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Abstract 
 

The Enigmatic Fossil Hiemalora in the Ediacaran of the Digermulen Peninsula, Arctic 

Norway  

Nicholas Hodby  

 

Hiemalora is a genus residing within the Ediacaran biota. There are just two species of Hiemalora; H. 

stellaris and H. pleiomorphus. Despite there being only being two species within this genus, there is a 

degree of morphological variability within each species which is highlighted by the description of 

specimens around the world. The distribution of Hiemalora is global with specimens observed in 

Newfoundland, England, the White Sea (Russia), Siberia, Australia and arctic Norway. There has been 

a great deal of evolution in the interpretation of Hiemalora since the original description of H. stellaris 

in 1980. This genus was first interpreted as a hydrozoan with a central polyp with radiating tentacles 

(Fedonkin. 1981). It is now thought to be associated with rangeomorphs as a holdfast-type basal 

attachment structure. It is most closely linked to the frondose taxon Primocandelabrum which is 

abundant in Mistaken Point, Newfoundland and Charnwood Forest, England.  

The Hiemalora fossils in this study are sampled from the Indreelva member on the Digermulen 

Peninsula, Finnmark, Norway during fieldwork in both 2015 and 2018 at two close although separate 

localities. The most abundant species in this study is H. stellaris which makes up the majority of the 9 

samples. There is also the potential inclusion of a H. pleiomorphus specimen, which features a distinctly 

different morphology to the other Hiemalora samples. One specimen has been identified with what is 

possibly a Primocandelabrum frond attachment. It is almost certainly a rangeomorph although the 

affinity is up for debate. One of the main aims for this study is to, as accurately as possible, determine 

the taxonomic affinity for all the specimens. This is subsequently an aim to better understand the biota 

inhabiting the Ediacaran seafloor in Digermulen Peninsula and the palaeoenvironment. This study is 

the first incorporating Hiemalora concerning material from the Digermulen Peninsula since the work 

done since Farmer et al. in 1992 and the first study in this area solely focused on the genus. Due to this, 

the study is allowing for the comparison between modern interpretations of Hiemalora from other 

Ediacaran locations around the world. Due to the Digermulen Peninsula residing on Baltica during the 

Ediacaran, comparisons to Avalonian assemblages such as in Newfoundland and England may highlight 

polarising features or many similarities.    
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Populärvetenskaplig sammanfattning  
 

Det gåtfulla fossilet Hiemalora från Ediacaran på Digermulen-halvön, Arktiska Norge 

Nicholas Hodby 
 

Hiemalora är ett släktskap av skivformad organism som levde under Ediacaraperioden. Ediacara är den 

sista perioden under Neoproterozoicum och varade från 631Ma till 541Ma. Fossil av Hiemalora är 

globalt distribuerade, med exemplar från Ryssland, England, Kanada, Australien och Norge. 

Hiemalora-exemplaren i denna studie hittades på Digermulen-halvön i Finnmark, Norge. Det har 

funnits många olika tolkningar av Hiemalora kring dess livsstil, utseende och dess affinitet inom 

fylogenien eftersom den först beskrevs 1980. Den enkla uppbyggnaden hos fossilen, med bara en central 

skiva och "tentakelliknande" strålar som härrör från det i ett plan lämnar mycket för tolkning. 

Hiemalora är relativt sällsynt i jämförelse med andra skivformade fossil. Andra discoidala 

Ediacarafossil som Aspidella är mycket vanligare. 

Det finns två arter av Hiemalora som har beskrivits. Dessa är H. stellaris och H. pleiomorphus.  

Det finns subtila morfologiska skillnader mellan dessa arter. Skillnader mellan dessa arter inkluderar 

parallella ribbliknande strukturer på ytan av den centrala skivan av H. pleiomorphus och tätt packade 

strålar. Den centrala skivan i H. pleiomorphus är också proportionellt större i jämförelse med dess 

centrala skiva. H. stellaris har associerats med fronds. Fronds är en förgreningsstruktur som är 

orienterad vertikalt i vattenkolumnen. Dessa strukturer är associerade med olika skivliknande 

organismer och kan ha en stor morfologisk variation. Den frond som är associerad med H. stellaris är 

Primocandelabrum. Denna frond ses vid H. stellaris fossil i Newfoundland, Kanada. En frond som är 

tveksamt identifierad som Primocandelabrum ses vid en av Hiemalora-exemplaren i denna studie. 

Betydelsen av detta skulle vara att det är det första Hiemalora-exemplaret utanför Newfoundland och 

Charnwood Forest, England som bevaras med en Primocandelabrum frond. Det finns nuvarande idéer 

att Primocandelabrum och H. stellaris kan vara samma organism fast med olika delar bevarade. 

Faktumet att båda delarna är bevarade på Digermulen halvön kan ge mer inblick i detta. 

