North 
Greenland (Laurentia) yields diverse assemblages of phosphatised Small Shelly 
Fossils after treatment with weak acetic acid. The occurrence merits description as 
a fossil Lagerstätte on account of the exceptional preservation of soft parts in some 
specimens, although the phosphatisation itself is generally rather coarse. Bradoriid 
and phosphatocopid arthropods are common and display substantial variation in 
their preservational history. Some specimens retain traces of internal morphology, 
although details are generally obscured by indifferent preservation. Rare specimens 
extend the range of stem-group pentastomid arthropods back by more than 10 million 
years. A unique hatching larva demonstrates the same early developmental stage of 
a stem-group priapulan worm to that described in some present-day priapulans. The 
preservation of an in place operculum has demonstrated that the widespread, sup-
posed mollusc Protowenella is actually an unusual, strongly coiled hyolith. Abundant 
coprolites and cololites provide additional evidence of early phosphatisation. In terms 
of morphology, Cambrocoryne lagenamorpha gen. et sp. nov. superficially resembles 
wiwaxiid and some annelid sclerites, thelodont scales and the foraminiferan Lagena, 
but its true identity is obscure. 
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Diagenetic phosphatisation is widespread in lower–
middle Cambrian lowstand carbonates in central 
North Greenland and residues of fossiliferous sam-
ples treated with acetic acid (10%) are frequently 
dominated by phosphatised Small Shelly Fossils (SSF), 
some of which display exceptional preservation. Such 
deposits may provide unusual amounts of palaeonto-
logical information and are frequently described as 
fossil Lagerstätten, following Seilacher (1970; see also 
Itano 2019). Seilacher (1970) recognised two kinds of 
Lagerstätten: Konzentrat-Lagerstätten are accumula-
tions of disarticulated fossils, often not particularly 
well-preserved, while Konservat-Lagerstätten are 
characterised by exceptional preservation of the fos-
sils, frequently with details of original soft parts or 
with articulated skeletons. 

To some extent, both terms may be applied to 
the middle Cambrian (Miaolingian Series, Wuliuan 
Stage) fossil assemblages described in this paper 
from the upper Henson Gletscher Formation of 
southern Lauge Koch Land and south-western Peary 
Land (Figs 1, 2). However, the preservational state 
of many of the constituent individual fossils is not 
exceptional so the term Lagerstätte is used in a wide 
sense. During deposition, the fossils and other clasts 
were concentrated in bioclastic limestones to produce 
rich and diverse assemblages of mainly disarticu-
lated skeletal elements, a common depositional form 
in the geological record. However, early diagenetic 
phosphatisation has often enhanced morphological 
information concerning these remains (Peel 2021a,b; 
Peel & Kouchinsky 2022) and, in rare cases, resulted in 
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rare, unusual, specimens were fully described by Peel 
(2021b; 2022a,b).

Geological background
The Henson Gletscher Formation in the Peary Land–
Lauge Koch Land region of North Greenland (Fig. 1) is 
a highly fossiliferous unit that accumulated during a 
lowstand of sea level within a prograding complex of 
shelf carbonates and siliciclastic sediments referred to 
the Brønlund Fjord Group (Higgins et al. 1991; Ineson 
& Peel 1997; Geyer & Peel 2011; Peel et al. 2016). The 
formation is composed mainly of dark, recessive, 
bituminous and cherty limestones, dolostones and 
mudstones, with a conspicuous middle member of 
pale fine-grained sandstones (Fig. 2). Thin carbonate 
debris flows occur sporadically, with one flow forming 
a prominent bench in the type section in Lauge Koch 
Land (Figs 1A, 2A) immediately below fossil samples 
described herein (GGU samples 218831 and 271492). 
At this locality, the Henson Gletscher Formation is 62 

the preservation of non-skeletonised faunal elements 
or soft parts associated with robust skeletal remains 
(Peel 2022a,b). As with other Cambrian Lagerstätten, 
such as the Chengjiang assemblages of China (Hou 
et al. 2017), the Burgess Shale of Canada (Gould 1990; 
Briggs et al. 1994; Conway Morris 1998), the Orsten 
Lagerstätte of Sweden (Maas et al. 2003, 2006) and the 
Sirius Passet Lagerstätte of North Greenland (Ineson 
& Peel 2011; Peel & Ineson 2011; Harper et al. 2019), 
the upper Henson Gletscher Formation Lagerstätte 
makes a significant contribution to our understanding 
of the early evolution of life through the preservation 
of exceptional fossils. 

The Miaolingian (Wuliuan Stage) fauna of the up-
per member of the Henson Gletscher Formation in 
southern Lauge Koch Land and south-western Peary 
Land is diverse but only taxa with unusual preser-
vation are included in the present study. Agnostids 
reported by Robison (1984) provide a firm biostrati-
graphic base, while Clausen & Peel (2012) described 
the abundant disarticulated echinoderm plates. Rich 
faunas of stenothecoids and molluscs were described 
by Peel (2021a) and Peel & Kouchinsky (2022), while 

Fig. 1. Geographical and geological information. A, collection localities for GGU samples in Lauge Koch Land and Løndal. J.P. 
Koch Fjord is located by arrow in inset map of Greenland. B, North Greenland, with permanent ice cover shaded. C, Cambrian 
stratigraphy in southern Lauge Koch Land and south-western Peary Land. Black dot indicates stratigraphic location of described 
samples within the upper Henson Gletscher Formation.
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m thick (Figs 1.1, 2.1), but it thins to 47 m in Løndal, to 
the east (Figs 1A, 2B). 

Fossil assemblages from the Henson Gletscher 
Formation in southern Lauge Koch Land and Løndal 
in south-western Peary Land range from Cambrian 
Series 2 (Stage 4) to the Miaolingian Series (Wuliuan 
Stage). However, Drumian strata occur in Nyeboe 
Land along the northern coast of North Greenland 
(Robison 1984, 1994; Higgins et al. 1991; Babcock 1994; 
Blaker & Peel 1997; Ineson & Peel 1997; Geyer & Peel 
2011; Fig. 1B). All material described here is derived 
from the Ptychagnostus gibbus Biozone. Trilobite faunas 
from the Henson Gletscher Formation are a mixture 
of mainly Laurentian polymeroids and agnostoids of 
value for global correlation (Babcock 1994; Robison 
1984, 1994; Blaker & Peel 1997; Geyer & Peel 2011; Peel 
et al. 2016). Amongst polymeroid trilobites that are 
important for international correlation with Siberia, 
the Altai Sayan fold belt and South China, an Ovato-
ryctocara granulata assemblage (uppermost Cambrian 
Stage 4) is of particular note. It occurs in strata just 
below the presently described Wuliuan material, and 
establishes strong correlations between Laurentia, 
Russia and China (Geyer & Peel 2011; Sundberg et al. 
2016, 2022; Geyer 2019).

Derivation of samples. Samples (Figs 1, 2) were collected 
during the North Greenland Project (1978–1980), a re-
gional mapping programme of Grønlands Geologiske 
Undersøgelse (GGU, Geological Survey of Greenland), 
now a part of the Geological Survey of Denmark and 
Greenland, Copenhagen, Denmark.

GGU samples 218831 and 271492 were collected 
from the upper Henson Gletscher Formation at 56.5 
m above the base of the formation (thickness 62 m) at 
its type locality in southern Lauge Koch Land. They 
derive from bioclastic limestone filling scours in the 
top of a 1 m thick mass flow deposit (82˚10′N, 40˚24′W; 

Fig. 3. Thin sections (plane polarised light) of limestone from GGU sample 271718, upper Henson Gletscher Formation, Løndal 
(Cambrian, Wuliuan Stage). A, intergranular phosphatisation of tangled microbial threads. B, dark phosphatised limestone form-
ing hard ground overlying eroded limestone surface with truncated bioclasts and microborings (arrow a). Dark phosphatisation 
within re-deposited trilobite doublure fragment (arrow b) and inverted mollusc clast (arrow c). C, detail of fragment of trilobite 
doublure with dark phosphatisation. D, vertical thin section of phosphatised bioclastic limestone showing dark, phosphate-rich 
horizons and transverse section of helcionelloid (arrow d). Scale bars: 100 µm (A); 200 µm (C); 2 mm (B, D).

Fig. 2. Stratigraphic sections through the Henson Gletscher 
Formation showing the derivation of GGU samples. A, type 
section in southern Lauge Koch Land. B, Løndal in western 
Peary Land (modified after Peel & Kouchinsky 2022, based on 
original section logs by J.R. Ineson).
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specimens of any taxa are very rare and, apart from 
juveniles (Fig. 4P–S), identifiable remains of the 
originally calcareous trilobite exoskeletons are seldom 
found in acid residues. 

With the exception of linguliformean brachiopods 
and tubes of Hyolithellus Billings, 1871, almost all 
specimens within the acid residues are diageneti-
cally phosphatised internal moulds of calcareous or 
organic fossils, encrustations of the shell exterior or a 
combination of both. The calcareous shells themselves 
do not survive the treatment with acid but are clearly 
visible in thin sections of the untreated samples (Fig. 
3B–D). A gap (Fig. 4C, arrow) between the internal 
mould and external phosphatic encrustation reflects 
the presence of the now dissolved calcareous shell. A 
few stenothecoids have silicified shells (Fig. 4B), but 
most are preserved as phosphatised internal moulds 
(Peel 2021a). Phosphatisation in many internal moulds, 
such as chancelloriids, hyoliths or the ubiquitous hel-
cionelloid molluscs, is usually confined to the inner 
parts of the shell cone (Fig. 4G). The shell itself and 
phosphatised details of its internal structure of the 
type described by Kouchinsky (1999, 2000a,b) and 
Vendrasco et al. (2010, 2011) are usually not known. 
Rugae or deep grooves (Fig. 4C,G) on internal moulds 
of helcionelloid molluscs are not always expressed 
on the shell exterior, as noted by Runnegar (1985), 
Skovsted (2004) and Peel & Kouchinsky (2022). While 
describing molluscs from the upper Henson Gletscher 
Formation Lagerstätte, Peel & Kouchinsky (2022) noted 
earlier work (e.g., Runnegar 1985; Vendrasco et al. 2010, 
2011) describing the replication with great fidelity dur-
ing phosphatisation of shell structure from the inner 
surface of the original shell; this may be abundant 
in helcionelloid and other molluscs from other hori-
zons in the Cambrian of Greenland and elsewhere, 
although it is infrequent in the present material. Other 

Ineson & Peel 1997, fig. 31; Geyer & Peel 2011, fig. 3; Figs 
1A, 2A). Peter Frykman collected GGU sample 218831 
on 24th June 1979. I collected GGU sample 271492 on 
25th June 1978. I collected GGU sample 271718 on 15th 
July 1978 from a thinbedded, phosphatised, bioclastic, 
dolomitic limestone occurring about 1 m below the top 
of the Henson Gletscher Formation on the west side of 
Løndal (82°18′N, 37°00′W; Clausen & Peel, 2012, fig. 1; 
Figs 1A, 2B). This limestone contains numerous thin 
zones of dark phosphatisation (Fig. 3D), some of which 
formed hard grounds (Fig. 3B). The clastic component 
is clearly multi-sourced (Fig. 3), with re-deposited 
calcareous, phosphatised and silicified (Fig. 4B) shells 
associated with ooliths that were frequently bored and 
phosphate-covered prior to their final accumulation 
(Fig. 4K,L). Clots of phosphatised algal filaments may 
be present both as re-deposited clasts and infillings 
between grains (Fig. 3A). 

