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SUMMARY

The Boulia 4-mile Sheet area,of approximately 7,0QO

square miles in north-west Queensland,was mapped in 1957. The

mapping established a sequence of 3,000 feet of fossiliferous
marine carbonate rocks of Upper Cambrian to Lower Ordovician age,
unconformably overlain by Mesozoic (probable Upper Jurassic to
Lower Cretaceous) sandstone and marine claystone,which thickens
to the south and east to a maximum of 1500 feet in this area. The
Mesozoic rocks form the main aquifer and the impermeable cap of
the north-west margin of the Great Artesian Basin. About 80 feet
of Tertiary sandstone and lacustrine limestone,with chalcedony
overlie the older rocks.. |

Both Palaeozoic and Mesézoic rocks have been folded
and faulted, although the main movements took place before the
deposition of the Cretaceous sediments. In the Burke River
Structure faulting was later than folding. Major tecgtonic
activity had been completed before the Tertiary and the youngest
rocks have only a slight regional tilt to the south.

' Source rocks for petroleum occur in the Lower Palaeo-
zoic succession where traces of .residual petroleum are present
in the carbonate sequence:; pyrite and gypsum are common in the
marine fossiliferous Cretaceous claystone which is evidence for a
reducing environment. Siltstone, soft argillaceous limestone,
and hard dense limestone beds within the carbonate sequence, or
the Cretaceous claystone could form cagnrOfggés Time breaks
occur within the carbonate sequence, and/the siltstone of the
Swift Formation overlies the carbonates disconformably., Hydro-
carbons from ihe carbonates may thus have escaped before the
siltstone cap was deposited. )

Apart from the Mesozoic sandstone the only possible
reservoirs arec in the older carbonate rocks, particularly in the
dolomitized zones where vugs are numerous, in intraformational
breccias, and in limestones which have been sheared and faulted.
Basal sands may occur at depth near basement ridges over and
along which the Lower Palaeozoic rieas transgresscd. A

Structures, some closed along onc side by faulting,
occur in the carbonate aequence,‘ The Mesozoic is folded and
faulted, but much of the surface structure is a reflection of
draping of the younger sediments over older buried ridges, some
of which at least are fault controlled. These ridges persist
below the poorly exposed Cretaceous claystone in the south-east
of the arca.



The Mcesozoic sandstonc forms an intake bed in the
Hamilton River arca for artesian water. ' Some bore watcrs,
particularly in the north-cast are highly charzed with fluorine.

Vertebrate fossils and fish scales (whiéh.have a
‘uranium mincral on their surfacc) in the limcstonc membor of
the Cretaccous siltstone, give thce rocks ' 1a radiocactive couht
of threc to four times background.

Lead occurs in at least one placc in the Palaeozoic
carbonatc scquence as a metasomatic rceplaccment deposit on the
crcst of a shearcd anticlinc; it has not bcen proved to be a
commcrcial deposit.

-
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A regional geological surﬁey was started in 1957 to
continue to the south the regional mapping of the Cambrian,
Ordovician, and lMesozoic sediments of the Northern Territory and
North-West Queensland which was begun in 1952‘by Dr. A.A. Opik,

and to assess the oil prospects of the Georgina Region. Detailed

reconnaissance mapping was concentrated on the Boulia (F/54-10)
4-mile Military Sheet area (and this shee' will be published in
colour in the geological sheet series.

The authors started mapping on 1st July 1957 and
continued for 15 weeks. Mapping was continued in the adjoining
areas of Glenormiston, Mt.Whelan and Springvale in 1958 and 1959.

LOCATION

The area shown in Figure 1, is part of the Shire of
Boulia, which extends from east of the Hamilton River to the
Northern Territory border and is bounded on the north by the
Shires of Cloncurry énd Barkly Tablelands, on the east by the
Shire of Winton, and on the south by the Shire of Diamantina. The
only town in the area is Boulia, with a population of 179;
besides those living in the town, 185 people are registered with
the Boulia Post Office as living in the district. Total popula-
tion of the Shire is 764 (1954 census). |

Boulia is connected by formed gravel roads to the
railheads at Winton 250 miles to the east, Dajarra 986 miles to the
north, and Selwyn 120 miles to the north-east. A survey was made
about 40 years ago by the Railways Department when it was pro-
posed to link Springvale (south-east of Boulia) with the rail-
head at Winton, but this line was not built. The roads are
closed for ‘several weeks during the wet season. _

Boulia is connected by a fortnightly plane service
with other townships in the area. '

Forty—-six pastoral stations are situated either
entirely or in part in the Boulia Sheet area; they raise sheep
and cattle. TFig.2 shows the station boundaries with the home-
stead indicated by a black square; barrier or netting fences

are also «shown in the figure. -.

S
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The Boulia district lies within the 6 to 14 inch rain-
fall "elt (Fig.3). Rain may fall in any month of the year, but
the svmmer rains are the most important - more than 50% of all
rain 1alls within the period December to March. Light winter
rains during June and July are a regular feature of the rainfall
pattera. August is the driest month. The average monthly rain-
fall =t Boulia is shown in Figure Asénd the records of eight
stations in the district are given in Table I.

TABLE I ¢ RAINFALL, BOULIA DISTRICT.

TtationYeggé.Jeﬂ. Feb. Mar. Apl.May June Jly. Aug.Sep.Oct.,Nov, Dec. ?Zi'
year.

Zoulia 56 '1€3 198 153 99 42 53 32 26 29 53 90 130 1034
, JoWINE- 54 295 295 161 74 58 92 44 22 22 48 107 149 1367
atsworth28 249 285 163 52 60 69 42 8 26 57 85 152 1248

;{{iam 28 205 200 135 34 59 74 46 12 20 62 89 124 1061

CEROTMIS-a4 49y 170 97 20 31 41 28 12 21 47 45 117 744

cknow
.rion
ans

-renda

37 237 260 139 53 54 81 27 14 34 45 82 124 1150

30-13) 118 69 36 30 48 32 8 20 43 55 75 673
39 212 206 116 41 54 60 37 12 30 48 76 116 1008

©
.

Temperature data from Boulia; +the only temperature
record .ng station in the district, shows a regular pattern of hot
summer and cool winter days. An average daily temperature varia-
tion o:’ about 25;? (Fig.4) produces warm nights in summer but
cold w.nter nights. The maximum temperature recorded at Boulia
was 112.2°9C and the minimum was 26.4°C.

Humidity is greatest during winter. The Average Index
of Mean Relative Humidity is shown in Figure 5. This index is
geterm-ned from the ratio of the average 9 a.m. vapour pressure
to the saturated vapour pressure at the average daily mean temper-
ature it is a good approximation of the daily mean relative
humidity. The graph of monthly averages of relative hu idity at
3 p.m. daily is also shown in Figure 43

Winds are varigble throughout the year. The prevailing
wind ir. from the south-east and half of the winds in winter are
from this direction; less than one-fifth 0f winds in summer are

_ from the south-east. Cold south-west winds constitute one-fifth

of all winds during thg'winter, These percentages were detcrm%ned
FLORA /ND FAUNA by the Meteorological Burcau, Brisbane.

An annual rainfall of from six to fourteen inches in
this area allows the development of an extengive and varied flora.
The dry braided courses of the main rivers together with associated
flood plains and tributaries provide an area of alluvium which
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suppo- ss the best growth of trees. Such belts of trees thin

progr :zively away from the river banks; grasses develop on the
outer umargin of the alluvial belt as trees become fewer. The

most c¢ovious components of this river flora are the ecucalypts,
reprez-nted by tall river gums, bloodwoods and some ashes. The
remairler of the river flora varies with locality. Oa the Burke
River north of Fort William,a major part is taken by pink and
white flowering bean trees (Bauhinia spp.), and beefwood is common.
Occas..cnal yellow-flowering trees with thick black bark and

teret: pungent pointed leaves (?Hakea sp.) grow at a short dis-
tance “rom the river and also oh some of the dry spinifex ridges.
Emu Apvie is common, and spreads 1o some extent on to the surround-
ing p +ins. Undergrowth along the river banks varies from rank
grass- - to a thick prickly scrub, with some creepers. Several
genera (Loranthus) of Mistletoe infest much of the river vegeta-
tion 2ud some trees in drier areas; at least two species are
preser > near the Burke River, one parasitizing the eucalypts, and
the o° 2r ( L.%?excocarpi), the bauhinias and prickly undershrubs.

Where the surface soil of the alluvial flats has been
remov- =~ after the loss of the grass cover, "clay pans" which
suppoi - little vegetation develop. The few remaining patches of
grass ~01d the top soil and stand out as ridges up to a foot high
above :nhe otherwise flat surface of the pan.

Beyond the limits of the alluvial flats and where the
hill . untry is at a distance from the rivers, there are extensive
areas I undulating plain. These make up approximately one third
of the¢ whole area, and are mostly treeless and support an extens-
ive gr-wth of Mitchell Grass (Astrebla pectinata). The soil of
these lains yields little water and inhibits the establishment
of trcoes. Where the river alluvium overlaps as a thin veneex on
to the so0il of the plain, some trecs do grow. "Established" trecs
plantef in homestead gardens survive in this soil. The grasses
grow 1rTo clumps up to two feet high, rather than as a mat, and

n

the m¢ 2ment of drainage water between the clumps washes away the
interv ning soil, lcaving the clumps as elevated tussocks and

produc g a very uneven surface, Small deprecssions in the surfacc

of the e plains bccome swampy in wet weather and produce small
herbs -ather than grasses. Carbonaceous matter derived from the
dccay .1 these herbs produces a black soil; as distinct from the
surrov. -ling brownish soils; this process probably accounts for
most of the colour variation in the soils on these plains.

The rocky areas usually rise above the level of the
plain, &nd their flora shows a markcd change from that of either
of the areas so far considercd. On the dry ridges the poor
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nature and scarcity of the soil and low availability of water is
reflected in the appearancce of the vegetation. Locally damp
areas of fertile soil do, however, support a thick tree growth.
Eucalypts are common to most of the drier areas; they are
stunted cnd deformed, and in many cases approach a mallece habit.
Most other growth is scrubby, the commonest being lMinnaritchie:
(Acacia sp.) which forms dense thickets. Other legumes are
common, and in many arcas Lremophila Duttoni, E.Brownii and

related species are important shrubs. Spinifex. (Trioda sp.)

is very widcspread, forming thick clumps which cover most of the
dry hillsides; where it occurs on the better watercd areas (e.g.
to thc cast and south of Black Mountain) it grows to a height of
up to scven feet and forms an almost impenetrable barrier. The
native willow (Santalum sp.) is common in the dry water courscs
herc. A fern (Cheilanthes sp.) grows in rock crevasses on Black

Mount-in and in the Swift Hills.

Conditionsg of water and soil improve in the valleys
betwesn the ridges, and a better érowth results. In some of the
wider valleys and on the gently slpping land at the foot of the
hill :ountry, densc pure stands of mulga (Acacia aneura) have

devel *od. Gidgee or Gidyea (Acacia sp.) in this area is scatter-
ed, b5 seems to show some preference for calcarcous soils. An
almos™ infallible indicator of thc Palaeozoic limestones in this
area is turkecy-bush, a yellow flowering shrub (family Leguminosae)

which “nrms a dense scrub on many of the limestone outcrops; or
areas of limestone masked by a soil cover.

White wood (Atalaya sp.) is very common in some valleys,
and sr—cads onto the higher plains. The mud springs south of
Mount 'atson form a loeally fertile area and support a magnificent
growtl of red-flowering bottle-brushes (Callistemon sp.); these

arc further fertilized by the decay of numerous animals trapped
in the mud springs. .

. Animal life is abundant and is mainly centred around
the ri-rors and adjdacent plains. These arcas are also utilized
for grazing, and support 320,000 sheep, 80,000‘cattle and some
other lomestic animals. Largce numbers of kangaroos still
inhabit the main grazing arcas, and also dwell in caves formed
under siliceous caps on small flat-topped hills which are
common in some parts of the arca. Kangaroo pads on the sides of
hills arc so worn as to be quite conspicuous from a distance
and on aerial photographs. Dingocs ravish sheep, and grazing in
hilly country is impossible. Trapping is carried out to reduce
the numbers of dingoes, and other creatures are sometimes caught
in the traps; these include wild cats and foxcs. Wild horses
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and camels arc known from the more remote parts of the areca.
Some rabbits were .seen at the entrance to Noranside Station near
the Boulia-Selwyn road. A bat specimen from a limestone cave at
Digby Peaks was caught and prcscerved; 1t has bcen presented to
Sydney University. |

A large varicty of bird life exists in the area. Emus
and bustards are numerous. The cmus inhabit scrubby country
and plains and near permanent watcr holes in stream channels.
Bustards (or plain turkeys) prefer plains covered with high grass
or low scrub; these birds are protected in Queensland. Scaven-
gers include kite-hawks, eagle-hawks and crows. Other large
birds frequenting water holes arc brolgas, pelicans, herons and
spoon-bills. Birds which live in large flocks include white
cockatoos, galahs, parrots and finchcs.

Goannas and other large'lizards were scen more often
during the 1957 ficld scason than snakes. Snakes such as the
brown Copperhead, Downs Tiger, and pythons werc scen.

Fish including large callop (Golden Perth or Yellow-
belly)weighing up to five pounds, and black brcam live in some

ofthe large permancnt water-holes.

MAPS AVAILABL:L AND FIELD METHODS:

Aerial photographs, taken by the R.A.A.F. from
25,000 feet in 1951, have an approximate scalc of 1 inch to 3/4
mile and were used to plot all information obtained during
field work in 1957; controlled photo—scalé basc maps (12 maps
t0 cover the 4-mile area) and a controlled one inch to 4 mile
cadastral map were precpared by the Army; the photo-scale maps
show topography and photo centre end wing points. An uncontrolled
photo-mosaic map prepared by National Mapping in 1953 is also
available. Thec map accompanying this report was prepared on the

- controlled 4 mile cadastral base but redrawn by National Mapping.

The controllcd 4-milce geological map will later be published in
colour.

Barometric traverses were run through most of the
arca; main road bench-marks and gravity stations surveyed by
Department of Interior Surveyors provided accurate height control
for barometric work. A diurnal curve was calculated from a
battery of three barometers which were recad hourly at the base
camp near Digby Pecaks; usually two barometers werce usced when
readings were taken during traverses. ‘

A gravity party under Mr.Van Son from the Geophysical
Section, Burcau of Mineral Resources, also worked in the Georgina
Region in 1957; survey work for this party was donc by Mr.D.Cook,
Department of Interior, Canberra.
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No Authority to Prospect or other petroleum or mining
tenem. . was held in the area during 1957, but late in 1958 an
Authox ! .y to Prospect 54P, covering 43,000 square miles, was
taken out by Papuan Apinaipi Petroleum Co.Ltd; it covers the
Bouli= “hect arca as well as parts of adjoining sheets.

A list of astrofixes determined by the Army in 1957
is giv-v; these formed the basis for the control of the shcet,

Station Latitude Longitude
A 176 22°03" 44.8" 139939111, 1"
A 177 22°04' 19.9" 14@003'16.0”
A 180 22°00" 36.8" 140 58 24.0"
A 229971 37.2 139954112, 3
A'18 %41 52,20 140939127, 0"
A 183 229311 40.9" 139930146, 8"
A 184 220321 22,1 140910 24.6"
A 185 . 229311 48.6" 140°57146,8"
A 186 22943 35.6" 139951157, 1"
A 187 229431 584" 140°34141, 5" .
A 188 229551 12,3 139931154, 8" '
A 189 .. 229561 40..4" 14002105, 7"
4204 22%54" 52.6" 139954125.5
oulic. .0,

These localitics arc shown on thc 4-milc controlled
shecet »roduced by the Army.

An extensive collection of fossils and rock specimens
was me - at many localities. The Cambrian and Ordovician fauna
is bein7 worked on by Dr. A.A. Bpik and Niss J.G. Tomlinson;
. notes < the Mesozoic plants arce included in Appendix B, the
Mesoz¢ 2 microfossils im AppendixA, and thc Mesozoic macrofossils
in Appendix C. A representative éollection of rock specimens for
each f{»rmation is stored in the Bureau's Museum, Canberra.

PHYSIOGRADHY ‘

From east to west the Boulia four-mile arca includes
the fc "owing physiographic units:

1. The plains and the scattered low riscs and buttes on
eithe1r zide of the Hamilton River. Tﬁe plains can be divided
into - parts =

(i the areas covered by brown, grey-brown and grey sandy
and clayey soils;

(ii t'he areas covered by similar soils together with

rubble derived from the croded Cretaccous sediments
and from the latecritc and duricrust capping the
Cretaccous sediments.
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The areas covered by soil alone/mainly . . near the
Hamili .= River. They gradce into the rubble-covered areas which
in tur either grade into low rubble-covered rises or lead up to
the sc-ivtered buttes. '

The plains and low rises slope gently from horth to
south 749 feet at Toolcbuc Homestead in the north and 561 feet
atbhe .am Bore near Slashes Creek Homestead in the south). The
plains also slope toward the Hamilton River.

To the east of the Hamilton River the buttes rise
about 50 feet above the level of the plain and are capped by
laterit'e. To the west of the river the height of the buttes
above tae level of the plain is probably slightly less and the

~cappinic are laterite and a duricrust formed by silicificd

Cretacuvous sediments and by a breccia of this silicified material
(Platc 9, Fig.1). The elevation of the tops of the buttes
decrea..»s from north to south (918 feet in the north castern
corner of the four mile arca and 868 fect just south of Parisian

Creeck ‘it the castern edge of the arca), and also westwards.
2. The braided channels of the Hamilton, Burke, Wills and
Mort kivers, which contain alluvial deposits of clay: , in

the no~thern part, the Hamilton River contains sand. The Hamilton
falls irom 722 feet on the Selwyn to Hamilton River r.oad in the
north, w0 515 feet at Bulla Bulla Waterhole in the south; the
fall or thé:#fver is from 753 feet at the junction of the Burke
and M.zt to 518 feet at Boulia.

3. The belt of hills and mountains extending from the
Swift “ills in the north to Mt.Datson in the south is formed
mainly ~f Lower Palacozoic sedimentary rocks. The highest point
in this belt is Mt.UnbunmarooAQ%ich is 1290 feet above sca level
and at ut 600 fect above the surrounding plains.

4. The plains on cither side of thc Burke and Mort Rivers
and of “ills Creck. In the north these plains are covered by recd
sand, <il,and brown sandy soil. In thc central and southcrn
parts ° the arca they arc underlain by sandstone of thce Marion

Forma+® ~n and Noransidc Limecstone, and in thc southern part of the
area % 2ir surfacc is covcerced by alluvial sand, gravel and
pebble  deposited by the Burke River. -

These plains slope from north to south (763 fecet above
sca lc -1 at Digby Pcaks Homestead in theohorth to 518 feet at
Boulis in the south) and thcy also slope in towards thc streams.

