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SUMMARY.
This report describes the geology and geography of
the southern part of the Canning (Desert) Basin of Western

Australia between latitude 20° and 230S., and between longitude

1120°%8 and- 124°30',

During Permian and Mesozolc times; fhis rortion of the
basin was a large, shallow epi-continehté sea in which a seguencc
of sub-horizontal sandstone, gréywacke, shale; and calcareous
Shale'was deposited; no ms jor unconformities separete the Qarious
units, | |

Marine fossils and freshwater plénts have been found
at six distinct, widely separated localities, but t@@,fossils
Were not numerous.

The lithology andbfossils indicate thot the sediments
wefé deposited.in a stable shelf area covered by a shallow sea.

- Althougﬁ in the south-western Canning Basin the

e guence LS'bnly hundreds of feet thick compared with thousands

w
[¢7]

“of feet in the Fitzroy Basin, marine fossils are scarce whercas

they are numerous in the Fitzroy Basin, and the lithology is

predominantly clastic, whereas in the Fitzroy Basin it is clastic
and calcareous.. The various rock units mapped can be correlsted

precisely with units in the Fitzroy Basin,

INTRODUCTION

RN

General
As Mesozoic and Palacozoic sediments had been reported

from the large unmapped area of descrt between the De Grey and

Fitzroy Rivers, a reconnaissance geological party from the

Geological Section, Bureau of Mineral Resources, Geology and
Geophysics, in 1954 investigated the south-westcrn part, which
includes the Four ifiie lfaps of Yarric, Ankectell, Paterson Range,

Rudall, and Tabletop.
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'Fig. 1 shows the Locality Map of the Four Mile Sheets.
The geological party, consisting of D.IH. Traves, J. N.
Casey, and A,T,. Wells; spént four months in the ficld and from
the traverées shown on I'igure 4 prcvared a regional geological
map covering about 31,000 sq. miles. This provides a bssis for
the discussion of the petroleum prospects of the area,

Two cadet surveyoré from Dept. of Land and Survey,
Perth, were attached to the party. They observed and vwerc to
computc positions astronoﬁically, for control of the Four Mile
mosaics for use in any future detailed mapping.

| Location

The region covered by the five Four Mile Sheets lics
between 20° and 23° of S, latitude and includes most of the area
between 120° ond 124°30' E, longitude. |

The ucstprn part of the region - tbe Oa kOVLP Nullagincg,
and Dc Grey river systems - is pastoral country and is travcerscd
by numerous bore ond station tra cko; The eastern part of the
region - cast of the rabbit proof fcnce - is uninhabited desert,
with no tracks, and a sparse vcgetaiion of spinifex clumps

intersparsed with scattered low shrubs of acacias and mallce
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- and all stations arc over 100,000 acrcs, Viarrawagine 1is
I 1,000,000 acres, The local gever mment areas with the numbers of
horses, cattle, and sheep in 1953 are shown 1n Fig. 2.
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l‘ ing Local Goverument Boundaries aad Stock Figures in Iiarc h, 1955 o
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(eudalypts). Mbst of this area is characterized by large stcep-

sided seif dunes which trend v, N.¥, for mile after mile, and

Se

range in height from 60 ft, to 120 ft,

'Sheqp raising and miningare carried on only in the
western portion of the region. A1l stotions now run shecp for
wool (ngeq1dé and Warrawagine w?ré once cattle stations). The
"carrying capacity”'of these stations is sbout one shccp per

tWenty acrcs - -compare western Queensland at one sheep per six

acres - and all stations arc over 100,000 acrcs. Vaprrawogine 1s

1,000,000 acres., The local government areas with the numbers of

norses, cattle, and sheep in 1953 are shown.in Fig. 2.

\ e

ing Local Goverunment Boundaries and Stock Figurcs in Morch, 1983

(after Department of Notional Development Mﬁp of Local Govarnment

Arcas 1953).

Mining for gold, lead, mlnnﬂn se, tin, copner, columbitce,

TPig 2. Map of Northcrn Part of Western Australia show-

R e T I L o R e
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tantatite, and beryl is coarried on. by local prospcctors and
small companies throughout the ‘Pilbara reglon. -

x.Practically no wild aborigines live in this part of
the desert now: severailof their frncks and a few "smokes' were
scen, and this indicated that o few of ﬁheir‘tribe still exist
in the Laké Waukarlycavly'gpeé. Most of their wells and rock
holes had not been used Yor maﬁy years, Reeves (1@49) reportced
seeing a very few'aborigincs‘near the permancut spring on Lake
Blanche, Most of the’tribes seéem to have moved to- the stations,
partipularly Wéllal, where they work, and are cared for by the
station, | )

Transport to the region is mainly by ship from Fremantle

to Pt. Hedland énd theace by road to the variougs inland stations.
Two main roads lcad from Perth to the northern districts: the
Coasfal Road passes through Carnarvon, Onslow and Roebourne to
Pt, Hedlaqd;'the Inland Routc passes through Cuc, Meckatharra,
Roy Hill, Nullagine, and Marble Bar. Both these roads are formed
and gravelled but they arc impassable after heavy rains. A
railway did exist betwecn Pt. Hedland.and Marble Bar, but this was
discontinued in 1952 and road haulage is the only meeans of trans-
porting hcavy good to the interior. MacRobertson-Milicv~Aviation
Coy. operatcs a regulﬁr, almost daily, servicec from Perth 1o Ptl
Hedland and,»ffom thers, 8 weekly feeder service to all stations,
The Flying Doctor base ﬂisg operates from Pt, Hedland using
i1 M.A., planes., Road transport costs are normally high, but
cérviers carting manganesc from Woody Vioody to Pt, Hedlend, o
distence of 260 miles, charge £1 per ton: normal station deliﬁer-
ics cost nearly £5 per ton.

-

climate
' | (a) Thc climate 1is partly thelldtc monsoonal typc
with a pronounced "“wet scason' continulng intcrmittcntly for
threc to four months, followed by a "dry scason', hqnmally
cxtending.from'Juno to Deccmber: this type is more prevalent in
the northern and coasthl portion;

(b) an arca of unrcliable rainfall with no morked

periodicity, which is governcd by the influcnce of the climatic
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1963

1952

19561
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systems which prevail over the northern and southern portions

of ", A. -This climatic division is expericnced in the inland

southern portion, viz., Canning Stock Route and Lake Disappoint-

ment. The monthly rainfall of the De Gprey arcg for the years

1951, 1952, 1953 is shown below:

Jan, ¥cb, Mar., Apr. HMay, Jun, dul. - Aug, prt Obb. Wov, Dee, Total
; . : - o QpPPrca
.'2"" T '12‘" 1-5" 3-5" - - _;_ - - = ?’:?" g

1-3" ~_:1?_n 715" - _;__511 Y- ' %n o - - - - rdl]
'1,11 1-3" ,;lz_ln - - - - - o _ - . FAL

The folloWLng shows the “beaﬁud climatic data collcecticd
from the De Grey area, The lﬁst PLCOPd used to compute this

erage was taken in 193l. The 1nformat10n given for Marblc Bar

av
(21°11' s., "ot .. 119° 42'E., and altitude 595') was

averaged over 29 years; for Nullaginc (21°53' S., 120° 05' E.,
aléitude 126?') over 32 years; and for Pt. Hedland (20°19" S.;
118° 24' E,, cltitude 25') over 18 years. All reinfall rccords
were averaged over a period of 356 years.

Thé data were taken from C.S.I.R.O. Meteorologicel
Data Pomphlet No. 42, 1933,

Normol Mean Maximum Temperature (degrec T )

Jan. Feb. Mar. Apr. May, Jun. Jul. Aug, Sept. Oct. Nov. Dece.

Moarble Bar
107 105 1038 Q7 88 81 80 86 93 100 106 107

Nullagine O~
103 10L 98 91 83 75 74 80 88 95 101 103

Pt. Hcdland ’
.94 94 95 93 85 80 79 82 86 89 93 93

Normal 1 Menn Minimum Temperaturc (degrec F.)
Marble Bar

"o 8 "6 70 62 55 5 56 62 68 75 77
Nullogine |

75 75 71. 63 B4 - 48 . 45 48 54 €2 70 74
Pt. Hedland ‘ .

79 79 78 72 63 58 BT 59 63 68 74 e

Normal Meen Relative Humidity (percentape)
Marblc Bar .
Tad 47 44 39 45 48 45 &0 30 29 36

(€3]

Nullogine o .
BT 40 39 38 43 50 49 42 53 28 27 33

61 63 57 4'7 49 51 48 48 44 47 48 58
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Averape Rainfoll (points) (100 points = 1 inch)

Jan., Feb, Mar. Apr. May. Jun, Jul. Aug. Scp. Oct. Nov. Dec.Toval.

2rble Bar -
cob 296 196 85 74 111

18 a7 148 12,4

(@)
(@]
[av}
N
—

-3
3,
9}
e

218 84 68 95 & 16 48 171 13,17

603 79 102 143 5! S 4 A 40 11, 6%

(@)
N
o

4, the averapge doily maxime.i

» During June end July in 19

i

9

: . . . : O
temperature in the Lake Dora arca wos BOOF., incrcasing to 10G-F.

during August~September. The minimum tcmperaturc was approximn
40°F, et 6 o.m.: no frosts were exbericnccd;

About %" rain fell ot Lake waukarlyearly in Junc and
10 points fell at Laoke Dora in July; no other rain fell in this
part of the dcsert -between May and Septembcoer,

Wind directions during the winter werg normally ffom
the §.E. and B.S.E. with slight to breeze strength. In the

summer months the North Viest Monsoon winds nrevail,

r

ol
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Fig, 3 shows the rainfall for the northern part of

¥,4, in 1953, (after meteorological map - Dept. of Interior
1953).

IFlora and Iauna

The term "desert" used in this report does not mcon e

large area of bare sand,: it refers tc the extreme aridity cf

the country, the abseunce of any permancnt surface water, uvhc high.

annual mean and the extreme diurnal range of temperature, as well

P
:

as the paucity of vegetation, Itfis an orca .devoid of civilization
tracks, and habitation, rather than one devoid of all growth and
animais. | |

The region consists of abeas‘of red sand either covering
distinetly undulating country, or formed into long parallel duncs.
These dunes are essentially "fixed" by spinifex tussocks (Zgggﬁlg)j
some Acocias, and in places by "White Gums'": only the top of the
dune is advoncing (westwaﬁds) in ony marked degrec.

\ The spinifex forms deunse tussock-like massces, averaging

-

2 ft., in diameter; they are separated by narrow patches of sand;’

their growth continues peripherally until the tussock is 4 yas.

—
1

across, and the centrc. then dies, producing an effect of "doughnut:
of spinifex tussocks, The drier tﬁe éonditions, the morc dominant
dogs Triodia become. .

On Yarrie Shcet and the west of Anketell, the low
scrub is dotted with 15 ft:“dark'grecn, densely folianted Desert
Walouts or Quandongs. These were not seed in the other Four ilile
Sheets covered.

A collection of various plants was sent to Mr. Gardnér,
Government Botanist, Perth, for determination, and his results
are incorporated in this report.

The inter-dune orcas are covered by a varying concentrat-

ion of many types of:- S o L T R S A PR TP
,  Acagiss (yellow buttoun. flower.ond,clongate flower):. .
IR o __”‘_‘_ ..1:_‘ . s Co ', e [ : . e e St !
1i A, mynifnliﬁthth(”Sninquleff viattle )
Ly el dictyonhleba F. Iucll. (frtive Spenr trec, orows 12

_ 4-high with o stem & in dipmetor);

- ey oy . Y



.. -..-_ - - - - _-v . .-._.

_8_

A, _impressa F, Muell, ("Millirichie," with hard curly

bark, yellow button flowers and flat leaf - the river
Millirichie has long yellow flowers and nnwwo@ leaf);

A, salicina Lindl.;

A, _translucens A. Cunn. ("Poverty bush", height 3' and

very bushy);

A. pochycarpa F. Muell. ("Turpentine” with sticky olive
green leaves); | | |

Ay _xylocarpa A, Cunn., (long thin lcaves pointing unwards
or outwards);

Fucalyptus goamophyta (choracteristic of Mallee scrub,

and grows to a straggly 6');
L. aspera F. Muell, (a vivid white barked "Gum' with
smell bunches of "sand-paper-like'" leaves);

Gyrostemon tepneri (F. Muell.) C.A. Gardn. (true

"Narvow leaf Poison," dangerous to any stock);

Grevillen stenobotrya F. Muell,(common "Narrow leaf

Poison", silvery coloured bark);

G. wickhomii Meissn. ("Wild Holly", with spiney lceve
and clusters of red flowers); A

G. refrocta R. Br. ("Caustic Bush", rough berk, broad

silver strap-shaped leaf, and height 6-10');

Codonocarpus cotinifolius (Desf.) F, Muell. ("Descrt

Maple", 12-15' tall, smooth bark, straight trunk, conicol
outline);

Grevillea eriostachya Lindl. (with a long yellow brve.

flower and needle leaves; natives soak the flowers in
water and extract a sweet syrup);

S~ - e 1o O T et

Petalostylcs labichecides R, Br., var., cassioides Benth.

(Sugar Bush" with o yellow flower, and whitc "sugar"
crystals on the limbs in spring which natives utilisc;
Types of "Turkey Bush':-

(Cassin desolata F, Mucll., C. oligophylla F. huell.,

Al i i) st . s, Vi i e

C. glutinosa D.C.);
Variecties of "Fuchsif':-

(Fremophiln sp., E. spathulata Vi, V. Fitzg., E.Latrobeld



P

F. Muell., - "Georgina Poison Bush")j

Brachysema chanbersii I, kuell.(cluster of red flowers
at its base):

Thryptomene Maisonneuvii F. Muell.;

and various species of Ti-tree - the taller, broader

leafed Melaleuca lasisndra F, Huell., is in contrast

— e

i

>

to the low (3-4') derker, narrower leafed variety that .

is common near native wells. The Ti-tree is common in

H

travertine country and hos a "paper bark' and white
"bottle brush' flower,

Some Loranthus preissii Mig. ("Mistietoe") grows on

acacilas growing near soéaks.

Numerous fire burns are scattered throughout the region;
they are caused'by the few wandering natives burning to catceh
food, or by lightning strikes. Spinifex is destroyed, for a
time, and a lush growth of grasses aad low flowering shrubé and

bushes springs up on the burns: these are then overrun by

spinifex or killed by the prolonged aridity, and Triodia again

becomes the dominant type. Such grasses as Lriachne ?helmsii

Hartley ("Wanderie Grass"); Ichnonthus sustraliensis (Domin)

Hughes (natives use these seeds for crushing and eating); and

Fragrostis eriopoda Benth. ("Desert" or "Love" grass). Low

bushes and shrubs that grow on these burns are:-

~

Indigofera monophylla D.C. ("Indigo" with mauve-rcad

fiower endilucirne-like leaf);

[
-

Jacksonia aculeata . V. Fitzg. (small (2'), wiry

branches, yellowish flowers, no leaves);

1

Tephrosia uniovulata F. Muell. " (green-blue velvet

leaf and red slipper-shaped flower);

Kerandrenin_integrifolisa stead. (blue flowers with

yellow centre);

Dicrastyles eilesii T, Muell, (lavender flowers, rough

leaf, 2" high, spreads rather than grows vertically);

.

Trichinium obovatum Gand, ("Blue IFlannel Bush");

T, calostechyum F. Muell, ex Benth (lavender pointer
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flower ot the extremities, few leaves);

Anthobolus exocurnoides ¥, Muell.;

Dicrastyles ochrotricha ¥, HMuell, (yellow-green velvet

“leaf).

On the sand dunes grow th "Bird Flowers" (Crotclaﬁia

cunninghami R. Br. - greenish yellow flower - and Tephrosia <v.-

the sand dunes. - Rabbits occur -in numbers in the galt-lake ar

red flower); Swsinsona microphylla A. Gray; as well as various

Acacias, gum and spinifex.

* The countvy carrying stock in the castcrn portion of
Yarrie Sheet has fodder grasses such os "itchell" and "Flinders",
"wire", "wind", “Roeboupne" and "Bundle Bundle'.

The type and number of stbok are éhown in Fig. 2.

The developed portion of the rewlon carries uh ep
ather than cattle; the old rabbit-proof fence marks the ecoastern
boundary of stock grazing. | |

In.the desert area, 1ittle animel life was scen. Birds
(galehs, pigeons, finches) were seen near soaks; some dingoes,

kangeroos and bustards (ploin turkey) and many lizards freguent

ea,

and build their warrens in travertine or unconsolidated caliche

_deposits close to the 1ekes. Some wild camels and meny of their

trecks were seen; they live chiefly from the julcy leaves of the

samphire bush which grows on dried-up areas of salt lakes.

Tie¢ld Methods.

In geological reconnaissance mapping in areas of

traockless waste, it is impossible to examine 21l outcrops and

full use of aeriesl photos to geologically interpret rock patterns

must be made: these interpreted patterns are tben_contvolled by

limited field traoverses.

In 1953, the R.A...F. photographed the Regilon from

~

25,000 ft. and uupplled vertical “1v -photo covera ge;. Before

field work started, these photographs were laid out in rough

mosaics, ond preliminary geological boundaries were drown and

tentative traverses planned. The usefulness of the traverses Wi

reduced somewhat bhecouse, where possible, routo% pﬂP”l]Ll to the

sond dunes were chosen to reduce the number of dune crossings.
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Fortunately, most of the dunes run normal to the general
geological tfend of the country. |

| ‘Uncontrolled m&saics at“fouﬁ'mile scale were prepared
by the Department of~Lénds and Survey, Perth, and were used in the
field_aéd, later, in the office for compilation of the four mile
maos, All information obﬁaine@ in the field was marked directly
on tohyhe aerial photographs, ahd later, in the office, boundﬂnies
of units were compieted by interpolatiod and extrapolation. Theﬁ
all information was_tbansferped and reduced by the visual square
method to the éompiled fourAmiie mnps, €.g., Plates 2-6. Plate 1,
the regional geological map at 8-mile scale, was'prepaved by‘
photographic reduction and compilationzof the five four mile maps.

One Commer 3-ton four-wheel-drive truck and three

Landrovers were'used; modifications, performance, and recommendai-
ions for these vehicles are described by Traves and Casey (1954).

Thé'traverse'party generally consisted of two or ftnred

geologists in two Landrovers and the two surveyors in a third

Landrover. The surveyors obtained astrofixes where possible near
the four corners of each mosaic as well as on the tie runs of the
mosaics. /A continuous barometric traverse was run throughout

the field season.

PREVIQUS INVESTIG,TIONS.

Very few geologists hove investigated the rock outcrops
in the desert proper, and use has been made of the journals of
early explorers who crossed the sand and sand dunes with camels

and horses.

\

lMany authors, particularly the geologisté of the Aericl
Geological and Geophysical Survey of Northern fustralia, deal in
detoil with the mines andAmining areas of the Pilbara Goldfields:
these are listed in the bibliogrecphy. |

.ﬁ. C. Gvégory (1861) was the first surveyor to work 1in
the desert margin; and ﬁe surveyed the arca of the Nullagine and
Oakover rivers., 4

Colonel P. F. Uarbuﬁtoh (1875) wog the first to moke
an inlond crossing from Aiice Springs to the OﬂkoveE-River, via

the Muserave Rances and Joanna Spring, travelling mostly porallcl
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to the dune direction, He named it the Great Sandy Desert.

L. #. ¥ells (1896) erossed the desert from south to

~north at right angles. to the dune direction. He travelled frem

Wiluna to the Fitzroy River, vessing through Separation Well -
and Joanno Soring. His was the first expedition to suffer
disaster, when two of his part; perished.

W, . Rudall (1897) covered a large part of the country

near the salt lakes, searching for the lost members of tiells'

party.
| D. ". Carnegie (1898) troversed the 5.F. portion of the
desert, through Godfrey's Tank tb Halljé Creek.
R. N, Smith (1898) traversed the Nﬁllagine-Oakover
area for the purbOSes of oﬁtaining artesian water in this area.

Gibb A. Maitland (1904) was the first geologist to

‘undertake extensive and comprehensive work in the Pilbara area,

and his work was the basis for all future workers 1in the area,

9{'w; Canning surveyed the stock route in 19056~-7 to

"bbing cattle from the Kimberleys to the goldfields south of

wiluna.,

w. H. B. Talbot (1910) traversed the stock route and

'gﬁve the first accurafte geologlcﬂl account of the desert area:

this route was followed by T.. J. Jﬂncs (1922) who investigated
the oil possibilities for the Locke 0il Development Syndicate
and Kimberley Petroleum Co.” Jones found Permlnn fossils from

N.F. of No., 27 Well on the Stock Route - they were dptchlnud by

W8, Dun of New South Wales.

E. Kidson (1914) tre ed the Stock Route W1+h cnm;w
to record mognetic observations at well sites and water holes

F. G.A01app (1925) entered the dcbuft from the nﬁrfh
side, end reached McLarty Hills by tractor. He collected
fossils from near this locality.

C. J. Bremncr (1942) made extensive aerial flights
over the southern wargin of the basin; the purpose of these
fhights was to delineate the southern marpgin of the basin nnd

determine if Devonioan limestonec were present.
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", Reeves (1949) made an extensive survey of the whole

of the Canning (Desert) Basin for Vécuum Oil Co. He used pack :
horses for his traverses from Balfour'Dowhs_étation, thiough i l
Rudallvcountfy, 1o Le ke Blanche and Lake Auld. Reeves found %
Permian foesils from Loke Bl +che and near Well'No. 26 on the :
‘Stock-Routea Juragsic plant fossils froh Callawa Hills addsd %n
vhe geological chtu;e of the Baéin, vhich showed it to he co mpc:cf
.bf'horizontél Permian and lasozolc sedimenis. |

The Bureau of lineral Ie°ouchs in 1954 was the firsi
t0 take conventicnal Vehiéles into the sand aure country witn
success., West Afustrolian Petroleum, in the same year, pentir. tar
cast into the desert from Anna Plains to Mclerty Hills and found
Juragsic marine fossils.
Fig, 4 chaws the = cer LG50 ko afamelienpena e dha (e gndne

(Desert) Basin of ¥W,A, ‘ A '
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The area is topographically divided into:.
(a) dissqcted hills bordering the desert,corresponding ﬁo the
north-east part of theAPilbaPm Block; and
(b) desert afea9 corresponding to the southern parf of the
Sanning Basin propeﬁ.

