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THE SEDIMENTARY PETROLOGY OF THE ALROY AND T[RUNETTE DOWNS
SHEET .REAS, NORTHERN TERRITORY.

SUMMARY

On the Barkly Tableland, samples were collected for petrological
study of the Cambrian Anthony Lagoon Beds, Mesozoic plant-sandstones ,
Tertiary Brunette Limestone and Quaternary? sandstones. These rocks occur
as outcrop and scree on the Alroy and Brunctte Downs Sheet arcas, Northorn
Territory. It is difficult to interpret the stratigraphical rclationslips
withinthe different lithclogies., Therefore, a petrological stuly is
presonted to illustrate the general variation in the srca. The Anthony
Lagoon Beds consist of dolomitic sponge(?) and algal limestoncs, dolomitic
intraclastic and pelletmi. calcarenites, dolomitic calcilutitcs and dolo- -
mites; quartz siltstones and sandstones. Some of the carbonateos contain
fragments of trilobites and Echinodermata but the siltstones and sandstones

aro unfossiliferous. However, they are thought to be Cambrian in age.

The environment of deposition was shallow,warm and often current
activated. Shallow, lagoonal arecas of clean watcr, rich in CaCO3 favourcd
the growth of algae and sponge-like structures, while more open, shelf
conditions favoured the accumulation of intraclastic and pelletal calcareon-
ites. The sandstones and siltstones probably formed nearer land, the
former under current action, and ;tho latter in a quieter, possibly rostricted

arca.,

The Mesozoic, fine-grained, fossiliferous sandstonc, contains

Plant remains which probably drifted into a sandy environment.

The Brunette Limestone is of Tertiary age. Four samples ezamincd
consist of algal and conglomeratic, sholly limestones. They contain marino
and froshwater fossils and are thought to have formed in a littoral, marine
environment near a freshwater source. Rare sandstones, unlike the above

rocks, occur in dricd-up arcas and may be Quaternary fluvial depcsits.,

INTRODUCTION

The Alroy and Brunettec Downs Shect arcas are situated on the Barkly
Tableland botween latitudes 18°S and 20°S and longitudes 135°E and 136303
(Maps 1 and 2.) Rock samples were collectod from outcrops and  serco
whercver there was a change in lithology. They range from Pre€ambrian to =~
Recont in age. Samples were selected from thrn carbonates and sandstoncs
of the Anthony Lagoon Beds (Cambrian) the fossil plant sandstones (Cretaceous)
the Brunettc Limcstone (Tertiary) and salistones and conglororates (Recent) |
Maps, 1 and 2). The samples werc cut and the surfaces ctchod in hydro-
chloric acid (10%) stained with Alizarin Red S and Potassi-Ferricyanide
(St.J.Warne, 1962), and examined. Thin sections were prepared and cxamincd

under a Leitz Petrological lMicroscope.
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The sample localitics are shown cn the acccmpanying maps (Maps,
1 and 2)3 and this Record should be read in conjuuction with "Geology of
the Alroy and Brunette Downs "1:250,000..Shost arcas, Noxrthern Torritory.
(Randal and Nichols, Burcau of Minecral Rescurces Record 1963 unpubl.)

TERMINOLOGY

The terms suggested by Condon (1953) are used where practicable,
but it is proposed to combine these terms with others from moro recont
studies on carbonate rocks. In the study of the clastic carbonates, the
grade-sizo torms of Grabau (1913) and the end member ccacept of Krynine,
(1948), are used in naming the rocks. Some of the rock names.proposed by
Folk (1959) which are not internationally accepted, are placed in brackets,’
e.g. a rock containing ooliths of sand grade size in calecite cement will
be described as an oolitic calcarenite with calcite ccment (Bosparite,
Folk,1959).

Wherc diagenctic fabrics render it impossible to name all the
original constituents, or it is difficult to distinguish betwecn primery ¥
and secondary fabrics, purely descriptive terminology is used, c¢.g.
dolonmitic or siliceous limestone, or malcarenite etec. 1In describing

diagonetic fabrics the terms proposed by Bathurst (1958) ¢ve used.

With reference to the autachthonous carbonates descriptive termin-
olegy is used e.g. algal linestone, in which the algae arc in situ and the

transported constituents are subordinate.

The terminology is used as follows:s

a2

s MNinerals generatéd 1 in situ. A term applied to growth

Auihigenio in place of occurrence including seconcdary enlargenent
product of chemieal and biochemical amtion.
Calcareous s Appliocd to rocks, other than carbonates (sce definition

of carbonate below) which contain up to 50% CaCO3y.
Carbonate rock : Rock containing morc than 50% carbcnate minerals.

Calecilutite s+ A calcium carbonate rock composed of grains or crystals
with an average diamctor less than 1/16 mm.

Calcarenite ¢ A linestone composed of transported calcareous grains
between 1/16 rm, and 2 mm. in size.

aalcirudite ¢ A linestone composed of transported calcarcous grains s
larger than 2 mm. in size.

Clastic ¢ A term describing a rock which is principzlly composed
of matcerial transported mechanically to its place of
deposition.

Cement : Coarse crystalline calcite precipitated between the

grains, regarded as a diagenctic process and consisting
of drusy and granular varicties. (Bathurst 1958).

Diagenesis ¢+ Chemical and physicel changes that take place in
sedimentsduring their accumulation and until complete
lithification.
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A sedimentary rock containing more than 50% of the
ninerals calcite (and aragonite), and dolomite (and
Forrodolomite) in any form, 1u%hlch the mincral dolomite
is mest abundant.

Dolemitic Limestone : Limestone in which the mineral dolomite is up to 50%

Grain growth H

Intraclast

Linestone H

Matrix

Oolith

Oolite H

Oolitic

oo

Pellets

Recrystallization

Terrigenous s

of the combined calecitc and dolomitoc total.

The sum of tho processes which cause the secondary
enlargement of a grain or crystal (Bathurst 1958).

Proposed by Folk (1959) to embzace thz entire “spectrum"
of aggregated or reworkcd particles from within the basin
of deposition, They are gunerally c-mposite grains.

A scdimentary rock containing more than 50% of the
minerals calcite (and aragonite) and dolomite (and
Ferrodolomite) in any form, in ‘yhich the mineral caleite
is more abundant than dolomite.

Matrix is defined as the finec-grained sediment in

which larger grains aroc cmbedded, e.g. brachiopod
calcarenite with microcrystalline calcite matrix. Matrix
is often contemporaneous but may be penecontemporanecous
with the deposition of the larger grains.

A spherical or oval grain 1/16 mm. to 2 mm. in diameter
exhibiting radial or concentric structurc or both,

which may or may not form round a nucleus, e.g. a quartz
grain., This includes the "suporficial oclite" of
Illing (1954) which is rcgarded as a chenge in degree
rather than kind. Tt is usually calcarcous but maybe
replaced by silica or dclomite.

A sedimentary rock composed of more than 50% ocliths.
Describes a rock containing subordinate ooliths

Rounded, sphorical or clliptical bodies of carbonate
which are generally aphonitic and structureless, and
formed within the basin of deposition. They may be
faecal, or a product of agglutination, or rewcrked
caleilutites, i.e. a type of intraclast, or relict areas
after grain growth., A careful cxamination of the texture
and the associated grains must be made before determining
the nature of the pellct.

¢ The formation of new mineral grains in a rock while in

the solid state. They moy be of the same or of different
composition from the criginal grains.

Material derived from source lands outside the basin
of deposition and transported as solids to the sediment.
(After Folk 1959).
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PETROLOGY

ANTHONY LAGOON EEDE

CLRBONATE ROCKS
fintochthonous Limestones
(a) Dolomitic Sponge (?) GCalcilutites:
Sample No. BT 330(b).
Locality: 1.6 miles east of Desert Bore,; Barkly Stock Routo.
Photograph ~ Plate 1, Figure 1.

Hand Spacimens:

This limestonc is exposed as boulders and slabs in the central and
north-north-vestorn part of the Brunette Dovms 1:250,000 Sheet area. It is
a tan, fine-grained dolomitic limestone with large hellow cylindrical
sponge(?) strugtures often in the growth-position. The sponges (?) are
circular or sub-circular in cross secticn, approximately 7 cms. high, 6 crs.
in disnmgter and have walls about 1 cm.in thickneszs., They are brown in
colour with an irreguler silicified surface. The walls are not uniform in
height, are often broken,and may have been thickened by silicification.