5. The platecau,including and extending west and south
from "+ De Littlc Range,and thc low hills and rises it grades
into t~ the south. The platcau is made up of threc units:
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(i) The scarps on the eastern and to a smaller degree the

western and northern sides, rising about 100 feet above the
surrounding plains in the north and diminish;ng in heigh%
to the south. These scarps are strongly dissected and are
cépped by a duricrust of silicified Cretaceous siltstone
and a breEcia of this silicified material. |

(ii).. The low hills and rises between the plateau scarps and

-the central undissected area covered with rubble of the
duricrust capping the Cretaceous elsewhere on the plateau.

(iii) The plains in the centre of the plateau coverced with

~..brown and grey-brown sandy soil containing patches of
limonite pebbles.

The platform surface slopes from north to south and
fromwest to cast. It is 820 feet on the top of the De Little
Range, 629 feet at the 01d Alderly Homcstead and 940 feet on top

T scarp,¢ast of H od's Tank. In the sgouther t
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f the
mile ares W rises covered by brown sangy
soil-and rubble derived from the Marion Formation.

6. The plains and scattered low risecs and buttes on the
western side of the Boulia four mile arca, and cxtending into
the Glenormiston four mile arca. The plains are covéred by
brown sandy soil and brown clayey soil,and there are some clay-
pans and very small saltpans. The low rises are coveredwith
similar soil and with rubble derived from the Cretaceous sedi-
ments, The buttes are either capﬁed by a duricrust or the top-
most. beds are ferruginous.

The plains slope from 845 feet at Herrod's Tank to
450 feet at Wirrilyerna Homestead.

PREVIOUS INVESTIGATIONS

There have been few specific references to the Boulia
4-mile. sheet arca, but several geologists havc worked in adjacent
areas and many of their ideas and conclusions are applicable
to this area.

Daintreec (1872) produced a reconnaissance gcological
map of.Queensland on which the whole of western Queecnsland north
of the Simpson Desert and south of the Gulf Plains was shown as
Cretaceous, except for an inlicr of metamorphic rocks forming
the Cloncurry Gold-ficld. He named the Cainozoic Desert Sandstone
from a section along the upper Flinders River. Becausce Daintreec
referred to the "barren charactcristics of its disintegrated
soil" as one of the main features of the Descrt Sandstone,
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later workers used the term for lateritic caps formed on rocks
of various ages'over much of Queensland,beforé the true nature
of the material was recognised. The term has now fallen into
disuse bpcause of the confusion it caused.

In the same paper (p.278) Daintreec recorded the
existence of Tellina in horizontal limestone at the head of the
Gregory River on the Barkly Tableland, and stated that the rocks
probably "belonged" to the Desert Sandstone.

The next fifty years were marked by great confusion
over the ages of thc rocks present in the area of north-west
Queensland.

Hodgkinson (1877) recorded limestone ncar the De Little
Range "south of the Burke River'", but from his map it appears
likely that his locality waswrong, and he was possibly referring
to the Digby Peaks area on the southern side of the Mort River.
He also named the Cairns (now Toko) Range and reported the
occurrence of "sandstone, outcrop of limestone in places,
nodulcs of same on plain and giddia flats; porphyrised and
ordinary quartz largely impregnated with oxide of iron'.

Jack (1885) made a fourfold division of the rocks of
the Barkly Tableland and adjacent areas into (a) metamorphosed
rocks with some small patches of granite and diorite and some
very poorly preserved "corals", (b) unfossiliferous limestones
of the Barkly Tableland resting unconformably on the above,

(¢c) Downs formation, containing fossils ranging from "low in

the Oolitic to high in the Cretaceous", which he subdivided.into
a lower marine series and an upper freshwater series, and (4d)
horizontal Desert Sandstone, "partly a volcanic ash and partly

a hardencd sandstone". In footnotes to a reprint (1898) he

noted that the "corals" in (a) werce actually occurrencesof the
mincral scapolite, and that subsequent palaecontological examin-
ation had not substantiated thc¢ range of the Downs formation.

Jack (1895a) in discussing artesian water referred to
the Descrt Sandstone as Upper Cretaceous, lying unconformably
on the Lower Cretaceous Rolling Downs "forme=tion", below which
was a series of soft grey friable sandstones, grits and conglom-
erates with partings of sandy shalc and calcareous sandstones.
These arenaceous rocks which,according to Jack formed the main
agquifer in the Great Artesian Basin he named the "Blythesdale
Braystones".

In the same year Jack (1895b) quoted Hodgkinson's
description of thc¢ rocks of the Cairns Range,and correlated
them with the metamorphic rocks of the Cloncurry Gold-ficld.
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Between the two areas boring for artesian water had been
unsuccessful, so he concluded "that the metamorphic rocks of the
Cairns Range are continuous to the Cloncurry area either at or
very near to the surface". He described a horizontal limestone
which occurred on Carl Creck, Riversleigh, and the summit of . _
which was thought to form the Barkly Tableland. This, the Carl
Creek Limestone, he correlated with the limestonc containing
Tellina described by Daintree (1872) and therefore mapped it as
Cretaceous, but noted: "It is quite possible that the Carl

Creek Limestonc may after all prove to be Lower Siluriang

" although in that case there remains thc difficulty that the
occurrence of the Tellina at Rocklands has to be cxplaincd
away". Jack used "Lower Silurian" for the age now called
"Ordovician".

The discovery of Orthoceratites, of probable Ordovic-

ian age, from the ecast side of the Cairns Range was reportcd by
Jack (1897). '

Cameron (1901) placed the metamorphic rocks of the
Cloncurry area in the Silurien and mentioned that they were
unconformably overlain by sandstone and limestone of possible
Devonian age. Post-Tertiary limestoncs oontaining Helix and
Isodara, which he regarded as forming the Barkly Tablelands,
were correlated with the Tellina limestone of Daintrce (1872)
and the Carl Creck Limestone of Jack (1895b).

In Dunstan (1913) p.782, mention is made of "mica in
four inch books from the Boulia area, Wills country"; and as
Wills country on his map (plate 20) cxtends north only to Fort
William, and in this arca no Prccambrian or igneous rocks in
outcrop are known, the mica occurrence is puzzling, unless it
has been carried south from Precambrian arcas by streams or
aboriginals. The reference is given as "office records of the
Geological Survey', but investigation has failcd to giscover the
"records". Also on page 801 reference 693§,Dunstan refers to
"opal from the Hamilton River" housed in the Geological Survey
Museum; the speccimen has not been found and no further informa-
tion was obtained.

Dunstan (1920) correlated the old rocks of the Clon-
curry mineral belt and Cairns Range and mapped them as ?Silurian.
The limestones of north-west Quecnsland were mappcd as Jurassic
(Artesian Watcr) Beds becausc of their position below marine
Cretaceous rocks and the occurrence of one specimen of"trm%gﬁﬁﬁﬁ
at Curridger (now Cooridgee) Watcrhole, 16 miles south-west of
Boulia, in rocks which hc thought were interbedded with the lime-
stones. Dunstan also recorded theexistence of mud springs on
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the Hamilton River and ascribed them to the escape of water -
through irregularly crushcd or crumpled beds/rather than faulted
ones. He also recorded 6-foot seams of brown coal in water
bores on Sandringham Station (100 miles south-west of Boulia),
and coal from bores east of the Hamilton River ncar its junction

with the Georgina River.

The discovery of Cambrian fossils on the Templeton
River (north-west of Boulia sheet) was rccorded by Saint-Smith
(1924), who suggested a Lowcr Cambrian age for the rocks con-
taining them. The underlying Mt.Isa Series was therefore
assigned to the Precambrian.

The following year,Jensen (1925) in describing the
palaecogeography of Qucensland,regarded the Cambrian as a period
of steady sedimentation with a sea extending from near Lawn Hill
and Mount Oxigde, west over the Bgrkly Tableland and the Northern
Territory into Western Australia. The rocks, now gently folded,
he thought were probably decposited in a’ shallow cpicontinental
sea, rich in carbonate of lime. The Ordovician sca probably
extended over much of Qucensland, but most of the deposits were
since eroded. North-west Queccensland was land from the Silurian
until a shallow muddy sca transgressed most of the area during
the Cretaceous. This was followed by a regional uplift early
in the Tertiary and the formation of lake deposits to the cast
of the Barkly Tableland.

The first meeting of the Interstate Confcrence on
Artesian Watcr was held in 1912 and further meetings were held
until 1928. The objcects of the conferences were "to take into
consideration the question of whether the Artesian Water Supply
of Australia was in dangcr of being seriously diminished and,
if necessary, to advise as to the best means of combating that
contingency", and to inquire into "the whole question of artesian
water supply through bores, with a view to devising some mcans
of utilising to greater advantage those underground stores of
water, and at the same time protect the interests of the respec-
tive States". At the various conferences summaries of geological
investigations and drilling ac*tivities were presented, and
theories of the origin of artesian water were discussed
(I.C.A.W., 1913, 1914, 1921, 1925, 1929),

At about the same time Jensen (1923,p.1260: 1926,p.19)
stated that Permian sediments appecared to extend westward
beyond the coastal Palacozoic folded belt to underlie the
"Walloons" throughout the Artcsian Basin, which he thought was

trilobed and centrcd on Surat. He regarded the Permian sediments
as promising strate for oil accumulation and the probable source

of many of the petroliferous "shows" of western Qucensland water
bores.
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The marginal formations of the Great Artesian Basin
werc discussed by Reid (1929), who stated that rocks mapped as
"Desert Sandstone" ranged in'ége from Bowen (Permo-Trias) to
Walloon. He also discarded the name "Blythesdale Braystones”
because in the Blythesdale-Yuleba area the rocks in outcrop
are non-porous, and he therefore rcgarded them as forming a basal
member of the Rolling Downs "formation". Because coal had bcen
found in bores "in the Boulia district" and elseghere in the
Walloon Series he regarded the Walloon Series as forming the
north-west margin of the Great Artesian Basin.

Whitchouse (1930) followed Reil in eliminating the
"Blythesdale Braystones" and suggested that the Rolling Downs
"formation" should include all marine beds of the Great Artesian
Basin. In this paper he named the "Templeton Scries" of Lower
to Middle Cambrian agc, consisting mainly of banded cherts, and
the Ordovician "Glenormiston Serics" of arenaceous and calcareous
sediments. He claimed that the two serics occurred in two
distinct basins with quite different structures.

In 1931 C.Ogilvie forwarded trilobites and other
fossils from grey limestones "in and around" the Georgina River
basin to Whitchouse for identification, and suggestcd that the
rocks should be called the Georgina Limestones. Whitehouse
adppted this name and after identifying the fossils suggesteq)
(Whitehouse, 1931),that there was probably a complete sequence
of rocks in the region ' ranging from the upper portion of the
Lower Cambrian into the Ordovician.

In a discussion at the Sydney A.N.Z.A.A.35. mceting,
Bryan (1932) regarded the tectonic movements and conditions in
the Uppcr Proterozoic as a preludce to and therefore an integral
part of those in the early Palacozoic. He postulated two
kratogens, one in north-west Queensland and the Northern Terri-
tory (Northern Massif), and the other in southern Qucensland
(Eastern Massif). Betwecen was a mobile area which rapidly
became welded to the stable blocks. Shallow transgressional
secas were probably present temporarily over the stable blocks.

Whitehouse in a series of papers (1936, 1939, 1941,
1945a) identified and described fossils he had collccted from
the Cambrian and Tremadocian rocks of north-west Queensland.
In the first of these papers (1936), he divided the rocks into
four series based on lithological diffecrences:

Ninmaroo Series Limestones Tremadocian
Pituri Serics Sandstones and shales) Cam
Georgina Series Limestoncs )

Templeton Scries Sandstones and shales!PFlen
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Middlé Ordovician rocks previously called the Glen-
ormiston Series (Whitehouse, 1930) were renamed the Toko Series
and their contact with the older rocks described as probably
faulted.

The three older (Cambrian) series were in turn divided
into eleven fossil stages based on trilobite faunas. The divis-
ions were emended in later papers. In the paper of 1939 he
increased the number of s%ages to twelve, adding two new stages
and deleting one. In 1940, (p.47) he noted considerable lateral
lithological variations and concluded that the Templeton Series
was a local non-calcareous variant of the Georgina Series. He
later decided (Whitehouse, 1941,p.2, footnote) that the fossil
zones were of unequal value and needed to be modified, and gave
a provisional reduction in the number of stages.

The Ninmaroo Series is named from outcrops in the
Boulia 4-mile sheet area. Referring to these, Whitehouse (1936)
stated "On Warenda Station east of Boulia there are three large
hills - Black Mountain (Unbunmaroco), Ninmaroo and Mt.Datson.
These consist of folded limestones of considerable thickness
and identical in appearance with the Georgina Limestones. Platy
blue limestones precisely similar to those of the Georgina group
abound in the lower part of the section. Higher beds have
yielded Eoorthis and a colossal wealth of echinoderm ossicles.
For a considerable thickness these beds are so matted with
pelmatozoal plates that they form typical echinodermal limestones.
This 8eries I propose to call the Ninmaroo Limestones. In one
bed high up in the section on Black Mountain I have found a
great wealth of ellesmeroceratid cephalopods, suggesting that
these beds belong to the Lower Ozarkian (Lower Tremadocian). I
have found no trilobites with them; and the beds so very thick
above and below this horizon have not yielded fossils signifi-
cant for precise correlation. A considerable portion of the
Tremadocian no doubt is represented by these limestones".
It is obvious from this that Whitehouse intended the term
Ninmaroo Limestone (or Series) to cover the full sequence of
limestones on Black Mountain, Mt.Ninmaroo and Mt.Datson.

Dealing with the late geological history of Queensland,
Whitehouse (1940) postulated the existence of two periods of
laterization. The evidence for the second period was mainly
the subsequent silicification of (a) the ferruginous zone of the
léterite profile, and (b) rocks containing fragments derived
from the laterite profile. He recorded the existence of
Tertiary limestones in severalareas of Qucensland, assigning
most of them to the inter-lateritic period, and correlating the



.
[ §]

-16—

Tellina~bearing limestone of Daintree (1872) with them. Some

of the great soil thicknesses of the black soil plains he
ascribed to a pluvial phase in the Pleistocene.

Whitehouse (1945b) reintroduced the Blythesdale
Series (formerly Blythesdale Braystones) for the main group of
aquifers at the base of the Rolling Downs "formation"; he also
postulated a time break in the Lower Albian between the marine
Roma and Tambo Series, but conformity between the Tambo and the
overlying non-marine Winton Series. The Roma, Tambo, and Winton
Series formed the Rolling Downs "formation" of Jack (1885).

A complete summary of Mesozoic and Cainozoic stratig-
raphy was given by Whitehouse (1954). He named (p.5) the Boulia
Shelf as an extension of shallow bedrock along the western
margin of the Great Artesian Basin, and stated that the Blythes-
dale Group (formerly Series) was the aquifer there,although it
did not crop out. The Roma and Tambo Formations (formerly
Series) were regarded as occurring along the westerm margin,
although due to its transgressive nature only the Tambo Formati<..
cropped out. The Rolling Downs "formation" of Jack (1885) was
renamed the Rolling Downs Group and included the marine Roma and
Tambo Formations and the non-marine Winton Formation (formerly
Series).

In discussing the line of mound or mud springs White-
house (1954, p.15) noted that those near Mt.Datson and Elizabeth
Springs (Springvale area) are on the line of Ordovician inliers
which extends across the Boulia Shelf. The origin of these was
ascribed to water from a lower (Bundamba) aquifer bursting
through the thin clay cover over a buried bedrock ridge.

Sites for water bores on Chatswoilsh and Burnham
Stations were investigated by Shepherd (19'i%), who stated that
most of the Cambrian limestones were most unfavourable for water
supply. He recorded siliceous shales overlying "Cambrian
calcareous shales" and lithologically distinct from either the
Cambrian or the lMesozoic rocks. Reference was also made (p.269)
to a lead deposit near Chatsworth.

As well as papers by Whitehouse on the Lower Palaeozoic
rocks of north-west Queensland, and the later rocks of the
Great Artcesian Basin, several other summmries of the gcology of
Queensland were published (Andrews, 1937; Bryan and Jones, 1946
David, 19505 Hill, 1951). These in gencral were based mainly

on Whitehous's work.
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Reeves (1951) who investigated the area for Vacuum
0il Co., regarded the o0il prospects of the Georgina Basin as
"unpromising because of the probability'that only the oldest
formations occupy the crests of folds and have little thickness'.
On his accompanying map (p.2516) the position of the Basin is
approximately that of the Barkly Tableland, most of which is
now regarded as consisting of ? Upper Proterozoic¢ Camooweal

Dolomite.

By wxtrapolation, a gravity '"ridge" running south from
Cloncurry was postulated by Marshall and Narain (1954) after
carrying out a regional gravity survey of eastern Australia.

6pik (1956a) recorded the results of mapping in north-
west Queensland, and, in particular, referred to the area north
of the Boulia 4-mile sheet. A complete Middle and Upper Cam-
brian secquence was established in the Undilla Basin and incom-
plete sections in the Sclwyn Range and Quita Creek areas. In
the Chatsworth area, immediately to the north of the Boulia
4-mile area, two limestone formations were found; the Pomegran-
ate Limestone and an un-named onc (now called the Chatsworth
Limestone). The two form sfontinuation of the Cambrian rocks

mapped by the authors in 1957.

Discussing the Cambrian palaecogeography of Australia,
6pik (1956b) stated that the Cambrian rocks of the Northern
Territory and north-west Queensland wercec deposited in two
distinct provinces separated by a meridional divide of ?Upper
Proterozoic Camoowecal Dolomite, which, although of low relief,

‘was sufficient to scparate the two faunas. The divide was

effective until the western province ceased to exist in middle

Middle Cambrian time.

In an unpublished report 6pik (1957) recorded the
results of later work which indicated a Lower Cambrian age for
the Mt.Birnie Beds, previously regarded as "sub-Cambrian", and
named the Chatsworth Limestone which he had previously (1956a)
referred to as an un-named limestone on Chatsworth; he corrected
the age of this limestone from "uppermost Upper Cambrian, or even
Tremadocian" to probable Franconian age.

Much of the geological results from recent surveys in
North West Quecensland will appear in The Geology of Queensland
Volume of the Geological Society of Australia 1959,

0il companies showed interest in the area during 1956,
and two brief summary reports by Thomas (1957) for Frome-Broken
Hill Pty.Ltd., and Rowe and Swindon (1957) for Santos werec

preparcd. Geophysical work was carricd out in the Boulia area
by the Burcau of Mineral Resources in 1957 and more dctailed
work will continue in 1958 (Neumann,1959).



