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Annual Report of the nch 
epa rtm e n t 

The  Under Secretary for Mines 
I submit herewith for the information of the 

Honourable Minister for Mines my report on the 
activities of the Geological Survey for the year 
1962, together 

Recruitment for the enlargement of the 
cal Survey, explained in the 1961 Annual Report, 
continued and by the end of 1962 all positions had 
been filled, but five appointees had not arrived. 

Delays in filling the new positions have been 
due to shipping, appointees accepting a position 
and later reversing their decisions and the desire 

to this position and i 
duties early in 1963. 

The reorganisation has created a heavy load on 

STAFF. 

Professional: 
Name 

R C. Horwitz D.Sc (Switz) 
N: J. Mackay,’ B.Sc.’(Hons.j . 
P. E. Plavford. Ph.D.. B.Sc. 

R.’ Ealliian B.Se. (Hons.) 
C. Emmenekger, D.Se. (Smitx.) . 

Clerical and General: 
N. Stoyanoff . .  
II. B. Rettig . . .. 
P. li. Jefferies ... . . 

Promotions: 
W. R. K. Jones . . I .  .. . . 
J. D. Wyatt . . .... .... 

Transfers: 
E. D. Itkcliver 

9. C. Crew . . . . . .. . . 

Resignations: 
W. Id. Bock .... ”.. .... 

Positio Effective 

Senior Geologist 3/1/1962 
Deputy Govt. G 9/1/1962 

Senior Geologist 11/1/19G& 

Date 

logist 

Senior Geologist 
Geologist 
Geologist, Grade 2 
Geologist, Grade 2 
Geologist, Grade 2 
Geophysicist . 
Geologist, Grade 2 
Geologist Grade 1 
PdaeontAlogist . . 
Petrologist . . 
Geologist, Grade 2 3/5 /10G? 
Geologist, Grade 2 2 f S / l O C 2  

Typist . 13/3/1962 
Core Libra&n 2/7/1962 
Laboratory Assist: 16/7/1962 

ant 

Clerk - transferred 16/4/1962 

Clerk - transferred 16/4/1962 
to Xnes Dept. 

from Mines Dept. 

Geologist Grade 2 17/8/1962 

The accom 
cal Survey is unsatisfactory from an administrative 
viewpoint. The Survey occupies three separate of- 
fice buildings and a fourth is being prepared. The 
scattered nature of the office accommodation and 

the Institute of 
Mining and Metallurgy and inspected the Moonie 
and Roma oil and gas fields as a guest of the 
Queensland Geclogical Survey. Jubilee Con- 

tended in Sydney. 

Underground Water Conference in Adelaide. The 
next meeting will be held iri Perth in 1963. As 
a result of the conference, the Honourable Premier 
arranged for a State Committee on  Underground 
Water to  be established with the 
Geologist as Convenor. The main fu 
inter-departmental committee is to co-ordinate and 
to advise on underground water problems within 
the State. 

ENGINEERING DrVI 
K. Berliat (Senior Geologist), F. R. Gordon, 
J. D. Wyatt, K. H. Morgan, C .  Eninienegger, 

In the $yIord-Kwinana area four exploratory 
bores were completed and the drilling programme 
is continuing. The object of the drilling pro- 
gramme is to correlate Jurassic and Cretaceous 
aquifers across the Basin, and to assess their lateral 
continuity, salinity and capacity. 

Drilling was commenced in the Lake Allanooka 
area, centred 20 miles southeast of Geraldton, t;o 
ascertain the potential of Mesozoic aquifers in the 
area as an additional source f o r  the Geraldton 
town water supply. Three exploratory bores were 
completed and the drilling programme is continu- 
ing. 
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Exploratory drilling for domestic water supplies 
was carried out a t  Jurien Bay, Mandurah, Bussel- 
ton, Billeranga Hills and Whitby Falls. 

Three bores were drilled a t  Australind to suc- 
cessfully complete the programme which obtained 
a large supply of good quality water for industrial 
use by Laporte Titanium Ltd. 

Hyc.Zro!ogical. advisory work and an  assessmen(; 
of ground water resources in the Halls Creek dis- 
trict was carried out in conjunction with regional 
mapping in the East Kimberley area. 

An extensive bore siting programme was under- 
taken for orchardists in the Karagullen-Pickering 
Brook-Kalamunda area. 

Miscellaneous investigations as req ired were 
carried out on a State-wide basis. 

Eayiaeeriszg Geologu. 

“;: 

A detailed examination was made of the Avon 
eviation of the Standard Gauge Railway 

Northam. These 
the basis of the 
by the consulting 

engineers (Maunsell and Partners) t o  all pros- 
pective tenderers. Several relocations were sug- 
gested or approved, the stability of deep cuts was 
:+ssessed, and drilling results for bridge and route 
investigations were rationalized. Ballast and bor- 
row sources were delineated and evaluated. Geolo- 
gical reconnaissance was carried out on  the pw- 
posed route between Northam and Kellerberrm, 
and ballast and borrow sources were also investi- 

borehole samples and geological 
reconnaissance enabled preliminary recommenda- 
tions as to damsite locations, investigations and 
further drilling at South Canning, Gooralong 
Brook and Upper and Lower Wongong damsites 
for the Metropolitan Water Supply Department. 

Detailed work on the Ord River Damsite was de- 
signed to give an assessment of the problems of 
stability and water leakage and the feasibility of 
underground construction. Seismic refraction work 

used to evaluate 

was 
the 

bar- 

TARY (OIL SION. 
P. E. Playford (Senior Geologist), G. H. LOW, 
and D. C. Lowry. 

Field work was conducted during the year in the 
ning and Perth Basins. In the Canning Basin 

a detailed study of the Devonian reef complexes 
exposed on the Lennard Shelf was initiated, and 
this will continue during 1963 
regional geological mapping 
the Augusta-Nannup area a t  
the Basin. This project will also be continued in 
1963, extending the mapping to as far 
Perth. 

The progress of oil exploration in Wes 
tralia was followed closely during the year. 

The Senior Geologist accompanied the Govern- 
ment Geologist on a visit to the Mcjonie oil field 
and the Roma gas field in Queensland during 
August. They also attended the Australasian Insti- 
tute of Mining and Metallurgy annual conference 
in Southern Queensland, the theme of which was 
“Oil in Australasia”, and the Jubilee Congress in 

ustralian and New Zealand Associa- 
vancement of Science. 

GiONAL GEOLOGY DIVISION. 
R. C. Horwitz (Senior Geologist), J. Sofoulis, 

G. R. Ryan, M. J. E. Kriewaldt and I. Gemuts. 
Three geologists were engaged in mapping on the 

Dampier and Roebourne 1:250,000 Sheets. Dampier 
Sheet was completed. 

One geologist was engaged in mapping on the 
Widgiemooltha 1:250,000 Sheet, and, accompanied 
by the Senior Geologist, a reconnaissance of the 
Warburton Range area was made. 
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One geologist was engaged in mapping on the 
Gordon Downs and Dixon Range 1:250,000 Sheets 
in conjunction with the Bureau of Mineral Re- 
sources. 

The Senior Geologist worked with the Dampier- 
Roebourne and Widgiemooltha parties for various 
periods &ring the field season. 

Short reports were written on hydrological and 
mineral resources problems in areas covered by 
the geological sheets being mapped and in other 
areas of the State. 

Gordon Dawns Sheet was completed. 

MINERAL RESOURCES DIVISION. 
W. N. MacLeod (Senior Geologist), L. E. de la 
Hunty, W. R. K. Jones and R. Halligan. 

The major task of this Division was a regional 
investigation of the iron ore deposits of the Ham- 
ersley and Ophthalmia Ranges in the North-West 
Division. This involved mapping of the Mt. Bruce 
1 :250,OOO Sheet and portions of the Yarraloola, 
Wyloo, Roy Hill and Bit. PJewman Sheets, together 
with sampling and examination of the numerous 
and varied iron ore deposits. Close liaison was 
maintained with the mining companies engaged in 
exploratory and assessment programmes in the 
region. The extent of the Hamersley Iron Province 
was determined and relationships between the ore 
deposits and the strat ere established. A n  

vince was made. 

was completed 

Shire Council for release of ground for  orcharding 

re important co 
of rocks described came irom the Weld Range, the 

were also examined from the Warburton Range 
and the Ord River area, and rocks received both 

of the work was carried out for 
Geology and Mineral Resources Divis 
work was done f o  
Division. 

Although brief 
almost all rocks collected is an important part 
of survey petrolog ork, detailed studies of 
particular aspects rocks of an area con- 
tribute more, in g run, to  the general 
understanding of Western Australian geology. 
Such special studies included the porphyries of 
the Widgiemooltha area, dolerite of Weld Range, a 
particular horizon anded ironstones of the 
Hamersley succ asalt drill core from Boy- 
anup, and acid rocks from the Hamersley 
and Dampier areas. The last named topic is 
reported on elsewhere in this Annual Report. 
Palueontoiogy (K. S. EdgelI) . 

Previous palaeontological activity by the Geolo- 
gical Survey was prior to 1926 (by Etheridge, 
Chapman, Glauert, etc.) and consisted of descrip- 
tion of new and known species which have pro- 
vided the basic stratigraphy of the State. Much 
more taxonomic work of this kind is required in 
advancing our kno ge of the geology of the 
State. 



The emphasis of palaeontological investigations 
has been on palynology and studies of microplank- 
ton. These methods are particularly applicable to 
the largely non-marine or paralic sediments in 
the marginal basins of Western Australia. Paly- 
nology, or spore and pollen analysis, has now been 
established in the Geological Survey as a means of 
age determination and correlation of samples from 
bores for oil and water as well as suitable surface 
samples. During the year macerations have been 
examined palynologically from some 300 samples 
representing 20 bores, mostly in the Perth Basin. 

Palynological age determination of cores from 
Hawkstone Peak No. 1 Well were carried out at the 
request of West Australian Petroleum Pty Ltd. 
Determinations of the age of 90 thin sections of 
Tertiary limestone samples from Barrow Island 
were also made for West Australian Petroleum 
Ltd. 

Megafossil determinat ns included interesting 
discoveries from the Precambrian of the Pilbara 
area, surface Triassic ammonites from the Perth 
Basin, and stromatolites from the East Kimberley 
area. In connection with reef-studies by the Sedi- 
mentary (Oil) Division, palaeontological study of 

oporoids from the 
ey area) was initi- 

Field activities were restricted by the initial 
shortage of geophysical instruments to several brief 
experimental and practical surveys mainly con- 
cerned with hydrological and engineering problems. 
An iricreased demand for practical assistance in 
1963 is anticipated as geophysical equipment on 
order is received. 

Several experimental resistivity surveys were 
carried out at orchard properties in the Carilla- 
Karragullen area to evaluate the use of the method 
in groundwatei search. A resistivity survey was 
also made in the Belka Valley for the Soils Division 
of C.S.I.R.O. to delineate saline aquifers and to 
determine the depth to  granitic bedrock. 

gravity interpretation of available 
of the Mt. Hill-Geraldton area de- 
ow sedimentary basin with an  area 
square miles. Exploratory drilling 

carried out during the groundwater search of the 
area confirmed the thickness of sediments. 

Refraction seismic surveys were carried out in 
several places using “Dynametric” seismic timer 
equipment. At  the South Canning damsite addi- 
tional information augmenting borehole data was 
obtained. A t  the request of the Main Roads De- 
partment, a refraction seismic survey obtained bed- 
rock information to aid foundation design and 
specifications of a proposed bridge over the Helena 
River near Mundaring Weir 

Technical  I n f o r m a t i  
This section, embracing library, laboratory, 

clerical and general staff, was hard pressed during 
the year to keep pace with necessary administrative 
reorganisation and the increased work output of 
the enlarged professional staff. 

A new unpublished series of Records was coni- 
menced and 24 Records had been issued by the end 

Editing and preparation for the 
Governmeiit Printer of publications was continued. 
Two information pamphlets wer 
mineral exhibits were arranged. 

General library services were 
Library Assistant, and recata 
books and serial publications were completed. 

The core library at Dianella Store was organised 
by the Core Librarian, and laboratory facilities for 
the Petrologist and Palaeontologist were main- 
t 

CTIVITIES OF THE COMMONWEALTH 
P MINERAL RESOURCES. 

hysical work was carried 
out by the Eureau of Mineral Resources within the 
State. The following projects were undertaken:- 

(1) Regional mapping of the Gordon Downs 
and Dixon Range 1: 250,000 Sheets in the 
East Kimberley area. jointly with the 
Geological Survey of Western Australia. 

(2) Continuation of the reconnaissance seismic 
survey between Giles and Carnegie home- 
stead in the southeastern part of the Can- 
ning Basin, together wit.h gravity readings 
at 78 stations. 

(3) Seismic surveys of the Poole Range struc- 
ture in the Canning Basin. 

(4) Regional gravity survey of 55,000 square 
miles in the southeastern part of the Can- 
ning Basin using helicopters. 

(5) Magnetic survey of the Scott River iron 
ore deposits. 

PROGRAMME FOR 1963. 
HYDROLOGY AND ENGINEERING DIVISION. 

Hydrology: 
(i) Continuation of the hydrological survey of 

the Perth Basin. 
(ii) Hydrological investigations and exploratory 

drilling for underground water supplies in 
the following areas:- 

Allanooka and Wicherina for Geraldton 

Lake Gnangara for Perth town supply. 
Mandurah for town supply. 
Eaton for town supply. 
Capel for town supply. 
Arrowsmith River for Morawa tmvn 

town supply. 

supply. 
Byf ord-Kwinana. 
Hyden-Forrestonia. 

(iii) Hydrogeological investigation of the “Hills,” 
Chittering and Bridgetown fruit growiug 
areas. 

( iv)  East Kiinberley area-hydrological assist- 
ance to pastora1ists:- 

(a) Regional geological mapping in con- 
junction with the Commonwealth 
Bureau of Mineral Resources. 

(b) Bore site selection as required by 
pastoralists. 

(v)  Miscellaneous investigations as requested 
from other Departments and the public. 

Engineering Geology: 
Ord River Damsite-rock testing foi 
underground power house when required. 
Fitzroy River Barrage-supervision of drill- 
ing. 
Standard Gauge Railway - Merredin- 
Southern Cross and Koolyannobbing 
Sections, and reassessment of Northam- 
Merredin Section. 
Investigation of damsites for Metropolitan 
Water Supply Department:- 

Wungong Brook (2 sites). 
South Canning. 
Gooralong Brook. 
Dandalup Brook (2  sites). 

SEDIMENTARY (OIL)  DIVISION. 

(i) Active interest in the exploratory programmes 
of companies engaged in oil prospecting in this 
State. 

(ii) Investigations pertinent to oil prospecting in 
the Perth Basin. 

(iii) Cci tinuation of the geological survey of tne 
Lennard Shelf area, Canning Basin. 

(iv) Miscellaneous investigations as required. 

(i) Completion of regional mapping on the 
Widgiemooltha 1 : 250,000 Sheet in the Kalgoorlie- 
Norseman Area. 

(ii) Continuation of regional mapping on the 
Roebourne and Pyramid 1 : 250,000 Sheets in the 
Pilbara Area. 

REGIONAL GEOLOGY DIVISION. 



(iii) Continuation of regional mapping, in con- 
junction with the Bureau of Mineral Resources, 
of the Dixon Range and Lissadell 1 : 250,000 Sheets 
in the East Kiniberley area. 

M I N E R A L  R E S O U R C E S  D I V I S I O N  

(i) Continuation and comp on of the regiond 
investigation of the IIamersley Iron Province. This 
involves mapping on the following 1 : 250,000 
Sheets:- 

ree Creek, Newman, 

(ii) Investigntion of low-grade manganese de- 
posits near Ravensthorpe in conjunction with a 
drilling programme by the Bureau of Mineral 
Resources. 

Metropolitan Area (if required). 

and Murchison Goldfields. 

(iii) Investigation of the clay depo 

(iv) Investigation of the pegmatites of the Yalgoo 

(v) Miscellaneous investigations as required. 

PUBLICATIONS AND RECORDS. 

At the end of 1962 there were three Bulletins 
and one Annual Report with the Government 

dissemination of reports to interested parties and 
presented technical reports in a more enduring 
form. Records, which are duplicated, are not true 
publications in that they cannot be obtained freely 
by the public. They are issued under three classi- 
fications: Confidential, for departmental use only, 
Eestricted, for departmental use and for interested 
persons entitled to the  information, and Un- 
restricted, which can be perused at the Survey 
library or be made available t o  interested parties. 

Records of enduring scientific or of other value 
will be selected for publication in the Annual 
Report together with a list of the Records produced 
each year. 

In  addition, it is proposed to issue a new In- 
formation Pamphlet series. These will be small 
duplicated pamphlets on items of general geological 
interest intended to assist prospectors or persons 
interested in the search or development of the 
mineral 1 es of this State. The first two titles 
“How an ere to Look for Copper in W.A.” 
and “Op an Aggregate Quarry,” should be 
available early in 1953. 

Issued During 1962: 

In the Press: 

Annual Progress Report for 1960. 

Annual Progress Report for 1961 
Mineral Resources of Wester 

Bulletin No. 8, Copper. 
Bulletin No. 115, The Geology of Portion of the 

Pilbara Goldfield covered by the Marble 
Bar and Nullagine 4-mile Sheets. 

Bulletin No. 116, The Geology of the Manganese 

In Preparation: 
Geological Map of the Boorabbin 1 : 250,000 

Sheet (SH51-13 International Grid) with 
Explanatory Notes. 

Geological Map of the Balfour Downs 
1 : 250,000 Sheet (SF51-9 International 
Grid) with Explanatory Notes. 

Geological Map of the Dampier 1 : 250,000 
Sheet (SF50-2 Int tional Grid) with 
Explanatory Notes. 

Geological Map of the Bruce 1 : 250,000 
Sheet (SF50-11 International Grid) with 
Explanatory Notes. 

Bulletin, Palaeontological Contributions to the 
Geology of Western Australia Series VIII. 

Records Produced: 
No. 

1962/1 

1982/2 

1982/3 

1962/4 

Authorls) 
Berliat, K.‘ ’ .... 
Norgan, H. H. 
NacLeod, W. N. 

Berliat, K. .... 

Sofoulis, J. .... 

Title 
Report on Esploratory Drilling for 

Water a t  Jurieu Bay W.A. 
Report on Drilling of hortion of the 

Greenbushes Tiufield. 
Report on Esploratory Drilling for 

Water a t  the Nental Hospital, 
Whitby Palls. 

Report on Gold Prospect PA7077 Lake 
Croniu Area. Yilzarn Goldfield.’ W.A. 
(Restricted.) ’ 

1965/5 Kriewaldt, Y. Report on Underground Water a t  Point 
Sampson, West Pilbara G.B., North 
West Division. 

1982/8 Sofoulis, J. . Report on Fater  Supply, Cnndeelee 
Nission, N.E. Coolgardie Goldtleld, 

(Confidential.) 
roundwater Potentialities, 
origines Reserve, Eastern 
T.A. 
e Devonian-Lower Car- 
Rocp  pf.,the Lennard 

,ern 
x D: 

Ausu a m .  
imsite-+4 Preliminary 

Appraisal. 
1982/12 Passmore, J. R. Report on Laporte Nos. 1 2 3 and 4 

Water Bores, Anstraliid ’ W.A. 
(Restricted.) 

19G2/13 Playford, P. E. . Wells Drilled for Petroleum ExplOra. 
tion in Western Australia to the end Lowry, D. 
of 1982. 

1962/14 Sofoulis, J. .... Report on a Copper Prospect, Higgins- 
ilk area. Coolaardie Goldtleld. W.A. 

(Restrictek.) - 
i n  Outline of the Results of Recent 

Division. 
Report on the Exploration for Iron Ore 

in the North Pilbara by Nt. Golds- 
worthv Ninina Associates. (CO?L- 

1982/17 JIacLeod, W. N. 

fid%tih.l.) 
Renort on R.S.W.A. Nandurah No. 1 1982/18 Passmorc, J. R. - 

(Vater Bore, DIandurah, W.A. 
1062/19 Passmore, J. R. Report on Busselton Shire CoUucil 

Water Bore, Nilne St., Busselton, 
W.A. 

1082/20 Rowston, D. R. Geophysical Investigation of the Helena 
Gordon, F. It. River Bridgesite, Ralamunda-Nun- 

daring Road. 
1082/21 Trendall, A. B Plagioclase Phenocrysts in a Basalt 

from Boyanup, ’Western Australia.. 
1962/22 Sofoulis, J. The Occurrence and Hydrological Slg- 

nificauce of Calcrete Deposits in 
Western Australia. 

1982/23 Edgell, H. S. The Correlative Value of Nicroplank-tpn 
in the Cretaceous of the Perth Basin, 
W.A. 

1962/24 Edgell, H. S. Precambrian Fossils from the Hamer- 
sley Range Western Australia and 
their bear& on Diagenesis in Jaspi- 
lite Formation. 

15th March, 1963. 
J. H. LORD, 

Government Geologist. 

WATER RESOURCES OF WESTERN 
AUSTRALIA. 

bY 
N. J. M m k a y .  

INTRODUCTION. 
In September, 1962, the Underground Water 

Committee of Western Australia was requested by 
Public Works Department to prepare an assess- 
ment of the underground water resources of the 
State. The assessment was required for inclusion 
in a report giving an  assessment of the surface 
and underground water resources of Australia for 
the Standing Committee of t 
Water Resources Council. 

Information supplied by Public Works Depart- 
ment, Metropolitan Water Supply Department, 
Department of Agriculture, and the 
vey was used in the compilation. 

The State was divided into eight sedimentary 
basins and seven hard-rock provinces, and some 
of these basins and provinces were subdivided 
into areas for the purpose of the assessment. A 

is developed are also shown on this map. 



The Standing Committee requested that the as- 
sessment be made under two main headings, Pres- 
sure Water and Non-Pressure Water, and that de- 
tails for each basin or province be given under 

The assessment is presented under the follow- 
ing main headings and units of area:- 
Pressure Water: 

Perth Basin. 
Carnarvon Basin. 
Canning Basin. 
Bonaparte Gulf Basin. 
Ord Basin. 
Officer Basin. 
Eucla Basin. 
Collie Basin, 

Non-pressure Water: 
Perth Basin. 
Carnarvon Basin. 

Musgrave Province. 
Blackstone Province. 

(a) Area of unit. Area within e 
prospected; or 
developed for underground wat 

(b) The number of bores from w 

drawn during 1961-62. 

possible yield. 

Area within each unit not prospected but 
ed as having high potential; estimate of 

(e) Recharge characteristics, if known. 
( f )  An estimate of the total reserves of 

PRESSURE WATER. 

ground water. 

Perth Basin. 
(a) Approximately 23,000 square miles. 

as town and private supplies. 

Mainly artesian water. 
(b) At least 130 bores.-Greatest intensity is a t  

Bunbury (at least 50 bores in an  area of 5 
square miles) and in the Perth Area (at least 
50 bores in an area of 140 square miles). 

(c) Only very approximate information available, 
except for town supplies at  Perth, Bunbury and 
Busselton.-Estimated total withdrawn dur- 
ing 19 6 1 - 62-approximately 3 ,O 0 0 million gal- 
lons. Quality of water is mainly domestic. 

(d) Mesozoic aquifers: (i) In the large area be- 
tween Perth and the Arrowsmith River, and 
(ii) south of Busselton to the southern coast, 
have potential yields of 500,000 gallons per day 
per bore, quality ranging from domestic to 
stock. 

from run (e) Recharge is from local rainfa 
off from the Darling Range in the southern 
half of the Basin. Dams in the Darling Range 
may have an effect on recharge in the future. 
No information on rates of depleti 
charge. 

( f )  Total reserves unknown, but mu 

Gulf south to  the Murchison River. Main aquifers 
are the Birdrong Formation (Lower Cretaceous) 
and Tumblagooda Sandstone (Lower Silurian). 
Less important aquifers are the Windalia Radio- 
larite (Lower Cretaceous) and the 
(Lower Permian). 

Adequately prospected by at least 200 bores; 
development restricted to pastoral requirements 
(approximately 14,000 square miles). No develop- 
ment in the Exmouth Gulf area where the aquifers 
are over 2,500 feet deep, or in the south-eastern 
section of the area. 

Artesian water restricted to  the coastal area 
sub-artesian elsewhere inland. 

Approximately 10,000 square miles from Lyndon 
River south to Murchiscn River. Main aquifers 
are Permian sandstones (Byro Group, Wooramel 
Group, Lyons Group). 

Inadequately prospected by about 40 bores; 
development restricted to  pastoral re 

Sub-artesian water only. 
(b) At least 250 bores.-Greatest intens 

is in the Western Area between the Gascoyne 
River and the Murchison River (at  least 150 
bores in an  area of 10,000 square miles). The 
other bores are scattered through the East 
Area and north of the Gascoyne River. 

(c) Only very approximate information availa 
Estimated total withdrawn during 1961-62 
-approximately 22,OO n gallons. Quality 
of water is stock. 

(d) In  the section of th ern Area between 
Lyndon River and Minilya River, the Woora- 

tial 
for sub-arte om 
domestic to sto 

ant 
aquifer (Birdrong Formation) is the Kennedy 
Range, 80 miles east of Carnarvon. Another 
important intake area for this aquifer is in 
the north-eastern side of the Basin between 
the Ashqurton River and the Lyndon River.- 
Rechargh appears adequate at  present as there 
is no known appreciable reduction in flow of 
artesian bores. The artesian flows are unse- 
stricted and if production is increased sub- 

tially, recharge of the main aquifers in 
Western Area may become inadequate. 

information on rates o 

( f )  Total reserves unknown, but must be very 
large for the two main aquifers (Birdrong 
Formation and Tumblagooda Sandstone). 



Canning Basin. 
(a) Approximately 175,000 square miles. 

f i )  Fitzroy Drainage Area: 
Approximately 17,000 square miles from King 

Sound southeast to Luck Range. Main aquifers 
are Permian sandstones (Liveringa Formation, 
Poole Sandstone, Grant Formation), with some 
production from Mesozoic sandstones and Devonian 
limestones and conglomerates. 

Adequately prospected by at least 550 bores; 
development restricted to pastoral requirements. 

Mainly sub-artesian water, few artesian bores. 
(ii) Coastal Area: 
Approximately 5,000 square miles, from Breaker 

Inlet north-east to Cape Leveque. 
are Mesozoic sandstones (Alexand 
Wallal Sandstone, Erskine Sandstone) 

development restricted to pastoral requirements. 

a narrow coastal strip. 
(b) A t  least 600 bores.-At least 550 bores are scat- 

tered through the Fitzroy Drainage Area 
(approx. 17,000 sq. miles). Other bores are 
restricted to  the Coastal Area. 

(c) Only very approximate information available. 
-Estimated total withdrawn during 1961/62 
-approx. 3,000 million gallons. Quality of 
water ranges from mainly domestic in the Fitz- 
roy Drainage Area to mainly stock in the 
Coastal Area. 

large inland area of the Canning Basin 
have potential yields of 500,000 gallons 

uality ranging from 
domestic to  stock. 

the Dampier Penin- 
sula (between King Sound and Broome) 
have a high potential for sub-artesian 
water, quality ranging from domestic to 
stock. 

(e) Recharge is from local rainfall with additional 
recharge in the F’itzroy Drainage Area by the 
Fitzroy River, Lennard River and smaller 
streams when they f,ow in the “wet” season. 
Recharge appears adequate a t  present, but a 
prolonged drought could have a marked effect 
on recharge in the Fitzroy Drainage Area. No 
information on rates of depletion and recharge. 

Inadequately prospected by about 50 bores; 

Mainly sub-artesian water, artesian o 

(d) (1) Mesozoic and Permian aquifers in 

( f )  Total reserves unknown, must be very large. 

Bonaparte Gulf Basin. 
(a) Approx. 2,000 sq. m 

Palaeozoic aquifers inadequately prospected by 
about five scattered bores which are developed for 
pastoral requirements. 

Sub-artesian water, some 01 vhich may be non- 
pressure water. 

withdrawn during 
approx. 10 million gallons. Quality of water 
is unknown, presumably stock or better. 

(e) Recharge is from local rainfal 
stream flow in the “wet” season. 

Ord Basin. 
(a) Approx. 6,000 sq. miles. 
Aquifers are Cambrian sedi 
Approx. 1,000 sq. miles inadequately prospected 
by about 30 bore 
toral requirements. 

Sub-artesian w 
pressure water. 

tered over 4 small ar 
1,000 sq. miles. 

fc) Estimated total withdrawn during 1961/62- 
approx. 50 million gallons. Quality of water 
is mainly domestic, occasionally stock. 

(d) The unprospected 5,000 sq. miles of the Basin 
have potential yields of about 20,000 S 
per day per bore, quality ranging fro 
estic to stock. 

(e) Recharge is from local rainfall and by the 
Ord River and smaller streams in the “wet” 
season. 

( f )  Total reserves unknown. 

Oficer Basin 
(a) Approx. 75,000 sq. 

(b) None known. 
(c) None known. 
(d) None known. 
(e) Recharge is from local rainfall. 
( f )  Total reserves unknown. 

Eucla Basin. 
(a) Approx. 50,000 sq. miles. 

Tertiary and Mesozoic 
prospected by about 40 bores, 
ed to several areas totalling 
and to along the Transconti 

water is artesian. Som 
pressure water. 
(b) About 40 bores.-A 

along 250 miles of the Transcontinental Rail- 
way Line and about 14 bores are in an area of 
800 sq. miles in the 
basin. 

(c) Estimated total with 
Approx. 30 million 
ranges from stock to saline. 

) None known; parts of the Basin have potential 
yields of about 10,000 gallons per day per bore, 
but the quality ranges from stock to saline. 

development known. 

Sub-artesian water except at 

(e) Recharge is from loc 
(f)  Total reserves unknown. 

oal-exploration 
and other bores: no opment known. 
Mainly artesian water. 

(b) None known. 
( c )  None known: Quality of water is mainly dom- 

estic. 
(d) None known. 
(e) Recharge is from local rainfall and from flow 

of the Collie River. 
( f )  Total reserves unknown. 

Perth Basin. 
(a) Approx. 23,000 sq. miles.-Approx. 18,000 sq. 

miles between the Greenough River and south 
Busselton. Main aquifers are river sands 

d gravels, coas 
sozoic sandst 

(c) Only very approximate information available, 
except for five town supplies.-Estimated total 
withdrawn during 1961/62-approx. 4,500 mil- 
lion gallons. Quality of 
estic, occasionally stock. 

(d) Mesozic aquifers in the area 
River and the Greenough Ri 

recharge by the major rivers of t 
Recharge appears adequate. 

