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Annual Progress Report bf the Geological Survey for the Year 1918,

- War conditions, as has been the ecase during the
past four years, were reflected in the work earried
on by the staff of the Geological Survey during the
calendar-year 1918, :

The demands upon the staff: (both in the office and
in the fleld) for information and adviee in relation
to the varied mineral resources of the State have
shown no  abatement. TField and laboratory investi-
gations into mineral deposits: continde to receive the
special attention of the officers of the staff.

The unavoidable absence of myself from the 4th of
April, 1918, to the 1st December, 1918, on'long ser-
vice leave, to some extent affected the' work of the
department, inasmuch as a deal  of accumulated per-
sonal worl had to be left uncompleted.

THE STAFF.

The:work of the Survey has; during the year 1918,
been earried: out by 15 classified officers, but; as-a
result of Treasury eXigenéies, it was found necessary
to:make some’ reduction in.the: personnel.:- Mr:= R,
H. Irwin; -senior: draughtsman; who- joined the -Sur-
vey:in February:-of 1897, shortly after its:inaungura-
tion, was: refived under:the Public Service Regula-
tions; ~many: of the various maps and:other matter
in -illustration’ of :the -manifold -work of: the: depart-
ment -bear internal evidence of +his gkill in-the:direc-
tion: of geological cartography. = Mr. Jno! T. Jutson,
one of ;the:senior Field Geologists: who ‘joined ithe
staff when it was considerably increased in ‘the year
1911, also:severed his connection with the Survey on
the 1st.July, 1918, as a result of the financial:require-
nients:of the Government: * During shis‘term: of ser-
.- viee this: officer, in: addition: to his prinecipal work on
the =Goldfields, has-devoted considerable attention ‘to
physiographic problems, and his paper:“An"Outline
of .the Physiographical- Geology of “Western Austra-
lia,” Bulletin No. 61,-will for many years:to -come re-
main- g standard -work...on. -the:specialised- subjeet
of whielh it treats.: By Mr. Jutson’s retirement the De-

partment loses the services of an officer with special-

ised knowledge which it will he not easy to replace’

should  financial eonsiderations at-any . future- time
Termit of departmental expansion in the ranks of the
field staff,

FIELD WORK.

FPart of the field work of the year was earried out,
as:has “heen the:casein’ the :past, with the- distinct
object of investigating not only the character and be-
haviour of ‘the main geologieal: formations, but more
especially -the: association::and  distribution of any
mineral::deposits oecurring in them:

There is, perhaps; no: State in the Commonwealth

that ean show :a:greater diversity in geological re--

sources. - In this connection: attention may be again
drawn : to. the -statement in. Report .59, Bulletin 64,
page 93, that the valuable ores have a very wide dis-
tribution; instead: of;.with eertain notable exceptions,
being eoncentrated:sintovery rich deposits. Whilst
this is so, the results obtained by geological explora-
tion,. prospecting -and : mining. operations, indieate
quite: clearly that the mineral: industry. of the State
will not only he progressive; but great. An increase
in ;the; gold. . production: of "Western' ‘Australia can,
however, only: be hrought: about by the discovery of
new-flelds.or: fresh -deposits on existing felds, in . ad-
dition toits being possible:to profitably handle ore
of a decreasing .average grade. The future of gold
mining.in -Western Australia. must in. a great. measure

depend upon-the exploitation. of .its. Jow-grade de-:
posits of which there are very many; this, however, is:
a problem entirely outside the provinee of the geolo-

gist.. Given. a proper diserimination in-the.seleetion
of properties, and: the exercise of judgment in the

- expenditure of capital, the State must eontinue to be

a.gold . producer.
The attached Table shows. the distribution. of -the
field work and gives the names of the officers. en-

gaged in the different-districts during the ecalendar.

year :—

Tdble showing. the Distribution of Field Work for the Year 1918.

T.. Blatchford. Jo T Jutson. | H. W, B. Talbot. E..de (. Clarke. £.R.Feldtmann .«

Goldfield or Land:-Division. | No: of | Percent-| No: of | Pércent-| No..of |Porcent-| No: . of Percent-. |: No:vol: | Percents:
: days. . .age.of |:days:|'age of | days | age of | days.| age of | days age. of

in“the |working | in the. | working | in the | working | in the |working | in the avorking |

fleld. |"days. " flield | " days.¥) (field| Tdayss | fleldl | dayss | fields days:

Mt. Margaret: and. East Mur-
chison
Darling Range
Irwin River: Coalfield
South-West Division— ./
Three Springs and Mt,
“Kokeby ~ :
Yalgoo: Goldfield
North-West. Division.
South-West - Division—

Mingenew o e 6 1:64
Ravensthorpe i 0L, 47 1287
Moora i e hyn 6 164 : 0
Bunbury s Gl 11 3:0 .
‘Geraldton . e 13 3:56
‘Waroona 3 <82

Yalgoo Goldfield ./ 1193400

Yilgarn: Goldfield ... 5 1-36

North-East Coolgardie 7 1:91

; [
181 | 49.58

Loy 109
9 2-46

CTG6: 1808
167 45475

Totals ... 109 | 29-80

233 | 6383 | 194 5313 2| 71

F




As has been: the case in the past, administrative
duties prevented . me earrying out-any. systematic
work in:the field: Some iprogress was made with the
Mining Handbook = eontaining a mass of information
rvelating to-the mineral tesonrees: of the State;-which
has. not hitherto -been - available in 4’ collected ‘form,
vcand will also include a general geologieal map of ‘the
State on the scale of 50 miles to the ineh. “The Min-
g Handbook ‘will contain chapters on the Tollowing
subjects —

L—A Summary of the Geology of
Western Australia:
I1.+~The:Economie Geology: and Min-
eral’ Resources: of:“Western

Australia;

III ~=The ~Physiography - 6f '+ Western
Anstraliasand-its:relation: to

< "Prospecting -and “Mining:

IV.~Minerals of Economie Valueand

wtheir v preparation < for: the
market: : .

V.—Petrology rand=its application- in
Economie Geology,  together
with an ‘aceountof the Chief
Rock-making + Minerals: -and
Rocks.

