LATE PRECAMBRIAN PSEUDOFOSSILS FROM THE FLINDERS RANGES,

SOUTH AUSTRALIA
by R J. F., JEnKINs®, P, S, PLUMMER® & K. C, MORIARTYT

Summary

JENKING, R ), F, PLummer, P S, & Moriarty, K. C, (1981) Lale Precambrian pseudofossils
from the Flinders Ranges, South Australin. Trans. R. Soc, §. Aust, 105(2), 67-83, 12 June,
198 1.

Enigmaltic, subcylindrical to conical, sediment-infilled structures occuiring in the Trezona
TFormation and the lower and upper parts of the Moouillah Formation of the late Precambrian
ol the central Flinders Ranges. South Awustralia, resemble certain fossil burrows such
as Bergaueria Prant], and also lute Precumbrian body fossil remains including the sack-shaped,
solt-bodicd form Ernictta Pllug from South West Africa (Namibia), The structures occur
up 1o 3,300 m *.lr.il.l}.l'.lphka“}' below the well known Ediacara assemblage. The lack of
disruplion or vents in their matrix seemingly negate the pm-ubillly that [hey are waler escape
quuclurr.s. but studies of their infilling and literalure research indicate that their true origin
is ulmost certainly inorgamic, their resemblance of various fossil remains being fortuitous.
Their recognirion emphasizes the apparent non-occurrence of metazoan remains below the
Edincara assembluge in the local rock record, lending negative support to recenl theories
pustulating either late evolution of the Metazoa or rapid diversification of animal life in the

latest Precambriun,

Introduction

In 1975, a discovery of abundant, pecular
cylindrical structures was made by Moriarty
in  the lower part of the Mouarillah
Formation (Plummer 19Y78) in Utanouna
Creek, within the Bunbinyunna Range, south-
west of Wilpena Pound n the Flinders Ranges
(Fig. 1), At the time he considered that the
structures may have been biogenic. During late
1976, in the course of extensive field mapping
of the Brachina Subgroup, Plummer found
comparable structure in float within Bunyeroo
Creek, and later a second specimen only a few
kilometres from the original find of Mariarty,
This latter specimen was shown 1o Jenking who
noticed a rtadial pattern of markings on the
basc of the (short) column, and longitudinal
striations on its sides. As such, the form
showed a resemblance to the Cambrian to
Jurassic trace fossil Berganeria Pramtl, and also
fo various late Precambrian metazoan remains.
Subsequent  exploration  has  widened  the
known distribution of the structure and con-
firmed its constancy of general form and the
mare or less stable sedimentological charac-
teristics attending fts preservation.

Twao  xpecimens of similar  structures in
stratigraphic collections of the University of

¢ (‘enire for Precambrian Rescaich, The Univer-
sity OF  Adelaide, North Terrace, Adelaide,
S.Aust. S001.

t School of Earth Sciences, Flinders University.
5. Aust, 5042,
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Fig. 1. u-:nh:y map of pseudofossil occurrences

in central Flinders Ranges, South Australia.

Adelaide were found by M. A. Reynolds in
1950 west of “Bunyeroo Hut™ (probably Yan-
yanna Hut on current maps) apparently within
the Trezona Formation of the Umberatana
Group.
Stratigraphy
The Trezona Formation reaches a thickness

of about 240 m in the Oraparipna area and
consists of mud flake rich pelletal limestones,
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Fig. 2. Charl summarizing regional siratigraphy
of voungest Precambrian succession in central
Flinders Ranges. and showing stratigraphic
intervals in which pscudofossils are found in
relution 1o Edjacara assemblage. Only upper
part of Umberatana Group shown. Poond Sub-
group alter Jenkins (1975b).

eryptalgal-laminites und associated stromato-

lites, oolitic limestones and  intratormational
limestone conglomerates mterbedded in green
siltstones (Thomson ef al. 1976). It 18 of
shallow water origin and comprises the upper-
most unit of the Farina Subgroup, within the

Umberatana Group, and is of early Marinoan

age n terms ol the local late Precambrian

fime-rock stratigraphy (Thomson 1969). It s

succeceded by the spproximately 60 m thick

Elatina Formation which includes the tillitic

deposits of the third and youngest glacial phase

of the Adelaidean (Mawson 1949), and is
part of the Willochra Subgroup of the

Umberatana Group,

The Broching Subgroup (Plummer 1978)
of the Wilpena Group is a coarsening upward,
Jdomipantly clashic sequence wilth an average
thickness of 1500 wn. It rests mostly conform-
ably though locully disconformably on the
Elatina Formation, Lying within the Subgroup
approxmmately 600 m above this glaciogeme
unit s a 460 m thick sequence consisting
predomimanitly al thinly interbedded red and
purple shales and silistones. This sequence 1
defined as the Moorillah Formation and com-
monly interposed within it are medium to thick
heds of purple tuffaceous siltstone which often
display intraformational conglomeratic  [ex-
tares, and lenticular crossbedded sundstones.
Soft-sediment deformation structures are ubi-
quitons,

The structures which form the subject ol
this paper oecur in two broad intervals within
the Moorillah Formation. In Bunbinyunna
Range (Fig, 1) several hundreds of specimens
were observed in a broad zone spanning much
of the basal half of the Formation. Very few
specimens were observed near the top of ihe
Formation in this area. Specimens were, how-
ever, moderutely numerous near the top of the
Formation at Mount Chambers Creek, 100 km
to the northeast,