( f )  Total reserves unknown. 
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Carnarvon Basin. 
(a) Approx. 50,000 sq. miles. 

(if Scattered prospecting and development of 
sands and gravels along the main rivers (Gascoyne, 
Minilya, Lyndon, Wooramel, etc.) . Full develop- 
ment of river sands and gravels for six miles up- 
stream along the Gascoyne River from Carnarvon. 

(ii) Scattered prospecting and development of 
Quaternary, Tertiary, and Cretaceous aquifers in 
the northern part of the Basin between Cape 
Range and Cape Preston (6,000 square miles). 

(iii) Slight prospecting and development of 
Quaternary sand dunes along the central part of 
the western coast from Maud Landing to Shark 
Bay (2,000 square miles). 

(iv) Slight prospecting and development of 
coastal limestones along the northern and south- 
ern parts of the western coast (3,000 square miles). 

(v) Springs along the Kennedy Range in the 
central part of the Basin have been developed for 
pastoral requirements. 
(b) A t  least 1,000 bores and wells, probably many 

more.-The bores and wells are scattered 
mainly along the streams and the coastal part 
of the Basin. Greatest intensity is near Car- 
narvon where about 350 bores and wells along 
six miles of the Gascoyne River are used for 
irrigation and town supplies. 

(c) Only very approximate information available, 
except for irrigation and town supplies at  Car- 
narvon and town supply a t  0nslow.-Estimated 
total withdrawn during 1361-62-approxi- 
mately 2,200 million gallons. Quality of 
water is mainly domestic, occasionally stock. 

(d) None known. 
(e) Recharge is from local rainfall with additional 

recharge of river sands and gravels by the 
main rivers. Recharge appears adequate at 
present but lack of river flow in droughts has 
a marked effect on recharge, especially in 
developed areas such as 

( f )  Total reserves unknown. 

Canning Basin. 
( a )  Approximately 175,000 square miles. 

(i) Fitzroy Drainage Area.-Approximately 
17,000 square miles from King Sound southeast to  
Luck Range. Scattered prospecting of river sands 
and gravels and Mesozoic aquifers; development 
restricted to pastoral requirements and Derby town 
supply. 

(ii) Coastal Area.-Approximately 5,000 square 
miles from Breaker Inlet northeast to Cape 
Leveque. Scattered prospecting of Mesozoic aqui- 
fers; development restricted to  pastoral require- 
ments, settlement supplies and Broome town 
SUPPIY. 

(iii) About 26 shallow wells developed along 
about 300 miles of the Canning Stock Route across 
tine inland part of the Basin. 

(iv) Springs in Devonian limestones and along 
the south-western margin of the Fitzroy Drainage 
Area have been developed for pastoral require- 
ments. 
(b) At least 400 bores and wells.-The bores and 

wells are scattered mainly through the Fitzroy 
Drainage Area and along the Coastal Area. 

(c) Only very approximate information available, 
except for town supplies at  Derby and 
Broome.-Estimated total withdrawn during 
1961-62-approximately 800 million gallons. 
Quality of water is domestic, occa- 
sionally stock. 
Mesozoic and Permi ers in the large 
inland area of the Canning Basin have peter,- 
tial yields of 10,000 to 20,000 gallons per clay 
per bore, q ranging from dQmestic to 
stock. 

(e) Recharge is from local rainfall with additional 
recharge of river sands and gravels in the 
Rtzroy Drainage Area by the F’itzroy River, 
Lennard River and smaller streams. Recharge 
appears adequate at  present. 

( f )  Total reserves unknown. 

Bonapnrte Gulf Basin. 
(a) Approximately 2,000 square miles.-Virtuallg 

unprospected. 
(b) None known; some of the five bores in the 

Basin may be drawing from non-pressure 
water. 

(c) None known; all water withdrawn is included 
iil the pressure water figure for the Basin. 

(d) Sands and gravels along the main streams 
have potential yields of 20,000 gallons per day 
per bore, quality mainly domestic. 

ief Recharge is from local rainfall and from flow 
of the main streams. 

( f )  Total reserves unknown. 

Ord Basin. 
(a) Approximately 6,000 square miles.-Approxi- 

mately 1,000 square miles inadequately pros- 
pected. 

(b) None known; some of the 30 bores in the 
Basin may be drawing from non-pressure 
water. 

(cb None known; all water withdrawn is iiicluded 
in the pressure water figure for the Basin. 

(d) Sands and gravels along the Ord River and 
smaller streams have potential yields of 20,000 
gallons per day per bore, quality mainly 
domestic. 

i e )  Recharge is from local rainfall, and from flow 
of the Ord River and smaller streams. 

i f )  Total reser known. 

Oficer Basin. 
(a) Approximately 75,000 square 

pecting or developrnent know 
(b)  None known 
(c) None known. 
fd) None known. 
(e) Recharge is from local 
(f  1 Total reserves unknown. 

Eucla Basin. 
Approximately 50,000 square miles.-bade- 
quately prospected over about 1,000 square 

1 Railway miles and along the T 
Line. 

the Basin (b) None known; some of t 
may be drawing from non-pressure water. 

ic) None known; all wat-r withdrawn is included 
in the pressure water figure for the Basin. 

(d) None known; parts of the Basin have potential 
yields of about 10,000 gallons per day per bore, 
but the quality ranges from stock to  saline. 

(e) Recharge is from local rainfall. 
( f )  Total reserves unknown. 

CoEie Basin. 
i a )  Approximately 90 square miles.-Adequately 

prospected and developed by at  least 20 bores. 
(b)  At least 20 bores and wells scattered through 

the Basin. 
(c) Estimated total withdrawn during 1961-62- 

approximately 15 million gallons. This figure 
does not include approxima 
gallons withdrawn during de 
mines . Qua1it.y o 
domes 

(d) None 
(e) Recha local rainfall and from flow 

of the Collie River. Recharge ap - 
quate. 

( f )  Total beserves unknown. 

Sotbth- West Shield Pyovince. 
(a) Approximately 350,000 square miles. 

Non-pressure water occurs in superficial zones 
of weathering and sediments overlying igneous 
rocks (mainly granite), and in alluvial deposits 
associated with rivers and internal drainage arem. 

Widespread prospecting and development of 
Area “A” (approximately 50,000 square miles) for 
farming and pastoral requirements and six town 
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supplies. Scattered prospecting and development 
of Area “B” (approximately 160,000 square miles) 
for pastoral requirements and five town supplies. 
Area “C” (approximately 110,000 square miles) is 
virtually unprospected or undeveloped. 
(b) At least 37,000 bores and wells.-Greatest in- 

tensity is in Area “A” (at least 30,000 bores 
and wells in an area of approximately 80,000 
square miles). About 7,000 bores and wells 
are scattered through approximately 153,000 
square miles of Area “€3.” At Wiluna in the 
northern part of the Province there are about 
60 bores in an area of 10 square miles. 

(c) Only very approximate information available, 
except for  11 town supplies.-Estimated total 
withdrawn during 1961-62-approximately 
16,000 million gallons. Quality of the water 
ranges from domestic to  stock. 

(d) Some internal drainage areas in Area “B” and 
Area ‘IC” north of Latitude 29 degrees have a 
high potential for domestic and irrigation sup- 
plies. Potential yields could be as high as 
200,000 gallons per day per bore. 

(e) Recharge is from local rainfall with additional 
recharge by the main rivers and by percolation 
along internal drainage areas. 

1 

( f )  Total reserves unknown. 
North-West Province. 
(a) Approximately 95,000 square miles.-Non- 

pressure water occurs in bedding planes and 
zones of weathering and fracturing in Pro- 
terozoic sediments and volcanics, and in sands 
and gravels along the main rivers (Fortescue 
River, upper part of the Ashburton River, etc.) 
and smaller streams. 

(i) Scattered prospecting and development 
of approximately 30,000 square miles of 
the Western Area (approximately 
60,000 square miles) for pastoral require- 
ments and one town supply. The East- 
ern Area (approximately 35,000 square 
miles) is not prospected or developed ex- 
cept for the Canning Stock Route. 

(ii) Numerous springs and spring-fed pools, 
particularly along the Fortescue River, 
are used for pastoral requirements. 

(b) At  least 1,000 bores wells, scattered 
through approximately square miles of 
the Western Area. 

(e) Only very approximate information available, 
except for Wittenoom town supply-Estimated 
total withdrawn during 1961-62-approxi- 
mately 700 million gallons. Quality of water 
ranges from domestic to stock. 

(d) The Eastern Area is considered to  have 
Potential yields similar to  the Western Area. 
Some internal drainage areas may have a high 
Potential for domestic and stock water. 

(e) Recharge is from local rainfall with additional 
recharge of river sands and gravels by the 
main rivers. Recharge appears adequate except 
during periods of extended drought conditions. 
Total reserves unknown. 

Pilbura Province. 
(a) Approx. 33,000 sq. miles. 

Non-pressure water occurs i 
of weathering and sediments ov 
and metamorphic rocks, and in sands and gravels 
along the main rivers (De Grey, Oakover, Coongan, 
Shaw, Turner, Yule, etc.,) and smaller streams. 

Widespread prospecting and development of the 
Western Area (approx. 22,000 sq. miles) for pastoral 
requirements and for three town supplies. The 
Eastern Area (approx. 11,000 sq. miles) is not 
prospected or  developed. 
(b) At least 1,500 bores and wells.-Greatest in- 

tensity is the Roebourne-Marble Bar-Port 
Hedland area and along the De G 
river system. 

(c) Only very approximate information available, 
except for  three town. supplies. Estimated total 
withdrawn during 1961/62-approx. 1,100 mil- 
lion gallons. Quality of water ranges from 
domestic to stock. 

(d) In  the Eastern Area internal drainage areas 
(Rudall River, Cotton Creek, etc.) draining into 
the Lake Dora-Lake Blanche system have a 
high potential for domestic and stock supplies. 

(e) Recharge is from local rainfall with additional 
recharge of river sands and gravels by the De 
Grey, Oakover, Coongan, Shaw, Turner, Yule 
and smaller streams. Extended drought con- 
ditions and lack of river flow have a serious 
effect on recharge. 

(f)  Total reserves unknown. 
Kimberley Province. 
(a) Approx. 53,000 sq. miles. 

Non-pressure water occurs bedding planes 
and zones of weathering and fracturing in Pro- 
terozoic sediments and volcanics, and in sands and 
gravels along the main streams. 

Slight prospecting and development of approx. 
1,000 sq. miles in two small areas in the southern 
part of the Province. 
(b) About 25 bores and wells, scattered ove 

areas totalling approx. 1,000 sq. miles. 
(c) Only very approximate information available.- 

Estimated total withdrawn during 1961/62-50 
million gallons. Quality of water ranges from 
domestic to  stock. 

pressure water, quality ranging from domestic 
to stock. Potential yields are 20,O 
per bore, per day. 

(e) Recharge is from local rainfall with 
recharge by the main rivers. Recharge appears 
adequate. 

(f)  Total reserves unknown. 
Halls Creek Province. 
(a) Approx. 15,000 sq. miles. 

Non-pressure water occurs in superficial zones 
of weathering overlying igneous (mainly granite) 
and metamorphic rocks, and in sands and gravels 
along the main streams. 

3,000 sq. miles in the eastern part of the Province 
for pastoral requirements and one town supply. 
(b) A t  least 70 bores and wells, scattered through 

approx. 3,000 sq. miles in the eastern part of 

Scattered prospecting and developm 

the Province. 
(c) Only very approximate information available, 

exceDt for Halls Creek town supDls.-Estimated 
totai withdrawn during 1961/~962-130 million 
gallons. Quality of water is mainly stock, 
occasionally domestic. 

(d) The area north of Turkey Creek has 
potential for stock supplies, potential yields 
being 10,000 gallons per day per bore. 

(e) Recharge is from local rainfall with additional 
recharge by the main streams. Recharge of 
the Halls Creek town supply is not affected by 
seasonal conditions, but bores drawing from 
superficial zones of weathering are affected by 
extended drought conditions. 

( f )  Total reserves unknown. 
Musgrave Range Provi 
(a) Approx. 20,000 sq. 

zones of weathering and fracturing in FToterozoic 
sediments, and in sands and 

Non-pressure water occurs in bedd 

(e) Only very approximate information available, 
uring 196 1/62-3 0 

water is mainly 

(d) Internal ttered through the 
entia1 for domestic 

( e )  Recharge is from loc 
recharge by percolation along internal drainage 

Estimated to  

12 



I I7 123 126 1; 

PLATE I 

UNDERGROUND WATER BASINS 
AND 

PROVl NCES 

WESTERN AUSTRALIA 
1962 

COMPILED BY GEOLOGICAL SURVEY OF WESTERN AUSTRALIA 

0 AREAS WHERE UNDERGROUND WATER 1.5 DEVELOPED 

SCALE OF M I L E S  

80 4 0  0 40 80 120 160 

I 

I20 123 I26 129 114 117 



Blackstone Province. 
(a) Approx. 30,000 sq. miles. 

Non-pressure water occurs in superficial zones 
of weathering overlying igneous and metamorphic 
rocks, and in alluvial deposits associated with 
internal drainage areas. 

Slight prospecting and development of approx. 
25 sq. miles at  Warburton Mission and several bores 
at  Gile Meteorological Station in the northern part 
of the Province. 
(b) About 10 bores and wells, mostly in 25 sq. 

miles at  Warburton Mission. 

Blackstone Province . . . . . . . . . . . .  

Totals . . . . . . . . . . . . . . . .  

(c) Only very approximate information available.- 
Estimated total withdrawn during 1961/62-5 
million gallons. Quality of water is mainly 
domestic. 

(d) Internal drainage areas in the Warburton 
in the northern part of the 
good potential for domestic 

and stock water. 
(e) Recharge is from local rainfall with additional 

recharge by percolation along internal drainage 
areas. Recharge could be seriously affected by 
extended drought conditions. 

( f )  Total reserves unknown. 
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Total No. of Bores :-At least 54,000. 
Annual Yield :-At least 53,000 million gallons. 

NEW GEOLOGICAL INFORMATION OBTWPMED 
FROM AN EXPLORATORY 
UNDERGROUND WATER AT JURIEN BAY, 
PERTH BASIN. 

by IC. Berliat. 
Location of the Drill Site. 

New geological information was obtained from 
a departmental exploratory bore for domestic water 
at Jurien Bay, 194 miles by road north of Perth 
via Moora and Badgingarra. The drill site, close 
to the Indian Ocean, is at latitude 30”18‘15”S and 
longitude 115 O 2’20”E 
General Geology. 

he central part of the Perth 
Basin, lying over the Beagle Ridge, a shallow 
sub-surface basement high, bounded to the east by 
the Beagle Fault. The fault runs south from lati- 
tude 29”30’S to latitude 3Oo18’S, and at Jurien Bay 
is approximately 4 miles east of the coast. 

The nearest Mesozoic outcrops of Lower Jurassic 
Cockleshell Gully Sandstone occur approximately 
9 miles east of the drill site. In the coastal area 
the Mesozoic sediments are obscured by Pleistocene 
Coastal Limestone and by beach sand dunes, in 
which the drill site is located. 
Stratigraphy. 

The bore, completed at a total depth of 628 feet, 
penetrated a sequence of grey, argillaceous, mica- 
ceous, partly calcareous siltstones and sandstones, 
and grey, micaceous, silty mudstones. Palynolo- 
gical examinations of sludge samples from 500 feet 

and 620 feet, carried out by B. E. Balme, indicated 
a Middle to Upper Triassic age for the 500 feet 
sample, whilst the 620 feet sample is correlated with 
the Upper (lion-marine?) section of the Lower 
Triassic Kockatea Shale. It is considered, on 
lithological grounds, that the sequence from 87 feet 
(base of the Coastal Limestone) to 595 feet, is 
of Middle to Upper Triassic age, and that from 595 
feet to 628 feet is of Lower Triassic age (Kockatea 
Shale). 

viz. the 10 feet to  8 
to 595 feet interval. 

The top aquifer d 
sand dunes and from the underlying Coastal Lime- 
stone. The salinity of the water within this zone 
increases rapidly with depth, Le. from 4,710 p.p.m. 
at  20 feet to  27,600 p.p.m. a t  87 feet (total dissolved 
solids). 

The second aquifer produced from 90 feet of 
Middle to Upper Triassic sandstones directly over- 
lying the Kqckatea linity of this 
aquifer is very high, olids amount- 
ing to 49,300 p.p.m. 
Contribution to Geol rological Know- 

Stratigraphically the bore has shown that in 
the Jurien Bay area the Jurassic is not represented 
to the west of the Beagle Fault, and that the 
youngest sediments underlying the Pleistocene 
Coastal Limestone are of Upper to Middle Triassic 
age. 

ledge. 
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Hydrologically it has indicated that underground 
water, suitable for domestic purposes. does not 
occur in the Triassic sediments to the west of the 
Beagle Fault, The Kockatea Shale, in which the 
bore bottomed, is known from previous experience 
(Geraldton bores, B.M.R. Beagle Ridge No. 10 and 
No. 10A stratigraphic holes) to contain only highly 
saline water. I n  these bores the Kockatea Shale 
has a thickness in excess of 1,000 feet. In the 
Beagle Ridge bores the formation is underlain by 
Permian sediments, which are equally unsuitable as 
a source for domestic water. 

The favourable area to carry out further deep 
drilling is to  the east of the Beagle Fault, where 
Jurassic sediments, known to  contain suitable 
aquifers, can be expected. 

Subsequent shallow drilling hashhown that, 
locally, fresher ground water overlies t h b  main body 
of saline water. Supplies of up to 2,OOG gallons 
Per hour have been located in poorly consolidated 
aeolianites and beach deposits at  depths of less 
than 30 feet. The salinity of this water, however, 
is near the maximum permissible for domestic 
use. 

OED RIVER 
ERLEY 

hy F.  R. Gordon. 
MEXHODS AND SCOPE. 

Two drilling and investigational programmes 
have been completed a t  the Ord River Main Dam- 
site No. 2, with 27 drill holes and two adits supply- 
ing material for a preliminary picture of foundation 
conditions. Geological mapping and supervision of 
the diamond drilling were carried out by Geologist 
J. D. Wyatt, and the results obtained have been 
embodied in two comprehensive reports, published 
in the Annual Reports of the Geological Survey for 
1960 and 1961. The main conclusions arrived at  
were that the site was quite suitable for  the con- 
struction of a 180 foot high concrete gravity- 
section dam, but that the western abutment con- 
tained clay-fllled shears, possibly liable to move- 
ment if saturated and under pressure from a filled 
reservoir. 

The writer with the guidance of Geologist Wyatt 
made a brief examination of the damsite in order 
to  appraise its suitability for  the buildzing of an 
earth and rockflll dam. In addition, detailed work 
o n  joints and faults was initiated so that rock 

new R117 Seismic Timer, several sections were 
explored in the spillway area, ant% by using the 
existing boreholes for correlation purposes, an 
assessment was made of the type and nature of 
the rock materials. Seismic section lines were also 
run across the sandy flats of the river channel in 
order to determine the depth t 

E GEOLOGY. 

The stratigraphy and structure of the Main 
Damsite have already been dealt with in some detail 
by Geologist Wyatt. A geological plan incorporating 
additional field work done during the 1962 season 
is appended (Plate II) ,  together with an engineer- 
ing plan showing the proposed concrete dam and 
ancillary works (Plate III) . 

In  the general area of the damsite, there occurs 
a succession of Precambrian rocks, consisting of 
phyllites, quartzites, phyllitic quartzites, sandstones, 
shales and siltstones. These rocks have been 
severely faulted and folded and later eroded by 
the cutting of river gorges and the infilling of 
depressions. 

At  the site itself, thin bedded phyllitic qUartZitM 
overlie a massive white quartzite, 30 to  250 feet 
thick, which is found above a grey-green phyllite 
or slaty shale. 

Topography. 
The Ord River Damsite is located on the south- 

eastern edge of the Halls Creek Ridges physio- 
graphic unit, which constitutes the roughest COWI- 
try in the area and contains numerous strike ridges 
and controlled streams. Bandicoot Bar is situated 
on the northern edge of the same rugged area 
which is about 40 miles wide, with the Ord Rivev 
largely contained in gorges between the two sites. 
South of the Main Damsite No. 2 is the Ord River 
Basin, largely consisting of undulating plain, while 
t o  the South of Bandicoot Bar, the Cambridge 
Gulf Lowlands consist of large areas of sandy 
lowlands. 

The proposed No. 2 site is situated at the second 
constriction of the Ord valley downstream from 
Argyle Downs, and immediately upstream there is 
an area, of fiat plain about a mile square before 
the first constriction or old No. 1 site is encountered. 
North of Argyle Downs Station, extensive black soil 
plains occur, and extend north and east for  many 
miles. Through these extensive alluvial plains the 
lower Ord and its tributaries meander as old rivers. 
I n  the gorge area the river may be classed as 
mature, with the main work, the shifting of vast 
quantities of alluvial materials in flood time. 

The Ord is reduced to  a mere trickle in the winter 
months, but it rises rapidly and irregularly in the 
monsoonal "wet" or summsr season, and the peak 
flow a t  Coolibah Pocket has exceeded 1 million 
cusecs average over 24 hours on two occasions since 
records have been taken. Due to  overgrazing, 
especially round the water holes and courses, active 
erosion has commenced in the upper water shed 
with gullying, causing canyons in silt as much as 
60 feet deep. This has resulted in a large suspended 
sediment load that at flood time has been recorded 
as high as 250 tons of mud per second. 

Rock Types and Properties. 
Xassive quartzite caps the western abutment and 

forms the major part of the eastern foundation. 
It is white when free of staining. Surfaces covered 
sporadically by the river show a golden brown or 
even an iridescent bluish-black surface colouring. 
The rock itself is iron-stained pinkish-red to  a 
depth of about 40 

out on the rock, in g 
ing properties, being dense, largely homogeneous, 
and physically strong against compressive and 
shear forces. The rock is highly jointed (Fig. 1) 
tending to the belief that it is brittle, but this is 
not strictly correct as the greatest difficulty is ex- 
perienced in breaking the joint blocks to  a smaller 
dimension. The joint pattern varies markedly from 
place to place, but the general tendency is the 
formation of large sheet joints parallel to  the 
ground surf ac 
feet by 4 feet 
dipping into t 
and standing 
The joints ar 
about 20 feet 
clay materials in the abutments. Such faulting 
as could be examined, especially on the eastern 
abutment, did not produce a crush or gouge zone; 
minor adjacent breakage, slickensides and displace- 
ment being the usual signs. 
fault zone which may have 
to 14 inches wide, is partially 
material or secondary silica. 

In  the adits driven in Sile western abutment 
(Plate VII) the quartzite is free standing, and al- 
though there are drummy sections these are mainly 
the result of stress relief, and blocks remain locked 
in the arch until actively dislodged by outside 
forces. About 60 per cent. of the exposed tunnel 
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fragments with conchoidal faces. This material 
is very abrasive. Due to  the coherent nature of 
the rock some difficulty will be experienced in 
excavating underground or surface structures. 
Only short pulls irom each tunnel-round will be 
feasible-say 7 feet from a 5 feet hole, and drilling 
holes 
steel. 

the rock apparently quite -firm -in compression. 
ing the shear and tensile 
furthermore, this material 
quickly gives up included 

ing, and the production of 

have to be taken where it is desired to  pour con- 
crete against phyllite or where a clean face is de- 
sired. Underbreak to within l foot of the final 
line followed vation immediately before 
concreting, or with bitumen or gunite on 
excavation ar remedies. The tabular 
pieces produced by a tunnel round will be some- 
what difficult to load due to  the tendency of the 
shovel to be guided along the dominant planes of 
large pieces rather than into the pile. 

material is much thinner bedded, as shown in 
drillhole 18M. 

strength of the rock is governed 
of 

slaking is not a co 
rock, undoubtedly 
he encountered i 
oxidised material 
form of “rebound’ 
tiuns in this material. Laboratory or Aeld test- 
ing of samples, especially the determination of the 
modulus of elasticity, would be of value in the esti- 
mation of any tendency for elastic rebound. 

Most of the joints exposed in the phyllitic quart- 
zite are sheet joints along the bedding planes. 
Two other joints are usually present, but the 
dominantly anticlinal folding on the eastern abut- 
ment has meant separation along the weaker layers. 
The drillhole records from the underground power- 
house and spillway areas shows that the phyllitic 
quartzite is less jointed, and t 
ing as well a s  arching has b 
the formation of joints. 

The tendency of this material is to break in 
flat tabular pieces, and hence the inclination of 
the beddirfg ,plane to any excavation will largely 
govern the $“mount of overbreak. Drilling speeds 
in this rock will vary, but will in general be reason- 
?bly fast. Loading of a rock pile will be difficult 
aue to the dominance of tabular pieces. 

Join t ing .  

Blain Damsite is both complex and abundant:- 
The jointing in the vicinity of the Ord River 

(a) The complexity of the jointing is directly 
related to a series of major high-angle 
faults trending in a general north-north- 
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easterly direction and to numerous addi- 
tional faults, the largest of which trend 
either N. 45' E. or N. 20' W. 

(b) The abundance of the jointing can be re- 
lated to the competence of the rock type, 
a con~paratively brittle quartzite, which 
has obtained relief from the various im- 
posed stresses by complex fracturing. 

The underlying, less competent phyllite, whilst 
showing fewer joint 
by the formation of 
folding is evident on 
vicinity of the w 
cores, especially f 
ern spillway ha 

These rosettes have been superimposed on the 
geological structural map of the two abutments of 
the damsite, (Plates I V  and V), and show the 
direction and percentage of the various rock frac- 
tures and their relationship to the dam, river flow, 
and thus the probable water seepage directions. 

For the purpose of making fracture analyses, a, 
series of structural blocks was recognised either on 
the basis of their position between major joint 
openings, faults and flexures, or by virtue of their 

d river channel 

Bearillg in milld the importnllce of jL.ock fractures Fmin these measured results a density per 
to dam design, grout hole orientation, underground 
rock excavation, and slope stability predictions, Eighteen different areas were analysed, in close 
an analysis of the various fracture iiatterns was proximity t o  the proposed dam mall or ancillary 
carried out, and a series of joint rosettes prepared. 

ence. 
square Yard could be calculated. 

structures, and in all, 1,960 joints were recorded. 

Fig. 2. Upper po st abut 

Overburden Conditions. 

Is, with the western 

dam site. I n  view of their size, lack of consolidation 
and saturation, it is apparent that dewatering will 
have to be accomplished by the well-point method 
when excavation is made for the foundation of the 

On the western abutment no overburden as such 
is in  evidence, except for the sandy terrace a t  the 
foot of the slope and a pile 
of the lower adit. 

The eastern abutment di a series of nearly 
vertical sheet joints below rock terraces. These 
are formed on bedding planes e broken by 
faulting. On the lower terrac cially, there 

the highest 

CHARACTER AND CONDITION OF 
FOUNDATION. 

East Abatment. 
The eastern abutment rises in a series of struc- 

tural blocks or steps, separated by faults or big 
joints, with bedding joints forming the slightly 

summation of the joint patterns for the abutment 
area. The structure 6s dominated by the bedding 
plane joints dipping from 14"E to 19"E away f 
the river and the high angle joints (dipping 45 
go"), that dip into the river and strike be 
N50"W and N1O"E. The other numerically promin- 
ent joint, trending N55"E, is nearly parallel to the 
centre line, thus a t  ri the direction 
of water pressure, 
primary Ieakage 
is favourably dis 
major bedding j 
especially prone 
sure. The situat 
increased opport 

mosaic, and with the bedding joint dipping in the 
wrong direction, blasting will be of limited value. 
A fair quantity of dental concrete would appear 
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necessary, otherwise an  irregular rock surface seems 
certain to be produced, and in order to obtain 
proper bond, wetter-than-optimum material, speci- 
ally compacted with power tamping, may be nec- 
essary. All the steeper step faces will have to be 
cut down in order that the slopes do not exceed 
1:l. 

A considerable quantity of sand obscures the 
lower and upstream portion of the foundation 
rock and also fills many of the joint interstices. 
Much of this will be removed during tiie general 
trimming of the abutment, but the joints especially 
will have to be washed and/or blown clean. 

As the bedrock quartzite is hard but badly broken 
and irregular, the making of an adequate bond 
will be exteremly difficult. For this reason a con- 
crete cut-off is considered essential. 

The amount of rock to be removed from this 
abutment will be governed by the consideration of 
getting an  evenly graded surface on which to lay 
the core wall and cut-off. This may mean a n  
average cut of about 3 feet. Removal of about 
2 feet down the abutment will be sufficient to clear 
off the widely opened surface joints, then the cut- 
off will need to be embedded a further 5 feet as 
there is no alteration in the condition of the joints 
down to about 20 feet, when the openings are 
largely filled. The average thickness of rock that 
mill have to be removed will thus be of the order 
of 5 feet overall, plus 5 feet for the core wall. 

Deeper stripping mill be necessary in the phyl- 
litic quartzite above R.L. 240, and a minimum of 
7 feet of cutting with the core iwll embedded a fur- 
ther 6 feet may be found necessary. 

Elivei Bed.  
Jetting has established the general shape of the 

rock surface in the river bed and this has been 
supplemented by two seismic profiles. The becl- 
rock surface in detail will be irregular but 
rounded, something in the nature of a washboard 
profile. This will lead to difficulties in securing 
adequate compaction of the first layers of earth- 
work, as already noted for the east abutment. 

Drillholes 4M and 24M show quite massive quart- 
zite largely joint-free in the river bed, but the 
fact that they were drilled parallel to tiie strong- 
est joint has to be considered. Lack of coverage 
in the deepest part of the river bed, 45 feet wide, 
means the foundation picture is not clear. (See 
later, Foundation Problems and Proposed Treat- 
ment). 

There are two outcrops of quartzite within the 
main river channel, one midstream, in the vicinity 
of drillhole 24M and the other situated off the 
north tip of the west abutment. These were 
analysed for joint features but as the areal extent 
of each was small, they only provided a sample 
of the jointing in the rock a t  present obscured by 

foundations. 

West Abutment. 

of 
in and downstream. 

joints in the adits, and these results are shown 
on the joint rosettes (Plate IV). Furthermore, all 
the big joints or faults in the two openings have 
been recorded (Plate VII ) ,  and study of this data 
reveals two significant factors: (a) sheet joints, 
forming surfaces parallel to  the ground surface, 
are of major importance as almost all reveal some 
evidence of movement (slicken), are usually parti- 
ally clayfilled and appear t o  be continuous. Of 
the joints, the most significant appears to  
be face at the phyllite-quartzite contact, 
bec the presence of clay minerals in a 
10 n zone and the discovery of free mois- 
ture in the lower adit. (b) The most abundant 
joint dips into the hillside and shows fracture 
zones but rarely slickensiding. This joint persists 
over the whole site and appears to be part of a 
regional 

tzite, lying on shaly phy 

Fig. 3. East abutment showing topographic steps. 
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Fig. 4. West abutment showins sheet joints. 