Sju av Hiemalora-exemplaren i denna studie är H. stellaris, medan en art möjligen är H. 

pleiomorphus. Provet med fronden är sannolikt H. stellaris, men på grund av att den är dåligt bevarad 

runt centralskivan är dess affinitet inte säker. En dålig bevarandekvalitet hos många exemplar i studien 

gjorde det svårt att identifiera den. Bevarandet ger dock en inblick i miljön som Hiemalora bodde i och 

under vilka förhållanden den dog. Många platser runt om i världen har exceptionellt bevarade fossil 

som kan ha varit möjligt på grund av en händelse där alla blev bevarade samtidigt, likt de vulkaniska 

askadepositionerna i Newfoundland. Detta var inte fallet i Digermulen-halvön, där organismer sannolikt 

inte begravdes omedelbart efter döden. 
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Examensarbete E1 i geovetenskap, 1GV025, 30 hp 

Handledare: Jan Ove R. Ebbestad och Graham Budd 

Institutionen för geovetenskaper, Uppsala University, Villavägen 16, 752 36 Uppsala 
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1. Introduction  

The Ediacaran Period spanned from around 635 Ma to 542 Ma (Narbonne et al., 2012). This period is 

preceded by the Cryogenian, the boundary of which is defined by the Marinoan glaciation. The 

Marinoan is dated by using U-Pb isotopes present in glacial dropstones from the Ghaub Formation in 

Namibia (Hoffmann et al., 2004). The upper boundary of the Ediacaran, where the Cambrian begins, is 

defined by the first occurrence of the trace fossil Treptichnus pedum (Kesidis et al., 2019). The 

explosion of trace fossil abundance around this time is the main diagnostic feature of the transition to 

the Cambrian (Knoll et al., 2006; Herringshaw et al., 2017; Davies et al., 2019). One distinct feature of 

Ediacaran ecosystems are microbial mats. These microbial “carpet” communities were abundant on 

much of the Ediacaran seafloor and capped the sediment with organisms living on top of or within them. 

This cap lead to an anoxic subsurface sediment which subsequently meant that aerobic organisms would 

be unable to live there. With the evolution of metazoans with a capability to burrow, they could break 

though the cap of microbial mats into the sediment and oxygenate it (Bottjer, 2010; Jensen, 2003; 

Kesidis et al., 2019; Herringshaw et al., 2017). As an effect of this new behaviour microbial mats were 

diminished in abundancy in comparison to its Ediacaran peak. The biota in the Ediacaran lived 

benthically on top of the microbial mats whilst many organisms were also sessile in their mode of life. 

Many organisms appear to be permanently attached to the seabed in a rooted life position (Narbonne, 

2005; Budd and Jensen, 2017; Brasier et al., 2012).   

Nine Hiemalora specimens from the Digermulen Peninsula in Finnmark, Norway are being 

described, studied and compared directly to Hiemalora fossils from locations around the world. These 

specimens were collected during two field seasons in 2015 and 2018 within the Ediacaran Indreelva 

Member. The taxonomic affinity and mode of life of Hiemalora are two very contentious topics that 

have sparked much debate since the first description of the genus in 1980 by Fedonkin. There has been 

a constant evolution of the description and narrative surrounding these fossils as the Ediacaran and its 

biota has itself become better understood. The work being done with this Norwegian material is in the 

endeavour to build upon previous work and give a new insight on Hiemalora from a location which is 

less extensively studied that many of its global counterparts.  
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2. Species of Hiemalora  

Hiemalora stellaris was first described by Fedonkin (1980), albeit under the differing genus of Pinegia 

stellaris. The genus was changed to Hiemalora in Fedonkin (1982) due to a conflict in genus names, 

with Pinegia already described as a Permian grasshopper genus. This species was described from the 

Valdai Series in the White Sea region, Russia. The morphological interpretations of Hiemalora have 

progressively changed over the years. The first descriptions of Hiemalora describe the radiating ray 

structures as tentacles and the central disc as a polyp. Fedonkin (1981) compared the morphology of 

Hiemalora stellaris to hydrozoans that would reside on the surface of the sediment. The mode of life is 

rather enigmatic due to the seemingly simple body plan that can be correlated and compared to a variety 

of fossil and extant taxa. The affinity of Hiemalora and other Ediacaran medusoids to hydrozoans was 

contested by Seilacher (1984). There are several taphonomic differences between hydrozoans and these 

Ediacaran taxa. One such difference is that hydrozoans such as jellyfish shrink post deposition and 

burial due to dehydration of the animal. After studies of fossilised jellyfish (Cnidaria) from the 

Solnhofen Lagerstätte, hydrozoans become wrinkled from shrinkage whilst the Ediacaran medusoids 

maintain strong radial structures and folds. The Ediacaran taxa can often be found on the sole of beds, 

with coarse material, likely associated with high energy events. Animals such as jellyfish are too light 

and delicate to be preserved in these conditions, which alludes to the medusoids being more resilient 

and heavier/denser than hydrozoans. The assumption that Hiemalora is a hydrozoan would also imply 

that it is not necessarily sessile. Hiemalora are almost certainly sessile organisms which lived partially 

below the sediment (Burzynski, 2015). These observations highlight stark differences between 

Ediacaran disc-like taxa and hydrozoans.   

