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Annuwal Prqg"ress Report of the Geolodical Survey f"or the Year 1902,

The Hon. Henry Gregory, M.L.dA., Minister for dMines, Perth.

_ Geeological Sm'vey Office, the Musenm,
Sir, Perth, 24th April, 1903.

I have the honour to submit, for your information, the Report of the Geological Survey for the
Calendar Year 1902,  For the delay in the presentation of this report, I alone am responsible, having been
practically continuously engaged since the close of the year upon field work and other multifarious
duties appertaining to the office.

The arrangement of the different matters dealt with is somewhat similur to that followed in tbe
previous reports.

During the year 1902 the,,WQl{[k of the Department proceeded practically on the lines of previous
years. A very large portion of the time of the staff has been devoted to inquiries connected with the
Mines Development Act, recently passed by the Legislature. The newly created appointment of State
Mining Engineer having been filled, it is hoped that the Geological Staff will not in future be required to
any very great extent in connection with the administration of the Mines Devclopment Act, and that
their services will be available for the systematic examination of the various auriferous formations of the
State, a class of work upon which the officers can always be most profitably employed.

It is highly desirable that the lesser kuown portions of the State be systematically exawined, with
the view of ascertaining how far their geological characteristics are likely to affect their possibilities as
mineml-bea,ring country, and this information be made availuble to the public, under Government autho-
rity, through the medium of official reports and maps. "This important class of work should, whenever
possible, be carried out in advance of the occupation of the country for mining and other industrial
purposes.

The extensive tract of country lying between Laverton and the South Australian Border, and that
between Peak Hill and Nullagine, may be especially noted as areas which it is essential should receive
early examination at the hands of geologists specially trained for the work.

In this connection it may be noted that since the Department was instituted on its present basis,
it has not been found possible to examine and report upon more than about 50,000 square miles out of a
possible 975,920. The work already done has been chiefly the detailed examination and mapping of
important mining centres.

During the year twenty-three reports connected with the alienation of mineral lands were made;
some of these entailed special visits to the districts in which the land occurred; others it was possible to
deal with by the information contained in the Geological Maps already prepared by the Department.

THE STAFF.

During the year the work of the office has been carried out by eleven officers. The only changes
in the personnel of the staff have been the appointment of Mr. H. B. Talbot to the position of Field
Assistant, rendered vacant by the resignation of Mr. J. H. Brooking. Mr. Talbot’s appointment dated
from the lst of February, 1902.

F1IELD WORK.

The field work of the year 1902 has been, as in previous years, distributed over such portious of
the State as the exigencies of the public requirements necessitated.

A. Giss Marrranp: The latler part of February, and the carly portion of March, fonud me
engaged in an examination of the valleys of the Warren and Donnelly, with the view of reporting upon
the reputed oceurrence of petroleum in the district.  From the st to the 22nd of April I was lLl)S(‘l‘ll,
from Perth on leave. The latter end of that month and the carvly part of May 1 was at Bulong in
conneetion with an application for State aid towards the development of wining.  On the 17th of June 1
left Perth for the Murchison, and was engaged in an exawination of Cue, Lennonville, and Yalgoo,
relurning to Perth on the 6th of August, after having called in at Arrino to examine a copper mine in
the vicinity. The latter end of September found me at Broad Arrow, dealing with a general application
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for boring for reefs and alluvial deposits at Paddington and Broad Arrow. Two days towards the close
of October were devoted to an examination of the valley of the Helena River in connection with a claim
against the Government. From the 7th of November until the 17th of December my time was devoted
to an examination of the country between Niagara and Edjudina, on the North Coolgardie Goldfield.

W. D. Campsenu: Dwing the year this officer was employed in the field 127 days. In the
months of Mareh and April, Mr, Campbell was engaged in the valley of the Helena River for the purpose
of acquiring certain information dealing with the foundations of possible sites for supplementary .
reservoirs, in connection with the Coolgardie Water Scheme, at the instance of the Department of Public
Works., May and June found Mr. Campbell on the Murchison engaged on the preparation of a map of the
auriferous reefs of Cue and Day Dawn, in connection with a proposal to test the reefs at a depth by
means of the diamond drill.  Donnybrook was visited by him in August in connection with an application
for State aid towards gold mining; and Brunswick Junction respecting a water supply. Portions of
September and October were devoted to the examination of the Coustal Plain within the Metropolitan
Avea, in conunection with the water supply of Perth and Fremantle.  Several visits were paid to
Northampton during the months of June and October, in connection with the State boring carvied out
in that district. '

C. C. Grsson: In the month of June, Mr. Gibson joined his colleague, Mr. Campbell, at Cue,
assisting him in the field work in that district. The latter part of June and a portion of July were
devoted by this officer to assisting me in Leunonville. The month of September found Mr. Gibson at
Broad Arrow engaged upon duties in connection with a proposal to cairy out boring operations under
the provisions of the Mines Development Act. From October the 14th up to the 19th of December this
oficer was engaged upon an examination of the auriferous formations of Boogardie and Mt. Magnet.
Mr.-Gibson was employed 82 days in the field during the year.

Y
o LABORATORY WORK.

The work in the laboratory was carried out during the year under the immediate supervision of
Mr. E. 8. Simpson, the Mineralogist and Assayer. '

The new laboratory in Museuin Street, alluded to in the Annual Report of last year, was completed,
and the stalf entered into possession in the month of September. The building provides ample
accommodation for all needs in the immediate future; unfortunately, owing to the structure of the
building, the heat is a source of discomfort to the staff during the summer months, the temperature in
the coolest part of the building baving already exceeded 100° on several occasions. This high tempera-
ture is also a great disadvantage to the storage of chemicals, and in some cases of analysis.

Stock was taken, as usual, at the end of the financial year, viz.,, 30th June, and it was found that
the total cost of upkeep of the laboratory for the year 1901-2, was £703 11s. 8d., which amount includes
the salaries of the staff.

Reporting on the work performed by the laboratory staff during the year 1902, the Mineralogist
and Assayer informs me that 897 assays, analyses, and other determinations were made. The following
table shows a detailed statement of the analytical worlk carried out during the period covered by this
report :—

Table showing details of Assays, etc., made tn the Geological Laboratory
during 1902.

Public. Oflicial.
. Classification. i - Totals.
Pay. Tree, g?xrox?e) y? .(l Dep:u-tlxﬁlcn ts.

I Sy e o = =
Total samples dealt with 68 170 126 ' 242 606
Determinations ... . - 1 22 2 i} 49
Assays for Gold ... 48 125 18 202 393
5 Silver ... 3 40 15 54 112
5 Platinum 1 i
»  Mercury » 1 1
. Copper ke 0 12 7 50 78
,»  Nickel ... 3 2 5
»  Cobalt ... 9 2 i 12
» in 3 6 1 18
- Lead . 2 ¢ 3 8 L1
o LWL 2 1 i :
5  Anbimony . 3 3
Chemical Analyses, complete 2 3 26 10 41
- - proximate 1 A 4 74
- % partial 2 2 R ) 21 29
Sevtions : 2 109 i 111
Miscellancous 2 i 5 19 © 30
Total of Assays, cte. 73 234 200 390 897
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The routine work of the laboratory has included assays and analyses for the general public of
various substances, including metallic ores, rocks, boiler water, ete., for @ small proportion of which fees
are charged. A considerable amount of information has been given by word of mouth to various
applicants. In addition, many assays of tailings and ores, and some analyses of boiler waters, etc., have
been made in the interests of the Superintendent of Public Batteries, and towards the end of the vear
for the State Mining Engineer. A nwmber of rock sections were cut and examined, and many analyses,
assays, and other determinations for the guidance of the field staff, with a view to rendering available
further information on the minerals and rocks of the State. ’

During my necessarily frequent absences in the field, Mr. Simpson’s time las been cousiderably
encroached upon by his having to take general control of the office; despite this, in addition to the usual
laboratory routine, this officer found time for the investigation of several matters of both scientific aud
economie interest,

Application having been made to the Government, in connection with the Friedrich process of
pug treatment, at the request of the patentees for an investigation to be carried vut, officially, Ministerial
mstructions were given to have the tests carried out in the laboratory.

. M. Simpson reports that « it is as well to state at the outset the dificulties hitherto cucountered in
treating this material (which is composed mainly of a very fine grained clay) :-~

(1.) Owing to its very sticky nature when wetted, it is practically impossible to crush it in a
battery in the ordinary wet way.

(2.) If crushed dry it breaks up into an extremely fine powder, which requires an excessive
quantity of water and careful mixing to producc a pulp suitable for amalgamation.

(3.) When attempts have been made to cyanide it, it is found to settle in the vats into a solid
sticky mass, which absoltitely refuses to allow the solutions to pass through it.

(4.) A considerable propor/tioil of the gold in it is in a very fine state of division.

In short, this ore presents, in an exaggerated degree, all the difficulties met with in the treatment of
battery slimes.

Friederich’s process aims at securing a complete breaking up of the ore and conversion into an even
pulp in a rapid and thorough manner, followed by the concentration of the gold in a small proportion of
the slimy ove, or in the still smaller amount of gritty material in the ore, from which the gold is then
recovered by amalgamation or other means. The breaking up of the pug is effected by adding caustic
soda to the coarsely broken ore and then pouring in boiling water, and allowing to stand for some time.
The lumps of ore under the influence of the hot caustic solution disintegrate, and, on the addition of
further hot water, followed by agitation, the whole mass becomes converted into a thin pulp, free from
Iumps. The disintegration of the ore is accompanied by a separation of gold and quartz grit from the
fine clay, and, when the pulp is allowed to stand for a short time, these for the most part sink to the
bottom of the pulp, whilst very little of the fine-clay settles. At this stage about two-thirds of it are run
to waste off the top of the mixture. The remainder containing most of the gold can then, after slight
dilution, be run over plates to amalgamate the gold, or cau be further concentrated by repeated mixing
with water, settling, and decanting, until nothing remains but quartz-grit and gold, which latter can then
be recovered by amalgamation or otherwise.

The success of the process will depend upon the percentage of gold which it is possible to extract
in this way, and upon the cost of extraction. The former is a matter which can be very closely ascer-
tained in the laboratory, but the latter depends upon many questions which cannot be settled there.

Several experiments were made with the process in ovder to determine the quantity of -water and
soda needed to obtain the best results, as well as the time taken in treating the ove. In each instance one
pound of ore was used. The size of the ore particles was such that whilst the whole of it would pass a
one-inch screen, less than ten per cent. would pass a wn-mesh screen. The ore assayed loz. 19dwts. 4grs.
per ton.

