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The middle Marjum Formation is one of five Miaolingian Burgess Shale-type deposits in Utah, USA. It preserves a 
diverse non-biomineralized fossil assemblage, which is dominated by panarthropods and sponges. Infaunal components 
are particularly rare, and are best exemplified by the poorly diverse scalidophoran fauna and the uncertain presence 
of palaeoscolecids amongst it. To date, only a single Marjum Formation fossil has been tentatively assigned to the 
palaeoscolecid taxon Scathascolex minor. This specimen and two recently collected worm fragments were analysed in 
this study using scanning electron microscopy and energy dispersive X-ray spectrometry. The previous occurrence of 
a Marjum Formation palaeoscolecid is refuted based on the absence of sclerites in the specimen, which we tentatively 
assign to an unidentified species of Ottoia. The two new fossils, however, are identified as a new palaeoscolecid taxon, 
Arrakiscolex aasei gen. et sp. nov., characterized by the presence of hundreds of size-constrained (20–30 µm), smooth-
rimmed, discoid plates on each annulus. This is the first indisputable evidence for the presence of palaeoscolecids in the 
Marjum biota, and a rare occurrence of the group in the Cambrian of Laurentia. Palaeoscolecids are now known from 
nine Cambrian Stage 3–Guzhangian localities in Laurentia, but they typically represent rare components of the biotas.
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Introduction
The Marjum Formation (Drumian Stage, Miaolingian; ca. 
504.5–500.5 Ma) of western Utah preserves one of the most 
diverse assemblages of Cambrian soft-bodied fossils in 
Laurentia (Robison et al. 2015; Pates et al. 2021). It is one of 
five Miaolingian Burgess Shale-type Lagerstätten in Utah, 
and one of three located in the House Range (Robison et al. 
2015; Foster and Gaines 2016; Lerosey-Aubril et al. 2018, 
2020; Kimmig 2021). Its fauna comprises close to a hundred 

species, among which roughly 45% are non-biomineralizing 
taxa. These “soft-bodied” components belong to a variety 
of groups, including annelids, cnidarians, cyanobacteria, 
deuterostomes, scalidophorans, and sponges (Robison et al. 
2015). Worms are particularly rare and essentially repre-
sented by species of the scalidophoran genera Ottoia and 
Selkirkia (Conway Morris and Robison 1986). Another 
taxon, the palaeoscolecid Scathascolex minor, was tenta-
tively regarded as present in the Marjum Formation (Smith 
2015) based on the reinterpretation of a fossil originally 
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assigned to Ottoia prolifica (Conway Morris and Robison 
1986). However, this assumption has yet to be confirmed by 
detailed examination of the specimen. To date, this remains 
the only claim for the presence of palaeoscolecids in the 
Marjum Formation, while these organisms are known from 
many other Cambrian Burgess Shale-type faunas.

With more than 60 species and 45 genera described, 
the class Palaeoscolecida is the most diverse group of fos-
sil scalidophorans. Traditionally regarded as part of to-
tal-group Priapulida, the class may not represent a clade, 
and no consensus has been reached as to how it should be 
defined (Harvey et al. 2010; Smith 2015). Morphologically, 
palaeoscolecids are scalidophorans with an elongate, par-
allel-sided, annulated body bearing phosphatic plates and 
a straight alimentary canal (Smith 2015). Taphonomically, 
palaeoscolecids are preserved as macroscopic carbonaceous 
compressions, though their presence has been additionally 
surmised from recovery of isolated plates and scleritome 
fragments. In most forms, considered palaeoscolecids sensu 
stricto by Harvey et al. (2010), numerous, micrometric 
plates form a scleritome that essentially covers the whole 
body, except the introvert. These sclerites often vary in 
size, morphology, and arrangement, which allows the dis-
crimination of two or more types (“plates”, ”platelets”, and 
”microplates”, see Topper et al. 2010; García-Bellido et al. 
2013; and Whitaker et al. 2020, for different definitions 
of those terms). Conversely, a handful of Cambrian taxa 
referred to as “palaeoscolecids” share with palaeoscolecids 
sensu stricto an elongate body bearing plates, but differ by 
characters pertaining to those plates: their limited number, 
their unusually large sizes, and, in some taxa, their non- 
phosphatic composition (Harvey et al. 2010). This is well- 
exemplified by Cricocosmia, in which each annulus bears 
a single pair of large, non-biomineralized plates (Han et al. 
2007a; Steiner et al. 2012; Vannier and Martin 2017).

Spanning from Cambrian Stage 3 to Silurian strata, 
palaeo scolecids were globally distributed, with occurrences 
of compressed representatives reported from: (i) Avalonia 
(Whittard 1953; Conway Morris 1997; Botting et al. 2012); 
(ii) eastern (Glaessner 1979; García-Bellido et al. 2013) and 
western Gondwana (Conway Morris and Robison 1986; 
Kraft and Mergl 1989; García-Bellido et al. 2013; Gutiérrez-
Marco and García-Bellido 2015; Martin et al. 2016; Kouraiss 
et al. 2018); (iii) Laurentia (Robison 1969; Conway Morris 
and Robison 1986; Butterfield 1994; LoDuca et al. 1997; 
Balthasar 2004; Johnston et al. 2009; Conway Morris and 
Peel 2010; Smith 2015; Lerosey-Aubril et al. 2018; Wendruff 
et al. 2020; Whitaker et al. 2020); (iv) Baltica (Streng et al. 
2017); (v) South China (e.g., Sun and Hou 1987; Hou and Sun 
1988; Lin 1995; Luo et al. 1999; Han et al. 2003a, b, 2007a, b; 
Hu et al. 2008, 2012; Wang et al. 2014; Muir et al. 2014; Liu et 
al. 2016, 2018; Peng et al. 2016, 2020; Yang and Zhang 2016a, 
b; Zhu et al. 2016; Yang et al. 2018); and (vi) Siberia (Barskov 
and Zhuravlev 1988; Ivantsov and Wrona 2004; Ivantsov and 
Zhuralev 2005). From these occurrences, about 30 genera 
have thus far been described. Microscopic fragments of sec-