Methods. The carbonate rock samples were dissolved 
in weak acetic acid (10%) and wet sieved into fractions 
(125 µm and coarser) prior to examination under a 
binocular microscope. Selected specimens were gold 
coated prior to scanning electron microscopy. Images 
were assembled in Adobe Photoshop CS4. 

Preservation
Bedding surfaces in GGU samples 218831 and 271492 
are often covered with closely packed, disarticulated, 
head and tail shields of agnostoids that are associated 
with less common polymeroid trilobites. Trilobites are 
much less conspicuous on the phosphatised bedding 
surfaces of GGU sample 271718, where disarticulated 
valves of stenothecoids are noticeable. Articulated 

 Fig. 4. Phosphatic preservation within the upper Henson Gletscher Formation (Cambrian, Wuliuan Stage). A, Protowenella 
flemingi Runnegar & Jell, 1976, PMU 38329 from GGU sample 218831, phosphatised encrustation of inner shell surface forming an 
internal mould with operculum in place within aperture. B, Stenothecoides terraglaciei Peel, 2021a, holotype, PMU 38322 from GGU 
sample 271718, internal view of silicified ventral valve partly filled by sediment. C,D, Dorispira septentrionalis Peel & Kouchin-
sky, 2022, holotype, PMU 39173 from GGU sample 271718, with phosphatised outer surface with ornamentation separated from 
internal mould by narrow cavity (arrow) in oblique lateral (C) and supra-apical (D) views. E, coprolite, MGUH 31218 from GGU 
sample 271492. F, echinoderm holdfast with borings, PMU 39664 from GGU sample 271718. G, Dorispira tippik Peel & Kouchinsky, 
2022, MGUH 19561 from GGU sample 271718, internal mould with channels on the subapical surface equivalent to ridges on the 
shell interior. The ridges are not expressed on the outer surface of the shell. H, cololite, MGUH 31220 from GGU sample 271492. 
I,J, rhynchonelliformean brachiopod, PMU 39665 from GGU sample 271718, with infilled euendoliths (J, arrow in I), located on 
phosphatic encrustation of inner surface of the brachiopod shell. K, Eohyella sp. penetrating oolith, MGUH 27656 from GGU sample 
271718. L, Eohyella sp. penetrating oolith, GGU sample 271718. M, phosphatised mould of Eohyella boring, MGUH 27654 from GGU 
sample 271718. N, possible larva, PMU 39666 from GGU sample 271718. O, echinoderm plate showing penetration of phosphatisa-
tion into the stereome, GGU sample 271718. P,R, trilobite protaspid, PMU 39669 from GGU 271492. Q, partially exfoliated trilobite 
protaspid, PMU 39668 from GGU sample 271718. S, trilobite protaspid, internal mould, PMU 39670 from GGU sample 271492. 
Scale bars: 50 µm (A,J); 100 µm (C–E,M,Q–S); 200 µm (F,H,L,N–P), 300 µm (I), 400 µm (K); 500 µm (B,G).
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Runnegar & Jell, 1976 is preserved as a thin coating of 
phosphate on the shell interior, including the in-place 
operculum (Fig. 4A). Significantly, the morphology 
of the operculum demonstrates that Protowenella is a 
hyolith rather than a mollusc (Peel 2021b).

replicated internal structures include muscle attach-
ment scars, various tubercles reflecting pores in the 
original shell and a widespread pitting of the surface 
of internal moulds (Vendrasco et al. 2010, 2011). 

A unique specimen of the widespread Protowenella 
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due to significant crushing (Fig. 5C) or the forming of 
fragments into spherical coprolites (Fig. 5E). Wrinkled 
surfaces often suggest phosphatisation on the inner 
surface of the carapace integument (Fig. 5H) or inner 
lamellae. Most forms appear to have been smooth but 
outer surface ornamentation may be recognisable (Fig. 
5A,K). Recognisable details of the carapace interior are 
rare (see description below), although the presence of 
forms with acute distal margins (Fig. 5A), interpreted 
as bradoriids, or the doublure that is generally found in 
phosphatocopids (Fig. 5B) is noted. Threads of cavity-
dwelling organisms (cryptoendoliths) preserved by 
encrustation with spherulitic phosphate may be con-
spicuous (Peel & Willman 2022; Fig. 5D). 

Many fragments are indeterminable due to heavy 
coating with phosphate, but rare specimens preserve 

When viewed in thin section, the abundant and 
diverse, disarticulated, echinoderm plates described 
from GGU sample 271718 by Clausen & Peel (2012) 
show progressive phosphatisation penetrating into 
the stereome (Fig. 4O). 

Bivalved or pseudo-bivalved arthropods are a 
conspicuous element of the upper Henson Gletscher 
Formation Lagerstätte, and display a variety of pres-
ervational states of the phosphatised carapaces (Fig. 
5). Specimens usually preserve both the left and right 
shields but are frequently deformed (Fig. 5F,G), possibly 
following passage of their flexible carapaces through 
the gut of predators or even moulting (Müller et al. 
1995). However, it seems unlikely that moulted cara-
paces would retain conjoined, closed shields. Other 
specimens more clearly indicate their bromaltic origin 

Fig. 5. Preservation of arthropods from the upper Henson Gletscher Formation (Cambrian, Wuliuan Stage). A, bradoriid in lateral 
view, PMU 39671 from GGU sample 218831, showing narrow brim without doublure and partial exfoliatiion of ornamented outer 
surface. B, phosphatocopid, PMU 39672 from GGU sample 271718, with opened valves showing doublure (arrow). C, bradoriid, 
PMU 39673 from GGU sample 271492, crushed by ingestion. D, phosphatocopid, PMU 38170 from GGU sample 271492, with thin 
phosphatic encrustation on outer and inner surfaces and cavity-dwelling endoliths covered by phosphate spherulites. E, coprolite 
composed of phosphatocopid and/or bradoriid fragments, MGUH 31217 from GGU sample 271718. F,G, phosphatocopids deformed 
following ingestion; F, PMU 39674 from GGU sample 271492; G, PMU 39675 from GGU sample 271492. H, bradoriid?, PMU 39676 
from GGU sample 271492, lateral view with phosphatic encrustation of wrinkled inner surface of carapace. I, fragment of euar-
thropod abdomen, PMU 39677 from GGU sample 271718. J, fragment of euarthropod abdomen with telescopic segments, PMU 
39678 from GGU sample 271718. K, deformed bradoriid with tuberculate ornamentation, PMU 39679 from GGU sample 271492. 
Scale bars: 100 µm (A–F, I–K); 200 µm (G,H).



·   107Lagerstätte from the middle Cambrian of North Greenland

Greenland), now a part of the Geological Survey 
of Denmark and Greenland (GEUS), Copenhagen, 
Denmark. MGUH indicates a specimen deposited in 
the palaeontological type collection of the Natural 
History Museum of Denmark, Copenhagen. PMU 
indicates a specimen deposited in the palaeontological 
type collection of the Museum of Evolution, Uppsala 
University, Sweden. 

This published work and the nomenclatural 
acts it contains have been registered in ZooBank: 
http://zoobank.org:pub:24B89910-9F5D-484C-A33E-
BFF9153E36C6

Stem-group priapulan (Cycloneuralia)
Remarks. Stem-group priapulan worms have a more 
diverse record in the Cambrian than the 22 species 
reported from the present day (Schmidt-Rhaesa 2013; 
Schmidt-Rhaesa & Freese 2019; Yang et al. 2016). A 
single species was described by Peel (2017) from the 
Sirius Passet Lagerstätte (Cambrian Series 2, Stage 3) 
of North Greenland, although other scalidophoran 
cycloneuralians are well represented in the same as-
semblage (Conway Morris & Peel 2010; Peel 2010a,b; 
Peel et al. 2013). Isolated phosphatic sclerites of pal-
aeoscolecidan cycloneuralians (Hadimopanella Ge-
dik, 1977) may be locally abundant in carbonates of 
Cambrian Stage 4 in Greenland (Peel & Larsen 1984; 
Bendix-Almgren & Peel 1988; Peel & Skovsted 2021) but 
have also been documented in Wuliuan Stage strata 
from other areas (Streng et al., 2017).

Genus Inuitiphlaskus Peel, 2022a

Type species. Inuitiphlaskus kouchinskyi Peel, 2022a from 
the upper Henson Gletscher Formation of Lauge Koch 
Land, North Greenland; Cambrian, Miaolingian Se-
ries, Wuliuan Stage. 

Inuitiphlaskus kouchinskyi Peel, 2022a
Fig. 6A,D,E

2022a Inuitiphlaskus kouchinskyi Peel, p. 448, fig. 3I–J.

Holotype. PMU 28893 from GGU sample 271492, Hen-
son Gletscher Formation, southern Lauge Koch Land, 
North Greenland; Cambrian, Miaolingian Series, 
Wuliuan Stage (Peel 2022a).

Remarks. This unique flask-shaped specimen was 
compared by Peel (2022a) to the hatching larvae of 
the extant crown-group priapulans Priapulus caudatus 
Lamarck, 1816 and Halicryptus spinulosus Siebold, 1849, 

portions of the segmented abdomen of euarthropods. 
(Fig. 5I,J). One seems to preserve about seven telescopic, 
slightly conical segments (Fig. 5J) that are similar 
in shape to those in the abdomen of Skara annulata 
Müller, 1983 from the Cambrian (latest Miaolingian–
Furongian) Orsten Lagerstätte of southern Sweden 
(Müller & Walossek 1985). 

Borings by euendolithic organisms are common in 
GGU sample 271718 from Løndal (Fig. 4F, I–M). They 
were first observed in the course of routine examina-
tion of the present samples in my laboratory in Co-
penhagen (Larsen 1989) and described subsequently 
by Stockfors & Peel (2005). In thin section, the bioclasts 
and ooliths often display a dark coating representing 
a phosphatised biofilm, which also fills microbial 
borings penetrating the grains (Fig. 4K,L). In biologi-
cal nomenclature, forms with branching linear cell 
series (Fig. 4K,L) and their internal moulds (Fig. 4M) 
have been referred to Eohyella Zhang & Golubic, 1987 
(Green et al. 1988; Larsen 1989; Stockfors & Peel 2005), 
but the internal moulds are perhaps better referred 
to the ichnogenus Fascichnus Radtke & Golubic, 2005. 
Diverse assemblages of euendoliths are preserved 
as phosphatised internal moulds in some calcareous 
skeletal elements from GGU sample 271718, such as 
chancelloriid sclerites and rhynchonelliformean bra-
chiopods (Fig. 4I,J), where phosphate-filled spherical 
cavities resemble Planobola macrogota Schmidt, 1992, as 
illustrated by Wisshak et al. (2008). 

Early phosphatisation of soft material is most clearly 
demonstrated by a varied assemblage of bromalites 
(Peel 2015, fig. 5), which includes both expelled faecal 
remains (coprolites; Fig. 4E) and internal fillings of the 
gut (cololites; Fig. 4H). The zigzag folding of the latter 
prompted Peel (2015) to suggest derivation from ortho-
thecid hyoliths. Some forms appear to be phosphatised 
larvae (Fig. 4N) but their interpretation is equivocal. 
Of greater significance, however, are rare examples of 
phosphatic replacement of original non-skeletonised 
tissues, although the quality of replacement does not 
approach the superlative preservation of many Orsten 
fossils (Maas et al. 2006). These include specimens in-
terpreted by Peel (2022a,b) as the larva of a priapulan 
cycloneuralian (Fig. 6A,D,E) and a stem-group pen-
tastomid arthropod (Fig. 6B,C?,F). Both discoveries 
represent the oldest known representatives of animal 
groups well-known at the present day. 

