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INTRODUCTION

Over the past 15 years UNESCO Projects IGCP493 /587 have concentrated efforts by a consortium of researchers from around the world on the detailed field documentation and exploration of the Nama Group in southern Namibia, an important sequence recording how life so changed from 600 to 530 million years ago – across the Precambrian-Cambrian boundary.  An impressive collection of material from the area around Aus has increased the up until then known fossil material [1] many fold in those years [2-7].  New scanning and analytic techniques, involving facilities such as the Australian synchrotron, and in depth reconstruction art and use of new graphic programs, along with a detailed sedimentology of deposits preserving these new discoveries have led to a marked improvement in the understanding of both the morphology and relationships of the organisms, the environments they inhabited and the effects imposed by how they were preserved .

FARM AAR – GEOLOGIC SETTING
Studies carried out by participants in UNESCO IGCP493/587 from 2003 to present have concentrated on one of the four areas in the southern Nama Basin, in particular in the region to the east of Aus, on Farm Aar, an area that has been studied paleontologically since the beginning of Ediacaran research and field work in the 1930s.   These strata are richly fossiliferous, with Ediacaran shelly fossils (mainly Cloudina) present in the carbonates and iconic representatives of the Ediacara-type soft-bodied megafossils Pteridinium, Rangea, and Ernietta in the siliciclastics.  Farm Aar stands out as the most significant single site in all of Africa for these ancient organisms, and it has been designated and preserved as a National  Heritage Site and National Geopark by the Namibian Government.  

Nama Group strata on Farm Aar are represented by the lower part of the Kuibis Group, an early foreland basin succession comprising mainly shallow-water fine siliciclastics and carbonates.  Four sequences (K1 to K4) have been recognized in the Kuibis Subgroup, two of which are relevant to this poster and a Pre-conference field trip to the IGC,  K1 and K2.  Sequence K1 comprises the lower part of Dabis Formation, which nonconformably overlies crystalline basement.  K1 consists of a basal unit of coarse, tabular-bedded sandstones (Kanies Member)) overlain by fine-grained, irregularly laminated dolostone and limestone (Zenana and Mara members).    Sequence K1 is extremely thin on Farm Aar, but is considerably thicker on Farm Pockenbank to the south of Aar. 

	Sequence K2 consists of  the Kliphoek and Aar (Hall et al., 2013) members of the the Dabis Formation and the overlying Mooifontein Limestone of the Zaris Formation.  

	The Kliphoek Sandstone is made up of lowstand deposits consisting of mainly thick-bedded, coarse-grained quartzarenites with abundant meter-scale trough cross-bedding. Deposition may have occurred in a sandy braided fluvial or high energy nearshore or deltaic setting. The upper 70 cm of the continuous sandstone within the lower part of the Kliphoek Member consists mainly of fine-grained quartzarenite with syneresis cracks and/or sandstone injection structures, current and combined-flow-ripplemarks and hummocky cross-stratification.

	The overlying Aar Member represents sediment accumulation during the transition from a braided, sandy, fluvial environment (Kliphoek Sandstone) to a fully marine, clear water environment, which eventually facilitated carbonate deposition (Mooifontein Member).  The Aar Member consists of transgressive gray-green shale and siltstone with sporadic interbeds of very fine- to fine-grained, centimeter-scale sandstone event beds that are laterally discontinuous over decameter scales. Sandstone event beds are erosionally-based.  The lower part of each event bed consists of parallel-laminated sandstone reflecting upper-flow regime plane beds, which is overtopped by sandstone exhibiting hummocky cross-stratification, wave ripples, or combined-flow ripples. Centimeter-scale rip-up clasts of shale and/or microbialite also occur commonly in the upper half of these event beds. These features are diagnostic of storm beds modified by wave processes during the waning flow stage, and imply deposition slightly below fairweather wave-base on a muddy. 

	Shallow-water limestones with hummocky and swaley cross-stratification, intraclastic textures, and microbial textures first appear abundantly near the top of the Aar Member. Laminated carbonates, locally containing cross-bedded ooids and the shelly fossil Cloudina, dominate the overlying Mooifontein Member and imply shallow-water deposition during highstand conditions to the top of the K2 sequence.  The Mooifontein Member is part of an extensive carbonate platform that thickens northward toward the Damara Belt  and reaches a maximum thickness of 500 m along the Zebra River in the northern Nama sub-basin.