ondarily phosphatized cuticle and associated scleritome are 
known from Cambrian Stage 3 to Paibian Orsten-type de-
posits of eastern Gondwana (Brock and Cooper 1993; Müller 
and Hinz-Schallreuter 1993; Harvey et al. 2010; Topper et 
al. 2010), Siberia (Ivantsov and Wrona 2004), and South 
China (Zhang and Pratt 1996; Harvey et al. 2010; Duan et 
al. 2012; Duan and Dong 2013; Liu et al. 2018). Though 
inherently more limited, these microfossils have allowed 
for the description of 15 additional palaeoscolecid genera. 
Importantly, none of the genera described from compres-
sion macrofossils are known from Orsten-type scleritome 
fragments, and vice versa. Palaeoscolecid isolated plates are 
also common components of Cambrian Stage 2 to Silurian 
small shelly faunas worldwide (Topper et al. 2010), where 
they have been assigned to several distinct genera including: 
Hadimopanella, Kaimenella, Milaculum, and Utahphospha 
(e.g., Müller 1973; Müller and Miller 1976; Gedik 1977; Mül-
ler and Hinz-Schallreuter 1993). These generic names have 
also been assigned to gross plate morphotypes in both com-
pression and Orsten-type fossils (e.g., Hadimopanella-type 
plate). Plates have also been preserved as carbonaceous mi-
crofossils (Butterfield and Harvey 2012; Slater et al. 2017).

In this contribution, we describe Arrakiscolex aasei gen. 
et sp. nov., a new palaeoscolecid worm from the Marjum For-
mation, and re-assess Smith’s (2015) suggestion of the pres-
ence of palaeoscolecid Scathascolex minor in these deposits. 
Further, we also discuss the possible reasons and conse-
quences of the variability in palaeoscolecid biodiversity and 
abundance between Cambrian Lagerstätten in Laurentia.

Institutional abbreviations.—KUMIP, Division of Inverte-
brate Paleontology, Biodiversity Institute, University of Kan-
sas, Lawrence, Kansas, USA.

Nomenclatural acts.—This published work and the nomen-
clatural acts it contains have been registered in ZooBank: 
urn:lsid:zoobank.org:pub:AC0E9094-6BDC-4BC1-B45A-
3EF8A88AAA35.

Material and methods
The Miaolingian (Drumian–Guzhangian) Marjum Forma-
tion outcrops in the House Range of western Utah, within 
the Great Basin of the western United States (Fig. 1A, B). 
It represents a 430-meter-thick succession of thin-bedded 
limestone inter-bedded with shale/mudstone (Foster and 
Gaines 2016; Fig. 1B), occupying the upper Ptychagnostus 
atavus Zone through the lower Lejopyge laevigata Zone 
(Robison and Babcock 2011). Exceptional preservation in 
the Marjum Formation is restricted to an interval extending 
from 60 to 200 m from its base, possibly up to 300 m, that 
corresponds to the lower P. punctuosus Zone (Pates et al. 
2021). The Marjum Formation is conformably underlain by 
the Wuliuan–Drumian Wheeler Formation and overlain by 
the Guzhangian Weeks Formation. The three units form a 
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continuous depositional sequence that filled a local asym-
metric basin, the House Range Embayment (Rees 1986). 
The Wheeler Formation is regionally extensive, found 
throughout the House Range and into the neighbouring 
Drum Mountains. Comparatively, the Marjum Formation 
is restricted to the House Range, thinning northward, and 
the Weeks Formation outcrops only in the southern part of 
the House Range (Foster and Gaines 2016). The Marjum 
Formation correlates to the Pierson Cove Formation in 
the Drum Mountains, Wah Wah Mountains, Fish Springs 
Range, and Dugway Range; the upper Limestone of the 
Cricket Mountains; and the upper Abercrombie Formation 
and Young Peak Dolomite in the Deep Creek Range (Foster 

and Gaines 2016). The Marjum Formation was deposi-
ted on a gently sloping ramp connecting the high-energy, 
shallow-water carbonate platform to the quiet, deep-water 
House Range Embayment (Foster and Gaines 2016), and ac-
cordingly records important spatial and temporal variations 
in depositional settings.

The material considered in this study comprises three 
specimens, reposited at the University of Kansas, Bio diver-
sity Institute, Division of Invertebrate Paleontology collec-
tions (KUMIP 204770, 314100, 314101). KUMIP 204770 was 
collected by Thomas T. Johnson at the Sponge Gully locality 
(“Sponge Gulch”, locality 347 of Robison and Babcock 2011; 
Fig. 1A2), about 5 km NE of Marjum Pass. This site has 

Fig. 1. Geographic and geologic setting of the Marjum Formation. A. Map of western 
United States showing the locations of the main Cambrian Konservat-Lagerstätten 
(circles) of the Great Basin (light grey area), including the Marjum Formation in the 
House Range (asterisk) of western Utah. B. Simplified geological map of the central 
House Range, showing the geographic distribution of the Marjum Formation and the 
localities mentioned in the text. C. Stratigraphic column of the Marjum Formation (mj) 
at the Wheeler Amphitheater (wh) (adapted from Smith 2007). Data relating to the 
spatial distributions of Cambrian strata are derived from Hintze (1980). Abbreviations: 
c, cover; s, slope; l, ledge; c-f, cliff-forming. 
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yielded agnostoids and other trilobites (Robison and Babcock 
2011), along with a diverse soft-bodied panarthropod assem-
blage (Richard Robison, personal communication 2019) that 
includes Branchiocaris pretiosa, Leanchoilia? cf. L. prota-
gonia, Meristosoma sp., Naraoia compacta, Netta pezoura 
basilikos, Perspicaris? ellipsopelta, Tuzoia guntheri, and 
possibly Dicranocaris guntherorum (Robison 1984; Briggs 
and Robison 1984; Briggs et al. 2008; Pates et al. 2018, 2021). 
These taxa co-occur at this locality with a rich poriferan fauna 
composed of Choia carteri, Choia utahen sis, Diagoniella 
hindei, Diagnoniella sp., Leptomitella metta, Protospongia? 
elongata, Testiispongia venula, and Valo spongia gigantis 
(Rigby 1983; Richard Robison, personal communication 
2019). The holotype and sole Marjum Formation specimen 
of Selkirkia willoughbyi was also recovered from the Sponge 
Gully locality (Conway Morris and Robison 1986). The main 
excavation pits that used to form the Sponge Gully locality 
were filled by the Bureau of Land Management.

