
Brachiopods are the most common and diverse bivalved 
fossils in the Cambrian, but the adaptation to enclose the 
soft parts within two articulating shells is widespread 
in the Cambrian biota. Amongst arthropods, bradoriids 
and phosphatocopines are also diverse and widely 
distributed (Hinz-Schallreuter 1993, Williams et al. 2007, 
Zhang 2007, Maas et al. 2003, McMenamin 2020), but 
a variety of other bivalved or pseudo-bivalved arthropods 
is known, mainly through occurrences in Lagerstätten 
such as the Burgess Shale and Chengjiang biotas (Briggs  
et al. 1994, Hou et al. 2017). Members of the molluscan 
Class Bivalvia are few in the Cambrian, but one of these, 
Pojetaia Jell, 1980, is widely distributed in the early and 
middle Cambrian (Elicki & Gürsu 2009, Vendrasco et al. 
2011a). 

Shell symmetry in the problematic inequivalved bi
valves Apistoconcha Conway Morris in Bengtson et al.,  
1990 and Aroonia Bengtson in Bengtson et al., 1990, 
originally described from the early Cambrian of Australia 
(Bengtson et al. 1990), is similar to that of brachiopods. 
Parkhaev (1998) placed Apistoconcha within a new class, 

Siphonoconcha, of uncertain position. Both genera may be 
stem group brachiopods (Bengtson 2004, Li et al. 2014).

The calcareous shells of most members of the Class 
Stenothecoida Yochelson, 1968 (= Phylum Stenothecata 
Rozov, 1984) differ from brachiopods (usually inequi- 
valve but equilateral) and Bivalvia (usually equivalve but 
inequilateral) in being neither equivalve nor equilateral 
(Yochelson 1969, Rozov 1984; Fig. 1), but their system
atic position is equivocal. Laurentian stenothecoids are 
generally referred just to Stenothecoides Resser, 1938 
(Rasetti 1954, 1957; Robison 1964; Yochelson 1969; Peel 
1988; Johnston et al. 2017; Johnston 2019; Fig. 1A, H),  
but a  number of other genera and numerous species 
have been described from the Cambrian of Siberia and 
eastern Asia (Horný 1957; Sytchev 1960; Aksarina 1968;  
Yochelson 1969; Koneva 1976, 1979a, b; Pelman 1976, 
1985; Aksarina & Pelman 1978; Voronin et al. 1982; 
Rozov 1984; Esakova & Zhegallo 1996; Yu 1996). Steno
thecoids are distributed through Cambrian Series 2 and the 
Miaolingian (Rozanov & Zhuravlev 1992). Stenothecoides 
groenlandica Peel, 1988, from the late Miaolingian Series, 
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Guzhangian Stage, of North Greenland appears to be the 
youngest recorded occurrence (Peel 1988; Fig. 1A, H). 

Stenothecoides was proposed by Resser (1938) for 
Stenotheca elongata Walcott, 1884 from the middle 
Cambrian of the Eureka District of Nevada (Walcott 1884). 
In addition to the type species, Resser (1938) included 
three new early Cambrian species within the genus: 
Stenothecoides labradorica from the Forteau Formation 
of Newfoundland; Stenothecoides troyensis from New 
York State (a synonym of S. labradorica according to 

Rasetti 1954); and Stenothecoides poulseni from the Ella 
Island Formation of North-East Greenland (Poulsen 1932, 
Skovsted 2006). Resser (1938) interpreted Stenothecoides 
as an elongate univalved crustacean related to Stenotheca 
Salter in Hicks, 1872, although the latter is currently 
interpreted as a helcionelloid mollusc (Bouchet et al. 2017, 
Peel 2021a). However, Poulsen (1932) had interpreted the 
Greenland specimens subsequently named in his honour 
by Resser (1938) as Bivalvia, an affinity supported by Rob- 
ison (1964). Radugin (1937) assigned related material 
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Figure 1. Stenothecoids from the Cambrian of Greenland and Siberia. • A, H – Stenothecoides groenlandica Peel, 1988, Cambrian (Miaolingian 
Series, Guzhangian Stage), Holm Dal Formation, western Peary Land, North Greenland; A – MGUH 18674 and MGUH 18675 from GGU sample 
225552; H – MGUH 18671 from GGU sample 225552, holotype. • B, D, F, G, K – Bagenovia procera Koneva, 1976, lower Cambrian (Lenian 
Regional Stage) Agyrek Mountain, central Kazakhstan; B, D, F – articulated topotype specimen (KIS collection 2048) with broken apex of dorsal 
valve, identified by Svetlana Koneva, in ventral, lateral and anterior views; G – KIS 8/2048, holotype, in postero-lateral view; K – internal mould, KIS 
13/2048. • C – Stenothecoides bellus Koneva, 1979, KIS 54/2048, holotype in lateral view, lower Cambrian (Lenian Regional Stage), Kazakhstan. • 
E, I, J – Bagenovia kazakhstanica Koneva, 1976, lower Cambrian (Lenian Regional Stage), Agyrek Mountain, central Kazakhstan; E – KIS 1/2048, 
holotype, partly exfoliated to show internal mould at right; I, J – KIS 24/2048 internal mould in oblique lateral and plan views. Scale bars: 4 mm (E), 
3 mm (I–K), 2 mm (H), 1 mm (A), 400 µm (B–D, F, G).
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from Siberia, later described by Horný (1957), to the Bra- 
chiopoda. Horný (1957) proposed two new genera, Bage- 
novia (Fig. 1E, I–K) and Cambridium, which he interpreted 
tentatively as amphineurans; Bagenovia Radugin, 1937 is  
a nomen nudum. Articulated, bivalved, specimens of Ba- 
genovia sajanica Horný, 1957 were described by Sytchev  
(1960) who interpreted Cambridium and Bagenovia as 
dysodont Bivalvia. Aksarina (1968) proposed a new Class 
Probivalvia (Mollusca, Conchifera) on the basis of lower 
Cambrian material from the Altai-Sayan region of Siberia. 

Yochelson (1968) introduced the name Stenothecoida 
in a published abstract and this was fully described as 
a new class of molluscs by Yochelson (1969). Despite 
Yochelson’s statement (1969, p.  59) that his 1968 
abstract should not constitute appropriate description, 
Stenothecoida Yochelson, 1968 has been accepted 
generally by subsequent workers in preference to Pro
bivalvia Aksarina, 1968 (Koneva 1976, Pelman 1976, 
Pojeta & Runnegar 1976, Aksarina & Pelman 1978, 
Rozov 1984). Rozov (1984) proposed a new Phylum 
Stenothecata, as noted by Parkhaev (1998), Kouchinsky 
(2000) and Zhuravlev (2015), while Pelman (1985) placed 
Class Stenothecoida as incertae sedis. Kouchinsky (2000) 
speculated that stenothecoids may have been derived from 
a halkieriid-like ancestor through loss of the numerous 
sclerites separating the large anterior and posterior shells. 
Johnston et al. (2017) and Johnston (2019) suggested 
that the affinity of Stenothecoida lay with brachiopods 
rather than molluscs. Ponder et al. (2020) considered 
stenothecoids to be located outside of Mollusca. 

This paper describes stenothecoids from the Henson 
Gletscher Formation (Cambrian, Miaolingian Series, 
Wuliuan Stage) of North Greenland with a  focus on 
preservation, early ontogeny and morphology. Discrim
ination of individual valves as ventral or dorsal on the 
basis of their curvature is shown to be an unreliable 
character in available specimens and must be supported by 

other morphological features, such as the relative morph- 
ology of their posterior apices. The frondose impres- 
sion of soft parts on the valve interior in the median area, 
considered to be diagnostic of Bagenovia by Koneva 
(1976), is described in Stenothecoides. Juvenile stenothe
coids are recognized on the basis of the prominent tooth 
on the interior of the ventral valve. They also preserve an 
unusual structure at the posterior margin interpreted as 
a pedicle attachment scar.