Systematic paleontology
Repositories and institutional abbreviations. The prefix 
GGU indicates a sample collected by Grønlands 
Geologiske Undersøgelse (Geological Survey of 
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with a diameter of about 400 µm occur together with 
Inuitiphlaskus kouchinskyi and may represent its eggs. 
Such spheres are generally referred to Olivooides 
Qian, 1977, usually interpreted as a cnidarian (Dong 
et al. 2016), or Markuelia Val’kov, 1983, which is con-
sidered to be a scalidophoran (Dong et al. 2010, 2022; 
Duan et al. 2012). The early ontogenetic development 
of Markuelia is well known (Dong et al. 2010) and the 
numerous transverse annulations of the vermiform 
trunk, directly developed from the egg but without 
an intermediate flask-shaped larval stage, readily 
distinguish it from Inuitiphlaskus kouchinskyi. 

While the limited morphological information cur-
rently available concerning Inuitiphlaskus kouchinskyi 
contributes little to elucidating the overall phylogeny 

as described by Wennberg et al. (2009) and Janssen et 
al. (2009), respectively, from seas around Sweden. With 
a preserved length of about 1250 µm and a width of 
about 400 µm, it is about five times wider than the 
larvae of the living forms (Peel 2022a). The hatching 
larva precedes the development of a plated lorica in 
juvenile priapulids. While the larva of Inuitiphlaskus 
kouchinskyi has been affected by longitudinal wrin-
kling, evidence of a plated lorica is lacking. As in 
Priapulus caudatus and Halicryptus spinulosus, a plated 
lorica likely was developed in a later growth stage. 
An anterior introvert with scalids is not observed in 
the Greenland specimen and was considered to have 
been withdrawn.

Smooth, rather featureless phosphatised spheres 

Fig. 6. Phosphatised, non-skeletonised fossils from the upper Henson Gletscher Formation (Cambrian, Wuliuan Stage). A,D,E, 
Inuitiphlaskus kouchinskyi Peel, 2022a, PMU 28893 from GGU sample 271492, holotype, southern Lauge Koch Land, anterior (A) 
and lateral (D,E) views. B,F,C?, Dietericambria hensonensis Peel, 2022b. B,F, PMU 39167 from GGU sample 271492, holotype, south-
ern Lauge Koch Land, in lateral view (B) and detail of the undersurface of the head (F); cd, central disc; ep, posterior flangelike 
extension; L1–L4, cephalic limbs ; tl, trunk limb. C, PMU 36170 from GGU 218831, southern Lauge Koch Land, conjoined pair of 
opposing hooks resembling eupentastomid cephalic hooks. Scale bars: 50 µm (F); 100 µm (A–C); 200 µm (D,E).
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son Gletscher Formation, Lauge Koch Land, North 
Greenland; Cambrian, Miaolingian Series, Wuliuan 
Stage (Peel 2022b). 
 
Remarks. In addition to the holotype (Fig. 6B,F) and 
fragments of two additional specimens from GGU 
sample 271718 (Peel, 2022b), a pair of conjoined hooks 
interpreted as possible cephalic grasping hooks (Fig. 
6C) was figured by Peel (2022b, fig. 4D,F) from GGU 
sample 218831. Two pairs of sclerotised grasping hooks 
are known from present day pentastomids but have 
not been recorded from the fossil record. However, 
Waloszek & Müller (1994) and Castellani et al. (2011) 
considered the distal part of the segmented cephalic 
limbs in described Cambrian stem-group pentasto-
mids to be a finger-like claw with a similar function. 
Morphologically similar hooks to the Greenland fossil 
occurrence were described in the extant Raillietiella 
Sambon, 1910 by Kelehear et al. (2011), see also Peel 
(2022b, fig. 5). In addition to the hooks, males of Railli-
etiella develop a pair of copulatory spicules (Kelehear 
et al. 2011, fig. 4c; Peel 2022b, fig. 5C). Peel (2022b, fig. 
4I–K) speculated that rare, morphologically similar 
spicules from GGU sample 271492 may have had the 
same function, but firm evidence of association is 
lacking.

Bivalved arthropods
 
Order Bradoriida Raymond, 1935

?Bradoriida sp. indet.
Fig. 7N–P

Figured material. PMU 39690 from GGU sample 218831, 
southern Lauge Koch Land. Upper Henson Gletscher 
Formation, Cambrian, Wuliuan Stage.

Discussion. This elongate internal mould has a sub-
circular cross-section, the diameter of which is about 
45% of the length. The dorsal surface is shallowly 
concave between bluntly rounded terminations and 
appears to lack any longitudinal hinge or fold. The 
ventral surface carries a longitudinal shallow median 
groove (Fig. 7O) that extends around both termina-
tions. The surface of the lateral areas is covered by 
slightly irregular fine transverse (radial) wrinkles 
that terminate at a narrow zone of longitudinal (co-
marginal) wrinkles of similar magnitude at the base 
of the median groove (Fig. 7P). 

The outer surface of the specimen is formed by 
a thin phosphatic layer interpreted as an internal 
mould of the integument. The median ventral groove 

of priapulans and cycloneuralians in general, the 
hatching larva of Inuitiphlaskus kouchinskyi indicates 
a developmental stage in priapulan evolution that 
has persisted for more than 500 Ma from the middle 
Cambrian until the present day.

Phylum Arthropoda Siebold, 1848
Stem-group pentastomid

Present day pentastomids (tongue worms) are para-
sitic arthropods generally regarded as crustaceans or 
as early offshoots of arthropods (Castellani et al. 2011; 
Haug et al. 2021). 

Genus Dietericambria Peel, 2022b

Type species. Dietericambria hensonensis Peel, 2022b 
from the upper Henson Gletscher Formation of North 
Greenland; Cambrian, Miaolingian Series, Wuliuan 
Stage (Peel 2022b). 

Remarks. Dietericambria was described by Peel (2022b) 
from the Henson Gletscher Formation Lagerstätte 
(Wuliuan Stage) and interpreted as the oldest known 
stem-group pentastomid. It is some 15 my older than 
specimens from the Orsten Lagerstätten (Furongian) 
of southern Sweden (Waloszek & Müller 1994; Walo-
szek et al. 2006; Castellani et al. 2011) and Newfound-
land (Waloszek et al. 1994). Dietericambria is readily 
distinguished from described Cambrian stem-group 
pentastomids by its narrow oval head (Fig. 6F) with 
a complex of steeply inclined flanges in the median 
axial region, minute cephalic limbs (L1–L4 in Fig. 
6F), greater number of trunk segments and extended 
posterior section. 

Present day pentastomids are vermiform arthro-
pods that live mainly as parasites within tetrapods, 
but also some fishes and insects, and attach to their 
hosts with two pairs of hooked grasping limbs. There 
is no direct evidence that Cambrian stem-group pen-
tastomids were parasites, although such a mode of life 
was supported by De Baets et al. (2021). 

Dietericambria hensonensis Peel, 2022b 
Fig. 6B,F,?C

2022b  Dietericambria hensonensis Peel, p. 100–102, figs 
3, 4A–C,E,G,H. 

Holotype. PMU 39167 from GGU sample 271492, Hen-
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ridge or groove on the dorsal surface indicates that the 
carapace was univalve, an interpretation supported by 
a thin phosphatic encrustation (Fig. 7N, arrow) that 
appears to cross the median line without disruption. 

thus represents a ridge on the inner surface of this 
integument interpreted as the line of junction between 
opposing lateral shields; there is no indication of an 
inner doublure. The lack of a longitudinal median 

Fig. 7. Arthropods from the upper Henson Gletscher Formation (Cambrian, Wuliuan Stage). A–E, Dabashanella cf. retroswinga Huo, 
Shu & Fu, 1983 in Huo et al., 1983 from GGU sample 271492, southern Lauge Koch Land. A, PMU 39680, lateral view. B,C, PMU 
39681, lateral view showing doublure (arrow in B) and oblique dorsal view showing median ridge (C). D, PMU 39682, ventral 
margin. E, PMU 39683, broken specimen showing blunt terminal spine, doublure and indeterminate internal phosphatised mass. 
F,G, Phosphatocopida spp. indet. F, PMU 39684 from GGU sample 271718, oblique dorso-lateral view. G, PMU 39685 from GGU 
sample 271492, oblique dorso-lateral view. H,K–M, internal structures, GGU sample 271492. H, phosphatised limb? PMU 39686. 
K,L, PMU 39687, phosphate encrustation of setae? M, PMU 39688 from GGU sample 271492, attachment of limbs on carapace 
interior. I,J, acritarch cluster within a phosphatised mass on the surface of Dubashanella, PMU 39689 from GGU sample 271492. 
N–P, ?Bradoriida sp. indet., PMU 39690 from GGU sample 218831, phosphate encrustation on the interior surface of the carapace. 
Arrow in N indicates phosphatic lamellae on the exterior of the integument that cross the mid-dorsal line without interuption. 
Scale bars: 50 µm (H,J,L); 100 µm (D–G,I,K,M.P); 200 µm (A–C,N,O).



·   111Lagerstätte from the middle Cambrian of North Greenland

Dabashanella cf. retroswinga Huo, Shu & 
Fu, 1983 in Huo et al., 1983
Fig. 7A–E

Figured specimens. PMU 39680–39683 from GGU 
sample 271492, upper Henson Gletscher Formation, 
southern Lauge Koch Land, Cambrian, Wuliuan Stage. 

Description. The carapace is amplete, or nearly so, but 
with slight relative variation in the anterior and poste-
rior angles; height almost two thirds of length. Termi-
nal spines are absent or obscure, blunt and upturned 
(Fig. 7E). The hinge line is straight, with a median ridge 
that may become more strongly expressed towards the 
extremities (Fig. 7C). The doublure is well-developed 
on the interior (Fig. 7B,E) and its inner margin may 
be reflected by a broad groove, or flattened peripheral 
zone on the exterior. The outer surface is smooth and 
often glossy; it is sometimes textured with very fine, 
elongate wrinkles and comarginal striations. 

Discussion. Dabashanella is common in all samples, but 
the majority of specimens are deformed. Deformation 
often produces irregular folds sub-parallel to the hinge 
in the dorsal area (Fig. 7C) or causes the formation of 
a concave dorsal surface. While a hinge delimiting 
two separate lateral shields is not present, the nar-
row dorsal ridge clearly acted as a flexible hinge, as 
readily indicated by the general preservation of the 
narrow carapace, with continuous contact of the left 
and right lateral shields around the margin (Fig. 7D). 
The doublure on each shield (Fig. 7E) is similar to that 
preserved in Dabashanella retroswinga Huo, Shu & Fu, 
1983 in Huo et al., 1983 (Huo et al. 1991, pl. 38, fig. 9). 
Proportions of the Greenland specimens are similar 
to material from the Heilinpu Formation (Cambrian 
Stage 3), Yongshan, Yunnan Province, China, illus-
trated by Zhang & Pratt (2012), although anterior and 
posterior spines in the latter are better preserved. The 
material was referred to the type species Dabashanella 
hemicyclica by Zhang (2022) who described five species 
of Dubashanella from the Shuijingtuo Formation (Cam-
brian Stage 3) of western Hubei Province, south China. 
However, specimens of the type species illustrated by 
Zhang (2022) and Huo et al. (1991) are proportionately 
taller, although studies by Zhang (1987) re-illustrated 
by Huo et al. (1991) indicate considerable morphologi-
cal variation in the morphology of Dabashanella during 
ontogeny. Material from the early Cambrian of Ant-
arctica, referred to ?Dabashanella sp. by Wrona (2009), 
has a narrow brim, but no doublure. 