The second species of Hiemalora is Hiemalora pleiomorphus, which was described by Vodanyuk 

(1989) from the Khatyspyt Formation in the Olenek Uplift, Siberia. There are a few similarities between 

H. pleiomorphus and H. stellaris. There is a central disc, which in H. pleiomorphus is particularly well-

defined as well as rays protruding from the circumference of the disc. In the described specimens from 

Vodanyuk (1989), the rays are overlapping each other with seemingly no set orientation. The central 

disc also has grooves/stripes all running in parallel across it, possibly as a result of soft cuticular 

structures. Vodanyuk (1989) also discusses how there are several morphological differences among H. 

pleiomorphus specimens, although despite this they should all still be confined to that one species. The 

ray orientation is seemingly random and overlapping in all specimens, although there is a variation in 

ray length. Some specimens also do not have the clear parallel rib marks that some do, so this feature 

is not seen by Vodanyuk (1989) as a defining characteristic of H. pleiomorphus. Another difference 

between H. pleiomorphus and H. stellaris that is discussed by Vodanyuk (1989) is in the “tentacles” 

(rays). The rays are described as being longer and thicker in specimens of H. pleiomorphus, which are 

slightly shorter and thinner (Vodanyuk, 1989). The central disc of H. pleiomorphus specimens is large 

in comparison to the ray length, which is the opposite to H. stellaris fossils which generally have rays 
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longer than the diameter of the central disc. These observations were based on specimens of H. stellaris 

and specimens of H. pleiomorphus (Fedonkin, 1980) and (Vodanyuk, 1989) respectively.  

3. Geological setting  

The Digermulen Peninsula is in the north east region of Finnmark, Norway. The Digermulen Peninsula 

deposits are a sub-bas in of the Timan basin sitting adjacent to several other sub-basins several other 

sub-basins. The Einovskaya–Manjunnas–Digermulen sub-basin which includes the material from the 

Digermulen Peninsula is also accompanied by the Barents Sea–Løkvikfjellet and Laksefjord sub-basins. 

The basin has a range in age from the Tonian (720Ma) to the Tremadocian stage in the early Ordovician, 

at around 485-477Ma. The total thickness of the sedimentary succession is 11.2km. There is an 

unconformity between the late Cryogenian and the Ediacaran periods (Rice, 2013). The Ediacaran 

sedimentary deposits on the Digermulen Peninsula were deposited on the northern margin of Baltica 

(Högström et al., 2013). Baltica is thought to have been positioned at around 30-50˚S from northern to 

southern points of the continent. This palaeogeography may therefore suggest that formations such as 

those deposited in at the Digermulen Peninsula may have been situated closer to 30˚S (Torsvik and 

Rehnström, 2001).   

The Ediacaran fossil bearing sediments are underlain by Cryogenian glacial diamictite deposits. 

These formations indicate significant glacial periods in a possibly cyclic depositional pattern. There are 

multiple glacial deposits on both the Digermulen and Varanger peninsulas, highlighting multiple 

different events (Högström et al., 2013). The final Ediacaran sediments of the Stáhpogieddi Formation 

are capped off by the first observation of Treptichnus pedum during the Manndrapselva Member, to 

mark the start of the Cambrian.  

The geological units on Digermulen Peninsula represent a series of sedimentary deposits spanning 

from the Cryogenian to the Ordovician. The southern edge of the peninsula is dominated by Ediacaran 

members, which then grades into the younger Cambrian rocks which make up most of the peninsula. 

The Ordovician outcrops as the Berlogaissa Formation in a central patch of the peninsula, surrounded 

by the Cambrian Kistedal Formation. The Hiemalora specimens from Digermulen are found in the 

Ediacaran disc beds of the Indreelva Member. The Indreelva Member is one of three members that 

make up the Stáhpogieddi Formation, which itself encompasses all the Ediacaran material on the 

peninsula (Högström et al., 2013).  

The Indreelva Member has maximum thickness of 300 metres on the Digermulen peninsula, which 

then progressively thins to a minimum of 70m to the west of Digermulen in the Laksefjord area (Banks, 

1973). The Indreelva Member was first described and defined by Banks in 1971. The characteristic 

lithologies of this member are red and green mudstones, siltstones with significant ripple marks and 

very fine sandstones. These lithologies are all very fine grained, with no coarser sedimentary influences 

in this part of the basin during deposition (Banks, 1973).  In the Indreelva Member there is a transition 
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Figure 1. Stratigraphic column of members and formations on the 

Digermulen Peninsula. Alongside a corresponding geological timescale. 

from an off-shelf marine environment, below wave base to a shallower environment more proximal to 

the shore. The more proximal environment is higher energy with wave and tidal impacts on the 

sediments and therefore the biota. The sediments also transition to being slightly coarser, from the fine 

mudstone and shales which accumulate in deeper realms (Högström et al., 2013).  

The Stáhpogieddi Formation is almost wholly made up of marine sedimentary deposits, albeit of 

varying ocean depths and environments. Most of the deposits appear to be indicative of environments 

situated on the continental shelf, with an abundance of coarser sands throughout the members and a 

variety of sedimentary structures. There are though episodes of deepening characterised by fine shales, 

mudstones and siltstones. These finer sediments are also accompanied by turbidite deposits, which are 

typically found off-shelf (Högström et al., 2013).  
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4. Materials and methods 

Fieldwork at the Digermulen Peninsula took place from the 30th July to the 7th August with the 

Digermulen Early Life Research Group (DELRG). The fieldwork was focused on the Indreelva Member 

close to the Mandrapselva camp site and river on the south west side of the peninsula. The fieldwork 

largely involved searching for both in-situ and float samples of Ediacaran biota that includes Hiemalora. 