VI~ Relation: of the Law to Prospeet-
ing#and ‘Mining - in* Western
Australia:

VII ~Assistance:: to:  Prospectingand
Mining Development; and a

VIIL~-Glossary of somé-Common Terms
used “inMining, Tield, vand
Physiographieal “Geology.

“In January a report by myself was made on the

Petroleum prospects “in “the Nullabor Plains, BEuela

Division, which will ‘be found at lenotll on a later

1page 6S.

The"time of the resident scientific officers has been
~devoted to work's arising out of the field investigations,
ete. ~“Under certain liniitations théy’ determine and
examine mineral and rock specimens ‘in ‘the interests
of 'the’ public, and, whenever necessary, ‘such are
analysed and ‘reported upon. The roecks were, in
most ‘cases, examined ‘microscopically, and- in some
economic - associations of similar types found else-

Chapter

”

s

Eh
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where were noted, and other matters of importance

from the view of applied géology dealt with.

T. Blatchford, Assistant Geologist:

Tor the first two months of the year the time of
this officer was oceupied chiefly in routine work
headquarters and preparing for an extended trip to
the Sonthern portion:of the State in the vieinity of
Hopetoun and the Mount Barren Ranges. Two short
excursions” were, however, made during this period,

orie to the Gingin limestone deposits, the other to the

Irwin “River: coal -seams, ‘fo mspeet recent develop-
ment worlk there.

From May to the eﬁd of November Mr Blatehford

filled: the position of "Acting Government Geologist,
and in this' capacity, in’ addition: to the ordinary
routine of the office, was able to pay: brief visits to
~Youanmi, East Murchison Goldfield; Kanowna in
connection: with the alunite dzbcoveues s Moora in the
South-West Division; Perenjori on the Wongan
Hills Railway line; Tenterden slate quarries: Lies-
chenanlt Inlet lime deposits; Abrolhos Islands, and
Wilga, near Colhe

The total number Of days ‘devoted by Mr. Bhtch—
Tord to field \VOl]x amounted to 109

J. . Jutson, erld Geologlst

Tptoithe time~of ‘his vetivement,- Mr. Jutson was
fully “occupied at hendqu'utelg writing up: the final
results of his work in: the field at” Comet Vale and
Goonoaule, on the L‘a&t Coolgardie Goldﬁeld whieh
appear in Bulletin: 7

E de C. Clarke, Field: Geolovlst ;

Mr. Clarke resumed work in the office after return-
ing from his annual leave on January 1lth.

From 11th January to 7th February he was en-
gaged . at head office .in  indexing, and correcting the
proofs. of DBulletin. No, 75 on the Country between
Taverton and the South Australian border, written
in conjunetion~with Mr. H. W. B. Talbot.

On -7th February Mr. Clarke left Perth for ILieo-
nora, and,-from that time till Tth Angust, when he
returned to Perth, his time was employed in the com-
pletion of the .geologieal  survey of the ‘Leonora-
Duketon avea, that is, of parts of the Mt. Margaret
and EastMurchison: Goldfields as defined inithe an-
nual report.-of “the Geological - Survey of W.A: for
the year«1917, p;11.0 Before leaving the district;
lectures. on'the rgeology ‘ofithe: distriet and: its bear-
ing. on-future prospecting: were ‘delivered at Gwalia -
and :Laverton. «Five days were also spent in investis
gating: the:supposed: “deep leads” :at  Yundamindera.

From the:date :of his veturn to Perth: nntil ‘16th
December; wvhen his.annual leave:began, Mr. Clarke’s
time was:. mainly. taken iup:with' the ‘examination’of
material éollected  in  the: Mt. Margaret and East
Murehison  Goldfields; and /in the preparation of a
topographical wand: geological \map of  the: -countiy -
concerned. Coneurrently;» Mr.. Ri A. Farquharson
was investigating: the ‘petrology of ‘& representative
suite of specimens from the distriet, and as a vesult
of hig.work some-alterations inithe O"eoloowal deserip-
tion -published - in: the last annual report Were: found
to be necessary. , .

The: preparation “ofthe 1ep01t on the Leonora-
Duketon: country wag drojiped ‘from time to time in
order that plehmmfuv investiv’ations‘ might  be
made:— ‘

(a) (For the Federal Lroxelnment) of the  possi-

“hilities of the Darling RanUe bauxites ag a source of

ates

for 1917,

alumininm;. and

(b) of the extent and economic possibilities of the
Irwin' River ‘Coal Fieldin the light of recent horing
operations:

«'The total number of davs spent in- the 1e]d hy 7\[1
( larke amounted to 194, :

H. W. B. Talbot, Field Geologist :
From-the beginning of ‘the year until’ the 11th of -
January, My, Talbot was-absent: on recreation leave

From 12th January to. 3rd February was devoted
to eorrecting and revising typed copy of the manun-
seript of . Bulletin 83, arranging the illustrative

‘material therefor; and preparing the necessary plans

with which to illustrate the text. @A flying snrvey
with eamels of: the sonthern portion of. the Yalgdo

;Goldfield  oceupied Mr. Talbot’s time to ‘the 10thiof

April. 2 31th April to 19th: May. found him at the
head- office preparing the maps ‘of the work done in

Yalgoo -Goldfield and making a synoptieal report.of



Bulletin: 83, anu a geological map :of ‘the: area: cov-
ered thereby on a seale of 10 miles to one ineh:

The period between the 20th of May and the 2nd
of November was employed on a geological recon-
naissance of part of the Ashburfon:Drainage Basin,
and the country southward fo Meekatharra.

From the 8rd of November toithe end of the year;
except when on annual leave (from the 2nd to:the

15th: December), Mr. Talbot was actively engaged:in
preparing plans, and writing up an-account of -hig
field work in the Ashburton.

