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* ABSTRACT

Despite the palaececological emphasis of most:
recent stromatolite research outside. the USSR, .
controversy still exists regarding the environmental
restriction of these organosedimentary structures
and in some cases, analogies with modern occurrences
have been maintained too rigidly. Palaeo-environments
should be determined where possible by a combination of
all biological and sedimentological evidence.

In SouthAAustralia3 Cambrian athPrecambrian
carbonate rocks which form a substantial proportion .

~of the:thick seqpence in the Adelaide Geosyncline,

contain widespread stromatolites, which have been
studied according to methods developed in,K the USSR

and classified into the form taxa "group" and "form".
The absence of 1ndependent biological environmental
indicators in the Precambrian section necessitates a
reliance on general stratigraphic and sedimentological
data for the interpretation of regional palaeogeography
and local environmental conditions. The Skillogalee
Dolomite, older than the lower of two Laté Precambrian
tillites, contains one predominant form of. stromatolite
almost throughout its extent, although .at least one
additional, form occurs locally. These stromatolites .
chiefly grew as biostromes in littoral and lagoohal
settings on an extensive, level, carbonate-depositing
platform, probably of restricted access to the open
sea. ‘The interspace and associated sediments show
evidence of varying energy conditions, degree of
oxidation and possibly salinity,-but the same stromatolite
persists, although there is some=xgpdification of

" morphology; such as:the presence of micro-unconformities in

the higher énergy environments. The Umberatana Group,
stratigraphically the interval including the two

tillites, has basinal shales and siltstones . in its

lower part, but during a subsequent Widespread regression,
the marginal parts of the basin were shallowed sufficiently
to allow the growth of stromatolites, probably in

water depths ranging from shallow subtidal to. low
supratidal, In addition, in the northern central

part of the basin, offshore banks of shallow water
limestones may . have been related to areas of dlaplrlc



-2
activity. The stromatolites of the Umberatana Group
most often occur as bioherms of varying sizes 1nt1mately
associated with ooid and intraclast grainstones,
crossbedded sandy limestones, and, in marginal areas,
penecontemporaneous dolomites. Twelve forms of
stromatolites have been dlstlngulshed in the Umberatana
Group. Different forms may occur in sequences of
seemingly indistinguishable lithofacies. These observations
from the Adelaide Geosyncline strengthen the view that
stromatolite morphology is at least partly biologically
controlled, the defined taxa being largely 1ndependent '
of the local environment.

INTRODUCTION f
~ Whereas stromatolite research in the USSR durlng

the last decade has concentrated almost exclu51vely on taxonomic
and biostratigraphic considerations,»ﬁestefn_invéstigatprs" |
have until very recently (Cloud & Semikhatov, 1969)_consistently
refuted the possibility of straétolite zonation, éxcépt for
local correlation (Rezak, 1957). Their approach has beén rather
to examine the environmental aspects of strématolites;‘bo£hfin
the Precambrian and the Phanerozoic - in the latter case espec1ally,
stromatolites have often been of only marglnal 1nterest to sedlment-
ologists and stratigraphers engaged 1n-carbpnate_petrology and
basin analysis ih the search for petroleum. Hoffman (1969) -
gave an outstanding example of a basin‘study in the Precambfian,
using stromatolites. The use of ‘stromatolites fér én#ironﬁeﬁtal'
interpretations was givén‘impetus Ey studies 6f modefn'analégués,
whose similarity to fossil forms has, however, sometlmes been
overstated (e.g. Bathurst 1967, p. 458). |

Interest in stromatolife environmenté'commenCed
with Black's classic study of algal mats:onlAndros Islahd, Béhamas,
Monty's re-examination of the algal mats of Andrés Iélénd
(Monty, 1967) greatly extended knowledge of the fegk of algae,

espe01ally in llme pre01p1tatlon The lack of rapld
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lithification may have prevented the algae from colonizing
rough waters. In contrast, Shark Bay, Western Australia,'is‘an'
environment in.which modern algal mats form domed, columnar-
and club-shaped structures. Logan (1961) considered early.
lithification by interstital precipitation of aragonite to
be responsible.for_the relief of the stromatolites. .The Shark.
Bay stromatolites are reported by Logan to be restricted to the
intertidal_and supratidallzones and this environmental.
restriction of stromatolites has often been assumed to be
universallyAvalid. |

The apparent restriction of modern stromatolites .
to the near—intertidal zonelhas frequently‘been used in
subsequent palaeogeographic and environmental studies. Recently;
however, the occurrence of subtidal stromatolites has .become.-
recognized, both in modern and ancient environments.. For.
instance, thauer,and Johnson (1969)Iargued'that-stromatolites
in certain Lower Cretaceous reef complexes were subtldal
Playford & Cockbaln (4969) demonstrated that stromatolltes
in a Devonian reef of Western nustralla grew on the fore-reef
slope to a depth of 45 m below the equivalent reef crest; the_
degree of'depositional dip of the fore-reef beds was determined
from geopetal strhotures;. Geheiein'(1969) has described in
detail the growth of reoent_Sdbtidal‘stroratolites'in
Bermuda. He found that laminae are asymmetricaliy
thickened"oter exposed doonsiooesxof sea grass beds

and that thickening of laminae occurs on the up-current
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side of a stromatolite. This fact had been recoghized earlier
by Hoffman (1967), who used 1t as a criterion for current dlrectlons.
These observations make it clear that the presence of stromatolltes
in the record cannot be used as an unequivocal 1ndlcator of
intertidal or supratidal environments. Stromatollte growth
is restricted to shallow depths of water, probably less than 50 m,
the limiting factor being the‘intensity ofﬂlight}transmitted to
the sea floor. In clear water, iight‘penetration may be consider-
able; mofeover, some algae have bhetosynthetic'pigments Wﬁich
absorb and utlllze the longer Wavelengths of llght transmltted b
to greater depths of water (Straln, 1951, p. 256, Tappan & Loebllch
1971, p. 266). 1t is pos51ble that algal growth at thls depth
may have been sufflelently prollflc to allow the formatlon of |
stromatolltes. Stromatolltes-by themselves cannot be used to
recognize specific. shallow-water. zones,’lt is necessary to

evaluate all biological -and sedlmentologlcal evidence.

PRECAMBRIAN STRATIGRAPHY OF THE ADELAIDE GEOSYNCLINE
In the Precambrian sections of the~F1iﬁéers Ranges,
only sedimentological evidence,is availableAfOf ehvironmental
interpretetions, and even this may be partly ebliterefed'by diagenesis
and incipient metamorphism. In discussing the environments of
the stromatolites, it wiil be necessary.te consider the overall
sedimentation patterns throughout the basin at times of stromatolite
growth, but palaeogeographic reconstruction is hampered bj the
follow1ng difficulties:
(1) lack of prec1se time- correlatlon between stratigraphic
sections,
(2) the sparse distribution of directional features in the

. carbonate and argillaceous:rocks (they,sre well



-5-
develcped’in the sandstones) and

(3) the_general:absence of fossils (other than -stromatolites)
by which to recognize specific environments. :
In its regional mapping programme, the South Australian

Geological Survey has consistentlj correlated rock units-over

large areas accordlng to 51m11ar1t1es of. llthology and general

stratlgraphlc p051t10n. That such correlatlons have a tlme

significance has been implled or explicitly -stated. . Except

in rare cases wheretrock units have been:shown tc,intertongue,

the time—parallelism‘of fcrmations.has}been'asshmed; While rock

correlations are an essential part cf Precambrien stratigraphy, -

and provide a broed;time framework (such as that used in stromatolite:

biostratigraphy), it may be ergued that they must 1eed to invaiid

palaeogeographic reCohstructions. An_extreme.form cf7thisA

" viewpoint has been expressed by Shew (1964)3 whc,COncluded-thet

all'w;despread noh—volcanic rock uhits debositediin epeiric

seas-must be diachronoﬁs, both,fcr.sediments”deriVed;from'within.‘

the basin and outSidefit, Clearly;fentironment, including

_nearness to shore, Was,the.onlyﬁfectcr;ccnsidered~to determine

sedimeht tYpe:‘ as the environhehtIShifts inFtime,”so the rcck

“unit becomes progressively SPread oter a.larger . area. - But

this neglects factors SQCH.as climate or changes ih,the»relief

of source areas, which may have an 1nstantaneous effect on

sedimentation over the whole or most of the basin. Certalnly,

many facies can exist side-by-side et‘ahy.one-time, and the

esultlng formatlons are dlachronous but such relations should
be determlned where p0531bly by mapplng of facies changes, ‘or by

“tracing volcanic markers,,or by palaeontologlcal correlatlcn.
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The discus?ion is particularly pertinént to the Adelaide
Geosyncline* -~ itsel} a deeply subsiding, but-bathymetricéliy
shallow intracrafoni% epeirié basin. The Precambrian of the
Adelaide Geosynclineicontains no voicanic’markers, nor is it
likely that any tech?ique of Precambrian paléedntology will ever
have sufficient resoiving power to demonstrate the diachrony of
any of the widespread formations. Three methods which may be
applied to palaeographic reconstruction are (1) the detailed
mapping of intertonguing relationships, (2) the use of
Walther's Law (Walther, 1894), i.e. that a vertical sucessiqn
of facies in a complete sequence, reflects the lateral facies
distribution at any one time, and (3) mapping the regiOnél
distribution of lithofacies. 1In additioh, if widespread glacial
deposits are present, and these can be corfelaped intra-regionally
with confidence, they may be used to define approximate time-
boundaries. Current direction data may aid in interprefing
basin shape and patterns of sediment transport;

Field work was concentrated on relevant sections
of the Umberatana Group, mainly in the.soﬁthfwestern part of
the Northern and in the Western Flinders Ranges; sections
were measured at stromatolite occUrrences'andﬂat-bther
accessible sites. Lithologies sedimentary structures,
stromatolites and bedding attitudes Were.detérmined where possible.
Rarely, it was possible to measure current directions from

sedimentary structures, chiefly ripple marks, but insufficient data

.

* The term "Adelaide Geosynéline" is retained héne~as convenient

although the basin is by no means a typical geosyncline.
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were obtalned for statlstlcal representation. In the laboratory,
. examined and Hae wmedsured sechons ~ ‘ »
thin sections Wereﬂused to draw a fence dlagram, and supplementary
thlcknesses were calculated approx1mately from publlshed maps.
These were comblned to complle 1sopach maps of rock’ unlts in
the Umberatana Group;>
Stromatolltes were studled and cla551f1ed accordlng
to the methods developed in the USSR as descrlbed elsewhere
(Prelss; 1972, in press), into the form taxa "group" and "form".
Fig;‘ﬂ is a summary of the stratlgraphlc nomenclature
currently used by the South Australlan-Geologlcal Survey for the
Adelaide Geosyncline, and indicates,inferred correlations and
rock relationshipst - The following authOrs uere.responsible for
the mapping and nomenclature of the various“areas - Adelaide
region: Mawson & Sprigg (1950);.Thomson»(1966a§§ North Yorke
Peninsula: Mirams (1964), Thomson (1966e), Thomsons(1969);»
Mid-North: Wilson (1952), Mirams (1964): Southern Flinders
Ranges: Thomson et al; (1964), Binks (1968); Central Flinders
Ranges: Thomsonfet al. (1964): Northern Fliuders Ranges:
Thomson et al. (1964), Coats et,al,l(496§), Coats et.al.'(l972).

