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INTRODUCTION

The area covered by the Tobermory Four-Mile Sheet
is bounded by the meridians of 136 degrees 30 minutes and
138 degrees of Zast Longitude, and the 21st and 22nd paral-
lels of Bouth Latitude. The area is sparsely inhabited
with a total white populaetion of about 30. 'Nearly all of
these are engaged in some section of the pastoral industry,
producing. cattle for beef. The area has four cattle
stations (Tarlton Downs, Marqua, Tobermory and Manners
Creek), one small Quarantine Reserve and a few Grazing
Licences. Some of the area is not used for pastoral pur-
poses.,

Access is provided by the southerly one of the
two main routes from Alice Svrings to Mt Isa; this road has
a formed, earth surface and it is usually impassable for
several days after heavy rainfalls, From this road a net-
work of station tracks leads to bores and other watering
places for stock. Large parts of the area have no access
roads or tracks,

A1l of the station homesteads have transceivers
which are linked, according to proximity, with either the
Cloncurry or the Alice Springs Base Stations of the Royal
Flying Doctor Service. This Service provides prompt medical
attention and transmits and receives telegrams. Tarlton
Downs, Marqua and Tobermory Stations have aerodromes
suitable for light aircrart.

Water for stock and for domestic purvoses is obtained
mainly from bores; there are also several dams, earth tanks
and waterholes, The largest of the waterholes is Cock-
roach Waterhole which lasts for about eight months after
being filled.

The courses of the larger streams are lined with
tall eucalypts; elsewhere, vegetation is generally sparse
and consists mainly of low gidyea, bloodwood and mulga trees and
many varieties of stunted shrubs. Large areas are covered

by spinifex., ced/2
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The climate is one of short, mild winters and

long, hot summers. The swmmer temperatures frequently
exceed 100 degrees Fahrenheit for vperiods of weeks and be-
cause of such conditions it is advizable to do field work
between the months of Mey and Sevtember. The average annual
rainfall is about ten inches and although most of this falls
in summer months it is not uncommon to get rain in June.
The reliability of rainfall is generally low, and droughts
are frequent. The prevailing wind is from the south-east
and in times of drouvght this wind is heavily charged with
sand and dust.

The two most vnrominent topographic units are the
flat-topned, heavily dissected Tarlton and Toko Ranges;
these rise 180-250 feet and 200-400 feet respectively above
the level of the surrounding land. The remainder of the
area consists of gently-undulating country dotted with small
peaks and mesas. In 1959, 3urveyors from the Department
of the Interior obtained levels along the main road which
crosses the area, along Arthur Creelr and the Hay River, and
along the road from Goatyard Bore to Yardida Bore (which is
on the adjoining Hay River Ffour-Mile Sheet). These levels
show ~

(a) On the main road, the highest elevation is at Sur-
vey FPeg 60-18 which is locuted north of Mt Guide.

At this neg the elevatlion is 961 feet above mean

sea-level and the land slopes from here to Tober-

mory homestead whose altitude is 551 feet. from
peg 60-18 the land slones also to the road crossing
of Arthur Creek where the elevation is 870 feet
above mean sea-level.

(b) OSurvey Peg 61-8, located 1 mile north of No, 8

Dam, is near the divide between the north-flowing

Bloodwood Creek and the south-flowing Dinner Creek.

The land falls from 803 feet at this veg to an

altitude of 561 feet at Goatyard Bore.

VE'
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No levels are available for that part of the’

area which lies north of the main road, and there
are too few clearly-defined streams to give a
reasonable indication of a topographic basin which
may occur in that area,

GEOLOGICAL INVESTIGATIONS

In the late 19th éentury the explorers Barclay,
David, Hodgkinson, Lindsay and Vinnecke journeyed through
various parts of the area. Before 1958, geological investi-
gations were of a reconnaissance nature only; Vhitehouse

(1936) published a sketch mav of part of the area, and Madi-

gan (1937,a) and Hossfeld (1954) referred to the general geology

of the area, Noakes (1956) and Casey & Tomlinson (1956)
published accounts of the seology of separate parts of the
Tobermory Four-Mile Sheet.

In 1958, Casey and Pritchard manped the Toko Range
area of the Sheet, and Condon and Smith reconnoitred,tpe
southern vart of the sheet. |

In 1959 a field party consisting of K.G. Smi%h,
P.W, Pritchard, D.R. Yoolley, R.R. Vine, D.J. Forman and
AR, Jensen mapped the remainder of the Tobermory Four;Mile
sheet. The 4-mile map and these notes are based mainly on
the work of that narty.

oince 1954, Miss Tomlinson and Dr A.A. Opik have
examined fossil material collected in the area and havé
determined the age of the Lower Palaeozoic formations..

GEOLOGY

On the Tobermory Four-lMile Sheet there are out-
crops of Archaean metamorphic rocks, Lower Froterozoic gramte,
and sediments of Upper Proterozoic, Cambrian, Ordovician,
Permian, Cretaceous and Tertiary ages. The sediments have

not been metamorphosed.

(1) Precambrian Metamorphic and Tgneous Rocks

(a) Archaean. Outcrops of Archaean rocks are con-

fined to the south-western guadrant of the Sheet, either

.../z}
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in small neaks surrounded by sand plain or in low
mesas, There are = few sharp ridges which are the
exnression of fault traces.

The rocks are regionally-metamofphosed psammitic
and pelitic sediments. The lithologies include mus-—
covitebchist, biotite-quartz schist, biotite-quartz-
chlorite schist, quartz-hornblende schist, quartz-feld-
spar biotite gneiss, gquartz-feldspar-muscovite gneiss
and a quartz-feldspar-chlorite rock which is roughly
foliated.

Outcrops are too svarse 1o enable a reliable pre-
diction of regional structure. Observations on available
outcrops suggest that the regional strike is 320 degrees;
observed dips are generally steep.

The age of the metamornhic rocks is assumed to be
Archaean. The rock types and the degree of metamorphism
are very similar to those found in metamorphic rocks
mapped on the adjoining Huckitta Four-Mile Sheet (Joklik,
19553 Smith et al., 1960, unpubl.). On the Huckitta
Sheet metamornhic rocks are regarded as belonging to the
Archaean Arunta Complex; granites which intrude them
have been dated, by Potassiuwn-Argon ratio methods, at
1400-1500 million years (Hurley, “alpole and Smith, in
nress). This age, on current practice of the Bureau of
Mineral Resourcés, Geology and Geophysics, is Lower
Proterozoic, Therefore, the Arunta Complex, and its
correlates on the Tobermory TFour-kile Sheet, are fegarded
as being Archacan in age.' No age determinetions have
been made for granites which intrude metamorphic rocks
onn the Tobermory Sheet.