The total number of days devoted by My Talbot
to.work. in the field amounted to:233:

F. R Teldtmann, Field Geologist :

The' period tollowing his return from annual leave
and tlie completion of the report for the year 1917
was devoted by Mr. Feldtmann to the writing up the
resilts of his work at the mining eentre of Quinn’s
on the Murchison, and 4 brief report on'the occur-
rence ‘of asbestes at Bulong.* Tlie time of this-officer
up to the end of May was devoted to the preparation
of maps and plans on the:Warriedar: Gold: Mining
(lentre on the Yalgoo Goldfieid.:

The preparation:of 'the:finals report, maps and
plans: on the magnesite deposits” of Bulong also oe-
cupied: a - considerable portion ‘of Mr.: Feldtmann’s
time. - The compilation of 'this/ report:awhich; inter
alie; ineluded an: account:of ‘the ‘properties; prepara-
tion, -and uses of magnesite; necessitateda: careful
examination. of all the available literature on the sub-
jeet, ‘and: involved some considerable lahour .on- his
part.:

The period hetween the 22nd  of September and
the: dth of October was spent :in an:examination of
the ‘clay- deposits -at’ Three:Springs, whilst from the
18th 1o the 30th November was. devoted to. similar
investigations mto clay deposﬂ:s at Mt. Kol;ebv

In eonsequence of the reorganisation necessitated
by the reductions in the numerical strength of the
staff, Mr; Feldtmann was placed-in charge of the
drafting®room, ‘and portions of the second half of
the year were devoted to drafiing work of various
kinds and in supervision.

Mr. Feldtmann spent. 26 days in ﬁeld work,

PRiNCIPAL RESULLS o THE YEAR S

~OPERATIONS.
PETROLEUM = PROSPECTS  IN . THE
NULLARBOR PLAINS—EUCLA -DIVISION,
(A, Giep" MATTLAND.)

(ENERAL. -

My, J. H. Mitehell, of Southern Cross, in a lelter
to.the Hon, the Premier, dated the 17th of December,
1917, ‘stated tliat*in his opinion there are great pos-
sibilities in the Nullabor Plains of -striking 'a big
supply of petroleum at a moderate depth below the
limestone ‘formation. - Further, that, if deemed - of
sufficient national ‘Importance, he was prepared ‘to
give ‘many réasons why petroleum would be found
under that big limestone formation, and’that, should
the Government  desire to obtain a full ‘explanation
of his views—bhased on long praetical and geological
experience—Mr; Mitchell was prepared fo:set about
eathering “together all« knowledge he  posséssed re-
latxno to the subject,

PHYSIOGRAPHICAL PL;&W‘URB\

The Nullarbor Plains™ (Premier: Downs) in the
Fucla. Division. forms. part” (and ‘the largest) ‘of the

7

relatively “high plateau . generally: known.as’ the
“Eucla Limestone: Platean,”” which 'extends into: the
adjoining State of  South Anstralia:

The platean; at its southern’ estremity at:the:head
of i the Great Australian Bight, is from-200 to400
feet above sea levels it is-more or less abruptly.trun-
cated by cliffs which; in-part, form the.coast line and
elsewhere occur at varving distances.inland. . The
platean steadily: rises to: the north, and where it is
traversed by the Great Western Railway its altitude
above sea level varies ahout. 450:to.650. feet; from
the railway. line it gradually passes northwards.into
the Central Division of the State, where, so far as
the :meagre evidence -at. present available goes; the

average altitude ‘of the Eucla Timestone Plateau is
about-1,000-feet above: sea level.

flheze are.no. rivers on the plateau, and theramtall,
except on-the coast, is nnder 10 inches per annum;
suel rain. as does fall is ‘absorbed by the rocks, and
at times after heavy rains considerable streams may
be seen running into the “blow holes” with which the
vlatean iz studded.. The only surface water proeur-
able on.the limestone plateau occurs in those:small
rock-holes worn:out of the-upper- erust-of ‘the lime-
stone; . these hold water only for 'a comparatively
short time after rain and are to'be found few and far
between.

Over certain portions of th'- surface of the platean
there are shallow circular depressions (locally termed

“dongas”) varying in diameter from five to twenty
cham%, the origin: of which is plobably due to.the
caving in-of sublterranean .chambers in the limestone.

A falr idea can he gathered of the form .of .the
basin from the .data furnished by the bores put. down
along the Great. Western Rcuhxay from. which it
may be inferred that the old floor.of ancient crystal-
line and other metamorphie rocks was one of topo-
graphical regularity in an east and west direction.
The absence of hores, reaching hed-roek, to.the south
of the railway, howex er, precludes any adequate eon-
ception as to its subterranean contour m this diree-
tion.

GEoLoGY. : '

It being. generally. recognised that “the.foundation
of suecessful .petrolenm enterprise  must he laid
by the geologist rather than by the engineer” it. has;
in order to correctly nnderstand the geological strue-
ture and. constitution of .the platean, been . deemed -

necessary to give a brief apercu of its. main. strati-
graphieal features -as ascertained by.the Geologieal
Survey, together with the results of the deep boring
carried.out in different portions of the plain, and the
" published work ‘of other unofficial geologists. 1% is
not- at present: possible,. owing - to the - comparative
paucity of geological observatmns to. give ‘a eompre-
hensive and detailed deseription. of- the entire. area
known as the Nullarbor Plains.

The very:extensive. cover of practically horlzonml
sunerficial deposﬂ;q almost - entirely masks. the boun-
dary hetween. ‘the sedimentary : series of the. plains
and the ervstalline. and allied rocks, so that the pre-

cize. geological, delimitation of the area presents. very:

many chf’ﬁﬁu]tles

The strata of which the \Tullcubm Plam~ are bLuh b
up: consists of more or less. cavernous limestone (Tha
Kuela leestone) associated with soft aandqtonn
clay shales, -and oceasionally econglomerates. Good
opportunities have been afforded of obtaining some
knowledze of the. strata, their lithological (hmaetm ;
fhul\mcq ete., Undetho the ‘platean by means of




the -bores pubi-down an: connection - with - the: Water
Supply of the: Great Western ‘Railway. It ds:now
known that' these sedimentary-rocks -have attfunul a
thickness of at least: 2,000 feet.

The limestone m‘untams afairly umfmm htho—
lagical ‘eharactér over ity whole ‘lengtli: thoughy a
‘ight bevexperted; it varies very much in thiekness.