"ENVIRONMENTAL INTERPRETATION OF THE SKILLOGALEE
| DOLOMITE

Regional.Distributioﬁ

'In the Adelaide region, the Aldgate Sandstone, basal
formation of'the Torrensian Series of Mawson & Sprigg (1950),
is overlain by pele‘dolomites (Castambul Dolomite), followed

by phyllites, then dark grey dolomites with chert andrfragmental
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magnesite (Montacute Dolomite). This sequence is generally
correlated with the‘Skillogalee Dolomite of the northern
regions (Wilson, 1952), a formation low in the Burra Group
which unconformably ﬁnderlies the lower of the two Late Precambrian
tillites. A lower member, (predominantly pale dolomite) |
and an upper member (dark, cherty dolomite) of the
Skillogalee Dolomite have also been oise:ved in many secfions_
in the Flinders Ranges. Dolomites, frequently with fragmental ' )
magnesite, are extremely widespread throughout the Adelaide
Geosyncline at the horizon of the upper member. Forbes (1960),
in a study of these magnesitic sediments, has rarely observed
lateral facies changes, and reports the great continuity of
individual beds. Carbonates are replaced laéerally by shales
in the Adelaide region, where carbonates are restricted
to the Torrens Gorge - Montacute region, and a few other minor
occurrences., The Skillogalee Dolomite becomes continuous
north of about latitude 5408. 'Fig. 2 illustrates the_distribution
and thickness variation of the Skillogalee Dolomite over the
Adelaide Geosyncline (ﬁodified from Forbes, 1961), and indicates
the localities frém'which stromatolites have been cbllected.

The following comments may'be made about the distribution
of facies:
(1) The Skillogalee Dolomite is thickest (over 600 m). in the
western and northermost regions. | |
(2) Columnér stroﬁétolites are well developed in the northern
region, especially DepotICreek; Hawker (near the Worumba Diapir)
and Witchelina, while occasional stromatolitic beds’were found
at Copley, Arkaroola, Mundallio Creek, Yatina and the Burré—

Robertstown région. A float specimen was found near Spalding.




-9-

No definite stromatolltes were found south-west of a llne
Jjoining Mundalllo Creek and Robertstown wavy bedded dolomites
in Port Germeln Gorge are more 11kely to be slump-folded

than stromatolltlc. : |

(%) Magnesite is most abundant in the Copley reglon (17ﬁ of

the sectlon) but magnesite conglomerate beds are also well
developed at Mundallio‘Creek, Johnbnrg,FHaWker‘and Arkaroola and
west of Witchelina. Occasional magnesite conglomerate beds also
occur in the Weekeroo area (the most easterly:occurrence of

the Skillogalee Dolomite). | ‘

(4) Sand forms tne greatest proportion cf the section (more

than 30%) in the Wrtcne}ina and,the'Cryetal Brook regions,
while between 10 and.zo% eandecccnrs'at Adelaide, Bundaleer
(near Spalding), bepon éreek, Mundallio.Creek,~Ccpley,4Arkaroola
and Johnburg. (Forbes, 1960) From the distribution'of sand |
in the section, Fcrbes concluded that there were hlghlands to
the west of Beetaloo. Slmllarly, greater~sand proportions at
Witcheiina’ﬁhan dopiey and Arkaroola might suggeet a landmaes

to the north-west. | | A

The map'aiso indicates tne‘present distribution of

the Skillogalee_Dolcmite, largely controlled by tne.tectonism
which occurred in pre—fillite times; in sone areas, especiaily
on anticlines with dlaplrlc cores, Mlnes Department mapplng .
has shown that local upllft caused angular unconformltles or
stripping of the Sklllogalee Dolomlte. Such maaor local upllfts
occur at Mt Remarkable, Yednalue, Worumba, and p0551b1y,
north of Wltchellna, North of Mt. Palnter, a low angle unconforﬁitz

in@%gates'stripping o&%;ﬁe@SkillcgaleeADclomite'(and lower
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units) prior to the deposition-of the tillite. Similarly,

the Burra Group is totally removed in part of the Weekeroo area
by a 500 unconformity (Talbot, 1967), while to the north-east,
the tillite directly overlies basement. Thus at least in
post-Skillogélee times, there were uplifts on the northern and
eastern margins of the basih, but the general absence of fasies
changes in the vicinity of the local uplifts suggests that N
these were not active durlng sedlmentatlon. Since no
Skillogalee Dolomite is preserved on the Stuart Shelf to

the west of the Adelaide Geosyncline, and sand is concentrated
in the western Flinders Ranges, it may be argued that the
western basin margin was near the present Lake Torrens -
Spericer Guif area. But the northern ahd eastern margins

of the basin at this time cannot be defined.

Stratigraphy of the Skillogalee Dolomite at Depot Creek

The section at Depof Creek on the western margin .
of the Adelaide Géosyncline is typical of many areas, and was
the one most intensively examined during this study. The
contact between the Skillogalee Dolomite and tﬁe underlying
sandstone is gradational; over a thickness of 35m, medium and.
coarse grained feldspathic sandstonés are progressively
replaced by flaggy gfey and pink dolomites, partly with
disrupted bedding. One such dolomite band contains small
ellipsoidal vughs, up to 1 cm long, lined with drusy dolomite,
and lastly filled with coarsely crystalline quaftz, The prigin
of these structures is uncertain: superficially, they resemble
birdseyes, but their cross-cutting relationship to some silty
laminae suggests that they are secondary solution voids.

Polygonal nudcracks and current ripple marks on reddish shale



-11- .
partings are rather common in the sandstone 1nterbeds, and
easterly flow1ng currents are 1ndlcated (dlrectlons measured
were 107 , 97 _and‘1§7 ). Lamlnated green- and reddish
(weathered) shales become prominent above this level, and are
interbedded Witndflaégy sandyldolomites, stromatolitic:dolomites.
and wavy‘or cross-bedded dolomite . Irregular chert lenses |
are more common in the upper part of the sectlon, and always occur
replacing dolomlte. Minor sandstones Wlth dolomitic cements
persist. | o ; _ .'

At aboutdﬂoom above the base of tne lowest dolomite -
bed, shales and siltstones predominate; ln one lnstance, cublc.
halite casts were noted in poorly bedded.dark-grey mudstones.
Pink to buff coloured dolomites occur aS-partlj lamlnated;'partly
massive. interbeds. The more massive beds are frequently'
biostromal or cons1st of contlguous bloherms, up to 1m in dlameter.
The thlckest biostromes are up to 2m thlck, and comprlse a new
stromatolite form of the group. Tunguss1 Semlkhatov. The -
upper boundary of the blostrome is an erosional surface, ‘on
which the transverse sectlons of columns are exposed. Shale
dep051tlon resumed after this dlastem, and was gradually replaced
by influx of sand, to form an 8m thlck bed of feldspathic
sandstone. f | |

_ The upper memper of.the Skillogalee Dolomite, above
tnis marker’sandstdne, is predominantlyrdark coloured, and |
contains numerous magnesite conglomerate beds, which are
’rare or. absentzln the lower nember. Stromatolites-occur-

only as 1solated herlzons, separated by platy ‘angd. lamlnated

but thrck-beddedwdolomrtesJ Black chert: either forms
moderately continuous beds or irregular pods: and. lenses iIn dolomite.

At least some of the chert is_offlate“diagenetic origin, since.
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it cuts across bedding or stromatolite columns. Interbedded
magnesite clasts vary in diameter from 1 or 2 mm to 15 cmy; in the
latter case they are large,'rounded curled mudflakes, which

would have withstood virtually no transport. The‘iﬁnglﬁg_
occurrence of small mound-like stromatolites within these
conglomerates indicates that they were able to grow in essentially
the same environment as that,in which magnesite was forming.
Forbes' suggestion that magnesite intraclasts'were broken up

by desiccation is espécially applicable to thése coarse
conglomerates; in Wthh nany fragments are still curled. The
Sklllogalee Dolomlte grades. up 1nto an essentlally arenaceous‘
sequence, in which arkosic sandstones Wlth well rounded

quartz grains and a dolomite cement'predomlnate.

“Other stromatolite localities.

A new form of Baicalia, B. burra. (Preiss,1972, in press)
occurs at all the other localities, and'posSibly‘at Dépbt
Creek also. In the Burra area it occurs in biostromes up to
2m thick: near the top of the upper member of the Skillogalee
Doloﬁiteo Magnesite is rare. Dolomites are generally very
fine grainéd, except where recrystalliZed by metamofphism; |
and the sediment in stromatolite interspaces is predominantiy
micritic, with very rare intraclasts and ooids. This suggests
growth in a relatively low-energy environment. Correspondingly,
stromatolite columns are relatively regular and sﬁbcylindrical,
with little evidence of contemporaneous erosion. Near Spalding
magnesite conglomerates are common in the upper membqr, but
stromatolites are rare (the'only speéimen'found was in float).

The Skillogalee Dolomite is thin in the Yatina Section.
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Here the stromatolites form small lenticular bioherms up to

1 m in diameter, which had relief over the surroundlng

depositional surface. Small 1ntraclasts are common in interspaces,

and there areAslight mlcro—unconformltles in the stromatolitic

layeringo The'surrounding.platy dolomites are micritic and

dark coloured; Magnesite was nof seen in the sectien, but

the lower member, which here is flaggy ratherbthan‘massive

as is common elsewhere, eontains on some bedding pianes;'

rectangular marklngs resembllng gypsum crystal casts.

| Magne81tes are very abundant 1n the Worumba sectlon

where stromatolite columns are. more tuberous'and'lrregular, and

ha¥e more numerous micro-uncenformities_than_at Burrador

Yatina. The occurrences are biostromal,.tnough ﬁhe”upper

surfaces of biostromes ane’undulating, growth being eeneentrated

at certain points along the_bed; Magnesite conglomerate beds

are freQuenﬁiy intercalated. Ooids and fine intraclasts are

common in interspaces, suggesting intermediate energy conditions.
Simiiar conditions pfevailed at krkaroola where

stromatolite beds are much ranen.l Here the lower member con81sts

dominantly of 1nterbedded quart21tes and 51ltstones,'w1th pale

coloured-dolomlte marbles at the base. "Ripple marks and mud—cracks

are very common in the quartzitesf The upper member contalns
abundant magnesite conglomerates, with interbedded laminated
dark grey dolomites, but stromatolitic biostromes were noted at
only one horizon. Similariy, at Copleydnagnesites are extrenely
abundant, but stfomatolites_are restrieted. |

To the north, howeve;,:between Myrtle Springs and

West Mount Hut biostfomes are prolifically developed, with less
iy ’ : . . » .
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magnesite. Here stromatolites grew in relatively thé highest
energy environment of all Skillogalee Dolomite occurrences;
intrasparites fill interspaces between columns, and substantial
erosional unconformities are evident in the stromatolitic layering,
(Fig.3). Frequently large fragments of columns accumulated in
interspaces and formed the base for new growth of columns.
Biostromes are intercalated in laminated green shales, frequently
nmudcracked, representing lower energy phases. |

It is seen that although Baicalia burra is almost

ubiquitous in the Skillogalee Dolomite of the Flinders Ranges,
its abundance varies and is difficult to relate to any particulaf

sedimentological association.

Environment of deposition and palaeogeography
| Forbes's (1960, 1964) conclusions régarding the
depositional environments of the magnesitic rocké may be summarized
as foilows:-
(1) The frequent exposure and erosion of muds indicated by
mud cracks and intraformational conglomerates, suggests
a paralic environment. B
(2) Dolomite was considered the closest approximationi%o a.normal
marine sediment, either as a primary precipitate, or more
probably, as a penepontemporaneous replacement of calcium
carbonate. |
(5)' Magnesite formed in the terrestrial environments, possibly by
the admixing of continental alkaline waﬁef and magnésigm-rich
sea Wgter, and was frequently eroded.
(4) The low carbon content of magnesité (compared to the dolomite

rock) suggests that the magnesitic environment was unfadourable
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re

" %o life.