A composite joint rosette of the west abutment 
(Plate VIII)  clearly indicates the major joint set 
striking N. 10" ng either 
into or away fro The joint 
direction (when ent) is a 

direction ated and 
ntrolied by faulting. 

The joint set th abutment 

with clay in joints and layers of bedding Planes, 
with the usual spacing about f inch, in Places as 
close as 1/32 inch in deeply weathered and con- 
torted zones. Comminution of the phyllite due 
to movement has produced clay layers, which may 
be expected throughout the entire abutment close 
to the contact, as the clay is undoubtedly an attri- 
tion product due to local movement. 

e is occasionally 
0 the bed- interbedded with 2-3 of quartzite, but 

(sheet joints) shows slickensiding, and is probably In the upper adit 

the material as a who 
tion due to local bre 

LEAKAGE AND REMEDIAL TRE which will pose problems ng the quart- 
zite/phyilit.e contact or e phyilite, if 
allowed to become lubricat ary to surface TO prevent leakage under the dam, only a com- 
indications, these joints do not become completely paratively thin curtain (if it is a good one) will be 
water-tight a t  depths of a t  least 70 feet below the required. It can probably be obtained by using 
surface, as shown by seepages examined in the one line of drill holes or two lines close togetner, 
inspection adits. The topography of the abutment located near the upstream face of the dam. 
is largely defined by the sheet jointing, which has The picture derived from the cores and drilling 

t- logs is not entirely consistent with the conditions 

10 feet thick b 
joint surface a 

movement bet 

condition of the phyllite revealed i 
Apart from th 
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injection of grout 
holes are at right will be present when the 

testing on a drillhole i 

a t  the phyllite-quartzite contact in the western 
nt. About 46 chains upstream from the 
line an eroded triangular notch about 50 
de a t  the base (Figure 5) may allow the 

pounded water to  obtain acces 
ing parallel to the rock face. 

Apart from the immediate 
the phyllite contact has the 
the drillholes sho 

from the area. The phyllite is noticeably affected 
by the breakages, which may be linked with step 

complicated. It is considered that compressed air, 
then lengthy washing at a low pressure, followed 

picture presented by the presence of such decom- 
posed and broken phyllite is disturbing, and the ut- 
most efforts should be made to protect it from 
the effects of water entry. To this end, an addi- 
tional grout curtain on the western abutment to 
intersect the sheet jointing, particularly near the 

s considered essential. 

FOUNDATION PROBLEMS AND PROPOSED 
TREATMENT. 

gorge areas, the existence of a fault must 
sidered. There is possibly displaceme 
phyllite surface as picked up in the dri 
and 19M and as intersected in 4M, Disp 
in the opposite sense would be the case 
between drillholes 20M and 24M, and these two 
apparent displacements may well be the result 
of flexure and rolling of the phyllite-quartzite con- 

the structure co 
a syncline, with 
19Mand4M. A 

deal of remedial work would be necessary. 

will be under 

examination. 
It is considered essential that the river alluvials 

should be removed to  allow adequate emplacing of 
the earth dam, and a barrier upstream of the core 
wall will be necessary to  stop water moving into 
the excavation. As the whole of the sand and 
gravel flats are saturated with water, it may be 
necessary to instal a well-point system to do this 
job. 

The western abutment t of 
massive quartzite general1 feet 
thick, with a minimum dimension of 30 feet, dipping 



downstream and into the river at angles ranging and also reaching the phyllite or near to it. These 
between 60" and 30". The quartzite overlies requirements are available in the local joint sets, 
strongly deformed phyllite, which appears on the as detailed earlier in the report. 
surface about 150 feet downstream from the dam While grouting will be the major factor i 
centre line, where the quartzite ends abruptly in venting movement, a key wall may have to  be a small cliff. The quartzite is strongly jointed constructed across the phyllite-quartzite contact, 
but is remarkably coherent and stands well In the extending at least 20 feet into the phyllite and 
adits without any timbering. There are a, few 5 feet into the quartzite, and running from near 
big joints and minor faults which divide the quartz- the crest to the river-bed foundation, i.e., about 
ite into blocks and the nature Of these is shorn on 250 feet long. Further adits may be necessary in Figure 1. The phyllite, especially near the contact order to Secwe access and ventilation dwing ex- 
with the quartzite, is extremely broken, and the cavation of this slot and its filling wit11 concrete. 
joints and even many of the bedding Planes have The undesirable property that the phyllite has of 

that every freshly excavated surface in the phyl- 
tg:i{t lite should be gunited or asphalted immediately on 

opening out, in order to  prevent deterioration. An 
EuFi k:z alternative would involve leaving the last f 

excavation until immediately before concreti 
The final decision as to whether a key 

ckfill type required may be deferred until the results of the 
dam would be Of decided assistance in kSSening the shear and physical properties tests are known. Gal- 
tendency of the structure to slide, as the heavy cula enable the determin 
weight of the earthfill dam provides a component the 
efficiently opposing movement in the lower founda- 

RES. tion areas. However, higher on the abutment this 
influence will be slighter, and remedial measures Introduction. 
are essential in order to preserve stability and to 
provide an adequate factor of safety. 

Every possible effort must be made in order to  
prevent water from entering the phyllite-quartz- 
ite contact zone in the west abutment. There 

:i:F:g(? slaking and fragmenting on exposure to air means 

The idea that sli 
of the contact in 

ctive os con- 
resses in the 

In addition to this, two other surfaces of break- able. 
age will be necessary in order to release the block, Close to  inlet, hin 
one parallel to  the river and cutting through the bedded phyllitic quartzite, which has formed the 
quartzite, and another at right angles to the river extensive scree siope against the southern edge 
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of the abutment. The quartzite, which was ex- The rock is comprehensively broken up by three 
drill platform cut into the side main joints, and the fact that this breakage con- 
terbedded with thin layers of tinues with depth is indicated by the nature of 

phyllite, forming bands of quartzite which ge the core recovered from drillhole 23M, S 
ss is vely in the core pho 

ore recovery from Bore 23M. 

seams and a minor 
from settlement on 
sulted in the initia 

art- 
zite a t  43 feet in drillhole 23M is no guarantee of 

foundation, as the small length penetrated 

improved by an extended grouting programme 
involving washing and low pressure grout injection 
before shaft sinking commenced. Even so, the 
orination of a consolidated sector in an area of 
uch extensive breakage would involve wide exten- 

out treatment in an endeavour to tie the 

and massive material, apparently unbroken by local 
movement. This site would be on the western limit 
of anticlinal folding (Wyatt 1961, Fig. 12), and 
the incidence of the local fractures is shown in 
the joint diagram (Plate V). There will be a 
tendency for water to enter the shaft, and this 
can be better evaluated by the drilling of a diamond 
drill hole a t  the proposed location. Emphasis will 

and their fillings, if any. 

weathering and jointing has produced on the 
outer face of the slope, a series of quartzite blocks, 
some as large as 20 feet by 20 feet by 20 feet and 
thus weighing up to 60 tons. These blocks are 

ippiiig downhill .at about 

planes dip downhill. at 
about 12", so conditions are not so critical. 

broken phyllitic quartzite with highly-weathered in 
situ rock beneath, that will be encountered in the 
initial entry, will present some difficulty to tunnel- 

the use of low pressure grout injection, necessarily 
done in several stages. These broken rock condi- 
tions may be expected to persist for as 
50 feet from the portal. 

zite, conditions will 
quartzite that will 
the hillside. As the bedding appears to  dip quite 
flatly towards the portal, the tendency in the phyl- 
litic quartzite and initially in the massive quart- 
zite will be for long wedges of rock to fall into 
the tunnel. This can be countered by pattern rock 
bolting, preferably a t  right angles to the bedding. 
As a cover of 10 feet of massive quartzite may be 

As the breakage is largely 

before reduct 
UP to 12 fee 

section (Plate XI) the faults coker a zone 200 feet 
wide, first intersecting the tunnel about 120 feet 
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from the portal and extending to half-way across 
the machine hall. A t  depth the fault zones may 
be filled with quartz fragments and ferruginous 
material, but they constitute significant waterways 

passed through most of these faults and heavy 

degrees at  the portal to about 23 degrees at the 
power station. This is probably due to  move- 

mained in its proposed position, but as it would 

quartzite, with the strike almost at right angles 
t o  the length of the hall and the dip towards the 

ortherly shift of a 

22 

The effect would be to place the power house 
excavation by its own width further into the hill- 
side. This would involve alteration of the position 
of the inlet tunnel further up the tributary creek, 
a situation which is also desirable from the view- 
point of foundations of the tower and initial entry 

9 
3 

190" at 80" towards the river , . 33 

mined by in situ measurements, and consideration 
must be given to the driving of an exploratory 
tunnel to  the power house area to enable the tests 

carried out. As several openings will have 
e carried to the underground statio 
ailrace tunnels, access tunnels, cable 



ated by one incli 
drillhole (12M) and the most important features 
revealed were the softer sandstone lenses about 

sandstone lenses and a small broken area, but the 
quartzite on the whole appears quite massive. 

structure plan (Plate V) , is favourably disposed 
to the tunnel alignment, and roof control should 
be easily achieved except in the area around the 
tunnel outlet. There is pronounced sheet jointing 
near the outlet, with a t  least one fault, striking 

An R117 seismic timer manufactured by Dyna- 
metric, Inc. was supplied by the Public Works 
Department for 
east spillwa,y ar 
been completed i 
season, and 
investigations 

at right angles 

a faulted zo 
sandy material filling and drillhol 

amongst the quartzite scree material along the 
northern side of the spillway indicates that phyl- 
lite occurs beneath the quartzite rubble and boul- 

material should be ripp 

It should be noted that the three other traverses, 
B-C, D-E, and E-F, all showed a few feet of 

artzite, which had a velocity 

tion for sliding. This trend may be further aggra- 
vated if there is a tendency for the phyllitic mate- 
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rial to slake on exposure, and the annual removal 
of surface detritus by floods would lead to whole- 
sale deterioration. The slaking characteristic 
could no doubt be arrested by coating the exposed 
walls of the cut with gunite, immediately on open- 
ing out, but such a gunite skin would not survive 
the passage of flood waters. Thus to  effectively 
deal with this problem, immediate coverage fol- 
lowed by the erection of a training wall will be 
necessary. This does not add to the overall slope 
stability however, and it will be necessary 
to provide some method of control t o  insure safety. 
The most economical solution is the use of rock 
bolts, set at right angles to the bedding to effect- 
ively bind the rock layers togethes. Hollow mild 
steel bars, of maximum (say 80 feet) may 
be employed, to  be gr p immediately on 
tensioning. The recesses cut to  receive the bear- 
ing plate should be brought up to the original slope 
surface, with concrete if below maximum flood 
height, in order to preserve uniform flow condi- 
tions. 

The eroding potential of a flood discharge 
through the spillway is liable to be great in the 
existing channel area. The tendency will be for  

ture of the founda- 

for the competency of the bearing materials as any 
differential sektlement will cause the gates to  
jam and thus put the spillway out of service. In 

nection the wide shear zone (N.l5"W., 

dipping at  75 degrees to the west) that shows on 
the southern edge of the spillway near the saddle 
(Plate 11) is of particular interest. Drillhole 9M 
which was drilled largely to test the rock as a 
source of concrete aggregate, shows sandy ferrugi- 
nous phyllite alternating with ferruginous quart- 
zite which confirms surface indications. Two in- 
clined holes, crossing symmetrically and drilled 
on the crest line, would be necessary for a full 
appraisal of this foundation. 

rived from the spillway excavation will be unsuit- 
able for  use as rockfill as thin slabs only are liable 
to  be produced and these are furthe 
breakdown on handling and placing. 
more, the suspected tendency of the 
slake would render a further decrease in size suit- 
ability. Some of the massive quartzite bands en- 
countered could be used but on  the evidence avail- 
able they would not account for m 
cent. cjf the total rock section. 

It is considered that most of the materi 

1 site. The most 

from the No. 2 site where sheet jointing result- 
ing from folding in the quartzite has meant the 
presentation of continuous vertical joints to the 
reservoir side, and thus through the ridge to the 
adjacent stream valley. As shown on Fig. 7, 
joints spaced about 1 foot apart occur over a 
distance of 30 yards and some openings are as wide 
as 1 foot 6 inches with the ave 

he surface. 

structure. Reservoir level should be established in section for  drillhole 1 1 ~  (Wyatt, 1960). The rock, 
this vicinity, as the jointed sheets would readily a highly folded phyllite, is extremely broken due 
break into good-sized blocks and Prove a useful to surface weathering for the top 40 feet, i.e., to 
source of dimension stone if free t o  be used. If R.L. 336, and is oxidised for 100 feet to R.L. 270. 
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With the top of the dam at R.L. 300, only the 
bottom 50 feet of this hole need t o  be considered. 
The weight of the water will tend to  close the 
bedding planes (dipping 85" to 45" into the Ord), 
while the cleavage planes (dipping 60" away from 
the river), although unfavourably situated, are of 
such sporadic appearance that they do not con- 
stitute potential leakage paths. Horizontal vuggy 
and broken layers occur between R.Ls. 286 and 290, 
and there was a 100 per cent. water loss at R.L. 
297; but the phylIite generally is in good condition, 
and this, combined with the fact that the leakage 
path will be at  least 500 feet long, indicates that 
no serious leakage will occur and that no grouting 
treatment will be necessary. 

EARTHQUAKE RISK. 
There are no instrumental recordings of major 

earthquakes originating in the Kimberley Division. 
Indeed there are very few references to tremors 
felt in the area, and this is not surprising when 
the small and scattered nature of the population is 
considered, allied with the lack of local recording 
media such as newspapers. There is no doubt that 
the number of tremors felt will increase greatly 
with the establishment of a permanent townsite 

on of a seismograph at  Kunu- 
nurra. 

As earthquakes are the result of earth movement, 
for shallow earthquakes usually occur on faults, 

of recently active faults would 
of intermittent local earthquake 

activity. Careful search of the air photos covering 
the immediate vicinity of the Ord damsite failed 
to  reveal any fault that could be classed as recently 
active. Three local shocks of intensity IV, recorded 
by Mr. J. D. Wyatt (pers. com.) in 1960, were 
undoubtedly situated on minor features, and the 

isoseismic patterns in New 
Zealand and California has shown, for structures 
founded on the same type of material, that an 
earthquake of MM intensity IX at the epicentral 
region is still destructive (MM VIII) for a distance 
of about 50 miles, and semi-destructive (MM VII) 
to 100 miles. This means that for  a structure to  
be endangered by an earthquake it must be within 
100 miles of the epicentre of a major earthquake. 
This distance is modified by the fault direction 
and according to the type of material the structure 
is founded on, Le., earthquake destruction is less 
effective on hard rock than on soft, and is wor$e 
on loose unconsolidated ground, especially if the 
loose deposits are relatively thin, say 100 feet or 
less. 

In addition to these reactive silica-minerals, 
certain phyllites are known to have caused 
deterioration of concretes through cement aggre- 
gate reaction, with hydromica as the possibly re- 
active component. The Tennessee Valley Authority 
now considers that phyllite is deleterious in aggre- 
gate for concrete (Technical Report No. 12) as 
does the U.S. Bureau of Reclamation (Concrete 
Manual, 6th Ed.). Aggregates containing more 
than 0.25 per cent. by weight of opal or more than 
5 per cent. by weight of chalcedony are noted as 
causing deleterious reactions. Further, the maxi- 

tends to  increase as the particle 
size of the reactive material decreases for sizes 
down to the No. 200 to  No. 325 fraction. 

Ex-amination of the gravels in the Ord River 
immediately above the damsite has revealed the 
presence of pebbles of numerous varieties of chal- 
cedonic silica. Sard, prase, agate, opal-jasper, 
chalcedony, chalcedonic chert and jasper are con- 
spicuous, with the minerals varying in size from 
sand grains to 6 inches diameter geodes of agate. 
There appears to be a concentration in the smaller 
sizes, with the 3-3 inch range heavily charged. 
These silica minerals were almost certainly derived 
from the Antrim Plateau basalts and the Tertiary 
limestones drained by the Ord River. A noteworthy 
occurrence is the large deposit of jasper resting 
directly on basalt a few miles below 
of the Orcl and Negri Rivers. 

The intention to use aggregate fr 
sive gravel deposits 41 miles downstream from the 
damsite should be critically examined in view of 
the probable contamination by deleterious minerals, 
both in the form of the quartz minera 
locally derived phyllite. 

There are three methods of avoiding the 
dangers of deleterious cement-aggregate reaction, 
(1) a specification limit can be put on the alkali 
content of any cement used, (2) the second ap- 
proach is to avoid reactive aggregate by recogniz- 
ing it and using an alternative source of non- 
reactive aggregate economically available, (3) part 
of the cement may be replaced with a very finely 
ground reactive material-a pozzolan. 

The answer to  the problem will of course be based 
on economic considerations. However, in view of 
the probability of an earth and rock-fill dam type 
being preferred to  a concrete gravity type, much 
less aggregate will be required, and the expense of 
washing and hauling aggregate-stone from the 
downriver deposit may not be justified. Thus the 
setting UP of a small quarry and crusher close to 
the site on a massive quartzite outcrop would 
neatly avoid the reaction problem and probably be 
economically attractive. However, if the river 
gravels are used, detailed petrological examination 

recorded a t  the Kununurra station. As far as ~~~~~7~~ L YIIIIY".,..". 

major earthquakes occurring on known faults ar5 concerned, the Ord region must be considered An examination of published geology of the 
aseismic. It is not thought that any special design Kimberleys revealed Only one definite reference 

far available. cerned an altered rhyolitic tuff, found on the track 
irom Springvale Station to Bedford Downs Station 

precautions are wa on the evidence thus t o  a possible Pozzolan (Waves, 1955). This con- 

SOURCES OF AGGREGATE. 
Cement-Aggregate Reaction. 

Deleterious cement-aggregate reaction occurs 
between soluble silica in aggregate and the alkali- 
hydroxides derived from Portland cement, and 
produces abnormal expansion and cracking of 
mortar and concrete. The definitely established 
reactive constituents of natural aggregates are 
opal, acid and intermediate volcanic glass, cristo- 

conditions. All the known reactive aggregate con- 
stituents except cristobalite and tridymite may 
occur either as individual pieces in aggregates or 
as constituents of rocks in aggregates. 

about 4& miles from Springvale. The outcrops 
examined and samples of three different 

ties were submitted to the Petrologist of the 
1 Survey (Dr. A. P. Wendall) for  exami- 
His report indicated that the tuff was 

welded and highly deformed, and consequently the 
grindability would be quite high. Examination of 
the rock s ows that the induration imposed dur- 

rock type, so that fine grinding would be a verv 
ing alteratio h.h has developed a very hard compact 

expensive process and thus the &e of this mate&l 
is probably precluded. 

SUMMARY OF CONCLUSIONS AND 
RECOMJMENDATIONS. 

Conclusions. 
An earth and rockfill type dam is preferred to 

a concrete gravity section due to an increased fac- 
tor  of safety against sliding in the western abut- 
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rnent. However, the fact that potential borrow 
material from the spillway area is largely not suit- 
able as rockfill, and the need for lining the spill- 
way means that there will be no great difference 
in the cost of the two types of structure. 

Due to the presence of clay filled joints, mainly 
parallel to  the downstream pressure of a filled 
reservoir, the possibility of sliding in the western 
abutment must be considered high, especially a t  

western abutment; 

three rock types constituting the foundation mate- 
rials, the quartzite is extensively broken by joints, 
and in particular the contact with the underlying 
phyllite is a zone of heavy breakage. A grouting 
Programme for the prevention of leakage should be 
at least 40 feet deep and should be designed to  be 
largely directed at  right angles to the dominant 
joint planes. 

The underground installations as tentatively 
designed are not in harmony with the rock en- 
vironment and other layouts can be considered. 
Further exploration and especially rock testing 
from a heading is considered essential. 

The protection of the northern spillway 
slope failure will m 
te  chute, gunited bat 

erection of a training wall on the southern side, 
rock bolting and suitably designed slopes. The 

260 degrees and angle of depression 
45 degrees east, with a probable length 
of 190 feet. This is desirable especially 
if a concret type is adopted. 
The drillin 
crest of the 
able length of about 200 feet 

gate 
Petr 

) Some test shootin 

site of the underground power sta- 
d this to  become part of the perma- 
stallation. Measurements of modu- 

lus of elasticitv. residual stress brefer- 
ably by the flat-jack method), &-ound- 
water level and physical determinations of 

ints and rocks should be made. Roof 
bolting and pulling tests would also be of 
value. 

( 6 )  The possibility of sliding in the western 
abutment should be investigated by physi- 
cal tests of phyllite and quartzite in the 

adits, including field jacking tests to deter- 
mine the forees necessary to induce sliding. 
Definition of properties such as specific 
gravity, water absorption, compressive and 
shear strengths, modulus of elasticity and 
wetting and drying properties 
be undertaken. 

(7) Consideration should be give 
layout of underground installations with 
regard t o  the new knowledge of the gross 
geologic features such as faul 

esented in this report 
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valleys of the Swan-Avon River system. The work 
was done for the Purpose of assisting the detailed 
site drilling and investigation, and was intended 
to supplement, not to  supersede, that examination. 
Rowever, the drilling results posed nearly as many 
problems as they solved, and their rationalisation 
was largely dependent on geological advice. 
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photos indicated the centre line for the length of 
Contract 2, and a line on a topographic plan along 
with some survey tangent lines, cut on the ground, 
was all that was available for most of Contract 3.  
As this was an area of largely uniform, rugged 
topogra.phy, in places heavily bush-covered, loca- 
tion, and especially level location, was most difficult. 

The writer was assisted in the field by Geologist 
J. D. Wyatt and, for a brief period, by Geologist 
I. Gemuts. About 4 months was spent in field 

sources. 

made to link the Goldfields to the coast, it was 
realised that the Swan Valley afforded a unique 
natural route through the dissected topography of 
the Darling Ranges. In 1880 t h e  Gove 
Engineer estimated the cost of a railway 
river route as E256,500 as against 2190,000 
direct line over the hills. The cost of the river 
route was beyond the means of the Government 
at  that time and as a result the 3 f t .  6 in. line 
was laid down between Midland and Northam by 
way of the direct line up the Darling Scarp, with 
very steep grades and tight curves avoiding cut- 
tings. This economy was of course illusory, and 
with the necessity for long fas t  trains, this section 
of the line became a bottleneck, and operation 

Australia and B.H.F. Ltd. for the latter to establish 
an integrated iron and steel industry a t  Kwinana 
required that the State should construct a standard 
gauge. (4 f t .  84 in.) railway between Mwinana and 
major iron ore deposits at Koolyanobbing. A 
parallel agreement between the Commonwealth 
Government and the State has laid down that 
standard gauge should be carri e 
to Fremantle. This proposed e 
Railway with an obligation fo S 
of necessity routed through the Swan-Avon Valley, 
from near Midland Junction to Northam, thus 
forming the Avon Valley Deviation (see Plate XVI) . 
Previous Geological Investigations. 

Small areas of the Swan-Avon Valley have been 
geologically surveyed in detail but no large scale 
or comprehensive geological investigation has been 
published. However, background information was 
readily made available by Professor R. T. Prider 
of the University of Western Australia, and con- 
siderable assistance in the investigation of ballast 
and borrow materials was gained from the maps 
of the Metropolitan Survey, published by the 
Geological Survey of Western Australia in 1951. 
Physiography. 

trasting elements are found in the Perth met 
P area:- 

Recent sand dunes and beaches. 

From west to  east the following broad and con- 

(iv) Piedmont alluvials-sand, lateritic gravels, 

(v) The Darling Scarp, possibly 
etc. 

The Darling Ranges-a dissected plateau 
about 800 feet above sea level formed on 
a complex of granites and granite-gneisses, 
with subordinate epidiorite and 
dolerite intrusives. 

The Swan-Avon River system displays rela 
subdued upper valleys (mature) with the valleys 

to  the strike of the rocks, and the structure 
rge area where 
nt pattern or 

tributary has to be crossed (Wooroloo Brook) is 

of great advantage to any construction. With a 
fall of about 450 feet in the distance of 60 miles 
between Midland and Northam, first class grades 

elements to be considered :- 
ian basement complex of the 

Darling Peneplain (or range) and the 
Darling Scarp. 

) The superficial deposits of Tertiary and 
Recent Age, covering the sedimentary 
basin of the Coastal Plain, and mantling 
the weathered Precambrian rocks. 

The Precambrian rocks consist of a complex cf 
crystalline igneous and metamorphic rocks, domin- 
antly granites and gneisses, with minor amounts 

metasedimentary 

Above the 700 foot  contour, the Precambrian 
rocks are covered by a layer, up to 20 feet thick, 
of massive and pisolitic laterite (“ironstone 
gravel”). The laterite usually overlies highly 
weathered country rock, which may extend to  as 
deep as 100 feet before fresh unweathered base- 
ment rock is encountered. The sediments of the 
Coastal Plain close to the Scarp consist of alluvial 
clays and loams, along with river deposits of sand 

The geological appraisal of an  engineering pro- 
ject such as the Avon Valley Deviation involves the 
accumulation of a mass of detail concerning depth 
and nature of overburden over bedrock; the re- 
lationship of rock to the railroad structure, the 
quantity and workability of the rock, areas of un- 
desirable materiaJ, and the location of borrow pits 
or waste areas. In addition, the stability of the 
materials encountered, both of the back slopes and 
o€ the subgrade, and seepage possibilities must be 
considered along the route. Much of this iiiforma- 
tion can be shown on  geological plans and sections, 
and typical compilations are shown in Plates XVII 
and XVIII. 

More localised topics concern the effect of gross 
geologic features such as faulting, the existence 
or Possibility of sliding and bridge site appraisal, 
and certain of these features are detailed in this 
report. Description Some of these geologic 
features formed the s of the Reports on  Site 
Investigations provided by the Consulting Engineers 
(G. Maunsell and Partners) for the general guid- 
ance of tenderers for each of the contract sections. 

Rock Excavation. 
The cost of rock excavation is one of the few 

items in modern construction work that has de- 
creased, and this is largely due to the greater power 
available from excavating machinery and more 
efficient drilling and blasting techniques. This 
means that deeper cuts are economically feasible 
and that cutting for river or route diversion is 
often preferable to bridging. 

The original design proposals for the Avon 
Deviation envisaged seven major bridges, c 
ing of three double crossings of the Swan-Avon 
largely in order to avoid tight curves, and a bridge 
crossing Wooroloo Brook. Alternative proposals 
for each of the double crossings were accepted 
because low unit cost of rock excavation, 
accentua competitive tendering, revealed sub- 
stantial economies for deep rock cuttings as opposed 
to the Proposed bridging programme. 

Each of the six abandoned bridge sites showed 
unusual geological features, and some of the wider 
applications of these 

Bridge Site 1 (Plate x 
y of record. 

ranite gneiss forms 
the Swan, with the 
skin layers of rock 

about 8 feet thick. The river direction appears 



to be controlled by a prominent joint-set in the 
quartzose granite of the bed with the dip about 
60 degrees to the North. The right-hand-bank 
shows a 15-foot high alluvial terrace with hori- 
zontally banded sands, silts and humus. No solid 
rock shows in the bank and the terrace extends 
for 2:. chains where a granite spur is encountered. 
However, site investigations have disclosed the pres- 
ence of a buried river channel 17 feet below the 
Ievel of the existing channel. This former water- 
way is about 120 feet wide and about 10 feet of 
the channel bottom is filled with cobbles and small 
boulders. This buried river course indicates a 
Recent 20 feet depression, which is also shown 
by the drowned flood plains of the Lower Swan. 

Bridge Site NO. 2 (Plate XVII). 

strike of a succession of altered sediments, and 
this southerly direction is also one of prominent 
shearing and jointing. The metasediments dip at 
80 to 85 degrees to the west, and consist of horn- 
blende and mica schists and highly siliceous cherty 
banded rocks. An exceedingly hard quartzose 
granite also forms part of the sequence, thus giv- 
ing considerable relief to the channel cross-section 
as some of the schists are fissile and easily eroded. 
The most prominent joint-set in the area is at 
right angles to the river direction, and although 
of low frequency, is strongly developed. A notable 
trough, 40 feet wide, formed by plucking from 
between two of these big joints, crosses the bridge 
site near the right hand bank and the effect of 
the joint trough and the continuously varying rock 
types across the site meant that care was necessary 
in locating the five piers in order to avoid differ- 
ential settlement. 

Bridge Site 3 (Wooroloo Brook) (Plate XIX). 
The South Gatta or Wooroloo Brook rises some 

considerable distance inland, and flows through a 
fairly steep sided valley, while in the last 1% miles 
before the Swan Junction there is a fall of 100 
feet, which is much greater than the drop in the 
Swan Valley itself. The stream finally flows 
through a deep trench with steep sides, contrast- 
ing with the flatter nature of the stream bed higher 
U P  the valley. A t  the junction of the Swan and 
Wooroloo there is a considerable amount of recent 
alluviLm, and the Swan has been partially diverted 
with the formation of a steep cliff on the west 
bank. 

rkably straight course 
above the Wooroloo Junction, and a pool of con- 
siderable length remains during the summer. This 
is obviously in a sheared zone, easily eroded. 

DMling  Reszdts.-Four drill holes were put down 
a t  pier and abutment positions with a Gemco drill 
and a further hole was positioned between the 
Midland abutment and first pier in order to com- 
plete the site appraisal. Condensed logs, derived 
from the driller's log and examination of the 
core recovered, are given here:- 

At the No. 2 site the river is runn 

The Swan flows in a re 

(a) Borehole 25.13.1: 

action). 
0-10 feet: Boulde clay (recent stream 

10-20 feet: Clay, sand gravel. 
20-51 feet: Boulders, stone, sand, in old river 

deposit some boulders highly weathered. 

(b) Borehole 25.13.8: 

stream deposit. 
0-10 feet: Cobbles, clay and gravel, recent 

dy and gravelly. 
with weathered stones. 

26-30 feet: Clay with sand and gravel. 
30-456feet: Stones UP to 1 ft .  6 in. in clay and 

45B-50 feet: Highly weathered granite. 

0-8 feet: Surface boulders 
8-15 feet: Clay. 

sand-old river deposit. 

