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Sammanfattning 
Alunskifferformationens paleontologi och sedimentologi vid Björnberget, 
Västerbottens län, Sverige 
Alexander Mannelqvist 

En hitintills obeskriven lokal av Alunskifferformationen vid Björnberget, Västerbottens 
län, beskrivs här med fokus på paleontologi och sedimentologi. 

Två nya arter av brachiopoder (Acrotretida) upptäcktes. Tingitanella vilhelminia n. 
sp. utökar släktet med ytterligare en art och utökar även den geografiska 
distributionen av släktet till Sverige. Anabolotreta furcatus n. sp. är den första 
medlemmen av släktet som beskrivits från Sverige och utökar den stratigrafiska 
spännvidden till lägre mellersta Kambrium. A. furcatus har även en skalstruktur med 
förgrenande pelare som beskrivs för första gången. En trilobit upptäcktes vid lokalen, 
Acadoparadoxides torelli, vilket tyder på att exponeringarna vid Björnberget tillhör 
övre delen av superzonen Acadoparadoxides (Baltoparadoxides) oelandicus. Faunan 
är artfattig i jämförelse med vad som tidigare har beskrivits från Jämtland och 
reflekterar en depositionsmiljö på den yttre kontinentalsockeln med ett lågt inflöde av 
klastiska sediment. 
 Den sedan tidigare kända lokalen vid Granberget, nära lokalen vid Björnberget, 
beskrivs häri med avseende på paleontologi och sedimentologi.  
Faunan vid Granberget kan utökas med två nya arter av agnostider, Hypagnostus 
lingula och Hypagnostus mammillatus, till att totalt innehålla sex arter av trilobiter. 
Depositionsmiljön påverkades periodvis av stormar som avsatte kalkstenslager 
bestående av skelettdelar. Alunskiffern har förlorat majoriteten av dessa strukturer 
under diagenes som annars återfinns i kalkstenskonkretionerna.  

Nyckelord: Brachiopoda, Acrotretida, ny art, ny lokal, Alunskifferformationen 

Självständigt arbete i geovetenskap, 1GV029, 15 hp, 2016 
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Abstract 
Paleontology and Sedimentology of the Alum Shale Formation at Björnberget, 
Västerbotten County, Sweden 
Alexander Mannelqvist 

A new locality of the Alum Shale Formation at Björnberget, Västerbotten County, of 
the lower allochthon of the Caledonian front is described herein. Two new species of 
acrotretid brachiopods were found. Tingitanella vilhelminia n. sp. adds another 
species to the monospecific genus. T. vilhelminia also extend the genus distribution 
to Sweden. Anabolotreta furcatus n. sp. is the first member of the genus found in 
Sweden and extend the stratigraphic range to Stage 5 of Cambrian Series 3. It also 
exhibits an unusual bifurcating shell structure described for the first time herein. One 
trilobite was found at the locality, Acadoparadoxides torelli, indicating that the 
exposures at Björnberget belong to the upper Acadoparadoxides (Baltoparadoxides) 
oelandicus superzone. The fauna found is impoverished in comparison to the fauna 
that has been described from Jämtland and reflects the depositional environment on 
the deep outer shelf with low sediment input.  

The known exposure at Granberget, close to Björnberget, is described with 
respect to the paleontology and sedimentology of the section. The fauna at 
Granberget could be extended with two new species of agnostids, Hypagnostus 
lingula and Hypagnostus mammillatus, to a total of six taxa of trilobites. The 
depositional environment was periodically affected by storms, depositing limestone 
layers composed of skeletal material. The Alum shale does not exhibit these 
sedimentary structures and have probably lost the majority of the them during 
diagenesis. 

Key words: Brachiopoda, Acrotretida, New species, New locality, Alum Shale 
Formation 
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Introduction 
The paleontology and sedimentology of the autochthonous Cambrian-Silurian 
sedimentary rocks of Scandinavia have been extensively studied (Westergård, 1936; 
Thorslund, 1949; Weidner & Nielsen, 2009, 2013; Männik et al., 2015). However, the 
allochthonous sedimentary rocks along the Caledonian front have not received the 
same attention. This is due partially to the complexity of the Caledonian orogeny 
which has thrusted and exposed parts of the sedimentary bedrock of differing time 
intervals along the Caledonian front. Another aspect is that the fauna is also not as 
diverse as the one found in Jämtland or mid-Sweden (Westergård, 1936; Weidner et 
al., 2014). The exposed sedimentary rocks are often composed of the Alum Shale 
Formation, middle Cambrian to Tremadocian in age, and Gärdsjön Formation, early 
Cambrian to middle Cambrian in age (Bierlein & Greiling, 1993; Nielsen & Schovsbo, 
2011). In the Caledonian front the Alum shale acted as detachment zones for thrust 
faults (Greileng & Zachrisson, 1996) and duplication of the Alum shale is very 
frequent in the thrust sheets (Bierlein & Greiling, 1993; Greileng & Zachrisson, 1996) 
further adding to the difficulty of studying the formation. To add to the complexity, the 
formation often exhibits large homogeneous sequences with only unfossiliferous 
shale which increases the difficulty to spot duplications.  
 Previous paleontological studies in the area have focused mostly on either trilobite 
material (Ahlberg & Bergström, 1983; Rushton & Weidner, 2010; Ebbestad et al., 
2013; Weidner & Ebbestad, 2014; Weidner et al., 2014) or the formations underlying 
the Alum Shale Formation (Moczydlowska et al., 2001). The trilobite fauna and the 
biozonation scheme for the middle Cambrian are thus relatively well known both from 
Westergård’s descriptions (1936) and from more recent studies (Weidner & 
Ebbestad, 2014). But there are still several localities of the middle Cambrian Alum 
shales that have not been revisited since Linden (1910) examined them or when the 
Swedish geological survey mapped the area (Kulling, 1955). A large amount of 
material has been collected but there is still material in need of revision or description 
(Rushton & Weidner, 2007). Old localities along the Caledonian front should be 
reexamined and new localities described in order to obtain greater environmental and 
faunal knowledge.  

A new middle Cambrian Alum Shale locality is described herein which is located 
on the southern slope of Björnberget in a mountain stream (Figure 1). The mountains 
in the area are built up by duplexes of alum shale and low grade metamorphosed 
quartzite (Kulling, 1955; Bierlein & Greiling, 1993). Fossils have been collected from 
the nearby Granberget (Westergård, 1936; Kulling, 1942), and the locality is 
reexamined and described as well. The newly discovered exposure along the stream 
Björnbäcken has not been described before or sampled for fossils. Sampling of 
material was done by the author in the autumn of 2015.  

Locality and material 
The new locality is located at Björnberget, Västerbotten County, in southern Swedish 
Lapland. The locality lies north of the town Vilhelmina and near the village Nästansjö 
(Locality 1, Figure 1). It lies in a small ravine next to a forest road on the southern 
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slope of Björnberget. The 
ravine has been formed by 
Björnbäcken stream which 
has cut into the hillside. The 
Alum Shale Formation is the 
only formation to occur at 
the outcrops along the 
stream section. Limestone 
concretions occur more 
frequently towards the top of 
the section, both in situ and 
in the stream bed. Samples 
were collected from all 
limestone concretions found. 
The outcrops had been 
affected by mild folding and 
were tilted to the west. 
Towards the bottom of the 
section the folding 
intensified with large scale 
folds occurring in 
combination with weakly 
metamorphosed shale.  
 The second locality is 
located next to a forest road, 
on the western slope of 
Granberget (Figure 1). It has 
been partially uncovered by 
Bergbäcken stream running 
through the valley, but also 

by removal of material when the road was constructed. The exposed surfaces are 
separated by a valley and lie on either side of the road. Alum shale is the single 
constituent of the whole section. Limestone concretions occurred infrequently along 
the road cut. Tectonic deformation and weak metamorphosis was observed along 
most of the section. Intense weathering had also affected the exposure, making any 
detailed description of the section exposed difficult.  
 