The following are the figures for the most successful experiment:—

; One pound of ore was taken and caustic soda added, at the rate of 40lbs. per ton. Boiling water,
at the rate of 440 gallons per ton, was poured on and the ore allowed to stand for 15 minutes, during which
the lumps disintegrated under the influence of the soda, aided by a slight agitation. (N.B.—In practice
this agitation, as well as the boiling of the water, will be effected by passing steaw through the pulp.)
More boiling water, at the rate of 880 gallons per ton, was then added and the mixture boiled for 15
minutes; after which the ore was found to be completely broken up and mixed with the water in an
even pulp. This state, it appeared, could not be reached with less soda or water. The pulp was then
allowed to settle for 15 minutes, and a considerable portion of it decanted off.  This decanted portion may
be called First Tailings. The balance was repeatedly washed with water, the tailings (Second Tailings)
being saved, unbil finally a small quantity of gritty concentrates remained. The following are the (uantities
of cach produet, with the distribution of gold therein i—
* 1st Tailings, 70 per cent. of oro contained 28 per conl. of tolal gold.
2nd 29 .
Concentrates 1

2 2 3 4 5 » 5
@ 55 . 68, » »
The experiment showed, therefore, that it is possible to extract 68 per cent. of the gold in this manner in
about one how’s time. Mr. Frederich’s experiment, made in my presence, gave an apparent extraction
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of 69 per cent. With such an ore this result would appear very satisfactory, and might possibly be
improved upon in practice by perfecting the details of the process.

_ I am notin a position to give an estimate of the cost of labour, water, heating, ete. The soda at
85s. per ewt. would cost 12s. 6d. per ton of ore.

MINERAT COLLECTION.

New specimens, to the number of 1,189, were added to the collection during the year, bringing the
total number registered up to 4,390. By far the greater part of these were collected by the officers of the
staff in the ordinary course of their duties, and designed to illustrate their reports and maps.

Diatomite (variously known as diatom earth, diatomaceous earth, infusorial earth, kieselguhr, ete.)
was the only new mineral recorded during the year. This mineral is used for a variety of purposes in
Europe and America, but it is doubtful whether it would pay to export. Diatomaceous earth is chiefly
employed in the manufacture of dynamite, disinfectants, heat-proof paints and packings, and metal polish.
The deposit, which appears to be extensive, occurs at Lake Gnangara or Nangerup, in the Wanneroo
district.

PRINCIPAL RESULTS OF THE YEAR'S FIELD OPERATIONS.
Mineran Resources.

The following reports on the mineral resources of various portions of the State were prepared
during the year :--~

Iron Deposits of Western Australia.—In the month of September the Chairman of
the Select Committee of the House of Representatives of the Commonwealth Parliament on the Bonuses
for Manufacturing Bill approached the Government for a veport on the iron ores of the State.
Iuformation was especially required ag to the extent of the deposits, their locality, distance from the sea
coast, means of transit, analyses; of the ore, together with data bearing on the possibility of obtaining
coal in the State for smelting purposes. In response to the request of the Minister for Mines, the
following report was supplied : — )

General—The oves of iron are extremely widely distributed throughout Western Australia, but,
with one or two exceptions, the area in which the exploitation of such deposits is actively prosecuted is
very limited, such areas being at present confined to localities where ore used as a flux can be obtained in con-
siderable quantities. Some of the richest and most extensive deposits are absolutely valueless, owing to their
geographical position. The iron deposits of the State so far examined, can be broadly separated into two
main divisions—(a) the ores associated with the crystalline schists and other allied rocks; and (b) the
superficial deposits of limonite (Jaterite ore), which occupy extensive areas in many and widely separated
portions of the State, and the soft porous deposits of hydrated oxide of iron (bog ore) of comparatively
recent origin.

Batent and Locality of Deposits.—The important ores associated with the crystalline schists are
developed most extensively in the watershed of the Murchison River, more especially between 25 degrees
and 28 degrees of South Latitude, and 116 degrees and 119 degrees East Tongitude.  The most important
localities are Horseshoe, Peak Hill, Mount Gould, and Mount No Name, Peak Hill; and Mount Hale,
Weld Range (Wilgie Myah), Munara Hills, and Mount Narryer, Murchison. Less important deposits of
this nature occur at Marble Bar, Pilbarra; ICilalo Well, Murchison; Wiluna, Mount Townsend, and
Mount Marion, East Murchison; Bardoc, Broad Arrow; Mount Jackson, Yilgarn; and Jennapullin,
Blackboy Hill, and Greenhills, Avon District.

These deposits consist of highly inclined Dbeds, bands, and lenses of almost pure hematite
(occasionally magnetite) or admixtures in all proportions of hematite and quartz, interbedded with and
sometimes replacing quartzites, and quartz schists.

No detailed geological survey of any of these important deposits having yet been made, it is
impossible to give even a rough approximate estimate of the minimum quantity of ore in sight in any one
of them. That quantity of ore must be large as is evidenced by the following descriptions :—

Mounts Hale, Taylor, etc.—The sigma-shaped range of hills on the West side of the Murchison, of
which Mounts Taylor, Hale, Matthew, Yarrameedie and Erawandoo form the most prominent summits, is
remarkably prolificin iron-beaving schists. The summit of Mount Hale is formed of contorted quartz
schists with bands of hematite, which occur in lenticular masses ; some bands are often as thin as a sheet
of paper, whilst others widen out to considerable dimensions. One band measured 70 feet across and
outeropped for over a (uarter of a mile, but varied in-thickness in different parts. There were similar
bands parallel to it and cqually persistent along the strike. Just under the Western summit of Mount
Hale the quartzite is replaced by a great bed of hematite, several huge monoliths of which stand out
promiuently on the range. This hematite can be followed along the range to a point just South of the
summit of Mount Matthew. A partial analysis of a sample of this bed yielded, in the Official Laboratory,
the following in parts per hundred :—

Ferric oxide, Fe,O, .. o 94005 per cent.
¢ 2U3
Ferrous oxide, FeO ... . 097

bR
The outerop of a bed of ironstone forms a conspicuous feature on the surface at the foot of the
1 AL L DAC 5 WHE SR :
Mount Narvyer Range.  'I'he bed, which is vertical, attains a thickness of eight or nine feet, and rises
about two fect above the ground.
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The following are complete analyses by Dr. F. 8. Earp, in the Official Laboratory, of two ores of
this description :— .

No. 333, No. 342,
Mount Narryer., Mount Hale.

Water, H,0, ete. ... 482 108
Alumina, Al1,0, 60 94
Manganese sesquioxide, Mn,0, ... Trace 55
Tron peroxide .., 8207 92°66
Iron protoxide, FeO ... Trace 07
TLime, CaO 332 ‘11
Magnesia, MgO . Nil 55
Titanium dioxide, Ti0, 53 109
Siliea, 810, ... 933 314
Sulphuric anhydvide, 30, ... 32 ‘09
Phosphoric anhydride, P,0, Trace 17

10099 101-35

In the Weld Range, at the head of Roderick River, is the Wilgie Myah, said to be one of the
richest ivou lodes in the world. * This deposit was worked by the natives before the white imvasion of
Western Australia, and the ore (used as war paint) was traded for great distances. 1t has been opened
up by them to a depth of over 100 feet, and at the bottom of the excavation to a width of 50 yards. The
deposit is a banded bematite, thé soft, ved clayey bands being those to which the natives only devoted any
attention. An official analysis of the massive hematite variety of the deposit yielded 61-91 per cent. of
metallic iron, and the hard, red Wilgie gave 34:17 per cent. of iron. A deposit of the enormous size of
the Wilgie Myah from 150 to 200 feet in width naturally varies in its chemical composition, but at the
time this deposit was visited in 1900, it was not found possible to adequalely sample the whole width of
the lode. ,

The following table shows the yest}fts of the assays of the iron-bearing schists as made in the
Departmental Labovatory :— '

Assays of Iron-bearing Schists.

Locality. Description. Mﬁg:Hm Sitica. hy (]?lroast(?é‘pic. co?r\v {;:’gé @
l .
per cent. | per cent. | per cent, | per cent.
Mt No Name, Peak Hill ... | Banded limonite 50°33 730 38 11:45
Munara Hills, Murchison ... | Massive hematite 637 ? ? ?
Mt. Hale, Murchison ... Do. 6562 Vide analysis | above.
Wilgie Myah, Murchison Do. S| L6101 113 ‘13 397
Do. do. ... | Hard ved «“ Wilgi” ... 34-17 21:93 111 1151
Wiluna, Bast Murchison ... | Avgillaceous limonite ... 355 ? ? ?
Mt. Narryer, North-West ... | Hematite quartz schist |© 5745 Vide analysis above.
Mt. Jackson, Yilgarn ... ... | Fibrous limonite 6020 1-62 39 1479
Bardoe, Broad Arrow ... ... | Siliceous hematite 555 ? ? ?
Pinyalling Range, Yalgoo ... | Massive hematitet ... 6655 91

+ Also Phosphorie Anhydride, P, Oj, 13,
Sulphuric Anhydride, SOj, 24,

Deposits of very pure magnetite have been found in the ferruginous dyke-rocks of the Darling
Rauges, at Serpsutine and the Collie Rivers. Similar deposits exist in the 1wi.ghbonrhood of R@vens-
thorpe, Phillips River, but their extent is at present unknown, A recent analysis of the Magnetite ore,
from a locality 12 miles north of (ollie, yielded at the hands of the assayer —

Metallic iron ... .. 0287 per cent.
Silica, 810, ... 45,
Titanium dioxide, TiO, . . 14°13 v

The following table shows the position of the Murchison deposits with reference to the nearest
coalfield on the Irwin River, and the means of transport thereto :—

| - s
. Distance from nearest sea- © . . T Distance to nearest coalfield
Deposit. bl);;‘)t bylmil and road. l Distance from railway line, by road and rail.
M¢t. Hale ... ... | 862 miles, Geraldton ... | 100 miles, Cue... oo | 441 miles, Irwin River
Mt. Narryer ... 862, s .. 100, by ene e | L, '
Wilgie Myah ... 13812 » 50 ,, 5y e Lo 1 391, »

“'he superficial deposits comprise the Laterite ores and the Bog Irou ores. The Laterite ores,
together with the gravel resulting from themr denudation, ave the most widely distributed ores in the‘SLzLLe;
they vary very much in their composition. The ores are most largely dc.velopled. on the tops of hills or
r;Llfgcs; in depth they pass gradually, wi‘t.h.out any distinet Line .of dea‘nzbrce\,m‘on,. into the rock upon _which'
they lie. These deposits owe their origin to the cuncgnt atlon of {‘.h'e ferric oxide by the action of
atinosphevic changes.  Nowhere do any of these ores attain any grozlt thickness. The ores of this class
have been principally used for fluxing purposes, to which end 45,772 tons have Deen raised up to the
end of 1901.

* 1. P. Woodward., The Murchison Goldfield. Perth: By Authority, 1893, p. 20,
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The following table gives the results of the assays of the laterite ores as made in the Official
Laboratory by Mr. E.S. Simpson :

]

Assays of Laterite Iron Oves.

Toeality. - Description of Ore. Metallic Silien. (hyg‘l,‘('j;t;(‘)“m). . cm‘l‘;ﬂf“fﬁ,‘d),
% % % %
Mt. Baker, South-West ... | Nodular laterite 5133 4rdd ? ?

Do. do. do. 5054 549 7 ?
Darling Range, South- \Veat do. 3473 1G4 ? ?

Do. do. do. 4500 988 ? ?

Do. do. do. 41:G0 1133 ? ?

Do. do. do. 5963 1-59 ? ?

