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FORENORD

In recent years geologists of the Bureau of Mineral
Resources have collected abundant specimens and field observations
on Precambrian calcareous algae, commonly referred to as "Collenia',
These collections represent fossils from almost the whole of the
geological column of the Precambrian of northern Australia. More-
over, algae have been collected and observed in the field in the
same region also in Cambrian and Ordovician rocks,

The main value of these fossils consists in the recognit-
ion of the great antiquity of vegetable 1life and its continuity
from Precambrian into the lower Palaeozoic.

Three following problems, however, require study and
discussion and their solution may have some value in stratigraphy:
(1) +the taxonomy, (2) the stratigraphy - the vertical distribution
of particular forms and assemblages, and (3) the environment aspect
of the algae,

The taxonomy of the algae is controversial. It seems
appropriate at the present stage of knowledge to abstain from a
formal taxonomic nomenclature that, if applied, will refer only
to forms collected in one area and in a single formation. The
problem of taxonomy will, however, arise when a number of occur-
rences are adequately described from other areas and from rocks
of various ages. It is evident that identical forms should have
one and the same name and different objects should have different
names,

The problem of the stratigraphic distribution of the
algae has two separate aspects., The first refers simply to
recording of the occurrence of algal forms in the local geological
columns, This may help in the stratigraphy of caafined areas and
regions and used for short-distance correlation. The second aspect
of the problem refers to the value of the algae for inter-regional
correlation and the possibility that they and their assemblages
may serve as markers of the geological time and help in building up
a relative time-scale of the Precambrian of Australia. The proper
approach to these problems is a study of the forms in the field
and in the laboratory; the findings of the study should be assem-
bled in well illustrated reports. Thus a basis for a comparative
morphology of the algae will be built up.

An organiged presentation of the material will serve
also to the solution of the third problem, of the environmental
aspect of the algae - their ecology, and the physico=-chemical
conditions of the precipitation of dolomite and calcite that
constitute the fossils,

The present paper is the first attempt to describe occur-
rences of Australian Precambiran algae to serve the purposes as
outlined above., One hopes that other papers will follow and a com-
parison of all the results obtained may disclose the limits of the
stratigraphic reliability of the algae and help to sort out charac-
ters that are significant for the understanding of these fossils.,

AJA, OPIK



SUMMARY

Three major and several minor forms of stromatolites
deposited by calcareous algae, mainly from the Lower Proterozoic
Paradise Creek Formation of north-western Queensland, are morphol-
ogically described and illustrated. They aire shown to indicate
shallow shelf environment., Over short distances they are useful
horizon indices. They are coumpared with stromatolites described
from other areas, and it seems that the common forms will not prove
helpful for correlating separated regions.

INTRODUCTION

This report describes specimens and photogravhs of
stromatolites collected by the Thorntonia-=Mount Isa Field Party
during the 1957 field season from the Proterozoic of north-western
Queensland. The specimens occur in dolomitic and silicified beds
of the Paradise Creek Formation (Carter, Brooks and Walker, in
preparation).

Denmead (1937) first noted the forms described below
as "Sub-hemispherical Form" of stromatolite between Mt, Kelly and
Paradise Valley: another form, described below as ‘Cylindrical
Form", was described by Honman (1938), but he was doubtful of its
algal origin. Keble, of the National Museum, Melbourne, examined
specimens received from Honman and considered that the beds are
unfossiliferous and the specimens probably examples of cone~in-cone
structure. Many of the specimens closely compare with forms already
described from Australia, America, 3ritain, and Russia, but a few
(P1, L4, Pig, 2; Pl. 5, Fig. L; P1, 12, Fig. 1; Pl, 14, PFig, 1)
appear to be new forms,

The author wrote the report at the request and with the
help of Dr. A.,A., Opik and E.K, Carter, so that notice of the strom-
atolite specimens collected by the Bureau of Mineral Resources in
north-western Queensland might appear in print without delay.

E.K. Carter and F, de Keyser took most of the photographs and gaye
valuable assis tance with the stratigraphy and setting. Dr. A.A.Opik
and Miss J. Gilbert-Tomlinson gave invaluable palaeontological
advice.

STRATIGRAPHY

All specimens here described were found in rocks that
are believed to be Proterozoic. The oldes®t rocks in the area are
basic volcanics of the Eastern Creek Formetion. These are overlain
by a thickness of more than 3,000 feet of quartzite, with subor-
dinate conglomerate, sandstoine, and siltstone, of the penecontem-
poraneous Myally and Judenan Beds. Overlying these is about
2,000 feet of red and purple banded siltstone of the Gunpowder
Creek FPormation, on which the Paradise Creek Formation rests
conformably.