(b) Lower Proterozoic, Rocks which are assumed 1o be

of this age consist of granite, with a few pegmatites.
Outcrop generally is poor, low and svarse, but a few
small peaks cccur. several types of grecnite have been
mapped; the dominant one is a leucocratic,; coarse-

1ii/5



~

(2)

5.

grained, muscovite granite which is poorly foliated.
Other tyoes include very coarse-grained porphyritic
granite and medium-grained, even-textured, leucocratic
granite. Numerous fine-grained granitic dykes cut the
granite bodies and there sre a few discordant pegmatites.
No workable mica-bearing pegmatite was mapped in the
gsouth-western quadrant of the 3heet, where most of the
granite crops out.' In the south-eastern quadrant, one
pegnatite has been worked for muscovite; the workings
are not extensive, This negmatite is located about 6
miles west-north-west of Craigie Dam.

The age of the granite is incompletely known;
it intrudes rocks believed to be of Archaean age and is
overlain unconformahly by unmetamorphosed sediments of
Upper Proterozoic age. Therefore the age of the granite
on the Tobermory Sheet is believed to be Lower Protero-
zoic,

vedimentary Rocks

(a) Upper Proterozoic. In rocks of this age one

Formation and one set of Beds have been mapped. These
are the Grant Bluff Formation and the Field River Beds.

The Field River Beds (new name) are the oldest of the

Upper Proterozoic sedimentary rocks exvosed, They have

been named and defined from the Field River area on the

adjoining Hay River Four-lile Sheet which the field vparty

also mapped during 1959. On the Tobermory Sheet the

distribution of the Field River Beds is confined to

the following -~

(i) South-eastern area. Extensive, low outcrops in

the area between Red Heart Bore and Craigie Dam.
In the tyve area the thickness of the Field River
Beds is 3650 feet; the basal unit consists of
boulder beds and green siltstone and this is suc-
ceeded by a sequence of arkose, dolomite, shale,
siltstone and qguartz greywacke. On the Tober-

mory Sheet the . top part only of the boulder beds

..o/6
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crops out and the full sequence of younger units
of the Field River Beds is not present because it
has been eroded prior to the deposition of uncon-
Formably overlying sediments of lower Middle
Cambrian age.
(ii) South-western area. Small outcrons in the base
of the Keewera Ridges and small but strong out-
crops in a fault block on the eastern bank of
Limestone Creek;
(i) South-eastern area. Two part-sequences of the
Field Eiver Beds have been measured near a prominent
mesa located %+ mile east of the junction of station
tracks leading to Craigie Dam and to Noakes Bore,
The sequences are sewnarated by a horizontal distance
of about 900 feet; +this is underlain by green silt-
stone which has been faulted and folded to such a
degree that reliable estimates of the thickness
represented there are impossible. A summary of
the sequences, in descending order, is -
Blue chert of lower Middle Cambrian age unconformely
overlying Segquence é
50 feet of red, thin-bedded, fine-grained
quartz sandstones
80 feet of brown, coarse, dolomitic arkose
with pebbles, cobbles and boulders;
this lenses along strike into pink
and purple dolomite with thin intexr-
beds of hard, laminated medium-
grained purple quartz sandstone;
110 feet of grey, very coarse-grained, cross-
bedded »ebbly arkose;
75 feet of red and yellow dolomitic siltstone;
100 feet of hard, dense, medium-bedded, yellow and
purple dolomites

220 feet concealed:

e/ T



.'J

210 feet of medium-coarse grained, cross-—
bedded, pink and brown, micaceous
pebbly arkose;

720 feet of poorly-outcropping, green, mica-
ceous siltstone with thin inter-
beds of fine-grained, pink arkose;

Total: 1565 feet thickness of part-section
Gap of 900 feet (horizontal distance) underlain
by Sequence I

165 feet of green and grey, umedium~grained,
micaceous arkose with thin interbeds
of green siltstones

185 feet of 1red and yellow, laminated, dolo-
mitic silstone with some beds of
buff dolomite lensing along strike
into dolomitic arkoses;

340 feet of Boulder beds with interbeds of
green siltstone with "tillitic"
texture;

Total: 690 feet  thickness of part-section
The top part of sequence 2 can be identified easily
with beds in the Type Section of the TField River
Beds; +the lower part of 2 and most of sequence 1
cannot be so readily identified with beds of the
Tyve Section but that may be because exposure is
poor in this vart of the Typre Section.
South-Yestern Area. The following sequence has
been measured on the eastern bank of Limestone
Creek; in descending order the sequence consists of -
Blue chert of lower Middle Cambrian age unconformably
overlying :

1 foot of red siltstone;

7 feet of brown, laminated, micaceous grey-

wacke:

9 feet of grey, medium-bedded, cross-bedded

«../8
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silty quartz sandstone with
ripole marks and mud pellets:

190 feet of red, micaceous, laminated, dolo-
mitic silstone with thin inter-
beds =znd lenses of red and purple,
brecciated dolomites

4 feet of dark-brown, medium-bedded, medium-
grained, sandy dolomites

105 feet of yellow, tan and buff fine~grained

- limestone with some sandy lenses
and some thin interbeds of medium-
grained arxose;

94 feet of laminated, flaggy,.&ine—grained
blue limestone, highly micaceous and
containing fragments of reworked red
garnets;:

Total: 410 feet thickness of part-section.
(Base not exvosed).

In the same area there are some arkose beds containing
boulders, and some ®lomitic arkose. These beds
have been strongly disrunted by fault movements.

In the Keepera Ridges, a thiclmess of 960 feet
of the I"ield River Beds has been measured. This
section, in descending order, consists of -
Grant Bluff Formation conformably overlying

635 feet of voorly-outcropping, leached
siltstone, gypsiferous in part,
with lenses of coarse-grained
arkoses

325 feet of poorly outcropning, coarse-grained
grey arkose with some interbeds of
green gsiltstone and some interbeds
of dolomitic arkose;

Total: 960 feet  thickness of part-section.  Base

not exposed.

ves/9
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This sequence in the KXeepera Ridges is very simi-
lar to that of the Elyush Formation (Smith et. al.
1960 unpubl.) which conformably underlies the
Grant Bluff Formation in the Jervois Range to the
west, on the Huckitta Four-Mile Sheet.

