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Three new forms of stromatolitex from South Australia (Linella munyalling, Tungussia
erivag, and 1. witkatapna) are described. South Australian ogcurrences of Omachtenia utschurica
and Linella ukka, previously known {rom the USSR, are also discussed.

Introduction
This paper is & continvation of Parts I & I
(Preiss 1972: 1973a), in which the principles
of stromatolite classification were outlined and
new forms of stromatolites described. The
glossury appended to Part 1 also applies to this
paper
Systematics

Group LINELLA Krylov
Linalla Krylov 1967: 37,
Type Form: Linella ukka Krylov, from the
UK Suite of the Southern Urals.
Diugnosis: Bumpy, subcylindrical or tuberous,
usually  walled  colomns  with  parallei  to
markedly divergent branching and numerous,
often pointed, projections.
Comery; L. ukka Krylov, L. siinica Krylov,
L. avis Krylov, L. munyallina Preiss, and
L. zhutea Shenfil’ (in Khomentovskiy ef
al. 1972).
Age: Apparently only Vendian in the USSR,
but in Central Ausiralia L. avis occurs in
rocks correlated with the Late Riphean
(Walter 1972). In South Australia, Linella
occurs in beds probably approximating to
the Late Riphean-Vendian boundary in age.

Linella ukka Krylov 1967: 39,

FIGS. 1a-h, 51, 6a, 7a-e
Materigl: Six specimens from Burr Well and
Leigh Creek.
Degscription
Meode of Qccnrrence: The stromatolites form
lenticular beds. not more than 20 m long and

0.5 m thick, consisting of adjoining domed bio-
herms 2 m in diameter, In the centres of indi-
vidual bioherms, columns are vertical or
variously inclined (Fig. 7a). but at the bioherm
margins they become uniformly reclined (Fig.
7b). Margins of adjacent bioherms are poorly
defined. At one point, at the edge of a lenticu-
lar bed, the columns commence growth ver-
tically, but then curve over and grow horizon-
tally outwards. Biohermal beds grade into
laterally linked hemispheroidal and pseudo-
colummar stromatolites, which intertongue with
the underlying intraclastic limestone. They ure
overlain by oolitic limestones or grey cal-
carcous shales.

Column Shape and Arrangement: Columns are
subeylindrical to tuberous, sometimes slightly
utlened in various directions. Transverse sec-
tions are round. oval, rounded polygonal or
complexly lobate, 1-8 ¢m in diam., Columns
may swell and constrict markedly over a length
ol a few centimetres. The length of columns
between branches is usually less than 5 cm, but
individuals reach a height of up to 30 cm (Figs
la=h). Columns may be variously oriented,
from vertical and parallel to inclined at up to
45" 10 the wvertical, but at bioherm margins
columns are radially or horizontally arranged.

Branching is frequent and varies in style from
B~ to y-parallel, or slightly divergent to
matkedly divergenl. Moderately divergent
branching is the most frequent (Figs 7c.d.c).
Columps may be constricted at the base of
branching (Fig. 1a). Approximately 50% of
bramching does not result in ncw complete
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columms. bup forms narrow. pointed, of some-
timee slightly Natdeoed owngrowths |34 om
lonie. generally less than L em in diame (Figs
Lu-h ], These puinted outgrowths arg also van-
pusly oriented. and muay project at o high angle
from the main column. Coalescing of adjacent
columns s imoderately frequent.

Murein Struciyre: Column marging vary mainly
from smooth 1o gently humpy: vccasionally
shurper bumps of approximately | em diam.
occur. Very shorl ribs are rarely present. Short
overhanging peaks occur in a few places, espe-
ciullv near points of bridging, Bridges, whers
preseit. consist of many laminae. A wall up Lo
3 mm thick i1s present on the whole latecal sur-
tuce not affected by peaks and bridges. The
number of laminuge participating 18 diflicult w
estimate. due 10 secondary reerystallization
(Fig, 7d), Columny are sometimes coyted with
4 selvage of fine sparry culcite, of xenotopic
cquigranlar 1exture and grain size 0.01 mm.
The selvage is up to 1.5 mm thick and posi-
dates the tormation of the wall, but pre-dates
the filling of the interspace.

Lamiinta  shape varies greatly within  single
columns. from almost flat or rectangular 1o
very steeply conyes {(Fig. Sa). The majoriry
(79% of laminae measured) have h/d between
0.2 and 0.6 {Fig. 6a). Laminae are very poorly
preserved, so thit their detuiled shope i difli-
cult to estimate. Most are smooth, but some
arc finely wavy, with & wavelength of 2-3 mm,
Smyle laminae are diflicult o follow ucross o
whole column width. The degree of inherilance
of lamina shape varics along o column length:
in pliyces laminae chunge rapidly from gently
convex or rectapgular to steeply convex.

Microsienetwre is poorly preserved, and the
lamination is eatremely indistinet. There is Jittle
contrast  between light and dark laminae,
except a shight differcnee in pigmentation and
in gruin size (Fig. 7d). Dark laminae arc
smooth to shightly wavy and lenticular, 0.1-0.4
mm thick. Single laminae cannot be traced
richt acrose columns, partly because ol recrys-
tallivation, Upper and lower houndarics are
very diffuse and muore or Jess parallel, In most
places, luminae are reduced to aligned lenscs of
fine grained carhonate. Dark Jaminae consist
of hypidiotopic to Xenotopic inequigranular
calcite, grain size 0.003-0.015 mm, Most ¢rys-
tals are lightly pigmented pale grey (possiblv
an organic pigment). In one specimen, dark
laminae sre dolomitized. Subangular quanz sill
of grain size 0.02-0.05 mm occurs in plices
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in hoth dark and light laminue. Light lominue
are 0.2-0.6 mm thick, and as tiseontinunus us
Ihe dark laminae between them. They consist
either of acicular, or equidimensional mosaic
caleire. Acicular crystuls are 0N-0002 mm
wide. and are arranged perpendicular 1o the
luminae, and often extend also into the Jark
adjacent laminae, They mre thercfore clearly
secondary. The equidimensional calcite is sono-
topic. srain size 0.02-0.04 mm.

Inrerspaces between columns are filled mainly
with poorly bedded intraclast grainstonc. Allo-
chems, ncluding fine pellets of dense, dolo-
mitized micrite, 0.02-01 mm in diam.. and
small, flat, curved or irregular intraclysts up o
(1.5 mm long. arc packed and mostly 1n contac.
Thev are cemented by tcansparent sparry, xena-
wopic calcite of gran size up to 02 mm. A few
crude hands of dolomitized micrite, up 1@ |
em thick. occur in places. These are extremely
dense. fine pgrained, but contain some pellefs
and intraclasts,

Secondary Alteration: Stromatolite  culumns
are severcly recrystallized. especially  near
column margins (Fig. 7d). Here laminae are
severely disrupted by lenses and  irregular
pulches of recrystallized. xenotopic to hypidio-
topic sparry caleile, of grain size up 1o 0.2 mm.
The lyminge are reduced o smull, irregular or
curved, disoriented remnants; in places a sec-
ondary erumous texture is developed. In addi-
tion there are numerous irregular lenses, up 1w
4 mm thick, of nearly vpaque, white, fine dolo-
mite, aligned parallel to the lamination (Fig.
7e). The dolomite is cquigranitlar, hypidio-
topic. grain size 0.01-0.02 wmm. Most iniri-
clasts n the interspaces are alwo dolomitized.
or at least surrounded by dolomitic nms, bul
the sparty cement is unaffected. Straight and
irrcgular calcite veins post-date the dolonnfiza-
tion. Stylotites in places cuf ucross all struc-
tures of the fock, but were not seen in thin
sectiony. Nodules of coarsely crystalline calcite
similar to those in [nzerle cf. tiomusi from
Burr Well {Preiss 1973a) are locally prescnt,