Most of the stromatolites are found in the Paradise
Creek PFormation, of which about 5,000 feet is exposed in the
area mapped. The succession predominantly consists of banded
and fragmental dolomite, with silicified bands and sandstone
beds that tend to occur in groups forming ridges; individual
beds range widely in thickness, but are generally less than 20
feet thick.

About 200 miles north-north-west of Paradise Creek,
specimens were collected from the Upper Proterozoic Wollagorang
Formation and Karns Dolomite.
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The oldest rocks from which specimens (Pl. 5, Fig. U;
and P1, 22, Fig. 1) were collected, the Judenan Beds of the
Waggaboonyah Range, are stratigravhically at least 3,000 feet
below the next stromatolites encountered (Text Fig, 1).

The maximum development of the "Sub~hemispherical
concentric stromatolites occurs in dolomite betwecen two silicified
beds abvove the dolomitic sandstone horizon, (Text Fig. 1),

Massive development of the stromatolites may be seen
above the dolomite in three suites of silicified biostromal beds
in the hills to the south of Paradise Creek (P1l. 1)0(”5, and Y in
Text Fig. 1), which, together with the intervening dolomite, silty
and sandy sediments, are about 300 feet thick. The lowest of these
(7 in Text Fig. 1), 50 to 100 feet thick, contains many of the
"Wavy Laminae" form and is overlain by 20 to 40O feet of bedded
cherts, siltstone and silty dolomite, Resting on this is the middle
suite of silicified biostromal beds (fs in text Fig. 1), also 50 to
100 feet thick, It is composed largely of stromatolites, mainly of
the "Wavy Laminae" form (Pl, 5, Fig, 1 and P1l, 15, Fig, 1) with
specimens intermediate between it and the "Cylindrical' form
(P1. 12, Fig., 2). It is scparated from the top (w) by a 20-50 feet
layer of silicified siltstone and dolomite., The top suite is 100
feet thick and consists mainly of “Cylindrical" form stromatolites
(P1. 2, 6, 7, 8, 9, 10), in which diameters range from 3 to 6
centimetres.

Alteration

By analogy with more recent stromatolites of similar
appearance (Johnson and Konishi, 1956) it seems probable that
those found in the Paradise Creek Formation were originally dep=-
osited as calcium carbonate, with only subordinate magnesium
(Johnson, 1937), and were dolomitized soon after (4nderson, 1950).
The high porosity of the deposit facilitated dolomitization and
later silicification. The alteration makes the retention of fine
structures very improbable (but this has not been checked as yet
because no thin sections of the specimens have been cut). The
"Sub-hemispherical® form is dolomitic, and only in & few places
are there intermediate specimens that show selective silicification;
by contrast the "Wavy Laminae" and "Cylindrical" Tforms and mogt of
the "Sub=spherical’ and ‘'Conical” forms are commonly silicified,
and in places the "Cylindrical® form shows sclective silicification,
laminae being silicified, but separated by a dolomitic matrix.

In areas where ore-bearing solutions aire in evidence the
porous nature of the stromatolitic beds may lend itself to solution,
and the beds tend to form channelways for the migrating solutions,
and favourable beds for deposition (Ohle and Brown, 1954a).

THE STROMATOLITES

Walcott (1914) was the first to recognise that stromat-
olites are of algal origin: a stromatolite has been defined
(Howell et alia, 1950) as a mineral copy or cast of the external
form of an algal colony. Thus each lamina represents one growth
stage in the development of the colony.

Stromatolites collected from the Paradise Creeck area
vary widely in form, but they have important features in common
(See Appendix A). Parallel laminae, usually 0.5 - 2.0 mm. thick,
invariably form the basis of the structure. The laminae are
always convex upwards, and where they pass continuously from
crest to crest (Pl., 3, Fig. 2; Pl. 13, Fig. 1; P1l, 15, Fig.2)
they meet in a shar» angle. The interspaces between the laminae
are as wide as or slightly wider than the laminae,
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Three forms common in the Paradise Creek IFormation,
Cylindrical® "Wavy-Laminae' and "Sub-Hemispherical', are first
illustrated, The names are descriptive. The "Cylindrical® form
has discontinuous laminae, the ‘Wavy=Laminae" and "Sub-Hemispherical
continuous laminae.,” The wavelength of the 'Wavy-Laminae' form is
less than 5 cm., whereas that of the "Sub-Hemispherical form is
greater than 15 cm. Seven rarer forms are given descriptive names
and illustrated.