In some boulders the sponge-growths are flanked by horizontally bedded
intraclastic calcarenites with calcite cement (intrasporites, Folk 1959)
but in others are surrounded by calcilutite (imiérite, Folk 1959). This
may also occur in the central part between the walls.

Petrography

In thin section, the sample consists of an intermixture of micro-
crystalline calcito, partly recrystallized by grain growth, and dolomite
crystals varying from 20 - 200 microns. The average sizc of the dolomite
crystals is from 20 - 80 micrens and they are surrounded by an iren oxide, —-
probably linonite.

.Tho sponge sttucturcs are ocompdscd of irregular patches of micro-
crystalline silica (fibrous chalcedony), shcwing undulese extinction,
which enclose (in 2 dimensions) irregular arcas of microcrystalline calecite.
The latter seem to represent the interior of a structureless wall. There
are no sharply defined junctions between the sponge structure and the
matrix, and it is possible that the present irrcgular nature of the
contacts is due to silicification, which probably caused secondary
thickening.

Unidentificd "problematica" occur and are small, thin walled,
septate and apparently cylindrical; (length - 1 mm. width - 200 microns;
walls 50 microns).

Environment of deposition

The presence of sponge-like structures in micrcerystalline calecite
and dolomite in the growth position implics very shallow, warm and low

cnergy conditions, such as occur at present, on near-shorc lagoonal flats.
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Tho paucity of other fossils may indicﬁ%e ;f'éiéoﬁgéfog*gﬁrﬁén;_aggigity
or unfavcurable conditions for othor faura.f"j.h_t¢, | R

The sponge-st:uctures may forn ‘part of & reef or an entity within
a larger roef complex. Whent thoy are surraundca by intralcastic calcaren-
ites with calcite cement (intraapwrlte, Folk 1959) the environnont riust
have been more turbulent, with stronger currents winnowing away the
microcrystalline calcite or preventing 1t from being deposited. This again
would indicatc shallow water conditions, = * «'»-- e

The microcrystalline salcite may have accumulatedlby precipitation
from warm waters saturated with CaCO3, dis:ntegratlon of sponge tissuo,
or the deposition of algal "dust" (Woed 19ﬂ1) in’ a shallow water, quiet
environment. g ek

The presence of microcrystalline delcmite in irregularly shapgd
patches and larger crystals replacing tho natrix denotes a seccndary origin,
but the small grain size implies that it was pencconterporaneous and not
post-lithification.

(b) Dolomitic Algsl Calcilutites:
Samole Nos, BT. 118(f)s; BT 122; BT 3165 BT 18;
Localities. BT 118(f) - 21 miles W.N.W. of "Brunctte Dovms"

BT 122 - 4,5 nmiles 5.85.BE. of Corella No.2 Bore.
"Brunctte Downs"

BT.18 - 1 mile N.E. of Coilibah W.H.
BP.316 - 13 miles @ 260° from "Brunette Downs"
Photomicrograph. - Plate 1. Figure 2 : Plate 2, Figure 1.

Hand Specimen:

These rocks occur ag boulders and slabs and are gencrally tan and
light grey in colour. In two specimens, the algae in plan view are circular
to sub-circular structures with concentric rings of dark and light brown
microcrystalline calcite and dolomite. The structures vary in diamater
from 2.5 cms., to 9 cms. In section the algae consist of a number of
layers, concave upwards, each of which may have representcd a "calyx"
during growth, They vary from 2 cms. to 7 cms. in height, and each layer
is continuous with the next structure, rising tc a sharp ridge between
two "callcos" This results in a variety of algal mat which is composed
of a. series of cup-like structures.

i “A ¥hird specimen (BT 118(f))consists of small, layored, algal
structures, convex upwards. They are approximately 7 cms, hlgh, but only

2 cms. im diameter. Again, thelayers are continuous -

.but each structure is div1ded from the next by layers forming a narrow
dppresaion. : '

h Quartz sand lenses sometimes occur between the -eup '-like structures,

A fourth specimen BT.18; is a mottled groy and light brown, layered
dolomite with thin silicecus beds (micrcerystalline’ silica) from 6.5 - 3om.
thick, often discontinuous and undulating.



Petrography:

In thin section, the algal layering is caused by alternating bands
of crypto-crystalline calcite and limonite and coarser micro-crystalline
calcite with crystals of silt size (average 60 microns). These bands are
undulating and range in thickness from 100 microns to 250 micronsj they also
occur close together, and have small lobes or areas on the under-sgide of
the band,

The coarser micro-crystalline bands are often a product of
recrystallization by grain growth and a flocculent texture sometimes occurs
between the crypto-crystalline bands.

Lenses of quartz sand contain angular gnd sub-rounded quartz grains
(about 150 microns), pellets of micro-crystalline calcite and unidentified
organic(?) bodies 200 microns in diameter. A rim of fibrous calec’te, 40
microns thick and partly recrystallized, surrounds a nucleus of micro-
crystalline calcite. In other cases (BT.118(f).) thin beds 3.5 mm. thick,
consist of fragments of disarticulated fossils (Bzhinodermata indet). In
BT.18, the algal layers have been partly replaced by micro-crystalline
siliéa - probably chalcedony.

Environment of Deposition
¢ The environment is thought to have been similar to that which

existed during the formation of the sponge-calcilutites. The undisturbed
riature of the algae and the growth position implies that they grew in shallow,
warm wators (in the photosynthetic zone) where low energy conditions existed.
However, weak currents transported terrigenous material and pellets to the

area, but were not persistent enough to erode or abrade the algae.

¥ Allochthonous Limestones

(a) Dolomite Caleilutites (Dolutite, Condon (1953),
Dolmicrite, Folk (1959).)

Sample Numbers BT.78; BT 301(a); BT.301(c); BT.317; BT.199.
Localities: BT.78 - 2 milessouth of Lignum. W.H.

BT.301(a
BT 301(e¢

BT.317 14 miles west of "Brunctte Downs"
BT 199 15 miles W.S.W. of "Brunette Dowms".
Photomicrographs - Plate 2. Figure 2. : Plate 3, Figures 1 and 2.

14.5 miles W.S.W. of"Brunette Downs."

Hand Specimens:

These rocks occur as scattered boulders and rubble. They exhibit
small variations but are similar in many dotails. They are fine-grained
dolouitic limestones varying in colour from tan to light brown and grey.
They may bo mottled, banded or nodular, each of these textures being caused
by a change in grain size and composition from crypto- and micro-crystalline
calcite to microcrystalline, and medium crystalline dolomits and limonite.
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Individual dolomitic bands vary from 3 -~ 5 mm. thick, and calcareous

ongs from 3 mm - 1 cm. The nodules are irregular in shape and have rounded
corncrs. They have an average thickness of 2.5 cm, length of 4 cms, and a
width of 2 cms. Undulating solution surfaces occur and may represent a
stage of stylolitisation on minor bedding planess cross-bedding occurs

only in specimen BT.199. Pellets and crcss-scetions of trilobites afe

also visible, but feom less than 10% of the sample.

Potrography:

In thin section, the dominant constituents are cryptocrystalline
calcite and microcrystalline to medium-crystalline dolcmite with limonite.
The cryptocrystalline calcite has been partly recrystallized, and the
dolomite crystals are of silt or finoe sand-size and equigranular.

The pellets are of cryptocrystalline caleite and often have diffuse
boundaries due to recrystallization. Consequently, it is not always
possible to identify them as pellets or relict patches of cryptocrystalline
calcite, Thoy are swall (50 microns) and sub-rounded (BT 317). The fossils
are broken pleurae of trilobites and are scattersd in the scction
(BT.301(c).).