Do. do. do. 5267 ? ? ?
Serpentine do. do. 2005 971 ‘81 k26
Greenbushes do. ... Tuargite nodule ? ? ?

Do. do. L Tatevite 52K (132 ? ?

e do. ... | Loose pebbles from thcutc 38 h% 28 ‘)())* ? ?
Murrin Murrin, Mt \laumlet ... | Compact ironstone ... 5255 255 67 400
Kalgoorlie, East Coolgmche ... | Dark, slightly cellular laterite 5763 153 52 510

Do. do. - | Mottled Intexite . 4742 407 ‘63 1084
Coolgardie, Coolgardie ... | Cellular laterite 2513 ? ? ?

* Total insoluble matter.

The ores of this type already worked all occur either close to or at no great distance from the
Railwuy Line.

The Bog Iron ores consist of soft porous deposits of hydrated oxide of iron: these occur at

different points along the Southern and Western Coast Line. Up to the present, however, deposits of

this class have not heen exploited.

i/
Two sawples, only, of this class of ore have been examined, with the following results :—

Assays of Bog Iron Ores.

o 2589 2341
Herdsman's Lake. Wanneroo.
%
Water lost at 100° . 5 17
Water and organic nmttm lost ,Lt a red hea,t 1193
Metallic iron 5175 4861
Silica ‘ 2:82 852
|

The following table shows the ploductlon of Ilon Ore in Western Australia up 6o the end of
August, 1902 :—

The Production of Iron Ove in Western Awustralia.

Yeunr. Locality. ] Ovre raised, }“S‘f:l]]l‘]lémd Remarks.
|
i K tons. £

FeoTaas | West Pilbarra | 10000 30000 |

1899 ... | Clackline .. . e 1,540:00 1,071-00

1899 ... | Coate’s Siding 4,712:00 3,27700

1899 ... | Greenbushes ... 2,000:00 1,391°00

1899 ... | Werribee 4,600'00 3,200-00 L Used as a flux

1900 .. | Avon ... - 12,251-00 9,25800

1901 | Avon L, 9,972-00 6,983-00

1901 Gleenbushes 2,72500 2,086:00

1901 ... | Clackline 7,422:00 3,930:00

1901 ... | Boulder 45000 24700 | ]

1902 ... | State generally ... 4,800°00 2,04000 | Up to Blst August, 1902
Total .. .. .| 5057200 | 3378300

Coal for Smelting Purposes: Collie River Ilicld.—-The only coalfield at preseat (mvnnd up i the
State to any extent is the Collie River Tield.  The coulficld embraces an avea of about 5 ) square miles,
and is connected by rail with the main railway system of the State. A considerable numbcr of workable
scams have heen pmvcd by mining and boring to exist in the basin.  All these scams uve practically
identical in character, being hy dlous, non- (:;Lk\ng, bituminous coals, varying noticeably in the pr opomon
of ash prescut. The nmblhtv of the coal to yield coke, and the frag 1hty, low calorific value, and re Mlve])

high percentage of ash, pr ohibits its use in smelting.

Irwin River.—The Trwin Coalfield is embraced by the area drained by the eastern branches of the
Irwin River. The field, however, has not yet-been sufliciently exploved to pronounce any definite opinion
as to whether any coal suitable fm smelting g purposes is ]ihely to be discovered. The area covered by the
coal-bearing series, however, is very great. Having in view the delimitation of the geological area of the
coalfield, two bores were pub down by the Govclnment ab Donmum and Y u(Lmno, but, owing to an
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accident Lo the boring rods, operations were stopped in both cases without having unequivocally reached
the base of the Coal Measures.

(Gascoyne River.—Undoubted Carboniferous Rocks being known to exist on the Gascoyne River,
the possibility of thé occurrence of commercial coals associated thevewith is apparent. In view of the
utility of such in conunection with the exploitation of the Murchison iron ores, the Goveriment are
putting down a bore on the coast at Carnarvon. This bore has now attained the depth of over 2,000ft., *
and, aftor piercing a considerable thickness of Tertinry Rocks, entered the Carboniferous Series at about
1,200 feet. The bore is now in progress, and it is contemplated continuing it wntil the base of the
formation has been unequivocally reached, when the question of the occurrence of coal seams will be
definitely settled. ;

Summary.—The ores of iron are very widely distributed in Western Australia. The deposits of the
Murchison stand out prominently before any of the others yet reported upon, but, owing to their
geograplical position, they are practically valueless under present conditioms. Although practically
neglected at present, they are destined to form a very important State asset. No detailed geological
surveys of any of the Murchison deposits having yet been made, an approximate estimate of the
minimum quantities of ore in sight in any one of these deposits cannot be made. No coal suitable for
smelting has vet been found in the State.

Diatomaceous Earth, Wanneroo.—The discovery of aun extensive deposit of Diatomaceous
enrth at Lake Gnangara, in the Wanneroo digtrict, formed the subject of the following report by Mr.
Simpson :— ‘

“The first sample of this material was sent to the laboratory, through the medium of the Hon. the
Minister for Mines, by Mr. W. B. Gordon, M.L.A. It was marked “clay,” and o veport was desired as
to its value and possible applications. It has been partly calcined, and a preliminary examination
revealed its extreme lightness, and also that it was composed mainly of silica (7826 %/), alumina (9:44.°/),
and water. This pointed to the probability of the material being a silicious infusorial earth, and a
subsequent examination proved that it was composed almost entirely of the skeletons of the minute alge
known as Diatoms, and of equally minute fresh-water sponges (Spongilla).

Through the courtesy of Mr. G01;(1on/ and Mr. McLeod, the owner of the land adjacent to the
main deposit, I have been able to inspect the deposit in sitw. It occupies the northern and western edges
of Lake Gnangara, a permanent fresh-water lake eleven miles due north from Perth, and about four miles
north-east of Wanneroo. : L

PLAN OF
LAKE GNANGARRA — SWAR DISTRICT

SHEWING PROBABLE EXTENT OF DIATOMACEQUS EARTH DEPOSIT

a o 4 9 r

Seale of Chrarns

66
511
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2880 1548
887 4

DIATOMAGECUS EARTH DEPOSIT

* On the 8th of June, 1903, the depth reached was 2,611 feet.
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At the time of my visit (October, 1902), the main deposit was found to form a quaking bog, with
a smooth surface starting immediately at the foot of the sandy banks on the northern shore of the
lake at a height of a few inches above water level, and sloping gradually towards the lake, benecath the
surface of which it passes. The whole deposit is covered with a scanty growth of reeds, and, from all
appearances, is still in process of formation. Opposite blocks 48/1579 and 10/857 these rced beds are
seen to extend out into the lake for about 10 chains, and may be taken as a rough indication of the
extent of the deposit. On the shore side it passes under the sand Lanks for some little distance, as
evidenced by the quaking nature of the latter close to the lake on the north side.

Towards the east the reed beds gradually become narrowed, and finally disappear near the boundary
of blocks 10/357 and 49/606, where they give place to a beach of fine, white sand, mixed with small pebbles
of dried diatom-earth., Towards the west, also, the deposit narvows, but does not disappear altogether,
continuing as a narrow edging to the lake, more or less obscured by drift sand, ete., all along the west
side and possibly also (Judging by the reeds) the extreme south side. < '

It was found that for a few yards from the shore on the north side the deposit had dried
sufficiently on the surface to support the weight of a man, though not that of a horse or other beast.
The surface qunaked considerably with each step, and was composed of moist earth, dark browun in colour,
and somewhat sun-cracked, on the top of which were scattered small, dry flakes of the same earth, almost
white in colour. These latter floated readily when thrown into water. The earth could be easily dug out
with a spade in large blocks, rvesembling sticky, dark-brown clay, the hole subsequently filling in with
water. By means of a short pole, a hard bottom was felt in one place at a depth of five feet ; in other places
bottom was not reached at that depth.

It was impossible to visit the south-western corner of the lake, where the reeds widen out some-
what ; whilst the existence of any notable quantity of the earth along the western shore is more or less
hypothetical.  Owing to the deposit dipping under water at a short distance from the shove on the
northern side, the extent southwards of this, the main deposit, can only be conjectured. Assuming it to
have an ares of at least 15 acres, with an average depth of five fect, there would be about 75,000 cubic
yards of the moist earth available. This would yield (as shown Dby experiment) 45,000 cubic vards of
calcined earth, weighing, roughly, 8,000/ tons.

The deposit 1s saturated with water, and very rich in organic matter.  When dug up and exposed
to the sun and air, it dries to a tenaceous mass of a dirty white colour on the outside and a light brown
within. In this condition it floats readily on water, and, on being thrown into a five, will smoulder until all
organic matter is burnt out of it, leaving an extremely porous mass, which is somewhat tender to handle.
During air-drying and caleination, a shrinkage occurs from 100 volumes of crude wet earth to 66 in the first
process, and still further to 60 in the second.

The following is the analysis of the partly caleined carth submitted by Mr. Gordon :—

Water and Organic Matter lost at 100° ... 563 per cent.
Water and Organic Matter lost on ignition .. 1669,
Silica, Si0, ... T w. 6772,
Alumina, ALO, 998
Iron protoxide, FeO . ... Trace
Lime, CaO ... 22,
Magnesia, MgO ..  Trace

100-24
Silica in calcined earth ... 8691 per cent.

Several samples of the crude earth were collected by myself at Lake Guangara, and the following
results were obtained from an examination of a sample from about 12 inches below the surface of the
deposit on the north side of the lake. The detailed analysis was made on the air-dried sample, and the
other analyses calculated therefrom.

Analysis. Crude wet. | Air-dried. | Calcined.
pexr cent. per cent. per cent. .
Moisture and organic lost on air drying ... 7788 Nil Nil
N " L, oabtlo0° LT . 248 11°20 Nil
' " , onignition 793 3579 Nil
Siliea, 810, e e 1089 4908 1 9296
Alumina, Al,O, 78 351 1 665
Ivon protoxide, FeO ... Trace Trace Trace
Lime, Ca0O ‘03 ‘16 30
Magnesia, MgO ... 01 ‘05 09
10000 9979 | 10000
Bulk specific gravity ... 1145 383 { 232
Relative change in weight ... W00 220 122
Relative change in bulk 1000 661 1 602

Under the wicroseope, the earth’is seen to be composed of u felted mass of siliceons spicules, in

which are embedded numerous dintom frustules, of perfeet form.  They belong mainly to the groups of
Navicules and Bunotica, a very large species of Pinnularia being especially noticeable.
Bacillaria, which is said to yield the best dynamite, is-apparently entively whsent.

The genus
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Diatom-carth (ealled also infusovial carth, diatomaccous earth, tripoli and kieselguhr) has been
put to a_great many uses, owing to its lightness, its abrasive power, its great absorbent power, and its
low conductivity for heat. Foremost of its uses is that of an absorbeut for nitro-glyeerine, the resulting
mixture being known as dynamite. The Wannevoo carth would not appear to be well suited for this
purpose, owing to the high percentage of alumina in it, and also owing to the forms of the diatoms present
in it. It is eminently suited for the manufacture of disinfectants by the absorption of phenol, etc., as
well as for lining cold storage rooms, and railway wagons, and as an ingredient for refrigerating paint.
Owing to the extremely small percentage of iron and other mineral impurity present, it would be an
excellent source of silica for the manufacture of soluble and other glass. It could be used as an ingredient

of metal-polishing powders and soaps.  For all these purposes it would require to be caleined and
crushed.”