Material and methods

The Henson Gletscher Formation (Fig. 2D) forms part of 
a prograding complex of shelf carbonates and siliciclastic 
sediments that accumulated on the present day southern 
margin of the transarctic Franklinian Basin (Higgins  
et al. 1991, Ineson & Peel 1997, Geyer & Peel 2011, Peel 
et al. 2016). The formation is mainly composed of dark, 
recessive, shaly-weathering, bituminous and cherty lime- 
stones, dolostones and mudstones, with a middle member  
of pale fine-grained sandstones. Thin carbonate debris 
flows occur sporadically. The Henson Gletscher Formation 
is 62 m thick at its type locality in southern Lauge Koch 
Land, from which GGU sample 271492 was collected 
(Fig. 2A), but thins to 47 m in Løndal, to the east, from 
where GGU sample 271718 was collected (Fig. 2A, C). 

Fossil assemblages from the Henson Gletscher For- 
mation in southern Lauge Koch Land and south-western 
Peary Land range in age from Cambrian Series 2  
(Stage 4, Dyeran Stage of North American usage) to the  
Miaolingian Series (Wuliuan Stage; Ptychagnostus gib
bus Biozone; Topazian of North American usage), but 
Drumian strata occur along the northern coast of North 
Greenland (Higgins et al. 1991, Robison 1994, Blaker 
& Peel 1997, Ineson & Peel 1997, Geyer & Peel 2011; 
Fig. 2). The trilobite faunas have a dominantly Laurentian 

Figure 2. Locality and geological information. • A – Lauge Koch Land – Løndal region of North Greenland showing collection site of GGU sample 
271492. • B – Greenland, with arrow indicating location of A. • C – Løndal region of western Peary Land (see inset in A) showing collection locality 
for GGU sample 271718. • D – Cambrian stratigraphic nomenclature of the Lauge Koch Land – Løndal region showing derivation of GGU samples 
from Henson Gletscher Formation (black dot).
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character but include taxa important for international 
correlation with Siberia, the Altai Sayan fold belt and 
South China (Blaker & Peel 1997, Geyer & Peel 2011).

GGU sample 271492 was collected by J.S. Peel on 
25 June 1978 from limestone filling scours on the top of 
a 1 m thick carbonate mass flow deposit, about 5 m below 
the top of the Henson Gletscher Formation in its type 
section (62 m thick) in southern Lauge Koch Land (82° 
10´ N, 40° 24´ W); Ineson & Peel (1997, fig. 23, section 
B; fig. 31), Geyer & Peel (2011, fig. 3). 

GGU sample 271718 was collected by J.S. Peel on 
15 July 1978 from thin-bedded, phosphatized, dark dolo

mitic limestone occurring about 1 m below the top of the 
formation on the west side of Løndal (Fig. 1); Clausen & 
Peel (2012, fig. 1).

Methods. – Specimens were hand-picked from sieved 
residues of limestone routinely dissolved in 10% acetic 
acid prior to microphotography using a  Lumenera 
Infinity X32 digital camera attached to a Wild binocular 
microscope, or imaging by scanning electron microscopy. 
Images were assembled in Adobe Photoshop CS4; some 
were stacked using Helicon Focus.

Institutional abbreviations. – GGU – Grønlands Geo
logiske Undersøgelse (Geological Survey of Greenland), 
Copenhagen, Denmark, now the Geological Survey of 
Denmark and Greenland (GEUS); MGUH – Natural 
History Museum of Denmark, Copenhagen, Denmark; 
KIS – K.I. Satpayev Institute of Geological Sciences. 
Kazakh Academy of Sciences, Alma Ata, Kazakhstan; 
PMU – palaeontological type collection of the Museum of 
Evolution, Uppsala University, Uppsala, Sweden. 

Terminology and orientation

Rozov (1984) and Pelman (1985) proposed detailed ter- 
minology and nomenclature for the measurement of steno
thecoid shells. Yochelson (1969) followed earlier workers  
and regarded the apex of each valve as anterior. However, 
in accordance with the direction of accretion of the 
growing shell, the apical end of each valve is interpreted 
herein as posterior, as in brachiopods, while the abapical 
margin end is anterior (Fig. 3A). Yochelson (1969) 
considered the more inflated of the two conjoined valves 
in two species of Stenothecoides to be ventral and on this 
basis noted that the shell with conjoined valves was curved 
in an anticlockwise direction from the apex to the distal 
margin when viewed in dorsal aspect (ed in Fig. 3D).  
Thus, isolated ventral and dorsal valves are curved in 
opposite directions when viewed from their respective 
external surface (compare ed and ev in Fig. 3D). Peel 
(1988) applied this interpretation with reservation when 
interpreting isolated valves in a small collection from 
the Holm Dal Formation (Guzhangian Stage) of western 
Peary Land, noting that ventral and dorsal in the usage 
of Yochelson (1969) corresponded to left and right in the 
terminology of Koneva (1976).

The prominent adapical tooth on the interior surface of 
valves from North Greenland, here interpreted as ventral 
(Fig. 3A), provides a unique point of reference for the 
interpretation of the curvature of disarticulated valves. 
Such a tooth was first described by Robison (1964) in 
silicified specimens of Stenothecoides elongata from 
the Wheeler Shale and Marjum formations of Utah. It is 

Figure 3. Morphology of Stenothecoides. • A – schematic longitudinal 
section showing distinction between the partial internal moulds of the 
dorsal and ventral valves, and restoration of tooth and posterior margin 
of valves. • B – alternative restoration of tooth and posterior margin 
of valves with socket in dorsal valve corresponding to tooth in ventral 
valve. • C – schematic drawings of individual valves in internal and 
external views based on clockwise curvature of the internal surface 
(iv) of the tooth-bearing ventral valve. • D – schematic drawings of 
individual valves in internal and external views based on anti-clockwise 
curvature of the internal surface (iv) of the tooth-bearing ventral valve. 
Abbreviations: ed – external view of dorsal valve; ev – external view  
of ventral valve; id – internal view of dorsal valve; iv – internal view of 
ventral valve, with tooth.
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evident from examination of the Greenland specimens that 
the growing ventral valve may curve in either a clockwise 
or an anticlockwise direction (compare Fig. 3C and 3D), 
while some specimens are essentially equilateral. Thus, 
in articulated specimens or valves known only from their 

exterior surface, curvature alone is not a reliable character 
on which to distinguish dorsal and ventral valves. Add- 
itional support should be sought from the relative degree 
of inflation of the valves and the nature of the apices (Fig. 
3A, and discussion of preservation, below). 