Fig. 1, 2 placed here




NEW MATERIAL OF RANGEA AND ERNIETTA EITHER IN SITU OR NEAR ORIGINAL HABITAT
The contact between the Kliphoek Sandstone and the overlying Aar Member at Farm Aar locale Road Quarry 2.3 showcases  a remarkable occurrence of complete, three-dimensional specimens of Rangea preserved 35-40 cm above this contact.  Rangea was the first complex Ediacaran fossils named and defined anywhere  by Gürich in 1930, and it has become both an iconic image of the Ediacara biota that has been figured in nearly every Ediacaran diorama ‒ the type genus for the Rangeomorpha, a major clade in Ediacaran life.  Prior to 2004, a total of less than 25 specimens of Rangea had been described worldwide, none of them collected from outcrop by a paleontologist.  Discovery of more than 100 in situ specimens in gutter casts from the basal Aar Member on Farm Aar (Vickers Rich et al., 2013) significantly enhanced the global dataset and also provided the first 3-dimensionally preserved specimens for this taxon ( Hall et al. (2013) and Vickers-Rich et al. (2013)).
Fig. 3 here
	The fine stuctural details of the Rangea specimens are preserved in the mineral jarosite, a complex hydrous sulfate of potassium and iron with a chemical formula of KFe3+3(OH)6(SO4)2, which appears as a yellow mineral coating the Rangea fossils.  It seems likely that the original coating mineral was pyrite, with later oxidation to jarosite by acidic groundwater; the addition of potassium probably caming from the subarkosic sandstones in which the fossils are preserved.  These jarosite coatings are key to the three-dimensional preservation of these specimens and to the techniques that were used to elucidate it (Vickers-Rich et al., 2013).  
Fig. 4 here
	The internal structures of Rangea  consist of a basal, hexaradial axial bulb that passes into an axial stalk which extends to the distal end of the specimen. This axial structure is the foundation for six vanes arranged radially around the axis, with each vane consisting of a bilaminar sheet composed of a repetitive pattern of elements exhibiting at least three orders of the self-similar (rangeomorph) branching.  The basal part of the axial bulb is typically partly filled with sediment, with the dorsal end of the stalk typically preserved as an empty, cylindrical cone.  This probably served as a ‘weight belt’ to keep the organism in an upright positon sitting on the sediment surface in life, with later transport to form the fossil accumulations in the gutter cast 
Fig. 5-7 here
A large collection of Ernietta bases preserved on a deflation surface were discovered in 2004 at the appropriately named Ernietta Hill and have been subsequently described by Elliott et al. (2016, in press).  An even more significant find is the discovery of the first-known specimens of Ernietta anywhere in the world that are in place.  Despite the many scores of specimens illustrated by several authors  in the past (Pflug , Jenkins et al., Vickers-Rich & Komarower, Seilacher & Gishlick , Elliott et al.), all known specimens were from float and incomplete, consisting only of the basal part of the organism or basal and part of the more dorsal section.  This led to considerable variation in the three-dimensional reconstructions of Ernietta and in interpretations of its lifestyle, which ranged from fully endobenthic  to semiendobenthic  to epibenthic (see Fedonkin, et al., 2007 for a summary).

Figure 8 here

And and even more spectacular discovery was made by Andrey Ivantsov 2014 m- more than 100 specimens of Ernietta were found in a small gutter-cast located near the top of the Aar Member!  As summarized from Ivantsov et al. (2015) specimens within the mass-flow deposits in the gutter cast ranged through a continuous series from short, vertically oriented specimens indistinguishable from the type specimens of Ernietta, althrough longer, obliquely oriented specimens, to a few fully horizontal (procline) specimens that reveal the complete, three-dimensional shape of Ernietta).  These specimens collectively show that the classic specimens of Ernietta represent only a basal, sand-filled anchor that in complete specimens passes distally into a trunk that is crowned by two facing fans that extended into the overlying water column.  In contrast to these differences in shape in different parts of the complete Ernietta organism, the architecture of Ernietta everywhere consists of a longitudinal palisade of morphologically similar tubes.  These tubes could be modified to fill all of the functional needs of Ernietta – ranging from sand-filled tubes that helped to anchor the buried base of the organism in the seafloor, to the support function fulfilled by fluid-filled tubes in the mid-trunk region, to the tubes in its distal fan that may have performed feeding and/or respiratory functions.
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LETHATA

Exceptionally preserved specimens of Ernietta in a shallow-marine gutter cast from
southern Namibia reveal that all previously figured specimens of this iconic Ediacaran
megafossil are incomplete, representing only the base of a larger and more complex
organism. The complete organism is interpreted as comprising a buried, sand-filled
anchor exhibiting the classical Ernietta morphology that passes distally into a trunk
that is crowned by two facing fans that extended into the overlying water column. All
parts of Ernietta, from the base of its buried anchor to the tip of its fans, appear to
have been composed of a palisade of tubular elements that have been variably pre-
served. Similarity of tubule morphology despite the inherent difference in function
between these constructions supports the view that these tubes were integral to all
anatomical parts and functions of Ernietta. This style of architecture, construction and
function is unique to the Erniettomorpha, supporting the view that it represents an
extinct Ediacaran clade in the early evolution of multi-cellular life. O Ediacaran, Erni-
etta, Erniettomorpha, Nama Group, Namibia, taphonomy.
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Assemblages of large (cm- to m-scale) fossils of
soft-bodied organisms predate the shelly fossils of

range to within a few metres of the base of the
Cambrian (Narbonne et al. 1997; Darroch et al.

the Cambrian explosion worldwide (Knoll et al.
2006; Fedonkin et al. 2007; Narbonne et al.
2012). Affinities of these Late Ediacaran (580—
541 Ma) organisms are controversial, but most
summaries conclude that they included both dis-
tant ancestors of modern animals and extinct
clades in the early evolution of complex multi-
cellular life (Gehling et al. 2005; Narbonne 2005;
Xiao & Laflamme 2009; Erwin et al. 2011). One
of the most widely recognized clades of Ediacaran
life is the Erniettomorpha, an extinct group that
was characterized by modular construction of
tubular (soda-straw-shaped) elements arranged in
parallel arrays to form palisade-like wall struc-
tures (Pflug 1972; Grazhdankin & Seilacher 2002;
Xiao & Laflamme 2009; Erwin et al 2011;
Laflamme et al. 2013). Erniettomorphs inhabited
Ediacaran shallow-water marine environments
worldwide and are especially common in Namib-
ia, where abundant specimens of the ernietto-
morphs Pteridinium (a three-vaned, ribbon-like
fossil) and Swartpuntia (a multi-foliate frond)

2015).