Cylindrical Form

Vertical columns of circular cross=-section, 3 to 10 cm,
in diameter, constitute the Cylindrical form (Pl. 2 and 6 %o 11).
Spaces between columns are 1 to 3 cm., wide and partly filled with
detritus. The cylinders are made up of laminae 0.2 to_ 1,0 mm, o
thick that form cones with @pical angles ranging from 30~ to L5,
concentric with the cylinders (P1l., 2, Pig, 1 and 4; P1l.10, Fig. 2),
The laminae are not continuous between the cylinders. In some
svecimens (P1, 11, Fig. 1), the apex of the cone is rounded, so
that the laminae are nearly hemispherical at the apex, and are
tangential to the walls of the cylinder. The laminae and inter-
spaces tend to thicken towards the spaces of the cones. Some of
the mos+t highly silicified svecimens (Pl., 8, Fig., 2), have angular
walls. This may be due to selective silicification, as it appears
to be most marked where the silicification has reached an advanced
stage. One section (P1, 11, Fig. 1) shows cylinders of about 10 cm.
diameter passing upward into cylinders with a diameter of about
3 cm, The relationship beiween the itwo, unfortunately, is not
clear,

Well developed Cylindrical form stromatolites in the
Paradise Creek area appear to be confined stratigraphically to
theo~ horizon (see Text Fig., 1), although forms intermediate
between them and the #avy Laminae form do occur at lower horizons
(P1. 12, ’ig. 2). Most specimens are completely silicified.

Wavy Laminae Form

The laminae in the Wavy Laminae form may be seen in well
preserved specimens (Pl. 3, Fig. 2; Pl, 13, Fig., 1) to pass con-
tinuously from crest to crest. Many of the specimens, unfortunately,
are partly replaced by silica veinlets which tend to attack the
troughs between the crests (Pl. 5, Fig. 1). The troughs either
form a sharp angle, or, where curved, the radius of curvature is
much smaller than that of the crests. The wavelength, or distance
between centres as seen in transverse section, varies widely, but
appears to fall into two groups: in one group it ranges from 0.5
to 1.5 cm, whereas in the other the range is from 2 to 5 cm. The
amplitudes of the waves range from a small fraction of a wavelength
up to nearly half a wavelength, and tend to increase upvwards in a
colony., Weathered surfaces produce a very characteristic convol=-
uted pattern (P1l., 15, Fig. 1). The specimens are all silicified.
Meximum development is in the'z( horizons (see Text Fig. 1) but
the form also occurs in the silicified bands within the dolomite
lower in the succession,

Spyb-Hemispherical I'orm

The Sub-hemispherical form is widespread in and beyond
the area mapped by the Thorntonia-Mount Isa Party. It is essen-
tially dolomitic, alt hough where it occurs near a silicified
horizon (Pl., L4, Fig. 3; Pl, 17, Fig. 1), the laminae are somewhat
silicified., 7he laminae are very thin, renging from less than
0.1 to 0.4 mm., while the interspaces range from 0,2 to 4.0 nm.
They are arranged concentrically about centres that are 15 to 50
centimetres avart (Pl. 17, Fig. 2). Irregular laminae on the edge
of centres are continuous between one centre and the next. The
maximum development of the Sub-hemispherical form occurs between
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two thin silicified beds in the Paradise Creek Formation above
the dolomitic sandstone (see Text Fig, 1). The form is similar
to the Wavy Laminae form, but on a larger scale,

cher Related Forms

Sub-spherical Form  The Sub-spherical form consists
of concentrically laminated structures, with diameters of 15 to
30 cm,, that form knobs on the bedding planes (Pl, 25, Fig., 2).
They are most abundant in the® horizon (see Text Fig, 1). At
one place a variety probably intermediate between this form and
the Wavy Laminae form was photogravhed (Pl. 25, Fig, Tie

Dome~like Form  The Dome-like form is & large variety
with thick, concentric, crenulated laminae convex outwards from
the ceidtre, I+t has been found not only in the Paradise Creek
area (Pl., 20; Pl. 21, Fig. 1), but also about 200 miles to the
north-north~west in Upper Proterozoic Karns Dolomite, These appear
to be isolated biohermal colonies. Their top surface is spherical
but their lower surface has not been clearly seen and the relation=-
ship with the bedding underneath is obscure.