Peel et al. (2016) referred rare amplete specimens 
from the Henson Gletscher Formation (Cambrian 
Stage 4) in Løndal to Pseudindiana cf. sipa (Flemming, 

A smooth, wrinkled, inner surface visible through a 
hole in the outer surface is interpreted as a phospha-
tised inner lamella.

The lack of a doublure promotes interpretation as a 
bradoriid rather than a phosphatocopid, but even this 
is speculative; it may represent an early developmental 
stage of another arthropodan group. Numerous other 
specimens in all samples appear (e.g. Fig. 5H) to be 
deformed specimens of the same taxon or similar taxa.

Order Phosphatocopida (=Phosphatocopa) 
Müller, 1982
 
Suborder Dabashanellina Shu, 1990a 
 
Family Dabashanellidae Zhao, 1989

Discussion. Schram & Koenemann (2021) assigned 
authorship of Suborder Dabashanellina to Hinz-
Schallreuter & Schallreuter (2009a) but these authors 
did not propose or define such taxa. However, Hinz-
Schallreuter & Schallreuter (2009b, p. 47) referred 
to Suborder Dabashanellina Shu, 1990a,b. Order 
Dabashanellida was proposed by Melnikova in Mel-
nikova & Mambetov, 1990 and recognised as a taxon 
equivalent in rank to the Order Bradoriida Raymond, 
1935, within Superorder Bradoriamorphes Kozur, 1972. 
Thus, Phosphatocopida contains both univalved (Da-
bashanellina) and bivalved taxa, the latter described 
in detail by Maas et al. (2003), although the hinge area 
of dabashanellids was sufficiently flexible to permit 
closure of the carapace (Fig. 7D).

Genus Dabashanella Huo, Shu & Fu in 
Huo et al., 1983

Type species. Dabashanella hemicyclica Huo, Shu, & Fu in 
Huo et al., 1983, Cambrian Stage 3, China.

Discussion. Zhang (1987) distinguished Phaseolella 
Zhang, 1987 from Dabashanella Huo, Shu & Fu in Huo 
et al., 1983 by its univalve carapace and prominent 
duplicature (=doublure). He commented that a hinge 
was present in Dabashanella, which was therefore bi-
valved, but that it also lacked a doublure. Melnikova & 
Mambetov (1990) considered Phaseolella to be a junior 
synonym of Dabashanella, but presented no evaluation 
of the supposed difference in doublure. The synonymy 
has been accepted by later authors who have described 
a well-developed doublure in Dabashanella (Hou et al. 
2002; Zhang & Pratt 2012; Zhang 2022). Hou et al. (2002) 
provided a detailed review of other published material, 
often deformed, that can be referred to Dabashanella.
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visible in many Orsten Lagerstätte arthropods (Müller 
1979, 1982; Müller & Walossek 1985; Walossek 1993; 
Maas et al. 2003, 2006). 

Rare structures appear to be fans of setae associ-
ated with limbs (Fig. 7K,L), while others can be inter-
preted as possible limbs (Fig. 7H). Short, broad ridges 
(arrows in Fig 7M) may be impressions of the basal 
portion of limbs moulded against the inner surface 
of the carapace. The outer surface layer in the lower 
part of this figure is encrusting phosphate, while the 
central cavity in the specimen is crossed by a bundle 
of endolithic threads covered in spheroidal phosphate.

Sheets of phosphatic mineralisation that appear to 
represent phosphatised inner lamellae are commonly 
present and often covered with bundles of rounded 
ridges (Fig. 8A–C). These ridges are tubular but are 
covered to varying degrees by thin layers of phos-
phate that obscure details of the surface, for example 
indications of segmentation, possibly as a result of the 
detached inner lamellae draping underlying (inner) 
setae. Some ridges seem to result just from wrinkling 
of the lamellae. Other specimens display a mass of 
thin fragments of phosphate sheets and spheroidal en-
crustations presumably deposited on the integument 
of inner elements and subsequently fractured (Fig. 8E, 
possible limb, arrow a; arrow b locates branching seta 
shown in Fig. 8F). 

Bivalved arthropod sp. indet.
Fig. 8G–L

Figured material. PMU 39694 from GGU sample 271718, 
Løndal; PMU 39695 and PMU 39696 from GGU sample 
271492, Lauge Koch Land. Upper Henson Gletscher 
Formation, Cambrian, Wuliuan Stage.

Description. A short, robust abdomen extends from be-
tween the postero-lateral margins of the carapace (Fig. 
8G,H), which is truncated posteriorly (Fig. 8I). Wrinkling 
in the encrusting phosphate in one specimen may sug-
gest the original segmentation in the abdomen that, 
as preserved, expands at its distal termination. Thin 
sheets of encrusting phosphate wrap around the ventral 
margins of the carapace (Fig. 8H, arrow), suggesting 
that a doublure was not present. The abdominal area is 
occupied by numerous irregular sheets of encrusting 
phosphate, some of which were deposited on the inside 
and outside of the integument, as is the case with the 
carapace (Fig. 8G, arrow a). Other deformed phosphate 
sheets are tenuously interpreted as possibly represent-
ing the intestinal tract (Fig. 8G, arrow b). A V-shaped 
structure may represent the basipod of a limb (Fig. 8G, 
arrow c).

A second specimen is interpreted as a phosphate 

1973), which Hou et al. (2002) had referred to Da-
bashanella. While the carapace has a similar amplete 
form, a doublure is absent in the Greenland specimen, 
as are the terminal spines usually characteristic of 
Dabashanella.

Phosphatocopida spp. indet.
Fig. 7F,G

Figured material. PMU 39684 from GGU sample 271718, 
Løndal. PMU 39685 from GGU sample 271492, south-
ern Lauge Koch Land. Upper Henson Gletscher For-
mation, Cambrian, Wuliuan Stage.

Discussion. Development of concave curvature of the 
dorsal surface between the anterior and posterior 
extremities is a common deformational feature in 
phosphatocopids from the upper Henson Gletscher 
Formation (Fig. 5G) and elsewhere (Hou et al. 2002). 
However, rare, elongate specimens show strongly 
upturned terminations without apparent deforma-
tion (Fig. 7F,G). One specimen shows broad lobes 
developed high on each dorso-lateral surface, at 
the median line (Fig. 7F). In a second specimen, 
the pointed anterior and posterior terminations are 
curved almost perpendicular to the dorsal line (Fig. 
7G). Dabashanella curvata (Zhang, 1987) from the early 
Cambrian Shuigoukou Formation of Xichuan, Henan 
Province, China, has an elongate, curved carapace but 
lacks the strong tapering of the terminations seen in 
both the illustrated Greenland specimens. 

Bradoriid/phosphatocopid internal 
structures
Fig. 7H,K–M, 8A–F

Figured specimens. PMU 39686–39688, PMU 39691, 
all from GGU sample 271492, southern Lauge Koch 
Land; PMU 39667, PMU 39692 and PMU 39693 from 
GGU sample 271718, Løndal. Upper Henson Gletscher 
Formation, Cambrian, Wuliuan Stage.

Discussion. In many deformed specimens, the outer 
phosphatised coating is broken away or incomplete to 
reveal internal structures. Taxonomic determination, 
for example as bradoriid or phosphatocopid, is usually 
impossible. Internal phosphatised masses are heavily 
encrusted, generally lacking recognisable form (Fig. 
7E), although in this case the doublure indicates phos-
phatocopid affinty. Other specimens appear to lack a 
doublure, suggesting that they may have been bra-
doriids (Fig. 8B). In this respect, the material contrasts 
markedly with the exceptionally preserved structures 
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of which is pointed (Fig. 8I, arrow). The anterior margin 
displays a gape between the lateral shields of the cara-
pace but it is uncertain if a true hinge zone is present.

impression of a wrinkled internal lamella (Fig. 8I,J). A 
fragment of the segmented abdomen extends beyond the 
truncated carapace margin, the postero-ventral margin 

Fig. 8. Arthropods from the upper Henson Gletscher Formation (Cambrian, Wuliuan Stage). A–F, bradoriid/phosphatocopid in-
ternal structures. A, PMU 39691 from GGU sample 271492, southern Lauge Koch Land. B,C, PMU 39692 from GGU sample 271718, 
Løndal. D, PMU 39667 (271718-XX) from GGU sample 271718. E,F, PMU 39693 from GGU sample 271718, Løndal. G–L, bivalved 
arthropod sp. indet. G–H, PMU 39694 from GGU sample 271718, Løndal. I,J, PMU 39695 from GGU sample 271492, Lauge Koch 
Land. K,L, PMU 39696 from GGU sample 271492, Lauge Koch Land. Explanation of arrows is given in the text. Scale bars: 50 µm 
(C,F,K); 100 µm (A,B,D,E,G,H,L); 200 µm (I,J).
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Remarks. Almost all of the more than 100 specimens 
of Protowenella flemingi from GGU samples 218831, 
271492 and 271718 are preserved as robust phos-
phatic internal moulds, as is also the case with 
other records of the widespread genus (Runnegar 
& Jell, 1976; MacKinnon, 1985; Peel 1991a,b; Brock, 
1998; Gubanov et al., 2004; Wotte, 2006; Parkhaev, 
2008, 2017; Claybourn et al., 2019; Kouchinsky et 
al., 2022). In contrast, an exceptional specimen of 
Protowenella flemingi described by Peel (2021b; Fig. 4A) 
from GGU sample 218831 is preserved just as a very 
thin phosphatic layer deposited on the inner surface 
of the shell. The specimen is unique in preserving an 
impression of the inner surface of the operculum in 
place within the mouth of the coiled shell, demonstrat-
ing that Protowenella is an orthothecid hyolith and not 
a mollusc, as previously widely supposed (Peel, 2021b; 
Peel & Kouchinsky, 2022). As with other hyoliths, 
the operculum is bilaterally symmetrical. Clavicles 
and the cardinal processes are preserved as deep 
pits along the adumbilical margin, confirming the 
interpretation as an orthothecid hyolith (Peel 2021b; 
Fig. 4A). Subsequently, a similar operculate specimen 
was recorded by Kouchinsky et al. (2022) in Michniakia 
minuta Missarzhevsky in Rozanov & Missarzhevsky, 
1966 from the Erkeket Formation (Cambrian Stage 4, 
Botoman Regional Stage) of Siberia. 

Problematica
Genus Cambrocoryne gen. nov.

Type species. Cambrocoryne lagenamorpha gen. et sp. nov. 
from the upper Henson Gletscher Formation of North 
Greenland, Cambrian, Wuliuan Stage. 

Derivation of name. A combination of Cambrian and 
the Greek koryne, meaning club or mace; feminine. 

Diagnosis. Elongate, club-shaped with basal stalk, 
coarse longitudinal, bifurcating ridges and concave 
interspaces draped by a thick (now phosphatised) 
mineralised layer with finely striated, smooth outer 
surface.

Description. Mono-specific, as for the type species.