The type genus of the erniettomorphs, Ernietta
plateauensis Pflug 1966; is characterized by fossils
with sac-shaped bodies having walls constructed
from two parallel layers of vertically arranged tubes
that form a palisade-like structure (Elliott et al.
2015). Pflug originally defined Ernietta as a
monospecific genus, but later (Pflug 1972) split this
single species into 29 species grouped into 13 genera,
most of which are now regarded as junior synonyms
of E. plateauensis (Runnegar 1992; Vickers-Rich
2007; Elliott et al. 2015). Ernietta is abundant in the
Kuibis Subgroup of Namibia, and the morphology
of Ernietta has been described and abundantly illus-
trated by Pflug (1966, 1972), Jenkins et al. (1981),
Vickers-Rich (2007), Seilacher & Gishlick (2014),
and Elliott ef al. (2015). However, all type and previ-
ously figured specimens are truncated distally, and
as a consequence, all interpretations of the three-di-
mensional morphology of Ernietta have been based
on extrapolations of the morphology preserved on
the incomplete type specimens collected from float.
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Pflug (1972) oriented Ernietta with its rounded side
facing up based on the float specimens available to
him, but this was subsequently disproven by recog-
nition that graded bedding and truncations in the
loose slabs that contained the fossils consistently
showed that Ernietta should be oriented with its
rounded side facing down (Jenkins et al. 1981; Seila-
cher et al. 2003; Bouougri et al. 2011; Seilacher &
Gishlick 2014; Elliott et al. 2015). Crimes & Fedon-
kin (1996) suggested that the distal taper commonly
observed in Ernietta implied that both ends of Erni-
etta were closed, and reconstructed Ernietta as a fusi-
form body living totally enclosed in the sediment. In
contrast, Jenkins et al. (1981), Jenkins (1985), Seila-
cher (1992), Seilacher et al. (2003), and Seilacher &
Gishlick (2014) suggested that the morphology pre-
served on the sides of Ernietta continued to an open
distal end, which they reconstructed as having a
crenellate (Jenkins et al. 1981; Jenkins 1985) or
frilled (Seilacher et al. 2003; Seilacher & Gishlick
2014) margin. Numerous reconstructions have been
published, but no specimens that reveal the distal
end of Ernietta have yet been illustrated to assess
these models.

The life habits of the classic Ediacaran fossils from
Namibia have recently become controversial, with
the traditional view of them being mostly epibenthic
organisms (Glaessner 1984; Jenkins 1985, 1992; Nar-
bonne et al. 1997) challenged by the interpretation
of these taxa as largely endobenthic (Crimes &
Fedonkin 1996; Grazhdankin & Seilacher 2002,
2005; Seilacher & Gishlick 2014). The proximal por-
tion of Ernietta typically is well preserved as a sand-
filled sack with its long axis oriented perpendicular
to bedding, and this has led most previous authors
and associated dioramas to interpret this as the orig-
inal life orientation of Ernietta (Jenkins et al. 1981;
Jenkins 1985; Erwin ef al. 1997; Monastersky 1998;
Seilacher et al. 2003; Seilacher & Gishlick 2014;
Elliott et al. 2015). However, conflicting views of the
distal morphology of Ernietta have contributed to
equally conflicting views about its life habit. Crimes
& Fedonkin (1996) regarded Ernietta as fully
endobenthic, living completely buried within the
sediment. At the other end of the environmental and
taphonomic spectrum, Dzik (1999) suggested that
Ernietta may have lived as a surficial epibenthic disc
that was later preserved when it was filled with sand
that progressively loaded its highly pliable organic
skeleton into soft sediment. Jenkins et al. (1981)
presented several different interpretations for the life
habit of Ernietta — either open or closed at its distal
end and either as an erect epibenthic organism ‘teth-
ered to mud galls or other substrate’ or as a semi-
endobenthic organism with its proximal portion
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buried in the substrate, and speculated that some or
all of these differing life habits may have been appli-
cable during different stages in the ontogeny of Erni-
etta. Seilacher (1992), Seilacher et al. (2003), and
Seilacher & Gishlick (2014) regarded Ernietta as
semi-endobenthic, and this interpretation has gar-
nered the greatest support (Xiao & Laflamme 2009).

The morphology of the classic, albeit truncated,
specimens of Ernietta has been well illustrated and
described by Pflug (1966, 1972), Jenkins et al.
(1981) and Vickers-Rich (2007) with more recent
summaries presented by Seilacher & Gishlick (2014)
and Elliott et al. (2015). In 2014, we discovered a
small gutter cast on Farm Aar in southern Namibia
(Fig. 1A) that contains more than 35 specimens of
Ernietta in outcrop and at least 60 additional speci-
mens in the adjacent float derived from this gutter
cast. These exceptionally preserved specimens show
that all previously figured specimens of Ernietta do
not reflect the morphology of the complete organ-
ism, but instead represent the buried base of a com-
plex organism that extended vertically above the
seafloor into the overlying water column. The pre-
sent paper will describe this new occurrence, and the
information it provides about the three-dimensional
morphology of Ernietta and its place in the early
evolution of complex multi-cellular life.

Geological and palacoenvironmental
setting

Ediacaran fossils are abundant in the lower part of
the Nama Supergroup (Fig. 1B), a Late Ediacaran to
Early Cambrian foreland basin succession that crops
out over much of southern Namibia (Germs 1983;
Grotzinger & Miller 2008). The newly discovered
fossils reported here occur in the Aar Member, a
shallow sub-tidal succession of fine siliciclastics and
carbonates that is approximately 550 million years
old (Hall et al. 2013). The Aar Member is renowned
for the occurrence of abundant specimens of Edi-
acaran megafossils, including Pteridinium (Pflug
1970; Grazhdankin & Seilacher 2002; Elliott et al.
2011; Meyer et al. 2014a,b) and the classic form of
Ernietta (Pflug 1966; Elliott et al. 2015) preserved
within beds of hummocky cross-stratified sandstone,
as well as exceptionally preserved specimens of Ran-
gea in gutter casts near the base of the Aar Member
(Vickers-Rich et al. 2013).