(5) Repeeted trensgressionsjeﬁd'regressione explein the cyolic
‘alternation of marine éndlterrestriel sediments; During
tfansgression, magnesite.formed ih'mergiﬁalllagoone; while
duriﬁg regréssion,>these“eediments were eroded end reworked
seawards, fOrming‘revefse-grededAbeds. )

(6) Fig. 2, modified from Forbes (1961); shows the interpreted

R palaeogeography of the Adelalde Geosyncllne durlng the
'depos1tlon of the Skillogalee Dolomite. The central portion
of the basin received magne51te detrltus reworked from marglnal
lagoons during regre851ve phases, and dolomlte muds durlng |
transgre551ons. |

7 Marglnal upllfts, poetulated from the‘relatlve emounts.of
terrigenous sedlmentatlon, occur. to the west and north of the
Fllnders Ranges; these are con51stent Wlth_the known dlstr;bution
of thetékillogalee Dolomite, and the positions of postdepositional
unoonfOrmites.' Marginal highlands apparently had the greatest
relief west of Beetaloo, ae‘deduced from thevgreatest proportion

of sand in the Beétaloo - Crystal Brook areas.

Although in»general,“these conclusions are supborted by
my observations,_e few points should be noted. ForbeS‘sﬁggested that
the magnesitic environment_was-uhfé?ourabieeto life, bdt at.Depot
Creek, stromatolites occur WLthiﬁfe bed of little-transported
magneeite clasts. . Moreover, et-the present daj,gblueigreen~elgae_:
afe abundant in the hydromagnesite. lagoons ofvthe Coorong, South
Australia. Forbes' marginal zone Without_magnesite (196ﬂ,
Fig.5) is not well documentedf-‘Dolomitee without magnesite

conglomerates are common at both Crystal Brook and Robertstown,
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so that Crystal Brook is unlikely to have been less marine than
Robertstown. The basin of deposition is likely to have extended
northwards beyond the Willouran.Ranges, since Skillogalee Dolomite
also occurs in the Peake and Denison Ranges.

'AThroughout the area of the present Flinders Rahges, there
must have extended a wide, extremely level platform of carbonate
deposition. The absence of major lateral facies changes suggests
that there was littlé variation in water- depth from the margins to
. the centre of this platform, but deeper conditions probably persisted
in the southern regions. Transgressidﬁs.of the sea acrdss the.
platform brobably advaﬁced northwards from the predominantly
marine southern area. During tranégressions, dolomite formed in
extensive lagoons on the platform and magnesite in the mbSt
hypersaline mérginal areas. -

| The origin of the dolomite and magnesite remains proble—
matical; some may be formed syngenetically, but much of the carbonate
is probably reworked. Alderman & Skinner (1957) reported primary
dolomite precipitating from the Coorong lagoon waters, but current
opinion favours the formation of syngenetic dolomite by the wvery
,early';%g replacement of calcium carbonate (Freidman & Sénders,
1967, bt 294). Hydromagnesite forms in two ephemeral lagooﬁs
in the Coorong of South Australia (Von der Borch, 1965),'bﬁt
again its mode of origin is obscure. In_ﬁhe Persian Gulf, early
diagenetic dolomite is reported assdciated with evaporites in
sabkha (supratidal mud-flat) environments (Illing, Welis & Taylor,
1965) and an analogy could be drawn with dolomite with possible

gypsum casts at Yatina. The association of bedded dolomites
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and conglomeratic magnesites appears to have no dipeét modérh
analogue. . Magnesite, formed in coastal lagoons, WaS'éroded
during regressions and redeposited seawards ds intraformétional
conglomerate. Much of the vegy’fine grained ddlomite,-especially
‘that forming the stromatolifes, may also be of détrital bfigin,
since there“is no eVidence of replaCement'éhd fine structures
are excellently preserved. Thé_Dépdt Creék-area is likely to
have been marginal at times as is suggested by theé liﬁtle'
transported.magnesite intraclasts, but pebbles from other
areas are usualiy well rounded.

Studies of the stromatolitic iaminatibn, gross form,
and interspace filling suggest highest energy environments in
the Willouran Ranges‘area,"aﬁdNthé loweét enefgy near}Burra.
The Willourani Ranges -area Was'subject.tb strong wave and‘current
action, and the stromatolites;ﬁay'havé-grown Qn'exposed’headlandé.‘
On the other hand, the Burré'region ﬁaj.héve beeh eitﬂer 1agoonal
or a barred embaymenta or slightly deeper water (Forbes??éﬁggested-
a marine‘enQigﬁent for this aréa), but a depth below hormal.
wave base 1s precluded by“the‘presence_of_strématolites. fIn‘any
case, the important point is that in these two extremes of

environment, the one stromatolite form, Baicalia burra occurs.

But the occurrences are not identical: the degfee of regularity
of columns and the presence or absence bf contemporaneous
erosional features ‘are differences that can be ascribed directly

to the energy of the environment.

ENVIRONMENTAL INTERPRETATION OF THE UMBERATANA GROUP

Regional thickness variation of fthe Umberatana Group

<

This section is concerned with the conditions of
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sedimentation throughout the basin during the interval of time
between the major Late Precambrian glaciations of South Australia,
which mark the top and bottom of the Umberatana Group. The
sediments are preserved over very large areas, so that a regional
palaeogeographic reconstruction can be attempted. The interval
between the top of the lower tillite and the top of the upper
(and its equivalents) was chosen for the,cohstruction'of an isopach
map because irs‘bpundaries ere}easily_recognizable,‘and because
it is a unit which, as a whole, is unlikely to bevmarkedly»
diachronous° More-over, it represents the time during which strom-
atoli%ﬁ growth was most prolific, both in areal extent and in
diversity; twelve forms have been distinguished. Fig. 4 is
an isopach map compiled for this interval from sections measured
from published Mines Department maps. Although the measurements
are extremely approximate, and the map is therefore subject to
considerable error, some trends are nevertheless evident:
(1) The overall axis of the basin is meridional, but ridges and
troughs within it are freqﬁently oriented E-W,. »
(2) The zone of maximum subsidence is a NNW-SSE trending trough
centred in the south-eastern Central Fllnders Ranges.
(3) Depth of subsidence decreases from here to the east and west,
a ridge occurring between the trough and the western margin.
(4) In the Northern Flinders Eanges, a trough parallels the fold
trends, and shallows to theAnorth, east and south, suggesting
a land mass peripheral to the north-eastern margin of the
presently exposed sediments.
No rocks belonging unequlvocally to this tlme 1nterval

have been found west of Lake- Torrens, where Wllpena Group |
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equivalents unconformably overlie earlier~sédiments of uncertain
age (Pandurra Formation and Woocalla Dolomite) (Johns, 1968;
Thomson, 1966a). The fact that within the Adelaide Geosyncline,
the isopachs show rapid thinniné'ﬁo the west, suggests that
Umberatana»Group-sedimenfs were never deposited on the

stable platform; the basin margin may have been situated somewhere

near Lake Torrens and Spencer Gulf. A similar thinning occurring
‘ along the northern and eastern margins of the Northern Flinders

.Ranges, similarly suggests a land mass in these regions (the

exposed e
presenﬁbpasement inliers at Mt. Painter and Olary are not remn@@ﬁs

of thisilénd mass, since they are overlain by a considerable thickness

of Umberatana Group cover). In the south-eastern part of the

COPLEY 1:250,000 Sheet area, the.Uﬁberatana Group is thin, suggesting

proximity to the basin margin.. The interpretative cross-section

(Fig.5) across ‘the ORROROO 13250,000 Sheet illustrates the relation-

. ships and thickness variations of rock units from the margins

to the centre of the basin in the Southern Flinders ‘Ranges.
These suggestions, based upon the patterns of thicknessAvariatioh,‘

are very largely confirmed by a stqdy;of-the'sediméhts themselves.

‘Regional stratigraphy

As now defined, the Umﬁératana Group’éémmences with the
glacials, of the Yudnamutana Sub—Group,'Which rests unconformably
upon erodedABurra Group sediments. The g}acial Sediments may
have been deposited partly in shallow'seéé and partly as
terrestrial moraines. : . i

Tapley Hill Formation. This 1s an extremely widespread

~unit overlying the lower.glacials with a sharp conformable or

disconformable contact. The dominant lithology, a dark grey very
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thinly and evenly laminated siltstone, is present in all

sections; in addition, various carbonate units may be interbedded.
The persistence of a black shale at the base of the Tapley Hill g,
Formation (Tindelpin? Shale Member) has perhaps been overstated «

(e.g. Parkin et al., 1969, p.66) since in many areas, eg.

7:+4/- Depot Creek, the Tapley Hill Formation sequence is siltstone

é‘My*‘a«Jé-—« . . )
wovttzihroughout , except for thinly bedded grey dolomites,

8 Loi ’ -

adbseceinterbedded near the base of the formation. Such dolomites

are widespread throughout the Adelaide Geosyncline; at Depot Creek,
these are banded, dolomitic intrasparites and intramicrites |
céntaining fine rounded intraclasts and pellets, and represent<ag.
higher energy environment and more rapid deposition tﬁanbthe
interbedded silts, so that perioaé of.strong current actibn
alternated with célm periods of slow settlingbof terrigenohs
silt. No strbmatolites are known from.thiS'fécies- Dolomites
from other greas are chiefly'micritié. The Siltstones interbedded
with the dolomites are dark grey, very thinly and uniformly
laminated. Current structures are generally absent. The
lamination is an alternation of.O}OB_to O.1 mm thick quartz-rich
silt laminae and thinnér organic;rich clayey-Iamihae. Small
amounts of carbonate cement éfe preéenf. |

This lithology is maintained almost throughout the
Tapley Hill Formation; however, current effects are visible
in some places. In the type section south of Adelaide, much
of the Tapley Hill Formation contains abundant current ripples,
which indicate a fairly consistent south easterly current flow
(Fig. 6)oj Most of the ripple marks arebstarved or isolated

ripples (Walker, 1965) and contain slightly coarser silt-sized
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sediment. Rippled beds are separated from each other by evenly
lamlnated silts several centimetres or tens of centimetres thick.
ulmllar'rlpple marks near Clare indicate easterly-moving currents.
The constarcy of direction ef the currents'suggestefthat‘they are
not tidal currenfe. -In the:far north-eastern part of the Flinders
Ranges, the Tapley Hill Formation ie‘apparently absent;(Coats

et al. 1969, Mt. Painter Province Map); here the Balcanoena

Formation (normally above the Tapley Hill Eormatlon) Tests

(“‘ls -
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. The follow1ng features characterlze the Tapley Hill
Formation. (1) its- extremely Wldespread contlnuous dlstrlbutioh,
(2) its very f;neg_unlform,lamlnatlon,’(B) its dark colour (the
silts and shales are. often pyritic ahd.rich‘in organic matter)

and (4) the presence, locally, of 1solated current rlpples

‘These features suggest very slow depos1t10n under reducing conditions,

by settling of silts and clays. Occa51enally, bottom currents

laden with very little sedimeﬁt,ﬂflowedAdOWﬁ the’palaebslqpe

towards the basin axis. The Tapley‘Hill‘Formation-is best-

regarded as a basinal marine facies; 1ts deposition, belew
wave base, is likely to have .been in moderately deep water.