The Grant Bluff Formation:

This Formation has been named and defined (Smith
et. al,, 1960 unpubl.) on the adjoining Huckitta
Four-llile Sheet. The Tyvne Section of the Formation
is located in the Ilyuah Range, where the thickness
is 53C feet, The thickness of the Formation increases
to the east and on the Tobermory and Hay River Four-
Mile Sheets it is about 1500 feet thick,

On the Tobvermory Four-Mile Sheet, outcrops of the
Grant Bluff Formation are restricted to the Keevera
Ridges, in the western part of the area. The
Formation has a distinctive lithology of alternmating
sequences of grey, fin@ to medium-grained quartz
sandstone, and leached silEtone with, in some places,
thin dolcemite bands containing the algal form
Collenia. In some localities, the quartz sandstone
beds contain up to 10% of glauconite.

In the Xeewera Ridges a thickness of 1900 feet
has been measured in the Formation. The age of the
Grant Bluff Formation is regarded as Upper Proterozoic,
but it is considered that part, or all, of it may be
of Lower Cambrian age. No determinations of age
have been made on the glauconite content. On the
adjoining Huckitta Four-Mile 3heet the Grant Bluff
Formation is conformably overlain by the Mt Baldwin
Formation (Smith et. al., 1960 loc. cit.) which
contains Lower Cambrian archaeocyathids in its upver
part. The position of these fossils in Lower
Cambrian stratigranhy has not yet been determined.

co0/1o
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(v) Cambrian. There are no known outcrops of
Lower Cambrian sediments on the Tobermory Four-Mile
Sheets the Mt Baldwin Formation does not crop out and
no other beds which may be equivalent to it have bgen
recognised. The oldest Cambrian sediments are fossili-
ferous, blue cherts of lower Middle Cambrian age (A.A.
Opik, vers. comn.). These are succeeded by richly
fogssiliferous shale and limestone with lenses of sand-
stone, ranging in age from lower Middle Cambrian to upper-
most Middle Cambrien, A complete study of the fossils
from this sequence has not yet been made; a preliminary
study indicates that there may be breaks in the sequence
which are not discernable on the ground and accordingly
the sequence is not divided into formations but is named
the Marqua Beds (new name).

The Marcgua Beds crop out in the southern part of the

Tobermory Four-Mile Sheet, in isolated localities between
iimestone Creek, in the west, and roughly the longitude
of Craigie Dam in the east. Usually, lower units of the
Beds do not crop out strongly, but the uppver (limestone)
units often form prominent ridges. These upper units,
when not croppring out strongly, usually support a dense
vegetation of gidyea trees and these are readily
identifiable on air vhotographs. (Gidyea grows also on
Upper Proterozoic and Ordovician dolomite in the area,
and care must be exercised in interpretion).

The Marque Beds, and their equivalents to the west
and the east ,form the basal units of sedimentary rocks
deposited in the Georgina Basin. The name 'Marqua' is
taken from Margua Station homestead and the Type Section
of the Beds is located about 3 mile north of the junction
of station tracks leading to Noakes Bore and to Craigie
Dam. The Type Section was measured about 50 yards west
of an 0ld track which leads north from this junction.

At this locality the sequence, in descending order,

consists of - oo /11



30 feet of

530 feet of

¢,

105 feet of

10 feet of
Totals 675 feet

11,

buff, medium-grained, flaggy, ? cal-
careous sandstone with fragments of
trilobitess

p§§ly—outcropping, fine~grained, flaggy
blue limestone with fragments of trilo-
bites; some strongly-outcropping,

thin interbeds of grey, medium—-grained
sandy limestone;

buff, silicified shale with a rich
fauna of trilobitesy

blue chert with fragments of trilobites
thickness of part-section, unconformably
overlying dolomite of the I'ield River

Beds,

In the western part of the Sheet the following nart-

gectionsg have been measured in a small area on the east

of Limestone Creeks; contacts between the sequences are

not exposed.
of ¢
- 3. 65 feet of

515 feet of

{
Total: 580 feet
2. 250 feet of

Total: 250 feet

In descending order the sequences consist

creamy, fine-to medium-grained, thin-
bedded, cross-bedded silty sandstone
with worm trailss
blue and bhlue-black flaggy limestone
containing a rich brachiopod fauna,
fragments of trilobites and numerous
echinoderms,
thickness of part-section
hard, dense, laminated, blue and blue-
black limestone; some beds have a rich
trilobite fauna and have a petroliferous
odour when struck. Upper beds are
faulted azainst dolomitic arkose o the
Field River Beds.

thickness of vnart section.

v /12
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1. Tarlton Formation, of ? Permian age,
unconformadply overlying

80 feet of strongly-outcrooping buff shale;

15 feet of blue chert;

95 feet of thickness of nart-section, unconformably

overlying the Field River Beds.

The sequence in this western area has four units
whose lithology is very similar to units of the Type
Section; the 250 feet of limestone in sequence 2 has not
been observed in the eastern area, although its time
equivalents could be revresented, The Tyne Section
was located in the east because of ease of access.,

The IMarqua Beds are correlated, in »nart, with
the Arthur Creek Beds (Smith, Wooley and Vine, 1960,
unpubl.) exvosed on the Huckitta Four-Mile Sheet.  The
buff shale and the flaggy, blue limestone with lenses of
sandstone are present on both the Huckitta and Tobermory
Sheets; the buff shale and its faunal content are very
similar in lithology and fauna to the Sandover Beds
(Opik, 1956) which dip south and east off the margins of
the Lower Proterozoic sediments of the Davenport Range
(Smith, Stewart and Smith, 1960, in prevaration) on
the Tlkedra Four-Mile Sheet. On the Elkedra Sheet
wet gas was obtained from a water bore drilled, in 1956,
into a limestone-shale sequence which would correspond
approxi..otely to the top unit of the Marqua Beds and the
Arthur Creek Beds,

The Arrinthrunga Formation.