Compuriyons

The stromatolites arc identified as Linella by
their bumpy, subcylindrical and tubcrous,
parallel to markedly divergent branching.
willed columns, and numerous peinted pro-
jections. Many specimens of Baicalia have simi-
lay gross shape. but lack the almost ubiquitous
wall and Ihe numerous pointed projections of
Linelln. They are wssagned (o Linella nukka
Krylov on the basis of column shape. style of
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branching, und margin struclure, Unlike L.
sémica Krylov, ribs are poorly developed or
ahsent. The columns are more broadly bumpy.
more divergently branching. und less enarled
than those of L. nvir Krylov, Microstructure is
less well preserved than in the type materinl
but laming shupe is very similar. Linella whka
from Burr Well is very similar in microstruc-
lure, margin structure, lamina shape and mode
of preservation o Gymmosolen of. ramsayi
from limestone clasts in the Tapley Hill Fm.
but is distinguished by its bumpier, more tuber-
ous, divergently branching columns Krylav
(1967) described Tungussiv bavsa as u separate
form, but states that it veeurs at the margins
of Linella wkka bwhcpms, Similarly. at Bure
Well, inclined und horizoptal columns occur at
bioherm margins, bul these are here included in
Linella wkka. 1. zhuica Shenfil' rarcly has a
wall,

Dixtribution: Uk Swite of the Southern Urals
and in beds correlaied with the Kivkian
Suite of the Cenfral Urals, USSR: Balca-
noona Formation, Burr Well and Leigh
Creek. Northern Flinders Ranges, S. Aust,
Linella aff. L. ukka (Cloud & Semikhatoy
196Y) occurs [n the Johnnic Formation.
South lbex Hills. California, USA.

Age: Late Adclaidean: in the USSR it is
apparently restricted to the Vendiar.

Linella munyallinag f. nov
FI1GS, li-y, 2a-n. Sbh, 6b, 8a-t, 99—

Marerlul: V'wenly-six specimens from West
Muunt Hut. Terminution Hill, [ake Arthur,
Myrtle Springs, Burr Well, Rocbuck Bore
and Arkaroolu aréas.
Holorype: 8495 (Fips. 1x.y. 2a €3 9b), § km
easl of Myrtle Springs.

Nume: After Munyalling Valley, where the
stromatolites of the Arkaroola srea occur.
Déagnosic: Linefla with  dominantly parullet
branching, a wall that is discontinuous on some
columns, and with highly vanable lamina
shape. Columns ure gently bumpy. and pointed

projections are subordinae,

Description
Mode of Occurrence: ‘I'hese stromatolites wfe
widespread in the Wundowic Limestone of the
Northern Flinders Runges, where they occur
in domcd biostromes and lenticular beds con-
sisting of coatiguous domed hicherms. com-
monly averlain by thin sandy limestohes, and/
or interbedded in green ot red shales. The biu-
stromes vary ir thickness in different aregs
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[rom 50 em 1o 2 m, depending on (ke rehef of
the individual hinherms they comprise. At Burr
Well. individual bioherms ate isolated (Figs.
8a.c.d) or contiguous, so that stromatolite beds
are lenncular, and recur at differcor strati-
graphic levels. These bioherms, with growrh
relief of about | m, are of ellipsuidal shape,
with strongly inclined columns at their margins.
Luminated shale or liniestone fills he spaces
between biolwrms {Figs. 8a.cly in places, sandy
limestone Taps on to the bioherm margins, and
then covers the whole biostrome or bed, Trans-
verse sections of biofierms are rarcly secn.
except where dips are gentle: e.g. near Myrile
Springs oval bioherms occur, while at Arka-
roola they are sinuous and irrcgulur. Small. so-
luted oherms only 30 em wide also accur at
Arkaroala,

Column Shape and Arrangement. There s
great vuniability of column shape even within
single specimens. Most commonly, columns are
verticul or inclined, gently curved, non-paraliel
and bumpy, varying from subevlindrical to
tubervus  (Figs li-y; a-n: 8bef 9a—<).
Columns vary in diam, from | to ¥ om, and
swell and constrict moderutely throughout their
length. Transverse sections are commeonly oval,
vatiouslv elongated. lobale or rounded-polv-
gonal, nccasionzlly circular. Columns are up
to 10 em long hetween branches, but indivi-
duals ullain a height of ubout 50 cm. The ter-
minations of columns muy be either rounded
oc pointed (Fig lporax.v). Columns are
poorly developed in the hioherms ut Arkaroola,
where they are bridged over after a few conti-
metres of growth (Fig 8F)

Branching 1s very frequent. vuriable, but most
commonly subparallel (mostly «- and g-
parallel, somc y-parallel) and moderately di-
vergent (Figs Ti-y: 2a-n: 9a-c). In all speci-
mens, there are a few hrgnches which do not
grow into large columns, but terminate as nar-
row, pointed projoctions, 14 cm long, often
less thai 1 em wide (e.g. Fig. 1x,v). These yre
subordinate and may either be parallel to the
main column, or diverge from it luteraliv.

Margin Structure: Columns arc moderately
bumipy: in general the bumps are kow, rounded,
I-3 em in digm. and with a relief of usuully
less than 0.5 em. Bumps may grade into short
pointed projections. Some columns from
Myrile Springs are rather smooth (Figs 1wy,
The margins of columns are mostly walled, bui
fur short distances the wall may be absent,
Short overhangiing luminae and peaks arc pre-
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sent  moderately  frequently, while adjacent
columns are somelimes finked by bridges ot
varymg thickness. Sawme nclined columins at
bioherm margins at Burr Well are largely
unwalled (Fig. Be). In many oulcrops. cohimns
are seen to be hrvdged over at the 1wop. The wall
is formed by the marginal portions of both
stecply and gently convex laminae covering the
laeen! surface of columas, but the number of
lanminac participating s dilficult w estimate,
due lo recrystallization of the wall zone, Well
prescrved specimens from Myrtle Springs show
that up 10 20 laminae may he involved, the
will zone here hemg wp 1o § mm thick (Fig.
Yh).

Lamiina shape is highly variable (Fig. Sh). with
a large spread of values of h/d from 0.2 1o 1.3:
the grealest variability is seen in single speci-
mens ut Myrtle Springs, amd laminse from
other areas fall within this range: 76%% of lami-
nae measured have h/d between 0.3 and 0.7
(Fig. nh). The mnst steeply convex laminae
occur in the pointeil columns at Myrtle Springs,
where they approach subconical shape; other-
wise laminae are smoolhly domed. rarely rect-
angular or flattened. On & finer scale, well-pre-
served laminae are smooth or very gently wavy.
na primary wrinkling is seen, although in some
specimens, recrystallization has  embayed
laminae so as to produce o secondary wrink-
ling.

Micrastriiciure is best preservesi in specimens
from Myrtle Springs, where it is seen (o consist
of thin, even, light and dark laminae. which
are generally continuous, bur mav be cut hy
small micro-unconformities. Bath laming tvpes
thin markedly and become more distinct 1o-
wards the column margine. Laminac are espe-
cially prominent in the wall 7zone, where they
are of more uniform thickness (0.05-0.1 mm),
wilth smwnalh, parallel boundaries, but lens out
gradually down (he column margin (Fig. 9b).
Here durk luminae. composed of an inlerlock-
ing mosaic of xenotopic calcite, of grain size
0.006<4L,U2 mm, alternate with lighter laminae
of similar textore gnd shghtly coarser grain size
{0.015-104 wmm), In the central portions of
columns. laminac arc 0,1 1o 6.5 mm thick, the
pale laminue generally being thicker than the
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datk. The laminae are of similar texture and
grin Size 10 those at columin Margins, but the
light luminae contan ahumdant irrcgular. xeno-
lopic dolumite erystals of grawn size 0.02-0.05
mm. Microstructures From other areas are less
well preserved: frequently the fimest laminae
have been obliterated by greaer dolomitization
(e.g. Roebuck Bore, Fig. %a}, or by more per-
vasive reerystallization of the limestone. Small
areus with vnaltered very thin laminae usually
occur as remnants ol the original microstruc-
lure,