The in-situ samples were removed from the outcrop with a chisel and hammer, as to transport them for 

in detailed study. A total of nine Hiemalora samples from the field site in Digermulen are involved in 

this study. The specimens have been largely collected during the 2018 field season although three 

samples were collected during fieldwork to a site just South of Locality 1. The samples were transported 

from Tromsø University Museum to the Museum of Evolution in Uppsala for further study. The 

specimens will be deposited at Tromsø University Museum, Northern Norway (prefix TSGf). 

The Hiemalora specimens were photographed by Nicholas Hodby with a Canon DSLR camera. The 

fossils were coated with ammonium chloride (NH4Cl) to help increase the visibility of the Hiemalora 

morphology and give the images a greater clarity. Due to the low relief of the fossils against the rock 

surface, and there being no distinct compositional change between the fossil and the rock this step was 

necessary.  

Specimens D18-50 and D18-23 were put in a Nikon metrology XT H 225ST CT scanner at Oslo 

University Museum. The aim of using the CT scanner on the fossils was to try and gain a high level of 

detail in imaging that would not be possible with optical photography. CT scanning also can allow you 

to image features within an object, although this was not useful in this study due to the fossils being 

low relief impressions on the bedding surface. Due to the identical lithology between the fossil and the 

rest of the rock, the CT would not be able to identify features within the rock.  

CT specifications: 150kv, 300uA, 1s exposure time, 3000 projections, 1: 56-micron resolution, 2: 

74-micron resolution. Following the imaging techniques used on the Hiemalora specimens, they were 

fully described with all morphological aspects such as the rays and central discs being measured.  
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5. Specimen descriptions  

There are nine Hiemalora specimens that comprise the study material in this project. They are described 

here under their field sample numbers. Some specimens also are complete part and counterparts, 

allowing for two fossils with some slightly different features in some cases. There is a high degree of 

morphological variation between many of the Hiemalora fossils, even within those thought to be of the 

same species. 

5.1 D18-50 (Figure 3) 
 

This Hiemalora sample was found at Locality 1. It has a well-defined central disc and straight defined 

rays emanating from the disc. Only around half of the specimen is present with the other half broken 

off. The diameter of the central disc is the highest of all specimens in this study, measuring 28 mm 

despite it being only half of a Hiemalora fossil. The rays of the Hiemalora are mostly straight in 

orientation and are short in comparison to the disc size. The longest ray of this specimen is 21 mm 

whilst the average ray length is 13mm. These measurements show that even the longest rays have a 

shorter length than the disc diameter by 9 mm. The average ray width is 1 mm. Towards the right side 

of the specimen there is a significant amount of cleavage in the rock which makes it difficult to 

distinguish the rays and other details. There is no detail on the central disc, or a frond associated with 

this fossil.  

 

Figure 3. Specimen D18-50, tentatively described as H. pleiomorphus. Close up images of rays in B and the 

central disc in C. Scale bar = 1 cm.  
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5.2 D15-46/1 (Figure 4)  
 

This sample has both the part and counterpart fossils preserved and contains two individual Hiemalora 

specimens. The larger of the two fossils (D15-46/1) is preserved on the part and counterpart, whilst the 

smaller one (D15-46/2) is only on the part.  

There is no well-defined ring or raised edge to the central disc that can be seen in many other 

Hiemalora specimens of both H. stellaris and H. pleiomorphus species. This undefined central disc has 

a diameter of roughly 16 mm which is small in proportion to the ray length. There are rays of different 

lengths and orientations radiating in all directions from the core of the Hiemalora. Some of the rays are 

straight whilst others are wavy in their shape/orientation. Some rays appear to also taper, with a greater 

thickness closer to the central disc. The wavy rays can in some places be seen next to other wavy rays 

following the same shape. Some rays appear to extend out much further from the central disc of the 

animal than others, in some cases around twice the length. There are 28 rays in total with an average 

length of around 20 mm and a maximum length of 47 mm.  

The fossils themselves are surface imprints, with very little three-dimensionality. The relief that is 

produced by the rays and central disc is only several millimetres above the surface. The rays appear to 

have a roughly uniform width of around 1 mm, although this is difficult to discern due to the low level 

of preservation meaning it is difficult to distinguish the true extent of some rays.  
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Figure 4. The part and counterpart of specimen D15-46. Described as H. stellaris. Scale bar = 1 cm. 
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5.3 D15-46/2 (Figure 5)  
 

The second specimen (D15-46/2, Figure 5) is smaller in size and is situated 4.5 cm away from the other 

Hiemalora on the same surface. The central disc of the specimen is a similar size to D15-46/1 at 14 mm 

in diameter and is also poorly defined with no clear point where the disc ends, and the rays start. The 

main distinguishing feature between the two fossils is the length of the rays. The rays in specimen B 

average a length of 10 mm which is half of the rays in fossil A which are around 20 mm. The longest 

ray is 12 mm which is around four times shorter than the longest in A.  