Black Spheres Silicified "Black Spheres" have been
found at one locality only, in the "X horizon (see Text Fig. 1)
(P1, 26 and P1. 27), with a radius of 10 to 50 e¢m, They do not
appear to contain laminae and cannot therefore be called stromatol-
ites. The cementing material beitween the spheres is a breccia
composed of elongated disoriented slabs of rock,

Hermal Form Plate 24, Fig. 2 shows a specimen with a
spherical crenulated upner surface that appears similar to the
weathered surface oif the Vavy Laminae form. The diameter is about
23 cm., The specimen appears to be a biohermal form similer to the
Wavy Laminae form. '

Sub-conical Form (a) A silicified conical specimen
(P1, 23) was collected from the dolomitic succession, It has an
apical angle of about 45 degrees and a basal diameter of at least
15 cm,

(b) Two specimens were collected
from a silicified dolomitic siltstone in the quartzite at a horizon
at least 5,000 feet below the main stromatolitic beds., They are
composed of conical laminations 1 to 2 mm., thick that tend to
thicken at the apex of the cone and form sharp angles betwsen the
cones (Pl, 5, Fig. L). The cones are oval in transverse section
(P1, 22, Pig. 1) - possibly owing to tectonic deformation - sub-
parallel, and branching. They form a colony traceable along a
steeply dipping bed about a foot thick.

Branching Tubular Form (a) Only one branching specimen
(Pl, 2, Fig, 2, and P1, 2L, Fig. 1) was found in the main silic-
ified biostromal beds (see Text Fig. 1). It is made up of sub-
parallel branching tubes with diameters of 1 to 1.5 cm., The tubes,
which are roughly circular in transverse section, consist of
rather irregular parallel laminae which tend to be convex upwards
in the middle of the tubes. The specimen is conpletely silic=
ified, and occurred near the base of the® horizon (see Text Fig.l).

(b) F., de Keyser also found
branching tubes (P1l, 5, Fig. 2 and 3) with laminations convex
upwards, and finely crenulated, with diameters up to 1 cm., in
weathered kaolinitic siltstone. The weathered material was too
crumbly to obtain specimens,
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Intermediate Forms Many of the snecimens fall readily
into one of the forms described above: others appear to fall
between two forms, Especially notable are specimens intermediate
between the Cylindrical and Wavy Laminae forms, Plate 5, Fig., 1
shows a Wavy Laminae form in which many of the upward convex
positions of the laminae are separated by unlaminated vertical

uartz veinlets, A specimen from the Wollagorang Formation

Pl., 12, Pig. 1) shows small cylinders, 1 to 2 cm., in diameter,
developing on bedded dolomite, with the laminae passing, in places,
from one incipient cylinder to the next.

Mode of Growth

A study of the stromatolites does not disclose the
mode of growth of the algae. The algae appear to have precip-
itated calcium carbonate as a by-product of photosynthesis
(Twenhofel, 1919; Wilson and Anderson, 1954).

The stromatolites grew either outwards from a centre,
forming concentric laminae, or upwards by addition of parallel
laminae (Johnson, 1940). In places they appear to have started
growth concentrically, later layers developing only on the upper
surface (Anderson, 1950; Fenton and Fenton, 1937).

Ecology

The ecology of the stromatolites can be deduced both
by comparison with recent algal deposits and by a study of the
ancient sediments in which they are preserved,

Recent blue~zgreen algae (Howe, 1931) grow in shallow
seas, in moderately disturbed water, where sedimentation is slow
enough for them to avoid burial, and light is adequate for photo-
synthesis. They grow in warm or cool; fresh or salt water
(I'wenhofel, 1919). Thus they require a shallow shelf or lake
environment (Cloud, 1942).

Walcott (1914), in his study of Algonkian formations
of the Cordilleran area of western America, concluded that the
fossil algal flora in that region flourished in shallow lakes,
comparable in area to the Great Lakes of the St. Lawrence.

Factors important in controlling algal development
are (Anderson, 1950) gas exchange area, light absorption area,
stability, relative upward growth, and rate of colonization;
to these we may add upward gonve xity, and available supply of
food, especially nitrogen (Opik, 19545. Perhaps water suffic-
iently cool to preclude denitrification by bacteria is needed, or
maybe the ancient algae could exploit atmospheric nitrogen dir-
ectly. In turbulent water, where stability was necessary, the
Wavy Laminae form should develop, but 1f orecipitation was
relatively rapid, the Cylindrical form would be better adapted
to successful growth, as the cylinders eould protrude through the
sediment and the algae reach the light necessary for photosynthesis.

In the Paradise Creek area some features indicate
shallow water. The underlying Myally Quartzite commonly contains
current, wave, and interference ripple-marks, cross-bedding, and
mud cracks. Some ripole marks and mud-cracks also occur in the
Gunpowder Creek Formation., In the overlying Paradise Creek For-
mation oolitic beds, cross=bedding, and rippole-marks have been
observed, Here the sedimentary structures indicate a shallow
water envi ronment, in which algae could be expected to flourish,

Reaction to slight changes of environment, rather than
taxonomic differences, cause the stromatolites to assume different
forms (Fenton and Fenton, 1933; Anderson, 1948; Cloud 1942).
Each type described above is probably due to carbonate deposition
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by an assemblage containing more than one species of alga.