The two other KUMIP specimens, KUMIP 314100 and 
314101, were collected by Arvid Aase at a locality hereby 
called the Grey Marjum, a couple hundred meters north 
of the Red Wash locality near the entrance of the Wheeler 
Amphitheatre (Fig. 1A2). This relatively recent excavation 
site is less well-known. It seems to expose the same strata 
as those of the Red Wash, with the differences in rock co-
louration between the two sites likely resulting from distinct 
weathering histories (Robert Gaines and Jacob Skabelund, 
personal communication 2019). The soft-bodied fauna re-
covered here includes panarthropods (e.g., Naraoia com-
pacta, a possible leanchoiliid), sponges (Crumillospongia? 
sp.; Diagoniella? sp.), a hemichordate (Tarnagraptus sp.), 
and the possible vetulicolan Skeemella clavula (Kimmig et 
al. 2020).

The specimens were photographed under non-polarized 
light when immersed in dilute ethanol using a GIGAmacro 
Magnify2 robotic imaging system. High-resolution com-
posite images of the whole specimens were created by 
stitching together z-stacked photographs of their parts using 
GIGAmacro Flow. Affinity Photo was used for basic pho-
tomanipulation (colour, contrast, and brightness) of those 
composite images.

The specimens were examined using scanning electron 
microscopy (SEM) with integrated energy dispersive X-ray 
spectrometry (EDS). SEM-EDS analyses were conducted us-
ing a Zeiss Sigma 500 VP variable pressure SEM with dual, 
co-planar Bruker XFlash EDS detectors (30 mm2), located 
at the X-ray Microanalysis Core Facility at the University 
of Missouri. Using the Fibics Incorporated ATLAS inter-
face, large-area secondary and backscattered electron mo-
saics were conducted for all three specimens, two of which 
(KUMIP 204770 and 314100) included both part and counter-
part imaging. Secondary electron images (topography) were 
collected using a low-vacuum-specific cascade current de-
tector (C2D), and backscattered images (composition) using 
a high-definition 5-segment backscatter detector (HDBSE). 
All imaging analyses were conducted with the following 

operating conditions: 14 mm ± 1 mm working distance (mi-
nor differences to allow for variation in sample thickness or 
topography) for basic imaging and EDS, 16.5 mm minimum 
working distance for ATLAS mosaic imaging, 20 keV beam 
accelerating voltage, 40 nA beam current, 20 Pa chamber 
pressure (low vacuum), 60 µm aperture for imaging, and 120 
µm aperture for EDS analysis. EDS analyses were conducted 
with both detectors active (in tandem), aiding in the removal 
of topographic artefacts and improving X-ray count rate (> 
150 kilocounts per second, combined, on average).

The terminology used in this contribution follows 
Whitaker et al. (2020), including the use of the term “plates”, 
instead of “sclerites” (see also Smith 2015).

Systematic palaeontology
Unranked Scalidophora Lemburg, 1995
Phylum uncertain
Class uncertain
Family Ottoiidae Walcott, 1911
Genus Ottoia Walcott, 1911
Type species: Ottoia prolifica Walcott, 1911; Burgess Shale Formation, 
Wulian, Cambrian, British Columbia, Canada.

Ottoia? sp.
Figs. 2, 3.
1986 Ottoia prolifica (Walcott, 1911); Conway Morris and Robison 

1986: figs. 1, 2.
1991 Ottoia prolifica (Walcott, 1911); Robison 1991: fig. 6.2.
2015 Scathascolex minor gen. et sp. nov.; Smith 2015: 974.
2016 Ottoia prolifica; Foster and Gaines 2016: 311, fig. 20A.
2017 Ottoia prolifica; Broce and Schiffbauer 2017: 602, fig. 1A–C.

Material.—KUMIP 204770 (part and counterpart) from the 
Sponge Gully locality, Utah, USA (Fig. 1B2). Middle part 
(Ptychagnostus punctuosus Agnostoid Zone) of the Dru-
mian Marjum Formation.
Description.—KUMIP 204770 measures 4.92 mm in max-
imum width and 48 mm in length, when uncoiled and rep-
resents a complete individual (Fig. 2). It displays anteriorly 
a partially everted proboscis (eversion stage 3 of Conway 
Morris 1977; Fig. 2A1, A2, A6), which is approx. 1.87 mm 
long and widest distally (approx. 1.28 mm); there is no clear 
evidence for the preservation of teeth on this organ, how-
ever, there are several observable introvert hooks present 
(Fig. 2A2, A6). The trunk is almost parallel-sided, except in 
its posterior fifth where it progressively tapers posteriorly. 
About 110 well-delimitated, densely distributed (approx. 
5 annuli per mm), thin trunk annuli are visible (Fig. 2A4). 
The presence of caudal hooks cannot be confidently es-
tablished, but two rather large structures resembling the 
“conical projections” of Harvey et al. (2010: fig. 2E–G) 
are interpreted as the basal parts of a single pair of strong 
hooks (Fig. 2A3). A non-everted part of the proboscis, about 