(e) Borehole 25.14.6: 

15-34 feet: Sand with organic fragments. 
34-35 feet 9 inches: Schist lens. 
35 feet 9 inches-44 feet: Granite, slig 

weathered. 
cl) Borehole 2516.1: 
0-25 feet: Cobbles, sand and clay. 
25 feet: Granite shattered near surface, im- 

proving immediately to solid rock. 
e) Borehole 25.17.6: 
0-23 feet: Clay and sands. 
23-30 feet: Weathered dolerite. 
30 feet: Relatively fresh dolerite. 

Foundation Appraisal.-The local geology in 
relation to the original bridge site is shown on the 
accompanying sketch plan and section (Plate XIX) . 
The most striking feature is the fact that the 
shear zone controlling the Swan Valley and the 
granite/gneiss junction passes through the pro- 
posed bridge site. This is reflected in the great 
depth of alluvium in the bores at the Midland end. 
Undoubtedly this represents an older buried chan- 
nel of the Swan, as the Wooroloo is rock bound 
about 100 yards upstream. The Swan was displaced 
from this channel by tine debris brought down by 
the Wooroloo, and also the base level of erosion 
must have been lowered by a depression of the order 
of 20 feet. This accords with the fact that there 
is a buried channel a t  the 1st Bridge site, 17 feet 
below the existing stream bed. 

There would be no particular merit in moving 
the bridge along the proposed line as heavy cutting 
costs would be involved to  realign the Wooroloo 
Channel in the dolerite upstream. Shifting the 
bridge UP the Wooroloo was undoubtedly the best 
solution, and this was adopted. If  the bridge had 
been left on the original alignment, steel H piles 
would have been necessary to obtain foundation 
in the old river levels. The possible foundation 
depth at  the new site may vary between 30 feet 
and surface exposures. Steel H piles would un- 
doubtedly penetrate or turn the weathered granite 
cobbles as disclosed in the cores, but the dolerite 
boulders may fill the web or turn the point of the 
pile. 
Debris Slides. 

There is an area of substantial cut commencing 
a t  the 27m. Ole. and extending through to  27m. 
13c., with a maximum cut of 26 feet at 27m. 03c. 
The sections a t  the beginning of the cut area show 
a vertical or overhanging rock cliff above the river 
channel, then steep debris slopes (35") which rise to 
a flat terrace, showing rock exposures 120 feet 
above the river. From 27 miles 5 chains to  7 chains 
there are signs of slow movement of the natural 
soil and rock detritus above granite bedrock of the 
debris slide type. I n  determining the stability of 
this area during and after construction, the critical 
factor is the depth of debris over granite, as the 
formation will be stable if the debris is no thicker 
than 10 feet, but unstable for greater thickness 
(Figure 8). Probing with hand augers proved 
ineffectual, and in an attempt to provide some 
data for design purposes a traverse was made with 
the Model R117 Seismic Timer. This work in- 
dicated a spoon-shaped depression in the granite 
with a maximum depth of 25 feet a t  23 miles 4.5 
chains, rising to about 15 feet from the surface, 
60 feet on either side of that point. Seismic velo- 
cities indicate that there is about 10 feet of 
weathered granite at the Midland end, but this 
disappears in the middle of the rock depression. 
The bulk of the material filling the channel appears 
to be slide aebris and the products of rock 
weathering under a soil and rubble cover. It would 
appear likely that the granite rises further, and 
almost reaches the surface 

that only a small section of 
special remedial treatment other than battering 
back and the provision of a bench in the solid. The 
area where the downhill part of the cut is entirely 
in debris, and thus the roadbed formation is liable 
to movement, may be from 23 miles 2 chains to 23 
miles 5 chains. The most suitable form of pro- 
tection would appear to be the provision of a rock 
buttress retaining wall, keyed into the solid rock. 

On the basis of thi 



Fig. 8. Rock joints at 21m. 17ch., Avon Valley deviation. 

Rock Cuttings. 
The shape of a cutting in rock is governed by 

the required depth of cut, the local topography, 
and the required angle of slope. Soil-mechanics 
tests will readily give permissable slope angles for 
unconsolidated materials, whereas it is universal 
practice for slopes in rock to  be decided empiric- 
ally. The drawback of this procedure is that the 
inherent stability of the slope, and thus the degree 
of safety is not known. To keep a cutting abso- 
lutely safe, the high cost of fiet batters must be 
faced. On the other hand if money is to be saved 
by using steep slopes, the risk of some undefinable 
danger is encountered. The newly developing field 
of rock-mechanics has now made it possible for 
rock t o  be described as a material with nearly the 
same accuracy that soil-mechanics achieves with 
clay and sand. 

Rock stability and permissable slope angles of 
open cuts are governed by 9 main considerations:- 

(1) Rock type. 
(2) Rock strength etc. 
(3) Stratification and foliation etc. 
(4) Mechanical fragmentation etc. 
(5) Chemical weathering. 
6) Positional relationship between the slope 

d structural elements. 

(8) The presence of water in joints. 
(9) Vibrations during constr&tion or from 

important element is mechanical frag- 
mentation, such as small joints, big joints, faults 
and fractured zones, and the mechanical behaviour 
of the rock is determined largely by the type, size 
and extent of these small tectonic elements, the 
condition of their surfaces, the width and filling 
of gaps, but most of all by their direction and 
location. The stability of rock formation is largely 
dependent on their structure, and only to a small 
extent on their material. 

The various 
third contract 

traffic. 
The 

calculation would have entailed the use of cored 
drill holes to  enable an in situ view of the joint- 
ing and a detailed examination of fresh rock im- 
mediately on removal of overburden and cover. 
Additionally, the use of a seismic timer would also 
possibly assist in the determination of the degree 
of weathering and of joint penetration into the 
solid. 

Two examples of the nature of the assessment 
involved are given. 

(a) Rock cut from 22 miles 6 chains to 22 miles 
19 chains, (old chainage) with a inaximum cut 
of 41 feet at 22 miles 13 chains. The rock is 
characteristically a quartzose granite but some 
differences will be encountered along the cut, as 
minor schist and chert bands are locally promi- 
nent. Weathering extends largely along the joints 
which appear to be open well into the rock mass, 
and as all the vertical joint faces are iron stained, 
a certain amount of seepage may be expected in a 
wet season. The joint system as shown in Plate 
XX is fairly simple as the major joints are verti- 
cal or close to  vertical. The dominant joint is at 
35 degrees to the centre line and this is parallel 
with the foliation or major trend, while the second 
major set is at right angles to this direction with 
the dip ranging from 85 degrees to  vertical, i.e., 
80 degrees or vertical apparent dip when turned 
into the excavation. The third joint set is hori- 
zontal, and has rather feeble incidence and per- 
sistence, in marked contrast to the other two sets. 

The degree of disintegration by chemical 
weathering is not high, but the rock is intensely 
jointed thus the rock may be classifled on the third 
scale of breakdown. The interaction between the 
joints is negligible as they are at right angles, 
and the coypound.resistance of the rock will be 
of the steps-of-joints type where most of the 
breakage will be along the pre-existing 105 degree 
joint, with short connecting fractures in the solid 
rock. In effect the permissable angle of slope mag 
be as high as 75 degrees overall, and a factor of 
safety may be introduced by the cutting of two 
benches, with the rock slope between the benches 
near the dip of the main joint into the excavation. 

The joint intersections tend to produce tabular 
blocks of rock nearly face-on to  the length of the 
cutting, and shooting will be necessary for excava- 
tion. 
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When the alignment was altered to  eliminate 
Bridges (1) and (21, a 

This new wor 
included in the route appraisal, and it 
after construction was well advanced th 

tends from 21 miles 75 chains to 22 miles 14 chains 
involving a maximum cut of 85 feet at 22 miles 
75 chains. 

On opening up it was obvious that rock typ 

21 miles 75 chains to 22 miles 6 chains the cutting 
would be in highly broken and weathered schists 
and cherts with granite-gneiss from 22 miles 6 
chains to the end of the cut. The granite is in 
effect the same rock whose properties have been 
detailed from the abandoned cut 22 miles 6 chains 
to 22 miles 19 chains (old chainage). Thus the 
batter slope may be as steep as 75" as the slightly 

The cherts and schis 

highs or spurs and th vide some measure 
of added stability. The combined chemical and 
niechanical breakdown indicates properties of the 
5th order, and this in conjunction with the major 
joint (75"-80" at 45" to the cutting) indicates that 
the batter slope should be no steeper than 55" or 
2 : 1. 

There are some practical difficulties in having 
two different slopes in the cutting involving a 
transition but the appearance of a cutting briefly 
seen from a train, matters less than considerable 
economy of construction. 

(b) Rock cut fronz 22 miles 67 chains. to 23 miles 
(old chainage) with a maximum of 24 feet of cut 
a t  22 miles 78 chains. This cutting is situated on 
a curve and a considerable portion is traversed by 
a lens of basic material which lies along the line 
and then crosses it, over a distance of 5 chains. 
Otherwise the cut will be in granite-gneiss, and 
there is a cover of up to 10 feet of rock rubble 
over both types of rock. The dark coloured basic 
niaterial has been less affected by weathering than 
the surrounding granite. The major joints in the 
basic lens are at 30" and 120" to the direction 
of the railway, and dip from 80" to 90", and this 
would mean joints dipping a t  about 70" into the 
cut. In the deepest part of the cut, in granite- 
gneiss, the main joints are along the line and 
at right angles to it, while a minor joint at  25" 
to the line dips towards the river at 75" which 
would mean a 57" dip into the cut. As the major 
joint along the line has an angle of between 75" 
to  90", it would appear that the limiting factor 
is the 57" into-the-cut-joint which shows openings 
of up to 4 inch, is discontinuous, shows faces 
about 4 feet long and occurs once every 4 feet. 

the minor joints dip in the opposite direction, 
ill be interaction with the major joint a t  

that the type of fracture to be expected would 
be steps of fracture between pre-existing joint 
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channel, now buried, with a depth of 22 feet and 
a width of 175 feet. 
Bridge Site 5.- e depressions in 

llowed by quartzit the hill beyond the 
Northam abut athering in the 

deep as 60 feet, 

a varied succes- 
sion of rock types presenting no great foundation 
problems, however, there is the usual buried chan- 
nel, 40 feet deep, in the centre of the site. 

BALLAST AND BORROW MATERIALS. 
Requirements for  Railway Ballast. 

Ballast is the natural or artificial material that 
supports the railway sleepers in the permanent 
way and transfers the train loads to  the subgrade. 
The type and thickness depend 011 traffic and, of 
course, on economic considerations. In addition, 
drainage conditions of the subgrade, climate, and 
the bearing properties of the subgrade have to be 
assessed. Ballast must be elastic in order that the 
lies and rails can return back to true line and 
grade after the passage of the train. Ballast also 
has to  reduce dust and u7eed growth, m d  should 
permit satisfactory cleaning and repacking, and 
crushed stone is the best ballast-type from this 
point of view. 

impact, as railway engir,es, in particular, impose 
heavy loads suddenly applied. Furthermore, the 
ballast particles must have a high resistance t o  
abrasion, as movement induced by a 
tends to  induce autogenous grinding. 

siderable amounts of quartz or mica, are usually 
not suitable because of poor impact resistance. 
The best rocks are those usually 

"bluemetal"-bas 
ranites are someti 

able because of interlocking textur 
culty in crushing, and sometimes because of a low 
abrasion resistance. The "traprocks" on the other 
hand are naturally blocky and brittle enough to 
crush easily in mechanical crushers; but not under 
traffic conditions. Quartzites are also excellent 
sources of baliast if not excessively jointed. 

Ballast aggregate must be notab 

Glassy or brittle rocks, eg., those co 

Rock Types. 
Dolerites and EPidi0rites.-These are dense, dask 

and fine grained igneous rocks which occur as 
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area, say, of a mile square. The dykes can usually 
be identified on airphotos as discontinuous, dark, 
thick, lines contrasting with the lighter coloured 
surrounding granite. On the ground the dolerite 
is often more resistant to weathering than granite 

f many spurs and ridges is 
can be traced in the field 

by means of pieces of broken rock and by a charac- 

iesidual cover, the dykes can often be traced by 
the greater growth of larger trees on the richer 
soil derived from the dolerite. 

The larger dykes show fine grained margins with 
crystal size increasing in towards the centre, in 
places giving a coarse-grained rock or gabbro, 
known to local quarrymen as “spotted dick.” Some 
dykes show extensive shearing at the margins, 
especially so with the epidiorites o 
varieties, and the production of d 
from these is precluded 

Most of the local wo 
cperating on a dyke or 
need to maintain an ev 
that the amount of dol 
face advanced (e.g. Boy 

Granites.-The grani 
portion of the Darling 
area. These acid rock 
in colour and are characteristically coarse grained, 
but no distinction is usually made between the 
various types : white granite, grey granite, gneissic 
granite and banded gneiss. Gneissic material is 
undesirable in a quarry and should be avoided due 
to poor particle shape and abrasion loss. 

The granite may show weathering to cons:der- 
able depths, and even in some operating quarries 
entirely fresh rock has not yet been reached at  a 
distance of 200 feet into the hill. Some granites 
exhibit no defect in hand specimen, but a high 
Los Angeles abrasion test result may indicate partial 
crushing, a condition a petrological examination 
will quickly confirm. Quite often darker coloured 

in granite, and massive jointing is neces- 
sary for an equidimensional . prpduct. Outcrop 
jointing generally reduces in incidence at depth, 
leaving usually a joint parallel to  the folia- 
tion os grain of nite and another at right 
angles to this. Both these joints tend to be vertical, 

most prominent joint is usually 
onsideration of the outcrops 
sh if there is a local joint 

further work i s  
probably not warranted. 

Many of the work andoned quarries 
in the vicinity of the railway were examined, and 

g for Ballasting. 

will mean the provision of approximately 190,000 
cubic yards of material. The various practical 
alternatives appear to be:- 

(a) Provision of the whole quantity from a 
quarry near the middle of the run Le. in 
the vicinity of the 40-50 mile pegs. This 
could be achieved from a possible site 
quarry near the 48 mile peg. 

(b) Equal quantities could be provided from 
either end, from near Midland Junction 
and from the Northam area. An aban- 
doned quarry on the Spencers Brook road, 
and Stathams (P.C.C.) abando 
appear as the most desirable c 
the possiblity of opening another quarry on 
the same dolerite dyke if Stathams is 

disposed of, before ballasting commences. 
This scheme would involve then the re- 

The reddish brown sock is composed of 
spherical pebbles loosely cemented to- 
gether by a lighter coloured earthy matrix. 

(iii) Lateritic gravels are developed on the face 
of the Darling Scarp and as piedmont de- 
Posits at  the foot of the scarp. The de- 

building soils of the highest quality. 

LLS D EUM E RA- 
TION IN WEST 
END OF 1962. 

by P. E .  Playford and D. C. Lowry. 

INTRO 
A total of 57 oil-test een completed 

in Western Australia. Of these, 30 are in the Can- 
ning Basin, 21 are in the Carnarvon Basin, five are 
in the Perth Basin, and one is in the Ord Bash. 
A further test well is currently being drilled in 
the Perth B sin. In addition, some 56 wells have 
been drilled%or stratigraphic and structural in- 
formation in connection with oil exploration in 
the Canning, Carnarvon, Perth and Eucla Basins, 
and another is now being drilled in the Perth Basin. 
No wells have yet been drilled in the Officer Basin, 
nor in that part of the Bonaparte Gulf Basin lying 
in Western Australia. 

The positions of wells drilled to the end of 1962 
are shown on the accompanying map (Plate XXI) 
and summary information on each well is given 
in the accompanying table. 



HISTORICAL REVIEW 
wells drilled for oil in t 

put down in 1902-04 near the Warren River, in 
the southern part of the Perth Basin. They were 
drilled following the discovery of small quantities 
of bitumen washed up on the coast in this area, 
and because the local residents had noticed that 

niques began in 1952, when West Australian PetrO- 
leum Pty. Ltd. (Wapet) commenced operations in 

of 35 test wells without further success, other than 
in Rough Range No. 1A, which was drilled a few 
yards from the discovery well. The company holds 
exploration permits covering most of the Can- 

in the north-central part of the basin. Two test 
wells and five stratigraphic holes have been drilled 
by Wapet, and two str 

of Mineral Resou 
oil-test and stra 

nd Eganu respecti 
of the basin remains unt 

CA 

vo 
ar 

a total of 17 have been drilled. In addition, sev- 
eral of the Tertiary anticlines outside this area 

sted, but there are no test wells in 
nd eastern parts of the basin. 

Wapet has completed 30 stratigraphic and struc- 

coastal strip, where a total of 30 test wells and. 8 
stratigraphic holes have been drilled. A huge area, 
ccvering the central. and western parts of the basin, 
remains untested, mainly beeause of its inaccessible 

14 oil-test and 
3 holes) in the 
R &ization. The 
dcwn by the Freney Kirnberl 
oil-test holes), Associated Freney Oilfields N.L. (3  
oil-test holes) and the 
(5 stratigrai-9ic holes) 

a number of wells drilled in the Canning Basin, 

a 

L Mineral Resourc 

bcen reported fro Traces of oil and ga 
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114' 14' 25" 
114' 4G' 30" 

114' 46' 30" 

115' 40' 40" 

115' 52' 50" 

2,070 L. Permian 
1,002 L. Permian 

1,997 L. Permipn 

3,004 L. Permisn . 
2,299 L. Permjan . 

113" 23' 43.6" 
114" 00' 32.5" 
113" 59' 41.2" 
113' 59' 54.2" 
113') 56' 09.1" 
112" 58' 20"- 
113' 09' 20" 
113' 04' 40.5" 
114" 06' 38.5" 
114' OS' 17" 
114' 14' 20" 
113" 46' 20" 

1,500 
8,019 
15,170 
3,737 
3,858 

1,500 
4,998 
1,759 
2,029 
4,080 
1,437 

778- 

Rough Range No. 1A 1 Oil test 3,657 

4,079 
3.915 

U. Jurassic- . . 
L. Cretaceous 
U. Jurassic . 
L. Cretaceous 

3 760 
3'772 
3'697 
4:281 

3 919 
3:844 

3.739 

L. Cretaceous ... 
L. Cretaceous . . 
L. Cretaceous ... 
U. Jurassic- 
L. Cretaceous 
L. Cretaceous , 
U. Jurassic- 
L. Cretaceous 
U. Jurassic- 

2,866 
1,523 
1,900 
2,289 
4,760 
1,594 
3,520 
1,013 
730 

5,992 
1,413 

L. Cretaceous 
L. Cretaceous . 
U. Cretaceous . 
U. Cretaceous 
L. Permian 
U. Cretaceous 
L. Silurian 
L. Permian . 
pre-Cretaceous 
CarbonifeTous 
Precambnan 

WELLS D R I U E D  FOR PETR UM EXPLORATION IN WESTERN AUSTRALIA. 
TO THE END OF 1962-continued. 

Name Tme 

h Basin. 
2000 L Permian . . WAPET 

114' 58' 30" 31910 I L: Permian . . B.Y.R. 

114" 58' 30" 4,862 Precambrian . B.X.R. . 
115' 49' 35" 

115" IS' 

WAPET 
WAPET 

1,900 1 L. Jurassic WAPET 

I 
Abbarwarboo No. 1 . _ _  
B.Y.R. No. 10 (Beagle 

B.Y.R. No. 1OA (Beagle 
Ridge) 

28" 35' 10" 
29" 49' 38" 

290 49' 38" 
Minor oil shows. 

Hinor oil shows. 

Strat. 
Strat. . 
Strat. 

Strat. 
Oil test 

Strat. 

1962 
1959 

1960 

1961 

Ridge) 
Eganu No. 1 .. . 
Eneabba No. 1 . 

29' 59' 05" 
29" 34' 14" 

30' 16' 

Driuing. 
Minor oil and gas 

Five coal seams, 2 to 

Minor lignite. 

Ifiuor gas show. 
Dry. 
Dry. 
Dry. 
Drilling. 

shows. 

3 feet thick. 
Hill River No. 1 .._. 1962 

1962 
1962 
1962 
1962 
1902 
1902 
1904 

865 U. Triasslc 
1,010 U. Triassic 

B.N.R. No. 5 (Gualia) 
B.1f.R. No. 6 (1Iuderong) 

B.M.R. No. 7 (MuderonFO 

22' 39' 15" 
24" 05' 55" 

24' 05' 55" 

25" 44' 50" 

22' 05' 50.5" 
22' OS' 42.9" 
22' 19' 26.5" 
25' 42' 00"- 
25' 57' 45" 
25" 51' 58" 
22' 23' 01" 
220 21' 25" 
220 59' 35" 
24' 12' 00" 
24' 12' 00" 

24" 12' 02" 

220 10' 5s. 5" 
22' 25' 06. 6'' 

22' 25' 06" 

22' 25' 50" 
22' 24' 40" 
22' 25' 23" 
22" 25' 07" 
22' 25' 12.7" 
22' 26' 40" 

22' 26' 46" 
22" 26' 50" 

22' 25' 04.6" 

22' 37' 17.5" 
22' 23' 48.2" 
22' 30' 08.7" 
22' 32' 00" 
22' 34' 24.6" 
22' 32' 22" 
23" 53' 15" 
23' 53' 13" 
23' 49' 43" 
23' 30' 30.1" 
22' 15' 15.7" 

B.M.R. 
B.M.R. 

B.Y.R. 
B.N.R. 

B.M.R. 

WAPET 
WAPET 
WAPET 
WAPET 
WAPET 
WAPET 

WAPET 
WAPET 
WAPET 
W-4PET 
WAPET 

WAPET 

WAPET 

WAPET 
WAPET 

WAPET 

WAPET 
WAPET 
WAPET 
WAPET 
WAPET 
WArET 

WAPET 
WAPET 

WAPET 

WAPET 
WAPET 
WAPET 
WAPET 
WAPET 
WAPET 
WAPET WAPET 

WAPET 
W-4PET 
WAPET 

1958 
1958 

1958 

1959 

_. 
B3f.R. No. 8 (&It. Nade- 

line) 

Creek) 
B.M.R. No. 9 (Damie 

Cape Cuvier No. 1 
Cape Range No. 1 
Cape Range No. 2 
Cape Range No. 38 
Cape Range No. 4 
Duk Hartog Nos. 1-16 

1959 
Devonian __._ 
H. Jurassic __.. 
L. Jurassic _._. 
U. Jurassic .___ 
U. Jurassic .... 

Minor gas shows. 
Cas non-commercial 
Dr; 
Dry. 

Dry. 

Dry. 

Eocene 

L. Silurian 
U. Cretaceous 
U. Cretaceous 
L. Permian 
Devonian 

1955- 
Dirk Hartog No. 
Exmouth No. 1 
Esmouth No. 2 
Giralia No. 1 
Grierson No. 1 

Grierson No. 2 

Grieriion No. 3 

Learmoutli No. 1 
Rough Range No 

17B 
.... 
.... .... 
.... 
.... 
.... 

.... . 1 . .. 

Oil test 
Struct. .,. 
Struct ..... 
Oil test 
Strat. & 

Struct. 
Strat. & 

Struct. 
Strat. & 

Struct. 
Oil test 
Oil test 

113" 47' 05" I 1,478 I Devonian __.. 1055 

1955 113' 45' 30" 

1958 
1955 

1955 

1954 
1954 
1954 
1954 
1955 
1955 

1955 
1955 

1957 

Minor gas show. 
Oil saturated 3,602- 
3,628 feet. 

Oil saturated 3,6@4- 
3,628 feet. 

Dry. 
Dry. 
Dry. 
Dry. 
Dry. 
Dry. 

114' 04' 55" 

114' 04' 05" 
114' 05' 09" 
114O 04' 54# 
114' 04' 33" 
114" 04' 48.8" 
114' 04' 06" 

Rough Range No. 8 
Bough Range No. 9 . 

Rough Range No. 10 

Oil test 
Oil test 

Oil test 

114' 03' 44" 
114' 04' 22" 

114' 05' 02.4" 

Dry. 
DW. 

Ninor oil shows. 

hLinor oil show. 
Dry. 

Struct.. . , , 
Struct ..... 
St,ruct ..... 
Struct ..... 
Oil test 
Struct ..... 
%rat. __.. 
Strat. _... 
Strat. .... 
Oil test 
Oil test 

113' 57' 37.6" 
114" 00' 20.4" 
114' 02' 29.5" 
114' 01' 28.4" 
113" 59' 16.5" 
114" 00' 42.4" 
114' 23' 51" 
114' 31' 38" 
114' 20' 03" 
113' 52' 48.1" 
114" 34' 56.8" 

I L. Cretaceous 

I 

Calming Basin. 
Babrongan No. 1 . .. 
Barlee No. 1 
E3.E;I.R. No. 1 (Jurg&; 

B.'M.R. No. 2 (Laurel 

B.H.R. No. 3 (Prices 

l3.IK.R. No. 4 (Vallal) 
B.Y.R. No. 4A (Wallal) 
Dampier Dolvns No. 1 
Fraser River No. 1 ._ 

Creek) 

Dowus) 

Creek) 

123' 35' 37" 
122' 42' 40" 
123* 42' 45" 

U. Devonian 
U. Carboniferous' 
L. Permiau .... 

WAPET .... 
WAPET .___ 
B.M.R. ..__ 
B.Y.R. .... 
B.M.R. ._.. 
B.X.R. .._. 
B.N.R. ._._ 
WAPET .___ 
WAPET ..._ 
WAPET ._.. 
WAPET .... 
WAPET __._ 
WAPET _.._ 
WAPET _.._ 
WAPET ..._ 
WAPET _.._ 
WAPET _._. 
F.K.O. _... 

F.K.O. ___. 

A.F.O. .._. 
A.F.O. ,... 

6,395 
8,101 
1,680 

4,000 

694 

1,410 
2,223 
3,028 
10,144 

4,003 
7,504 
4,720 
12,915 
3,897 
5,299 
8,809 
7,628 
896 

2,154 

6,001 
9,072 

1962 
1960 
1955 

DW. 
Minor gas show. 

Oil  test 18" 23' 23" 
Oil test 17" 48' 25" 
Strat. 1 8 O  19' 49" 

Strat. _. 18" 07' 06.1' U. Devonian ... 
Precambrian . 
Jurassic 

125' 20' 05.1" 1956 

1956 125" 54' 05" 

120" 44 28" 
120- 44' 28" 
123" OS' 00" 
123" 09' 39" 

(app.; 
Strat. 18' 39' 40" 

Strat. . 19O 44' 12" 
Strat. 1 9 O  44' 12" 
Strat. 18' 18' 00" 
Oil test 17" 25' 04" 

(WP.) 

Dry. 

Dry. 
Minor oil shows. 
&mor Dry. oil shows. 

Dry. 
Dry. 
Oil and gas slioows. 
Oil and gas Shows. 
Minor bitumen pres- 

Minor oil shorn. 
ent. 

1958 
1958 
1956 
1956 

Precambrian 
L. Ordovician 
post-Carbordferou 

gabbro \ 
Rock salt . . 
U. Devonian ... 

Xrome Rocks No. 1 
Frome Rocks No. 2 
Coldwyer No. 1 
Grant Range No. 1 
Hawkstone Peak No. 1 
Langoora No. 1 
Meda No. 1 
Neda No. 2 
Mount WMne No. 1 

123" 38' 42" 
123' 39' 35" 
1220 22' 59" 
124' 00' 25" 
124' 24' 26" 
124" 06' 48" 
124' 11' 30" 
124' 11' 23" 
124' 23' 44" 

124' 23' 44" 

124' 11 27* 
124' 22' 17" 

(am.) 

(app.), 

Oil test 18' 11' 48" 
Oil test ISo 15' 15" 
Oil test 18' 22' 47" 
Oil test 18' 01' 00" 
Oil test 17' 14' 45" 
Oil test 17" 18' 07" 
Oil test 17" 24' 00" 
Oil test 17" 24' 36" 
Oil test 18' 05' 35" 

Precambrian 
U. Carboniferous 
Precambrian 
Precambrian 
Precambrian 
U. Devonian 
L. Permian 

Youut Wynne No. 3 

&Iyroodah No. 1 
Nerrima NO. 1 (-4.~.O.'j 

@p.) 

(app;) 
Oil test I 18 05' 35" 

Oil test 18" 16 15" 
Oil test ISo 26' 55" 

L. PermIan . 
L. Permian 
U. Carboniferous 

1925 

1956 
1955 

Dry. 
Minor oil shorn. 
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1941 L. Permian F.P.O. 
L. Permian F.E.O. 1930 

L. Permian F.E.O. 1933 

Ordovician B.E.O. 1922 

Ordovician . . F.E.O. . 1923 

Ordovician F.E.O. 1923 

L. Permian F.E.O. 1923 

Dry. 
Xinor oil shows. 

Dry. 

Ninor oil shows. 

illinor oil shows. 

Ninor oil shows. 

Dry. 

Nerrima No. 1 (F.E.O.) 
Poole Range No. 3 ..__ 

Poole Range No. 5 ___. 

Prices Creek No. 1 .... 
Prices Creek No. 2 .... 
Prices Creek No. 3 ._._ 
Prices Creek No. 4 .._. 

Oil test 
Oil test 

Oil test 

Oil test 

Oil test 

Oil test 

Oil test 

Roebuck Bay No. 1 ..,. 
Samphire Marsh No. 1 
Sisters No. 1 ..__ .... 
Thangoo No. 1 ..._ 
Thangoo No. 1A ..,. 
Wallal No. 1 _._. .... 

Strat. ._.. 
Oil test 
Oil test 
Oil test 
Oil test 
Strat. ..,. 

L. Ordovician 
Precambrian 
Devonian 
L. Ordovician 
Precambrian 
Jurassic 

WAPET 1956 
WAPET 1958 Dry. 
A.F.O. 1957 Dry. 
WAPET 1959 Ninor oil shows. 
WAPET 1960 Ninor oil shows. 
WAPET . 1957 

Area in 
Square 
Miles 

Date of Expiry 
of Current 

Tenure 

133H Jackson Explorations .... ._.. 

134H 
135H 
136H 
142H 
147H 

148H 
151H 
152H 
153H 
156H 

158H 
159H 

157H 

Exoil Pty. Ltd. 

Eawkstone Oil Company Limited 
Hunt Oil Company; Placid Oil 

do. do. do. 
Hackathorn Oils Pty. Ltd. 

do. do. 
do. do. 

Hunt Oil Company; Placid Oil 

do. do. do. 
do. do. do. 

do. 
do. 

Company 

Company 
do. do. do. 