Figure 4. Stenothecoides terraglaciei n. sp. Internal moulds (except M). GGU sample 271718, Henson Gletscher Formation, Wuliuan Stage, Løndal, 
Peary Land. A – PMU 38304, dorsal valve; B – PMU 38305, dorsal valve in oblique lateral view, arrow indicates sub-apical surface; C, D – PMU 
38306, dorsal valve, with detail of sub-apical surface in C; E – PMU 38307, ventral valve; F – PMU 38308, dorsal valve; G – PMU 38309, ventral valve 
in oblique posterior view; H, K – PMU 38310, dorsal valve in oblique anterior (H) and plan (K) views; I –PMU 38311, ventral valve showing truncated 
sub-apical surface, arrow; J – PMU 38312, dorsal valve; L – PMU 38313, dorsal(?) valve in oblique posterior view showing prominent median carina; 
M – PMU 38314, fragment of external surface of ventral valve showing comarginal growth ornamentation; note that both lateral margins are broken 
away; N – PMU 38315, dorsal valve; O – PMU 38316, dorsal valve. Scale bars: 1 mm (G, H, K–O), 500 µm (A, B, D, I, J), 300 µm (C), 200 µm (E, F).
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Preservation

Acid residues of GGU sample 271492 have yielded only 
phosphatized juvenile specimens of Stenothecoides, 
although carbonate internal moulds of specimens up 
to 5 mm in length occur sparingly in hand specimens 
of untreated limestone. GGU sample 271718 yielded 
abundant stenothecoids that dominantly are preserved 
as phosphatized internal moulds ranging in length from 
juveniles (300 µm) to specimens more than 5 mm (Fig. 4);  
still larger specimens occur on unprepared bedding sur
faces. Juveniles apart, small internal moulds are often 
strongly elongated, almost parallel-sided (Fig. 4E, F). The 
largest specimens often increase in width distally and may 
be diamond or leaf shaped (Fig. 4N, O). However, the 
preserved shape of internal moulds is controlled to a large 
degree by the extent of phosphatization. Typically, the 
internal moulds from GGU sample 271718 have a well 
preserved apex and median area, but the lateral margins 
are ragged, clearly indicating that the phosphatization 
of the internal moulds was usually concentrated in the 
apical area and along the crest of the original shell. The 
phosphatized moulds thin out laterally and distally to 
a feather edge within the margins of the original shell, and 
do not extend to, or around, the margin (Fig. 4B, I). Thus, 
in most cases, the shape of the internal mould in GGU 
sample 271718 does not accurately reflect the shape of the 
valve at the plane of commissure.

Less frequently, partly exfoliated specimens retain 
patches of thick shell attached to the internal mould (Fig. 
5G–J, L–O). Most of these display a prominent tooth 
within the shell interior at its apical extremity (Fig. 5G, 
arrow) and are interpreted as the ventral valve (Fig. 3A). 
The tooth forms a transverse bar that is bounded laterally 
and adapically by a narrow and shallow channel (Fig. 5J), 
which may be separated from the deeper shell interior to 
the anterior of the tooth by a narrow lip (Fig. 5L). The 
adapical portion of the channel is usually crescentic or 
triangular in shape, its length being greater than the trans
verse width of the lateral channels (Fig. 5G). Except in 
the smallest juvenile ventral valves (Figs 5A–F, K; 6; 
discussed below), the prominent transverse tooth is not 
recognized on the surface of available internal moulds as 
preserved (Fig. 4). However, the presence of a tooth can 
be inferred in some internal moulds from the shape of the 
apical termination of the mould. 

Two kinds of apical termination of internal moulds 
are recognized, permitting identification of the ventral 
and dorsal valves. In the first, the sub-apical surface is 
truncated and only slightly overhanging (Fig. 4I, arrow). 
The truncated surface was formed against the abapical 
surface of the transverse tooth (Figs 3A; 5G, J, L). The 
restriction of phosphatization to the median area of the 
valve (Fig. 5G, H), away from the shell margins, has 

prevented moulding of the shallow lateral and adapical 
channel. Thus, internal moulds with a truncated apex are 
interpreted as ventral valves (Figs 3A, 4I, 5G). In the 
second type, the rounded apex is sub-conical in form, 
strongly protruding, with a well-developed sub-apical 
surface (Fig. 4B, arrow). This internal mould is interpreted 
as representing the dorsal valve, which may overhang the 
ventral valve at the sub-apical margin (Fig. 3A). There 
is no indication of the presence of a transverse tooth and 
this is considered to be absent from the dorsal valve. 
It is possible, however, that similarly shaped internal 
moulds may be produced within dorsal valves in which 
a socket corresponging to the ventral tooth is developed  
(Fig. 3B). 

Systematic palaeontology

This published work and the nomenclatural acts it con- 
tains have been registered in ZooBank http://zoobank.org/
References/701AF529-64BB-4D0B-B961-9611A11CE73E

Phylum incertae sedis
Class Stenothecoida Yochelson, 1968

Discussion. – While the prominent radial corrugation on 
the external surface of the type (Bagenovia sajanica) and 
some other species of Bagenovia (Fig. 1E) delimits the 
genus from Cambridium and Stenothecoides, in which the 
external ornamentation is restricted to comarginal growth 
lines, the separation of the last two genera from each 
other is less satisfactory. Horný (1957) commented on the 
presence of a flat median keel (carina) in Stenothecoides 
and deep grooves and ridges in a restricted zone perpen
dicular to the lateral margins on the internal mould, the 
latter with reference to material described by Rasetti 
(1954) from British Columbia. Additionally, Koneva 
(1979a) commented that Cambridium is isometric, 
whereas Stenothecoides is elongate. Neither author re
ported the internal tooth first described in Stenothecoides 
by Robison (1964). All three genera, however, show con
siderable variation in shell form and some specimens 
assigned to Bagenovia procera by Svetlana Koneva in 
the original material of Koneva (1976) lack the radial 
ornamentation otherwise characteristic of the genus (Fig. 
1B, D, F). Horný (1957) and Koneva (1979a, b) described 
Cambridium and Stenothecoides from Cambrian Series 2, 
but only Stenothecoides is reported from the Miaolingian 
Series (Rasetti 1954, 1957; Robison 1964; Peel 1988). 

The variable preservation of the material at hand 
frustrates simple assignment to Cambridium or Steno
thecoides. Rare internal moulds in limestone from GGU 
sample 271492 are elongate with prominent lateral 
corrugation on the internal mould (Fig. 7) and are readily 
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assigned to Stenothecoides by comparison with material 
described from the upper Mount Whyte Formation 
(Wuliuan Stage) of British Columbia by Rasetti (1954) 
and Yochelson (1969). Specimens from GGU sample 

271718 are dominantly phosphatized internal moulds that 
lack the lateral corrugation (Fig. 4). They are associated 
with partly exfoliated specimens with a prominent tooth in 
the ventral valves, as in elongate silicified specimens from 

Figure 5. Stenothecoides terraglaciei sp. nov. Henson Gletscher Formation, Cambrian (Miaolingian Series, Wuliuan Stage). GGU sample 271492 
(A–F, K), Lauge Koch Land; GGU sample 271718 (G–J, L–O), Løndal. A – PMU 38317, internal mould of juvenile ventral valve; B – PMU 38318, 
internal mould of ventral valve showing overhanging surface of impression of transverse tooth; C, K – PMU 38319, internal mould of juvenile ventral 
valve in plan and oblique posterior views; D, F – PMU 38320, internal mould of ventral valve showing slot corresponding to transverse tooth (arrow 
in F); E – PMU 38321, internal mould of juvenile ventral valve; G–J – PMU 38322, holotype, internal views of partly sediment filled ventral valve 
(G, H) with transverse tooth (arrow in G) and details of tooth and sub-apical surface (I, J); L–O – PMU 38323, ventral valve, internal view showing 
tooth and posterior, comarginal channel (L), lateral and oblique lateral views showing sub-apical emargination (M, N), oblique posterior view showing 
emargination and tooth (O). Scale bars: 1 mm (G, H), 200 µm (I, J, M–O), 100 µm (A–F, K, L).
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Utah assigned to Stenothecoides elongata by Robison 
(1964), but which also lack marginal corrugation on the 
smooth inner shell surface (Fig. 5G, H). The presence of 
a tooth socket opposing the tooth, described by Robison 
(1964) in disarticulated silicified valves, has not been 
demonstrated in the Greenland material. The internal 
moulds from GGU sample 271718 often show a frondose 
medial pattern of broad ridges and shallow channels (Fig. 
4A, K, O) that Koneva (1976) considered characteristic 
of Bagenovia (Fig.1I–K). However, the overall more 
elongated form of these specimens from GGU sample 
271718 and their lack of radial ridges on the exterior 
motivate their assignment to Stenothecoides.