Interspaces: The sediment filling Iaterspaces
varies from ares to area. A1 Myrtle Springs,
columns ure widely separated (1 lo 10 em
apar) and the imerspace sediment s layered,
consisting of uiernating bands of sand amd
micritic  himestone. The micritic bamds are
homogeneous, 2-25 mm thick, aod consist of
slightly reerystallized xenotopic calcite ( grain
size 0.002-0,01 mm) with rare. scattered dolo-
mite rhombs, In places, algal laminae form
continuows  bridges capping the lops of
columuns, but also oceur as upward-concave
laminated sediment between walled columms.
indicating “that they posi-date the column
erowth. Such algel laminae may in tum grade
up inta ncw columns. Both the micrite and the
algul laminoe are scoured in places 1o a depth
of up to 3 em, and the channels so formed are
filled with coarse sand, of grain size 1 52 mm,
with ooids, minor lime mud, and cemented by
fine, sparry and acicular calcitc. The growth
relief of columns must have exceeded abour
5 cm above the surronnding scdiment, which
wias farmed by slow deposition of lime mud
and periodic rapid deposition of coarse delritus:
Intraclastic limestohes (oflen sundy) occur ot
Roebuck Bore (here imraclasts are limestions
while their matrix is dolomitized} and Burr
Well {Figs. 9a: 8e). Intraclusts are randomly
oriented, slightly weoonded; istructureless  flat
pebbles up 1o [ cm lopg, consisting of reerys-
tallized xenotopic culcile of grain size 00—
11.03 mm. The matrix consists.of equigranular,
xenotopic dolomite of grain size 0.05-0.08 mm
with minor fine_guanz sand yngd ifon-staingd
dolomitic pellets. -Specimens fram the middle
member of the Wundowic Luvestoge of Avka-

Fig. 1.

Reconstructions of Linellu, Umbcratana Group, .kainr;x 1qugcp, .(a}'h} '-:‘ué_f 4 whka, Bal-
canoons Formation, Burr Well; (a, b, 1,.-h)—S478; fc, «, g};&ﬂ?ﬁ:k{' ﬂég
Lirella munvalitng. Wundowie Limestone Member. Rogbuck. Bore

4)1; 1i-q1—
v f]* kﬂ_',.’“t q‘),"ﬁs'ij": ()

—S430; (1, ©)—S428: (m)—S427; (r=v) = Linella wanvalline, MWundowig - Limestone Mem-
bery Burr Well: (1, 1, v)—S486; (%, u)—S484, Inchned colugns. from bioherm arginsg (w,
%. ¥)—Linella munyalllna, Wondowie Limesone: Member, 8-km east .of Myrtle Springs H.S.

Holatype S495.



149N

roola contnin hunded interspace sediment; the
alternating bands, up 1o 1 cm thick, contain
micrite and fine intruspante respectively, sug-
gesting periodic current action ta rework lime
mud fragments. In the upper member of the
Wundowie Limestone at Arkaraca, interspaces
are filled with homogeneous fine subangular
quartz sand, cemented by minor calcite.

Seconduey Alterarion: Specimens Trom Myrtle
Springs are hest preserved, the chief alteration
being partinl dolomitization of light laminac.
Altecation of the wall zone by recrystalhization
of culcite is common in pll ureas: the outer por-
tione of laminne are recrystallized to an eyii-
granular, hypidiotopic calcite mosaic. Where
recrystallization is slight, & few relics ol Jdurk
lmminae ure preserved in o« spulry calcite
mosaic, of grain size 0.03 £0.05 mm. often with
scattered dolomite crystals, With esueme 1e-
crystallization, the whole of a4 column may be
alfected, resulling in a coarse hypidiotopic
mosaic of equidimensionsl. twinned caleite
crystuls, 0.5-2 mm diam, A secondary green
cluyey mineral forms an interstitial matrix be-
tween calcire crystals. and probably represents
a4 segregation of impurities during reerystallizas
tion. Even in these cases, the wall is usually
preserved as a thin laver of very fine caleite,
and the intecspace outside it is unaffected.
These patches of coarse reerystallization, to-
gether with the fine caleite veins they grade
inio. appareatly post-date the dolomitization of
light laminae, since relics of this dolomite are
preserved within them, Specitmens from Roe-
buck Bore are verv lurgely dolomitized, appre-
ciable amouos of calcite being preserved only
in the columns and in some intraclasts. The
interspace miatrix s completely Jolomitized.
dolomitization pre-dating stylolites and calcite
veims.

Comparisons

The stromstslies from the Wundowie Lime-
stone ot Myytle Springs, Burr Well. Rocbuck
Rore aod the Willouran Ranges are identified
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ax Linella on the basis of their branching.
humpy, tubcrous columns and the presence of
a wall and poinled projections. Specimens from
Arkaroola arc also included, although here Lhe
colummnar *eds are thin, and columns rapidly
csalesce or are brideed over by wavy-laminated
stromatolit ~ Linelia munyalling is asimilar to
Kalparia rensis Preiss and Kulavia cos-
rata Preiss in having bumpy walled columps
‘w.ta pointed projeciions, but the columns of
the laller two forms wre more closely spaced,
subeylindrical and always parallel, with fo
divergent branching. Linella munvallivg is dis-
tinguished from L. pkke Krylov by s domi-
nantly pacallel branching. fewer pointed pro-
jections, the presence of moderalely [requent
peaks, bridges and unwalled patches of
columns. Linella simica Krylov has ribhed
columns, while L. wvis Kryloy has more
gnatled, thiekly walled columns with very fre-
quent pointed projections. L. zhutca Shenfil’
rarely has a wall and has markedly divergent
hranching

Divtribigtion: Widesnread in the Wundowic
Limestone, Umberwtann Group. of  the
Northern Flinders Ranges: near the West
Mount Copper Mine, 5 km east of Wesl
Mount Hut. 9 km north of Termination Hill
and at «ake Arthur. Willonran Ranges;
middle member of the Wundowie Limestone,
8 km cast of Myrtle Springy; lower member
ol the Wundowie Limestone, Burr Well:
middie member of the Wundowie Limestone,
Roehuck Bore; and lower and upper mem-
bers of the Wundowie Limestone, 2 km
south of the Arkaroola Airsirin. A small
specimen  from  the  South  Australian
Museum collestion (supplied by Mr N.
Plcdge). found in the Etina Formation near
Artipena Hut. Central Flinders Ranges, east
of Martin's Well may alsa be Linella rnur-
yallina.

Age. Late Adelaides, correlated with cither
the Late Ripaean o Vendian ol «he USSE.

Fig. 2.

Reconstroctions of Linella munyalllng, Omachienia wischutica and Tungussia cling. (a-0)—

Linetle muorvalling, Waundowie Limestone Member; fa, b, ¢)- Holotype 495, B km eust ol
Myrile Springs H.S.; (d. 1)—554%, Luke Arthur, south-western Willowran Ruanees (Collected
by Mr. B. Murrell); 18)—S485, Burr Well; (F1- €556, Wast Mount Huot, Willouran Ranges

{Collected by M1, B. Murvell): (g, h)--S48A, A ¢ Well; (j)—S552,

Lake Artbur, South-

western Willouran Ranges (Collected by Mr. B. Mutrell); (k1—S744. 3 km east of Copley;(1)

—8555, West Moun} ..ut, Willouraa Ran
km north of Termination Hill (Cuollzcled mya v
urschurica, from the uppermost beds of the Tupley Hill Formation,

ley: (o-I)—Omeachienia

s (Oc’) cted by Mr. B, surrell); (m)- S566. 9
- Me. B. Muregll); 1a)—S294, Munyallina Val-

Deput Creek: (0, p, T)—339%; {y) -S392. Note; Npt all bridees could be shown on dia-

prams; (8)—SIS8, Tunguasia enna, Fling Foumation,

5 km east of Blinatab; (1)—SI57,

Tureassia #tino, Etina Formation, Enorsma Creek.
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Group OMACHTENIJA Nuzhnov
Collema omachiensis Nuzhnov 19602 1422,
Onrechtenio Nuzhnoy 1967 131,

Type Form: Omucluenia emachtensis Nuzh-
noy, from the Omakhtn Suite of the Uchor
Busin, Uchuro-Maya region, S.E. Siberian
Placform.
Ningnosiy: Columnar-layered stromafeliles con-
sisting of cylindrical and subcylindrical un-
walled columns, frequently widening wpwards,
with numerous cornices amd bridges linking
several columns. Rranching is mainly w-parallel;
columns are usually vertical, sometimes radiat-
ing or wurved,
Canterit: Qmuchrema omachrensis NWushnov,
Q, wrschuricq Nuzhrov and 0. giveneasis
Nuzhov.
Age and Distribution: Early Riphean in the
Uchuro-Maya region of the USSR, but a
South Australin, Q. wischurica occurs
rocks correlated with the Lute Riphegn,