Comparisons with Described Species from QOther Localities

Specimens similar to the Cylindrical form have been
found at Acacia Well and Bitter Spring in the East MacDonnell
Ranges, and named Cryptozoon australicum (Howchin, 1914). They
differ only in that the cylinders are more widely spaced. Mawson
and Madigan (1930, p.L26) also found specimens similar to this
form in the MacDonnell Ranges, which they compared with Greysonia
basaltica Walcott, E.J., Malone and 0.N, Warin (verbal communic-
ation) found specimens closely resembling the Cylindrical forms
in the Celia Creek Dolomite, Rum Jungle, N.T., of Lower Proterozoic
or Archaean age,

Wavy Laminae stromatolites have been found in the
Cambrian Limeport Limestone of eastern Pennsylvania (Howell
et alia, 19505, where they have been named Archaeozoon undulatum
Bassler. TFenton & Fenton (1937, p, 1948 and P1, 15, Fig., 1 and 2)
have described Collenia expansa, which appears to conform closely
to the Wavy Laminae form, Maslov (1939) has described another
similar form as Gollenia umbrella., Finger-rock (Ohle and Brown,
19544, 195Mb), described from the Southeastern Missouri lead
district, has been latterly ascribed to the genus Collenia Walcott,
and strongly resembles Plate 5, fig. 1,

Johnson (1937) has described stromatolites from the
Oligocene of South Park, Colorado, that are similar to the Wavy
Laminae form of the Paradise Creek area. ilawson and Madigan (1930,
P, LU26) found a similar form in the Pertaknurra Series of the
MacDonnell Ranges, said to have '"a resemblance to Cryptozoon
undulatum of the American Ozarkian formation',

 Specimens (Fenton & Renton, 1937, p.,1946 and P1,15;
Traves, 1954) that resemble the Subconical form (Pl, 23, and

Pl., 5, Fig. L4, and P1l, 22, Fig. 1) have been referred to Collenia
frequens Walcott,

Specimens similar to the Sub-~hemispherical fom des-
cribed by Johnson (1946, P1l, 21) from the Mississippian, are
referred to Malacostroma coricentricum Gurich, and Twenhofel (1919)
has named a comparable type from the Lower Huronian Kona Dolomite,
Masquette, Michigan, Collenia kona. '

CONCLUS TONS

A study of outcrops of stromatolites in the field, and
specimens in the laboratory, leaves no doubt that they are of
organic origin., They annear to be deposits precipitated by algae,
and as no trace of the plants which formed them can be seen in the
fossil, the type of plant can only be inferred (Garside, 1931),
mainly by comparison with recent forms. Most workers refer them
to the family Spongiostromata in the sub~phylum Cyanophyta. The
stromatolites were formed in a shallow shelf environment. They
tend to concentrate along definite horizons that arc useful markers
over limited areas. Most forms anpear to differ mainly because of
changes in environment, and irom a comparison of the common forms
that occur in different geological ages, it seems unlikely that it
will prove possible to use stromatolites for correlation between
separate regions.
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Simple  Contin-
uous or Spacing of

Torm Specimen -
or
branch-
e ing

"Cylindrical™ Pl.2 Figs.l & 2) S
Pl.10, Fig. 1

Pl.2 Pigs.3 & L) S

P1l.6 Figs.1l & 23 S
Pl.7,Figs.2 & 3

P1.8 Fig, 2 S
Pl.9,Fig. 2

Pl.8,FPig. 1 S
P1.10,Fig.2

Pl.11,Fig.1l S

"Intermediate P1,12,Fig.1 & 2 8
Cylindrical-
Wavy laminage®

"Wavy laminae"Pl,3,Figs.l & 2) 8
Pl.l2,Fig. 1
Pl.1lL,Pig. 2 S
P10159Fig. 2
Pl. L4,Fig. 1 S

P1l. 5, Fig, 1 -
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DIUESICHS O IGUZED_SPICILITS

Centres

i T TTTTTTRIcEhess T Spacing
of leomince of
laminae

shape

One only

-9 cu.
=7 cn.

5"‘9 C m.

A=10cm.

2=l cm.

5
«5 cnm.

O«5-1e5cm.

Cylindrical laminae coniceal 0.5-1 nm.
conveX upwards to centre of
cylinder,concentric zbout

centre

O.5-1 mm.

Cylincricel, louinze conicel,
slightly irr¢gular, nesrly
symmetric 1l coout centre of
cylinder.

1-3 mm,

1-2 mm,

Cylindrical, cylinders up - -
to 3 feet in length, laminae

not normclly visible in

outcrop.

Cylindrical, laminations - ‘ -
not visible, walls tend to
be angular,

Cylindrical, laminated in
cones, concentric with 1-2 .
cylinders.