The nodular variety (BT.301(a)) has the same composition. The
nodules are composed of microcrystalline calcite, partly recrystaliied by
grain growth, and dolomitised, the dolomite rhombs being scattored within
the nodule. Partial silicifioation has also occured, and chalccdony has
roplaced the calcite. Some partaéf the nodule show flocculent texture
which may be palimpsest algal structures. The matrix is predominantly
equigranular, silt-sizo dolomite crystals with a small ~mount of micro-
crystalline calcite. The boundaries of the nodulcs: are well defined, but
aro irregular, resulting from the projections of the dolomite crystals -
into the nodule.

The banded varicty (BT.301(c)) consists of thin beds, often discon-
tinuous, and irregular patches of equigrsaular delomite crystals (micro -
crystalline) with limonite. The boundaries between the dolomite and the
cryptocrystalline calcite are not planar and in sone cases "ecloud'"-like
patches of calecite are intermixed.

In the cross-hedded sample (BT.199) the laminae are ecmphasised by
concentrations of limonite, dolomite crystals and cryptoerystalline caleite,

Environment of Deposition:

It is impossible to detormine the origin of those carbonates, but the
environment was probably calm and of low encrgy, favourable for the accumula-
tion of microcrystelline calcite or dolemite. The absence of broken fossils
and intraclasts donotes low cnergy and no scavenging action. The linestonos
should be classed as autochthonous if they were chemically procipitated.

In this casc, they probably accumulated in shallow, warm water, saturated
with CaCO3, in a restrictod or sheltered arca of depositiom. A similar
environment oxists to the west of Andres Island, in thc Bahamas (Nowell,
Rigby & Keith, 1957). Alternatively, thc limestones should be classed as
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allochthonous if they resulted from algal disintegration, precipitation of
algal dust, or abrasion of material within the basin. In this case, the
microcrystalline calcite or dolomite probably drifted or was deposited in
this area. The trilobite fragnents and pellets ﬁay have becen deposited by
weak currents, the disparity in grain sizes being due to different densities,
Scavenger action may also have occurred, causing the break-up of the
trilobites and the formation of faecal pellsts. However, the environment
would have been one of low energy; the depth is uncertain, as micro-
crystalline calcite can accumulate in an open marine environment at depth,
where it may be undisturbed.

The origin of the dolomite is difficult to determine. The fine-
grained nature suggests that it might be dolomite silt, but the irrogular
nature of the patches and the association of the thin beds with sclution
cavities on the weathered surface implies that dolomitisation may have
occurred. Several dolomite crystals appear to be replacing trilobite
fragnonts. It is likely that the dolomitisation occurred soon after
doposition and wes influenced by the fine-grained nature of the matrix,

The nodules are only partly dolomitised and the matrix is nearly
completely replaced or composed of dolomite. The nodular shape secms an
unlikely result of crosion because of a highly lobate outline. There is
no cevidence of concretionary or chemical action and there are no fossils
or intraclasts. It is possible that it was an algal nodule which was

subsequently partially replaced.

(b) Dolomitic pelletal calcarenites: (Dolpelmicrite or dismicrite
Folk, 1959).

Semple Numbers BT.107(ec); AL.17.

Localities : BT.107(c) - 2 milos N.W. of Corclla No.2 Bore.
"Brunette Downs".

AL.1T - No.1 Beore, "Alroy".
Photomicrographs : Plate 4, Figure 1.

Hand specimen:

These rocks occur as slabs or boulders and vary from fine-grained to
coarse-grained and crystalline, and from tan to light grey in colour, the
mottling being produced by limonite associated with dolomite. In BT.107(c),
small tube-like structures compdsed of medium-erystalline calcite occur;
thoy are curved in shape and approximately 2 cms. long . In AL.17, pellets

and intraclasts are visible, ranging from 0.5 mm. - 2 rm. in length and

diameter.
Petrography:

In thin section, the rocks consist of well rounded pellets of micro-
crystalline calcile and dolomite , varying from 100 microns to 1 mm. in size.

Intraclasts occur and are irregular in shape, and vary in length and
diameter from 150 microns to 2 mm. They appear to be composite grains
containing algal remains, pellets, ooliths and fine-grained fossil fraguents
(AL.17). The fossil fragments somctimes Lave a rim of cryptocrystalline
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caleite around them. Ooliths and fragments of Echinodermata also occur
in AL.17. Fragments of trilobites and "problematica occur in Br.107(c),
the lattor being thin walled cylindrical organisms (cf. those in BT.330(b).
Tho nature of these structures is indeterminate, but they may be recrys-
tallised algal threads.

The matrix is partly recrystallized nicrocrystalline calcite and is
intermixed with equigranular dolomite rhoibs (microcrystalline). The
latter are replacing the calcite in parts. Calcite cement exhibiting drusy

growth around the grains forms a small proportion of the sample.

Environment of deposition:

The sediment was poorly sorted, assuring the different-sized grains
heve different densities, and poorly winnowed. This resulted in a mixture
of grains, matrix and cement, suggesting scavenging action or impersistent
currents of medium strength., The mixturc of grains implies several
currents from several source areasj or a local complex with one current
supplying the grains; or an envircnment fazvourable for the accunulation
of pellets, intraclasts (and possibly ooliths) and nicrocrystalline calcite.
The onvironment was poriodically disturbed either by currents transporting
light trilobite fragments and partially winnowing away the matrix, or by
scavenging action,

Dolomitisation may have been early diagenctic in the fine-grained
part of the sediment, but may have been prs-or post-induration in the

intraclasts.

(¢) Dolemitic intraclastic calcarenites.(Intrasparite, Folk,1959).
Sariple Numbers BT.110(a), BT.330(a!.

Localities: BT.110(a) - 4 miles N.W. of Corella No.2 Bore,
"Brunette Downs".

BT.330('a) - 1.6 niles Bast of Desert Bore -
Barkly Stock Route.

Photomicrographs: Plate 4, I'igure 2 : Plate 5, Figure 1.

Hand Specimen:

These rocks are light tan in colour, and contain pollets and intra-
clasts sometines concentrated in thin beds approximately 1 - 2 cns. thick.
Sample BT.110(a) occurs as an isclated bouléer and sample BT.330(2)
surrounds the sponge-calcilutite (BT.330(b).).

Potrogra

In thin section sample 110(3) consists of irregularly-shaped intra-
clasts, approximately 0.5 mm. in length, lurgely recrystallized by grain
growth, and dolomitised. Thoy may be reworked algal structures as the
discontinuous layers of microcrystalline calcitec are surrounded in two
dinensiktns by drusy calcite cement. They are not in contact.

In sample BT.330(a), the intraclasts appear to be reworked limestones
o.g. - calcilutites, possibly shelly calcilutites, algzl and pelletall
calcilutites. They are sub-rounded, have a low sphericity, and are poorly
sorted.
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A scdiment is poorly sorted if different grain sizes have different
densities. In limestones different sized grains iiay have the same density;
if so, the seodiment is well sorted and its origin is different.

Calcite cement surrounds the grains and the drusy mosaic has been
partly recrystallised by grain growth. Microcrystalline calcite may also
have been replaced this way and the sediment may bo partly winnowed. The
dolonite occurs as small crystals and aprears to have replaced the cement,

Environment of deposition:

The environment appears to have becn one of mediwa to high energy
with persistent curraont action eroding penccontemporanecus limestenes, or
rolling aggregate grains, and winnowing awny most of the microcrystalline
calcite, The turbulent nature may be caused by shallow waters covering a
sholf or shoal. (Illing,1954).

- (d)_Siliceous oolitic calcarenite?
Sample No. BT.105.

Locality & BT.105 = 0.25 nmiles Scuth of Corella No.2 Bore,
"Brunotte Downs".

Photomicrographs Plate 5, Figurc 2.

Hand specinens

The sample was located in a stream bed and is not in situ. It is a

banded, grey to tan, siliccous ocolitic rock.
Petrography

In thin section, the grey bands are campletely silicified and in
ordinory light, pale brown circular objects with a darker rim are visible.
These may represont "ghost" ooliths or pellets. Under crossed polars
cryptocrystalline silica is seen to replacc the oclith or pellet, and
coarser microcrystalline silica (chalcedony) has replaced the matrix or
cement.,

In the tan coloured bands, the oclitic structure has been presearved
by ferruginisation, although the remainder has becn silicified. Stme
ooliths may be compound but the original nuclei (detrital?) arc not
identifiable.

