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ABSTRACT 

 

Recent suggestions that Ediacaran discs, the most common and ubiquitous fossils of the 

Ediacara biota, represent the holdfasts of fronds has led them to be relatively unstudied in recent 

years.   This thesis utilizes biometric, sedimentologic, and morphologic data from Ediacaran sites 

in Avalonian Newfoundland and NW Canada to elucidate the biological and preservational 

nature of Ediacaran discoid fossils.  

A study on the Avalon and Bonavista peninsulas of Newfoundland comparing Conception-

style preservation of fronds visibly attached to discoid holdfasts to Fermeuse-style preservation 

of isolated discoid fossils confirmed that isolated specimens of the discoid fossils Aspidella and 

Hiemalora represent holdfasts whose petalodia were not preserved. Taphonomic studies suggest 

that taxa such as Charniodiscus and Primocandelabrum had holdfasts at the sediment-water 

interface, whereas taxa such as Charnia had holdfasts that were buried in the substrate. 

Morphological and sedimentological studies of Aspidella, Eoporpita, and Hiemalora from 

the ñJune bedsò in the Mackenzie Mountains of NW Canada showed considerably more internal 

complexity than has previously been described for Ediacaran discs.  Aspidella appears to 

represent a membrane-bound exterior surface that surrounded a tiered series of laterally-adjacent, 

hollow, club-shaped lobes within the holdfast that, if found separately, would be referred to the 

discoid genus Eoporpita.  

Restudy of the enigmatic, Cryogenian-aged ñTwitya discsò of Bluefish Creek in the 

Mackenzie Mountains of NW Canada reveals probable examples of Aspidella. This discovery 

extends the known time range of Aspidella by nearly 80 Ma and offers a glimpse of deep-water 

benthic organisms that presaged the Ediacara biota. The lack of a visible stem or petalodium on 
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either specimen of Aspidella from Bluefish Creek may be taphonomic, in which case complex 

multicellularity may range considerably down into the Cryogenian.  Alternatively, it may imply 

that the disc was the ancestral structure, and that the overlying frondose structure evolved later as 

an oxygen-collection structure under the low and fluctuating oxygenation conditions that 

characterized Ediacaran seas. 
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CHAPTER 1 

General Introduction 

 

1. General Background 

 

1.1. The world of the Late Neoproterozoic 

 

The Earth during the Neoproterozoic Era (1,000 ï 541 Ma) was experiencing radical 

changes in the atmosphere, hydrosphere, and biosphere (Fig. 1-1). The supercontinent Rodinia 

coalesced and disintegrated (Li et al., 2008); later, the supercontinent Gondwana began to 

coalesce from some of the fragments. At least two global glaciations occurred: the ñSnowball 

Earthò events (Hoffman et al., 1998; Rooney et al., 2015; Shields-Zhou et al., 2016; Spence et 

al., 2016). Oxygen levels began to rise towards modern levels in the mid-Ediacaran concurrent 

with the approximate timing of major glacial episodes and the emergence of the major metazoan 

groups (Canfield and Teske, 1996; Fike et al., 2006; Canfield et al., 2007; Cole et al., 2016). It is 

surmised that these events probably facilitated one another either directly or indirectly, but there 

is little agreement as to how this occurred (Canfield et al., 2007; Mills et al., 2014; Spence et al., 

2016; Sperling et al., 2016; Pu et al., 2016). 
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Figure 1-1. Timeline of major events in the Neoproterozoic. Timeline based on ICS 

International Chronostratigraphic Chart (Cohen et al., 2013). Rodinia timeline based on Li et al. 

(2008). ŭ13C anomaly data from Le Gerroué et al. (2006) and Halverson et al. (2010). Glacial 

data from Rooney et al. (2015), Pu et al. (2016), Shields-Zhou et al. (2016), and Sperling et al. 

(2016). Biomolecular data from Erwin et al. (2011), Parfrey et al. (2011), and dos Reis et al. 

(2015): 1 ï 8 represent major divergences of higher-level metazoan taxa. Fossil data from Love 

et al. (2009), Xiao and Laflamme (2009), Meert et al. (2011), Xiao et al. (2014), and Sperling et 

al. (2016). Timing of Twitya biota is approximate.  
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1.2. The evolutionary history of multicellularity 

 

Multicellularity has a number of different connotations, but an organism is usually 

considered to be truly multicellular when it is composed of different types of interdependent cells 

that have lost the ability to function independently (Knoll, 2011). Some hallmarks of true 

multicellularity include cell-to-cell adhesion and cell-to-cell signalling. Multicellularity is known 

to have arisen in several lineages independently (Knoll, 2011 and references therein). Within 

eukaryotes, twenty-two independent origins of simple multicellularity are known, while six have 

independently evolved complex multicellularity: animals, embryophytic green algae (including 

plants), florideophytic red algae, laminarialean brown algae, and two fungal lineages 

(ascomycetes and basidiomycetes). 

The earliest convincing multicellular eukaryotes are simple algae found in 1.56 Ga 

Mesoproterozoic rocks from the Gaoyuzhuang Formation in North China (Zhu et al., 2016).  

Molecular clock data suggests a number of divergences ca. 800 Ma, coincident with substantial 

increase in eukaryote fossil diversity, that includes the early origins of clades with true 

multicellular members such as animals, fungi, red algae, green algae, and brown algae (Berney 

and Pawlowski, 2006; Knoll et al., 2006a,b; Knoll, 2011; Parfrey et al., 2011; dos Reis et al., 

2015).  

At least two Lower Ediacaran benthic multicellular assemblages are known from South 

China. The Lantian biota (ca. 620(?) ï 582(?) Ma; Xiao et al., 2014) consists almost entirely of 

multicellular green algae (Xiao et al., 2002; Yuan et al., 2011). The Wengôan biota (612 ï 575 

Ma; Xiao et al., 2014) includes multicellular algae as well as spherical clusters of cells (Xiao et 

al., 1998) described as metazoan embryos (Xiao and Knoll, 2000, Xiao et al., 2000). Other 
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interpretations have been put forward, including sulphur-reducing bacteria (Bailey et al., 2007) 

and encysting holozoan protists (Huldtgren et al., 2011), but the original explanation remains 

most likely (Xiao et al., 2014; Yin et al., 2016).  

Molecular and fossil evidence suggest a Neoproterozoic origin for stem- and crown-group 

Metazoa. Molecular clock data places the choanoflagellate ï metazoan split in the Lower Tonian 

close to 930 Ma , the appearance of crown-group metazoans in the Upper Tonian ï Cryogenian 

ca. 833 ï 650 Ma, and divergences between the major three groups (poriferans, radial taxa, and 

bilaterians) within the Upper Tonian ï Lower Ediacaran (Peterson et al., 2005; Erwin et al., 

2011, Knoll, 2011; Parfrey et al., 2011; dos Reis et al., 2015; Gold et al., 2016; Mills and 

Canfield, 2017). It should be noted that, while it has long been assumed that poriferans are sister 

to all other metazoans, there are arguments for (Dunn et al., 2008; Whelan et al., 2015) and 

against (Pisani et al., 2015; Simion et al., 2017) Ctenophora as the metazoan outgroup. Sponge 

biomarkers reported from the Cryogenian (Love et al., 2009; Sperling et al., 2010) are 

controversial (Antcliffe et al., 2014; Gold et al., 2016). Potential Cryogenian metazoan body 

fossils have been reported from the Northwest Territories of Canada (Hofmann et al., 1990), and 

questionable occurrences have been described from South Australia (Maloof et al., 2010), 

Kazakhstan (Meert et al., 2011), and the Kimberley region of northwestern Australia (Lan and 

Chen, 2016).  
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2. The Ediacara Biota 

 

2.1. Overview 

 

The Ediacaran Period (635 ï 541 Ma), the first official addition to the Geologic Timescale 

since 1891 (Knoll et al., 2004, 2006a; Narbonne et al., 2012a), represents a critical turning point 

in the history of life. Prior to the emergence of the Ediacara biota (ca. 571 ï 541 Ma; Fig. 1-2), 

multicellular assemblages were simple, rare, dominated by simple algae, and rarely exceeded 

mm- or cm-scale sizes. Approximately 10 Ma after termination of the Gaskiers Glaciation, the 

oldest members of the Ediacara first appeared as large (>2m), relatively complex organisms 

(Narbonne and Gehling, 2003; Pu et al., 2016). These were followed by diverse communities of 

large, complex, multicellular organisms (Clapham and Narbonne, 2002). The deep-water, 

subphotic setting and demonstrated lack of transport of these earliest occurrences of the Ediacara 

biota (Wood et al., 2001; Ichaso et al., 2007; Liu et al., 2015) precludes their identification as 

photosynthetic forms. Eventually, Ediacaran localities diversified in form, function, and habitat, 

including evidence of mobility and behavioral complexity, and forms that are accepted by some 

as stem-lineages to major modern metazoan phyla (Seilacher et al., 1999; Lin et al., 2006; 

Peterson et al., 2008; Xiao and Laflamme, 2009; Ivantsov, 2009, 2010; Sperling and Vinther, 

2010; Erwin et al., 2011; Sperling et al., 2016; Laflamme et al., 2013; Carbone and Narbonne, 

2014; Carbone et al., 2015; Darroch et al., 2015; Gold, et al., 2016; Budd and Jensen, 2017; 

Cavalier-Smith, 2017; Mills and Canfield, 2017). In the final 10 Ma of the Ediacaran Period, the 

Ediacara biota reduced in diversity before disappearing abruptly at the Ediacaran-Cambrian  
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Figure 1-2. Timeline of Ediacaran assemblages, updated from Xiao and Laflamme (2009) with 

time range extensions from Chen et al. (2014), Narbonne et al. (2014), and Darroch et al. (2016). 

Dashed lines represent extended time ranges that lack definitive intermediate fossils. Geological 

timescale dates from Narbonne et al. (2012). Glacial data from Rooney et al. (2015), Pu et al. 

(2016), Shields-Zhou et al. (2016), and Sperling et al. (2016). Ash dates from Xiao and 

Laflamme (2009), Schmitz (2012), Chen et al. (2014), and Pu et al. (2016): DR = Drook; MP = 

Mistaken Point; ZG = Zimmie Gory; DO = Doushantuo; K = Kuibis; S = Schwarzrand. Line 

drawings, left to right: Rangeomorpha (Charnia), Arboreomorpha (Charniodiscus), and 

Primocandelabrum from Hofmann et al. (2008); Erniettomorpha (Swartpuntia) from Narbonne 

et al. (1997); Bilateriomorpha (Marywadea) from Waggoner (1996); Radials (Eoandromeda) 

from Zhu et al. (2008); Eoporpita from Chapter 3 of this thesis; Hiemalora from Serezhnikova 

(2007); Aspidella from Gehling et al. (2000). Dates of Wengôan biotas from Xiao et al. (2014). 

Dates of Twitya biota from Sperling et al. (2016) are approximate. 
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boundary (Narbonne et al., 1997; Xiao and Laflamme, 2009; Laflamme et al., 2013; Darroch et 

al., 2015, 2016; Xiao et al., 2016; but see Budd and Jensen, 2017 and Zhu et al., 2017 for an 

alternative view). 

 

2.2. History of study 

 

The sudden appearance of large, complex fossils in Cambrian strata (the ñCambrian 

Explosionò) was known by the time of Charles Darwin (1859), who wrote of this event as a 

legitimate challenge to his theory of evolution through natural selection; that if his theory was 

correct, ñthe world swarmed with living creaturesò prior to the Cambrian that to that point had 

not been found in the geologic record. Though the first Precambrian body fossils were identified 

by Billings (1872), geologists and paleontologists roundly dismissed these as inorganic in origin 

(see review in Gehling et al., 2000). Future finds were a priori assigned to Cambrian strata 

(Gürich, 1930, 1933; Sprigg, 1947, 1949) until well-preserved fossils of undoubted biogenecity 

described from unarguably Precambrian strata in the Charnwood Forest of England (Ford, 1958) 

confirmed the existence of macroorganisms prior to the Cambrian. 

Once the existence of Precambrian macrofossils was confirmed, that potentially 

represented the precursors of the Cambrian fauna, they were compared to modern ñprimitiveò 

metazoans. Frondose organisms such as Charnia and Charniodiscus were originally interpreted 

as algae (Ford, 1958), but later reinterpreted as cnidarian sea pens when Arborea was 

synonymized with the latter (Jenkins and Gehling, 1978). Kimberella was reconstructed as 

various forms of medusoid cnidarians (see reviews in Ivantsov 2009, 2010). Even more 

contentious was Dickinsonia, which at one time or another has been allied with virtually every 

major metazoan phylum (see review in Gold et al., 2016). Spriggina was regarded as an annelid 
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(Glaessner 1958; Glaessner and Wade, 1966) and later an arthropod (Gehling, 1991; Waggoner, 

1996). Parvancorina was regarded as a primitive arthropod (Glaessner, 1980). Discoid fossils 

such as Cyclomedusa, ray-bearing discs such as Hiemalora, and circular, lobate forms such as 

Eoporpita were referred to as medusoid cnidarians, with their radial grooves compared to 

feeding grooves, concentric rings compared to contractile muscles that close the bell, and any 

rays regarded as tentacles (Sprigg, 1947, 1949; Glaessner and Wade, 1966; Wade, 1972; 

Fedonkin, 1980, 1985). 

Seilacher (1984, 1989) proposed a radical reinterpretation of the then-called ñEdiacaran 

faunaò. Rather than being ancient representatives of modern groups, he proposed that they 

represented a constructional pattern more related to each other than to any modern groups, the 

ñVendobiontaò whose unique construction of pillow-like ñpneusò died with all of them at the end 

of the Precambrian. This spurred a host of revisions and new interpretations, including fungus, 

lichens, ñmetacellularsò, and extinct metazoan phyla (Seilacher, 1984, 1989; McMenamin, 1986; 

Buss and Seilacher, 1992; Retallack, 1994; Peterson et al., 2003). The current consensus is that 

the component organisms of the Ediacara biota represent a number of different lineages, much as 

a modern forest includes virtually every biological kingdom and an untold number of phyla 

(Narbonne, 2005; Xiao and Laflamme, 2009; Laflamme et al., 2013).  