 

Figure 5. The smaller H. stellaris fossil on the same surface as the specimen in figure 4A. A and B are close 

images of crossovers and bends in the rays of figure 4A. Scale bar = 1 cm.  
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5.4 D18-05 (Figure 6A) 
 

This Hiemalora specimen has a central disc that is in an oval shape. The disc is defined with a faint 

ridged edge and has a maximum diameter of 17 mm. The fossil appears pinched at two ends with most 

of the rays that are clear and visible bunched around either end. There are a few rays near the middle of 

the fossil although they are generally unclear and shorter in length. There are 16 rays radiating from the 

disc with an average length of 12 mm and a maximum length of 16 mm. The rays of the Hiemalora 

have a low relief, making them difficult to discern from each other and the rock. Due to this low relief 

it is also difficult to see the actual length and extent of the rays. There is no detail on the central disc of 

the fossil.  

5.5 D18-57 (Figure 6B) 
 

This specimen has a well-defined ridged central disc, with a diameter of 24 mm. The rays in this fossil 

are extremely short in length, with an average length of 7.15 mm and a maximum length of 12.5 mm. 

This Hiemalora has the shortest ray length of all the specimens in this study. The average width of the 

rays was 1.2 mm. The specimen is fractured in places which may obscure the rays somewhat, making 

them harder to see and to discern their features. The central disc makes a small depression in the centre 

of the rock and is on a lower level than the rays. Many of the rays are difficult to distinguish from one 

another due to their proximity to each other, as a result they are poorly defined. They have a ripple like 

appearance in some areas of the fossil.  
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Figure 6. Specimens D18-05 and D18-57 in images A and B respectively. A and B are both H. stellaris. Both 

specimens have an oval shaped central disc and irregular ray spacing. Scale bar = 1 cm.   



13 

 

5.6 D18-23 (Figure 7) – Hiemalora  
 

This sample includes both the part and counterpart fossils. There is an extremely well-defined central 

disc which is raised above the rays by a few millimetres and has significant relief. The counterpart piece 

has a depression for the central disc instead of a raised area. The diameter of the disc is 19 mm. The 

rays in this plprialora fossil fan out from one side of the central disc, almost in a net pattern due to the 

proximity to one another. It is difficult to individually identify each ray although their relief is 

significant at a few millimetres. There are around 30 rays on this specimen with a maximum length of 

23 mm and an average length of 18 mm. The width of the rays in this fossil are the lowest out of all the 

specimens with an average of 0.7 mm. There are some shorter rays around the rest of the central disc 

although they are hard to distinguish.  

5.7 D18-23 (Figure 7) – Primocandelabrum?  
 

There is a cone shaped structure of ray shaped elements emanating from one side of a disc. The disc 

has a slight oval shape and its perimeter is very well-defined with significant relief measuring several 

millimetres. This specimen has a counterpart with one possessing a structure with positive relief whilst 

the other is defined by negative relief. The disc has a diameter of 19 mm. The elongated elements appear 

to be all part of one structure, with them all attached together. The maximum length of this cone 

structure is 23 mm and has a lateral extent of 30 mm. Preservational quality is one factor making it 

difficult to observe the pattern or network within the cone shaped structure. What is observable are 

tightly packed branch-like structures radiating outwards. The average width of the structures within the 

“cone” is 0.7 mm. There also appears to be some much shorter ray elements surrounding the rest of the 

disc measuring around 0.9 mm in length. These can be seen more clearly in Figure 7B, although are 

absent on the right side of the disc in this image.  
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Figure 7. Part and counterpart fossils. H. stellaris (maybe Aspidella) basal attachment with a possible 

Primocandelabrum frond emanating in a cone shape. Scale bar = 1 cm 



15 

 

5.8 D15-47 (Figure 8)  
 

There is a well-defined central disc in this specimen despite no significant relief around the disc. The 

disc measures 17 mm in diameter. The rays are also very clear with individual rays being easy to 

distinguish from one another. This sample has similar ray to disc proportions to specimen D15-46A. 

The rays are longer than the diameter of the disc, whilst the longest are around double the length. The 

average ray length is 19.2 mm, whereas the longest ray is 31 mm long. The average ray width is 1.1 

mm. There is no frond associated with this Hiemalora fossil although there are several fronds on the 

same surface, attached to Aspidella discs. There is one frond measuring 8.2 cm which does not have an 

attachment although it resembles the Aspidella fronds, albeit larger. All the central disc is preserved 

although around a third of the rays are missing due to this Hiemalora being at the edge of the rock 

surface where it has been broken off.  

  

A 

Figure 8. H. stellaris fossil. Several Aspidella discs and thin frond structures are on the same surface. Scale bar = 

1 cm.  
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5.9 D18-61 (Figure 9)  
This Hiemalora fossil includes both the part and counterpart impressions. The central disc is very clear 

with a relief of a few millimetres surrounding it in a ridge shape. The diameter of the disc is 18 mm. 