Outachtenia utschurica Nyuzhnov 1967: 133,
FIGS. 2o-r. S¢, 6¢, 9de, 10a-¢
Muterial: Nipe specimens from Depot Creck
and Mundallo Creek.
Description

Mode af Occurrence: The stromalolites form
small  leaticular bioherms repeatedly inler-
calited in very finely laminated calcareons silt-
stones of the wp of the Tapley Hill Formation,
sonth-western Flinders Ranges. Commonly dis-
crele, hioherms 2 1o several tens of metres
wide, develop on crosionyl surfaces on the
underlying lamipated siltstones (Preiss 1973h,
pl. 281 and are closely associated with chan-
nels fAlled with imhbricated flat-pebble breccias,
often surrounding the bioherm. Bioherms are
generally less than | m thick. All gradations
from flat-laminated o domed, club-shaped,
pseudocolumnar and  olumpar  stromatolites
exist (Figs. 2o0-1, 9d¢). Where columns are
developed, their axes are mostly vertical, but
their sides may slope in various directions, and
nverhang the interspaces (Fig. 10u).
Colmn  Shape and  Arraungement:  Where
columns are discrete. they are generally sub-
cylindrical. sometimes widening upwards, either
vertical, or radially areanged. Columns are
rarely completely discrete for more than a Tew
centimerres, but are either linked by bridges or
completely coulesced. They may pass ulerally
as well as vertically into laterally linked or flat-
laminated stromatolites, which muy in wirn pass
mlo fat-pebhle breccia, at lcasl some of the
intraclasts being rewnrked chips of algal mals
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Columns commonly eommente growth upom
some regulanty of Ihe subsicatum, ¢.g, on Ihe
crosionig] surface of the underlying silts ar on
apturned flat pebbles (Fig 2p) Columns lire
mastly circular in cross section, 2=15 em il
diam., but may be complexly lobule,

Branching: True branching im0 discrete
columns s moderately rare, but may be mul-
tiple. Branching may be a-, g- or s=parallel,
sometimes markedly v-paralled. or shightly -
vergent. Branched columns ure frequenly
bridged over, or coalesce, after a few cemli-
metres.

Margin  Siructure:  Column  margins  are
extremely irregular with numerous short cor-
nices. bridges and overhanging laminac, which
drape over the penodically deposited interspace
sediment (Fig, 10b). Bridges consist of from
one to muny laminae, up to several centimetres
thick. Over intervals without bridges or over-
hanging laminae (which may represeat periods
of prowth during which interspaces were not
filled) the column murgin bears small ribs and
bumps. Nowhere is a wall developed.

Lymfinag Shape: Laminac are never steeply con-
vex: il most cases, they are Mu-topped, with
down-turned edees. 1.e. rhombic or rectangular.
They mav grade both laterally and verlically
into continuous fal lamipae. Typical lamina
shupes ure illustrated in Fig. 5S¢, Of 40 Jaminue
measured, ¥3% have h/d belween 0.2 and 0.4
(Fig. 6c). Il the growth of a column is nsym-
metrical, laminae are also asymmelrical, bt
growth always proceeds veretically. although
column sides may be sloping. Laminage are
smooth, very tately wrinkled or finely wuavy,
occasionally with micro-unconformities.

Microstructure is distinetlv banded and con-
sists of an alternation of sparry and pelletal cal-
cite laminae and fine. granular dolomite
laminae (Fig. 10bcy. Dalomite laminae arc
0.2 to 1.0 mm thick, and thin only slightly
lowards c¢olumn margins. Their upper and
lower boundaries ure more or less parallel; the
upper boundary is always shurp and oOficn
smooth, while the lower 3s usually gradational
into pelletal laminge, Dolomite laminac. with
almost no caleite, consist of granular, equi-
dimensional hypidiotopic to idintopic dolomite,
erain size 0,01-0.03 mm. At the boundaries,
suhedral dolomite crystals protrude into the
adjacent sparry laminae. ln places, several thin
dolomite laminae are grouped to form macro-
laminae up 10 2 mm thick; here (he sdolomite
laminae are separated by thin, discontinuous
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lenses of sparry caleite. which may be open
space fillings (Fig. 10b),

Dolomite lavers are everlain with shirp nnd
sametimes dighily eroded contact by coursely
sparry calcite lamibue warving ¥n Thickness
from 0.1-1.00 mm. which pinch and swell sud
may lens out laterally. The calcite s hypidio-
lopic 0 Xenowopic, transparcnt, consisting of
frequently twinned crystals, graln size 0.04—
0.2 mmi. In places there are lenses of coarser,
potygonal calcite of gruin size up 10 0.6 mm,
and rarely, ot dciculur calcite. Scattered verv
smull dolomite rhombs occur in places, Sparry
calcite laminae grade up intu pelletal laminae,
consisting of subrounded pellets QOS-0.1 mm
in diam., of fine grained hypidiotopic dolomite
(0.01-0,062 mm grain size), with clear, xeno-
lopic calcite cemenl [lilling the vouds. Pellets
become more tightly pucked upwatds, so that
they grade into homogencous delomite laminae.
In one specimen (Fig. 10c) pelletal Iaminae
are poorly developed,

Iaterspaces between columns are flled with
intraclast and pellet grainstomes. periodically
interrupted by bridging Inminae, Essentislly the
sume sediment occurs outside the bioherms in
channels cut into the underlying silts, but there
it is bedded, and clasts are imhricated, 1n the
interspaces, the sediment is largely unbedded
(Fig. 10a,h) consisting of flat intraclasts up to
several centimetres long, 1-4 mm thick. ram
domly oriented and looscly packed with numer-
ous round to ovoid pellets, 0.15-0.3 mm m
diam. Peliets and intraclusts consist of equi-
granular hypidiotopie dofomite similar 1o that
of the dolomite laminae; the imtraclasts were
probably derived from the erasion of the Nut-
laminated varicty of 1he stromaolites, while
pellets are Interpreled as communuled and
rounded, repcatedly reworked dolomite intra-
clasts. Allochems must have beea in part malex
supported, but odly locally s a lime mud mat-
TiXx preserved. Most grains are cemented hy a
clear, sparry cement of xenolopic inequigranu-
lar caleite, grain size up to 0.4 mm. What must
have been primary lime muod supporting scat-
tered intraclasts now consists of recrystallized
hypidiotopic calcite. grain sice 0.05-0.1 mm
with scaliered dulomite rhombs. In places, large
allochems or overhahging column margins shel-
tered the underlying areas from settling mud,
any these arc now filled wilh course, open space
Blling sparry calcite,

Secondiry Alteration: Dolomite pellets and
intraclasts were probably rewerked as dolomite,

193

i.e. the original sechment was affected by early
diagenctic dolomitieation and then redeposited;
many intraclasts are long and flat, und could
ol have withstood transport without being
lithified. These allochems were partly supporied
by lime mud. and partly winnowed, leaving
open spaces filled with sparry cement. The time
ul dolomitization of the dolomitic stromatolite
laminoe s nol clear; dolomite pellets are
cemented with sparty ealeite, suggesting that
the sediment was brought in as Jdolomite. But
dolomte rhombs in the laminac appear to posi-
date the calcite cement. In addinon, dolomite
rhombs occur scutcered throughont the reerys-
talhzed lime mud (now microspar), and the
sparry, opea space filing caleite. It is likely
that mwnor secundary dolomitization affected
the whole sediment after e deposition. Post-
depositionul pyrite cubes, 0,08-0,20 mm wide,
are scattered throughout the rock. Stvlolites are
rare, and are restricted to broadly conformable
lypes which follow bridging laminde hetween
columms.