LY (a) Dissected Hills Dordering the Desord

a— ——

This division has a well—déveloped'dpainage pattern
imposed on a.moderately dissected land, which ranges in altitﬁde
from 1;200 ft. (Paterson Rauge) to 350 ft. on the granite ploins
near Muccan stotion. On'the Yarrie Sheet, the division includes
most areas south and west of thé rabbit—proof‘feno@ and includes .
"highs" such as-the Isabella and Gregory Ranges, Ulalling Hills,
and Bamboo Creek area,

In the Paterson Range aund Rudall Sheets, dissected
hillg rise abrgptly to 350 to 500 ft. above the sand plains, to
form isolated‘units such as the Paterson, Broadhurst, and McKay
Ranges.

No barometric heights are known in the Rudall area,

but elsewhere ranges continue for fity miles with a height of

905 to 1,200 ft.

The general tfend 5} the ranges in the Paterson and
Rudall arca is norti and northwwest; whéreés in the Yarrie area
it is predominantly enst-west (except on the egastern part of the
Speet where it is north),.

Tor most months of the year no surface water fldws in
any of the drainage channels; the valleys of the streams in the

Paterson and Rudell areas are narrow, almost V-shaped; whera th:

. valleys leave the hill country and enter the sand plains,shert

distributaries form, but very few extend any distance into the
desert. |

A The ‘Nullagine and Oakover Rivers-form the major river
system draining the dissected orea in the southern part of the
Yarrie Shéet: the system 1is characterized by wide alluvial flats

which extend from yords to six miles on each side of the river,
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The hills forming a gap foﬁr miles cast of Yarrie Homestead rise
350 ft. above plain level, and they restriét the width bf the

-eliuviai flats of the De Grey river to a mile. The flats again
spread as the river emerges from the influence of tﬁe gap.

The—Nullagine and Oakover Rivers flow in & northerly
dibection'in.fheir,upper reaches, but near Warrawagine Heomestzod
they swing north-west and join about seven miles sbuth of Calilawa-
station to form the De Grey-Ri&er, whiéh'flows to the west.

For many months of the year the Pivéns are dry except
for some isolated pools,_;The vpper reaches of the Nullagine and
Oakovev Rivers éuf through Pre-Cambrian rocks and form steep
gorges in which lie permanent pools, e.g., Carawine Gorge. The
channels of these.two ma jor streoms average 400 yds. in width and
the bed of the stream is generally only about 15 ft. below the
level of the alluvial plain. The gradient of these rivers is as
follows: T

Oakover River

—

. Logality | Distonce - Fall Gradient
(miles (feet) (ft.per mile
Carawine Gorge ~Braeside 20 90 4,5
Braeside ~Chooka Well 30 130 4.3
Chooka Viell . _Toomingidgee 11 70 6
‘ Well .
Toomingidgee Yell -Junction with 13 35 3
Nullagine Riv, .
Carawine Gorge - do. "5 330 4.5
Nullagine River
Pinjian Pool - Wlarrawagine 10 30 3.5
Warrowagine - Junction with 13 85 6.5

Qakover River

~

Pinjian Pool - do 22 115 o
De Grey River
Ookover - ~Nullsgine 120 565 5
‘ Junction
to sea
level.

Generally, the Oakover River has & greater and more
repid flow of water than the Nullagine River, because of its

greater length and loarger catchment area., The steep gradient
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between Chooka Vell and qumingidgee Viell on the Ookover River
may explain the very rapid flow of water in this sectién during
flood times. A
The rivers apé at grade. and thelr floors are sirewa with
boulders and coarse sand, In some places old rivef.courses are;-

visible ou the cerial photographs and provably represent the

]

deserted broided cours

(6]
(6]
[

cf the rivers, rather.than meanders,
-

(b) Desert Division

This ares is characterized by innumerable seif dunes
and playa lakés and the absence cf ahy signifiéant droinoge
channels. It has low relief and an altitude ranging from sea
level at Wallal to 900 ft. east of Lake Wooloomber.

SmallAhills rise less than 150 ft. above the level of -

the sand plain, Cﬁncudgerie Hill is a small monadnock'rising 130

ft. above the generel level of the plain. Numerous small rounded

rises scattered throughout the area are not higher than the
surrounding sdﬁé dunes.,

The salt lakes formed by internal drainage are
characteristic of the desert. Lake Waukarlycarly is situated
approximately twenty miles nort: -west of Mt. Crofton, and Lakes
Dora, Blanche, Winifred,}Auld, and Wooloomber form a U-shaped
group easy of the Rudoll'Riveﬁ area. The bed of the lakes consists
bf 5 thin crust of salt and ~ypsum underlain by a? least 18 in,
oflbrine, saturoated snnd,'and mud, The surface of Leke Waﬁkérlyca—

ply is distinct from the other lakes observed in that it is mostly

covered with a soft powdery coliche and some salt. The solt-

‘water level at Lake Dora was less than 12 ins. below the salt

crust. Only after particularly heavy foalls of rain is there an
cppreciable quantity of surface water in any of these lakes. Loke
Waukarlycarly is 670 ft. above sea level, Lake Dora 650 ft., and
Lake Wobloomber 755 ft. The morgins of the lakes arg irregular,
particulﬂrly on the eastern edges of the lakes where their salt
surface extends into the vaileys between sond dunes. This
condition s probably caused by the encroaching sand dunes which

form o serrated edpe with the salt lake. The extensions between

the sond dunes commonly break into a moss of smoall salt laokes and



¢glay pams which represent pemnants of the lake surface.

Sand dunes cover most cf the desert and form parallel
ridges mainly a gquarter to half a mile apart and extending Eon
more than fifty miles (Fig. 5); they vary ooly slightly in

direction and generally trend west- north-west; the average height

is about 60 ft, but dunes twicec this neizht were measured,
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Fip, 5. Parallel sand dunes with light coloured fire burn

o e e et

patterns, from air photograph east of Lake Voolcomber., Scale

mile = 1 inch,

The junction of dunes is quite common; the point of the
acute angle between the two almost always points west-north-west.
They are commonly bra ldpd giving three or four parallel crests
to the one dune.

In some cases small arcas of perhaps 10 sd. miles may
consist of irreguler short dunes of comnlex pattern, but thel
longer axes 2lweys trend in the same ~eneral direction as
ta the

others., Bpraiding is particularly noticeable adjacent
western margin of the pleys 1lakes; the dunes are generally absens
in & smoll lane about half a mile wide adjoining the western

shore of the lake, On the eastern margins of the lakes, however,

the dunes are well defined and only ¢ slirhtly braided, and abut

the lake surface,
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Ejg;_jé Looking N, across a dense field of 80 f£t. high duncs,
'8 miles 8. of Mt, Crofton.

- ' The area almost completely lacks any dvaimage channels;
the greater part of the drainage is_subtevranean. The Rudalli
River partly traverses the sand plain, but merges into a series
of clay pans and small salt 1akeé_in-its lower reachkes, its
course being extremely braided. The channels reach Lake Dora,
but flowing surface water seldom reaches the leke. Some drainage
channels are nresent in smell rises, monadnockis, and breakoways
within the desert, but they parcly extend more thon 1C0-200 yds.

STRATICRAPHY

CLITERAL

as the sedimentary basin between the Kimberley ond the. Pilbara

arcas of Pre—Caﬁbrian rocks: it extends north-westwards on to the

continental shelf and contains Palaebzoic and younger_se@iments.
Thé name "Great Sandy Dosert'.was used first for this

. area in 1872 by Colonel P. T. Varburton,

The name "Desert Basin" wes used for the artesian basin
"petweecn the Kimberley and Pilbara Blocks in a map accompanying n
'"Report of thevIntepstate Confefence_on Artesian Water, Sydney
\1912 (Sydney Govevnment'Printer 1913)", An "artesian basin” is
‘defined in this.report as meaning "the whole of '‘an area within
which artesisn or sub-artesian water may be obtained by borinr."

Gentilli and Fairbridge (1951) celled the Palaeozolc-
Mesozoic sedimentary basin between the Kimberley and Pilbara Blocks
including the extension on to the submqrine continental shelfl,
the "Conning Basin."

The shapc of the floor of the Cenning Basin 1s pr@éti0ﬂlr
unknown and some individual downworns in the floor moy be of
sufficient magnitude to justify o sepaorate noming within the
larger unit, The first of these'oreas to waﬁrant'an individurl -
nome is the Fitzroy Basin in the north, between the Kimberlcy

Block ond the Fenton IFault line,

This report deals only with the stratigrephy of the

|
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southern.mavgin of the Céhning Basin, and emphasis is placed
only.on the Palacozoic ahd younger sediméats: the ﬁre—Cambvian

is treated regionally as providing the source and floor of
deposition for Permian'sediments,.nnd the bofder to the sedimentary
ﬁasin.

Pre;Gambn'an, Permian, Mgsozoid, énd Terfiary rock units
have been recognised, and the'post-PPe~CGmbvién sediments are
represented by‘a small thickness Qf prcdominantly clastic sédiments
contnining few fossils. . _ :

Units found ore correlated with Similar units in the
Carnarvon and Fitzroy Basins in'Tablelz.

Existing nomes of rock units have been used wherever

possible, with slight revision in occordance with the current
_Australian code of Stratigraphical Nomenclature, New names of

formations are introduced and the units are descﬁibed in order,-
oldest to youngest, under the headings of their periods. These
new names have been approved by the Yestern Austrhlian Committee
on Stratigraphical Nomenclature.
PRE-CAMBRIAN.

A larpge area df Pre-Cambrian rock crops out in the
Pilbara Block, which forms the south-western border of the Conning
Basin, These Ppe—@ﬂmbpian rocks have been divided into three
units by Maitland (1904 and 1905). The divisions he made are:

1. Nullagine Beds - o series of, sedimentary rocks,
quartzites, grits, conglomerates,'anq sholes, together with &
scries of interbedded volcanics.'

2. Mosquito Creek Beds - "a series which consists of grits.

shalesﬁ and fine conglomerates" and "which underlies the strata n*

the Nullagine Scries.”
%,  Varrawoona Beds - "(a) altered sedimentary series
(quartzites, conglomerates, quartz, and mica schists, etc, ); ond

(b) metemorphic igneous rocks (greenstones, magnetite, and

[o]

serpentinous schists, and more or less altered sheared bosic

igneous rocks)."

Maitland, in his originol description of these units
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and in his discussion of the gecology of V“stprn Australia in

1919, recognized the great unconformity between the Nullagine

Beds and the Mosquito Creck Beds, and between the Nullagine and

R o - o

W rrawoona Beds; but stated that "future detailed ond comprehensive
%1pldwork may show o very mtm'1 ¢ and close relationship between
the Yarrawoona and Mosguito.Creek Beds." ﬁowe?er, he seems to
contradict his prbdlctlons when he mentions that a conplomer@te

of the Mosquito Creck Beds "contnins numsrous pebbles of lamina tca

guaertz (chert) ond jasbillite which form part of the Woarrawoonn

.

Beds"

‘Forman (1957)ldescribed the difference in sfrike and
dip st an obscured contact of the MoSquito'Cfeek'Beds and Varrawoo-
na Beds at Eastern Creck, Pilbara district, and stated that it
"econfirms the inference of the unconfovmity between the Ilosquito
Creek Series ond the Varrawoona Series". Although Maitlaend used

these names for rock units Fairbridge (1953), without formal

‘definition, used the nomes 'Nullagine System", 'Mosquito Creek

System", and "¥arrawoona System”

In the older pocks,'grédes of metamorphism.and gneissos-—
ity have been used as age indicators.

Moitlend (1904) gave o tentative age of Combrizan to the
Nullagine Beds, which he correlated with the sediments -of the

Kimberley Ploteau. Since then, most writers have referred to the

"Nullagine Series, Beds, System" as Proterozoic. The more

2metamorphosed sediments which unconformably undbfllb the Nullagine

Beds ore generally referred to in Western Australis as Archaeczoic
Thus the Westernyﬁustralian division is;
Proterozoic h _ Nullagine System
Archaegozolic Mosqguito Creek System

warrawoona System
préver,'from fieldwork in the Northern Territory oand
in the Kimberleys, geologists of the Bureou bf Mineral Resources
have placed the sediments of the Kimberley Plateau into Upper

Proterozoic and, possibly, even into the base of Lower Cambrian;

the Haoll

and the metomorphosed rocks unconformably below, such-as
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Creek Group (Traves 1955), are plsced in the Lower Proterozoic.

.RBecause of the confusion in nomenclature and the lack

of detailed mapping in the Pre-cambrian of the arca surveyed, the.

Pre-cambrian vocks described in this report have not-been Iormis
amed but will be broodly described under the headings of Lower

Protcerozoic and Upper Proterozoic., Tne Lower Proterogolce cge may

)
@)

cnt usage
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Lbe questionable, but is used, in accor

‘in the Burcau of Mineral Resources, for metamorphosed sediments

which may possibly be correlated with similar rocks in the

Kimberleys and Northern Terri tory.

Lower Prote r0201c Rocks

(a) Metamorphics

VY

Metomorphics, predominantly greenstone {(altered pillow
lavas), serpentine, tal-chlorite-carbonate schist, dolomitic
mapble, guartzite, slote, and banded hematite jesper, cron out

in the south- Wbst rn portion of Yarrie Four Mile Sheet, in most
of Rudall uhbbt thc western portion of Paterson Range Shcpt and

the southern portion of Table Top Sheet., No subdivis ion of these

rocks was cttenpted bucnuse of the complcx structure and indefinite

~lithological boundaries.

1
i

-J

i

(l)

In the Bamboo Crcek area, grecustone, calcareous s¢ t,

. . ./ = -
and marble predominate. . A dolomitic marble specimen collected
from locality Y52 showed no contact metamorphic minerals ond no
advanced stage of recrystallization, and had the following

Al

chemicnl composition:

CaCO0s 54.6%
MgCOg - 37.2%
FeCOy 5.0%
Acid 3.3%
Insoluble

\.

This marble is associated with shecared basic volcanics

and shows some pyrite mineralization.

The calcareous schist associated with the rreenstone,
. , i

at Y58 on the Talgr=Warrowagine main rocd, 18 characterized by o

cubic brown mineral showing inter—penetration twins, which is o

pseudomorph of- limonite after pyrite, The yrgun stones are
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“weathered and altered basic lavas containing sec
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ondary chlorite
and calcite. They have been sheared to form CthPitG,.
ﬂctinolitej_talc,'and serpentinous scbists whicﬁ'are-carbonuted
Jear guartz veins,. |

{ " East of TLake Waukhrlygarly at P8, ?utcrdps of quartzite,
'51ate, schist, and mafble were examined. 'The:qunptzites in this
area are immune to gran;tizatiod-and in places,form remnont

ridges of felspathised guartzite in the gfanite. The recrystalliz.-

ed quartzite in thin sect ion shows glassy quartz which 1is

extensively intergrown,
In the hills north of Yarrie, the main rock type is
slate and colcareous and hornblende schists overlain unconformably

by banded hemetite jasper, which, Delng very resistent to erosion,

" forms the backbone of the ranges. This banded hematite jasper

rangés from almost pure banded hematite to prédominantly jasper
with a few tgiﬁ.bands of hematite. A similar rock of banded
hematite josper is faulted agoinst slates at Mt. Cecelia,
Correlations of this hemotite josper may also be made with the
YlMorble Bar'" which cuts the Ccongon River, and possibly.with the
banded hematite ot Yampi Sound.

Schists, gquartzites, and greenstones were mapped by

photo-interpretation on the Rudall ond Table Top Four Mile Sheets.

(b) Ignecus Rocks

~.

‘Granitic rocks crop out in the country bordering the

"desert and in the desert, the moin aveas‘being (1) the plains

of Tplga-Tolga; (2) between Coongon and Yarrie; (3) east of Lrike
Waukarlycarly; and (4) headwoters of Rudall River.

The granite ot Talge Talgae crops out over o loarge oared
betwcen Bamboo Creek and Mérble Ror; it is mostly a medium-groined
biotite granite. Five miles south-west of Talge Homestead
hillocks of shehred basic veolcnnics sit on the grmnite, apnarer’ .y
forming roof pendants. The contact shows granitization of the
bosic volcanics., The raggsed edges of structures 1in the

i BN

Metamorphics abutting the rronite show thet the granite is younge:

thon the Metomorphics. Dolerite dykes cut the graonite but were
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not'scen to intrude the lietamorphics. Quartz "blows" are common
in the Talga area, pﬂrticularly neear the jﬁnction of the
Metomorphics and gﬁndite-— ¢.o, near zZulus CreekK.
The large area of “granite bordering the.De Grey kiver
was éxaminéd between Coongon, Yarbie, and Nimingarra, A fine-

grained to medium-grained hornblende. granite crops out on thne

ploins twelve miles N.E. of Nimingarra Homestead, -At Black #dill,
ten.miles E. of Nimingarra,‘the granite is intruded by a 15rge
northerly-treanding dolerite dyke which forms @ long prominent
ridge., Many ofher dolerite dykes cut the granite? the 1§ngest
dyke being 200 yds. wide and fiffeen miies_long.

Viast of Lake Waukarlycquy the grnhite ranées from &
fine~grained biotite granite with pegmatite veins to & sligntliy
gneissic fine-grnined granodiorite, Roof pendants of quartzite
form hills in the otherwise low, partly sand-covered surface of
the éranites.

Fafther‘south, north of aterson Range, near P20, are
outcrops of a medium—grained biotite granite cut by aplite and
quartz veins., The area of granite on the Rudall Four Mile Sheet
wns not examined and was mapped by photo-interpretation. Reeves
(1949) recorded granite on the western sidg of Rudall River south

of Roony Creek.

.~

I S R S R Upper Proterozoic
In many parts of the area, especially in the Yarrie
Four Mile Sheet, the Lower Proterozoic Metamorphiés are overlain
unconformably by unmetamorphosed sediments and vclcanics, which
are ﬁelieved to be Upper Proterozoic in age. Most of these rocks
may be part of haitland'shNullagine Beds" but, as explained before,
the lock of mepping aond confusion in nomenclature mokes 1t advisab-
1ec to describe sections examined without adding more unit nomes
ﬁnd correlatinons,
The sequence of the Upper Pfotefozoic rocks is shown
best in the synclire bordering the eeétevn side of the Bémboo
Creek Goldfield HMetomorphics (Figs. 8 and 9). The eastern limb
of the syncline was cxamined along the Little De Grey River

between points Y43 and Y48, and the western limb ot Green Hole,
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dip of 18° S.¥,, at Y45, conformable with the overlying sandstoune.
The porphyry contains equigranular phenocrysts of pink félspab and
clear quartz, it intrudes the overlying sandstone, as is..shown by
th thin Quaptz‘veins penetrating the sandstone, and by the
f%lspathizat;on of the baéél beds ét.Y45.

- Previous authors (Maitland 1904,'p. 54; 1908, p. 50;
I'inucane 1936, p; 3) have pdétuléted that the porphyry is a series
of flowé, but, although it appearé to have a stratigraphic.positiﬁﬁ
in the syncline, it is probébly'intrusive into selected beds and is

roofed by the sandstone. On the western 1imb of the syncliné at Y50

and Y51, the porphyry . intrudes & slate underlying the sandstone, and

the distribution of the pofphyry is pbobably'governéd by the sclcet-
ive intrusion into the shale (slate).. Sills of hornblende porphyry
intrude the sandstbnc on both sides of the syncline'and at the nosc
at Y15, and they may be genetically related to the main masé of
porphyry.

The maximum fhickneés of "the porphyry is approximotely
3,800 ft. on‘the western limb, but it thins out oun the eastern 1imb
and does not outcrop'dn the north-western nose of the syncline,

The sandstone overlying the porphyry on the eastern 1imb
ot Y45 consists of 100 ft., of coarse sandstone with some beds of
fine cohglomerate. A muech thicker section of the sandstone crons
out on tﬁe western limb ét‘Greeh Hele, Y50, At this iocality 800 ft,
of well-bedded, well-cemented, poorly sorted pebbly fine conglomerato,
pebble conglomerate, and coaféé arkosic sandstoﬁe dip N.E; at 18°,
This unit is overlain by more than 300 ft, of medium bedded, poorly
sgrted peﬁbly fine conglomerate, pebble conglomerate, and coarse
sdndston@ which is intruded by a sill of hornblende pbrphyry. Tﬁe
top of this unit is covered by transgressive basic vplcanics. Th
two sandstone beds were mapped as a single unit. .

| .The sandstones are well exposed on tﬁe western 1imb of the
synéline but are mainly covered by basic volcanics on the éasterniﬂnbi

A unit of limestone and dolomite fills the ceuntral portion

" of the syncline, although in most placcs 1t is covered by  basic

volecanics., At Y46, o dark siliceous limestone crops out through tThe.

volennics and forms trend ridges., This limestone exhibits N

numerous concentric structures from % in, to 2 ft. in
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diemeter which could be colonies of algae or slump structures.
This limestone on the eastern limb extends south-eagt

to Pinjian ™ool, where 150 ft. of sub-horizontal dolomite

containing chert nodules and plates are exposed On the epstern

side of Pinjian Pool, the dolomite is unconformably

overlain by

(=]

@ siliceous chert breccia - a strongly cemented

> Laue

~

el

Ok

angular chert fragments from the weathered dolomite. The

relationship between dolomite and breccin is shown in
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Fig, 10.