There are few rays on this fossil, with only nine preserved in total. The rays have a short length with an 

average of 9.6 mm, although the longest ray is 22 mm meaning that there is some significant variance 

present. The rays are straight in shape throughout and have an average width of 1.2 mm. The longest 

rays are in the same region around the disc whilst the rest of the disc is surrounded by rays shorter than 

10 mm. Some areas of the disc have no rays surrounding it at all.  

5.10 D18-44 (Figure 10)  
 

This specimen has a part and counterpart piece preserved. The main characteristic of this fossil is the 

domed central disc in the part and the depression in the counterpart. The central disc is clearly present 

although there is no clear boundary to it, making it poorly defined. The disc has a maximum diameter 

of 21 mm. The quality of preservation in this specimen is very low meaning that the rays are very 

difficult to see. There is also cleavage running throughout the entirety of the surface, possibly obscuring 

even more detail. The rays can best be seen in B although it is almost impossible to distinguish them 

from each other due to the very low amount of relief they have. The rays also appear to be only radiating 

out from one side of the central disc 

Figure 9. Part and counterpart H. stellaris specimens. High relief although missing some rays around the disc. 

Scale bar = 1 cm.  
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Table 1. Table displaying the measurements of all the specimens in this study. All values in mm.  

Specimen Number of 

rays 

Ray length 

average (mm) 

Longest ray 

(mm) 

Average ray 

width (mm) 

Diameter of disc 

max (mm) 

D15-46 - 1 28 20 47 1 16 

D15-46 - 2 11 9 12 1 14 

D18-50 11 13 21 1 28 

D18-61 9 9.6 22 1.2 18 

D15-47 18 19.2 31 1.1 17 

D18-23 30 18 23 0.7 19 

D18-05 16 12 16 1 17 

D18-57 13 7.15 12.5 1.2 24 

D18-44 N/A N/A N/A N/A 21 

 

  

Figure 10. Hiemalora fossil, possibly H. stellaris although preservation is too poor to determine. High relief on 

the central disc. Scale bar = 1 cm.  
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6. Specimen interpretations 

There are several morphological differences between the Hiemalora fossils in this study. There are 

certain characteristics shared by a selection of the specimens and has resulted in a few different 

hypothetical groups based on these characteristics. There are currently two described species of 

Hiemalora; H. stellaris and H. pleiomorphus. The defining feature between these two species are the 

grooves that run in parallel along the face of the central disc in H. pleiomorphus. In the original 

description of H. pleiomorphus, the rays are described as long and radiating, occasionally overlapping 

each other (Vodanyuk, 1989). None of the Hiemalora specimens in this study from Digermulen have 

the grooved ornamentation present on the central disc. This would suggest that the fossils are therefore 

not H. pleiomorphus and are H. stellaris instead which has no ornamentation on the central disc 

(Fedonkin, 1981). If all the fossils in this study belong to the species H. stellaris, there is a sizeable 

amount of morphological differences shared by this one species. The common feature between all these 

specimens appears to be that they are all Hiemalora yet are not H. pleiomorphus due to the lack of its 

defining feature, so therefore default to H. stellaris. This leads to the thought that maybe there are more 

than two species of Hiemalora, although as there are only two species described, every specimen is 

shoehorned into them.  

The first issue to address when trying to identify the affinity of a fossil is preservation. There are 

many key features that may be lost in the preservation of an organism to a fossil due to many factors 

such as speed and environment of preservation, to post burial factors such as tectonics. Features such 

as the groove structures in H. pleiomorphus may require a high quality of preservation due to them 
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being a subtle piece of ornamentation with a low level of relief. There is the possibility that one or more 

of the samples in this study could be H. pleiomorphus, although its key characteristics have not been 

preserved so it cannot be identified as such.  

Specimens D15-46 and D15-47 have a very a very similar morphology. They both have an average 

ray length longer than the diameter of the central disc, as well as the two longest maximum ray lengths 

at 47 and 31 mm respectively. There is no raised central disc or clear ridge surrounding it in either 

specimen. The rays are also largely well-defined with significant relief and distance between them. In 

both specimens there is some overlap in rays although this is more prominent in D15-46. Both fossils 

appear to have classic features associated with H. stellaris and the good level of preservation means 

that not too much detail is obscured. In the original description of H. stellaris (then Pinegia stellaris), 

the measurements of the type species are described as the rays being 15-40 mm in length and a thickness 

of 0.3-2 mm. The central disc is measured as being 2-20 mm (Fedonkin, 1981). These values are like 

those seen in the specimens in this study.  

Specimen D18-50 has a differing morphology to many other fossils in the study. Its key 

characteristic is its large central disc, with despite half of it missing, still has the largest diameter at 28 

mm. The presence of a large disc paired with shorter rays surrounding it is a feature more commonly 

witnessed in H. pleiomorphus. This species generally has a central disc with a larger diameter than the 

average ray length (Vodanyuk, 1989) (Bykova, 2010). The central disc being well-defined with relief 

is also a feature shared between this specimen and H. pleiomorphus. The one feature lacking would be 

the parallel grooves present on the central dis, although as discussed, this could be a relic of poor-quality 

preservation. The cleavage on the specimen may also be obscuring any important details for 

identification. This specimen therefore could be H. pleiomorphus, although it cannot be said with 

absolute certainty due to certain key features being absent from the fossil.  