Environnent of deposition:

Ooliths are forping at present on the Balhiama Banks in warm waters
supersatqratod with CaCO3 (Newell, Purdy & Imbrie, 1960). Thoy consist of
aragonite lamellae arranged tangentially around a nucleus, e.g. faecal
pollet or shell fragment. Aragonite is added at tho grain surface as a
physico chemical precipitate., Unoriented aragonite alsc occurs'"associated
with organic matter incorporated in thegrain as -

(1) the organic fraction of a faecal pellet,
(2) an adherent film of organic detritus
(3) the remains of boring algae. "



ol

The environmen:i occurs in, and just below, the intertidal zone; where the
water is approximately six feet deep and turbulent. It is presumed that the
radial structure of the ooliths in sample BT.105, is a result of re-
crystallization, that original ? aragonite has changed to calcite, and that

the mode of formation was similar to that described above.

(e) Dolomitic Intralcastic Calcirudites.(Dolintrasparudite
Dolintradismicrite, Folk 1959).

Sample Numbers BT.302(c), BT.319(b).

Localities ¢ BT.302(c¢) - 14 miles West of “Srunette Dovms"
BT.319(b) - 14 miles W.N.W. of "Brunctte Downs".

Photomicrograph Plate 6, Figurze 1 and 2.

Hand specimen:

The samples are light brown to grey and coarse-grained, the intra-
clasts ranging in size from 1 - 2 mm. in dizmeter, up to 4 cms. in length,

2 mm. in thickness and 0,5 — 4 cms. in width. (BT.302(c¢)). Theo latter may
be part of an intraformational conglomerat>. Some of thu large grains are
inclined at 10° - 20° to the cdges of the slab: (the cdges may reprosent
bedding planes.)

Petrography:

In thin section, sample BT.319(b), consists of large intraclasts
(not in contact) of low sphericity, but sub-rounded in outline. Thoy are
composed of microcrystalline calecite, partly rocrystallized by grain growth,
and dolomitized. Thoy may be roworked calcilutites or algal limestones ,
or agglutinated microcrystalline calecite. Some grains have thin "coats"
or rims of possible algal dust. Grain growth crystals occur in between
graing, but drusy calcite cocment is also present.

In sample BT.302(c¢), the intraclasts are composcd of Echinodermata
fragments and microcrystalline calcite and dolomite. The fragmonts of
Echinodormata may have recrystallized to produce smallor grains (which all
oxtinguish at the samec time), separatod by arcas of microcrystalline
caleite. Others appear to have bcen bored ond imprognated with algal dust,
nnd some may be algal nodulcs which exhibit a flocculent texturc, These
arc irregular in shape.

Ooliths, approximately 120 microns in diamoter, comprise thin
oolitic rims (radiating calcito fibrcs) surrounding a nucleus of micro-
crystalline calecite,

Fragments of Echinodermata (indet) have thin rims of cryptocrystalline
calcite (algal dust), and the centros have beon partly silicified.

The matrix consists of microerystalline calcite partly rocrystallizod
by grain growth, and dolomite. Somo granular cerient is present but the

original amount is unknown.
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Environment nf Deposition:

The prescace of large composite grains whether formed by the ro-
working of partly lithified limestones or agglutinated grains, implies a
turbulont environmént. If some matrix is present this denotes, strong,
short-lived currents possibly asszociated with scavengor action. The environ-
ment was probably a shallow shelf area, and storm action, independent of
strong current action, may have helped to form this deposit.

(f) Dolomite and pellet dolomite: (Dolpolmicrite, Folk 1959).
Sample Numbers s BT.36, BT.329.

Localities - BT.36 - 1 mile North of No.51 Bore "Brunette
Downs".
BT.329- 15 miles S.W. of "Brunotte Downs".

Photomicrograph 3 Plate 7, Figurd'1{

Hand Specimens
The above rocks are tan, to light grey, fine to modium crystalline

dolomites. They are mottled and pelletal in parts.
Petrography: 2

Samplo BT.36 is composed of equigranular dolomitc crystals (avorago
sizc -60 microns), with a speckled appearanca probably due to disseminated
iron oxide. The crystals do not appear to be rim-~cementcd silt and thefe
are no palimpsest structures.

Sanple BT.329, is compdaed of fine-medium grained dolomite crystals,
and cryptocrystalline calcite and iron oxide (probably limonite). The
latter occurs as irrcgular and pellot-liko patches varying from 100 microns
in diameter to 1 mm. in length. In calcarcous parts of tho sample crypto-
ocrystalline calcite forns sinilar structures.

Environmont of Deposition:

The origin of the pure dolomite is impossible to interpret. It is
possible that it was precipitated as an criginal didlomite and then re-
crystallizod to its present grain size, but it is more likely that it
roprosents a dolomitized calcilutite. This process may have occurred at an
early or late stage in diagcnesis. Sinilsr rocks have boen described by
Brown (1962, p.5).

The polletal (?) dolomite may represont an arrested stage in the
dolomitization of a calcilutite, or a pellctal calcaronitc pelnicrite or
polsparite (Folk, 1959). Again, it is impossible to intcrprot. Howevor, the
onvironment was probably shallow and of low cnergy withi 1if%lo scavenging
activity. This would account for the lack of coarso grains (ghosts) and the
finc grained naturc of the dolomito. The dolomitisation is thought to bo an
carly diagonetic process resulting from percolating magncsiwa solutions.
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(g) Ceny~cmeratic-calcilutites
Sampie No. BT.193
Locality s BT.193 = 3 miles N.N.W. of No.26 Bore "Brunette Downs'.
Photomicrograph - Plate 7, Figure 2. |

Hand Specimen:

Angular fragments of calcilutite, cream and dark brown in cclour,

and varying from 3 - 6 mm. in size occur in a light brown-grey calcilutite

matrix.
Petrcgraphy:

The large fragments consist of crypto-and micro-crystalline calcite
with aflocculent texture which is similar to the textures of some algae. The
grains range from 150 microns to 5 rm. in length, and fron round {cf.pellets)
to rectangular in shape., The matrix is microcrystallinc calcite and patches
of grain growth nmosaic., The flocculent texture is also cvident in the
natrix.

Sharply defined areas of drusy calcite cement, pellets and crypto-
crystalline calcite indicate that internal solution (and possibly crosion)
and deposition caused the formation and infilling of cavities with: sediment
and coment. (Bathurst, 1959).

Environment of Deposition.

This lithology was probably formed by the broak-up of partly consol-
idated algal limestonos which formed in the shallow, warm photosynthetic
gone. The large size of the fragments, the presence of matrix and absonce

of sorting or winnowing suggests low energy conditions.

(h) Nodular, Sandy Calcarenito:
Sample No. BT.302{e).
Locality s BT.302(e) = 14 miles Wost of "Brunette Downs".
Photomicrograph 3 Plate 8, Figurc 1.

Hand Specimens

The rock is tan to light grey in cclour, fine grained, and contains
quartz grains of uniform size. The fresh surface is mottled, and large
(4 cms. long), oval nodules of light grey cryptocrystalline silica stand
out in relief on the weathered surface.

Petrography:

Detrital quartz sand forms 20% of the rock, and ranges from 200 -
300 microns in size and from sub-angular to sub-rounded in shape. lNany
grains have sutured edges where calcite is replacing the silicaj; some are
fractured, some arc strain shadowed, and somc arc composed of micro-
crystalline silica. There is little secondary growth an? the grains have a
low sphericity.

The matrix is micro-crystalline calcite, partly rccrystallized by
- grain growth, and contains pellots (150 microns-diameter) and possibly some

Echinodermata fragments.
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The siliceous nodules have an irrcgular cdge and cryptocrystalline
silica replaccs the calcite. Detrital quartz grains cccur in the nodules
and across the boundary with the matrix. "Ghost" structuros of organic (?)
remains are prosent. Bands of relict (?) cnlecite and dolomite crystals
occur in the nodules scparated by purer siliceous bands.