The unit of dolomite con be correlated with the dclomite

that forms the high western cliff of Carrawine Pool, south of the
area surveyed, and with the Upner Proterozoic dolomite which
outcrops with an easterly dip, west of Ragged Hills.

The brececia fills the interstices, joints, cavitiea,
and crevices in the dolomite, and was cemented after the folding
of the dolomite: it was formed as a result of the weathering of

this unit. It renges from dark to light red and white, end is

composed of angular fregments of chert cemented by silica or

T

in special cases, by hematite or mengonese., A comnlete range hes

been scen from siliceous breccis to monganiferous breccia t9

%]

monganese ore: the mﬁﬁgnnese depeosits at Vioody Vioody end the
siliceous breccic belong to the one unit. Their origin appecrs

to haove been chemical deposition in & lacustrine or possibly even
merine environment, in places cementing the mentle of chert frogm-

ents wenthered from the underlying dolomite.
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or early in the Palacozoic,
The Uppep Proterozoic éediments nohth of Yarrie have
-nof beeﬁ corfelated with those exposed in the éyncline‘(Fig. 9);‘
but no doubt more detailed mavnping would eétablishlihe compléte
section for.tﬁe whole area. In the hills between Bel Creck and v
Callawa Homestead at Y21, a 600 ft. section of Uppar Proterozoic

ne section is:

1

3

sediments dips EFE. & 2t 8 degrees.
120 ft Jurassic Callawa Formation.

60 ft Permian Braeside. Tilliite,

5 ft Sendstone, dark, ferruzinous - represents
g unconformity.
%420 ft Sendstone, medium to coarse, clay peliets,
Upper % | micaceous, white to yellowish, ripple marks in
Proteroz—§ . finer beds - rip les havé amplitude of 1 in and
039. ( wave length 6 in. with a wave direction of 150°.
\ E T Some shale bands and fine conglomerate lenses,
- % .2 ft Dolomite, pink, thin bedded.

5 2 ft Sill or flow of basic volecnnics.

( 40 £t Shnle, green and dark purple, interbedded with
thin beds of fine sandstone and siltstone. These
basal beds of the section crop out in the bonks

| ot the hend of Tel Creek.
| At Y 20, the section is:
60 't Jﬁrassic’cgllawa Formation.
. 240 ft Basic volcanics, onion weathering, and pillow
prer :

Protercz-

(
(
( structures.
(
oic. (

10 ft Slate, black and dark coloured.
The contoct of the volcanics ¢nd shole in @ hill, @
few hundred yords north-east of Y34, shows thoet the shale is
boked fo A dark slate near the contact, ond fhnt the volconics
| flowed out on to an uneven surface of shale,
| It is possible that this dark shale and slcte scen
iﬁ scctions Y21, 2G, and 34, may bé part of the Lower Proterozoic

sequence and may, in fact, be equivalent to part of the

"Mosquito Creek Beds."

. i .
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On the eastern side of EBel dreek at Y16, graﬁité
feXposed on the valley floor is overlain by SO.ft. of congleomeratic
~cogfse éandstone with hematite and'jUSperApebblés._ The sandstone

shows current-bedding and, in places, grades into a fine

4.

conglomerate. It has be

¢

n intruded by a hornblende -felspar

'pqnghyry,' Tﬁis section'is‘yery similar to the thick section
'Qf conglomeratic sandstone which cavs the hematite jasper at
Y15, and which forms the basal Eeds in the nose of the syncline
(Fig. 9). These tWO‘SaOdStOﬂGS.m&y be eguated to the basal |
conglomerate of Maitland's "Nullagine Beds."

In the iower tracts of Lel Creek, the valley sides
contain a very hard, massive chert breccie cgmented with silica
which may be correlated with the breccio alrecady mentioned. But
in this area the breccia does not o&erlie dolomite and contains
fragmentsAof hematite Jjasper.

sediments of Upner Proterozoic age crop out in the

3

enstern portion of Paterson Range and Rudall Four Mile Sheets.

. The exact lithology is not known but, from photo-interpretation,

they probably are sandstones and sheles. Recves (1949) reported

a red sandstone and pebble conglomerate forming o 200 ft. scarp

overlying granite and greenstone, two miles east of the well at the

. 759 Mile Post on the Rabbit Proof Fence. This. outerop is on the

castern bopder of the Rudall Sheet.

The correlation of Upper Proterozolc rocks in Northern

o
(SIS

Australia is difficult because of incomplecte knowledge of sequence

distributions, and crogenies; but the sandstones, dolomites, and

volcanics of this area distinctly resemble the King Leopold

Formation, Yarton Beds, Ht. House Beds, and Mornington Volcanics

of the Kimberley Block - a similarity noted by Maitland in 1904 .
- Permian rocks form extensive but discontinuous ocutcrocps

throughout the Four-lile sheets of Yarrie, Anketell, Paterson

Ronge, Rudoll and Pabletop. These Permion rocks overlap the

Precambrion forming the edge of the desert; sand-duncs, sand

with "pindan" vegetotion, and Mesozoic sediments cover the basin-

wards (north—easterly)’extension of the Permian,



Paterson Formation (Revised Name)

The formotion name is derived fron the type locality at
o . , 0 ‘ ' '
Patersaon Range (122 -10'%E, 21 45'S); the Range was named by

P

LI, Rudell in 1896 in honour of W, Paterson, first manager of the

Agricultural Bank of V.4,

Talbot (1220 p. 71) referred to the rocks as the Patersor
Range Series of sandstoncs ond grits: "this strata is portion of

the series of horizontal or slightly inclined sandstones that
extend from near No, 26 Well to the Kimberleys'; they were

<

regarded as Carbonifzerous in age,

Reeves (1949, p.22), referring to the sandstones of the

Paterson Range area, states that "granite and guartzite boulders

in the rock talus at their base were not noted ot higher positions.

le]

al

9]

and the simplest explanation of them is that they are & ba
conglomerate and not glacial tillites, There is... no reason why
glacial boulders should be confined to the base of a formation...:
no other evideﬁce of glaciation was noted along the soutﬁevn margiﬂ
of the basin.“

Fairbridge (1953) suggested that as "only sandstones and

grits were described (by Talbot) it seems best to classify them ar

a formation, thus Paterson Range Sandstone,"
‘ The present authorsksuggest Formation rather than
'‘Sandstone as the sequence is of varied lithologry. The lithology
ranges from qlaystone to conglomerate; the sediments are uunsorted
and massive with evidence of slumping and local contortion within
the beds caused by over—ﬁiding icebergs.
Pie, 12. Bhows the cdntortion in the Paterson Formation &t the
north end of Paterson Range. The cement is normally élmyey op
finely siliceous and not calcareous; in surface outcrop it is
nartly iron-stained; producing a mottled, pink-brown and white
appearance; there is much more cement than rock frogments,

The size of the fragments vahges from less than one
inch to a maximum >f 3 ft; the smaller rock fragmeunts arc cenerally
more angular thon the lorger ounes; quartzite and granite

I

predominate, with minor amounts of cleaved siltstone and guartz.

e e i e r———————
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o varied shales were observed.

The formation forms low rugged hills and mesas, DLt
Pprecambr ian metamorphosed sediments.
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erson Formation,north end of Paterson
£ of sediments were mens

rained (O.?5mm->a

med lum-I

15 feet sand
well sorted.

20 feet conglomerate, unsorted, with pebbles

some lcnses of claystone b




5 fccﬁ sandstone, medium grained (0,3mm. ), with fine
current bedding.‘ This grades downwavds:into
coﬁrser sandstone. |

6Q feet conglomerate, unébrted9 with violet coloured
(iron and manganesé st ined) argillaceous cement.
The boulders andipebbles (maximum & ft,are

subrounded.
This woas the thickest .section observed in the field,

Towards the top of the sections measured; interoalated stratified

lenses are present; some of these lenses are contorted.
of the Paterson Tormation overlying Precambrian has been mépped

on the Rudoll Four-Mile sheet Dby photo-interpretation.
The Permian age of the formation 1is tentative; it

~ overlies the Precambrian with o morked unconformity and in the

Paterson Range area it 1is not capped by any younger sediment.

However, owing to its position in the basin and lithological

similarity,xit igs correlated wit’ the Braeside Tillite in the

Viarrawagine aredg, which is overlain by Jurassic plant-bearing

H

sandstone,

The glacials are corrclated with similar placiel and

o
fluvioglacial sediments

in the Fitzroy Bosin, and with the Lyons Group of the Carnarvon

\

v

Basin, - (Condon, 1955).

Broeside Tillite

Potioney

The formation derives its name from the type locality.

. . o) o)
< miles Y of old Braeside Homestead (121 E, 21 10'S. ) on the

Ozkover River.

{ .
- H

Clapp (1926) first used the name Bracside Tillite for

outcropping rocks "2 miles north of Braeside homestead oand more

than 100 f£t. below the tableland (capped‘by herd white opalescent

quartzite) and intermediote between 1t and the volley bottom".

Reeves (1949) referred 10 the "siliccous limestones'" of

the Nullagine-0akover Rivers as

" Phe name Onkover Beds (Maitlond, 1.904) has priority for

——

ageé.

s the underlying tillite

this Bimestone, which is distinct fr

named Braeside Tillite by Clepp.

of the Grant Formation (Guppy 1953, p.402 ).

"Bvaeside‘Limestone" of Tertirry ?
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The lithology cons jsts

ing size and angularity,
the Tillite is exposed at

betwesn Waprawaging H.S.

section is protected from

and pebbles of granite, gneiss,

P .
many of ther/Tinely striat

shale litter the plain;

maximum diam

At Y35, 16 mile

of Eel Cr

(=)

gneiss, gquartzite, vesic
chert-breccia,

Preca mbrl n of th

of these morainic boulders is 4 s

extending northwards (

of banded brown, red,

rock fragments ranging from =

_fine varves have been de

Five miles e&

penetrated this sequence (recognised @

in the drillers'’ logs)

The total known thicknes

(334 ft. penctrated in
There is
of this. formation.

pre-Jurassic g

nearby tobleland at Bra

as possibly Jurassic by Clanp, and

ilaitland in 8 persc nal

o

originally ascribed a

su-rested that the

in contrast to the very coarsc,

of the North-west I Rasin

25 o 50 £, thick of possible Tertiary

eter is 14 inches.

cek, there is evidence of

subrounded striated boulders

e Yarrie Four Mile sheet.

nsinwards)

and white

no direct pﬂlaeontol.,
clapp -(1925)

ge" es it contains

Tillite "moy be Permo-Carb

=5
s of boulders and pebbles, O vary-

=

light grey clayey Froundmess;

set in a

the base of hills and, in the area
g

and Carawine Gorge, the expused 60 ft. of

wecathering by @ cép Ol limestone and

schist, gquertz, sandstone and
are
ted ond their

s north ecast of Yarrie.H.S. at the Lcad

a glaciel moraine with numerous

and pcbbles of quartz, gpanite,

ular basalt, jasper, quartz-hem matite,

i ceo pocke crop out 1in the

and sendstone; all Lheso

The moximum dieme ter
overlying the moraine aud
from it 1s & succession

varved shales;

i g 3", over and around which the

eposited.

st of Warrawaglne Homestend bOres have

as "plue clay with boulders"

to a depth of 334 ft, at No. 36 dud bore,

(&

s of the Tillite 1is approximately 400 ft.

[w]

a bore hole and 60 ft. to 70 ft, outcroppir

omical evidenee for the 089

£

stated thot it 1s "probably oI

no chalecdony oOr limestone of the

eside Homestead; the tablele

this 15 confirmed By Gibb

communication to Clapp.

.o to the tableland. Clapp

Tertiary age

y boniferous but iv is

relatively dark, Lyons ConglomeXs:

". the other correlation Clapp made Was
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with the possibly Cretaceous tillite, 360 miles farther south 7%

Leke Carnegie, originally peferred to by Telbol and Clarke (1917,

At the head of FEel Creek, at Y22, the verved shales avre

overlain by the Jurassic sandstone, with & slirht unconformity,

and unconformably overlie the Nullogine sandstone. The Tillite

is capped by the Tertiary ? Oakover Beds between the Nullagine

ond Oskcver rivers. £#s already meutioned the Braoeside Tillite
is correlated with the Paterson Formation, and nlso with the Grant

I Lyons

Formation of the Kimberleys oud the Lyo group of the Carnarvon

Basin; a tentative Permion age is assigned to it.

Two miles north of Carawiune Gorge a glaciated pavement

(roche moutonnee) was observed, ~nd it is possible that the

Broeside Tillite was, at least in nart, a terrestrial deposit

formed by glaciers proceeding tc the sea down an old Nullagine-

Oakover valley; the Paterson Fornotion was possibly deposited

under & marine environment.

Cuncudgerie Sandstong (New Nome)

The formation derives its name from Cuncudgerie Bill

(121051‘E, 20°55's) on the south-west corner of the Anketell Four

Mile mop; "Cuncudeerie" is an cboriginal neme. The type locali”
is ot the south-ecst edge of a platecu-like suterop, 10 miles eor

south esst of Cuncudgerie Hill; marine fossils were collected

at the type locality.

The formation consists of n succession of sandstone,

fine conglomerate and oreywacke beds, the 130 feet measured gen®io

~t Cuncudgerie Hill consisting of:

20 ft. sandstone, ferruginised, coarse to medium-grain.

(average groin silze omm. ), subangulaor and poorl

contnins some pebbles 2" 1onp; these

orted;

[4)]

ebbles are

el

current-bedding direction south-east.

30 ft, sondstone, white 1o pink, medium-greined, with

(5
al

some loarger guartz groins; ensily eroded to
caves in the outcrops; yellowish-brown; massivs
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50 ft, sondstone, mediuvm-grained, with worm tracks on
the bedding planes and iron concretions and
clay pellets; ripple-marked; beds have a distinct
violet'cﬁlour. Some small lenses of conglomcraté

in this section,

20 ft. sandstone, dark ferruginous coarse-grained, at
the base of the hill.

The section measured at the type locality (P.1, referenc

D

Paterson Range Four Mile geological map) totals 100 ft. and 1s
composed of :. | | |

10 ft, of éandstone,'canSe, and gonglomeréte; fine
with pebbles %" in size; subrounded; dark

'ferruginised colour.

o0 ft. of sandstone and greywacke, ferruginised mediunm
to coarse grained, ill-sorted; ripple merxs,
swash marks, cley pellets ond worm tracks in

v | this section. At the base of this ferruginised
sequence is a 6-inch bed containing Permion
marine fossils. _

10 ft. of sandstone, medium to fine grained, well bedder
micacebus, yellow tc white.

30 ft., of sahdstoné, mossively bedded, medium grained,

micaceous; brown-white colour; forms caves in

the scarp...lndeterminate shelly fossils.
30 ft. of fine sandstone and claystone; well bedded;

micaceous towards the base; rmulticoloured

. , ’ (violet, red, white, yellbw); contains indistinct
peleéypods.
The total measured thickness of Cuncudgefie(Sandstone'is
130 ft. .oud the known.outcrop is very limited, though it is |

probable thot the formation extends round the basin mnargin, a8

do other Permion formations.
Thomas and Dickens (Appendix B) detcrmined the age of
the formation as Permian, from o study of the brachiopods,

pelecypods, gastropods and bryozoa.

O
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The Cuncudgerie Sandstone 1s correlated with the Nura

staps member of the Poole gandstone (Kimberley Division) and it

AJ. -

no s faunal link with the Callytharra Formation of the

= e g
Clswt O o

®»

Copnarvon pasin.

R s (1949) reported "fragment of ? Conodont" of ?

2ec Ve
age, fron a locality four niles north-east of Well
m :,,
<

T
i

the Canning Stock Route (Tabletop Four iiile sheelb ).

iceivably be @ south-castern continuation of the Cuncudger:

PRSI SR, b i~ T NN A s

i -
| condetone; the extension of the Sandstone may conform with the
edge of the basin,
| Dora_shale (New Nome)
. : . R 20 5500 )
The formation derives its name from Loke Dora (123°E,2205)
one of the chain of salt-crusted "jakes" on the Tablctop ound
; Rudnll Four Mile sheets; the lake was named by ¥.,P. Rudall in 18¢7
IE
) ;
‘.T

rets o e S

D Lam oA

Fig, 14. Lake Dora looking south, showing salt crust.

The 1lithology is predominantly sandstone and shole; tho

texture, light weight, and palid colour of the outcroppings i skote

succest that they may be decalcified. knLun'bvtcrdb-J”Pe

o o il 2 ”i% lakes 01 Dc r" and

A
S

confined to the eastern margil

b

Blonche: here they form cliffs 50 ft. to 100 1. high, the salt

J

crust of the lakes abutting these aarrs,

T el o it s LAk ~ " s
Y



O G SR A e

i gk 8 5 ) Rahalle. PO, O DU | -

LA e

B

& &
- e

R e

Fie, 15. Cliffs on the north east of Lake Dora expocing

s e

Dora Shale.
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vertical section was dug at the north end of Lake D
from its margin, revealing:
0 - " 1layer of white crystalline salt,

in_ 4" gypsum crystals in a black silty moist mauri~

4"-19" sandstone, fine grained, brown, containing 2

large quantity of salt water; contains foramini’
era,
below 19" sandstone, fine grained, and hard shale that

£ o

contains foraminifera of Permian age; this
the bedrock of the lakes.,
4 sample of the bedrock of Lake Viooloomber was not taker
but it is considered that one reason for the existeunce of “the
Dora, Blanche, Wooloomber chain of lakes is that they rest on the

impervious Dora Shale.

ge: oF

The intermittent cliffs form only on the east edre

Lakes Dore and Blanche and no cliffs are evident on the west edse

of these lazkes or on either edge of Lake Wooloomber.

The 40 ft. section exposed on the north eastern edge
Lake Dora consists of horizontal, well bedded (beds 1 in. to 1 £

thick), micaceous, white, violet and yellowish claystone, conteiss
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thin worm trails and ? woody remains, TFour beds in the section

resist weathering and protrude as ledpes; these beds are'laminnted

 ferruginised claybeds. The topmost bed consists of clay pellets-

ond cleystone breccia - the breccia is of the seme moteriel as
the underlying claystone. . This breccia bed is regarded s the top

of the Dora Shale, over which lies the Triwhite Sandstone.

m
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s sorks on the castern side of Leke Dora are o resu’tt

of secepage through the overlying Sandstone, down to -the impermeoble

(@]
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Dora Shale, Dunn Sdak, small sonks along craeks draining west-
wnrds into the lakes, and cther soaks found in.depressions on the
enst side of the lakes, are expléined in the above way.

Reeves (1949, p. 32) records "flat lying shales and
§andstone exposed in Scott Bluff at the northern end of Luke Blonc-

he; similar shales and ferruginous sondstone exposed betwecn Lake

Blanche and.Leke Auld show a 1-2° dip to north east.....

Ammodiscus_nitidus is recorded from Scott Bluff",

iiss Crespin (Apnendix C) determined the microfauna

from specimens collected at I,nke Dora as "Hyperomminoides aciculd

Parr and Ammodiscus nitidus Parr. These Foraminifera are Permic.
in age and are widely distributed in the Permion. rocks of tue
Carnarvon Bosin and the Kimberleys'.

The Dora Shale is corrclated with the Noonkanbah

" Pormation of the Kimberleys, which haes a similar lithology (though

more calcareous) and microfeossils.

Triwhite Snndstone (New Nome)

The forﬁation derives its nome from three conicnl white-
topped hills, 9 miles east of northern portion of Lake Dorea at
1230 30'®, 22° 10'S. One mile to the west of these hills is a
prominent.flat—topped mesa 75 ft. high, capped with conglomefote°

Piz., 16, shows the Triwhite Hille Looking south-woet ir ™
direction of Lekes Dora and Blonche. '

The known area of outerop df this Sandstone is very
small ond field evidence for 1ts extension exists only ou the
Tabletcop Four Mile\Sheet. | |

The type locnlity is one mile east of Dunn Suok wheve
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foassils were collected from the iroun staincd greywacke lying on

the surface; at this locality the to ography is gently undulating,
s 3 p.g i L5 s

with no meas-trpe exposures.

The lithology is fine-grained to medium-grained s&nde’one

some fine conglomerate bands and leunses of claystone; oolitic
greywacke towards the base of the section contains the morine
fossils., The 65 ft, section exposed 1in the 756 ft. table-topoec

mese six miles east of Dunn Soak consists o

©
o

f

15 ft. claystone and fine-grained quartz sandstone,
micaceous, white, well-bedded.

45 ft, sandstone, fine-grained to med ium-grained,
micaceous, white, well bedded; gives @ "holey"
appearance in outcrop.

§ £ft. greywacke, finemgrniﬁcd, micoceous, brownish;
with worm trocks, ripple marks, swash marks,
iponstone concretions ond indistinet shelly
fossil remains.

This section is cepped with ten 10 Fifteon BT, of COPYEE
unsorted sandstone and fine conglomerate (regarded as poss.bly
Mesozoic in age), which has a slight angular unconformity ¢ith
the underlying Triwhite Sandstone.

This wos the thickest section measured; remnonts of

ferruginised sandstone with fossil fragments litter the riscs.
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The beds hove a very low dip to.the east, (40-1°), ©nd
if this dip is mointained for 5 miles until the sandstone becomes

covered with the Mesozoic, thickness of 200 ft. to 30Q ft., may be

6]
w

estimated,.
Glauvert (1925) describes Permian fossils collected by
L. Jones from "a low hill near No, 27 'ell, on the Cenning StoCK
- Route." These fossils could be similar to those found in the
Triwhite Sandstone,
The sge o»f thc formaticn is based on marine fossil

evidence (see Appendix B jsting mainly of the pelecypod

Astartila and gastropods vVarthia and Ptychomphalina,. These forms
occur in the upper part of the Noonkanbah Formation and lower part
of the Liveringa Group of the Kimberley region, and the Triwhite

Sandstcne is therefore correlated with these units on fossil

evidence and 2 similar lithology.