Repavsitariex

Representative specimens are lodged n the
collections of the University of Adclaide;
catalogue numbers prefixed “A.U". Studies
were also made of a large collection of late
Precambrian fossils obtamed by Dr  Hans
PHug, Giessen, West Germany, from the Nama
CGroup of Namibia (South West Africa).
These specimens, catalogued “Pf™ are ulti-
mately to be rewirned by Dr Pflug to ihe
appropriate statutory body 10 Windhock

Description

The shape of the structures in vertical
section is commonly cylindrical (Fig. 3A &
E), with either a rounded tov hemispherical
hase (Fig. 4A), or a flal, U-shaped bast
(Fig. 3F: Fig. 4G), which is often lopsided
nnd with one or several central ndemations
(Fig, 4C, D, E & F). A sob-conical shape is
also occasionally displayed (Fig. 3B & C),
The upper part [requently expands outwards
like the mouth of a frumpet. In scenon paru-
llel (0 the bedding the structures display o
circular to ovoid outline (Fig. 3C & D). The
width of the structures (disregarding the
frumpet-ike upper rim) averages 6-8 cm, but
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varies between 0.8 and 20 cm. The expanded
mouth of the trumpet may reach over 30 cni,
' heir width is frequently less than their depth,
with some specimens roughly twice as decp
as wide, The depth may reach about 200 em.
Olten their surlace is acarly smooth, bul on
many @ scries of fine longitudinal  ridges
and grooves extends along the cylinder or cone
and [ans out on the trompet-like upper mim.
Occasionally these ndges and grooves con-
tinue ucross the base of the structure us radial
markings (Fig. 4F). The significinee of these
markings is gquestionahle. however, as they are
aften indisbinguishable from. and grade into
slickensides  which also occur  commaonly
within the niatris.

In the Moorillah Formation the siructures
are found within interbedded shales, siltstones
and fine sandstones. In the majority of speci-
mens the hase of the structure s cither
sunken down into, or in close juxtaposition
with the top af a siltstone or fine sandstome
bed (Fig. 4C). The upper parts of the struc-
tiures are often enveloped by laminated shales
which sometimes inclide thin beds of siltstone.
Where the siltstone helow the structures js
thin it is sometimes. bowed downwards and
there is u tendency for the shale laminue wnd
(hin siltstones subjacent 1o the sides of ihe
siruetures dlso 1o be gently curved downwards
(Fig. 3A & F; Fig. 4C & D). The uppermost
part ol the structures may teronnate within
shale, or be trunculed or capped by anather
hed of siltstone which is often howed up-
wards, The capping shale or siltstone par-
ticipated in pactially filling the strictures. Rare
specimens occur more or less entirely within
shale (Fig. 3F).

Sections of the structures show that they
had @ complex history of infilling and sub-
sequent compaction (Fig. 4C, Do E & Gl
Oflen the initial inflling consisls of fine
course sand with angular or subrounded mud
and silf clasts which came 1o rest in a sub-
horizantal attitude, or sometimes 1h an edge-
wise fashion (Fig. 4G ). The sand anfilling may
shiow rather ieregulir erosional surfaces within,
or grade upwards into Jaminaled siltstone siill
containing occasional clasts. 1t is apparent that
during de-watering of the swrrounding matnx
apprecmble compaction oceurred. The sandy
muterigl and silly infill of the forms seems
generully to have hehaved in a more conipe-
tent manner and compacted less than the
enveloping matrix, resulung in the obscrved

downward defocmation of the external sedi-
ments below and upward deformation above
(Fig. 3E). The silt laminac of much of the
miill are frequently bowed upwards (Fig. 4C,
D & E), The specimens from the Trezona
Formation haye @ slightly calcareous silty infill,
but otherwise show similar characteristics io
the material from the Moornllah Formation.

Interpretation
General

The nature of the infill indicates that the
structures must have intially been hollows ar
hales within the sedimentation surface. These
holes thus acted as traps for any course sedi-
men! bemg carried in traclion before being
buried by the more wrbid finer sediment. A
syngenchic origin s therefore envisaged for
which cither an organic arigin, or production
by inorganic processes, 18 possible,

Posxible Organic Origin

Two possible orgunic origins could produce
syngenetic structures similyr 1o those deseribed
here. Firstly, the burial of dwelling or hiding
burrows of actiniin<like creatures could pro-
duce trace Tossils resembling such forms as
Rereaneria, or Conustichus Lesquereux, Alter-
natively. the prescrvation of eup- or sack-
shaped animals could yield body fossils com-
parable to Nawmatia Germs, the “Ernietto-
morpha™ of Pllue (1972a) or Balkalina Soko-
lov.

Frey (1970) describes the burrows of
several living aclinians as being considerahly
deeper than wide, or sometimes  cxtremely
elongale and oceasionally hranched. Shinn
(1968) shows that adjacent to such burrows
it 1§ common to see a downwarping of the
sediment  lamination, In a  study which
Mangum (1970) made on ihe burrowing be-
haviour of the anemone Phyvlluctiv: - Milne
Edwards & Haime, she stated that rhythmic
contractions of the column musculature mani-
pulate the fuids of the column's hydrostatic
skeleton to push the pedal dise into the sub-
slrate: “after the pedal dise reaches n hard
substratm  and Sand surrounds the colomn
(hurrowing) ceases.” The Tower Ciambrian 1o
Jurassic trace fossil Bergaweria s normally
attribured 1o actinians burrowing and resting
in this manner (Crimcs ¢ al. 1977). Aecord-
ing 10 Alpert (1973) the depth of Berganeria
is less than or equal to its diameter, although
Crimes ef al. have observed decper specimens
in the Lower Cambrian of Spain. Externally,
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some of our more shallow specimens are essen-
tially indistinguishable from Bergaueria except
for being generally greater in size. Sectioned
specimens of Bergaueria from the early Cam-
brian of Alberta, Canada (Needler Arai &
McGugan 1968; Germs 1972a) show a
coarser, less regular internal lamination than
our material, and sometimes show slumping
which is presumed to reflect decomposition of
the inhabitant of the burrow.