LEIBACH ET AL.—CAMBRIAN PALAEOSCOLECID FROM UTAH 667

Fig. 2. Ottoid scalidophoran Ottoia? sp. (KUMIP 204770) from the Drumian, Cambrian Marjum Formation in the House Range of Utah, USA (Sponge 
Gully locality). A1, general view showing body orientation and location of close-ups; A2, detailed view of anterior region, showing the partially everted 
introvert and digestive tract; A3, detailed view of posterior region, showing location of possible bases of caudal hooks; A4, SEM micrograph showing trunk 
annulation, arrowheads point to fossil margins; A5, SEM micrograph of anterior region, showing introvert and a few introvert hooks, arrowheads point to 
fossil margins; A6, SEM micrograph of introvert hooks. 
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as long as the everted part, is visible in the anterior trunk 
region (Fig. 2A2). It is continued posteriorly by a short por-
tion of a slightly wider and not as well-delimitated intes-
tine, represented by a darker coloured, carbon-rich region. 
No plates, phosphatic or otherwise, were observed, despite 
careful examination of the surface of the trunk using SEM/
EDS (Fig. 3). EDS analysis reveals that the fossil is predom-
inantly composed of C, O, Fe, and Mg.
Remarks.—This specimen was originally assigned to the 
scalidophoran Ottoia prolifica by Conway Morris and Robi-
son (1986), which purportedly extended the geographic and 
biostratigraphic distributions of this Wuliuan Burgess Shale 
species to the Drumian strata of Utah. More recently, Smith 
et al. (2015) questioned this Marjum Formation occurrence 
of Ottoia prolifica on the grounds that it lacked a detailed 
description. Later that year, Smith (2015: 974) tentatively 
reassigned KUMIP 204770 to the new palaeoscolecid taxon, 
Scathascolex minor Smith, 2015, but provided no support 
for this claim.

Palaeoscolecid affinities for KUMIP 204770 might be 
argued based on the presence of a subparallel-sided trunk, 
a feature exhibited by all members of the group, but not 
exclusive to it. The possible remains of a single pair of 
large caudal hooks would also be more compatible with an 

assignment to Palaeoscolecida than Ottoia (Harvey et al. 
2010), the latter taxon possessing eight smaller caudal hooks 
(Conway Morris 1977). However, our SEM-EDS investiga-
tions demonstrate the complete absence of plates covering 
the trunk in this specimen, which strongly argues against 
a close relationship with S. minor or any member of the 
Palaeoscolecida. Moreover, S. minor has four, not two, cau-
dal hooks and a significantly more elongate body (approx. 
16 times longer than wide) than KUMIP 204770 (approx. 
10 times longer than wide), despite being a rather short 
form for a palaeoscolecid. On the other hand, the present 
description of the Marjum specimen does not provide sup-
port for its assignment to Ottoia prolifica either. Emended 
by Smith et al. (2015), the diagnosis of this species now 
solely concerns characters pertaining to the teeth borne by 
the proboscis, whereas KUMIP 204770 preserves no such 
structures. A tentative assignment to the genus Ottoia may 
be proposed based on the observations of many of the char-
acters forming the unique combination differentiating this 
genus: a cylindrical and extensible body with a pronounced 
external symmetry anteriorly, which is divided into an in-
trovert with an extensible anterior end, and a trunk flexible 
in a single direction (U-shaped body) and comprising about 
a hundred annuli (Conway Morris 1977; Smith et al. 2015; 
Yang et al. 2016). Most of the diagnostic characters of Ottoia 

Fig. 3. SEM micrograph and SEM-EDS elemental maps of the posterior region of KUMIP 204770 (Ottoia? sp.), from the Drumian, Cambrian Marjum 
Formation in the House Range of Utah, USA (Sponge Gully locality). A1, SEM micrograph of the analyzed area (posterior trunk region); A2–A6, SEM-EDS 
elemental maps of P, Ca, C, Fe, and Mg, respectively. 
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that cannot be observed, such as those pertaining to the 
proboscis teeth or the internal anatomy (gut, musculature), 
are likely absent due to the insufficient quality of preser-
vation of KUMIP 204770. Additionally, whether a bursa is 
present along with the exact number of caudal hooks remain 
unresolved for KUMIP 204770. The investigated specimen 
only departs from the diagnosis of Ottoia in the absence of 
an expanded and bulbous posterior trunk region (Conway 
Morris 1977; Smith et al. 2015; Yang et al. 2016). However, 
if this morphological trait is generally well-expressed in 
Ottoia prolifica (for an exception, see Conway Morris 1977: 
pl. 2: 3) and Ottoia tricuspida (Smith et al. 2015), it is absent 
in Ottoia guizhouensis (Yang et al. 2016) and may therefore 
be inadequate for the definition of the whole genus Ottoia.

In summary, our investigations do not support a palae-
oscolecid affinity for KUMIP 204770, but we concur with 
Smith et al. (2015) that this specimen cannot be confidently 
assigned to Ottoia prolifica either. Awaiting the study of 
three other specimens of this scalidophoran (Robison et al. 
2015: fig. 52; Broce and Schiffbauer 2017: fig. 1F–H; RLA 
personal observation), we propose to tentatively assign this 
fossil to an undetermined species of Ottoia.

Class Palaeoscolecida Conway Morris and Robison, 
1986 (sensu Smith 2015)
Family uncertain
Genus Arrakiscolex nov.
Zoobank LCID: urn:lsid:zoobank.org:act:04D3C924-950D-4E27-97 
D6-C2F0E3B1D79F
Type species: Arrakiscolex aasei gen. et sp. nov. (by monotypy); see 
below.
Etymology: The name refers to the fictional planet of Arrakis in the 
novel “Dune” by Frank Herbert, which is inhabited by a species of 
armoured worm.