Ir$0Z0IC

sediments of a Mesozoic age overlie or rre marginal to

(5

.
the Permian in the southern portion of the Canning Basin and exten
- northeastwards towards the centre of the desert. These liesozclic
clestic sediments are largely covered with sand, seif dunes and
spinifex; the outcrons, mainly ferruginised sandsvienes, Ore
scattered, intermittent, and low (rarcly exceeding 100 £t. ).
pPermian and lesozoic sediments are often difficult to distinguish
because they are both predominantly ferruginised sandstone.
Phe mapned thickness of Mesozoic sediments is about
400 ft. Three lithological units &re given the rank of formeticons
- they are described in ascending order.
Callawa Formation
i The Callawa Formaticn is named from Callawa Hills
a the

(1207 925 20° 38'E) 10 miles north of Callawa Homestead;
rabbit-procf fence passes immediately to the south of these hills.
and the telegraph line to La Grange passes throurh them.

The name "Callaws Boulder Beds" was used by Reeves (194°
for a "series of cross bedded sandstones and boulder beds 200-300

4. thick forming the Callawa Hills north and north west of

Callawa Station". The name is revised to "Formation" rather
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of sandstones ond conglomerstes hesg been
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'ia, 17, Section of Callawe Formotion at Y20, sibuving
. : coarse conglomerate &nd current bedding.
The type section for the Callawa Formaticon is ot Yoo

2t the head _f Eel Creek on the Yarrie Four Mile sheet, Thc 170
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ft. section exnose
70 ft. conglomerate, coarse, contoining rounded «nd
subr-unded boulders (6") and pebbles (3") of
guartz-jaspver, slete, baseclt, porphyry; the
beds are unsorted and hove lenses of cloystone;
interbedded with this conglonercte cre beds of
medium-crained to coarse-grained sondstone (with

scottered pebbles up to =") showing strong

in the elaystone lenses, The scction is predom-
inantly licht red-brown.
100 ft. claystone and sandstoune, fine-grained to
medium-gr-ined; veri-colsured - white, violet,
and motiled; well bedded; severcl beds or lenses
¢f cocrse-groined sendstone; plent stems, lerves
and seeds.

This section rests unconformably on Pcrmian glocial

sediments. On the inlend rond to ¥Wellal from Yarrie, two miles




B
north of the rabbit proof fence, the conglonerate of the type

sectinn is overlain by:

45ft. sendstone, dark, ferruginised, coorse-groined,

1B
[©)]

- : .- with a2npular guorts croins; the top 5 f£t. of

this conterins lerge claey pellets ond plont stems

: neasurine 1 £, long and 1 to 2 ins., wide.

i . N
One milc south of Nz, & Decoert Bore on the some
track to Viallal, the sondstone with lerge plant’

stems 1s overlain by:
40 ft. shnle; vinlet and white, micaceous, breaks with
n conchoidel frocture into 3 in. pieces. The
top 15 ft. cof this section is lateritised, ¢lth-
ough the full seguéncd of ferruginous mottled
and pellid zones is not evident,
This gives a tbtai mnecsured sectién of 250 ft, for thc
Callawn Formation, Reeves (1949 p.9) states "between “ollal ond
the sosuthern margin of the bosin Jurassic scadstone and sholC.....
shw a northword dip of less tbanv%o".
S contact befween the Callown Formation (the conglomer. b
beds) cnd the underlying Brreside Tillite wes observed ot Y81 -
in o low outcrop Et the eastern end ©f the Rabbit-Proof Wing Fence-,
and ot Y85 - towards the top of a 80-fo-t ferruginised mesa, 15
miles north-north-gost of “arrawagine Stmtidn.
f£s mentinned on f.27, the plant-hearing beds »f the
Collewa Formotion overlie unconformebly a variable thicknesé of
voleonics ond baked dark shale in outcrops near the head of Eel
Crcek, |
On the inland rond to Wnrllal and along the Telegraph
Line to Lo CGrange the litholory of the conglomerate sequence
chanres very morkedly; the unsorted beulder-ponglomevmte orodes:
ints @ m@dérrtely well-scrted bedded sandstone csntdining
scattered pebbies. In ather ¢ords, this conglomeraote gredes
bosinwards into finer sediments. At £A11 on the centr@lApcrtion hYA

the Jnketell Four Mile Shect, the conglomerate is represented Ly

o

crk ferrucinised corrse sandstone, contoining some wiody rumiins;

the sutcraps cre 20 to 4G f£t. hish, and rre mostly below the dune
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crésts and visible only 'in the troughs between the dunes., A
siﬁilar lithology is present at TH and between Lakes Dora and
hoolqombév on the Tabletop Four Mile Sheéet.
| The 50 ft. section féur miles casf'of Lnke Vooloomber af
TS cOnsisté of: :
' : . . N
2 ft. sondstone, coarse-grained, unsorted, light brown,
lateritised,: |
5 I't. conglomerafe, fine-grﬁined.(mnximum pebblc‘}”>
with some conrse-grained sandstone. Current
bedded, mony eloy nellets, Moderately scrted.
38 ft. sandstone, medium, unsorted, light brown, with
ma ny worﬁ tracks, |
' The boulder conglomerate of the Callawa Fgrm@tionois
confined to th¢ northward continuation of the'Onkoﬁer and Nullogin~
‘River systems, and it is suggested that it is a fon conglomerate
denosited near a river mouth at the margin of a large fresh-water
Jurassic lake; the river system probnbiy flowed northwards during
the Mesozoic.

The Permian glacirl sediments provided a ready oand ample
source for the large thickness «f rounded boulders in the Cali<.:
Format ion,

The Cailnwm Formation is overlain by the Anketell Sand-
stone of Cretaceocus oage, The age of the Callawa Formation, besed
on plent species determined by R.0., Brunnschweiller, is Jurﬁssic

-

hnstonir

9]
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(see Appendix 4). The significont plants determined were J

cladophlibis, Paliophyllun, Smhcnaptebig and Dictyophylum; o

r

Thinnfeldia wes seen, Reeves (1949) records "Otozamites sp. nov

from 4% miles SZOOE of the rabbit proof fence gate and 14 miles NV

of Callawa Stotion"; the present collection was made from o similer

lochlity, but Otozamites wes not recorded.

PRocgihiPu b sy -l

The absence of Thinnfeldia suggests a younger oage than

Upper Trinssic (Erskine Sandstone of the Kimberley Region); the
presence of Johnstonia suggests o lower Jurassic cr late Triassic
age as this form occurs only in Tasmonia and Queensland in the

laote Triassic,
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The formation cannot be correlated directly with any
formation in the Fitzroy Basin,

Anketell Sandstone {New Name)

The name is derived from Anketell Four lile Sheetl;

naned after the explorer R.J. Anketell who crossed this &area in

1906 when proceeding to the Fitzroy River., The type section 18

(v}

ot a hill T7 (124°20'E, 227 8'8), 16 miles east of the northern
portion of the Lake Vooloomber on the Tabletop Four Mile Sheet;
this hill is 40 ft. hich and is part of a smoll dissected plateau

with oradually disappears under sand cover towards ine agast. PBeor

containing numerous casts of the marine worm Rhizocorallium occu?

at the base of the hill.

Fiz. 18, Closc-up of o specimen of Rhizocoralliun.

Rocks outcropping at A8 on the Anketell Sheet have

casts of Rhizocorallium ond Cretacedus foraminifera, and this

~E

fossil evidence and similar lithology are a means o1 correlating
oketoll

the rocks at A8 end T7 and grouping them as the meppable /
Sandst:ne.

The formation crops out in the castern portion of the
Tabletop Sheet, the north and eastern portion of the inketell
Sheet, and the northern portion of the Yarrie Sheet. In all

places it overlies or is marginal to the coarse ferruginised
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1 sendstone of the Callawa Formoation,:

The formation consists of sondstone and shnle, with

.several small beds or lenses of fine conglomerate. Fc raminifc ra

b
and_Rhizoporallium indicate the Cretacseous age 5f the formaticn
and prove & marine origin for the beds. |
The 40 ft. type sect ion at T7 consists of:

- 23 ft, soandstone, medium-grained, micacenus, 1id,

) lateritised, Small cracks and joints tend to
produce rock holes aad caves towsrds and ou
the summit of the outerops.

) 2 ft. sandstone, coarse-grained, rip le-narked, with
me ny Rhizdcorallium worm'fracks.
15 ft. scndstone, medium-grained, ferruginised, bedded,
rippnle-marked, witb some worm tracks.
On the Ankete 11 Four Mile Sheet, a maximum of 70 £t. of the
Scndstone wes mensured; at /8 Rhizocorallium end foraminifera
} were found in the 30 ft. hill of white fine micaceous sandstone -
i copped with siliceous mottled clayétonea
- : The total thickness of fhis formation is about 50 to

100 ft. The Cretacecus age is bosed on fossil evidence; it
overlies the plant-bearing Jurassic Callaowa Formation and is
bapped at A-11 (Anketell Four Hile Sheet) with 8 ft. of coarse
'éandstone containing no pebbles or worm tracks; this may be the
base of a younger formation that may extend northeastwards towards
the cenfral portion of the basin,

The presence of Rhizocorallium, a marine diagnostic

‘Lower Cretaceous worm, common in the Rgmbalara area of northern
South Australia, and détermined by Dr. 5pik, and of areneceus
lower Cretaceous foraminifera from A8 determined by liss Crespin
(Aprendix C) pvoves the age and. marine or brackish cold-watern
environment of the beds. |

M nossible corfelation.may be made betwéen this Formatior

and the Dampier Group (Neocomion) or Jarlemai Siltstone (upner

Tithonian) of the Broome regilon.
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TERTIARY Oakover Beds

The. name "Oakover Beds' was used by Moitlond (1904) for
the "sandstones, limestones, cherts etc. which form the table-
1 . .
‘ . N . B
Fopped hills in the vicinity of the Oakover River." The

"horizontal beds of silica" in the Oakcver River valley hod

'élready been mentioned but not nawmed by NeiI.Smith (1897).

In this report Oakover Beds is the unit name used for~

the travertinous limestone and s:lica which form capnings on the

isolated hills in the Oakover River velley ond on the northern

end of the Gregory Range. Farther south from the area surveyed,

good exposures of tﬁe unit were exsmined in the vicinity of
Carawine Pool. o

Réeves~(1949) referred to the unit as "Braeside
Limestone", an invelid name, first because "Oakover" has prior._ty,
and secondly because the geographical name "Bragside" is pre~
occupied in the ? Pgrmian Bréeside Tillite,

At least 40 ft, of limestone and limestone breccia are
exposcd in the well, two miles south of the junction of the Viing
Fence and Rabbit-Proof F@née, and 60 ft, of similar sedimenc crop
out in the surrounding hills, giviung @ total thickness of at
least 100 ft. of Oakover Beds in this area. The top 20 ft. consist
mainly of qlear to milk-white -silica in the form of common opal
and chalcedony., Below this horizon the sediments are mainly
calcareous but contain nodules of silica,

In the hills two miles north-east of Carnwine Pool 85

“ft. of Oakover Beds crop out, and here they overlic the Braeside

Tillite. The top beds consist of six feet of clear to milk-white
silice overlying white to brown limestone and limestone breccia
containing silica nodules.'

Fig. 19, shows. OakoVev Beds overlying Braeside Tiilite witb
roche moutonne® in middle distance; 2 miles
fvom Carawine Gorge, looking south.

At Y2 two small areas of limestone capped by Silicn
exposed near Eel Creek, & miles north enst of Yarrie Homestend

on the Callaws rond, are tcantatively included in the Ockover DBeds,
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The Ozkover Beds are nowhere overlain by any other unit,
but their contact with the underlying units of Braeside Tillite
ond Lower Proterozoic letamorphics was excrmined. The countnct
with the Bracside Tillite is not well defined because the calcium
carbonate from the Onkover Beds has permeated the top beds of the
relatively porous Tillite, A bed five feet thick containing
numero1s ferruginous concretions and pisolitic ironstone probably
marks the base of the Oankover Beds, The Oskover Beds 2t the
northern end of Gpegory Range unconformebly overlie the Lower
Proterozoic lletamorphics. The direct relationship of the
Oskover Beds to the Callawa Conglomerate and other associnted
Jurassic sediments was not scen in the field.

The lithology and distribution of the Oakover Beds
suggests that they are a chemical lacustrine deposit in the old

Onkover River Valley., Limestone and silica were deposited fronm

==
1

- ~

solution, and the limestone breccia indicated periods of desicoe-
ation. Deposition of most of the silica at the top of the unit
shows that in the lost stage of the lrke's history its water was
saturated with silica,

No fossils have becn found in the unit, possibly beecauc

the concentration of salts inhibited life.
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Maitland (1904) suggests a Tertiary Age for the Oakover

Beds., Clapp (1925) correloted the Beds with the conglomerate at
Callawa Hills and ascigned them to the Jurassic. Finucaneg (1938)

preferred a Pérmo—Carbonifevous age but gave no reasons,

It.is knownAoniy.that the Beds ore younger than the
LBraésidexTillite, that is, post-Permian, Howéver, the lithology
and distvibution‘suggést thmt‘thevlake was formed in the Tertiary
Period by a blockage of the Onkover valley by thé Jufassié-@nd |

Cretoceous sediments, thus indicating a Tertieory, or even late

 Cretaceous, age for the Beds. This is further substantisted by the

presence of common dpal in the -silica. The isotropic opal
crystallizes with age - as a volcanic glaés.devitﬁifies - and
0lthough the time for this process must be governed by numerous
physical factors, the presence of common opal does sﬁggest-a
post-ilesozoic age.

The lithology and mode of occurvence‘of the Oakover DBeds
very closely resembles those of Tertiary deposits in the East
Kimberleys and Northern Territory, but as they are all isoloted
lacustrine deposits occupying a small portion of Tertiary time,
correclation is impossible.

Laterite.

There is no definite evidence to Suggést that the arece
was covered with a thick mantle of laterite such as is gencrally
found farther north, but at least isolétéd parts of the area were
lateritized, _

The occurrcnces of laterite are irregular. This may be
due to either or both of the followingireasons:

(a) a variation of lithology of the outcropping Jurassir
and Cretaceous sediments: where the outcrops are of sandstone,
very little lateritization can be expected - only poorly cecmented
ironstone and'ferruginized sandstone - but where the outcrops are
of claystone, a massive, resistant, lateriteiprofile-may be
developed;

(b) an extensive efoéionml,period sincé the formation

of the lateritic surface, thereby producing the irregular

distribution of laterite osutcrops.
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Between Yarrie and Wallal some of the isolated sandstonz
hillocks show evidence of lateritization, e.g. at Y25, 2,6 miles

south of Desert Bore No. 3; this hill has & 15 foot capping of

-ferruginous laterite overlying 25 feet of mottled claystone.

Along the Telcpraph Line from Callewa, 12 miles south

of the first catchment tank, the hills are capped with a 12 foot

one of claystone.

N

ferruginous zone overlying a mottled

Remnants of laterite were examined erst of Lake Waukarly-
carly at P8, where 20 feet of ferruginous zone overlie a mottled
zone about 20 ft. thick.

The northern end of Paterson Range is capped in places
by laterpities

Twelve miles north of Carawine Gorge the Oakover lake
Beds overlie 5 ft. of pisolitic ironstone gravel; this gravel was
possibly formed on higher lecnd 2t the some time as the lake and
was then washed into the floor of the lake before chemicel deposi®
ion of the Oakover Beds began,

The sand, which masks most of the outcrops in the desert,
originates either directly from the underlying ferruginized
Mesozbic and Permion sandstones or from the disintegration of the
laterite profile. The red sands are composed essentially of
gquartz grains coated with @ film of iron oxide; this type of sand
could possibly have been derived from the disintegration of the
laterite profile. The red sands are composed essentially of
quartz grains coated with a f£ilm of iron oxide; this type of sand
could possibly have been dgerived from the disintegration of the
MAM papizon of a laterite. A postulated ?lliccene laterite peneplaia

would provide a source for the extensive Quavernary sand deposits

throughout the desert.

If the red soands were derived from a laterite rather

oL

then from o ferricinized sandstone source, the iron oxide coating

! e Seh e
the sand grains would probably have a higsh OH redicel, rather that

o hizher hydrated oxide in its compnosit inn; chemical tests have

sandas were

so far been unsble to prove from which source the red

derived.
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In the Ceuning Besin, pisolitic bog-iron deposits,
possibly of Tertiary age, may be cohfused_with lateritec; these
Peposits may be formed at the same time as, or immediately after
hhe formation of laterite, ond ceuld therefore derive iron from

the laterite., These iéon deposits are below the level of the

laterite profiles. . hill 20 miles east of Port Hedle®wd is
. ) e

ks

capped with 20 ft, of pisolitic ironstone which resembiqﬁ.a

ferruginous zdne of a laterite, but exam;nation shHowed thet 1t

?

contains fossil wood and prcbably has o lacustrine origin,

Chemical analysis of this deposit'shows: 7“
. (e
Loss on ignition at 1,000°C. . 13,80
5,04 : 1.89
Feq0gz ' 77,50
#1204 8,75

QU/TERNARY

) great variety of superficiel deposits, probably of
Quaternary age, overlie and conce8&l bedrock throughout the region,
and as they are only @ thin venceer over the older sediments they
havé noct been given formation names; tﬁe most widespread of these
deposits is wind—blownlsénd.

In the coastal belt near Yallal Station, the sand is
white ond has been blown and washed into low irregular coastal
dunes; that has been cemented with lime to form a "Coastal Limestor
composed of quortz and fragmentary tests of marine shells. In the
interior, the sand is ironstained, red and brown, and is blown
into. long parallel seif dunes (Bagnold, p.222) that are now partly
fixed by vegetation; only potches on the summit show ony tendency
to migrate westwards, The sand 1is medium-grained, increasing to
conpse~grained where it overlies (and probebly origingtes from)
granite, The intérduné valleys Have a floor of sand; the depth .

to bedrock is unkndwn, but travertine protrudeslthrough the sond

in places., The sond probably has not becn transported foar from
its source because the sands are not well sorted and diagnostic
foraminifera found in the "recent'" deposits within Lake. Dora.

only occur in shales which outcrop for a maximum distonce of

_ll_____—__gggf?ree miles to the east of the loke. Any cxtensive area of low

fi
I
i
'
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outcrop is not completely transversed by‘dunes. The sand is

migrating from the east to the west.

. An ianvestigation of sand samples collected in the desert .

is being carried out by J. 'ard (Bureau of Mineral Resources);

some of his results are given below, The sands have grain sizes
between 0,43 and 0.25 mm; the most northerly sample, A2, is the

" finest: this sand was probably derived from Cretaceous fine-

grained sandstone. Libyan Desert sands have a diemeter o 0.6.

"to 0,08 mm., and Simpson Desert sands between 0,24 and 0.06 fmm.

Heavy mineral determinations showed less than-1 percent in the
sample, except for P5 which gave 2%: this.sdmple was taken from

a dune overlying granite butcrops; Phe median diometer of the
heavy mineral grains increases from .O95hm in the west to 0, 154rm
in the east, and these grains show relatively poor sorting winich
indicates a close proximity to the origin&l source rocks,

Only the larger river systems in the Yarrie Sheet have

.valleys filled with alluvium.

The floor of the’large salt-pans and clay-pans in the
desert is covered with a depbsit of thin~-bedded clay or slit and
evnporites;'the latter will be described under "Dvaporites'. The
silt probaﬂly only amounts to o few feect, althouch no-excavation(
has been made through it to bedrock.

By the study of the development of the structural clement
of the Canning Basin and the surrounding areas, since the Pre-~
cambrian, it may be possible to predict the type and thickness of
deposits which may be expected in‘the central part of the Basin,
but which are now obscured by wind blown éand.

The scdiments of the Basin have been regarded 58 restineg, .
in port =t least, on the ill-defined "Pilbara Block" (Fairbridpe
1953), which is a "block" in the sense'of post—Precsmbrian
sedimentation, The Pprecambrian history of]thisl”block“ ma& now
be more accur&tcly and éonvenicntiy dividéd into:

(a) 2 mobile zone containing predominantly metamorphosed
geosynclinal sedimohts, voleonic flows and granite intrusions and

hereafter rcferred to as the "Pilbara Mobile zone., Such a Zone



iz analagous to the "King Leopold Mobile Zone, which forms the

Crecek Mobile Zone" (Traves 1955).
(b) A stable block, named here as to the Desert Blocl,
whieh persists north from the "Pilbara Mcbile Zone" to the "King

Leonold kobile Zone',
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A review'of the structural clement

Australia at the end of the Precombrian would be:

The Kimberley Block of ? Uppér onterozoic’sediments,
surrounded by the Halls Creek Metamdrphics on the

east and the Xing Leopold Mobile Zone on the south;
then the disputable'Deserf Block which is bounded

on tﬁe south by the Pilbara Mobile Zone of ? lowey
Proterozoic sediments, and on the east by ? meta-
morphic sediments (based on aerial photo-interpretanion
in the Stansmore Range.area). South of the Pilbara |

Zone 1s the Forfesque Block of 2 Upper Proterozoic

sediments.

These geosynclinal sediments of the mobile zones woull
provide the material for the adjoining broad upper Proterczsi-
cratonic basins whose floor is the source area of the lower

! Proterozoic geosynclinal sediments.

Tt is important to know whether the Desert "Block" hes -
‘been continually'hegative since lower Proterozoic or earlier, or
if it has been positive, undebgoihé only shellow transgressions
during the Permian and Mesozoic. |

If the Block has had a predominantly positive history,
at least since Precambrian, then it is an area of denudation rain:
then deposition, and it would provide sediments for a Palaeonzoic
and Mesozoic area of deposition in the Mobile Zone arets viz.
Fitzroy Basin and ? Godfrey Tonk area. The lithology Qnd the 5700
. of Perminﬁ and Mesozoic fossils shows that the southern part of

\ N .
this "block" was o shelf which may have extended north to the

Fenton Fault which morks the south boundary of the Pitzroy Booin.