Environment of Deposition:

This lithology formed in a shallow water cnvironment, pcssibly
nearcr land than the puror carbonate rocks. The presence of detrital gquartz
denotos either a change in current direction (from differsnt source area),
or uplift of an adjacent land arca (increased ercsion), or a climatic chango
(more pluviose conditions), or a combination of these facters. The nodules
are sccondary and werc formed by replacement of the carbenatc section of the
lithology, either by solution and transference of silica internally from
nearby rocks (Walker, 1960)thy percolating silica-rich soluticns fron

overlying water.

LEACHED ROCKS

(a) Ferruginous-quartz rockss
Sample Numbers : BT.326(b), BT.158.

Localities : BT.326(b) - 25 miles S.W. of "Anti?ny Lagcon"
D'
BT.158 - 7.5 miles West of "Rockhampton
Downs" .
Photomicrographs - Plate 8, Figure 2.

Hand Specimen:

The rock BT. 326(b) overlios a siltstone and underlies a sandstone .
It is red-brown, fine to medium grained and ferruginous, containing quartz
and:white clay minerals, It is cross-bedded and very porous. Sample BT.158
is rod-brown, and uniformly fine grained, porous, quartzose and structureless.,

Petrography:

In sample BT.326(b) detrital quartz forms 30% of the rock, the
grains being approximately 100 microns in diameter, and ranging from angular
to sub-rounded in shapec, with low sphericity. They are not in contact and
there is no evidence of grain enlargement. Corrosion of the quartz boundar-
ics by the matrix may cause the angular shape., The matrix consists of clay
minerals (micas-sericite or illite) and kaolin,most of which has been
ferruginised (limonite). Some of the holos in the speeimen are similar to
the shapc of the detrital quartz and some are anhodral.

In sample BT.158, deotrital quartz grains in contact,form approxinato-
ly 50% of the rock. They havo an average sizo of 100 microns, and aro
angular tc sub-angular (probably sub-rounded originally). The grains arc
well sorted but have a low sphericity. There is a high degrec of suturing
and triple points (the points where tho ends of three grain boundaries
nset), aro abundant; authigonic overgrowths in optical continuity clso occur

and all have changed the origin:l grain shape,
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The matrix consists of clay minerals and ferruginous material with
somo nmagnetito zirecn and tourmaline.

Environnent of Deposition:

The presence of detrital quartz indicates a shallow, near shoro
environment for these rocks, and current-aetiivated water. The original
matrix has been leached and may have boen carbonate., It has been rcplacod
by kaolin which was derived from the disinvogration of feldspars or the
weathering of clay or siltstones. Ferruginisation occurred later. The
naturo of the original rock is unknown, but the onvironmont was moro littora

than shelf or open marine,

SANDSTONES

(a) Quartz Sendstones. (Finc-mcedium-grained arenites).
Sample Numbors : BT.127, BT.147, BT.326(c) and (d).

Localitizs $ BT,127 = 4.5 r:iiles West of "Brunette Downs"
BT.147 - 2 milos Scuth cf No.25 Bore, "Brunette
Downsg" .
BT.326(c) and (d) - 25 milos S.W. of "Anthony
Lagoon" A/D.
Photomicrographs s Plate 9, Figures 1 and 2.

Hand Speecinons
Sariples BT.127 and BT.147 arc light grey-tan and dark brcwn on tho

weatherod surface, and light grey, uniformly finc-grained con the fresh surfacc,

They are ofton ripplc marited, and some have cross-ripples in the trcughs of
the main ones. Directions could not be ncasured as tho samples occcurrod as
scres. Spocimen BT.326(c), crops out above tho loached rocks and is a
ccarse, red-brown sandstone which has a white fresh surface and a partly
silicificd weathcred surfaco. It also conteins orgaonic-like structures up to
30 cus. long, 15 cms.high, and 23 cms.wide. Those consist of a series of
saucer-like layors (concave upwards), 8 cms. diameter and 0.5 cms.thick,
arranged in colwms adjacent tc one another (cf.algac (?) BT.316). Sample
BT.326(d) is a coarsc red-yollow sandstonc which is somctimos wholly
gilicificd, Whon this occurs it is white in colcur and scie parts contain
rod-like darker arcas =-approximately 12 cms. long and 1 cu.wide. Tho origin
of thesc structures is unknown.

Petrography:

Samples BT.127 and BT.147 are finngrainoﬂ, and contain approximatcly
80% of detrital quartz. Tho grains are 160 ricrons in sizo, are sub-angular
and in close contact (grain supports grain). They are bound by 2 silicoous
coment; sutured contacts and triple points indicate solution and thinning
of beds. Some grains are of microcrystalline silica but tho majority are
singlc quartz crystals. Mica forms only about 1% of the rock. The rock is
well sorted.
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Sampléé BT.326(c) and (d) are mediun-grained and consist of 75%
dotrital quartz, poorly sorted, sub-angular tc sub-rounded in shapo and in
contact with onec anothor. There are two grain sizes: (1) the averase is 50-
150 microns, and this is the dominant one consisting of 60% of sub-anguler
to sub-rounded grains. Scattered throughout arc :(2)- quartz grains of 250-
500 microns in size (occasionelly grains frui. in dismeter occur). These are
sub-rounded t: rounded and form 10% - 15% of the rock. Mony grains are
fractured, somec show sutured contacts, an’ a fow are strain-shadowed. There
is some authigonic growth, Triple points occur, but therc is micreerystallinge
and drusy silica coment around the grains. liagnetitec grains end heavy ninerals
occur. Thore is no ovidence of grading, but the sodiment has beon winnowed.

Environment of Depositions

The uniforn grain size and absenco of matrix suggests persistent
curront action, presumably in a littoral cnvironment. The ripples and cross
ripples inply shallow water and variable currcnt Sirections, amain indicative
of a littoral environment. The silicccus ccment may be prirary or secondary
in ths finc-grained saoplcs.

The poorly-sorted samplos with large grains and drusy siliccous
ccriont suggest strong, but impersistent curront action. This was capable
of winnowing the sediment but not sorting it. The environment was probably
littoral and possibly fovourable for algel growth. It is thought that the
algal-likc structures ir the sandstone (BT.326(c)) wore buried by quartz
sand which penetrated between algal layers. During induration the organic
tissue disintegrated and the structures were preserved in sandstono.

The rod or stom-like structures in the whitc silicifiocd sandstone

wore unidontifiable.

SILTSTCNES

(a) Siliccous Siltstoness

Sarple Numbers BT.326(a), BT.80(a) and (b).

Localitios - BT.326(2) - 25 miiss S.W. of "Anthony Lagoon" A/D.
BT. 80(a) mnnd (b) - M9.D22 Bore, "Brunotte Downs"

Photomicrograph : Plate 10, Figure 1.

Hand Specinmens

These rocks (BT.326(a)) crop out below the leached rock in tho north-
west part of the Brunette Downs 1:250,000 Sheet area, and are very light
groy, fine-grained, siliccous siltstones. Tho weathered surfaco is orango
in cclour, and the fresh surface exhibits a weak loninotion and faint
nottling. Sample BT.80(z2) is similar and slightly fissile. Sanple BI.80(b)
is mottlod brown and tan on the weathered surface: but mottled brown and
white on the fresh surface. The different cclours occur as streaks or thin

lonses.



Petrographys

In thin section, sample BT.326(a) consists of approximately 65%
detrital quartz with an average grain size of 60 microns. Large grains also
occur with a diameter of 240 microns. They are angular to sub-angular and
wnsorted. The matrix is siliceous and black granular material may be
silicified iron oxides, carbonaceous or clay minerals.

Samples BT.80(a) and 80(b) consist of approximately 25% detrital
quartz with an average grain size of 60 microns. Grains 10 = 20 microns in
diameter are difficult to determine as detrital or authigenic. Between 5%
and 10% mica and clay minerals occur as fibrous laths, some of which appear
to have been silicified, The groundmass is cryptocrystalline silica and
isotropic, "Ghost" structures of possible organic remains occur as small
circular and oval cross sections of thin walled organisms, and may be sponge
spicules. Ferruginisation has caused the mottled appearance, mnd although
silicification haslfgken place, the original matrix or cement may have been
siliceous.

Environment of Deposition:

The siltstones are thought %o have accumulated in quiot, deep water,
relative to depths in a shelf environment, under more open marinc conditions.
However, it is also possible for them to accumulate in a shallow littoral
Jepositional arca where a barrier had reduccd circulation and oxygenation.
in tho absence of stratigraphic relationships it is difficult to determine

the precise environment.