The following ‘table ‘givés the results of analyses;
made in ‘the’ Strvey ‘Laboratory; of ' five ‘samples of
the Hiela Timestones. “These “were “made - primarily
for-the" purpose “of *determining’ their sult‘lblhiv for

brrning mto limie.
No.ii i SR 3043 3044 3045 l 3047 3053
Specifie’ Gravity .. |7 260 LU 257|858
Lime; CaO 31:36 53-73 54-52 5523 49:34
Magnesia; MgO 16:40 68 120 “67 1:40
%errous oxide, FeO.-... 1-4§) S 56 147
erric ‘oxide; F,O; v ., 110 Trace ; 8 o
Alumina, ALO, 2:43 coa |y 288 381 341
Silica, 810, 2-38 +70 -45 “36 549
Caril;)comcanhvdnde,cog, 449371 14409 43418 43-36 38-89
e .
100-00. | 200-00 | 100-00 | 100:00:!.100-00
Analyst Simpson, Williams:
'No. 3043.—From Lat., 31° 17/, Long. 124° 307
No. 8044 ~From Lat. 31° 22, Long. 125° 45,
No: 3045.—From .Lat.'81° 80/, Long. 126°.0";
No. 3047.—From near Yayoudle Rock-hole:
No. 3053.—From Lat. 81° 0/, Long. 126° 0.
The récords of the following bores show the varia-

tion “in - thickness :——280 miles (from Kalgoorlie)  at
an “altitude ‘of 545 feet above sealevel the thickness
of the Euela Limestone is 485 feet; 310 miles at 508
fest “above the sea, 535 feet thiek; 337 miles 61
chaing at 576 feet above sea level, it is 603 feet thick;
whilst at 419 miles 72 chains, at 504 feet ‘above sea
Tevel its: thickness proves to be 689 feet.

In-the ‘bore on the coast near the foot of the Hamp-
‘ton” Range ‘at Madura, 903 feet of limestone. was
piercéd before penetrating the underlying * shales,
ete.”. The shaley beds ‘beneath the limestone become,
so Tar as is disclosed by the bores, nuich more sandy
in ‘their character as the western rim of the basin is
approached. The beds -all have a prevailing gentle
dip- towards the Great Australian Bight, and if the
‘base of ‘the limestone ‘as exposed in the above. holes
may be taken as a fair average, the dip amounts 1o

“from four to five ‘degrees to the sonth:

“All the available fossil evidence indieates that the
age of the Tuela Limestone is Miocene Tertiary. ‘The
cores” obtained from the bore put down at 337 miles
61 cliaing from' Kalgoorlie, along the Great Western
Railway Tine, show that bemeath the Tuela Timestone,
which'is: 603 feet thick; the shaley beds are=667 feet

- in ‘thickness #nd ‘confain the fossils Aucella 7zur/hen—
densis and MacCoyella corbiensis, which are charac-
teristie” of “the ‘Lower Cretaowus Qtlata of ‘South
Australia - and Quéensland, indicating 'the ceciirrence
of ‘rocks, the geologival “equivalents of the Rolling

Downs “Beds as developed in Eastern Australia,

The “whole" thickness of the strata underlying the
platean have héen plerced 1y several hore-holes put
down'in Westérn ‘Australia as well as some in” South

- Australia; the floor of ‘anecient cmstalhne roeks hav-
ing been uneqmvocallv 1eaehed i gome of them at
the depths given helow. ‘

The western marein of the limestone 1")Iateau hag
been geologically eYammed in two-localities, viz., (a)
along. the route of the Great Western Railway, and
(b) “along "the stock route from Newman's® Roeks
(south latitude 32°) te Balladonia. = In'the latter

locality -no actual: junetion :betweenthe sewmentary

rotks.of: the - Kucla: Plateaw and the ‘ancient crystal-
lirle ‘roeks ean: be ‘seen; owing:to the surface being
covered- by alvariable thickness of ‘residual and other
superficial ~depositsii i Oeccasionally, however, flagey
limestones cat be seén: outeropping beneath the light
colouired ‘loam, which 'soil: ‘seems ‘the characteristic
decompbosition. product ‘of the Euela:Limestone. = So
far agican be ascertained the contacet between the two
discordant serieslies: somewhere: about mnine : imiles
west of - Wahgouninga Rocks; though no actual june-
tion: between the limestone, its associates and the
main granite belt is to be seen, but the gradual change
from the lighter  eoloured: loam of  the calcareous
plains to  the more  or less siliceons sand of {he
aranitie areas in-all probability marks the boundary.

It does not. appear, however; thatthe basal beds
of the platean sedimentary. series reach the surface;
they . probably impinge. directly on the: subterranean
slope. of ' the continental -foundation: of ancient: ery-
stalline. rocks.

A-somewhat gimilar condition: of “affairs “prevails
along the railway line where, justto the east of the
167 mile: peg, -there:iswa marked change « from
light-coloured: loam flats to-sand plains: which “inall
probahility marks':the boundary " between the ‘roeks
of .the: Archaean erystalline ‘complex-and the Tuela
Limestone:No roek :outerops: are ‘visible for a num-
her:of milés:both-east and: west.

The records: of ‘the deep bores which have been put
down on the platedn disclose the nature of the beds
underlying the Euela Limestons, and the fossil con-
tents therein ‘enable o definite opinion to be formed
as to the positionof ‘the ‘infra-Euela Lmlestone Beds
in ‘the geoldgical time seals:

A'bore put-down on the Railway line at 280 miles
from Kalgoorlie at an altltude of "54b feet ahove

sea-level passed ‘through:—

feet.
Euela: limestone 485
Shales: (mudstones) +:399
884

This bore was not -carried deep enough to reach
the floor of erystalline rocks.

At:310 miles ariother bore, at about 508 feet above
sea-level; reached bed:irock at 1,350 feet; it passed
throughi—

: . feet. in.
Euelda limestone B850
Shales -and- sandstones 815700
Granite (decomposed) o219

13719

A band of earthy black mudstone partly carbonz
ceons, 25 feet thick,  was passed. through between
535 and 560, feet below. the surface. ~

At:337 miles 61 chaing from Kalgoorlie, at 576 feet
above sea-level, was carried down to a depth of 1,372
Teet, and. judging from the record it appears that the
strata pierced. consisted of :—

: Teet.