1-3 mme.

Cylinders lamincted in 1-2 mm.
cones, concentric ith

cylinders.

1-3 mm.

Cylindrical, with conical 1-2 mm.
laminae which, in places
pass from one cylinder to

the next.

1-3 mm,

Wavy lamilnee, crests s.ooth
curved, truughs tend to be
ancular,

Cu5-~1 mm, CebH=2 mm.

Wavy lamlace, ¢ rests s.iooth
culved, troughs wore angul-
er, ch.ructeristic brain

lie vppur surface on bed-

ding plane. Cub=1lmm, O«b=2 mm,
Laminae convex upwards, 0.1 - Oel-1 mms
nov suflriciently well 0.5 mm.,

preserved to see troughs.

Wavy laminae, convex Two types

upwards, troughs ansular 0.5-1 mm., O«5=-1 mm.
in plzces, elsewhere

troughs obscured by 0.1 1. or Cel mm,

silica veinlets. less
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Similar forms nafed
in other localities

Remarics

Collenia jalcott,
Cryptozoon_australicum
(Howehin, 191L),
Greysoniz basaltica
(Ts1coTt, I9IL7,
Collenia okunaika
(Iias1o7, 1939)

As above.

As above.

As above

As above.

As sabove.

Gollenia uibella
(ia81ov, 1939)
archaeonzoan
undulatum Basslev,

As above

"mingered Rock':
Ohle & Brown later
identified as
Collenia,

Highly siliciiied,
obscuring lsminae,
and possibly caus-
ing angular outline,

Photographs select-
ed to show conical
lamingtions,

Two distinct sizes
with abrupt change
between them,

Confined to complet-
ely silicified bands,
comnonly about 1 foot
thick, in dolomite
succegsilons,

Example of poorly
preserved shecimen,
recoghised in assoc-
iation with well
Preserved forms.
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Form Specimen Simple Contin- Spac- Shape Thicknzss Spacine of  Similar forms named Remerks
or wous or ing orf of laiminae laminae in othecr localitiles
branch- separated cecntres
e e e e 1 =S S 0
"Sub-hemi~ Ple3, Figs. 2 - C % 15 cr. Irrezuleor, conicel to ligjor L-8 mm. Up to 5 cm. Laminac silicified
spherical Pl.17,Fig. 1 7 sphericel. Minor 0.5- 0.5=L mm, ferrguinous, the inter-
L0 . spaces dolomitic,
. A - . C A
Pl,18,Fig.1 & 2) - ce , 15 cm. Undulating vo cobceo- - . 0.1 rm. C.2-1,0 mm. Colleniz =ons Similar to shape to
- P1.19,Fig.2 ’ tric lawinas co.ccentric Twenhofe¢l,1919) "yavy Laminae form,
Uowerds, <¢Lpoars 10 but on a much larger
couslist or ceutres scale, and occurring
joloned ow out.. ILrin_es in dolomite.
b ounouvlautlog laminee.
"Sub-spher— Pl.25 S92 - # 20 Cii. 42D o bedding planes 2.2C mm. ot Po;s;bly of alga; !
ical™ "hreculer os concebiric opherical orften not known origin, as associlated
or o..1 laminze. well with other types.
lamin: ted Highly silicified.
”\ - . s e .
"Dome~-like" P1l,20, Figs.l &2 S C - 60 cm. appro-chiin, spherical, .1 cre Mot Silcified at.Pgradlse
Pl,21, Fig. 1, but base not seen, laminac know/n. Creek, Dolomitic
: crenulzted, specimens roubd 1n
Karns Dolomite,
"Black Pls.26 & 27 S S 30 cm. Siliciried black spheres, one - Probably not of algal
Spheres' ' with interstitiel breccia origin.
composed of cloungated
disorientated plates.
"Sub-conic- Pl,5, Fig.h B C 1-3 cm, Conical laminee, *he cones C.b=2 nm. 0.2-C.5 mm, From a silicified
al" Pl.,22,Fig.1 » have an oval cross=—-section, Thicker dolomitic siltstone
and in places form Tolds cn afi in the Judenan Beds,
the flanks, which nake Spices
branches.
Pl.23,Ffigs. 1 & 2 - - One only Conical laminae with apical 0,2-1 mm. O.2-1 mm, From a siliciried
angle .. 1,50 ferruginous bed in
dolomite.
"Branching Pl.2L,Fig, 1 B S 1-1.5 cm., rregul.r, radiavlog cylinders Completely silicified,
tubular! i which the walls are uot

touchug.

Ceb-1 mm. C.5-1 mi.




Fig.