If the Block had a negntive history, the petroleun
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deSpects, particulnrly in the northern part, are encouraging.
The FPenton Fault line in this caseAcould repbesent.the southern
extension of @ Fitzroy shelf, and continental slope and deep water
Ty pe sediments wpuld exist south of tbié line. The'”Desévt Block"
would then have anssymmetrical cratonic basin imposed on it, and
sediments from the Pilbara Zonec to the south, would shed into thi~
basin during Paiaéozoic and Mesﬁzoic time.

It is important to decide whether the Fenton Fault is
in fact a fault, or is it primarily a shelfAedge which has

sxperienced only secondary faulting.

@

The gravity profile across the fault is of two types, one
with a relatively high, one with a rélatively low ravity on the
south side. This could indicate, ‘

(a) a larpge thickness of sediments conforming to the
"lows" where there is no shelf, and

(b) either large discontinuous dolomitic recf masses
which grew alons the shelf edge, or the presence of a sﬁallow
pasement conforming to the "highs"., If this "Feunton Line" is a
shelf edge, the shelf conccivably corresponding to the Precambriar
Mobile Zoue, then the continuation of this Line to the east -
direction of Godfrey's Tank must be regarded as a crucial point
in elucidating any petroleum prospects 1in the basin,

| The east-west trend of the ﬁusgpave and HMacdonnell
Ranges (N.T.) may indicate a lower Palacozoic trough continuing
under the Canning Desert. The Ordovician of Prices Crcek (Pitzroy,
is shelf and not trough sediments and therefore there may be *rqul’
tyoe lower Palaeozoic sediments in the centre of the Canning,

The Permian and Mesozoic sediments have been very
slightly affected tectonically; @ small angular unconformity 1is
observed between the Tpiwhité Sandstone and the Mespzoic sandgtot.

and conglomerate near the Triwhite Hills. The Permion sediments

- were slightly fold:d prior to the depasition of the Mesozoic,

and this folding is responsible for the nosition of the Dora Shalce

which forms the sclt loke arc; these salt lakes trace the Shalce

outcrop and renresent the trends of ~small folds. The Shalc 1s
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kniown to have a 1 N.T'. dip near Loke Blanche, and the Triwhive
. 0 - S . . .
Sandstone dins %o to 17 TN, 7, at Triwhite Hills,
Slight tectonic movements have affected the ilesozoic;

this is shown in a small north clongated fold (possibly faulted -

photo intecropretation) extending south from All on the Anketell

Shéet.

If the Desert Block is in fact a stable block, there 1is
a diétinct possibility of_obtaining o thick section of sediments
overlying the Mobile Belts which bordcr tiis Block; the area in
the nerth-cast part of the Canning Basin (whefe there is a
possibility of the King Leopold? Warraﬁunga and Halls' Crcck

¥obile Zonc joining) should prove a pertinent area

o£3

ior

<

to secarch
a thick sédimentary section which may show the effects of a pus®
tectonic history.

A reccent airborne magnctomcter survey by the Geophysica.
Section, from Marblé Bar to Halls' Creeck, reveals either

(3) that the basement is shallow and lithological

.chaqges are reflected as gentle gradients in the
profile, or

(b) that the basement is deep and the thick section -7

sediments over basement variations produces gen+lc
but extensive gradients in the profile,

The oldest rocks of the area are the Lower Proterczoic
Metenorphics, granite, and pegmatite, which form‘pavt of the Pilbs
"Block". These sedinents and vblcanics werc severcly folécd,
metamorpheosed and granitized, ond Subsequently intruded by doleri’

dykes and quartz "blows"., They werc eroded before the Upper

Proterozoic transgression when sandstones and dolomitic limestones

were deposited,  The Upper Protcpozoic'sadiments wvere, gently
folded and uplifted before the outpouring of lavas and the
possible sill-like intrusion of qumrfz—fcispar porphyry. Perhaps,
ot the same time as the volcanic activity wos filling vaileys

ond areas of low relief, the chertfnodular.dolomitic limestone wao

peathering on the hipher regisns to form o chert breccla and, in

placcs, a manganifercus breccia, -



|
|

~56 -
The dolerite dykes may belong to a different phase from
tae quartz "blows" and pegnatites, and may be'fcedors for the
Upper Ppoterézqic levas, These dykes vicre confined to the
granite outcreop areas and were never obsor?cd.ﬁs cut the Upper
Protorozoic-sediments{' However; the dykebdirection is similar
to the joint direction in the Upper Proterczoic sandstone.

No early Palacozoic deceposits have been found {unle

s

G
n
o

the volcanic outpourings and bréccia formation couid be élassed

as ?Cembrian), as the whole "block” remained a land surface of
denudation until Permian times. The first poét—PrebambPian record
was the glacial or fluvioglaéiﬁl deposits of the Braeside Tillite
and Paterson Formation of probablé Permian age. The Permian sea
may hove entecred frbm the north. or nortﬁ~west9 and these glaciu+
sediments may have filled the valleys of the older glaciers as
they advanced to the sea,

Either contemporancous with or after this glaciol
deposition, the marine fgssiliferous-Suncudgerie Sandstone was
deposited ih the epeiric sea: this was followed conformably by the
Dora Shole and Triwhite Sandstone,

Very gentlﬁ folding or uplift followed the deposition
of Permian sediments, No Triassic sedimentation was recorded, bus
during the Triassic the Permian rocks were slishtly folded and

truncated, and, regionally, the Permian formations are %truncated

i

by Mesozoic outcrop pattcrns, The Permian surface had low relie?

and underwent little dissection as no pronounced erosion surface

‘eXists between the two units,

-The Jurassic Period probably began with deposition in
freshwater lokes, when lacustrine sandstones and coarse conslomer-

ates of the Callawa Formation werec deposited., The ®ilbara "Elock"

naintained a high relief and with the glacial deposits formed a

source for the lerge deposit of pebble and boulder conglomera s
ond current-bedded sondstone in the Callawo Formation{ this
conglomerate grades ihts sandstone to the nerth and east 6f
Collawa Hills. |

In the Cretaceous an epeiric sca flooded the arca and
1 " .

the Anketell Sandstone overlies the Jurassic scdiments conformabhly.
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During the Tertiary, thé "Oakover-Nullagine" river systen,
wﬁich was probably recurrent threughout. the Permian and Mesozolic,
was‘blocked, possibly by the uplift after the Cretaceous depositioﬂf
and formed & lake‘in,ﬁhich the Oakover Beds were deposited. The
relief at'fhis t ime was probablj'very low, enabling chemical depos-
ition to take plade in the lake, |
| This ﬁobthérly trending river systien wds captuved by the
westerly trending "De Gvey"ARivev, which Pésﬁlted in the Lnitiation
of a new cycle of erosion and deposition expressed in the topography
of today. | ‘

*GEOIHORPHOGTNY

The development of the broad topographic divisions of
the rcgion is'closely allied to its tectonic history, and many
relics of older surfaceé are now visible., There hés probably been
very little tectonic chance in the surface sincé Cretaceous times.

This surface resulted from the gentle and even emergence of the

- Cretzceous sediments. Present-day monadnocks such as lit. Crofton

and Lamil Hills represent remnants of a much older topography.
The Lower Proterozoic Metamorphics occupy the more elevated
borderland hills and monadnocks in the desert area: the‘monadnqhv
possibly formed more exﬁensive islandé in the Pgrmian, Jurassic,
and Cretaceous seas, These monadnocks consist of steeply dipplng
hard quartzites which have been cxtensively eroded to form smooth,
low hills - an unusual topographic expression for very resistent,
steeply dipping beds. f |

Since Cretaceous time laterite“has probably been formed
and dissected, followed by a2eolian avréﬁgement of the sand
(1aterité or sandstone origin): the mein lateritizaticn is post-
Eocene, pre-kiocene in the Carnarvon Basin,

The more recent changes in the topogrophy of the desert.

area are the development of scif dunes_and playa lakes. The dunc.

are youngér than the laterite as they traverse the dissected
laterite crusts capping the basin‘sedimentso The dunes are novw
semi-peﬁhanent, which'indicntes that during their initiation,
gvowfh; and migration to their present position, the climate wio

very much more arid thon at present. The seif duncs could form
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from the easily eroded, predominontly arenaceous country rocks

helped in their disintegration by an arid climate and the

products of erosion piled into dunes by the prevailing wind

ing at different times in slightly different directions. The

L

H

1

F {clirections. The dunes resch their present form by two winds LLoV-
}il |

% - evidence supporting tne thcopy.that such winds form seifl dunes
I summarised from Bagnold (1941):

i ) .

4 (a) In open areas where barchans predominate, seif

- ' dunes are found under cliffs trensverse to wind direction, where
9.

transverse gusts ore present and the dune is protected from the

stcady effects of the prevailing wiad;

]

(b) Disagreement on the direction of prevailing wind
and relation to dune direction indicaté* that cross winds are
essential for their continuance;

(c) Wind roses are not unidirectional in the case of
Australian seif dunes;

' (a) Groups of seif dunes that differ in direction and

P

- are relatively close to one another, are due to the fact thaw

distinction between the strong and gentle winds is not well me o d

and that, by slight changes in their relative velocities fhey
interchange.
The dune directions and the annual wind roses are shown
1 in figure 20, |

(Pig, 20, Numbers indicate number of dunes per 10 miles
measured normal to fheir strike.
"o" indicates dunes are absent or rare
"ed" " " " oextremely dense.)
The playa lakes wére probably initiated in the same
arid period when the sand dunes were formed., The lakes occupy

depressions in the general level of the desert and evaporaticn

removes & volume of water proportional to the surface arce,
preventing the lakes from overflowing and forming integroted
systems of drainage., With the continued migration of ﬁutev
through the bosin sediments, the waters of the lakes become

increasingly saline and salts are prccipitated from solution:

- -— .-



e,

: r-
3 v
k -
-3

. :
3 Fig.z0 L
g d
: ———  indicates average dune Firscrion .

120 °[———— mndicares Four Mile Map SHEErs [ANKA PLAINS

-illf— Wind direction rose

Broome

ST A U

MC LARTY HILLS

T’ | :

2 Mundininds : 3

> 20° ° %_ 2
SOANNA SPRING, /! X

ki ety
TR

E olaverion ;
:
:
23 3
K ¥
A
; / < -
o ° ',
-3 > 9
E N = / ;-
3 Porcive! Lokes e

e

"? ﬁ[;’d’ 5‘/00,3]?5,\ @Q/ T:}.
- camme  STOE ‘.
SAND DUNE TRENDS
" SCALE 230 5

6 20 0 40 ¢

= ]

MILES

Y

a4

- / L.Disaopointment

BUREAY OF MINERAL RESOURCES 4 _
GEOLOGY & GEOPHYSICS / WA4 -58 W.K.

A i

e S G A

~ R 3
B
3 3
3
E
3 |
b ""“NW‘ ¥ "i = i‘t{,, ~.".Y."‘“ T j:';(t" st 523 m«""J SEEC S (—.:—,:‘"fv"‘*-"’"'ﬁ{ T "”»\‘:'F,‘»*;{:.—,ﬂ TR k,;’a--;_‘,_"'»"??p ;?‘, T e P}’.,r(»‘}‘:\"’.:{.:___ S S U R TETTIR >



-9

in most mounths of the year thé lakes dry up completely, leaving

plains of saline silt. . These shallow scattered salt lakes arc

termed playas and owe their existance to an impervious bosement o

,Permian shales. ﬁ loke of this kind forms'ajtemporory bage level
' =]

that riscs as déposits accumulate in the basin; and the base

levels of separate basins are entirely -independent of one anoth~"

The south-western border of the desert. hos developed
guite differently. It probably formed the edge of most of the
Palacozoic and Mesozoic seas. The main river system (the Nullagi . .

-

Ockover) can be retraced to Permisn, when it probably formed in a

cvalley fitted with the Broeside Tillite; two miles north of
Carawine Gorgce, a 1low clocially striated pavement wos observed
This river valley was again prominent in ﬁhe Tertiary and formad

a large lake, in which were deposited the Oakover Beds. The
ohemical’deposition of these scdiments shows that the surrounding
country‘had 1ittle‘feliof and. there was little mechaniccl erogion

&t the time;

I
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The capture of this old north flowing system by the

wésterly flowing.Dg Grey River possibly'dbained theflake and inii-

iated -the present day drainsge system. Tustatic movements haove

R
%

allowed the rivers to cut back at theib headw. tore ~ud Gisscc
the Oakover Beds, producing 8 mesa and butte topography of 150 f1.
rolief._ Thne De Grey River and the lower reaches of the Nuilaginm
‘and Oakoveleiﬁefs'ape now matﬁre rivers flowving through widc
ailuviél valleys. Cranite outcrops form exteunsive plainé over whicl

flow major rivers; these are now independent bfAthe underlying

rs
» )“

d

(9]
5l

~wqcks{.but.the smaller tributaries are still.downcutting thel
during the wet months, and they have produced the dissected hills
now present. This dissected area is semi-arid and supnorts litsle
vezetation, and the ground is ineffectively protected against
erosion. W%Well graded slopes on the hills are rafe: rock outecr. e
and rugged hill profiles still persist even 2t this stage of '
moturity. No piedmont plains have been formed, which indicates
that the streams are capable of traunsporting the weathéved loads.
In the desert area, any piedmount deposits have been partly

. assimilated in the sand dunes and wind deposits of the basin.
Tertiary sedimentation and diastrophism were on 2 sm@
“scule; and the geomorphogeny of the area (situated tectonically
Zpartly on the Pilbara liobile an@ and pertly on the Desert Blpck7
reflects many 0ld land surfaces dating back to the Precambrian,

"LTROLEUN_PROSPECTS

The south-western part of the Caﬁning Basin is a
sedimentary area bordering the Pilbara region of Precambrian v~
Rock exposures at the edge of the basin may indicate the type of
rock units in the centre of the basin, elthough the area itself
may not have any petroleum potentialitics.

.In the Oakover Valley, the Oakover Beds,.probably with
a maximum thickness of 150 ft., coansist-of iacustrine unfossili?
erous limestone and chalcedony, and sverlie the Permian terrestrial
Braeside Tillito, The Tillite is about 400 ft. thick, and

probably rests directly on Preccambrian rocks, s0 that no source

rocks for petroleum exist in the valley. ,
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In the vicinity of Paterson Range, about 100 £t. of
Permian Paterson IFormation, an unfossilifaroué massive unsorted
sediment of glaciél'or.fluvim—gléciellovigin; overlies Loﬁcr
Proterozoic Metamorphics and gronites. A1though cold (poler)
wcﬁers févour the occurrence of diatoms and other plankton (il
source prgnnisms), this area cqnnot‘be'regarded Ag a nossible
'5rea for petroleum, because the base of the Formation is exposed
néﬁrly everywhere, |

However, the discovery of Permian fossiliferous marine
scdiments (Cuncudgerie Sandstone, Dora Shale; and Triwhite Sandsto—
ne).and the Jyrassic Callawa Férmatioﬁ, and the marine'Cwetadeoué
Anketell Sandstone, somewhat clarifies the\stratigraphy of the
centre of the Canning Basin, |

The presence of these Palacozoic and lesozolc marine
sediments on the southern edge of the basin'indicates the
possibility of source rocks for petroleum in the basin.:

The sub-horizontal dips and the thinness of fhe unit
suggest that the southern part of the basin is shallow. Gravity
surveys in the basin may help to determine thickness of sedimen®«

Reconnaissance geological work in the north-eastern
margin of the basin may indicate the extension of the Devonian
land older Palaecozoic sediments from the Fitzroy Basin,
‘»Stvatigraphical drilling in the~Fitzroy Basin and, perhaps, also
along the coastal edge of the Canning Basin would help in :
calibrating geophysical work and extending stratigraphical
kncwledse,

From the results of these geophysical and geologicel
sufveys and oil potential of the Canning Basin may be determined.
LVATCRITES

Quaternary non-clastic sediments deposited by‘chemical
precipitation and evaporatioh incldde "travertine" (massive
CaC03 deposited from solution in gvoﬁnd or surface waters),
"caliche" (thé cellular, porous form of "travertine" and strictly

termed tufa), rock salt (halite), and gypsum or anhydrite,

In areas adjacent to and embracing the salt lakes of
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l \"fa‘ukarlycably,. Dora, Blanche, Y'ooloomber etc., deposits of
“ .
' . trovertine (Q1), caliche (Qc), and salt (Qt) have been mapped.

A vertical section dug through the salt crust at the
north end of Lake Dora showed:

£" white layer of salt;

2"-3" gypsum crystels and silt;
9”—15“sahd5tone with gypéum, salt water and feoraminifera
(deri?ed);
3"sandstone, fine grained, and shole, |
4 chemical snalysis by I.. Reynolds (B.ILR.) of the 5i4inéh :

top layer showed it to consist of:

NaC1l 48-49 %.
Cas0y  44-45 %

, A
NGZSO4 6" Jo

In ploces on the leke surface, § to % inch cubic crystals of

halite occur, and an analysis of a collection of these showed :

NaCl 59 %
NaBSQ4 4 %
b Hy,0 37 %‘
The absence of gypsum (CaSO4) in the surface crust sugee
sts that this mineral was precipitated before (at a lower laovel

than) the halite (NaCl); as gypsum and other less solubie solts

' were precipitated, the residual waters would become increasingly
snlihe, and further evaporation would couse the precipitation of
almost pure halite,
| This sequence of nrecipitation from sea water of variort
solts'comprising-”evaporites” is demonstrated by Mason (1951,
p.155), who gives an order of precipitation beginning with calcium
carbonote, then gypsum or anhydrite (depending on température and
s@linity),.mnd'then'hnlite, which pnrecipitates when the solution

{

is concentrated to one-tenth of the originel bulk., Potas:

u"
9]

sium an
magnesium salts precipitate normally only if the solution is
concentrated to one hundredth of its original bulk,

Scruton (1953) gives recent oceanographic studies to

show that a characteristic circulation pattern cxists in estuarics

and other recstricted arms of the sea; surface currents flow from
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regions of high salinity to regions of low salinity and arc
accompanied at depth by opnositely directed currents. When high

concentrations of salts are develoned e strong horizontal salinity
" i N s . .
’gradient ¢xists which produces lateral segragation of different

salts during precinitation; and the precipitation of these salts

o

{depénds.not only on the solﬁbility product of the salt but on its
idensity. He produces a section of an eéveporstion basin shoﬁing
the horizontal segregation ofldeposition zones and stratigrsphicr
seguence developéd during increase of bésin salinity;‘the éectiou
ascends from iron oxide, through limestone, ahhydrite to halite.
£1though this work is primarily concerned with sea wéter and
brackish water, the principles can be pertinently applied to the
inland salt lakes whose salinity increases with time to a value

not greatly difféfentftmlthe condition of sea water.

In the salt lakes, it may be expected that the carbonane
sediments would be first precipitated (as.limestone or cAlens:
deposits); and as the lake becamé more stﬁgnant, @ shale with
pyrites would be laid down, and the sulphur ipn of the pyriftes
- would aid the formotion of gypsum. |

4 voriable but small quantity of salt water remalas ot
the lake surface in normal months (this may be expected to contain
appreciable quantitics of K and Mg, as well as halite), but the
lakes core filled during soﬁe séasoﬁs; a high water mark, indisajcd
by dead beetles, lizards, snokes, grasshonpers, and dead vegeuvavion

~can be seen. |

The adjacent Perminn mnrine'sediments provide 2 sour~e
qu the salts; all creek beds draining from the east into Lales

Dora and Blanche are coated with a white film of salts. In
contrast, Lake Vooloomber has a salt crust not as thick or as whiic
ns Loke Dora, and the small gullies draining from the adjacesul
Mesozoic cutcrops ﬁre not coated with salts.

) A variable width of yellow-white, friable, porous “oglto
containing appreciable amounts of gypsum, borders the solt ciruss
area; this represents on older expanse of the lakes. Although i

is soft, it is dry, and provides a safe surface for vehicles.
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Further from the salt lakes are low outcrops of*
”traver%ine)” which is possibly formed from the consolidation and
diagenesis of the “ceo lche . Thlc-"tp VLPtlne weathers tc @
rough, low deposi .wiﬁh a t;ndency to form sink holes, 2nd it
supports & growth largely of ti-trees; it is in this deposit that
.most of the native wells are found. |

lds (B.M.R,) of three

IR ) S Y

A chemical onalysis by Reyns

<

samples of "travertine" gives the following vesults-

: Y71 Y73 Edge of 1. Mauerlv arly
Acid insolubles 1,78 i2.12 _ 27410
FeCOz . 0.86 1.70 0.70
CaG0s | | 96.22 84,50  69.75
HgCOo ‘ 1,99 . 0.52 2.12

3

Y71 is farthest from 2 salt lake aﬁd it COntainsithe
lowest percentage of insolubles and the hichest calcium Carbdnafe
content; » sample from T4, near Loke Vooloomber, has not been
guantitatively enalysed, but it shows a low proportion of CaCOg,
and represents n'transifion from unconsolidated "caliche" to
"travertine,"

The "travertine'" (represented as Q1 on the geological
maps ) may indlcate an ancient extension of the present salt lakes,
which have gradu nlly diminished to their present size by infilling
with wind-borne and water-borne sediments, and by evaporation.

The relatively insoluble calcium corbonate would be precipitated
first from the original éXpansive 1aké - it is precipitated
more rapidly as the temperature rises - and as %he lake margin
contracted gypsum (or anhydrite) would be precipitated with lesser
amounts of CuPbOﬂﬁtb and some halite; the final stage in the
Cﬁntructlng of the 18ku is shown by the pre ipifation of halite
with some salts of potassium ond magnesium; the present lakes have
reached this lost stage in their degeneration.