This Formation was named and defined (Smith, Woolley
and Vine, 1960, unpubl.) on the Huckitta Four-Kile Sheet,

where it overlies the Middle Cambrian ALrthur Creek Feds

‘and is overlain by fossiliferous sandstone of Upner

Cambrian age. On the Tobermory Sheet the Arrinthrunga
Formation crops out strongly in a belt extending from the
vicinity of lisrqua Station homestead east-south-east to

coo/13
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to the southern margin of the BSheet, To +the west of

this hoinestead the Formation crons out poorly and usuvally

only the top vart of it is exposed: evidence from

water bores vproves that it underlies a large area between

Marqua Station homstead and Limestone Creek.

A complete section of the Arr?%hrunga Formation

was neasured at a locality some three miles north of

Craigie

consists of -

Dan.,

Here, the sequence in descending order

Cambro-Ordovician sandstone conformably overlying

5
10
15

5
35
35

65
25
10
40

30
125

100
15
15
10
15
20
55

40

feet
feet
feet
feet
feet

feet

feet
feet
feet
feet

feet
feet

feet
feet
feet
feet
feet
feet
feet
feet

of
of
of

of

of

of
of
of

of

of

buff limestone;

medium~-grained calcarenite;

iimestone with dolomitic mottling;
medium~grained, dolomitic sandstone;
concealed:

limestone with dolomitic mottling and
thin interbeds of dolomite and intra-
formational breccia;

concealeds

limestone with interlaminated dolomite:
fine-grained, dolomitic sandstone;
limestone with dolomitic mottling in
part; some silty interbeds and inter-
laminated dolomite and elgal limestone;
concealed

limestone with dolomitic mottlings;

sone algal limestone

concealed;

sandy dolomites;

concealed

limestone with dolomitic mottling;
concealed;

dolarenites

concealed;

limestone with dolomitic mottling; some

thin beds of calcarenite;
coo/14
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20 feet of 1limestone, limestone conglomerate and
coarse—-grained calcarenite;
5 feet of sandy dolomite;
15 feet concealed:

130 feet of npoorly-outcropping limestone with
dolomitic mottling; some inter-
laminated dolomite; |

200 feet of limestone with dolomitic mottling;

125 feet of limestone with interlaminated dolomite;
some conccaled softer interbeds:

185 feet of coarse-grained dolarenite,
overlying the Marcqua Beds.

1350 feet thickness of Arrinthrunga Formation.

In small fault blocks on the eastern side of
Limestone Creek the lower beds of the Arrinthrunga Formation
are exposed. In this area a thickness of 410 feet was
messured; the secuence consists of dolomite in the lower
parts, succeeded by limestone and oolitic limestone.

The contact between the Arrinthrungs Formation
and the BMaraqua Beds is not exvosed in sufiicient detail to
prove conformity or otherwise of the two stratigraphic
units. The Arrinthrunge Formation is unfossiliferous; it
is overlain by fossilifercus sandstone of Upver Cambrian age
but its actual position in the Upper Cambrian is in doubt.

(c) CAMBRO-ORDOVICIAN AND LOWER ORULOVICIAN, Around the

margin of the outcrop of the Nimmaroo Formation (named by
Casey 1959) and scattered within it .are numerous outcrops

of sandstone. Many of these outcrops. are poor and discon-
tinuous. The lithology is usually fine to medium—grained,
micaceous, well-sorted sandstone, glauconitic in part;

the sandstone is usually thin-bedded, laminated and strongly
slumped. In part it is richly fossiliferous. Interbedded
with the sondstone are dolomite, sendy dolomite which grades

laterally into sandstone, and minor beds of micaceous silt-
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Because of the discontinuity of cubtcron and because
of sharpn slump folds in the beds the relstionships between
the sandstone and the Ninmaroo snd Kelly Creek Formations are
incompletely known. The significant focts are:

(1) A sandstone unit of the order of 200 feet thick is
present below the Ninmaroo Tormzbion and above the
Arrinthrunga Formaiion, throughout the southern
port of the Tobermory Sheet. In the vicinity of
Southern Cross Bore this sandstone contains
lenticular dolonite, and from tue sancstone
Upper Cambrian fossils have been eollected (Casey
& Tomlinson, 1958). Sone 4 miles south-east of
Lucky Bore the sandstone contzins numerous
fossils, of Upper Cambrisn sge (4.7.. Opilk, pers.
‘cori. )

(2) In the south-eastern part of the Tobermory Sheet
the sandstone secuence is well-exposed; here
the sesuence becomes richer in carboncte rocks.

(3) Through the central part of the Sheet there are
many small sandstone hills; in some of these 1%
is clear thoet the sandstone overlies dolomite of
the Ninmaroo Formation.

(4) 15 miles north of Tarlton Downs Station homestezd,
and also 6 nmiles east .of the southern tip of the
Tarlton Range, sandsione units change laterally into
the carbonate-siltstone secuence of the Ninmaroo
Formation.

(5) Last of the centrsl part of the Terlton Range the
Xelly Creek Foruation overlies sandstone beds,
without app. rent unconformity; here it appears that
the e~uivalent of the whole of the Ninmaroo Formation
has a sandstone lithology.

(6) In the north-western »art of the sheet a seuence of

gandstone with interbedded dolomite contains fossils
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of Upper Caoubrian age.

It is believed probable that there is a sandstone
unit generally vpresent between the Arrinthirungs and Ninmaroo
Formations, but without detailed nalaeontological gtudy of
the faunss contained in the sandstone outcrons on the
Tobermory Sheet, it is not nossible to separate sandstone
within the Ninmaroo Formation from sandstone immediztely
below that TFormation. Accordingly, most of the sandstone
is shown on the map as an un-named wit of Cambro-Ordovician

age .

The Ninmaroo Formation:

wWhitehouse (1936) named the Ninmaroo Limestone
from the Lower Palaseozoic limestone and dolomite seruence
exposed at Mbt. Ninmaroo, IMt. Datson and Black liountain,
north-ecast of Bouwlia in western CGueensland. subsequent
work by field perties from the Bureau of lMineral Resources
showed thot the lower third of the seruence at Black liount-
ain contained & rich fauna of Upper Cambrian age and could
be separated as another Formstion. The Ninmaroo Limestone
was accordingly subdivided, and the nemes Cheitsworth Line-
stone and Ninmaroo Formation epplied to the lower and upper
units respectively (Casey, 1959). The age of the Ninmaroo
Formation is uppermost Upper Combrian and Lower Ordovician.