 

2.3. Ediacaran fossil organisms 

 

2.3.1. Modular forms 

Possibly the most iconic, and most problematic, fossils of the Ediacara biota are taxa that 

used modular construction of elements to produce a wide array of forms and to reach sizes that 
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had not previously been seen on Earth.  Three major groups of organisms used modular 

construction of differently shaped elements to dominate different time intervals and 

environments in the Ediacaran. 

The first described, and most diverse, are the Rangeomorpha (Pflüg, 1972; Jenkins, 1985; 

Narbonne, 2004; Narbonne et al, 2009; Erwin et al., 2011; Brasier et al., 2012; Dececchi et al., 

2017). The rangeomorphs are a clade united by the usage of repeated self-similar (fractal) 

constructional units which were assembled as modules to produce the complete organism 

(Narbonne, 2004; Narbonne et al, 2009; Brasier et al., 2012). They include a wide variety of 

body plans, including single petalodia attached to a circular holdfast (Beothukis, Charnia, 

Culmofrons, Trepassia); multiple petalodia along a linear, horizontal pedicle rod (Pectinifrons); 

multiple petalodia emanating from a central point (Bradgatia); elongate surficial forms 

(Fractofusus); and upright multifoliate forms (Rangea) (Ford, 1958; Narbonne, 2004; Antcliffe 

and Brasier, 2008; Bamforth et al., 2008; Laflamme and Narbonne, 2008; Flude and Narbonne, 

2008; Brasier and Antcliffe, 2009; Bamforth and Narbonne, 2009; Narbonne et al., 2009; 

Laflamme et al., 2012; Vickers-Rich et al., 2013). 

The second-most diverse modular forms are the Erniettomorpha, a globally distributed 

group known primarily from Namibia. These organisms were assembled modularly using 

laterally-adjacent, unbranching, tubular elements in a palisade-like arrangement. Their 

morphology includes the multifoliate fronds Pteridinium (Grazhdankin and Seilacher, 2002) and 

Swartpuntia (Narbonne et al., 1997) and the partially buried, bag-shaped Ernietta (Elliot et al., 

2016; Ivantsov et al., 2016). 

The third modular clade is the monogeneric Arboreomorpha, which is represented by 

several species of Charniodiscus (Laflamme and Narbonne, 2008). This clade is entirely 
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composed of bifoliate fronds anchored to the seafloor by a surficial holdfast. The petalodia are 

composed of peapod-shaped elements arranged vertically on either side of a straight central axis. 

The petalodium and stem are anchored by a prominent, circular holdfast (Jenkins and Gehling, 

1979; Laflamme et al., 2004; Laflamme and Narbonne, 2008). 

The exact affinities of modular organisms are uncertain at best. Direct assignments to 

extant metazoan phyla such as Cnidaria (Glaessner and Wade, 1966; Jenkins and Gehling, 1978) 

or Ctenophora (Dzik, 2002) are generally considered untenable (Narbonne, 2004; Antcliffe and 

Brasier, 2007; Laflamme and Narbonne, 2008). It is possible that they represent completely 

extinct experiments in multicellularity (Seilacher, 1984, 1989), stem-group metazoans (Budd and 

Jensen, 2017), or basal taxa within Metazoa (Buss and Seilacher, 1992; Cavalier-Smith, 2017). 

 

2.3.2. Stem-group representatives of modern metazoan phyla? 

Several forms have been tentatively linked to Metazoa proper, and in nearly all cases these 

links are controversial. The bilaterally symmetrical, segmented Spriggina with a distinguishable 

ñheadò region has been interpreted as a stem-arthropod (Peterson et al., 2008), though this is 

controversial (Edgecombe and Legg, 2014). Some workers included the small, triangular form 

Parvancorina as a stem-arthropod or even stem-trilobite (Glaessner, 1979; Lin et al., 2006), 

though this is unlikely (Naimark and Ivantsov, 2009; Paterson et al., 2017). Kimberella 

resembles molluscs such as polyplacophorans and is commonly found in association with the 

trace Radulichnus, and is thus widely considered to be a stem-mollusc (Seilacher et al., 1999; 

Ivantsov, 2009, 2010; Gehling et al., 2014). Dickinsonia has been allied with a number of 

metazoan phyla, and may represent a placozoan or basal bilaterian (Sperling and Vinther, 2010; 

Gold et al., 2016); it is associated with trace fossils indicating feeding and movement on the 
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surficial microbial mats (Gehling et al., 2005). The cone-shaped Thectardis has been compared 

to poriferans (Sperling et al., 2011), though this has been disputed (Antcliffe et al., 2014). 

 

2.3.3. Radial forms 

Finally, there is a handful of radial Ediacaran forms that defy categorization. 

Tribrachidium is a circular, triradial form thought to be useful in filter-feeding (Rahman et al., 

2015). Eoandromeda is a surficial, circular, octoradial form composed of eight curved arms 

(Tang et al., 2008; Zhu et al., 2008). Arkarua is a pentaradial form originally thought to be a 

primitive echinoderm (Gehling, 1987), though this presently seems unlikely (Budd and Jensen, 

2000; Zamora and Rahman, 2014). 

 

2.4. Preservation 

 

Compared to Phanerozoic forms, understanding the preservation of soft-bodied Ediacaran 

fossils is arguably of greater importance to the interpretation of the living forms (Narbonne, 

2005). The widespread preservation of such soft-bodied forms is virtually unknown in the 

Phanerozoic. The primitive paleobiological and paleoecological nature of the organisms in 

question hampers direct comparison with modern organisms, necessitating careful reconstruction 

of the living form from the potentially altered fossil form. The frequency of preservation of these 

fossils, and high relief of many, led workers to suggest that the bodies of the organisms must 

have necessarily been made of tough material resistant to compaction, such as cellulose 

(Seilacher, 1984, 1989; Retallack, 1994). The ñdeath maskò preservation model of Gehling 

(1999), organisms preserved via burial by sediment and sealing into a reducing environment by 
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microbial mats, rendered unusually tough constructional materials unnecessary. Narbonne (2005) 

recognized four primary modes of preservation of the Ediacara biota: Nama-style, Flinders-style, 

Fermeuse-style, and Conception-style. 

Nama-style preservation is the characteristic preservation of upper Ediacaran fossils from 

Namibia (Grazhdankin and Seilacher, 2002; Vickers-Rich et al., 2013; Ivantsov et al., 2016), but 

also occurs in older deposits in the Mackenzie Mountains of NW Canada (Narbonne et al., 

2014). Fossils are preserved within storm, turbidite, or contourite beds, rather than at the tops or 

bases of beds. This preservation style preserves three-dimensional casts that commonly include 

rare external and internal detail not present in specimens preserved by other regimes (Narbonne, 

2005; Vickers-Rich et al., 2013). 

Flinders-style preservation inspired the ñdeath maskò preservation model of Gehling 

(1999), though more recent work suggests preservation of fossils in the Ediacara Member may 

have additionally or instead occurred via rapid silicification in silica-rich oceans (Tarhan et al., 

2016). Fossils are preserved on the soles of event beds: more resistant organisms form negative 

relief impressions, less resistant ones collapse and form positive relief impressions. The well-

developed microbial mats necessary for the formation of this style of preservation grow best in 

sunlit environments; most, if not all, occurrences of assemblages preserved primarily in this style 

are from deposits between storm and fair weather wave base. The most famous examples of this 

preservation style are the Ediacara Member within the Flinders Ranges of Australia and the 

White Sea of Russia (Gehling and Droser, 2013; Zakrevskaya, 2014). 

Fermeuse-style preservation is similar to Flinders-style, but less well developed. Since 

many of the assemblages are deeper-water, it may be that the microbial mats were less well-

developed or non-existent. Assemblages preserved primarily in the Fermeuse-style typically 
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preserve only holdfast discs and trace fossils, and include the St. Johnôs Group in eastern 

Newfoundland; Finnmark, Norway; and the Mackenzie Mountains of NW Canada (Farmer et al., 

1992; Gehling et al., 2000; Narbonne et al., 2014). 

Conception-style preservation preserves the unique ñsnapshotsò of Avalon assemblage 

ecosystems from Newfoundland and Charnwood Forest (Seilacher, 1999; Clapham et al., 2003; 

Wood et al., 2003; Narbonne, 2005; Liu et al., 2015). Layers of volcanic ash blanketed the 

seafloor, smothering existing communities. These ash layers were sealed off from the water 

column by the growth of microbial mats, creating a reducing subsurface environment that 

preserved the remains in a fashion similar to the ñdeath maskò model of Gehling (1999); this is 

suggested by the presence of framboidal pyrite ñveneersò on bedding planes hosting fossils (Liu, 

2016). Whole communities were preserved in place as they lived, without evidence of transport, 

as positive epirelief impressions on the top of bedding surfaces covered by the entombing ash, in 

contrast to the hyporelief preservation of the Flinders- and Fermeuse-styles. Radiometric dating 

of the volcanic layers constrains the ages of the fossiliferous beds (Benus, 1988; Narbonne et al., 

2012a; Schmitz, 2012). 

 

2.5. Global assemblages 

 

The Ediacara biota has been divided into three primary assemblages based on Waggoner 

(2003) and expounded upon by Narbonne (2005): the Avalon assemblage (571 ï 560 Ma), White 

Sea assemblage (560 ï 550 Ma), and Nama assemblage (550 ï 541 Ma) (Fig. 1-2). Grazhdankin 

(2004) first suggested that the assemblages were artifacts of water depth and/or environment 

rather than time; he later (2014) recognized the same divisions as suggested by Waggoner but 
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used names based on Russian stratigraphic units (ñRedkinianò, 580 ï 559 Ma; ñBelomorianò, 

559-550; and ñKotlinianò, 550-540 Ma).  A thorough statistical analysis of an updated global 

Ediacaran fossil database by Boag et al. (2016) supported the three original assemblages of 

Waggoner (2003). 

The oldest of the three assemblages is the Avalon assemblage (Narbonne, 2005; Xiao and 

Laflamme, 2009; Laflamme et al., 2013; Liu et al., 2015; Boag et al., 2016). This assemblage is 

typified by deep-water localities such as southeastern Newfoundland; Charnwood Forest, 

England; and the Mackenzie Mountains, Northwest Territories (Wood et al., 2003; Ichaso et al., 

2017; Mason et al., 2013; Sperling et al., 2016). This assemblage is composed primarily or 

entirely of nonmotile forms, dominated by rangeomorphs and arboreomorphs, with some 

instances of other groups such as Primocandelabrum and rare erniettomorphs (Hofmann et al., 

2008; Wilby et al., 2011; Narbonne et al., 2014; Liu et al., 2015). From its earliest appearance, it 

displays epifaunal tiering and ecological succession reminiscent of modern benthic communities 

(Clapham and Narbonne, 2002; Clapham et al., 2003). 

The middle, and most diverse, Ediacara biota assemblage is the White Sea assemblage 

(Narbonne, 2005; Xiao and Laflamme, 2009; Laflamme et al., 2013; Boag et al., 2016). White 

Sea assemblage localities are typified by shallow-water localities such as the Pound Quartzite of 

the Ediacara Hills, South Australia and the Vendian Complex of the White Sea region, Russia 

(Gehling and Droser, 2013; Zakrevskaya, 2014). The rangeomorphs and arboreomorphs persist 

into this assemblage, but are numerically less dominant. Instead, there is an explosion of 

bilaterally symmetrical, potential metazoan fossils such as Spriggina, Kimberella, and 

Dickinsonia; the latter two taxa even show evidence of mobility (Gehling et al., 2005; Ivantsov, 
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2009, 2010). Additionally, many unusual radial taxa, such as Arkarua, Eoandromeda, and 

Tribrachidium appear. 

The youngest of the Ediacara biota assemblages is the Nama assemblage (Narbonne, 2005; 

Xiao and Laflamme, 2009; Laflamme et al., 2013; Boag et al., 2016). The Nama assemblage is 

primarily known from shallow-water deposits in Namibia that include Ediacara-type fossils up to 

the Ediacaran-Cambrian Boundary (Hall et al., 2013; Darroch et al., 2015, 2016). The diversity 

of the White Sea assemblage largely disappears (Darroch et al., 2015). In its place are several 

genera of erniettomorphs including Ernietta, Swartpuntia, and Pteridinium; the rangeomorph 

Rangea; the discoid Aspidella; and the earliest known skeletal forms such as Cloudina and 

Namacalathus (Narbonne et al., 1997; Elliot et al., 2011, 2016; Vickers-Rich et al., 2013; 

Darroch et al., 2015, 2016; Ivantsov et al., 2016, Xiao et al., 2016). 

 

3. Ediacaran Discs 

 

The most abundant, yet least studied fossils of the Ediacara biota are the discoid fossils 

such as the form genus Aspidella and its junior synonyms. They include the earliest described 

Precambrian macrofossils (Billings, 1872; Gehling et al., 2000), and were long celebrated as 

evidence that jellyfish were among the earliest metazoans in the fossil record (Sprigg, 1947, 

1949; Glaessner and Wade, 1966; Wade, 1972) until their later reinterpretation as benthic discs 

(Seilacher, 1984) that functioned mainly as the basal holdfasts of fronds (Gehling et al, 2000). 

They are found at nearly every Ediacaran macrofossil site on nearly every continent, and at many 

sites are nearly the only fossils present (Narbonne and Hofmann, 1987; Narbonne and Aitken, 

1990; Farmer et al., 1992; Gehling et al., 2000; Serezhnikova, 2013; Arrouy et al., 2016; Darroch 
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et al., 2016). They appear in the earliest of the Avalon assemblage and persist into the Nama 

assemblage, at the end of the reign of the Ediacara biota (Darroch et al., 2016).  