12,600 
14,200 
11,650 
13,050 
12,450 

16/8/63 
7/2/63 
7/2/63 
7/2/63 

ID/7/63 

178H 
179H 
189H 

19OH 
193H 
197H 
l99H 
203H 
209H 
21OH 
211H 

Australian Oil C&poration 
Byre Oil Exploration Syndicate 
Ealgoorlie Goldfields Petroleum 

Textralian Oil Pty. Ltd. 
Hawkstone Oil Company Limited 
Pilbara Exploration N.L. . 
Australian Oil Corporation 

N.L. 

do. do. 

do. do. 
do. do. 
do. do. 

... 
.L. 

196.0 
200 
195.9 
120 

113.4 
113.2 
112.5 
112.5 

27H 

28H 
29H 
SOH 

106H 
127H 

West Australian Petroleum Pty. 52,000 I 22/10/63 

do. do. do. 1 51,000 I 22/10/63 
do. do. do. 31,100 22/10/63 
do. do. do. 151,600 22/10/63 

.... 1 11,800 1 28/9/63 

Ltd. 

Westralian Oil Ltd. 
Oil Development N.L. :::: .... 13,800 28/3/63 

WELLS DRILLED FOR PETROLEUM EXPLORATION I N  WESTERN AUSTRALIA 
TO THE END OF 1962-continued. 

Canning Basin-co 
124" 24' 02' 
125' 47' 20' 

125' 49 02" 
(app.), 

(app.? 
12($pg& oo" 

125' 55 55" 

4,271 
3,264 

1,545 

1,008 

340 

809 

444 

4,000 
6,664 
9,828 
3,475 
5,429 
1,014 

18' 28' 16" 
18' 53' 06" 

18" 52' 27" 

18" 40 30" 

18" 40' 40" 

18" 41' 25" 

18" 40 55" 

180 09' 33'9" 
19" 31' 07.6" 
17' 43' 31" 
18' 22' 06" 
18' 21' 52" 
19" 51' 45.5" 

(am.) 

(am;) 

(am.) 

@PP.) 

(am;) 
(am.) 

(app.), 
125O 55 15" 

125' 54 05" 

122 27 27.8" 
121' 10' 50.8" 
124" 25' 09" 
1220 53' 22" 
1220 53' 09" 
1200 37' 58.5" 

@PP.\ 

(p\ 

Ord Basin. 
Okes Durack . .... 1 Oil test I 17" 16' (app.) I 128" 57' (app.) I 1,196 I L. Cambrian basalt O.D.E. I 

Abbreviations : 
Strat. = Stratigraphic Hole. L. = Lower. A.F.O. = Associated Fr 

Struct. = Structure Hole. M. = Middle. B.M.R. = Bureau of Mineral Resources. 
app. = Approximately. U. = Upper. F.E.0. = Freney Eimberley Oil Co. 

WAPET 
W.M. & 0. = Westralian &fining and Oil Corporation. 
O.D.E. = Okes Durack Kimberley Oil Co. 

= West Australian Petroleum Pty. Limited 

Exoil = Exoil Pty. Ltd. 

I_ 

Permits io Ex.plore-continued. THE SEARCH FOR OIL IN WESTERN 
AUSTRALIA IN 1962. 

by P. E. Playford. 
INTRODUCTION. 

The rate of oil exploration in Western Austra- 
lia increased considerably during 1962. This was 
not associated with any new oil discovery in this 
State, but it followed the Australia-wide trend to- 
wards increased exploration resulting from the 
Moonie discovery 

During the yea oil-test and eight strati- 
graphic wells we1 pleted, and a further oil- 
test and a stratigraphic well were still drilling a t  
the end of the year. All were put down by West 
Australian Petroleum Pty. Ltd. (Wapet) in the 
Perth, Carnarvon, and Canning Basins. 

Geophysical operations totalling some 37 party- 
months of seismic work, 15 party-months of gravity 
work and 18 months of aeromagnetic work, were 
conducted in the Perth, Carnarvon, Canning, Bona- 
parte Gulf, and Officer Basins. Surface geological 
mapping was undertaken by Wapet in the Perth 
Basin, and by the Geological Survey of Western 
Australia in the Perth and Canning Basins. 

OIL HOLDINGS. 
The positions of Permits to Explore and Licenses 

?o Prospect current in Western Australia at the end 
of 1962 are show on the accompanying map (Plate 
XXII). Details regarding each permit and license 
are shown on the following table: 

OIL HOLDINGS I N  WESTERN ALIA 
ON DECEMBER 31st, 1 

Permits to Explore. 
I 

No. 1 Name of Holder 

I 197.9 1 7/5/63 West Australian Petroleum Pty. 
Ltd. 

54H 

55x 
56H 
57H 
58H 

59H 
60H 
61H 
62H 

Area in Date of Expiry 
Name of Holder of Current 1 'I%$% 1 Tenure 

~~ 

do. 
do. 

Westralian 
Associated 

do. 
do. 
do. 
do. 

do. 
do. 

Oil Ltd. 
Freney Oil 

do. 
do. 
do. 
do. 

do. 
do. 

Fieids N 

do. 

do. 
do. 

do. 

14/7/63 
22/2/63 
29/9/63 

27/10/62 
Application for 
Renewal still 
under con- 
sideration 

do. 
do. 
do. 
do. 
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do. do. do. 
do. do. do. 

do. 
do. 
do. 
do. 

Hawkstone Oil Go 
\Vest. Australian Petroleum Pty. 

iss . i 
103.1 
187.4 
187.0 
188.9 
189.0 
189 
192 

Licenses to Prospect-continued. Hill River No. 2: 
Type: Stratigraphic. 
Latitude and Longitude: 30" 11' S., 115' 14' E. 
Elevation: Ground=62O feet, Kelly bush- 

Date completed: May 24th, 
Total depth: 1,620 feet. 
Bottomed in: Lower Jurassic. 

Hill River No. 3. 
Type: Stratigraphic. 
Latitude and Longitude: 30' 00' 32" S., 

Elevation: Ground=408 feet, Kelly bush- 

Date Commenced: August 12th, 1962. 
Date Completed: August 27th, 1962. 
Total depth: 865 feet. 
Bottomed in: Upper Triassic. 

115' 11' 13" E. 

ing=413 feet. 

Hill River No. 4: 

Latitude and Longitude: 30' 23' 24" S., 
115' 13' 49" E. 

__ 

NO. 
Date of Expiry 

of Current 
Tenure 

Area in 
Name of Holder Square 

West- Australian Petroleum Pty. I 117.7 63H 

66H 
67H 
68H 
69H 
70H 
71H 
72H 
73H 
74H 
75H 
76H 
77H 
78H 
79H 
SOH 
81H 
82H 
83H 
84H 
85H 
86H 
87H 
88H 
S9H 

SOH 
9lH 
92H 
93H 
94H 
95H 
96H 
97H 
98H 
99H 

100H 
lOlH 
102H 

29/9/63 

18/1/63 
20/4/63 
17/5/63 
17/5/63 
17/5/63 
17/5/63 
17/5/63 
17/5/63 
17/5/63 
17/5/63 
17/5/63 
17/5/63 
17/5/63 
17/5/63 
17/5/63 
17/5/63 
17/5/63 
17/5/63 
17/5/63 
17/5/63 
17/5/63 
5/1/63 

28/2/63 
27/2/63 

27/2/63 
27/2/63 
27/2/63 
27/2/63 
27/2/63 
12/6/63 
15/3/64 
26/7/64 
26/7/64 
4/12/64 
4/12/64 

17/12/64 
13/1/65 

LtU. 
do. do. do. 200 

199.4 
195.1 
175.1 

do. do. 
do. do. 
do. do. do. 
do. do. do. 192.8 
do. do. do. 187.1 
do. do. do. I 194.7 

is8.7 
186.0 
190.8 
192.9 
196.2 
189.7 

do. 
do. 
do. 
do. 
do. 
do. 

do. do. 
do. do. 
do. do. do. 193. R 

&tu. 
do. do. do. 
do. do. do. 
do. do. do. 
do. do. do. 
do. do. do. 
do. do. do. 
do. do. do. 
do. do. do. 
do. do. do. 
do. do. do. 
do. do. do. 
do. do. do. 
do. do. do. 

160.5 
133.8 
180.1 
195.4 
186.5 
200 
100 
196 
200 
190.5 
200 
193.6 
196 

Elevation: Ground=305 feet, Kelly bush- 
ing=309 feet. 

Date commenced: 19th June, 1962. 
Date completed: 30th June, 1962. 
Total depth: 1,010 feet. 
Bottomed in: Upper Triassic. 

rks: Four additional shallow holes were 
rilled in the vicinity of Hill River No. 

to obtain structural information. They 
re- 

point AD-102 to 500 feet, bottoming in 
Lower Jurassic; 

Hill River No. 4/2, drilled at shot-point 
AD-104 to 510 feet, bottoming in 
Upper Triassic; 

Hill River No. 4/3, drilled at  shot-point 
V-106 to  510 feet, bottoming in Upper 
Triassic; and 

Hill River 4/4, drilled to 510 feet at shot- 
point &-89, bottoming in Upper Tri- 
assic. 

Abbnrwurdoo No. 1: 
Type: Stratigraphic. 

DRILLING. 
Permit to Explore 27H. 

Permit to  Explore 2?H is held by West Australian 
Petroleum Pty. Ltd., and covers the Perth Basin. 
The company completed one oil-test well (Jurien 
No. 1) and five stratigraphic holes (Hill River Nos. 
1-4, and Abbarwardoo No ) in the permit area 
during 1962, and a furth test well (Woolmulia 
No. 1) and a stratigraphic hole (Eganu No. 1) 
were still being drilled at the end of I 
tails of each are as follows:- 

Jurien No. 1: 
Type: Oil-test. 
License to Prosaect: 98H. 
Latitude and Longitude: 30" 8' 40" S., 

115" 2' 54" E. Latitude and Longitude: 28' 35' 10" S., 

Elevation: Ground=720 feet, Kelly bush- 
115' 03' 35" E. 

ing=725 feet. 

Elevation: Ground = 30 feet, derrick Boor 

Date commenced: July 9th, 1962. 
Date completed: August 2Sth, 1962. 
Total depth: 3,366 feet. 
Bothmed in: Precambrian gneiss. 

= 39 feet. 

emarks: Minor showing of gas and traces of 
fluorescence present in the Lower Triassic 
sequence. 

115" 11' 28" E. 
Elevation: Ground = 382 feet, derrick floor 

= 394 feet. 
Date commenced: November 3rd, 1962. Drill- 

ing ahead on December 31st, 1962, at 
5,400 feet. 

Remarks: Minor sho gs of oil and gas re- 
corded in the Lower Cretace 

Hill River No.  1: 

Rate commenced: December 12th, 1962. 
Date completed: December 22nd, 1962. 
Total depth: 2,000 feet. 
Bottomed in: Lower Permian. 

Eganu No. I: 
Type: Stratigraphic. 
Latitude and Longitude: 29' 59' 05" S., 

115" 49' 35" E. 
Elevation: Ground=772 feet, Kelly bush- 

ing=7?7 feet. 
Date commenced: December 30th, 1962. Pre- 

paring to drill ahead at 67 feet on Decem- 
ber 31st, 1962. 

Permit to Explore 26H. 
Permit tq Explore 2SH is held by West Australian 

Petroleum Pty. Ltd., and covers the Carnarvon 
Basin. Three stratigraphic holes (Wandagee Nos. 
1, 2, and 3) were drilled in this permit area during 
1962. Details of each are as follows:- 

Type: Stratigraphi 
3' 15" S., Latitude and Lo 

114' 23' 51" E. 
Elevation: Ground=225 feet, derrick floor=234 

feet. 

Type: Stratigraphic. 
Latitude and Longitude: 30" 16' S., 115'18' E. 
Elevation: Grou&=363 feet. Kellv bush- 

ing=368 feet. 
Date commenced: Aprii Znd, 1962. 
Date completed: April 25th, 1962. 
Total depth: 1,900 feet. 
Bottomed in: Lower Jurassic. 
Remarks: Thin coal seams present 

Jurassic sequence. 
the lower in 
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Date commenced: 25th April, 1962. 
Date completed: 17th 
Total depth: 3,521 fee 
Bottomed in: Lower Silurian. 
Remarks: Completed as This 

well was put down on earlier 
Wandagee corehole N drilled 
to a depth of 721 feet from 6th January 
1962 to 14th January, 1962, bottoming in 
Upper Devonian strata. 

Wandagee No. 2: 
Type: Stratigraphic. 
Latitude and Longitude: 23’ 53‘ 13” S., 

114’ 31’ 38” E. 
Elevation: Ground=338 feet. k 
Date commenced: 16th January, 1962. 
Date completed: 25th January, 1962. 
Total depth: 1,013 feet. 
Bottomed in: Lower Permian. 

Type: Stratigraphic. 
Wandagee No. 3: 

Latitude and Longitude: 23’ 49’ 43“ S., 
114’ 20’ 03” E. 

Elevation: Ground = 183 feet. 
Date commenced: 30t 
Date completed: 2nd February, 1962. 
Total depth: 730 feet. 
Bottomed in: Pre-Cretaceous rocks. 

Permit to  Explore 30H.  
Permit to explore 30H is held by West Aus- 

tralian Petroleum Pty. Ltd., and covers the Can- 
ning Basin. Three oil-test wells (Babrongan No. 
1, Langoora No. 1, and Hawkstone Peak No. 1) 
were drilled in this Permit area during 1962. De- 
tails of each are as follows:- 

Babro~~gan No. 1: 
Type: Oil-test. 
License to Prospect: 96H. 
Latitude and Longitude: 18” 23’ 23” S., 

123” 35’ 37” E. 
Elevation: Ground = 350 feet, derrick floor 

Date commenced: 29th May, 1962. 
Date completed: 6th August, 1962. 
Total depth: 6,395 feet. 
Bottomed in: Upper Devonian. 
Remarks: No signs of oil or gas were en- 

countered. The well was abandoned be- 
cause of stuck drill-pipe, following the 
collapse of the mast. 

= 360 feet. 

Langoora No. 1: 
Type: Oil-test. 
Latitude and Longitude: 17” 18’ 7” S., 124” 

6‘ 48” E. 
Elevation: Ground = 69 feet, derrick floor 

Date commenced: 25th August, 1962. 
Date completed: 6th October, 1962. 
Total depth: 5,279 feet. 
Bottomed in: Precambrian schist. 
Remarks: No significant signs of oil or gas 

= 80 feet. 

were encountered. 
Hawkstone Peak No. 1: 

Type: Oil-test. 
License to Prospect: 101H. 
Latitude and Longitude: 17” 14’ 45“ S., 

124” 24’ 26” E. 
Elevation: Ground = 161 feet, derrick floor 

Date commenced: 17th October, 1962. 
Date completed: 2nd December, 1962. 
Total depth: 3,s 
Bottomed in: P rian quartzit 
Remarks: No signs of oil or gas en- 

= 170 feet. 

countered. 
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GEOPHYSICAL OPERATIONS. 
Seismic. 

During the year seismic operations were con- 
ducted in the Perth, Carnarvon, Canning, Bona- 
parte Gulf, and Officer Basins. 

West Australian Petroleum Pty. Ltd. carried out 
operations totalling some 13 party-months in the 
Perth Basin (Permit 27H), 6: party-months in the 
Carnarvon Basin (Permit 28H), and seven party- 
months in the Canning Basin (Permit 30H). 

Associated F’reney Oil Fields N.L., conducted a 
seismic survey of The Sisters Licenses to Pros- 
pect (61-62H) in the Canning Basin, which occu- 
pied about two weeks. 

In the Bonaparte Gulf Basin (Permit 127H), Oil 
Development N.L., conducted some two 
months of seismic work. 

the Officer Basin extending from the South Aus- 
tralian part into Western Australia (Permit 135H), 

e party-month being spent in this State. 
reau of Mineral Resources continued a 

‘smic survey, commenced in 1961, be- 
weather station and Carnegie home- 
e south-eastern part of the Canning 
s work occupied approximately two 

party-months. A contract seismic crew engaged 
by the Bureau carried out a seismic survey of 
Poole Range Anticline, in the Canning Basin, 
a period of nearly five months. 

Exoil Pty. Ltd., ran a regional seismic line 

Gravitg. 
Gravity surveys were carried out during the year 

in the Perth, Carnarvon, and Canning Basins. 
Wapet conducted surveys amounting to some four 
Party-months in the northern Perth Basin (Permit 
27H), and some six party-months in the northern 
Canning Basin (Permit 30H). A brief reconnais- 
sance gravity survey was also carried out by this 
company on Barrow Island (Part of Permit 29H), 
in the Carnarvon Basin. 

The Hawkstone Oil Co. Ltd., and Oil Develop- 
ment N.L., conducted gravity surveys, each amount- 
ing to about one party-month, on Permits 142H 
and 106H, respectively near the northern margin 
of the Canning Basin. 

A regional gravity survey of the south-eastern 
part of the Canning Basin was carried out by the 
Bureau of Mineral Resources, a total area of some 
55,000 square miles being covered. Helicopters 
were utilized in this work, which occupied about 
three months. Additional gravity readings were 
made along the Bureau of Mineral Resources’ seis- 
mic line between Giles and Carnegie. 

Aeromagnetic. 
The only aeromagnetic wor 

Australia during 1962 was in 
where Wapet conducted a su 
vious aeromagnetic coverage to include about 
160,000 square miles of the southern and eastern 
Parts of the basin. This work occupied some 13 
months, and was incomplete a t  the end of the year. 

GEOLOGICAL OPERATIONS. 
Geological field investigations Played only a 

small part in the exploration programmes of the 
various companies searching for oil in Western 
Australia. Wapet employed two geologists for two 
weeks in field work in the Hill River area of the 
Perth Basin, and other companies carried out even 
briefer field studies. Most geological activity was 
concerned with the eo1 previously gathered 
information with the f exploratory wells 
and geophysical inves 

The Geological Survey of Western Australia con- 
ducted field studies, which 
amounting to three months 
the Devonian reef complexes 
and two months for one geologist in regional map- 
ping of the southern part of the Basin. 
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y R. C .  Horuritx. 
Based on field work by W. Bock and the author 

early in 1962, the following conclusions on facies 
equivalence are presented. 

I n  the Archaean rocks of the Nickol River area, 
north-west of Roebourne, coarse clastic rocks rest 

basic volcanic rocks. A 
s the volcanic rocks is trun- 

cated at  this contact. This break in sedimenta- 
sist along strike as the clastic 

cks pass laterally into an unbroken 
spilites and calcareous sediments. 

the strike, the jaspilites and cal- 
change facies to a sequence of 

es with rare jaspilites. All these 
by basic volcanic ch 

together with the volcanic rocks a n- 
tioned, elsewhere form an apparently unbroken 
sequence consisting mainly of pillow lavas. 

It is thus concluded that, in this region, in a 

Ryan, G. R., and Kriewaldt, AIL., 1963, Archaean 
Stratigraphy in the Roebourne area, West 

37) gave a summary of his 
s in the area (1932, 1933). He 

first recognised the presence of Nullagine-type 
rocks in the Warburton Ranges and suggested 
that :-“pending further investigations, the basal 
rocks of the Nullagine series in this area should be 
regarded as being the little altered sediments im- 
mediately underlying the Warburton Range Por- 

a t  some, at  least, of the green- 
altered sediments beneath the 

d be referred to the older Pre- 
older Pre-Cambrian here refer- 

After a reconnaissance trip to the area, Sofoulis 
red to the Kalgoorlie greenstones). 

three provinces. Because of a misinterpretation in 

in the Warburton Ranges. 

Some of the conclusions reached in every one of 
the papers cited are considered correct and these 
are summarized below:- 

(1) The Archaean (rocks broadly equivalent 
to the Kalgoorlie greenstones) is not repre- 
sented in the Warburton Range. as SUE- 
gested by Wilson, Compton and Jeffery 
(19611, and by Sofoulis (1962). 

(2) The break in sedimentation established by 
Talbot and Clarke (1917) is considered 
valid: as noted by these authors, the base 
of the Townsend Range “Series” contains 
abundant reworked element 
igneous rocks. 

(3) The lower part of the Townsend Range 
“Series” (The Ainslie Volcanics of Sofoulis, 
1962) is composed of basic volcanics, con- 
glomerates, quartzites, and calcareous beds, 
which show copper mineralization. They 
1 with a characteristic acid 
i hich is widespread in the 
“Archaean” of South Australian geologists. 
All the facies and characteristics of the 
lower part of the Townsend Range “Series” 
thus apply to the Willowran Series (basal 
unit of the Adelaide System, Mawson, 
1927; Sprigg, 1949). 

(4) The upper part of the Townsend Range 
“Series” (Townsend Quartzite of Sofoulis, 

as alre 
Clarke. 
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pier 1:250,000 Sheets in the West Pilbara Goldfie!d, 
although not complete, has disclosed a definite 
succession in the Archaean rocks of th 

oadly, ignoring for the moment 
s changes, the succession from top to bottom 

consists of five main units, as follo 

5) Banded iron, chert, and shale; 
purple and green clastic rocks 
staining. 

4) Basic volcanic r 
3) Chert and calcareous sediments; prase, 

fuchsite. Arenaceous sediments. 
(2) Amphibolites, ultrabasic rocks, acid lavas; 

severely metasomatised. 
) Gneiss, granite. 

Granite has been seen 
unit. 
rocks are folded into a series of generally 

nticlines and tight synclines, with gneiss 
in the cores of anticlines and the uppermost beds 
restricted in outcrop to the axes of the synclines. 
Foliation in the gneiss is in most cases parallel 

above the gneiss have been 
severely metasomatised, with the production of a 
wide range of hybrid rocks ranging from- ultrabasic 
to gabbroic and granitic in composition. Sporadic 
copper mineralization is found in this zone, and de- 
posits of corundum, stos, and titaniferous 

wer unit (2) includes calcareous rocks, 
is a gradation to  the overlying unit (3) 

where calcareous and arenaceous seairnents are 
now represented by amphibole schist and quartz- 
mica-schist. Above these rocks, banded chert and 
thin siltstone beds aye interbedded with calcareous 
sediments; prase, fuchsite, and nickeliferous dolo- 
mite are developed locally. This horizon has been 
used with some success as a marker. Copper and 
gold mineralisation is also in this succession. 

Tough blue volcanic roc d pillow lavas (4) 
overlie the chert horizon are also present 
lower in the Archaean succession. Near the mouth 
of the Nickol River, chert and calcareous sediments 
pass laterally to volcanic rocks; arkose, conglo- 
merate, and felspathic sandstone are found over- 
lying a local disconformity (Horwitz, 1963). South 
of Roebourne the volcanic rocks, chert, and cal- 
careous sediments (3 & 4) are represented by a 
very thick succession of red and green clastic rocks, 
massive chert beds, and volcanic rocks in which 
turbidites have been recognised. 

A distinct change in environme icated by 
the beds of the uppermost unit (51, which consists 
of banded jaspilite, hematite, and chert with 
interlaminated shale, some thicker beds of red shale 
and siltstone, and sporadic manganese staining. 
This unit is well defined and consistent, and repre- 
sents a marked change from the instability which 
prevailed during deposition of the lower units. 
Nowhere has g been seen to 

e are known. 

clinal domes to manganiferous iron beds in the 
synclinal troughs provides a reliable facing 
throughout the area. This has greatly facilitated 

orwitz, R. C., 
Archaean of oebourne Area, West 
Pilbara Goldfield: West. Australia Mines 
Dept. Ann. Rept. 1962. 

INTRODUCTION. 

an assemblage of surface limestone and opaline 
silica deposits that  are generally associated with 
fine gravel beds of riverine origin. These forma- 
tions occus in broad fossil valleys that still serve 

ysical characteristics 

in most trunk valleys 
s in the North-West 

Those in the Oak- 
over valley are referred to  by Maitland (1904) and 

others (1956) as the Oakover Beds. 
ts from this and other drainage 

systems of the North-West Division are described 
by Noldart and Wyatt (1963) and by de la Hunty 
(1960) as the Oakover Formation. Talbot (1920 
and 19261 has referred to further deposits in the 

stem as the Brumby Creek 

calcrete formations 
also occur throughout the Murehison District. 
Those of the Wiluna-Meekatharra area are 
described by C.S.I.R.O. Land Research Division as 

nd Mileura Land Systems (Mabbutt 
in press). The major occurrences 
iluna and at  Lorna Glen have pre- 

viouslv been referred to by Brookfield (in press), 
Chapman (1962), Morgan (1962), de la Hunty 
(1959), and by Ellis (1953). 

Many deposits 1 orded i er 
parts of the State as kunkar, travertine, tufa, creek 
limestone, caliche, etc., are believed to be calcrete 
deposits. Traves and others (1956) consider that 
the Oakover Beds of the Pilbara area closely re- 

the Central Ab rve (Sofoulis, 196 
and 1962b). 

in the South-West and Eucla Land Divisions. A 
dissected remnant is recorded near Boorabbin 
(Sofoulis and Bock, 1962) but in general the trunk 
valleys in the southern part of the State are cut 
to basement or else they contain kunkarised earths. 
The kunkarised earths are believed to be unrelated 
to the calcrete deposits and rest directly on 

without detrital fill. 
rea in which calcrete deposits 

are known to  occur are shown on the accompanying 
sketch map (figur 

Formations of this nature appe 

of limestones that contain thin detrital bands and 
cellular opaline silica layers. These form sequences 
that range from several feet to 100 
are usually of the order of 15 feet t 

consolidated al- 
though some sect silica and iron 
oxide indurations. S ts or bands of 
cellular opaline silica up to  10 feet or more thick 
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particularly in the larger drainage systems or in 
areas above stream constrictions or below con- 
fluent valleys. Smaller limestone developments 
usually appear as discontinuous valley trains sep- 
arated by alluvium. Others occur as isolated 

d of calcrete 

limestones a t  valley floor level where they amear 
as low limestone platforms, or kunkarised mounds, 
separated by a network of narrow &llwi@ted chtm- 
nels (See figure 10 re usually flanked 
or overlapped by ext its of alluvium and 
fine outwash or are d by aeolian sands. 

rete deposits are 
their extensians 

that drained 
or salt Iake 

Various authors have suggested that the lime- 
stone and opaline silica layers represent primary 

pether with broa 
or a t  confluent 

past period of higher rainfall. 
Correlation between discontinuous outcrops in 

one or separate drainage systems is difficult as no 
fossils have been found. (These were probably in- 
hibited by the concentration of salts.) However, 
it is assumed that the calcrete deposits are more 
or less contemporaneous and that their formation 
was governed by the same widespread climatic 
conditions. Since the te deposits ar 
underlain by a ferru 
lateritic gravel bands, formation is 
to date back to  the pei4od of lateritisation 
(Tertiary). 

HYDROLOGICAL SIGNIFICANCE. 
The calcrete deposits constitute important aqui- 

of providing a high density 
watering points and are capable of yielding 

ground water of quantity and quality suitable for 
le f o r  domestic, irriga- 

The distinctive photo pattern (see figure 10) and 
pattern consistency o areas could provide 
a rapid means of asse as of possible aquifer 
potentid. Theiy del could also assist in 
planning permanent watering points for  pastoral 

assist in the strategic selection 
points in remote regio 

ious factors influe 
fulness of cakrete deposits- in the Wiluna and 
Ldiaa Glen weas have been studled in detail by 
Chapman (1962) and by Brookfield (in press). 

These studies have included such aspects &% 
porosity, permeability, sto 
run off, recharge, yield, 
resultant findings should be appli 
deposits of other parts of the St 
of regional significance are discussert below. 

In addition to other factors, the aquifer poten- 
tial of a calcrete deposit is influeneed by its areal 

ment rocks with high effective poi*osity. 

ble in calcrete f o r m -  
0 feet and 60 feet be- 
can be as shallow a$ 

5 feet or as deep as 100 feet or more. Low pres- 
sure waters, where present, are generally restricted 
to deeper aquifers. In some instances stream dis- 
section or karstic phenomena may extend to water 
table level to provide a permanent spring, soak, or 
natural well. Ce.g. Millstream Homestead, We& 
WoIli Spring, Wort Native Well.) 
Quality and Yield. 

The waters currently supplied from calcrete de- 
posits are generally of good quality and excellent 
for stock purposes. Higher salinities are often 
associated with formations of lower effective poro - 
sity. In these areas the quality may show improve- 
ment towards the outer margins of the calcrete 
deposit particularly where these are flanked by 
extensive areas of alluvium or outwash. Highly 
saline sectors are generally restricted to the lower 
parts of valleys or  to lower drainage reaches that 
are in close proximity to salt lakes. At  Cue, 
Wiluna and Lorna Glen some calcrete aquifers 
yield good quality waters in amounts sufficient for 
irrigation and town supply use. 

From a tabulation by Brookfield (in press), 
'74 per cent. of the watering points in calcrete 
formations of the Wiluna-Meekatharra area have 
salinities of less than 250 grains of sodium chloride 
Per gallon. The tabulation also shows that 58 out 
of 124 watering points have yields greater than 
4,000 gallons per day and that, of these, five have 
yields greater than 5,000 gallons per hour. In 
such pastoral areas, it is considered that the cur- 
rent supplies are mainly governed by equipment, 
used and reflect demand rather than potential. 

water available from calcrete deposits in other 
areas can be expected to show considerable fluctua- 
tions. It is also likely that some large untested 
deposits may be capable of providing good quality 
waters in amounts sufficient for restricted irriga,- 
tion and town supply use. 

From these data, the 
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RE 

z3g J .  If. Lmd.  

LOCALITY. 
The Pinnacles leases are situated in the Murchi- 

respectively. The d 
408. miles respective1 

HISTORY. 
Gold was discovered at 

ining Lease 676D) 
Hill and the first leas 

y the Black Range Pinnacles Co. N.L. from the 
riginal owners Messrs. Phillips and Campbell. 

pany erected a small treatment plant, 
which operated until 1918. Over 90 per cent of 
the ore produced from the Comet lease w2s treated 
during this period. 

As the only production, since that period, emne 
from stripping the existing workings and from o!d 
dumps, the grade has been low. 

The Eclipse lease, originally owned by Messcs, 
Harrison and Kelly, was investigated in 
the Great Fingall Company, who apparent1 
don& it. During the 1930s, a Mr. H. L. 
formerly of Bewick Moreing & Co. and the Great 
Fingall Company, operated the Eclipse, and an  un- 
successful attempt was made to fo 
pany. Since World War I1 the 
has been low grade material from 
have been treated a t  the State b 
the leaseholder. 

The other leases on the line 
have been worked only on a small scale by pcm- 
pectors. 

In  1958, New Consolidated Gold Fields (Austra- 
lia) Pty. Ltd., obtained an option over the area 
and put down five diamond drill holes (numbered 
1 to 5 on Plates XXIII and XXIV). The three 
holes on the Comet leases (G.M.L. 676 and 670) 
showed interesting values, while the two 
on the Eclipse Iease (G.M.L. 664) were disap 

No. 6 to intersect the lode on the Comet leases a.t 

pound-for-pound basis to carry out further 

ined the results of each programme. 