More conical examples among the present
structures show a marked resemblance to
another trace fossil, Conostichus, which is best
known from the Mississippian-Pennsylvanian
of North America and is also attributed to
burrowing actinians (Chamberlain 1971
Crimes et al. 1977). Conostichus is a more or
less conical burrow, tapering downwards,
reaching about 11 ¢m in depth and 8 cm in
diameter (Branson 1960) and variably marked
by transverse constrictions and longitudinal
furrows and ridges. The sides of Conostichus
consist frequently of several “packed” layers
apparently formed as the anemone wallowed
in its burrow. Where it is assumed that the
actinian abandoned the burrow abruptly,
“shifting sand and debris filled the void with
cross laminae” (Chamberlain 1971). Where
the actinian apparently migrated upward in
order to keep pace with sedimentation, the
centre of the burrow may be filled with trans-
verse sand laminae forming apically-convex
concentric cones, While the present structures
are sufficiently similar to Conostichus to sug-
gest that they could have a broadly similar
biological origin, that is formed by a “poly-
poid” organism largely buried in the substrate,
some important differences are apparent. Our
structures are never observed to show layers
of sediment plastered subjacent to their walls,
and both the even lamination or the small
erosional features within the infill show that
the origin of this material is entirely sedimen-
tary and not the packing behind a polyp mov-
ing upwards in its burrow.

The second possible organic interpretation
of the structures is that they are actual body

fossil remains, with the integument of the
organism represented by the surface of parting
between the enclosing matrix and the infilling
material. They could thus be considered to be
preserved as either an external mould and
counterpart cast or as composite moulds in
the terminology of McAlester (1962) and
Wade (1968, 1971). As such, they might be
further interpreted as showing affinities with
a rather variable group of fossil forms known
from the late Precambrian. These forms are
Namalia villiersiensis Germs and the variety
of specimens which Pflug (1972a) includes in
the “Erniettomorpha”, both from the Kuibis
Subgroup of the lower part of the Nama
Group, Namibia, and Baikalina sessilis Soko-
lov from the Ayankan Formation of the Upper
Yudomian, on the Malyi Anai River, near
Lake Baikal in Siberia.

Our structures strikingly resemble Namalia
villiersiensis and the variable fossils Pflug
(1972a) collectively describes as the “Erniet-
tomorpha”, Within this division Pflug includes
13 genera with 28 species in five subfamilies,
four families and two orders (Glaessner
1979). One of us (Jenkins) has examined
Pflug’s material and considers that all the
specimens he refers to as the “Ernietto-
morpha” belong to a single genus and species,
Ernietta plateauensis Pflug; the other nominate
taxa seemingly differ only in their complete-
ness of preservation, their degree of com-
pression, or the amount by which syndeposi-
tional erosional processes have truncated the
upper parts of the buried remains (see also
Glaessner & Walter 1975). The remains of
E. plateauensis seem so similar to N. villier-
siensis in their morphology, preservation and
provenance that it is very likely that they are
conspecific.

Ernietta is usually preserved in apparent
life position with recorded field occurrences
(Germs 1968, 1972a, 1972b) and specimens
(Pflug collection) indicating that numerous
individuals lived in close proximity to one
another. The organism was essentially sack-
shaped in form (Fig. 5A, B, C & E; Fig. 6A)

Fig. 3. Field photographs of uncollected pseudofossils: examples from lower part of Moorillah
Formation, except D and F from upper part; scale divisions in cm. A, subeylindrical form with

beds in adjacent matrix curved downwards at sides

and thinned near base: Utanouna Creek.

B, conical specimen: Utanouna Creek. C opening where conical specimen has eroded from matrix;
upper edge of form apparently extended to line x-y and siriations on mould of its surface are
arrowed: Black Gap. D, external mould of Jarge bowl-shaped form: Mount Chambers Creek. E,
subcylindrical specimen showing gently domed ripple bedded sands above and downward deforma-

tion of beds near base: Utanouna Creek. F, profile of shallow structure within shale:

Chambers Creek.