 

3.1. History of study 

 

Sprigg (1947, 1949) described numerous discoid fossils from what was is now the classic 

Ediacaran of the Flinders Ranges of South Australia, erecting numerous genera of discoid forms 

(Beltanella, Cyclomedusa, Ediacaria, Madigania, Medusina, Protodipleurosoma, Protoniobia, 

Pseudorhizostomites, Pseudorhopilema, and Tateana); Glaessner and Wade (1966) and Wade 

(1972)  erected several other taxa.  All of these were regarded as medusoid cnidarians based on 

similarities in their circular shape, centimeter to decimeter size range, and presence of radial 

marks and concentric rings inside the discs; an interpretation that stood for several decades. Ford 

(1958) described and named the discoid form Charniodiscus which he later (1963) revealed was 

the holdfast of a frond, but few authors followed suit except in cases where a frond was found 

directly attached to a discoid holdfast (e.g. Jenkins and Gehling, 1978).  

Seilacher (1984, 1989) made several important observations that cast doubt on medusoid 

interpretations. While jellyfish preserved in marine sediments should be preserved roughly 50% 

oral side down and 50% aboral side down, only the ñaboralò side was ever preserved. Jellyfish 

have a specific gravity only slightly higher than water, and much lower than a turbid mixture of 

water and quartz grains, so they should be preserved on the tops of event beds; undoubted 

Mesozoic jellyfish typically are, yet Ediacaran fossil discs are found almost exclusively on the 

bases of event beds (Seilacher, 1984). Later studies showed abutting specimens that displayed 

mutual deformation during growth, rather than passive settling through a water column 
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(Narbonne and Aitken, 1990). Importantly, though relatively rare, many discs display portions of 

stems identical to those seen in frondose taxa (Narbonne and Aitken, 1990; Gehling et al., 2000; 

Tarhan et al., 2010, 2015). Norris (1989) performed a series of taphonomic experiments, whose 

results demonstrated that Ediacaran discs resemble neither modern nor Phanerozoic fossil 

jellyfish, although the latter two displayed close resemblance. Thus the medusoid interpretation 

of discs was effectively dismantled, though the interpretation that some were polyps persisted for 

some time (Jenkins, 1989). 

Gehling et al. (2000), working with discoid forms from Newfoundland and comparing 

these to discoid taxa worldwide, brought to light the frond holdfast affinity of most discoid taxa. 

They observed that many discoid taxa, rather than being morphologically distinct entities, graded 

into each other morphologically, suggesting they were taphomorphs of one another. They 

revived the taxon Aspidella terranovica, and were able to synonymize most discoid taxa with it. 

Additionally, between the evidence of stems on some specimens of Aspidella, and their 

resemblance to the holdfasts of frondose taxa, they were able to convincingly argue that discoid 

taxa relatable to Aspidella were holdfasts whose petalodia had escaped preservation; Hofmann et 

al. (2008), with the discovery of the frond Primocandelabrum, expanded this interpretation to the 

ray-bearing disc Hiemalora, and Serezhnikova (2013) included the lobate discs Eoporpita and 

Mawsonites among the Ediacaran holdfast taxa . Although there have been rare dissenters 

(Grazhdankin and Gerdes, 2007; MacGabhann, 2007), most subsequent work has supported the 

holdfast interpretation of discs relatable to Aspidella and Hiemalora (Mapstone and McIlroy, 

2006; Serezhnikova, 2010, 2013; Tarhan et al., 2010, 2015; Laflamme et al., 2011). 
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3.2. Holdfast taxa 

 

There are three primary identified holdfast form genera: Aspidella, Eoporpita, and 

Hiemalora. These taxa, and features that distinguish them, are illustrated in Fig. 1-3. 

 

3.2.1. Aspidella 

Aspidella is the senior synonym for many, probably most, Ediacaran discs. Though 

members of the form genus can vary greatly in morphology, with extreme end-members sharing 

little resemblance to each other, they are united by an insensible gradation in morphology 

believed to be caused by differences in taphonomic processes. Gehling et al. (2000) recognized 

three morphological end-members based primarily on relief: the flattened Spriggia-morph, the 

positive relief Ediacaria-morph, and the invaginate Aspidella-morph. Nearly all Aspidella fall 

within the triangular spectrum created by these end-members (Gehling et al., 2000, text-fig. 6). 

Aspidella is a disc that typically is preserved on the soles of event beds (Fig. 1-3.2). The 

outer periphery of many discs is delineated by a distinct outer rim, either in positive or negative 

relief. The outer disc contains most of the body of the fossil and many of its anatomical features, 

such as tiers, radial grooves, and concentric rings. In most cases the central boss is sharply 

delineated, in greater relief than the outer disc, and many contain a circular plug in the center.  

 

3.2.2. Eoporpita 

Eoporpita is a disc composed of sheets of laterally-adjacent lobes that radiate from a 

central boss (Fig. 1-3.1). These sheets of lobes are stacked in tiers, reducing in diameter the  
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Figure 1-3. Features common to discoid fossils. (1) Eoporpita; 1.1 Cross-section view of 1; 1.2 

Plan view of 1; 1.3 Eoporpita specimen JBD-108 from the June beds. (2) Aspidella; 2.1 Cross-

section view of 2; 2.2 Plan view of 2; 2.3 Aspidella specimen JBD-057 from the June beds. (3) 

Hiemalora; 3.1a One of two common cross-section views of 3 based on several Newfoundland 

specimens (Hofmann et al., 2008); 3.1b Second of two common cross-section views of 3 based 

on Russian specimens (Fedonkin, 1980), Newfoundland specimens (Hofmann et al., 2008), and 

the single June bed specimen (Narbonne, 1994); 3.2 Plan view of 3; 3.3 Hiemalora specimen 

GSC 102373 from the June beds. Scale bars = 10 mm. Reproduced from Chapter 3. 
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further vertically they are from the bed surface. The central boss is prominent, and typically 

includes a plug. The outermost boundary of most discs is ill -defined, delineated only by the 

edges of the lobes of the widest tier. 

 

3.2.3. Hiemalora 

Hiemalora is a disc with numerous projections, herein termed ñraysò, emanating from its 

periphery (Fig. 1-3.3). The rays are thin and do not appear to have a regular pattern to their 

arrangement beyond the periphery. This periphery is typically marked by a distinct outer rim. 

Within the disc are occasionally found a plug and a single concentric ring. In complete 

specimens of Primocandelabrum, this ring typically delineates the base of the stem. The interior 

of the disc can be concave (Fig. 1-1.3.1a) or convex (1-1.3.1b). 

 

3.3. Non-holdfast taxa 

 

It is important to note that not all discoid fossils from the upper Neoproterozoic originated 

as holdfasts in vivo. Beltanelliformis is a highly gregarious, subspherical form found in shallow 

water deposits worldwide that may represent a cup-shaped organism or a spherical structure   

perhaps comparable to modern Nostoc (Narbonne and Hofmann, 1987; Ivantsov et al., 2014). 

The radial forms Tribrachidium and Eoandromeda are commonly interpreted to be whole 

organisms, presumably filter-feeders (Tang et al., 2008; Rahman et al., 2015). 

Paleophragmodictya was originally interpreted as a poriferan (Gehling and Rigby, 1996), though 

its affinity is still in doubt (Gehling et al., 2000; Antcliffe et al., 2014).  
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4. Objectives of the Thesis 

 

As discussed above, discoid fossils are, by far, the most common Ediacaran macrofossils 

worldwide.  They were the first-named taxon of the Ediacara biota (Billings, 1872) and were 

studied intensely as the presumed earliest record of fossil jellyfish until a series of landmark 

papers showed that few, if any, could be considered jellyfish (Seilacher, 1984, 1989) and that 

they probably represent the attachment discs of Ediacaran fronds (Gehling et al., 2000).  Since 

that time, with a few notable exceptions (e.g. Mapstone and McIlroy, 2006; MacGabhann, 2007; 

Serezhnikova, 2013; Tarhan et al., 2010, 2015), interest in discs has waned and research 

attention has turned to the more ñdiagnosticò parts of Ediacaran fossils.  Most researchers have 

regarded Ediacaran discs as simple structures whose sole function was to anchor the frond to the 

sea floor. 

This thesis represents a detailed study of the taphonomy, paleoecology, and functional 

morphology of the three primary Ediacaran discoid form-taxa: Aspidella, Hiemalora, and 

Eoporpita.  Studies were carried out in the Avalon and Bonavista peninsulas of Newfoundland 

(Chapter 2), and the ñJune bedsò (Chapter 3) and upper Cryogenian Ice Brook Formation 

(Chapter 4) of the Mackenzie Mountains of northwestern Canada.  Discoid fossils occur 

abundantly on multiple surfaces in all three study areas, providing the large sample sizes 

essential for meaningful morphometric and taphonomic studies.  These discoid fossils are among 

the oldest known anywhere, with discs from Newfoundland (Chapter 2) and the ñJune bedsò of 

NW Canada (Chapter 3) representing the earliest assemblage of the Ediacara biota 

(approximately 580-560 Ma; Narbonne et al., 2012a; Macdonald et al., 2013; Pu et al., 2016), 
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and the ñTwitya discsò  from upper Cryogenian strata (Chapter 4) approximately 635-640 Ma 

(Rooney et al., 2015; Sperling et al., 2016), enhancing the evolutionary implications of this 

study. 

The three main chapters present analyses of three fossil assemblages from different 

localities in the Neoproterozoic of Canada (Fig. 4) to investigate four interrelated questions in 

the paleontology and paleobiology of Ediacaran discs: 

1. What is the nature and significance of the anatomical features present on Ediacaran discs, and 

do they have any taxonomic significance?  

2. How did these discs look in life, and what taphonomic processes led to their present 

preservational shapes?  

3. Did these discs serve any function beyond attachment of the frond to the sea floor, and if so, 

how did they carry out these functions?  

4. What were their evolutionary origins of discs and the different functions they facilitated? 
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Figure 1-4. Location of study areas in Canada. (1 ï 3) Newfoundland localities (Chapter 2) (4 ï 

5) Northwestern Canada localities (Chapters 3 and 4, respectively). (1) Mistaken Point; (2) 

Ferryland; (3) Bonavista Peninsula; (4) Sekwi Brook North; (5) Bluefish Creek. 
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CHAPTER II  

The discs of Avalon: Relating discoid fossils to frondose organisms in the Ediacaran of 

Newfoundland, Canada 

 

Published as: 

Burzynski, G., and Narbonne, G.M., 2015. The discs of Avalon; relating discoid fossils to 

frondose organisms in the Ediacaran of Newfoundland, Canada. Palaeogeography, 

Palaeoclimatology, Palaeoecology vol.434, pp. 34ï45. 

 

Abstract 

 

The oldest members of the Ediacara biota include discoid and frondose forms.  The fronds have 

been well described, but little has been done to quantify the relationship between the discoid 

fossils and the discoid holdfasts of fronds. Fossil surfaces from the middle Ediacaran of 

southeastern Newfoundland preserve fronds directly attached to their discoid holdfasts, along 

with numerous specimens of the isolated discoid fossils Aspidella and Hiemalora of less certain 

affinities.  However, most specimens of Aspidella in Newfoundland are known from Fermeuse-

style preservation of the base of discs, whereas most Mistaken Point fronds are known from 

Conception-style preservation of the tops of discs, hindering direct comparison of these fossils.  

The Discovery Surface on Bonavista Peninsula preserves both basal and top views of Aspidella-

type discs on the same fossil surface, and thus serves as a morphological link between these 

preservational modes and permits reconstruction of these circular holdfasts in three-dimensions. 

We find a significant positive correlation between disc size and frond size within each frondose 
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species, which is consistent with the purported function as holdfasts, tethering the frondose 

organisms to the seafloor. This supports the notion that discoid fossils relatable to Aspidella and 

its junior synonyms, and to Hiemalora, are the holdfasts of frondose forms whose petalodia 

escaped preservation, and not whole organisms or microbial colonies as has been suggested by 

some authors. 

 

1. Introduction  

 

Much work accomplished over the past several decades has helped to decipher many traits 

of the previously enigmatic organisms and communities of the Ediacaran Period. The Ediacara 

biota arose in the mid-Ediacaran Period, starting around 580 Ma, and disappeared at the 

EdiacaranïCambrian boundary at 541 Ma (Narbonne et al., 2012a). With a few prominent 

exceptions (e.g. Retallack, 1994, 2013), most workers regard the Ediacara biota as representing a 

mix of stem-group metazoans and/or stem-groups of modern metazoan phyla (Narbonne, 2005; 

Xiao and Laflamme, 2009; Knoll, 2011; Laflamme et al., 2013). The earliest assemblage of what 

is traditionally regarded as the Ediacara biota, the Avalon assemblage (580ï560 Ma), is known 

from exclusively deep-water deposits in southeastern Newfoundland, Charnwood Forest in 

England, and the Mackenzie Mountains of NW Canada (Ford, 1958; Myrow, 1995; Narbonne 

and Gehling, 2003; Wood et al., 2003; Ichaso et al., 2003; Waggoner, 2003; Narbonne, 2005; 

Hofmann et al., 2008; Narbonne et al., 2009, 2014; Xiao and Laflamme, 2009; Wilby et al., 

2011; Mason et al., 2013;).  It is dominated by rangeomorphs (macroscopic forms possessing 

several orders of repeating, self-similar, ñfractalò modules; Jenkins, 1985; Seilacher, 1992; 

Narbonne, 2004; Brasier and Antcliffe, 2009; Brasier et al., 2012; Narbonne et al., 2009, 2014) 
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along with other frondose and discoid forms, displaying early examples of ecological complexity 

(Clapham and Narbonne, 2002; Clapham et al., 2003; Wilby et al., 2011; Laflamme et al., 2012; 

Liu et al., 2012; Darroch et al., 2013; Ghisalberti et al., 2014); bilaterian body fossils and trace 

fossils are absent or rare (Waggoner, 2003; Narbonne, 2005; Xiao and Laflamme, 2009; see Liu 

et al., 2010, 2014 for an example of possible cnidarian trails from the Avalon assemblage). A 

few members of the Avalon assemblage also occur in the younger White Sea assemblage (560ï

550 Ma) and Nama assemblage (550ï541 Ma), which are recorded in both deep and shallow-

water settings (Grazhdankin, 2004; Narbonne, 2005; Xiao and Laflamme, 2008; Gehling and 

Droser, 2013; Chen et al., 2014), but are not ecologically dominant.  