Diagnosis.—As for the monotypic type species.
Remarks.—The assignment of the new genus to the class 
Palaeoscolecida (sensu Smith 2015) is supported by the pres-
ence of a markedly annulated cuticle (Fig. 4) bearing numer-
ous phosphatic plates. Arrakiscolex gen. nov. possesses small 
plates distributed over the surfaces of the preserved cuticle 
fragments, and as such can be regarded as a representative of 
the Palaeoscolecida sensu stricto of Harvey et al. (2010). The 
plate size, abundance, and distribution easily differentiate 
members of this new genus from taxa with few, large plates 
per annulus, such as Cricocosmia Hou and Sun, 1988 and 
Tabelliscolex Han, Zhang, Zhang, and Shu, 2003a. The small 
plates of the new genus are discoid, which excludes close rela-
tionships with a series of derived, mostly Ordovician genera 
characterized by elongate plates, whether these plates are ob-
long (e.g., Milaculum Müller, 1973, Palaeoscolex Whittard, 
1953, Shergoldiscolex Müller and Hinz-Schallreuter, 1993) 
or rectangular (e.g., Loriciscolex Botting, Muir, Van Roy, 
Bates, and Upton, 2012, “Palaeoscolex” tenensis Kraft and 
Mergl, 1989, Plasmuscolex Kraft and Mergl, 1989, Pluo-
scolex Botting, Muir, Van Roy, Bates, and Upton, 2012). 

Overall, the plates of Arrakiscolex gen. nov. are somewhat 
reminiscent to Hadimopanella-type plates, except for the 
presence of a well-differentiated marginal rim and, more 
importantly, their entirely smooth surface. The latter char-
acter alone allows the discrimination of the new genus from 
most of the aforementioned genera and the remaining ones 
composing the class. Indeed, the largest plates of the scler-
itomes of the overwhelming majority of palaeoscolecids bear 
at least one, and usually more, nodes, whether they are gran-
ules (e.g., Bullascolex Botting, Muir, Van Roy, Bates, and 
Upton, 2012, Wudingscolex Hu, Steiner, Zhu, Luo, Forchielli, 
Keupp, Zhao, and Liu, 2012), well-developed tubercles (e.g., 
Palaeoscolex, some Wronascolex Ivantsov and Zhuralev, 
2005; García-Bellido et al. 2013; Conway Morris 1997), or 
even fully formed spines (e.g., some Wronascolex; Ivantsov 
and Wrona 2004). Com pletely smooth discoid plates have 
been previously reported in only two formally described 
palaeoscolecid genera, the Wuliuan Scathascolex Smith, 
2015 and Utahscolex Whitaker, Jamison, Schiffbauer, and 
Kimmig, 2020.

The scleritomes of Arrakiscolex gen. nov. and the Burgess 
Shale Formation Scathascolex (Smith, 2015) are both solely 
composed of homogeneously sized discoid plates (i.e., no 
platelets or microplates). The diameters of those plates are 
comparable in the two taxa (23–28 μm and 24–25 μm in 
the Marjum Formation taxon, 15–25 μm in the Burgess 
Shale Formation taxon), as are their gross morphologies, a 
moderately swollen, essentially smooth central region sur-
rounded by a marginal rim. Yet, the marginal rim is more 
pronounced in the plates of Arrakiscolex gen. nov., which 
also show no indication of the five nodes/depressions some-
times observed on those of Scathascolex; the absence of 
these faint ornamental features is not taphonomic in origin, 
as the plates are excellently preserved in some parts of the 
Marjum Formation specimens (Fig. 5). More importantly, 
the two taxa can be easily distinguished by the radically dif-
ferent distribution patterns of their plates. In Scathascolex, 
each annulus bears two adjacent rows of plates near each 
of its boundaries with neighbouring annuli, and these pairs 
of rows are separated by a wide plate-free central region 
(Smith 2015). This strongly contrasts with the condition ob-
served in Arrakiscolex gen. nov., where the plates are homo-
geneously distributed over most of the annulus, only loosely 
forming “rows” (18–25 per annulus) and with only rare and 
small plate-free areas associated with annulus boundaries.

The Spence Shale Utahscolex resembles Scathascolex in 
possessing homogeneously single-sized plates, which form 
two sets of two rows separated by a plate-free central area on 
each annulus. However, those rows of plates may occasion-
ally bifurcate when approaching one body margin (Whitaker 
et al. 2020), a feature unreported in Scathascolex. As men-
tioned above, this organization remains fundamentally dif-
ferent from that of Arrakiscolex gen. nov. Additionally, the 
new Marjum Formation taxon possesses smaller and mor-
phologically more complex plates compared to Utahscolex, 
in which the plates are approx. 70–80 μm in diameter and 
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Fig. 4. Palaeoscolecid Arrakiscolex aasei gen et sp. nov. from the Drumian, Cambrian Marjum Formation in the House Range of Utah, USA (Grey Marjum 
locality). A. Holotype (KUMIP 314100). A1, general view of counterpart with location of close-up; A2, detailed view of trunk annulation; A3, general 
view of part. B. Paratype (KUMIP 314101), general view, showing trunk annulation and location of SEM micrograph in Fig. 5A1 (dashed line rectangle, 
arrowheads point to the limits of poorly preserved part of the fossil). 
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devoid of marginal rim or any morphological feature. In 
summary, the two Cambrian palaeoscolecids from Utah are 
not only found in stratigraphically different (Wuliuan vs. 
Drumian) deposits roughly 275 km apart, they also possess 
highly distinguishable plates and plate organisation.

Arrakiscolex aasei sp. nov.
Figs. 4–6.
Zoobank LSID: urn:lsid:zoobank.org:act:6B251ADA-C57D-4E34-BA 
E3-F8325F504C91
?2010 Priapulida indet.; Bonino and Kier 2010: pl. 74d.
?2015 Wronascolex sp.; Robison et al. 2015: 88, fig. 54 (right).

?2018 Palaeoscolecida gen. et sp. nov. A; Lerosey-Aubril et al. 2018: 
708, 711, figs. 3d–g, 5e, f, supplemental tables 1, 3.