‘The interbedded dolomites of the basal Tapley Hill

. Formation are-problematical. Since they probably formed.in

relatively.shallower water, and the overlying silts in deeper
water, the successioﬁ from dolomites .to laminated silts is considered
to mark a rapid marine transgression; perhaps related to a

eustatic rise of sealevel after .the cessation of the first major



2D

glaciationo-

In most areas, the siltstones of the Tapley Hill Formation
grade upwards into calcareous siltstones and.silty banded limestones
(YankaninnaiﬁﬁﬁﬁiMQWW;and equivalents). This unit is commonly
cross-bedded; near Adelaide, south-eéasterly currents persist.

At Mayﬁards Well, North Flinde®¥s Ranges, large scale fiﬁple
marks of 15 cm ﬁ%velength conhsistently indicate south-westerly
currents (Fig. 9), |

Brighton Limestone. ~In mést areas, the upper part of

the Tapley Hill Formation' becomes markedly calcareous, occasionally
with thin limestone or dolomite interbeds (e.g. the Wockerawirra
Dolomite of the Central Flinders Ranges). Weli défined, thick
limestone units occur above the Tapley Hill Formaﬁion near

Adelaide and along the western margin of the Southern Flinders
Ranges (Brighton Liméstone and eqﬁivalehts),.while the Balcanoona
Formation of the Northern Flinders Ranges i$ of similar facies and
probably corresponds in age, at least in part, to the Brighton
Limestone (see table, Fig. 1). Fig. 6 is an isopach map of the
Brighton Limestone and ité equivalents in the southern part of

the Adelaide Geosynclinej -their diStribution haé been.deduced

from 1:250,000 maps and from sections measured in the field. The ¢
map shows that the Brighton Limestone equivalent is mainly festricted
to the western margin of the basin, and thins rapidly towards the
east. At approximately latitude 520, the Brighton Limestone lenses
out to the north, as it does also south of latitude 33°. South 9f
this latitude, there are lenticular limestone WCCﬁrrences

near Booborowie, near Kapunda, and at the type area south of

Adelaide. . The Brighton Limestone of the type section is probably
AN N .

N
N
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not contlnuous w1th its equlvalents in the north.vAEast Of'the
main outcrop of Brlghton L;mestone equlvalent in the ‘Southern
Fllnders Ranges, a very thick llmestone lens oceurs centred
near Yednalue. The 1sopachs also .show two centres of max1mum
llmestone depos1tlon near Melrose and near Depot Creek
separated by a reduced sectlon 1mmed1ately east of Port
Augusta. "Where the Brlghton leestone lenses out, 1ts time-
equlvalents are either calcareous, Tapley llke siltstones w1th

minor dolomltes (Yankanlnnag(tﬁwtvﬂmbw to the north) .or wavy bedded

and sandy s1ltstones (Tarcow1e Slltstone to the south and east)
In the type sectlon near Adelalde the upper, calcareous

part of the Tapley Hill Formatlon grades 1nto scoured and

with £laf -pebble breccia—limastomi’ femses ol rave’ olomz.-d«a.pd showmatbtes.
cross—bedded silty llmestones,n T - wm+¢soverla1n by plnklsh and

A o o

blue-grey partly cross-bedded 001d and 1ntraclast gralnstones

o — nﬁ;—ﬂaﬁ“”" L T
w1th minor” ca/czrv-ws _siltsteastand v sanilstons at, fmease The uppermost
T e ;‘--,.__ r.._.;Nf‘“M_. ‘pf s

member of the Brlghton leestone is: a plnk to buff coloured
lamlnated dolomlte, oontalnlng flat-pebble brecclas and. oolites.
Allochems are supported by mlcrltlc matrlx but the Whole rock,
is dolomltlzed Intraclasts are tabular,}w1th Well rounded

edges.. The lamlnated dolomltes;contaln broad, concave—upwardskmp«wukd fld

e - e~

S S DR

structures up to 20 cm w1de,4&ue Secicy Qe bud&ck%%rdei éy ﬁﬂvmaiﬂwﬁmu
W:x:\{ are  Hevefore of 'm‘h‘a@mrma-hm‘d v\e‘f' {-Qcﬁwu“m T :
(%P‘%n. The upper beds of - these buff coloured dolomltes are

TN

thlnly 1nterbedded Wlth green s1lts and gradually the dep081tlon

of terrigeneous clastlcs became domlnant, The.overlylng

‘beds are thinly bedded grey and green'siltstones“With

purple, ripple-marked and desiccation—cracked mud laminae,

indicative of frequent intermittent exposure.

In the Southern Fllnders Ranges, an essentially s1mllar‘

sequence of fa01es is observed. _The_sectlon at Depot Creek is
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typical. The transition from Tapley-Hill Formation to Brighton

Limestone is marked by periodic cessation of terrigenous sedimentation,"
accompanied by stromatolite growth. At the base of éach stromatolite ’
bioherm is a diastem; the surface of the silts was scoured, and
stromatolites grew on the elevatéa ppints; while channels

were filled with imbricated flat—pebblegbrecéias (Fig.?)Q

In places, columns are slightly:eidngated in an. east-west direction
which is consistent with a north—soutthrending shoreline (cf.
Logan, 1961; Hoffman, 1967). Typically, theAstromatolites

commeﬁce as domes on erosioﬁal highs in the underlying'silts,

and frequently the lamination in the silts is also démed; this

is interpreted as a compaction effect. Silt deposition was
frequently resumed during fhe late étages.bf stromatolite growth,
as indicated by intertonguing.

The flat—pebb;e'breccias fillihg-fhe.erosiOnaipéhannels
around the periphery of bioherms are poorly sorted, either with
lime mud supported intraclaétsﬁ i.e. wackestones of Dunham
(1962), or pellets and large intradlastS'with sparry cement.

The intraclasts are randomly stacked, Orvin_plaées.irregularly -

imbricated, and frequently CQQer spaées_sheltered from limeﬁmﬁaw
sediment, but now filled with sparry calcite. In addition,

sparry calcite and pellets of éuthigenic chlorite £ill voids

left by the selective leaching of intraciasts. Davies

(1970). recorded flat-pebble breccias from the intertidal zone

of the Gladstone Embayment, Shark Bay,‘W.A., formed by brecciation
and upwedging of indurated crusts;A Thése pebbles may in turn

be Beworked'during storms. A similar drigin is blausible in

the Brighton Limestone example, but here the'pebbles are chiefly

dolomitic, as are those of the Alpine Triassic (Germann, 1969),
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unlike the aragonitic crusts of Shark Bay.

The transitional zone between the Brlghton Limestone
and the‘Tapley Hill Formation is followed by very-ma581ve
limestones including large bioherns and thick ooid end5intraclast
grainstone beds. The bioherms.of~new forms of Acacieila
Walter and‘locally‘Inzeria Krylov‘ocCUpy verious lateral and
vertical positions in this unit, whose doninant rock:type is.-a
poorly bedded ooid grainstonepwith intreclasts themseltes_
conposed of cemented ooids; pAttmany:leveis throughout'tne.‘
oolitic llmestone sequence, there is ev1dence of contemporaneous
scouring and cross—beddlng Cross-beddlng 1n channel fllls :
indicates easterly and south—easterly flow1ng currents. Ooid |
grainstone filling channels'conteins feuer iarge.intréciasts
than the surrounding‘sediment;'and.is_orudelyﬂoanded, oolitic
laminae alternating with silty micrite iaminae.

The,bioherms'within'tnis facies Vary'greatly.in
dimensions (map, Fig. 8).. Some are.domed, and stood above the
surrounding sediment surface‘with'aprelief‘of at least one
metre, but nOSt‘interfinger uith.theeooiiticflimestones,;so.that'.
their relief at. any one time must have been.much 1ess;

In the Melrose area there'are biohermstof neu
forms of Inzeria and Boxonia, surrounded by'similar.oolitic
and intraclastic llmestones to “those at Depot Creek, but here
the fleld relatlons are less clear, due to poor exposure. At

Yednalue, an essentlally gimilar fa01es, agaln thoroughly w1nnowed

»occuples a great thickness below the thlck stromatolrfic beds.

In the extreme south of the Brlghton-leestone equivalent outcrop

near Tarcowie (south of Orroroo); strongly recrystallized

00id grainstones contain up to 20%_quart2'end'feldspar sand.
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The oolitic-intraclastic facies of the Brighton
Limestone represents a very shallow marine environment~of
high energj, to provide agitation necessary to form regularly
laminated ooids and to deposit them in thick beds, often
with large scale cross-bedding and scouring. Moreover, the
sediment is generally well-winnowed, again indicating
strong current or wave action.‘ The environment is interpreted
as véry shallow subtidal or littoral, in thewzone.of
maximum wave action.’ o

In places -at Depot Creek,‘the’oolitic-intraélastic facies
is dolomitized. The dolomite has exfremely sharp, discordant
boundaries, and is interpreted as being late aiagenetic or
epigenetic, probably related to minor faulting. Sinée here
the dolomitization is complete and cross—cutting it is probably
not related to the selective dolomitization of dark laminae
in stromatolite bioherms. Both ooids and sparry cement are
completely replaced by hypidiotopic to idiotopic dolomite.

In the Horrocks Pass-Pichi Ricki Pass area, the
Brighton Limestone is thin and’sandy. In_HOrrdcks Pass,
the uppermost part of the Tapiey Hill Formation contains.at
least one small, lenticular channel fill of cross-bedded,
sandy limestone, indicating approximaté northerly current
flow. But the dominéntAfacies is.a large-scale cross-bedded
sandy and gritty limestone. In Pichi Richi Pass; the Brighton
Limestone-is reduced to three massive thick sandy dolomite
beds. The sandy lithofacies may have formed in a small delta,
ol a westd ricey  supply.

The Upper member of the Brighton leestone, as seen

at Depot Creek, is entirely dolomitic. Massive pink to buff
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coloured dolomites overlie the intraelastic4oolitic facies,

and grade -up by interbedding of reddish dolomicrites into the
overlying Willochra Eormation (dominantly red-beds), in a sequence
similer to'that,of tne Adelaide region. - Sandy, fine intraclastic
and oolitic dolomite facies grade into each other botn vertically
and laterally.