Ediacaran discs and fronds were discovered and described separately during the first 80 

years of description of what is now called the Ediacara biota, and this greatly shaped 

interpretations of their affinities. The first recognized body fossils named from conclusively 

Precambrian strata in the fossil record were discoid forms from St. Johnôs, Newfoundland 

(Billings 1872; see update and review in Gehling et al., 2000). This fossil, Aspidella terranovica 

Billings, 1872, was originally regarded as an animal, but was quickly reinterpreted by other 

workers as an inorganic sedimentary structure (see review in Hofmann, 1971), as it was the 

paradigm of the time that macroscopic body fossils did not exist below the Cambrian (Gehling et 

al., 2000). Sprigg (1947, 1949), Glaessner and Wade (1966), Wade (1972), and other workers in 

the Ediacara Hills of Australia, along with Fedonkin (1978, 1980) and other workers in the East 

European Platform, subsequently described abundant discoid forms such as Ediacaria Sprigg 

1947, Cyclomedusa Sprigg 1947, Hiemalora Fedonkin 1982, and Eoporpita Wade 1972. Most of 

these discoid fossils were originally interpreted as the remains of pelagic medusoid cnidarians. 

Seilacher (1984) refuted this, pointing out morphologic and taphonomic features of these discs 



28 

 

that were inconsistent with a pelagic organism and strongly implied that most or all of these discs 

were attached to the sea bottom during life, a view that has found widespread support.  Three 

interpretations have been published that attempt to relate Ediacaran discs to benthic organisms: 

Jenkins (1992) regarded these isolated discoid impressions as the bases or tops of fossil polyps; 

Gehling et al. (2000) regarded isolated Ediacaran discs such as Aspidella as holdfasts for which 

the overlying frond was not preserved; and Grazhdankin and Gerdes (2007) regarded many of 

them as microbial colonies.  Some workers have suggested different origins for different discoid 

structures; for example, Grazhdankin (2014) regarded unornamented discoid taxa as (such as 

Cyclomedusa) as microbial in origin but ornamented discoid taxa with radiating extensions (such 

as Hiemalora and Eoporpita) as the bases of frondose taxa.  Interpretation of isolated Ediacaran 

discs as frond holdfasts has received the greatest support (Mapstone and McIlroy, 2006; 

MacGabhann, 2007;Serezhnikova, 2007; Hofmann et al., 2008; Hofmann and Mountjoy, 2010; 

Tarhan et al., 2010, 2015; Laflamme et al., 2011; Serezhnikova, 2013; Narbonne et al., 2014)  

However, with the exception of Tarhan et al. (2015) from the Ediacaran of Australia, few 

comparisons between isolated Ediacaran discs and those preserved at the bases of fronds have 

been carried out to test this relationship or to determine whether any specific discoid form-taxa 

can be consistently related to specific frondose form-taxa. 

The present study compares the morphology and biometrics of isolated discs with those of 

attachment discs of fronds in the same succession.  The Ediacaran of eastern Newfoundland 

represents a nearly ideal location for this study.  Ediacara-type fossils occur abundantly on 

hundreds of bedding surfaces on the Avalon and Bonavista peninsulas (Fig. 2-1).  Fossils occur 

through more than 2 km of stratigraphy encompassing portions of the Conception and St. Johnôs 

groups (Fig. 2-2). Conception-style preservation throughout the Conception Group has preserved  
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Fig. 2-1. Localities in southeastern Newfoundland observed in this study.  
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Fig. 2-2. Stratigraphy of the middle Ediacaran of southeastern Newfoundland. Stratigraphic 

ranges of fossil surfaces studied are shown. Adapted from Mason et al. (2013). U-Pb dates from 

Benus (1988) and Narbonne et al. (2012a). 
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both complete fronds and isolated discs beneath beds of volcanic ash. In contrast, Fermeuse-style 

preservation in the St. Johnôs Group preserved mainly isolated discs beneath sandy event beds 

(Narbonne, 2005), providing two contrasting preservational styles for comparison.  The 

systematic paleontology of the 11 species of fronds (Narbonne and Gehling, 2003; Laflamme et 

al., 2004, 2007, 2012; Narbonne et al., 2009; Bamforth and Narbonne, 2009; Brasier and 

Antcliffe, 2009; Brasier et al., 2012) and the five form-genera of discs (Gehling et al., 2000; 

Hofmann et al., 2008; Liu et al., 2011) reported from Avalonian Newfoundland is well 

established. This paper will investigate the relationship between these discoid and frondose taxa. 

 

2. Geological Setting 

 

Fossiliferous outcrops of this study occur in the Avalon and Bonavista peninsulas of 

southeastern Newfoundland (Fig. 2-1). Fossils of southeastern Newfoundland are known from 

the Drook, Briscal, and Mistaken Point formations of the Conception Group, and the Trepassey 

and Fermeuse formations of the St. Johnôs Group (Fig. 2-2), with the Drook through Mistaken 

Point formations typically showing discs directly attached to fronds. Discoid fossils include all 

morphotypes of Aspidella (Gehling et al., 2000) and Hiemalora (Hofmann et al., 2008). Several 

frondose taxa are known, including Beothukis Brasier and Antcliffe 2009, Charnia Ford 1958, 

Charniodiscus Ford 1958, Culmofrons Laflamme Flude and Narbonne 2012, Primocandelabrum 

Hofmann OôBrien and King 2008, and Trepassia Narbonne Laflamme Greentree and Trusler 

2009 (Anderson and Misra, 1968; Misra, 1978; Seilacher, 1992, 1999; Narbonne and Gehling 

2003; Laflamme et al., 2004, 2007, 2009, 2011, 2012; Laflamme and Narbonne 2008; Hofmann 

et al. 2008; Narbonne et al. 2009; Brasier and Antcliffe 2009) which form the basis of this study.   
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Beothukis, Charnia, Culmofrons, and Trepassia are included in the ñcharnidò clade of the 

Rangeomorpha (Laflamme and Narbonne, 2008a, b; Narbonne et al., 2009), Charniodiscus is a 

member of the Arboreomorpha (Xiao and Laflamme, 2009; Erwin et al., 2011; Laflamme et al., 

2013), and Primocandelabrum cannot yet be related to any major Ediacaran clade (Hofmann et 

al., 2008; Narbonne et al., 2014).  

The major stratigraphic units of the upper Neoproterozoic of southeastern Newfoundland 

are shown in Fig. 2-2. Above the igneous rocks of the Harbour Main Group, the overall trend is 

shallowing, from a deep basin-floor setting in the lower Conception Group to a shallow-marine 

to alluvial fan setting of the Signal Hill Group. In contrast to the paleosol interpretation put forth 

for these strata by Retallack (2014), the abundance of turbiditic features and the complete 

absence of wave-generated structures or evidence of emergence through thousands of meters of 

stratigraphy imply that the Conception and lower St. Johnôs groups were deposited significantly 

below both storm wave base and the photic zone. The abundance of volcanic and volcaniclastic 

layers in the Conception Group of the Avalon Peninsula, and in the Conception and lower St. 

Johnôs groups of the Bonavista Peninsula, are responsible for exceptional preservation of the 

fossils, and permit precise radiometric dating (Benus, 1988; Narbonne et al., 2012a). The 

Conception Group was deposited in a deep-water, active margin setting below the photic zone, 

progressing from a basin floor setting in the Mall Bay, Gaskiers, Drook, and Briscal formations 

to a deep-water slope setting in the Mistaken Point Formation. The overlying St. Johnôs Group 

displays an overall shallowing-upward sequence, from a progradational slope setting in the 

Trepassey and Fermeuse formations to a prograding delta/terrestrial setting in the Renews Head 

Formation. The Signal Hill Group continues this shallowing trend, passing upward from 
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fluviodeltaic to terrestrial deposits (Gardiner and Hiscott, 1988; Conway Morris, 1989; Myrow, 

1995; Wood et al., 2003; Ichaso et al., 2007; Hofmann et al., 2008; Mason et al., 2013). 

 

3. Terminology 

 

No consistent terminology exists to describe the anatomical/morphological features 

common to discoid fossils and holdfasts. In a manner analogous to the work of Laflamme and 

Narbonne (2008) on frondose fossils, we present terminology to be used to describe the common 

features of Ediacaran discs (Fig. 2-3) in order to alleviate future confusion. Many of these terms 

are already regularly used in the literature and are therefore used here in order to maintain 

familiarity. Since the function of some of these features, and the phylogenetic affinities of the 

whole organisms, are still uncertain, care has been taken to avoid terminology that suggests 

function or evolutionary relationship. For example, the projections from the outer circumference 

of discs such as Hiemalora are referred to as ñraysò rather than ñrootletsò or ñtentaclesò, as the 

latter might suggest a phylogenetic affinity to plants or cnidarians, respectively. 

Figure 2-3.1 is an idealized view of a disc/holdfast preserved from above (i.e. Conception-

style; Narbonne, 2005) and Figure 2-3.2 is an idealized view of a disc/holdfast preserved from 

below (i.e. Flinders- and Fermeuse-style; Narbonne, 2005). The overall feature itself, whether 

isolated or attached to a frondose fossil, is referred to as a disc (ñaò in Fig. 2-3.1 ï 2). An 

associated stem base may be present in Conception-style specimens (ñbò in Fig. 2-3.1), and a 

stem can be found in specimens of both preservation types (ñcò in Fig. 2-3.1 ï 2). Some discs 

display thin rays (ñdò in Fig. 2-3.1 ï 2) emanating from the circumference. Concentric rings (ñeò 

in Fig. 2-3.2) are common on specimens preserved from below, as is a plug (ñfò in Fig. 2-3.2) 

protruding from the center of the disc (or a cavity where the plug would normally be, implying it  
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Fig. 2-3. Idealized diagram of a disc/holdfast displaying terminology proposed in this paper. (1) 

Conception-style positive epirelief; (2) Fermeuse-style positive hyporelief. a. disc; b. stem base; 

c. stem; d. rays; e. concentric rings; f. plug. Not to scale. 
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was somehow lost); these features are common among discs from surfaces preserved in the 

Flinders- and Fermeuse styles worldwide, but are rare or absent from Conception-style surfaces 

such as those at Mistaken Point. 

 

4. Taphonomy 

 

Ediacaran fossils in the Conception Group (Drook, Briscal, and Mistaken Point formations) 

in the Mistaken Point Ecological Reserve and elsewhere in the Avalon Peninsula were preserved 

beneath beds of volcanic ash in what is termed Conception-style preservation (Narbonne, 2005).   

The ash lithified quickly, and, following decomposition of the organic remains, the empty space 

was filled by mud from beneath (Seilacher, 1992; Narbonne, 2005). Discs and stems occur as 

positive epireliefs on the top of the mudstone bed and exclusively show features on the tops of 

the discs (Fig. 2-3.1; 2-4.1 ï 2).  Discs are typically smooth, and commonly show a stem 

attachment in the middle of the top of the disc. Conception-style preservation resulted in features 

that were at the sediment/water interface being preserved in greatest detail, with the quality of 

preservation declining distally due to ash infiltrating between the frond and the muddy sea floor 

(Laflamme et al., 2004, 2007).  

Ediacaran fossils in the Fermeuse Formation of the Avalon Peninsula were preserved 

beneath sandy event beds in what is termed Fermeuse-style preservation (Narbonne, 2005).   The 

holdfast was probably coated by a microbial mat, which enhanced preservation following burial 

(Laflamme et al., 2011), but it seems likely that the microbial covering was thin and/or 

composed of heterotrophic or sulfur-oxidizing bacteria, and this precluded the exceptional 

preservation evident in the otherwise similar Flinders-style preservation (Narbonne, 2005).  In 

both Flinders- and Fermeuse-style preservation, the holdfast collapsed following decomposition,  
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Fig. 2-4. Examples of preservation styles found in the Avalonian of Newfoundland. (1) and (2) 

Charniodiscus spp. in Conception-style positive epirelief at Mistaken Point; (3) Charniodiscus 

spp. in positive epirelief at Discovery Surface; (4) Negative epirelief counterpart of Fermeuse-

style positive hyporelief from Discovery Surface; (5) and (6) Aspidella in Fermeuse-style 

positive hyporelief at Ferryland.  (1) and (5) demonstrate high relief; (2) and (6) demonstrate low 

relief. Scale bars=1 cm. All specimens except (5) are retrodeformed. 
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and overlying soft sediment slumped into the space formerly occupied by the organic tissues.  

Fermeuse-style preservation preserved discs in positive hyporelief on the soles of sandy beds 

with negative epirelief counterparts on the directly underlying mudstone bed, and show 

exclusively features that were on the bottoms of the discs (Fig. 2-3.2; 2-4.5 ï 6).  No attachments 

between a disc and its stem are preserved in these hyporelief views, although a stem impression 

may rarely appear to emanate from the margin of the disc (Fig. 2-3.2; Gehling et al., 2000, 

fig.14).   This results in the Aspidella-, Spriggia-, and Ediacaria-morph discs of Gehling et al. 

(2000) that typically display plugs and concentric rings, but only rarely stem impressions that are 

exclusively outside the margins of the disc (Fig. 2-3.2); these morphological characters 

(concentric rings and plugs) are commonly preserved at other localities worldwide. 