The new Ernietta fossil locality herein reported
occurs approximately 8 m below the top of the Aar
Member. Strata in the uppermost 15 m of the Aar
Member consist of nearly equal amounts of carbon-
ate and fine siliciclastic deposits (Figs 1C, D, 2A).
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Carbonates comprise variably dolomitized, dark,
lime mudstone with abundant small-scale slump
structures and minor amounts of microbial laminite
and flat-pebble conglomerate. Fine-grained siliciclas-
tic sediments comprise mainly friable shales and silt-
stones, with abundant thin event beds of very fine-
to fine-grained sub-arkosic sandstone exhibiting
hummocky cross-stratification, wave-, and com-
bined flow-ripple marks. Deposition probably
occurred on a shallow-marine ramp within the range
of both storm waves and the photic zone during a
major transgression (Hall et al. 2013).

The fossils occur in a sandstone lens 8.5 cm thick
with a preserved length of approximately one metre
(incomplete on both ends) and a width of 25-35 cm
(Fig. 2A—E). The lens is erosional into the underly-
ing shale, with a floor that is flat to very gently con-
vex (Figs 2E, 3A, B), walls that are steep to locally
nearly vertical (Fig. 3B), and a fill consisting of
event-bedded sandstone with abundant mudstone
intraclasts. In contrast with its channel-like base, the
top of the fossil lens is smooth and flat. Similar fea-
tures are typical of Phanerozoic gutter casts formed
as a result of sediment bypass (Myrow 1992a,b;
Myrow & Southard 1996; Pérez-Lépez 2001). Com-
parisons can also be drawn with concentrations of
three-dimensional specimens of Rangea near the
base of the Aar Member, which also occur in sand-
stone-filled gutter casts (Vickers-Rich et al. 2013).

The sediment fill of the gutter cast is bipartite,
with the lower half consisting of a 4-cm-thick, hum-
mocky cross-stratified, intraclast-rich, sub-arkosic
arenite (see Dott 1964 for sandstone classification)
that grades from fine- to medium-grained at the
base to fine-grained at the top of the unit (Fig. 3A—
D), a succession that implies deposition during the
waning stages of a storm. Small, vertically oriented
specimens of Ernietta occur sporadically at the base
of the gutter (Fig. 3D), along with a probable speci-
men of Rangea which appears in section as a hori-
zontally oriented, hollow, conical bulb surrounded
by jarosite and its weathering products (Fig. 3A),
similar in morphology and taphonomy to Rangea
specimens preserved in gutter casts lower in the Aar
Member (see Vickers-Rich et al. 2013; figs 6.3, 6.4,
7.3,7.4). The upper 4.5 cm of the fossiliferous gutter
cast (Fig. 3A—C) consists of very fine-grained, mud-
rich, sub-arkosic wacke. Grain to grain contacts are
sparse, and there are no sedimentary structures
except for a few discontinuous wispy laminations,
implying transport as a muddy mass flow following
the storm. Specimens of Ernietta occur abundantly
in the upper part of the gutter cast (Figs 2C-E, 3A—
C) and comprise the subject of this study.
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Orientation of Ernietta in the gutter
cast

Ernietta specimens in the upper part of the gutter
cast show a wide array of orientations in both a hori-
zontal and vertical sense (Figs 2D, E, 4A-C). Con-
sidered as a group, specimens are preferentially
oriented with their open end directed in a southerly
or southeasterly direction relative to their base
(mode 180-195° Az, median 165.5° Az; Fig. 4B), a
direction consistent with the N-S orientation of the
preserved part of the gutter cast. There is some dis-
persion in these measurements, including at least
two individuals that are slightly inclined upstream to
the NW (Figs 2E, 4B—C). This dispersion in speci-
men orientation may reflect turbulence in the flow,
or more likely interference between adjacent individ-
uals or the walls of the gutter during transport.

Previous reports have shown a nearly ubiquitous
vertical orientation of Ernietta specimens, with their
suture line at the base of the organism and their
truncated opening directed upward, which most
authors have taken to indicate their original life ori-
entation (Jenkins et al. 1981; Jenkins 1985; Seilacher
1992; Seilacher et al. 2003; Bouougri ef al. 2011; Sei-
lacher & Gishlick 2014; Elliott et al. 2015). A few
specimens in the gutter cast show similar orienta-
tions, but these specimens represent end members of
a nearly continuous distribution from fully vertical,
though a range of inclined angles, to specimens that
are fully horizontal (Fig. 4C). Dominance of this
assemblage by inclined and horizontal specimens is
highly atypical of any previously described occur-
rences of Ernietta and may relate to the abrupt set-
ting of the mass flow that was carrying the Ernietta
specimens. An occurrence of inclined and horizontal
specimens of the related erniettomorph Namalia was
mentioned by Germs (1968), and it may be fruitful
to re-examine the sedimentology and taphonomy of
Germs’ fossil site in this light.