Eucla limestone 603

Shales i - 667
Finesand i coarse sand with hard
bands .. (sandstone) - and - granite

boulders (eonglomelate) B N A

Granite . O oL s 28

1,372



At 419 mues 72 chains from Kalgoorlie, at an

altitude of 504 feet above sea-level, the strata pierced
on&.lsted of i

: St Feet.
Duela. llmestone 434
Shales e X 467
Sandstone (‘?) ‘ . . e 83
(uamte . Comi L. 56
990

Not faiﬂ from the coast at Madura, at a height of

about 110 feet above sea-level, and about 30 chains
south of the esearpment of the Hampton Range, a
bore was put down to a vertical depth of 2,041 feet.
'Jhe strata pierced consisted: of ;-

Feet,

Euela limestone U903
Shales, thin' bands ‘of ‘dolomitie  lime-

stone-and ' glauconite mudstones 1,138

2,041

A second bore at an‘altitude of 300 feet above the
sea-leve! of ithat at Madura was put down' at a spot
30 miles fo the north, and was carried down to a
depth of 430 feet in the Buela Limestone, but did not
penetrate the underlymcr shales ‘and sandy- beds.

A “gimilar sueccession’ of strata has been met with
in.certain of ‘the -bores put down ' on.the Sonth Aus-
tralian side of the Border; The section in these hores
invariably. shows a . thickness 'of ‘sandy beds covered
by ‘limestone (the Euc'a Limestone) of from 300 to

500 feet in thickness, and the beds have a prevailing

dip towards’ the' coast.

Thie bore nearest to'the Western ‘Australian border
Albakaroo No. '3, 45 miles east of Kucla, and 300
feet above sea-level, gave the following seetion:—

Feet.
Euela limestone 565
Clay (? shale) .. .. 426
Hard rock .(undeter mmed) et et 82
Granite . . -, R & §
1,084

The next hore further:to the. east, thine\varrfx No.
4,300 feet above sea-level, passed thlough the fol-
Iowmg —

Feet,

Eucla limestone . . .. 5870
Sand and limestone” . . . L9
Clay ::(% shale) #0509
Conglomerate . 12
Haxcl blue and. red Jock (@) o, 138
Granite o 24

1,277

Three other bores: further to  the: east, of which
records ‘are. not ‘at present available, nowhere ex-
ceeded 850 feet in depth, and were not carried down
sufficiently far to reach the floor. of crysialline rocks
upon : which: the ‘sedimentary beds were laid “down.

The' geological ‘information ‘in’ connection with  these.

has been thrown into a tabular form for convenience
of reference :—

{ Nullabor Plains.
Nature of Strata. Roberts!
L P By s
No.:2.7| No.+'5,
Lt m! 6, in.| Pt in
Red Loam and Travertine Soil 53 ‘ 10
Eucla Limestone | 466012830 0 12412 G
Clay (?Shale) ... 2660 |.262 6133467
Sandand vael with Clay beds| 81 2 00 28 0y
Total 818 5669 6. 776 0Of

The strata. exposed in all the lofty cliff seetions
along the coast appear quite horizontal, and nowhere
do.they e\hxblt any swns of disturbance, faunlting; or
folding.

Very little is known of the geology of the country
to the north of the Railway line; this was traversed,
however, by the Elder Expl ormv Expedition in the
year 1891-2, the Geologist (the late Mr. Vietor
Streich):‘attached to which' deseribed: and showed
upon ithe geological: sketch map ‘accompanying the
report: & great expanse ‘of: Recent, Tertiary, and
Mesozoic 'Rocks “extending over’ seven :degrees of
latitude’ hetween Tiake  Lefroy and the: Townsend
Range. The Mesozoic rocks are deseribed by him'as
consisting in, descending ‘order:of: clay: (indurated);
jasper rock: conglomerate; quartzite (desert:quartz-
ite), and -sandstone; but no estimate is given . as to
the total thickness -of fthe series. "The conglomerates
are stated to be only slightly consolidated. “These
heds are. covered with drift sand and other residual
deposits which naturally prevent. many actual see-
tions heing seen.  So far as the dip. of the Mesozoie
beds cou'd be observed, Mr. Streich points out that-it
nowhere exceeded. 15 degrees from the horizontal, and
was invariably towards the north-east. The altitude
of the Mesozoie area, traversed by Mr, Streich, is
stated to vary between 700 to 1,300 feet. The houn-
dary hetween. the Mesozoie . rocks and the older Meta-
morphie . series is-shown by Mr. Streich as being
somewhere hetween the Ponton River -and Queen
Vietoria Spring, though . as elsewhere in the platean
the actual junetion is masked hy the ubiguitous eover
of ‘superficial. deposits,

Some. further information as to.-the northern  ex-
tension of these bheds has heen obtained by Messrs.
Talbot and Clarke in the Geological Expedition dur-
ing “1916, from ‘Laverton to' the South Australian”
Border, via the " Warburton Range.’ This recent work
in“the ‘vieinity“of the Townsend Range, by definitely
proving ‘the presence of the basal beds of the series
exposed ‘in’the bores ‘on the Railway line, is of con-
siderablé “importance.

In the'traverse from Dunge’s Hill to the Townsend
Range “a "wide “expanse ‘of practieally - horizontally
bedded, slightly compacted current-bedded sandstones
and*‘elaystones™ with:"oceasional:“conglomerates. and
boulder’beds“was encountered. The “base of. the
series at Dunge’s Hill-lies at about 1,570 feet above
sea-level, whilst snear:ithe Townsend -Range its alti-
tude . was. about 1,900 feet;. elevations: .eonsiderahly
higher .than . the country. further to the: south tra-
versed by Mr. Streich.  No. fossils: were found in
these beds,  but.. from .such meagre . stratigraphieal
evidence as s. at. present. available, their. geological
age seems :to:be late Mesozoie, or at.least Harly Ter-
tiary. .. The: beds-are probably the inshore represen-
tatives: of -the “strata lying beneath the Eucla Lime-
stone. Tge results ofsueh O'eologlcal mvestlgatlons
as-have ‘at” present been’ made shows that in East
Longitude 127° "an - extensive sedimentary formation
extends northwards for' about 400 miles: from  the
coast and covers some thousands of square miles he-
tween- Israelite Bay and Euela in° Western Australia,
and eastwards between the South ‘Australian- Border
and:‘Point Sinelair, ‘near’ Fowlers Bay.