These two contrasting preservations of discs are united in the Discovery Surface near Port 

Union (Fig. 2-1), which shows positive preservation of the top and negative preservation of the 

bases of different discs on the same surface (Fig. 2-4.3 ï 4). Specimens adjacent to each other 

can show different modes of preservation (Fig. 2-5.2). Some discs are preserved in positive 

epirelief (Fig. 2-4.3), and show a stem and a lack of concentric rings or plugs, similar to 

specimens from Mistaken Point (Fig. 2-4.2). Others are preserved in negative epirelief (Fig. 2-

4.4), and show the concentric rings and plugs of Ferryland specimens, as well as the inherent 

lack of a visible stem on the holdfast (Fig. 2-4.4). Composite molding (sensu Wade, 1968) 

locally preserves features from the base and top of the disc on the same preservational surface 

(Fig. 2-5.1). Proportions of each preservational type are shown on Figure 2-6. 
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Fig. 2-5. Specimens from Discovery surface that show a combination of traits from both 

preservational styles (1), and an example where a positive epirelief specimen (2.1) is found 

adjacent to a negative epirelief counterpart (2.2). (1) Charniodiscus; (2) 1. Charniodiscus; 2. 

Beothukis. Scale bars=1cm. All specimens are retrodeformed. 

 



39 

 

 
Fig. 2-6. Proportion of fossils at Discovery Surface that correspond to each preservation type. (1) 

includes specimens of undetermined preservation type; (2) does not include specimens of 

undetermined preservation type. 
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5. Biometrics 

 

We carried out biometrical studies to investigate the relationships between the discoid 

fossils preserved in different preservational modes on the surfaces in Bonavista Peninsula and at 

Mistaken Point and Ferryland in the Avalon Peninsula.  Specimens were photographed in situ, 

retrodeformed following the procedures of Wood et al. (2003) to correct for tectonic 

compression where appropriate, and anatomical characters were measured. Disc diameters were 

compared against plug diameters (in positive hyporelief/negative epirelief specimens) or stem 

diameters (in positive epirelief specimens) to determine the relationships between these features 

and the disc, and to see if there was any anatomical relationship between plug and stem; 

measurements are shown in Appendix I. Disc diameter was compared to frond area in all 

available specimens to see if there was a significant relationship between the sizes of the 

features, as might be expected for the biomechanical function of tethering the frond to the 

seafloor in regions that experience regular currents; measurements are shown in Appendix II. 

 

5.1. Comparison of preservation styles 

 

Four different taphonomic groupings were used for comparison: Ferryland (FL), Discovery 

Surface hyporelief [DS (-)], Discovery Surface epirelief [DS (+)], and Mistaken Point (MP). 

Composite moulds from Discovery Surface were not used in this particular test; since they would 

have to be included twice (once for disc diameter versus plug diameter, and once for disc 

diameter versus stem diameter), there is potential for confusing the results. In addition, they were 
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low in number (N=7) and do not add information that cannot be derived from the other 

Discovery Surface taphonomic groups. 

Ferryland represents the end-member of positive hyporelief preservation characteristic of 

Fermeuse-style preservation (Fig. 2-4.5 ï 6); these do not display a petalodium of any kind, but 

typically display concentric rings and plugs within the discs, with very rare preservation of a 

stem outside of the margin of the disc. DS (-) specimens occur as negative epirelief counterparts 

on the Discovery Surface, and contain features common to Fermeuse-style discs [e.g. concentric 

rings and plugs within the discs, and a stem (where present) relegated to the outside of the disc] 

and are typically attached to the petalodia of the frondose taxa Beothukis, Charnia, 

Charniodiscus, or Primocandelabrum (Fig. 2-4.4). DS (+) specimens occur as positive epirelief 

parts on the Discovery Surface, and generally contain features common to Conception-style discs 

and holdfasts (e.g. an expanded stem base and a stem emanating from the center of the disc, but 

no concentric rings or plugs) (Fig. 2-4.3). Like DS (-), DS (+) typically includes attachment to the 

frondose taxa Beothukis, Charnia, Charniodiscus, and Primocandelabrum, but with the 

significant exception that this stem appears to emanate from the centre of the disc rather than its 

margin. MP represents the end-member of positive epirelief characteristic of Conception-style 

preservation, and includes specimens from several well-known surfaces (Fig. 2-4.1 ï 2); these 

specimens are typically attached to a petalodium and show an expanded stem base and a stem 

emanating from the center of the disc, but do not contain concentric rings or plugs. 

All measured specimens were subjected to Standard Major Axis (SMA) regression 

analyses using the smatr package in R (Warton et al., 2012; R Core Team, 2014) to determine the 

relationship between disc diameter and plug diameter (in positive hyporelief part/negative 

epirelief counterpart specimens) or stem diameter (in positive epirelief part/negative hyporelief 
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counterpart specimens).  These produced slopes for a regression line and an upper and lower 

95% confidence interval (CI) for each group studied, as well as correlation coefficient (r2) and p-

values. Greater r2 values were taken to represent closer relationship between the variables. 

Statistical significance was established at p<0.05. The results for regression lines, and upper and 

lower 95% CIs were plotted. Overlapping CIs indicate statistically indistinguishable regressions, 

while non-overlapping CIs indicate significant difference. 

Significant values were taken to imply a direct relationship between the diameter of the 

disc and the diameter of the plug or stem, and, when two or more groups were combined, 

increased r2 values were taken to imply a relationship between the two groups (assuming the 

original values were significant). Three main plots were constructed: the first combined all 

specimens into one group, the second separated hyporelief specimens and epirelief specimens 

into two distinct groups (Fermeuse [FL plus DS (-)] and Conception [MP plus DS (+)], 

respectively) and compared them, and the third compared each taphonomic group separately 

(Fig. 2-7). In order to test the validity of grouping FL with DS (-) and MP with DS (+) into 

taphonomic groups, a fourth analysis compared mixed preservation types [i.e. ñMP plus DS (-)ò 

and ñFL plus DS (+)ò groupings] to see if there were significant differences in allometry. 

The results are shown in Fig. 2-7 and Table 2-1. All relationships were significant 

(p<0.05), with all but DS (+) having p-values below 2e-08. The most significant relationships 

were ñAll Surfacesò and ñFermeuseò, which had nearly identical p-values, though the former has 

a much lower r2 value.  The r2 value of the Fermeuse grouping is greater than the individual 

values of Ferryland or DS (-), which suggests a stronger relationship between disc diameter and 

plug diameter when both groups are treated as one group; the same is true for the Conception 

grouping versus DS (+) and MP individually. While the mixed preservation-type groups [i.e. FL  
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Fig. 2-7. Results of SMA analyses of disc diameter versus plug diameter (in Fermeuse-style 

preservation) or stem diameter (in Conception-style preservation). Solid lines represent 

regression curves, dashed lines represent 95% confidence intervals. The horizontal axes report 

disc diameter, the vertical axes report plug/stem diameter (all measurements in mm). Slope, R2, 

and p-values are shown in Table 2-1. 
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Table 2-1. Results of SMA regression analyses for disc diameter versus plug/stem area (data shown in Appendix I). 

 

LOCALITY  N 
LOWER 95% CI REGRESSION LINE UPPER 95% CI 

r2 p 
Slope Y-Intercept Slope Y-Intercept Slope Y-Intercept 

All Surfaces 223 0.2466984 -1.4033548 0.274118 -0.3722646 0.3045853 0.6588256 0.3656174 2.22E-16 

Fermeuse 104 0.3972902 -2.3787295 0.4432938 -0.37222646 0.4946243 0.0326483 0.6875185 2.22E-16 

Conception 119 0.1648682 -0.7060206 0.1913906 0.5051605 0.2221798 1.7163416 0.3312821 7.52E-12 

FL and DS(+) 63 0.1358993 0.1584031 0.1604693 0.6165231 0.1894815 1.074643 0.5747647 6.25E-13 

MP and DS(-) 160 0.2457217 -2.216513 0.2829861 -0.5808811 0.3259019 1.0547508 0.1871198 1.11E-08 

Ferryland 44 0.2000769 -0.22325038 0.2443997 0.04647653 0.2985413 0.31620344 0.5815252 1.79E-09 

Discovery Surface (-) 60 0.3782685 -4.774467 0.460866 -1.813916 0.5615007 1.146634 0.4279737 1.44E-08 

Discovery Surface (+) 19 0.08427568 -0.1375685 0.13044327 1.6510568 0.20190221 3.439682 0.2236328 0.040874 

Mistaken Point 100 0.1654768 -1.024593 0.195349 0.4150231 0.2306136 1.8546391 0.3083144 2.03E-09 
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plus DS (+) and MP plus DS (-)] show significant disc diameter ï plug/stem diameter p-values, 

Table 2-1 shows that the Fermeuse-style localities have a much greater r2 and p-value than either 

of the mixed preservation-type groups. These results imply that there is indeed a direct 

relationship between Discovery Surface specimens and their respective taphonomic equivalents 

at Ferryland or Mistaken Point.  

Also of interest is whether the plug and stem represent the same feature. Analyzing the 

results, disc diameter versus plug diameter (i.e. Fermeuse-style preservation) show a markedly 

greater r2 values than disc diameter versus stem diameter (i.e. Conception-style preservation). 

This is consistent with the plug and stem being different, unrelated anatomical features preserved 

on opposite sides of the disc. 

These results illustrate allometric similarities between the Ferryland specimens of 

Aspidella and the negative epirelief holdfasts of the Discovery Surface, as well as between the 

positive epirelief holdfasts of Discovery Surface and those of the Mistaken Point surfaces, in turn 

suggesting that they represent the same biological feature. Taphonomic groupings (i.e. Fermeuse 

and Conception) show higher r2 and p-values than their individual component surfaces [i.e. FL 

and DS (-) and MP plus DS (+), respectively] and mixed preservation-type groups, which is 

consistent with the hypothesis that they are natural groupings. Both groups of Discovery Surface 

discs [i.e. DS (-) and DS (+)] also show attachment to the same frondose taxa, as mentioned 

above, which is consistent with the hypothesis that they are different sides of the same feature. 

Taken together, this implies a direct link between Ferryland discs and Mistaken Point holdfasts, 

with the Discovery Surface discs and holdfasts as an intermediate.  This implies that isolated 

discs preserved on the soles of beds in Fermeuse-style preservation represent the same features 

as the discs attached to fronds on the tops of beds in Conception-style preservation. 
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5.2. Holdfast presence-absence 

 

The presence or absence of holdfasts were recorded for all frondose specimens (Fig. 2-8). 

Results were divided between ñDiscovery Surfaceò and ñOther Surfacesò and presented as a 

percentage. At least 85 percent of specimens of Charniodiscus, Culmofrons, and 

Primocandelabrum displayed discs at all localities where present; this number increases at 

surfaces other than Discovery Surface. All of these taxa routinely exhibit a prominent holdfast 

disc which appears to have been located at the sediment-water interface. As pointed out by 

Hofmann et al. (2008), the holdfast of Primocandelabrum (Fig. 2-9.1) is commonly 

indistinguishable from Hiemalora (Fig. 2-9.5 ï 8), displaying rays emanating from the outer 

perimeter of the disc. In other specimens (Fig. 2-9.2, 2-9.4), these rays are absent. The occasional 

presence and occasional absence of rays on the holdfasts of Primocandelabrum from the 

Discovery Surface, their thin structure, and the probability that at least the top of the 

Primocandelabrum holdfast was above the sediment-water interface, suggests that these rays 

were most likely semi-infaunal to very shallow infaunal, possibly forming at the base of a 

microbial mat that coated the sea floor. This is consistent with the function of tethering the 

organism to the sea floor in an area of constant currents. 

Less than 50 percent of specimens of Beothukis, Charnia, and Trepassia had visible discs 

at all surfaces studied, with Charnia at other surfaces and all Trepassia showing especially low 

percentages of attached discs.  Similar observations in the White Sea led Grazhdankin (2004) to  
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Fig. 2-8. Presence percentage of discs among frondose specimens. Total N values are at the 

bottom of each column. *Taxon not found on Discovery Surface. 
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Fig. 2-9. Examples of Primocandelabrum (1ï

4) and Hiemalora (5ï8). Samples are from 

Discovery Surface (1, 5), Little Catalina (2ï3), 

other Bonavista surfaces (6), and Mistaken 

Point (4, 7ï8). 
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Fig. 2-10. Rose diagram of directionality of Charnia on Sword Point Surface at St. Shottôs, 

showing strong directionality implying tethering. Orientations have been retrodeformed 

following the procedures described by Wood et al. (2003) and Ichaso et al. (2007). 
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question whether Charnia was a free-standing frond or lived prone on the sea floor.  In Avalonia, 

at least some individuals of all of these taxa display holdfasts, and consistent current alignment 

of specimens of Charnia on the Sword Point bed at St. Shottôs (Fig. 2-10) also implies tethering 

to the seafloor (Seilacher, 1999; Narbonne et al., 2001; Wood et al., 2003).  The paradox of 

abundant evidence of a basal holdfast disc but only rare observations of that disc in Charnia and 

Trepassia implies that their holdfast was buried below the sediment-water interface and was only 

rarely exhumed (cf. Laflamme et al., 2007).    

These observations potentially permit an evaluation of the position of the holdfast disc in 

three groups of Ediacaran fronds in the Mistaken Point assemblage (Fig. 2-11).  These different 

positions may have had significant implications for the ecology and taphonomy of these frondose 

taxa.  

Difficulty arises when attempting to assign disc-form taxonomy to frond taxonomy. As 

mentioned above, nearly all specimens of Charniodiscus in Conception-style preservation show 

an attachment disc, and these are relatable morphologically to the form-genus Aspidella. 