Fig,

Fig,

Fig,

Pig,

Fig.,

Pige

Fig,

Fig,

Fig,

Fig,

Pigs.

EXPLANATION OF PLATES

Plate 1

Locality Map

rlais 2

1 Cylindrical Form, Specimen F,21662b, Locality 13,

Paradise Creek Formation, Vertical section through
a single tube, showing the upward convexity of the
laminae towards the centre of the cylinder. XI

Cylindrical Form, Specimen F,21662a. Locality 13,
Paradise Creek Formation, Transverse section o
specimen illustrated in fig., l., showing the concentric
nature of the laminae. XI.

Cylindrical Form, Specimen F.2166L4a, Locality 14,
Paradise Creek Formation, Plan of group of stromatolites.
Compare plate 7, fig. 1. X.1/3.

L Cylindrical Form, Specimen F,21664b, Locality 14,

Paradise Creek Formation. Vertical section through
top left hand cylinder of fig., 3. X.1/3.

P ang 5

Wavy Laminae Form, Specimen F.21653b., Locality 12.
Paradise Creek Formation, Transverse section showing
spacing of crests giving concentric laminae, XI.

Wavy Laminae Form. Specimen F.21653a. Locality 12,

Paradise Creek Formation, Vertical section of specimen
illustrated in fig, 1, showing broad upward convexities
and sharper concavities of the laminae. XI. '

Plate L

Intermediate Form, Specimen F,21652., Locality 6.
Paradise Creek Formation. Vertical section showing
patches of laminae convex upwards., XI,

Branching Form. Specimen F,21658, Locality 11.
Paradise Creek Formatiin. Vertical Section, Compare
plate 24, fig, 1. X 75 *

Sub-hemispherical Form, Specimen F,21665, Toc.lity 14,
Paradise Creek Formatio&, Weathered plan showing thick
and thin lamillae. X EEE .

Intermediate Form., Specimen F,21668, Locality, south-
west corner of Westmoreland l-mile sheet. - Wollogorang
Formation, Intermedia te between Cyldrical and Wavy
Laminae forms. X === ,

2.3
Plate 5

Wavy Laminae Form, Specimen F.21657. Locality 1.

Paradise Creeck Formation. Vertical section showing
nearly vertical quartz veinlets between the upward

convexities of the laminae. X T8 .

2 and 3. Branching Fomm, Locality 3, Paradise Creek

Formation. Vertical section. XI,



Fig.

Fig,

Fig,

Pig.

Fig,

Fig.

Fig,

Pig,

Pig,

Fig.

Fig.

Fig,

Fig,

L Sub-conical Form, Specimen F,21647., Locality 17.
Judenan Bed:, Vertical section., Compare Plate 22,
Fig. 1« XI.

Plate 6

1 Cylindrical Form, Locality 1lL. Paradise Creek
Formation., Massive development on hillside.

2 Cylindrical Form., Locality 11, Group showing
external shape,

Plate 71

1 Cylindrical Form, Specimen F,2166l, Locality 14,
Paradise Creek Formation. Tfansverse section of a group,

Compare plate 2 fig. 3. g
2 Cylindrical Form. Specimen F,21663, Locality }l.
Paradise Creek Formation. Group of four, X - .

3

3 Cylindrisal Form., Locality 11, Paradise Creek Formation,
Gently dipping group.

Plate 8
1l Cylindrical T'orm., Locality 1ll.., Paradise Creek
Formation., Transverse view showing concentric arrange-
ment of laminae,

2 Gylindrical Form, Locality 14. Paradise Creek
Formation. Transverse view showing angular outline
of highly silicified specimens.

Plate 2

1 Cylindrical Form, Locality 1l4. Paradise Creek Formation.
Oblique view showing conical laminae and in places masking
of laminae by silicification.

2 Cylindrical I'orm, Locality 1l4. Paradise Creek Formation.
Castle-like outcrop, with 3 feet of cylinders exposed,

Plate 10

1 Cylindrical Form, Specimen F,21662a, Locality 13,
Paradise Creek Formation., Transverse section, Compare
plate 2, fig. 2, XI.

2 Cylindrical Form, Locality 1L, Paradise Creek Formation,
Weathered vertical section exposing conical laminae,

Plate 11
1l Cylindrical Form. Locality 18, Paradise Creek

Formation., Two different diameters of cylinders
exposed in steeply dipping strata,

2 Intermediate Form, Locality 1L, Paradise Creek
Formation. Showing relationship with bedding,

Plate 12

1 Intermediate Form., Specimen FP,21668, Locality south-
west corner of Westmoreland L-mile sheet. Wollogorang
Formation. Intermediate between Cylindrical and Wavy




w B o

Laminae forms, Compare plate L, fig. L. X-;L=

Fig,2 Intermediate Form. Localityly, Paradise Creek Forma tion,
Intermedia te between Cyllndrlcal and wavy Laminae forms,

Iil_a;_.t;e__‘é,

Fig.l Havy Laminae Form, Specimen I',21653a, Locality 12.
Paradise Creek Ponnatlon. Vertical section., XI.