Mount



72 R. F. J. JENKINS, P. S. PLUMMER & K. C. MORIARTY




LATE PRECAMBRIAN PSEUDOFOSSILS 73

and composed of several layers of soft lusue
which could undergo ready deformation. The
sack is inferred 1o have been attached at its
closed end, either to the substrate, or very
frequently to small clay gulls or some other
projection on the surface of the substrate
(Fig. SD & E; Fig. 6A). The several wall
membranes of the sack were interconnected by
thin, Nexihle, radially arranged, longitadinal
septa whose position on any partieular wall
layer is marked by either parrow ridges or fine
longiudinal grooves (Fig. 0B, C & D). The
elongate tubular spaces sa formed between the
walls and the septa are frequently packed with
silt or sand to form internal moulds, The
upper and apparently open end of Lrniena
terminates in o crenellate margin in the jew
rare inslances wheie it is preserved, More fie-
quently, however, it i found collapsed and
delormed (lag, SA & E). This discussion of
other details cancerning fhe structure of 1his
extraordinary arganism full oviside the scope
of the present work

One of the most remarkable characterisnos
of Ernietla is its preseevation, which j2 one of
mfilling comparable to the structures from the
Flinders Ranges, Thus, secvons of Ernieria
may show a layered and graded sand or silt
infill, with medium-grained saond at the closed
end of the sack and very fine-grained sand
near the apparent open end (Fig. SC), Bed-
ding surfaces indicyte the onginal depositional
orientation, Blehs of clay-rich material and
limonite  pscudomoarphs,  presomahly  after
authigenic pyrite, are frequent in the nfillings.
The few specimens still within their origina)
matrix arc cnveloped by mediuni-grained sand
(now quartzite), The inblling of Erniena does
uot, however, show the fine Tamination usually
ohserved in our structores.

Pllue (1972b 1974) aricniated the "Erniet-
tomorpha” in the reverse aspect to that sug-

gested here, that is with the closed end of the
sack upwards, Published data concerning their
oceurrence in the field (eg. Germs 1968,
1972a) ure ambiguous as o thewr orientation.
Nevertheless, evidence from their distortion
and layered antill is considered suhstantiative
of our interpretation.

From a straligraphic Viewpointl it is intrigu-
ing thot the Kwihis Subgroup, which contains
Ernietla, 15 succeeded by a sequence containing
glacingenie sediments and scraped and grooved
bedding plancs (parts of the Schwarzrand
Subgroup) reflecting several cold phases of
Tater laie Precambrian glaciation in southern
Africa (Germs 1472a, 1974; Kromer 1977,
Kriner ¢ al. 1980) and that our struetures
occur only relatively short stratigraphic dis-
tances both below and above the last late Pre-
camhrian glaciogenic deposits in the Flinders
Ranges (purts of the Elatina Formation).
However, the glacial events recorded in the
Schwarzrand Subgroup are suggested o have
heen of local extent, and radiometric data of
relevance for the Nama Group (Kriner 1977;
prelimmary data passed in personal commiuni-
cation between Professor Kriner and Dr Plug;
Kriiner ef al. 1980) 1ogether with fragmentary
dating informuation from Austraha reviewed
by Williams (1975) suggesis the likelihood
thut the Nama glaciations are significantly
youpger than the Elatna Formation.

The Siberian form  Balkallna  sessilis s
appatently closely similar ta Ernietia, but is
too incompletely described for further com-
parison,

One objeclion to a biological origin is that
if our forms did represent soft-hodied fossil
organisms then the creatures must be imler-
preted as having maintained their life func-
tions even during the time of their mfilling,
as Their presumably soft integument would
surcly have collapsed flat if’ death were earlier,

Fig. 4. Photugraphs of infilling sediment and sectinns of pseudofossils and field photograph of depres-
sions connecled by gullers Trom lower part of Moorillah Formution ai Utanouna Creek, except F,

from same steatigraphic inferval at Black Gap

Bor-sciles equivilent w0 1 tm. A, side view of

AU, No 24731. B, field photograph ot irregn

und G from loose boulder in Bunyeroo Cieek.
plug of mfiling sediment of pseudofossil eroded free,
lur depressions interconnected by gulters; end ol

ruler (o hinge S0 cm, C-F, rellected light photographs of sections of pseadofossils; C, erosive base
(h) ol toim closely juxiaposed with bedtjit:qg interface (x-y) belween siltstone bed (=) und over-
Iyine shale (sh), AU. No. 24729, D, cast infill with erosive surface, arrowed, ind cone-shaped Trac-
wres (f-f) extending below: shale laminue in inatrix down-turted at sides of struciure, AU. No.
24730, E, specimen with cenirally domed base and domed, ﬁnei;f laminated sile infilling, A.U, No.
24728 F. undeineall view of part of base of infilling plug of large pseudofossil with arrows in-
dicating more or less sradinlly areanged markings, A.U. No, 24733. G. broken section through.
psetidofossil within fine sundstone: infilling. ulso fine sandsione, includes numerous shale flakes, sorme
gr_}x;nwb wre orlentated in edge-wise fashion: overlying bed of laminaled fine sandstone, ALT, No,
4734,
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Maintenance of life doring  sedimentation
scems manifestly  mapossible. This argument
makes the explanution of the preservalion ol
Ernicita difficult, but for this form it migh
be presumed that the anset of sedimentalion
wits extremcly rapid, perhaps in the form of
a lurbidity current which gave rise to the ob.
served graded mfill. In any event. the Erniefiu
organisms  appear 10 have ultimately  sue-
cumbed 10 sedimentation as their tops are
variably pursed and compressed or overfalded
(Fig. 5A & E). Our struciures show na evi-
dence of the multple wull tissues present in
Ernietiq, nor definite evidence of septa or the
precise and regular organization so  charac-
teristic of this fossil form. The most convinge-
ing explanation of the striations on the sides
of our structures arc ss slickensides dae 1o
differential compaction. In o number of speei-
mens the slickensided surfaces project into the
matnix below the actual inbll o the form of
a more or less cone-shaped fracture (Fg, 400.