Specimen orientation in the flow had a profound
effect on preservation of Ernietta. The external mor-
phology of Ernietta was moulded by the sediments
that surrounded the organism at the time it was bur-
ied, and thus, the top of the gutter cast marks the
top of preservation of any fossils in the gutter cast. It
seems likely that any organic tissues that protruded
above the sediment-water interface organism
decomposed rapidly after the death of the organism
and were not preserved. As a consequence, the basal
parts of the body including the suture are faithfully
preserved on all Ernietta specimens in the gutter
cast, but maximum preserved length of any
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Fig. 2. Fossiliferous gutter cast NESM-F722, Farm Aar in south-western Namibia. Symbols G = gutter cast; X = base of Mooifontein
Member; Y = wavy black and tan limestone; Z = sandstone layer immediately above gutter cast; *common point for reference in B-E,
Scale bar (A, B) represents 10 cm. Gutter cast and all specimens reposited in the National Earth Science Museum (NESM) collection in
Windhoek under the numbers listed on the image (D, E, e.g. NESM-F722-8), Scale bar subdivisions 1 cm (or have one solid scale bar
of 10 cm as done in Figs 3, 5). A, location of the fossiliferous gutter cast in section. B, C, photograph of the partially excavated gutter
cast in situ. D, reassembled gutter cast in top view. E, outline of the gutter cast (as though transparent) showing the horizontal distribu-
tion of Ernietta fossils excavated from within the deposit and registered against the flow pattern (light grey lines) as cast by the lower
sediment unit.
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Fig. 3. Polished cross sections (A, B, D) and thin section (C) of the fossiliferous gutter cast. R = Rangea; Er = Ernietta. White dashed
line (A—C) shows the boundary between the lower and upper divisions in the gutter cast. Scale bar represents 1 cm. A, longitudinal cross
section through the middle of the gutter cast parallel with flow to the south (left). Boxes indicate position of thin sections in C (right)
and 6B (left). B, edge of the gutter cast, showing steep walls and a flat floor. C, thin section, in plane polarized light, of the lower and mid-
dle parts of the gutter cast cut parallel to current flow to the south (left). D, close-up of the base of the gutter cast, showing vertically
oriented specimens of Ernietta.
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Fig. 4. Orientation of Ernietta in gutter cast NESM-F722. A, stereo pair of three specimens viewed from below showing variable orienta-
tions in the horizontal and vertical planes. Specimen numbers correspond to those in Figure 2E. B, C, rose diagrams in 10 degree bins of
the orientation of the distal end of Ernietta relative to its base. B, orientation in the horizontal plane, showing southerly current flow. C,
orientation relative to the original vertical life position of Ernietta, showing a dominance of inclined (oblique) specimens with fewer ver-

tical and horizontal (prone) specimens. V = vertical; D/T = downcurrent/transverse to current; U = upstream.

specimen is strictly dependent on its orientation
within the 4.5-cm-thick bed in which the fossils
occur. Vertically oriented specimens are a maximum
of 4.5 cm long and invariably end at a truncated,
open top (Fig. 5A) that corresponds with the top of
the gutter cast, whereas Ernietta that are horizontal
(prone) can preserve the full 10.5-12 ¢cm length of
the complete specimen (Fig. 5B). Inclined specimens
preserved obliquely to regional bedding range from
4 to 10 cm in length depending on the angle at
which they are preserved in the sediment, with low
angles with respect to bedding invariably represented
by long specimens and increasingly higher angles
represented by increasingly shorter specimens
(Figs 5C, D, 6A). These relationships suggest that
the specimens in the gutter represent a population of
Ernietta whose individuals were variably oriented
during final burial, resulting in differential preserva-

tion of their distal morphology largely related to
their position within the bed in which they were
preserved.

External morphology of Ernietta
from the gutter cast

Thirty-nine specimens of Ernietta are visible in the
gutter cast (Fig. 2D, E) with an additional 60 speci-
mens collected from local float weathered from the
upper part of the gutter cast. The superb preserva-
tion of the specimens in the gutter cast permits
enhanced description of the morphology of Ernietta,
but, as with most or all other specimens of Ernietta,
moulding of the originally soft and pliable bodies of
Ernietta against each other (Elliott ef al. 2015) makes
obtaining meaningful biometric data of the fossils
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Fig. 5. Preserved morphology of Ernietta from gutter cast NESM-F722 and adjacent float specimens, scale bars 1 cm. All specimens whi-
tened with ammonium chloride. A, vertical specimen of Ernietta NESM-F684 showing typical truncated basal preservation, wide profile.
B, inclined specimen of Ernietta NESM-F687 showing basal preservation, narrow profile. C, inclined specimen of Ernietta NESM-F686
showing preservation extending to two spayed fans separated by matrix, narrow profile. D, horizontal specimen of Ernietta NESM-F722-

4 showing entire preservation, wide profile.

difficult. All specimens are cm-scale (length along
the basal suture 23-55 mm, average 45 mm) and
elliptical in transverse cross-sectional view, with
their longer horizontal axis parallel with the basal
suture and their shorter horizontal axis at right
angles to this (Fig. 5A, D). Side views of specimens
are referred to as being in ‘wide profile’ if they show
the maximum width of the specimen (Figs 5A, B,
6A) or being in ‘narrow profile’ if they show its nar-
rowest view (Fig. 5C, D).

As discussed above, specimens in the Aar Mem-
ber gutter cast show a complete gradation from
short, vertically oriented (upright) specimens,
through a range of increasingly longer specimens
that are also increasingly inclined to their original
vertical orientation, to specimens that are nearly or
completely horizontal (prone). Irrespective of ori-
entation, the basal (proximal) portion of all speci-
mens in the gutter cast appear to be broadly similar
in both size and shape (Figs 2D, E, 5A-D, 6A) and
consists of an elongate, sand-filled anchor that is
characterized by a palisade-like wall structure of
parallel tubes that run parallel to the vertical axis
of the fossil and meet at a zigzag suture at the base
of Ernietta.

Specimens that are oriented vertically in the gutter
cast are short (<4.5 cm long) and exhibit only this
basal anchor with its well-developed palisade struc-
ture connected to a short, smoother, trunk that ter-
minates abruptly at or near the top of the gutter cast
(Fig. 5A). Specimens that are oriented obliquely in
the Aar Member gutter cast exhibit additional, more
distal features of the Ernietta organism. These speci-
mens show that the trunk flares distally into two fan-
like structures, with the seam between these fans
parallel with the basal zigzag suture of Ernietta
(Figs 5C, D, 6A). The six specimens that are hori-
zontal or nearly horizontal show the maximum
length and include the only two specimens showing
the full distal termination of the fans at the end of
the Ernietta organism (Fig. 5B).