The Ninmsroo Formation crops out in a belt extend-
ing through the centre of the Tobermory Four-Mile Sheet and
sorecding over most of the northern half of the Sheet,
The outcrops normally form extensive plains dotted with rocky
rises, bul where erosion has been more active a merked bench
topogranhy is developed. On the western side of the Toko
Range the Formotion has been strongly folded and forms a
gtrong ridge.

A section in the Ninmeroo Formation hazs been

mezsured at & locality 5% miles south—west of Coalibah Dam.
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At this locelity the sewuence, in Gescending order, consists

of:

Kelly Creek Formstion overlying

111 feet of very coarse-grained, blue-grey calcarenite
with interbedded cuartz sandstonesy

115 feet of poorly-outcropping, fine-grained cuartz sand-
stone; siltstone; thick interbeds of caicare-
nite, intraformational breccia and grey
dolarenite;

131 feet of +hick and thin-bedded blue-grey limestone,
dolomite and colitic limestoney

83 feet of poorly-outcropping, fine-grained cuartz sand-
stone,

172 feet of grey, coarse-grained, thick-beddeda dolarenite,
the interval contains concezled interbeds of

soft rock;

_ng feet thickness of Ninmaroo Formation, conformably
T overlying 229 feet of quartz sandstone with thin
interbeds of dolarenite, dolomite and limestone;
thig 229 fect is placed in the un-named Cambro-~
Ordovician beds.
In the western part of the Shket a section has been
measured in outcrors between Limestone Creek and Camel Creelk.
Here the upper part of the Ninmaroo Formation is well exvposed;
the base is not exbosed but it is estimated thot not more
than 150 feet of the Formation is concealed. The sevuence,
in descending order, consists of: Kelly Creek Formation
conformably overlying
73 feet of grey, oolitic limestone, intraformational lime-
stone conglomerate and glauconitic calcarenite;
some interbedded buff sandstone;
- 85 feet of interbedded white, porous sandstone (fossili-
' ferous) and green siltstone, with some thin
beds of very coarse-grained, grey calcarenite;

170 feet of blue-grey, cosrse-grained calcarenite with some
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oolitic limestone; +thin interbeds of white,

porous sandstone (fossiliferous) and green silt-

stone; short, straight nautiloids are present

in the interval, 80-95 feet above the base;
gzg—geet hickness of nzrt-section.

Bose not exposed.

The Kelly Creek Formation (unpublished neme). The name is

taken from Kelly Creek, which rises in the Toko Rangze and

flows east across the Northern Territory-Gueensland border

at 138 00' E, 22 35'3. The Formation crops out around the

margins of both the Toko and Tariton Reanges.

In the Toko Range the lower part of the Lelly

Creek Formation issandy, scmeti.es containing glauconite;

the upper part is dolomitic and cherty. The Formation is

transitional and avparently conformable with both the under-

lying Ninmaroo Pormetion and the overlying Coolibah ILimestone,

The type section of the Kelly Creek Iormaltion has been

measured at Gaphole Creek, on the Western side of the Toko

Range. A sumiary of this section, in descending order,

iss Coolibah Limestone conformably overlying:

38 feet of grey-brown, thin and medium-bedded, fine-grained
dolarenite with white, thin-bedded fossiliferous
cherd;

60 feet concealed;

60 feet of alternating hard and soft thick sets of thin-
bedded and laminsated, fine-grained dolarenite,
with calcarenite alt base of the interval;

208 feet of poorly-outcropping, thin-bedded, fine-grained
calcarenite, with saendy lenses in the upper 50
feet of the interval;

102 feet of white, thin-bedded, very fine-grained cuartz
sandsione;

31 feet concealed;

51 feet of white, thick to medium sets of thin and medium-
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bedded, cross~lamincted in part, fine-grained
cuartz gandstone;

PR Y

550 Eeet thiclkness of Kelly Creek Formetion, conformably
S overlying the Ninmaroo Formation.

In the Tarlton Renge area, the best exvosures of
the Kelly Creek Formation are on the cast side of the Range;
numerous sections have been measufed here and the Formation
is about 250 feet thick. It is dominantly a sandstone unit
but much of the sandstone is micaceous and glauconitic and
in the lower and middle parts of the Formetion there are
numerous interbeds oflaminated grecn siltstone. Several of
the sandsitone beds grade laterally into dolomite and sandy
dolomite beds which feature cross-lamination,

In the Tarlton Range crea the Kelly Creek Forma-
tion is transitional and conformable with the underlying
Ninmeroo Formztion. The relationship with the overlying
Nora Formtion is not clear; there is & sharp lithological
break between the two Formations and the lithology of the
Coolibah Limestone is noct represented. No other evidence
of non-~-conformity was found.

In the Tarlton Range srea shelly fossils are not
very common in the beds of the Kelly Creek Formation:
brachiopods, trilobites andhautiloids have been collected
from a few thin bands. Worm tubes and trails are very
common, and some beds seem L0 have been almost completely
"digected" by burrowing organisus. A preliminary determina-
tion of shelly fossils indicates a Lower Ordovician :sge for
the Kelly Creek Formetion (Joyce Gilbert-Tomlinson, yers.
comn, )

(d) MIDDLE ORDOVICIAN,

The TOKO GROUP, (New name). The name 'Tokof was first

used by ‘hitehouse in 1936, when he proposed Toko Series to
replace Glenormiston Series which he had used in 1930. The

name has been used by David and Browne (1950) and by the
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compilers of the Geological Map of Queensland (1953 edition).
Casey (1959) used "Toko Beds" for all the rocks above the
Ninmaroo Formation. Subsecquent wapping has shown that the
Kelly Creek Formation is intimately related to the Ninmaroo
ormation and it appears likely that there igUTaunél break
between the Kelly Creck and Coolibah Formations. Accord-
inglyyToko Group is now used for the Iiiddle Ordovician sedi-
ments (Coolibah to Mithaka Formations)

In the Toko Range the Toko Groups consists of four
gradational :nd conforwmable TFormations, namely the Coolibah,
Nora, Carlo and Mithaka TFormations, In the Tarlton Renge
the lithology of the Coolibah Formetion is not present but
an apparcently conformable secuence similar to the other
three units lhas been mapped and these are tentatively corre-
lated with the corresponding units in the Toko Range. The
outcrop of the Toko Group is restricted to the two Ranges.
Preliminary fcssil determinations indicate a Middle Ordovician
age for the whole Toko Group (Joyce Gilbert-Tomlinson, pers.
comm, ).