The Reputed Petroliferous Deposits of the Warren and the Donnelly Rivers.—
Considerable attention having been directed to the reputed ocemrremee of petroleum in the country
drained by the lower reaches of the Warren and the Donnelly Rivers, it has been considered desirable, owing
to the fact that the conditions governing the occurrence of petroleum depend upon considerations of
geological structure, that an examination of the locality should be made with a view of determining how
far the conditions prevailing on the Warren and the Donnelly had any bearing on the future of the
district. ‘

The structure of the country drained by the Warren and the Dounelly is of extreme shmplicity, as
cau be seen by a reference to the two sketch sections following, which may be regarded as typical of the
country in tlus district. :

A large quantity of bitumen is reported to be washed up and left by the receding waves all along
the South Coast of the State, but more especially in that portion between Cape Leeuwin and Point I’ Butre-
casteaux, into whiclh the Warren and the Donnelly Rivers empty themselves.* No trace, however, was seen
by me of agphalt anywhere along the beach. Somewhat similar material has been reported as being found
on the beach at many different localities round the shore of the Great Australian Bight. These fragments
are washed up from sources at present unknown.

The formations exposed consist of :—

(a.) Superficial deposits, comprising sand dunes, alluvial deposits, ete.
(b.) Basaltic lavas. , 4
(¢.) A series of sandstones, grits, clay shales, and coal secns, and’
(d.) Crystalline rocks, which form the floor upon which the other formations were laid down.

The Warren River—The Warren River flows over the hilly country, composed of crystalline
rocks, until within a short distance of the coast, when it eats its way gradually to the sea through the
sand dunes and peaty swamps which extend for about five miles from the coast.

Tmerging from the somewhat coustricted valley in the hills, the river is flanked on either side by
variable width of alluvial deposits. The full thickuness of the deposits was not exposed in any single
section. In several localities, within a mile or two of the coast, the section in the river exposes at one or
two places a deposit of cement, discoloured by vegetable matter—in reality a carbonaceous sandstone.
The cement, which rests upon a floor of clay of somewhat variable character, is of not great
thickness.

It having been pointed out that this cement yielded mineral oil to such an extent as to
warrant its being designated ¢ petroleum rock,” two unalyses were made in the Departmental
Laboratory of the deposit, without any trace of petroleum or asphalt (oxidised petrolenm residue) being
obtained. It, of course, is conceivable, from the fact that the deposit is exposed at the surface,
coupled with the relatively high temperature prevailing during the summer months, that some at any
rate of any oil stoved therein might evaporate; any such loss would be comparatively insignificant.

The underlying peaty clay (*“bituminous clay”) also yielded, on analyses in the Departmental
Laboratory, no trace of either petroleum or asphalt. Neither of the two deposits can in any sense be
regarded as petroliferous.

The local discolouration of the sea in the vicinity has been held to be due to the escape of
petrolenm from those portions of the rocks which pass beneath the ocean. Owing to the state of the
weather it was impossible for me to collect any of the yellowish scum appearing at intervals for analvsis,
but everything points to the fact that it merely owes its origin to the decomposition of seaweed and the
like.

The crystalline rocks make their appearance on the beach beneath the sand hills at high-water
mark, some distance to the Novth of Black Head, which lies to the South of the Warren River. There is
every geological reason for believing that they extend Northwards and pass at a relatively shallow depth
beneath that portion of the district drained by the lower reaches of Meerup Brook and the Warren River.
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Owing to the fact that there are no data which will enable an idea to be formed as to the shape of
the surface upon which the superficial accumulations rest, it is impossible to form any precise idea as
to the actual thickness of the cover which conceals the underlying crystalline rocks and basaltic lavas; that,
however, it cannot be relatively great, would appear obvious from an inspection of the ground. In close
proximity to the beach, however, near the mouth of the river, the deposits would naturally be expected to
be of a greater thickness than further up the valley.

The Donnelly River.—The country between the Warren and the Donnelly Rivers is of identical
geological constitution to that exposed in the valley of the former.

] The basaltic lava, however, rises to the surface a little to the North of Silver Mount, at point about
midway between the two rivers, and again makes its appearance in great force in that bold headland known
as Black Head, some distance to the North of the mouth of the Donnelly.
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On the tributaries of the Donnelly River, a series of sandstones, grits, and clay shales, together
with one or two coal seams, are exposed. This series of strata is coterminous with that which occupies
the country between the Donnelly and the Vasse. In the neighbourhood of Busselton these strata have
been pierced by means of six bores, the deepest being 656 feet, at which depth the floor of granite and
gneiss was encountered. At Newton, near Busselton, the base of the series was 329 fect from the surface,
at which depth gneissicrocks were encountered. In these bores brown coals of variable thickness were
met with in every case. Y

On Fly Brook, a tributary of the Donnelly, boring and shaft sinking was carried out some vears
ago, and a series of strata identical with that of the Vasse was encountered; seams of brown coal were
met with at shallow depths, but in no case does.it appear that any petrolemmn was encountered. The
strata on Fly Brook reach a fairly considerable altitude, and have been laid down in irregular hollows of
variable extent, on the surface of the underlying crystalline rocks. Owing to the configuration of the
country, sections of those rocks are rarely exposed in the watercourses. Towards the coast these strata
pass beneath the sand dunes, which effectually conceals them from view. There, however, is no evidence
by which their thickness can even be conjectured, though all the available evidence poiuts to the fact that
these superficial deposits attain a greater thickness than in the Warren.

In the light of our knowledge of the geological structure of the valleys of the Warren and the
Donnelly, it may be reasonably doubted whether the district can in any sense be regarded as being
petroleum-bearing.  No petroleum has been discovered in the district, nor does its geological structure
seem to conform to that which regulates the occurrence of oil elsewhere.

There is nothing clearer, from all the evidence at present available, that the country is unlikely to
rise to any importance as an oil-producing district.

Since this report was written, three bores have been put down in the neighbourhood, and,

according to the bore journals supplied to the Government, they prove incontestably that the deposits in

the valley of the Warren reach a much greater thickness than had been anticipated. The following are
the details of the strata passed through iu the bores, as supplied by the owners of the property:—

No. 1 Bors.
Nature of Strata. Thickuess. Depth
{ feet, feet,
Sand and black mud - i3 . 49 0
Basalt 32 49
Total .. oo 81 81
No. 2 Borg.
Nature of Strata. Thickness. Depth.
feet, feet.
Sand 504
Total ... o ey R 504 504

No core available, the boring being through loose sand.

e —
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No. 3 Bore.
i
Nature of Strata according to Bore Journal. Thickness. Depth.
feet. feet,
Incoherent sand 80 0
Black clay, m{,exspelsed w1th suams of s:md 20 80
Quartz pehbles e ’ 10 100
Incoherent sand .. 52 110
Basalt, partly decomposed 21 162
Shale and brown coal 2 183
Bitumenous sandstone . 10 185
Brown coal, with pzu“mcles of mshes rnud punnce ete. 10 195
Dpcomposed graphite ver |Fhin seamonly (8 205
Scorim from pyrites, sand, num, cl:my, mtesmn ﬁow, frosh water, 60 205
graphite, and small quantity of gas
Quartz pebbles and iron pyrites 2 265
Decomposed hasalt; gas 18 267
Hard basalt ; no w ater 30 285
Calcite (? 2 315
Black mud, app’mruntly b1tummous, volczmlc nmtter, and black mud . 5 317
Sand, charcoal, and decomposed basalt 9 322
Brown shale, pieces of basalt, iron pyutes, authlamtxscd nm,tter 9 331
Quartz pebbles . - . 1 340
Pumice, mica, ete. ; graplute 8 341
Artesmn flow, salt water, sand, SC()Il‘E, ashes, coa.l pmtxcles, glaplnte 21 349
Apparent cement material of nature of 1ye with gra,phlte ("1 370
Dry sand . : 106 371
Qulcksmnd 25 4577
Clay, with sand and shale . 10 502
Sand, with garnets and mica (coal palmcles at 555ft 5 shghtly s&hne 78 512
water at 565£t.)
Alternating fine and coarse calcareouns sandstone, coherent where fine, 140 590
incoherent where coarse ; slight flow fresh artesian water, and fine
particles of anthracite below 690ft. .
Calcarcous sandstone, fresh artesian ,water, gas, particles of coal, (?)3 730
anthracitised hgmte, fireclay, and Tossils
Fine-grained sandstone, not hard enough fo core . 27 733
Sand 5 10 760
Altcm%mw hrrht gl ey a fmd luown sand : 20 770
Sand, thh tlacos of shells, fossils, and (mtlua,crblsed hO'mtc, at &bout 70 790
820ft.
Fine-grained calcareous sandstone 40 860
Fine-grained calcareous sandstone, g 1adu‘111y ﬂltermv in colour from 17 900
11<rht to dark yellow ; coarse gra,lned not hard enough to core
Total ... 917 917

N.B.-~The figures are taken from a tracing of the bove section, and ns the thickness of the strata are not given in
The fracing appears to be only approximately drawn

figures in every case on the tracing, they have been scaled off.

to scale, hence the figures of the strata given in this table may not be in every case absolutely correct.

A series of samples have been submitted to me from time to time by the Company, and the
followmg is a description thereof :—

Nature of Strata. Depth.
feet.

Micaceous shale, with plant remains Between 195-205
Débris of black sandy shale 322
Sand with fragments of dark shale Between 492-503
Micaceous and somewhat sandy shale, and p01 tion of a core of gmt or - 503-572

qumtmte
Débris of clay shale 505
Coarse angular sand of quzu tz, felspar, a httle mica, pa.le gmnets (?) Between 550-570

and fragments of pyritous shale
Fine 'Lnfrulm sand of quartz, felspar, and mica . 5 571-597 .
Fine zmcvuLn sand of ¢nartz, fekpm mica, and pale crarnets (?) o 640-652
Anoulm sand of quartz, felsp‘u mica, with a few pale garnets (?) o 652-705
Coarse angular sand of clear transparent quartz and white felspar 5 705-720
Fine angular sand of quartz, felspar, and a little mica 5 53 720-722

In addition to the above, there are amongst the material submitted—

(a.) Frngmen‘rs marked “portion of core from lower flow of basalt.”

) A tin contmnmw fragments of & quartz sand cemented by carbonaceous matter, such as is
found in many of the coastal sWamps.

These two samples have no distinetive labels; hence it is not quite clear whether they were
obtzuned from No. 3 bove, from which the other specnnens have been derived.

Cue.—Haviug received instructions to visit Cue in conncction with an application to carry out
was employed to collect the
of the application, it became

some diamond drilling in the district, Mr. Campbell, Assistant Geologist,
necessary geological data bearing on the question. Owing to the nature
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necessary to examine a very large extent of country, which embraced an area of about 10 miles in length
by about 6 in breadth.