Ernietta is herein reconstructed as a baglike organ-
ism with an open central cavity surrounded by soft,
highly pliable, organic walls that extended beyond
the bag as two, facing, fanlike structures (Fig. 7A,
B). The walls and their continuation into fans con-
sisted of a palisade-like array of parallel tubes 1.4—
3.6 mm (average 2.5 mm, n = 27) in diameter that
met on both sides of the zigzag suture at the base of
Ernietta and ran parallel to the vertical axis of the
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Fig. 6. Sedimentary infill of Ernietta; scale bars represent 1 cm. All thin sections are in plane polarized light. A-D: NESMF722-9. A, exca-
vated specimen in ventral view, specimen whitened with ammonium chloride, X-Y line of section in B, C. B, specimen restored to origi-
nal inclined position within gutter cast and sectioned longitudinally, X—Y line of section indicated in A. C, outline of section 6B showing
sequential fill within the Ernietta body cavity. D, thin section through the fan (V=W in A) showing mould preservation only of tube sur-
faces facing the internal body cavity. V-W line of section in A. E, F, NESMF722-37. E, thin section of a vertical specimen showing wall
tubes filled with clean, coarse sand and sequential fill within the Ernietta body cavity. F, outline of section 6E showing sequential fill
(numbered 1-3) within the Ernietta body cavity and wall-tube-fill (shown in blue).
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Fig. 7. Reconstruction of Ernietta morphology based on the specimens in gutter cast NESM-F722. A, wide profile. B, narrow profile.

fossil to its distal fan apex. Thin sections and par-
tially exfoliated specimens show that this tubular
array was double-layered, a diagnostic feature of
Ernietta (Elliott et al. 2015). Tubes in the basal part
of Ernietta typically are filled with sand grains, but
this fill is absent from tubes in the trunk and fans of
Ernietta in which the open tubes collapsed during
burial and are preserved as moulds on the sediment
that surrounded the outside of the organism and
that filled its central cavity. Thin sections and par-
tially exfoliated specimens show variation in the
number of sheets of tubes preserved in different
parts of the two specimens illustrated in Figure 6,
ranging from no preserved sheets of tubes (only
moulds of the outside or inside walls) to one sheet
of tubes to two sheets of tubes, depending on the
completeness of the sand fill of these tubes. Local
evidence of overprinting in the fan implies that the
palisade of tubes in the fan was also double-layered
(Fig. 7B). Complete specimens preserving the distal
tips of the fan (Fig. 5B) show that it was splayed,
crenelated or scalloped and that the moulding ends
abruptly and is smoothly stepped up at their extreme
distal ends, implying that these tubes were closed
(blind) at their tips (Fig. 7A, B).

This palisade structure is ubiquitous in well-pre-
served specimens of Ernietta from the gutter cast,
but extreme pliability of the Ermietta body in life

and the variable preservation of the tubes, depend-
ing on whether they were sand-filled or collapsed,
hinders precise counts of the number of tubes on
a specimen and makes it difficult to trace individ-
ual tubes distally for more than a few centimetres.
With these caveats in mind, the number of tubes
(23-28) on either side of Ernietta is similar among
all the specimens in this study, implying that
growth over this cm-scale size range occurred by
inflation rather than by insertion of new tubular
elements. Strong similarity in the number of tubes
in the base (mean 25.4, range 23-28, n = 28) and
the fan (mean 25.5, range 22-28, n = 4) and long-
distance continuity of tubes (Fig. 6A) in the best
preserved specimens of Ernietta implies congru-
ence between the tubes that make up the basal
anchor, trunk, and fans of a complete specimen of
Ernietta (Fig. 7A, B).

Internal fill of Ernietta from the
gutter cast

All sectioned Erniefta specimens in the gutter cast
contain a succession of fills in their tubes and in
their central cavities. Polished sections (Jenkins et al.
1981; fig. 5; Elliott et al. 2015; fig. 5; this paper,
Fig. 3A, B, D) and thin sections (this paper, Figs 3C,
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6B-F) can contribute to our understanding of the
genesis of this fill.

Seilacher & Gishlick (2014) observed that basal
parts of tubes typically are filled with sandstone,
whereas higher parts of the tubes invariably are pre-
served only as moulds. Our thin-section analyses
support their observation and show that the tubes of
the proximal anchor of Ernietta in the gutter cast
were filled with extremely well-rounded, essentially
mud-free, medium- to coarse-grained quartz sand
that was cemented by syntaxial quartz overgrowths
to produce the quartz arenite fill of these basal tubes
(Figs 3D, 6E, F). Sandstone-filled tubes can be
locally discontinuous within specimens (Figs 3D,
6E, F) or nearly absent from some specimens
(Fig 6B, C). The lithology and diagenesis of the
sand-filled tubes in the anchor of Ernietta does not
match the sediment in the gutter cast, implying that
was incorporated into the tubes before their final
deposition in the gutter cast. Tubes above this basal
anchor presumably remained fluid-filled and were
preserved only as moulds on the fossil surface
(Figs 5A, D, 6D). Seilacher & Gishlick (2014) sug-
gested that this sand was packed into the basal tubes
during life to form a weight belt while more distal
parts of the same tubes remained fluid-filled, a view
that is consistent with the thin section evidence from
the Ernietta specimens in the gutter cast in this
study. Evidence for closure of the tips of tubes of
Ernietta (Figs 5D, 7A, B) provides further evidence
that the sand at the bottom of the tubes did not
accumulate passively, but introduces similar uncer-
tainty as to how the sand could be selected and
packed by biological processes.