The lowest unit of this upber dolqnitic SequenCe‘is a
pink dolomitized fine greined limestone up.to le thiek With
interbedded silty bands. In the northern-part of the map area-
(Fig.8), channel-fill lenses and‘mone'extensive beds_ofxnértly
cross-bedded poorly“sprted,qulemiﬁe—éemenfed’sandstone eCCUr
interbedded with the above‘dolbnifized limestoné. Stromatolitic
bioherms of a new form of.Ketavia‘KryloV are.inﬁereelated'between.
two such sandstone beds. 'InsuffiCient'Cress—beddinngasn'
visible to allow any generalizaﬁion.about currenﬁ”directions;
but north, north—westerly and Westerly flows were note@h

| Overlying the sandstones 1n the north and the
dolomitized fine limestone 1n»the south- is a very cont1nUous,]
2m thick unlt of thlck—bedded oolltlc and flnely 1ntraclastlc
dolomite. Intraclasts are. small flat pebbles, O 5 to 5. O mm
long, lying parallel or at a low angle'to«the beddlng. Many
are coated grains, with 0.1 mm,thick fims-ofjmicritic delomite,
which might be interpreted either as algal boring or delomitized
superficial eolites (Il1ling, 1954), True ooids also occur,
but their fine'structure.is largely-ebliterated by dolomitizétion.;

The sediments afe frequently poorly'sorted. Allochems are mostly

" supported by flne grained hypidiotopic dolomlte 1nterpreted as

dolomitized lime mud, but some spe01mens are better winnowed
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and sorted, with up to 15% quartz and/or feldspar sand,
cemented by sparry dolomite. The proportlon of terrlgenous
clastics increases towards the north of the Depot Creek
area. In places, voids up to 5 mm long, lined with drusy
dolomite cement, occur between ooids, and are filled with a
second generation of very ooarse,‘sparry dolomite. The
origin of the voids is not clear; they cannot be_formed
by the simple winnowing out of mud, since their roofs could
not have been self-supporting. Ao_oriéin by partial deeiocation
or expulsion of water, akin to the formation of birdseyes in
lime muds (Shinn, 1968) is possible, but in the Adelaide
region, well sorted dolomitized ooid grainstones contain
similar calcite-filled v01ds, Wthh in at least one specimen,
show evidence that they were formed by solutlon. A transitional
sequence of interbedded pink dolomltesAand thln purple
shales passes up gradationally into the overlying Willochra
Formation, in which thin dolomites persist for up to
j&16mfo Typically, the dolomites are thinly bedded alternating
sandy intrasparites, laminated 1ntram1cr1tes and thin layers
of reddish dolomicrite. Most 1ntraclasts are’ large ‘and of
tabular form and frequently grade laterally into undisturbed
micritic layers, out small, coated.graiﬁs and some true ooids
also occur. Micritic layers were apparently disrupted, perhaps
by desiccation, and redeposited as intraclasts more or'less
;g%g;ﬂgd Davies (1970), considered that indurated crusts may
be brecciated in place by thermal expansion and contraction,
and by volume changes due to induration. |

In places, the micritic layers are arched up to form

“
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adjacent concave-upward structures (Simiiar:to'thoéelof'the
Adelaide.Region), but . here the archihg“frequently left voids which
are now filled with sparry dolomite; &hese structures suggest |
lateral compression of. cohe51ve, partly indurated, dolomltlzed
lime mud layers. Large void spaces, common in the fine gralned
silty and micrkicrsediments,~are usually'concordant with
laminae and intraclasts, but occasionally their floors truncate
laminae; they feéémble thelplahar birdseye structures of Shinn
(1968) which hé‘attributed to the:repeated shrinking and swelling
of lime mud in the intertidal and supratldal env1ronments.

Dolomltlzatlon in the upper member of the Brlghton
LimestoneAlsﬁalways stratjform, not.cross—cuttlng,-and has
affected all carbonaté‘éediménts, so,thét»np limestones ére
preserved. The presence of doldmitiC»odidé proves that the
ddlomdte iéﬁéécondary, not detritai,~since ooids are’precipitated'
as aragonitea The godd preSerVation of fine strﬁctures and
the fine graln size of the dolomlte suggest a very early diagenetic
replacement of lime sediments, probably in a supratldal mud flat
env1ronment 51m11ar to the modern sabkhas of phe Per51an Gulf
(Illing, Wells & Taylor, 1965  and Kendall & Sklleth 4968)'
The plnk and reddlsh colours of the dolomltes are con51stent
with dep051t10n undenr ox1dlzlng condltlons,-as is suggested'by

the red-bed sequence above.

Willochra Formation. The overlying Willochra Formation

coﬁsists of lenticular-bedded silts and sands; often poorly sorted,

with very numerous thin, wavy, purple clay laminae, 1 to 5 mm

thick. -The rock.ffequently_partS'along these laminae, and
where partings are well exposed, oscillation ripple mafks,'and

mudcracks are observed extremely frequently. Mudcracks, often
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superimposed on ripple marks, are usually of sharply V-shaped
crosg—section, and filled with silt and fine sand. Most

are polygonal, while some display a round or concentric pattern.
Oscillation ripple marks generally have meridional éxes,.both e
at Depot Creek and Adelaide, and the few that are slightly asymmetrical
indicate both easterly and weéterly current directions. Occasional
interference ripples trend NW—SE.. |

The clay laminae owe their purple colour to extremely

finely disseminated hematite, which together with frequent mudcracks //
Vs

indicates frequent exposure to the atmosphere. The influx of - //

coarser terrigenous clastics was resumed periodically. Sandy ya

layers are commonly graded, and pass up into purple Qlay laminae.
An extensive lagoonal or mud-flat environmént of. low enérgy is
envisaged, periodically flooded, perhaps by étorﬁ waves, which
deposited the graded silty and sahdy.beas.' Ddring the following
quiescent periods, muds were deposited in extremely shallow Waﬁer
under very mild wave action producing the small-scale oscillation
ripple marks. The mud-flats were then exposed ‘and desiccated,
before the next inundation and deposition of coarser clastics.
Dolomite deposition was still important at fhe gradational
base of thé formation, but was entirely replaced higher in the
sequence by clastic sedimentation.

The facies of the Willochra Formation is rgplaced to
the north and east by green and grey beds, lacking evidence of
subaerial exposure. The rippled and lenticular bedded Tarcowie
Siltstone and the massive-bedded Uroonda Siltstone={occurring east
of the Willochra Plain) are interpreted as slightly deeper water

equivalents of the Willochra Formation. To the north of Warrakimbo
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.(PARACHILNA 1:250,000 sheet), the: Wlllochra Formation

passes into thinly laminated green silts and shales (part of.

the Etina Formation).

Etina Formation. In the type section south of Adelaide;
the equivalents of the Lower Willochra Fofmafion (the?loWést‘ |
purple slates immediately above the Brighton Limestone), are -
overlain‘by_cross-bedded gritty and sandy limestones (the Marino
Arkose), characterized by abundant large, fresh, red feldspar
grains. Cross-bedding indicates varying current directions;
both northerly and southeérly, while interference oscillation
ripple marks trend both EW»and_NNW-SSE; These varying diiectidns
suggest deposition in extremely shallow*water, under the effebts
of tidal currents, and perhaps long shore drift.

In the Quorn region, lenses  of 51m11ar cross-bedded
gritty limestones areﬂscattered-at various Ievels in the -
Willochra Formaﬁion. Near Budkaringa Gorge.ﬁo"the nbrth these
become cdntinuous, and then thicken'continuoﬁsly northward; they
form the southern extension of the Etina Edrmétion of the-

Central Flinders Ranges. The distribution and thickness variations

~are shown on the isoepach map of the Etina Formation - (Fig;9),

Onythe PARACHILNA 1:250,000 Sheet, gritty liméstone interﬁeds;

in a predominantly green»shaie Séquence;'incfeasé in pumber

and thickness towards the norfh,-so that the whole Etina

sequence reaches a méXimum thicknesskofbnearly 1300m in the
Oraparinna.region. North of the vicinity of Arkaba,_stromatolitic
and oolitic 1imes£ones'also become important. It is very probable
that in the Central Flinders region, Etina deposition Qdmmenced

long before it did near Quorn; the Etina Formation hére nay
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be.partly time~equivalent to the Brighton Limestone in\the

south. North of Blinman, the'Etina Fofmation thins gradually

and may be differentiated into a lower.thick, partly dolomitized
part and an upper part consisting of green shales with interbedded,
thin limestone, or in places, dolomitized limestone bands. These
are to be correlated with the Balcanoona Formation and the

Wundowie Limestone respectively; whose type area is near Balcanoona
H.S. In the Northern Flinders Ranges, a thick wedge of Balcanoona-
Wundowie sequence runs west from Balcanoona through Burr Well

and Wundowie Bore, on the northern margin of an area of thin
Umberatana Group sedimentation. To the north of this,. the
Balcanoona Formation and Wundowie Limestone thin and lens out.

The Balcanoona Formation of the Northern Flinders
Ranges occupies a similar position. to the Brighton Limestone in
the south, and is 1in general of similar.facies. In particular,
in the Balcanoona area, a trahsition from laminated silts (Tapley
Hill Formation) passes through flaggy dark grey limestone, flat
pebble breccias and stromatolitic bioherms, massive bedded
dark grey limestones consisting of iIrregularly columnar and wavy
stromatolites into buff coloured dolomites with interbedded red

. of the Paralana Faul(t A
shales. To the west, the red shales of the Angepena Formation

A
‘§@ifﬁ#g%7}green silts and shales of thé Amberoona Formation
(see éoats et al., 1969, Mt, Painter Province map).
Fig; 10 is a fence diagram showing the relationships
of the Balcanoona Formation, Wundowie Limestone and the various
red and green shale units of the Northern Flinders Ranges. The

bedded, buff-coloured dolomites of the top of the Balcanoona

Formation pass westwards into predominantly oolitic limestones,

]
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occasionally with stromatolitic interbeds.leefe dolomitization
does occur (e.g. at Angepena, Burr Well or Wundowie Bore),
but the dolomite 1s coarse gralned, cross- cutting and clearly
late dlagenetlc or eplgenetlc, and may destroy the gross structures
of the rock, even the bedding. The oolitic llmestones-of
the Balcanoona Formation are.typically ooid grainstenesewith coids
chiefly:-0.75 to 1.0 mm in diameter,_eemented;firstly_by;drusy
-and then. by granular sparry calcite cement. Comi)oeite ooids
~are also common. Authlgenlc quartz may replace ooid nuclel.'
Various micritie‘intraclaets,_sometimes»recpystallized, are
incerporated in theieediment;,but are generally.of smalllsizel
(less than 5 cme ) |

The Wundowie leestone 1nterbedded in the Angepena and
Amberoona Formations, is domlnantly of stromatolltlc fa01es
Commonly, 1nd1v;dual_llmestqne beds conslst of»contlguous domed
stromatoliteAbioherms. FiVe different,formslhave been'diétinguished
" in different areas, all in essentlally the same llthologlcal context.
Associated gritty limestones either: overlle or underlle the |
'strpmatolltes; 1n places bloherms‘were rapldly buried by the
deposition of theFCOarse:claetics;"At Burr'Well, erCSSEbedding‘
and'currentlripple marks indicate mainly'southerly-flowiﬁgx
currents,-While at Roebuck Bore, the.gritty limestenes are -
depositedlin south—east to south trending channels. The
Wundowie'LimeétOne is like1y to be'diachronoas, as is suggested
by lts highly varlable stratigraphic peéition relative te'the
Balcanoona and Elatlna Formatlons.' Moreover at Burr Well
stromatolltlc beds and lentlcular gritty llmestone beds 1ntertongue

at various levels with the interbedded green shales.
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The environments of deposition of the Etina qumation,
Balcanoona Formation and Wundowie Limestone are likely to have
been very shallbw subtidal. The abundance of stromatolites
limits the depth of water to about 30 m while the well washed
oosparites indicate a high energy regime, probably under intense
wave action. There is no evidence of subaerial expoéure; but
in the Balcanoona area to the east, the uppermost bedded dolomite
of the Balcanocona Formation may be sﬁpratidal'oj intertidal; this
area is considered to represent the eastern basin margin. The
cross-bedded gritty limestones, frequently filling scour structures
in the Etina and Wundowie Limestone are likely to have formed
in tidal channels. | |

The overall extent of these formations§; as seen in
Fig. 9 suggests shallow-water conditions over most of the northern
part of the Adelaide Geosyncline at this time, thus distinguishing
it from the southern region, where very shallow-water facies
are restricted to the western margin. However, the bulk of the
sediment of the Etina Formation and its equivalents is grey-green
shale, which tells little of its énvironment of deposition.

The limestone units are probably diachronous at least in part, so
that areas of shallow water may have migrated laterally in

time, within a slightly deeper basin. These shoalsiwhich were

the sites of lime-deposition may have been in the form of EW
off-shore banks, which, in turn probably sheltered the intervening
areas of mud deposition from current and wave action. Thus

the evenly laminated green shales may have accumulated in rather
shallower water than 1f formed in the open sea. The laminated

green silts and shales of the Amberoona Formation and Enorama
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Shale (Thomson et al. 1964), are identical to those interbedded
with limestones in the Etina Formation and its equivalents.