The Coolibah Formation (unpublished name)

The name 1is taken from Coolibah Dam on Gravehole
Creek, at 137 44' &, 22 49' S. Outcrops of the Coolibah
Formation form well~developed cuestas around the Toko Range.

The Coolibah Formation consists mainly of medium
and thick sets of blue-grey and brown-grey, crudely thin-
bedded calcilutite and green-white maxl, Some of the
calcilutite beds are oolitic and soie have motitlings of
brown, coarse-grained carbonate litholdgy which is susceptible
o gilicification. There are minor asmounts of yellow and
white chert and of brown, thin to medium-bedded, mediuin-
grained to coarse-grained calcerenite and dolarenite which
is someti..es sandy.

Several complete sections of the Coolibah Forma-
tion have been measured -on the Tobermory Four-Mile Shcet.

These range in thickness from 27 feet (Type Section at Gaphole
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Creck) to 47 feety farther ecast, in Queensland, the Forma-~
tion is much thicker,

The Coolibah Formation is richly fossiliferous
and containsmautiloids, gastropods, ribeirioids and horn-
shaped coral-like orgenisiis up to 2 inches long.

The Nors Formetion (Unpublished name)

The name is taken from Nora Gap, on the north-
castern edge of the Toko Range, at 137 56' I, 22 43' 8.

The Forwuetion crops oubt around the edge of the Toko Renge,

where it is about 400 feet thick; it crops out also in the

Terlton Range but there the thiickness is about 200 fect.

The Type Section of the formation is in the
southern part of the Toomba Range, kit. Wheelan 4-mile shcet).

In the Toko Renge area a part-section has been
measured 1% wmilcs north-west of Half-way Dam. There the
sequence, in descending order consists of:

Top not exposed

25 fcet of Ybroun and yellow micaceous shale;

15 feet of dimpure colcarenite and fine-grained ~uartz
sandstone, thin-bedded and lawinated;

35 fecet of micaceous shale and fine-grained quartz sandstone;

30 fect concealed;

45 fcet of calcarenite and sandy calcarenite, with thin beds
0T cocuinite and brown, thin-bedded, laminzted
fine-grained qguortz sandsione;

;EB_Eeet thickness of part-section of Nora Formation,
conformnably overlying Coolibah Formation,

In the Tarlton Range the scarp is formed of a
dominantly siltstone-claystone lithology which grades upwards
into fine-grained saendstone. Coguinites are comnon in the
basal part of the Formation and they persist as thin inter-
beds throughout most of the unit. A complete section has
been measurcd in the southern part of the Range, where the

sejuence, in descending order, consists of:



22,

Carlo Sandstone conforuably overlying

4S5 feet concealed;

28 feet of porous, friable, fine-grained quartz sandstone,
highly gypsiferous in part;

25 feet concealed;

56 feet of brown and green claystone and siltstone,
gypsiferous in part, with nwnerous thin inter-
beds of brown, pellcty coguinite, and indurated
nale brown fine-grasined sandstone;

27 feet of green, micacceous siltstone, with thin interbeds
of ferruginous, pellety coguinite, indurated
cuartz sandstone and glsuconitic sandstone;

17 feet of »poorly-outcrooping, ferruginous, pcllety co-
gquinite, and shelly dolomite;

202 fect thickness of Nora Mormetion, overlying the Kelly

————— Creek Formation.

The Nora Formation is richly féssiliferous in the
lower part, whére nautiloids, brache@pods, nelcecypods, tri-
lobites, sponges and bryozoa are common, In the upper
parv there are sbundsnt tracks and trails on bedding planes,
but few shelly fossils have been found.

The Carlo Sandstone (New namne)

This dominently sandstone unit forms thc rcsistant
rim of the gcarp of the Toko Renge and the rubble-covered
riscs above. The namme is taken from Csrlo Ststion in the
lt. VWhelan area of Queensland.

The Carlo Szndstone consists of white and brown,
thin, medium and tihick-bedded, fine to medium-grained
cuartsz sandstone with some felspsthic ctuartz sandstone in
the lowecr part. Towards thce bottom of the formation there
are a few beds of cuartz siltstone and an abundance of clay
nellets., A Tew nautiloids, brachédpods, pelecypods and
wornm tubes have been found in the formation, particularly

in the upper part of it.
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In the Toko Renge the moximum thickness measured
ig 263 feet but this does not represmnt a complete section,

In the Tarlton Ringe a sandstone unit forms the
mein rim and this sandstone is tentatively assigned to
the Corlo Sandstone. It consists mainly of a fine to
medium-grained, well-sorted cuartz sandsione, dominantly
chocolate and pale brown to grey in colour, with a few
interbeds of kaolinitic sendstone, and laminae of ferruginised
siﬂ%tone. The characteristic features of the unit are the
nresence of current features -- flute casts, current rinple
msrks, mud pellets (some arranged in channels) and incipient
and simall-scale slumps develped from ripple marks. The
maximum thickness neasured was 65 feet; the full thickness
of the Carlo Sandstone in the Tearlton Renge is csitimated

to be 100 feet.

The Mithaka Formation (New Name)

This name is taken from kithaka vWaterhole in the
Toko Range, at 138 00' &, 25 53' S. In thst area the For-
nation usuvally forms low, rubble-covered riscs and good
sections arc rare. The best—-exposed secitions of the uprer
part of the Niithaka Formetion are to the north of Cravens Peak
Bore (Type Section) on the adjoining Glenormiston Four-iiile
Sheet in Queensland (Casey et al., pers. comu, ) There the
lithologics consist of thin-bedded and laminated, fine-grained
quartz sandstone with some cocuinite and brown shale towards
the top. Asaphid trilobites, nmautiloids, brachidpods and
gastropods have been found in these beds, which are capped
by about 5 fect of medium~bedded, fine to medium grained
guartz sandstone with clay pellets.

On the Tobermory Four-Mile Shect thin sections of
the lower part of the liithaka Formztion are exposed on the
westecrn edge of the Toko Range ncar Gaphole Creck. In this
locality the dominant rock type is =« brown, soft, fossiliferous

gypsiferous siltstone with interbedded brown, laminated,
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thin-bedded, fossiliferous, ripple~marked cquartz sandstone.