18-

A recent summary of the geoiogy and possible petrolcum
prospects of the western pért of the Grecat Artesian basin is
given by Sprigg (1958).. He records nofth—east—trending domed
anticlines in the south-west of the State, which are thought to
overlie 6,000 feet of fresh water, lagoonal and marine Cretaceous
sediments. Seismic work indicates sediments to 12,000 feet; the
lower 6,000 feet are thought to includé Lower Mesozoic and/or
Permian permeable sandstone and middle or lower Palacozoic
sediments including Carbonates of Cambrian-Ordovician age.
Folding is probably late Cretacecous to Early Tertiary and the
folds in marginal parts of the Basin may reflect basement relicf,

STRATIGRAPHY.

o

USE OF THE TERM "GEORGINA BASIN"

The meaning given to "Georgina Basin' by revious
authors is confusing because they have used it to mean eithér
a drainage basin, a rcgion, a general locality name, or a sedi-
mentary basin., A brief resumc of the history and meaning of the
name is given hereunder. The bracketed term at the end of cach
reference is the authors' interpretation of the meaning inferrecd

by the use of "Georgina Basin".

Jack (1895) first used the name in the title of his
paper when he described early bores drilled for water in the are--
but no further mention of the name was made. (Geographical).

Whitehouse (1931, p.118) referred to a collcction of
Cambrian trilobites collected by C.Ogilvie from "grey limestones
in and around the basin of the Georgina River". (Drainage Basin).

David (1932, p.118) used "Camooweal Basin'" as "the
ecastern cxtension of an immense belt of limestone extending from
the Western Australian border beyond Wave Hill, North East to
near Katherine, in Northern Australia, by way of Daly Waters,
Newcastle Waters, Anthony's Lagoon and Alcxandria Downs to the
sources of the Gregory and O'Shanassy Rivers and thence to
Camooweal and Boulia. The term 'Camoowcal Basin' may be used to
denote the eastern end of this important belt where the water is
distinctly moving South East. From Camooweal to Boulia the
cxtensive groundwater from these limestones go to rcinforce the
water in the intake beds of the Great Artesian Basin ncar
Boulia". On David's map (p.116) it occupies an area of similar
position to the Barkly Tablelands. The gcological age of scdi-
ments in the basin is given as Cambrian to Proterozoic (David
1932, table p.118). (Sedimentary basin). It is appropriate to
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use Camooweal Basin as that containing sediments of the
?Upper Proterozoic Camooweal Dolomite, which seems to have been

deposited in a shallow basin.

Whitehouse (1936 p.64) statces "the basin of the
Georgina River and most of its main tributaries lie in & great
tongue of limestones with a general north-south elongation. To
these beds the name Georgina Limestone has been given (Whitehous
1931)": a map showing the "geology of the Georgina Basin" is
also figured in this report but the Basin is not described.
(Drainage Basin).

Whitehouse (1940, p.23) referring to Tertiary lime-
stone deposits mentions their occurrence "in the southern
portion of the Georgina River basin". (Drainage basin).

David (1950, p.115) refers to the "Georgina Region"
as having an arca of é0,000 square miles,partly in western
Queensland and partly in castern Northern Territory, and mostly
in the basin of the Georgina River. The boundaries of the regin
are given in a sketch map (after Whitehouse, 1936) entitled °
"Geology of the Georgina Basin", which extends from Elkedra
to Brunette Dowias, to Riversleigh, and south to Boulia. The
section on p.116 shows a thickening of sediments between Avon
Downs and the Georgina River and "the broad structure appears
to be that of a shallow synclinal basin or trough with sub-
meridional axis" and "the total thickness of the beds is quite
unknown but must be some thousands of feet". On p.694 the
Georgina Basin is referred to informally: '"the intensity of
folding diminishes considerably to the east, and in the Georgina
basin the Cambrian beds, with a thickness of some thousands of
feet, recst directly on the Older pre-Cambrian platform and are
practically horizontal", but further "the Cambrian strata of the
Georgina Region were deposited on a block so rigid that they
have remained undeformed till this day". Confusion still
obviously exists between basin and region. (Drainage and
sedimentary basin).

Reeves (1951,p.2485) classified the Georgina Basin as
one with no oil prospects, covefing 60,000 square miles and
containing 2,000 - 3,000 feet of Ordovician? and Cambrian marine
sedimehts. On his accompanying map the position of the Basin
is approximately that of the Barkly Tableland. On p.2523 it is
stated that the Georgina Basin has no o0il prospects "because
of the probability that only the oldest formations occupy the
crest of folds and have little thickness". (Sedimentary basin).
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Noakes (1952) used "Georgina Valley" as one of two
physiographic units which form the Barkly Tableland; the
second unit was the Barkly Internal Drainage Basin, which was
subsequently referred to as the Barkly Basin, thereby inﬁerfing
a physiographic and not a sedimentary basin. (Drainage area).

Noakes & Traves (in C€.S.I.R.O., 1954, p.39), referrin-
to the Tertiary cycle of erosion, state that the Georgina Basin
was "already established as in internal drainage basin and the
topography of the Georgina Valley was much as it appcars now'";
no further mention was made of the Georgina Basin but reference
is continually made t0 the Georgina Valley. (Drainage basin).

Stewart (C.S.I.R.0.,1954, p.43) uses Georgina Basin
Division as one of his geomorphological units of the Barkly
Region which "is drained by the southward flowing Georgina

River and its tributaries. (Drainage basin).

Traves & Stewart (C.S.I.R.0., 1954, p.60) use Georginc
Basin as a surface hydrological or drainage unit.

Raggatt (1954), and Condon (1956) both figured the
Georgina Basin on a map accompanying their reports, but the
basin was not defined in the text. The area covered on their
map by the outlines of the Georgina Basin is similar to the
topographic unit known as the Barkly Tableland, and their
figured Georgina Basin extends further to the north-east than
the Camooweal Basin figured by David (1932).

Condon ¢t al. (1957, p.51; 1958,p.60) referring to th~
Georgina Basin, write that "little is known of the detailed
stratigraphy and structure of this basin except where it over-
laps the Precambrian of the Mt.Isa - Cloncurry area. There,
marine Cambrian and Ordovician sediments fill synclinal areas
and plunge off the Precambrian geanticline, thickening away fror
the Precambrian outcrop. Trace petroleum has been reported frc—
these sediments. The Amaroo Bore is at the western margin of
this basin". Also in these reports (p.51 and p.60 respectively)
is mentioned the Barkly Basin, which, "apparently shallow,
contains Proterozoic and Cambrian sediments, probably marine.
Little is known of the details of stratigraphy and structure";
this basin apparently forms part of the Georgina Basin of
Condon et al. Opik (1956a, p.3) points out that the Georgina
Series (Whitehouse, 1931) included the Camooweal Dolomite
(upper Proterozoic or lower Cambrian) "as well as rocks of the
Undilla Basin which do not belong to the Georgina Basin at all".
presumably referring to the Georgina drainage basin in the senc.
of Whitehouse (1931). Bpik (1956b, p.242) refers to the Barkly
Tableland (which has been referred to loosely as the
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"Georgins area" by some authors) as a "grass plain on the
Camooweal Dolomite and adjacent Cambrian rocks....lt is some-
times referred to as the 'Barkly Basin' but no basin structure
is evident, for Cambrian rocks form a blanket and Camooweal
Dolomite is an extended sheet".

Noakes, on a map of "Australia - Elements of Geology
and Structure" published in 1958 in lexicons of the Stratigrap’
of the Australian States,for the Oceaniana section of the
International Stratigraphic Index, includes much of the Barkly
Tableland in the "Barkly Basin" containing Adelaidean (Upper
Precambrian) rocks, presumably the Camooweal Dolomite; the
Cambrian of the Undilla Basin (Opik 1956a) and Lower Palae0zoi-
of the Boulia area are not included in the confineé of his
Barkly Basin.

A brief summary of some references to the Georgina
Basin is given by Irving, (1958).

The name "Georgina Basin'" still leads to much confus-~
ion: Dbutyfor the purpose of this report, Georgina Basin is
defined as, that area of Cambrian and Ordovician sediments in
north-wast Queensland and central-castern Northern TerriiLor_
which is bounded in the south-west, west and north-west by Pre-
cambrian (or Eocambrian), in the north probably by Camooweal
Dolonmite, in the north-ecast and east by Preccambrian of the Iit.
Isa~Cloncurry massif, and in the south-cast and south it is
covered by Mesozoic sediments of the Great Artesian Basinj; i3t
contains several thousand fceet of marine calcareous and sandy
Cambrian and Ordovician sediments.

~ The Gebrgina Basin includes the arca near Amaroo, nor.
of the Dulcie Range, and the Cambrian in the Duchess to Chatsw:
afea, but it does not include the Undilla Basin (6pik, 19563,)
which is probably separated from the Georgina Basin by the
Camooweal Dolomite.

A sub-surface ridge of granite, the Lucknow Granite,
which has becen encountered in watcr bores drilled betwecn casz
of Toolecbuc and Lucknow Homestead, may é¢ither form thc south-
castern edge of the Georgiha Basin, or it may form a divide
separating the Georgina Basin from a possible basin containing
Palacozoic sediments east of the ridge; no evidence exists at
this stage to postulate a Palacozoic basin east of the Lucknow
Granite. '



GENERAL:

All stratigraphic units described have becen approved
by the Queensland Committee on Stratigraphic Nomenclature;and
the units are named in conformity with the Australian Code of
Stratigraphic Nomenclature (A,yuZ,A.A.S°, 1956).

Lithological descriptions arc given in terms of
Condon (1953).

Pricambrian rocks arc referred to in terms originally
defined and used by LE.XK. Carter (in preparation) and White (196<
Precambrian rocks are described as they are the source and base
ment of the Palaeozoic and Mesozoic sediments; their possible
ecconomic significancc has been dealt with by Carter and White.

The Cambrian and Ordovician limestoncs are lithologic-
ally very similar; fossils are necessary to fit isolated rock
outcrops into the stratigraphic sequence. ’

The Cretaceous rock bodies have been given names
different from Cretaceous units in the eastern part of the
Great Artesian Basin. Should a lithological continuity with
any of the eastern units be established, the ncw names will not
be walid. Distinctive macrofossil assemblages such as occur in
the Roma and Tambo Formations in their type localities do not
exist in the Boulia area; although most of thc fossils in the
Longsight Sandstone are typical of the Roma Formation, some are
Tambo forms. The Wilgunya Formation contains mainly Tambo
fossils but also some Roma. The mapped units are lithologically
distinct but some show transitional boundaries which are des-
cribed and illustrated under the relevant sections.

The Tertiary formations were deposited in a lakes
the Marion Formation may be in part aeolian.

The general stratigraphy of the area is given in
Table 2; field relationships of stratigraphic units are shown
in Table 3.



STRATIGRAFHY OF ROULTA SiHoET

TABLE 2.

_ NAM YNESS TRUCTUR
AGE i (T pEmnS OUTCROPS 207 GRAPHY LITHOLOGY o RIOTEEAD FOSSILS
Quaternary Soils Up to 40  Extensive Good grass lards in Sand  alluvium, brown As wvantle over older None collected.
08t cases. locry, black limestone formations
soils.
Tertiary Noranside Lst. A0+ Burke Aiver near Forms black soll plains. Liresstone, marl, It overlies karicr Fm. Gastropods,
(New Fane) Noranside, Corrie chalcedony. and lateritised Cretac- ostrocods,
Dowrig, Jort William. eous cediments; it is algae, diatoms.
not affected by
lateritisation.
Marion Fm. 50 Lower part Burke R. on Forms vobbly residual Sandstore, corgloncrate, Overlies lateritised Fogssil conifer
(New Name) Two rivers, Strathel- plains. sandy siltstone. Wilsunya Formation, wood -
biss, 3adalia Stationg,
Lower Wilgunya Fm. Up to It extends from the Forms mesas up to 100 Siltstone, probably Is silicified and lat- Gastropods,
Cretaceous (New Fame) 1140 west boundary of the feet high® the mezas in ridalolaria~benring, eritised, unconformably foraminif
Sheet to the De Little east have Terrugirous saray siltcstone, blue overlles Precambrian, oraminilera,
Ra. and Wills Ck., or iroristore slopes wnd claystone,; glauconitic conformably overlies ?radioclaria.
Burnham Statiorn and grassy plzir: at base. sardstone, some sandy Longsight Sandstone.
east of Black [fountain, Form low lateritised beds, gypsum. Tops of Overlain disconformably
from the head of Nomedah scrubby hills in nerth. wosas silicifiad. by Marion Formation.
Creek w0 east boundary
of Sheet.,
Toolebuc Member 30 In a bed parallel to Grassy plains with Calcarecus sandstone Ag a member of the Pelecypods,
and on east side of the boulders and concre- end siltstone, line: Wil surya Formatior. gastropods
Hamilton River tions. stone, concretions forams, radio-
- rich in fossils, laria, fish
scales, teeth
vertebrates,
Longsight 100~ exposed From Herrods Tank to Forms Terruzinised Santstone, conglomer- Urcontformabl; overlies Pelecypods
Sandstone 200 Dbore Stockport Stn: on rubble plains or as ate, sandy siltstone. Precambrian and Ninmar- gastropods,
(New Name) date Datchet Downs, Burnhaw prominent bench below 00 birestone: overlain foraminifera,
Stn., east side RBlaclk overlying siltstone by Wilgunya Formation., plants.
It., head of Momedah Ck. formations.
Post Lower Digby Peaks 50 Digby Peaks small out- Praninent capped mesas. Silicified breccia of Ovexlies Ordovician Swift
Ordovician breccia. liers near Swift Hills. nzinly chert fragments. Formation. It is silici-
(New Name) fied and lateritised.
Lower Swift Forma: 60 Swift Hill, Digby Hills prctected by Silicified siltstore Unconformably overlies Trilobites,
Ordovician tion Peaks, west side of silicified cap of chert chert, sandstone, silici-- NMirmaroo Limestore in brachiopods
(Mew Iame) Black Hountain. breceia which is morm- fied calcarenite. (places capped ty a "subsoil" nautiloids.
ally less than 5 feet brzccia of which Digby
thicl.. Peaks Breccia is a par-
ticular case.
Ninmaroo Lst. 20007 Digby Peaks, Signal Hills and benches spin- Calcarenite, intra- Overlair by Swift Fm., DNautiloids,
(Whitehouse 1936) Hill, Cottonbush Ck., ifex covered: forms formational breccia, or by lesozoic forma- brachiopods,
Alderley, Black lMt. sink holes and rough calcilutite, colomite, tiors® underlain by echinoderm,
(E.& W.side)7mt. clay woils. two-tone limestone. Upper Cambrian gastropods
inmoroco, 1tt,Datson, Chatsworth Linestone. ribeirioids




+

Upper Chatsworth Lst. 1000= Core of Black Mt., Low spinifex covered Calcarenite,calcilutite; Conformebly overlies Agnostid
Cambrian (New Hame) near Chetsworth Stn. hills and benches or sorie intraformational the "Pomegranate Limee  trilobites,
Mt.Ninmaroco, Mt.Datson open plaius. breccila gstone" and overlain by  brachiopods.
ant near Dribbling Bore, Ninmaroo Limestone.
Gola Beds
(New Name) 150 Near head of I'omedah Low spinifex and Calcarenite,calcilutite. Not known yet but about Trilobites
Creck, turkey bush covered time level of Chatsworth brachiopods,
rises. Limestone: unconformably
overlain by lMesozoic.
O'Hara Shale 40 De Little Ra., and Lateritised rises and ‘Shale, cher?t, Cverlies "Pomegrarate Sponge
(Opik,1956) south of Buckingham at base of Cretacecous sarndstorne. Limestone" and is uncon- spicules.
Downs. hills. formably overlain by
Cretaceous sediments.
"Pomegrarate Lst." 50 De Little ., near Low turkey-bush rises Calcarenite, calilutite, Underlying O'Hara Shale  Agnostid,
(Opik,1956). (probvably Rocky Tark ard in or black soil plains. chert nodules. or Cretaceous sediments trilobites.
300 in bores on Buckingham base not exposed but on  Brachiopods,
bores)  Downs. Duchess Sheet it over- Fauna similar

lies Selwyn Limestone to Georgina
Limestone of
Whitehouse

(1931)

Middle Cambrién and Lower Cambrian rocks ir section only and do

not crop out in the Boulla area.

Precambrian.

lletamorvhic sediments, volcanics znd granite

dealt with in text.




CORRELATION OF MsSO0ZOIC AND PALAFOZOIC UNITS
NORTH WEST QUEENSLAND

. Table 3 ahows the correlation of units in the Boulia arca with
. those of other arecas in, and forming the margin of ,the Great
Artesian Basin.

AGE! - BOULIA SELWYN RA. |  GLENORMISTON GREAT ARTESIAN
DUCHESS AND QUITA CRE L% - BASIN
eoes oo i Noranside Lst._ | _ _ _ _ _ _ _ ._ hustral Downs Let._ _ - =
"EBTIAkx, Marion Fm. é‘ Marion Fm. Eyrian Scrics
Not recognised_ | Not_known_ _. Not known _ _ _ Winton Fm. _
. U ows - ' : { Tambo  Fm.
i Wilgunya Fnm. i Undifferen- | Wilgunya Fm
‘ | % tiated
‘ETACEOUS Toolebuc ; !
Mamb. ! i Roma, Fm.
Longsight Sst. : f Longsight Sst.
i ; -
} : ‘ Blythesdale
S ; . ' ~ Fm.
] | S { | N | .
cowgr o MMIEE TR SwATv Fm ] Kelly O Fe.
RDOVICIAN s i e
' | Ninmarco Lst Ninmaroo Lst Ninmaroo Lst
+ . | Chatsworth Ls Chatsworth Lsit. , ‘ ,
- ‘ : ol=d
e Bed
S Rk 1--mooes UM
PPER
IMBRIAN , gﬁHiji:>>
O'Hara Shalc O'Hara Sh. Gecorgina
N - - - - - - - //;>> Lst.

- 4{; --------- NO
Pomecgranatc Lst. Pomegranate RECORD
oo . ;Lftl _ _<§\ Mungercbar Lst.

i /| _Selwyn Lst._
Devoncourt Steamhoat Lst.
Lst.
No rccord Roaring -
| o Lsilsgtone _ | T T 1.1
_ Probably b “ouizs Fm.
PER complete + do ol _l | Blazan shale
TDDLE section., - A _Inca Fm, _ _ |=)= = = == = -
ANERIAN et
Beetle Ck. Bectle Ck.
I I M I
R Thorrtonia Thorntonia Lst.
- Lst. .
. l ! | ]
OWER. No rccord Mt.Birnic Sun Hill Arkose
AMBRIAN Beds. : RlVCTod&lO Fm.