The systematic postion of Namalia, the
“Ernictiomorpha’ and Baikalina, together with
several other problematic Precambrian fossil
arpansms. was  reviewed by Glaessner &
Walter (1975), who suggested them 1o be re-
lwled (o their taxon Arumberia hanksi, Yrom
the Arumbera Sandstope in the Amuadens
Basin, central Australia. Glaessner & Walter
considerad that while these forms could gene-
rally he referred 10 Pllae’s (19708, 1970h,
1971, 19724, 1972b) division of the “Peti-
lonamace”™, the formal application of this name
was not to be recommended because of ary
hypotheticul concept and varions speculative
implications applied to it, Thus they rejeeted
the ideas of Pllug (1973, 1974) that the "Peta-
Janamue™ represent a peeuliar hranch af Pre-
cambrian evolution infermediate in posinon
hetweeh the kingdoms of plants and animials.
Nevertheless. Glaessner & Walter maintained
that the forms jusl discussed and various Pre-
cambrian frond-ike organisms thow a general

similarity which wmplies an underlying t1axo-
nomi¢ unity, and that the members of this
grouping “imay be classified provesjonylly as
Coclenterata of uncertain systemahic posilion’.

This viewpoint is entcised by Jenkins and
Gehling (1978) who suggested that the origi-
nal concept of the “Petalonamae”™ may nvolve
the artificial amalgamation of quite distinenve
classes or even of separate phyla. Varying
further interpretations of the Petalonamae are
given by Ford (1979), Brasier (19792), Scrut-
twon (1979) and Glaessner (1979), bul this
problem falls essentially outside the scope of
the present study, Based on comparison with
the geological studies and experimental work
ol Dzulynski & Walton (1965), “Adrienberia”
is consudered by Brasier (1979) 1o be “prob-
ably a pecudofossil cuused by wrbid water
flows". New widespreal discoveries of “Arym-
ferla made by Dr B, Daily and lenkins
cenlral Australia (see ulso Kirschvink 1978),
where the form is several times found in near
association with coarse grained sandsiongs or
cunglomerates. provide a body of additional
cvidence supporbive of Briaer's canclusion.

Probuble Tnoreanie Origin

In un excellent Teview of inorganic cylindri-
cal strictures found within sediments, Bailey &
Newman (1978 indicate that the usual pos-
tulated mechanisms for their formation involve
early diagenetic upward-lowing springs  or
escaping pore waters (see also Quprke 1950:
Hawley & Hart 1934, Guhelman 19550 Cony-
heare & Crook 1968), Such structures gre fre-
quently filled with sedifient of similar grain
size, sorting and testure 1o the enclosing (silt-
stone or sandstone) matrix, or show a erude
caurseping in grain size towanls the centre of
the cylinder. Occasionally, even an inverted
cone-in-cone  arfungement of sy and  sand
Iarmination can oecur (sce Dionne & Laver-
diere 1972: Goaneloff 1974). Often the lower
end of the cylinder s irregulnr and shows

Fie, 5. Remuiny of Enueita plateancnsiy Pllug. 1966, from Kuibis Subgroup of lower part of Numu
Grogp, Namibin: all natural size, A, side of nemly complere specimen Viewed along ling ot wider

frunsverse axis: uppermost parts show evidence of nverfulding, Pf. No. 178, B,

side of specimen

viewed normal to wider Trunsverse uxis; at least three Sseparite wall membranes (W1, W2 andW 1‘J
shown by internal moulds of sand, emamabhc “budding” suture occurs olong b-b, PE_Nuo, 187, €,

longitudinal section of sand mfilling central cavity showing ressiy g
presumably reflecting iniermiltent stages of infilling and orennion
ts limonite after aulhigenic pyrite,

and depositional surfaces (g)

ol organism at each stage; dark syupre and spo

layers of progressively finer sediment

light eolourad

edee of the infilling duc 10 weathering Pl Na. 308. D. view of hase of specimen showing deformed

area (d) and pippledike prominence
organism: ziezae sutire slong line x-v,

cnclasing matrix: infllimg indvidna) collapsed downwards, with

pursing inwards. Pf. No. 287.

(p) which may reptesent the poine of attachment ol the
Pf. No. 99, F, side view ol specimen with some of

hase Manening and apper  purl
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Fig. 6 Ernictla plaleawensis PAug, 1966, A, reconstruction of group of individuals living on sundy
Precambriun sea boltom. Several possible alternative, but nol necessarily mutvally exclusive, re-
constructions of individuals shown. Youthful specimens evidently attached to mud gnlls of other
prominences un sea botlom, more muture specimens may have lived with basal parts buried in
subsirate. Ourermost membrane seems 10 have been caul-like and only faintly showing underlying
longindinal  structure. “Mouth” sometimes preserved broadly flared, or more frequently collapsed
ot pursed, Individuals of ull sizes may shown enigmalic transverse suture or possible zome of “bud.
ding” at about half their length, Abowt .7 natural size. B-D, skelches of sectional cuts through
actual specimens: b, traces of bedding in matrix (impul'e sundsione or quartzite): r adhering thin
sliver ol rock; s, septal membranes evidenced by surluces of parting or thin limonite stained (races:
w. similarly evidenced wall membranes: z, known or inferred position of basal zig-zag suture: all
x 1.5, B, subloogiludinal section ulmost normal to Zig-Zzug axis, three wall membranes evidenced.
Pf. No. 120. C, section of another specimen almost transverse to longitudinal surface mirkings. D.
section of different specimen cut oblique to longiiudinal surface mirkings,
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fissure fillings. In the present struciures from
the Flinders Ranges, however, ihe freguently
fine lumination of the more silty phases of (e
infilling shows no evidence of disruption other
thun slight deformation during  compaction,
and the thin sand beds which often oceur at
the base of the cylinder show no siga of
fissuring or disruption such as might he ox-
pected with the rapid escape of fuids, Thus
our structures were evidently not Jormed by
the upward eseape or flowuge of pore fluids.,
Also. the syngenesis af these struclures elimi-
nates an cpigenetic concretionary origin. Such
syngenctic structures could. thecetore, only be
formed inorganically as toronds ur pal-casis;
these names both essentiglly Teferring o ihe
casts of ¢ircular scour pils.