Material 
The material collected consist of several limestone concretions from both localities. 
These were subsequently brought back to Uppsala University. The concretions were 
mechanically split in search for larger fossils. Smaller samples from each limestone 
concretion were subjected to a dilute formic acid treatment. This was done in order to 
dissolve the calcitic cement and then be able to sieve out any potential phosphatic 
microfossils. The sieved material was picked under a binocular microscope for 
microfossils which subsequently were put under the scanning electron microscope at 
the Evolutionary Biology Centre at Uppsala University.  

Figure 1. Map over the localities (© Lantmäteriet, I2014/00601).  
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Sedimentology and stratigraphy 
A sedimentary log (Figure 2) was created for the outcrop at which the fossils from 
Björnberget (Locality 1, Figure 1) were found. The thickness was estimated by using 
the true dip values and applying those to the measured thickness to calculate the 
true thickness. The part of the Alums Shale Formation at Björnbäcken were 
estimated with the same method to be up to 83 meters, probably duplicated. 

 
Lithology  
A total of four different lithologies could be recognized throughout the section at 
Björnberget. At Granberget only three could be recognized. 

Dark grey shale are one of the lithologies that can be observed at both sections. 
The shale is very dark grey in color and composed of mainly clay minerals. Organic 
material causes the dark color. Pyrite is another constitutient and occurrs mainly as 
grains making up to ten percent of the rock. Larger nodules of pyrite occur frequently 
throughout the sections. Limestone concretions occurs infrequently. The shale is very 
fissile and is also very finely laminated. The lithology has an elevated level of 
radiation relative to the background radiation. The average level of radiation 
measures to be 0.5 µSv/h in comparison with the background radiation in the area 
which is 0.2 µSv/h. This lithology is generally unfossiliferous with the exception of 
limestone concretions. No distinction is able to be made between the shales at 
Björnberget and Granberget.  

Black shale occurs at both sections. The shale is very fissile and also finely 
laminated. The main constituents are clay minerals and the black color is caused by 
a high amount of organic material. Pyrite makes up considerably less of the lithology 
in comparison with the dark grey shale. Jarosite is however frequent which might 
explain the lack of observed pyrite. The shale is also relatively soft and unlithified. 
The radiation level for this lithology are much higher than any other lithology with an 
average radiation level of 1.1 µSv/h, likely reflecting a higher concentration of 
uranium. The shale is unfossiliferous with the exception of the limestone concretions. 
No limestone concretions were observed in situ but some limestone concretions 
found at the slope are inferred to have come from that layer.  

Grey shale occurs only at Björnberget. This lithology occurs only once and might 
be an effect of preservation since it is very similar to the dark grey shale. It was not 
possible to determine if it continued laterally. The lithology exhibits some differences 
from the dark grey shale as it contains very high amounts of pyrite. It is also slightly 
less fissile.  

Limestone concretions occur at both sections. At Björnberget the concretions 
occur several times throughout the section, varying in size from 10 to 60 cm in width 
and up to 30 cm thick, often ellipsoidal in shape. Often they are finely laminated and 
are compositionally similar to the surrounding rock with the exception of calcite 
cement. The color is often grey to dark grey, slightly brighter than the host rock. 
Pyrite occurs  
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Figure 2. Sedimentary log and a photograph taken by the author of the measured section at Björnbäcken, 
Björnberget. The section is folded and marginally duplicated at 2.9 m. The profile continues below 0 m but is 
covered by a stream bed and quaternary deposits. The brachiopods shown represent macroscopic lingulids and 
acrotretids found.  
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in higher concentration in the concretions and as bigger grains. Up to 50 percent of 
the concretions could be composed of calcite, less than for limestone concretions of 
Scandinavia in general (Thickpenny, 1984). Veins of calcite occur frequently through 
the concretions and were formed post-diagenesis through brittle deformation caused 
by tectonism. Fossils occur infrequently, although fossiliferous in comparison with the 
shale. The concretions at Granberget are very similar to the ones from Björnberget, 
but show a greater degree of variance regarding size. The width can be up to 1.2 m 
and a thickness up to 50 cm. They are also generally richer in calcite and lighter in 
color in comparison to concretions at Björnberget. 
 
Biostratigraphy 
The fauna found at Björnberget is impoverished with respect to trilobites. The only 
trilobite taxon found is Acadoparadoxides torelli which occasionally occurs in 
abundance. However, the fauna was considerably richer in brachiopods with seven 
species found. In addition, one hyolith and one phosphatocopid species were 
recovered along with enigmatic phosphatic tubes. The microfauna represented the 
majority of the species as it contained four of the seven brachiopods found along with 
the phosphatocopid and the phosphatic tubes. Weidner et al. (2014) correlate more 
impoverished faunas further north of the allochthon in Jämtland to a deeper and 
more distal shelf environment. The fauna from Björnberget also follows that pattern. 
From a previous study of the Alum Shale Formation of the allochthon in Jämtland 
done by Weidner et al. (2014), the fauna found was attributed to the A. pinus-P. 
praecurrens zone. The fauna from Jämtland is more diverse than the one found at 
Björnberget with seven to ten paradoxidids, two agnostids, fragments of brachiopods 
and hyoliths found. The trilobite taxa previously found in the A. pinus-P. praecurrens 
zone of the allochthon in southern Västerbotten are restricted to Acadoparadoxides 
torelli, with P. praecurrens occurring occasionally (Weidner et al., 2014). P. 
praecurrens occurs only in the A. pinus-P. praecurrens biozone (Westergård, 1936) 
and A. torelli occurs only in this biozone on Öland (Weidner et al., 2014). The fauna 
present at Björnberget is thus interpreted to belong to the A. pinus-P. praecurrens 
zone. However, P. praecurrens is not found on Björnberget and therefore the locality 
cannot be attributed with an absolute degree of certainty to the same biozone but the 
association follows that of Weidner et al. (2014) since A. torelli was found. 
 The section at Granberget was considerably richer in trilobite taxa in comparison 
with the section at Björnberget. Three trilobite taxa were discovered; Paradoxides 
paradoxissimus, Hypagnostus mammillatus and Hypagnostus lingula. P. 
paradoxissimus occurred abundantly where it was found and so did H. mammillatus. 
H. lingula occurs infrequently and in low abundance, often together with H. 
mammillatus. No brachiopods or hyoliths were found. Previous studies of the locality 
(Kulling, 1942) found three taxa of trilobites; P. paradoxissimus, Acadagnostus ferox 
and Hypagnostus parvifrons. Weidner and Nielsen (2013) also displayed specimens 
of Hypagnostus truncatus collected from Granberget. Thus the new material can add 
two species to the already known taxa from Granberget, which now total six trilobite 
species. The taxa found were attributed to the upper A. atavus biozone (Figure 3) 
since H. mammillatus occurs more frequently in the upper part of the A. atavus zone 
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and since H. lingula occurs only in the upper A. atavus zone in Sweden (Westergård 
1946; Weidner & Nielsen 2013). 
 