Cambrocoryne lagenamorpha gen. et sp. 
nov.
Fig. 9

Holotype. PMU 39697 from GGU sample 271718, Løn-

A third specimen is broken along a horizontal 
plane, perpendicular to the axial plane (Fig. 8L, the 
upper surface represents the right shield; the lower 
surface represents the left shield, both viewed ven-
trally). The integument is delimited by encrusting 
phosphatisation on its inner and outer surfaces (Fig. 
8L, arrow a). The anterior part of the carapace is oc-
cupied by an irregular network of threads covered 
by spheroidal phosphate, probably representing 
postmortal endolithic threads (Fig. 8L, b). Posteriorly, 
phosphatisation has preserved an internal organic 
lamella that originates at the junction between the 
abdomen (which is missing in the specimen) and 
the carapace before extending anteriorly along the 
lateral areas of the latter. At about mid-length of the 
carapace, the lamella curves abruptly back towards 
the posterior, delimiting a funnel-shaped structure 
that terminates with a smooth margin (Fig. 8L, arrow 
c) just anterior to the abdomen. 

Phylum uncertain
Class Hyolitha Marek, 1963
Order Orthothecida Marek, 1966 

Family Protowenellidae Peel, 2021b

Genus Protowenella Runnegar & Jell, 
1976

Type species. Protowenella flemingi Runnegar & Jell, 1976 
from the Currant Bush Limestone (Gowers Formation), 
Queensland, Australia, Cambrian, Miaolingian Series.

Protowenella flemingi Runnegar & Jell, 
1976
Fig. 4A

1976  Protowenella flemingi Runnegar & Jell, p. 133, 
fig. 6B–K.

2021  Protowenella flemingi; Li et al., p. 556, fig. 25a–j.
2021b Protowenella flemingi; Peel, figs 3,4.
2022  Protowenella flemingi; Peel & Kouchinsky, p. 

76, fig. 5A–D.

Figured material. PMU 38329 from GGU sample 218831, 
Henson Gletscher Formation, Lauge Koch Land, North 
Greenland; Cambrian, Miaolingian Series, Wuliuan 
Stage (Peel 2022c).
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specimen displays acute, blade-like ridges and con-
cave interspaces but lacks the thick outer covering 
(Fig. 9F,G). A flaky texture of thin phosphate layers and 
cross-partitions in this specimen indicates a complex 
diagenetic history, seemingly with phosphatisation 
penetrating between presumably calcareous grains 
that were dissolved during acid preparation. Com-
parable patterns of the prominent longitudinal ridges 
are present on the basal stalk of both preservational 
variants. A detail of the distal filling to one of the 
interspaces (Fig. 9E, located by arrow in B) displays 
a concentric structure. The narrow gap between the 
draping outer layer and the core indicates dissolution 
of a thin shell layer or integument (Fig. 9C, arrow).

The smooth, but fine texturing of the outer surface 
suggests that this is an original surface that has been 
replaced by phosphatisation, rather than the result of 
phosphatic encrustation of a pre-existing surface. The 
concentric stucture (Fig. 9E) suggests sequential accre-
tion. The absence of this outer layer in the specimen 
with blade-like ridges (Fig. 9F,G) suggests that this 
specimen may be an internal mould.

Discussion. The true identity of Cambrocoryne lagen-
amorpha is obscure. In lateral view, Cambrocoryne 
lagenamorpha superficially resembles a wiwaxiid 
sclerite illustrated by Porter (2004, fig. 11.7) from the 

dal; upper Henson Gletscher Formation, Cambrian, 
Wuliuan Stage.

Other figured material. PMU 39699, paratype, and PMU 
39698 from GGU sample 271718, Løndal, upper Hen-
son Gletscher Formation.

Derivation of name. From the fancied similarity in 
overall shape to the foraminiferan Lagena Walker & 
Jacob, 1798 in Kanmacher 1798.

Description. Club-shaped, elongate, with a maximum 
observed length of about 700 µm and maximum width 
about 40% of length. Increasing in width from the 
(presumed) basal shaft to attain maximum width at 
about mid-length, then narrowing towards the distal 
surface. Outer surface of holotype (Fig. 9A–D) and 
paratype (Fig. 9H) carrying prominent longitudinal 
ridges, which may branch distally and are separated 
by concave interspaces. 

The three available specimens show two contrast-
ing preservational states, which may cast some doubt 
on their proposed assignment to the same taxon. In 
the holotype, the core with acute longitudinal ridges 
and separating U-shaped channels is draped by a thick 
outer layer (Fig. 9C, arrow), which is finely textured 
with longitudinal strations (Fig. 9B,H,I). A second 

Fig. 9. Cambrocoryne lagellamorpha gen. et sp. nov., GGU sample 271718, Løndal, upper Henson Gletscher Formation (Cambrian, 
Wuliuan Stage). A–E,I, PMU 39697, holotype, in lateral (A,B, with detail of surface texture in I), basi-lateral (C) and apico-lateral 
(D) views. Note filling of channel between inner ridges (arrow in C) and concentric lamination in E (located by arrow in B). F,G, 
PMU 39698, lateral view of specimen lacking the outer massive layer. H, PMU 39699, lateral view of paratype showing the finely 
striated outer surface. Scale bars: 100 µm, except E (30 µm) and I (50 µm ).
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creeping foot established a solid relationship with 
molluscs, as proposed by Conway Morris (1976, 1985). 
All specimens of Wiwaxia illustrated by these authors 
lack the massive mineralisation seen in Cambrocoryne 
lagenamorpha, but the latter might represent the palae 
of an unusually heavily mineralised annelid.

The two massive specimens of Cambrocoryne lage-
namorpha (Fig. 9A–E,H) are morphologically similar 
in their external form to thelodont trunk scales, such 
as specimens of Loganellia Turner, 1991 described 
by Turner & Peel (1986), Blom (1999) and Märss & 
Karatajūtē-Talimaa (2002). However, the internal 
structure of the Cambrocoryne lagenamorpha sclerites 
is quite unlike the dense histology of the Ordovi-
cian–Devonian thelodont vertebrates. 

The ribbed, club-shaped external form of Cambro-
coryne lagenamorpha is similar to many species of the 
Mesozoic–Recent foraminiferan Lagena Walker & 
Jacob, 1798 in Kanmacher, 1798, where a thin-walled, 
minute, inflated basal flask with prominent ribs 
passes into a narrow neck (Fig. 10). This neck is de-
scribed as a basal stalk in the present description of 
Cambrocoryne lagenamorpha. However, the thin-walled, 
frequently unilocular test of Lagena and other nodo-
sarinid foraminiferans is readily distinguished from 
the massively thickened outer layer of Cambrocoryne 
lagenamorpha. Interpretation of Cambrocoryne lagenamo-
rpha as a foraminiferan comparable to Lagena would 
seem to imply that the narrow gap between the outer 
surface and the inner core (Fig. 9C, arrow) represents 
the test, which has been heavily encrusted both in-
ternally and externally. However, the fine surface 
texture of the outer layer (Fig. 9H,I) is not consistent 
with diagenetic encrustation. 

Acritarch cluster
Fig. 7I,J

Figured material. PMU 39689 from GGU sample 271492, 
southern Lauge Koch Land, upper Henson Gletscher 
Formation, Cambrian, Wuliuan Stage.

Discussion. One poorly preserved specimen of the 
phosphatocopid Dabashanella preserves a phosphatic 
mass containing closely packed impressions of 
spheres on its external surface (Fig. 7I,J). The spheres 
range in diameter from 5–10 µm and display a com-
pact, thin outer wall that probably reflects phosphatic 
encrustation. Moczydłowska (2011) illustrated clusters 
of Asteridium tornatum (Volkova 1968) from the Cam-
brian of Estonia that she considered to represent natu-
ral associations. Individual spheres are slightly larger 

Monastery Creek Formation (Miaolingian Series, 
Wuliuan Stage, Ptychagnosts gibbus Biozone) in the 
Georgina Basin of Australia, although the latter speci-
men is flattened, has more rounded terminations and 
the longitudinal ridges are more sharply delimited. 
However, the Australian specimen lacks the massive 
thickening and circular cross-section of Cambrocoryne 
lagenamorpha.

Butterfield (1990), Smith (2014, fig. 5b), Zhang et 
al. (2015, fig. 5a) and Slater et al. (2017) noted that 
sclerites in Wiwaxia Walcott, 1911 consist of a hollow 
tubular root that opens out to form a flattened blade. 
The blade is ornamented by longitudinal ridges that 
are restricted to the upper surface. While the stalk 
of Cambrocoryne lagenamorpha can be compared in 
shape to the tubular root of Wiwaxia, its elliptical to 
round cross-section contrasts with the thin blades 
of Wiwaxia, although most material of the latter is 
compressed. Butterfield (1990) noted the similarity 
of Wiwaxia sclerites to the palea of chrysopeltid and 
aphroditid polychaetes and interpreted Wiwaxia as a 
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equidimensional cross-section (Butterfield 1990, fig. 
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Smith (2014) acknowledged that the dorsal sclerites 
of Wiwaxia were suggestive of polychaete worms 
but stated that the mouth parts, digestive tract and 

Fig. 10. Tests of the foraminiferan Lagena. A,B, PMU 39700 
from a Pleistocene drill core (CRP-1) in the Ross Sea, Antarc-
tica; 77.0088˚S, 163.7558˚E, 16 km offshore from Cape Roberts, 
McMurdo Sound, western Ross Sea. C, specimen mic03-06 of 
collective number PMU 29987, Holocene, Gulmar Fjord, Sweden 
(SEM Images Michael Streng). Scale bars. 20 µm (A,B); 50 µm (C).
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Clausen, S. & Peel, J.S. 2012: Middle Cambrian echinoderm 
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Greenland. GFF 134, 173–200. https://doi.org/10.1080/1103
5897.2012.721003

Claybourn, T.M., Jacquet, S.M., Skovsted, C.B., Topper, T.P., 
Holmer, L.E. & Brock, G.A. 2019: Mollusks from the upper 
Shackleton Limestone (Cambrian Series 2), Central Transant-
arctic Mountains, East Antarctica. Journal of Paleontology 
93, 437–459. https://doi.org/10.1017/jpa.2018.84

Conway Morris, S. 1976: A new Cambrian lophophorate from 
the Burgess Shale of British Columbia. Palaeontology 19, 
199–222.

than the Henson Gletscher Formation material (Fig. 
7I,J). The spheres from Estonia are in contact with each 
other, whereas those described here from Greenland 
are preserved in a phosphatic ground mass. Slater et 
al. (2017) described clusters of smooth-walled vesicular 
acritarchs from the early Cambrian File Haidar Forma-
tion of Baltica, although individual spheres are about 
25 µm in diameter. Wallet et al. (in press) described 
four morphotypes of acritarch clusters from the Buen 
Formation (Cambrian Series 2) of North Greenland 
with individual spheres up to 45 µm, although most 
were less than 20 µm. 

Clusters of spheres described from the Kaili 
Formation (Maiolongian Series) of China by Lin et 
al. (2006) were interpreted as eggs, but the spheres 
range in diameter from 508–945 µm (Lin et al. 2006), 
significantly larger than the present material. The 
widespread distribution of spheres of similar large 
size in the Cambrian was reviewed by Donoghue 
et al. (2006) and examples occur also in the current 
material, with a diameter of about 300 µm. Caron & 
Vannier (2016) described spherical structures inter-
preted as eggs within the carapace of specimens of 
Waptia fieldensis Walcott, 1912 from the Burgess Shale 
Lagerstätte (Miaolingian Series) of British Columbia, 
but these varied in size between 700 µm and 2.4 mm 
in specimens with a total length up to more than 50 
mm. Numerous eggs attached to appendages of the 
bradoriid Kunmingella douvillei (Mansuy, 1912) from 
China (Cambrian Series 2) ranged in size between 150 
and 180 µm (Duan et al. 2014; Caron & Vannier 2016).