The key feature in specimen D18-23 are the “net-like” rays emanating from one side of the central 

disc, which itself is very well-defined and raised with significant relief. The affinity of this fossil is 

questionable. The ray structures in this specimen appear to radiate out in a “cone” shape from one side 

of the disc, being similar in appearance to certain fronds such as Primocandelabrum. In this case the 

disc could be a holdfast structure without rays, like that of Aspidella (Wilby et al., 2011). There is also 

the possibility that there was poor preservation of the fossil and that ray structures that would have 

surrounded the central disc were not preserved. The net structure could just be the product of tightly 

packed rays. Either possibility is plausible due to the presence of both fronds and Hiemalora at this 

locality. Due to the poor degree of preservation in this specimen, it may be difficult to determine the 

exact species of frondose organism.  

There are potentially short rays surrounding the rest of the central disc. If they are rays and not just 

a product of poor preservation, then this specimen could be a Hiemalora fossil with a frond still 

attached. If this is the case, then this specimen could therefore be analogous with specimens seen in 

Newfoundland with Primocandelabrum and H. stellaris joined as one organism (Burzynski et al., 
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2017).  The Primocandelabrum specimen that D18-23 (Figure 7) is being compared to is figure 2G 

from Charnwood Forest material (Wilby et al, 2011).  

D18-47 is an example of a fossils with a H. stellaris affinity. The small central disc diameter coupled 

with the rays with a maximum extent longer than the disc diameter are standard features in this species. 

This specimen is most similar in morphology to D18-05, with similar ray and central disc dimensions. 

One key difference between these fossils is the elongated, oval shape of the disc in specimen D18-05. 

This central core has the highest variation between the length and width values with it appearing as if 

some form of compression has taken part on it. The rays emanating from either end of the oval also 

suggest that a phase of compression or deformation occurred, likely post-burial. The rays are also quite 

faint, which is likely the result of low-quality preservation, with very little relief present in the sample. 

Specimen D18-61 is also likely a H. stellaris fossil. There is no ornamentation on the central disc, whilst 

also having longer rays than the diameter of the central disc. It is difficult to accurately determine the 

affinity of this specimen due to the low level of preservation, with many rays likely not preserved.  

The central disc is the feature best preserved in many specimens from this study. Whether or not the 

disc is well-defined, it is present in each specimen as a basic morphological pre-requisite to be a 

Hiemalora fossil. D18-44 has a taxonomic affinity somewhat less determined than many other fossils 

in this study. Poor levels of preservation coupled with significant cleavage on the rock surface mean 

that the only clear feature is the central disc which has significant relief. There is no clear 

circumferential boundary where the rays appear to radiate from. The rays themselves are very unclear 

in the specimen. In Figure 10B there are potentially ray like structures emanating from the left side of 

the central disc. Due to the poor preservation in this fossil it is difficult to confidently call it a Hiemalora, 

and to assign it to a species is almost impossible. This is likely a Hiemalora although most definitely a 

member of the disc-like taxa. Due to the lack of defined and clearly identifiable features there is the 

possibility that it is the product of an inorganic sedimentary feature.  
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7. Discussion – Frondose attachments and taphonomy   

There are no fronds attached or related to the Hiemalora specimens from the Indreelva Member, 

Digermulen Peninsula. This is in stark contrast to the Aspidella discs observed at the same locality 

which in some specimens do possess a frondose attachment. Some of the Aspidella specimens with 

fronds are even occupying the same bedding plane as some of the Hiemalora fossils in this study.  

Although there are no frondose attachments on the Digermulen Hiemalora specimens, there are at other 

Ediacaran successions around the world, most notably in Newfoundland, Canada. The two main 

Ediacaran localities where Hiemalora among other species are found are Mistaken Point and the 

Bonavista Peninsula. Several frondose species have a holdfast “root” structure present that is very 

similar, if not the same as the morphology of Hiemalora (Burzynski and Narbonne, 2015). Not all the 

frondose specimens in Newfoundland have the “Hiemalora” root attachment preserved, so there is 

likely a preservational effect at play, post deposition. It is likely that fronds separate from the roots after 

death and could be transported away by currents.  