(Westergård 1946) (Weidner et al. 2014) Superzones 
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Paradoxides insularis Eccaparadoxides 
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Figure 3. Biostratigraphical divisions of the middle Cambrian Series 3 with chronostratigraphic ranges. After 
Weidner et al. (2014) and Nielsen et al. (2014). 
 
Sedimentology  
Björnberget 
The dark grey shale represents a slow deposition and low energy environment. 
Deposition took place on the outer shelf on the western margin of Baltica (Cocks & 
Torsvik, 2005). The high prevalence of pyrite indicates anoxic sediments (Berner, 
1984). Pyritic laminae are observed, which resemble flaser lamination. This probably 
reflects syndepositional formation with the deposition of the shale (Thickpenny, 
1984). The environment interpretation for the black shale is mostly the same as for 
the dark grey shale. The darker color reflects a higher degree of organic carbon in 
the rock, the less lithified appearance is probably due to the organic content as well 
(Thickpenny, 1984). Less pyrite grains and nodules were observed. It seems likely 
that the increased carbon content reflects periods with higher organic input. 
Schovsbo (2002) explains the higher uranium content in the alum shale with periods 
of increased bottom water circulation whilst the sediments were anoxic. The 
increased bottom water circulation could then be responsible for less sedimentation 
of finer grained material increasing the relative carbon content. The grey shale it is 
interpreted to have been deposited in mostly the same environment as the dark grey 
shale. But as it is also less lithified than the dark grey shale, it is more likely  
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that a brief period of oxygenation occurred which promoted bioturbation and removal 
of organic material. 

The trilobites are interpreted to have been living in the environment (Schovsbo 
2001; Buchardt et al. 1997). This is supported by the observation of few sedimentary 
structures indicating currents, thus the parts and shells most likely were not 
transported far. Therefore the environment was probably not fully anoxic, it was 
probably at least dysoxic in order to sustain larger lifeforms (Schovsbo, 2001). The 
trilobite, A. torelli, that is found at the locality has been interpreted to have lived in 
oxygenated environments since it belongs to more “general” trilobites (Buchardt et 
al., 1997; Schovsbo, 2001). The trilobites found are however from a single species 
and disarticulated, evoking some doubts on the interpretation. Frequently the 
trilobites occur grouped in a single bedding plane, on top of each other and with 
similar size ranges. The cranidia also exhibit bimodal head shield positioning, either 
facing up or down. This indicates some degree of sorting and transportation (Eklöf et 
al., 1999). However, cranidia are often distributed randomly on bedding planes, 
composed of juveniles to adults. No preferential direction or bimodal distribution are 
observed either, suggesting that they were not subjected to transportation. Three 
taxa of larger brachiopods, one lingulid and two acrotretids, and one hyolith are only 
found within these type of bedding planes. The microfossil assemblage cannot be 
attributed to a single bedding plane due to the method of extraction. They do 
however show indications of abrasion, although much can be attributed to pyrite 
crystal growth. No coarser grained material was observed together with the 
microfossils during the extraction and picking process. This further suggest that they 
have not been transported very far. But since they also occur very infrequently, 
fragmented and in limited size range, the microfossils are interpreted to be part of a 
transported assemblage. The hyolith and larger brachiopods are however interpreted 
to have lived in the area along with the trilobites. 

The discrepancy between the anoxic subsurface sediments and the water column 
might be explained by a lack of exchange of pore water with the water column 
(Schovsbo, 2001). The environment was not completely devoid of movement since 
structures that reflect higher energy periods were found. One such indicator is the 
sandstone layers found at some of the outcrops along Björnbäcken. These beds are 
generally bedded, fine grained arenites, cemented by calcite which are interpreted to 
have been deposited during a high energy event such as a storm. Shale clasts have 
also been found within sandstone beds at other localities (Kulling, 1942) which likely 
reflects small rip up clasts. This indicates that the sediment-water interface would 
then have been situated above storm wave base occasionally.  

The limestone concretions found give a more detailed description of the sediments 
due to less compaction, however, as mentioned before they resemble to a high 
degree the host rock compositionally. The laminations are not as continuous as in the 
shale and are more indistinct. Potential burrows (Figure 9.6) have also been found, 
suggesting that small scale bioturbation occurred which could explain the indistinct 
laminations. 
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Granberget 
Although the second locality at Granberget was heavily deformed some 
interpretations of the depositional environment could be made from parts of the 
section sparred from intense tectonic deformation. In particular, one limestone 
concretion contained an array of sedimentological features (Figure 4). The limestone 
concretion has wavy laminations with grey shale containing mostly clay with smaller 
amounts of silt. These layers were cemented by calcite. The grey shale layers were 
intercalated by limestone layers. The thickness of the individual laminae varies 
between a few millimeters to a centimeter in thickness. High energy events could be 
detected in the limestone concretion as a coquina-like assemblage was observed 
with trilobites remains preferentially oriented with the head shields facing downwards. 
Unlike the carbonate intercalations that Dworatzek (1987) described where the 
undulating contact surface is due to the head shields of trilobites facing down, actual 
deformation of the underlying layers, soft sediment deformation, are seen here that in 
combination creates the contact surface undulation. There is a gradation of the size 
and frequency of trilobite material as it decreases upward. The whole event is also 
characterized by fine grained matrix of mud to fine silt fractions. The limestone 
laminations probably have the same constituents that Dworatzek (1987) described 
with the limestone lamiae being composed of fine carbonate grains that are the 
remains of skeletons and shells. Towards the top the dark grey shale laminae 
become thicker and more dominant whilst the limestone laminae stay the same size. 
The sedimentation pattern in the concretion is gradually incorporated into the 
surrounding black shale, which has been compacted much more dramatically than 
the concretion units.  

The limestone concretion from Granberget probably reflects an environment 
affected periodically by high energy events such as storms. These could have 
transported skeletal debris to the locality perhaps also oxygenating the lower water 
column. Trilobites occur in the grey shale suggesting that at least the water column 
was not fully anoxic for the whole period of sedimentation. The increase in thickness 
of the shale layer most likely indicates a decrease in the frequency of storms. The 
trilobite fauna is much more diverse than the fauna at Björnberget. This is further 
indication that the environment was more oxygenated, more capable of sustaining a 
larger amount of large aerobic organisms than in the lower A. pinus - P. praecurrens 
biozones of the locality at Björnberget.   

That the shale shows no indications of these sedimentological features is 
interesting. This suggests that the finely laminated shale not necessarily reflect the 
depositional environment accurately. As the concretion formed before compaction 
(since the laminations are continuous and varied in thickness) the shale probably lost 
the majority of its sedimentary feature during diagenesis. 
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Figure 4. Polished section of the limestone concretion found on Granberget. The white vertical to diagonal lines 
are calcite veins. 0-2 cm reflects the background sedimentation pattern. 2-10 cm reflect a single depositional 
event. Between 3 and 4 cm crossbedding can be observed at several places. The grey sediments from 4 cm to    
6 cm also display soft sediment deformation. Irregular, discontinuous laminations can also be seen in this interval. 
At 6 cm a discontinuity surface occurs with coquina-like bed on top, composed of skeletal parts from trilobites. 
The bed grades into mudstone upwards and eventually fade into the background sedimentation pattern (outside 
the figure). 