PRODUCTION. 
The Department of Mines' records show ttmt 

prior to 1950, the Pinnacles group of leases now 
under consideration had produced 11,967 tom of 
ore for 5,715 fine ounces of gold (9.5 dwt Der 
ton). About 85 per cent. of this production O F -  
curred between 1913 and 1918 and it is doubtful 
whether all of the gold won from the tailings t-ras 
been included in  these figures. 

The production from the Comet Lease (G.:cC'L, 

913-1918 . . 
1932-1935 1.057 

Total .... I 10,282 1 4,068.1 1 8.0 

The ore treated during the period 1932-1935 wFi5 
obtained from old dumps and by stripping old 
workings. Some similar material has been treC%te;l 
in recent years, an 
underground. 

664D) according to 
follows : 

The production from 

Years 1 Tonnage 1 Grade I Gracio 
I I I 

c 



MINE WORKINGS. 
The most extensive underground x-orkings, on the 

Comet lease, were done by the original Black Range 
INiaUig Co. The company sank a three-compart- 
meat inclined (45 degrees) shaft to a depth of 230 
ieet (vertical depth 160 feet), drove on the lode for 
nearly 800 feet, and some stoping was done. 

On the Eclipse lease the chief workings are two 
inclined shafts 160 degrees), connected on the 
71 foot level, and stoped above. 

The line of lode can be traced for the full length 
of the leases and has been prospected at numerous 
points with small shafts, costeans and potholes. 

GEOLOGY. 
The regional geology of this area has been 

described fully by F. R. Feldtman in Bulletin 80, 
of the Geological Survey of Western Australia. A 
regional map and report of the Cue district by 
J. e. McMath appear in the Annual Report of the 
Geological Survey for 1950. 

The leases are situated on an  island or roof 
pendant of the Archaean greenstone series, sur- 
jounded by granite and granite-gneiss. The gold 
mneralization occurs along lines of weakness or 
shezr lines, There are two major lines-the Comet 
and the Pinnacle. The former occurs within the 
area being considered (See Plates XXIII and 
xzxnv. 

The “greenstones” consist of basic lavas and 
dolerites, which have been subjected to low grade 
regional metamorphism producing hornblende and 
tnlerrte schists. Some massive epidiorites occur. 

The country rock, for the sake of logging, has 
been termed “hornblende schist.” The degree of 
alteration is variable and produces a rock which 
varies from quartz-actinolite schist to a chlorite- 
t a k  schist. The latter occurs on the hanging wall 
of the lode formation. 

The Cornet line can be traced for 2$  miles and 
gold has been produced along the northern half. 
The general strike of this Comet lode formation 
js M. 30” E. and it dips a t  40 to 60 degrees east a t  
the northern end, steepening to 60 to 80 degrees 
cast in the centi-e and southwards. On the Comet 
?ease the Iode iorlr,ation is up to 20 
with si, footwall and hanging mall 1 
Ing mas done on the footwall lode, 

ease (G.M.L. 670D) to the north, the 
all lode is said to have been worked, 
doubtful. These lodes were supposed to 

vary in width u p  to 5 feet. being separated by a 
varying thickness of formation, consisting mainly 
of hornblende schist. 

The drilling has been concentrated near the 
Comet mine (leases 676 and 670) and that 
&e zone of shearing. which is silicified iner- 
alised in places, varies in width up to ab feet. 
Within this zone there are sections of unaltered 
hornblende schist. The gold mineralisation, shown 
on the core assays, occuss in the si1 
shearing, mainly near the footwall. 

Although the Eclipse mine is on th 
lhie of Iade formation about 50 chains to the south, 
rhei-e is no record of the existence of the hanging 
wall lode. The lode formation is said to be 12  feet 
wiiPe. 

The lode formation is oxidised to nearly 100 feet 
at the Comet mine but only to 71 feet a t  the 
Eclipse. The ore shoots, according to Feldtman, 
are errat.ic but at the Comet mine they appear to 
pitch a t  about 55 degrees to the north-east. FYom 

results the pitch appears to be much 
e ore shoots do not appear to be asso- 

dated with any well-defined structural control 
along the shear line. They mag be related to 
changes in dip of the lode formation. 

near the Eclipse Mine on lease 664. The position 
of the drill holes are shown on Plates =SI and 
XXIV. 

The detailea log of each hole, together with the 
full assay results of samples submitted to the Mal- 
goorlie School of Mines are on file a t  the Ge 
gical Survey. The summarized results of each hole 
are shown in the accompanying table. 

It is interesting to note that the lode formation, 
with gold values, was encountered in all holes; 
however, the grade in many was low. 

The earlier drilling (holes Nos. 1, 2 and 3)  had 
shown that reasonable gold values occusred over 
a length of 900 feet a t  a vertical depth of about 
250 feet. The continuation of these values to the 
north was tested with drill holes No. 7 and 3,  
which showed that, although mineralisation con- 
tinued, values over a workable width were between 
only 2 and 3 pennyweights per ton. 

Testing to the south showed values in drill hole 
No. 9 of 10.1 dwt./ton over 68 inches but further 
south in holes NO. 11 and 14 the grade €ell to 
2 to 3 dwt./ton. 

Three holes, Nos. 10, 11 and 13, were drilled to 
test the lode a t  a vertical depth of 500 to 600 feet. 
One hole, No. 10, showed two sections of goo12 
values, namely, 13.4 dwt./ton over 45 inches 2nd 
7.8 dwt./ton over 28 inches, but the remaining two 
holes Nos. 12 and 13 showed only low values. Mole 
No. 6, drilled by another syndicate to this depth, 
failed also to locate values of interest. It m u l d  
appear that the possibility of workable values oc- 
curring a t  this depth are remote. 

Role No. 16 was drilled on the Eclipse Lease 664 
but, as in earlier holes Nos. 4 and 5, it showed only 
low values. 

ORE POTENTIAL. 

Accurate ore reserves can not be assesseLi on 
this drilling programme, but some idea of the ore 
reserve potential can be gained. 

Five holes have intersected values a t  si, vertical 
depth of 200 to 250 feet which, when considered, 
represent a possible ore body. They are:- 

inches dwts./long ton 
D.D.H. No. 3 60 11.0 
D.D.H. No. 1 90 13.0 
D.D.H. No. 15 42 3.1 

48 6.7 D.D.H. No. 2 
68 10.1 D.D.H. No. 9 

This is Over a length of 800 feet and it is fair 
to assume that  the ore body may extend beyond 
the holes at either end and result in a n  approxi- 
mate length of 1,000 feet. It would indicate an 
ore potential of 620 tons pes vertical foot averaging 
9.9 dwt./long ton at this depth. This probably ex- 
tends upwards to the old workings but apparently 
decreases with depth because, at a vertical depth 
of 550 to 600 feet, only one hole out of four inter- 
sected values. It is unknown whether this i 
a barren horizon with values improving with 

TREATMENT. 

CONCLUSION. 
grammes were not entirely suc- 

cessful. They show an ore body a t  a vertical depth 
of 250 feet in the Comet leases of 620 tons per 
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t averaging 9.9 penngw 
, apparently, decreases in value with 

depth as only one hole located values at a vertical 
depth of 600 feet. 

The values on the Eclipse lease were poor. 
A considerable tonnage of ore may exist about 

the 500 feet vertical level, which should be teste& 
further by underground development. 

BUMMARISED DRILLING RESULTS A T  PINNACLES, NEAR C m ,  WESTERN AUSTRALLA. 
- 

Bole 
So. 

I 
Assays of Interest 

- ~ _ _  Angle of 
Depression 
(degecs) 

Total 
Depth 
(feet) 

Position Gearing 

From 1 To 

1 

2 

:3 

4 

3 

6 

1 

S 

1, 

10 

I1  

12 

13 

14 

1.5 

10 

200 feet on beai<ng 290' 40' from 
N.E. corner G.Z.L. 676D 

378 feet on beafina 244" h m  

500 

50- 

500 

50- 

50' 

Vertical 

Tertiral 

Vertical 

VPI tieat 

Vertical 

Tertical 

T'ertical 

Vertic:ll 

\*rrtirnl 

\'ortical 

Veitieal 

3i5 

375 

397 

350 

320 

648 

283 

255 

251 

625 

226 

642 

701 

271 

247 

260 

- 

6.80 
17.60 
4.1Q 
9.20 
11.62 
10.2s  

1.17 

0.21 

1 .79  
3.SI 
1.34 
1.06 
2.74 
3.64 
1.12 
3.0s 
7.P2 
0.50 

18.20 
13.44 
0-28 
0.28 
1.12 
1 . I $  
2.60 
3.14 
1.90 
0.8e 
2.13 
3.70 
0.50 
1.12 
1.34 

1.29 
3 .92  
3.0s 

2 . 1 s  

r n 

x. 590 1.' 

N. 550 \T. 

N. 580 IT. 

N. 51" 73. 

N. 51" TT. 

? 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

...I 

321 
332 
3141 
316s 
3064 
369 
291: 

297 

24s 
250 
252 
254 
239 
241 
243 
187 
191 
1941 
196 
514 
54s 
551 
555 
558 
175 
180 
1531 
lSO& 
196 
201 
5841 
590 
010: 

211 
215 
207 

215 

36 
54 
24 
24 
30 
30 

36 

24 
24 
24 
24 
24" 
24 
24 
48 
42 
18 
36 
4 s  
36 
45 
36 
SO 
24 
42 
36 
42 
60 
36 
66 
66 
24 

1s 
4s  
60 

60 

I 

336b 

318% 

250 
2 52 
254 
256 
211 
243 
243 
191 

106 
190 
54s 
551 
555 
56s 
5604 
1S0 
1834 1 
186) 
190 
201 
204 

612: 

' 

IS+$ 

215 

212 

220 

208 feet on bearing GPOo from 
N.E. corner G.Dl.L. 67GD 

730 feet on bearing 355' from 
S.E. corner of G.8f.L- 670D 

985 feet on bearing 006' from 
S.E. corner G.X.L. 070D 

602 feet on bearing 254' from 
N.E. corner @,8f.L. 616D 

I 

S5 feet on bearing 254' from 
N.E. Corner of G X & .  67613 

350 feet on bearing 2-15' 15' from 
N.E. corner G.5i.L. 676D 

320 feet on bearing 213' 30' from 

576 feet on bearine 031" from 
corner G.3f.L. 6761) 

}W.  2 . 5  dwts./ton 

ts are quite distinct from those related to the 
Archaean jaspilites in the northern part of the: 
Pilbara Goldfield, e.%, Mt. Goldsworthy. The 
term Hamersley Iron Province is accordingly intm- 
duced to cover the deposits associated with the 
Proterozoic sediments of the Harnersley and 
Ophthalmia Ranges. The deposits in the Archaean 
Jaspilites are referred to as the "North Pilbara 
Iron Province." 

by W .  N. MncLeod, L. E.  de kt H u n t y ,  W .  R. Jones 
and R. Halligan. 

INTRODUCTION. 
A regional investigation of the newly discovered 

iron ore deposits of the Hamersley and Ophthal- 
ced by the Geological 

field team comprised 

n of W. N. MacLeod, 

11,000 square miles of the iron province has been 
mapped on a scale of 50 chains to  the inch by 

Province is completed after the 1963 field season. 
These deposits been referred to as the 

"Pilbara Iron Ores' estig-ation has shown that 

related to a gi'oup 
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nent, but the winter months are mild and equable. 
The average annual rainfall amounts t3 about 
10 inches, but there is a high variability and as 
most of the rain falls during the hot summer 
months its effectiveness is greatly reduced by ex- 
cessive evaporation. Most of the watercourses are 
dry throughout the greater part of the year and 
flow briefly only after heavy summer thunder- 
storms. 

In  few areas of the State is the close correlation 
between geology and topography more strikingly 
demonstrated. The Hamersley and Ophthalmia 
Ranges both owe their existence and form to the 
presence of three thick, resistant jaspilite iron 
formations of wide lateral extent. These units are 
separated by dolomite, shale and volcanic rocks 
of much lower resistance to erosion and, in con- 
sequence, the stratigraphic and structural features 
of the region have been boldly outlined by erosion. 
The clear topographic expression of the major 
stratigraphic units has permitted accurate photo- 
g 1 interpretation and the recognition of 
P ore-bearing zones in the jaspilite. The 
northern escarpment of the Hamersley Range, 
which in places rises 2,000 feet above the Fortes- 
cue River plain, can be followed almost continu- 
ously for nearly 250 miles. It faithfully demarcates 
the northern limit of the Brockma Forma- 
tion which is the major jaspilite un e Ham- 
ersley scccession. 

In the northern zone of the Hamersley Range 
the rocks are almost flat lying with a gentle 
regional dip to the south. The topographic forms 
reflect these low dips with the development of 
broad plateaux, mesas, buttes and cuestaform 
ridges. In the central and southern sections of 
the ranges the rocks are much more strongly folded; 
in places with near vertical dips. Here the resis- 
tant jaspilites form bold and persistent hog backs 
in the limbs of the major folds and clearly define 
the broad geological structure of the region. 

The majority of hill summits in the region, par- 
ticularly those formed of the Brockman Iron 
Formation, have a gently domed form. The slopes 
of the domes are transgressive to  the bedding of 
the jaspilite. These domes and cappings repre- 
sent remnants of an  older land surface, possibly 
of early Tertiary age, which has been strongiy in- 
cised by more recent erosion. Recognition of this 
ancient surface is of oaramount economic simi- 
ficance. Most of the major hematite ore bodiei in 
the region are to be found immediately below this 
surface. 

In the eastern section of the province, south and 
south-east of Wittenoom, this old surface is most 
extensively preserved in a terrain of low, domed 

Elsewhere the old 
and in cross section most of the valleys have a 
characteristic ’‘valley in valley’’ shape testifying 
to a vigorous cycle of erosion following stream re- 
juvenation. Active headward erosion by the rivers 
continues at  the present time and most of the 
scenic attractions of the region such as Wittenoom 
Gorge, Joffre Falls and Dale’s Gorge are products 
of this renewed erosion c 

STRATIGRAPHY. 
us reconnaissance mapping has correlated 

the rocks of the Hamersley and Ophthalmia Ranges 
with those of the Proterozoic Nullagine Series 
which is widely distributed in the north-western 
portion of the State. (Maitland, 1909; Talbot, 

1920b and Forman, 1938). There has been no 
systematic mapping or subdivision of these sedi- 
ments prior to the present investigation. 

The Proterozoic rocks of this region form a con- 
formable succession which has been divided into 
three groups. The total thickness is about 33,000 
feet. The uppes part of the succession has not 
Yet been completely examined and the total thick- 
ness could be much greater. 

A t  the base, arkosic grits, sandstone and con- 
glomerate unconformably overlie the Archaean 
basement. These sediments are followed by a 
thick and widespread succession of basaltic lava 
fiows in which pillow lavas are abundantly repre- 
sented. There are numerous sedimentary and 
pyroclastic intercaiations within the lava sequence 
and these increase in thickness and proportion 
towards the upper part of the succession. ‘This 
lowermost group of 1aVa.S and clastic sedima,.ss is 
termed the Fortescue GTOUP and has a t o ~ a i  urlick- 
ness of about 14,000 feet. 

The Fortescue Group is conformably overlain by 
a thick sequence of sediments which appear LO GC 
mainly of chemical origin. These comprise jaspi- 
hse, chert and doiomite with siltstone and siiaie. 
No coarse clastic sediments have been recorda 
in this part of the succession. These are inter- 
bedded with acid Iavas and have been intruded by 
thick dolerite sills over a wide adea. This group 
is termed the Hunzersley Group. Most of the iron 
ore deposits of the region occur within, or have 
been derived from, the thick jaspilite lormations 
within this group. A striking feature of the group 
is the remarkable lateral persistence of the indi- 
vidual sedimentary units. The Hamersley Group 
is about 8,000 feet thick. The highly resistant jas- 
pilite formations form most of the prominent topo- 
graphic features of the Hamersley and Ophthal- 
mia Ranges. 

The chemical and fine clastic sediments of the 
Zamersley Group are conformably overlain by a 
thick sequence of sediments which are predomi- 
nantly of clastic origin. These include greywacke, 
quartzite, conglomerate, phyllite, shale and inter- 
bedded vesicular basalt. A strong dolomite unit 
towards the upper part of the succession, the 
Duck Creek Dolomite, has been followed for over 
200 miles. These later sediments have been termed 
the Wyloo Group. The upper limit of the group 
has not yet been determined but it is known to be 
a t  least 11,000 feet thick. Formal definition of the 
group and its component formations cannot be 
made at  present. Some of the sediments which 
were formerly included within the Ashburton beds 
and correlated with the Mosquito Creek Series of 
the Archaean (Maitland, 1909) have been shown 
to belong to the Wyloo Group. 

The Archaean basement rocks are exposed in 
the cores of structural domes at Rocklea, Milli 
Milli Spring and south of Mt. Newman. These 
include granite and granite gneiss, greenstone, 
schist and jaspilite and appear to be typical of the 

ts in the iron province include 
thick deposits of valley fill of both Tertiary and 
Quaternary age, limestone and opaline silica of the 
Oakover Formation, limonitic iron ore deposits, 
thick river gravels, alluvium and soil cover. Much 
of the thick valley fill of Tertiary age has been 
dissected and redistributed in the present drain- 
age system. Areas underlain by dolomite are 
sites of thick calc e accumulations along the 
drainage channels. 
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The stratigraphic column is summarized in the following table:- 
Iron Province. Stratigrai iic Column of the Hamersleq -~ 

Formation 

____ 

Thickness Era 1 Period I 1 Litho 1 o g y 

Feet 
Soil cover 
River gravel and alluvium __._ 
Outwash . . . . . . . . . . . . . . . .  

Recent 20 
50 

CAINOZOIC 
Fill .... . . . . . . . . . . . .  
Limestone and'opaline silica .... 
Limonitic deposits . . . . . . . . . . . .  
Chert breccia . . . . . . . . . . . .  

100 + 
70 Tertiary Oakover Formation 
50av. 
20 

MESOZOIC .... 20 Yarrabola Conglomerate 

Dnck Creek Dolomite 

Cheela Springs Basalt 
Mt. McGrath Beds .... 

Beasley River Quartzite 
Turee Creek Formation 

Jurassic Conglomerate, sandstone with fossil 
leaves and marine fossils 

Greywacke . .  
Dolomite and chert 
Conglomerate (1) 
Dark shale 
Vesicular basalt . .... 
Dark siltstone, quartzite and con- 

White quartzite .. 
Greywacke, conglomerate, shale and 

Jaspilite, ferruginous shale .... 

Jaspilite, shale, chert . . 
Shale, siltstone, dolomite, dolomitic 

Thin jaapilite with shale 
Dolomite and dolomitic shale 

glomerate 

basalt 

shale, chert 

Jaspilite, chert I 

Jaspilite and shale with dolerite and 

Pillow 1ava.s and pyroclastics . 
Sandstone, arkose, conglomerate, 

basalt, quartzite and dolerite 

basalt 

. . . . . .  

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

2,000 
1,000 
1,300 

100 
5,000 

100 
300 

1,000 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 
__ 
.... 

Boolgeeda Iron Formation 
Woongarra Dacite . 
Weeli Wolli Formation 
Brockman Iron Formation 
Mt. McRae Shale . . . .  

Mt. Sylvia Formation . 
Wittenoom Dolomite 
Marsa Mamba Iron Formation 

Jeerinah Formation 

700 
1,900 
1,600 
2,200 

300 
110 
500 
600 

3,000 

7,000 

4,000 

PROTEROZOIC 

Mt. Jope Basalt . . . . . . . . . . . .  
Hardey Sandstone . . . . . . . . . . . .  

.... Talc-chlorite schist, volcanics, jas- 
pilite and granite 

ARCHAUN .... . . . . . . . . . . . . . . . . . . . . . . . .  

(1) Conglomerate may be equivalent t o  dark siltstone, quartzite and conglomerate of Mt. McGrath E as. 

THE PROTEROZOIC ROCKS. 

Fortescue Grow. 
The Fortescue Group embraces the lower forma- 

tions of the Proterozoic succession. These are 
most extensively exposed along the valley of the 
Fortescue River between Roy Hill in the east and 
the watershed between the Robe and Fortescue 

the west. A large area of the Mt. Bruce 
underlain by this group and it also ap- 
the extreme south-eastern section of the 

iron province, south of Mt. Newman. 
The upper limit of the group is arbitrarily placed 

at the base o f  the Marra Mamba Iron Formation. 
The appearance of this thick and persistent iron 
formation marks the change from the initial vol- 
canic activity and clast entation to the phase 
of chemically precipita iments of the Ham- 
ersley Group. 

The type locality of the Fortescue Group is in 
the vicinity of Moonah Well (Lat. 22" 49' S., Long. 
117" 27' E.) on the southern limb of the Rocklea 
Anticline. 

The Hardey Sandstone is the basal formation of 
the Proterozoic succession and is about 4,000 feet 
thick. In  the type area in the core of the Rock- 
lea Anticline (see above) it dips radially off the 
Archaean nucleus with an average dip of about 

of the province. 
The Hardey Sandstone is a white to reddish 

brown and green quartz sandstone. It is com- 
monly arkosic and in places rather calcareous. Ba- 
salt and volcanic agglomerate are interbedded with 
the sandstone, especially near the eastern side of 

the Rocklea Anticline near Rocklea Homestead. 
The Hardey Sandstone is conformably overlain by 
the pillow lavas of the Mt. Jope Basalt. 

M t .  Jope Basalt.-This formation is of wide areal 
extent in the Hamersl 

mia Range are 

22" 57' S., Long. 117" 29' E.) principal mem- 
hers have been distingui mapped. These 

lavas cover a wide area in the southern half of 
the Mt. Bruce Sheet and form prominent rugged 
hills. The best exposu ccur around the Rock- 
lea Dome. 

The lower pillow lava member conformably over- 
lies the Hardey Sandstone and is about 2,500 feet 
thick. The pillows are best exposed in the water- 
courses where the weathering products are being 
constantly removed. The lower pillow lava con- 
tains intercalations of blue-grey carbonate rocks 
and soft grey chlorite rocks with dark elongated 
pellets. These rocks have a peculiar fish scale 
weathering pattern and, on a larger scale, weather 
like flattened and 

The intervening 
the two pillow lava flows includes finely 
grey ash beds with agglomerake and volcanici 
bombs. Minor amounts of chert, shale and jaspi- 
lite have been noted and there is some coarse- 
grained dolerite and pillow lava. The pyroclastic 
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unit is about 2,000 feet thick. It has a marked 
topographic expression and can be readily identi- 
fied from its photo pattern. The pyroclastic mem- 
ber has also been recognized in tfie Jeerinah Anti- 
cline, where it outcrops over an area of about 14 
square miles. 

ava member is the most widely 
distributed unit of the formation due to lower dips 
at  greater distances from the centres of the domes. 
There are extensive exDosures in the Jeerinah 

illow structuze can be seen 
le (Lat. 22 23' S., Long. 
Pool on the Beaslev River 

and at Bunjinah Spring 
117" 51' E.). Pillows are a 
south side of the Hardey 

estead. This unit contains 
volcanic breccia and these 
seen in zones where pillows 

are not developed. Such a zone is at Stinking Pool 
on the Beasley River, about 17 miles north-north- 
west of Mt. Turner. The upper pillow lava mem- 
ber is about 2,500 feet thick. 

Formation includes the sediments 
and doleritic sills and flows in the upper section 
of the Fortescue Group. The formation comprises 
shale, chert, jaspilite, mudstone, quartzite and 
dolerite. The softer sedimentary members are 
rarely well-exposed; the harder dolerite and jas- 
pilite outcrop more frequently. 

The formation has been named from its wide 
exposure within the Jeerinah Antlcline around 
Jeerinah Rockhole and this may be regarded as 
the type locality. A type section has been meas- 
sured about 1 mile south of Mt. Turner Gat .  
22" 43' S., Long. 117" 26' E.) where the formation 
dips steeply to  the north. The section is as fol- 
lows:- 

Feet 
Top-Coarse-grained dolerite 620 

Chert, shale, mudstone . .. 280 
Coarse-grained dolerite 400 
Shale and jaspilite . 110 
Coarse-grained dolerite 510 
Chert and calcareous shale 320 
Coarse-grained dolerite 250 

quartzite . 510 

Total 3,000 

Base-Chert, shale, mudstone and 

- 
The Jeerinah Formation conformably overlies 

the Mt. Jope Basalt and is overlain by the Marra 
Mamba Iron Formation of the Hamersley Group. 

the Jeerinah Anticline the lowermost sedi- 
mentary member forms a prominent scarp about 
400 feet high. A thick white quartzite bed has 
controlled the of this escarpment. Here 
the sediments east at  about 10 degrees. 
In some part rovince, basalt flows are 
interbedded with the shale and chert, and dolerite 
intrusions are poorly developed. In the Robe River 
area, white shale and chert are the principal rock 
types. A persistent white shale unit, between 50 
and 100 feet thick, is the uppermost member of 
the formation in the Fortescue valley and can be 
followed continuously from the Robe River to Roy 

of 300 miles. Near Roy Hill the 
ded with dolomite and chert. This 
ful marker bed for the upper limit 

of the Fortescue Group. 

T h e  Hantersley Group. 
The sediments of the Hamersley Group are pre- 

dominantly of chemical origin. Chert, jaspilite 

lower iron formati e Hamerley Group is 
conformably overla e coarser sediments of 
the Wyloo Group. 

Over three-quarters of the total area of the iron 
province is underlain by rocks of the Hamersley 
Group. It has been subdivided into eight forma- 
tions whose total thickness amounts to about 8,000 
feet. 

Murra Mamba Iron Formation.-The wide dis- 
tribution of this formation is clearly shown on the 
map of the iron province which accompanies this 
report. It extends, with almost continuous out- 
crop, along the entire northern front of the Ham- 
ersley Range for a distance of over 300 miles. In  
the central and f the province, 
where folding is Marra Mamba 
Iron Formation the principal 
structural eleme and serves as 
an invaluable marker bed. 

The Marra Mamba Formation is 600 feet thick. 
The type locality is a t  Mama Mamba Gat. 
22" 20' S., Long. 117" 15' E.). The thickness has 
been measured in the northern limb of the Hardey 
Syncline, where the beds dip steeply to the south. 
It is conformably overlain by the Wittenoom Dolo- 
mite. 

Chert and jaspilite are the principal lithological 
components. The chert bands are generally yellow 
to yellowish brown and have a distinctive "pinch 
and swell" structure, which is often sufficiently 
pronounced to  separate the chert into individual 
lenses within the jaspilitic matrix. These chert 
lenses are rarely more than two inches thick but 
are up to 2 feet across. Many are elongated at 

rapidly alternate and a;re sharply demarcated. 
Magnetite and hematite as martite are the prin- 
cipal iron minerals. 

Numerous hematite deposits have been recorded 
in the Marra Mamba Iron Formation but these are 
smaller and of lower grade than those of the Brock- 

on. Broken Hill Pty. Co. Ltd. are 
and mapping hematite zones in 
Roy Hill and in the Chichester 

A t  Marra Mamba the formation contains seams 
These were the Arst to be worked 

Range. 

of crocidolite. 

deposits have 
ihe northern 
are scatlered over a length of 12 miles. 

Small showings of crocidolite have been seen on 
the eastern end of the Mt. Brockman Syncline and 
on the northern side of the Mt. Turn@ 
In both localities the asbestos appeared 
per section of the iron formation. 

ba Iron Formation 
common appea 

This is rare 
ese deposits 
significance 

sible that some would merit development if large 
scale exploitation of the iron resources of the 
region was commenced. 

end of the Mt. Turner Syncline 
2, sit has originated by replacement 
of manganese body is 2 to 5 feet 
thick, dips at 40 degrees and is clear of over- 

Marra Mamba Iron 
rlain by 500 feet of 
shale. The forma- 

locality in the hills 



been examined in many localities but the base is 
rarely exposed as it is usually covered with heavy 
detritus from the surrounding jaspilite hills. In  
most sections the lower part of the formation is 
composed of well-bedded grey to  bluish grey crys- 
talline dolomite. Chert and shaly intercalations 
are more abundant towards the upper part. A t  
Mt. Sylvia and the Robe River, shales and dolo- 
mitic shales form the uppermost 200 feet of the 
formation. A t  Wittenoom Gorge, chert is more 
abundant than dolomite in most of the exposed 

xposures of the Wittenoom Dolomite 
e northern escarpment of the Ham- 

ersley Range. The dolomite forms most of the 
spurs and isolated hillocks at  the edgqof the plain 
of the Fortescue Valley. Most of this' broad, allu- 
vium-filled valley is believed to be underlain by 
dolomite. The Goodiadarrie Hills, north-east of 
Wittenoom are composed of the Wittenoom Dolo- 
mite. 

The formation is thin in the Hardey Syncline 
near the southern boundary of the iron province. 
Thin and limited exposures of calcareous and 
cherty shale between the Brockman and Marra 
Mamba Iron Formations in this area probably 
represent the formation. 

Minor folding is a common feature o f  the Wit- 
tenoom Dolomite. This is particularly well seen in 
the Robe River sections and a t  Weeli Wolli. The 
minor folds are tight and randomly orientated and 
are thought t o  be drag folds resulting from the 
relative incompetence of the dolomite during the 
broad warping and gentle folding of the more 
competent jaspilite beds between which the dolo- 
mite is confined. 

M t .  Sylvia Farmation.-This formation includes 
three thin, but remarkably persistent, beds of jas- 
pilite with interbedded dolomitic shales. The three 
jaspilite members outcrop prominently along the 
escarpments of the Hamersley Range and can be 
followed continuously for many miles. These are 
excellent marker beds and serve to clearly define 
the base of the Brockman Iron Formation where 
most of the large hematite deposits of the region 
have been found. 

measured section of the 
ylvia (Lat. 22" 18' S., Long. 
a few miles south-west of 
close to the road and easily 

accessible. The formation is 110 feet thick a t  this 
locality and is seen to  conformably overlie the 
Wittenoom Dolomite. 

The uppermost jaspilite bed is 18 feet thick and 
defines the top of the Mt. Sylvia Formation. It 
is a finely banded, light green and brown to maroon 
jaspilite with many highly ferruginous bands. 
Despite the small thickness of this unit it has been 
Seen to Persist from the Buckland Hills on the Robe 
River to the eastern end of the Ophthalmia Range, 
a distance of over 300 miles, with little changc 
eiLher in thickness or lithology. 