1e Cambrlan of Selwyn Rangc and Qulta Crcek qreas/ﬁn part aftcr Qplk (1956a)
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PRECAMBRIAN :

Formations of Lower and Upper Proterozoic age out-
cropping in the northern part of the Boulia ¢—miie sheet area
are being described in detdil by Carter, Brooks and Walker
(in preparation) and by White (1960). The names are used on
the Urandangi aad Cloncurry 4-mile Sheet maps issued in colour
in 1958. This report therefore includes brief notes only on the
formations in the Boulia arca. The only Precambrian rocks which
have not been corrclated with rocks described from the north are-
the "granites" reported in bbre logs. Cuttings from a driller's
interpretation of "granite bedrock" in an un-named bore about
four miles east of Kheri Outstation are granitic. Subsurface
"granite bcdrock" has been reported at scveral places in the
eastern part of the Boulia area and also south and south-west
of the arca. '

Argylla Formation.

The Argylla Formation is published on the Cloncurry
‘4-mile Sheet issued in 1958 and extends in a zone 1% miles wide
from north of the arca towards Sulieman Creek on Buckingham
Downs Station. Outcrop is bounded on the west, and perhaps on
the east by faults which have the same trend as the cleavage,
generally between 145° and 1550. On Buckingham Downs the forma-
tiaen is composed of lavas and pyroclastic rocks. Carter et al.
describe the lavas of this formation as mainly meta-rhyolites,
with some meta«dacitos and meta-basalts. The pyroclastic rocks

near Buckinghem Downs are green fine-grained to very coarse-
grained tuffs. They have been altered at contacts with rhyolitic
rocks in thec eastern part of the outcrop zone.

Vertical and steeply dipping gneiss and schist crop
out below sediments (mapped as. ?Cretacecous) about two miles ,
north-west of Buckingham Downs homestead. They probably. belong
to the Argylla Formation; cleavage directions, 1550— 1600, are
similar to those of the volcanic rocks farther north, and
similar rocks occur elsewhere in the formation.

Fastern Creek Volcanics

The namc is published on the Urandangi 4-mile Shect
issued in 1958. The southern margin of outcrops of the Eastcrn
Creek Volcanics reaches the northern cdge of the Boulia ares,
1% miles west of the Boulia-Dajarra Road (just north of Sulieman

Creek). A small inlier of quartzite, two to four miles south-

south-west of this outcrop, probably belongs to the formation’

as the lithology is very similar to that of outcrops to the north.
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Carter et al.(in preparation) consider that the Eastern Creek
Volcanics, which in the type area (1% - 4 miles cast of Mt.Isa)
consist of intcrbedded volcanics and quartzites with some lime-
stone and shale, becomes predominantly quartzite toward the
south,i.e. in the Boulia Shcet area. He considers also. that the
absence of metabasalt in the north edge of the Boulia Sheet is
causcd by its iensing out to the south. Silicified sandstonc
and quartzite with schistose cleavage are the main components

of the formation in the Boulia arca. They are in part ferrugin-
ous., Cross-=bedding and ripple marks are preserved in some
places. A metamorphoscd conglomerate occurs just north of the
margin of th¢ Boulia area; altcercd pebbles arc elongated north-
south, in the dircction of thc main cleavage.

Dips in thc sandstone at the northern edge of the
Boulia arca rangc from 20° to 500; maein dip directions were to
south and west. Th¢ main dip of scdiments of the iniior '
appearcd to be 42° to the cast.

Kufidala Formation

The namec was originally proposcd by White in 1956,
but was formally named by Carter (1959) and will be fully des-
cribed by White (1960). It is named for rocks in the Kuridala
arca (latitudc 21017'8, longitude 14OO3O'E), 17 miles north of
Selwyn. Rocks of the formation continuc south to the north-
eastern margin of the Boulia 4-milc area, where they crop out
in steep rocky ridges.

The dominant rock type is quartz greywacke, with intcr-
bedded laminated siliceous quartz siltstone. The siltstone
forms about one~fifth of the sequence. Towards the cast-side
of the outcrop pegmatitcs arc abundant and have thermally meta-
morphosed thc iXitruded rocks to muscovite schist. Irregular
quartz—-tourmaline veins, mostly less than twenty fect long and
two feet wide, and small irrcgular quartz veins are common in
the pecgmatite zonc. One gquartz-tourmalinc vein 100 yards long
and six fecet wide was rccordced.,

The quartz grceywacke is medium-bedded and fine-graincd
to coarse-grained, grading in places to gquartz-pebble conglomecr-
atc. The rock is composcd of sub-angular to rounded grains of
quartz set in a finely crystallinc sugary quartz matrix, commonly
containiﬁg angular feidspar grains.

The pcgmatitcs arc composcd of guartz, feldspar, and
muscovite, with some tourmalinec. They arc usually small and
irrcgular, ranging from a few fect to 100 feet long and six

inches to six feet wide. Trends arc roughly parallel to the
bedding and to major joints. ’
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To the west the rocks lie in open folds along axes
trending north-north-ecast and pitching to the north at 20° 1o
70°. The beds dip at 60° to 70°. Folding is tighter to the

east. Foliated schists with'marked lineation are common.

No estimate of thickness was made in the Boulia
4-mile area, but in the type area the formation is approximately
7,000 feet thick and is believed to thicken southwards(White,
loc.cit.1960). The formation is assigned to the Lower Protero-
zolc by White.

Kalkadoon Granite
Small scattered outcrops of granite between Wills

Creek and the Argylla Formation on Buckingham Downs Station-are
probably part of the Kalkadoon Granite. They extend south
almost to the junction of Sulieman Creek with Wills Creek. A
sharp unconformity or fault apparently delineates the eastern
margin of the granite, as the granite crops out in small rises
extending west from the west bank of Wills Creek; but it has
not been found in the Four Mile Well, 4 miles north of Bucking-
ham Downs homestead, which is a well in the bed of Wills Creek
drilled to 200 feet. The rocks from this well were chocolate
and light grey, fine to coarse grained arkosic greywacke. They
are known to a depth of 83 feet in the well itself and possibly
to 200 feet in the bore sunk in the bottom of the well; the
driller recorded that the bore penetrated "red sandstone" to the
bottom. The greywacke may be part of the Makbat Sandstone
discussed below.

The lithology of the Kalkadoon Granite or informally
"granodiorite" is described in detail by Walker in Carter et al.
(in preparation) and is therefore not discussed in this report.

Makbat Sandstone

The Makbat Sandstone has been named and defined by
Carter (1959), and will be fully described in Carter et al.
(in preparation).

The formation crops out two miles north of Buckingham
Downs, where it forms the hills on the eastern side of Wills
Creek.

One of the best outcrops is on the west side of these
hills where the following 50 feet plus of exposure is described:
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Top 10+ Quartz sandstone:

fine to medium-grained, red,
massively bedded, and contains g" to 1" diameter
mud balls; 1in places becomes feldspathic.

These beds grade southwards into a brown siltstone.

20 Quartz sandstone:

coarse grained with pebble bands.

15 Conglomerate:

with rounded pebbles and cobbles of
quartzite, quartz greywacke, amphibolite and white
quartz with haematite; matrix is coarse-grained and
sub-angular quartz sandstone.

Base 5+ Quartz sandstone: ,.gium +o coarse-grained, white and -
red, thin bedded and laminated; feldspathic or
ferruginous matrix. Contains oscillation ripple
marks and 6" to 1-foot thick cross-laminated beds.

The formation occurs in a syncline. On the western
side its lower part is covered by the alluvium deposited by
Wills Creek, but on the eastern side the formation and structure
seem to abut the Kalkadoon Granite. No evidence of contact
metamorphism was seen along this boundary, and as the sediments
near it are strongly jointed and contain small veins of quartz,
it is thought to be a fault.

Carter et al. consider that the Makbat Sandstone is
Upper Pro'terozoic, but Bpik (personal communication) thinks that
it may be part of the Lower Cambrian Nt Birnie Beds which occur
in the central part of the Duchess Sheet area, 20 miles to the
north-north-east.

SUB-CAMBRIAN OR LOWER CAMBRIAN

Mt Birnie Beds.
The Mt Birnie Beds were mapped by Dr. A.A. Opik in

1956 as "Subcambrian'; they crop out on the Duchess 4-mile Shee-
area near Mt Birnie, Mt Bruce and Mt Aplin. The Beds are now

1]
regarded by Opik (1957) as definitely of Lower Cambrian age as

they contain trilobite tracks and Diplocraterion similar to the

Lower Cambrian D.lyelli. The unit consists of 30 feet of silt-
stone, overlain by 100 feet of dark brown greywacke, followed
by 50 feet of green siltstone, then 20 feet of quartz conglomer-
ate and quartz sandstone, capped by 20 feet of quartz greywacke
and ferruginous sandstone. Some of the siltstone is reported

to be slightly radioactive.

The Mt Birnie Beds are similar to the Makbat Sandstone,
although the Makbat Sandstone is more silicified and indurated;
the outcrops are not continuous between the two localities and
separate names are retained.
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Although the Mt Birnie Beds do not crop out in the
Boulia area, they may be important as a subsurface unit under-
lying the Cambrian and Ordovician limestones in the Boulia area.

The Mt Birnie Beds unconformably overlie lower Proter-
ozoic granite and metamorphic rocks; they are overlain by the
lower Middle Cambrian Thorntonia leestone and are senarated

from it by an erosional unconformity (Oplk, 1957).

MIDDLE CAMBRIAN

Middle Cambrian rocks do not crop out in this area
but probably occur at depth. Outcrops have been mapped by Dr.

- AJA. Oplk on the Duchess 4-mile Sheet area to the north, and on

Glenormiston and Urandangi Sheets to the west and north~west.

Bpik (1956a and 1957) has -described a sequence of
marine bituminous limestone and shale, rich in fossils. The
total thickness is about 2,000 feet in the outcrop areas but
the subsurface thickness in the Boulia area is not known.

UPPER CAMBRIAN

Pomegranate Limestone
The following information about the Pomegranate

Limestone was provided by A,A..apik (written communication).
"This name was used in unpublished reports between 1954 and
1956. It was published as Pomegranate Limestone (informal
spelling) in 5pik (1956a, p.23). The rcasons for the informal
usage were 1) insufficient information as regards the rocks
below and above; (2) absence of a convenient section displaying
the lithology and thickness owing to tlie subhorizontal altitude
and undissected topography: (3) the probability of its being
the Georgina Liwmestone.

"It is now evident that in the type locality at the
heads of the Pomegranate Creck, Duchess 4-mile Sheet, on a
surface of about 30 square miles, the Pomegranate Limestone is
outcropping and has a conformable contact with the O'Hara Shale
above, This shale is preserved as extended and numerous cappings.
The base of the Pomegranate Limestone is not exposed and remains
subsurface. The thickness of the limestone in single outcrops
is 20 to 25 feet. Considering local rolling and small faults
the total exposed thickness is about 100 feet and represents
the upper portion of the formation,

"The rocks are: grey fine-grained limestone (calcilu-
tite), 10 feet in thickness, at top of the sequence. Below
follow bieds of thin bedded bituminous, and fissile laminated

limestone with softer, marly, interbeds. Interbedded are
sporadic” intraformational breccias of the same material,
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"The area of Pomegranate leestonelgiif a3)51ze, on
Duchess Sheet, is south east of Pomegranate Croe%{ This is the
most accessible outcrop and therefore commonly visited by
geologists. It is about three square miles,; with about half
outcrop. It contains important fossils (Olenus below, and
Irvingella and Pterocephalia above). The limestone is capped
here by the O'Hara Shale. Below follows (1) dense entitic
limestone, banded grey and pink; it rests on (2) bituminous
bedde%}llmostone with one interbed of intraformational breccia
followea}%y (3) dark marly limestone with two or three layers
of ellipsoids. This bed contains Olenus. The total thickness,
combined from all outcrops, is about 60 to 70 feet. The base is -

not seen.

"On the Boulia sheet areca Pomegranate Limestone occurs
only in the north-west 1in the De Little Range. I examined it
in 1954 ("Opik 1956a, p. 23) and referred to it as Pomegranate
Limestone. Exposcd are b@ fect of the top of the sequence. Its
fossils however, indicate that it is older than the rocks in
the main outcrops on Duchess Sheet. This is explained by the
fact that Pomegranate Limestone is thinning northward and west-
ward and recplaced by the O'Hara Shale. It is probable that the
shaly, sandy and chert beds overlying the "Pomcgranate Limestone®
at De Little Range is an extension of the O'Hara Shale.

"The probability of the Pomegranate Limestone being
an extension of the Georgina Limestone rests with the following
considerations: (1) the limcstone on the Mt.Whelan 4-milc
Sheet area that may be the ill-defined and always misused
"Georgina Series" contain the same fossils as the Pomegranate
Limestone, that indicates a contemporaneity of deposition;

(2) the lithologies arc comparable, but not obviously identical.

"However, the meaning of what is the Georgina Lime-
storne is still opcn: it has becen always used as a time-rock
term with a very variablce time span and ncver defincd properly.
It seems, therefore, inappropriate to apply this name to a
better known lithic sequence by which thce mcaning of "Georgina
Limestone Series" will be defined in other than the original
terms. The distance between the butorops at the Pomecgranate
Creck and the outcrops on Glenormiston Station within the
boundaries of which the Georgina Limestonc Series occurs is about
150 milecs. Over this distance no evidence of continuity is
present, and only correlation by fossils is possible. For this
reason the name Pomegranate Limestone should be uscd for rocks
on Duchess and Boulia Shecets to denote the particular formation
for which this name was proposed, and not bc replaced by an older
name the meaning of which is not clcar. Moreover the error in
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introducing a possible synonym is small when compared with the
'pretence of knowledge of identity' that results when one name
(Georgina) is applied for rocks that are separated by a great
distance. o '

MTo 'sum up, the Pomegramnate Limestone is.a limestone
formation in the Duchess and Boulia arcas resting below the
O'Hara Shale and without its base cexposed on the surface. Only
the upper portion is exposed and it does not exceed onc hundred
feet in thickness. The rocks consist of bituminous limestone
interbeddedwith mafly limestone and with sporadic intraformation-
al brecccias. Its age is lower third of the Upper Cambrian, but
varics from place to place, becavse of its being in parts
replaced by the O'Hara Shale. Thc name is derivedfrom thc
Poricgranate Creek on the Duchess 4-mile Sheet area. The main
outcrop areas are the heads of thc Pomegranate Creck and south-
cast of Pomegranate Creck.

"Considering that all surface occurrences of the
Pomegranate Limestonc are now mapped, its rocks studied, its agc
determined by fossils and the thickness estimated as scen on the
surface, a formal status (Pomegranate Limestone)for it is

suggested”.

The inliers of Pomegranatec Limestone crop out at the
base of the De Little Range and south of Buckingham Downs on the
southern side of Valley Creek between latitudes 22°04's. and
22920'S. and longitudes 139°36'E. and 139°53'E., in creeks and
gullies and on the sides of low rises,which are in places capped
by the O'Hara Shalc. These rises contrast with the scarps
formed by more resistant overlying formations.

Near the Bluff at De Little Range, more than 50 fecet
of the top of the unit is exposed; 1t consists of soft, thin-
bedded grey and brown-grey fossiliferous marl and sandy marl,
with lenscs or beds up to four feet thick of hard, thin-bedded,
brown~-grey and grey calcilutite, some of which contain chert
blebs and nodules. In a measured section of 45 feet only twelve
feet was of these harder lenses or beds.

Similar rocks crop out on the southern side of Valley
Creek, ncar the road from Buckingham Downs to Buckley's Tank,
where a thin bed of grey and light grey calcilutite occurs ncar
the top of the unit.

Lower parts of the unit are cbvered by alluvium. A
dry borec sunk onec mile north of Buckley's Tanlk struck blue lime-
stone at 95 feet and continued in it to 346 feet, where the holc
was abandoned. Part or all of this limestone is probably the
Pomegranate Limestone.
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The Pomegranate Limestone on thc Boulia Sheet con-

'formably underlies the O'Hara Shale. The contact is well

exposcd south of Valley Creek on the western side of the road
to Buckley's Tank from Buckingham Downs.

In places near tl.e southern end of The Bluff, the
O'Hara Shale is missing and the°Pomegranate Limestone is over-
lain by the Lower Cretaceous Wilgunnya Formetion, leached and
silicified. The Wilgunya . Formation has been deposited on a
pre-Cretaceous erosion surface.

6pik (1956a, p.23) hos determined Glyptagnostus
reticulatus, Clavagnostus, Homagnostus, Eugonocare, and an
"Elvinia?-like trilobite" from a locality'ih the Pomegranate
Limestone near the Bluff. He states that at Pomegranate Creek
on the Duchess Shecet arca, the "fauna corresponds to the

Glyptagnostus—Stago at Glenormiston, or to the Olenus truncatus

and O.gibbosus zones of Sweden, and is lower Uppcr Cambrian”.

O'Hara Shale

The O'Hara Shale consists of siltstone, silty sandston.
chert, and conglomerate, conformable on the Pomegranate Limestor.-
and unconformably overlain by Cretaceous sediments.

The formation was named by Opik (1956a) from O'Hara
Gap Station on the Duchess 4-mile Sheet, latitude 21025'80,
longitude 140°05'E, It "consists of shale with interbeds of
chert and sandstone and 1s lithologically similar to the Pituri
sandstone and shale of the Glenormiston arca. The O'Hara Shale
rests on the Sclwyn Range Limestone, which is believed to be
Middle Cambrian, and the formations are separated by a diastem.
About 10 feet above the base of the shale a chert layer con-
tains an undescribed fauna which is essentially Upper Cambrian
with some upper Middle Cambrian forms". (Opik 1956a. p.22).
The thickncss is given as 200 feet (Opik, 1956a.p.15).

The O'Hara Shale crops out along Wills Crcek and
Valley Creck in the north~-west corner of the Boulia four-mile
area between latitudes 22°12' and 22°20'S. and longitudes
139043' and 139053'E, Sediments which arec probably part of the
Tformation crop out along Valky Creck and Sulicman Creck on the
western side of the Boulia-Dajarra Road.

Mostly thc formation caps low rises. In places along
the castern c¢dge of the Do Little Range the O'Hara Shale crops
out at the basc of the scarp formed by the Cretaceous sediments.
On the southern side of Valley Creek ncar the road from Bucking-
ham Downs homestead to. Buckley's Tank the bottom part of the
formation forms part of a scarp 30 to 40 fcet high. It
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consists of 30 fcet bf laminated siltstonc,the lower 15 to 20
Teet of which is dark brown and the remainder purple, Ifrac-
tured and weathered. Vell-rounded pebbles up to 6 inches long
of quartz, coarse-grained quartz sandstone, and fine to medium
grained ferruginous quartz sandstone occur in the middle 5 to
10 feet of the sectioin. The top of the formation has becen

eroded away.