In past literature, such scour pirs are offen
sugpested 10 have been formed by whirlpoal
action generaled along the houndary belween
curfents Nlowing in opposile directions. As such
they might be expected o oceur in high encray
shullow-water environments in hoth  marine
and non-marine realms, Aceording to Cony-
beare & Crook {1968), circular woroids are
ustally wider than deep. The external wior-
phology of Iheir casts s suggested 1o be
characteristically  swirled, like thar of
“folded bun”, generally with a smooth surface,
although the formation of roughly conceniric
patterns by scouring is commor, Internally.,
toroid casts may display structural and lex-
fural homogeneity.

Our structuyres show a marked resemblance
1o the “rippled torowls” described by Dorr &
Kauffman (193} from  the  Mississippian
Nupoleon Sandstone of  southern Michigan,
They considered these torads to have heen
“formed by the action of vorleX currents on
unconcaliduted sand in shallow waler of the
inmer suhlittoral zone™ and supporied ther
findines by inducing vorfiees in a water-filled.
sand-floored box  and  producing  artificial
1oroids. Some of the structures they deseribed
were elomeate. obligue cones. 3 shape ncca-
sionally shown by our material,

This precise explanarion scems imapplicuble
with respect 1o our structures for several
reasoms Dore & Kaullmann considered  that
the environment of deposition of the Nuapo-
lcon Sundstone wae one of Ttelalively high
encrey and this s consistent with the texture
of the rock (sand). Our slrietures oecor
wilhin @ variety of lithotypes representing mud
1o fine sand grades, reflecting microenViron-

ments of varying encrey levels, upd presum-
ably mostly of tuther low gnergy. The Vortex
hypothesis invoked by these authors implies
tidal shear ar near-shore phenomena which,
by their very nature, must be restricled to o
relutively narfow belt parallel w the palaco-
coast. We, however, have located our struc-
lures al weographie separubons of 20 km
parallel to the inferred depostitional strike and
perhaps 600 km at right angles to it. Also. our
forms oceur wt various levels over § 1otal stran-
eraphic thickpess in exeess of 1400 m.

Aigner & Futterer (1978) and Aiger (1978}
dacument and explain inorgamic pol-casts and
gutler-casts from (the Muschelkalk of south-
west Germany Some of the pot-casts which
they figure (ie. Aigner & Futterer 1978, figs,
IA. AL D, D' and By are idenueal in shape
and internal layering 1o the Flinders Ranges
cpecimens. exeept that the coarse material ot
the buse of the “pois™ consists of shell debris
cather than ¢lay galls The Muschelkalk pols
may be packed within an  cdgewise cou-
glomerate of shells similar to the edgewise
conglomerate of mud flakes present o some
of our specimens (Fig. 4G),

On the basis of lume expeniments Aymer &
Futterer aliribute the Muschelkalk pot-holes
in the erosive effects of eddy currents forming
in shell-filled depressions due to the influence
of a steady or increasing upidireetional eur-
rent over the gencrul surface of the substrate.
They nole that such pots are unknown on
present-day tidal Mals and consider that their
arigin is entirely submarine. The implicalions
of this are at some variapce with Plummer's
(1978) finding that on the basis of such srue-
tures @<  flartopped  ripples,  inferference
ripples and shallow channels with ebb-orien-
tated psymmetric ripples, parts of the Mooril-
lah Formation in which our structures accur
frequently aceumulated 10 a low intertidul mud
fiat environment. However, we did not ohserye
any sedimentological structures in difect asso-
ciation With the pot-casts that would 1mpiy
emergence,

An alicative aspect of this explanation for
the Flinders Ranges structuares is that some-
times thie pot-caste arc peculiarly coalesced or
joined hy uneven trough-like farms (Fig. 4B)
which are exacily parallciled in the Muschel-
kalk material [Awgner & Fulterer 1978, figs.
IR, C and F). In rare instances there may
even be evidence of a ripple hollow or other
depression in which the c¢lay galls  that
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formed the erosive 1oty may have originally
uccumulated (Fig. 3A).