In contrast with evidence for closed tubes at the
distal end of Ernietta, all evidence suggests that its
central cavity was open during life (Fig. 7A, B). Pre-
vious studies have documented fills for Ernietta that
range from simple (Jenkins et al. 1981; fig. 6B, D) to
revealing a complex history of fill during reorienta-
tion of the Ernietta organism (Jenkins et al. 1981;
fig. 5C), but these studies were from loose specimens
collected from float that precluded comparison of
the sediment fill in Ernietta and in the surrounding
sediments in which the fossils were entombed. Our
thin-section studies of oriented specimens from out-
crop show that the basal fill of the central cavity of
the Ernietta specimens consists of fine- to medium-
grained sub-arkosic, intraclast-rich arenite that is
lithologically indistinguishable from the sandstone
in the basal part of the gutter cast (Figs 3A, C, 6B, C,
E, F). This basal fill of specimens in the upper part
of the gutter cast is not similar to the finer grained
wackes in which the specimens are now entombed,
implying that they began life during the accumula-
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tion of the earlier, coarser sediment, either in the
gutter cast or more likely in the immediate source
area of the gutter cast, and were later transported
and deposited in the muddy mass flow that filled the
top of the gutter cast. This sediment occurs as a
spherical (Fig. 6B, C) or hemispherical (Fig. 6D, E)
plug of sand at the base of specimens in the upper
part of the gutter cast. The presence of a spherical
ball of well-sorted sand at the base of Ernietta in the
upper part of the gutter cast is similar to sands pre-
served in the basal discs of Ediacaran fronds from
Newfoundland (Laflamme et al. 2011), in the basal
bulbs of the Ediacaran fractal frond Rangea from
Namibia (Vickers-Rich et al. 2013), and in some
modern actinians (Haywick & Mueller 1997), and
provides support for Seilacher’s (1992) suggestion
that these sandstone plugs acted as a basal weight
ball that provided stability on the sea bottom.

The presence of this sandy plug at the base of
Ernietta would also help to keep them mostly
upright during transportation, and may account for
the complex vertical succession of fills seen in some
specimens of Ernietta (Jenkins et al. 1981; fig. 5C;
this study, Fig. 6B, C). Sands immediately above the
basal plug are laminated parallel with the basal
suture of Ernietta, and, in vertical specimens, the
lamination in layer 2 continues parallel to regional
bedding to the truncated top of the fossil (Fig. 6E,
F). Lamination is also parallel with the basal suture
in inclined specimens, but these laminations are no
longer parallel with regional bedding (Fig. 6B, C,
layer 2), implying that these basal sands accumulated
while the organism was upright but that it was then
toppled from its original vertical orientation. This
laminated sediment is overlain by arcuate wedges of
very fine-grained sandstone that reflect the transi-
tion from a vertically oriented organism to one that
was progressively more inclined in the sediment
(Fig. 6B, C, layer 3). The final fill of the specimen
was by horizontally laminated sediment that is indis-
tinguishable from the final fill of the gutter cast in
size and mineralogy (Fig. 6B, C, layer 4), implying
that the body cavity of Ernietta was still open and in
its final position, and was cast by sediment during
the final stages of fill of the gutter cast.

It would be tempting to regard the progressive
tilting in the fill of some specimens of Ernietta (Jenk-
ins et al. 1981; fig. 5C; this study, Fig. 6B, C) as rep-
resenting a biological response to gradual toppling
of the organism, but it is more likely that it repre-
sents a natural consequence of transport of partly
filled Ernietta in a muddy mass flow. The concentra-
tion of the fossils at the top of the flow implies that
they were lighter than the sediment—water mixture
that comprised the mass flow, probably due to the
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part of the organism that was unfilled with sediment,
and that they were ‘rafted’” along on or near the top
of the flow. An overriding turbulent flow, which typ-
ically travels more rapidly than the dense mass flow
beneath it and thus produces downcurrent sheer on
the top of the lower flow (Bagnold 1956; Sumner
et al. 2008), would tilt the organisms at the top of
the debris flow in the direction of movement and
would also have provided a mechanism for finer sus-
pended sediment to collect in the ‘sediment trap’
inside the organism. As the organism tilted progres-
sively, the older layers of sediment would have
become progressively more inclined, with the last
ones being deposited horizontally (Fig. 6B, C).

Comparisons

The vertically oriented specimens of Ernietta in the
gutter cast are indistinguishable from the type speci-
mens of Ernietta as described by Pflug (1966, 1972),
Jenkins et al. (1981), Seilacher & Gishlick (2014),
and Elliott et al. (2015) and include only the basal
anchor and the lowermost part of the trunk of a
complete specimen of Ernietta. A key exception is
NESM-F-389, the holotype for ‘Erniograndis san-
dalix’ Pflug 1972 (refigured in Elliott et al. 2015; fig.
3 and therein regarded as a subjective junior syn-
onym of Ernietta plateauensis), which extends to just
beyond the base of the split that marks the origin of
the two opposing fronds at the top of the complete
specimen of Ernietta. No previously figured speci-
mens directly attributed to Ernietta illustrate any
part of the distal fan. A similar fan occurs in two
specimens of conical erniettomorphs (Fig. 8A, D),
including the only known specimen of Kuibisia
Hahn & Pflug 1985 (Fig. 6D), a worn specimen that
has an erniettomorph pattern of parallel tubes, but a
conical shape that differs from typical Ernietta. Kui-
bisia is currently of uncertain taxonomic status;
Runnegar (1992) listed Kuibisia as a subjective
junior synonym of Ernietta, whereas Elliott et al.
(2015) maintained a distinction between these two
genera, but neither provided detailed justification
for their assignment of this taxon. Nonetheless, these
two specimens show that distal fans were a key,
albeit rarely preserved, element of conical ernietto-
morphs from Namibia.

Discussion and conclusions

Ernietta is an iconic Ediacaran fossil taxon that is fig-
ured in most major global reviews and reconstruc-
tions of the Ediacara biota. It was first described
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nearly 50 years ago, and many scores of specimens
have been figured and described subsequently. Most
specimens occur in graded, hummocky cross-strati-
fied, or swaley cross-stratified event beds of sand-
stone (Bouougri et al. 2011), which represent the
norm for Nama-style preservation (Narbonne 2005).
However, like the gutter cast specimens of Rangea
described by Vickers-Rich et al. (2013), the excep-
tionally preserved specimens from the gutter cast in
the present study reveal that most or all previously
described specimens of Ernietta are incomplete, and
represent only part of larger and more complex fos-
sils (Fig. 7).