. ProspEers oF. FINDING : PETROLEUM,

Having dealt as fully as possible with the geology
of the Nallarbor Plains (Premier Downs, or Euela
Platean) so far as such is at present known, it seems
necessary -that some reference should be made to the
possibility or otherwise of finding erude ‘petrolenm
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within the area in question.  In attempling to give
an answer to this question, it may be pointed out that
geologieal mquiry has to be guided to a large extent
by ‘a knowledge of the origin of petroleum and other
cognate points, such as source of supply, conditions
ot ‘deposilion, general geology. of the area, the strati-
graphy of the series, and the " geological st1uctule of
the-locality.

~oApart however from the very mich debated scien:
tific -aspect: of the organic or inorganie origin. (ie;
source.-of ~supply). of petroleum; there are certain
important points: (“indications”): i connection with
oil-ocenrrences 1o which ‘attention should: be paid be:
fore: the: search . for. petrolenm: can: be undertakei
with:any-degree of ‘certainty i—

L

(a) The conditions of deposition necessitate the
presence of porous rocks whieh act as re-
servoirs covered above and bounded below
by more impervious rocks, as well ag the
oceurrence of large ‘quantities of organic

““material ‘from  which oil ean be formel.
Oil eeeurs in ‘porous roeks - at “various
deptlis, ‘and in distribution 'and behaviour
it has eertain resemblances to underground
water. Sandstones, shales and grits, con-
glomerates, ‘marls, ete., are the principal
containers; though in g few places oil is
found in limestone. " In Egypt the oil is
mostly . derived from a ecavernous’ lme-
stone " ‘which, ~ however, " appears” to be
merely a reservoir, for the source of oil
is - “attributed by = competent  scientifie
opinion to the lower beds of ‘Globigerina

* " Marl, known' to" be of \hocene Tertlaly

CAge.

(h) The .most important. evidence .in regard .to
the oil-carrying character of the strata in
unexplored. areag and.formations eonsists
of traces or residues of oil, viz.=— (1) 0il
residues,.7..; black veinlets of solid hydro-
carbons, - which vmdoubtedly. indicate: the
former presence . and. civeulation. of .oil,
though ' they. are mnot necessary evidence

.. that oil still. remains in the rock;.and (2)

.ol seepages, that is, places where liquid
oil is:seen escaping. at the surface.

"As a’rule ‘oil seepages’ stain the rocks
for some:distance ‘around them; and are
sanvariably’ “aecompanied by a characters
istic. odour:which it is" geldom possible to
niistake; k
Asphaltum, ‘a true petrolenm residual,
oceursalong the shores of the Great Aus-

- tralian Bight, but never beyond the pos-
sible limits ‘of"deposition by ‘the sea.

In all the leading oil fields of the world

it -was the oceurrence of seepages which

. ulhmately led to thelr development; such
seepages, however, are not to. be regarded
as a necessary indication that oil in pay-
able guantities -cecur. -

+.0il. seepages,. while -ofthe utmost: im-
portance as “‘indicators.”? are: iiot: the only
thing required, for the structural features
of the'strata must be suitable, for seepages
~:do not ‘oceuriin those localities where the
roeks are whole and undisturbed:

(e) Qil appears to: oceur alimost entirely in what"
may be best deseribed as the outer zones
of ‘those regions which have been subject
to folding; ete;; in the:oil-bearing districts.
the strata has been thrown:into a series of
waves or folds (anticlines) ‘of slight ele-
vation. These folds have overywhere been

. found to exhibit a general parallelism, and
in-most oil fields the. principal deposits
“ have been found along’ what lave been
called “oil-lines” which correspond to the
crests of’ ‘the anticlinal folds.” This anti-
c¢linal s‘muctme favours the accumnlation
of o1l in' the summits or on the ﬁanl\s of
the arches 'or domes:
Summarising the available evidenee in tTegard to
the Nullabor, Plains; it appears that:—

(1) There is a large area of Tertlary or Late
* Cretaceous rocks; whiell eontain: amongst

" their ‘members sandstones, ete., of varying
degrees of porosity.

(2) The beds. dip.at.a very low -angle to the
south, about five degrees.

(3): The eliff sections on the coast show that the

. beds are virtually horizontal and have not
been . subject : to: disturbance, nor. in any
way thrown.into folds.

(4). No_oil seepages have been .noticed anywhele

. in the plateau. '

(5) Asphaltum, a.residue of petrolenm, oceurs

- amid the, flotsam and.jetsam of the. coast,
but has not been found anywhere inland
beyond possible .deposition by the sea:

(6) There:are no known extensive depositsiof

...0rganie -origin: anywhere. associated with -
the beds of the Nullabor Plains which are
eapable of producing ol '

CONCLUSIONS AND RECOMMENDATIONS.

While the need for oil is-great, and it being de-
sirable: to rtake every reasonable ‘step to géarch: for
it, it canmot be said that if there is a'lack of it on the
Austlahan Mainland:such will ‘retard the progress. of
the Commonwealth; ‘having regard to the vast area
of undeveloped eoalﬁelds in-the ‘Eastern portion of
the Continent; for coal must, for many generations to
come, always remain the chief source of power.

In a memorandum dealing with certain proposals
submittéd to' the Minister for Mines relating 'to the
occurrence of petroleum in the nelofhbourhood of the
mouth of the Blackwood River on the South Coast, 1
was pointed out thati~—

An obligation rests upon the State to see that every
possible inducement to: search:for '6il’ (or indeed any
other mineral deposits) along legitimate ~and healthy
lines is held out, and to this end I would strongly urge
upon the Government the advisability of offering a sub-
stantial:bonug for the discovery of oil I would
therefore @ irecommend: the Government to
offer. a .substantial bonus of, say; from £6,000. to £8,000
for the first' 50,000 gallons of crude petloleum obtamed
from Tan oil pool within® the confines’ of Western Aus-.
tralia.