Comparisons

The columnar and columnar-layered portions
uf this stromatolite sccord with Nuzhnov's des-
eription of (pachsenia in having eviindrical or
sub-cylindrical columns with frequent cornices
nnd overhangs on the lateral surfaces. which
are linked by numerous bridges and lavers
commen 10 several columns. Branching in boih
15 dicholomous or multiple, usually g-parallel.
Columns are psually verlical, or rarely. radiat-
ing. As the domed and fatlaimnated stroma-
tolites cannot be separated from the columnar
and columnar-layered portions. these must be
incloded us  environmental  variatjons  of
Omachtenja, The stromatolites differ from
Jurusania Krylov and Knssiellu Krylov in hav-
ing more rregalar, mare frequently branching
columns repeatedly linked by bridges. The
repeated bridging and churacteristic thick. pel-
letal laiminae distinguishes them from the basal
portions of Inzeria conjuncte and Acaciella
aligeeste. Q. uteehurica Nuzhnov differs from
O, givinens!s Nuzhnov in having more gently
convex laminae (h/d less than 0.5). O. omach-
fenxivx Nuzhnov has generilly narrower columns
and some short, lateral outgrowths, und thin-
ner, non-pelletal laminae. . wrschurica from
the Tupley Hill Formation is extremely similar
In €. wischurica from the Uchur River, USSR,
in gross shape, typc of bridges and lamina
shape, but has slightly thicker pelietal laminae.
{Pellets may also be present in the type minte-
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rial, as in Nuzhnov 1967, Pl. 11(4)). Omach-
tenia closely resembles Schancharia Korolyuk
in gross shape. Tamination and bridging; Schan-
charta, however, appatentlv has a thin, one-
Tayered wall | Korolyuk, 1960),
Diwweibution: The Omakbtin Suite of the
Crehue River, S E. Siberian Platform, and the
upper Tapley Hill Formation, Depot Creek
and Mundallic Cre=k, S.W. Fliaders Ranges,
S. Aust.
Az Early Riphean 1n the USSR, but here al
is Late Adeclaidean, in beds correlated by
other stromatolites with the Late Riphean.

Group TUNGUSSIA Semikhatov
¢ ollesia swhotimgnsica Semikhatoy 1960:
1481.
Tungusvia Semikhatov 1962; 205,
Type Form: Tungussia nodosy Semikltoy,
from the Sukbotungusin  Suire.  Yienises
Mountuins.

Diagnosis: Tuhervus w  subeylindneal, hori-

zontal to vertical columns with frequem, mul-

upte, markedly divergent branching; lateral sur-

face 1s smoonth or with small peaks, ind at least

locally with a wall.
Corienl- 1. nodosa Scmikhatov, T. confusu
Semikhatov, T. sibirica Nuzhnov, T. inea
Walter and 7. erecrw Walter. T. bassa i3 a
lateral varinnt of Linella ukka Kryloy, T.
snpiggeni Ruaben and 7. russa Raaben are
imsulficientty  deseribed  and illustrated 1o
ullow comparison, and the description of 7.
dretice Raaben is unavailable. New forms
ate T. #tina and T, wilkatamna.
Ape: Middle 1o Late Riphean. and prabably
Vendian,

Tungussia etina . nov.

F1GS. 2s.t. 3a-m, 4a,b, 5d, 6d, 10d.¢e, 11a-¢,

124

Materia!: Twenty-eight specimens Irom Mt
Chambers Gorge, Teatree O.S.. Blinman,
Martin's Well, Enorama and Arkaha areas.
Holorvpe: 8435 (Figs, 3i,1, 4ab, 11c), Mt
Chambers Gorge.

Nanwe: After the Etina Formaltion, in which
the stromatolites pardy occur,

W. V. PREISS

Diagnosis; Tungwssia with a wide variation of
hranching style from subparallel to markedly
divergent, 5 thin, interrupted will, and thick,
pinching and swelling, wavy laminye. Coarse
detritus can be incorporated in light laminae,
If it was available during growth.
Deycription

Mode of Oceurrence: The stromatolilcs occur
in irregular tonguing bioherms and lenticular
beds in the Elina Formution and ils cxtensions
in the Northern Flinders Ranges. Exposures are
ofien inadequate to determine the cxuct shape
of the lenses, bt generally they are discrete
wolated  bodies, surrounded by sandy  and
oolitic Jimestones. Tn the occurrence neuar Mt
Chambers Gorge, the columnar stromatnlites
overlie irregularly laminated sandy and oolitic
limestune (the contact is now stviohtic). and
form 4 lens up 1o 2 m thick in its thickest parl,
In places, growth continued on the op of the
Jems in the ftorm ¢t irregularly wavy and
pseudocolamnar stromatolites. At the margins
of the bioberm, columns grade laterally imo
psendocolumns and wavy laminae, which inter-
tongue with onlitic limestone. At Tealree OS.,
the stromatolitic bed again intertongues with
oolitic limestones, but hete columas ire mere
inclined at the hioherm margins than in their
centres. S ijar relations of stromatolitic bio-
herms interionguing with sandy ool and intra-
clast grainstones wete observed in the Elipa
Formation in the Arkaba Hills, Enorama Creek
(Fig. 10¢), Blinman and on the south-western
flank of the ECnoramu Dispicr However, at
many locations in the Central Flinders Ranges.
the columnar portions are poorly developed.

Calumnar Shape and Arrangement: Well deve-
loped columns persist vertically for more thun
10 ¢m only in the sections ai Mt Chambers
Gorge, Enorama Diapir and at Tewtree 0.8
elsewhere short, irregufar columns  quickly
grude up inlo linked peeudocolumns, AE Mt
Chambers Gorge, the orientation ol columns
varies [rom wvertical 1o variously inclined, to
subhorizontal (Fig. 10d}, Columns from the
Teatree .S, locality are also variously inclined,
but rarely subhorizontal; some are subparalicl
(Figs 2s.t. 12a). Columns from all areas are
tuberous. bumpy. swelling and constricting, or,

Fiz. 3.

Reconstructions of Twngussiz eting, Umberatuna Group, Central snd Northern Flinders
Ranges. (a]—S286, Wundowis Limestone, near Teatree OS5,
5 km east of Blinman; (¢)—S5561, Etina

{b)1—S158. Etina Formation,

Formation. S.E. margin of Enorama Diapir: (d)- -

§522, Plina Formation, Arkaba Hills; (e) —S526, Balcanoona Formation, near Mount Cham-

bers: (f. g. h)—Wundowie Limestone Member, near Teatree

0S; (f) 8441, (g) S444, (h)

S440; (i i, k, m)—Balcanoona Formation, nens Moupnt Chambers: (i, 1)—Hololype, S433.

(i)—S436, (k)—S325. {m)—S3524,
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less commonly, steaight, subcylindrical Short
columns trom Central Flinders localities are
frequently bulbous {Fig. 11d). Bumps and
swellings are generally broad and rounded,
while constrictions sometrnes tuke the form of
decp indentations into the main columa, at
points of  branching (Fig, 3afh). Some
columns branching from the man column ate
only 4 few centimetres long. with either pointed
or rounded terminations |Fig, 3a). Columns
vary greally in diameter from 1 10 10 cm, the
largest oceurnng at Mt Chambers Gorge.
Transverse seetions vary from elliptical to com-
plexly lubate! circular sections pr¢ rare.
Branching 15 very frequent and highly variable;
even within single specimens. both parallel and
markedly divergent bronching may occur. Spe-
cimens from Mt Chumbers Gorge have pre-
dominantly muliple, murkedly divergent
brunching. although columns may hecome sub-
pacallel =oon alter branching (Fig. 3m). Al
Teutrze O.S.. muarkedly divergent branching
antl parallel or slightly divergemt hrancliing
pseur together (Figs. M.gh, 1la, 124)
Columus from Eporwma Creek are frequently
truncated by stylolites parallel to overall bed-
ding, so that the siyle of branching is ohscured.
Columns rom this locality that allowed recan-
struction {Fig. 20). show markedly divergent
branching,

Margin Struciieee! Primary margin struciure is
frequently nhscured by stylolites; in some speci-
mens from  Arkaba. Teatrce OS. and Mt
Chambers Gorge, almost no column margins
are preserved. Where columns are relatively
snalfected by siylolites, they are scen 1o bear
thin, intcrrupted walls. involving two or three
laminae only, or very locally, multitaminate
walls, c,g Enorama Creek and Teatree OS.
(Fios. 11ah). Bul ihe latler ure affected hy
pervasive reerystallization, so that commonly
only the vuter murgin of the wall is preserved.
Adjacent ¢olumns frequently coulesce, or are
inked hy mussive hridges up to several centi-
metees thick. Bridges and overhanging laminae
are common on unwalled porions of columns.
especially from Mt Chambers Gorge (Fig.
Imi. Column margins are gently bumpy. with
accaslonal short transverse ribs Most of the
surface irregularity of some specimens from
Teatree 0.S. is due to stylolitic solution of
column margins (¢.e. Fig, 3a).