AThe Rudoll River probably repreéented nne of the major
bivqrs droining inland into the lake system, but it 1is doubtful
if this river still contributes surface waters to the lokes, as
its mouth is now barred by numerous ém.ll br°1dpd dunes., Isolated

neighbouring low hills provide the run-off to fill the lakes of ter
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heavy roins, and this intake can not compete against the high

evaporation rete and infilling by wind blown detritus; it is .
Y

therefore inevitable for the size of the lakes to decreasec,.

Only @ small porticn of the reinfall falling in the

desert will be evaporated through the seunds, as the surface

’

tension of the sand will not roisc water more then 40 cm.
(Bagnold, 1941); except for isolated low rock outcrops there is
little run—off. Most of the painfall thévéfdvé drains undevg?ound
to lower portions of the desert, where it evaporates at the'
surfaoce and'ppobmbly forms some_of the isolated "travertine"
deposits. Tﬁis ground-water would eventually recach the sealt
lnkes and so keep them in a very bbggy state below the salt crust,
HYDROT.O0Y

The hydrology »f the area may be conveniently divided
into: | | |

(2) netural surface woters, catchments, and rockholes -

(b) sub-surface waters from bores and wells,

Appendix F lists the bore data collected from the
stations visited; where possible, the reason for bore failures
has been given, The position of all known bores and wells, and
their barometric height, where determined, were plotted on the
geological maps. | |

(a) A1l the large surface waters and most of the
smaller waterholes lie on the Yarrie Four-Mile sheet, The larger
vivers such as the De Grey, Oakover, Nullagine, and Little De Grey
21l have large semi;permanent pools:4soaks can be dug successful 1™
in the gravels of these rivers even fhough the beds appear ary.
Rain-water catchment tanks are placed along the telegroph line

to Le Crange: these tonks have & 30' x 30' galvanised ircn

catchment roof. The first tank is thirty-nine miles north of

=
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Callawa Homestead: it holds about 450 gals. Saunders Sprine
ninety miles from Callawa on the telegraph line.

In the Rudall area, there are semi-permanent large

aterholes along the course of the Rudall River:‘the larcest of

these is Coondesoon Pool, Other rockholes exist ot the headwaters
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of this river, in graenite topography.

Christmes Pool, @& pernianefit rookhole in the Paterson
Ronge, has been a marker and relizble water-supply point fcor early
explorers and aborigines for yeors, It is situated in a gully,
at the base of the Patérson Formation, and is filled by natural
catchment from the range, as well as soak-fed by the percolation
of waters throurh the glacials to &n underlying inpervious glay
bed,

In fhe desert area, rockholes. were found on the top
of flat-topped hills in areas of Permian ond llesozoic outcrop;
they form on a pale brown leached and jointed caps of the hills,

P "

ond are about 2 ft. long by 4 ft. deep end 1 ft, wide; they contain

e small supply of water vorying from O to 40 gels.
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cest of Lake Waukarlycerly.

The supply is obtained by natural catchment of re

Fin

water; the natives try to hide and conserve this water by coverins

the opening with larpe flat rocks; these supplies would last ond

1

for several months after rain, The rockholes in granite ond

e e 1
i e L

4 cyn~ b v L = - - . ek
metamorphic country occur normally in stream and dralnage chi

good supnly of fresh

\ number of sonks, yiclding a

(%

water, were found clonc the eastern marcin of Lakes Dora and Bloened
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Dunn Soak, Fig 22, three miles east of the northern portion

of Leke Dora, yield 60 g.p.h. of go.d water; this was an old

native soak (evidence of oil spears, coolamens, chippings, gtc.

in the debris) which was cleared out and cased with a 44 gal.

drum,

3},'
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¥ig, 22, Dunn Soak,

- A large sook producing a permanent spring exists uix o

miles north of Scotts Bluff on Lake Blanche, and a second sotk
ocours five miles east of Scotts Bluff, These soaks are formed
by the percolation of underground water through permeable soandstov
emerging at tOpOfPﬂphiCﬂlly‘lOWGP places where underlying impermed
ble shale directs the groundwater to the surface: the soak which
is reported to occur in the centre »f Lake Auld may originate 1n
this way. .11 these soaks a@re conspicuous by the thick, tell,
cpeen, ond sometimes flowering acaclas (wottles) that surround
them; the presence of birds, animals, animal pads, and old native
hebitations -ives a strong lead to their whereabouts. From oi»
photographs, numerous fire-burn patterns indicate native hunting
crounds which would not be fap removed from SoONC water sup

ape conspicuous ol the

6}

The dense ~roves of vegetaticn at soak
photos,

o o ~ 0 oY + he
(b) In the settled western part of the area, on the

1 = A
{‘ff‘-Cu wate oo

Yarrie Sheet, the large sheecp stotions utilise sub-su
for their main watcr supplics. Bores located 1in sranite,

- : v yetly successful
metamorphic, and upper Proterozolc rocks ore mostly 2
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shallow (less than 150') and yield large supnlies of.”hmfd” stock

water, ' |
The water level of most Viarrawegine Wells iﬁ this

Pvecambéian complex‘is nbout 40 ft.beIOW'the'surfape. Trouble

was experienced at Simpsons Yells where driven sheep, and those

new to the paddock, gquickly died from the water; this water is

dark green with &lgae, and 1is being treated with copper sulphate

but the cause of death is the high proportion of soda in the wotor
producing sodachosis in the sheep. It cannot be economically
treated, and only sheep thet normelly live in the paddock and are
not forced to drink should use'fhis water, |

Bores or wells sunk along the larger watercourses yield
large supplies Qf good water; these supplies are obtained from the
recent river gravels énd silts, and are used 28 the homestead
supplies for Warrawacine, Yarrie and Muccan.

Two conspicuous areas yleld bofe failures; (1) along
Callawa Creek, 4 miles south of the rabbit proof fence, where

R}

gphollow bores in metamorphics and granite yield salt water. In

,selectin& bore sites here, the geologists endeavoured to move nnr-

"mal to» the creek to higher ground, in the hope of hitting fresh

water sbove the underlying salt, or to move upstream along Callaw®

Creck, where a steeper surface topooraphy would produce more

movement in the underground shallow watel.

(ii) Between the Oakover and Nullagine Rivers, north

of Broeside Homesteod. Here bores peunetrate a "blue clay with

J

1

~

boulders" sequence (Braeside Tillite) for about 300 feet and 1
yield lérge supplies of very salty water, A large crea of well
graséed country remains unstocked in this area because of the
leck of suitable water; the Tanguin water scheme pipes water from
well No-.28 on the Nullagine River for 4 miles into this
unwetered country, and the "Pwenty mile" water schcme pumps
water from o well on the Little River to a Peticulafing tank 2
miles to thc west 22 miles 8outh of Warrewagine, But these
schemes serve oniy 5 limited nrea; it was suggested that a deep

bore be sunk through these glocials in the hope of striking

fresher water in the underlyin Precambrian dolomites and breecing!

(&
(35
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the salt water found in the Tillite moy be separated from any

uence.

o)

decpef water by impermecble clays (till)'ih the glacial seq
In the desert area fhe natives have_construcfed theilr’

own shqllbw wells; they aré usually situated in tpdvértinéus

country, the outcrbps of which are low and dissected (2 £t. cxpusch)

and covered with wild holly (acacia) and stunted ti-tree scrub.

" The early explorers always noted the association of native wells

with "limestone country and stunted, not tall, i tree scrub”.
There may be some @ssociation between the tall ti-tree (not a good .

sign for nntive wells) and the greater depth to cpound wnter. The

<]

native wells are abbut 8 to 10 feet deep and after the well has
been clcaned out yield supplies of poﬁable woter.

| The possibility of obtaining supplies of underground
water in the desert area is extvemély good, particularly 'in &L.eos
covered by Permian and Mesozoic sediments. The Permian Dora Shalc
may prové impervious but it could easily be penetratéd. It is
unlikelyAthat artesian water would be encountered, but large
supplies of sub-artesian water should be preseut.

KMany successful wells were sunk on the abandoned Lochin™r
station, which occuﬁied sand-dune country along the rabbit-prool
wing fences,

Wells aloﬁg the Canning Stock Route encounter good
supplies of potable water; most of these wells are about 80 fcet

deep and show a water level at 20 to 40 feet.,
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'Silver

Product ion -

WwWoody Yo ody

Treo on board.

a ton of netal.

about 52% iin

insurance and freight.

(1953)

tu the U.S.a0.

Zacn]ity' vore treated € Reserves -Value of
' f. oz. Period Hateriols.
' _ Bxtracted.
'Rugged Hgifg 206.39 tons 2,315.51 31.500 tous Total for . £425,480.35
e (1938) 1961 '
ramk oo Creek 1108.44 f. 0% 69.40 - Total for  Averape unoffic-
1951 inl price
£15.9,10 per
~fine oz in Aust
1950-51.
Talga Talga 3,260,595 C.70 _Total prod-
uction. (Not
producing
at present
93,000 tons‘ Two shipﬁents 05 cents per

unit for 48%
ln cre, c.i.fe
in New York

Nov. 1954,



WTALLIC DRPOSITS.

General.

_The main metallogenetic epoch wiés earlier than the

e
denosition of the Uppcr Proterczolic rocks, Large mosses of

granite intrude the Lower Proterozoic rocks, and the mincral

ite or from
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deposits are most probably derived I

&3]

its are

¥

the Lower Proterczcoic greenstones. The tin depo

mode of introcduction

joy
(¢9]

andoubtedly related to the granite, but
of the copper, gold, lead, zinc and other minor minerals 1is
“uncertzin., No epigenetic deposits are associatad with Upper
Protcrozoic rocks. Alluvial gold and sedimentary mongansse .
deposits are present, but only the latter woas visited.
Gold
: S The only producer §f gold within the arco is at Bamb oo
Creck, situated about 40 miles by road north-east of Harble Bar,
in tﬁe Marble Bar district of the Pilbara Golafield.

The Bamboo Creck mining centre hes beén described by
Moitlond (1904), Finucane (1936) cnd Blozey, Rayner and Nye
(1958). in ore specimen from the mine owned by N, Gibson at the
north-western end of the field consists of native gold associtl

with pyrite and galeno in guartz. The ore is intimately

associnted with the sheared grecnstones. The lode has becn

PR

6 N
emnlaced along lines of shears and the ore breaks away clearly

l ) from between the sheared greenstone walls, No structural

l interpretation a.f the field v.rasAattempted. The ore obtaine‘d

h ' py the underground workings is treated by amalgomation and
cyaniding at the State Battery at Bamboo Creek., The deepest

mine »n the field is 250 feet.

Production from the field (Finucane, 1936) totalled

3%,207.2 tons of ore for 54,689 fine oz. up to 1936, giviag

an average of 33 dwt per ton., The residucs ~ive about 1 adwt
v

per ton, Hence the average grode crude ore Haos 34 dwt per ton,

The Kitchener, Mt. Prophesy, and Bulletin Minegs have produccd
20,244.7 tons for 35,194 oz, or more than 3/56 of the total

productisn, The-main production in 1954 came from the Quececn

Mine, which is 230 feet deep and yiclded about 20 dut per.toun,
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The production figures given in the Report of the

Department of Mines, W..\., for 1951, p 116, are as follows:-

~ Registered Totel for 1951 (fine 0z) T Total Production
Name of Co,0re Gola  Alluv— Dollied ~Ore . Gold Silver
or Lease, Treated There- .dal & Treated There- Fine
(tons) from Specimens (tons) from, 07,
Bulletin  L06,00 132,97 - 457.50 172,07 -
Federation 155.00 99,62 8,22 2,589,00 1,9LR,06 0,10
Kitchener 168,00 412,16 - - 10,262,00 14,157.21 0,75
fickey 20,00 L,72 . - 1,761.00 h72.31 1,42
1it, Prophesy . ' '
615000 i 3790 57 . ' - . 1yo5 900 ) 57)503“‘ 9«:95
Prince A ' ,
Charlie 202,00 64,59 3,68 3,732,00 3,552,35 52,29
Princess ' S
ay 48,00 15,01 . - 18,00 15,01 -
True Blue ' 2,093%,25 85,22 -
Voided Leases 1%.5L560,19 34,160,35 38,855,26 -
Sundry Claims 8.97307.83  5,095,85 2,999,42 L.89

The total production is recorded to 31st December, 1951.
Simpson (1902) gives the following analyses of gold from
Talga and Bamboo Creoek, Pilbara,

/\g

SG Au \ g
o 5o

Talga: gold from quartz boulders 3.16.20 8Ly, 6% 15
Bamboo Creck: gold frbm quartz reef -~ 9L, 00% - 6,005

The total production of the Bamboo Creek ficld is snmall
when comparcd with the figures for other ficld in the »ilbera
Goldfield, but it is one of the more important producers in the
ITarble Bar district,

Gold has been won frbm the Télga Talga fiéld, 15 miles
north of ilarble Bar, 3 miles from the Talga river’ (rizitland 1904}

Totzl productisn figures are:

Alluvisl Dellied & ore Golad .. : Silver
fine oz, speciriens treated Therefrom fine 0z,
' fine oz. tons fine oz.
Voided
leases - 93.15 1,799.00 1,760,568 | -
Sundry '
Claims 76,17 85,18 1,975.90 1,499,386 - 0.70

This ficld is probably very similar in genesis to tho

Bamboo Croek lodes, as it occurs in the Lower Proterozoic in rocs

N
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of similar lithology.
Manganese.

The deposits occur outside thé areas mapped but were
visited during the course of the field séason. The'mining
‘cqntre 13‘1003ted at Wdody Vioody, which is about 2601miles by
road east-south-east of Port Hédland. T he deposit‘has been
described previously by Owcn (1953) and de 1a Hunty (1953).

The dewosits are associdted with the Upper Proterozoic
dolomite and breccia, and consist. mostly of amorphous mabganese
oxides, chiefly pyrolusite wiﬁh some braunite, housmannite oad
manganite, Some crystalline aciculer pypoiusité forms veins and
coatings in joinfs and vugs, oand there are veins rich in hbarytes.
cél@ite and siderite through the deposif. Some masses are
composed almost entively of botryoidal, concentrically laminated,
irridescent hemafite{

“The origin of these deposits is controversial and it mus®
be stoted from the outset that the area was not stﬁdied sufficien®
ly to give any substanfial opiniouns,

The relationship of the breccia to the dolomite has been
described in the discussion under "stratigraphy". The brecciso
has been derived directly from an accumulation of chert lenses auc
nodules left as a residual deposit from the wéathering of the
dolomite.l It is thickest where it has accumulated in erevices,
widened jointé, and spaceé‘between the remaining pinnacles of
dolomite. It is apparent from the shape of the mangancse depos.”
that they formed a similarly shaped deposit to the non-mangancss -
bearing breccia outcropping in cther arcas. It crops out as
cappings on small rounded hills overlying the dolomite and it
often forms bodies filling joints and large crevices in the
_dglomite.

It seehs certain that the mangane se devosition was.
COntemporaneous with the breccia, and thin section analysis LY
vi,M, Roberts, Bureou of Hineral Ressurces, has established

that the chert and quartz hove been replaced by the
mangonese, replaceﬁent beginning along fractures in the chert,

ond groadunlly completly replacing the original breccia.
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Owen (1953) nostulated that the mangonese "aecumulated into
workable deposits by replacement of silicified bedé in the
limestone and by. the infilling of joints ﬂnd_solutioﬁ cavities
which may have had silicified margins. " However, the "siiicified

beds" or chert apnears to be primary in origin, Owen reports

that "the manganese denosits occur ot much the same gencral

- level, which sugrests that they formed on a land surface of low

relicf with slugfish droinage which prevented the rapid dispersal
of monganese bearing solutions,”

In the hand speciﬁen there is o complete yrodation
between specimens of breecio with a siliceous cement to those with
angulnr chert fragments cemented by amorphous manganese minerals

ond finolly to pure mangonese ore, Quite commonly, @ brecci? with

o
w

Vﬁhematitic cement was found, sand all types ap ear to grade into

€,

Qéé@gnothert

o several of the Upper Proterozoic dolomites were analysed
by Reynolds (B.M,R.) to ascertain if these rocks could be a
possible source of the manganese., The results of the analyses are

as follows:-

Specimen seid §i0p TFeCO, CaC0z HgCOz MnCOgz  (Hn)
Irgol.% % % % % %

"ﬁ62 1.20 5.56 52.00 40.22 1.45 0.69
Y63 20.78 (16.99)1.00 42,70 36,12 0.453 0.21
CG (Coaraw- 16,78 4,70 43,70 33,53 0,90 0,45
ine Gorge). : ~
Y 15,20 2.32 67.80 14.65 0.35 0.17
Yi6 42.15 10.11 47,00 2.74 0.26 0.12

——— s wea o cue o e ponn s e

Several specimens of the Lower and Upper Proterozoic

basic voleconics were analysed for manganese also -

Specimen No. Locatiosn . . _ - : % lLin,
Y47 (U.. 'ret) 9 miles N.F. of Bomboo CK. ' 0.03
Y65 (U, Prot.) 10 miles S of ‘arrawagine - 0,08
on Nullagine River. _
Y524 (L. Prot.) 2 miles B. of Bamboo Ck. 0.16
Yl (L. Prot. hematite jasper) : ’
2 miles B of Yorrie homesteod - -
5405 (L. Prot.) Bemboo Crecek. : 0.67

(Geol, Surv, i.:5.)
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De 1o Hunty (unpublished report, Kines Dept, W...)

gives an analysis of the.dolomite at the‘mehgancse wonkiggs.~'
No. 17395 . Mn ' 0.06
" GS/i/17 taken Pe . o.85
from below GS/M/10 - Ca0 | 25,17
igo 17,46

~These figures indicote that the dolomite contaias

slightly more manganese than the basic volcanics., The low

b

may indicete preater leaching effets. The mongoncse, possibly in

the form of the carbonate, would probably be in a more accessible
o]
form in the dolomite, However,'in Twenhofel (1932, p. 562 )
Hewitt scys "there is 1itt1e to indicate that the chcmical
charncter of the rocks in a bosin of scdimentation is an important
fpctor'in determining the degree of concentration of mangonese in
nearby sediments, - The average ignedus rock bsntains —_—— 0,125
per cent mcngnnese --— . In most (igneous) rocks, the(percentsge
ranges from 0.05 to 0,15, - In general the percentage 1is highest in
the basic rocks rich in iron —---- . Pure non-mognesian limestones
iravely contoin more than 0,1 ver cent monganese coxide and similar
qhnntities arc present in fresh water morls, trovertines aond tufos-
‘On the other hand, the magunesion limestones commonly contain more
mangnnese and fhe quant ity tends to increase with the content of
ferrous carbonate." Hewitt also says thot mangonese carbondtes &wve
fairly common in fine-grained marine sediments and it is possible
that they may be deposited by nlgae. He considers thet "as the
higher mangcncée oxides nre very stoble necr the surface, they
tend to accumulcte on surfoces of planﬁtion. Consecquently, in
neny parts of the world, workable bodies of oxides ore found on
peneplains,”

The mechenisms and processes by wnich the mangonecse 1s

. deposited ore scmewhat obscure.

Owen (1953) caleuleted the reserves as 95,000 tons from
37 sepnrote orebodies contained in 13 groups, small bodies with
less than 200 tons being included, He gives the range in

composition of the ore as -



. - 76

1

q,"

a
‘Mn By 47,54 - 57,79
FC ' ’ On,7l - 7055
510g 0.81 - 17.82
. P ‘ tr. - 0.1i5

snalysis by Reynolds (BIR) of & specimen of mossive

pyrolusite wes:~ .o 0ol RS .
: . % - . )
o 67,60
Fe 0,78
8102 4,18
P 0:32

Open cut mining operations were commenced at Woody Yoody
in Apfil, 19553, The ore is loaded from a face by a 5/8 cub. yd.
diesel shovel into diesel trucks of 12-24 ton cmpmcity.‘ The ore
is trugkea 260 miles to ?oft Hedland; whére it is then leaded into
25 cwt, tubs for transportation by ship, The first shipment of
4,750 tons (Aust. lMin., Ind. 1953 Review) assayed In 53.84%, Fe
1.40%, Si0g 4.84%, P 0,03%; 4,182 tons were shipped to the U.B:4
in Morch 1954,

In 1953 the Broken Hill Pty. Co. Ltd offcred ebout £12 pe:
ton f,0.b. Viestern Austrnlinn ports for a 44-46% monganese ore.
Overseas prices are higger.

The nge of the deposits at VWoody Voody is unceftﬁin.

The breccia wos derived from the'disintegration of the uplifted
blocks soon after the folding of the Upper Proterozolce dolomite
and its age would be Upper Proterozoic or Combrian,

Conditions fhat prevailed after the denosition of the
Upper Proterozoic dolomite in this area are unknown, &s there are
ne associated younger déposits, and the conditions after depositinr

moy be inferred only from neighbouring areas.

Lead

Lerd depdsits occur in the Isabella and Gregory Range

~

aren bhetween Borramine and Raged Hilis: they ore at present only

.

worked at Ragred ﬁills, about 250 miles by road east-south-cost
from Port Hedlend. The deposits have been described by Finucane
(1938) and by Blatchford in the report of thenDepmrtment of Mincs
1924, Appendix No. 22, p. 79. J. Shepnerd sf the ‘estern fustrolio
ilincs Department 1s producing & detoiled report on the Ragpcd

Hills area. At Ragred Hills the deposits occur in the Lower
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Proterozoic greenstones and appear to be confined to, or

concentrated in, the vesicular secticns of the flow. The cnlenn-
! ey We _

bearing reefs are generally thicker in these secticns. The

associated with a prominent quartz sheor which

Py

mineralization 1is
. o) ' 4 . -

dips 75° to.the east and has been traced for considerable distoncer

'to the north-west; to the south-east the main shear is cut vy.

£ oy

several cross-faults which produce a displacement of only & Iew

4

feet in the original shear, Proved mineralization extends 100C

]

yords along this shensr. TFarther to the north-east, from this
shear, similar pernllel guartz veefs are reported to be barren.