Genus Stenothecoides Resser, 1938

Type species. – Stenotheca elongata Walcott, 1884, USNM 
locality 55b, Prospect Peak, Eureka District, Nevada, 
Miaolingian Series, late Wuliuan Stage, Bathyuriscus–
Elrathina Biozone (Rasetti 1954, Palmer 1954). 

Stenothecoides terraglaciei sp. nov.
Figures 4–6

Holotype. – PMU 38322 from GGU sample 271718.

Type horizon and locality. – Henson Gletscher Formation, 
Løndal, Peary Land, North Greenland. Cambrian, Miao
lingian Series, Wuliuan Stage, Ptychagnostus gibbus 
Biozone.
 
Additional material. – PMU 38304–38316, 38323 from 
the same locality and horizon as the holotype. PMU 
38317–38321, 38327 are juvenile internal moulds from 
GGU sample 271492 that are indistinguishable from 
similar specimens from GGU sample 271718 (Fig. 6; 
PMU 38324–38326); they are collectively placed within 
Stenothecoides terraglaciei, which is abundant in GGU 
sample 271718.

Etymology. – From the Latin, terra (land) and glacies 
(ice), meaning land of ice, with reference to Greenland. 

Diagnosis. – Species of Stenothecoides with a prominent 
transverse tooth on the interior of the ventral valve. Juven
iles bilaterally symmetrical, initially oval, but larger spe
cimens are inequivalve and inequilateral, varying from 
elongate to leaf-shaped, often with a median extension 
of the anterior margin; they show slight clockwise to 
anticlockwise curvature of the articulated shell in dorsal 
view. External surface of thick shell ornamented with co
marginal growth lines. Internal moulds of dorsal valve often  
with median carina and a frondose pattern of low ridges 
and channels that converges medially on the anterior 

margin. Internal lateral margins smooth, without corruga
tion of ridges and grooves perpendicular to the margin.

Description. – Articulated specimens are not known. The 
smallest observed juvenile ventral valves (internal moulds 
with length about 300 µm) are slightly longer than wide, 
but the preserved internal moulds of ventral and dorsal 
valves with a length of about 700 µm are about twice 
as long as wide, with discernible slight coiling in plan 
view (Fig. 4E). The juvenile ventral valve is uniformly 
convex along its posterior–anterior profile, but the intern- 
al mould has a  prominent groove beneath the apex 
reflecting a transverse tooth on the interior of the ventral 
valve (Fig. 5A, C–F, K; arrow in F). A raised rim lying to 
the posterior (adapical) of the groove is a mould of the 
channel surrounding the tooth on the valve interior (Fig. 
5G–J). Internal moulds of juvenile dorsal valves lack the 
transverse groove. Even at sizes of about 700–800 µm, 
internal moulds of the dorsal valve have a relatively acute 
apex that overhangs the posterior margin, with a distinct 
sub-apical surface, whereas the posterior termination of 
moulds of the ventral interior is blunt and often truncated 
in appearance (compare arrowed surfaces of larger speci
mens in Fig. 4B, I). 

Internal moulds of the dorsal valve in particular are 
often elongate, reflecting the raised, narrow, median 
portion of the valve (Fig. 4J, O) that is prominent at 
this growth stage, but this appearance may be greatly 
modified by incomplete phosphatization within the valve, 
as discussed above. In large specimens (Fig. 4K, O), the 
valves are leaf-shaped, widening towards the anterior 
margin, with width about two thirds of length. The 
anterior margin may be extended into a broad projecting 
lobe (Fig. 4H, K). Lateral areas of internal moulds are 
smooth, without ridges and sharp grooves perpendicular 
to the margin. Shell thick, particularly around the posterior 
where a shallow emargination may be present (Fig. 5N). 
Ornamentation only of comarginal growth lines, which 
may be slightly rugose (Fig. 4M).

Discussion. – The few available specimens of Steno
thecoides cf. elongata from the contemporaneous GGU 
sample 271492 are elongate with ridges and sharp grooves 
on the limestone internal mould perpendicular to the lateral 
margin. These structures have not been observed in the 
numerous internal moulds of Stenothecoides terraglaciei 
available from GGU sample 271718. Indistinguishable 
internal moulds of juvenile ventral shells occur in both 
samples (Figs 5A–F, K; 6).

Silicified specimens of Stenothecoides elongata from 
the Wheeler Shale Formation (Miaolingian Series) of 
Utah, illustrated by Robison (1964) preserve an intern- 
al tooth, as does Stenothecoides terraglaciei, but have 
slender, elongate, oval, valves that are almost bilaterally  
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Figure 6. Internal moulds of juvenile Stenothecoides, Henson Gletscher Formation, Cambrian (Miaolingian Series, Wuliuan Stage), GGU sample 
271718, Løndal (except L). A, B, D, H, K – PMU 38324, ventral surface with slot formed by transverse tooth and pedicle attachment scar (K, arrow); 
A – oblique lateral view with euendoliths on margin (arrow and detail in H); B – oblique posterior view; D – detail of pedicle attachment scar. C – PMU 
38325, ventral view of internal mould and phosphatic external coating of the dissolved shell. E–G, I, J, M – PMU 38326 in oblique lateral view (E) 
with details of pedicle attachment scar (F, G, arrow in G showing location of I, J); I – detail of G with three zoned attachment point arrowed; J – digital 
cast of I showing relief of fibre attachment points as conical structures on interior surface of shell; M – oblique view of surface of internal mould 
showing obscure foliated structure. L – PMU 38327 from GGU sample 271492, Lauge Koch Land, oblique ventral view of internal mould showing 
obscure foliated structure. Scale bars: 100 µm (C, K), 50 µm (A, B, E, L), 20 µm (D–J, M).
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symmetrical about the median line, as are several 
specimens figured by Rasetti (1954, 1957) from the upper 
Mount Whyte Formation (Wuliuan Stage) of British 
Columbia. However, Rasetti (1954) and Yochelson (1969)  
also illustrated a more asymmetric specimen with pro
nounced radial ridges and grooves on the internal mould 
not known from Stenothecoides terraglaciei.

Stenothecoides groenlandica was described by Peel 
(1988) from the Holm Dal Formation of western Peary 
Land (Miaolingian Series, Guzhangian Stage) on the basis 
of 15 isolated valves of varied form, but with the thick 
shell preserved (Fig. 1A, H). Comparison with Steno
thecoides terraglaciei is hindered by the lack of infor
mation concerning interior structures, but the posterior of 
Stenothecoides terraglaciei is more strongly elevated, and 
the point of greatest transverse width is located closer to 
the anterior margin.

Koneva (1979b) described seven new species of 
Stenothecoides, which are morphologically very similar 
to each other, on the basis of isolated valves with external 
ornamentation from Cambrian Series 2 in Maly Karatau 
and Tamdytau, southern Kazakhstan and adjacent Uzbeki- 
stan. Most are almost bilaterally symmetrical and lack 
a median carina near the anterior, although the prom- 
inence of the posterior apex is similar to the much younger 
Stenothecoides terraglaciei. Koneva (1979b, pl. 5, fig.10) 
illustrated prominent ridges and separating channels on 
the lateral area of a partly exfoliated specimen of Steno
thecoides proximus Koneva, 1979b, a structure known 
in Stenothecoides cf. elongata from GGU sample  
271492, but not in Stenothecoides terraglaciei. Seven  
additional new species of Stenothecoides were described  
from Cambrian Series 2 of Kazakhstan by Koneva (1979a), 
together with specimens assigned to Stenothecoides 
elongata, Stenothecoides poulseni and Stenothecoides cf. 
labradorica. 