Etymology: In honour of Arvid Aase, the collector of the type material.
Type material: Holotype, KUMIP 314100, a fragment of cuticle. Para-
type, KUMIP 314101, a fragment of cuticle, from the type locality and 
horizon.
Type locality: The Grey Marjum locality, House Range, Utah, USA.
Type horizon: Middle part (Ptychagnostus punctuosus Zone) of the 
Drumian Marjum Formation.

Material.—The type material and possibly up to fifty, mostly 
incomplete specimens from the Guzhangian (Proagnostus 
bulbus Agnostoid Zone, Cedaria Trilobite Zone) upper 

Fig. 5. Scleritome of the palaeoscolecid Arrakiscolex aasei gen et sp. nov. from the Drumian, Cambrian Marjum Formation in the House Range of Utah, USA 
(Grey Marjum locality). A. SEM micrographs of paratype (KUMIP 314101). A1, dense and homogeneous distribution of the plates on the surfaces of annuli; 
A2, interannular region showing alternation between plate-free areas and plate-covered areas (“columns”; arrowheads). B. SEM micrographs of holotype 
(KUMIP 314100). B1, homogeneous distribution of the plates; B2, single plate, showing the swollen inner region surrounded by a raised marginal rim.
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Weeks Formation of the House Range of Utah, USA (see 
Remarks below).
Diagnosis.—Each annulus homogeneously covered by hun-
dreds of plates (>500 on average). Plates equally sized, ap-
prox. 25 μm in diameter, discoid, and smooth, each com-
posed of a slightly depressed to slightly swollen inner region 
surrounded by a pronounced marginal rim of varying width. 
Platelets and microplates are absent. Interannular bound-
ary is represented by plate-free areas that alternate with 
plate-bearing areas (“columns”) connecting one annulus to 
the other.
Description.—The fossils are fragments preserved as two- 
dimensional compressions, either straight or slightly curved 
(Fig. 4). The holotype (KUMIP 314100) has a width of 3.95 
mm at its widest and a length (uncoiled) of 38.14 mm (Fig. 
4A). The paratype (KUMIP 314101) has a width of 1.98 mm 
at its widest and a length (uncoiled) of 25.12 mm (Fig. 4B). 
In both KUMIP 314100 and KUMIP 314101, there are ap-
prox. 3 annuli per mm (Fig. 4A2, B). The plates are similar 
in discoid morphology and size, ranging from 23–28 μm 
in diameter in KUMIP 314100 and 24–25 μm in diameter 
in KUMIP 314101 (Fig. 5A, B). Their external surface ex-
hibits a smooth inner region, which varies from slightly de-
pressed to slightly swollen compared to the thin raised rim 
surrounding it (Fig. 5B2). The width of this marginal rim 
is not constant both between and within individual plates, 
varying from 1.5–3 μm between different plates in KUMIP 
314100 and 3–6 μm in KUMIP 314101, and 1–3 μm in thick-
ness within plates in both specimens. With regard to their 
arrangement, the plates are evenly distributed, with one 
plate being typically surrounded by six others located, on 
average, at a spacing distance of approx. 13 μm (Fig. 5B1). 
Alignments of plates in any given direction have proven 
particularly challenging to follow, and therefore we use the 
term “rows” in a loose sense to depict gross alignments 
of plates along the transverse axis of the body. In KUMIP 
314100, each annulus comprises 8–14 of such “rows”, which 
are composed of 60–90 plates as measured in the widest 
preserved parts of the scleritome (Fig. 5A1). Counting of all 
plates present on at least three annuli per specimen results 
in a varying plate number per annulus, from 300–860 in 
KUMIP 314100 and 370–630 in KUMIP 314101. Annuli 
boundaries are marked by areas lacking plates. These ar-
eas never form continuous transverse bands but are inter-
rupted by plate-covered zones or “columns” connecting two 
consecutives annuli (Fig. 5A2). It is unclear whether the 
presence of bands of discontinuous plate-free areas is ta-
phonomic. Both the holotype and paratype of Arrakiscolex 
aasei gen. et sp. nov. are relatively poorly preserved, miss-
ing both their anterior and posterior ends as well as gut 
tract. Accordingly, the morphology of the proboscis and the 

presence of caudal spines are unknown in the new taxon. It 
is unlikely, however, that these organisms were transported 
or disturbed much either prior to or after burial, given their 
relatively well-ordered delicate plates.

Plates of the holotype (KUMIP 314100) are preserved as 
Fe, Mg, and P (Fig. 6A), and plates on the paratype (KUMIP 
314101) are preserved as Fe, Mg, P, and Ca (Fig. 6B), which 
is not atypical of palaeoscolecid plates (e.g., Harvey et al. 
2010; Botting et al. 2012; Martin et al. 2016; Whitaker et 
al. 2020). While both holotype and paratype have similar 
Fe, Mg, and P elemental maps, KUMIP 314100 has a vis-
ibly weaker Ca signature (Fig. 6A2) likely owing to the 
presence of two mineral bands with comparatively high Ca 
signal overwhelming the signature of the plates in relative 
abundance EDS elemental maps. Despite the presence of 
well-preserved plates, little soft tissue is preserved within 
either KUMIP 314100 or 314101, and what remains is pri-
marily replaced by calcium carbonate, later altered to dolo-
mite or high-Mg calcite (Fig. 6A2, B2).
Remarks.—We tentatively assigned to Arrakiscolex aasei 
gen. et sp. nov. about fifty specimens recovered from the 
overlying Guzhangian Weeks Formation, and reposited in 
the Department of Geology of the University of Utah and 
the Natural History Museum of Utah (Salt Lake City, USA), 
and the Back to the Past Museum (Cancun, Mexico). When 
studied macroscopically, these specimens all exhibit simi-
lar scleritomes (e.g., Lerosey-Aubril et al. 2018: figs. 3d–g, 
5e, f), which are characterized by the presence of numer-
ous, densely distributed plates over the whole surface of 
each annulus. Preliminary microscopic investigations on 
two specimens also revealed plates comparable in size and 
morphology to those described in the type material of the 
new Marjum Formation taxon (Lerosey-Aubril et al. 2018: 
fig. 5f). However, these microscopic observations are too 
scarce and spatially limited to allow their generalization to 
the whole scleritomes of those two individuals, and a for-
tiori to all the palaeoscolecid fossils found in the Weeks 
Formation, hence their tentative assignment to Arrakiscolex 
aasei gen. et sp. nov. Confirming this assignment will be a 
major objective of our investigations on this abundant, strati-
graphically younger palaeoscolecid material.
Stratigraphic and geographic range.—Type locality and 
horizon only.