If the above depositional model is‘accepted for the Etina
Formation, then the absehce of these sandy and oolitic- limestones
or other high’energy sediments in fhe overlying éhaieslwould
indicate .an overall deepening of the bésin,'though-nét necessariiy

sync @gnously everywhere.

Trezona FQrmatiop. The Enorama Shale of the Central
Flinders Ranges 1is oveﬁlain by shales with interbedded Stromatolitic'
and intraclastic limestones .of the Trezona Formation (the

"Hieroglyphic Limestone" of Mawson, 1938). Although the extent of

- this formation has not been ‘accurately delimited, it is apparently

restricted to the central portion of the Adelaide Geosyncline,
being thickest in the,Wilpena—BlinmanAregion.- The “hieroglyﬁhic"
beds are commoniy redéish coloured 1imestoﬁes; consisting of curled
minute mudflakes set in a sparry calcite matrix. Neariy all the
mudflakes are now feplaced by sparry_qalcite‘of another generation,

apparently filling-cavitieS'left by their dissolution. The

bstromatolitic-beds,of the Trezona Formation consist of large

elohgated mounds at several localities aﬁd’in_seVefal_levels,

interbedded in laminated shales, near the base of the formation.

At Enorama Creek, the elongated mounds are consistently oriented

with their long axes at 1620, suggestinguthat théy were shaped

by currents. Cuspate ridges on their surface .trends at an

“azimuth of 600; i.e.:approximately perpendicular to the major

elongation.. The environmentél significance of these structures
is not clear; an analogy may be made with the tufted. mats of
Shark Bay (Davies, 1970). ‘At. this stage the regional significance

of these,observationsréannot be assessed; moreover no independent
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evidence for current directions has so far been found in the
Trezona Formation, as it has in the Pethei Formation of Canada
(Hof fman, 1967). |
The Umberataﬁa Group closes with various facies of the
Elatina Formation, and its tillitic equivalents.

Notes on diapirs. Coats (1965) showed that diapric

movement occurred in some areaé dﬁring sedimentation or was
associated with minor angular unconfbrmities.at'the base of the
lower tillite. He quoted the presenée'in the sediments surrounding
a diapir of detritus derived from the diapir.as evidence
of its activity during sedimentation. An example of this is the
occurrence of conglomerate Wedges on the flanks of the Enorama
diapif, in the limestones of the Etina Formation. Thus diapiric
activityiburing Etina deposition is egtablished. But the Enorama,
Oraparinﬁa and Blinman Diapirs all lie on or near the axis of
a trough of maximum deposition of Etina Formation and Umberatana
Group. Despite spasmodic uplift on diapirs the basin continued
to subside in this area, although no sediment could have accumulated
over the actual diapirs during their shedding of detritus.

Fig. 9 shows the distribution of diapirs in relabtion ¢
to the Etina Formation and-its extensions in the north. The
close correlation betweeﬁ them is evident. It is suggested that
the diapirs, which are concentrated‘in thé thick axial zone of
the Adelaidé'Geosyncline, may have been the factor responsible
for periodic shallowing in this part of the basin. During periods
..,.0f ;ubsidence, green and grey muds would have settled in relatively
deeper water; periodic diapiric uplift would have brought the sea
floor above wave base, allowing the accumulation of sediments

~characteristic of shallow, agitated water, i.e. the sandy limestones
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of the Etina Formation. Provenance stﬁdies may reveal how much
of the terrigenous detritus is derived from diapirs. In the south-
eastern part of the basin, where there are only two small diapirs,
the Etina Formation is absent. Here relatively deeper water

conditions persisted thrgughout the time between the glaciations.

Palaeogeography of-the Umberatana Group

The interpretation of the facies described in terms of

* palaeogeography is speculative, owing to the difficulties outlined.

If a model of the Adelaide Geosyncline as an intracontinental,
epeiric basin 1is accepted, them much df the lateral and vertical
facies variation should be explicable in terms of trahsgreesions and
regressions of the sea. In general, the marginal areas wili be the

shallowest, and the central portion deepef,iunless-other factors

intervene to raise or lower the basin floor.

/-‘ ) . .
"maps A to H, Figs. 11, 12, 13, 14. Map A represents the beginning

The palaeogeographic interpretations are summarized by the

of Tapley Hill time. “Fhe meridional trend of the basin is
already established, with land masses on the ‘west (the Gawler
Platform) and the north-east ("Paralanla” of Sprlgg, 1952)

A trough probably extended north-westwards in the present Wlllduran

‘ﬁRanges, Following the cessation of glaciation, the melting of

ice caused a Widespreadytransgressiongfalmost the whole basin
was inundated, but the glacial~eediments depesited near ﬁhe
shores of "Paralanla" could have - been emergent. The western
margin of the basin, marked by the presence of pelletal
dolomltes probably deposited in very shallow water, was‘near
the present'western margin of the Flindefs Ranges.

During-the'middle part of “the Tapley Hill time (Map B),

*relatively deep water conditions persisted over the area, but the

marginal zone near "Paralania™™ fhay have received carbonate

4
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sedimentation, The western shoreline is unknown, but may
have been far to the west of Lake Torrens and Spencer Gulf. At
this stage the transgression had reached its furthest extent, A
and laminated silts and muds were laid down by settling over wide
areas. Periodically, sediment-impoverished currents flowed
eastwards down the basin floop in the southern region. -
The following stage (Map C)'was a'generai“regreesion,.
marked by shallowing of water in the western and north-eastern =
regions. In the type area soufh of Adelaide, silts Were_now
mixed with significant amounts of 1ime'mud, and deposited
well within the depth zone of active, eastefly‘fIOWingicurrents.
In the Depot Creek region, sediﬁeﬁtationlceaeed periodically,
and stromatolitic bioherms grew inAshalioW water on smail erosional
mesas, while flab pebbles and pellets derivediffomethe local erosion

of algal mats, accumulated in -the intervening chandéﬂs.;Bioherms

i
(1%
]

possibly similar to fhese grew on the north-eastern margin of
the basin near Balcanoona. ElseWhereﬁwin the basis¥ centre,
slightly deeper conditions persisted but'even thesge Wgre oeriodically.-
disturbed during the next phese (Mép_D); o o

By now the bq@in had're;established its fofmer‘restricfed
extent, with shallow marginai éohes'in the’ﬁest aod north-east,
and a dgeper central and south—eastefn zone, near the besin axis.
In the arees near Adelaide, Melrose and Depot Creek, well-washed
and sorted ooli%%s-wefe deposited in the littoral or shailow
subtidal zones under intense wave;ection. Stromatolite bioherms _
grew in the Depot C;eek and Melrose regions, while in the
intervening Port Augusta vicinity, SahdyllimeStones aooumulated
perhaps. in a delta with a western river‘supply. Thick'oanks of

oolitic limestone similar to those of Depot Creek aocumulated at
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Orroroo and east of Yednalue. Deeper water persisted elsewhere
(except for minor limestones at Booborowie and Kapunda,) but in
the northern half of the basin, in the zone of thé largest
diapirs (few diapirs occur outside it), water dépth was shallowed
periodically by diapiric uplift; The sea floor was brbught above
wave base, and carbonate deposition, principally oolitic, commenced.
Stromatolite bioherms gréw in places; and lbcal influxes of
sand could have_been derived from the erbsionfof‘diapirs.

The final phases of the regression (Maps E and F)
affected only the marginal zOnés of the basin. Near Adelaide,
Dépot Creek and Balcanopna, supratidal dblomitésAwere.deposited,
with a mild influx-of quartz sand. Thick-éﬁromatolitic limestones
grew on the ooiité bank near'Yednglue{ ~Intermittent limestohe
deposition in the deeper central portidn of the basin was encroaching
further south, while the deposition of igminatedpsilts cohtinued
elsewhere.

Tefrigenous clastics now replaced dolomites in the
suprapidal flats of the basin margins, and carbonate deppsition
was reduced in the central part of the basin (Map F). In the
western zone, storm waves brought sands,'silts aﬁd mﬁds onto the
flats - subsequent exposure oxidized ‘and desiccated the nuds above
each coarse cycle. ‘At the next stage (Map G), the western and
north-eastern belts of red muds were still.marginal, with tidal |
channel deposits-oécﬁffiné"iﬁ95héLSaﬁdyZiiﬁéSﬁéﬁes'héér?Adélaide,’7
Kulpara and Buckaringa Hill. The éouth—eastern part was a
shallow marine basin, while thé northern central. part
continued‘to-beishalloWed periodiéally by diépiric activity. By
now , the-shallbw>water limestones extended through most of the

axial part of the basin in which diapirs occur. -
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Oolitic limestones, stromatolitic bicherms and sandy
limestone channel fills predominated in sediments formed in the
agitated zone. After each burst of local diapirism, the basin floor
agaln subsided; allowing more silts and clays to be deposited

below wave base. Thus although diapirs rose periodically,

shallowing the basin floor, the overall tendency-was&éﬁgrthe
basin to sink, allowing a great accumulation of sediment{~ The
The greater overburden in turn facilitated diapirism,

Map H showsfthe basin during a minor transgreesion which
ensued. Limestone deposition ceased-aimost entirely. 'On the
western margin, the land mass of the Gawler Platform probably
. rose and supplied the sands and silts of the Upper Willochra
Formation, while to the east, only silts persisted (TachWie Silt-
stone). The remainder of the basin received laminated green
muds and siite%é (Enorama Shale), in moderately deep water (except
for oxidized red muds, Angepena Formation). Diapirs were inactive,
but may have subsequently been reactivated in the Central
Flinders Ranges, thus Shallowing the basin there, and allowing'the

dep081t10n of the Trezona Formation, in the area shown.

The palaeoecology of Umberatana Group Stromatolltes

Brighton leestone stromatol;tes; At Depot Creek the

initial stages-of the post-Tapley Hill Formation regreesion were

hawiafs e
marked by repeated minor dlastems, and small, lentlcular bioherms

—— vy B

P meA T s R

, un;f;:;; o L y;:_TT‘HMTf“;“/* utilized the‘low,

erosional remnants between channels cut into the marine s1lts,

as high points on which to commence growth, (Fig. 7) Flat
pebbles’in the channels’ are variously imbricated; the frequent
reversals of direction suggest the influence of tidal cunrents.
Varying energy conditions are nepreSented by winnowed grainstones

and muddy wackestones (intramierites). In interspaces, flat

4
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pebbles and comminuted pellets are‘partly winnowed, partly mud--
supported, but always randomly-packed.- Cclumns probably acted
as baffles preventing imbrication by currents; Stromatolite columns and
mounds are frequentiy slightly elongated ingrespcnse to E-W
currents. | | a -

The stromatclites consist cf alternating doiomitic
and calciti¢ laminae. At least some of.this‘dolomite is
detrital, since pellets and.in&raclasts were transported as
dolomite, but the origin‘df:the idiotopic, granular dolomite
in the dolonitic (darker) laminae is not c1ear. _DoIomite‘laminae

alternate With'well winnowed pellet grainstone laminae, which

‘had considerable void space,'and grade down-in places-into

lentlcular calcite spar—fllled v01ds resembling the fenestral
structure of some Recent 1ntert1da1 stromatolltes at Shark Bay
Carbonate sedlments were dolomltlzed penecontemporaneously in
the supratidal zones, and.during:the periodic cessation of
terrigenousAsilt influﬁ these were reworked,.possibly several_
times, and the detritus was incorporated into stromatolites
and interspace sediments.~ Many flat nebbles_are probably
llthlfled ChlpS of algal mats.‘ Butlthe nats were incapable

of blndlng materlal coarser than sand 51ze, so that the larger
1ntraclasts remalned in the 1nterspaces. Shrinkage of laminae
may°have played agpart in forming fenestral.Yoids; The |
occurrence.of'Winncwed-fiat—pebbie breccias, tariously imbricated,
and v01ds in the stromatolltlc lamlnatlon are suggestive of

the 1ntert1dal zone of dep051t10n but the general absence of

desiccation features in 51tu suggests rare exposure. An. upper

subtidal p051tlon is therefore env1saged but seaulevel probably ,

.fluctuated with alternatlng cycles of terrlgencus marine



42—

deposition, non-deposition and carbonate deposition.

n “\\g l4\)"ll{:
‘Omachtenia utschurlca had little more than 1 or 2 cm

|
of growth relief between columns and interspaces, as indicated by

the numerous bridging laminae; sedimentation in the interspaces
kept up with stromatolite growth, but was periodic.: Larger
mounds with hemispherically domed laminae had at least 10 to 30
cm of relief above the surrounding.erosional channels.