Golenay, sphalerite; and cuprite, with secondary cerussite

i D e < < = T~ - M-

ond malachite, are present, Finucane (1938) gives the average
analysis for samples from the area as - |
27.12% lead
3.56 0z silver per ton,
Lead ore reserves'(Finucmne, 1938) were cstimnted ot
31,500 tons, Silver is confined chiefly td the mein Spebody where
it forms < 10% of the ore, with A7% lead, and 1% zinc. At the
workings, the depth of the main shaft is 50 feet. The ore being
mined £t present has 50-50 lead and zinc, but this can be
concenfrated on riffle tobles to give 756% lead. Viater for
processing is pumped from.the mine at the rate of about 1000
| gallops per hour; washing water is pumped from 20~foot wells in
the stream valleys nearby and rein watef is sed for drinkinz.
The mine was not in production when visited bﬁt anprsximately
2,000 tons of lead metal has'been won over a period of four to .
years.. Diamond drilling hes indicated good ore to & depth of 220
N feet with poorér results to 400 feet,
. Productieﬁ figures for 1951 for 1.C. 189 (R.O. Hoore,
Rogeed Hills) were: |
Ore, 292,11 tons
Lead . 206,39 tons | . £24,856,15
Silver 2,315.51 fine oz £l 624.20
sTter April, 19563, the price of leond was decontrolled
and and was sold ot the f.o.b. equivalent cf the Londoﬁ Metal

Exchange,
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Tin cccurs both. ag alluvial and residual deposits ot
wofkings near Talpa-Talge and Moolyella, Both areés.are near the
south-western corner of_tbe Yarrie four-mile sheet. The
Moolyelle Tinfield has been desévibed by Maitland (1904).

Lode tln is ﬁWSo Vnnwn to ceccur nt Moolyella. but owing
to the low grnde it hms not been worked., Th t in occurs as @
residual deposit montling the éranite end as alluvial dbﬁoqlts
in creek beds; the latter ié the.more important source, The
granite commonly has bemifying guartz veins and pegmatiteldykes.
No large déposits occur and workings here are now very sma ll.

There ere several unofficial reports of tin deposits
from Yandago ge Creek at the gouthern end of the Throssel Ronge-
Vonodium

Vanadium ores, in the form of lead vunadates, occur at
Vanadium Creek near Rogged Hills; bulk samples assayed from
7.1-16. 9% V50g. The commercial possibilities of these deposits
are unknown, | ‘

Copper

No copper deposits are known to be worked at present,
but various prospects occur between Rarramine ond Rageed Hills,
These have been assayed by the Mines Department of Western
Australia. (Report of Mines.Dept.”W.L., 1924, /Sppendix 22)., Some

smoll bodies assay up to 25% copper and 8 oz. silver per ton. In

" the vicinity of Moxon's Camp, 6 miles BE.N.F. of Breaeside, a scmple

is reported to contoin IG%HV?Or, 11% Cu and 34% Pb.
< O
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(

Jurrgsgic 21lo nt Popeils fron the Collawa Foruntion, with

Goteriiinetions and Gorrgletisng by 2. 0 Brunnschwei

o1
et e T RS SO, S-Sl R S ..__._..‘,.,“.L ..};’_'L-l

Introduction,

;
i | Y 3 3 . a4 ) c PR
i ; Jurnssic beds haova prov17vcly Loen fuTJEMbQ fima thils
a arcn oy coves (19L9). He nssizns o Juressic e to thoe beds
‘R, 'on the brsis of tho proscnce of Qtozzunilisg up niv,

T ' During the 1954 ficld scenson, goolagists af the Conning
roin Party colloctod »laont fossils whieh confirn the Jurassic
cse of the Collowa Formstion,

Descrintion of laverial,

Y25 - bout 23% mxlés north-north-wost . of Collawn Moanwsturd on
the Yeorric wollac treck - sric four mile. sheet,
The scction hore consists sf 70 foot of conglomerote with

intorbedded cross-buddcd conrsc sandstonc, ond sacle with

fcrruginous conerctions overlaln by Lo fecet of wicocorus wiell-

bocded shele with o thin lotoritic cepoing,
Te ohales arc 1ithologicilly sin:lor to the whitc, nink
cnd yellowish shrles thot hfc lntbfb :aded with £ricble sondstones
of the ..lczcnder Pomaction of U, Jurnssic oid, However this
1ithslo ierl similarity hos very little oge gignificancc, No
foraminifers were discovercd in this specin

48 - Aab.ut 94 iiles cmst-south-crst of Catchint tank on

tclegraph ling, nkotell four milc shect,

~Af siliccous claystonG Hver-

@
ct
™

The 30 foo2t scetion consi
lying finc white wicnceous sondstone,
The white, »ink, ond vollow shrles ~poorr o be rdenticnl

with thosc of Y25, The softish, whito, :iicoccous fine srndstons

ig similer to thosc roclzs of the Jo plenci siltstone  or the finely-

-

er_"ldLl“ﬂ icrcsous stnastone clong the west sost of Donplor

1ittle significonce with

n
j=
6]

Scndstone) Thi

CJ

Poningula  (Broonx
regrrd to correlotion,

Y2% ~ .bout 1h milcg north-vwest of Collowin Fopwestend, Yorrpic St

Thore is n 200-T00t scction of Tfive white ghales with plont

reinming. ond concloucrate crpoing the hill, The scedinents




overlic the Upper Protcrozoic block ghelc.

Pentetive identification of vhe plants is s follows: -

Clzdoohlebis ef, C_gpacinng (Prust.)

Cladzeobluble sp.

-

? Jdohnstonis cf, J. Qintots Undlkon

Tacnisst.ris cf, T, wispsuostize Wolkou

? nov,cen, aff, sphunozaiiilus (:aoy be Voltozie)

GinlgocF. G, digitate (Brongniart)

>

Thase forms indicotc thnt the florn is younger thon Pcfnmﬁnp
but olaenr tﬁ;n Crctéc@aus. The wivre exnet ~goe dcterminntion
ust be brsed on the gbscnce of certrin chrrocteristic spocics
Pirgt it is intcrosting to note the ebscnce of the genus Thinafel
which ig = proirinent iaember 2 the flore 5f the Brskine Sandstone
(Upper Tricssic) in the scoe genernl peaisn, The flora scous
t> heve nathing in éa;uvn viith thet of the Ersking Scndstonc ond
henee is orsbrbly youn_ er thep Trincsscic, Howuever thd forns

-+

srusent cre of Tricssic type perticularly if the Actorinsti-ng o€

Johnstone cnd Clodoaphlebig o0C correcet, Johnetonic 1s @
oA i-Ra SRSB4 —— s pail \ Sy —

I_J
=
A
o]
6Q
C
]
o
¢

v gxclusively Justrn s known only from the  1late Trirssic
nf Trsuania and “uccnsland,

Teoking everything into rceount, ond congidoring the

3}

cpesencc of the common Jurcesic soaccles Qtozoites - 1t wny b

€

approxictely >f Tri~ssic ngo (Lowcre Ju cssic). 1t iy bu

w3

ey 2

govevihet younger (pnther thon sldcr) rnd tic in with the o ::r.
Renge forartione, There in aeert litholoierld sipilarity with
the Jarlpm“1 ziltstonc.
Y34 - Joout 10 .1lcs north-wost of Crllewn Howcstood, Yrorolo
four milc shuct. |
The scction here canéists of -
60" eonplomernto

20" feoreruginousn c20reC cendatone with plent POTITAnD




sp7,

s

.' N
W

a.

~8ijm

4O' micaceous shele with chert frqnuﬁnts

10! ferruginous meterial,
‘ | .This zection overlies ths lowoer Proterozolc heratite-jospern
; Despite lithological siwmilarity it ié.imsiC°lly diffcrent
from Y23, The fev for:s orcsént ars s —-

Pagi:

(')

vllum ¢f, P, opercsrinun (Limdley ond Hutton)

Q
(W
;J"

9 Brachiphylluy sp. {(Voitzig-like, but mny cloo be Lrovea:

Sphengopteris op,
Scede of 2 Snuargpois tyoc.
wood ind,

The 2asizohyllun cp, .entisned under VY23 goerms o have

1ittlc to do with thc species in tiv.s smuple,  Nothing like &2is

Pogionnyllun percgrinug: hoo pcen desceribed from cither Vegtern

Austrnlia or the Northern Territory, though similer forag nre

1

known from the Bostern Sustrslian Jurraesic, Sphenapteris his little

significenco, porticulrrly as only the terminel plecas of thé
pinnules~ cre Avoilerble For exonning tlon. The senus occurs both
in the Zrckine 3.ands ‘tone £nd in the much J»unz ? Broore Zondotan.
(I, Cretzcesue) ‘

Brochyphyllum (or irancnrd th) ig coir.on in the iesonsic

plrnt scondstonces »f the N The presence 2f such & proinunt

Proisohyllui cpcocilcs with vory short ~nd fleshy leoves arkes

o Trircssic or oven orrly Jurnssic nge rooher unlikely, = Y3k

ey oossibly be rother younger then Y23, but it should hwe kecot in
1ind thet the srmolc is renlly too uniyuc and wry, ofter ol1l, only
rcorceent o very 1ocnl d:v}ntion fron the ,J’G"nr1 rd florxre 2f tho
Y23 tyne, Hovever it s otill vossible thdt'thé Tywo sermics vy
nathing hmtoquvur in Cﬁn|Jn The faunr shows no sinilerity to2 o

the nlont-bonring sandstono horizong in the Alexecnder Foriastion

(vhich cont-ins Qiozuiites cfl 0. Bengolensis Foistin)

C NMCLUCTIONS

Theee specimens do not indicrte florel correlntiong viith

~gocriblrres described in neilghbouring Trors ~lthoush thoy ~re st

fku

o



g

OB

‘Iithologically.similnr to forrm.tiong dcscribcd from Doopler Lond,
The plernt fossils, p“fticularly thnss from Y23, ore ~luoct
coftniuly Turrssic in nge, snd cousideribg  the sroxiuvidty of the

other scctions cont~ining foseglls, thesc are ~liost certoinly

O]

Juressic rlszo. The dissginileority boetwoon v23 ~nd Y34 oy

N
¥

FRAI

i

ssiti»n s

O

indiente o oslisHly differont enviromaent of de

its structur~l sosition nnd 11tholozy thoy apperr to bo contine

porrncous in orifin,
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PURFTAL TOLSILIN ROUD 200Ks 10 000 T i

EEERN

41N _OF THE CANUING. B,\om_

3

b}f

J. K, Dickins and G,5, Thomes

1 J.TIT

{20DUCTICH

Late'Palaﬁoaoﬁc.f0¢~nl have hosn recorded orevisusly e
ez tﬁe south-vest wmergin of thc-cannin; Beslin, Giaucrt (1820,
p.b3-48) records énd lucts brechiopods and a'nautiloid collceted
"
by L, J. Jones froi neer No,27 well, Conning Stock ﬁoﬁto, nortii-
‘uO”t of Leke Disepoointucnt, weeves (1949, Appendilx e o) ro-

cords Amuodiscus nitidus collectuod by him from Scott Huff, nortn

(9]

end of Lcke Blanche, Yo conasiderud thot ta

oL

oquivalcnt 0 uhb Noonkenbeh Formation of the Fitzroy Brgin,

fard

‘)

During.thc 135u ficld sorson the Burcnu Ficld Porty
opcrrting in thz Ceonning Brsin collacucd froi: 10 ~dditionnl
Iloc"llths arrine ohelly fossils which wers nondad to the
cuthors for identificstilon cnd -go dotcrm;nntiﬁn, The o ¢ollo-
ctions prbvu the preascnce of mrrine Doriian rocks in this ~rc .

DBSCRINTINN OF [ATLALAL

T I - 4 miloz enct of thc Contr-l Portion of Lf;u;.orﬁ,
1 milc cnat-couth-cost of Dunn's Sonk (Photo 5218,
Run 1, T-blotop 't mulo shoet) - 519 miles south-crst of
Port Hodlend, )
The scdiment onclosing the focgils from this locnlity
consists of oredoninently finc—-grrincd icrcoous brovnish

SrCyNiT.CRC, Tho rock is considcrobly forp .cinized nnd the fosuils

v

AR

¢ prosurved only 08 impressions ond 1i.onitic replacciments,

The foasils were found on o 1ow forpucinous risc and /conglst

2 et et ]

only of molluscs, prodoninontly of n sinele speeics of LEUITLLLT

*

1Y -

The foecsils con bo idontificd re {ollows:

P2eloceypadn

setortalns blotchiondi (Hoslking

verthin cf. micromohols (orria) 18L5

,_
N

"y
A3

phrling 7 1t1"nd1 Dtheridos Jund,

,-LJ
C\.
K
e
u
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In the Fitzroy Brsin Ast-rtiln blotebfordi is known only

from the uppcr pert of the Noonksnboh Fornntion end -doubtiully
froix the lower Liverungao baods, verthio cf, microaphnln hos A

i

long rﬁnﬁo.' Ptychomnhcling mnitlandl occurs in thc'Noonkﬂnb:h”
Forimntion of the Fitzrdy_Btrin,,bnd in the Cornervon Basin is not
knbwh with cert-inty bclow.thc Pulgeodoo Shﬁie or ~bove the Norton
Greywackae, The fossil ovidunce would thus indichte thot this
loc-lity is cquivalent in oz Qrobnbly to tho upper part of the
Noonkanbsh Formation or possibly to th& Lower Liverings badg,
P11 - 9miles crst-south-cnst of Cuncudgofio Hill (Photo 5231f
Run 1, Pnfurson Rrnge Lowilc shect) cobout 206 milcs
'ccst—south-oast of ?Qrt Hodlqnd;'
The outcron is clog%atod north-south with the “serrp' cid.
to the c¢rst, ~nd continuos’to the west os low fcrruginyzud MR IVEE I
)

Possils ~rc roprescnted from two horizons:-

1. 100 ft. frow the top of the hill, wherc Songuinoliics -

like impfossions occur in n rcddish micaccous rock'of finc sond-
stonc gZroin size, The imprcessions are of no voluc for 28
detormin~tion cxcept thet they cre of o typc comnonly found in
Periainn rocks, But thcy do indicate the prcsonce.of A omering
cnyironmcnt.

2, A 6-ihch bepd 30ft. from the top of the hill,

Here the rock cnclosing thé foasils is ~n ill-sorted finc-—
grﬁihcd to mcdium~3rninod>gruywmckc. It contrins abund-nt mico
and groing of a white knoliﬁitic moterinl perheps reprosenting
werthered felspnr;A As woll os frﬁgmcn£nry hhd vhalo'fossils
"mud brlls! of materinl similer to the body <f tho rock ond nlso
of'finor meterinl ecre included, The roclk is very imch
verthered ond »artly ferruginized and silicificd, ~nd the fossila,

comprising chundont bryzor, pcleccypeds, gnstropods}'nnd o TCwW

O]

br~chiopods, nrs prescnt os impresaions ~nd pueplrncements, - 0N
the whole the fossils arc pather froguaentory, ~nd clthough the
number of spocilinens 1€ eonsidcr~ble there rse not wany repres-

sntetives of aAny onc egpiciluse.

The following forms cnn be identificd:-



~88-
Brochiopoda: R

Two incomplotu spocinwns prohably

{
4
¥

bclong to this zenus., Onc 1s o brcchiil velve of o 7oung o CLikD

4

i
. cf, B P seudQsyrinx &p.nov,

1 : .

ill ; _

] _close to forms of tre some £rovith stoze frowm the basal Poosle
and. tone in the St, Guorsgus H”n.b. The othor s of o somowhrt
pore woturs pedicle velve, 4 giniler spocicg occurs in the Coll-
vithorroe Formation ~nd uppur.pértléf thc-LyonsAGroup in the Cor-
nervon Bosin |

Spiriferelling cf, popilioncts Hosking. Onc inconplete internal

mould of £ brrchinl veolve probubly bolonza to thiz specics witkch
noceurs in the Crllythorrs Limcstonc,

Ncogpirifer cp.inds  An incouplete imprescion of o pedicle. valve -

Kl

of Lower »Pecrmian typcs
cf Krotoviz, sp. Two'spccimons of spinosc productids probobly
bclong to this gonus but ara inadequate for cloger comparison,
?Clocypods
Nucula sp. A (with o shaorp apex) cf, N, sp. froim the
merinc horizon neor tho bese of the Poole 3ond-
stonc in the St. Goorges RINNEC and the Coyric
Pin, of thc Carnarvon Brgin,
Nuculr sp. B (non-promincnt apex) cf. N. sp, from moring
horizon near the bosc of the roole Snﬁdstnno in
the St, Georges angc, ’

Nuculrna sp. cf., N, gp.nov, frau Nure Nurca iember of the
cu p N. CD

Poolc Sandstonc.,

Nuculrnr cf. N,lvonscngis Dicking S from Lyons Group of

the Cerncrvon Brein,

Prrollclodon ep. indets

do 0

Agtortiln cf, 4, donad (do o Toninck) from the “"Uwnper
pinrance'. of N,3.W,

)

gtutchburic? sp.nov, cf, 8, SpP,NOV. 1T loring

Horizon nor

5

“the boase of Poole S-nds tone in the 8t, Georniis
Ronge,

A st e rt 211072 30DP N3V, (t115~mcy be o now genus) cf.

.

As T crbolle? So.ndv, frop morine horizon norl the




= -

1 B
\
o
!
b \

=89
besc of the Poonle S-ndstonc in the St. Goorses
Range =nd Nuro Nuro emboi,

tyeblochondrin sp,.nov,

o)

Av1culogrccun° sp, indct (non-spbcializud ribbing of two
orders with filac).
G”°u ODOdc

Bpllgr)vhln sp, indect,

b

§~;1urooh3nu idoc gon.lindct. n
Vowthin?sp. indet. |
Ptychomphollng speiive
Plr fYCuP”" SDa
Plourotomrriid-e gen, indct,
Conulariidae:
Conuloris sp.
oy

Unfortun~tely the presgerv-tion of the metericl is not
Howevér ~5 chown above thq@elecypodc and brqo ch-,toaﬁ indicnte £
this fogsiliferous bed is closc in age to the Nura Nufc Ccmber
the Poole Sandstone ond the wering horizon norr the boss of the
2anle Srndstone in the St, Geosricc nenge,  +he brachiopods
suggest also founcl links with thé C“llyfhiﬂfﬂ Formotinn of the
Crrnervon Brsin of npo T oxims LulJ the seme oge ns the Nupeo Nura

horizon ~nd the marinc horilzon near the brse of the Poole Sand--

[~.">
gnod,

he

Dx

stone in tuc St. Georges Reonge (Thonrs ond Dicking, 195k, »,219).

CONCLUSIOCNS

Thesc somples DPJVu thohecurrence of marine Permion beds

neny the south-west morgin of the C-nning Brsin, The fospilif.-

crsug beds of T 1 nre equivelent in oge probobly to the upper

prrt of the Noonkonbr h Fomaction or »ossibly to the lovier Iivor-

ings beds of the Fitzray Brsin rnd the uppur horizon of Plllis

very similer in o3c to the we-rinc boeds ncar the besc s vhe

Poald Snndst?ﬁo. | |
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Microfossils from the Southern Portian 2F

the Conning Brsin, Weatern Australia

During the 1954 ficla cceson, J. N, Cascy nnd D, M., Treves
ccllected rock somplos from the southorn portion af'thc Ganning
BﬂSln, Northwest “ust:rll‘ with tho hove thot oicrofossils wny bé
prescnt to essist in the determine iﬂn sf ope »f these buds,
Periniaon forominife o were found in & éﬁmple from Loke Dors and
Lower Crctaccqus fopeminifeora in o srmple from a 1locclity on the
Anketell L mile shect, = Poraminifern have nat osreviously becn fouxd

in this port of the Canning Bagin, Armodiscug nitidus wos recor &b

in wrtericl collccted by Dr. aZceves from the cliffc 2f Scott!
Bluff on the eastern cdge »f L”kb Blanche in 1949;

Samplps of hard white scndy siltstone were cxnidined in thin
scction from Patterson Rangc; Trblc Top ~nd Yarric L4 mile sheets
for radioleric, Sounded bodice were prescnt; these coculd only b
reforrcd Goubtfully to radinlaria.

The foraminifera which hove bsen identified in the two

somplcs rientisned above are given bclowe

I AV v

Narthern cnd of Leole Dora -— Dora Shalc

o

2 inches below the base of the 6~1t crukt (Registorcd No,MF.948)

Purplish, micrccous sondy shrlc with cnguler quertz groing

~nd. orennceous feocminifora,

Porominifore;

Amiodiscus nitidus Porr (f)

- e s

Ammwboculites of, woplnguahd crespin ond Porr (1)

Hypcrrmminpides cciculs Porr (£)

Hypceromminoides cf, ¢ pﬁnuuo 1uhmur

ThiS‘“SS“mbl oo of Permian specics of nrcnaccius farrn-
inifcrﬁ is chr f"ctvrlstlc AT the bedes in-tho Wendagee horizon oI
thu Carnarvon Basin ~nd of the Noankonbah horizon »f the Kimborlay

orco, Hyperansinoldes sciculg 'is very cCoOion in the foerruginous

rocks of both Besins ~nd, =s it con usurlly be seen in hond




S . -

arcnrcesus forominifora. iicny

Q2

.

N

.gpecimen, it is @ uscful specics for the determinntion of 2

Pcrmicn nge,

“anketell L miles sheet, Photo Sun 5/5026
"A.9 - Anketcll Sandstoncs (chistorcd'No.'HF.972)
Purplish=rcd aond white micoccous sandsteonc with numerous

teste are frogmentary ond could

not be dotcrmined specificrlly.