Discussion
The Marjum palaeoscolecids and controls on the preser
vation of Cambrian palaeoscolecids in Laurentia.—Our 
reinvestigation of KUMIP 204770 shows that this fossil is 
demonstrably not a palaeoscolecid and possesses no features 

Fig. 6. SEM micrograph and SEM-EDS elemental maps of the type specimens of the palaeoscolecid Arrakiscolex aasei gen et sp. nov. from the Drumian, 
Cambrian Marjum Formation in the House Range of Utah (Grey Marjum locality). A. Holotype (KUMIP 314100). A1, detailed view of the analyzed 
area (curved extremity); A2–A6, SEM-EDS elemental maps of Ca, C, P, Fe, and Mg, respectively. B. Paratype (KUMIP 314101). B1, detailed view of the 
analyzed area (straight extremity); B2–B6, SEM-EDS elemental maps of Ca, C, P, Fe, and Mg, respectively. 

→
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attributable to Scathascolex minor (contra Smith 2015); it 
is instead better tentatively interpreted as an undetermined 
species of Ottoia. Nonetheless, we provide clear evidence 
for the presence of the class Palaeoscolecida in the Marjum 
Formation, and more specifically a new representative, 
Arrakiscolex aasei gen. et sp. nov. Fossils from the Marjum 
Formation have been intensively collected by academic and 
non-academic palaeontologists for more than fifty years, 
resulting in the reports of about a hundred species from the 
interval associated with exceptional preservation (Pates et 
al. 2021). The discovery of Arrakiscolex aasei gen. et sp. 
nov. after such extensive collection and study, and the fact 
that it is represented by scant material, together suggest that 
this palaeoscolecid was a rare, or rarely preserved, com-
ponent of the Marjum biota. Alternatively, it might be that 
palaeoscolecid fragments have been left in the field, as they 
are relatively small and not particularly appealing to collec-
tors (Whitaker and Kimmig 2020).

Speaking in favour of scarcity of palaeoscolecids in 
the Marjum biota is the somewhat similar situation of the 
Burgess Shale Scathascolex minor, which is known from 
only seven specimens collected at the Walcott Quarry (Smith 
2015), despite a preservation potential greater than that of 

the thousands of entirely non-biomineralized fossils recov-
ered from this locality (Caron 2009). In general, palaeosco-
lecids have proven particularly elusive in the Cambrian of 
Laurentia, despite a fossil record that includes 11 Cambrian 
Stage 3–Guzhangian occurrences (Fig. 7). This is well-illus-
trated by the particularly limited number of specimens re-
covered in most Laurentian Lagerstätten: one each from the 
Mural Formation (Sperling et al. 2018; Uwe Balthasar per-
sonal communication 2021), the Colville Hills Lagerstätte 
of the Mount Cap Formation (Harvey and Butterfield 2011), 
the Latham Shale (Conway Morris and Peel 2010), and the 
Duchesnay Unit of the Chancellor Group (Johnston et al. 
2009); two each from the Spence Shale (Whitaker et al. 
2020) and the Marjum Formation (this study); three from the 
Kinzers Formation (Conway Morris and Peel 2010); and five 
from the Rosella Formation (two species; RLA unpublished 
data). Abundant palaeoscolecid materials (>20 specimens) 
have only been recovered from the Buen Formation (Sirius 
Passet Lagerstätte) in Greenland (Conway Morris and Peel 
2010) and the Weeks Formation in Utah (Lerosey-Aubril et 
al. 2018). The relative inconspicuousness of this group in 
Laurentia is also evidenced by the presence of a single pa-
laeoscolecid species in each of these remarkable Cambrian 

Fig. 7. Palaeogeographic distribution of Cambrian palaeoscolecids in Laurentia. For each occurrence, the numbers in parentheses refer to the number 
of palaeoscolecid specimens known (left) and the number of species they represent (right). The Rosella Formation Lagerstätte is positioned between 
the Lagerstätten of the American Great Basin and those of the Canadian Rockies, because the Cassiar terrane was located near present-day Idaho in the 
Cambrian, and subsequently migrated more than 2000 km to the North (Pope and Sears 1997). Abbreviations: Fm., Formation; Sh., Shale. Background 
map adapted from Cocks and Torsvik (2011). 
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assemblages, excepting those from the Buen and Rosella 
formations which each contain two species (Fig. 7; Conway 
Morris and Peel 2010; RLA unpublished data).