Pig.2 {avy Laminae Form, ZLocality 15. Paradise Creek
FPormation. TForming cliff beside Paradise Creek,.

Plate 1hL

Figel Vavy Laminae Form, Locality 15, Paradise Creek Formation,
Closer view of cliff in plate 13, fig.2,

Fig.,2 Yavy Laminae Form, Locality 4., Paradise Creek Formation.
Jeathered brain-~like upper surface.

Plate 15
Figel Favy Laminae Form, Specimen F.21654. Locality 2, Paradise
Creek Tormation. Weathered brain-like surface from beds
dipping 55°%., X 3‘1’5’

Fig.2 Wavy Laminae Form, Locality 19. Paradise Creek Formation,
Vertical section in beds dipping s teeply east,

Plate 16

Fig.l Sub-hemispherical Form. Locality 7. Paradise Creek
Tormation., in dolomite beds dipping gently to the
north-east.

Fig.2 Sub-hemispherical Form, Locality 7. Paradise Creek

Formation, Well~ doveloﬂﬁd individual colony, showing
concentric laminae, in same bed as fig. 1.

Plate 17
fLa e AL

Fig.,1l Sub~hemispherical Form, Specimen F,21665, Locality 14,
Paradise Creek Formation, OSpecimen showing thick and
thin laminae, Compare plate 4, fig. 3. X -

oly

Fig.2 Sub-hemispherical I'orm., Locality 7. Paradise Creek

Tormation, fiTransverse section showing irregular parallel
laminae in beds dipping gently north-east.

Rlate 18

Figel Sub-hemispherical Form, Specimen F.21649a, Locality 8.
Paradise Creek Formation. Transverse section. Xz,

Fig.2 Sub-hemispherical Form, Specimen F,21649b, Locality 8.
Paradise Creek Formation. Vertical section, X3,

rlate 19

FPig.1l Cylindrical Form, Locality 20. Paradise Creek Formation.
Transverse view,

Fig.2 Syb-hemispherical Form., Specimen F,21649¢c, uocallty 8.
Paradise Creck rormation. Vertical section,

1\2 L]



Fig.

Pig,

Fig.

Fig.

Fig.

Pig,

Pig,

Fig.

Fig.

Fig.,

Fig.

Fig,

Fige

Pig,

IPig,

rig,

-

Plate 20

Dome=like IForm, Locality 15, Paradise Creeck Formation,
Vertical section showing top part of sphere,

Dome-like Form, Locality 15, Paradise Creek Formation,
Area around fig,., 1.

Plate 21

i TOr R s

Dome=like Iorm. Locallty'l). Paradise Creek Formation,.
Vertical section showing junction of two colonies.

Intermediate FPorm, Locality 14, Paradise Creek For—
mation. GClose-up of a portion of plate 11, fig.2.

Plate 22

eyl paae

Sub-conical Form., Specimen F,21646, Locality 17.
Juderan beds. Showing bifurcations., Compare plate 5,
fig, 2. X%.

Dome-=1like Form, Locality 15. Paradise Creek Formation,
Weathered upper surfaee of a dome,

Plate 23

Conical Form, Specimen F,21666a, Locality 21,
Paradise Creek Formation. Transverse section, XI.

Conical Form. Specimen F,21666b, Locality 21,
Paradise Creeck Formation. Vertical section. XI.

Plate 24

Branching Form., Specimen F,21658, Locality 10,
Paradise Creek Formation. Vfrtical section showing
laminae convex unwards, X T e

Hermal Form. Locality 9. Paradise Creek Formation,
Transverse view of small, isolated colony.

Plate 25
Sub-spherical Form, TLocality 5. Paradise Creek
Formation. Transverse view showing concentric lamin-
ations.,

Sub-spherical Form. Locality 8. Paradise Creek
Formation, Specimens on bedding plane,

Plate 26

Silicified Black Sphere, Locality 16, Paradise Creek
Formation. Showing interstitial breccia,

Silicified Blaek Svheres. Locality 16, Paradise Creek
Formation, Black spheres and interstitial breccia.

Plate 27

Slllleled Black Spheres, Locality 16, Paradise
Creek Formatioil, Blongated fragments in interstitial
material between spheres.,

Siligified Blagk Sphares, Locallty 16, Paradise Creek

iy A At Y

Formation. Show1nw SDheLe and interstitial breccia,
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