Charnids (excluding Culmofrons) only rarely show their attachment discs; these are also relatable 

morphologically to the form-genus Aspidella, though the charnid taxa and Charniodiscus are 

thought to be unrelated. The most interesting case comes from the holdfasts of 

Primocandelabrum. As mentioned earlier in this section, holdfasts of this taxon (Fig. 2-9.1) are 

relatable morphologically to Hiemalora (Fig. 2-9.5 ï 8). However, in some cases, negative 

epirelief specimens show the concentric rings characteristic of Aspidella from other negative 

epirelief (and related positive hyporelief) surfaces (Fig. 2-9.2). Likewise, there are positive 

epirelief specimens whose holdfasts are nearly identical to those of Charniodiscus from 

Mistaken Point and display rays characteristic of Hiemalora (Fig. 2-9.3). At Mistaken Point, the  
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Fig. 2-11. Holdfast life positions relative to the sediment-water interface. Not to scale. 
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Fig. 2-12. AspidellaïHiemalora taphomorph spectrum. (1) Spriggia-morph of Aspidella; (2) 

Positive epirelief Aspidella; (3ï6) intermediate forms; (7ï8) Hiemalora. All specimens from 

Discovery Surface, Port Union, and are retrodeformed. Scale bars = 10 mm. 
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holdfasts of Primocandelabrum (Fig. 2-9.4) are identical to those of Charniodiscus (Fig. 2-4.1). 

On the Discovery Surface, the morphology of Aspidella can insensibly grade into the 

morphology of Hiemalora (Fig. 2-12). The rays of Hiemalora and the holdfast of 

Primocandelabrum are a defining feature, but as seen from a few specimens of 

Primocandelabrum (Fig 2-9.2 ï 4) and can be inferred from specimens of Aspidella that border 

on Hiemalora morphology (Fig. 2-12), they are not always faithfully preserved. However, as 

mentioned above, they were most likely present in vivo in all individuals, whether or not they are 

visible after preservation. Since there are no internal features to clearly differentiate between the 

two form taxa, and rays are not always preserved, it is impossible to confidently assign isolated 

discs to frondose taxa. The similar morphology of discs across several of the Ediacaran ñcladesò 

of Erwin et al. (2011) may be convergent, or may be evolutionarily retained from a distant 

common ancestor. 

 

5.3. Disc diameter and petalodium area 

 

The disc diameter and the petalodium area of frondose specimens from several localities on 

the Avalon and Bonavista peninsulas were measured, and subjected to SMA as per this chapter, 

section 5.1. As discussed in this chapter, section 5.2, it is likely that any frondose taxa with less 

than 50% of specimens displaying holdfasts had infaunal holdfasts. Therefore, any that show a 

holdfast likely show an incomplete one, as it could be any level of the feature thatôs exhumed on 

the bedding plane. Also, they are few in number (NÒ6). Therefore, taxa with fewer than 50% of 

specimens displaying holdfasts were excluded from the analyses.  

The numerical results are shown on Table 2-2. Charniodiscus (N=109) accounts for over 

four and a half times the number of measured specimens of other included taxa (Culmofrons and  
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Table 2-2. Results of SMA regression analyses for disc diameter versus petalodium area. 

 

TAXON N 
LOWER 95% CI REGRESSION LINE UPPER 95% CI 

r2 p 
Slope Y-Intercept Slope Y-Intercept Slope Y-Intercept 

All  41 169.02 -7110.29 216.6151 -4909.03 277.62 -2707.77 0.4009599 0.000008868 

Charniodiscus 17 58.257 -1416.7 73.793 -778.14 94.361 -162.95 0.7029427 0.000026257 

Culmofrons 8 193.3 -35994 364.89 -10836 904.17 -1112.6 0.4706095 0.06031 

Primocandelabrum 16 75.3 -2120.36 104.65 -1009.82 145.46 100.72 0.6580207 0.00013702 
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Primocandelabrum) combined (N=24).To avoid the potential for Charniodiscus to artificially 

skew the results of the analyses, 17 specimens were randomly selected by including only every 

seventh numbered specimen found. When the three taxa are combined, the p-value is highly 

significant (p<0.01), with an r2 value (0.4) lower than that of individual taxa. At the genus level,  

Charniodiscus and Primocandelabrum show a highly significant (p<0.01) correlation between 

disc size and frond area, and Culmofrons is slightly above the significance threshold (p=0.06). 

All genera have r2 values greater than 0.47, up to just over 0.7. 

Fig. 2-13 shows the results of SMA of the groups listed in Table 2-2. When combined, a 

clear trend is visible. When considered separately, it is clear that Charniodiscus and 

Primocandelabrum group together. The slope of Culmofrons is much greater, and the wide CIs 

are an indication of its low p-value. It is of interest to note that, on visual inspection, the 

specimens of Culmofrons appear to fit well with the trend seen in specimens of Charniodiscus 

and Primocandelabrum. It is conceivable that, if smaller individuals of Culmofrons could be 

found and added to the analyses, that Culmofrons would have a similar slope and p-value to the 

other taxa that regularly display holdfasts; this is supported by the exceptionally low p-value of 

the combined regression (p=0.000008868). 

 This correlation between disc size and petalodium area is in agreement with the function 

of the disc as a means to tether the frond to the seafloor. The statistically similar slope of genera, 

and the strongly significant p-value of the combined regression, further strengthens this 

conclusion. Sedimentological studies imply that these deep-water communities were affected by 

a contour current that was below the ripple field on a microbially-bound surface (Wood et al., 

2003; Ichaso et al., 2007; Mason et al., 2013), necessitating the need for constant, moderate  
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Fig. 2-13. Results of SMA analyses of disc diameter versus that of frond area. Solid lines 

represent regression curves, and dashed lines represent 95% confidence intervals. Horizontal 

axes report disc diameter (mm) and vertical axes report frond area (mm2). All charts are set to an 

x-maximum of 85 and a y-maximum of 23,000. Slope, r2, and p-values are shown in Table 2-2. 
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adhesion to the substrate.  The much larger variation in the size of discs described from a deep-

water assemblage from Charnwood Forest (Wilby et al., 2011) is intriguing in that regard. 

 

6. Discussion and Conclusions 

 

The results of this study are consistent with the view that the abundant Ediacaran discs 

from Avalonian Newfoundland predominantly represent the holdfasts of fronds (Gehling et al., 

2000) rather than inorganic features, polyp bases, or microbial colonies as suggested by other 

workers.  Similarity of Ediacaran discs worldwide imply that this conclusion can be extended 

more broadly. For example, the specimens of the discoid Ediacara-type fossils figured in 

Grazhdankin and Gerdes (2007) and Grazhdankin (2014) are within the morphological spectrum 

of the Ediacaria- and Spriggia-morphs of Aspidella as described by Gehling et al. (2000); these 

morphologies are reflected in this study in the disc-only specimens from Ferryland and many of 

the discs and holdfasts from Discovery Surface, which are in turn directly relatable to the 

holdfasts from Mistaken Point. The presence of stem impressions emanating from the edge of 

some of the discs in specimens from Newfoundland (Gehling et al., 2000, Fig. 14), NW Canada 

(Narbonne and Aitken, 1990, Pl. 1 Fig. 1, 7), and Australia (Tarhan et al., 2010, Fig. 4f) provides 

additional evidence against a microbial origin for these discoid taxa. 

This biometrical and taphonomic study supports studies based on other aspects of discs 

(Gehling et al., 2000; Mapstone and McIlroy, 2006; MacGabhann, 2007; Tarhan et al., 2010, 

2015; Laflamme et al., 2011; Serezhnikova, 2013) that conclude that many of the Ediacaran 

discs that were once considered separate genera are in fact ontogenetic or taphonomic variants of 

one or a few basic plans, and that these are indeed the holdfasts for fronds that otherwise escaped 
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preservation. The correlation of disc-only specimens from Ferryland, through Discovery Surface 

specimens, to the holdfasts of Mistaken Point specimens strengthens the suggestion that they are 

the same feature. The difference in morphology, in this case, is most likely due to differing 

taphonomic processes at different levels of the sediment as mentioned in 5.2 (i.e. infaunal, semi-

infaunal, or epifaunal) and/or differing preservational regimes as mentioned in 5.1 (i.e. 

Fermeuse- or Conception-style). There is no evidence to suggest that concentric rings were 

present as temporal accretionary structures as suggested by Grazhdankin and Gerdes (2007): they 

are present in Ferryland positive hyporelief specimens, absent from Mistaken Point positive 

epirelief specimens, but the discs represent different sides of the same feature as seen by 

Discovery Surface positive and negative epirelief specimens. To date, the best estimate is that 

they are collapse structures arising from difference in sediment layers, as described by Gehling et 

al. (2000); different sediment layers would be an issue for something that collapsed and was 

preserved from below, but not something preserved from above by falling ash. Since the 

Fermeuse-style preservation of Ferryland is analogous to the Flinders-style preservation of 

Ediacaria, Australia, and the White Sea, Russia, among others, this interpretation can also 

directly be related to sites preserved under that preservational regime. 

It is important to note that it is expected that, as the size of the petalodium increases, so too 

does the force of currents on it, so a larger holdfast may be necessary to keep it tethered to the 

sea floor (Tarhan et al., 2010, 2015). Laflamme et al. (2004) demonstrated that Charniodiscus 

grows by inflation. Since holdfasts maintain size in relation to the size of the petalodium, and 

disc morphologies are not size-specific, it can be inferred that the holdfast also grew by inflation. 

Also, the ratio of disc size to petalodium area is conserved throughout different taxa. This 

principle could be used to aid in studies of size-frequency distributions of Charniodiscus within 



59 

 

communities. Darroch et al. (2013) used petalodium length and width to great effect for that 

purpose, but this technique also necessarily limited the sample size, as only specimens with 

complete, intact petalodia could be used. Now, incomplete fronds and isolated discs can be 

utilized in such studies, increasing sample sizes greatly. 

Critically, this study agrees with the results of Tarhan et al. (2015) although it involves 

discs from Newfoundland rather than Australia, and utilizes different methods. This strengthens 

the conclusion that discs relatable to Aspidella are holdfasts, and helps demonstrate that this 

pattern is not isolated geographically, environmentally, or temporally. 
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CHAPTER III  

The Ins and Outs of Ediacaran Discs 

 

Abstract 

 

Abundant discoid fossils referable to Aspidella and rarer specimens of Eoporpita and Hiemalora 

occur in the Ediacaran ñJune bedsò deposits of the Mackenzie Mountains, Northwest Territories, 

Canada. Among them are specimens that preserve partial stem imprints, supporting recent 

interpretations of Ediacaran discs relatable to Aspidella as the basal holdfast structures of fronds. 

The range and morphological transitions among the June beds specimens accounted for by 

taphonomy have implications for our recognition and classification of Ediacaran discoidal 

fossils.  We find that Aspidella represents the remains of an outer membranous cover of the 

holdfast structure and that Eoporpita, rather than being a distinct biological taxon, represents the 

remains of its internal contents. Here we reconstruct the internal structure of these holdfasts as a 

series of laterally-adjacent, hollow, club-like lobes arranged in tiers. This complex structure 

implies that Ediacaran discoid holdfasts functioned as more than just anchors for Ediacaran 

fronds, and may additionally have assisted with collecting energy-rich molecules immediately 

below the microbial mats that covered most Ediacaran sea floors, with the petalodium collecting 

oxygen and additional dissolved organic carbon from the water column. 
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1. Introduction 

 

Discs are the most common fossils of the Ediacara biota worldwide, and can occur in 

densities of hundreds to thousands per square meter (Gehling et al., 2000; Serezhnikova, 2013).  

This ubiquity places great import on understanding their structure and function in order to more 

fully understand and interpret the paleobiology and paleoecology of the earliest benthic 

multicellular communities. They also have historical significance, as discs were the first 

documented fossil from what came to be known as the Ediacaran dating back to a time when 

Precambrian macrofossils were scarcely known and controversial (Billings 1872; see Gehling et 

al., 2000). They have undergone several major reinterpretations over the past 150 years 

including: inorganic pseudofossils (see review in Hofmann, 1971), medusoid cnidarians (Sprigg, 

1947, 1949; Glaessner and Wade, 1966; Wade, 1972), bases of polyps (Jenkins, 1985), and 

microbial colonies (Grazhdankin and Gerdes, 2007), but the current general consensus is that 

Ediacaran discs ascribable to Aspidella terranovica Billings, 1872 represent the holdfasts of 

frondose organisms whose petalodia had escaped preservation (Gehling et al., 2000; Tarhan et 

al., 2015; Burzynski and Narbonne, 2015).  This view is bolstered by multiple specimens of 

fronds attached to holdfasts indistinguishable from what would otherwise be classified as discoid 

taxa (Ford, 1958; Jenkins and Gehling, 1978; Gehling et al., 2000; Hofmann et al., 2008; 

Laflamme and Narbonne, 2008; Tarhan et al., 2010, 2015; Laflamme et al., 2011; Serezhnikova, 

2010, 2013; Burzynski and Narbonne, 2015).  

 Though their identity as holdfasts of fronds is now largely resolved, many important 

aspects of their anatomy, functional morphology and taphonomy remain uncertain. Is the surface 

of the structure that we see true to the surface in life? If so what was their internal morphology? 



63 

 

What is the nature of the concentric rings and radial grooves that are common on many 

specimens? Were they fluid-filled or sand-filled structures? Did these discs have any function 

beyond anchoring? Until now, taphonomic and other factors have restricted our ability to address 

these fundamental questions and limited our understanding of discsô role beyond substrate 

adhesion for frondose organisms.  