The causes underlying the observed rarity of palaeoscole-
cids from the Cambrian of Laurentia is unclear. Smith (2015) 
convincingly argued that the scarcity of palaeoscolecid re-
mains in the Burgess Shale Formation relates to the abun-
dance of ecological competitors (e.g., annelids, priapulids), 
as opposed to any environmental or preservational speci-
ficities. To what extent this ecological explanation could be 
generalized to other Laurentian Lagerstätten is uncertain. 
Sharing similar depositional settings (Lerosey-Aubril et al. 
2018), the Wheeler, Marjum, and Weeks formations pro-
vide strong evidence against a tight relationship between 
the abundance of palaeoscolecids at a given locality and 
parameters of the physical environment. These units rep-
resent different time intervals when conditions conducive 
to exceptional preservation developed within the same ba-
sin. However, around fifty palaeoscolecid fossils have been 
recovered from the Weeks Formation, versus only two in 
the Marjum Formation and none yet from the Wheeler 
Formation. Both the Weeks and Buen formations are notable 
outliers amongst other Cambrian Laurentian Lagerstätten, 
showing taphonomic features less common in most Burgess 
Shale-type deposits (Gaines 2014; Lerosey-Aubril et al. 2018; 
Harper et al. 2019). While fossils from some Burgess Shale-
type localities contain phosphatized structures, such as sec-
ondarily phosphatized guts (Butterfield 2002, 2009; Vannier 
et al. 2014; Zacaï et al. 2016, Legg and Pates 2017; Lerosey-
Aubril et al. 2017, 2020), the incidence of such structures is 
significantly higher in the Buen (Budd 1998, 1999; Stein et 
al. 2013; Vannier et al. 2014; Peel 2017; Strang et al. 2016; 
Young and Vinther 2017; Nielsen et al. 2019) and Weeks 
(Lerosey-Aubril 2015; Lerosey-Aubril et al. 2012, 2018) for-
mations. Accordingly, some chemical distinction in the early 
diagenetic settings of these two sites may help to explain 
their greater representation of palaeoscolecids.

Assessing the role of ecological competition on the abun-
dance of palaeoscolecids in a given Lagerstätte remains a 
challenge, as data concerning diversity of the fauna, the 
relative abundance of its components, and their ecologies 
are only available for the Burgess Shale Formation. The in-
fauna of the Buen Formation comprises two palaeoscolecid 
species, a priapulid, and two annelids (Harper et al. 2019), 
the most common of which is Phragmochaeta (which is rep-
resented by specimens numbering roughly twice the whole 
palaeoscolecid material; Conway Morris and Peel 2008). If 
this annelid truly was an ecological competitor of the palae-
oscolecids, it did not prevent the development of abundant 
palaeoscolecids in the Buen biota. As for the Weeks biota, 
it includes a variety of worms that are often too poorly 
preserved to allow confident assignment. However, the pa-
laeoscolecid and an undescribed annelid (Lerosey-Aubril 
et al. 2018: fig. 5g, h) are by far the most common of those 
worms (ca. 50 specimens each). Whether these organisms 
originally occupied similar ecological niches in the same 

environment is not known, but if they did, it did not impact 
their development in the Weeks biota.

In summary, we concur with Smith (2015) that physical 
characteristics of the depositional environment (e.g., ba-
thymetry, distance from the shore, submarine relief) do not 
explain the variation of palaeoscolecid abundance observed 
in the Cambrian Lagerstätten of Laurentia. We instead ar-
gue that the preservation of more abundant palaeoscolecid 
materials in the Buen and Weeks formations might have 
been facilitated by early diagenetic chemical settings fa-
vorable to the preservation and possibly the precipitation of 
apatite. Ecological competition remains a valid explanation 
for the limited representation of the group in Laurentian 
Lagerstätten, but we could not find supporting evidence 
for this outside the Burgess Shale Formation. Finally, it is 
likely that collections and research bias (sensu Whitaker and 
Kimmig 2020) also plays a role in the scarcity of palaeoscol-
ecids from certain Laurentian deposits.

Taphonomy.—Marjum Formation soft-bodied fossils are 
traditionally regarded as carbonaceous compressions sim-
ilar to those of the Burgess Shale Formation (Gaines et al. 
2005; Foster and Gaines 2016). However, neither KUMIP 
314100 nor 314101 provide a distinctive carbon signature in 
SEM-based analyses (Fig. 6A6, B6). Using EDS, Broce and 
Schiffbauer (2017) detected an elevated carbon signal asso-
ciated with a Marjum Formation worm fossil, but observed 
no discernible carbonaceous film via backscattered or sec-
ondary electron imaging. They inferred that the higher car-
bon concentration observed locally stemmed from accumu-
lation of interstitial carbonaceous material. The absence of 
detectable carbonaceous films or local enrichments of car-
bon in the palaeoscolecid fossils might indicate a few pos-
sible taphonomic scenarios, involving the complete removal 
of organic carbon. For example, given their infaunal nature, 
the organisms plausibly died within the uppermost oxic- to 
sub-oxic layers of sediment, allowing for efficient decay 
by oxygenic microbes. If burial occurred, this very likely 
occurred rapidly after death, for the two specimens preserve 
distinct annuli boundaries and organized plates. Scavenging 
was prevented, but not the decay of labile structures (e.g., 
proboscis, gut). Organic carbon removal/dispersion could 
have continued through diagenesis as well. While such in-
formation may provide insights onto the patterns of palaeos-
colecid abundance and diversity in Laurentian Lagerstätten, 
additional investigation of the diagenetic histories between 
House Range and other Laurentian fossil localities is re-
quired before testing any potential hypotheses.

Conclusions
The description of KUMIP 314100 and 314101 represents 
the first confident report of the class Palaeoscolecida in 
the Marjum Formation. Both specimens are fragments of 
articulated scleritomes, the preservation of which required 
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exceptional depositional circumstances. However, the ab-
sence of internal organs (e.g., the gut), the plate-barren body 
extremities, and the structures borne by these latter (pro-
boscis, caudal hooks) indicates that the most fragile parts 
of the body were lost during diagenesis, which consider-
ably limits inferences on the palaeoecology of the new pa-
laeoscolecid taxon. The scarcity of palaeoscolecid remains 
in the Marjum Formation mirrors the biotic compositions 
observed from most Cambrian Lagerstätten of Laurentia, 
except for the Buen and Weeks formations. The reasons un-
derlying this palaeogeographically uneven representation of 
palaeoscolecids are uncertain, but it might suggest that more 
than a single taphonomic pathway permitted the preserva-
tion of macroscopic soft-bodied fossil assemblages in the 
Cambrian, such that some taxa may have been more or less 
favourably preserved within specific taphonomic settings.
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