Acknowledgements
Fieldwork was undertaken as part of the North Green-
land Project (1978–80) organised by the Geological 
Survey of Greenland (GGU). The stratigraphic section 
log (Fig. 2) was kindly made available by Jon R. Ineson 
who is also thanked for sharing his insight into North 
Greenland Cambrian geology. Some SEM images 
were made during routine preliminary examination 
of collections by Artem Kouchinsky and Heda Agić. 
Michael Streng kindly provided the images of Lagena. 
Comments from Jean Vannier and an anonymous 
reviewer are greatly appreciated.

 

References
Babcock, L.E. 1994: Systematics and phylogenetics of 

polymeroid trilobites from the Henson Gletscher and Kap 
Stanton Formations (Middle Cambrian), North Greenland. 



118     ·     Bulletin of the Geological Society of Denmark

Geyer, G. & Peel, J.S. 2011: The Henson Gletscher Formation, 
North Greenland, and its bearing on the global Cambrian 
Series 2–Series 3 boundary. Bulletin of Geosciences 86, 
465–534. https://doi.org/10.3140/bull.geosci.1252

Gould, S.J. 1990: Wonderful life: the Burgess Shale and the nature 
of history. W.W. Norton Co., New York & London, 350 pp.

Green, J.W., Knoll, A.H. & Swett, K. 1988: Microfossils from 
oolites and pisolites of the Upper Proterozoic Eleonore Bay 
Group, Central East Greenland. Journal of Paleontology 62, 
835–852. https://doi.org/10.1017/s0022336000030109

Gubanov, A., Kouchinsky, A., Peel, J.S. & Bengtson, S. 
2004: Middle Cambrian molluscs of ‘Australian’ aspect 
from northern Siberia. Alcheringa 28, 1–20. https://doi.
org/10.1080/03115510408619272

Harper, D.A.T., Hammarlund, E.U., Topper, T.A., Nielsen, A.T., 
Rasmussen, J.A., Park, T.S. & Smith, M.P. 2019: The Sirius 
Passet Lagerstätte of North Greenland: a remote window on 
the Cambrian Explosion. Journal of the Geological Society, 
176, 1023–1037. https://doi.org/10.1144/jgs2019-043

Haug, J.T., Haug, C. & Nagler, C. 2021. Evolutionary history of 
crustaceans as parasites, 347–376. In: De Baets K & Huntley 
J.W (eds): The evolution and fossil record of parasitism. 
Identification and macroevolution of parasites. Topics in 
Geobiology 49. Springer, Cham, Switzerland. https://doi.
org/10.1007/978-3-030-42484-8_10

Hinz-Schallreuter, I. & Schallreuter, R. 2009a: Phylogeny of 
Phosphatocopa. Memoir of the Association of Australasian 
Palaeontologists 37: 151– 164.

Hinz-Schallreuter, I. & Schallreuter, R. 2009b: Phosphatocopa. 
Geschiebekunde aktuell 25, 2, 33–53.

Higgins, A.K., Ineson, J.R., Peel, J.S., Surlyk, F. & Sønderholm, 
M. 1991: Lower Palaeozoic Franklinian Basin of North 
Greenland. Bulletin Grønlands Geologiske Undersøgelse 
160, 71–139. https://doi.org/10.34194/bullggu.v160.6714

Hou, X.G., Siveter, D.J., Williams, M., & Feng, X. 2002: A mono-
graph of the bradoriid arthropods from the Lower Cambrian 
of SW China. Transactions of the Royal Society of Edin-
burgh (Earth Sciences) 92, 347–409. https://doi.org/10.1017/
s0263593300000286

Hou, X., Siveter, D.J., Siveter, D.J., Aldridge, R.J., Cong, P., Gab-
bott, S.E., Ma, X., Purnell, M.A. & Williams, M. 2017: The 
Cambrian fossils of Chengjiang, China: The flowering of early 
animal life, 2nd edn. Wiley, Blackwell, Chichester, 316 pp. 
https://doi.org/10.1002/9781118896372

Huo, S.C., Shu, D.G., Zhang, X.G., Cui, Z.L. & Tong, H.W. 1983: 
Notes on Cambrian bradoriids from Shaanxi, Yunnan, Sich-
uan, Guizhou, Hubei and Guangdong. Journal of Northwest 
University 40, 56–75. (Chinese, with English summary).

Huo, S.C., Shu, D.G. & Cui, Z.L. 1991: Cambrian Bradoriida of 
China. Geological Publishing House, Beijing, 249 pp. (Chi-
nese, with English summary).

Ineson, J.R. & Peel, J.S. 1997: Cambrian shelf stratigraphy of 
North Greenland. Geology of Greenland Survey Bulletin 
173, 1–120. https://doi.org/10.34194/ggub.v173.5024

Ineson, J.R. & Peel, J.S. 2011: Geological and depositional set-

Conway Morris, S. 1985: The Middle Cambrian metazoan 
Wiwaxia corrugata (Matthew) from the Burgess Shale and 
Ogygopsis Shale, British Columbia, Canada. Philosophi-
cal Transactions of the Royal Society of London, Series B: 
Biological Sciences 307, 507–582. https://doi.org/10.1098/
rstb.1985.0005

Conway Morris, S. & Peel, J.S. 2010: New palaeoscolecidan 
worms from the Lower Cambrian: Sirius Passet, Latham 
Shale and Kinzers Shale. Acta Palaeontologica Polonica 55, 
141–156. https://doi.org/10.4202/app.2009.0058

De Baets, K., Huntley, J.W., Klompmaker, A.A., Schiffbauer, J.D. 
& Muscente, A.D. 2021: The fossil record of parasitism: its 
extent and taphonomic constraints, 1–50, In: De Baets K. & 
Huntley J.W (eds): The Evolution and Fossil Record of Parasit-
ism. Topics in Geobiology 50. Springer, Cham, Switzerland. 
https://doi.org/10.1007/978-3-030-52233-9_1

Dong, X.-P., Bengtson, S., Gostling, N.J., Cunningham , J.A., 
Harvey, T.H.P., Kouchinsky, A., Val’kov, A.K., Repetski, 
J.E., Stampanoni, M., Marone, F. & Donoghue, P.C.J. 2010: 
The anatomy, taphonomy, taxonomy and systematic af-
finity of Markuelia: Early Cambrian to Early Ordovician 
scalidophorans. Palaeontology 53, 1291–1314. https://doi.
org/10.1111/j.1475-4983.2010.01006.x

Dong, X.-P., Vargas, K., Cunningham, J.A., Zhang, H., Liu, T., 
Chen, F., Liu, J., Bengtson, S. & Donoghue, P.C.J. 2016: Devel-
opmental biology of the early Cambrian cnidarian Olivooides. 
Palaeontology 59, 387–407. https://doi.org/ 10.1111/pala.12231

Dong, X.-P., Duan, B., Liu, J. & Donoghue, P.C.J. 2022. Internal 
anatomy of fossilized embryonic stage of the Cambrian–
Ordovician scalidophoran Markuelia. Royal Society Open 
Science 9, 220115, 1–9. https://doi.org/10.1098/rsos.220115

Donoghue, P.C.J., Kouchinsky, A., Waloszek, D., Bengtson, S., 
Dong, Xi-ping, Val’kov, A.K., Cunningham, J.A. & Repetski, 
J.E. 2006: Fossilized embryos are widespread but the re-
cord is temporally and taxonomically biased: Evolution 
& Development 8, 232–238. https://doi.org/10.1111/j.1525-
142x.2006.00093.x

Duan, B., Dong, X.-P. & Donoghue, P.C.J. 2012: New palaeosco-
lecid worms from the Furongian (upper Cambrian) of Hunan, 
South China: is Markuelia an embryonic palaeoscolecid? 
Palaeontology 55, 613–622. https://doi.org/10.1111/j.1475-
4983.2012.01148.x

Duan, Y., Han, J., Fu, D., Zhang, X., Yang, X., Komiya, T. & Shu, 
D. 2014: Reproductive strategy of the bradoriid arthropod 
Kunmingella douvillei from the Lower Cambrian Chengjiang 
Lagerstätte, South China. Gondwana Research 25, 983–990. 
https://doi.org/10.1016/j.gr.2013.03.011

Fleming, P.J. 1973: Bradoriids from the Xystridura zone of the 
Georgina Basin, Queensland. Publications of the Queensland 
Geological Survey 356, Palaeontological Papers 31, 1–9.

Gedik, I. 1977: Orta Toroslar’da konodont biyostratigrafisi. 
Türkiye Jeoloji Kurumu Bülteni 20, 35–48.

Geyer, G. 2019: A comprehensive Cambrian correlation 
chart. Episodes 42, 4, 1–12. https://doi.org/10.18814/epii-
ugs/2019/019026



·   119Lagerstätte from the middle Cambrian of North Greenland

Maas, A., Braun, A., Dong, X., Donoghue, P.C.J., Müller, 
K.J., Olempska, E., Repetski, J.R., Siveter, D.J., Stein. M. & 
Waloszek, D. 2006: The ‘Orsten’—more than a Cambrian 
Konservat-Lagerstätte yielding exceptional preservation. 
Palaeoworld 15, 266–282. https://doi.org/10.1016/j.pal-
wor.2006.10.005

MacKinnon, D.I. 1985: New Zealand late Middle Cambrian 
molluscs and the origin of Rostroconchia and Bivalvia. Al-
cheringa 9, 65–81. https://doi.org/10.1080/03115518508618959

Mansuy, H. 1912: Etude géologique du Yunnan Oriental. 
Pt. 2, Paléontologie Memoires du Service Géologique de 
l’Indochine 1, 1–23.

Marek, L. 1963: New knowledge on the morphology of Hyolithes. 
Sborník geologických věd, răda Paleontologie 1, 53–72.

Marek, L. 1966: New hyolithid genera from the Ordovician of 
Bohemia. Časopis Národního Muzea 135, 89–92. https://doi.
org/10.1017/s0022336000040129

Märss T. & Karatajūtē-Talimaa V. 2002: Ordovician and Lower 
Silurian thelodonts from Severnaya Zemlya Archipelago 
(Russia). Geodiversitas 24, 381–404.

Melnikova, L.M. & Mambetov, A.M. 1990: Lower Cambrian os-
tracods from North Tien-Shan. Paleontologicheskii Zhurnal, 
1990: 57-61. (In Russian).

Moczydłowska, M. 2011: The early Cambrian phytoplankton 
radiation: acritarch evidence from the Lükati Forma-
tion, Estonia. Palynology 35, 103–145. https://doi.org/ 
10.1080/01916122.2011.552563

Müller, K.J. 1979: Phosphatocopine ostracodes with preserved 
appendages from the Upper Cambrian of Sweden. Lethaia 
12, 1–27. https://doi.org/10.1111/j.1502-3931.1979.tb01234.x

Müller, K.J. 1982: Hesslandona unisulcata sp. nov. with phospha-
tised appendages from Late Cambrian “Orsten” of Sweden, 
276–304, In: Bate, R.H., Robinson, E. & Sheppard, L.M. 
(eds): Fossil and Recent Ostracods, British Micropalaeonto-
logical Society Series, Chichester, Ellis Horwood. https://doi.
org/10.1126/science.217.4561.724-b

Müller, K.J. 1983: Crustacea with preserved soft parts from the 
Upper Cambrian of Sweden. Lethaia 16, 93–109. https://doi.
org/10.1111/j.1502-3931.1983.tb01704.x

Müller, K. J. & Walossek, D. 1985: Skaracarida, a new order 
of Crustacea from the Upper Cambrian of Västergotland, 
Sweden. Fossils and Strata, 17, 1–65. https://doi.org/10.1127/
njgpa/197/1995/101

Müller, K. J., Walossek, D. & Zakharov, A. 1995: ‘Orsten’ type 
phosphatized soft-integument preservation and a new record 
from the Middle Cambrian Kuonamka Formation in Siberia. 
Neues Jahrbuch für Geologie und Paläontologie 197, 101–118.