Systematic paleontology 
Subphylum Linguliformea Williams et al. 1996 
Class Lingulata Gorjansky & Popov 1985 
Order Acrotretida Kuhn 1949 
Superfamily Acrotretoidea Schubert 1893 
Family Acrotretidae Schubert 1893 
 
Genus Tingitanella Streng 1999 

Tingitanella vilhelminia n. sp. (Figure 5) 
Etymology – From the name of the town Vilhelmina, close to where it was 

first discovered.  
Holotype – Ventral valve, AM014BB07 (Figure 5.8). -Type locality and stratum: 

Björnberget, close to Nästansjö, Västerbotten, Sweden. Sample level 5 m; 
Acadoparadoxides pinus-Pentagnostus preacurrens biozone in the Alum Shale 
Formation. 
 Occurrence – Same as holotype.  

Material – 18 ventral valves and 12 dorsal valves. 
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 Diagnosis – Ventral valve cataconical to apsaconical in shape. Posterior of ventral 
valve straight with a well-defined intertrough. External foramen is circular, forming 
short pedicle tube. Apical process triangular with a small central depression, directly 
anterior of junction of internal foramen and the posterior wall. Apical pits directly 
lateral to the posterior of the apical process. Dorsal valve slightly convex with 
orthocline pseudointerarea. Broad median groove, median buttress present, 
indistinct. Larval shell with pitting of varying diameter, 0.5 µm to 1.5 µm, ventral larval 
shell flattened. Dorsal larval shell ornamented by two domes lateral to each other 
posteriorly situated.  
 Description – Shell width estimated up to 0.56 mm and length estimated to  
0.52 mm, maximum width at about mid-length. The shell is transversely sub-oval in 
outline. Length to width ratio is 0.94. Larval shell circular, 0.17-0.19 mm in diameter. 
Distal parts of the larval shell have a steeper gradient than later growth stages, 
except the posterior, creating a groove that surrounds the larval shell. Epithelial 
marks on the interior of both valves.  

Posterior margin of ventral valve is straight with a pseudointerarea that is concave 
and catacline to apsacline with a well-defined intertrough. Maximum height is at the 
apex. The larval shell’s height is 1/3 of the diameter, the top is flattened. Foramen is 
enclosed within the larval shell and forms a short pedicle tube with a circular opening, 
40-45 µm in diameter. Cardinal muscle scars not directly observed but elevated 
portions of the shell are observed on the lateral walls, anteriorly of the junction with 
the posterior wall (Figure 5.12). The apical process is triangular in shape with a 
central depression, elevated and situated on the interior anterior slope of the umbo. 
The apical process tappers towards the foramen, forming a marginally elevated ridge. 
Apical pits directly posterolateral of the apical process. Apical pits ornamented by two 
oval depressions positioned at acute angles to each other, with a surface structure of 
pits that are irregularly shaped. Pits vary in shape and often are subangular in outline 
(Figure 5.10). The pedicle opening is situated at the junction of the posterior wall and 
apical process. Indentations occur directly laterally to the foramen on the interior of 
the shell. Vascula lateralia present, short and baculate in shape.  

The dorsal vale is slightly convex with a weakly convex posterior margin, 
orthocline pseudointerarea The dorsal larval shell is convex in shape with two dome 
shaped ornaments position lateral to each other on the posterolateral edges. Median 
buttress is small and short, just 10% of the total length of the shell. Pseudointerarea 
with well-defined broad median groove. No median septa, cardinal muscle scar or 
central muscle scar was observed.  
 Discussion – Tingitanella vilhelminia resembles Tingitanella calamisca Streng, 
1999, but differs in the position of the apical process, the uneven pitting of the larval 
shell and the more prominent intertrough on the ventral valve. The major difference 
between the apical processes is that in T. vilhelminia it is positioned further from the 
foramen and the apical pits is lateral to the anterior of the apical process rather than 
lateral to the foramen as it is in T. calamisca. Pitting is usually not something that 
varies within in genera (M. Streng, Uppsala, pers.comm 2016), but the otherwise very 
close similarities between T. vilhelminia and T. calamisca indicates that they belong 
to the same genus. It is however difficult to fully describe T. vilhelminia since the 
material studied is so fragmentary and the larger more complete specimens are 
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Figure 5. Tingitanella vilhelminia n. sp. from Björnberget near Nästansjö, Alum Shale Formation. 1. Dorsal view of 
dorsal valve. AM008BB03. 2. Dorsal valve exterior with larval shell ornamentation visible. AM009BB04 3. Ventral 
view of dorsal valve. AM009BB09 4. Dorsal valve interior AM015BB12. 5. Ventral valve interior. AM009BB23 6. 
Ventral posterior view of ventral valve. AM012BB03 7. Interior of ventral valve, arrow showing location of 10. 
AM012BB11 8. Interior of ventral valve, holotype. AM014BB07 9. Ventral vale exterior. AM011BB13 10. Apical 
pits from specimen 7 exhibiting ornamentation. 11. Larval shell of specimen 2, displaying uneven pitting. 12. 
Oblique view of ventral valve interior with the arrow indicating possible muscle attachments. AM012BB04. The 
scale bar of specimen 4 represents 100 µm and is the same for specimens 1-9 and 12. Scale bar of 10 represents 
10 µm and the scale bar of 11 represents 3 µm. 
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covered by remnants of rock matrix. Thus size and proportional measurements of the 
accretionary shell reflect estimates that likely are not accurate.  

The lack of ventral cardinal muscle scars that Streng (1999) mentioned needing 
further explanation is observed here as well. Indistinct muscle scars might be 
common within the genus, but no conclusions can be drawn due to the state of 
preservation. Furthermore, the unusual ornamentation of the apical pits that was 
observed needs further explanation. The shell structure might reflect reinforcement of 
the shell for muscle attachments but the material is too fragmentary to draw 
conclusions.  
 

Genus Anabolotreta Rowell & Henderson 1978 
Anabolotreta furcatus n. sp. (Figure 6 & Figure 7.1, 7.6, 7.9, 7.10) 
Etymology – After the unusual bifurcating and converging columnar structure of 

the shell. 
Holotype – Ventral valve, AM008BB08 (Figure 6.1). -Type locality and stratum: 

Björnberget, close to Nästansjö, Västerbotten, Sweden. Sample level 5 m; 
Acadoparadoxides pinus-Pentagnostus preacurrens biozone in the Alum Shale 
Formation. 

Occurrence – Same as for holotype.  
Material – More than 20 ventral valves and 8 dorsal valves studied.  
Diagnosis – Ventral valve cataconical to apsaconical in shape. Transversely sub 