It is likely that the many species of Stenothecoides 
described by Koneva (1979a, b) represent variation within  
a much smaller number of taxa. Most are known from 
isolated valves showing strong antero-posterior curvature, 
a well-developed posterior apex and prominent comar
ginal ornamentation. An articulated specimen of an 
elongate form, Stenothecoides bellus Koneva, 1979, the 
holotype of which is illustrated here (Fig. 1C), is similar 
to the articulated specimen collected by I.A. Sytchev from 
Altai Sayan, and figured by Yochelson (1969, fig. 1). 

Stenothecoides knighti Yochelson, 1969, from Cam
brian Series 2 of the Yukon, Canada, the articulated 
specimen illustrated by Yochelson (1969, fig. 2), has 
a more rounded posterior margin (anterior in the usage 
of Yochelson 1969) than Stenothecoides terraglaciei. 
Stenothecoides yochelsoni Yu, 1996, from the early 
Cambrian Tongying Formation of western Hubei, China, 
is a slender, slightly curved form described on the basis 

of a  single articulated specimen, length 1.1 mm. Yu 
(1996, fig. 2e, f) illustrated an articulated specimen in 
which the ventral valve is closely similar in shape to the 
ventral valve of Stenothecoides terraglaciei, with the 
dorsal valve projecting significantly beyond the posterior 
margin. Details of ornamentation and internal structures 
in Stenothecoides yochelsoni are not known.

Stenothecoides cf. elongata (Walcott, 1884)
Figure 7

	 1954	� Stenothecoides cf. S. elongata. – Rasetti, p. 63, pl. 11, 
figs 6–10; pl. 12, figs 1–4.

	 1957	� Stenothecoides cf. S. elongata. – Rasetti, p. 972,  
pl. 12, figs 1, 2.

	 1969	� Stenothecoides cf. elongata. – Yochelson, p.  55,  
fig. 4a–c.

Material. – MGUH 33948 from GGU sample 271492, 
a limestone internal mould from Lauge Koch Land. Hen
son Gletscher Formation, Cambrian, Miaolingian Series, 
Wuliuan Stage, Ptychagnostus gibbus Biozone. Internal 
moulds of juvenile Stenothecoides from GGU sample 
271492 cannot be distinguished morphologically from 
those in GGU sample 271718 that are referred to Steno
thecoides terraglaciei; they are collectively referred to 
Stenothecoides terraglaciei.

Discussion. – This elongate, oval, internal mould shows 
slight clockwise curvature in plan view, with maximum 
width almost two thirds of length (Fig. 7A). The apex 
is protruberant and overhangs the posterior margin; 
a rounded carina is developed in the anterior half along the 
median line. Deep grooves are distributed along the lateral 
margins, curving towards the posterior, but absent from 
the anterior margin. They represent sharp ridges on the 
shell interior and are separated on the internal mould by 
broad rounded ridges of varying width. Traces of broad, 
rounded, ridges curve posteriorly in towards the median 
carina. Three circular scars are located on the median line 
near the apex (Fig. 7C, arrow). The ventral valve, with 
tooth if present, has not been seen.

In terms of the elongate form, overhanging apex and 
corrugations along the lateral margins of the internal 
mould, this specimen can be compared to Stenothecoides 
cf. elongata as illustrated by Rasetti (1954) from the 
upper Mount Whyte Formation (early Wuliuan Stage) of 
British Columbia, although the latter is more asymmetric. 
That specimen was re-illustrated by Yochelson (1969, 
fig. 4) although it should be noted that the illustration of 
the plan view presented by Yochelson (1969, fig. 4a) is 
reversed relative to that of Rassetti (1954, pl. 12, fig.2). 
Silicified stenothecoid valves illustrated by Johnston 
et al. (2017) and Johnston (2019) from the Yoho River 
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Limestone Member of the Burgess Shale Formation, 
British Columbia, display marginal corrugation similar to 
the Greenland specimen and a prominent posterior tooth 
resembling the posterior transverse tooth of specimens 
from GGU sample 271718 (Fig. 5G–J). Silicified, 
elongate, tooth-bearing specimens from the Wheeler 
Shale Formation of Utah described by Robison (1964) 
lack the internal corrugation.

Genus Stenothecella Aksarina in Aksarina & 
Pelman, 1978

Type species. – Stenothecella sibirica Aksarina in Aksarina 
& Pelman, 1978, lower Cambrian, (Cambrian Stage 4, 
Lenian Regional Stage), Kuznetskiy Alatau, Siberia.

Stenothecella cf. sibirica Aksarina in Aksarina & 
Pelman, 1978
Figure 8

Material. – MGUH 33949 from GGU sample 271492, 
a limestone internal mould from Lauge Koch Land, and 
a  few incomplete phosphatized internal moulds (not 
illustrated) from GGU sample 271718, Løndal, Peary 
Land. Henson Gletscher Formation, Lauge Koch Land, 
Cambrian, Miaolingian Series, Wuliuan Stage, Ptych- 
agnostus gibbus Biozone.

Discussion. – An articulated elongate specimen of Steno
thecella sibirica Aksarina in Aksarina & Pelman, 1978, 
with clockwise curvature (Aksarina & Pelman, 1978, pl. 17,  
fig. 6), has a length of about 10 mm. This is three times the 
size of MGUH 33949 (Fig. 8C, F), which is an internal 
mould of a dorsal valve. In plan view, the Greenland 

specimen is diamond-shaped, with only slight curvature 
visible at the posterior; its width is almost half of the total 
length and maximum width lies just anterior of mid-length 
(Fig. 8C). The posterior–anterior profile is uniformly 
convex, with the apex overhanging the posterior margin. In 
addition to the two series of about 20 pairs of muscle scars 
along the posterior axis (Fig. 8E), the anterolateral areas 
show weak comarginal growth corrugations (Fig. 8B).  
The fine radial grooves on the lateral surfaces (Fig. 8A, D) 
are not visible in the holotype from Siberia (Aksarina & 
Pelman 1978, pl. 17, fig. 4).

Following the original record from Cambrian Stage 4  
of Kuznetskiy Alatau (Aksarina & Pelman 1978), Steno
thecella sibirica was recorded from Cambrian Series 2 
(Atdabanian and Botoman Regional Stages) in Mongolia 
(Esakova & Zhegallo 1996). Korovnikov et al. (2018) 
reported Stenothecella sp. from the Usinskaya Formation 
(Atdabanian) of the Kiya River, Kuznetsk Alatau. Thus, 
Stenothecella cf. sibirica from the Henson Gletscher For
mation (Wuliuan Stage, Ptychagnostus gibbus Biozone) is 
the youngest described representative of the genus. 