A plan has been made by Mr. Campbell, with the object of throwing light on the proposal for
prospecting the reefs at a depth. This plan shows the position and extent of all the reefs of the district,
and, wherever possible, the amount and diveetion of their underlie.

In the year 1897 I visited Cue at a time when enterprise seemed to be on the wane, and the returns
showed signs of falling off. Tt was then pointed out in an official report* that—* The Cue district in its
“ geological structure is identical with that of the other productive goldficlds in Australin and elsewhere,
B gy There is no falling off in the supply of ore available for crushing in the district as a whole,
“although there ave local variations in the dimensions of the reefs in almost every case. Coh e
“Bo far, the reefs have shown themselves to be well defined fissure veins, in some cases, of large size, and, as
“such, ave likely to be as persistent in depth as anything in the nature of reefs ever can be. TLocal
“ fluctuations in the gold yield per ton are, of course, only {o be expected in the future, but there are no
“ scientific grounds for believing that such large and well-defined reefs as those at Cue have, on the whole,
“shown themselves to be, will not prove equally productive when followed to greater depths.”  This
condition of affairs still obtains.

The reefs of Cue and Day Dawn are arranged along cevtain well-defined lines, which have been
delineated on the plan, and their assumed continuity indicated.

After giving careful consideration to the whole guestion, it was recommended that (bearing in mind
the general cousiderations which should determine the granting of State aid in this direction) the best
assistance that could be rendered would be by means of a bore put down to the West of the Volunteer

leases, just North of the township of Cue, at such a distance as would enable the drill to intersect the
reefs at from 800 to 1,0001t.

Over this area there ave certain well-defined and persistent parallel reefs which all underlie generally
to the Westward. The Volunteer and the Twilight reefs both underlie to the Westward at an angle of
15° from the horizontal. The Cue One reef, which outcrops some distance to the West, underlies
in a similar direction at an angle of from 50° to 60°.

A bore put down at a point about five chains Hast of the North-East corner of G.M.L. 217 would
demonstrate the relation which may ¥e called the horizontal reefs bear to the highly inclined. In such a
bore the Cue One Reef, its present strike being measured, should be met with at ahout 800 feet from the
surface. The Twilight Reef, if continuous, unless cut off by that last mentioned, should be met with at
about 500 or 600 feet, and the Volunteer at-about 300 feet lower down.

S ugqestled Bore Hole . 96" 5
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SECTION SHEWING THE POSITION OF THE VOLUNTEER . TWILIGHT AND CUE N°! REEFS.

In view of the fact that any boring carried out would confer a direct benefit upon the holders of the
leased land adjoining, it was further suggested that a contribution on their part, on a basis to be mutually
arranged, would not be unreasonable.

The Warden provisionally veserved such an area as would include the ground operated upon.

Lennonville, Boogardie, and Mt. Magnet.—During the year a short visit was paid to
Lennonville, with the object of investigating its mineral vesources.

It was found that the auriferous deposits were of two distinet types—viz., white quartz rveefs and
banded quartz or jasper veins (which in some cases proved to be exceptionally ferruginous), approaching
very closely the banded hematite-bearing quartzites, which form such a conspicuous feature in some portions
of the Murchison. The white quartz reefs present all the characteristics common to deposits of this nature;
they are of later formation than the banded quartz veins, for in many cases they intersect the latter.
These laminated quartz veins form the principal feature of the district, and, so far as they have at present
been worked, have proved to be rich in gold, though it cannot be said that they have had that prospecting
which their importance warrants. .

The two types of deposits bidding fair to become of ecomomic importance, it scemed that the
greatest assistance the Department could render to private enterprise in the district would be in the
direction of mapping these formations, in the hope of furnishing a reliable guide for the conduct of the
operations of the prospector and the mining engineer.

From an examination of the Lennonville district, it was found that the ore deposits exhibited a
remarkable parallelism, having a general North and South trend. They were found to sweep across
country, with scarcely any interruption, for about four miles, and to e};tend both North and South far
beyond the limits of the inspection. :

* Cue Water Supply for Crushing Purposes, Perth: By Authority, 1897, p. 6.
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A: map, embracing an area extending from 111 miles North, three and a-half miles South, two and
a half miles West, and one mile Bast from the Lennonville Post Office, embodying the results of this
work, was issued to the public in the month of September.

It was deemed desirable that the Southern extension of these deposits in the direction of Mount
Magnet and Boogardie should be mapped and reported upon; this work was entrusted to Mr. Gibsou.
The area embraced by his labours extended over about 86 square miles. Upon the map, which is now
being prepared for the lithographer, there are shown all shafts, alluvial wbrkings, existing leases, the

strike and underlie of all the reef and ore bodies, in addition to the geological boundaries, so far as they
can be followed.

The main auriferous series is enclosed in a belt of more or less highly altered greenstones, which
extend iu a gencral Northerly direction from West Mount Magnet, through Moyagee, and as far North as
Lake Austin and the town of Cue.  The belt attains a maximum width of about 15 miles. This belt is
composed of rocks, for which the term Greenstone has been provisionally adopted, and includes diovite,
pyroxenite, together with hornblendic and chloritic schists, which may merely represent the crushed or
plated out variety of the former, induced by shearing. Owing to the paucity of natural sections, it has
been found impossible to distingnish on the map, or even trace out the field, the relative avea occupied
Ly each, and further, mining operations have not heen carvied sufficiently far to afford much assistance in
this dircction. The Greenstones are intersected by numerous faults, and are also {raversed hy belts of
laminated quartzites (cherts?), often highly ferruginous, which rise ap from the surrounding country in
the form of low ridges. ‘

The Greenstones are bounded on either side by belts-of Granite, from which. small tongues of aplite
emanate. In many portions of the district there are dykes of granite intersecting the greenstone. The
foliation of the greenstone seems to have taken place prior to the intrusion by the granite.

The laminated guartzites (cherts P), which are exclusively confined to the greenstones, ave of two dis-
tinct varieties, viz., the hematite-bearing, the purely silicious type ; the former predominates in the neigh-
bourhood of Boogardie, whilst the silicious type is more prominent at Lennonville. The deposits of the
Lennonville type arve practically vertical, and forms belts varying from two to four chains in width. They
invariably carry gold, but not always in payable quantities; they are, however; traversed by numerous
rich chutes, which are being worked with satlsfactory results.

The deposits of the Boogardie tyée differ somewhat from those of Lemnonville in that, at any
depth yet attained, they prove to Le wmore .compact; and are in some places exceptionally magnetic,
rendering work with a compass well nigh impossible. They are traversed by numerous faults, the
mapping of which is of considerable importance from a mining point of view, in that it is along these
lines that the rich chutes of gold for which the district is noted occur. The bulk of the gold has been
found to occur in rich chutes where the faults intersect the quartzites. Wherever seeu, these faults cross
the strike of the quartzite at right angles, and as the latter are generally only about from 80 to 60 feet
in width, it necessarily follows that the width of the chutes is small; they are mnever found to continue
into the country rock in either wall. The fault fissures are invaviably filled with brecciated quartzite,
recemented with chalcedone quarts, and traversed by small angular quartz veins. The fissures vary
from three to six fect in width.

The quartzites (cherts ?) appear to have been old fault lines, or shear zones, aleng which thermal
solutions carrying iron, silica, ete., have found their way to the surface.

The quartz veefs occur plentifully in both the granite and the Greenstone, though, as a rule, it is only
those close to the Greenstone which have proved to be auriferous to any extent. The chutes in these rveefs
are short, but frequently rich. It is interesting to note that these quartz reefs often form: the continuation
of the faults by which the laminated quarlzites (cherts?) are intersected.

So far as observations have at present been carried, these aurviferous deposits of Boogardie bear a
remarkable resemblance to those of Pealk Hill und the Horseshoe. It is highly desirable, in the interests
of the State, in view of the light conferred by the recent work in the Mount Magnet District, that when oppor-
tunity offers the Northern extension of this belt should be geologically examined with the view of
showin‘g its relation to the deposits of Nannine, Meckathara, and other districts in the North Murchison
District.

The map and report on the Boogardie District will be shortly available to the public.

Yalgoo.—In accordance with instructions, I visited Yalgoo on my return from the Murchison,
for the purpose of reporting upon the alluvial deposits in the more immediate vicinity of the Township.

The Township of Yalgoo lies in a broad valley, flanked on ecither side by low ranges composed of
amphibolite rock, which seems to be the staple formation of the district. Tt isin this valley that deep
alluvial ground has been held to exist. The valley is drained by a small watercourse, which carries all
the water Southwards. The broad expanse of the valley is covered with a variable thickness of superficial
deposits, some of which are partially cemented into solid rock. The dam at the Railway Reserve shows
the nature of the “ cement.”

The Public Battery water shaft is veported to have met with “alluvial wash” in a drive which
had been put in from the bottom, but no gold was apparently obtained. I visited the site of the shaft,
which is at present inaccessible. From what can be seen ab the present time, it would seem that the
sinking was through (below a few feet of superficial deposits) decomposed amphibolite of the type
prevailing in the district. There is no evidence as to the existence of “deep alluvial” in the shaft. I
ineline to the belief that the *“wash” encountered in the dvive is nothing more than a belt of decomposed
fault rock containing rounded and sub-angular fragments of the swrrounding rocks. In many places’
along the flat in the valley the country rock is exposed at the surface. This, coupled with the evidence
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derived from such of the sections as are open to inspection, would make it appear that no deep alluvial
deposits exist in the Carlaminda Valley. The generalised section herewith shows the structure of the
Carlaminda Valley :—
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GENERALISED SECTION ACROSS THE CARLAMINDA VALLEY NCRTH OF YALGQO TOWNSHIR

While i Yalgoo the opportanity was taken to exumine the vacions workings on the Bawrald Reef,
which yielded such sensational returns in the carly days of the field.  About £0000zs. of gold were
obtained from a tlat or boat-shaped veef, about 100 fvet in length, and 10 feet in width aud depth. Since
the flat reef has heen worked oul a good deal of prospecting work has been done in the hope of finding
the coptinnation thereof, but so far without any suceess. A fairly well-defined fissure has been proved to
extend along what may be called the onterop of the veef, which has a trend of North-Fast and South-West.
The Emerald Reef is hemued in, as it were, between two comparatively barren belts of foliated
greenstone, separated by either a line of fault or joint, which is fairly persistent to the North-East and
South-West. The deposit seems to be neither more nor less than a network of irregular veins, embraced
within certain weli defined limits, parallél to the geueral strike of the rcef. The kuown phenomenal
richness of the surface would scem to me-to enconrage the proscention of more judicious prospecting than
has been up to the present carried out. No attempt would scem 1o me so far to have heen made to
seriously test the possible continuity of the veef at a depth. ;

In addition to this, Carlaminda was visited, but as most of the properties had long been abandoned,
or otherwise inaccessible, description thereof is impossible. So far as could be scen the reefs were
remarkably persistent in their strike, and all had a steep underlie to the West. The quartz, judging by
that lying on the various dumps, was of an exceptionally glassy nature, aud, in places, containel small
though appreciable quantities of the green and blue carbonates of copper, together with a little limouite.