circular. Posterior of valve slightly concave with no intertrough. Apical process raised, 
subtriangular with a circular depression. Vascula lateralia short and straight. Dorsal 
valve slightly convex, anacline, pseudointerarea poorly defined. Interior with vestigial 
to absent median buttress and small median ridge present.  
 Description – Shell sub-circular in outline, size uncertain but estimated up to  
0.56 mm wide and 0.50 mm in length. Length to width ratio 0.88. Maximum width at 
about mid-length. Later growth stages of the shell are ornamented by distinct growth 
laminae, elevated relative to the shell outline. Columnar structure of secondary shell 
composed of bifurcating and converging columns (Figure 7.6, 7.9, 7.10). Larval shell 
is convex and transversely sub circular, 0.21-0.23 mm in diameter. Length to width 
ratio is 0.85. The larval shell is pitted evenly with pits of a diameter of 1-1.3 µm. 
Epithelial marks on interior of both valves. 
 Ventral valve convex, catacline to apsacline in shape. Posterior slightly concave 
No intertrough on the pseudointerarea. Maximum height at apex. The exterior 
foramen is not enclosed within the larval shell. Larval shell slightly flattened. Epithelial 
marks on the interior surface. The apical process is subtriangular in shape, 
positioned on the anterior slope. Apical process anterior of the internal foramen, 
elevated bearing a circular depression. Apical pits situated anterolateral to the 
foramen, posterior to the apical process. Apical pits ornamented by elevated areas 
separated by grooves, hexagonal in shape (Figure 7.6). Vascula lateralia short and 
straight. Muscle scars located near the junction of the posterior and lateral walls. 
Elevated and next to the vascula lateralia. Foramen situated on the posterior wall, 
circular in shape with a diameter of 36-50 µm. 
 Dorsal valve is gently convex. Larval shell convex in outline, has a slightly steeper 
angle than the accretionary shell creating a small indistinct furrow at the junction of 
the accretionary shell. More pronounced anteriorly and posteriorly. Pseudointerarea 
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small and poorly developed, orthocline with a broad median groove. No median 
buttress is observed, depression instead at the apex. Small indistinct median ridge 
present. No muscle scars were observed.  
 Ontogeny – Younger specimens have smaller pedicle openings and the apical 
process is situated closer to the foramen (Figure 6.5). The apical process is also 
elevated higher in younger specimens with a less well developed circular depression. 
Older specimens have larger pedicle openings, a lower apical process and a more 
defined circular depression.  

Discussion - A. furcatus is similar to Anabolotreta diversa Koneva 1986a in that it 
has a small median ridge and to Anabolotreta parva Ushatinskaya 1994 in the 
placement of the muscle attachments posterolateral and that the scars are elevated. 
Anabolatreta? glabra Streng & Holmer 2006 is similar in having growth laminae only 
developed in later growth stages. Anabolotreta furcatus differs from all other 
members of Anabolotreta in that it has a circular depression on the elevated apical 
process. The apical process is also not connected to the foramen, which is typically 
not the case. The shell structure and the apical pits are also a character not reported 
from other members of the genus. A. furcatus does share numerous characters that 
are common for the genus such as the transvers-oval shape, the growth laminae 
ornament and the ventribiconvex shape of the shell. The dorsal valve also has no 
observable median buttress which is common within Anabolotreta. A. furcatus is thus 
placed within Anabolotreta tentatively. A. furcatus adds to the geographical 
distribution as it is the first member Anabolotreta described from Sweden and also 
increases the stratigraphic range of the group to Stage 5 of Cambrian Series 3. 
 The material worked with was dominated by fragmentary shell parts, with ventral 
shells preferentially preserved which could be identified with sufficient accuracy. The 
dorsal interior is however poorly described as little material was available. The 
median ridge is thus only tentatively assigned and the lack of a median buttress 
likewise. The elevated growth laminae are also only found in fragments but could be 
assigned to this species due to the unusual columnar shell structure observed. 
 The unique secondary shell structured observed in A. furcatus is puzzling as it has 
not been observed or described before. This might be due to: 1) The description of 
the species within the genera might not have focused on the shell structure or 2) The 
shell structure might indicate that A. furcatus does not belong in the group and 
perhaps should form a separate group. The shell structure is similar to the curved 
columns which has been described in acrotretids (Williams & Holmer, 1992). 
However, Williams & Holmer (1992) do not mention conjoining or bifurcating 
columns. The average sizes of the columns are close to what Williams & Cusack 
(2007) described but the size range differs, the columns of A. furcatus are commonly 
between 0.5 µm to 2 µm in diameter. Another unique feature of A. furcatus among 
the Anabolotreta species is the ornamentation of the apical pits. The type of 
ornamentation has not been described from any other genus within the Acrotretida 
either. Further investigation of the unique characters of A. furcatus as well as 
investigating the shell structure and the ornamentation of the apical pits of other 
members of the genus, is required in order answer the question of placement within 
Anabolotreta. 
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Figure 6. Anabolotreta furcatus n. sp. from Björnberget near Nästansjö, Alum Shale Formation. 1. Dorsal view of ventral 
valve, arrow indicating position of Figure 7.1. Holotype, AM008BB08 2. Interior of ventral valve showing muscle scars 
(elevated areas) on the lateral walls. AM012BB05 3. Cross-section through the apical process displaying the shell 
structure. An enlarged view at the arrow’s position can be seen in Figure 7.10. AM014BB01 4. Dorsal view of ventral 
valve of specimen with large foramen and pronounced circular depression. Arrow points to the location of Figure 7.6. 
AM012BB06 5. Ventral valve interior. Young specimen with apical process closer to the foramen and central depression 
not fully circular. AM011BB11 6. Ventral view of ventral valve with the posterior being weakly concave. AM008BB23 
7. Ventral valve exterior with oblique cross-section showing shell structure. Arrow pointing to Figure 7.9. AM009BB24 
8. Shell fragment exhibiting distinct raise growth lamiae with solid shell wall reaching down to the next growth lamiae. 
AM016BB12 9. Dorsal view of dorsal valve. AM009BB20 10. Dorsal valve interior displaying indistinct median ridge and 
a depression with no discernible median buttress. AM009BB19. Scale bar represents 100 µm for specimens 1-10. 
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Order Lingulida Waagen 1885 
Superfamily Linguloidea Menke 1828 
 Linguloidea gen. et sp. indet. (Figure 7.2, 7.4, 7.5) 
 Material – Two dorsal and ventral valves and three larval shells were collected 
from Björnberget, close to Nästansjö, Västerbotten, Sweden. Sample level 5 m; 
Acadoparadoxides pinus-Pentagnostus preacurrens biozone in the Alum Shale 
Formation.  

Description –Larval shell with even pitting with a diameter of 1 µm. Pedicle 
opening through both valves. Flexural line well defined. 
 Ventral valve with a pedicle groove and a well-defined triangular pseudointerarea. 
Pedicle groove wide and slightly raised above valve floor. 
 Dorsal valve with a well-defined triangular pseudointerarea, flexural lines well 
defined. Median groove deep and wide triangular, slightly raised above valve floor.  

Discussion – The specimen can be assigned to the Linguloidea superfamily due to 
several features. The overall shape of the shell and the presence pedicle groove is 
indicative of the Linguloidea. The homogenous pitting also is highly indicative of the 
Linguloidea, especially since the specimens do not exhibit tubercles as in the 
Acrotheloidea Walcott & Schubert 1908.  
 The Linguloid specimens probably belong to either Zhanatellidae Koneva 1986b or 
to Eoobolidae Holmer, Popov & Wrona 1996 since the description regarding the 
posterior part of the dorsal and ventral valve matches. The time period is also 
reasonable assuming these specimens do not reflect a new time range. The 
specimens cannot be identified further however, as so few valves have been studied 
and all of them are very fragmentary (most are a few hundreds of micrometers in 
size).  
  
Superfamily Acrotheloidea Walcott & Schubert 1908 
 Acrotheloidea gen. et sp. indet. (Figure 7.3, 7.7, 7.8) 

Material - Seven fragmentary larval shells were collected from Björnberget, close 
to Nästansjö, Västerbotten, Sweden. Sample level 5 m; Acadoparadoxides pinus-
Pentagnostus preacurrens biozone in the Alum Shale Formation. 