Morphology and ontogeny

A variety of internal structures, summarized by Rozov 
(1984), has been described in stenothecoids, although 
the function of these remains obscure, thereby hindering 
placement of stenothecoids as a group. Interpretation is 
complicated by great variation in morphology within and 
between different assemblages, and also by different styles 
of preservation. The present material from the Henson 
Gletscher Formation lacks articulated specimens and 
information concerning external ornamentation of the type 

Figure 7. Stenothecoides cf. elongata (Walcott, 1884) MGUH 33948 from GGU sample 271492, internal mould of dorsal valve. Henson Gletscher 
Formation, Cambrian (Miaolingian Series,Wuliuan Stage), Lauge Koch Land. A – plan view; B – oblique lateral view; C – oblique posterior view of 
overhanging apex, with three circular scars, arrow; D, F – oblique posterior views; E – lateral view, with posterior to right. Scale bars: 1 mm.
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preserved in Stenothecoides groenlandica Peel, 1988, or 
most of the specimens illustrated by Koneva (1979a, b), is 
incomplete. However, the combination of internal moulds 
of two lithologies (limestone in GGU sample 271492, 
phosphate in GGU sample 271718) and partly exfoliated 
specimens facilitates morphological and ontogenetic 
interpretation of just these collections. Note that the 
applicability of these interpretations to other assemblages 
remains to be established. 

Shell structure. – The phosphatized surfaces of internal 
moulds of Cambrian helcionelloid molluscs and Bivalvia 
often replicate shell structure from the interior surface 
of the calcareous shells (Runnegar 1985; Vendrasco et 
al. 2010, 2011a, b). Similar structures have not been 
recognized on the numerous internal moulds of mature 
Stenothecoides from GGU sample 271718, probably 
reflecting too poor preservation of the mould surface.  
Some juveniles, however, show traces of an imbricate 
foliate structure on the supra-apical surface of the intern- 
al mould (Fig. 6L, M) reminiscent of those illustrated by 
(Runnegar 1985; Vendrasco et al. 2010, 2011a, b). How- 
ever, the innermost shell layer of some rhynchonelli
formean brachiopods may also display a tabular form 
(Williams 1997). 

Ontogeny

Numerous small, bilaterally symmetrical internal moulds 
of juvenile specimens collectively referred to Steno
thecoides terraglaciei, length 300–600 µm, from both 
GGU samples 271492 and 271718, preserve the prominent 
tooth of the ventral valve as a deep, oblique, transverse 
slot on the surface of the internal mould (Figs 5A–F, K; 
6E, I, K). Posterior (adapical) to this tooth slot, a ridge 
on the internal mould (Figs 5F, 6K, arrows) represents 
the shallow channel that separates the tooth from the 
posterior valve margin (Fig. 5J). At its maximum extent, 
phosphatization may completely fill the valve, resulting 
in preservation of the valve margin as a flat surface pos
terior to this ridge (Figs 5A, 6K). In less completely 
infilled valves, the tooth slot may be a hole penetrating the 
preserved mould. In internal moulds of juvenile ventral 
valves in which the tooth slot is only partially preserved, 
the surface moulded against the inner (abapical) surface 
of the tooth (Fig. 5B, tilted towards the viewer) may 
resemble the internal mould of the sub-apical surface of 
the dorsal valve of larger specimens (Fig. 4C, D). 

Initially, the juvenile ventral valve is oval in plan view  
but its supra-apical surface becomes proportionally longer  
with growth (Figs 5A–C, E; 6K). Patches of adherent 
phosphatized shell at the posterior indicate that the 
posterior–anterior profile is convex, without the develop

ment of an apex on the valve (Fig. 6C). However, larger 
specimens quickly develop a blunt apex on account of 
the rapid posterior thickening of the shell. The transverse 
profile of the internal mould is broadly convex, but may 
be slightly irregular, often with a slight median depression 
(Figs 5D, F; 6C). The tooth slot in the internal mould 
is oblique to the plane of commissure (Fig. 5F, arrow), 
but the tooth curves with growth to become almost per
pendicular in the largest available specimen (Fig. 5G, H). 

Internal moulds of juvenile dorsal valves are usually 
narrow (probably reflecting incomplete phosphatization 
along the lateral margins) and possess a distinct apex; 
indications of a  tooth or socket corresponding to the 
tooth of the ventral valve tooth have not been recognized 
in the dorsal valve. The configuration of the conjoined 
ventral and dorsal valves likely resembled the articulated 
specimen of Stenothecoides yochelsoni Yu, 1996 from the 
lower Cambrian of China illustrated by Yu (1996, fig. 2e), 
although the apex of the dorsal valve is more prominent in 
that specimen.

The internal moulds of the juvenile ventral valves 
of the specimens from the Henson Gletscher Formation 
closely resemble internal moulds of Corystos thornto
niensis Vendrasco, Porter, Kouchinsky, Li & Fernandez, 
2010, originally described from the Gowers Formation 
(Miaolingian Series, Drumian Stage) of the Georgina 
Basin, Australia (Vendrasco et al. 2010). Vendrasco et al. 
(2010, p. 130) considered Corystos to have a unique form 
and placed it as ‘Class incertae sedis’. The Greenland and 
Australian specimens are of similar size and oval shape 
in plan view, with a broadly rounded apex that is more 
inflated in Corystos. Beneath the apex, internal moulds of 
both taxa show a prominent transverse groove. The groove 
is thin and almost parallel to the margin in Corystos and  
the plate forming it was compared to the pegma of rostro
conch molluscs by Vendrasco et al. (2010). In contrast, 
the transverse groove of internal moulds of juvenile 
Stenothecoides from the Henson Gletscher Formation is 
broader (anterior–posterior) and more steeply  inclined, 
sometimes almost perpendicular to the plane of the margin 
(Figs 5A–E, F, K; 6A), reflecting the massive transverse 
posterior tooth on the interior of the ventral valve. 

External and internal corrugation

External surfaces of both valves of Bagenovia sajanica 
Horný, 1957, the type species of Bagenovia, show a prom- 
inent, coarse, radial, corrugated ornamentation of alter
nating ridges and channels that appears to be present 
also on the internal moulds in partly exfoliated conjoined 
specimens figured by Sytchev (1960). The ridges and 
channels are perpendicular to the lateral margins but curve 
posteriorly (adapically) as the distinct carina forming the 
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median line of each valve is approached, forming the  
fir-tree pattern of Koneva (1976), with the curvature of the 
corrugation being a reflection of slight allometric growth of 
the valves. Bagenovia kazakhstanica Koneva, 1976 shows 
a finer radial corrugation on the exterior than that present 
in the type species, and this fades towards the anterior 
margin (Fig. 1E). The prominent median carina of the type 
species is reduced or missing but may be expressed in the 
extension of the anterior margin into a broad lobe (Fig. 
1E). Slightly irregular comarginal growth lines cover the 
entire external surface and dominate medially. External 
surfaces of some specimens of Bagenovia procera Kone- 
va, 1976 from the lower Cambrian of Kazakhstan may 
show just comarginal growth lines (Fig. 1B, D, F), in 
which feature they compare closely with external surfaces 
of Stenothecoides (Figs 1C, 4M).

Internal moulds of Bagenovia also display numerous 
closely spaced radial ridges and grooves around their 
margins. Rozov (1984) considered these to reflect the 
corrugation of the outer shell surface, but the relationship 
between the two patterns is imprecise and appears to be  
coincidental (Fig. 1E). The grooves on the internal mould  
are deep and narrow, corresponding to sharply defined 
ridges on the shell interior, while the intervening ridges  
on the internal mould are broad and correspond to 
relatively wide channels on the shell interior (Fig. 1E, 
I, J). The grooves become more closely spaced and 
shallower anteriorly, and are absent from the median 
area of the anterior margin (Fig. 1K). Typically, the 
ridges and grooves are conspicuous in a restricted zone 
near to the margins but absent from central areas of the  
valve. 