Lanina Shape i most commonly moderately
stoeply convex (Fig 5d). Measurement of h/d
ratinv is difficult in some specimens due to
removal of column mareins by swloliile solu-
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tion; thus measured ralios niay be too low in
these cases. Of 131 laminge measured, Y3
have raunos of h/d between 12 and 0.7. the
made being between 0.3 and 04 Laminae are
moderalely ta markedly wavy, the undulntions
having @ wavelength of 3=10 mm, and ampli-
tude 1-5 mm. lLaminae are lenticular. and
pinch and swell markedly over short distances:
this irregulacity is caused ar least 1n part by
erosional micro-uncanformities (Fig. 11ce).

Micraspepctrs; A broad, arregular kimination
is well preserved in some specimens from Tea-
tree 0OS., Blinman, Enoruma Creek and Mt
Chambers Gorege. where thick, wavy, pinching
and swelling light laminac alternute with durker
thin, fine-grained laminac Irequently with clay
or iron oxide impurnties, Lighi lanunae vary
rapidly in thickness from 0.2-2.00 mm, and
frequently lens out laterally; few extend across
it Tull column width. Very commaonly, the light
lamninac are truncited by erosion suglaces, cepe-
cially in specimens from Mt Chambers Guorge
[ Fig. 1le). They are composed ol equigrannlar
xenotopic ta hypidiotopic mosaic caleite, gram
size 0.006-0.03 mm. Occasionally, coarser
detritus s incorpotated. if it was available, For
example, the Enorama Creek stromatolites cons
tain up (o 305 ol ooids and coated grams,
03-1.00 mm in diam., within thewr hight lamie-
nae. Elongated ocowls amd coated prains are
aligned paralle]l o the lamination, and are
always supported by the finer sediment of the
stromatolitic  luminae, Ooids are extremely
abundant in the inerspaces. Specimens from
Teatree OS. contain very few oaids, but here
the supply was not great, as seen from the pre-
ponderanee of lime mud in the interspaces, At
Mt Chambers Gorege, ooids are absent both in
interspaces =nd stromutolite Jaminae, but fine
sand present in inlerspaces 1k also incorporated
into laminae. These observatioms snggest that
the algal mats were cupable of trapping coarser
detritus, if it was brought to the sile The
thinner dark laminac are 0.05-0.15 mm thick,
and composed of very fine micntic calcite, of
xenotopic, equigranular texturg and prain size
0.002-0.01 mm. At Mt Chambers, the dark
laminae are emphasized by very fine, hypidio-
Lipic ferruginous dolomite concentrated along
them. In places (¢ g. Blinman!, dark laminac
with shatp lower boundaries grade up mio light
laminae (Fig. 11d). At Arkaba Hills, the dark
lamiinae are largely styvlolitic.

Interspaces: Columns are moderatelv  closely
spaced, interspaces 5 mm=2 cm wide, The type
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of sediment Blliag the interspaces varies in the
Uifferent preas, and its relation to the quantity
of Jetritis in Jaminae has already been dis-
cussed, Al Mr Chombers Gorge, merspaces
are filled mainly with slightly dolomitized and
recrystallized puctly laminated lime mud. with
a few bandx up 10 2 cm thick of very fine. sub-
anguiar guartz sand. Flat intraclasts up ta 2
cm long are in places stacked vertically in inter-
spaces hetween walled columns. indicating a
minimum relief of 2 ¢m. Diserete areas of
intraclast graindone suggest that after column
wrowth, coarser  detritus  was  occasionally
washed in hetween times of seutling of lime
mud. At Teatree O.S. inlerspaces <ontain
poorly bedded micritic limestone and ooid
wuckestone: in one specimen (Fig. 11h), these
alternate in 5 mm bands. Qoids are commonly
preserved oply as moulds infilled with sparry
culcite. Unbedded fing or medium sand with
micrite matrix commonly fills interspaces in the
Etina Formation, At Blinman, the sand con-
tains rounded medium grained quartz, red
teldspar and green pellets consisting of a chio-
ritic mineral. Since litle sand i< incorporated
into the siromatolitic laminae, the interspaces
were probably rapidly Rlled after. not during.
column growth. Interspaces at Enorama Creek
are filled with ouvid grainstone exclusively—rthe
ullochenis are chicfly ooids with a single outer
lamina and coated, Mat intraclasts. Oalitic
laminge may be partly detached, perhups due
to the growth of spafry cement,

Secondary Altération: Specimens from  Blin-
man und Enorama Creck are the best pre-
served. the chief alterstion being the formation
of calcite veins, cut by later stylolites parallel
to bedding. Doloniitization is restricted 1o spe-
cimeny ftrom Teatree O.8. and Mt Chambers
Gorge: thombs of dolomite varving from 0,01
0.015 mm, sometimes ferruginous, are scat-
tered throughowt both lamina tvpes. Ferru-
gmuus dolomite is concentrated in the dark
Jlaminae and the intcrspace sediment at Mt
Chumbers Garge. Small areas of recrystalliza-
tion of fine grained calcite to grumous texlure
are present in all specimens; the wall zone cspe-
cially may be almost totally recrystallized, leav-
ing unly the outer lumins preserved. Light
liminae are completely recrystallized in one
specimen from Mt Chambers Gorge, Stylolites
on column margins are very frequent al Teatree
O.S., Arkaba Hills and Martin's Well. post-
dating the recrystallization of lawinae and
replacement of ooids by sparry calcite, but
appareotly  pre-dgting  dolomitization.  Lucal

large s¢lulion cavitics are rimmed with zoned
ferroginous dolomite rhombs, then flled with
coarse, granular sparry calcite.

Comparizons

The stromatolites are chutacterized by a very
wide variation of gross morphology, cspecially
branching, which distinguishes them from all
parallel-branching stromatolites, although some
rescmble fnzeria Krylov in having deep inden-
fations into the main column at branching.
They are assigned 1o the group Tungussia on
the presence of markedly divergent branching,
subhonzontal columns, and thus differ from
the other divergent branching groups Linella
Krylov, Baicaiia Krylov. Anabaria Komar,
Poludia Raaben and Parmitex Raahen. Liaefia
hus very numerous pointed projections, snd
columns are subhasizontal only in the marginal
portions of hioherms, Baieculia differs in having
chicfly ragged, unwalled, margins. with fre-
guent overhanging [aminae. Anabarie has con-
sistent, slightly divergent branching, and cylin-
drical columns. The columns of Paludia arc
complexly curved and intertwined, while those
of Parmises are anastomosing.

Twngassia etina differs from all other forms
of the group in its greal variation of branching
styfe. and ils microstructure., Some specimens
closely resemble Tungessia innae Walter in hav-
ing oolitic. wavy laminac, but 7. eiita is dis-
tinguished by its distinct thicker, pinching ond
swelling lamination and variable branching.

Disteibwtion: Etina Formation and equiva-

lents, Umberatana Group, Cenlryl  and

Northern Flinders Ranges: Rakanoony For-

mation at Mt Chambers Gorge: Wundawic

Limestone at Teatree O.8.; Etina Formation

neur Blinman, Martin's Well, the SE. flank

of the Enorama Diapir. Enorama Creck und
the Arkaba Hills area.

Age: Late Adelaidean, correlated wilth Lhe

Late Riphcan or Vendian of the USSR,
Tungussia wilkatanaa . noyv.

FIGS. dc—, Se, be, 12b-e

Material: Five specimens {rom Depot Creek

und Mundallio Creck.