Description – Larval shell with variable pitting, smaller pits occur along the border 
of larger pits. Pits vary in size from 2.5 to 7 µm. Multiple tubercles on the larval shell 
(Figure 7.3). Shell structure baculate (Figure 7.8).  
 Discussion – The material dealt with is extremely fragmentary thus difficult to 
properly assign below a superfamily classification. The tubercles that are 
characteristic for the Acrotheloidea Walcott & Schubert 1908 were enough to classify 
them as Acrotheloidea. The larval shell pitting and shape of the tubercles is very 
similar to the family Acrotheloidae Walcott & Schubert 1908 but since these 
characters are not diagnostic below the superfamily level it is not enough to properly 
identify and assign them a genus.
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Figure 7. Acrotheloidea gen. et sp. indet. (3,7,8), Linguloidea gen. et sp. indet. (2,4,5) and Anabolotreta furcatus 
n. sp. (1,6,9,10) from Björnberget near Nästansjö, Alum Shale Formation. 1. Bifurcating shell structure exhibiting 
infilled columns with intertwined inner strands. Same specimen as in Figure 6.1. 2. Dorsal view of ventral valve. 
AM008BB06. 3. Larval shell fragment ornamented by one tubercle and dome. AM006BB01. 4. Ventral view of 
ventral valve. AM008BB05 5. Dorsal valve interior exhibiting a slightly elevated median groove. AM009BB08  
6. Apical pits from Figure 6.4 exhibiting hexagonal pattern. 7. Same larval shell as specimen 1, exhibiting pitted 
pattern of larger pits surrounded by smaller pits. 8. Larval shell displaying baculate shell structure. AM006BB01. 
9. The specimen from Figure 6.7 is shown greater detail. Ventral view of ventral valve with bifurcating columnar 
shell structure shown. Curving of columns towards the laminar shell margin is also shown. 10. Enlarged view of 
the specimen in Figure 6.3. Bifurcating shell structure is displayed with bifurcating columns penetrating lamina at 
the arrow. Scale bar represents 100 µm for 2-5. Scale bar in 1 represents 2 µm. Scale bars in 6-10 represents 10 
µm.  
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Phylum Arthropoda Von Siebold 1848 
Class Trilobita Walch 1771 
 
Order Agnostida Salter 1864 
Family Spinagnostidae Howell 1935 
Genus Hypagnostus Jaekel 1909 
 Hypagnostus lingula (Grönwall, 1902) (Figure 8.4, 8.6) 

Material – Three pygidia were collected from a loose limestone concretion on the 
western slope of Granberget close to Nästansjö in Västerbotten county, Sweden. A. 
atavus biozone in the Alum Shale Formation.   

Description – For a full description of the species see Høyberget & Bruton (2008). 
The specimens from Granberget exhibit a smooth pygidium, as wide as long. Axis is 
more than half the length of the pygidium and 1.5 times as long as wide. Axial node 
is poorly defined, situated anteriorly on the axis. Pointed posterior tip of axis with faint 
terminal node. Weak posterolateral swellings which taper posteriorly in thickness, 
pleural fields are connected, no visible postaxial median furrow. Postaxial medial 
furrow is absent. Border furrow shallow but well defined.  

Discussion – Cephalon very similar to that of Hypagnostus truncatus (Brøgger, 
1878), which has been found at the locality (Weidner & Nielsen 2014). It is also 
similar to that of Hypagnostus mammillatus (Brøgger, 1878). H. mammillatus also 
occurs in the same bedding plane which makes it is difficult to assign any found 
cephalon to H. lingula specifically. The pygidia differ in several ways from both other 
occurring species. The pleural fields are confluent in H. lingula which is not the case 
in either H. mammillatus or H. truncatus. The axial node on H. mammillatus is 
positioned more central on the axis than in H. lingula. The axial node in H. truncatus 
is also more pronounced than in H. lingula. H. truncatus also has a wider and longer 
axis in comparison to H. lingula. The pygidium of Cotalagnostus lens (Grönwall, 
1902) is very similar to H. lingula. The axial node on the axis is however more distinct 
and C. lens lacks a terminal node.  
 

Hypagnostus mammillatus (Brøgger, 1878) (Figure 8.1-8.3, 8.5) 
 Material – Over twenty cephala and pygidia were collected at the western slope of 
Granberget close to Nästansjö in Västerbotten county, Sweden. A. atavus biozone in 
the Alum Shale Formation.  

Description - The specimens from Granberget exhibit a cephalon slightly longer 
than wide, sub-circular, widest at half the length of cephalon. The glabella is smooth, 
round anteriorly and less than half the length of the cephalon. e glabella is shorter 
than half the length of the cephalon, 1.2 times as long as wide, oval in shape. 
Cheeks smooth. Border with slight thickening anteriorly. Border furrow is pronounced, 
shallow and wide. Basal lobes are triangular and small. Pygidium effaced, slightly 
longer than wide. The axis is 0.7 times the length of the pygidium and is twice as long 
as it is wide with a tip posteriorly, axial node pronounced and situated on the axis 
center. Weak posterolateral swellings with decreasing thickness posteriorly. The 
border width increases considerably in thickness posteriorly of the axis, maximum 
width posterior to the post median furrow. 

 Discussion – Cephalon very similar to Hypagnostus parvifrons (Linnarsson, 1869) 
and little distinction can be made between them. Different from H. lingula in that the 
glabella exhibits a more oval shape instead of more rectangular shape with slightly 
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Figure 8. Hypagnostus mammillatus (1-3,5) and Hypagnostus lingula (4,6) from Granberget near Nästansjö, 
Alum Shale Formation. 1. Pygidium. GB642004 2. Pygidium with white exoskeleton preserved. GB642002 3. 
Cephalon with white exoskeleton preserved. GB642001 4. Pygidium with tubercle damaged. GB7A001 5. 
Cephalon. GB642003 6. Pygidium with small unharmed tubercle. GB7A002. Scale bar in 1-4 represents 5 mm. 
Scale bars in 5 and 6 represents 2 mm 
 
angular corners. The pygidium is similar to the pygidium of H. parvifrons although 
differs in that the posterior border thickens in H. mammillatus and the tubercle is 
situated more anteriorly on the axis on H. parvifrons. The axis is also higher in H. 
mammillatus. H. lingula differs in that the position of the tubercle which sits more 
anteriorly and the axis is wider in comparison to the pygidia. Also that the pleural 
fields are joined and not divided by a medial postaxial furrow like in H. mammillatus. 
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Order Redlichida Richter 1932 
Suborder Redlichiina Richter 1932 
Superfamily Paradoxidoidea Hawle & Corda 1847 
Family Paradoxididae Hawle & Corda 1847 
Genus Acadoparadoxides Šnajdr 1957 

Acadoparadoxides torelli (Westergård in Asklund & Thorslund, 1935) (Figure 9.1, 
9.4, 9.5) 