Further soutli ncar the middle of The Bluff, the top
30 feet of the formation is cxposed. It is brown laminated
siltstone, red and yc¢llow brown laminated ¥ery finc-graincd
silty sandstonc, and thin chcert beds. Well-roundced pcbbles up
to 6 inclies long arc scattercd throughout. The bottom of the
formation and its junction with thce Pomcgranate Limestonc arc
obscured by about 15 fect 6f rubble, sothat the O'Hara Shale is
less than 45 feet thicik,

On the road from Buckingham Downs homestead to
Buckley's Tank, the O'Hzra Shale conformably overlies the Pome-
granate Limestone. A mile and a half east of this locality the
Shale is unconformably cverlaian by the Marion Formation. Turthes
south, at The Bluff, the Shalc is unconformably overlain by
Lower Cretaceous sediments; 1in placcs the Shalc was stripped
before the Lower Cretacecous scdiments werc deposited.

Sponge spicules have boen found in chert from the
section near the middle of The Bluff. Dr.&pik (personal
communication) considers thc spicules to be'of Cambrian agec,
and as thc O'Hara Shalc overlics the Pomegranate Limestonc,
which is Upper Cambrian, it is also regarded as Upper Cambrian.

Gola Beds. (New Name)

The Gola Beds are the fossilifcerous calcarcnitc and
calcilutite beds cropping out along thc Momcdah Anticlinc. The
base is not cxposcd and the top is conccaled bencath Cretaccous
sediments that unconformably ovcerlie the Gola Beds.

The Gola Beds arc namcd after the County of Gola,
because they crop out near the western margin of that County,
46 miles north-cast 6 Boulia at latitude 22°30'S and longiudo
14OO3O'E. The rocks form two small clongatced inliers along the
Momedah Anticlinc and occur as low rises covcred with turkey-
bush. The outcrops arc mainly soil-covered, but many beds of
calcarcnite protrude; thoe best oufcrops arc where the dips arc
greatest near the stcep limb of the asymmetrical anticline.

The exposed scquence is cestimatcd to be 150 fcet
thick. Finc-grained calcarcnites and some calcilutites with fow
thin beds of intraformational breccia (Scc Platc 1, Tig. 3),
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werc the only rock typcs observed. The basc is not exposed,
‘and sandstone and conglomerate of the Cretaceous Longsight
Sandstone rests unconformably on the eroded surface of the bed:.

Structure in the Gola Beds is dominatced by the post-
Cretaceous folding which formed the Momedah Anticline,; but at
the extreme north of the northern outcrop,dips indicate that
this anticlinal structure has becen supcrimposed upon an earlier
anticlinal fold, in thce limestone, thc castern flank of which
dips at about 50 to the north-ecast. The western side of the
fold has bcen faulted: downthrow is to the wcst.

Numerous trilobites and brachiopods, including a rich
agnostld fauna, were found. Preliminary determinations by Dr,
Oplk indicate that the Gola Beds occur near the top of the
Upper Cambrian. The relation with the Chatsworth Limestone at
the base of Black Mountain is not yect clear, for the faunas are
not similar. The Gola Beds probably are ecguivalent to a poorl;
fossiliferous part of the Chatsworth Limestonc as developed at
the base of Black Mountain bclow the Ninmaroo Limestone, but
further work is necessary on the fossil collections of both
arcas before final conclusions may be drawn.

"
Chatsworth Limestone (New name by A.A. Opik).

The Chatsworth Limestone is the formétion, consisting
of calcarchite and calcilutite with minor calcareous sandstone
and coquinite, that rests .iconformably on the O'Hara Shale anc
is overlain by the Ninmaroo Limestone.

The Chatsworth Limestone was namcd by Bpik (1957)
from outcrops on Chatsworth Station in the Duchess and Boulia
4-mile Sheet areas. It had previously becen referrced to (6pik,
1956a) as an un-nsmed limestone on Chatsworth., A.A. 6pik has
provided (written communication) the following notess

"The name "Chatsworth Limestone" has not been publish~
previously. It was first used as a field namc in 1957 by the
Georgina Geological Party (J.N. Casey et al.)

"The history of the concept is as follows: in 1954
I observed that in the Duchess 4-mile Sheot arca between the
Pomegranate Creck and Chatsworth several flat outcrops .of
limestone occur that are lithologically different from the
bituminous Pomegranate Limestone, and scparatcd from the latter
by a scquence of siliceous shale and chert now recognised as
the O'Hara Shale. These limestones and their fossils are
mentioned in 6pik (1956a, p.23) as "the unnamed limestone'" and
an uppermost Upper Cambrian, and even Tremadocian, age was
assumed. The correct age is Franconian (middlc Upper Cambrian) .
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"The designation "unnamed limestone" was employed
because from my reconnaissance in 1954 it became apparent that
the main development of this formation shouvld be studied on the
Boulia 4-mile sheet in outcrops south of Chatsworth.

, "In 1957, in the field, I outlincd '‘to J.N. Casey et 4l
my concept of a large Upper Cambrian calcareous formation whose
lower part is cxposed in the Duchess Sheet area. It was jointl:
agrced to name the unit "Chatsworth Limestone".

"As regards the occurrence of the Chatsworth Limestonc
on the Duchess Sheet, the following should be mentioned:

1. A direct contact of the base of the Chatsworth Lime-
stone with the O'Hara Shale is not exposed, but the super—
position is ecvident from the map.

2. The lowcrmost, and most northern outcrops of Chatswort:.
Limostone arc bedded impure limegones with ripple marks,
about seven miles north of Chatsworth. '

3. The fossils used for the age detecrmination occur at
the locality about four milcs north-west from Chatsworth.

4. The rocké and fossils of this locality permit a
correlation with the lowermost beds of the main section sout:
~of* Chatsworth.

5. On Duchess Shee¢t area, cast from Mt.Murray, the Chats-
worth Limestone rests with a break on Middle Cambrian, and i-
apparently overlain by the Ordovician Ninmaroo Limestone
(here dolomitic) with a break in between

6. The Chatsworth Limestone on the Duchess Shcet area is
represented by light coloured limestonc beds altcrnating
with soft marly layers. Intraformational breccia occur
sporadically. In coarse-grained crystalline limestonec beds
calcite occurs as colourless grains mixced with much brown
calcite. .

7. Chatsworth Limestone contains only thin and rare
bituminous dark layers, which prevail in the Pomcgranate

Limestone".

The typcbection is in the Boulia 4-mile area ten miles
cast-north-cast of Digby Peaks Homestcad, at latitude 22003'89,
longitude 140°18'E,

On thce Boulia 4-milec arca The Chatsworth Limestone
crops out in the type area, where it forms low, rounded, spinifo:
covered,  rocky hills on which the limestone crops out as benches.
at thc bage of Black Mountain, Mt.Ninmaroo, Mt Dalton and at
the outcrop ncar DrlbbllngBorc



The type section ncar Chatsworth and the chain of
outcrops at Black Mountain, Mt.Ninmaroo, Mt.Dalton and Drilling
Bore are all prcdominantly grey and dark grey calcarenife and
caicilutite, but the detailcd fossil examination by Dr.&pik is
not yet far cnough advanced to show cither fossil similarity
or a timc break between the faunas of all or any of the outcrops.

At the present state of knowledge it is more appropriéx
to make all these outcrops part of the onc formation. '

In the Boulia 4-milc arca the Chatsworth Limestone
consists of fine-grained calcarenite, in places saﬁ%&i and o
caleilutite, with minor beds of calcareous sandston%tand
coquinite. As the outcrop is not a continuous scquence it is
suspected that the formation includcs some non-outcropping beds
of marl or shalc. The rocks arc dominantly thin-bedded and

laminated with somc cross bedding.

The type scetion is 10 to 12 milcs north-cast of
Digby Pcaks and runs from locality B54 basec to B50 and from #ep
B791 to B79§? B791 is on the samc bed as B50 but in a different
locality.

Total ; Interval

B792 520 35 Laminated sandy calcarenitc with brachio-
pods (15 feet no outcrop).

485 10 Calcareous sandstonc.

475 20 Thin and medium-bcdded sandy calcarcnite
Agnostids at 470 fect (B791C).

455 15 Coarsc calcarcnitc, some sandy calcarcnitr

Brachiopods at 446 feet (B791B) and
Trilobites at 442 fcct (B7914).

440 5 Laminated finc-grained calcarcnitc and
calcilutite.

435 5 Cross-bedded calcarcous sandstonc,
slumped.

430 130 Fine~grained sandy calcarcnite with trilo-

bites and brachiopods at 425 fect and

430 feet (B50B and C), trilobites, brach-
iopods, gastropods, blastoids -in a coquin-
itc at 370 fcet (BSOA) and trilobites at
345 feet (B52)~ about 40 feet is non-
outcropping.

300 60 Laminated and finc bedded calcarcnite and
calcilutite (beds up to six inches thick),
with trilobites, blastoids and brachiopods
at 280 fcet (B53).

245 30 Thin bcedded calcarcnite, "two tone" cal-
carenite, somc sandy calcarcnite with
trilobitcs and a large bivalve (BS4B).

B54 0-210 210 Coarse calcarenite with laminated calci--
lutite; - trilobitcs and shclls at 110
fecet (B544).

This 520 fcet can be regarded as a minimum thickness for ncither
the top nor the bottom of the scquence is cxposed in this arca.
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Other scctions which show the lithology ofthe Chats-.

~worth Limestone arc as follows:

(a) Inlier ncar Dribbling Borc, south of Mt.Datson:

About Finc-grained calcarenite with some medium-

200 feet: grained calcarenitc with lenscs of coarse-graine”
calcarcnite, in part "two-tone". Thin to medium
bedded; somc sandy laminae, cross laminae and
ripplemarking. Dolomite (sccondary) occurs at
north end of outcrop. Trilobites and brachiopods,

(b) At the basc of Mt. Datson.

300 feet: TFine-to medium~-grained clacarenite with sandy

- laminae. Minor coarse-grained calcarenite and
intraformation breccia. Medium bedded, minor
thin bedding.

350 feet: Finc to medium-graincd calcarcenite with some
oolitic beds. MNMedium bedded. Trilobitcs 45 feew
from base,

(c) At -the base of Mt.Ninmaroo.

375feet ¢ Finc-grained calcarenite with minor intraformatio:.
al breccia and coquinite. Thin bedded and lamir
ated with sandy laminace and minor cross-bedding.
(d) At the base of Black Mountain.

450 feet: TFine-grained calcarcnitc with minor intraforma-
tional breccia, some sandy laminae. Well-to
thick-bedded, laminated in part. Some pyrite.
Orthid-like brachiopods, trilobites. Undcrlying
dolomite beds of the base of Ninmaroo Limestone. -

600 feet: Fine-grained calcarenite and calcilutitce, some
coarse~graincd calcarenite and friable sandstone.
Thin bedded and laminated, grcy and bluc grey
and with bituminous smell when struck. Trilobiter
(agnostids). Basc not exposed.

The rclationships of the various outcrops is given in Figure 6.

The rocks have becn gently folded into narrow folds
trending approximately 350° on the west of tho outcrop, north-
cast of Digby Feaks, near the concealed probable boundary with
the Ninmaroo.Limestonc. To thc east of the typc section the
outcrop is poorer, but the limestones appear to be horizontal.

The line of outcrops to the south is folded and
faulteds; at Black Mountain and Mt.Ninmaroo and to a lesscr
extent Mt.Datson. The rocks have been folded into an anticlinc,
and subsequently faulted with a downthrow to the cast of at
least 1,000 fcet. '

Preliminary determinations of fossils (trilobites,
including agnostids, and brachiopods) collected from outrops
north of the type area suggest a Franconian (Uppc¢r Cambrian)
age (Opik, 1957, p.8), but the occurrence in the Boulia 4-mile
area is rcgarded (p.9) as "the continuation (upward) of the
Upper Cambrian scquence of the Duchess Sheet".



LOWER ORDOVICIAN

Ninmaroo Limestone (Revised Name)

. The Ninmaroo Limestone is the thick acquence of lime-
stone exposed at Black Mountain, Mt.Ninmaroo and Mt.Datson
“which e¢xtends north to Digby Peaks in nearlly continuoug outcro:i.
and rcappears on the extreme western margin of the sheet. It
is overlain unconformably *by the Swift Formation.

Whitehouse (1936, p.69) originally used the name
Ninmaroo Limestone for a limestonec series which crops out in
"three large hills - Black Mountain, Ninmaroo and Mt.Datson®
which “consist of folded limestones of considcrablce thickness
and identical in appecarancce with thce Georgina Limcstones. Plaz,
blue limestones preciscly similar to those of the Georgina
group aboumd in the lower part of the section. Higher beds ha.
yielded Eoorthis and a colossal wealth of echincderm ossicles.
«...1In one bed high up in the section on Black Mountain
(contains) a great wealth of ellcsmecroceratid cephalopods
suggesting that thesc beds belong to the Lower Ozarkian (Lower

Tremadocian)".

The authors now restrict the usce of Ninmaroo Limestor
to the upper beds (upper'two—thirds of the 3,000 feet section -
Black Mountain), which contain many ellesmeroceratid ccphalopoc
brachiopods, and somc gastropods, in a lithology of dolomite,
intraformational brocci%%%two tone" calcarcnite., Thc beds of
platy blue limestone and those yielding Eoorthis decscribed by
Whitchouse arc now included in the Chatsworth Limestonec.

Outcrop of the formation is nearly coﬁtinuous along
a belt running from cast of Swift Hills in thenorth of the Bou™
4-mile areé to Mt.Ninmaroo in the centre. It is interrupted by
alluvial dcposits of the Burke and Mort Rivers,and Eastern and
Six-mile Crceks and in many places is partly maskced by soil.
*An inlicr ninc milcs, south-south-cast of Mt.Ninmaroo, at Mt.
Datson is separéted from thce main outcrop by Tertiary Noransid-
Limestone.

In the extrcme west of the Boulia 4-milc arca are
small outcrops of current-bedded dolomite containing Ordovician
fossils (sce plate 3 fig.1) similar to those in the Ninmaroo
Limcstonc outcrops further cast. This. dolomite is tcntatively
assigned to the Ninmaroo Limestone, but as it forms part of a

N ;
Recent work has shown the Ninmaroo Limestone to have

increasing amounts of dolomitc and sandstone to the west and
Ninmaroo Formation is now used for this unit of lower Ordoviciw-
to uppcrmost upper Cambrian (Casey, 1959).
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much larger rock-body in the Glenormiston 4-mile Sheet area
which is to be the subject of future mapping and investigation
-1t is not discussed further in this report.” *

Black Mountain, Mt,Ninmarob, gnd Mt.Datson are fairly
steep sided rocky hills, in places precipitous, with marked
Eg&ches where more resistant beds crop out; Black Mountain i
69 feet above the plain. (See Plate 1, figures 1 and 2). The
only vegetation is spinifex. Outcrops east of the Swift Hills
and in the Digby Peaks area are on low, rounded hills, gencral
rocky and spinifex-~covered. Areas between these have small
isolated outcrops surrounded by rolling grassy plains with
plates of Ninmaroo Limestone on the surface.

The most common rock types are fine- and medium—

grained calcarenite often dolomitic and sandy, intraformational
calcarenite
breccia, and "two-tone'/and some dolomite; locally the rocks

have been dolomitized. Calcilutite and coarse-grained calcare.
ite are also common with some coquinite, oolitic limestone anc.
calcareous sandstone and with at least one bed of white, dense
"reef-like" 1imeston%ﬁNhich may be a chémical precipitate.

Stratigraphic sections were measured across all the
main outcrops. Summarized sections, which were used as the
basis for the tentative lithological correlation given in
figure. 6 are as follows:

. Mt.Datson

About 200 feet: Top ~ intraformational breccia with thin inter
bedded calcarenite. Exposed in dip slope belocy
unconformity with Noranside Limestone.

Not measured accurately.

80.'feet: Interbedded laminated fine-grained calcarenite
and thin-bedded intraformational breccia.

170 feet: Dolomite and medium-grained calcarenite.

Medium to thin bedded with some cross bedding.
Numerous "mandibles"™ with some nautiloids
and ribeirioids. :

320 feet: Fine-grained calcarenite, subordinate medium-
and coarse-grained calcarenite, minor intra-
formational breccia and "two-tone" fine-graine
calcarenite. Thin to medium bedded."Mandibles'
present in upper 260 feet.

430 feet: Dolomite. Well jointed, thick-bedded. Medium-
bedded with minor calcarenite interbeds and
sandy laminae in bottom 100 feet.

Total 17200 feet Section measured from crest o6f anticline.

Qverlies about 650 feet of calcarenlte m_pped

¥* Mapping on this sheet in 1958 shows that 118 ggfgﬁ tblmeo;

although only about 300 feet thick, has a wide areal extent:
it consists mostly of dolomite, but contains imarl; two—tone
beds and some intraformational breccias.

* "Mandibles" resemble nautiloid mandibles but have not been
positively identified; they may be a type of gastropod.

A section of 2560 feet was measured by.C.Brown in this a¥%%9in




Mf.Ninmaroo

Top: 20 feet:

260 feet:

300 feet:

250 feet:

750 feet:

250 feet:

375 feet:

Total 2200 feet
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Massive white fine-grained limestone.
Nautiloids, brachiopods.

Coarse~ and medium-grained calcarenite

with sandy lariinae, subordinate intraforma-
tional breccia. Medium bedded, minor cross
bedding. Chert biscuits and plates, many
styolites. Ribeirioids, brachiopods and
echinoderm ossicles.

Intraformational breccia with interbedded
"two-tone" and medium-grained calcarenite,
some sandy laminae. DlMedium bedded, minor
cross bedding.

"Two-tone" and medium-grained calcarenite
with subordinate fine calcarenite and intre
formational breccia. Thin to medium-bedded
with some slumping. Nautiloids common.

Fine-grained and "two-tone" calcarenite
with minor intraformational breccia. Thin-
bedded and laminated. Minor amounts of
sand and chert nodules and biscuits. In
top 350 feet, navtiloids fairly common,
"mandibles", ribeirioids and echinoderm
fragments.

Fine-grained calcarenite with minor cal-
cilutite. Medium-bedded and laminated,
minor cross bedding.

Dolomite. Thick-bedded, minor cross
bedding.

Section messured fron near crest of
anticline.

Overlies 375 feet of calcarenite mapped as Chatsworth Limestone.