Measurements of the diameter of the pot-
casts in the Flinders Ranges (Fig. TA & B)
show a range of vanuhility quite comparable
tu guller-casls studred by Aigner & Futlerer
and the depth of specimens s similar. A histo-
gram of diameter agamst frequency (Fig. 7A)
shows a somewhut skewed dstnibution with
the modal digimeter at 6-7 em, A suggeston
of a polymodal compunent an this histogeam
probably reflects the observation ihat speci-
mens of the pol-casts on given bedding planes
tend to be closely sinmlar in size, a likely n-
dicatiun of their nearly simultancous genera-
tion. Karoz et al (1974) describe how a held
of small pns  Cmdividually  reaching up 10
9 mm dianreler ) may form on freshly deposited
cluy under the influcnce of a current. and 1t
may be possible that such depressions serve
a5 a nucleus lor the subsequent formation of
pot-holes,

The study of Aigner & Fulterer alse de-
monsirates a very marked preferred onienla-
tiun Tor the Muschelkalk gutter-casts, parallel
o the coastliue and basin axis, Our  pot-
structures are usuglly oveid in outline ( Fig.
7B) and measurements on four bedding-plines
i ascending strptigraphic order at Utanouna
Creek also demonstrate 4 marked preferred
arienfation tor any given bedding plane (Fig,
7C), though s direction chaonges hy $0°
between ihe lowest and the third surfaces
studied. The more or less east-west oricita-
tons for Levels T and 11 are approximately
normal to the palacodepositionsl trends for
the Flinders Ranges area, whilst the N.NW.
SSE hitections for Levels 1 and IV ace
roughly parallel to the basin axis and (wes-
tern ) shoreling (e.g. sec Plummer 1978),

The mdividual  pol-casts  are  spaced on
hedding plunes at intervals of severul teps of
contimeters 10 several meters. In rare instances
specimens are wrouped on part of o bedding
plane, while none are present on the remainder
of the surface. Dorr & Kauflfman (1963)
poited our thar sbhe “rippled torowls™ which
they deseribed also show a patchy distribufion,
Similarly  Norrman  (1964)  indicated &

clumped distribution for modern day pot-holes
eroded nto a clay lake boltom,

Associated pscudofossils and oldest local

record of metazoans

Glacssner (1969) described the complex
Irace-like  marking  Bunyerichnus  dalgarnoi
from the base of the presently recogmised
Moorillah Formation at Bunyeroo Gorge, He
conxidered that this marking may have been
made by an aninial related 10 a primatve mol-
luse  without a shell. Large bedding plane
cxposures are a persistent feature of many
outerops of the Moonllah Formation at ths
locahty, bul despite extensive searches no new
finds of B. dalgarno have been made during
the decade since s discovery, After crhical
examination of #. dalgarnai, Jenkins (1975a)
suggested that it 55 a composite of primary
impressions vceurring on twa separate beddmg
planes, und ihus unlikely 10 be ol metazoun
origin, The great frequency with which in-
orgame tool markings occur in this formation
led Jenkins (o consider it {0 be ““a unigue
acuidental set ol markings made by a tethered
implement moved by the current”, The imple-
ment miay have been a smadl mud elast caught
v a tassel of twisted algal threads. It is sug-
gested to have moved in o4 series of small
jumps 10 oseveral arcbiate swaths to jeave over-
lapping, curved bands of more or less regular,
Iransverse imprints marking successive  bed-
ding planes. Thalus-bearing, nbbon-like aigae,
which might have provided the fether, appear
in the Riphean of the USSR, and form ac-
cumulations grading into supropelic laminae
and films in the Vendian (Sokalov 1977).

Small circular markings on a bedding plane
ol o single loose block of roek found within
the Moorilluh Formation have been considered
as structures Tormed by escapiog  gas
(Plummer 1980,

The oldest probable record of metazoans in
the Flinders ranges is of markings resembling
small medusonds and fine sinuous trails found
by Dr Mary Wade at Braching Gorge within
the Bonney Sundstong (previously the “Red
Pound Quartzite™) which is the lawer forma-
tion' of the Pound Subgroup (Wade 1970, p.

Fig. 7.

madimum transverse diameter of specimens plotled  against

Measuienients of psendofossits 1 Utanouna Creek. Bunbinyunna Range. A, histogram of

frequency: specimens otcur on four

large bedding planes, levels 11V in ascending siraligraphic order, B. plol of maximum and minimum
frunsyerse diameters of individual specimens occurring on level 11, C, direction of orentation of
longer transverse axis of avate specimenes plotied for each bedding plane.
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92). Other finds of Precambiian metazoans in
Auslralia are gpparently cither uapproximately
cquivalent 1o age 1 the Ediacura assemblage
senan sirfcie, or are Likely ol younger age us
iy nlerred Tor dhe Mt Skinner ~fyuny™ of the
Amadeus gnd Georgina  Busins  (see Walde
1969; Daily 1972; Kirschyink 1978). Tt thus
becomes timely o consider why the severa
thotzand melres of Marmoan or youngesl Pre-
cambrian sediments which precede the Pound
Subgroup m the Flinders Ranges, and which
are well exposed omd otherwise occur exien-
sively throughow the Adelarde Fold-Belt, are
apparently barren of metazoan rossils, Nume-
rous  stratigraphical  and  sedimentologieal
stichies  generally imply  marine origing  for
mieh o this succession  (Thomson 1969
Thomson ez af. 1976; Plummer 1978). Argu-
ments that the facies may not have been sit-
able tor the preservation of small soft-bodied
temams (el Glaessner 1972) are not fully
copvineing as finely laminated beds preserving
the smaliest  inorganic  tool-muarkings  (ca.
0.5 mm) ave frequent, and Wade (1968, 1970)
has found that the conditions needed for the
preservation of 4 soft-hodied assemblage were
not particolarly stringent, Indeed the Ediacara
assemblage sensw lare 1v now known 1o ocour
in quite varishle facies ar dilferant Waorld
localhities,

An extensive litergture concerns supposed
finds of cither body fossils or 1race lossils pre-
tlaling [he Ediacuara assemblage sensu luto, bt
subseguent studies have led frequently to =
questioning of the mterpretanon or sometimes
Ihe age of these reparted oceurrences (Glaess-
net 19649, 1979 and pers. comm.: Cloud 1973,
1978: Cloud ot al, 1980; Sokolav 1977; Yakoh-
san & Krvloy 19771, Ohher of these findy
continue o be cited as possible evidence sup-
portive of ideas of a graduglistic evolution of
carly metazoans (¢.g. Glacssner 1972, 1479;
Hengston 1977; Rrasier 1979). The studied 1e-
cord of the sequences in the Flisnders Ranges
docs not provide evidence of an extended
carlv histary for the melazoans.