SHALES

(a) Ferruginous Shale
Sample:No.BT.327.
Locality: BT.327 - 6 miles S.S.E. of "Anthony Lagoon" A/D.

Hand Spocimens:

This sample crops out in the northern part of the Brunette Downs
14250,000 Sheet area and is orange-rod, fine-graincd and fissile, with
scattored black patchcs, approximately 1 mm. in diamctor.

In thin section, the samplo consists of 20% small micas and clay
minoral "laths, approximately 40 microns long and 20 microns wide.

Dotrital quartz grains also form 20% of the rock and are approximately
60 microns in sizoe. The outline and definition of the quartz grains are
poor owing to the strong ferruginous matrix. They may represent silicificd
micas. The black areas appcar to consist of disseminated carbonacecus
material and possibly magnetite.

Environment of Depositions

The origin of shales is still not fully understood, but they were
probably formed in a low cnergy environment with clay minerals and silica,
or a reaction of aluminium and silicicﬁcid oceurring in decp water, or in

a shallow rostricted lagoon. The ferruginisation was probably secondary.
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MESQZOIC

_  SENDSTONES,

Silicified Quartz . Sandstone:

Fine-grained fossilifercus sandstonc:
Sample BT. 60.
Locality ¢ BT.60 -~ 2.3 miles N.W. of Bore No.5 Cresswell.

Hand Specinens

The sample is brown-grey, fino graincd and silicified. It has a
mottled appoarance, and large quartz grains and fossil plant remains are
visible to the naked eye.

Petrography:

In thin section, the rock consists of 75% detrital quartz of uniform
grain size, approximately 80 microns; the majority of grains are in contact.
The grains are sub-angular to rounded. The angulerity seems to be caused
by sclution as there arc numerous plane intergranular boundaries and triple
points.

Lrrge sub-angular quartz grains, cpproximately 500 - 750 microns in
size, are scattered throughout the slide. Ccmentation cccurrcd by growth
of authigenic quartz around the grains. The ma¢fixis ferruginous and
consists of limonite. Internal plant structure was not foumds .

Environment of Deposition:

The presence of detrital quartz and plant fossils suggests that the
cnvironment was either lacustrine, fluvial, littoral or lagoonal. The fine-
grained, uniform grain size implics that continued current action rosulted
in a well sortcd and winnowed scdiment. An interpretation of the environment
is not possiblc from the study of a single spocimen, but it may be evaluated
from the detailed study of adjoining areas of Kesozoic scdimentation.
(Skwarko, 1963).

TERTIARY
CARBONATES

Brunette Limestonc

(a) Algnl Limestones

Sample Numbers BT.167(b) and (c), A L 101

Localitics :  BT.167(b) and (c) - Bore No.18 "Rockhampton Downs".
AL.101. - 4 miles West of Bore No.9 "Alroy"

Photomicrograph : Plate 10, Figure 2.

Hand Specinen:

Samples BT.167(b) and (c) consist of cream to light grey, fine-
grained rocks with algal layering and possibly algal nodulcs, Samplo AL.101,

is dark grey in colour and is mottled. It also shows lagering and nodular
structures,
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Petrographys

In thin ssction, the rocks consist of thin altecrnating layers of
cryptocrystalline and micrcerystalline calcite, sometimes partly ferruginised.
The alga is not vpocriferous, but under high power, small circular and sub-
circular arcas, and thin discontinuous lenses of fibrous caleite arc seen
which may represcnt rocrystallised parts of tho orgonism., Semple BT.167(c)
is sinilar but contains circular, algal ncdules. Thoy appear to be part of
the layered growth, but in hand specimen clso appear to bo dotached. It is
impossible to determine if the nodular concentric laysring occurs around
a nucleous, or if it is a growth stage which mcy bucome dotached.

Detritai quartz, varying in sizc from 50 - 250 microns, and from
sub-rounded to rounded in shape occurs in bands, possibly between tho algal
layers. The genus is unknown but it may be a type of Red Ceralline Alga
(Rhodophyte( e.g. Lithothamniun sp. (Johnson, 1958).

Environrent of Deposition

Alg:é; live in the photosynthetic zonc in shallow, calm warm waters
of lagcons; lakes and rivers, Owing to the prcsence of the alga (?)
Lithothamnium it is thought that the Brunette Limestene at this locality

was doposited under lagoonal conditions in warm, calm clear wator, in the

photosynthetic zone.

(b) Siliccous and Pelletal Calcilutites:

Sample NeaBT.167(a). BT. 312.
Locality: BT.167(a) - Bore No.18 "Rockhanpton Dovms™

BT.312 = 7 miles N.N.X. of Nc.25 Borc,; "Brunette Downs'.
Photomicrograph : Plate 11, Pigure 1.

Hand Specimens

Sample BT.167(a) is light grey and is composcd of pellets or nodules
(fino-graincd) and a finc grained natrix. Opaline silica forus irregular
patches and weathors to a red-brown crust, characteristic of imuch of thoe
Brunctte Limestono. Sample BT.312 is mottled, mors pelletral and not siliccous.

Petrographys

In thin section the rocks consist prodominantly of micrscerystalline
caleitd which has been partly recrystallizoed by grain growth. Sample 167(a)
contains a fow pellets of cryptocrystalline and microcrystalline calecite
within the matrix,

The pellots are also surrounded by areas of micro-and crypto-
crystalline siliea, fibrous chalcedony, drusy quartz and amorphous silica.
These different varicties often occur in layers within an infilled cavity -
which often has a crystalline calcite centrc. Some silicified srcas may have
been organic structures and floceulent textures mey be algal., Irregularly
shapod arcas of nicrocrystalline caleite crystals, possibly rin-cenented,
(Bathurst, 1958) also occur.
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In Sample BT.312, the pollets vary in size frouw 100 microns tc 5 nms.
and have high sphericity. They comsist of darker, micrcerystalline calcite
and contain detrital quartz grains and fossil fragments. Thoe latter may be
pelecypod or ostracod shell fragments. Veins mnd patchoes of drusy calcite
and granular cemont may ropresent areas of interVel crosicn during
lithification, the cavities being infilled by the calicite.

Environment of Depositions

It is difficult to interpret the envircnment of these liestcnes
as therc is little fossil or textural evidence. The compesition and
toxturcs suggest that conditions were calm and the water shallow, but
periodically disturbed by currents. The silica is thouglit to be peno-
contcaporaneous or late diagenetic, althousgh under suitable pH conditions,
calcite may be dissolved and silica precipitated simultaneously .
(Krauskopf, 1959).

(¢) Conglomeratic, gastroped Calcirudite (Coquina)

Sample No. BT.169
Locality s BT.169 - 2 miles N.E. cf Bore No.18 “"Rockhampton Downs",
Photomicrograph ¢ Plate 11, Figure 2.

Hand Specimen:

This linestonc is light grey with whito and browm, sub-rounded
fragmonts of linestone varying from 2 mms. to 2 cus. in size, The fossils
consist of complete gastropod tests, white and thin walled, dextrally coiled
and with smocth or spiral and transversely ribbed whorls.. They are approx-
imately 5 - 10 mms. long. Pelecypods also occur and are white, thin shelled,
disarticulated, and have smooth or faint concentric striac. They are
approximately 4 mms. in height and 4 mms. in length.

Petrography:

In thin section, the conglomeratic fruguents are composed of either
microcrystalline caleite partly or whelly rucrystallized by grain growthj
or cryptocrystalline calcite with flocculent toxture, i.e. pcllets, and scme
are of microcrystalline silica. Detrital quartz, average sizc 150 nicrons,
nccurs in some fragments and moy have a thin rim of fibrous caleitc. Some
fragments arc forruginised while others may have thin rims or coats of
cryptocrystalline caleito (olgal dust). The fraguents are angular to sub-
rounded in shape and have low sphericity.

Thc gastropods occur as completc andl broken tosts and have walls of
fibrous calcite approximately 100 microns thick. Sorie chambers contain
detrital quartz grains, gastropod sholl fragnents and foraminifera in a
matrix of microcrystalline calcite. The whorls do not cover cach cthor,
cverlap is small, and the coiling is helicoid.