The stromatolites Acaciella augusta Preiss (1972, in

press) and a new form of Inzeria occur within the oolitic-
intraclastic facies of the Brighton Limestone, in bioherms often

much larger than those of Omachtenia utschurica. In the Melrose

region, Boxonia melrosa Preiss (1972 1n press) and another new

form of Inzeria occur in a similar sedlmentaloglcal situation.
These stromatolite bioherms are not localized on erosional highs, :
but extended laterally for up to.2km; At the margins, the bioherms

either intertongue with the surrounding sedinent, indicating

the contemporaneity of the growth of tne stfomatolites and sediment
buildup, or stood in relief above the sediment surface. The inter-
pretation of depfh of water is llmlted by the presenoe of oolites

to the intertidal and shallowest subtldal zones.' The sedlments

- were distributed by strong, easterly flowing currents (this is
interpreted as basin-wards). Cemented oolitic intraclasts partially
dolomitized, were probably exposed and lithified nearer to shore,
and reworked by these basin-ward currents. Alternatively the ooid
grainstones could be beach ridge dep051ts laid down by ebb tides. -
Thus the bioherms accumulated in an essentlally llttoral environment.

Some Acaciella augusta bioherms are hemispherical with

radi&elly arranged columns at their margins. Tneir growth

relief is up to 2 m. For the tops of these bioherms to avoid

-
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total desiccation, they must have been covered at least at high
tide, indicating a low intertidal to subtidal environment.
Others, in which continuous mats extend (as bridges) throughout
the bioherm~at various repeated levels, and protrude as tongues
into the surrounding sediménts,'had'virtuall& no growth relief.

Such bioherms could have formed in the shallowest intertidal

zone. Thus Acaciella augusta formed bioherms, possibly throughout
the whole intertidal to shallowest subtidal interval. Energy
conditions between‘columns varied, but were generally lower than
outside the bioherms. The lamination in the interspace sediment
indicates its'accumulation after the growth of thé adjacent portion
of column, but thiéndoes not necessitate a high relief between
column and sedimgﬁt.‘.Underllow energy conditions, micrite
accumulated in thé interspaces, but:periéaibaliyiisméil‘flat pebbles
were introduced and- stacked randomly.--lnterclasts are found in
varying states of dolomitization, and méy represent lithified,
eroded algal mats-reworked frbm,higher levels. Columns were
sufficiently closely spaced to dampen the high energy conditions
prevailing outside the bioherms, and ooids were rarely transportéd
into them.

The upper dolomitic member of the Brighton Limestone
represents the shallowest zone of depoSition, and also marks the

first appreciable influx of tertigéndus detritus. Lime mud

sediment was penecontemppfaneously‘dolomitized at the surface,
preserving most fine structure. Deposition‘on supratidal flats

is envisaged, and here algal mats were not conspicuously developed.
They may have been present, bﬁt if so have left no recognisable
trace in any modification of the sediments. If a continuous

shallowing is assumed between the ooid grainstone facies and the

laminated supratidél dolomites, then the bioherms of Katavia
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f. nov. must have occupied an intermediate position, perhaps in
the higher intertidal zone. But the bioherms had substantial
relief, up to about 1 m, as is shown by downturned gfowth—surfaces
at their margins. Thus they characterize a zone.shallow enough
to be subject to total dolomitization but deep enough for their
upper surfaces to remain moist; this could have been achieved
in the upper intertidal or in the lower supratidal Zone.
during high tides. The question arises as to whether the
poorly developed lamination of this form of Katavia is a
primary feature or whether the lamination was obliterated by
dolomitization. The good presérvation of lamination in the
nonfstromatolitic supratidal dolomites Suggests that the
stromatolites may have had indistipct lamination originally.

Thefqi}gﬁ(tj?;f;;fi”jﬁof stréﬁatolites in the Brighton
Limestone rear Adelaide is problematical. The essential similarity
of the Tapley Hill Formation-Brighton LimeStone—Willochra Formation
sequence in the Adelaide and'south—wéstern Flinders‘Range areas
suggest that these two areas passed'fhfoughnthé sam¢ successive
changes in water depth (though not necessafily,synchronously).
Thus at least at some stage Of’regreséion;the water must have been
of a suitable depth for stromatolitebgfowfh.> By analogy with

Depot Creek, stromatolites should be expected as bioherms in

. e .. sbhewablite has laggnfrnd in {"’M‘S'Faq'e;
the oolitic faciess; as gt enbyoneenamph & waunkeslipestyis, Present '

day stromatolités are restricted to hypersalihéménvironments,

but this can be interpreted as a‘biological restriction by browsing
predators (Garpett, 1970) which generally find thé hyperéaline
environment uninhabitable. ©Such predators were rare or absent

during the Precambrian, so that we may expect the preSént salinity
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restrictions not to apply.‘ A climatic factor may have been
responsible, but if so, has left no trace in the'sedimentary
record. |

Etina Formation stromatolites.' On northern Yorke

Peninsula a sandy limestone bed, probably equivalent to part of
the Etina Formation, contains stromatolites of the group

Kulparia %kreiss & Walter;;. There was considerable influx of
coarse te;rigenous detrifhs, and current actiVify was sufficiently
strong to transport coarse sands and grits to the site

of stromatolite growth. Although quartz silt and‘fine.éand

were iﬁcorporated[into the Stromatolitic laminae, the algal

mats were indapable‘of binding‘the coarser détritus,rwhich
accumulated in the interspgces as winnowed gréiﬁstones. .A
very'hiéh energy environment is therefore suggested; even within
the stromatolite bed. The columns had little relief over the
sediment surface; bridges are frequent on all columns, and indicate
a relief on between 0.5 and 5 cm. Thé-presence of a wall shows
that columns brojected above the interspaces by this full amount.
This indicates that the influx of interspace sediment was
periodic. The occurrence of sand dykes‘in the stromatolite

bed suggests rapid lithification, before the'deposition of the
overlying sand bed. Fracturing was concentrated along the
contacts bétween individual stromatolite mounds in the bed.

There is little evidence of the precise environment of these -
étromatolites° The absence of desiccation features and of
penecontémporaneods‘dolomitization argue for an environment
which was seldom if ever subaerially exposed. A'shallow |
subtidal .location subject to strohg wave action from the

open sea to the east is envisaged.
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Stromatolitic limestones are an important facies
of the very shallow environments of the Etina Formation and its
northern extensions. Of the stromatolites occurring in this
interval, new forms of the groups Tungussia and Linella have

been found to be very widespread. But the forms Linella ukka

Krylov, Inzeria cf. tjomusi Krylov and a new form of Jurusania
are apparently restricted to Burr Well. |
Tungussia first appears in the Vicinity of Arkaba,
where 1t forms tonguing bioherms which interfinger with Qolitic
limestones. The columns are irregular and closely spaced,
and have interspaces filled with quartz sand. Further north
in Enbé@a Creek, the quartz sand su?ply was-leés; but ooids
occur in abundance in the inteispaCés'(as grainstones) and
incorporated in the lamination of the stromatolites. The
stromatolites were formed by mats which Wefe able to trap
significant amounts of medium sand-size detritus, if it was
available. However, there is a limit to the amount that can be
incofporated and still preserve the laminated microstructure due
to algal binding. If excessive detritus is washed in, this
microstructure is lost, and mechanically deposited ﬁoid grainstones
are formed, which are continuous with the interspace sedimént.
Highly irregular columns occur east of.Blinman where they consist
of red-coloured distinct, wavy banded lamihae. Interépaces
are filled entirely with lime-cemented quartz sand. However,
to the norﬁh of Blinman, lower ehérgy.éonditions appear to have
prevailed at the sites of stromatolite growth, and there the columns
are more regular, though still completely branched and coalesced.
At Mt. Chambers, for example, interspaces between the variously

oriented columns are filled predominantly with micrite and fine

%)
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sand lenses, with sparse intraclasts although oold grainstones
occur immediately below the stromatolite horizoh. In the
Wundowie Limestone near Teatree Tungussia occurs in tonguing
bioherms which overlie and interfinger with oolitic limestones,
but here there 1s greater varietion-of gross morphology,
especiallyfbranching..-The.interspace sediment is predominantly
micrite, with scattered ooids. : |
These observations suggest an everall decrease in
the energy of water movement for stromatolitic beds in the
northern areas.luThe;sediment filling interspaces cannot directly
indicate the energy of the environment surrounding the bioherm,
since_colﬁmnsAwith any substantielfgrowth relief must act as
baffles reducing current velocities<Within the bioherms.
Thus interspaces might be expected to accumulate more fine
detritus than the erealsurrounding bioherms. ‘Thie has already'

been noted for Acacialla augusta bioherms. For coarse

detritus to be brought into the interspaces and to cover the
algal mats, as in Tunguseie in the Central Flinders Ranges, very
high current or wave acticity is required; In the north, strong
current or wave action persisted only outside bioherms, but was'’
redyced within them. |

o - Commonly, the tonguing margins of bioherms contain
only irregular laterally linked stromatolites, which pass. into
columns in the central portions. If the aboée deductions about
envirpnmental energy;are correct,,it quld suggestqthat the
continuously laminated.forms were subjegfed to higher energy
condiﬁione fhan the central, columnar parts of bioherms. This

is contrary to the present day. relation of stromatolites to
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environmental energy as observed at Shark Bay (Logan, .1961)
where columns and "heads" grow on exposed headlands and laterally
linked forms in the protected areas. A comparison is, however,
limited by the different modes of écdurrence, the Precambrian
stromatolites forming discrete bioherms.

Linella f. nov. is the mést_widespread étromatolite
in the Northern Flinders Rangés, and possibly occurs locélly

in the Central Flinders Ranges. These stromatolites form

Ll

‘domed biostromes and lgnticular_bedé, consisting of juxtapozed
hemispherical to ellipsoidal bioherms,lwith a relief of at least
1 metre above the~sﬁrrounding sedimeﬁtg Where such bioherms
occur in.-isolation or terminally to bidétrbmeé,~théir.relation

to the: surrounding sediments is seen,'e g. attBurr Well.

The bioherms grew to a helght of about 1 metre, with inclined
columns at their recurved marglns; ‘Thereﬁwas negllglble

influx of coarse detritus. After ‘the -bioherms had reached

their full thickness, the surroundlng area gradually

accumulated fine, laminated muddy sediments (elther micritic
limestone or shale). Interspaces are also filled w1th flne
micrite, but contain a few locally derlved 1ntraclasts. - Similar
bioherms at Myrtle Springs contain sandy lenses in the ;nterspace
sediment, showing an occasional influx of coarse terrigenous
detritus. Sand predominates in interspaces at Arkaroola. The
one form of stromatolite gréw both in areas of high and low sand
influx. In the overlying bed in eaéh'case the environmeﬁt changed
radically, and cross-bedded grittyklimestonés weré deposited,
partly in south-trending channels.