Rualher nezalive cvidence and the known
nocurrence of fossils in the Flinders Ranges
lend support 10 weas such a5 those of Stanley
(1873, 197na, 1976b) sugegesting a late radia-
tion of metszoans, predicted on a basis of
ceological modelling, or to an exponential in-
crease in amimal lite fraom 1he late Precambrian
to the Cambrian, shown by analysis of age
data and counts of recogmized 1axa {Sepkoski

1978, 1979}, Stanley considered that the early
radianon of cukaryotes may have been in-
hibited by the ssturaton effect of Precambrian
alpul systems and suegested hat the advent of
cell-eating heteratrophy riggered a “kind of
sell-propagating feedback system of diversifi-
cation” cumulatmg in the nitial major radia-
tions of both ihe metaphyles and melazoans.

Recently Choubert & Faure-Murer (1980)
aswgned a middle Riphean age to the rocks
containing Precambrian metazoan fossils on
the Avulon Penimvula, Newfoundland, and at
Charawood Forest, England. This finding 15
patently ncorreet, and not only overlooks
lines of geological cvidence which suggest
that these racks are late Precambrian (Wil-
liams & King 1979: Parchett ¢ nl. 1980), bun
ighares a 20 year cycle of rescarch document
ing Vendian or Ediacaran affinitics for the
genera Charnin Ford and Charniodiscus Ford
present in the fossil assemblages (Gilaessner
177, 19791,

Conclusions

The present study  describes Precambrian
structures which have a relatively complex
eenesis and  show  resemblances 10 certain
cyhindrical to conical fossil burrows, as well as
to  sack-shaped, longitudinally striate body
fossil remains of comparable age, However.
these resemblances appear to be fortuitous and
the true origin of the structures is suggested
1o he 35 erosive pits formed by vortices induced
v cpisodie currents and the scouring action
of trapped mud galls. The hvdrodynamic con-
ditions leading to their formation are not fully
understood and to our knowledge no such
structures  have vet  heen  described  from
present dav. marine, sub-tidal environments,
The degree of resemblance between  these
pscudofossils and several burrow torms and
suck-shaped hody fossils emphasizes that a
variety of both inorganic and organic pro-
cesses may lead to the formation of closely
similar stractures which may even show de-
prees of gradation. The corollary of this
finding is that the description of such Kkinds
of Precambrian structures and the assignment
of a particular genesis, especially one of hio-
Togieal origin, should be approsched with
cuution,

The finding of these structures and recogs
nitton of other associated pseudofossils sug-
gests thal true indications of Metazoa arc
resiricted tn the highest pant of the local



ILATE PRECAMBRIAN FSEUDOFOSSILS 21

Precambrian sequence, thus providing nega-
live evidence supporting recent theories that
postulagte a late evolulion or tadiation ol
amimal life towards the close of the Precam-
hrian.
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SONDEROPHYCUS AND THE TYPE SPECIMEN OF PEYSSONNELIA
AUSTRALIS (CRYPTONEMIALES, RHODOPHYTA)

BY H. B. S. WOMERSLEY & D. SINKORA

Summary

The type specimen of Peyssonnelia australis Sonder in MEL is a Peyssonnelia and is distinct from
the taxon known as Sonderophycus australis (Sonder) Denizot. The latter, which is based on P.
australis Sonder, is distinct generically from Peyssonnelia and is therefore re-described as
Sonderopelta coriacea gen. et sp. nov. P. australis Sonder is an earlier name for P. gunniana J.
Argadh but a synonym of P. capensis Montagne.



ImEE BHL

Biodiversity Heritage Library

Jenkins, RJ F, Plummer, P S, and Moriarty, K C. 1981. "LATE PRECAMBRIAN
PSEUDOFOSSILS FROM THE FLINDERS RANGES SOUTH AUSTRALIA."
Transactions of the Royal Society of South Australia, Incorporated 105, 67-84.

View This Item Online: https://www.biodiversitylibrary.org/item/127755
Permalink: https://www.biodiversitylibrary.org/partpdf/78970

Holding Institution
South Australian Museum

Sponsored by
Atlas of Living Australia

Copyright & Reuse

Copyright Status: In copyright. Digitized with the permission of the rights holder.
License: http://creativecommons.org/licenses/by-nc-sa/3.0/

Rights: https://biodiversitylibrary.org/permissions

This document was created from content at the Biodiversity Heritage Library, the world's
largest open access digital library for biodiversity literature and archives. Visit BHL at
https://www.biodiversitylibrary.org.

This file was generated 13 November 2023 at 05:02 UTC


https://www.biodiversitylibrary.org/item/127755
https://www.biodiversitylibrary.org/partpdf/78970
http://creativecommons.org/licenses/by-nc-sa/3.0/
https://biodiversitylibrary.org/permissions
https://www.biodiversitylibrary.org