Forerminifoere

Arposbreulites fishord Cruspin (r)

vimiobaculitcs minuts Crespin (£)

alssm. i\

Ammobsculzides romocnsids Crospin (f)
Roophax 6p. ()

Spiroplcetomaing cushimeni Crospin (c)

Spiroplectaomming edgelli Crespin (¢)

Trochermaing cf, minuts Crospin (f)

cf, Trochom:ing

This ngscimblase 2L aronaceous fapaminifora is typical of

thet found in the Lower Crstocodus dcposits of the Greot Artezinn

Basin, The spccics odccur in the deposits arnsund Roma and in

mony borcs in the Grent Artosian Bosin of n-orthern New South
Wales, South Austrelia, ond Western yucensland, Such «n

~gscmblage of orenoccous gencrr . sug/vets o brackish water

cnvironment,
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APPENDIY D,

Origin of Nemes on tho Pour [lile sheots of Yorrig, Ankebs 1i,

Paterson RENZS, Teblotop, wudall, oo

by

i . I _
4

H
- = " R
s s

.pepertment of T.ands ond SUrVedH, Pertn,

xIT"7"fP JIE SHENT

WEINOC SCaK - 4 Notive nome glvon Wy DT, Anzuetull, 1906,

NANC ,

=

CUNCUDG:RIE EILL ' Netive

heaninls

YA”AJL) ‘j.l_l :31; J..

BULGATTULG. DY S0AK Notive nomge given by Ling Insgector .

Grant, 1925 (during construction of Tele

graph 1linc)

PALGa TLGA STATICN Neotbive nome mcons "plenty of c..djoput

el
trceste

VUL IALAGTING 5TATION N~tive neoime of big wWiteT holc,

J KUCCAN 8TATION ghortencd from mbCC'“(O

LOCHINV.AR STATICN n3sibly neomed ~fter o nat
thia nome, brod on wrckny Bros'
Nichol River.

Criginally Nrmed 2owlingon Ronges by

. T Grogory 1861 aftir sir Henry

GUREGORY NANGES
Rewlin-

50N Lr“51ﬂunt Af the Boynl Geographic

Socicty.
Naned by Col. wopburton, 1873

ISABTIIA ANGE

' Tan unH 304K Notive narme CJllOctLd by R.J.-

snketell,

1906,
T .Gregory 1861, ofTor .o

1
2

fo

Do RIVER Nemoed by

De Groy, Morguic 5P 2ipon, Preas. of
Royval Geol rpophic S0C.

FAKOV L DEIVER Nriacd by F.CG.Gregsrys 1961,
VUL G UNE “lw,“ Nabove neome by P, 5. Beoockirn, 1878,
cOoRDIN'S TAP The Coppin frmily arve for long bish

P storelists 1n this ©I'CQe
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APENDIL D. Fov'lwxu,

B“.Cn HilL , © Prokeobly n“Mud by T'ed g . Brockman who
catrblished 2 urlgonamctrical stotion
) - - ' on 11,

B..1IBOC OR CHUG. I QRJL Probr bly from the numbur of native

pambons Zeowing thore,  The nrtive nous
: mcons red riv@r‘mglgn"
N UL:LLING ¥ILLS Nemcd by F.T.Greghiny 1861,
. CARDOLL, ROCK HOLE Netive nﬁmc given by Lind Ingpeoector.
w.Grent, 1925,
SINJLN S00L | Nebive neme, F.S.Brockacn 188
COORACOCRINE 200L " Netive word Weoorir' mcons tpinc mulgn .
CHUKUY..LYEE POCL' Notive nome (meaning - "hig hills nnd
plenty Sf wotor") collectod by F.S.Bro-
ckrnn, 188U, _
C.LBINE »0CL, - Netive nonme collcctud by Fe . Brockiaen 188k
v TQO: BINGIDGLL POOL " " " " " !
" YUL.\DING POOL (not
"‘ -Y.“.l:ding,) it ' " it \ 1 |
NGULBER..ITURING POOL " " " " " !
OT‘IG x\xC:B -']\' )OOL ) 11 \ 1! it 1 \!
ITG .h : 1\ ‘ﬂ' ‘“;K it it ] 1 it "
LINING.. R CRER | K ! ! " ! !
D.ULUBUNING PCOL " " " " ! !
LEL CREEK .? | ogt probobly namcd bﬁ P.T.Gregory ;8ul
~s it is shown 9N the mep of his CX-
- pl . nntlins. |
° ' VOCKENY L CLEER ative word foT Whewk'! .
® ARL LUBOLONG 200L Netive nouas collcetod by 1, o.Brocknrn,
188L,
KHNHMB%%MG " " " " "
‘UN-NOH ?ooi (not Hucece
anu) Netive nome Ry »H1ec Porrect, 1878,
1t i ALl L . " i}

CCOONTION, CLREK

COONTLH, KER ' This ig an orror for Coaonioend Crouk.




E
-V
o
§

20

~95~

SPD ] ‘DT" D CO\!L SNOED

COOLCOOLINY . RINIR

N(‘T NDIRATTINING 20CL

COEDOOIF PCOL (o™
Conrdzoin)

YUY "~ N Uyt e vtal -'w-'.lﬂ 11
lﬂﬁ:ﬁ,ﬁ&‘ WANGE SH o0

TAKE WAUEADLYCS RLY

ToMIn HITTS

B.'.RN.IC.'-.).'%BDY HILLS

P, CLOPTON

TL.""‘l’ N HILLS
)

PLTERSON RANGE

sp 3L CPHLISON

COOLYU NATIV. VELL

- IUND-LLUDD,, (CHR LSTILE)

POCL

CHIRIT NaAT IV" VELL

ROUND HILL

T.BLE 10D _SHEET

- LAKE ULD

TPHRING R0CK

Notive nome by kb

AN:mcd by L.

Native namc by Llex Forrust, 1878.

A0 CTToneous spalling of Ngum)crﬁmuring.

_g.Brockimen, 108k,

97.

N“ﬂuﬂ oy pponeh nxpodition 1801~ 3.
Naot qu noie Cﬂllu cd by W‘” L Rudoll,
1897.

E.“ud 11, 1896-1897, ~ftor
LM agrafton, 2nd i€ istent in Oolvert
genrch Expodltian.A '
Neried by W.F.udell, 1896, ~ftor ..
Trotm:n,15351stnnt in Calvﬁrt scarch
nxpcdlition,

Nemed by wL.FP.rudnll 1896, ~ftex WPt
crson, first monogoer of the ;;gric:u].tuvrj_:
Benlk of Wedie

Named by P.T.Guoz2ry 1861, after °n S oy

colonist of WA

Netive nome by v, udall, 18975

Ry W.E.udrll, Christinns 1896, (tun-
drraudda - artive norc) .

Nntive neme (Chirit - pird) by v, P oud A
1897.
Hemed by P.8, DBrockusn, 188k,
Nuﬁcd'by L,A.Woils, 1896, rftcr;W,P.
Luld; of Auciaidq‘ﬂ member of John
iicDourll gpucrt'ec Bxpsaition,

Nepiod by Looalells, 1896 (Calvuert -

podition) .



"96" : ¢ : .

i KING HILL C Nemed by LuaWells 1896 cofter Stephon
I ' ) ~ King, af‘S.A..Survey Dept., ~nd 2
j : - meiber of Stuert's Bxnedition ocross Lo

l . o . ' continent,

iy .
1. KE BLANCHE waned by W.P.Rudn 11, 1897,
SCOTT BLUFY ' oo oo !
n T W ‘ Y

| TR DOR
gnRLRITIoN UILL Ntmcd by L.i.ells (C”qurt LXDE nLuL)n\
the spot wherc C.P.7clls nd G.L.Jones
separatoed from‘tho rinin porty, to perich
Acv'nuu ~11y 1896,

LAKE WINIPRLD By V.F.Rudcll, 1897.

NaNGADE 17T J0 5 Native noiic collected by Lo Conning

1906-7.

DUNDA JAND. ELL ' ‘ " " "
JUTINGEIRL WILL . " " ! "
it 11 H t 1]

NU:GURG. WELL

RUD..LL SHOET

O
.

TFROSBSLT. (LINGE Nracd by W.P.audsll 1897, ofter Go
Throsacll, ilinister for Londs,
S, ISDELL NercG by ¥, Honng 1897, cfter an corly

settler of the Kinberlcyse
v

7. .BLETO? FILI a Doscriptive of Mt. Iscdcll,
SO DHURST RANGLs By P, H.Hann, 1897, ~ftor o citizen of

Aius\

i . “' . "‘k
| COOLPRO CLlEK Neotive noxme collccted by v, 1P Rudall,

-

16897.

" i o 1"

5
ATy
.3

Y\NUA“O o CoELK . i
QRN wCoIL. HITLS Neative nomc by “ . P,Rudnll, 1897.

-
LA

YaLLS L NGE s ftor L.AWC 11s, lerdor of the Crlvurt
Bxpedition, 1896,

BiiU NGO S0 no nCd by F.E.Henn, 1897, bceousc

. .

WYhe garw £1iVe b“u m o it

nC"‘Y BBl . By I'.i.Hann 1897, ~fter o fricnd, 11C&,

J[J

S,Le..CRY

|

ST, COLiLiUGITON HMemcd by W.I.Tudnll, ~ftor one of he

‘.

SVPIS



gar.ll.;rqul.lisaw

wa\BUT

LU NG

)
COONDLAGL 0N 2CCL
FUImRLIaUL Ry P0CL

50 %

CU.RUI 1f" 2RUN Crl 0L
CHOCLUN VTHNR FIOLD

AR
oMK

NOOTLGO

}‘IOC.\,AB U_J o L

R YL HOLE

LOCK

KJ?LOO‘TIRLCO ROC H0LE

-

e II0LE

CANDANUYY.LH G

PINDINY. . F ..CCI MGLa

TR0 LI NGCUS

VILA LONG LCOL
CRJCJLGED SCOL

YOUN..iiy CRUBK

PIDGLNG DD PO0LS

WT SYDNEY

[RPREY
eIV Ions

~97~
wnombuls
el
3
n

By i,

Nt Vu

Netive

1897 L4

Naotive

1

Native
Notive

apoarently noned

~ G

~g it 1is

T Henn

5f his scorch

W

serty fore lost

>f the Chlvurt Ehid) \ﬂ¢tlwu.

1897m

neie by O P oaudo ‘,’1897.

n; collected by “.}.iddﬁll

70 ,
\ (M i 11!
it i u i
1 \! \t "
it 1" 1t 1
o " it 1"
it " " 1"
\ il 1 1]
1t 1! i 1t
nmime colloce b L P audnll 1897
1] ki N it it 1
|‘\ " it u’ 1l
tt 1", i it 1\
il 1 o \ "
it W\ 1 i1 ' ;l
nrme by ©L,8.Brockund, 188L.,
noc by P.S.Brockmcn, 188k,
W 1] o "
il i o 1

by P.T.Gregory 1851

~

shown on mop of his cxolrrotic

exnedition,
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APPENDIX

water Supply = Bore

of Stations

Callawa

Nimingarra

Warrawagine
Wwallal
Yarrie

L4



.S. Altw,
99"‘ 2
: A1ti- Hater
Situation tude Level snalysis Strata
n %5 mle.- 3.5, of H.S. : Spoils of schist, quartz,
amphibolite.
% ml. BE. of H.S3. 50 ft. Good water Spoils of schist,'etc.
mli. E. of H.S3. 50 ft. 'gweet, burning"|? 01d river w1uh trovertine on
water 7 NaCH surface.

Donison Bore sicce of Callawa CK/{ 60 fte o In river gravels.

ot equipped) .

mle ?.W.J. of H.S. 35 fte. Good water Travertine on surface, ?-in

Lnces ut 80%and 120° creek alluvium.

ml. #. of H.S5. on 25 Tt Bad, dbut clear Spoils of green schist, shale

-arric road; mill on with taste cof and quartzite.

of /ﬁuule Creek H2S :

ml. 3.8. of H.S. 30 ft. ¥air-good Travertinc on surface, spoils of
dark green basic volcanics and
slatess.

4 ml. #. of H.S. Lo ft. Poor water ? Upper Prote rozoic,red fine
sandstong, some Coarse bands,
micaceoUus, rounc grains well
bedded, ripple marks ond green
on bedding planes.
2 ml. N. of H.S¢ 65 £t. Excellent water| ? In grenite.

mle W.ii.W. of Doni- Salty water in | ? Metamorphicsl old native well

sull Bores L ml.e S. 19&2 aft%: 11 in galliwa Creek nearby gave

T e water.

of E.%. fence floods of 1941 } 800 er
d 5 ml. M. of "The Salt water 80011; ofbgeggq it}c gragiziég
G .. g, Tence semc hornblonde schist, boulaer
ors” on 5. rence of ves sicular basalt.
S % wle M. of "The £t spoils of granite mad grey
ol aloh e SCulatu
§
oo
' &



]

. 3,000 shcev

an 1955)

Analysis

Strata -

Chooks ¥ill

Blue Hills

Boundary well

shalls T4i+l

I ml.
Mill

L .nle

Miiy

L 'mle

Z rle

2 mle

-

3 Iie

. of Cavbage

S. of Cabbage

- -

W.m. of H.S.

Ne of Chooks

1‘?-}3. Of I—I.S.

—".‘1'}. Of H-S-

5. W. of H.S.on

Etrick-Nimingarra
boundary

17 ml. S. of H.S. ¢

Coongen turn-off

-

Pair water

Failr—-soderys
clear water

Fair

Spoils of granite, travertine
on surface.

Spoils of granite.
Well .

Well.

Welloe

Vertical greenish quartzite
and schiste.

well nesrby. Spoils of quartz.

Wel;s.A‘



PARRAMAGIRE H.3 alt, 90 1.
~i01~
Alti- Total ‘Hater
Situation tude Depth Level Yield Analysis Strata
Sears Well 1L 1pl. N. of H.S. LO Tt. Pair, slightly
sodery. Good

Desert Yell

Well -

~

Lochinvar Jell-

salt well

Little Tiringad-
gee ilell

20 Mile Wotel
Scheme %Hell

Toominbid gee
Bore

9 ml. E.N.E.
3Jears Well

z mnl. S. of wing
fer.ce junction, on
rubbit proof Tence

£t Lochinvar old H.S.
beside 2 claypan

12 ml. L. of H.S.

L ml. N. of

2?2 ml. S. of H.S.
Near Jjunction of

Little River and .
Ot kover

.

410 ml. E.N.E. of H.S.

L55 rt.

rt.

545 ft.

380 ft.

30 ft.

LO ft.

30 ft.

Lo ft.

stock water

Fair, good stock
water

Good

Slightly sszlty,
guite sodery -
little worse
than Sears iell.
Sheep flock onit

Good, sweet water
Corroded tank

Fair, slightly
alkaline

Very salty

Heutral veaction

Tertiary limestone.

Svoils of tertiary limestone
and travertine. ‘iow fallen in.

G z

(No. 3 #ell). Paintly.
259 grains per gallon
soluble salts. -

(o]

alkal
total

Tertiary limestone and

chalcedony.

]

(&)

&)
B

o .

0

L2

833 grains pe

m
“

23\
gg-r—n - =
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FARRAEACI: H.3. (Coat'd) ‘ ‘ ' 105
‘ A1ti~ Total Water j
Situation ~tude Depth | Level Yield Analysis BStrata

Little Junctior |8 ml. S.E. of Cailawal 365 £4. | L2 fi. 30 ft. Fair to good Probably in river gravels

Mill = ml. N. of OzkoverR. : ' overlying granite.

Simosones Well - 27 ml. W. of Boanhens 350 £te |- - 25 ft. A Alkeline. WaterlSpoils of granodiorite.

: 2 ml. S. of Simpsons ‘ very green (No.L Well). Faintly alkaline.
is a dud well 1in grary througnh algae (137 grains per gallon.
odiorite on & M-S and too much
fence. Depth is 951t. 4 soda for new

: : : ' sheep '
Bamboo Well 4 mi. S.S.E. of w15 ft. 147 f£t. 60 ft.|Unlimited Good - Spoils of pink aplitic granite.
- ' Simpsons : , : Supply -

6 Mile W21l 6 mi. W. of H.S. 430 ft. 25 ft. Much muscovite |Spoils of gneissic granite.
hear 6 Mile Crcek. in the water
Thnere is also a soak
in the creek bed

Mill ' 8 mles E. of Nullagine 50 ft. " Good water, | spoils of tertiary limestonec.

' River, on K-5 fence. slightly Mg. »
Has old fallen in o
v2ll nearby. Also a
csheep and cattle yerd

0la Well - 3.m1, L. of Hgllagmc 520 ft. . 30 ft.{Not used Spoils of travertine‘cementéd
iver, near Pinjien river gravels.
Pool i

Chocka “Yell 11 mi. E..of H.S. 500 ft. 35 ft. Good

. 0 bank of Oakover .
nLVED

I




WARRLVAGITE F.o. (Cont'd) ~105
' Alti- Total Water
Situation tude Depth - Level Yield Analysis Strata
Rodneys 1A ml., E. of H.3. On 26 ft. Good
‘ euvwge of sand dunes )
Yileys ¥#ell L mi. N, of H.S. 395 [T, L2 ft. Good stock water Spoils of limestone and opaline
boulders. .
Big Timingadgee |1 ml. S. of Little 4Ho fi. Good Well now Fallen in. Probably in
Well Tiwing adgee Well river alluviums ‘ :
Oakover Bore L4 1.1, . of Salt Welll 370 ft. LO ft. | Large
' supply
Sweet Me 1l 5 wl. . of Oszkover 370 fi. 25 ft. | Poor Sweet-salty teste| Travertine on top; then 9 It
Bore - _ ..v. | supply | Sheep flock mit| of grey '"pugh.
Oakover Weol 41 ml. W.N.¥W. of H.S. 28 f£t. Best water on
: station
Rig Junction 5 ml. E. of Nullagine| 375 ft. | LO ft. o5 ft.| Unlimitd{ Good Spoils of gueissic granite and
well sl over Rivers junct- : ' supply quartzite.
ion. Iirst well in
gintrict '
Bonnhams 5> 1. S. of Oakover, | 360 ft. 35 ft. Was salty, now
' iullagine Rivers fair; this
junction. . change occurred
5 wi. B. of this is after the dry
an uncquipped well, - spell of 1949
4:L. %5 1. in white .
eliy ¢nd trivertin

B p

h




HATLLAL Ho3.  Alt. eO Tt

— iU
. Alti- Total Water . _ :
Situation tude Depth Level Yield Analysis Strata
Fo. 2 Desert Mil{5C ml. N. of Yarrie 245 ft. 150 f£t. Good
(Bilgarra 7ell) jon the ¥allal rozd . : S
fliamulgerra 8 ml. #. of Bilgarra 130 ft. Dry
Bore . :
_Sussacus IMill 9 m¥s 1. of No. 2. At 285 fto 150 ft. Excellent 'Well. Spoils of fine conglomerat
. juaction of N-S and : - and coarse sandstone with white
759 ferices L : fine sandstone with piant remain
Iungera MillA‘ iritersection of two 150 ft. 60 ft. : Fairly good, Well
fences. Iias two palm : slightly scdery
trzes | -
Tank Mill Ca edg: of grey clayve 20 ft. Salty
E soil with Ti trees..
Chirrup Bore |% i5l. W. from main .- 160 ft. : 15 ft. Good
aorth kighway. ,
&




]

Vignrls H.S. slt. 2.5 ¥t
= - Al
Alti— Total Vater
“3ituation tude Depth Level Yield fnalysis Strata
Monitor Jell 2> mi. N. of H.S. LO ft. Fair, salty Spoils of granite and olivine
basicse.
Cundaline ™ill 5 ml. N. of E.S. 20 ft. Fair Spoils cf granite and green
. ' basics.
I} Mile Well 5 ml. E. of H.S. on 330 ft. Good
Tel Creek
8 Mile well 410 ml. 1 .E. of H.S. 390 ft. 60 ft. Good Spoils of pink granite
' ca Bel Creek \
-y A}
Reids Milld 6 wl. L. of Cattle
Mill ) _
>
Cattle Mil. © | 1L mi. K. of H.S. 126 ft.
To. 3 Dékgpt ' %5 mi. N. of H‘S on 310 ft. Good water (noq Bore; probably in esozoicC.
1 Y pe} - : > - o ° 4 . .
Mill ' tLe ¥allal road pumping in 1954 :

3

o
:
< - — -
T



STRATIGRAPHY 1954 o WLy T
{ — _ —_ —_ —_— : | —————
Y TOR ~ S - S ADTIREY AT O
PORVATION ey LITHOLOGY S
o B HELGO.
50" ) Alluvial clers, greovels ond boulder bods Confincd to valley
] ' : floors & river systoms
- } 2'= Evoporites ; i
[ 18ctE Sscelirn oond lonys
. covaors
b3 | P lti— H
=3 Zoic
0 -
Lok
-

1%
p—
o

I+
C2
~
e
)
o

Lo ond trovertine

- 1g'E Pigolitic irounstonc
‘ .
I e
, g /
H [
£ —_ — — —_ e
b - + 3 3 17 3 ] -~ - T s PR Y £y -~
= 100 s ~nd limcstonce with chalccdonic . Mosos ond obutics
1 ity . o, . .
S 5. Lucusirinc.
pro— - - ' o X .
: B ' 2y T (eveves £y a4 3 S T oy N A R e
: LY 100 E and shales centolining Low smell flct topp:d . d:flmmjl Tor

ction, Lods &
: . wmovla Congl,

- .
o AN
NDSPNE.,

et +

258G~ S eR el 2G4.4 conrse sondstone, olter- Meosos nnd buites,

: i conglomeritc, lcw rises.
E A orobcbly possing

Hoonkanbatn
Hormat ion.

11 perks, coecrsc  |Wuro Kuras

noNERC U . .. . -

Topruoinous conrsc to finc sandstouno,

-g - ;o’ o R -




Lok vl i R Horine fine kindy shzi.,los sith Teromin- Porus bede of pilya Noonkonb
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