Black Mountain
Top: 75 feet:

20 feet:

255 feet:

350 feet:

(300 feet continued)

(at B519)
Overlying the calcarenites/is 20 feet of
laterised coarse sandstone and conglomerate
(Longsight Sandstone) and 20 feet of leached
silicified rock (?originally a carbonate
of the Swift Formation) separated by a
pisolitic soil from the overlying sandstone.
Medium-grained calcarenite, sandy. Some
chert biscuits and silica blebs. DBrachio-
pods, cchinoderm ossicles, gastropod and

coprolites.(B518). SLCth as Sll
petroliferous mell

Massive white fine- gralned limestone.

Nautiloids, crinoids, brachiopods, '"coral-
like" structures, ?gastropods and “algae.

Fine- and coarse-grained calcarenite, sub-
ordinate medium-grained calcarenite, minor
cross bedding and chert biscuits. Brachio-
pods and echinoderm plates.

Intraformational brececia with calcarenite
interbeds. Minor amounts of sand, some
slumping, cross-bedding and chert biscuits.
Nautiloids, brachiopods, "mandivles" and
echinoderm plates.



300 feet:

945 feet:

5 feet:

Total 1950 feet
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Fine-grained. calcarenite and calcilutite.
subordinate "two~tone" calcilutite and
intraformational breccia. Silica blebs
common. Nautiloids, brachiopods, gastropods:
"mandibles", trilobites and algae(4s7s4)

See plate 3, figure 2). '

Fine-grained and "two-tone" calcarenite,
minor intraformational breccia. Thin and
thick-bedded, laminated in part. Some
slumping and chert rolls. Infrequent
nautiloids in upper 800 feet.

Dolomite, in two thin beds.

Section measured from crest of anticline.

Overlies 1050 feet of mainly calcarenite and calcilutite beds
mapped as Chatsworth Limestone.

Black Ridge

Top:

About 20 feet:

Base 80 feet:

Digby Peaks

230 feet:

East of Swift

Hills.

Top 160 feet:

170 feet:

Base 210 feet:

e

Totals40 feet

This outcrop is probably the lithological
equivalent of the top beds at Black Mount-
ain and Ninwmaroo.

Dolomite.

Thickness not measurable below concealed
boundary with Swift Formation.

Dolomite (probably secondary). Medium and
thick-bedded, well jointed and travertine
coated. ©Small relic amounts of calcarenit-
Chert nodules and layers common. Poorly
preserved silicified nautiloids, brachiopo’~
echinoderm fragments and trilobites.

Fine -to medium-grained calcarenite with
blotchy "two-tone'" calcarenite and intra-
formation breccia. Thin to medium bedded.
Minor .sandy laminae, silica blebs and
cross-bedding. Numerous nautiloids and
"mandibles", some ribeirioids.

Finc-grained calcarenite and calcilutite,
subordinate "two-tone" calcarenite and
intraformational breccia. Thin to medium
bedded. Nautiloids, ribeirioids (B251).

Calcilutite and fine-grained calcarenite
with dolomite interbeds, minor, "two-tone"”
calcarenite and intraformational breccia.
Thin-bedded and laminated. Nautiloids.

Dolomite (secondary in part) some lensing
calcareous interbeds.

Thin bedded. Lead occurrence occurs in thic
unit. '



West of Swift Hills

Top 350 feet: Unconformably with Swift Formation.
Fine- to medium-grained calcarenite and
cogquinite. Thin bedded and laminated (B23"
Nautiloids, brachiopods, trilobites,
ribeirioids, echinoderm fragments.

150 feet: Fine~to medium-grained calcarenite and
: dolomite. Thin bedded, laminated and
massive. Nautiloids, ?ribeirioids, trilo-
bites, echinoderm fragments (B230).

150 feet: Fine-grained calcarenite and fine liwmeston.
Thin to mecdium bedded, minor cross-bedding
and laminated massive bedding. Brachiopods,
echinoderm fragments (B229).

Thin Unnmeasurcd scquence.

90 feet: Fine--grained galcarenite with subordinate
intraformatid® breccia, "two-tone" calcar-
enite and minor calcilutite. Thin to
medium bedded.

250 feet: Dolomite and fine-grained calcarenite.
Trilobites, nautiloids, ribeirioids,
echinoderm fragments (B237).

Base 250 feet: Calcilutite and finc-grained calcarenite,
: often "two-tonc'", minor intraformational
breccia. Thin to medium bedded. Nautiloids.
?ribeirioids, ?bryozoa (B228, B236).

Total 1240 fecet.

Whitehouse (1936, p.69, footnote) rccords "gneiss"
at the base of Black Mountain. No gneiss was scen at Black
Mountainy but it may have come as boulders from?fong81ght
Sandstone which crops out ngarby.

The intraformational breccias recorded in the above
sections consist oi angular and sub-angular fragments of
calcarenite or calcilutitc clongated along the bedding and
set in a matrix of calcarenite or marl frequently with oolites
in the matrix. The fragments appear to bc derived from the
destruction of the underlying beds and to have moved very
little. This is shown clearly in Plate /3’, i‘lgure32' In some
specimens the breccia can be seen filling cavities under beds
and incorporating fragments from the beds., The breccias are
most common in the upper half of the Ninmaroo Limestone; in thc
Black Mountain, Mt.Ninmaroo and Mt.Datson outcrops they arec
sufficiently abundant to dominate cbout 300 feet in one part of
the section. Some breccias occur in thc uppcr part of the
Chatsworth Limestone but are not common. Most of the breccias,
undoubtedly owe their origin to slumping. Others are possibly
due to breaking up of semi-consolidatcd rocks by wave action
or by desiccation on temporary exposure above water.
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Maﬁy of the calcarenites contain minor visible amomm™ -
of fine sand. Thin sections of these calcarenites reveal sub-
angular grains of quartz and some flakes of muscovite set in ¢
matrix of fine-grained recrystallized calcite. The muscovitr
flakes are still fresh, but nearly all the sand grains have
been corroded and partly replaced. In places the replacemenc
appears to be complete and the previous position of sand
grains 1s shown by calcite pseudomorphs with a grain size
comparable to that of the quartz,but much coarser than the
recrystallized calcite forming tihis matrix. Walker (1957)
reported "frosting" of sand grains by carbonate replacement in
limestones and suggested that the silica released is volumetri-
ally important in locating a source of material for secondary
silicification. Silicified coquinites and fossils and one
chert nodule which had a sharp external boundary,but a grzlc™
internally into a calcareous core are e?idence that the cheyt
in the Ninmaroo Limestone is at least in part secondary. Mc
of the chert blebs are associated with silicified fossil bands
and apparently represent fossils which have been imperfectly
replaced. All those so far seen in the Ninmaroo Limestone he-
been within a few inches of the surface of e¢xposures. It is
possible that silica released by the calcite replacement of -
sand has migrated to the surface and concentrated to form
nodules; biscuits,or layers of chert.

In a thin section from B806, west of Black Mountain,
laminated calcilutite showed a transition to homogeneous cher.
within one inch along the bedding; the calcilutite had
scattered corroded quartz grains and rare spherical chalcedov-
bodies (?radiolaria) in fine-graincd recrystallized calcite;
the transition zone consists of finely crystalline qu-~~tz ~1d
chalcedony with irregular patches of unaltcred caléite in the
silica ;and some cuhedral rhombs of dolomiteé the homogcneous
chert shows finely crystallinc silica,and chalcedony and somn
opalinc silica with 20% dolomite rhombs. Many of the
?radiolaria show outgrowths of chalcedonic silica in optical
continuity with the original fibres.

A thin scction of intraformational conglomerate ssix
miles west of Datchet Downs homestead ;shows subrounded f: C
of fine-grained andy limestonc chaotically jumbled in a-
coarsély crystalline sandy matrix. The sandy grains have
corroded bordcrs and have been replaccd by calcite. Intersti
ial patches of chalcedony replacing calcite also occur in the
matrix which also contains mica and corroded felspar grains.

The subrounded fragments of ) _ ) )
limestone have rccrystallized margins merging with the matrix.
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Dolomites and their origin are discussed in detail
later. Some analyses of samples of limestone and dolomitic
limestonc are included in Table IV.

TABLE IV.

Analysis of dolomitic limestone samples, Lab.Nos.
58/381-89, by J.R. Beevers, 17.2.58.

Ref. No. Insoluble in Ratio

2N.HC1 - Fe203% CaCOB% MgCO3% CaCO3%
MgCO3%

B535 : 8 miles

west of Hercules 16.50 0.97 43,23 38,90 1,11

Bore.

B515M: .

Black Mountain 2,23 0.14 95.23 - -

B525 : N.end of _
De Little Range 18.51 0.03 72.73 - -

B534 : 4 miles W,
Of 7 mile Bore. 17.19 0.03 48.73 33.44 1.46

B516:Blk.Mountain 5.95 0.02 91.73 = -
W22 : 6 miles W.of

Glenormiston HS. 1.07 0,09 54,23 45.54 1.19
B132: Black Ridge 4.24 0,10 52.23 41.59 1.26
G14 : 4 miles E.of A

Tripod WH. 1.03 0,40 53.20 43.84 1.21

B510b: Blk.Mountaini?2.?21 0.07 82,23 - -

All arc from Ninmaroo Limecstone except B525 Pomegranate Limes:
and B510b Chatsworth Limestone.

The thickness of 1950 fecet of section measurcd at
Black Mountain is probably ncarly the maximum thickness of the
formation, although G.Brown in 1959 records 2750 fcet of Ninme--
and 1550 fecet of Chatsworth Limestone ( personal communication’
In the north,near Digby Pcaks the Ninmaroo Limestone is uncon
formably overlain by the Swift Formation; the limestone was
slightly bucklcd upward before the Swift was laid down.

Buckling or upward movement in the north, re¢lative
to the south, would explain why Ninmaroo Limestone areas in the
north were croded before later deposition occurred and the
boundary of thc overlying Swift Formation is transgressive.

The western Swift Hills were an area of lcast erosion in the
north, and it may be significant that it is farthest, lateral..
from the "Burke River Structure", described below; this
structure was probably already forming at the time of the
deposition of the Swift Formation.
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The major outcrops of the Ninmaroo Limestone are in
faulted asymmetrical anticlines arranged en echelon along a
%%g%é?%P%-%; %%;Eﬁﬁ?orth-wegt from Mt.Datson. This is the
/’Burke River Structure. Minor synclines are imposed upon the
main anticlines on Black lMountain and Mt.Datson. Wherc the
anticlines are well exposcd the eastern flank is scen to be
the steepcer; the faults which occur along or closc to the |
anticlinal axes are downthrown to the east. To ecast and west
of the folded zone the limestone is gencrally horizontal, or
gently folded into broad folds with the same¢ north-north-east
trend. Some of the movement along the Burke River Structure
appcars to have taken place while the Swift Formation was being
depositecd, but as they are also involved in the folding the
main movement took place- latcr. There is evidence (see later
under Structurc) that the Lower Cretacecous rocks were involved

in the faulting.

+Faulting is later than folding,'and at Black Mountain
and Mt.Ninmarogjbuts the fold axes. The Black Mountain structu-
is shown in Plate 2. Small outliers of sandstonc and conglome:
ate forming the main and subsidiary pcaks of Mt.Ninmaroo have
been assigned to the Cretaccous Longsight Sandstone on the
basis of lithological similarity to that formation. At B519
the conglomerate includes sorme boulders of silicified sandstone
containing probable Middlc Ordovician pelecypods (J.G.Tomlinson
personal communication) which may have becen derived from the
Toko Rangc arca 150 miles to the west where similar forms occur
Similar sandstones,a little to thc cast of the fault occur 300
fecet topographically lower. If this interpretation is correct
the faulting has affected basal Cretaccous rocks, but to a
lesser extent than the Lower Palaeozpic formations, which were
displaced 800 to 1000 feet by the Black Mountain fault.

The gently folded limestone, east of Digby Peaks/lies
on the continuation of a line along which anticlinal folding
and faulting has affcctcd both Upper Cambrian and Lower Cretac-
cous rocks. This line is nearly parallel toea’cifee/%}xrekdegeﬁiow}ferthe

structure and about eleven miles cast of the wéstern edge of the

structure. _
The Ninmaroo Limestone has bcen deposited in a quiet

shelf environmcent affectced periodically by currents, as
indicated by the cross-bedding (sce Plate 3, fig.1) and
scattered sand grains. Slunping is indicated by the slunp
structurcs and intraformational breccias; these breccias are
formed either.by the break up of semi-consolidated rocks by
wave action or by desiccation during temporary cxposure above
water.
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PLATE 2.

THE BURKE RIVER STRUCTURE AT BLACE MOUNTAIN




Figure 1. Ninmaroo Limestone showing cross bedding in
dolomite bed:; &a thin styolite seam is to the
left just below main cross bedding
Outcrop is 7 miles west of Herrods Tank
(locality G.14) on phote 5005 run 5 Glenormiston;
it oecurs in a partly filled-in large sink hole.

1

1
Height of exposure represented here is 3 feet.

1’71.‘*1. “' -

Figure 2. Algal growths in Ninmaroo Limestone, on the .

south-west side of Black Mountain (l UM1JTy B515A)

The colonies grew on a fine calcilutite bed but

were killed and buried by a mass of intraformational
conalomur te., Note piene oi broken algae, upside
down, in the conglomerate at right of photo.

Height of algae to left is 1 inch (natural scale).
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PLATE 4.

Figure 1. Interbedded chert and shale of Swift Formation
in cave on east side of Swift Hills, about 8 miles
north-north-east of Noranside Station Hpmestead.
Photograph by Dr. A.A. Opik.

Figure 2. Swift Hills, eastern side, with caves formed
in bedded cherts near top of the Swift Formation.
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Although many of the dolomites which crop out along
and near the Burke River Structural belts are secondary, some
are primarys; the primary dolomites and sandy dolomites are
very cormon west of Black lountain on the Glenormiston 4-mile
Sheet.

Many of the fossils collected. are undescribed, but a
preliminary palaeontological examination of the material by
Dr.apik and J.Gilbert-Tomlinson show the Ninmaroo Limestone
ranges from high in the Upper Cambrian to Lower Ordovician} the
fauna from Black Mountain and Digby Peaks is roughly equivalent
to the Tremadocian,ranging to early Arenigian. (Tomlinson,
1959; enclosed in this report as Appendix F.) The boundary
between the Chatsworth Limestone and the Ninmaroo Limestone was

located tentatively on Black Mountain at about 1050 feet above

the base of the section. Cambrian fossils were found in the
cores of the anticlines of Mts. Ninmaroo and Datson, but the
Chatsworth-Ninmaroo boundary can be located there only by
extrapolation from the Black Mountain section and it is placed
at the bottom of the main dolomite beds. The inlier south of
Mt.Datson has so far yielded only Cambrian fossils. North =
north-west of Black Mountain only Ordovician fossils were
found. In the field,the presence of ellesmeroceroid nautiloids
and/or "mandibles" associated with "two-tone" calcarenites,
intraformational breccias)and dolomites was taken as an indica-
tion of Ninmaroo Limestone, whereas agnostids and orthid-type

brachiopods associated with blue~grey calcarenite and calcilutite

indicated Chatsworth Limestone.

Swift Formations:

TheSwift Fromation consists of chert, siltstone,
silicified coquinite, and sandstone, resting on the Ninmaroo

in places
leeotone/unconformably

The name is derived from Swift Hills, which lie
between latitudes 22°00'S and 22°05'S,and longitudes 140°01'E.,
and 140°03'E.  We named the hills in 1957 after the late
Mr.Swift, whose son Jack is manager of Noranside Station.

The Swift Formation crops out in a belt running from
the northern margin of the Boulia 4-mile Sheet area, west of
the Burke River,to the west side of Black Mountain (Mount
Unbunmaroo). At Swift Hills the format%gn form%elzw ¥ggnde
ridges: with a small scarp on the eastern 51de,south of Dlgby
Peaks it forms a broad divide with dendritic streams deeply

incised in fairly steep-walled valleys. West of Black Mountain

it forms low rounded foothills cut by steep-sided flat-floored
valleys.
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The lithology is predominantly bedded chert (see Plate
4, fig.1) with interbgds of siltstone, sandstone, silicified
coquinite, and limestone. At Swift Hills, the type area, the
following succession occurs (in descending order):-

10 feet: Chert breccia (Digby Peaks Breccia).
Age unknown.,

20 feet: Thin bedded and laminated, white and
grey chert, silicified coquinite.

25 feet: No outcrop.

12 feet: Laminated, red and White,Afine—grained
: well sorted sandstone and siltstone,
(contact not seen).

In places the bedded cherts have been eroded away,
and the chert "breccia rests directly on the sandstone and
siltstone. An almost identical section 1is exposed at Digby
Peaks.

Two miles east-north-east of Digby Peaks 60 feet of
Swift Formation unconformably overlies Ninmaroo Limestone. Here
the lower half of the formation has thin bedded chert with a
few silicified cogylnlte bands interbedded with white porous
containing graptol
siltstone™ the upper half contains predominantly thin bedded
chert which grades upwards into a six-foot capping of silicified

chert breccia (see later under Digby Peaks bredcia).

West of Black Mountain at B806, thin-bedded and lamin-
ated calcarenite of the Ninmaroo Limestone grades upwards for
20 feet into thin-bedded and laminated chert and silicified
coquinite ,which resembles some outcrops of the Swift Formation;
however, near this locality this is : overlain by
40 feet of bedded chert of the Swift Formation.

Most of the bedded, laminated chert from Digby Peaks
examined in thin section,shows that the original calcareous
coquinite (shell fragments, spines) has been completely replaced
by chalcedonic silica, opaline silica and quartz ,to form cherts
in some places solution and redisposition of silica has all but
‘obliterated the fossil outlines; some rounded hypersthene ‘
grains and corroded quartz grains,representing 1% of the rock
were noted. Some silicified sandstone from Digby Peaks consists
of 30% quartz grains,showing much corrosion, set in an opaline
and chalcedonic matrix with accessory amounts of muscovite,
glaucophane and hormblende.
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Near the base of the formation a porous sandy-
textured rock shows relicts of once being a calcarenite and
intraformational conglomerate,which was changed by leaching of
calcite and deposition of silica giving the matrix irregular
cavities which form 20% of the rock; moreover,in places the
intraformational conglomerate grades along the strike to this
porous sandy-textured rock with corroded quartz grains in a
chalcedonic matrix.

The outcrops of the Swift Formation in the north show
a marked decrease of detrital quartz from outcrops in the south.
South of Fastern Creek very few dominantly sandy beds occur and
further south near Black Mountain sandy beds are absent.

At Swift Hills the Swift Formation is nearly horizon-
tal. South of Digby Peaks,it probably dips gently to the
south-west to disappear under the Noranside Limestone and
alluvium of the Burke River. 1In some outcrops the beds are
irregularly contorted with dips up to 300. The direction and
pitch of fold axes are extremely irregular and the folding is
probably due to slumping of semi-consolidated sediments and
compaction over an uneven surface of deposition.