Material - More than twenty cranidia, one hypostome and eight librigenae were 
collected from Björnberget near Nästansjö, Västerbotten County, Sweden. Sample 
levels 1.9, 2.9, 3.8 and 5 m; A. pinus -P. preacurrens biozone in the Alum Shale 
Formation. 
 Description – For a full description of A. torelli see the description given by 
Weidner et al. (2014). The specimens from Björnberget exhibit a short postocular 
facial suture. Glabellar furrows are transverse, shallowing out medially, S3 not 
present. The occipital lobe has a small median tubercle. Palpebral lobe stretches 
from the widest part of glabella to almost the posterior border curving towards the 
axial furrow posteriorly. Axial furrows slightly concave, glabella widening from the S1 
lobe. Preglabellar field present in all specimens. Frontal border present, flat and 
slightly elevated (box like). Width decreases moderately towards the sagittal line. 
Border of librigena as wide as the smallest width between ocular incisure and the 
border furrow. Ocular incisure stretches almost to the posterior border, postocular 
line is short. Genal spine is weakly obtuse in regards to the posterior border and 
straight to slightly arcuate with decreasing in thickness posteriorly. Hypostome with 
small posterolateral spines.  
 Discussion – In general the specimens described here are in agreement with the 
description of A. torelli made by Weidner et al. (2014) and for an extensive discussion 
of the similarities of A. torelli with other Acadoparadoxides species see Weidner et al. 
(2014). 
 No pygidium was found which weakens the classification of the specimens to A. 
torelli. The specimens have also experienced some elastic deformation through 
tectonic pressure which also resulted in some specimens getting crushed. The 
skeletal parts of the trilobites have also acted as nucleation sites for pyrite grains to 
form which occasionally obscures features in some specimens. Weidner et al. (2014) 
does mention that the polymerid trilobites found in the Vilhelmina area consists only 
of A. torelli which strengthen the classification.  
 
Genus Paradoxides (Brongniart, 1822) 

Paradoxides paradoxissimus (Wahlenberg, 1821) (Figure 9.7- 9.10) 
 Material – One cranidium, one hypostome, more than twenty librigenae with genal 
spines and one pleural spine were collected from Granberget close to Nästansjö in 
Västerbotten County, Sweden. A. atavus biozone. 
 Description – The material collected from Granberget shows a relatively long 
postocular line, slightly shorter than the ocular line. S1and S2 directed slightly 
backwards and shallowing medially, S2 very shallow medially. S3 not present. Axial 
furrows straight. Palpebral lobed raised. Glabellar lobe strongly widening anteriorly 
from L1 and is inflated. Faint frontal border, no observable border furrow. No 
preglabellar field between glabella and the frontal border. Border of librigenae wider 
than the smallest width between ocular incisure and the border furrow. Border of 
librigenae strongly elevated. Genal spine longer than librigenae and curves towards 
the sagittal line, forms acute angle to the posterolateral border. Hypostome 
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Figure 9. Acadoparadoxides torelli (1,5,6), Hyolith (2), Lingulid (3) and Paradoxides paradoxissimus (7-10) from 
Granberget near Nästansjö. 1.Cranidium, partially crushed. BB1001 2. Unknown Hyolith. BB8001 3. Lingulid. 
BB1002 4. Cheek imprint with pyrite overgrowth. BB8002. An Acrotretid is shown towards the lower part of the 
picture. BB8003 5. Cheek with terrace lines on the genal spine. BB8004 6. A possible burrow which consists of 
very fine grained pyrite. BB1003 7. Cheek preserved in three dimensions. Pleural spine in lower left. GB6001 8. 
Pleural spine. GB6002 9. Partial crania. GB6003 10. Hypostome with posterolateral spines missing. GB6004. 
Scale bars in 1-5 represents 5 mm and in 6 it is 10 mm. Scale bars in 7-10 represents 20 mm.  

fused to rostrum, with posterolateral spines. Pleura as wide as the corresponding 
axial ring, pleural spine at an obtuse angle to the pleura. Curvature starts at a 
distance equivalent to the transverse length of the axial ring. 
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 Discussion – The specimens collected were large in numbers although the state of 
preservation was poor. Most of the specimens were fragmented and mostly 
composed of librigenae jumbled together making separation difficult. A few separate 
well preserved specimens were collected which eased description. No pygidium was 
found but the identification of P. paradoxissimus is still relatively certain. The 
librigenae share some characteristics with Paradoxides jemtlandicus. However, the 
genal spine is more robust and the interspinal angle is obtuse as opposed to a 
slender spine and an acute interspinal angle of P. jemtlandicus (Rushton, 2006). 
Hydrocephalus vikensis Rushton & Weidner, 2007 show some similarities in the 
shape of the palpebral lobe however the axial furrows are more curved in H. vikensis 
and the hypostome is not fixed to the rostrum.  
 
Unidentified Tubes (Figure 10)  
 Material – More than twenty specimens derive from a limestone concretion 
collected at the southern slope of Björnberget near Nästansjö, Västerbotten county, 
Sweden. Sample level 5m; Acadoparadoxides pinus-Pentagnostus preacurrens 
biozone in the Alum Shale Formation, Cambrian Series 3, Stage 5. 
 Description – Black phosphatic fragments of tubes with a circular to oval cross-
section, measuring 60-100 µm in diameter. Most often slightly curved and sometimes 
decreasing in diameter, enclosing forming a conical tip. Exterior surface ornamented 
by longitudinal ridges 2 µm across and 10 µm apart, sometimes diverging or joining, 
creating a sub-rectangular pattern. Exterior sometimes ornamented by pits 4 µm in 
diameter. Interior surface ornamented by small scale, striations running longitudinally. 
Layered structure of shell observed in some specimens. Tubes occasionally folding 
indicating different degrees of mineralization.    
 Discussion – The tubes look superficially similar to that of the genus 
Sphenothallus Hall, 1847 in that the outline is similar and they are both phosphatic. 
Sphenothallus however does not share the ornamentation of the black tubes 
described (Zhu et al., 2000). They also differ in that Sphenothallus has a smooth 
inner surface which these tubes do not show. Byronia Matthews, 1899 and Torellella 
Holm, 1893 also looks similar in outline and shape but are characterized by ridges 
running transverse on the theca (Zhu et al., 2000). The size of the tubes described 
here are also much smaller than other similar tube like structures. In Byronia, 
Torellella, Sphenothallus and Hyolithellus Billings, 1871 the diameter of the tubes 
varies between 0.5 to 1.5 mm whilst in the black tube collected are at maximum     
0.1 mm in diameter. Since no holdfast like in Sphenothallus is found and some tubes 
close without an aperture, the tubes are likely to be the remnants of a worm-like 
organism or represent ornamentation of a bigger organism rather than a sessile filter 
feeder (Van Iten et al., 2013). The bradoriid Mongolitubulus Missarzhevsky 1977 
resembles the unidentified tubes in several aspects. Mongolitubulus has spines on 
the carapace which often curve towards the apical end, ornamented by polygonal 
patterning similar to the pattern observed on the tubes. Towards the tip the polygonal 
patterning becomes less distinct and in some specimens the tip is smooth (Topper et 
al., 2007). The spines of Mongolitubulus are also closer in size to the tubes described 
herein. However, the unidentified tubes vary much more in shape and the 
ornamentation is also often much more pronounced on Mongolitubulus. Few of the 
unidentified tubes exhibit this external ornamentation as well.  
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Figure 10. Unidentified tubes from Björnberget near Nästansjö, Alum Shale Formation. 1. Dark tube slightly larger 
to the bottom. AM009BB07 2. Curved black tube with sub rectangular surface texture. AM018BB06 3. Cross 
section through a tube fragment. Arrow indicating position of 4. AM018BB10 4. Cross-section of tube wall of 3, 
showing flattened tubes. 5. Tube which shows internal surface ornamentation. No internal wall structure. Arrow 
pointing to the location of 5. AM018BB18 6. Enlarged view 5 displaying striations on the internal walls. 7. Oblique 
view of presumed tube fragment with rectangular surface, triangular in cross section. Surface is pitted. Arrow 
shows the position of 9. AM018BB19 8. Part of a tube fragment enclosed at one end forming a cone. 9. Cross-
section of the wall showing laminar structure of the tube. 10. Same specimen as 7 with a top down perspective. 
Arrow indicating position of 12. 11. Tube fragment exhibiting ridges which runs longitudinally along the tube, 
sometimes joining creating a sub rectangular pattern. AM018BB09 12. View of specimen 7 showing the pitting, 
sub circular in shape and smooth. Scale bar represents 100 µm for 1,2,3,5,7,8,10 and 20 µm for 11. Scale bars in 
pictures 4,6,9,12 represent 10 µm.  
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The differences could perhaps be explained by abrasion but the fragmentary nature 
of the specimens makes any placement of the unidentified phosphatic tubes difficult. 
 The specimens which exhibit pitting differs from the more commonly observed 
smooth tubes in that they do not form a complete tube and are often sub-rectangular. 
This unusual shape might be due to fracturing or folding of tubes. The diversity in 
shape could also be caused by different taxa being lumped together due to 
superficial similarities. 
 