The two lower jaspilite members are thinner 
and contain a higher proportion of greenish white 
banded chert than the uppermost unit. The chert 
and jaspilite beds are separated by blocky cal- 
careous shale and thinly bedded fissile shale with 
dolomitic intercalations. These sediments weather 
rapidly to give smoothly concave slopes from which 
the jaspilite beds stand out as prominent low cliBs. 

The upper shale unit has been seen to ranze 
between 15 and 50 feet in thickness and the lower., 
most units between 8 and 15 feet. 

Mt.  McRae Shale.-This formation conformably 
overlies the Mt. Sylvia Formation and its type 
locality is also at Mt. Sylvia. The formation takes 
its name from its similar mode of occurrence on 
the nearby Mt. McRae, 3 miles to  the north-west. 

The Mt. McRae Shale is about 300 feet thick. 
Its upper and lower limits are sharply defined by 
the overlying Brockman Iron Formation and the 
uppermost jaspilite of the Mt. Sylvia Formation at  
the base. The formation includes shale, siltstone 
and dolomitic shale with thin beds of jaspilite and 
chert. A t  Wittenoom Gorge the formation colltajljs 
a high proportion of chert and dolomite and cIose1;- 

resembles the lower Wittenoom Dolomite. In  this 
area it is necessary to  identify the Mt. Sylvia jas- 
pilite beds before the Mt. McRae Shale can be 
recognised. 

The shaley sediments have low resistance to ero- 
sion and in cliff sections weather to concave 
slopes with white outcrops. Exposures are rare 
and the formation is often masked with a veneer 
o f  jaspilite scree from the overlying Brockman 
Iron Formation. 

is the thickest and most widely exposed formation 
of the Hamersley Group. It conformably overlies 
the Mt. McRae Shale and is conformable with, or 
grades into the overlying Weeli Wolli Formation. 

The type locality for the formation is at  Mt. 
Brockman Kat.  22" 28' S., Long. 117" 18' E.) but 
the thickness cannot be reliably measured in thls 
area because of much minor folding and faulting 
in the limbs of the Mt. Brockman Syncline. The 
thickness has been measured in the steeply dipping 
northern limb of the Hardey Syncline where it is 
seen to be about 2,200 feet. In  the northern area 
of the province, where r'olding is gentle, the upper 
part of the formation has usually been removed by 
erosion and measurement of total thickness can- 
not be made. A n  excellent section is exposed at 
Mt. Bruce where the uppermost 1,500 feet of the 
mountain is composed of flat-lying Br 
Formation. 

The high resistance to erosion of 
of this formation is the dominant topographic con- 
trol of the region. Most of the prominent hills 
of the Hamersley and Ophthalmia Range, many 
of which approach 4,000 feet above sea level, are 
composed of Brockman Iron Formation. The ele- 
vated hogback ridges in the limbs of the major 
folds have controlled the regional drainage pat- 
terns at least, since Mesozoic time. 

The Brockman Iron Formaticn consists mainly 
of jaspilite and chert. The jaspilite is usually 
very finely banded with alternating laminae of 
iron ore mmerals and quartz. The bedding ranges 
from fissile and flaggy t o  medium and is normally 
regular and well defined. In  the Robe River head- 
water region the lowermost beds are medium- 
bedded and cherty with well marked red, green, 
'alack and white colwu' bands. The greater pari 
o f  the formation, however, has bedding within the 
range of 2 to 6 inches and the individual beds 
are finely laminated to impart a monotonous 
dark blue-grey colour to  the outcrop. The upper 
p3rt of the formation contnins more fissile varieties 
which weather to a reddish brown shaley outcrop. 
Bedding is normally regular and laterally persistent 
but pinching and lensing of beds has been ob- 
served. Chert "rolls" are also seen but are less 
commen and on a ~maller scale than t-nose of the 
Pdarra Afamba Formation. terbeeded shales 
have been recorded on the hern side of the 
Mt. Brockman Syncline and interbedded tuffs 
and acid lavas oceur near Yerra Bluff on the -be 
River. 

dolerite sill has 'anen intruded into the upper 
of the formation in the limbs of the Mt. 

Brockm-an Syncline. The sill is about 50 feet thick 
and because of its lower resistance to  erosion has 
menthered cut to 8 steep-walled gully. This gully 
is a prominent and useful feature on aerial photo- 
graphs and serves as a useful structural and strati- 
graphic indicator. On the south side of the syn- 
cline the dolerite is overlain by 400 feet of jaspilite 
and underlain by 250 feet of ferruginous shale. 

Thin section examination reveals that the band- 
ing of the jaspilite is due to  alternating zones of 
magnetite, hematite, rnartite or limonite with a 
very fine-grained quartz mosaic. Carbonate min- 
erals are commonly present in the quartz-rich 
bands. The boundaries between the laminae may 
be sharp or diffuse and there is some degree of 
replacement of the iron minerals by silica. Rie- 
beckite occurs in bands, veins, or cavity fillings 
and as haidles of fine acicular and curved crystals. 
The overall iron content of the Brockman Iron 
Formetton is estirnzted to be between 20 and 25 
per cent., and the silica content within the range 
of 40 to 60 per cent, 

Srockman Iron Formation.-Thi 



The Brockman Iron Formation is the locus for 
most of the large hematite deposits in the region. 
The ore appears to have formed as a result of 
$elective leaching of the silica from the jaspilite 
by meteoric and ground waters. The ore only 
forms close to the old land surface, and particu- 
larly in synclinal troughs where residuals of the 
Brockman Iron Formation have been preserved by 
infolding. 

The Brockman Ir  ormation also carries the 
important deposits of crocidolite near Wittenoom. 
The crocidolite seams occur near the base of the 
formation close to  the contact with the under- 
lying Mt. McRae Shale. Here the shale formation 
is mainly dolomitic in composition. A similar close 
relation between the asbestos and dolomite has been 
noted in the Marra Mzmba Formation near its 
contact with the Wittenoom Dolomite. 

Tireeli Wolli Fomtation.-In the central and 
eastern half of the iron province the Brockman 
Iron Formation is overlain by a thick succession 
of interbedded dolerite and jaspilite. This fosma- 
tion is extensively developed in the Ophthalmia 
Range and particularly so to  the north of Weeli 
Wolli Spring where it occupies the troughs of two 
long and gentle synclinal folds. This area is taken 
as the type locality for the formation. A type 
section has been measured in the northern limb 
of the Hardey Syncline at Ut. 22” 53’ S., Long. 
117” 6’ E. This is as follows:- 

Feet 
Top-Dolerite 350 

Jaspilite 60 
Dolerite 250 
Jaspilite 30 
Dolerite . 260 
Jaspilite 50 

Base-Dolerite 600 

Total 1,600 
- 
- 

succession has been noted in the 
Range along the valley of the Fortes- 

cue River where many beds of jaspilite, some only 
a few feet in width, occur in the dolerite between 
the thicker jaspilite members. 

It is not yet established whether the dolerite 
of this formation i s  extrusive or intrusive. If  it 
is intrusive, these has been a remarkable degrcc3 
of confinement to one horizon in the stratigraphic 
column, viz., the junction of the Brockman Iron 
Formation and the Woongarra Dacite. In  some 
areas the dolerite is vesicular but if the rock is 
extrusive it is difficult to  account for  the xilidn 
late1 of individual thin jaspilite beds. 

W Dacite.-The acid lavas are conspicu- 
ous and widespread thsoughout the iron province 
and excellently exposed in many localities. The 
dacite was first recognised in the Mt. Brockman 
Syncline where it forms low bouldery hills on 
either side of the valley. In the southern limb 
the lava is 2,000 feet thick and in the northern 
limb about 1,600 feet. At the type locality, Woon- 
garra Pool on the Beasley River (Lat. 22” 53’ S., 
Long. 117” 6’ E.), the dacite is about 1,900 feet 
thick, and dips south at  60 degrees where it over- 
lies the Weeli Wolli Formation. West of Palra 
Spring, in the north-western corner of the Mt. 
Bruce Sheet, the Weeli Wolli Formation is missing, 
and the Woongarra Dacite directly overlies the 
Brockman Iron Formation. The is thinner 
in the Ophthalmia Range; gen less than 
1,000 feet. 

Textural variations in the dacite suggest that 
separate flows are represented. Some varieties are 
eucrystalline and equigranular but the most com- 
mon type is a grey to black porphyritic rock with 
abundant phenocrysts of quartz and white felspar. 
Dark aphanitic lava with flow banding is com- 
mon. Perlitic cracks, indicative of devitrification 
of originally glassy material, have been recognised 
in thin sections. Autobrecciation of the acid lava 
is commonly observed. 

Another variant, classified in the field as a 
“green quartzite,” has been recorded in many 
localities. This contsins rounded quartz grains 

like a sedimentary rock. There is some obvious 
banding and cavities are infilled with calcite and 
iron carbonate. Thin section examination has 
established that the rock Is actually a silicified 
lava and that the green colour is due to an abund- 
ance of chlorite. Despite the distinctive appear- 
ance of this rock it is neither continuous in out- 
crop nor constant in stratigraphical position, and, 
accordingly is of little value as a marker. 

Boolgeeda Iron Formatiom-The youngest forma- 
tion of the Hamersley Group is exposed only in 
the cores of synclines in the central and southern 
parts of the iron province. It has been recog- 
nised in the Mt. Brockman, Mt. Turner and Hardey 
Synclines on the Mt. Bruce Sheet in the Turee 
Creek Syncline further to the south and in the 
Duck Creek area. Extensive exposures are forund 
in the eastern section of the Ophthalmia Range. 

The type locality of the Boolgeeda Iron Forma- 
tion is on the south side of Boolgeeda Creek, about 
18 miles west-south-west of Mt. Brockman Gat.  
22“ 36’ S., Long. 117” 4’ E.). Here it dips to  the 
north at  45 degrees, conformably overlies the Woon- 
garra Dacite with a sharp and well-exposed con- 
tact, and is about 700 feet thick. 

The formation is composed of purplish red, 
Aaggy siltstone and ferruginous shale with some 
jaspilite. Pale creamy shale and siltstone occur 
near the base of the formation in the Ophthalmia 
Range. Boulders of ferruginous shale containing 
riebeckite have been found in Boolgeeda Creek and 
these are believed to have been derived from this 
Pormation. 

Jaspilite is more common towards the eastern 
end of the province, where many large hematite 
deposits are developed within the formation. No 
hematite deposits have been recorded in the Bool- 
geeda Iron Formation in the Mt. Bruce, WYloo 
and Yarraloola Sheets. The formation is capped 
with limonite deposits up to  20 feet thick along 
the limbs of the Mt. Brockman Syncline. Some 
limonite also caps the iron formation where it is 
steeply dipping in the northern limb of the Hardey 
Syncline. 

W ~ l o o  GrouiJ. 
The rocks of the Wyloo Group are the youngest 

within the Hamersley Iron Province. They con- 
formably overly the Hamersley Group in the Mt. 
Broskman Syncline, the Turee Creek Syncline and 
ihe Na.rdey Syncline, and are well exposed in the 
Eardey River valley and in the Duck Creek area. 

This pnrt of tbe Proterozoic succession was O d Y  
brieEy cmmined during the 1962 field season and 
detailed subdivisbn of the group is not yet possible. 
However, several Pormations have been recognised 
and the general characteristics of the group have 
Seen studied. 

The total measured thickness of the Wyloo 
Group is of the order of 11,000 feet. Coarse clastic 
sediments are thick and abundant in contrast to 
the underlying Hamersley Group, and rapid thin- 
ning and lensing of formations along the strike 
is common. Basic volcanic rocks are interbedded 
with the sediments and the whole sequence is 
strongly folded and much disturbed by faulting. 
The group has been followed for over 200 miles 
around the western and southesn periphery of the 
Narnersley Range and, although the general as- 
semblage of formations remains much the same, 
the lithology of the succession undergoes wide 
variations as members thicken and thin and some- 
times disappear entirely. Facies changes and 
lensing of thp beds raise difficulties in correlation 
of sections in different localities. 

The group has been provisionally subdivided as 
follows:- 

Top-Greywacke ; 
Duck Creek Dolomite; 
Conglomerate ; 
Dark Shale: 
Cheela Springs Basalt: 
Mt. McGrath Beds; 
Beasley River Quartzite; 

Base-Turee Creek Formation. 



T h e  TiLree Crerk Formation, which consists 
mainly of greywacke and shale, conformably over- 
lies the Eoolgeeda Iron Formation and was first 
recognised in the Mt. Erockman Syncline. It is 
well exposed in the Eardey Syncline \There it is 
protected from erosion by a capping of the resistant 
Beasley River Quartzite. The greywacke is green- 
ish, thinly bedded and schistose and in places 
grades into a conglomerate. Near Meteorite Bore 
it carries quartzite boulders up to  two feet  in 
diameter and is interbedded with dolomite, siltstone 
and basalt. The thickness of the grqywacke is of 
the order of 1,000 feet. \ 

T h e  Beasley River Quartzite conformably over- 
lies the greywacke of the Turee Creek Formation. 
In  some places where folding has been strong, tec- 
tonic dislocation has occurred resulting from the 
greatly differing competencies of the resistant 
quartzite and the underlying grcywacke, and locally 
the two formations appear to be in angular un- 
conformity. 

It is a white, medium to coarse-grained quart- 
zite with occasional current bedding and ripple 
marks. meratic zones have been noted. It 
rpnges 300 and 550 feet in thickness and 
Sccause of iss highly resistant character, weathers 
into bold ridges. 

incompletely known 
but have been seen to include conglomerate, sand- 
stone, greywacke and shale. The unit is charac- 
terised by very rapid changes in thickness and 
lithology along the strike. In the we 

rlies the Cheela Springs Basalt 
a point two miles south of Met 

300 feet of coarse pebbly sandstone over- 
lies basalt. These beds are thought to be equiva- 
lents of the Mt. McGrath Beds. In both areas 
the succession is directly overlain 
Creek Dolomite. 

is the presence of highly ferrug 
merates. Locally, within these beds, the chert 
and jaspilite pebbles have been completely replaced 

tite and magnetite. A high-grade iron 
and 20 feet thick, 

two miles smth of 
!r: valley. Replace- 

ment of the conglomerate has been complete 
throughout most of the body, and the deposit is 
estimated to  contain about 10 million tons of high 
grade ore. 

Cheela Springs Basalt overlies the Beasley 
Quartzite near Meteorite Bore and it is 
ted to  be about 5,000 feet thick. Similar 

basalt overlies the quartzite in the Duck Creek 
valley. The basalt is epidotized and amygdaloidal 
with quartz, chlorite and pyrite in the amygdules. 
There are extensive exposures of the basalt along 
the southern flank of the Hamersley Range be- 
tween Wyloo Homestead and the Beasley River. 

The ~ t .  nmwLtiL ~ e d s  

An important feature 

form-ed on the dolomite in many localities but 

value. 

mite at Duck Creek 
collected. south of 
Duck Creek valley 

of unknown thickness. 
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STRUCTURAL GEOLOGY. 
I n  terms of structure the Hamersley Iron 

Province may be broadly divided into three 
main zones. These zones are aligned parallel to 
the long axis of the province and reflect an in- 
creasing intensity of folding and faulting on pass- 
ing from north to south. 

The northern zone includes the greater part of 
the Hamersley Range. Here the rocks have a 
gentle regional dip of generally less than 5 degrees 
to  the south. This regional attitude is punctuated 

ock faulting and narrow zones of 
; some of which serve as loci for 

ore. In  the north-western sector, near Silver Grass 
Peak, and in the central and eastern sectors near 
Wittenoom, a gentle basin and swell structure is 

the northern zone is underlain 
sistant Brockman Iron Forma- 

tion and, accordingly, the most extensive areas of 
high plateau country are found within this 
ern zone of the province. Younger members 
Hamei-sky Group are preserved in some 
deeper basin structures. 

The central zone of the province is much more 
strongly folded and the topographic forms Paith- 
fully reflect the major structural units. Two 
superimposed fold trends are apparent and these 
have combined to produce a regular pattern of 
large domes and basins en echelon. The Mt. 
Brockman Syncline, bhe Jeerinah Anticline, the 

the Rocklea Anticline, the 
nd the Turee Creek Syncline 
ral units of the central zone. 

The limbs of the major structures dip a t  about 
30 degrees, but minor folding and drag on the 
numerous fault planes cause local steepening. The 
minor folds within the limbs of the large synclines 

most favourable loci for hematite ore as 
ngly demonstrated in the case of the Mt. 

Brockman Syncline. 
The southern structural zone is the narrowest, 

but extends with variable width along the entire 
southern and south-western boundary of the iron 
province. Here the folding is particularly stroGff 
with near vertical dips and accompanied by strong 
faulting with large displacements. The south- 
western corner of the province is the most violently 
disturbed portion of the region. In  the Ophthal- 

The Brockman Iron 
regional joint pattern 
trending about 30 degr 

exceeding 50 per cent. iron. Of this total, inferred 
reserves of high-grade hematite-goethite ore of at 
least 60 per cent. grade amount to about 3,000 
million tons. Lower grade pisolitic limonite- 
goethite ores, which contain between 50 and 60 
per cent. iron, constitute the balance. 

General Characteristics. 
The hematite-goethite ores are of the Lake 

Superior type and occur within the jaspilite 
of the Brockman, Marra Mamba and Boolgeeda 
Iron Formations of the Hamersley Group. Over 
100 ore zones have so far been located within the 
province and further exploration appears certain 

THE HEMATITE-GOETHITE ORES. 



to reveal many more. In  these ore zones all grada- 
ality of ore have been observed. 
sporadic development of small 

zones of porous, platy ore with abundant chert and 
jaspilite intercalations. Others are large bodies, 
extending continuously for several miles, composed 
of high-grade massive hematite in which rem- 

ered jaspilite are rare 

derable textural variations 
served within any one ore zone. In the most com- 
mon occurrence bands of massive hematite up to 
several feet in width are intermingled with strongly 
banded and porous, platy material containing a 
high content of goethitic cement. The porous ore, 
locally termed “biscuit ore,” forms the greater 

has an iron content 
within the range to 62 per cent. The more 

63 and 68 per cent. 
y particular ore zone 

is determined by the relative content of the two 
types. 

The ore bodies appear to have originated as a 
result of selective leaching of silica and other im- 
purities from the jaspilite. There has been some 
degree of concurrent mobilization and repreci- 
Pitation of the iron in the form of hydrated oxides. 
The unaltered banded iron formation contains 
between 20 and 30 per cent. iron and usually at  
least 50 per cent. silica. The process of enrich- 

d the silica content of the ore 
cent. It is believed that this 
n achieved through the agency 

of ground and meteoric waters. 
Examination of many ore bodies has revealed 

a dependence on certain structural and geomor- 
phological conditions. Firstly, ore formation oc- 
curs only in vertical proximity to the old land sur- 

Shale. 
The formation of a large ore body appears t o  

involve the wholesale transformation of the iron 
formation roughly in concordance with the profile 
of the ancient surface. When viewed in vertical 
section the ore bodies appear as ciusts and cappings 
on the unaltered jaspilite where a favourable com- 

structural controls has permitted the 
silica by supergene waters. 

The Marra Mamba Iron Formation is similarly 
underlain by a white shale and ore enrichment 
occurs in structural t as in the case of the 
Brockman Iron Form The lowermost mem- 
ber of the Boolgeeda ormation is of similar 

y and ore is abundant in 
ongly folded sections of 

Ore bodies are most abundant and extensive 
along the troughs of minor synclinal folds on the 
limbs of the major domes and basins in the central 
and southern sections of the iron province. These 

st  exemplified in the limbs of the 
nd Mt. Turner Synclines and in 

places in the Oph ia Range. Zones 
jaspilite which have closely faulted are 
vourable loci for hematite enrichment. 

The age of the hematite ore bodies is unknown. 
I t  is clear that they were formed prior to  the re- 
juvenation of the rivers which has produced the 
deeply dissected terrain of the present day. Their 
dependence upon proximity to  the remnants of the 
old land surface could indicate that enrichment 

es are located 
n in the central 

There the rocks ar 

in the limbs of these major structures. The Mt. 

Brockman and Mt. Turner Synclines have been 
gists of Conzinc Riotinto 
arge and high-grade ore 

en located. Drilling and assessment 

areas so far examined, the Ophthalmia 
pears to be the richest in ore. There the 

rocks are strongly folded on east-west axes and the 
Brockman Iron Formation forms long ridges as 
erosion residuals in the cores of synclines. Many 
large and high-grade deposits have been found in 

of these zones is now in progress. 

and there are no persistent major folds as in the 
central and southern areas of the province. Never- 
theless narrow zones of strong flexuring are common 

serve as sites of hematite 
st significant of these ore- 
r a t  Mt. Pyrton, Mt. Lockyer, 

Mt. Farquhar and in the hills north of Harnersley 
Station homestead. Some of these deposits have 
been drilled and assessed by Conzinc Riotinto Aus- 
tralia Ltd. These flexure belt ore bodies are in- 
dividually smaller than those in the limbs of the 

e grade of ore is 
r deposits clearly 

ron enrichmen 

in the Marra Mamba and Boolgeeda Iron Forma- 
tions. The richest area in the Marra Mamba Iron 
Formation appears to be at Roy Hill, and in the 
Chichester Range to the west of Roy Hill. In 
general these superficial deposits are thinner than 
those of the Brockman Iron Formation and 
deteriorate in grade at  shallow depths below the 
surface. Chert bands a on and persistent. 

re zones have been 
found in the Boolge Formation in the 

these has as yet 

Some large and hig 

underlain by impermeable 
enrichment seems to have 

Iron Formation. 
Mineralogicul and tical Composition. 

Eematite, in the form of martite octahedra, and 
goethite are the principal mineral constituents of 
the ore. The proportion of the two varies widely 
in any one ore zone. The ore is usually banded 
in appearance and cavities, parallel to the banding, 
are a common feature. The 
with coarse specular hemati 
goethite. In the 
commonly infilled ck vitreous goethite or 
yellow ochreous material. Clusters and strings of 
fine quartz crystals are occasionally noted in thin 
section. Most of the ore is non-magnetic but 
specimens which are highly magnetic 
common, and small magnetite octahedi 
recorded in thin section examination. 

ed ore the grain size of 
the proportion of goethite much 
anding in the ore is still detectable 
material of the highest grade and 

is presumably inherited from the protore jaspilite. 

60 to 64 per cent. The silica content is usually less 
than 4 per cent., alumina averages about 1.5 per 
cent., sulphur ranges between 0.03 and 0.06 per 
cent., titanium is less than 0.1 Per cent. and the 
combined water content is generally less than 1 



per cent. The phosphorus content averages about 
0.12 per cent. with an extreme range between 0.05 
and 0.17 per cent. This is a rather higher figure 
than that of ores for Yampi Sound and the Middle- 
back Ranges. In all, the hematite of the Hamersley 
Range compares very favourably in composition 
and texture with other major deposits in the 
world. 

T H E  PISOLITIC IRON ORES.  

General Charactertstics. 
The pisolitic iron ores are widely distributed 

throughout the Hamersley Iron Province, but aze 
most abundant in the ancient drainage channels 
of the Robe River, Duck Creek and the Beasley 
River. The ore forms the cappings f mesas and 
elongated ridges which are align& along the 
courses of the original drainage channels, and is 
readily recognisable both on the ground and on 
aerial photographs. These ores represent zn  unusual 
variety of sedimentary iron deposit and the mode 
of origin is not completely understood. Very large 
reserves of this type of ore are available. I n  the 
Robe River valley alone the deposits cover a total 
area of about 30 square miles with the ore rang- 
ing in thickness from a few feet to nearly 200 
feet. 

The ore is usually pisolitic in texture and the 
iron content of the highest grade material is 
within the limits of 52 to 60 per cent, Silica and 
alumina are the main impurities, but collectively 
amount to less than 10 per cent. The content of 
combined water is of the order of 10 per cent., 
sulphur and phophorus are low and the ore is 
remarkably free of other metallic impurities. 

Limonite, goethite and hematite are the prin- 
cipal mineral constituents of the pisolitic ore. The 
material is resistant t o  erosion, as is evidenced by 
its Preservation as mesa cappings, but is friable 
and easily crushed and could be mined relatively 
cheaply from steep natural faces. 
Distribution of the Pisolitic Ores. 

The limonitic ore is found in all drainage systems 
radiating from the Hamersley Range which rise 
on the Brockman and Marra Mamba Iron Forma- 
tions. There can be little doubt that these highly 
ferruginous formations are the ultimate source of 
the iron in the secondary pisolitic accumulations. 
The ore characteristically appears as elongated 
deposits along the low-gradient river valleys 
immediately below the steep hills and ranges com- 
posed of the Brockman Iron Formation. 

The most important pisolitic deposits are to be 
found in the western section of the iron province 
in the drainage systems of the Robe River and 
Duck Creek. There appears to be a rough propor- 
tionality between the amount of ore within each 
drainage system and the area of Brockman Iron 
Formation drained by that system 
system, which has changed littl 
were deposited, drains almost the entire north- 
western sector of the Hamersley Range and con- 
tains by far the largest deposits of limonite ore 
in the province. The deposits can be followed 
almost continuously for 100 miles from Warramboo 
Station on the North-West Coastal Highway to the 
upper reaches of the Robe River near Silver Grass 
Peak. The largest individual deposits are in the 
downstream section between Deepdale and War- 
ramboo and these are now being exhaustively 
examined and assessed by Broken Hill Pty. Co. 
Ltd. Total indicated reserves are measurable in 
thousands of millions of tons of ore in excess of 
50 per cent. iron content. 

The limonite deposits in the middle and upper 
reaches of the Robe River are held under Tem- 
porary Reserves by Basic Materials Pty. Ltd. In  
the middle reach of the river the mesas are gener- 
ally smaller and narrower than those further down- 
stream, but there is little difference in the grade 
of the ore and several hundreds of millions of tons 
have been indicated by face sampling and measure- 
ment of the mesaform deposits. 

In the upper section of the Robe River, within 
the Hamersley Range, there are extensive terrace 
deposits of ore along the walls of the narrow gorges. 

These deposits have been deeply dissected follow- 
ing rejuvenation of the Robe and its numerous 
headwater tributaries. The gorge deposits tend to 
be more variable in texture and mineralogical com- 
position than those downstream. In some sec- 
tions the ore is of higher grade due to admixture 
with hematite-goethite conglomerate and assays of 
better than 60 per cent. iron are commonly re- 
corded. Reserves 02 ore in the gorges are rather 
more difficult to assess due to the highly irregular 
base of the deposits on the valley walls. In some 
places the ore is up to 120 feet thick, but abrupt 
variations are common both in the direction of the 
river and across the valley. To all appearances 
the gorge deposits represent remnants of thick 
valley fill, which has been deeply incised and much 
of it scoured downstream by river action. The 
gorge deposits have been mapped and partially 
sampled. Reserves must be well in excess of 100 
million tons. The value of this iron ore is rather 
offset by the difficutities of axess within this rug- 
ged area. 

There are numerous limonite deposits along the 
valley of Duck Creek and its tributary, Boolgeeda 
Creek. The ore-capped mesas are similar to those 
in the Robe River, but the ore layers are generally 
thinner and the overall grade is lower. Many of 
the mesas are deeply eroded and only thin resi- 
dual cappings of ore remain. Estimated reserves 
of ore of grade exceeding 50 per cent. iron amount 
t>o about 800 million tons. These deposits have 
been mapped and sampled by Conzinc Riotinto 
Australia Ltd. and the Geological Survey. Duck 
Creek and Boolgeeda Creek are the main drain- 
age units of the centre and northern limb of the 
important Mt. Brockman Syncline. 

The Beasley River is the main southerly drain- 
age unit from the southern limb of the Mt. Brock- 
man Syncline. Extensive limonite deposits have 
formed along its valley for a distance of 15 miles. 
The ore is generally between 30 and 50 feet thick 
and the upper pisolitic layer assays between 53 

7 per cent. iron. Reserves of the order of 
illion tons have been inferred. 

Other large deposits of limonite have been found 
along the southern branch of the Fortescue River, 
where it traverses the Hamersley Range west of 
Wittenoom and at Dale’s Gorge, which is situated 
in the plateau country to the south-east of Witte- 
noom. In the Dale’s Gorge area the ancient land sur- 
€ace is preserved over a wider area than anywhere 
else in the province and it seems likely that fur- 
ther deposits may be located in the broad, allu- 
vium-filled valleys beneath the more recent detrital 
veneer. Other pisolitic deposits, some quite ex- 
tensive, occur along Yandicoogina Creek and Weeli 
Wolli Creek in the eastern section of the Hamers- 
ley Range. The remoteness of this area from the 
coast renders such ore of little immediate value 
in view of the abundant, nearby deposits of higher 
grade hematite ore. 

Mitieralogical and Chemical Composition. 
The ore is characteristically pisolitic in texture 

een 1 and 3 mm. in 
in hand specimens, 
nature of the piso- 

liths. Many are composed of red, ochreous iron 
oxide, some of vitreous black and dark brown 
goethite and others of hematite with metallic 
lustre. Thin section examination shows that many 
are complex in composition with concentric layers 
of limonite and hematite. Some pisoliths pro- 
vide evidence of fracturing followed by recementa- 
tion and further growth. Fragments of fossil 
wood, randomly orientated and generally less than 
1 em. in length, are abundant in some horizons. 

The pisolitic ore is usually porous. Vuggy 
with black vitreous 
sections of ore are less 
ar to  be composed of 
is type of ore is often 

sharply demarcated from the pisolitic ore. In the 
Robe River sections the vitreous ore weathers to  
well-defined benches interbedded with pisolitic ore 
and it has been possible to correlate some of these 
separate beds over short distances. 



Intercalrations of fluviatile sediments are rare in 
the ore. Clay lenses have been recorded from drill 
holes together with zones of lower grade clayey 
limonite. 

litic ore overlies with a knife edge contact an old 
basalt. In other zones the 
the basalt by a zone of low 

grade, porous ore large cavities and an abun- 
dance of yellow ochreous clay. I n  the lower Robe 
River the ore is underlain by clay, sandstone and 
fluviatile grits. 

Cavities within the ore are occasionally lined 
with opaline silica and veins of travertine have 
been detected in drill core. 

Angular frag atite are abundant in 
the material in the upper Robe River. 
Most of these f less than 1 em. across 
and they are set in a pisolitic groundmass, similar 
to the common ore type seen downstream. Fluc- 
tuations in the grade of ore are presumably in- 
fluenced ative proportion of goethite, 
limonite ite. Ore of lower grade is 
usually r by a high content of yellow 
ochreous limonite in large cavities and pipes, while 
ore of high grade has a sub-metallic lustre and 
numerous pisoliths of red ochre. 

of chemical assays of the 
available from Company and 

The ore in the Robe 
fairly representative of 

results of over 100 face 
sample assays are summarised in the following 
table:- 

In  the middle section of the 

Pe .. 