Packard, A.S. 1879: The Nebaliad Crustacea as types of a new 
order. Annals and Magazine of Natural History 3, 459. 
https://doi.org/10.1080/00222937908562419

Parkhaev, P.Yu. 2008: The early Cambrian radiation of Mol-
lusca, 33–69. In: Ponder, W.F. & Lindberg, D.R. (eds): 
Phylogeny and evolution of the Mollusca, University of 
California Press, Berkeley. https://doi.org/10.1525/califor-
nia/9780520250925.003.0003

ting of the Sirius Passet Lagerstätte (early Cambrian), North 
Greenland. Canadian Journal of Earth Sciences 48, 1259–1281. 
https://doi.org/10.1139/e11-018

Itano, W. 2019: On the definition of “Lagerstätte”: going back to 
the source. Trilobite tales 37, 17–19.

Janssen, R., Wennberg, S.A. & Budd, G.E. 2009: The hatching 
larva of the priapulid worm Halicryptus spinulosus. Frontiers 
in Zoology 6, 1–7. https://doi.org/10.1186/1742-9994-6-8

Kanmacher, F. 1798: Essays on the microscope. The Second Edition, 
with considerable additions and improvements. Dillon & Keating, 
London, 724 pp. 

Kelehear, C., Spratt, D.M., Dubey, S., Brown, G.P. & Shine, R. 
2011: Using combined morphological, allometric and mo-
lecular approaches to identify species of the genus Raillietiella 
(Pentastomida). PLoS ONE 6(9), e24936, 1–10. https://doi.org 
10.1371/journal.pone.0024936

Kouchinsky, A.V. 1999: Shell microstructures of the Early 
Cambrian Anabarella and Watsonella as new evidence on the 
origin of the Rostroconchia. Lethaia 32, 173–180. https://doi.
org/10.1111/j.1502-3931.1999.tb00537.x

Kouchinsky, A.V. 2000a: Shell microstructures in Early Cambrian 
molluscs. Acta Palaeontologica Polonica 45, 119–150.

Kouchinsky, A.V. 2000b: Skeletal microstructures of hyoliths 
from the Early Cambrian of Siberia. Alcheringa 24, 65–81. 
https://doi.org/10.1080/03115510008619525

Kouchinsky, A., Alexander, R., Bengtson, S., Bowyer, F., Clausen, 
S., Holmer, L.E., Kolesnikov, K.A., Korovnikov, I.V., Pavlov, V., 
Skovsted, C.B., Ushatinskaya, G., Wood, R. & Zhuravlev, A.Y. 
2022: Early–middle Cambrian stratigraphy and faunas from 
northern Siberia. Acta Palaeontologica Polonica 67, 341–464. 
https://doi.org/10.4202/app.00930.2021

Kozur, H. 1972: Einige Bemerkungen zur Systematik der Os-
tracoden und Beschreibung neuer Platycopida aus der Trias 
Ungarns und Slowakei. Geologisch-Paläontologische Mit-
teilungen Innsbruck 2, 10, 1–27.

Lamarck, J.-B. de 1816. Histoire naturelle des animaux sans vertèbres, 
2. Verdière, Paris, 568 pp. https://doi.org/10.5962/bhl.title.6484

Larsen, N.H. 1989: Algae from the Lower Palaeozoic Strata of 
North Greenland. The Geological Survey of Greenland. Open 
File Series 89/3, 23 pp.

Latreille, P.A. 1806: Genera crustaceorum et Insectorum secundum 
ordinem naturalem in familias disposita. Parisiis et Argentorati, 
I, 302 pp. https://doi.org/10.5962/bhl.title.65741

Li, L., Zhang, X., Skovsted, C.B., Yun, H., Pan, B. & Li, G. 2021: 
Revisiting the molluscan fauna from the Cambrian (series 
2, stages 3–4) Xinji Formation of North China. Papers in 
Palaeontology 7, 521–564. https://doi.org/10.1002/spp2.1289

Lin, J.-P., Scott, A.C., Li, C.-W., Wu, H.-J., Ausich, W.I., Zhao, Y.-
L. & Hwu, Y.-K. 2006: Silicified egg clusters from a Middle 
Cambrian Burgess Shale–type deposit, Guizhou, south China. 
Geology 34, 1037–1040; https://doi.org/10.1130/G23006A.1

Maas, A., Waloszek, D. & Müller, K.J. 2003: Morphology, on-
togeny and phylogeny of the Phosphatocopina (Crustacea) 
from the Upper Cambrian ‘Orsten’ of Sweden. Fossils and 
Strata 49, 1–238.



120     ·     Bulletin of the Geological Society of Denmark

Peel, J.S. & Skovsted, C.B. 2021: Lower Cambrian (Series 2) 
small shelly fossils from along Nares Strait (Nunavut and 
Greenland; Laurentia). Canadian Journal of Earth Science 
58, 495–504. https://doi.org/10.1139/cjes-2020-0167

Peel, J.S., Stein, M. & Kristensen, R.M. 2013: Life cycle and 
morphology of a Cambrian stem-lineage loriciferan. PloS 
ONE 8(8), e73583, 1–20. https://doi.org/10.1371/journal.
pone.0073583 

Peel, J.S., Streng, M., Geyer, G., Kouchinsky, A. & Skovsted, 
C.B. 2016: Ovatoryctocara granulata assemblage (Cambrian 
Series 2–Series 3 boundary) of Løndal, North Greenland. 
Australasian Palaeontological Memoirs 49, 241–282. 

Peel, J.S & Willman, S. 2022: Cavity-dwelling micro-organisms 
from the Ediacaran and Cambrian of North Greenland 
(Laurentia). Journal of Paleontology 96, 243–255. https://doi.
org/10.1017/jpa.2021.96

Porter, S.M. 2004: Halkieriids in Middle Cambrian phosphatic 
limestones from Australia. Journal of Paleontology 78, 
574–590. https://doi.org/10.1666/0022-3360(2004)078<0574:hi
mcpl>2.0.co;2

Qian, Y. 1977: Hyolitha and some problematica from the lower 
Cambrian Meischucunian Stage in central and southwestern 
China. Acta Palaeontologica Sinica 16, 255–275. 

Radtke, G., & Golubic, S. 2005: Microborings in mollusk shells, 
Bay of Safaga, Egypt: Morphometry and ichnology. Facies 
51,125–141. https://doi.org/10.1007/s10347-005-0016-02

Raymond, P.E. 1935: Leanchoilia and other mid-Cambrian Ar-
thropoda. Bulletin of the Museum of Comparative Zoology, 
Harvard University 76, 205–230.

Robison, R.A. 1984: Cambrian Agnostida of North America 
and Greenland; part 1, Ptychagnostidae. Paleontological 
Contributions of the University of Kansas, Paper 109, 59 pp. 

Robison, R.A. 1994: Agnostoid trilobites from the Henson 
Gletscher and Kap Stanton formations (Middle Cambrian), 
North Greenland. Bulletin Grønlands Geologiske Under-
søgelse 169, 25–77. https://doi.org/10.34194/bullggu.v169.6726

Rozanov, A.Yu. & Missarzhevsky, V.V. 1966: Biostratigrafiya 
i fauna nizhnikh gorizontov kembriya. Akademiya Nauk 
SSSR, Trudy Geologicheskaya Instituta 148, 125 pp.

Runnegar, B. 1985: Shell microstructures of Cambrian molluscs 
replicated by phosphate. Alcheringa 9, 245–257. https://doi.
org/10.1080/03115518508618971

Runnegar, B. & Jell, P.A. 1976: Australian Middle Cambrian mol-
luscs and their bearing on early molluscan evolution. Alche-
ringa 1, 109–138. https://doi.org/10.1080/03115517608619064

Sambon, L.W. 1910: Untitled text appended to Vaney, M.C., 
& Sambon, L.W., Preliminary notes on three new species 
of tongue worms (Linguatulidae), in the collection of the 
“Museum d’Histoire Naturelle,” Paris. Transactions of the 
Royal Society of Tropical Medicine and Hygiene 3, 134–154. 
https://doi.org/10.1016/s0035-9203(10)90092-8

Schmidt, H. 1992: Mikrobohrspuren ausgewählter Faziesbere-
iche der tethyalen und germanischen Trias (Beschreibung, 
Vergleich und bathymetrische Interpretation). Frankfurter 
Geowissenschaft A 12, 1–228.

Parkhaev, P.Yu. 2017: On the position of Cambrian Archaeobran-
chians in the system of the class Gastropoda. Paleontological 
Journal 51, 453–463. https://doi.org/10.1134/s0031030117050070 

Peel, J.S. 1991a: Functional morphology of the Class Helcionel-
loida nov., and the early evolution of the Mollusca, 157–177. 
In: Simonetta, A.M. & Conway Morris, S. (eds): The early 
evolution of Metazoa and the significance of problematic 
taxa. Cambridge University Press. https://doi.org/10.1093/
sysbio/42.1.106

Peel, J.S. 1991b: The Classes Tergomya and Helcionelloida, and 
early molluscan evolution. Bulletin Grønlands Geologiske 
Undersøgelse 161, 11–65.

 Peel, J.S. 2010a: A corset-like fossil from the Cambrian Sirius 
Passet Lagerstätte of North Greenland and its implications for 
cycloneuralian evolution. Journal of Paleontology 84, 332–340. 
https://doi.org/10.1666/09-102R.1

Peel, J.S. 2010b: Articulated hyoliths and other fossils from the 
Sirius Passet Lagerstätte (early Cambrian) of North Greenland. 
Bulletin of Geosciences 85, 385–394. https://doi.org /10.3140/
bull.geosci.1207

Peel, J. S. 2015: Bromalites from the Cambrian (Series 2 and 3) of 
North Greenland. GFF 137, 181–194. http://dx.doi.org/10.1080
/11035897.2014.995217

Peel, J.S. 2017: Feeding behaviour of a new worm (Priapulida) 
from the Sirius Passet Lagerstätte (Cambrian series 2, Stage 
3) of North Greenland (Laurentia). Palaeontology 60, 795–805. 
http://dx.doi.org/10.1111/pala.12316

Peel, J.S. 2021a: Ontogeny, morphology and pedicle attachment of 
stenothecoids from the middle Cambrian of North Greenland 
(Laurentia). Bulletin of Geosciences 96, 381–399. https://doi.
org/10.3140/bull.geosci.1839

Peel, J.S. 2021b: In-place operculum demonstrates that the 
middle Cambrian Protowenella is a hyolith and not a mol-
lusc. Alcheringa 45, 385–394. https://doi.org/10.1080/031155
18.2021.2004225

Peel, J.S. 2022a: A priapulid larva from the middle Cambrian 
(Wuliuan Stage) of North Greenland (Laurentia). Bulletin 
of Geosciences 97, 445–452. https://doi.org//10.3140/bull.
geosci.1865

Peel, J.S. 2022b: The oldest tongue worm: a stem-group pentasto-
mid arthropod from the middle Cambrian (Wuliuan Stage) of 
North Greenland (Laurentia). GFF 144, 97–105. https://doi.org
//10.1080/11035897.2022.2064543

Peel, J.S. & Ineson, J.R. 2011: The Sirius Passet Lagerstätte (early 
Cambrian) of North Greenland. Palaeontographica Canadiana 
31, 109–118. https://doi.org/10.3140/bull.geosci.1269

Peel, J.S. & Kouchinsky, A. 2022: Middle Cambrian (Miaolingian 
Series, Wuliuan Stage) molluscs and mollusc-like microfossils 
from North Greenland (Laurentia). Bulletin of the Geologi-
cal Society of Denmark 70, 69–104. https://doi.org/10.37570/
bgsd-2022-70-06

Peel, J.S. & Larsen, N.H. 1984: Hadimopanella apicata from the 
Lower Cambrian of western North Greenland. Rapport 
Grønlands Geologiske Undersøgelse 121, 89–96. https://doi.
org/10.34194/rapggu.v121.7875



·   121Lagerstätte from the middle Cambrian of North Greenland

Greenland. Rapport Grønlands Geologiske Undersøgelse 
132, 79–88. https://doi.org/10.34194/rapggu.v132.7969

Val’kov, A.K. 1983: Rasprostranenie drevnejshikh skeletnykh 
organizmov i korrelyatsiya nizhnej granitsy kembriya v 
yugo-vostochnoj chasti Sibirskoj platformy [Distribution of 
the oldest skeletal organisms and correlation of the lower 
boundary of the Cambrian in the southeastern part of the 
Siberian Platform], 37–48, In: Khomentovsky, V.V., Yakshin, 
M.S. & Karlova, G.A. (eds): Pozdnij dokembrij i rannij paleo-
zoj Sibiri, Vendskie otlozheniya. Institut Geologii i Geofiziki 
SO AN SSSR, Novosibirsk.