Discussion  
The number of brachiopods from Björnberget are high in comparison with studies 
done on the allochthon in Jämtland (Weidner et al., 2014). The relative high number 
of brachiopods in this study mostly stems from the microfauna investigated and that 
previous studies have mostly focused on trilobites and other macrofossils 
(Westergård, 1936, 1946; Weidner et al., 2014). However, the microfauna is still 
unusual as it was only found in the black shale lithology, in one limestone concretion. 
An explanation for the microfossil assemblage is that the black shale might represent 
an environment with more frequent high energy events such as storms oxygenating 
the bottom water. If the bottom sediments were not likewise oxygenated, uranium 
deposition would increase greatly (Schovsbo, 2002). Higher levels of radiation are 
observed in the black shale, indicating higher levels of uranium supporting this 
interpretation. The higher oxygen content could perhaps have supported a more 
diverse fauna but seems not to be the case as there is no increase in trilobite taxa. 
The high energy environment is more likely to have transported the brachiopods from 
another facies. 

In recent studies, the fauna of the Alum Shales is thought to be living in that 
environment rather than representing a transported fauna (Buchardt et al., 1997; 
Schovsbo, 2001; Weidner et al., 2014). The interpretation that the fauna was living in 
the area at Björnberget is drawn from that trilobites are found in positions suggesting 
little transportation. These fossils often lack a bimodal positioning of the cranidia and 
no indication of sorting based on size. Older and younger trilobites also occur on 
single bedding planes. However, single bedding planes are however often found 
containing amalgamated trilobite cranidia, indicating that transportation has affected 
the fossils. Thus high energy events transported shell and skeletal material 
occasionally. Abrasion observed on some of the microfossils also concur with this 
interpretation. Yet the oxygen deficient environment suggest that little water 
circulation occurred which would not be the result if frequent storms were the driving 
factor for transportation. The transportation might instead be explained by density 
flows which could have carried the remains of organisms a great distance on to the 
shelf area without necessarily oxygenating the bottom waters. This could also cause 
skeletal remains to amalgamate close to their original location. Density flow would not 
necessarily cause easily visible sedimentary structures distally either. Smaller 
organisms would have been more easily subjected and more likely transported 
further.  

The amount of visible sedimentary structures can vary greatly between the 
limestone concretions and the shale. The concretions rarely contain readily visible 
lamination if any and are generally much more fossiliferous. Laminations are also not 
always continuous and sometimes appear as wavy lamination. The shales are in 
contrast distinctly laminated and unfossiliferous. The observations from the limestone 
concretions at Björnberget suggest an environment that supported epibenthic 
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organisms (perhaps even endobenthic) whilst the shale shows no indication of larger 
organisms. Since the concretions are relatively less compacted than the shale 
(Thickpenny, 1984) they can be assumed to better portray the depositional 
environment as they have suffered less alteration. The shales however, have most 
likely lost the majority of sedimentary features during diagenesis that may have made 
the inconspicuous lamination more pronounced. The discrepancy becomes even 
more apparent in the concretion from Granberget where an array of features are 
present, but not discernible in the corresponding shale layers. Detailed studies on the 
sedimentology of the Tremadocian black shales of Estonia (Hints et al., 2014) seem 
to indicate a wide spectrum of sedimentary structures that are easily overlooked in 
the shale. This could be the case as well for the middle Cambrian shales of 
Björnberget and Granberget. A more detailed study of thin sections from localities is 
needed to better understand the depositional environment.  

In general, these environmental interpretations seem to fit with new studies done 
on the depositional and paleogeographical history of the middle Cambrian in Baltica 
(Nielsen & Schovsbo, 2015). During the A. Pinus-P. praecurrens time interval the 
area would have experienced uplift relative to the rest of Sweden with a general 
eustatic sea level rise, perhaps leading to a deeper shelf depth but shallower in 
comparison with southern Scandinavia. The uplift could have created a sill (Nielsen & 
Schovsbo, 2015) that hindered water exchange on the inner shelf during the middle 
Cambrian, leading to the development of anoxic bottom water conditions. The sill 
would not have had the same effect on the allochthon deposits of northern 
Scandinavia since they likely were deposited on the outer shelf with contact to the 
open ocean (Weidner et al., 2014; Nielsen & Schovsbo, 2015). Thus the environment 
during the middle Cambrian might have actually been more oxygenated in the 
allochthon deposits than in the southern autochthones. The typically greyer color and 
lower organic content of the Alum shale in the lower-middle Cambrian (Nielsen & 
Schovsbo, 2006) allochthon deposits might reflect higher oxygen content of the 
bottom waters. This also makes the interpretations brought forward here less 
problematic as it does not conflict with the environmental interpretations done from 
studies of the autochthonous areas.  
  
Conclusions 
The described fauna at the new location at Björnberget is more impoverished than 
comparable sections of the allochthonous middle Cambrian Alum Shales in the 
Caledonides. The depositional environment where the organism lived was 
characterized by low input of clastic material and dysoxic to anoxic bottom waters. 
The bottom sediments were occasionally affected by high energy events such as 
density flows or storms. These transported inner shelf fauna towards the outer shelf 
and also amalgamated the remains of outer shelf fauna. The fauna is interpreted to 
be representative of the area, although the relative richness of phosphatic 
brachiopods most likely stems from a transported fauna. Two new acrotretid species 
are described from the microfauna recovered. Anabolotreta furcatus n. sp. is the first 
member of Anabolotreta described from Sweden and the increases stratigraphic 
range of the genus to Stage 5 of Cambrian Series 3. Shell structure of A. furcatus is 
composed of bifurcating columns, not known from any other member of Acrotretida, 
and the apical pits also shows unique ornamentation. Further study of other species 
of Anabolotreta are needed to answer the placement of A. furcatus. Tingitanella 
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vilhelminia n. sp. can be added to the genus Tingitanella, extending the distribution of 
the genus to Sweden.  
 The fauna at Granberget can be expanded with H. lingula and H. mammillatus, 
further adding to the faunal diversity. The depositional environment was more 
oxygenated than the sediments at Björnberget and was more frequently submitted to 
high energy events such as storms. Detailed sedimentary structures such as 
crossbedding and soft sediment deformation was observed in concretions which 
indicates that the bottom waters were subjected to more disturbances than what is 
generally believed. Much of the sedimentary structures visible in the concretions 
were not visible in corresponding layers of the shale indicating that sedimentary 
structures have been lost in the shale rather than never deposited.  
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