Here we present a comprehensive re-evaluation of some of the most common discoidal 

Ediacaran fossils based on a study of more than 100 slabs containing specimen impressions that 

were collected from the informally named ñJune bedsò in the Mackenzie Mountains of NW 

Canada (Fig. 3-1). All specimens described here are preserved in the Fermeuse-style taphonomic 

mode (sensu Narbonne, 2005) from deep-water turbidites (Narbonne and Aitken, 1990; 

Dalrymple and Narbonne, 1996; Macdonald et al., 2013; Narbonne et al., 2014; Sperling et al., 

2016). In contrast with occurrences of deep-water Ediacaran discs in Finnmark (Farmer et 

al.,1992) and Newfoundland (Gehling et al., 2000; Burzynski and Narbonne, 2015), the June 

beds lack cleavage, facilitating thin-section studies of the internal anatomy of the discs. 

 

2. Geological Setting 

 

2.1. Regional geology 

 

Upper Neoproterozoic strata in the Mackenzie Mountains comprise the Windermere 

Supergroup, a 5 ï 10 km succession of Tonian ï Ediacaran siliciclastics and carbonates that 

crops out discontinuously from the Alaska ï Yukon border to the Sonoran Desert of Mexico  
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Figure 3-1. Location (1) and Ediacaran strata (2) at Sekwi Brook North, Mackenzie Mountains, 

Northwest Territories, Canada. Stratigraphic section adapted from Carbone et al. (2015). 
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(Ross, 1991).  Earliest Windermere strata in the Mackenzie Mountains consist of rift-related 

deposits concurrent with the opening of the proto-Pacific Ocean that pass upward into deep-

water passive margin deposits that contain abundant Ediacara-type fossils (Aitken, 1989; 

Narbonne and Aitken, 1995; Dalrymple and Narbonne, 1996; MacNaughton et al., 2000; 

Macdonald et al., 2013; Sperling et al., 2016).  

The continuous section at Sekwi Brook North begins above a large thrust fault in the 

Sheepbed Formation and continues upwards for 1.5 km to the erosional top of the Risky 

Formation (Fig. 3-1.2). Aitken (1989) included all of the fine-grained siliciclastic strata below 

the Gametrail Formation at Sekwi Brook within the Sheepbed Formation, and this was followed 

by Narbonne and Aitken (1990, 1995), Dalrymple and Narbonne (1996), and Turner et al. 

(2011).  Macdonald et al. (2013) subsequently separated the Sheepbed Formation at Sekwi 

Brook into a lower unit of dark, pyritic shales similar to those of the type Sheepbed and an 

unconformably overlying unit of fine-grained turbidites and contourites they dubbed the ñJune 

bedsò, a designation supported by subsequent workers (Narbonne et al,. 2014; Carbone et al., 

2015; Sperling et al., 2016; Eyster et al., 2017). The June beds are significant in containing the 

oldest Ediacaran body fossils in the NW Canada (Narbonne and Aitken, 1990; Narbonne, 1994; 

Narbonne et al., 2014). The Gametrail Formation overlies the June beds, and consists primarily 

of thin-bedded limestones interbedded with massive carbonate debris flows (Aitken, 1989; 

Macdonald et al., 2013). Gradationally overlying the Gametrail Formation is the Blueflower 

Formation, consisting of a lower carbonate-dominated member and an upper member composed 

primarily of shales and turbiditic sandstones from a shallower-water setting (MacNaughton et al., 

2000; Macdonald et al., 2013). The Blueflower Formation contains the oldest trace fossils in the 

succession (Hofmann, 1981; Aitken, 1989; Narbonne and Aitken, 1990; Carbone and Narbonne, 
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2014) along with a sparse assemblage of Ediacaran discs, tubes, and segmented fossils (see 

review in Carbone et al., 2015). The youngest strata of the Windermere Supergroup, the 

dolomitic Risky Formation, was deposited between storm- and fair-weather wave base 

(MacNaughton et al., 2000). The Windermere Supergroup is capped by a major karstic 

unconformity that corresponds to the base of the Sauk Sequence. The Ediacaran ï Cambrian 

boundary at Sekwi Brook North is located within this unconformity (Macdonald et al., 2013) but 

occurs within the overlying Ingta Formation in more distal sections (MacNaughton et al., 2000; 

Carbone and Narbonne, 2014). 

  

2.2. June beds 

 

The fossils in this study were collected at Sekwi Brook North from the June beds, a 450 m-

thick unit dominated by deep-water turbidites (Macdonald et al., 2013; Narbonne et al., 2014; 

Sperling et al., 2016). The basal contact of the June beds is erosional, and is marked by 10 m 

deep channels filled with matrix-supported cobble-clast conglomerate with giant ooids (> 2 mm) 

and medium- to coarse-grained quartz sand with detrital mica (Dalrymple and Narbonne, 1996; 

Macdonald et al., 2013).  Overlying strata of the June beds are dominated by turbiditic 

sandstone, contourite sandstones, and ribbon-bedded carbonates. The June beds are interpreted as 

having been deposited on a deep-water, southwest-facing continental slope, based on abundant 

turbidites showing unidirectional southwest transport, slump scars, slump folds, and poorly 

sorted debris-flow deposits (Dalrymple and Narbonne, 1996; Narbonne et al., 2014). Shallow-

water features are absent.  Redox geochemistry of the June beds suggests that conditions were 

predominantly anoxic and ferruginous, with brief episodes of oxygenation (Sperling et al., 2016).  
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Radiometric dates are absent, but considerations of the sequence stratigraphy and 

chemostratigraphy suggest that the June beds date to approximately 560 ï 580 Ma (Macdonald et 

al., 2013), roughly coeval with the Ediacaran fossil-rich intervals of Avalonian Newfoundland 

(Pu et al., 2016). 

The June beds are dominated by thin turbidites interspersed with m-scale packages of 

contourite sandstones and ribbon-bedded lime mudstone (Dalrymple and Narbonne, 1996; 

Macdonald et al., 2013; Narbonne et al., 2014). Turbidites less than 2 cm thick typically contain 

only the uppermost part of a typical turbidite succession (Td-Te; turbidite nomenclature after 

Bouma, 1962); thicker turbidites 3 ï 10 cm-thick typically begin with the Tc division (rarely Ta 

or Tb) The discs of this study predominantly occur on the soles of 3-10 cm thick fine- to 

medium-grained Tc-e beds. 

Ediacaran discs in the June beds are found primarily on the soles of the numerous 

turbidites (Fermeuse-style preservation of Narbonne, 2005).  Original nomenclature of these 

discs (Narbonne and Aitken, 1990) followed the names described from Ediacara and the White 

Sea, but nearly all of these discoid taxa worldwide have now been referred to the Ediacaran 

form-genus Aspidella Billings, 1872, a view with which we concur.  Several individuals 

referable to the lobate form Eoporpita Wade, 1972 and a single example of the ray-bearing form 

Hiemalora Fedonkin, 1982 have also previously been described from the June beds (Narbonne 

and Aitken, 1990; Narbonne, 1994; Narbonne et al. 2014).  Single specimens of the 

erniettomorph Namalia and the frond Primocandelabrum also occur on turbidite soles in the 

June beds (Narbonne et al., 2014).  A sparse but diverse assemblage of Ediacaran body fossils 

(the spindle-shaped fossil Fractofusus and the fronds Beothukis, Charnia, and Charniodiscus) 
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occur within contourite beds in the June beds (Nama-style preservation of Narbonne, 2005: 

Narbonne et al., 2014), but discs are only very rarely preserved in these deposits.  

 

3. Methods 

 

More than 100 fossiliferous slabs containing 163 fossil discs were collected in situ and 

from very local float derived from in situ beds at Sekwi Brook North. Forty-five specimens 

representing the range of size, morphology, and taphonomic features visible in the June bed discs 

were cut and polished to observe interior sedimentology and to identify any potential biogenic 

and/or post-burial structures; 19 suitable specimens were selected for thin-sectioning. 

The morphological relationships between the various discoid taxa of the June beds were 

explored using principal components analyses (PCA) in the program PAST 3.01 (Hammer et al., 

2001). Presence/absence data pertaining to eight characters based on major diagnostic features 

were used to evaluate the morphological disparity between discs: outer rim, concentric rings, 

radial grooves, distal bosses, tiering, central boss, plug, rays, and lateral chambers (described in 

Table 2-1, illustrated in Fig. 3-2).   

 

4. Disc morphology 

 

Discoid fossils of the June beds are preserved on the bases of thin turbidite beds. Most are 

preserved in positive relief, though some are flat or negative relief. The following descriptions 

and interpretations are based on the fossil as viewed upwards from beneath the base of the bed.   
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Figure 3-2. Features common to Ediacaran discoid fossils. (1) Eoporpita; (1.1) Cross-section 

view of 1; (1.2) Plan view of 1; (1.3) Eoporpita specimen JBD-108 from the June beds. (2) 

Aspidella; (2.1) Cross-section view of 2; (2.2) Plan view of 2; (2.3) Aspidella specimen JBD-057 

from the June beds. (3) Hiemalora; (3.1a) One of two common cross-section views of 3 based on 

several Newfoundland specimens (Hofmann et al., 2008; Burzynski and Narbonne, 2015); (3.1b) 

Second of two common cross-section views of 3 based on Russian specimens (Fedonkin, 1982), 

Newfoundland specimens (Hofmann et al., 2008; Burzynski and Narbonne, 2015), and the single 

June bed specimen (Narbonne, 1994; this study); (3.2) Plan view of 3; (3.3) Hiemalora specimen 

GSC 102373 from the June beds. Scale bars = 10 mm. 
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Table 3-1. Common features of Ediacaran discs. See also Fig. 3-2. 

Feature Location Diagnosis 

Outer Rim 
Distal perimeter of outer 

disc 

Defined outer perimeter of disc. Can be positive or 

negative in relief. 

Outer Disc 
Between central boss and 

outer rim (where present) 

The largest portion of the disc, extending from the 

periphery of the central boss to the outer edge of the disc.  

Tiers Outer disc 

Vertical levels of the disc, increasing in diameter 

upwards from the base to the bedding surface (positive 

relief), or decreasing in diameter from the bedding 

surface to the top (negative relief).  

Concentric 

Rings 

Outer disc, rarely central 

boss 

Rings that are parallel to the central boss and outer 

rim/edge and do not intersect each other. 

Radial Grooves 
Outer disc, rarely central 

boss 

Negative relief, linear marks at right angles to the outer 

rim. Radial markings on one tier are not continuous with 

those on other tiers. 

Lobes Outer disc 

Tubular to club-shaped radial extensions, almost entirely 

>1mm in diameter, originating from the periphery of the 

central boss. Flat to semicircular in relief. Typically in 

contact with adjacent tubes. Individual lobes lack 

branching. 

Rays Extending from outer rim 

Long, thin (typically <1 mm), positive relief radial 

extensions originating from the periphery of the disc. 

Typically parallel-sided and, in a few cases, branching. 

Rarely in direct contact with adjacent rays. 

Central Boss Center of disc 

Center portion of disc, distinct from outer disc. Can be 

negative, flat, or positive in relief. Morphology ranges 

from flat to domal to cylindrical. 

Plug Central boss 

Small circular feature in the center of the central boss. 

Can be flat, negative, or positive in relief relative to the 

surrounding boss. 
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4.1. Aspidella 

 

4.1.1. Description 

Aspidella and its morphotypes (sensu Gehling et al., 2000) are abundant within the June 

beds (Fig. 3-3). They range in diameter from 6 ï 107 mm with the average disc at 27 mm. For 

comparison, Aspidella from Newfoundland range from 2.5 ï 100 mm, with an average of 27.4 

mm (Burzynski and Narbonne, 2015 supplemental data). Disc morphology varies from simple 

peripheral rings with no internal detail to highly-detailed with abundant internal features.  Most 

discs are preserved as positive features extending up to 8 mm (average 2 mm) below the turbidite 

sole, some as negative impressions up to 7 mm (average 1 mm) below the surface of the bed, and 

some as virtually flat impressions. Both positive and negative impressions can occur on the same 

turbidite sole.  

Discs are commonly tiered, creating a stacked appearance. The diameter of the tiers 

increases upwards from the base to the midpoint and then contracts to the top.  

The outermost periphery of the disc is typically marked by a distinct outer rim preserved in 

either positive or negative relief. Between the outer rim and central boss is the outer disc, 

housing many of the features common to the discs. Concentric rings can be thin and 

discontinuous or robust and continuous, and are predominantly positive in relief; robust 

concentric rings are formed by the distal boundaries of tiers. Radial grooves are invariably 

truncated by robust concentric rings/tier boundaries; distal to each ring, the radial grooves are 

discontinuous with those proximal to the ring. 

In the centre of the disc lies the central boss, a distinct region of the disc, typically in 

positive relief relative to the outer disc with a sharp and distinct boundary that contains the plug  
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Figure 3-3. Examples of Aspidella from the June beds. (1) Negative and relief specimens co-

occurring on one slab, (1.1) Negative relief specimen (JBD-100a), (1.2) Positive relief specimen 

(JBD-100b); (2) Negative relief specimen (JBD-102); (3) Negative relief specimen (JBD-078); 

(4) Negative relief specimens with domal central bosses and a positive outer rim, (4.1) JBD-

107b, (4.2) JBD-107a; (5) Tiered, positive relief specimen (JBD-084); (6) Positive relief 

specimen (JBD-036) with prominent concentric rings; (7) Positive relief specimen (JBD-021), 

with radial grooves within the central boss; (8) Two-tiered positive relief specimen  with radial 

grooves (JBD-116); (9) (9.1) Low relief specimen with a positive relief outer rim, faint 

concentric rings, a central boss, and plug (JBD-011b), (9.2) with few-to-no features beyond a 

negative relief outer rim (JBD-011c), (9.3) with few-to-no features beyond a negative relief outer 

rim (JBD-011d); (10) Flat relief specimen with numerous thin, discontinuous concentric rings 

(JBD-022); (11) Dual positive relief specimens (JBD-003); (12) Positive relief specimen with a 

possible stem (JBD-009); (13) Negative relief specimen with a possible stem (JBD-107d). Black 

arrows indicate stem, white arrows indicate plug. Scale bars = 10 mm.  
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and, rarely, concentric rings and/or radial grooves. The plug is a small feature commonly found 

in the center of the boss; this feature normally occurs either flush or in negative relief relative to 

the top of the central boss. In positive relief discs, the central boss is in greater relief than the 

outer disc, suggesting that the boss was less compressible than the outer disc. In some negative 

relief specimens, there is a less well-defined boss in positive relief relative to the outer disc and 

displaying collapse marks. This suggests a hollow center to the axial structure and that the boss 

of negative relief specimens is not the same feature as that of positive relief specimens. A small 

number of negative relief specimens show the central portion in negative relief, consistent with 

being the top tier of the organism. These lines of evidence suggest that the central boss was a 

distinct, solid feature on the base, but that the portion of the disc directly above was hollow. 