Vendrasco, M.J., Porter, S.M., Kouchinsky, A., Li, G. & Fer-
nandez, C.Z. 2010: New data on molluscs and their shell 
microstructures from the Middle Cambrian Gowers For-
mation, Australia. Palaeontology 53, 97–135. https://doi.
org/10.1111/j.1475-4983.2009.00922.x 

Vendrasco, M.J., Kouchinsky, A.V., Porter, S.M. & Fernandez, 
C.Z. 2011: Phylogeny and escalation in Mellopegma and other 
Cambrian molluscs. Palaeontologia Electronica 14, 2, 11A, 
palaeo-electronica.org/2011_2/221/index.html

Volkova, N.A. 1968: Akritarkhi dokembrijskikh i nizhne-kem-
brijskikh otlozhenij Estonii (Acritarchs from the Precam-
brian and Cambrian deposits of Estonia), 8–36. In: Volkova 
N.A., Zhuravleva Z.A., Zabrodin V.E. & Klinger B.Sh. (eds): 
Problematiki pogranichnykh sloev rifeja i kembrija Russkoj 
platformy, Urala i Kazakhstana. (Problematics of Riphean 
and Cambrian layers of the Russian Platform, Urals and 
Kazakhstan). Moscow, Nauka. (in Russian).

Walcott, C.D. 1912: Cambrian geology and paleontology II. No. 
6. Middle Cambrian Branchiopoda, Malacostraca,Trilobita, 
and Merostomata. Smithsonian Miscellaneous Collections 
57, 145–229. https://doi.org/10.1017/s0016756800115006

Wallet, E., Slater, B. & Willman, S. in press: The palaeobiological 
significance of clustering in acritarchs: a case study from the 
early Cambrian of North Greenland. Palaeontology

Walossek, D. 1993: The Upper Cambrian Rehbachiella kin-
nekullensis and the phylogeny of Branchiopoda and 
Crustacea. Fossils and Strata 32, 1–202. https://doi.
org/10.1111/j.1502-3931.1993.tb01537.x

Walossek, D. & Müller, K.J. 1994: Pentastomid parasites from 
the Lower Palaeozoic of Sweden. Transactions of the Royal 
Society of Edinburgh, Earth Sciences 85, 1–37. https://doi.
org/10.1017/s0263593300006295

Waloszek, D., Repetski, J.E. & Maas, A. 2006: A new Late Cam-
brian pentastomid and a review of the relationships of this 
parasitic group. Transactions of the Royal Society of Edin-
burgh, Earth Sciences 96, 163–176. https://doi.org/10.1017/
s0263593300001280

Walossek, D., Repetski, J.E. & Müller, K.J. 1994: An exceptionally 
preserved parasitic arthropod, Heymonsicambria taylori n. sp. 
(Arthropoda incertae sedis: Pentastomida), from Cambrian-
Ordovician boundary beds of Newfoundland, Canada. 
Canadian Journal of Earth Science 31, 1664–1671. https://
doi.org/10.1139/e94-149

Webster, Henry E. 1884: Annelida from Bermuda collected 

Schmidt-Rhaesa, A. 2013: Priapulida, 147–180. In: Schmidt-
Rhaesa, A. (ed.) Handbook of Zoology, Volume 1: Nemato-
morpha, Priapulida, Kinorhyncha, Loricifera. De Gruyter, 
Berlin. https//doi.org/10.1515/9783110272536.147

Schmidt-Rhaesa, A. & Freese, M. 2019: Microscopic priapulid 
larvae from Antarctica. Zoologischer Anzeiger 282, 3–9. 
https//doi.org/10.1016/j.jcz.2019.06.001

Schram, F.R. & Koenemann, S. 2021: Bradoriida and Phospha-
tocopida, 63–78. In: Schram, F.R. & Koenemann, S. (eds) 
Evolution and Phylogeny of Pancrustacea. Oxford University 
Press. https//doi.org/10.1093/oso/9780195365764.003.0005

Seilacher, A. 1970: Begriff und Bedeutung der Fossil-Lager-
stätten (Concept and meaning of fossil lagerstätten): Neues 
Jahrbuch für Geologie und Paläontologie, Abhandlungen 
1970, 34–39. https://doi.org/10.1127/njgpa/172/1986/141

Shu D. 1990a: Cambrian and Lower Ordovician Bradoriida from 
Zhejiang, Hunan and Shaanxi Provinces, Northwest Uni-
versity Press, Xian, 95 pp. (Chinese with English summary). 

Shu D. 1990b: Cambrian and Early Ordovician “Ostracoda” 
(Bradoriiida) in China. Courier Forschungsinstitut Senck-
enberg 123, 315–330.

Siebold, C.T., von 1848: Lehrbuch der vergleichenden Anato-
mie der wirbellosen Thiere. Erster Theil, 1–679. In: Siebold, 
C.T. von & Stannius, H. (eds): 1846–1848 Lehrbuch der ver-
gleichenden Anatomie. Veit & Comp., Berlin. https://doi.
org/10.5962/bhl.title.10707

Siebold, C.T.E., von 1849: Beiträge zur Fauna Preussens. Neue 
Preussische Provinzialblätter 7, 177–203.

Slater, B.J., Harvey, T.H.P., Guilbaud, R. & Butterfield, N.J. 2017: A 
cryptic record of Burgess Shale-type diversity from the early 
Cambrian of Baltica. Palaeontology 60, 117–140. https//doi.
org/10.1111/pala.12273

Smith, M.R. 2014: Ontogeny, morphology and taxonomy of the 
soft-bodied Cambrian ‘mollusc’ Wiwaxia. Palaeontology 57, 
215–229. https://doi.org/10.1111/pala.12063

Stockfors, M. & Peel, J.S. 2005: Endolithic Cyanobacteria from 
the Middle Cambrian of North Greenland. GFF 127, 179–185. 
https://doi.org/10.1080/11035890501273179

Streng, M., Ebbestad, J.O.R. & Berg-Madsen, V. 2017: Cambrian 
palaeoscolecids (Cycloneuralia) of southern Scandinavia. 
Papers in Palaeontology 3, 21–48. https://doi.org/10.1002/
spp2.1067

Sundberg, F.A., Geyer, G., Kruse, P.D., McCollum, L.B., Pegel, 
T.V., Żylińska, A. & Zhuravlev, A.Yu. 2016: International 
correlation of the Cambrian Series 2-3, Stages 4-5 boundary 
interval. Australasian Palaeontological Memoirs 49, 83–124. 

Sundberg, F.A. & Webster, M. & Geyer, G. 2022: Biostratigraphi-
cal significance of a new trilobite fauna from the Harkless 
Formation (upper Stage 4, Cambrian), Nevada, USA. Lethaia 
55, 1–12. https://doi.org/10.18261/let.55.3.8 

Turner, S. 1991: Monophyly and interrelationships of the The-
lodonti, 87–119 In: Chang M.M., Liu, Y.-H. & Zhang G. -R. 
(eds): Early vertebrates and related problems of evolutionary 
biology. Science Press, Beijing.

Turner, S. & Peel, J.S. 1986: Silurian thelodont scales from North 



122     ·     Bulletin of the Geological Society of Denmark

Zhang, H.-Q. 2022: The evolutionary relationships of the earliest 
known cycloneuralians and a new record from Cambrian 
Fortunian of South China. Palaeoworld 31, 389–401. https://
doi.org/10.1016/j.palwor.2021.09.003

Zhang, X.-G. 1987: Moult stages and dimorphism of Early Cam-
brian bradoriids from Xichuan, Henan, China. Alcheringa 
11, 1–19. https://doi.org/10.1080/03115518708618976

Zhang, X. & Pratt, B.R. 2012: The first stalk-eyed phospha-
tocopine crustacean from the Lower Cambrian of China. 
Current Biology 22, 2149–2154 https://dx.doi.org/10.1016/j.
cub.2012.09.027

Zhang, Y. & Golubic, S. 1987: Endolithic microfossils (Cy-
anophyta) from early Proterozoic stromatolites, Hebei, 
China. Acta Micropalaeontologica Sinica 4, 1–12.

Zhang, Z., Smith, M.R. & Shu, D. 2015: New reconstruction of 
the Wiwaxia scleritome, with data from Chengjiang juveniles. 
Scientific Reports 5, 14810, 1–9. https://doi.org/10.1038/
srep14810

Zhao, J. 1989: Cladistics and classification of Cambrian bra-
doriids from North China. Acta Palaeontologica Sinica 28, 
463–473.

by G. Brown Goode. Bulletin of the United States National 
Museum 25, 305–327.

Wennberg, S.A., Janssen, R. & Budd, G.E. 2009: Hatching 
and earliest larval stages of the priapulid worm Priapulus 
caudatus. Invertebrate Biology 128, 157–171. https://doi.
org/10.1111/j.1744-7410.2008.00162.x

Wisshak, M., Seub, B. & Nützel, A. 2008: Evolutionary impli-
cations of an exceptionally preserved Carboniferous mi-
croboring assemblage in the Buckhorn Asphalt lagerstätte 
(Oklahoma, USA), 21–54, In: Wisshak, M. & Tapanila, L. (eds): 
Current Developments in Bioerosion. Springer. https://doi.
org/10.1007/978-3-540-77598-0_2

Wotte, T. 2006: New Middle Cambrian molluscs from the Lán-
cara Formation of the Cantabrian Mountains (northwestern 
Spain). Revista Española de Paleontología 21, 145–158. 
https://doi.org/10.7203/sjp.21.2.20487 

Wrona, R. 2009: Early Cambrian bradoriide and phosphato-
copide arthropods from King George Island, West Antarc-
tica: Biogeographic implications. Polish Polar Research 30, 
347–377. https:77doi.org/10.4202/ppres.2009.19

Yang, Y., Zhao, Y. & Zhang, X. 2016: Fossil priapulid Ottoia 
from the Kaili biota (Cambrian Series 3) of South China. 
Journal of Systematic Palaeontology 14, 527–543. https://
doi.org1080/14772019.2015.1077900