If it is determined that Hiemalora is the basal root structure for fronds, then there are clearly 

significant taphonomic differences between the Ediacaran successions in the Digermulen Peninsula and 

Newfoundland. The taphonomy at Mistaken Point, which is part of the Conception Group, is driven by 

a volcanic event which deposited ash which blanketed the ecosystem on the Ediacaran sea floor 

(Burzynski and Narbonne, 2015). This would lead to a rapid burial of the organisms living on the 

seafloor, producing a more anoxic environment which reduces the opportunity for microbes and bacteria 

to breakdown and decay deceased organisms. The rapid nature of this burial also means that organisms 

are more likely to remain intact after death due to interactions with wave action being eliminated. The 

Ediacaran fossils including Hiemalora specimens from Digermulen Peninsula are lower in 

preservational quality than those situated in Newfoundland localities. This lower level of preservation 

is likely due to a slower burial of the organisms after death. At the Indreelva locality in Digermulen 

Peninsula fossils appear to be evenly distributed throughout many bedding planes, which would be 

associated with a stable depositional history and not one large event, such as an ash deposit from a 

volcanic eruption or a large sediment flow blanketing the seabed. With a slower rate of burial there is 

more opportunity for organisms to break apart after death, such as a frond from its holdfast structure, 

or be transported away by ocean currents or wave action. The Hiemalora organism, which is thought to 

be a frondose holdfast, will likely preserve much easier than the frond element. This is due to the 

holdfast structure residing on and just within the seafloor sediment which makes it easier to bury and 

thus preserve than a frond which is oriented upright into the water column.  

One theory for the preservation of Ediacaran organisms is the “death mask” model (Gehling, 1999). 

Microbial mats are organic structures composed of chemosynthetic bacteria, cyanobacteria and archaea. 

These ecosystems are ordered into several layers, each a few millimetres thick, and are often found 

directly on top of the sea floor sediment (Armitage et al., 2012). Microbial mats are thought to have 
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been extremely prevalent during the Ediacaran period and the wider Neoproterozoic, with most of the 

benthic marine life residing on them. Microbial mats are thought to contribute to the taphonomy of the 

Ediacaran biota with the death mask process. The mats can form on top of layers of sedimentation. 

Once the organisms on the seafloor die and are covered by some sediment the microbial mats will start 

growing on top, effectively becoming a new top layer of the seafloor. As the mat becomes thicker and 

binds with the sediment it can eventually become a “felted mat” (Gehling, 1999). This structure is 

formed when enough time is given for the mat to combine with algal filaments and a mucus-like coating 

which effectively acts as a seal for the mat and everything underneath. This felted mat covering means 

that the deceased organisms below it is protected from external wave action of storms that could wash 

away or break up the animal. These factors therefore increase the chance of preservation and allow for 

the mineralisation and fossilisation of the organism (Gehling, 1999; Liu, 2016). This method of 

preservation may well have occurred at Digermulen. The death mask model may also have a 

preservational bias towards organisms directly residing on the seabed such as Dickinsonia, Yorgia and 

Hiemalora. The death mask preservation is not a process of rapid burial as it requires the microbial mat 

to have to time to grow over the organisms. This links back to the vulnerable nature of fronds post-

mortem, as there is a sizeable time window for them to detach or be damaged before burial takes place.  

As already discussed, there are fronds present in some of the Aspidella specimens from Digermulen 

which may somewhat appear to contradict the prior rationale for why the Hiemalora specimens do not 

possess fronds. One counter to this is that, at the locality in Digermulen, Aspidella fossils are far more 

abundant than their Hiemalora counterparts. This could mean that with far more samples there is a 

higher chance that a handful of them will have fronds preserved in the sense of probability. The nine 

Hiemalora samples in this study are the result of two field seasons in Digermulen, whilst the number 

of Aspidella specimens greatly surpasses it, with many individuals found not being taken for study. 

If in fact Hiemalora is an organ taxon along with the frond Primocandelabrum, or any other 

rangeomorphs with the Hiemalora basal attachment, then the taxonomy of these two taxa may have to 

be altered. In the case of Primocandelabrum, it was first described in 2008 (Hofmann et al., 2008) 

whereas Hiemalora was first described in 1980 (Fedonkin, 1980). This would therefore mean that since 

Hiemalora was described at an earlier date, it would have taxonomic priority, and therefore the whole 

organism would be called Hiemalora. This then provokes a new issue being that if there are several 

organisms with the same basal attachment although with different frond morphologies, would this 

necessitate the creation of new Hiemalora species? The original species descriptions of H. stellaris and 

H. pleiomorphus were based on the attachment structure only, so if fronds are incorporated into the 

species a complete overhaul of the taxon may be required.    
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8. Conclusions  

 

The study of the nine fossil specimens from Digermulen resulted in determining their taxonomic 

affinity. H. stellaris was the most abundant species in this study with all but one specimen belonging to 

it. Specimen D18-50 is likely assigned to the species H. pleiomorphus although due to a lack of parallel 

ridges running along the central disc this cannot be stated for sure (Fedonkin, 1981; Vodanyuk, 1989). 

D18-27 is likely a H. stellaris with a Primocandelabrum frond attached. There is some uncertainty 

whether the basal attachment of the frond is a Hiemalora or an Aspidella due to the ray marks around 

the central disc being somewhat unclear due to the quality of preservation. If this particular specimen 

is eventually confirmed to be Hiemalora, then it would be the first one found in Digermulen with a 

rangeomorph attached to it. Further fieldwork in the region would be needed to see if there are other 

fronds with the Hiemalora attachment to further back up the claim.  

Hiemalora and Primocandelabrum are most likely organ taxa derived from the same organism in 

life. This would mean that Primocandelabrum alongside all other rangeomorphs with a Hiemalora base 

would from then on be referred to as Hiemalora due to its description pre-dating the frond descriptions.  
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