The thickness of the Formation is estirated to be 200 feet.
On the Tarlton Range there are seversl strongly-

lateritised residuzls of massive siltstone, with a micaceous,

fine=-grained sandstone at the base. They contain fossil

bands with asaphid trilobites and linguloid brachd®pods.

This secuence is tentatively assigned to the Mithaka Forma-

tion. The maximum thickness measured was 41 feet.

(e) ? ETZRMIAN

Tarlton Formation

Thin secuences of sedimentary rocks, believed to
be of terrestriel glacial origin and of Permian age, crop
out in many localities between the Tarlton Ronge and the
Georgina River in Queensland (Condon and Smith, 1959, unpubl.)
On the Tobermory Four-Mile Sheet the Formetion crops out in
numerous mnesas between the Tarlton and Toko Ranges, and in
low rises to the north end west of licCrae's Bore, near the
northern Mergin of the Sheet, the Tarlton Formation uncon-
formably overlies Ordovician, Cambrian :nd Proterozoic
sediments on the Tobermory Sheet, and in {ucensland is over-
lain by Cretaceous sandstone and shale. The TFormetion is
strongly lateritised.

The Type Section of the Tarlton Forumation is located 11

miles south of Tarlton Downs homestead. The exact location

is shown on the map by Condon & Smith, (loc. cit.).  Thzre

the secuence, in descending order, consists of:

3 feet of "billy,"at top surface of mesa;

17 fecet of silty, coarse and mcdium—grained sendstone,
and siltstone;

30 feet of white, silty, thin-bedded, mediuvm-grained
sandstoné, and siltstonc;

20 feet of white, silty, very coarse, coorse snd medium—
groined, crogs-laminated sandstone with scour

and fill struciures; silty, pebole conglomerate,



thin, laminsted siltsitone;
3 feet of mpale grey, pebbly cleystone wish a few
boulders (ground noraine ) ;
§§_£;gt thickness of Type Section, unconformably overlying
—————— Ordovician sedi..ents.

The thickest scction megsured in vhe Tarlton
Pormation, on the Tobermory dheet, is at lt. nwing, here
the thickness if 140 feet, but the bese of the Formetion
is not cxposed. The base is not cxposed in most localities
where the FPormation has been cxamined, dbut usually the
lowest exposure is a vcbble or cobble congloucrase snd
therefore the base is probebly not far below the surface.
The PFormation c¢ffectively masks the undcerlying rocks in
large areas between the Tarlton snd Toko Ronges.

There is no definite evidence of Permien nge for
the Terlton Formztion. Coniferous wood has been found in
it at a locality 5 miles south-gcast of Burnt wWell; &fag—
ments of unidentified fossil wood were locabted in numerous
locelities during 1959, end somc specimens from the Tarlton
Range, some 4 miles northh of the Type Section, have been
examined by lery L. White. This collection contained

scuisetales and one posgible Vertebraria, but the prescrva-

tion of the latter made positive identification imvossible.
(£) MES0zLIC

In the south-castern part of the Sheet there are
several smell mesas of sediments which unconforuwably over-
lie various units in the Ordovician sccouence. They are
thought to be of Mesozoic (probebly Cretaceous) age.  The
sediments consist of a basal conglomerate, succeeded by
medium and fine-grained sandstone, cnd siltstone containing

Rhizocorallium and fossil wood. The wood has not been

identified. The thickness of the sediments ranges Trom

50 to 100 fcoetb.
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(g) TZIRTILRY

Austral Downs Limestone

In the north-castern part of the Tobermory Sheet
there are numerous oubtcrons of sedimeants which are believed
to be of Tertiary age. These sediments cron out in small
mesas which show on air nhotographs as a distinctive white
pattern. The scdiments consist of chalcedony and sili=
cified liwmestone; ‘the thickness ranges from 20 to 50 feet.
From the Tobermory Shcet the sediments extend ecastwards into
(ueensland whcre they have been traced (Cascy et. al. pers.
comil. ) along the valley of the Georgina River to outcrops
of the Austral Downs Limestone on the Urandangi Ffour-Liile
Sheet.

(h) STRUCTURE

The regional structure of the Archean rocks is
uknown because of paucity of outcrop. Sediments of Upper
Proterozoic znd lower Falzeozoic ages have been stronglj
affected, in the southern part of the sheet, by post-Iiddle
Ordovician movements which have resulted in faulting and
sharp monoclinal folding. A second series of faults, »nro-
bcbly of the same oge, has a north-ecasterly trend but effccts
rocks ¢f the Toko Renge only.

Along the Tarlton Fault, on the western side of
the Tarlton Runge, Archaecen and Upper Proterozoic rocks have
been faulted sgainst the Ninmaroo Formstion, which is steéply
dipping and tightly folded. On the west side of the Keepcra
Ridges the Grant Bluff Formation apparently dips into
Archaecan rocks and a faulted cont#act is postulated.
Associated with this probable fault is a parallel fold, the
Keepera Syncline.

On the western side of the Toko Range therc are
three parallel, strong, structural lines which are faults,
at least in part. The most easterly one, the Toomba

structure, is represgented on the Tovbermory sheet as a line of
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sharp folding south-cast of Burnt well. It trends south-
castwards onto the Iay River sheet and continues along the
Toomba Renge, where 1t is a double fault, onto the Uit.
Wheelan Sheet of Cueensland.

ALlong the middle line, the Craigie Fault, Field
River Beds are foulted against the complete scguence from
the base of the hiddle Cambrian to the Ninmaroo Formation.
Faulting is evident to only a short distance west of the
meridian of Craigieis Dam, therecaiter the line continues
north-westwards as a zone of stecyn dips waich gradually
swings westwards.

The westerly line, the Marcua Structurc, is
monoclinal for most of its lengti, but in the south-ecast,
where the surface rocks are Upper Proterozoic, it changes
into a fault.

The Toko Syncline is the mnost prominent of the
broad fold structurcs; iits axis trends north-west. On
the western edge of this fold, the oldest beds are steenly-
dipping becauze of the effcet of feulting elong the north-
west trending structural lines.

The dips a@nd distribution of the Arrinthrunga
Formetvion indicete a regional anticline with a shallow pitch
to the north-west. The axis of this fold would 1lic rogghly
midway beftween Southcrn Cross Bore and the ecastern cdge of
the Tarlton Renge. Field River Beds in the Red Heart Bore area
forn the core of this anticline.