The contact with the underlying rocks is concealed
at Digby Peaks and Swift Hills, but between two and four miles
south-east of Digby Peaks beds of the Swift Formation transgress
truncated beds of the Ninmaroo Limestone. The angle of uncon-
formity is probably of the order of 107 although it was not
measured. The contact is exposed one, four and eight miles
south~east of Digby Peaks, where cherts of the Swift Formation
rest on an old karst topography with maximum relief of about ,
15 feet. Near B519, west %ﬁﬁy%ﬁg%a%aroo, Swift Formation over-
lies Ninmaroo Formation with - . erosional unconformity and is
overlain by Cretaceous sandstone and conglomerate containing
boulders with middle Ordovician fossils.

Most of the rock types of the Ninmaroo Limestone
were apparently represented in the 3Swift Formation, but the
latter contain more coarse detrital material. The environment
of deposition'may have beenAsimilar to that of the Ninmaroo
Limestone, but the sea was probably shallower gnd transgressed
the Ninmaroo surface. The minor folding or tilting that
occurred before the deposition of the Swift Formation caused
the land-mass to the north to be rejuvenated and to shed more

coarse detrital material.
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The maximum measured thickness.of the Swift Formation
is about 60 feet at Swift Hills and two miles south-east of
Digby Peaks, but as there is evidence of erosion before the
formation of the breccia the full thickness is unknown. Bores
'give no reliable information on the thickness.

Recognisable fossils, including trilobites, brachiopods,
nautiloids, and echinoderm fragments, are widespread in the
formation, but not abundant; the basal beds contain the brachio-
pods, and the higher ones the trilobites. They indicate a
Lower Ordovician age for the Swift Formation. Recently geologists:
from Frome-Broken Hill Pty Ltd discovered grapolites from the
formation in beds higher than the brachiopods but with the
trilobites. (See Appendix F.)

AGE UNKNOWN - YOUNGER THAN LOWER ORDOVICIAN.
Digby Peaks Breccia (Informal, new name).

The name Digby Peaks Breccia is used for a thin
sequence of silicified chert breccia beds which unconformably
overlies the Swift Formation. Outcrops of the Breccia are too
small to be shown on the 4-mile map. It is named from Digby
Peaks (latitude 22°07'S. longitude 140°07'E.), which are several
peaks 970 feet high and rising 220 feet above the Mort River.
See photo, plate & fig.2.

The Breccia crops out at Digby Peaks and two miles
south of No.34 Bore (Noranside) on the east side of the Swift
Hills. At Digby Peaks it is 40 feet thick and consists of a
massive siliceous breccia of chert fragments, crudely bedded and
extensively silicified ; the breccia pieces are slightly rounded
towards the top. It unconformably ovirlies leached and silici-
fied Swift Formation and the top is exposed.

A sub-so0il breccia or "paper-weight" breccia (sce
plate 8, fig.1) 1 to 5 feet thick occurs in many places over
the Swift Formation and Cretaceous siltstone formations: it has
been mapped as T1 SYRPOL 1yt the age is in doubt. The sub-soil
breccia over the Swift Formation grades downwards into beds of
chert which are breaking up in situ: caves form within the
sequence of chert beds. The sub-soil breccla probably formed
during a late period of weathering. The Digby Peaks breccia
may be a particular form of this sub-soil breccia which has
been concentrated as a valley,or sink hole fill in the Swift
Pormation; subsequent erosion has reversed the topography and
left the silicified breccia as peaks.

Its age is unknown but it could have formed soon after
the weathering and erosion of the Swift Formation.
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LOWER CRETACEQUS ROCKS.

1

General:

In the Boulia 4-mile ared rocks,of Lower Cretaceous
age. rest unconformably on Precambrian and Lower Palaeozoic rocks.
They are divided into the following formations:

Wilgunya Formation: White massive siltstone, sandy siltstone.
(top) Blue, grey and white clay, - "
, some ferruginous sandstone.
Gypsum and barytes, crystals and concre-
tions. Toolebuc Member of sandy calcar-
enite, siltstone, and coquinite with
concretions.

Longsight Sandstone: .Quartz sandstone, red-brown, ferruginous
(base) and micaceous; conglomeratic towards base,
silty beds towards top.

- Longsight Sandstone: (Casey, 1959).

The Léngsight Sandstond consists predominantly of
quartz sandstone and minor conglomerate, and unconformably regs
‘on Lower Palaeozoic sediments and Precambrian metamorphic rock,
and is conformably overlain by the Wilgunya Fdrmation.

The formation is named after Longsight Peak, a
prominent hill, eight miles south-west of Alderley Homestead
at latitude 22°30'S, longitude 139°32'E. (see fig.1, plate 5).

It crops out in the strongly dissected area on the
western side of the Boulia area, where it overlies stacks of
Ninmaroo Limestone (Plate 6, fig.1); it is exposed both in the
eastern escarpment of the dissected area ,and on the flat-topped
residual hills west of this escarpment. It also forms a belt
running north-south through the céntre of the Boulia Sheet to
Mt.Ninmaroo in the south, which 1s capped by 40 feet of conglom~
erate and sandstone similar to that in the type area. Small
exposures occur in the Momedah Anticline at Momedah Creek, at
Pathungra Spring well on the Hamilton River, and in the north-
east of the Boulia area, west of Big Sandy Creek, where a
micaceous fossiliferous sandstone overlies Precambrian meta-
morphic rocks. \

The formation produces low rises, dovered with rounded
pebbles and boulders derived from the conglomeratic material in
the unit. Some good exposures are found in creeks and low
cliffs. The rocks are easily eroded and the topography is
dominated by the overlying silicified and laterized Wilgunya
Formation.
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PLATE 5.

Figure 1. Longsight Peak. Taken from near Rocky Bore,
Alderley Station, about 8 miles west-south-

west of homestead, looking south—east.”
Photograph by Dr. A.A. Opik.

Pigure 2. Digby Peaks -Swift Formation capped by Digby Peaks
breccia (valley fill), horizontal Ninmaroo Limestone,
covered by spinifex, in the foreground.,

Photograph by Dr. A.A. Opik.
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PLATE 6.

Figure 1. Longsight Sandstone overlying Ninmaroo Limestone
(dolomite with small caves); "Hidden City",
Alderley Station, near junction of Craigie's and
Cottonbush Creeks (Glenormiston 4-mile Sheet),
about 13 miles west of homestead.

Figure 2. Herrod's Tank - Basal Cretaceous sandstone with
plant fossils (Longsight Sandstone) at base of tank;
overlain by bentonitic shale (Wilgunya Formation).
Buckingham Downs Station, 19 miles south-west of
homestead.
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The Longsight Sandstone is a quartz éandstone, very
fine to médium—grained, red, brown or white in colour; in .
most -places it&s ferruginous and micaceous. and in some places
it is silty, the base is usually conglomeratic. A complete
section is not exposed in any one locality, but the following
sections are typical:

1. One mile east of Herrod's Tank (B373 Run 4, photo 5109).
Top - 10 feet: Siltstone (?radiolarian), white, purple

and yellow brown (Wilgunya Formation

10 feet: Quartz sandstone, felspathic, white, fine-
grained with pebbly bands and sandy silt-
stone. (Wilgunya Formation).

10 feet: Slltstone, sandy brown (Wilgunya Formation).
conformably overlylng

30 feet: Quartz sandstone, red, fine-grained, well-
sorted, well rounded grains with ferrugin-
ous coating; Ifriable and porous; contains
worm burrows (Longsight Sandstone - upper-
most part).

. .
o.M Herrod's Tank (see fig.2, plate 6).

Top -~ 10 feet: ay (? bentonitic), blue-grey (Wilgunya
Formatlon)

5 feet: Quartz sandstone, yellow, fine to medium-
grained, well rounded, well sorted,
ferruginous, with some siltstore beds.

5 feet: Quartz sandstone, red, as above with
pebble lenses.

10 feet: Siltstone, purple, micaceous and guartz
sandstone, felspathic, fine to medium-
grained, micaceous; well sorted and rounded;
rhythmic deposition. Plant fossils.

5 feet: Quartz sandstone,purple, poorly sorted,
subangular, pebbly with clay pellets and
current bedding.

Probably overlies Njinmaroo Limestone unconformably as
the tank is a failure and it is reported that when the
tank first began to fill with water, the bottom
collapsed into a big cave - this was covered by silt
when visited in 1957.

3. 4 miles west-south-west of Alderley Homestead.

25 feet: Siltstone red, purple or yellow, silty
sandstone and gquartz sandstone, fine-
grained, micaceous (Wilgunya Formation)
conformable, overlying,

55 feet: Quartz sandstone, red and purple, well
sorted, rounded, fine-grained, ferruginous
with clay and silt pellets - and stringers;
the sandstone unconformably overlies dolomi-
of the Ninmaroo Limestone, exposed 2 miles
farther south-west.,
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In the eastern and central part of the Sheet, the
following sectidns illustrate the lithology.-

A 95 foot section on the south side of EBastern Creek,
3 miles south-east of Datchet Downs Homestead shows - '

Top - 15 feet: Quartz sandstone, white, silicified with
scattered quartz pebbles.

2 feet: Conglomerate, composed of rounded cobbles of
quartz, quartzite, and quartz tourmaline in
a quartz sandstone matris. :

40 feet: Quartz sandstone, ill-sorted,; grading to fine
conglomerate with few cobbles and boulders up
to 18 inch in diameter.

5 feet: Quartz sandstone, ferruginous and micaceous,
with well rounded and well sorted quartz grains

foot: Conglomerate.

2 feet: Quartz sandstone, coarse ferruginous.

‘17 feet: Sandstone and conglomerate rubble with some
outcrops of white quartz sandstone.

8 feet: ©No outcrop.

3 feet: Quartz sandstone, white, micaceous, well
rounded and well sorted grains.

2 feet: Conglomerate, with pebbles of quartz and
quartzite in a ferruginous sandstone matrix.

e Angular Unconformity-——-=—-—=————ww—m
Ninmaroo Limestone (Ordovician).
Although the top of the formation is not exposed the
Wilgunya Formation overlies the Sandstone one quarter of a milr
to the east, where it. is evident that less than 20 feet of
section is missing in this area.
One mile north of Momedah Creek at B320, 95 feet of
section overlain by 30 feet of siltstone is exposed as follows:
Top - 20 feet: Siltstone, brown, sandy.

10 feet: Siltstone, white massive (Wilgunya Formatién)
with fossil Maccoyella.

45 feet: No outcrop. Rubble of ferruginous sandy siltst~

35 feet: Conglomerate consisting of well-rounded quartz
. and quartzite pebbles in a ferruginous quarty
sandstone matrix.

15 feet: Quartz sandstone, medium-grained micaceous,
cross bedded with indeterminate plant remains

Gola Beds (Upper Cambrian Limestone).
Lenses of siltstone and sandy siltstone occur within
the sandstone in creek sections near this locality.

In the bed of Momedah Creek, south-west of the Momedah
Anticline, quartz sandstone with indeterminate plant remains,
micaceous quartz sandstone, fontainebleau sandstone, and conglomn-
erate with angular pebbles are exposed. The creek bed is con-
stricted along this stretch and the outcropping permeable sand-
stones probably form intake beds for the artesian'aquifer to
the east. '
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Pebble and boulder conglomerate ranging in thickmess
from a few inches to 20 feet overlies an irregular surface of
Lower Proterozoic rocks north-east of Burnham Homestead, on the
Duchess Sheet and extends south to the Boulia Sheet; pebbles ar
mainly quartz and quartzite but in places boulders up to 12 fer
across occur. The matrix of the conglomerates is dominantly
well rounded micaceous quartz sandstone but it varies accordiﬁg
to the nearby basement rocks. The underlying mica schists givé
a matrix consisting mainly of mica, and pegmatities contribute
large amounts of mica and felspar.

A small area of flat-lying, leached and lateritized
sediments unconformable on Precambrian rocks occurs two miles
north-west of Buckingham Downs Homestead.

' The following section was measured:

Top - 5 feet: Conglomerate, light grey to purple, with fine
- to medium grained sandstone matrix; conglomerat-.
contains Cambrian chert pebbles.

5 feet: Siltstone, silicified, light brown and grey.

10 feet: Siltstone, as above, with sandstone, fine-
grained red-brown becoming purple near top.

2 feet: Sandstone brown and red, fine-grained, arkosic.

3 feet: Conglomerate, arkosic with chert, granite,
quartzite pebbles.

Precambrian granitic gneiss.

Dr. apik (pers.comm. ) has found indeterminable plant
fossils in these rocks at Sulieman Crecks; the conglomerate con
tains angular pebbles of chert with Cambrian fossils. These
sediments probably represent the marginal variation of the
Longsight Sandstone.

The authors interpret "the small outcrop of gneiss at
the base of Black Mountain" reported by Whitehouse 1956,p.69, as
being a boulder from the Longsight Sandstone.

Bores show that the Sandstone underlies Lower Cretac-
eous fine-grained sediments wherever they occur east of the Burk:
River. Bast of the Hamilton River the sandstone forms the main
aquifer of that part of the Great Artesian Basin which occurs in
and around the Boulia 4-mile area.

The Longsight Sandstone being a well sorted, coarse

. sandstone, current-bedded with some plants and shallow-water

fossils was deposited in shallow water. larine fossils were
found near Big Sandy Creek in the Duchess 4-mile Sheet area,
about 4 miles north of the northern boundary of the Boulia 4-mil-
Sheet. Some of the sandstone beds, particularly the basal beds
which overlie Lower Palacozoic and older units, may have been
laid down in a lagoonal or estuarine environment- as indicated
by plant fossils. |
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Plant fossils have becen found in purple siltstone
at Herrod's Tank, and at G11, 10 miles north-west of Herrod's
Tank (See Appendix B.) and at G139 (1% miles north of Yarrie,
Rockhole in #hite giltstone; the last two localities are on tho
Glenormiston Sheet. These plant-bearing beds may belong to a
slightly older unit than the Longsight Sandstone, but the
plants probably were washed into estuarine conditions prevalent
at the margin of the formation.

The thickness ranges from a few inches near the nortb
ern margin of the Boulia 4-mile area,to about 290 feet in |
Lucknow No.3 Bore in the south-ecast corner of the area; about
95 feet is the maximum thickness exposed.

Bore records indicate that the Longsight Sandstone
extends over much of thc castern part of the Boulia area at
depth. Figure 7 shows the subsurface thickness of the Longsighi
Sandstone from bore records. A comparison betwecn this figure
and figure 8, which shows the structure contours at the basc of
the Cretaceous, verifics the conclusion that the unit thins
over bascment ridges, indicating that these ridges were in
existence at the time thc formation was deposited; the anti-
clinal trend lines indicate edges of the subsurfacc ridges and
not structural features developed aftcr the deposition of the
two units.

The Lengsight Sandstone is believed to be Lower Cre-
taceous in age. Lower Cretaccous Wilgunya Formation overlies
the Longsight Sandstone conformably, and ?Cyrenopsis sp. of
Lower Cretaceous age wgs found in micaceous sandstone necar Big
Sandy Creck 4 miles north of the boundary of the Boulia 4-mile
area, and other fossils were found on the western margin of the

Sheet. The determinations are given in Appendices B. and C.

' The plants have a range from Upper Triassic to lower Cretaccous,
and the marine pelecypods arc lower Cretaceous, prebdminantly
the Roma Formation type. Elsewhere in thce Great Artcesian Basin
it has been established that a large marine transgression began
in late Jurassic time, and culminafed in the lower Cretaceous.
The rocks of the Longsight Sandstonec werc apparently deposited
close to a shore-line; so the formation is probably transgress-
ive in both timec and space. A relation can thus be postulated
with the Blythesdale Group, both units lying in about the same
stratigraphical position with the top of the Longsight bcing
younger than the top of the Blythesdale. A complete correlation

cannot bc made with the whole of the " Blythesdale, for Whitehous:
(1954) referred to several sandstones and intercalated shales

forming a group, not a formation.
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PLATE 7.

Figure 1. Small mesas of Wilgunya Formation with flat tops
formed by siliceous beds. View from near Momedah
Creck to the west towards the Black Mountain ridge
in background.

Figure 2. Small rounded buttes of Wilgunya Formation,
two miles south of Brighton Gap on St.Lucia
Station. Here white siltstone (probably,
radiolarian bearing) overlies a bench of
ferruginous (?glauvconitic originally)sandstone
of the Wilgunya Formation.
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Wilgunya Formation: (Casey, 1959)..

The Wilgunya Formation consists of a sequence of clay-
stone and siltstone with some sandstonc and sandy siltstone which
overlies the Longsighf Sandsfone,conformably and forms an imperzy
ecable covering to the Great Artesian Basin aquifers, and which
thickens to the south and south-cast. '

The name is derived from the west-flowing Wilgunya
Crecek thch joins the Hamilton River north of the Hamilton Hotel.
The fype section lies eight miles north-cast of Dover Homestead
at latitude 22°327S., longitude 140°50'E.

Over most of the castern half of the Boulia 4-mile
arca the Wilgunya Formatio:n forms rolling soil-covered plains.
Latcrite cappings near thce fastern margin of the area form flat-
topped hills about 60 fcet to 80 feet above plain level. On the
western side the formation forms latecritized rises and low
scarps. Outcrops of the fresh rock are rare: they occur in
steeply incised crecks and on the sides of laterite-capped hills.
Bores show that the characteristic blue cléy of the formation
underlies younger rocks in the southcrn part of the Boulia
4-mile arca and extends in a large tongue, northwards, undcr the
broad valley of the Burke River. The lecached and -silicified
siltstone forming hilltops grade downwards into the blue
"claystone.,* Other outcrops occur in the west as a belt 20 miles
wide cxtending from Valley Creek in the north to the edge of the
sheet in the south; this belt is strongly disscected in the
north and moderately dissectcd in the south. Outcrops occur at
the De Little Range and as low rubblc-covered hills to the west.
In the centre and eastern part of the arca, outcrops extend from
the Sheet boundary in the north to Cazna Downs in the south.
They form dissected plateaux with steep escarpments on the east-
ecrn sidc, e.g. Brighton Gap arca. Latcritized outliers cast of
the escarpment form stecp-sided buttes and hillocks (see figures
1 and 2, plate 7). .Two inlicre of the formation occur west and
north-west of Black lMountain in Noranside Limestone.

The lithology is predominantly'a poorly indurated
claystone with irregular lensces of siltstone up to 30 feet
thick; +the lenscs arc preval=nt on the west side of the Hamilton
River; they -are not mapped separately but included in the
Wilgunya Formation. A large lens of limestone which crops out
along the eastern bank of the Hamilton River was mapped separate-
ly as the Toolebuc Member. Cypsum veins and crystals are common
in the claystonec.
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The 120 foot section exposed eight milcs north-ecast
of Dover Homestead is thﬁlty e locality, and a further 630 feet
ear
has been penctrated in the TeﬁLMile Bore. The section ir

descending order is: -

8 feet: Ferruginous laterite cap

20 feet: Claystone and siltstone, silicified and
mottled.