The pelecypod shells are disarticulated but there is no section of *
the hinge line. The walls show two layers, i.c. fibrous and lamellar calcite.
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Ostrucod fragments are raro, These are disarticulated, thin and
fibrous.

The foraminifera are trochospirally cciled anl approximately 160
micrens in diameter. The walls are of fibrous calcite and about 10 microns
thick, but are sccondarily thickened to 20 microns in the inner chambers.
The septa are covered and continuous with the outer wall of the chambor.
In sone scecticns each chamber appears tc sbut onto the previous chamber.

The matrix consists of microcrystalline calcitc,; partly rverystall-
ized by grain growth, and contains scattercd detrital quartz grains (40 -
400 micrens in size). They arc sub-angular tc sub-rounici and of low to
_“;mdiun sphericity. Some of the matrix has & floceulent texturc which may
have bcen ceusel by scavenging action.

Environrnient of Denosition:

Foraminifera and algae have been luocated in the Austraﬁébowns
Lincstone (Paten, 1961), but have not been widely described fron the
Tertizry of the Northern Territory. If the limestone is & lacustrine deposit
"the prosonce of marine goncra must be expisined. (Lloyd, 1963). The fossils
imply that an accoss to the sea occurred at some timc, but as a fresh water
genus is alsc present, the influence of rivers cannot be ignored. The
conglomeratic nature of the rock suggests o turbulent envirencent and the
coarsc naturc suggests strong currents. The fossils would not break os they
are of lighter density and were probably carricd in suspension.

It is suggosted that the limestone formed in = shallow, marinc
environment ncar to tho shoreline and a river mouth, or in a partly encloscd
lagoon with accoss to the sce and a fresh woter supply from o river. Either
of these eznviromments could give risc to o conglomeratic, fossiliferous and
sandy livestone. Howover, this dcos not proclude the development of a

lagoon and the change to a lacustrine envircnment at a later datc.

SANDSTONES

(a) Finc-grained and Conglomeratic Sandstoncss

Sanmple Numbers : BT.188(a), BT.324.

Locality - BT.188(a) - 1.8 iviles West of Bore No.42,
"Brunette Downs".
BT.324 - 4.8 .-iles West of Bore No.9
"Anthony Lagron'.

Photomicrograph Plate 12, Figure 1,

Hand Specinen:

The specimens occur as scree. Sarple BT.188(a) is o mottled, purple
and tan, finc-grained sandstone, partly silicified and partly lecached.

Scniple BT 324 is a conglomeratic sandstone, containing light groy
to white spherical and angular pcbbles of sandstone in o tan sandy matrix.

The pebbles vary in sizo from 1 mm - 3 cus,
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Petrography:
Sample BT.188(a) contains more than 50% detrital quartz which is

well sorted, with an average grain size of 150 microns. The grains are sub-
angular to sub-rounded and have a low sphericity. They are in contact in
parts, anc suturing has occurred as well zz sccondary overgrowth. Thoe matrix
consists ' of amorphous silica and clay minerals and iron cxide.

In sanple BT.324 the conglomeratic pcbbles of sandstone are rounded
and composed of detrital quartz grains - average size 100 nicrons. The
quartz is sub-angular generally. but some show high sphericity. The matrix
is silicecus and ferruginous and contains clay mincrals.

Around the pebbles is a thin, layered siliceous rim ranging from
100 microns to 4 cms. in thickness. These rims contain detrital quertz
grains with thin concentric riréﬁggioften include a swall, roundcd pebble of
sirdilar composition.

Th: matrix surrounding the pebbles is ferrusinous and contains
detrital quartz similar to that of the pebblcs.

Environment of Deposition:

Tho samples are unfossiliferous, and there is no indication of
deposition under marine conditions. The finc-grained sandstonc BT.188(&)
appears to have been deposited in an area of persistent current activity which
sorted and winnowed the sodiment. The environment may have been lacustrine,
fluvial or littoral.

Thy conglcmeratic sandstone is thoupht to have formed in an area of
strongor current activity which ercded partly consclidated sandsteones, or
aggregates of sand grains bound together by a bicchemical or chemical
depcsit. The layered rims may rcpresent algal growth, or a precipitated
doposit arcund the pebbles during or after transpsrtaticn. The specimens
arc raro and occur in a dried up lake and water courso. Thoy are unlike

rocks in the Cambrian, Mesozoic or Tertiary and may be Quaternary in age.
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LAPPENDIX

COMPARISON WITH CARBONATES OF RANKER AND CAMOOVISAL
1:250’000 S]EIIJT l‘LREA.S’ IN.T. & Q'm‘o . ' '

In the Alroy and Brunctte Downs Shect arcas, the Anthony Lagoon
Bods consist of dolomitic sponge (?) and algal limostencs, dolomdtio
intraclastic and pelletal calcarenites (intrasparites), dolomitic
calcilutites (dolmicrites and dolomites), quartz siltstoncs and sendstones.

The sponge and algal limostones are in situ and in somo localitics
are surrounded by calcilutites or intraclasts in calcitc comenti the
intraclasts and pellotal calcarenites ccntain fragmonts of other limestoncs,
faecal pellets and aggregated grains. The dolomitic calcilutites contain
fraogmonts of trilobites and Echinodermata but these are not abundant. The
dolomites consist of microcrystalline dolemite with or without pellets of
cryptocrystalline calcite. Quartzose oolitic aud shelly limestones are
rarc.

It is impossible to determine the rcolationships of the different
rock types within the Anthony Lageoon Bods. However, the above rock types
sugzest that the environment of deposition was predoninantly shallow and
caln, favourable for sponge(?) and algal growth., Curronts or storms
periodically occurred and helped to form the intraclastic and polletal rocks.
The proximity of land, or climatic change or uplift caused the deposition of
terrigenous deposits in the Alroy and Brunette Downs area.

On the Ranken Sheet areca, rocks of o similar agc to tho Anthony
Lagoon Beds, comprise the Burtcn Beds, the Ranken Limestone, and part of
the Camcoweal Dolomito. In comparison witl the Anthony Lagoon Beds, the
limestones in the Ranken arca arc genorally more detrital and organic, and
siltstoncs and sandstoncs are less abundant. The Burtcn Beds ceonsist cf
ripple-marked calcarcous and silicificd coquinites, pellet and colitic
linestones, intraformational pebble conglomeratos, finc and coarse grainod
crystalline limestones and siltstones. (Randal anl Brown 1962a.). The
coquinitoes are ccmposod of trilobites, hyolithids, brachiopods and cchinoid
fraguonts, either in calcite coment or fine-grained calcite. The fine-
grainod rocks ccntain coliths and pellets in addition tc shell frasgments.

The Rankon Limestone, also on the Rankon Sheot arcn, consists of
carbonates potrologically sirmilar te those of the Burteon Beds, and diffors
from the Anthony Lagoon Beds in being more detrital and organic. Sandstoncs
and siltstoncs are rare. The Ranken Linestone censists of fine-grained
linestones with pellets and fossil fragmonts in o fine -rained matrix;
cequinites with echinoid plates and spincs in czleite mud, and trilobites
in coarsor sclivents; and silty lime-mudec with siliceocus spongo spicules
and calcispheres.

The Camoowcal Dolomite varios from white to cream, buff and light
brown in cclour. The whitc rocks are morc coarscly crystallinc than the
dark rocks. Polletal dolomite and intraformational conglororate cceur near
tho Jamoes River but arc not known elsewhorc in the Sheet aroa. Quartz
sandstone boulders occur with the dolenito and may represent parts of sand-
steno bels within the unit. (Ranlel and Brown 1962a).