Te the north of the main road, the regional
structure is incompletely known. In the western part of
the Sheet the interpretotion of structure depencds upon the
solution of the problem of stratigraphic position of many
of the sandstonc units wiich arc designated ?Combro--Ordovi-
cian on thc map. In the north-west and west, the distri-
bution of fossiliferous Upper Cambrian sandstone could
indicatc the cdge of a basin structure. For the recmainder

of the axea north of the main road, the lack of regional
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dips in the Ninmaroo Formation and inadequate knowledge of
its thickness (some deep bores have becn érilled, &.g,
Dumny Bore - 600 fect, but they could have penetrated the
Arrinthrunga Formation) do not permit an interpretation of
regional structure bascd on dips, sub-~surface information
and topography. The mapping of the lower part of the Sand-
over River Four-Mile Sheet (schedule for the 1960 field
season) is expccted to assist in the interpretation of this
regional structure.

The regional distribution of formations between
Marcua send Llkedra suggests that the regional dip in the
northern paert of thce Tobermory sheet is northward towards
the Sandover River syncline but the available information
coes not permit confirmation or denial of this

' © LCONOMIC GEOLOGY

(i) Mica. On the whole of the Tobermory Four~hiile Sheet
there is only one known locality wherc a mineral
has been mined. This locality is about three
miles west-north west of the junction of tracks
leading to Noakcs Borc and to Craigie Dam. A
pit and a few small costcans have becen sunk on
an outcronying pcgmatite but records of production
arc not available.

(ii) Lead. Samples of galena have been obtained, according to
local information, from the area cast of the
southern tin of the Tarlton Range. These almost
certainly were obtained from small pockets of
galena contained in the Ninmaroo Formation.i

(iii) Under-ground iater. In the area covered by the

Tobermory Iffour-Mile Sheet, there are about 45
bores which produce useful supplics of water and
there are at least 20 dud bores,

There is no bore which producces a rcliable
supply of water from the Upper Froterozoic Field

River Beds (but there arc some on the adjoining
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Hay River Sheet). The only bore drilled into these Beds
is Red Heart, on Marcua Station; about 1000 gallons per hour
were obtaincd from a sandstone interbed in a sequence of
green siltstone, but the acuilfer was socn exhausted and the
bore is no longer in use.

There zre no pyroducing bores in the Marcua Beds
and these sediments are not known to include any aguifers;
one unsuccessful bore was drilled, on Marqua Station, to a
depth of 600 feet in steeply-dpipping blue limestone of the
Middle Cecmbrian secuence.

The Arrinthrunga Formetion coniains a few good
aquifers on the Huckitta Four-lile Sheet; it is known that
onc of the acuifers is in ithe basal dolarenite but the
stratigraphic nositions of at least two other aguifers is
uncertain. On the Tobermory Sheet, five bores have bcen
drilled in the Formation and three of thesc wave been
unsuccessful, Onc succegsful one on harcua Station drilled
into the basal dolomite of the Formation and producced sbout
1400 gallons ner hour. The other succes.ful bore was
drilled on Tariton Downs Station and produced about 700
gallons per hour after penctrating the topmost 170 feet of
the Tormation. It is posgsible that some deep bores in the
north-castern cuadrant of the Sheet have passed through the
Ninmeroo Formstion into the Arrinthrunga Formation but the
thickness of the Ninmaroo Formation in those parts is not
known and such logs as are available do not indicate the
nresence of a thick sandstone unit in any of the bores.

Numerous bores have been drilled into the Ninmaroo
Formation, with mixed success, On Torlton Downs Station,
three dud bores have been drilled and enother yielded, for
a short time, 3000 gallons per hour from a deptii of 40 feet,
This water was contained cither in fracturcs or in solution

cavities.
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Manners Creelk ,Marqua,snd Tobemmory Stations each
have several bores producing frowm the Ninmaroo Formotion.
In some cases the viclds are very g£ood, €.8., 2000 gallons
ner hour from Soutern Cross Bore, 1800 from .est Znd Bore
and 160C from Nec. 2 Bore on Tobermory Station, Yields
such =25 these are provably obtained from solution cavities
in carvonate rocks of the fFormction, but some of the bore
logs show thin interbeds of zandstione. Although some dud

bores have bheen driliced into the Ninmaroo Formstion in the

castern part of the Tobermory Sheet i ie belicved that the

genersl success in drilling this Formation has been achieved
because the Formation contains lcsz siltstone than it does
in the west and because of the topographic basin in the north-
castern cuadrant. '

Tarlton Downg Ssation has threc successful bores
in the Kelly Creek Formation snd one has becen drilled on
Tobermory Station. There are no successful bores in Middle
Ordovician sediments, partly vecause Lopography precludés
the use of the land for pastoral »urposes.

(iv) Petroleum prosnechts;

The richly-f@ssiliferous lLlariua Beds are possible
source beds for petroleum and they may contain some cap
rocks. The Marcua Beds form the vasal unit of the sedi-
mentary seguence in the Georgina Basin, on the Tobermory
Four-Mile Shcet their outcrop is always near the margins of
Precaibrian outcrop but the Harcua Beds probably underlic

imuch of thce area of the Sheet and structures worthy of

¢xXamination are belicved to exist.

Both the ifrrinthrunga and Ninmaroo Formations
may contain suitable reservoir rocks; the Arrinthrunga
Forrmetion in particular contains water rescrvoirs end evidence
from water bores indicastes that the water in such reservoirs
is under fairly strong pressure. The lutites of the lliddle
Ordovician Nora Formation may be a good cap rockg, but the

value of other Middle Ordovician formations as source,
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reservoir and cad vocks is unknown.

Structures which may be favourable for oil accumu-
lation on the Tobermery Sheet are:
(i) The Toko Syncline,
(ii) The Toomba Structure.
(iii) +the probable rcgional syncline to the north of the

mwain road on the Tobermory Four-kiile oshect.

Apart from incomplete inforwmction from water
bores, there is ne available subsurfsace infeormaetion for any
or these sgtructures and no geophysical surveys have bemn
done on them. '

It is worthy of note that wet gas was obtained,
in 1956, from a weter borc which penetrated Hiddle Cambrian
scdiments on the Zlkedra Four-Mile Shecet. As explained
earlier in this rcport, the iiddlce Cawbrian scdiments on the

Zlkedra Sheet are correlatced in paxt with the Marcua Beds.
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