5 fect: Claystone, red-brown, hard.
15 feet: Claystone, white massive, no limonite.

20 feet: Claystonc, white and grey, greasy with
limonite disc-shaped conrretions up to
18 inches in diamater.

6 inch: Limonite band.

25 feet: Siltstone, massive white with barytes
nodules and irregular limonite veins.
Sample B731).

20 feet: No outcrop, clay and siltstone rubble.
10 feet: No outcrop.

The bottom of this section finished at the Ten Mile Bore, the
log of which gives a section of the rest of the formation:

10 feet: Soil and clay.

70 feet: Clay, yellow (may include Toolcbuc Nember)
20 feet: Shale, blue.

530 feet: Shale, black with some sandy lenses.

60 feet: Sandstone - Longsight Sandstone, aquifer.

At B195 in thc south-east corncr of the Sheet,necar the
Lucknow to Springvale road,a 90 foot section of horizontal beds
was measured in a hill cappcd by silicified sub-soil breccia.
The top 70 feet werc siltstone overlying 20 feet of claystone
containing gypsum plates,with a prominent one foot bed of brown
sandstonc at the base. Although the 1953 Queensland Geological
Map shows Upper Cretaceous Winton Formation in this arca, we
have not becn able to rccognise the Winton unit in the area
mapped on the Boulia Shcct, however, the top 70 feet which
contains ferruginous concretionary silstone and ?glauconitic
sandy siltstone beds, maybe thc Winton equivalent.

The rocks underlying this section form rolling soil-
covered plains; the few exposures secn are of blue clay with
small lenses of sandy limestone and laminated siltstone. Small
irregular gypsum veins and calcite nodules up to one foot in
diameter are common in thce blue clay. Bores within seven miles
to the north, west and south of this locality have penetrated
more than 1000 feet of bluc clay with intercalated thin
sandstone beds.,
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Ten miles north-east of Toolebuc Homestead,a similar
60 foot thick section of siltstone and claystone, with gypsum
plates occurs; it is capped by 5 feet of laterite.

The Wilgunya Formation thins from 750 feet at the
type locality east of the Hamilton River, to 155 feet in Carbo
Bore (7 miles north-east of Pathungra Homestead) and to 120 feet
further west at B705 afd B706 on liomedah Creek, half a mile west
of Momedah Anticline; it thickens again west of Black Mountain
and thins further west near Alderley Homestead; the No.3 Bore,
in the south-east corner of the Sheet, where 1140 feet of "Shale’
(drillers terminology) was penetrated before entering "sandstone
and clay" of the Longsight Sandstone aquifer. Thelithology
also changes from predominantly claystone in the east,ﬁo silt-
stone and sandy siltstone with thin, but prominent, bench-
forming sandstones in the Momedah area.

The 120 foot section at B705, Momedah Creek is typical
of this change in lithology:

Top 80 feet: Siltstone, white, massive.

3 feet: Sandstone (B706 sample), fine grained,
ferruginouvs, bench-forming.

5 feet: Siltstone, purple and white, sand grains, some
?radioleria.

5 feet: Claystone (B705c sample) grey, foraminifera.

2 feet: Sandstone,Medium—grained, grey, no glauconite,
bench-forming.

10 feet: Claystone (B705b), grey with gypsum crvstals,
foraminifera.

2 feet: Sandstone, medium-grained, white, well-rounded
grains.

10 feet: Claystone, (B7050) benthonitic, grey with gypsum
veins, forams.

The base is concealed by alluvium, but two:miles north
of here at B152, 60 feet of a similar section overlies 25 feet
of Longsight Sandstone consisting of red, ferruginous, feld-
spathic sandstone with a coarse (6 inch cobbles) conglomerate at
the base. At B152,the top-massive siltstone is only 20 feet
thick but the thin bench-forming sandstone below the siltstone
still persists, and can be used as a mapping marker in at least
the lMomedah-Brighton Gap area.

At B150, 17 miles north-north~west of Warenda,95 feet
section predominently of white, yellow or ferruginous siltstone
was me%suregyoverlvta_ a bench formed by one foot of sandstone
with 20 feet of claystone at the base; this section is import-
ant as the siltstone bed immediately above the sardstone bench
contains marine Cretaceous pelecypods and gastropods(B150a).
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For nearly fifty miles along the escarpment which
trends parallel to, and 5 to 10 miles west of the Hamilton
River, the sections are similar, with a massive siltstone unit
up to 80 feet thick,on ‘top overlying a strong bench-forming
3 to 5 foot thick ferruginous sandstone unit (which may have been
glauconitic belore weathering) and this in turn over about 20
feet or more of claystone; in some exposures the underlying
Longsight Sandstone is visible at the base below the claystone.

On the west side of Black Mountain,the section is
similar to that at Momedah Creek, except more siltstone and sand
stone occur.. A representative 95 foot section, 3 miles north
of Pyalong Bore (Fort William Station) is as follows:-—

Top 65 feet: Siltstone, white, grey or ferruginous, sandy,
micaceous.

10 feet: Sandstone, yellow, brown, silty, forms marked
bench.

5 feet: Siltstone, white and grey, sandy.
2 feet: Sandstone, white micaceous.
10 feet: Siltstone,sandy, micaceous.
3 feet: Sandstone, brown, micaceous.
Base covered by alluvium,

Further west in the Stockport, Maryvale, Alderley
area, the Wilgunya Formation forms a similar escarpment range
as 1t does near lMomedah-Brighton Gap,and Dover Homestead -
Lucknow areas. In this western area (Alderley) the unit becomes
thinner (about 50 feet exposed) g%th siltstone and sandstone
interbeds,and much of the section/characterised by silty sand-
stone or sandy siltstone beds. A representative 55 foot section
is exposed 4 miles west of Bengeacca Bore, Alderley.-

20 feet: Siltstone, brown, yellow or purple, sandy.
2 feet: Sandstone, fine-grained, silty.
5 feet: Siltstone, multicoloured, sandy.
3 feet: Sandstone, red-brown, fine-grained.
20 feet: Siltstone, multicoloured, some beds sandy.
5 feet: Sandstone, yellow-brown, medium-grained,
welklsorted, micaceous.

At the De Little Range the section is predominantly
siltstone, 55 to 70 feet thick, capped by 5 feet of chert PQK
breccia which is silicified and mottled (Plate 8, figure 3@,
with the basal beds containing veins of gypsum,which on weather-
ing appear likesoft "fossil wood"; the basal unit at De Little
Range 1s separated by a thin coarse conglomerate form the under-
lying Pomegranate Limestone
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One mile west of the Dam Bore, Stockport, 75 feet
of siltstone, sandy siltstone,and sandstone cropc out, and the
bore log suggests a further 170 feet of Wilgunya Formation.

_ Except at the Momedah Anticline and inthe hills west
of Alderley Homestead, the Wilgunya formation is either gently
folded with dips of one to two degrees, or else it is horizontal.
It has been affected by the fault at Momedah giving dips of up
to 60 degrees near the fault; dips up to 25 degrees to the
gast occur west of Alderley where the sediments have been
draped over a Palacozoic high and has becen folded along rejuve -
ated older fold or fault lines.

Very few macrofossils have been collected from the
Wilgunya Formation excepd% in the Toolebuc Member; +the macro-
fossils have been found in sandstone, sandy siltstone or silt-
stone beds and not in the claystone. ZEvidence for the Lower

Cretaceous age of the macrofossils is given in Appendix C.

_ Casey (1959)
Toolebuc Member (of the Wilgunya Formation) -

The Toolebuc Member consists of laminated and thin-
bedded sandy calcarenite calcarenous siltstone and coquinite
within the Wilgunya Formation; many calcareous'concretions"
weather to the surface.

The name is derived from Toolebuc Homestead, which
is near the north-eastern corner of the Boulia 4-mile sheet area.

The Toolebuc Member crops out along a broad belt one
to four miles wide, which follows the eastern bank of the
Hamilton River. It is poorly exposed and forms rolling soil-
covered plains which usually have numerms scattered concretion-
ary bouldere on the surface. In places the outcrop is marked by
low yises and ridges.

At the junction of Warburton Creek and the Hamilton
River the member consists of a laminated and thin-bedded sandy
calcaraite and coquinite. A prominent feature of the limestone
is the spherical boulders which weather out at the surface.
These boulders always show traces of the original bedding but arec
more compact than the cenclosing rock. They show no signs of
concretionary structure and are probably formed by solution
and re-deposition of calcite after diagenesis.

Slumped beds of calcarenite showing dips of up to 80°
occur in areas of horizontal bedding, e.g. two miles east of
ABC bore on Lorrett Downs Station.
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In outcrop the thickness of the member is probably
nowherc nore than the 30 feet measured in low rises on the east
side of the Hamilton River near Toolebuc Homestead and on the
Hamilton to Winton Road. The member is a lens within and

confgrmable with the claystone of the Wilgunya Formation.

probably
It is not recorded as any lithological or drilling change in the
drillers logs of water bored, but as it contains a uranium
mineral on the fish scales and bones which gives the rock a
three to four times background count, the member should show

well on a gamma-log of the water bores.

The member occurs near the western edge of a marked
and continued, eastward thiclkening of the Wilgunya Formation,
and the member may mark the cdge of shallow watcr conditions
on the western margin of the Great Artisian Basin and represent
an off shorec bar, or zone with prolific organic growth in an
otherwise muddy seca. '

Thc Toolebuc Member is lower Cretaceous with an
asscmblage similar to the Tambo Formation; it is richly fossilif--
erous with many Inoccramus shells and plates, some ammonites and
Auccllina, foraminifera (Globigerina) and radiolaria. Sece

Appendix A and C for furtlier descriptions.

ReiatLUnshiﬂs of the Cretaceous Formations.

The two dominant lithologies of the Lower Cretacecous-
the sandstone of the Longsight Sandstoncs;and siltstone/claystonc
~ of the Wilgunya Formation, form a variable, and in placcs mixed
scquence in differcnt parts of the Boulia 4-mile area.

Longsight Sandstonc: the sands and conglomeratc with,
in places, silty penses of the Longsight Sandstone are trans-
gressive over an irregular prce—-existing land-surface of Pre-
cambrian and lower Palacozoic rocks:s they rcepresent a shore-
line deposit of an advancing seca (advancing from thc south-cast,
whieh swgmped lacustrine and brackish watcr lakes that formed
on the land surface before the advance of the sea; in these
lakes were trapped thce plants and wood now found in some out-
crops. The sca first covercd the southern and eastern parts of
the Boulia 4-mile arca, cxtended north in the valley where the
Burke River now is; and finally covered the higher land in the
west andthce ridge of Lower Palacozoic rocks in the centre. As
the sea deepened or transgressed, finer sediments of the
Wilgunya Formation formed owvcr the coarscr marginal scdiments
of the Longsight Sandstone. Thc age of the Longsight is
expected to varys; it will be older in the central part of the
Great Artesian Basin and in the lakes cxisting on the margins
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prior to their inundation. by the sea,end will be youngest at
the points of farthest extent of the transgression particularly
wherq,overlain by Wilgunya Formation. In the Boulia arca, we
may c¢xpect the age to‘vary from Upper Jurassic, where isolated
lakes occurred,prior to the scas transgressiony to lower
Cretaceous (Aptian) as the sea reached its widest transgression

Wilgunya Formation: it is thickest in the south-cast
where claystones predominate, thins towards the centre of the
arca where siltstones and sandy siltstoncs occur,and pinches
out over the Burke River Structure and in the¢ west,where sandy
siltstoncs predominates; it also cxtends northwards under recent
deposits in the Burke River valley.

Except in the Toolcbuc Member, macrofossils are not
common .in the Wilgunya Formation. Whitehouse (1954) referred
to clays of the Tambo Formation forming the margin of the Great
Artesian Basin in the Boulia area; thesc clays would be the
Wilgunya Formation. The pclecypods and gastropods collected
from the Wilgunya Formation (stratigraphically below the Toolehr
Member) suggest a Roma rather than Tambo age, whercas the
Toolebuc Mcmber fossils suggest a Tambo age. It is possible
that thce Toolcbuc Member represcnts the break between Roma and
Tambo forms, but the Wilgunya Formation on prcsent knowledge
can not bce broken lithologically into two scoarate units, thc -
onc bclow the Toolcbuc with Roma-type macrofossils,; the other
above thc Toolebuc with, at precsent no macrofossils.

Further work in 1958 found ammonites in tho south-wes:
continuation of thce Toolebuc lMember onto the Springvalc and Mt.
Whelan 4-mile Sheet: these ammonitcs may accurately datc the
Toolcbuc age.

Miss Crcspin (pers.comm.) has not yct bcen able to
show differenqost%p,the microfossils from either the Roma or:
in eir
Tambo Formation/type arcas or from the Boulia area. Her

detcrmination of the microfossils is given in Appendix A.

Until more detailed palacontological and gcological
work is done in the Boulia area, or until mapping has positivel;
traced the units through to thce Roma and Tambo typc arcas,
Whitehouse's lower Crctaccous divisions cannot be used in the
Boulia arca; undoubtcdly the Wilgunya Formation is the latcral
continuation of part, or both of the Roma and Tambo Formations,
and thc Longsight Sandstone is related to all or part of the
Blythesdalce Group, but which in places contains Roma-typc
fossils.,
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TERTIARY

Marion Formation (Casey, 19%9).

The Marion Formation consists of silicified sandy
quartz siltstonc resting unconformably on lateritized Cretacecou.
Wilgunya Formation. Its top is the present erosion surface.

The Marion Formation is named from Marion Downs
Station, 40 miles south-south-west of Boulia; +the hills west
of the station are capped by the formation.

The rcference section is 5 miles north-~west of
Strathelbiss Homestcad,14 miles north of Boulia, and one and
a half miles east of Six liilec Creck, at Latitude 22°%441 souti.,
Longitude 139°47 ' cast.

The formation crops out as a north-south bclt extend-
ing from Windsor Park in thc north to Boulia in the south,
along the west bank of thc Burke River; the maximum width is
about 7 milcs. It is separated by the gravels and alluvium of
the Burkc and Georgina Rivers from the hills on Marion Downs

Station west of the Gecorgina River.

Rounded pebbles of wecathered Marion Formation blanket
the arca, and it is pebblcs of this formation that form most of
the gibber plains south towards Lake Eyre. Thc formation pro-
duces an * mdulating, partly dissccted grassy platcau with
gentlc slopes. In places the underlying siltstonce of the
Wilgunya Formation is exposed. To the west of the main arca of
outcrop, the Marion TFormation and part of the underlying Crctac
cous siltstone have largely been stripped by Mucklandama and
Limestonce Crecks, lcaving rcsiduals of si’tstone cappcd by the
Formation. Rubble derived from the sandstonc of thce formation
1ls spread over the intervening low country.

. Thc unit consists mainly of sandy siltstonc containirg
sand grains which vary from fine-grained to coarsc-grained; thc
sand grains vary in conccntration so that in placcs the rock
becomes a silicified sandstone or silty sandstonc. The sand
grains arc sub-angular to sub-roundcd, some of which arc froste”?
Chemical analysis of the "silt" matrix shows a low pcrcentage o
argillaccous mattcr - most has apparently becn rcecplaccd by
silica, as in all localities the rock is strongly silicificd
and much of it is ferruginizcd. Thc rock brcaks clecanly, has a
vitreous lustre, and gives the goncral appearance of a "billy'.
Where it is ferruginous, thin sections show that the deposition
of iron oxide preccedcd silicification: individual grains are
coated with iron oxidcs a silica mincral (with thc fibrous
pattern of chalcedony under crosscd nicols but with the reclief

of opal) fills the intcrstices.
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Although in hand specimen the rocks resemble a
"quartzite® and . break evenly through grains and matrix,
it is a silicified sandy siltstone and there is no optical
continuity nor intergrowth between the grains and matrix.

Good outcrops of the rocks occur throughout the arca.
About 20 feet was mcasurced on the west bank of the Burke River,
three-quarters of a mile north of Corrie Downs and five feet 1is
cxposed overlying a "laterite" devcloped on Cretaceous siltstone
in a gully crossing the Fort William to Ninwaroo road, two miles
south of Fort William Hymestcad. Conifcr wood occurs in the
five fecet of cxposcd formation five milcs north-west of
Strathclbiss Homcstead wherc it again rcsts on latcritized
Cretaceous siltstonc. In the outcrops half a milc south-west
of, and onec-quartcer of a mile south-cast of Edges Bore, and two
miles north-west of Kingdom Bore, Alderley Station, five feet
of, finc~graincd sandstonc overlics five feet of a coarse-graincd
sandstonc containing rounded quartz pebbles, which rest on
latcritised Crectaccous Siltstonc.

At thc typc locality, about 1% miles west of Marion
Downs Hamcstcad at S20 (on air photo 5041, run 5, Mt.Whclan
Sheet), 20 fect of section was mcasurcd; the silicificd silty
sandstone at'thc top gi&es an "ant hill"-like wcathcred appcar-
ancc, the structure of which may havc an algal origin. The
basc rcsts on an croded, silicified and ferruginised Crctaceous
siltstonc with picces of this siltstonc in the overlying Marion

Formation.

Most of thce "gibbers" over the plains south of Boulisa

arc disintegratcd Marion Formation.

The Marion Formation forms a.médium to thick bcdded
dcposit with somc current bedding,with a vcry coarsc sandstonc
at the base. Jointing produccs a blocky surfacc and the cffect
of wcathcring on the blocks produces rounded detrital material,

The formation is sub—horiZontal and unconformably
overlies the Cretaccous Wilgunya Fofmation, which was lateritiscd
and partly eroded before the deposition of the latcr scdiments.
The rclationship of the sandstonce to the Noranside Limcstonc,
which was deposited to thc east, is not clear as the contact ‘is
obscurcd. by thce alluvium of the Burkc River. On Windsor Park,
wiere the two crop out together, the. boundarics arc obscurcd
by rubble, but the Noranside Limestonc at lecast in part, over-
lies the karion Formation.,
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The formation is considered to be a freshwater and
geolian deposit derived from streams draining from the Cretac-
eous clastic rocks in the west into a Tertiary lake which
covered much of the western part of the Boulia 4-mile sheet.

The maxiﬁqm thickness observed is 10 feet, but a
total thickness of 30-50 feet is estimated. There is insuffic-
ient evidence for any correlation of the Marion Formation with
existing Tertiary formations although it is lithologically
similar to the Eyrian Series as developed near Lake Eyre in
South Australia and to the Moonie Formation of the Inglewood
(S.E. Queensland) area.