A visit was also paid to the almost deserted township of Melville, where similar conditions
prevailed. ; - i :

To the Souih of the old Gold Miring Lease 94 three men were engaged in dryblowing, but with
what success I was unable to learn.  In the vieinity of this locality were several quartz and jasper veins,
identical in character with those occrurring at the Horseshoe, Peak Hill, the Weld Ranges, Lennonville,
and elsewhere on the Murchison. The judicious prospecting of these should lead to the discovery of rich
ore chutes here as elsewhere.

I was guided hy Mr. Howie, of Yalgoo, to the gullics west of Melville, which appeared to have
been extensively worked in the early days for alluvial deposits. These deposits, however, did not attain
any thickness.  The occurrence of deep leads anywhore in these gullies is not to he expected. ’

Paddington and Broad Arrow.—The residents of Paddington and Broad Arrow, through the
medium of the Town Clerk of the two Municipalities, approached the Government for assistance in boring
for either lodes or alluvial deposits, at the same time agreeing to pay one-half of the expense. In
accordance with an official request the local authorities delineated upon a plan those places which, in their
eyes, scemed to merit especial attention, and for which aid was required, it being held that the discovery
of fresh deposits would tend to establish confidence in the future of the district, and encourage the
systematic exploration of the decper ground. :

Having received instructiens to visit Paddington and Broad Arrow in connection with the
application, the Assistant Geologist, Mr. Gibson, was employed to collect the necessary geological data
hearing on the question.

The mining centres of Broad Arrow and Paddington are, in their geological features,.identical with
those of Bardoe, with which the various formations are coterminous. The gold jproduced from Broad
Arrow and Paddington has Leen derived from two distinet sources, viz., the superficial deposits and the
lode formations or quartz veefs: these having yielded, up to the end of 1901, 57,199-130zs. of gold by the
crushing of 68,815:13 tons of ore, being at the rate of -88o0zs. per ton. At the time the district was
visited very little mining was going on, and most of the properties weve abandoned, or otherwise inacces-

-sible.  Abandonment. of a mining district, however, does not necessarily mean that the locality is worked

out; and, further, strangulation of lodes or reefs is not a preof of limited extent in depth, buta necessary
consequence of their mode of origin. The auriferous belt of Paddington and Broad Arrow is
confined to a comparatively narvow strip of country a Tittle over a anile in width, and is practically
coincident with the area over which the country roek has suffered the greatest amounnt of movement. The
reefs and formations are all practically parallel, and trend generally North-West and South-East.  These,
as far as ean be seen on the surface, have o considerable longitudinal extent, being, however, cleavage veins
they are linble to pinch out at any time, but will make again. DMost of the numerous workings being

i il
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inaccessible, I wag unable, by ocular demonstration, to form any idea as to their behavienr or natwre
underground.  The element of chance in the discovery of reefs is unusually prominent in such capricious .
deposits as those along cleavage or shear planes.

The superficial deposits of Broud Arrow and Paddington cover a great extent of ground, and
consist for the most part of the rocks decomposed i situ.

The proposal made to-the government by the Municipalitics embraced four areas in which 1t was
held that alluvial deposits were likely to oceur, and which should be prospected, and two which would
seem to afford the best chances of success in respect to boring for reefs. '

The Northernmost of the alluvial arcas lay in a broad valley, flanked ou cither side by low hills of
amphibolite, and wus covered with a small thickness of superficial deposits. ~Several shafts hiave been put
down on the flanks of the valley and expose nothing but amphibolite; one or two shafts have been sunk
in the depression of the valley, and expose little else than vock decomposed in situ, overlaid by a foot or
two of loam. From all the evidence available it does not appear at all likely that the cover can be more
than 20 or 30 feet thick.

The next area lay in a low broad valley between the IExplosives Reserve (4101) and the Railway
Line; this had been exhaustively tested by several shafts, which were abandoned and inaccessible.  From
what could e seen in the dumps the sinking had been through the ubiquitous superficial deposits and
the decompused slaty vocks which, in many cases, weather i the divection of kaolin,  In the duwmps of
one or two shafts were large boulders of a quartzose cement, so characteristic of certain of the claiwms
near the head of the North Lead, Kanowna, ,

A little further to the Westward of this wrea is the'head of the wide valley embracing the third
tract of country pointed out by the Municipalities. This valley trends Southwards, and from its physieal
conformation would scem hardly likely to contain any material thickness of alluvium. The floor of the
valley is underlaid by amphibolite and its decomposition products. Several shafts have been sunk, and
they show that the bed of the valley is concealed Ly merely a foot or two of superficial deposits. There
would seem to be little probability of any deep alluvial ground being found to the north of the Cemetery.

Another suggested possible alluviul avea lay to the West of Paddington ; the surface of the ground
is covered with a thin mantle of superficial deposits. Near the northern end of the area one or two
shafts of shallow depth show that the coverfhowhere exceeds a few feet. It would, therefoie, be havdly
probable to expect any development of deep alluvial ground in this area.

A considerable portion of what may be called the Smithfield Area has been dryblown, but with
what result there appears to be no record.  The slaty country rock (and its decomposition products) rises
practically to the surface, and is concealed by a few inches only of superficial débirms.  Several shafts have
been sunken in the area, but they all bore sigus of having been for a long time abandoned. Judging by
the material lying in the various dumps, it would seem that only small quartz leaders had been worked.
The prospect of any deep alluvial ground over this area is remote.

The most northerly arvea selected by the Municipalities lies between the township of Windanya and
Paddington, and is about two miles long and half a mile broad. The ground is traversed, however, by
several persistent lines of veef, all of which are roughly parallel to one another. The mode of oceurrence
of these deposits is shown in the following generalised section :—

£ g
W o § =
7 v} @ vy
7 SRS e S i S
s } Nad o m A ATRTA AR = =
* 113 Q/ - . % . - o .
A A g A A A AN AN AAAN A N N
M - - - 3 © - L4 L 4 - 5
Y é ; /1
: i AN A A A N~ A é} I 68 I DA
y . . ,D-m. . . .« . b
A. Ao ’/\ S P, S NN %:{ ol A A AN A
% . . - i e L
IA T = * ‘ A ‘H SN A A AN
. IaS PaY N P S S A 4 2 a8
. : . e 2 e v ¢ £ o - B & 5
& AT AT A A A A A | BN
NOT OXAWN TV SCALE . ) A A
:\l\\\k X r\\ N Al
CGREENSTOME ... pEepee v g /‘l AAETANNA CQUARTE REEFRS.. ... osolseni) RS

GENERALISED SECTION SHEWING THE SUGGESTED BORE SITES NR® BROAD ARROW

From a carveful inspection of the district, and such evidence as was available, it appeared that
(a.) the chances of discovering payable deep alluvial deposits are remote, and the search for such would
be in the nature of “blind stabbing”; (b.) the greatest service which could be rendered to the district
would be in the direction of testing the nature, character, and continuity of the lodes at a depth. It was
suggested that the ground shown in the section above be tested by two bore holes located in puch a
position as would intersect the deposits at such a depth as would be attained in 500 feet of boving
each hole. To intersect any of the deposits in the required depth of boring, the hole would have to be
inclined at an angle of about 60° from the horizontal.

Queen Margaret Gold Mining Co., Ltd., Bulong.—The Queen Margaret Gold Mining
Company of Bulong has made application to the Government for assistance towards prospecting the as
yet untested ground to the Bast of the present workings, at a depth of 600 feet from the surface.

It was proposed to do this by penetrating the country from the face of the castern crosscut fora

distance of 1,000 feet, in the hope that other lodes parallel to those already worked on the property of
the Company may be found.
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In accordance with instructions, a personal inspection of the property of the Queen Margaret
Company was made. Owing to the nature of the application it was found unnecessary to devote much
time to a detailed examination of the existing workings, attention being principally directed to that
portion of the country which would be explored by the present operations, with the view of ascertaining
whether there were any reasonable geological grounds for believing that the ground might be likely to
develop further veefs.

The geological coustitution of the neighbourhood consists of graphitic and talcose schists, breccias
and quartzites, associated with igneous rocks of somewhat obscure orvigin (diabase ?). That a considerable

amount of bond fide work has been done upon the Company’s property may be seen by an inspection of
the mine plaus.

There are two distinet lodes—the Queen Margaret and the Eastern Lode—upon the property, both
of which have been worked. These have been opened up by means of two shatts for a length along the
strike of about 1,400 feet as shown by the plan. The deepest workings have been carried down to a
vertical depth of about 700 feet from the surface. From the 600 feet level a crosseut has been driven to
the BEast for a distance of 1,320 feet from the shaft. The crosscut has been carried through a considerable
thickness of graphitic and talcose slates and schists, dipping at an angle of 50° to the West, intersected by
diabase and certain other igneous rocks of doubtful origin. = These rocks are traversed by certain parallel
fissures, two of which have proved to be ore channels containing gold in such quantitics as to render them
worth working.

Some considerable distance to the Eastof the Queen Margaret, a parallel lode—the Great Oversight
~—has been worked along its outcrop, and has proved to be extremely rich in places. In its mode of

occurrence the ore deposit of the Great Oversight is practically identical with that of the Queen
Margaret.

The mode of formation of fractures which prove to be ore channels is such as to produce more or
less parallel fissures of variable extent, and that such a condition obtains iu the ground under considera-
tion is evidenced by the section exposed in the crosscut and the workings to the East.

The surface of the ground between the two lodes, the Queen Margaret and the Great Oversight,
contains quantities of quartz fragments of such a nature as indicate that they have resulted from the
disintegration of rock in sitw, in whicl¥/case it would not be at all unreasonable to expect that the strata
beneath would be traversed by similar quartsz veins, some of which might possibly be of workable
dimensions.

In view of all the evidence available, there are no grounds for believing that the unexplored
country between the face of the Eastern crosscut and the Great Oversight cannot be traversed by further
ore chaunels parallel to those already opened up, but whether any such would prove to be payable could
only be determined by practical work.

On the grounds that the discovery of lodes in the country to the East of the face of the long
crosscut would tend to encourage prospecting ab greater depths than those at present obtaining in the
more immediate vicinity, I am of opinion that the request of the Queen Margaret Gold Mining Company
for a subsidy might very reasonably be granted. Such subsidy should be given on the basis of pound
for pound, but contingent upon satisfactory answers being given to queries put to the local Inspector of
Mines as to the method in which the mine has hitherto been worked. The Government would be involved
in a liability of about £500 to enable the amount of boving, viz., 1,000 fect, to be carried out.  In order
to enable the greatest amount of virgin ground to be tested in the 1,000 feet of boring, it will be necessary
to incline the hole at an angle of from 20° to 30° from the horvizon.

To minimise the possibility of undue advantage being conferred upoun the lessees at the expense of
the general public, I am of opinion that a reserve of some extent should be created to cover the site of
the bore.

‘Warsr SurpLy.

During the year the advice of the Department was sought in the matter of the geological conditions
affecting the water supply of different portions of the State.

Wyndham.—In considering the question of the water supply of Wyndham, from the geological
standpoint, it is merely necessary to ascertain whether the structure of the country renders it probable
that an abundant supply of potable water will be found. The geology of the Wyndham district is simple,
as the following section shows:—
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The superficial deposits, owing to their mode of origin, contain more or less salt; hence there is no
reasonable prospect of any fresh water being obtained by wells deriving their supply from them.