Figure 8. Stenothecella cf. sibirica Aksarina in Aksarina & Pelman, 1978, MGUH 33949 from GGU sample 271492, internal mould of dorsal valve. 
Henson Gletscher Formation, Cambrian (Miaolingian Series,Wuliuan Stage), Lauge Koch Land. A – oblique lateral view; B – oblique anterior view; 
C – plan view; D, F – oblique lateral views; E – plan view of posterior median area showing paired scars. Scale bars: 1 mm (B), 700 µm (C, D, F),  
500 µm (A, E).
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In Bagenovia kazakhstanica (Fig. 1J) and Bagenovia 
procera (Fig. 1K) the central area of internal moulds is 
traversed by a small number of broad, shallow ridges 
and channels disposed symmetrically about the median 
line, but curving strongly towards the anterior margin as 
they approach the median line to form a frondose pattern. 
Thus, the overall frondose pattern on the internal mould is 
opposite to the fir-tree pattern of the ridges on the external 
surface. The broad, shallow ridges of the central area may 
appear as parallel rows of swellings located on either 
side of the longitudinal median depression on the internal 
mould (Fig. 1J), corresponding to shallow depressions on 
the shell interior. 

External ornamentation of comarginal growth lines 
(Fig. 1A–C, E, G, H) is preserved on patches of shell 
adhering to internal moulds from GGU sample 271718 
(Figs 4M, 5M) or as weak comarginal corrugations on 
some internal moulds (Fig. 4F). Many internal moulds 
from the same sample (Fig. 4A, G, H, K, L, N, O) display 
the broad low ridges and wide grooves curving towards 
the anterior margin characteristic of the frondose pattern 
in the median area of Bagenovia kazakhstanica and 
Bagenovia procera (Fig. 1I–K), although a median carina 
is present in contrast to the shallow median depression 
in the illustrated specimen of Bagenovia kazakhstanica 
(Fig. 1J). As in Bagenovia (Fig. 1E, K), the anterior 
margin is extended medially in some of these Greenland 
specimens (Fig. 4H, K). The lateral margins in most of 
the phosphatized internal moulds from GGU sample 
271718 are not preserved due to the restricted extent of 
phosphatization, but traces of the prominent marginal zone 
of ridges and grooves that characterize Bagenovia have 
not been seen in any of the numerous available specimens. 
Marginal ridges and grooves are also absent from the 
inner surface of ventral valves with preserved shell (Fig. 
5G, H). In contrast, a marginal zone of flat-topped ridges 
and deep narrow grooves is well preserved on an elongate 
limestone internal mould from GGU sample 271492 
referred to Stenothecoides cf. elongata (Fig. 7). The 
anterior curvature of the broad median frondose ridges in 
this specimen is just discernible near the anterior margin 
adjacent to the median carina (Fig. 7A).

Ventral tooth 

Robison (1964) illustrated a single peg-like tooth within 
some silicified valves of Stenothecoides elongata from 
the Miaolingian Series (Drumian Stage) of Utah, noting 
a corresponding depression or socket on other valves. 
Similar tooth-bearing silicified specimens were illustrated 
by Johnston et al. (2017) and Johnston (2019) from the 
Yoho River Limestone Member of the Burgess Shale, 
British Columbia (Miaolingian Series). No evidence of 

a socket or shell surface opposing the tooth has been 
found in the abundant internal moulds from the Henson 
Gletscher Formation. However, it is possible that 
incomplete phosphatization of the shell interior may 
obscure the presence of a socket in dorsal valves (compare 
Fig. 3A, B). Johnston et al. (2017) noted uncertainty 
about the presence of a socket in silicified material from 
the Yoho River Member.

Specimens with a  tooth are interpreted as ventral 
valves (Figs 3A; 5G–J; 6L, O) and the apex of the valve 
interpreted as dorsal extends beyond the posterior margin 
of the ventral valve, as illustrated by Yochelson (1969), 
Koneva (1979a, b) and Yu (1996). The lack of a socket 
suggests that the single ventral tooth does not form a direct 
mechanical hinge with an opposing shell structure within 
the dorsal valve, although this function could be achieved 
by muscle or ligament attachment between the ventral 
tooth and the inner surface of the dorsal valve. However, 
clearly defined, corresponding muscle attachment scars on 
internal moulds of dorsal valves have not been observed. 
Some mature specimens from GGU sample 271718 
show irregular raised structures near the apex at the 
posterior of internal moulds of the dorsal valve (Fig. 4J, 
O) but convincing evidence that these might represent 
muscle scars is lacking. A specimen of Stenothecoides cf. 
elongata from GGU sample 271492 shows three raised, 
circular scars, separated by transverse grooves, along the 
median crest near the apex that might represent muscle 
attachment sites corresponding to the tooth in the ventral 
valve (Fig. 7A–C). However, evidence of an internal tooth 
in GGU sample 271492 is restricted to internal moulds of 
juvenile specimens of ventral valves (Fig. 5A–F, K). These 
juveniles are indistinguishable from specimens in GGU 
sample 271718 described as Stenothecoides terraglaciei 
sp. nov. They are identified as such herein, although their 
morphology may be characteristic of both species. 

A fibrous structure near the apex of the ventral valve 
of juvenile specimens is interpreted as the attachment 
scar of a pedicle, discussed below. Fibres are rooted in 
the adapical wall of the tooth and the area immediately 
posterior to it (Fig. 6), indicating that the primary function 
of the tooth in the ventral valve of Stenothecoides is for 
attachment of the pedicle.

While it is assumed from available material that the 
posterior margins of both valves were juxtaposed (Fig. 
3A), the transverse extension of the ventral tooth could 
suggest that it articulated with the subapical margin of 
the dorsal valve, an area not preserved in the available 
disarticulated material, but this would probably place 
the channel lying posterior and lateral to the tooth (Fig. 
5G–J) just outside (posterior) of the hinge. Alternatively, 
the channel may have functioned as a socket for flanges 
developed on the raised posterior margin of the dorsal 
valve, similar to the marginal teeth described on each 



395

John S. Peel • Stenothecoids from the middle Cambrian of North Greenland (Laurentia)

lateral valve margin at the posterior in Cambridium den
tatum Pelman, 1985 and Dignus carinatus Pelman, 1985 
from Cambrian Series 2 (Botoman Regional Stage) of 
Mongolia (Pelman 1985), but evidence of the presence of 
such flanges in the Greenland material has not been seen. 
The lateral teeth on the valve margins in Cambridium 
dentatum and Dignus carinatus are unlike the central 
transverse tooth of the Greenland specimens, and seem 
better suited for articulation between the valves. Lying 
to each side of the apex, they show similarity in their 
position to the dentition of Bivalvia and Tuarangiida (Peel 
2021b).

Pedicle attachment 

All examined internal moulds of ventral valves of juvenile 
Stenothecoides from GGU samples 271492 and 271718 
display a prominent transverse swelling immediately 
posterior of the deep transverse channel formed by the 
tooth (Figs 5A, E; 6A, B, D–K). The swelling corresponds 
to the median part of the channel that delimits the 
posterior margin of the tooth on the shell interior (Fig. 
5G–K, L, O) and its anterior (abapical) face is a mould 
of the posterior face of the transverse tooth. The swelling 
is covered with tubercles and pits that in detail represent 
preservational variants of a sub-cylindrical structure with 
a solid core (Fig. 6F, I), about 4 µm in diameter. Typically, 
the structures have an outer wall, usually preserved in 
negative relief on the internal mould that surrounds an 
inner core. In terms of the surface of the shell interior, 
the outer wall has positive relief and surrounds an inner 
cavity (Fig. 6F, G, I), the overall structure being conical 
and rising from the posterior face of the transverse tooth 
(Fig. 6J, a digital cast of 6I). Three concentric zones are 
present in a few specimens (Fig. 6I, arrow). 