AIZ0, .... 
P .... 
S .... 
Ignition 

LOSS ._.. 
TiOz .... 
Btn .... 

SiO, .... 

1 Lower Robe River I Middle Robe River 

% % 
56.0 50-2-60.5 1 57.0 53.8-59.5 

2.9 1.3-6.6 3.0 2.2-4-1 
0.06 0.025-0.11 0.06 0*05-0*08 
0.11 0.02-0.15 0-07 0*05-0.11 

5.0 2.3-9.2 5.0 4.2-6.0 

10.8 7.6-12.7 10.0 9.5-11.0 
0-19 0-07-0.40 .... .... 
0.10 0.05-0.20 . .  .... 

I Average 1 Range I Average ~ Range 

st significant occur- 
nces of this type of ore are confined to long 

established drainage channels which rise on the 
Brockman and Marra Mamba Iron Formations. 
The upper drainage basin of the Robe River is 
almost entirely underlain by the Brockman Iron 
Formation over an area of nearly 2,000 square 
miles in the north-western sector of the Hamersley 
Range. Duck Creek, Boolgeeda Creek and the 
Beasley River drain from the same formation in 
the limbs of the Mt. Brockman Syncline, and at 
Dale’s Gorge the limonite has accumulated within 
an internal drainage basin on the high plateau 
which is mainly under1 the Brockman Iron 
Formation. 

valleys and domed, gently sloping hills. Remnants 
of this old surface are abundantly preserved 
throughout the Hamersley Range. The flat-topped 
mesas in the present river channels are regarded 

file in the lowland areas. 

surface climatic mnditi 
able for the process of iron enrichment within 
the jaspilite. Silica was dissolved and retained 
sufficiently long in solution to be removed entirely. 
Iron was dissolved to a lesser extent and quickly 

reprecipitated. Where structural conditions were 
f avourable, zones of hematite enrichment were 
developed on the slopes of the jaspilite hills to 
depths of up to  200 feet below the surface. 

At  the same time, in the river channels, similar 
Processes of desilicifibation and iron enrichment 
are believed to hav 
detrital deposits whi 
the same jaspilite as that  of the 
In the river channels, where there was free and 

of water through this un- 
desilicification apparently 
almost completely. In the 

Robe River channel field evidence indicates that 
the old channel was almost entirely infilled with 

now been transformed to pisoli- 
over a width of four miles. 

first stage in the transformation of jaspilite 
detritus led to  the formation of hematite-goethite 
conglomerate or “canga.” Remnants of this con- 
glomerate are found in the terraces which flank 
the ancient drainage channels. In  the central 
zones of the channels, where water was more abun- 
dant the hematite conglomerate was progressively 
transformed to pisolitic e-goethite. Care- 
ful examination of the 1 in the gorges of 
the upper Robe River an the northern flank 
of the Buckland Hills provides examples of all 
stages of progressive desilicification and trans- 
formation of hematite-goethite conglomerate into 
pisolitic ore. 

In summation, this theory proposes a common 
mode of origin for both the hematite-goethite ores 
and the lower grade pisolitic limonite ores. Both 
are products of supergene enrichment of jaspilite 
by selective removal of silica. In the case of the 
limonitic ores hydration of the iron oxides has 
been more extensive due their concentration at 
lower levels in well watered drainage channels. 
Hydration has been accompanied by the growth 

and remnants of hematite are rare. 
the rejuvenation of the rivers, prob- 

ably in late Tertiary times, both the gorge and 
riverine deposits were deeply dissected and are 
preserved as terraces or mesa cappings. 

The distribution of the limonitic ores in the Robe 
River has apparently been influenced by the resist- 
ant bar of Brockman Iron Formation at the north- 
ern end of the Buckland Hills. Large and thick 
deposits occur immediately upstream from this bar 
which appears to have dammed the transported 
material. Downstream, below the bar, the river 
followed a meandering course with a low gradient 
of the order of 10 feet per mile. It cut directly 
across the general strike of the sediments of the 
Hardey Group and older sediments further to the 
west. These conditions must have been favourable 
for the accumulation of the large deposits between 
Yerra Bluff and Warramboo. A t  Warramboo drill- 
ing has shown that the deposits continue below 
the more recent alluvium and are split into 
channels. This area may have been delta a t  the 
time of deposition. 

It has been postulated that the limonite was 
deposited as bog ore. This would necessitate the 
tl of vast quantities of iron in solution and 
it uent precipitation in swampy reaches of 
the rivers. The most serious objection to this 
concept is the fact 
appear to have bee 
tion and transport 
the hematite ore bodies and the “canga” terraces 
have origipated as a result of selective leaching of 

ores is much 
deposits in the 

world, and there f the common 
impurities such as manganese, lime, magnesia, 
sulphur, and heavy metals which normally con- 
taminate bog iron deposits. Most of the deposits 

ia surface plan and can be reason- 
to  mirror the pattern of the old 

drainage system. It is clear that they have been 
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deposited in well-defined river channels rather 1926, A. Geological Reconnaissance of 
than in swampy areas of broad and ill-defined Part of the Ashburton Drainage Basin, 
drainage such as with Notes on the Country Southwards to 
accumulation. Meekatharra: West. Australia Geol. Sur- 

A great deal of work remains to be done before 
a reliable estimation of the iron ore reserves Of 
the Hamersley Iron Province can be made. It is 
unlikely that further major deposits of the pisoli- 
tic ore will be discover 
the coast. However, it 
exploration will disclo 
of hematite, particula 
of the Ophthalmia Range and in th Turee Creek 
Syncline. These areas are far from ?he coast, but 
seem to  offer better prospects for  the occurrence 
of the highest grade of hematite ores containing 

than 65 per cent. iron. 
togeological examination of the eas 
rn section of the province has reve 

structural conditions for  ore formation in many 
localities. These wil 

Formazl, F. G., Notes on a Reconnais- 

a Bunty, L. E. 1960, Summary Rep0 
some Manganese Deposits in the Pilbara 
and West Filbara Goldfields: West. Aus- 
tralia Geol. Survey Bull. 114 

Maitland, A. Gibb, 1908, TI? 
Features and Mineral Reso 
Pilhara Goldfield: West. Australia Geol. 
Survey Bull. 40. 

- 19G9, Geological Investigations in the 
Country Lying Eetween 21" 30' and 
25" 30' S. Latitude and 113" 30' and 
1x8" 30' E. Longitude Embracing Parts 
of the Gascoyne, Ashburtoii and West Pil- 
bara G.oldfields: West. Australia Geol. Sur- 
vey Bull. 53. 

- 1919, The Gold Deposits of Western Aus- 
'craiia: West. Australia Geol. Survey Mem. 
1 (separate), p. 10-15. 

Matheson, E. S., 1945, Report on Red Ochre 
Deposits, M.L. 370H, Ophthalmia Range: 
West. Australia Geol. Survey Ann. Rept. 

Miles, K. R., 1942, The Blue Asbestos-bearing 
Iron Formations of the Hamersley Ranges, 
Western Australia: West. Australia Geol. 
Survey Bull. 100. 

Miles North of Roy Hill Station, Nullagine 
District, Pilbara Goldfield : West. Australia 
Geol. Survey Ann. Rept. 1959, p. 10-11. 

Talbot, H. W. B., 1914, The Country Between 

1944, p. 35-37. 

Sofoulis, J., 1960, Repor 

Survey Ann. Rept. 1913, p. 24-25. 

tralia Geol. Survey 

5 

vey Bull. 85. 

Geol. Srxvey Ann. Rept. 1909, p. 21-23. 

910, The Country between 
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ompany the Geological 
the Country a t  the Heads 

and Gascoyne Rivers : 
West. Australia Geol. Survey Bull. 48, 
p. 49-55. 

tude 26" 50' S., longitude 117" 40' E., is a promi- 
nent line of hills 35 miles long by 2 miles wide. 
It, rises from 200 feet to  800 feet above the sur- 
rounding plain. It is most widely known because 
of Wilgie Mia, the aboriginal 
which was worked 
of t tes. Co iron ore of the 
Ran known n early date but 
the distance from discouraged its 
detailed examinatio 
from Cue which is 
gauge railway co the port of Geraldton, capable of 
handling ships of safe loa draught of 27 feet 
and length of 525 feet. 

As part of its plan to stimulate the search for 
iron ore the Western Australian Government, late 
in 1959, propcsed to diamonc? drill the six known 
iron ore lenses of the Weld Range as listed by 
Johnson (1950). Drilling commenced in January, 
1961, and was com~Ieted in September, 19F2. The 
Range was mapped on B scale of 50 chains to  the 
inch in March and April, 1962, by W. R. Jones 
and I. Gemuts. 

Seven new lenses of probably economic size were 
found. In may and June lenses W1 to  W6 were 
mapped on contour plans at 100 feet to  1 inch 
prepared from aerial photographs by the Photo- 
grammetry SecLion of the Depwtrnent of Lands 
and Surveys. Lenses W7 to W13 were measured 
by pacing and tape. 

Plans accompanying this report are a geological 
map at 1 mile to  1 

gation of slight anomalous radioactivity found at  
Wilgie Mia in 1952. The original drilling pro- 

General. 

Most of them contain between 20 and 60 per cent. 
magnetite interbedded with chert in distinct al- 
ternating bands of 1 inch mum width. The 
grain size is in the order o 

Some jasgilite has a prominent lensing structure. 
All lenses are chert and in the hanci specimen mag- 
netite has the appearance of flowing around each 
lens. Two groups of jaspilite (Madoonga beds and 

mm.-0.03 mm. 



310ZOU310Ud 

310ZONlV'3 

1 I 

NU31S3M 

I A31683WVH 

m,* 
-- dwY NOILVy501 

I I I 1 I 

,oo .i 

,Ay-?S iu 
. -. --.. 



Hole 
No. 

55 

j Core 
Lens Angle of Depth Iron Estimated Recovery Acid-soluble Sludge Acid- 
No. Depression of Hole Formation True width in Iron Iron samples sf;? Formation 



TABLE l-continued. 

feet % 
152-330 51 (a) 11 152-330 135 50 

12 225-297 40 15 59 231-303 56.2 

13 174-313 110 11 59 117-270 52 

Y? 
56 

feet fwt % 

14 262-378 85 29 64 265-375 56.5 (a) 

W. 2 

W. 3 

Total Footage Drilled : 7,247. 
(a) Includes two assays of less than 40 per cent. 
(a) Includes three assays of leas than 40 per cent. 

babIy contaminated in casing operations. 

probably in part came from the mullock band shown on the plan of Lens W. 5. 

General. 
The iron ore is boldly exposed in hills which rise 

to about 200 feet above the surrounding Plain. All 
lenses are almost vertical and only Lens W2 has 
any overbmden. The removal of wallrock waste 
is a minor problem to the depths listed in Table 2. 

with bands of red and Yellow 
and botryoidal goethite. Th 
large proportion of fines in 
tions. The magnetite ore is more massive. in the calculations. 

IRON OREBODlES. 

arbitrary, 
nages of ore in Lenses w1 to w6. poor 
of Core and incomplete surface sampling preclude 
stating an  exact ore grade but 

The hematite bodies are largely of specularite are restricted to those blocks 
chance of containing 60 per cent. iron. A factor 
of 8 cubic feet of ore to a long ton has been used 

~ - _ _ . _ _ _ _ . -  

1,200 60 260/2 1-2  
less 60 GO 20 .... ____-_______- 

1,000 72 400/2 1.6 
less 50 72 250 .... 

TABLE 2. 
SUMMARY OF THE DETAILS OF 

W. 4 

w. 5 

W. 6 

W. 7 

W. 5 

w. 9 

LensNo. Length Width Depth Long Main Minerals I 1 I I Tons I 

--____-____- 
600 SO 2GO/2 0-7 Hematite . . . . . . . .  

less 30 SO 200 .... Mullock ----- 
700 45 210/2 3.4 Magnetite,Hematite 

+l,GOO 56 230 and a little Goe- 

Twoof GO 300/2 2.9 Magnetite,*Goethite 
400 some Hematite 

+560 50 240/2 thite __________________ 

+S80 60 300 

500 65 200 0.5 Magnetite and a little 
700 50 200 0.5 Goethite 

----- 
a 950 SO 200 1.9 Magnetite and a 
b 600 36 100 0.3 little Goethite 

----- 
900 1 so 200 , 

I I I I I 

W. 10 

W. I1 

W. 12 

W. 13 

feet feet feet millions 
W. 1 1 1,500 I 98 1 400/2 1 4 - 3  I Hematite, Goethite 

.___---- 

3,500 72 200 6.3 Magnetite 
700 5G+ 100 1.0 Goethite . . . . . . . .  

2,300 60 200 3-4  Magnetite and some 
_______--- 

Hematite ----- 
1,000 32 100 0.4 

2,000 32 100 0.5 Magnetite . . . . . . . .  
----- 

Goethite, Hematite 
Mullock . . . . . . . .  

Hematite . . . . . . . .  
Mullock 

TKE IRON OREBODIES. 

Remarks 

Includes the old native ochre mine the desired preserva- 
tion of which would reduce the estimate t e  about 
4 million tons. 

~ 

Has a maximum of 80 feet of overburden at  its N.E. end. 

A block of 500,000 tons at  the western end is not included 
as numerous mullock seams would probably lower the 
mined grade. 

may be uneconomic. Possible fault blank. 

Continuously mineable. Divided in places by 10 feet of 
mullock. Width is conservative. 

Probably continuously mineable. Estimate conserva- 
tive. 

There are other small blocks. Lens may total 4,000 feet 
by 100 feet of > 45% Fe, i.e., 10,000,000 tons to 
200 feet. 

a and b are separated by 75 feet of low grade jaspilite. 
Lens mrty total 4,600 feet by 100 feet of > 45% Fe, 
i.e., 12,000,000 tons to 200 feet. 

100 feet of > 45% Fe, Le., 9,000,000 tons to 200 feet. 

kteritised a t  its eastern end. Full width of iron forma- 
tion is not exposed. 

Low comparatively poor outmop. 

Leagt well examined. 
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_ _ _ _ _ ~ - _ _ _  

Tr. Tr. 2 . 9  1.64 

No estimates are given for ore in talus or in the 
10 to 30-foot jaspilite associated with the Wilgie 
Mia bed. This jaspilite has a number of hema- 
tite-goethite bodies pzrticularly near lenses W5 
to Wll,  but *,hey arz probably not  OP economic 
width. 
Impurities. 

Ail samples h'lhich sssayea better than 56 per 
ceu:. iron had a 13w impnrity contenx. Ores of a 
lower iron percentage are ! ~ i g h  in silica but other 
deleterious elements are \afihiu the generally ac- 

cepted limits and remain so, probably to a depl:, 
of 400 feet below the outcrops. Sulphur as pyrite 
might be a problem at depth. Core from 522 feet- 
637 feet in D.D.H. No. 3 had fine pyrite. This 
core assayed 40 per cent. iron and 1.4 per cent. 
sulphur. 

Ore from lenses W1 and W2 has a consistently 
high water content which wouId probably prevent 
attaining a 60 per cent. grade for direct shipping. 
Table 3 lists the analyses of a number of composite 
samples. 

TABLE 3. 

ANALYSES OF A NUMBER OF COMPOSITE SAMPLES. 
-____ ._ 

I ANALYSIS 

Idens 

0.06 
0.04 

DDH No. 1- 
143-168 ft. 
244-320 ft. .. 

0.14 ' 0.14  
0.09 1 0.19 0.07 1 2.61 10.0 

I w. 1 

IT. 2 

1.0 ___ 

.... .... 

Tr. 1 Nil I 2 . 9  1 9.22 

.... 5.17 

.... ~ :::: 1 :::: ~ 5.9s _ _ - ~ _ _ _  

0.42 
DDH No. 13- 

Johnson (1950)- 
Sample N120 ... ---______- 

DUE No. 6- 
198-299 ft. 6 4 . 1  63.9 3.63 

DDH No. 4- 
399-429 ft. 

0.02 0.03 

~ 68.3 1 68.1 1 1.94 ~ :i 1 0.01 1 0.02 

0.02 

0.01 
\v. 3 

w. 4 
Johnson (1950)- T10, 

Centre of Orebody M123 60.7 6.07 0.14 0.1 ------ 1 64.1 I 64.1 1 4.8 i 0.01 I ::I5 1 0.05 
D D E  No. 14- 

262-378 ft. 

.... 1 .... 1 .... 1 .... --___- 

0.19 - 
.... 

vir. 5 --- I______.- 
Johnson (1950)- TiO, 

SampleM140 .... .... .... 1 .... 1 66,4 1 1.89 I Tr. I 0.08 I 0.03  .___ 1 _.__ 1 ..__ ~ 1.17 ---- 
DDH No. 3- 

440-522 ft. .... _... .... 1 51.6 I 51.6 1 23.0 I 0.46 I 0.07 I Tr. 
715-760 ft. .... .... .... 54.1 53-2 12.9 0.24 0.08 0.02 

0.12 
0.56 ------ 

Johnson (1950)- 
Sample M143 .... .... .... I .... 1 64.38 1 2.11 1 0.02 1 0.12 1 TI. 

W. 6 

w. 9 

.... .... .... 4.32 ____--___ 
Tr. 1 Tr. 1 1 . 8  ~ 6.15 

.... - 
0.04 Chip across 105 ft. width .... 1 61.1 1 61.1 1 4.31 I 0.04 1 0.1  I 0.02 

Lenses W5, W10 and W11, which are considered. 
to be the best three orebodies, together contain 
about 13 million tons. Lens W1, the best known 
of the orebodies, has a high proportion of goethite 
and run-of-mine ore probably would not maintain 
a 60 per cent. grade. 

A further 25-30 million tons of iron formation 
adjacent to lenses W7, W8, W9 and iiVl2 might 
contain 45 per cent. iron. The Madoonga jaspilite 
is comparatively rich in iron and careful samp:ing 
might outline several tens of millions of ions ~i 
material suitable for beneficiation. 

Most of the 30 million tons of ore listed in 
Table 2 could be mined cheaply with a low iiiitial 
capital outlay. High transport costs over 40 miles 
of road and 264 miles of lightly ballasted railway 
of 3 f t .  6 in. gauge reduce its prospects for devel- 
opment in the near future. 
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6-10. 

Origin. 

The orebodies have a complex geological his- 
tory and the relative importance of each process 
involved in their formation can only be surmised. 
They may be- 

(1) mainly as they were originally deposited; 
(2) altered supergene enrichments of the jas- 

pilite; 
(3) predominantly of metamorphic origin. 

There is abundant evidence throughout the Weld 
Range to show that the iron has been mobilised 
in Part. This probably took place at  the same 
time as the quartz injection and silica bleaching 
along some of the faults. The effects are quite 
localised and the largest altered mass observed is 
west of the yellow ochre mine where the jaspilite 
is altered to specular hematite quartzite for about 
400 feet aiong the bedding from a cross fault. 

It is not known to what extent mobilisation has 
contributed to the establishment of an economic 
grade. It has clearly modified the shape and limits 
of some orebodies, in places sufficiently to  compli- 
cate a mining operation. An example is in lens 
W8 where blocks a and b (Table 2) are separated 
by a 75 foot wide zone of bleached jaspilite. 

Later modification by intense weathering has 
produced the hematite-goethite bodies of lenses 
W1 to W4 in a part of the range cut by numerous 
large faults. 

CONCLUSION. 
Total indicated and inferred reserves of iron ore 

in the 13 orebodies of the Weld Range are 30 mil- 
lion tons of about 60 per cent. grade. 
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so 
by A.  P .  Trendall. 

ABSTRACT. 
The presence of perlitic, eutaxitic h d  quartz- 

felspar intergrowth textures (including ‘spherulitic 
and micrographic) is noted in some acid volcanic 
rocks of the Western Australian Precambriau. The 
association of high-temperature albite and probable 
quartz paramorphs after tridymite suggest that 
many of the textural features described were 
formed during devitrification shortiy af 6sr em- 
placement. Slow devitrific:ttiooa at  normal tem- 
peratures is probably an unusual. phenomeaon. 

INTRODUCTION. 
In  this paper selected textures and minerals of 

some acid intrusive, extrusive and pyroclastic rocks 
of the Nullagine successions of the HamersleY 
Range area (22-23” S.; 117-119” E.) and the 
Dampier Archipelago (centre 20” 30’ S.; 116” 50’ E.) 
are briefly described, and their possible significance 
discussed; systematic descriptions of the rocks are 
not given in this preliminary account. 

DISTRIBUTION, RELATIONSHIPS, CLASSXFI- 
CATION AND APPEARANCE. 

For inforniation used in the following strmmary 
I am grateful to Drs. R. C. Horwitz and W. N. 
Macleod and to Messrs. E. Einlllgan, E. E. de la 
I-Iunty, M. Mriewaldt and E. Ryan. 
sley roclrs are mainly from the Wo 
which includes tuffs as well as lava 
and laterally extensive formation whose base is 
some 20,000 feet above the base of the Nullagine 
succession in which it occurs. Some come also from 
thinner bands of similar volcanic rocks which oc- 
c i ~  impersistently at  other levels in the same BIIC- 
e-ssion and also from n few s m ~ l l  plugs. In the 
Dampier Archipelago the rocks concerned crop 
out on several islands a t  and near the base of 
the succession; field evidence 
intrusive. 

For prescnt convenience of 
may be grouped as follows:- 

(1) Wamersley Area: 
(a) Homogeneous dacite. 
(b)  Lava-breccia (sbratifora. 

trusive) . 
(e) “Green quartzite” la 

and others, 1963). 
(d) Tuff. 

(a) Granophyres. 
(b f  Aphanitic and por 

(2) Dampier Archipelago: 

The field apy;earance is frequently misleading. 
Many of the quartz-rich aphanjtic rocks are as 
dark as basalts, and tuffs are not dstinguishable 
from lavas. A biotchiness in colour often gives 
a false impression of granularity, especially in the 
granophyres, and “green quartzite” is an apt, but 
erroneous name for the lower part of the Woon- 
garra Dacite. 

TEXTURES. 
Qz;artz-Felspnr Textures. 

The “green quartzite” (€295. R96-~iurnbers re- 
fer to  rocks and 
{ection of tlx~ 

(R207) are largely composed of an equidimensional 
quartz-felspar mosaic, of average graiii diameter 
0.02-0.1 mm., in which the boundaries are so 
grotesquely intercrenulated that it is impossible 
in a section of standard thickness t o  define the 

’ 

displayed by the granophyres (R 152). 
Spherulites formed of similar irregularly radiate 

linear quartz-felspar intergrowths are common h 
the aphanitic rocks of both the IXamersley and 
Dampier areas. They vary in excellence of develQD- 
ment from a crudely radiate pattern imposed 
over a weil erystallised mosaic (E 226) GO feathery 
aggregates with sharp edges completely lacking 
granularity (R 153), and they vary in size from 
0.3 mm. fR  223) to 3 mm. (E 1531. They may 
be conspicuous or indistinguishable in hand speci- 
men. Anotner type of spherulite often OCCU~S in 
associatim with perlitic breccias. Each grain of 
what at first appears to  be a fine quartz 
a radiate (chalcedonic?) n2gre::nte ext 
with a black cross (R 1044. Both L l e a  
larger spherulites are radizlly fast. . hey  mey be 
closely packed in the rock (R 206) or widely spaced. 

A common textural fez?LL2:l+e ~ i :  the “green 
quartzite” and of the Dampier granophyres is LIie 
presence of interlocking laths or aeedles of quartz 
which &re clearly defined under ordinary light by 
their complete freedom from turbidity. Under 
crossed nicols these laths extinguish in ses-eTal 
perk, each part tog-c;ler ~ f t h  the qt?astz of the 
immediately adjacsnt matrix. They val’y in leneth 
(masima in individual Chin sections from 0.1 nmi. 
(R 89) to 2 mm. (R 152) ) and have elongasions 
as great as 100 : 1. They have n o  obv~ou~  pre- 
ferred orientation, except that several iieedles often 
occur in acutely radiaLe and loosely aggrezated 
bundles; suck hundles are common in the Daripier 
granophyres, wh%e &hey tend to form the cciiCral 
part of optically consistent areas of inicrographlc 
intergrowth (€3 154). 
Perlitic Texture. 

Textbook examples of perlitic cracking occur 
frequently in iiie coilstitzeni, fragmmts of lava- 
breccias in tile Ram?rsley area (E 88, R 106, R 107, 
R 108, R 109). T h e  cracks themseivca are mxked 
either simply by ‘61:~ qrain boundaries of the p!agfo- 
clase which ICY the nizin devitrification product of 
the original &:ass, by <ark lines ruriaing t2wmgh 
plagioclase crystals, or bs thin chlorite bands. This 
plagioclase is arranged concentrically, together 
Tilth some quartz and chlorite, around an irregular 
core of cryptocrystalline and effectively isotropic 
greeil chlorite. It is described more fully below. 
Eutazitic Texture. 

Tuffs in which closely packed shards have been 
deformed into a crudely parallel arrangement have 
been collected from two localities in the Hamersley 
area; one is within the Woongarra Dacite proper 
(R 214) and another from a similar stratiform vol- 
canic band lower in the succession (R 216, Ez 217). 
The shards are devitrified to  auartz and plagio- 
close aggregates and average 0.5 mm. in Geatest 
Aameter, 

MINERALS. 

described below. 
(5) One or two cleavages ase defined by thin 

inclusion-free planes rather than by cracks. 
The strongest is (001). 

dentified as 
llel to (100). 
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cross-section with opposite quadrants extinguish- 
ing together. It appears to be similar to  that 
described by Klein (1939) and Rogers (1911) from 

1 (001) 6” 76” 
I (001) 3” 6” 
1 (001) 0” 72” 

rocks (R 154, R 159), the cloudy felspar 
chy with clear ar 
of which there is 
areas are of low-te 

Wager and others (1953, PI. XI11 C) have 
described and figured a granophyre from Skye 
which is almost indistinguishable from some of the 
Dampier granophyres (It 152) which bear high- 
temperature albite. On the basis of comparison 
of the chiiled edge of the Skye granophyre, in 
which tridymite was identified by shape and 
orientation of the replacing quartz (Ray, 1947), 
the acicular quartz of the body of the granophyre 
was thought to be after tridymite. Parts of the 
Skye granophyre (Wager, and others, 1953, fig. 
2B) bear quartz “laths” with the same patchy ex- 
tinction as has been described from both grano- 
phyre and “green quartzite” above. There is a 
high probability that many of the quartz “laths” 
in the rocks discussed represent tridymite, and it 
is hoped t o  carry out further work 011 this point. 

DISCUSSION. 
For clarity the principal propositions which are 

develoned, and where possible justified. in the suc- 
discussion are set out first:- 
Some of these rocks are devitrified glasses. 
The devitrification textures are closely as- 
sociated with the development of high- 
temperature albite. 
High-temperature albite, closely similar in 
many ways, is also associated in both 
granophyres and lavas with quartz after 
tridymite. 
The Dampier granophyres may represent 
devitrified rocks. 
Most devitrification of glassy rocks takes 
place a t  high temperature within a com- 
paratively short period after emplacement. 

Although devitrification was proposed as a cause 
of some textures in igneous rock over a century 
ago (Ludwig, 1861) relict perlitic cracking in crys- 
talline rocks, first suggested by Allport (18771, re- 
mains the only unequivocal criterion for post- 
solidification crystallisation. Later workers fami- 
liar with the textural complexities of volcanic rocks 
associated with lavas thus shown to  be devitri- 
fied (Easco-m, 1836; Bonney and Parkinson, 1903) 
accepted other features; while Iddings (1899, p. 420) 
argued against a devitrification origin for spheru- 
lites formed later than perlitic cracks, Harker 
(1909, p. 275) accepted some spherulites as result- 
ant from devitrification. Subsequent work has not 
produced general agreement, or a clear distinction 
between immediate post-consolidation devitrifica- 
tion, subsequent slow devitrification at  ordinary 
near-surface temperatures, and devitrification con- 
sequent upon later (metamorphic) stress and heat. 

Although glass is increasingly rare in older rocks 
(Marshall, 1961) it is uncertain whether this is 
mainly a result of the slowness of the devitrifica- 

ange of the mate- 
Certainty is pre- 
the temperature 

nd partly by the 
On the second 

vel of the Ham- 
ersley Nullagine rocks makes it unlikely that a 
temperature rise of the necessary severity ever 
took place after cooling. The actual temperature 
required for the formation of the albite is not 
known 
synthe 
is not mperature high-tem- 
perature albite can crystallise. I f  it is accepted, on 
the similarity of the felspars of the perlitic frag- 
ments and the “green quartzite,” in which the fel- 

the transformation ranges of natural lavas is non- 
existent, brat what viscosity and temperature data 
exist suggest that 900” C. would be an unexpect- 
ecily high temperature to be below the transforma- 
tion range. 

Granophyre, and its micrographic texture, were 
suggested to result from devitrification by Bon- 
ney (1885; 1903) and Judd (1889) for different 
reasons, and Reynolds (1959) has more recently 
made the same suggestion on other grounds again. 
The commn association in the ’I’ertinry volcanic 
centres of Scotland (e.g., Bailey and others, 1924, 
pp. 334-336) between granophyres and felsites, 
which are there accepted as devitrified rocks, sup- 
ports this view. In the Dampier Archipelago 
granophyres, the intercrystallisation of tridymite 
and. high-temperature albite in textwes similar to 
those of the Hnniersley lasas, strongly suggests a 
similar thermal history for these rocks, with cool- 
ing below the transformation range before crystal- 
lisation. As in the Hamersley area, immediately 
after emplacement is the only time in the history 
of the Dampier rocks that the granophyres are 
likely to  have attained the high temperatures be- 
lieved to be necessary for rapid and complete de- 
vitrification to tridymite and albite. Devitrifica- 
tion is envisaged as an integral part of the cool- 
ing histories of these rocks. 

The textural similarity is so striking between 
many of these Nullagine rocks, Bascorn’s (1896) 
Precambrian “aporhyolites” of South Mountain and 
the Tertiary volcanic rocks of Scotland and the 
Yellowstone Park (Iddings, 1899) that it is diffi- 
cult to accept devitrification as a gradual process 
acting over immense periods of time, an  early con- 
cept still implicit in recent text-books (e.g. Jung, 
1959, p. 232; Turner and Verhoogen, 1960, p. 64). 
Walker (1962) has described a Tertiary welded tuff 
from Iceland, most of which is felsitic and devitri- 
fied. Careful study of modern acid volcanoes 
should reveal devitrification textures. 

b 
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