- The quartzites and associated rocks, being practically incapable of absorbing and transmitting
water through their component granules; hold out no chance of obtaining an artesian supply.

The Northern face of the Bastion Range, at the foot of which the town of Wyndham lies, exposes
a section of the sedimentary beds, in which several wells have been sunk, the most important well being
that at the Guol, which attained a depth of 96 feet. From the bottom of the well, boring carried it down
to a depth of 690 feet Lelow the surface. After passing through 156 feet of clay shales (and their
decomposition products) the drill entered a series of quartzites with thin shaley bands, which continue
without interruption to the depth at which operations ceased. This well is reported to yield 1,600 gallons
of water per diem in a dry season. There appears, however, to be no information available as to the
depth from which this supply is drawn. The clay shales exposed in this well form the base of those out-
cropping in the Cattle Road in the Range. About 50 or 60 feet above this well another has been put
down, and by means of above a fair supply of good water was obtained from a depth of about 40 feet
below the surface. The water rose and remained stationary at 15 feet in the borve. This water evidently
finds its origin in one of those numerous fissures by which the strata are traversed.

The prevailing dips of the strata being (as may be scen by the Geological Section) towards the
South-East, the mass of the water absorbed would be conveyed in that direction towards the Three-Mile
and the Southern face of the Bastion Range.

There is a mass of basalt pevetrating the rocks of the Bastion Range, which extends without
interruption from the Three-Mile as far as the Twenty-Mile; the result of this intrusion being that any
water received on the Northern face of the Range, and percolating down the dips, would be checked by
this wall of impervious rock, behind which it would tend to accumulate until the water is thrown out by
springs.

The well at the Three-Mile is being carried down through the quartzites exposed in the escapement
of the Bastion Range, and, if carried deep enough, should penetrate the underlying shales which are seen
to be outeropping in the Cattle Road from t}/le wharf of the Three Mile. e d

The shales are essentially non-water bearing, and any water which they ave capable of absorbing
and transmitting is that which percolates along the bedding planes, joints, cte. Such being the
prevailing geological conditions the Three-Mile Well can hardly be expected to supply more than a
limited quantity of water, and it is very doubtful whether such a supply would be independent of the
seasons.

None of the wells of the Wyndbam district, with one exception, supply really good water, nor is
theve suflicient prospect of making any material improvement in either quantity or quality to justify any
heavy expenditure or sinking deep wells.

Uunder the circumstances Wyndham will have to depend (failing the success of the Three-Mile
Well and that on the face of the range) upon surface comservation.

Owing to the jointed nature of the rocks of the neighbourhood, efficient steps will have to be taken
to prevent the possibility of serious leakage from any reservoir or dam. The exact nature of these pre-
cautions is a matter for an engineer rather than a geologist.

Metropoclitan and Suburban Water Supply.—In the month of September the Royal
Commission on the Metropolitan and Suburban Water Supply and Sewerage approuched the Department
with the object of obtaining a geological report on the probability of obtaining a continuous supply of
water from artesian sources within the Metropolitan Area. From the information supplied by the
Chairman it appeared that the quantity of water desired to be provided for was five million gallons per
diem, and information was especially desired as to whether the supply could be augmented by going
deeper than the sources supplied by the bores now existing within the Metropolitan Avea, and also as to
whether water to be obtained from such greater depths would be likely to be chemically purer or not than
that drawn from the present bores.

Geological Conditions.—The consideration of the probability or otherwise of obtaining a continuous
supply of water from artesian sources within the Detropolitan Area is pretty much a matter of
geological investigation and mapping. Something has been done in this direction, and though the work
- has been carried out in a restricted way over a comparatively small area, yet sufficient has been
accomplished to determine the question at issue.

The map* herewith shows the broader geological features of the neighbourhood, in so far as they
Lave any bearing on the question. The area defined on the attached map by a bold red line marks the
boundary of the crystalline rocks and the strata of the Coastal Plain.

It is from the strata of the Coastal Plain that the supply of artesian water has been obtained.

The strata of the Coastal Plain consgist for the most part of shallow water deposits, very little
counsolidated, which were deposited during the various periods of elevation and depression to which this
plain was subjected. = These strata consist of sandstones, conglomerates and thin shales, with occasional
incoberent sands avd clays (P marls). These beds are overlain by eolian drifts, partially consolidated by
the action of rainwater.

As will be seen by the transverse and longitudinal sections * (upon which have been plotted
the geological data obtained from the records of the bores put down during the last few years) the

* Tt has not been deemed necessary to reproduce this map and sections,
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structure ‘of the Coastal Plain differs in some respects from the typical areas in which artesian water has
been obtained in the Bastern portion of Australia. The strata of the Coastal Plain are horizontal or
nearly so; being at the most inclined at a very slight angle seaward, which is, however, a little greater
than the swface gradient. The effect of this disposition of the strata is shown by the fact that the
water-carrying beds do not outerop on the surface at the foot of the Darling Range, but impinge directly
against that portion which is at present concealed from view. These layers, clays (P marls), sandstones
with occasional limestones, do not maintain a uniform thickness throughout, but are disposed in the form
of lenticular beds, some of which have a sponge-like capacity for absorbing water.

Rainfall.—The average rainfall of the Coastal Plain in the vicinity of the Swan and the Canning
is over 30 inches per annum, a precipitation which is fairly considerable. The rainfall is disposed in
three ways :— : '

. (a.) Evaporation.
(b.) Swrface ““run off.”
"7 (e.) Percolation.

It is the balance that is left after evaporation and “run off ” which is available for absorption by
the strata upon which the water falls, and is capable of heing reached by wells, The data colleeted
and tabulated by. the Public Works Department with reference to the actual discharge of the Helena
River shows that a good deal of water must disappear underground. These observations, made at two
stations, one near Midland Junction and the other near Greenmount, and extend over the years 1899-1901.
The westernmost locality is situated on the outerop of the permeable strata of tie Coastal Plain, and the
other on the crystalline (or impermeable) rocks. 'The following table shows the rainfall and discharge
at two stations on the Helena River:— , ;

Station near Midland Junction (A). Station near Greenmount (B).
Discharge of Helena | Percentage of ) Discharge of Helena l Percentage of
Year, ‘1\.’1'&}“‘11]1 River from catch- rainfall on 13111&;‘111 River from catch- ’ rainfall on
: SRR, ment 10 sq..m. catchment. h L ment; 40 sq. m. i ecatehment.
|
#

inches. gallons. inches, inches. gallons., inches.
1899 2949 338,933,885 7'915 3350 1,653,501,850 8498
$1900 ... - 86'99 1,210,242,300 T 22533 4129 5,408,127,410 22552
1901~ ... 3137 596,500,000 13096 3357 2,615,000,000 13:412

From the figures vecorded it can be shown that on the average about twenty-two thousand million
gallons avnually falling on the catchments of the two stations, does not reach these ganging weirs; in
other words, allowing nothing for evaporation, there is a total possible absorption of a little over twenty-two
thousand million: gallons of water per annum.

The conditions which prevail over large aveas of the Coast:_d Plaiu, as shown by the Guologicu.l Sketch
Map of the Southern and Western 1)istr1cts,’*’ demonstrate that rivers of a much larger c&tc}l ment discharge
their drainage into the Plain. It is therefore only reasonable to assume that a large portion of the water
from their catchments disappears beneath the surface and helps to feed the artesian reservoir below.

Eatent of boring operations.—So far as the latest official statistics with reference to the extent of

boring operations available show there are 19 artesian wells in the Metropolitan Area reaching an aggregate
depth of 17,738 feet, yielding a total flow of 5,669,504 gallons per diem, which is equivalent to
2,069,368,960 gallons per annum. In addition to these theve are three sub-artesian wells of an aggregate
depth of 2,654 feet, from which 2,345,000 gallons of water can be pumped daily, or 855,925,000 gallons
per annum. Two are in progress, viz.,, one at Garden Hill, Guildford, and the other at Claremont. The
deepest well is at the Zoological Gardens, South Perth, which has attained a depth of 1,856 feet, and
yields a daily flow of 872,384 gallons. The largest flow is that of the Gruildford Municipal Bore, which is
estimated at 1,120,000 gallons per day. Few observations seem to have been made as to the temperature
of the water issuing from the bore holes, but up to the present the warmest is that of the Melville Park
Estate, on the Canning, where the water issues with a temperature of 91° Fahrenheit.

Variation in pressure and eatent of supply—There does not appear to have been, as yet, any

‘noticeable diminution in the supply of water from the bores in the Metropolitan Area. A lessening or

even the cessation of flow would not of necessity indicate permanent exhaustion, for there is always a
come-and-go, as it were, in the level of underground water. A diminished flow due to either: («) lateral

leakage, through superincumbent porous beds; or (b) the choking of the bore, due to “creep,” which

may affect such soft and plastic rocks as clays and clay shales, ov such loose rocks as sand and half
coherent sandstone; (¢) the accumulation of sand and fine mud, or some mineral product; and (d) the
wearing out of or defects in the piping, can be remedied by methods known to engineers. In the
event of any constant draft upon the underground supply having any serious effect, there should be a
distinet and marked diminution of the pressure, which constant observation alone could detect. So faras
any of the official observations have at present been carried, it does not appear that any considerable
diminution in static head has vesulted. Obviously if the annual draft exceeds that which the
water-bearing beds can absorb and transmit (for a good deal depends upon the rate at which the water
can reach the well) a time will come when, after the water 'zmcum.ul_;u ed dnrmg long periods has been
excessively drawn upon, the flow of water over the surface will diminish or possibly cease altogether. A

* Annual Progress Report of the Geological Survey for the year 1898, Plate I1I, Perth: By Authority, 1899,
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decrease in the flow, due to the exhaustion of the head by a constant daily draft is irremediable; the
possibility of such can be minimised by shutting off the water at such time as the supply is not required.

Increasing the Supply.—1It is desired to provide a continuous daily supply of 5,000,000 gallons,
to meet the public requirements. The present daily supply is 8,014, 504 gallons drawn from 22 wells
within the Metropolitan Area. To bring about an increase in the supplv of water, it might be possible
to enlarge the existing bores by reaming out to a larger diameter.

The records * of the bores at present put down demonstrate that, with the possible exception of that
at the Melville Park Estate, none have been carried deep enough to 1ea.ch the erystalline rocks forming the
floor upon which the sirata of the Coastal Plain rest.