Holotype: 8412 (Figs. 4f, 12¢), Depot Creek,

Name: After Wilkatanna H.S., & km norh-

west of the 1vpe localily,
Diagnosiv: Tungussia with smooth o gently
bumpy suheylindrical to tubcrous, frequenlly
walled columns, with markedly divergeni mml-
tiple branching and continuous thinly bamled,
hemispherical laminae.
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Descriprion

Mode o! Occurrence: The stromatolites occur
in pale pink to white pure dolomites und pos-
sibly also in dark grey dolomiles, as extensive
biostromes, 11,3-2 m thick, interbedded in lami-
nated siltstones and shales. ‘I he upper surfaces
uf bwstromes are irregular, undulating, and in
places. erosional. Stromatelitic columns arise
from Natdaminated or cuomulate buses (Fig.
2c), growth frequently commencing upon the
crovled surfoce of the underlying shule, In some
heds, only  the flat-laminated or cumulate
stage of growlh is altained, in others, up to 2 m
Ihickness of columns develops. Columns are
cither brdged over at the top by latcrally
ligked hemispheroids, or eroded. Columnar
portions may grade laterally along the bio-
strome into laterally linked hemispheroids

Column Shape and Arrangemenr; Columns ure
subcylindrical to tuberous, humpy, 2-10 ¢m in
diaim,. with low broad swellings und consirie-
tions; portions of columns widen rapidly above
a cansiriction (Fig. 4¢.d.f). Crosssections vary
from subcircular 1o highly lobate, The orienta-
tom ol columns is highly variable, both hori-
zontal und vertical columns being common.
Individual columns are 520 cm high, but the
whole structure may attain 4 height of 2 m.
franching: Both verticul columns and broad
cumule may arise from the Nat-laminated base.
These typically give rise to a number of hon-
zontal columns, fronm which in tum cither ver-
tical columns branch upwards, or the hori-
zontal columns (hemselves turn sharply up-
wards {Fig. 4¢—i), Columns are Frequently
constricted at branching, and then expand up-
wards rupudly. Muluple, markedly divergent.
hranching from ene point i common.

Margin Stryerure The lateral surface beurs
numerous broad bumps of up to several cenli-
mecires (Flg, 4c). bt in places columns are
gquite smooth (Figs. 4f, 12e}. Overhanging
luminac pre relavively rare, and any peaks and
cornices present are only a few millimetres long
(Fig. 4f1, A wall is usually presemy but mav
be ahsent. unwalled areas are relatively smooth
or fincly fringed, the laminae abutting against
the column margin at varnous angles (Fig
12b,}, In walled areas, the laminac gradually
thin and cover the surface for a distance of up

to 1 em. The wall varies jn thickness lrom |
to 10 laminue (Fig. 12e). Bridges become pro-
minenl near the top of the structure.

Lamina Shape is wostly  hemisphericul. bul
gently conves laminae occur in wide columns
and in some horizontal columns, especially in
unwilled portions. Laminae wre  smoolhly
curved. without sharp flexures, their shape
being inbenited from underlying laminse.
Micro-unconformities aceur, but are mostly
only shight, Fig, Se illustrates some representa-
tive lamina shapes. 837 of laminae have h/d
between 0.2 and 0.5, the mode (33%% ) beiny
between 0.3 and 0.4 (Fig. 6e). In places lami-
nae develop two crests, anticipatine brunching,
Near the margins of columns, laminge thin.
and either abut against the margin (in places
eroded) or bend over to form s wdll, Laminae
are ¢ither smooth or very genlly undulaling,
with amplitude not exceeding one millimerre.

Micrasiructure is best preserved in silicified
portions of colamns; it is finely bunded, con-
sisting of alternating than continunus dark and
light luminoe; continuity is broken oaly hy
micro-uncanforoeies (Fig. 12e). In the less
well  preserved  dolomitic  stromatolites.  the
fingst laminue are frequenlly oblitermed and
macrolamimae lend o predominate (Fig. 13b).
Light luminag vary in thickness from 0.05-0.2
mm, most commonly 0.05-0.1 mm, bur thin
towards the column margins where they form
the wall. The upper and lower boundarics are
parallel, and usually distinct and smooth. No
unequivocal detrital grains werc scen; some
thicker pale laminae arc of finelv grumous 1ex-
ture. represeating parttally recryvstallized dark
macrolaminae. Well preserved light liminae in
silicified columns conwists Of extremeiyv fine
transparent chert—a aenowpic aggregate of
equidimensionsl quaitz grains, 0.001-001 mm
in diam. Wher¢ preserved as carbonate, the
light laminae consist of xenolopic tn hypidin-
topic Jolomite uf equidimensional 0.005-0.02
mm grains. Dark faminage are genecally thanner
than light laminac (0.02-0.2 mm, most com-
monly 0.02-0.08 nm). Where well preserved
they have smooth. distinct boundaries, and are
quite continuous, but in parts of dolomitic
columns, they are preserved only as chains of
elongated lenses, 0.1 to 0.5 mm long (Fig

Fig. %, Reconstructions of Twunpassia etina und Tungnssia wilkatenna. (a, b)—Tungussia etina, Holo-
type 8435, Balcanoona Tormation, neat Mount Chambers; (c=i)—Tuvenssia wilketanna, Skil-

logalee Dolomite, Southern Flinders Ranges

5 (e, h1—S169, Depot Crock: (d)—S323, Mun-

dallio Creek; (e1—S410, Depot Creek; (f|—Holotype. S412. Depot Creek; (g1—S408, Depat

Creek: (i11—8209, Depat Creck,
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12b). Silictfied dark laminae consist of
extremely fine, pale hrownish-grey organic
stained chert, of grain size 0.001-0.005 mm.
Carbonate laminae consist of xenotopic dolp-
mite ol -equidimensional 0,003-0,005 mm
grains. Mucrolaminae, 1-3 mm thick, consist-
ing of up to 10 light-dark lamination pairs,
occur only in the dolomitic portions of columns
(Fig. 12b). In places, the fine internal lamina-
tion of macrolaminae is ohliterated almost
entirely, but these grade laterally into unaltered
light and dark, very thin Jaminae,

Interspaces: The distances between neighbous-
ing columns vary from several millimetres to
several centimetres. The interspaces are filled
with almost complelely unbedded intraclast
wackestone. Clasts vary [rom 0.5-2 cm: most
are well rounded, and composed of homo-
geneous dolomicrite. Some are partially recrys-
lallized to grumous-textured dolomite. Long,
Nat intraclasts. 0.5-1 mm thick, up to 2 em
long, are common near the buse of one speci-
men; hese are commonly replaced by coarse
sparry hypidiotopic  dolomite. [ntraclasts are
randomly oriented, loosely packed and gene-
rully matrix-supported.

Secondary Alteration: All definitely identified
vreurrences ure found in pale pink 1o white
dolomites; other specimens from dark grey
dolomites at Depot Creek prubably also belong
fo this group but are inadequate for relinble
identification. The dolomite generally preserves
most fine structure (as does the Skillogalec
Dolomite of many other areas). but in places
is significantly recrystallized. Silicification of
portions of columns occurred after the growth
of whole columns, but before partial alteration
of the surrounding carbonate, since it best pre-
serves the finest lamination. In places it is pos-
sible to trace unaltered very thin laminae from
silicified to carhonate portions of columns; in
the latler, only broud light and dark macro-
liiminae are preserved, The dolomitic nature of
the whole (unsilicificd) sediment suggests
either  penccontemporaneous  clolomitization
(during stromatolite growth) or trapping ol
dolomitized lime mwd, Silicification thercfore
probably post-dates  dolomitization. Grumous
fextures are developed sparadically throughout
stromatalite und interspace sediment, and were
probubly formed by partia]l recrystallization
during later diagenesis. Irregular stylolites, buth
culting columns and following column margins.
post-date the development of grumous texture.
They are commonly tich in imonite, and, n
places, pale green chlorite.
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Comparisons

The stromatolites are assigned to the aroup
Tungussia on the basis of their multiple,
markedly divergenl branching and frequent
horizontal and gently inclined columns, These
characters, in addition 10 a consistently
smoother margin structure and freguent pre-
<ence of a wull, distinguish them from Baicalta
hurra which occurs elsewhere in the Skillogales
Dulomite. Tungussia wilkatanna js diffcren-
nated from T, nodosa Semikhatov by its
smoother column margins, smoother, consis-
tently hemispherical and never disharmonic
laminae. It resembles 1. sibirica Nuzhnoy in
having numerous horizontal columns with up-
turned ends, but is distinguished by its
smoother margin and presence of a wall. 7.
wilkatanna is distinguished from 7, bpssa
Krylov in lacking long horizontal columns, and
in occurring independently, not as a lateral
variant of Linella wkka Krylov. Unlike 7.
erecra Walter. it lacks long erect columns. and
is distinguished from T. {nunae Walter by its
smooth laminse. T wilkaranna most closely
resembles T, confusa Semikhatov, but is dis-
tinguished by its thinner, more ¢ontinuous lami-