Linella ukka, known only from Burr Well occurs in

low, domed bloherms, juxtaposed to form lentlcular beds. Growth
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relief of the full bioherm thickness (0.5m) is probable,
since solumns are radially arranged to sub-horizontal at bioherm
margins, and the continuously laminated stromatolite at the top
of.the bioherm is completely curved- over at the margins. In’
other places, the’celumnar_zones grade laterally into wavy iaminated
stromatolites, which intertongue with the underlying ooiitieie |
and infraclastic limestones. Iteis poseible that;the'typei
of bioherm margin is determined by its orientation’felatiﬁe L
to the dominant current directions, thus the abrupt, raised
margins nay have faced up-current (cf the asymmetry |
of the stromatolltes descrlbed by Hoffman9 1967) . Intersbaées’
are fllled with 1nt:aspar1te and mlner bands of dolemitized |
micrite, suggesting alpernatiag quiet and highly,agiﬁated'
conditions even within bioherms. |

The middle and upper members ofﬁthe'Wundowie 1iﬁestone
at Burr Well are entifely/stromatelitic. Inzeria cf. t‘omuei;
in the middle member, shews a similar relationship of:bieherm

margins to that of Linella ukka. In a westerly direction the

bed lenses out gradually, but in the east columns pass into flat-

laminated stromatolites, similar to the substrate of the columns.

Lower energy conditions than for Linella ukka are indicated

‘by the absence of oolids, and the predominantly silty and muddy

interspace fiiling° 'JuruSania‘f. nov. in the upper membef, ie

the only known South Australian stromatolite to form

.subspherlcal bloherms The contiguous. bioherms are capped by

an: undulating layer of columnar stromatolltes 1dent1cal to those
in the bioherms. The stromatolites forming the spherlcalu

bioherms grew around an irregular stromatolitic core (now so
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recrystallized that its original nature cannot be détermiﬁed);
when growth had proceeded so far that bioherms were_;p'contacti'
they were covered with the draping columnar layer. Iﬁ%erspaces
between columns are predominantly filled with‘intram;prite;
intraclasts are mainly thin flat-pebbles, possibly locally
derived from the erosion of mats. The mﬁddy nature of the
sediment suggests low enérgy.conaitions, which persisted
throughout the followiﬁg period of‘siltAand mud:deposition,

under conditions of basin subsidence.

CONCLUSIONS |

The present contrlbutlon 1s an aécount of field and
laboratory observatlons of Adelalde Geosyncllne stromatolltes,
combined with an 1nterpretatlon of all_publlshed_stratlgraphlc
data for the stromaﬁblite—bearing-infefvél.: The cqncluéions
regarding palaeogeography are ﬁentative;'ﬁutlthey'are consistent
wi;h what I believe.is the.présent.staﬁe of_stratigraphié knowledge
of fhe’South Australian Precambrian, ana the_geotectonié
framework envisaged for the Adelalde Geosyncllne. |

Within the Kigialde Geosyncline there is almost
unlimited scope for further detailed sedimentological studies
of the stromatplitic units to test the suggestions made here.
In addition, the lateral variations of stromatolitic beds will
need to be sﬁddieg in relation to changes of lithofacies. Only
then will it be pgssible to precisely delimit the environmentally
controlled variation of stromatoliteé‘and to use particuiqr
stromatolite features as specifié environmental indicatofs. The
following generalizations aré the main results éf the present

study.

Aw
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(1) Modern Werk oanecent sfromatolites sﬁows that
stromatolites predominantly occupy the intertidel and lower supratidal -
zones but there is méunting evidence that they also extend
into the subtidal, béth in the Recent and in.the geelogicel-record.

Many Adelaide Geosyncline forms may have'grewn in the

shallow subtidal zone, but there is no evidence of growth in

water deeper than this.

(2) . The biostromal stromatolltes of the

'Sklllogalee Dolomite (Baicalia burra and Tungu551a f. nov.)

grew on a broad carponate-depositing platform in a variety»of
calm and hlghly agitated environments, probably ranglng from

lagoons to exposed headlands. The-dlagnpstlc morphology of-

Balcalla burra is consistent .under these;varYing conditions,'
supporting the idea that these charaeters are.geneﬁiCallyurather
than environmentally controlled, but it displays'minor*,"

modlflcatlons of column 1rregular1ty ahd-contemporaneous

er051on Wlth increased env1ronmental energy.

(3) Follow1ng the Sturtlan glaciation; é-boesibly
eustatic rise of sea level caused an exten31ve marlne transgre331onrA
Duriné the following regression, the- marglnal Western and
north-eastern areas became favourable sites for_strematolite
development.

(4) In the western areas the biohermal stromatolitgs-

Omachtenia utschurica, Acaciella augusta, Boxonia melrosa,

and new forms of Inzeria grew in shallow subtidal to intertidal

-zones, while Katavia f. nov. occupied a shaliower intervalﬁ(upper

intertidal to supratidal). The degree of agitation of water

was high, at least outside the bioherms.




-52-
(5) 1In the porthern'part'bf the central deeper
basin, marine conditions of sedimentation were periodically

ol

inter@ﬁpted by diapirism, thus producing off-shore anAenVirgnment
favourable to stromatolites. Here bioherms of new forms of
Tungussia and Linella are widespread. Energy conditions varied,
. but were always higher than for the interbedded thinly
laminated shales.

(6) Although environment plays a role in shaping
the gross morphology of stromatolites, and perhaps even their
microstructure, the forms identified from South Australia are
relatively stable in relafion to environmeptal changes. The
same form may be recognizable in different environments, while
conversely, similar environments supported a variety of stromatolites.
This in turn configgs the conclusion that since stromatolites
change systematicaliy in time, they probably refléét éontrol
by evolving characters of the élgae or assemblageé of algae

forming them.,

(9
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‘Fig. 1. .

Correlatlon and rock relatlonshlp

diagram of the Adelaide Geosyncline.-
The nomenclature of the type section
near Adelaide was erected largely by

- the pioneer geologists of South

Australia, while the South Australian
Geologlcal Survey is responsbile for
the nomenclature of the Fllnders
Ranges. -



FIG. 1 STRATIGRAPHIC CORRELATION AND ROCK RELATIONSHIPS IN. THE PRECARIBRIAN OF THE ADELRIDE GEOSYNCLINE
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Fig., 2. Distribution and isopachs of the
carbonate rocks of the Skillogalee
Dolomite, modified from data by
Forbes (1960, 1961) and recent Mines
Department mapping.
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Fig. 50

Etched slab of stromatolitic dolomite,
Skillogalee Dolomite, Willouran
Ranges. In this area the stromato-
lite, Baicalia burra, grew in an
environment of high‘energy. At num-
erous levels, laminae are truncated
by penecontemporaneous erosion, and
draped over by new laminae, produc-
ing micro-unconformities. The inter-
spaces between columns are filled = "

with intraclast grainstone, including
large fragments broken from the strom-

atolite columns, which then served as
a base for new growth ,

v






Fig. 4.

Isopach map of part of the Umbera-
tana Group, between the top of the
lower glacials and the top of the
upper glacials. Thicknesses were
measured approximately from Mines
Department maps, and are least
reliable in the southermost area .
due to relatively tight folding.
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_ Fig. 5.

An interpretative cross-section across

the northern part of the ORROROO
1:250,000 map area based on sections
measured in the field and from the map

at the localities indicated. At
.Yednalue, the thickness of the Tapley
-Hill Formation is uncertain due to

folding. At Melton the top of the
section is not exposed.
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Fig. 6.

Distribution and isopachs of the
Brighton Limestone and its equiva-
lents. The outcrop pattern was
deduced from Mines Department maps.

- Thicknesses were partly measured

accurately in the field, and partly:
estimated from the maps. Current
directions were measured from the
Brighton Limestone, the overlying
Willochra Formation and the under-
lying Tapley Hill:Formation.,
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Figl 70

Stromatolites of the transition bet-
ween the Tapley Hill Formation and
the Brighton Limestone, Depot Creek.
The dark grey bedded rock is silt-
stone, whose surface was eroded to
form small mesas (in the position of
the *hammer) and channels %at right).
Stromatolitic mounds grey on the
elevated points (laminated, pale
coloured in photograph) while the
channel was filled with flat pebble
breccia.






. Fig. 8. The geology and lithofacies distribu-
? tion of the Brighton Limestone, Depot
Creek, based on detailed mapping.
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Fig. 9.

.Dlstrlbutlon and 1sopachs of the

Etina Formation and its equlvalents
in the Northern Flinders Ranges, in

. relation to the-distribution of dia-

pirs. The outcrop pattern was deduced
from Mines Department maps, and
thicknesses were partly\measured
accurately in the field. and partly
estimated. from maps. :




REFERENCE

The name Etina Formation has been
applied as far north as Blinman, except
for the Marino Arkose near Adelaide.
North of Blinman, the Balcanoona
Formation to Wundowie Limestone
sequence is referred to on the map.

Thickness measured accurately

¥

‘ 00 "500

Tea Tree

Mt Chambers

in the field (in metres)_ _____ 530
3

Thickness measured

approximately from maps

(in metres) . _ __________ ~270

/ .
s

Isopach (in metres) _ _ . _____ /
Qutcrop of Etina ]

Enorama Creek
)~11908

g

370/?) W}PEW%

Formation or equivalent__ _ _ _ A

basement ___ _ . _ __ __.__ g

Outcrop of crystalline

Absence of Etina Formation
at the same horizon

Stromatolites _ _ _ _______ . __ )
N
Diapir________,_____g_____\\\\\\

C
1:250,000

F\.Agﬂzii"’ |

MWURR Y RIVER

71-845

M
¢
s
N
[
&
~N
N~
>

W.V_PREISS 1971 &)

S.A. Dept. of Mines

. . ADELAIDE'
20 0 .20 40 co B0 100 \ 57
et T ]
SCALE IN KILOMETRES /-/"\) .




Fig, 10.

A fence diagram for the upper part of
the Umberatana Group on the COPLEY
1:250,000 map area, based on sections
accurately measured in the field. Im-
portant facies changes are the change
from the green and grey shales and
siltstones to red in the central east-
ern area, the disappearance of the
Weetootla Dolomite to the west, and
the intertonguing, at least locally,
of the Wundowie Limestone with shales.
A disconformity possibly exists below . .
the Elatina Formation in some area. .
The disconformity possibly exists below
the Elatina Formation in some areas.

- The predomlnantly oolitic Balcanoona

Formation is secondarily dolomitized
in its very thick sections at Wundowie
Bore, Burr Well, and Angepena, but not
at Myrtle Springs or Maynards Well,
where its thickness is reduced. The
possibly penecontemperaneous (?supra-
tidal) dolomites of the Arkaroola -
Balcanoona region do not occur
elsewhere. :
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Figs.11 to 14. DPalaeogeographic recons-
structions of the Adelaide Geo- .
syncline during the time interval.
between the two Late Precambrian
glaciations. The interpretations
are discussed in the text.



‘A’ EARLY TAPLEY HILL TIME: transgressive phase

‘B’ MID TAPLEY HILL TIME: widespread transgression
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'C' LATE TAPLEY

HiLL . EARLY BRIGHTON TIME: regressive

‘D’ MID BRIGHTON TIME: regressive, with intermittent uplift in diapiric areas
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. “E' LATE BRIGHTON TIME: regressive

'F* EARLY WILLOCHRA TIME
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!Gv

MID WILLOCHRA TIME

'H' LATE WILLOCHRA TIME: minor fransgression
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