From all the available evidence it seems highly probable that other water-bearing horizons
(perhaps of greater water-carrying capacity) than those at present known, exist beneath the Mutropohtfm
Avea; whether the water obtained from sach deeper sources would be likely to be chemically purer than
thab drawn from the present boves is'one of those questions to which a definite answer can hardly be
given. The water which pelu)ht(.s beneath the surface dissolves the soluble constituents of the strata to
an extent which appears to be in some measure dependent on the composition of the rock it traverses, the
depth and the time it remains confined.  As a rule artesian waters seem to be less chemieally pure than
swrface waters, for the reason that the further they penctrate and the longer they remain embedded in the
strata, the greater are the opportunities for solution. The first water that is drawn from an artesian well
is 11(Ltm‘1,11y that which has been for a long time without any other means of escape, except the slow
method of flow through the stratum. in which it is confined, After the first draft upon the accumulated
supply the amount whlch can be taken afterwards is governed by the rate at which the water can travel to
the well from ever widening limits, and as such plcsmn'ﬂ)lv would travel less slowly through the rock, it
would be'less likely to be so highly impregnated with impurities. Such conditions pl*(*v‘mlmg it would
primd focie appear that with a constant draft on the supply there would be a tendency to less.
mineralisation.  Whether this possible reduction is of practical consequence is a matter of chemical
investigation.  Where waler falls on and is absorbed by quartzose sandstone and allied rocks, and again
reaches the surface withont coming in contact with caleareous rocks, such would naturally be c\poctcd to
be relatively free from mineral tmpurities. ;

In order to test the artesian l)ObblUlht} of th(, deeper ground, it would seem on purely geological
grounds advisable to put down wells at relatively wide dis tances apart in order that a much 1a,1ger area
of water-beari ing strata would be drawn upon. The distribution of the wells is a matter of considerable
consequence, as the evidence adduced by the two bOIEb at Hampton road, Fremantle, testifies. They were
put down 142 feet apart. '

In the event of experimental boring being undertaken, it would seem desirable to carry out the
operations, sub]'u,t to local modifications, along a line at right angles to the direction of the flow of under-
ground water, or, in other words, parallel to thc 1ntul\e area, i.e., th boundary between the strata of the
Coastal Plain and the ery stalline rocks. .

Winning Pool, Gascoyne River,—The consideration of the question as to whether the rich
pastoml lands lying between the Gascoyne and the Ashburton Rivers are capable of yielding artesian
water is very much a watter of geological mapping.  According to the information extant, it ¢ appears that
the Lynden River (on a branch "of which Winning Pool is sit LuLiO(l) practically drains the carboniferous
mesozoic, and tertiary formations. These formations contan beds of such a nature as to readily absorb
a large portion of the water which falls upon them, and the various members .are so disposed that the
lowest of the scries crops out in the higher ground which forms the water-shed of the Minilya, the
Lyndon, and the Henry Rivers. Owing, however, to the absence of more geological mapping than has at
present been carried out to the north of the Lyons, it is impossible to pronounce any very definite opinion
on the ¢uestion of the possibility of the occurrence of artesian water at Winning Pool, beyond that it is
within an area a portion of which may be considered faveurable in so far as the possibility of the
absorption of large quantities of water is cousidered.  During my visit to the Gascoyne no opportunity of
carrying my observations so far North presented itself, but from a knowledge of the structural relations
of the various geological formaiions in the Valley of the Gascoyne, the Minilya, and the Lyndon, the
impression left on my mind is that the position of Winning Pool is too near what may be called the
catchment arca to lead one to hope for any overflowing water.

The hore which is now being pﬁt down at Carnavvon, will, however, throw a flood of light upon
the possibility of artesian water in the pastoral lands of the North-West, but until that is conmpleted I am
not of opinion that it would be wise at this stage to carry out any experiwental boring so far North as
‘Winning.

Boring.

The following details in connection with the various boring operations in the State were acquired
during the yecar covored by this report.

Carnar von.—Tn 1900 + veference was made to boring in the carboniferous rocks of the
Gascoyne, with the object of definitely setting at rest the question “of th oceurrence of coal seams in the
formation, as well as artesian water.

Boring operations were eventually started at Pelican Hill, near the coast, and work is at present
in progress.

* The Minceral Wealth of Western  Australia, by A. Gibb DMaitland,  Geol. Surv. Bulletin No. 4, Chap. xi., pp. 129-143,
Perth : By Awhority, 1900, . )
+ Annual Progress Report of the Geologlcul S\uvey for the year 1900, Perth: By Authority, 1901, p. 27.
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The following is a section of the strata pierced :—

Formation. l Nature of Strata. Thickuess. Depth.
i
ft. in. 6. in.
Recent ... ... | Superficial deposits 38 0 0 0
Soft limestone 2 0 38 0
Soft ferruginous sandstone 20 0 40 0
No record - 70 69 0
Compact limestone s 49 0 76 0
White clay e 21 U 125 0
Fossiliferous hmcstone = 4 0 146 0
‘ No record . 22 0 150 0
Soft uﬂcmeous clay o 28 0 172 0
Tertiary ? J | Soft calcareous sandstone 5 0 200 0
Mesozoic ? Soft calcareous clay 100 0 250 0
Light blue calcareous clay 50 0 350 0
Blue calcareous clay ... 150 0 400 0
Light calcareous clay... 50 0 550 0
Blue caleareous clay ... 50 0 600 0
White calcareous clay 50 0 650 0
Soft calcareous clay 340 0 TOO0 0
Tough calcareous clay 10 0 1,040 O
L| Soft grey clacareous clay 55 0 1,050 0
(| Black pyritous shale ... " 45 0 1,105 0
Black shale 5 50 0 1,150 0
Dark calcareous shale 38 0 1,200 ©
Hard calcareous clay .. 10 0 1,238 0
Soft calcareous clay with veins of calcite .. 8§ 0 1,248 0
No record 12 0 1,256 0
Haxd clay shale with small veins of calcite 2 0 1,268 ©
Hard clay shale 16 0 1,270 0
Hard bhlack shale 4 0 1,286 0 .
i J | Hard black shale and small nodules of Lalcxte 30 0 1,300 0
Carboniferous Hard black shale % 27 0 1,330 0
Green sandstouo’/ 4 0 1,357 O
Sands .. 7 " 45 0 1,361 O
Shell llmestone 32 0 1,406 0
Dark clay shale e 8 0 1,438 0
Limestone and shell beds 50 0 1,446 0
Black fossiliferous shale . 50 0 1,496 0
Dark calcarcous shale with b'x,nds of hmd hmestone 100 0 1,546 0
Shell beds 50 0 1,646 0
L Dark clay shales o 50 0 1,696 0
(Bore in progress.)

The bore yielded an overflowing supply of water at the rate of 20,000 gallons per diem.

1t is proposed to continue tlie bore until the base of the Carboniferous Formation has been reached

if the tools employed will permit.*

Fremantle Hampton Road Bore.—During 1902 the cores obtained from the Hampton Road

No. 2 bore were submitted to me for report. The following is a section of the strata pierced : —

Nature of Strata. Thickness. Depth.
ft.  in. LIt im
Limestone - 160 0 0 0
Hard sand (no sample) 1 0 160 0
Mudstone - 196 0 161 0
Grey sand and omvel 41 0 357 0
Mudstone 32 0 398 0
Quartz gravel and sand (ca.lczueous) 25 0 430 0
Very soft calcareous sandstone 38 0 455 0
Quartz gravel and boulders 55 0 493 0
Sandy mudstone ! 141 0 548 0
Haxd calcareous grit 5 1 0 689 0
Sandy and caleareous mudstone 116 3 690 O
Hard grey limestone 0 9 806 3
Soft szmcly mudstone .. - 50 0 807 O
Hard mudstone and shell fxatrments 2 0 857 0
Soft sandy mudstone 20 0 959 0
Shaley mudstone 39 10 879 0
Hard mudstone cemented with ca.rbonate of lime ... 1 8 918 10
Mudstone with shell fragments 50 11 920 6
Hard mudstone cemented with cmbonatc of lime ... 0 4 971 &
Mudstone with shell fragments 17 8 971 9
Granite boulder .. 5 o 3 980 0
Mudstone with shell fr'wments % 77 9 989 3
Very hard fine-grained mudstone 1 0 1,067 0
Mudstone with shell fragments, also pyutes nodules, and bouldus of 28 0 1,068 0

granite and diorite

Coarse sand and mud (? soft snndy mudstone) 57 0 1,006 0
Quartz g trmvel and grey sand . v 120 |[-1,155 0
Grey cmy o . 7 0 1,165 0
Gu,ys.mdyc]a.y g o 240 ],17% 0
Grey clay shale ... Yo e 110 1,196 0
Yellow sand 115 0 1,207 0
Total 1,322 0 1,322 0O

* On the 8th of June, 1903, the depth reached was 2,611 feet, and the water yielded about 300,000 gallons per diem.
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The mouth of this bore is 68 feet above sea level ; the principal water-bearing horizons are at 490 and
i 1,246 feet respectively. The static head of the water fmm the first horizon is 24,[ feet above sca level,
i and the second 110 feet. The supply of artesian water from 1,246 feet when allowed to flow uncontrolled
is 120,000 gallons per day. A sub-artesian supply of 1,227,000 gallons per diem can be pumped from
the 490 feet level.

i Northampton.—In the year 1901 Messrs. Woodward and Lightly were commissioned to visit
L the Murchison district in conncetion with a proposal to ercet. State Smelting Works at Creraldton.  As a
WL result of their investigations it was recommended, tnter alia, that a dhumond drill be sent up to the distriet
with a view of tcsbm«r some of the lodes at a depth.  Instructions were ultimately issued for the selection
of sites for (,\pemnental boring to be continued on Crown Lands. A site was eventually selected at the
Wheal Margavet Copper Mine. The lode is embraced within the limits of a number of abandoned leases,
; lying about one mile to the East of Northampton. The “ Wheal Margavet ” lode is said to have varied
o from seven inches to two feet in width of pretty rich ore. The lode was originally worked by five shafts,

: which were put down in close proximity in the central lease to a depth of 180ft m the undellay, and the
& chute stoped out for a length of 200ft.

S

s Boring operations commenced on the 12th of July, and were suspended oun the 8th of October,
after the drill had peuetrated to a depth of 651ft.  Operations commenced at a point about 257(t. from
the outerop, and boring was carried ont at an inclination of about 59 degrees from the horizontal.

The bore proved unsuccessful; full details of the strata pierced are found in Pl 1. herewith.
It is conceivable that what is shown in the bore record as fault rock (lode stuff ?) occurring between 887
and 408 feet, may represent the Wheal Margaret lode, occurring along a line of fault; if so the drill
pierced the deposit at a point where it h(uppenud to be poor. The total cost of the bore, including
mcidentals, etc., amounted to £807 16s. 5d.

The second bore was put down at the Old Cow Rock, at Narra Tarra,.at an angle of 45 degrees.
Operations were commenced on the Ist of November, 1902, and ceased on the 3rd ]“ebmm) 1903, Imvm\r
penctrated to a depth of 600ft. The drill passed through wore or less decomposed granite. At 83 and
90 feet, bands of decomposed vock, with a little copper sulphide, were passed through, and at 239ft. a
small quartz leader, carrying a little galena ynd zine blende, was met with. The bore-hole intersected no lede
of any importance. Particulars of the strata pierced will be found on the plan attached, P1. I. The total
cost of this hole amounted to £635 18s. 11d.

GENERAL.

The various members of the staff have, without exception, continued to discharge their respective
duties with assiduity.

I have, etc.,
A. GIBB MAITLAND,
Government Geologist.

' By Autbority : Wi, ALFRED WarsoN Government l’llut;:fcltll
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