Rocks similar to the Camcowcal Dolomite are rare in the Alroy and
Brunctte Downms arca, but arc mors abundant in the Rankon arca. It is
difficult to dotermine the stratigraphical relationships of tho Anthony
Lagoon Beds with tho Burton Beds, Ranken Lirestone and the Camocweal
Dolomite. The most noticcable features are that in tho Alroy and Brunetto
Downs Shoct areas, tho Anthony Lagoon Bels contain sponge(?) and algal
linostones in situ, few coquinites, oolites anl dolomitcs,and soveral
sandstonc and siltstone bods., 1In comparison to the scuth east on the Ranken
Sheet area, the Burton Beds, Ranken Limestine and Camo:woal Dolomite
represont changes in lithology and consist dowminantly of coquinitos with a
variety of orgenic fragments, pellets and oolitic limest mnes, intraforna-
tional conglomerates and dclomite.



(i1)

The environment of depcesition also changed from the Alroy and
Brunstte Downs arca to the Ranken arca. In the former arca it was shallow,
dominantly calm and lagocnal, favourable for algal and sponge(?) growth
anl probably ncarer land. In the latter it was morsc turbulent and the
presence of ripple marked coquinites, pclletal and colitic calcarcnites,
and siltstoncs suggests that the environmunt was still shallow but a noro
cpen shelf arca. Tt mey alse have heon a shoroelino deposit necar an
island (or larger land nmass) which supplicd little terrigenous material.
Tho Rankon Limostono possibly grades upwards and castwards into the
Cancowoal Dolomite. Consequeontly, the dolomiteo was probably deposited as
a carbonate mud in a warm, shallow sea, undor quicet conditions. This sea
may have boen a restricted part of the opon shelf area mentionad above, and
implies that a lagoon-like arca cexisted in the castern pert of tho Ranken
Sh\.-'ct .

In tho Camooweal Sheet arca, rocks of a sinilar age to those mentioned
abuove are the Age Creck Formation, the V-Cresk Limestone and the lail
Change Lirostone (Randal and Brown, 1962b). Thesc rocks are different frem
these of the Ranken, Alroy and Brunette Dovms arcas and ocontain sodimentary
structurcs which denote deposition in a differcnt environment.

The limestones in the Camoowcal Shaet arca do not ccntain algal and
sponge(?) limest.nes or sandstones and siltstones as in the Anthony Lagoon
Beds, or coquinites of shell fragments ns in the Burton Beds and Ranken
Lirestona. PFurtherviore, pure dolomite is rare.

The Age Creek Formation consists of dolomite containing pelloets,
ocliths, algal material, fcssil fragments and terrigenous matcrizl in
calcite coment. These rocks contain large forcset beds 1ipping to the
south—weEt and south-cast, but contain lenscs of delomitic limestcne. Theso
represent carbenate :mud deposits formed in quietor, shallow waters "on
top of the "delta" " (Birown, 1962), On the castern merzin of the Ago Creck
Fornation, the V-Creek Limcstone and the Inil Chanse Limcstone occur as
"lanscs and fingers" (Brown, 1962). The V-Creck Limest ne contains pellets,
ooliths and terrigenous material in caleitc "fud and caleite cement. The
above often form layers which are overlain by sandstones containing quartz,
fulispar, muscovite hyperstheno and gaernct in a groundmass of dolomito
rhombs. Sholls ond algal romains aro present in some lithologies
(Brovn, 1962).

The environment of deposition of the Age Crock Formati n was ono of
strong currents transporting coarse terrigonous nmaterial, pollets and
onliths from the north-ecast anl sinking slowly tc allow for tho dcvelopnent
of large fereset beds. Tho V-Creek and !Mail Change sedinments accunulated
under strong current action. The currents wore variable in diroction and
roworked scmi-consclidated limestones. Compared with the Ranken, Alroy
ané. Brunctte Downs areas, the Camooweal arca was unstable, deeper , more
open-narine and turbulent, and not as favourable for the growth and
proscrvation of organic material.

In conclusion, thc arca was probebly a shallow platform with
turbulent, opon-marine conditions favouring tho formaticn of the Burton
Deds and tho Ranken Limesteno. However, loeal, restricted onvironments
(lagoons(?)) occurred to the north-west anl south-cast. The Anthony Lagocn
Bels accunulated in one of these, favoursble for organic growth and nearer
land, The Camocweal Dolomite formed in cne of different salinity and
temperature probably by the precipitation of carbonate wnd. Further east,
the shallow platform was separated from a more rapidly subsiding and
turbulent area by a physical barrier strikingn orth- south noar Camooweal
(Randal & Brown, 1962b). In this part of the area the platfornm complex
gavo way to a doeper area with powerful currents transporting nmaterial
from the north east.



PLATE 1

Fir.1. Anthony Lagoon Peds, showing sponge-liie structures
in the crowth position. X .. (BT 330(b).)&/5419.

Pig.2. Inthony Lagoon Beds, showing “lgal layering, and
circular nature of the structures.
Plan view X ;. (BP.316). 5/5420,
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Anthony Lagoon Beda, shovwing ulgul layering znd tho

grain growth mosaic of coarser calcite.

X 45. (BT.316). #/5432

Anthony Lagoon Beds, showing patohes of dolomite and
broken trilobites, partly replaced.
X 50 (BT.301(C)). 2/5438.



s |

:

relict and "ghost" areas or pellets of cryptocryatalline
caloite. X 50 (BT.78) g/5442.

Anthony Lagoon Beds showing junction ‘bet¥ecn the nodule
orypto- and micro-crystalline calcite) and the matrix
micro and medium crystalline dolomite).

X45. (BT.301(a)). &/5433



Fig. 11+ Anthony Lagoon Beds, showing pellets and compound
intraclast.(Right centre). X45. (AL 17) 5/5431.

Fig. 2: Anthony Lagoon Beds, showing intraclasts and calecite
cement (intrasparite); drusy cement occurs around the
grains and gives way to granular oement.

X 45 (B1.230(a)). &/5443
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Anthony Lagoon Beds, showing intraclas

cement. Intraclas

s may be reworked

X 45 (BT 110(a)).

silicified ooliths. X45 (BT.105). &/5

Anthony Lagoon Beds, showing ooliths an

and

1 st

caleite

ructures
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PLATE 6

Anthony Lagoon Beds, showing intraclasts and micro-
crystalline calcoite matrix. A 9rming intraformational

conglomoratoe. s i | (BT.309(Q};. g/54217.

23

Anthony Lagoon Beds, showing intraclasts partly
dolomitised, with rims of cryptocrystalline calcite,
(2lgal dust?) in caleite ‘méhiédt . ontT) A cnill
W X 20 (BT 319(v). g/5430.
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Fig. 11 Anthony Lagoon Beds, showing pellets and or relict
patches of crypto crystalline calecite in mioro-
erystalline dolomite. X 45 (BT.329). g/544:

Fig.2s Anthony Lagoon Beds, showing conglomeratic calcilutite
and infilled cavities. X 30 (BT.193) g/5423.



Fig. 11+ IAnthony Lagoon Beds, showing detrital quartz in
calcarcous matrix (upper left), and micro~crystalline
silica of a secondary nodule replacing the matrix
(lower right). X 45 X-polars. (BT.302(e).) &/5437

Fig. 2: Anthony Lagoon Bods, showing leached quartzoac rock with
¥20lin. X 45 (BT.326(bv)). ga/5426.



Figure 1: Anthony Lagoon Bedse, showing organic-like
gtructures in medium graincd sar
X 1/3.(B1.3¢

Figure 2: Anthony Lagoon Beds, showing medium grained
= o) = 3 - :
sandstone with large grains. X45 (BT.326(d).) g/5422.
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Fig.1: Anthony Lagoon Beds, showing siliceous and
forruginous siltst

gstone. X 45 (T.‘T ¢ 3.('!"-.( a \J ) «8/5435.

Fig.2:

Brunette Limestone showing undula
layering (Lithothamnium sp.?). X

ting algal
45 (BT.167(b)).&/5437.
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PLATE 11

Brunette Limestone, showing cryptocrystalline caleite
with siliceous organic ? structure (top centrs) and
gilicified cavities. X45. (BT.167(a)). &/5429

Fig. 23

Brunette Limestone, showing gastropods with foraminif
(centre), intraclasts, quartz and calcite matrix,
X 40. (BT.169(. g/5424.
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PLATE 12

Pig. 1% Quut:rnary(?) conglomeratic sandstone, showing fragmonts
of quartz sandstone surrounded by a siliceous layered rim.
X45. (BT.324). g/5425.
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