201

nac of predominantly hemispherical shape. 7.
wilkatanna has more regulur and  discrete
columns of constanl shape and branching thun
T. eting, and has thinner, morc conlinuous,’
smoother laminae.
Dixtritation: In the lower third of the Skillo-
galec Dolomite, Burra Group: South-western
Flinders Runges: Depor Creck and Mun-
dallio Creek. Small specimens possibly 1o be
included, come from near the base and near
the wp of the formation,

Age- Early Adclaidean,

Acknowledgments

I am indebted to Prof. M, F. Glacssner for
supervising this study, to the support given by
the Centre for Precamhbrian Research, Univer-
sity of Adelaide, and to Dr M. R. Walter for
discussions  and  collaboration, Messrs. B.
Murrell und N, S. Pledge Kindly supphied me
with specimens, and Mr R, P. Coats indicated
se¢veral stromataolite localities. Drafuing hy the
Drafung Branch, Department of Mines, and
by my wife 15 gratefully acknowledged. This
puper is published with the permission of (he
Dirccter of Mines.

References

KHOMERNTOVERLY, V., V., SHENIIL', V. Y. YARSHIN,
M. §S. & Burakov, . P. (1972) —"Opornye
Fazrezy ouozhcniy verkhnege dokembriyn i
nighnego  kembriya  sibirskoy  platformy”
(“Stundard sections of Upper Precambrian
and Lower Cambrian Jeposits of the Siberian
Plnform.™) (Publishing House “Nuuka™;
Muscow.)

Korotyuk, L K. (1960). —Stromatolity nizhnego
kembriya i proterozova likutskoga amfiteatra
(Stromatolites of the Tower Cumbriun and
Proterozoic of the Irkut  Amphitheatre,)
Trady Inst. Geol, Razrah, Gosyuch. Iskeop.
Akad. Nauk SSSR 1, 1-161.

Keviov. L N. {1967;,—Rit'cy9kie t mzhne-kem-
briyskie stromatolity ‘I'yan'Shanya i Karataw,
[Riphean and Lower Cambrinn stromatolitss
of Tien Shan, and Knaratau). Frudy geol. Inst.
Leningr., 171, 1-76.

Nuzsnay, 8. V. (1060) —Stromalolily posdnedo-
kembriyskikh i kembriyskiskh otlozheniy vos-
lochuykh  sklomov  Aldanskozo  Shehitu.
(Sromatolites of the late Precombriun und
Cambrian deposits of the emstern slopes of
the Aldan Shicld.) Dokl. Akad. Naunk SSSR
132(6), 1421-1424,

Nuzunov, 8. V. (1967),—Rifeyskic otlozhentyu
yugo-vostoka sibirskoy plutformy. (Riphean
deposits of 1he southeast Siberian platform.)
Inst. Geol. Yakutsk. Filiul Sibirsk, Otdel.
Akad, Nauk SSSE; Moscow, 1-16().

PrEiss, W. V. (1972).—The sysiematics of South
Auvstralian Precambrian and Cambrian Stro-
matolites, Puart L. Trans, B, Soc. 5. Aust. 96,
67-100.

Preiss, W. V| (19734) ~—The systematics of South
Australian Precambrian and Cumbrnan stro-
rgmnozlitea. Pavt 1L Trany. R. Soc. 5. A4ust, 97,

1-125.

PrEss. W. V. (1973b).—Palasoecological inter-
pretations of South Australian Precambrian
stromatlites, 4, peal, Soc. Aust. 19, S01-532.

SemikinaTov, M. A, (1960).—O verlikalnom ras
predelenii stromartolitov v rifeye Turnkhan-
skogo rayona, Dokl, Akad. Nowk SSSR 135
(6), 1480-1481,

SEMIKIATOV, M. A, (1962).—Rifey | jizhmiy
kembriy  Yeniseyskogo  Kryazha. (The
Riphean and Lower Cambrian of 1the Yeolser
Mountnins. | Trudy. geol. Inst, Leninge. 68.
1-242.

Wauter, M. R, (1972).—Stromatolites and the
hostratigraphy of the Awstralian Precambrian
and Cambrian, Palucantology, Spec. Paper 11,
1-190), 33 pls.



202

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

12.

W. V. PREISS

Linella wkka, Balcanoona Formation, Burr Well, Northern Flindars Ranges. (a) —Longitudinal
sections of tuberous columns with pointed projections in outerop. Marking pen is 10 cm long;
(b)—Longitudinul sactions of inclined columns at a bioherm margin. Diameter of leng cap s
5 cm; (e)—Cut slab, showing divergently branching columns, The while areas are patches
of coarsely crystalline calcite. $478; (d)—Iongitudinal thin section (S477); Lamipae ure
largely obiiterated by recrystallization; (¢)—A cul slab, adjacent to thin section in (d).

Linella munyalling, Wundowie Limestone Member, Northern Flinders Ranges. (a)—Recuryed
margin of a bioherm, lowest limestone band, Burr Well; ( by —Longitudinal sections of com-
plexly branching columns, Rocbuck Bore: {(c)—Inclined columns at a bioherm margin. Lowest
limestone band, Burr Well; (d)—Oultcrop of a small bioherm. Lowest limestone band, Burr
Well: (e)—Thin section inclined columns [rom a bioherm margin. Here the wall is poorly
developed. Towest limestone band, Burr Well. S486: (f)—Thin section of columops with
numerons hridges, Munyallina Valley., S294.

{a—¢)—Linella munyalling, Wundowie Limeslone Member. (a)—Thin szction of slightlg'
divergent branching columns, Roebuck Bore. $431: (h)—Thin scetion of holotype, 5495,
showing steeply domed laminae in parallel, walled columns. Note sandy Ienses in the inter-
spaces: (¢)—Thin section of slightly divergent branching columns. West Mount Hut. S5355;
d)—Oniachtenia ulschurica, ouicrop, uppermost beds of the Tupley I1ill Formation, Depot

Creek: (e)—As for (d), showing numerous bridges between columns.

. {a-c)—Longitudinal thin sections, Omachtenia wlschurica. (a)—Illustrating pelletal lamina-

lion and coarse intraclasts in interspaces. S166, Depot Creek; (h)—IHlustrating details of pel-
letal microstructure, 5399, Depot Creek; (¢)—-Tlustrating broadly bandad microstructure; (d,
¢)—Tungussia etina; (d)—Longitudinal outcrop szction showing markedly divergent branch-
ing, Balcanoova Formation, near Mount Chambers; (e)—Outcrop of irregulurly tuberous
columns. Etina Formation, Enorama Creek.

. (a) —Tungussia etina, Umbzratana Group, Flinders Ranges, Longitudinal cut slab showing

markedly divergent branching of columns. Wundowie Timestone Membér, near Teatrec O.5.
§441: (b)—Longitudinal thin section of walled columns, Wundowie Limestone Member,
near Teatree O.S. S446; (c)—Vertical thin s2ction of variously oriented columns, Balcanooni
Formation, ncat Mount Chambers. Holotype S435: (d) —Wavy, banded lamination segen in
thin section, Ftina Formation. east of Blinman. S158; {¢)—l.ongitudinal thin section, Hal-
canoona Formation, near Mount Chambers. 5523.

(a)—Longitudinal thin section, Tungussia ectina, Wundowie Limesione Member, near Tesilres
0S8, S286: (b-¢c)—Tnngussia wilkatanna, Skillogalee Dolomite, Depot Creek; {b)—Longi-
tudinal thin section illustrating sharp flexure in column. S169; (¢)—Outcrop of bushy, diver-
gently branching clump of columns; (d)—Cut slab, S169, illustrating markedly divergent
branching; (e)—Thin section, helotype 5412, showing markedly divergent branching columns.
White arcas are silicified.
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