Should the Government deem it necessary, Mr. Mit-
cliell ‘counld be asked to supply his reasons for believ-
ing that petrolewm  oeeurs in the' Nullarbor Plains,
and. when “hisvevidence has been received such might
be referred to-this office for the pmpose of seientific
and- ¢ritical investigation.

It 1s-also desirable that an early oppmtumtv should:
be taken of geologically mapping ‘the Western mar-
gin of “the Fuela  Limdstone Series hetween Mannt



-1

Ileming and the Ponton River where it crosses the
Great Western Raﬂv; ay Line.

'lHE (thPHIT[‘ DEPOSITS AT MUNGLINUP,
- BUCLA DIVISION.
(T. BLATCHFORD.)
Since my first visit in 1917 to this loeality:a con-
siderable amount of development work has: been done

on the Black Diamond Graphite Mine.
‘This work consists in the deepening of btewalt’

taken to inspect a manganese deposit on Mounf Des-
mond. -~ Reference has already been made to the oc-
currence of manganese lodes on Mount Desmond by

the State Mining Engineer*, but not to the particular

shaft, (ross-clitting east from the 80ft. level, sinking"

a new shaft, No. B, 100 feet east of Stewart’s shaft
to a depth of B0 teet, crossccutting west from the
bottom of this shatt and sinking a new shaft (Snake
shaﬁt) to a depth of some 50 feet, east of Herbert’s
shaft. Unfortunately, the workings in Stewart’s
shaft were under water and therefore inaccessible:
Shaft I was sampled from top to bottom also the
west crosséut over its total length of 40.feet.. The
vesults of the sampling aré appended ‘and the posi
tions from which' the samples were ‘drawn are shown
on the accompanying' plan. As not only were the
O‘I‘aphltt, contents of the samples low, but also the
carbon in the coneentrates. Experiments were' car-
1ied out on the concentrates with the object of aseer-
taining whether 'by regrinding and reconcentrating
the first concentrates a produet containing ‘a higher
~ percentage of carbon conld not be obtained.

The restilts of these experiments is also appended;
and there seems litile doubt that the low percentage
of carbon in the concentrates is due ‘chiefly fo. the
presence of mica; often interfoliated; and magnesite,
which cannot be extracted by grinding and foating
in a Standard Morgans ‘Concentrating Plant. It is
unlikely therefore that a marketable product can be
obtained from the ore in these workings. —There is
‘one point, however, to be considered before ‘a ‘definite
conelusion can be formed, which' is, ‘that" both~the
contaminating minerals: are' secondary ‘and ‘the “pro-
ducts ‘of the encasing rock. "Magnesite i particular,
is’ a. surface: weathering product and will’ probably
disappear in depth.” Miea, though more prevalent in
the upper zones, is also as a secondary mineral found
at considerahle depth, but not so abundantly “deep
“down as near the surface.” The present development;
therefore, cannot’ be taken as final ‘evidence,” and

deeper workings ‘are necessary before it can be de-
kﬁmtely stated that " the p1oposmon is’ hopéless ~or
even unpayable.

- The second shaft sunk, known as the Snake shaft,
not being accessible was not sampled.®

‘Whilst in Kalgoorlie with the Ministerial party in

April; T Tisited the Great Boulder mine to see a modi- .

fication
Plant, such as is to be found in the Geological Sur-
vey office. The modification was a simpls one and
consisted of: altering the flow of water cver the first
plate, and it is claimed that this alteration gives very
much higher: concentrating results: It was my  in-
tention to have expéerimented with the: Survey- con-
ieentratind plant when oecasion offered:
MA’\IGA\TEHE DDPOSIT% OF-THE
LEY RIVER:

~ (T. BLATCHFORD.)

R o e b
During. a delay at Ravensthorpe, arising from- wet
veather and horse troubles, the opportunitv was

* Tor-a; full descnptxon of the geoloﬂ'y and:previous samplings vzde

Bulletin 75, Perth: By Authonty, 1917 3

of “'the Morgans Graphite  Concentrating

= gand.

HAMERS:

one visited which lies about one and a half miles
from the Flverton Gold Mine on a bearing of 287
degrees. A little work has been done on this par-
ticular lode in the way of two shafts sunk to shallow
depths, which show that the lode dips to the north-
cast af a low angle and strikes parallel to the Range,
ie., in a north-west south-east direction. The writer
i of the same opinion as the State Mining Engineer,
that the manganese oceurs. as a true lode ‘following
probably the bedding planes of the encasing quartz-
ites.  Unfortunately. it was not possible” to” sample
the sections showing in the shafts, but a rough ‘grab
samyle of Lhe two dumpO vielded the followmﬂ' re-
sulis i

MnO»g 28.98
MnO 1.98
Q- 11.66
Tnsoluble 10.62
“HUndetermined 5.91
100,00

Thig-sample ds-low.in. manganese and probably. is
representative only: of .the seconds, for a bulk sample
is weported::to. have been shipped. some years pre-
viously:from the ore raised from.these workings. Un-
fortunately, authentic:returns of the. sample.are not
procurable.

The copper and manganese 10des of-the Hamersley
River: described in. the. State :Mining, Engineerls re-
port®. need: little. comment;  ag praetieally with -one
exception: no development has. taken: place. since: his
inspection. On:page 21 Mr. Montgomery- refers to.a
large  manganese  lode on “the . western side . of . the
Gorge. . ‘A shaft has since been sunk on’this-lode to
a:depth. of some 30 feet in. a low. grade. manganese
ore, a sample. of which, taken aeross .a distance.of
six: feetof .the portion e\posed m: tht., shaft, Vlelded
the following result:— ~

MnOs3 42:19 :
MnO 7.64 - Mn,32.58¢;
FGQOZ; e 21.31

H:0 6.44

“Insoluble 21.42

Undeterminéd ) 1.30

'l‘Hlu (‘OUNTRY BETWEEN HOPETOUN A.ND
~ THE FITZGERALD RIVER.