The shape of the conical structures suggests interpret-
ation as epibiont holdfasts, and small pits of similar shape  
may be scattered across the surface of some specimens. 
However, their presence in all examined specimens where 
they dominate in just a  restricted location within the 
valve interior argues against this interpretation. In some 
specimens, adjacent areas of the valve brim show infilled 
burrows of euendoliths (Fig 6H, located by arrow in 6A) 
that are only about 2 µm in diameter, but these represent 
galleries excavated within the shell and are clearly 
unrelated to the conical structures in the posterior area. 

Pits on internal moulds of Bagenovia were described 
by Koneva (1979a) and Rozov (1984) but these are 
arranged in transverse rows within the frondose pattern, 
on either side of the median plane, in a pattern quite unlike 
the posterior cluster of pits in Stenothecoides terraglaciei.

The apical (posterior) location of the tuberculose 
and pitted zone might suggest that the structure is the 

attachment scar of a ligament joining the two valves, but 
no indication of a corresponding structure has been found 
on the dorsal valve. There is little to suggest functional 
or morphological similarity with the ligament of Bivalvia 
(Trueman 1969, Waller 1998). 

The consistent and precise location of the conical 
structures promotes their interpretation as the attachment 
points of a  suite of fibres that anchored the juvenile 
Stenothecoides to the substrate (Fig. 9). It is not known if 
the fibres were separate or joined together to form a more 
robust pedicle-like structure, but the apparent lack of 
a well-developed emargination at the posterior margin of 
juveniles may suggest the former. 

Some larger ventral valves from GGU sample 271718, 
with patches of preserved shell, show a shallow median 
emargination in the posterior margin (Fig. 5N, O). 
A similar structure has been described by Johnston et al. 
(2017) in Stenothecoides from the Miaolingian of British 
Columbia, and was interpreted as a possible rudimentary 
pedicle foramen. A subapical emargination in the posterior 
margin seems to be present in the holotype of Bagenovia 
procera Koneva, 1976, from the lower Cambrian of 
Kazakhstan, and was also illustrated by Pelman (1985) in 
Katunioides akbashinensis Pelman, 1985 from Cambrian 
Series 2 (Botoman Regional Stage) of Mongolia. While 
evidence of the attachment points of individual fibres 
has not been observed on the shell interior of these larger 
specimens, the interpretation of the described attachment 
points in juveniles strongly supports the conclusion that 
a pedicle was present. 

Pedicle-like attachment structures are best known 
in brachiopods but they have been reported in several 
different organisms [Holmer & Caron 2006, Holmer et al. 
2008, Zhang et al. 2014, Sun et al. 2018 (but see Liu et al. 
2020)]. Brachiopod pedicles are complex and varied organs 
(Williams et al. 1997) and there is little basis for direct 
morphological comparison with the postulated attachment 
structure in stenothecoids, other than the presence of fibres 
in the pedicle of rhynchonelliformean brachiopods. Fibres 
in brachiopod pedicles form a stiff outer zone within the 

Figure 9. Schematic cross-section through Stenothecoides showing 
pedicle.
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cylindrical pedicle and in extant rhynchonelliformeans 
they are individually up to ten times the diameter of the 
postulated fibres in Stenothecoides. The fibrous pedicle is 
attached by muscles to the shell interior of the brachiopod, 
rather than directly by the fibres, enabling control of its 
orientation (Richardson 1979, Williams et al. 1997). Its 
fibrous structure is clearly demonstrated in the fossil 
record by the external attachment of the pedicle to the 
substrate, rather than in the point of origin of the fibres 
seen here in Stenothecoides. Individual fibres in the 
pedicle of most rhynchonelliformeans are etched into the 
substrate surface and produce a distinctive trace fossil, 
Podichnus Bromley & Surlyk, 1973, known as early as 
the Ordovician (Bromley & Surlyk 1973, Robinson & Lee 
2008, Santos et al. 2014). 

 

Muscle scars in Stenothecella 

A well-preserved limestone internal mould from GGU 
sample 271492 preserves about 20 pairs of raised ellip- 
tical scars along the posterior median line of a dorsal 
valve (Fig. 7). The small scars, representing depressions 
in the inner surface of the shell, are slightly irregular in 
form and lie on each side of a narrow median groove that 
has a weakly zig-zag form. They occur along about two 
thirds of the length of the valve, becoming increasingly 
obscure towards the anterior (Fig. 8D). A zone of fine 
radial groves lies on each lateral surface about half way 
between the median crest and the lateral margins (Fig. 8A, 
D, F). Similar, but less well preserved patterns occur in 
several phosphatized internal moulds from GGU sample  
271718. 

A similar pattern of median scars interpreted as a loop 
of muscular imprints was described in Stenothecella 
sibirica Aksarina in Aksarina & Pelman, 1978 from the 
lower Cambrian of Kuznetskiy Alatau, Siberia (Aksarina 
& Pelman 1978), which in external form and ornamen- 
tation is very close to Stenothecoides. Rozov (1984, fig. 7) 
tentatively interpreted the pattern as formed by intestinal 
loops. Rozanov & Zhuravlev (1992) compared this pattern 
to the intestinal loops of orthothecid hyoliths, as described 
subsequently in detail by Devaere et al. (2014) from the 
Terreneuvian of the south of France, but the interpretation 
as a continuous, looped, intestine is not convincing, on 
the basis of the original illustrations (Aksarina & Pelman 
1978, pl. 17, figs 4–6). The median scars are tentatively 
interpreted as muscle scars, although their function is 
not known; they may well be associated with attachment 
of a digestive or respiratory tract but find no obvious 
equivalence in brachiopods or molluscs. Their location on 
the median line may suggest that they are associated with 
the axis of the frondose structure on internal moulds of 
Bagenovia (Fig. 1J, K). 

Pits on the internal mould of Marakaria polygonalis  
Aksarina, 1968 from Kuznetskiy Alatau (Cambrian Series 2)  
were interpreted by Rozov (1984) as muscle scars, but 
the scars in Stenothecella cf. sibirica are more numerous 
and raised on the surface of the internal mould. Sargaella 
mirtovi Aksarina in Aksarina & Pelman, 1978 from Kuz
netskiy Alatau also shows series of scars along the median 
line (Aksarina & Pelman 1978, Rozov 1984). 

Dorsal arrays of shell-attachment muscle scars with 
a comarginal distribution are well known in tryblidiid 
monoplacophorans (Lindström 1884, Horný 1963, Peel 
1977) and other cap-shaped Palaeozoic shells (Dzik 
2010). The scars in Stenothecella cf. sibirica differ in their 
location close to the median line.

Conclusions

Study of phosphatized internal moulds of stenothecoids 
from the Henson Gletscher Formation (Miaolingian Series, 
Wuliuan Stage) of North Greenland increases insight into 
the morphological variation of a problematic Cambrian 
group mainly known from silicified replicas and limestone 
specimens. These compositional differences emphasize 
the need for an integrated approach across preservational 
boundaries to resolve the relationship of stenothecoids, 
not least as regards interpretation of the variety of internal 
structures.

Stenothecoides terraglaciei sp. nov. was attached to the 
substrate by a fibrous pedicle emerging between the valves 
at their posterior margin. The posterior (adapical) surface 
of the prominent transverse tooth within the ventral valve 
formed the internal attachment site of individual fibres 
comprising the pedicle. The presence of a pedicle strongly 
suggests a closer relationship of stenothecoids to the bra
chiopod stem than to molluscs, but formulation of such 
a step is premature, awaiting an integrated interpretation 
of the internal structures preserved on internal moulds. 
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