Several discoid specimens from the June beds display a partial stem emanating from the 

edge of the disc. The stem in Fig. 3-3.13 appears at the left-edge of the disc and is interpreted as 

emanating from the top centre of a disc preserved in negative hyporelief, whereas the stem in 

Figure 3.12 appears at the middle of the disc and probably reflects composite molding (sensu 

Wade, 1968) of features on the top and bottom of the fossil onto a single plane of preservation. 

Scarcity of visible stems in other June bed discs is typical of Aspidella specimens worldwide, 

and probably reflects removal of the stem and petalodium from the holdfast by the turbidity 

current or entrainment of the stem and petalodium within the overlying sandstone event bed 

(Gehling et al., 2000; Tarhan et al., 2010, 2015; Burzynski and Narbonne, 2015).  

 

4.1.2. Relation to described taxa 

All of the Aspidella-type discs in this study fit into the Aspidella morphological spectrum 

proposed by Gehling et al. (2000), though none represent the Aspidella end member itself. This 
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suggests all of these forms are variants of the same structure that is commonly referred to as 

Aspidella, and we refer to all of them as such.  

 

4.1.3. Interpretation and reconstruction 

The external view of Aspidella from the June beds is herein reconstructed in vivo as 

biconvex (Fig. 3-4), as suggested by domal positive and negative hyporelief discs, and similar to 

the interpretation reached by Gehling et al. (2000) and Carbone et al. (2015). This interpretation 

is consistent with positive domal epirelief holdfast structures for Charniodiscus procerus and C. 

spinosus at the Mistaken Point E-surface (Laflamme et al., 2004; Laflamme and Narbonne, 

2008) and discs associated with new examples of Charniodiscus yorgensis (Ivantsov, 2016, pl. 

2.1 ï 3). This furthers the interpretation that the top of discs roughly mirrored the bottoms of the 

discs in life. Larger rings are typically consistent and continuous, and appear to represent the 

peripheral edges of tiers.  Smaller rings are discontinuous and more likely represent collapse 

features, analogous to structures seen in preserved jellyfish (Young and Hagadorn, 2010) and 

Chuaria (Tang et al., 2017). The near ubiquitous presence of a central boss in discs of all reliefs 

suggests that it was a prominent feature in the living organism. The plugs of positive relief discs 

are proportionately the same size as those of negative relief discs; this suggests they originate 

from the same structure. In one specimen displaying a stem (Fig. 3-3.12), there is a central tube 

within the stem that is roughly the same diameter as, and appears to emanate from, the plug. A 

small amount of collapse at the base of this tube suggests it is hollow, consistent with a hollow 

tube running from the plug up through the organism to the petalodium. 
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Figure 3-4. Life reconstruction of Aspidella based on June bed discs. (1) Lateral view in life 

position within sediment and microbial mat; (2) Plan view of base. 
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4.2. Eoporpita 

 

4.2.1. Description 

Lobate discs occur rarely in the June beds with a total of 10 specimens known (Fig. 3-5), 

all of them cm-scale (14 ï 70 mm; average 42 mm in diameter).  The discs are bipartite, with a 

prominent central boss surrounded by a radial pattern of lobes that passes outward from the 

central boss towards the periphery of the fossils.  The central boss is 1 ï 23 mm (average 11 mm) 

in diameter and 1 ï 2 mm (average 2 mm) in relief.  The apex of the central boss is rounded and 

may exhibit a central slit-like depression or a plug.  The outer margin of the central boss is 

smooth and sharp. 

The outer part of each specimen consists of an array of lobes that radiate outward from the 

edge of the central boss. Most lobes are hemicylindrical, with a slight club shape expanding 

outwards from 1 ï 5 mm (average 2 mm) in diameter at their base to 1 ï 10 mm (average 4 mm) 

at their ends, an average increase of approximately 50% mediolaterally (Table 2.2). The distal 

ends of lobes are typically are preserved on the turbidite sole, and typically appear flattened. 

Lobes occur in positive relief on the turbidite sole and in many specimens the amount of 

relief decreases distally.  Lobes are typically confined to single layers, and these lobes are 

typically of similar length, so the ends of the lobes create an irregular edge similar to the edges 

of a flower. An inner ring immediately adjacent to the central boss in Fig. 3-5.2.1 consists of 

shorter lobes; isolated lobes and lobes that cross the main radiating pattern occur in several other 

specimens.  This pattern is consistent with the existence of at least two layers (i.e. tiers) of 

radiating lobes in these specimens. The longest lobes are invariably present at the sediment-water 

surface, with sheets of shorter lobes stratigraphically beneath them. Lobes in the lower tier  
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Figure 3-5. Examples of Eoporpita from the June beds. (1) Oblique view showing tiering (GSC 

95917) (2) (2.1), Specimen with multiple tiers and diverging lobes (GSC 95916), (2.2) Plan view 

of 1; (3) Specimen with proximally inflated and distally flattened lobes/tubes (JBD-070); (4) 

Specimen JBD-109; (5) Specimen with proximally inflated and distally flattened lobes/tubes 

(GSC 95905); (6) Specimen with truncated lobes and hints of tiering (JBD-112). Scale bars = 10 

mm.  
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exhibit circular cross-sections, implying that they were full relief structures in the underlying 

mudstone; distal lobes show either flat relief or positive relief similar to those in the lower tier.  

 

4.2.2. Relation to described taxa 

Among described taxa, the lobate discs from the June beds most closely resemble 

Eoporpita medusa Wade, 1972, a taxon originally described from the Ediacaran of Australia and 

subsequently reported from the White Sea in Russia (Fedonkin, 1985; Serezhnikova 2013) and 

the June beds at Sekwi Brook (Narbonne and Aitken, 1990). Eoporpita comprises cm-scale discs 

composed of a stacked series of club-shaped lobes that radiate outward from a central boss.  The 

size, shape, and arrangement of the lobes in specimens in the June beds is similar to that shown 

in the type material of Eoporpita. Serezhnikova (2013) regarded Eoporpita as the attachment 

disc of a frond-like organism; a view with which we concur. 

The other well-documented lobate genus, Mawsonites, consists of two species. Mawsonites 

spriggi Glaessner and Wade, 1966, is similar to Eoporpita in consisting of stacked arrays of 

club-shaped lobes surrounding a central boss (Serezhnikova, 2013). Mawsonites randallensis 

Sun, 1986 is presently described from only three examples that give limited insight into its 

morphology. Both are similar to Eoporpita, differing mainly in the number and proportionate 

width of lobes.  Specimens of classic Mawsonites are absent from the June beds and could not be 

evaluated in this study. 

 

4.2.3. Interpretation and reconstruction 

Specimens of Eoporpita in the June beds show tiers composed of sheets of laterally-

adjacent lobes, with some adjacent lobes on the same tier on the same specimen diverging from 
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one another. This suggests that, while the lobes tended to abut one another laterally, they were 

not bound to each other.  

Lobes that are circular in cross-section proximally and flatten distally are reminiscent of a 

tube flattened from one end, suggesting hollow lobes that opened to the center. Measurements of 

lobe width in available specimens shows that they are nearly universally wider distally than 

proximally (Table 2-2), which is a geometric requirement of lobes that originate and terminate 

directly adjacent to one another without overlapping. This gives each lobe a club shape, though it 

is less obvious with smaller diameter lobes and/or partly obscured higher tiers. 

The reconstructed lobate disc is tiered, with tiers consisting of sheets of lobes, stacked 

upon one another, with an upward increase in diameter (Fig. 3-6). A prominent hemispherical 

central boss emanates from the bottom of the disc and continues as a central axis through the 

centre of each of the tiers.  In the center of the central boss is a circular plug. 

 

4.3. Hiemalora 

 

Hiemalora Fedonkin, 1982, a globally distributed taxon (Hofmann et al., 2008), is 

represented in the June beds by a single specimen reported by Narbonne (1994).  Hiemalora 

consists of a cm-scale disc with few internal features and radiating rays emanating from the 

periphery (Fig. 3-2.3). In marked contrast with the lobes of Eoporpita, the rays of Hiemalora are 

considerably thinner, parallel-sided, commonly branched, strictly restricted to the bedding 

surface, and invariably extend from the outer rim rather than the central boss. 
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Figure 3-6. Life reconstruction of Eoporpita based on June bed discs. (1) Lateral view in life 

position within sediment and microbial mat; (2) Plan view of base. 
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Table 3-2. Measurements of individual lobes on each June beds specimen of Eoporpita. 

    Length Proximal Width Distal Width Difference 

Specimen 

ID N =  Min. Max. Avg. Min. Max. Avg. Min. Max. Avg. Min. Max. Avg. 

JBD-005 16 4.6 14.6 9.0 1.4 3.0 2.1 1.9 4.6 2.8 0.0 3.1 1.1 

JBD-008 0 -- -- -- -- -- -- -- -- -- -- -- -- 

JBD-070 3 12.6 18.2 16.0 1.0 1.5 1.3 2.2 2.2 2.2 0.7 1.2 1.0 

JBD-092 8 2.6 7.9 5.9 0.8 1.9 1.3 1.3 2.3 1.7 0.2 1.0 0.4 

JBD-108 9 5.7 18.0 10.5 1.9 5.3 3.2 2.4 6.5 4.2 0.3 1.2 1.0 

JBD-109a 4 4.7 8.2 6.5 1.9 3.5 3.1 5.7 9.5 6.7 2.4 6.1 3.7 

JBD-110a 4 6.6 12.9 9.3 1.7 2.8 2.4 2.4 3.9 2.9 -0.1 1.1 0.5 

JBD-110b 2 5.1 8.4 6.7 3.0 3.2 3.1 3.6 8.1 5.9 0.6 4.9 2.7 

JBD-111c 5 12.4 28.6 20.2 1.3 3.3 2.6 2.5 3.5 3.0 -0.1 1.8 0.4 

JBD-112 7 1.8 3.2 2.4 0.7 1.8 1.2 0.1 1.1 0.7 0.1 1.1 0.7 

Group Min. 0 1.8 3.2 2.4 0.7 1.5 1.2 0.1 1.1 0.7 -0.1 1.0 0.4 

Group Max. 16 12.6 28.6 20.2 3.0 5.3 3.2 5.7 9.5 6.7 2.4 6.1 3.7 

Group Avg. 5.8 6.2 13.3 9.6 1.5 2.9 2.3 2.5 4.6 3.3 0.5 2.4 1.3 
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5. Taphonomic and Taxonomic Affinities 

 

 Principal components analyses (PCA) (Fig. 3-7, Table 3) of the June bed discs show a 

clear distinction between the single specimen of Hiemalora and the six specimens of Eoporpita 

(Fig. 3-7.1). However, Aspidella has a much broader range that includes these two taxa and the 

space between their boundaries.  This would be consistent with Hiemalora and Eoporpita 

representing distinct forms, each of which can grade taphonomically into the range of 

morphologies exhibited by Aspidella.  

To aid comparison, the PCA distributions from the June beds were overlain with data from 

published specimens of Aspidella and its synonyms (Sprigg, 1947, 1949; Glaessner and Wade, 

1966; Becker, 1985; Fedonkin, 1980, 1985; Gehling et al., 2000), Eoporpita (Wade, 1972; 

Fedonkin, 1980, 1985; Serezhnikova, 2013), and Hiemalora (Fedonkin, 1980, 1985; Hofmann et 

al., 2008) worldwide (Fig. 3-7b). The distinction between Eoporpita and Hiemalora becomes 

more apparent when published forms of these taxa worldwide are added to the June beds data.   

Global recognition of overlap between Eoporpita and the discoid taxa now referred to 

Aspidella extends as far back as Wade (1972). Serezhnikova (2013) included Eoporpita within a 

morphological spectrum of Ediacaran holdfast discs that includes Aspidella and its junior 

synonyms, implying that they shared a similar function. In the June beds, Aspidella and 

Eoporpita share several important morphological similarities, including evidence of tiering, with 

the pattern of tiering within Aspidella and Eoporpita similarly reflecting an increase in diameter  
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Figure 3-7. (1) Result of principle components analyses (PCA) of the June bed discs, divided 

into three genera: Aspidella, Eoporpita, and Hiemalora; the lack of overlap between Eoporpita 

and Hiemalora indicates that they represent two distinct clades, and Aspidella morphology 

overlaps both Eoporpita and Hiemalora. (2) These are included in a global comparison of discoid 

forms (Sprigg, 1947, 1949; Glaessner and Wade, 1966; Wade, 1972; Fedonkin, 1980, 1985; 

Becker, 1985; Sun, 1986; Gehling et al., 2000, Hofmann et al., 2008; Serezhnikova, 2013). 

Aspidella overlaps Hiemalora and Eoporpita at opposing ends of its morphological spectrum, 

while the latter two show no overlap. Several specimens of Ediacaria, one of the discoid forms 

prominently synonymized to Aspidella by Gehling et al. (2000), display features virtually 

indistinguishable from rays, though the holotype does not. Biplot: A outer rim, B plug, C 

concentric rings, D radial grooves, E tiering, F lobes, G central boss, H rays. See Table 3 for 

percentages. 

 

  