Discovery of complete specimens of Ernietta in
this Ediacaran gutter cast on Farm Aar is analogous
in some regards to discoveries of exceptionally pre-
served and complete fossils of Halkieria (Conway
Morris & Peel 1990), Anomalocaris (see review in
Collins 1996), Hallucigenia (Smith & Caron 2015),
and other Cambrian fossils that had previously been
known only from disarticulated parts of the organ-
ism. Like these Cambrian discoveries, discovery of
complete specimens of Ernietta rules out some previ-
ous reconstructions of its morphology and life habit
that considered Ernietta as an epifaunal disc that was
loaded to produce a basal bulb passing up into an
open cylinder (Dzik 1999) or as a fully infaunal
organism that was closed at both ends (Crimes &
Fedonkin 1996). However, discovery of complete
specimens of Ernietta has also supported and
enhanced some earlier views about the three-dimen-
sional morphology and ecology of Ernietta and its
place in the early evolution of complex life. Our new
reconstruction of Ernietta (Fig. 7A, B) is similar to
those of Jenkins et al. (1981), Seilacher et al. (2003),
and Seilacher & Gishlick (2014) in reconstructing
the distal end of Ernietta as an open structure
marked by a crenellate margin. It is especially close
to the reconstruction of Jenkins et al. (1981), which
shows the split at the termination of the trunk as the
base of two opposing fanlike structures, differing
mainly in showing thinner walls and a double-
rather than triple-walled palisade structure for
Ernietta.

The type specimens of Ernietta figured in previ-
ous papers are herein interpreted as basal attach-
ment structures that were buried in the substrate to
provide stability for the main part of the Ernietta
organism, two facing fans that extended above the
substrate into the overlying water column (Fig. 7A,
B). Fans are exceptionally common among Edi-
acaran megafossils, including the erniettomorph
Swartpuntia, and most likely filled mainly respira-
tory and/or feeding functions for the organism
(Laflamme & Narbonne 2008). Similarity and con-
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Fig. 8. Other erniettomorph fans from Namibia. Scale bar represents 1 cm. Arrows indicate felling direction parallel to bedding, and
black and white asterisks locate upper and lower opposing fans respectively in 8A—C. A, a new erniettomorph specimen from the Aar
Member at Aarhauser, NESM-F716B, viewed from below. B, opposing half of the specimen fan protruding from the matrix as viewed
from the top of the deposition. C, slightly oblique view of the profile/side of the block showing the lower fan bending upwards towards
the top of the deposition bedding plane and the upper fan bending upward but more directly pointing at the viewer. D, holotype and
only known specimen of Kuibisia showing a distal fan, NESM-F545.

tinuity of the tubular walls which line the anchor,
trunk and fans imply that preferential preservation
of the proximal portions of Ernietta is unlikely to
relate to proximal to distal differences in the origi-
nal composition of the tubular walls. More likely,
the basal part was preferentially preserved because
it was both moulded by the substrate and internally
filled with sand during the life of the organism.
Parts of the Ernietta organism that extended above
the sea bottom decomposed soon after death and
could not be preserved. This is taphonomically
analogous to the preservation of unrelated Edi-
acaran fronds such as Charniodiscus, in which the
infaunal attachment disc had a much higher preser-
vation potential than the leaf-like petalodia at the
distal end of the stem (Laflamme & Narbonne
2008), and as with Ernietta, these basal discs com-
monly occur in abundance in settings in which the
leafy frond is not preserved (Gehling et al. 2000;
Narbonne 2005). Grazhdankin & Seilacher (2002,
2005) regarded the classic Ediacaran taxa from
Namibia as having lived as endobenthic organisms
buried in the substrate, but subsequent studies
of Rangea (Vickers-Rich et al. 2013) and Pteri-
dinium (Elliott et al. 2011; Meyer et al. 2014b) are

consistent with the traditional interpretations of
fully epibenthic lifestyles for these taxa. The new
specimens of Ernietta herein described rule out
interpretations of Ernietta that required it to be
either fully epibenthic (Dzik 1999) or fully
endobenthic (Crimes & Fedonkin 1996), and pro-
vide critical evidence supporting the semi-endoben-
thic models proposed by Seilacher (1992), Seilacher
et al. (2003) and Seilacher & Gishlick (2014).
Specimens of Ernietta in the gutter cast at Farm
Aar exhibit a wide range in external shape that
reflects both folding during transport and mutual
deformation of adjacent individuals during deposi-
tion, and lack any evidence of ripping or breakage of
the body walls. These taphonomic features are simi-
lar to those observed in occurrences of Ernietta else-
where in Namibia (Pflug 1966, 1972; Bouougri et al.
2011; Elliott ef al. 2015), and imply considerable
flexibility in the organic tissues composing Ernietta.
In contrast with their highly variable external
shape, the architecture of Ernietta invariably consists
of a double-layered palisade of morphologically simi-
lar tubes. These tubular elements could be modified
to fill all of the functional needs of Ernietta — ranging
from sand-filled tubes that helped to anchor the
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buried base of the organism in the seafloor, to the
support function fulfilled by fluid-filled tubes in the
mid-trunk region, to the tubes in its distal fan that
may have performed feeding and/or respiratory
functions. Despite these very different functions for
different parts of the organism, there is no obvious
evidence of tissue differentiation in any known speci-
mens of Ernietta. This modular construction
employing tubular elements is diagnostic of the Erni-
ettomorpha, a major clade of Late Ediacaran life
(Pflug 1972; Xiao & Laflamme 2009; Erwin et al.
2011; Laflamme et al. 2013). The exclusive use of
parallel arrays of tubular elements for all components
of their architecture, construction, and function is
unknown among modern organisms, supporting
recognition of the Erniettomorpha as an extinct
clade in the early evolution of multi-cellular life.
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