(T, BLATCHFORD, j

The _eountry: evtendmo westward from: Hopetoun:
presents several extremely interesting ‘features when
viewed from :the 'geological ' standpoint. : Until ;the
I.ée:Steere’ River isicrossed the eountry is chiefly
granite or shallow:surface beds and patches of heavy
-After passing: the West River, however, there
isra sudden change b()th in the eontoul and O’eolooqeal
formation. : ; : S

To the south of tho road ‘which' follows the main’
telegraph line one sees a long chain of ragged peaks
following the coast line and ‘rising ‘at times'to a ver-
tical height of *1,600ft. -above the sea level. " This
range will be referred to as the Barren Range Series.
Tmmediately to the north of this range is'a more or
less even plaln or shOhtnv elevated tableland Whmh

§ De‘elopment of the Phillips : River: Copper. lodes

B A. Mont-
gomery, M.AL, FGS Pearth: By Authonty, 1914; y Ié :
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rises’ gradually to. the north.  The rivers have cut
their way through the rocks forming this plain, thus
forming rather good sections, even exposing at times
the underlying vocks, Tn the eastern end the plain
15 some eight miles in width but widens  out to a
maximumi - of about 20 miles in the v1cm1ty of the
Gardner River.

Underlying the surface rocks of the plain above
referred to is ‘another series of rocks, distinet both
from the upper heds and the Barren Range Series.

The Sur face Beds ——Unfortunately, the writer. was
,unable to investigate any .of the country west of the
- Fitzgerald River, and even. up to this point, owing
to a_eombination of eireumstances, only . a  cursory
examination was possible.

According to-a map. plotted: by the late . H, P.
Woodward, ‘the beds forming the tableland extend
ina general east and west dueetmn from No Tree
Hilly north of Eyre’s Range, to the Pallinup. ‘River;
but evidence collected sinee tends to show that there
is:a-strong: probability that a further extension will
be  traceable: through Ongerup,. Gnowangerup, and
Tambellup as-far-west as Kojonup.

About a mile north of the point where the Hamer-
sley River crosses the Telegraph Line a hreakaway
wag ‘examined which” was' téeming ~with''marine 're-
maing, ehiefly of sponges: of ‘probable ‘Tertiary age:
The breakaway; which ‘is' an irregular eliff: Some: 40:
50ft."in height; extends in“a"general east and “west
direction” “towards’ Mt Drumimond. Tt wag 'not
examined for fossils exeept in the spot imentionéd.
The rocks exposed in the cliffs consist of much wea-
thered’ ‘soft”inudstones “or ‘Ineipient shales; capped
with “a “thin “harder’ coating impregnated “with iron
oxides! © As farag”eould be ascertained these: beds
are: horizontal “and“lie unconformably on another
sedimentary formation 'of ‘a’ mueh greater ‘age:

Undeérlying *Rocks' of " Undetermined -Age~-The
underlying irocks  iay* be  seenin ‘4" section” elt - by
the Hamersley - River “some © 114 miles south ‘of the
Telegraph Line. They consist, where exposed in the
section, of slates; schists and decomposed basic rocks,
probably ‘intrusive dykes or sills. - The' latter, how-
ever, are so weathered as not to be'easy of identifica
tion. -~ Associated with . them are bands: and nodules
of almost pure magnesite; which testify to-their basie
origin,- The strike of these beds is*approximately
east and west with a dip. at an angle of from 25°.30°
to the south. In the Gorge: eut by the Eastern Creek,
a tributary of the Hamersley on the east side, another
imperfect .section, of ‘probably the same: formation,
shows:also the-présence of crushed quartz conglomier-
ates: and vquartz. miea,: schists: Unfortunfitely ‘no
fossilsiwere found: dn: the few exposmes of these
rocks; and as the greater portion is ‘covered over by
the: Tertiavy Beds; their age and composﬂzlon ig still

undetezmmed A careful traverse of: the rivers, how- -

ever;, which have dissected -the Tertiary Beds $o no
httle extent; would probably prodiee more and useful
evidence: than at:present available:

As. far as could.-be ascertained; the Mount Barren
Series abuts against these vocks, the. junetion being
mfu]\ed probably by the. Eastern Creek. Gorge.

Toe MOUNT BarreN RAN(;E

thh()loomﬂlv the Moun{ Barren fmmatmn dlffels
entirely from the first two. Tt is not quite elear how
these nmaes liave been fonned but the ‘evidenece

e

pointed to the possibility of their being highly folded
quartzites - with basi¢ sills. = The “accompanying
sketch - section® “has been drawn on this assumption:
At the surface one finds a repetition of’ quartzites
and -quartz dolerites standing at a high-angle, prob=
ably from 75° 1o :85%; and: striking ‘approximately
east and west. . The prevailing dip 18 to the south.

The ssame: characteristics pertain. to. . the  HEyre
Range, photos.: of which -clearly show. the surface
configuration ‘and: successive: bands of  quartzites
[Photos. 1696, t0 1700:] -

Viewed: from a distance these 1an°es stand out in
bold relief, the highest peaks in which are the East,
Middle, and West :Mount. Barréns. ;

The:surface of the'range is extremely rugged, and
though:bare of tle lawel vegetation, is covered with
a-variety..of sturted serub; which makes walkmO' ex-
tremely: diffieult.

Whetlier these: ranges 1ep1e5ent an uphft smulal
to:the. Stirling Ranges; and .whether they are portion
of:the same series was not decided; though the possi-
bilities of both being the case is highly probable.

The. .possiblerelationship -of  the Mount Barren
Series to.other formations is interesting. - Mr. Mont:
gomery: is.inelined to: look .upon the Ravensthorpe
quartzites..as -a_morthward: continuation, and  when
the: lithologieal : characteristics  are. compared . there
certainly is no: obstacle in that . direction.. Further-
more;.it-is remarkable how-the. series furns round:to
the northward :in the. Eyre Range and heads straight
for Ravensthmpe

There is a marked difference htholoo*lcally between
the Mount Barren and Stirling Range Series. Still,
it is: quite. possible. that they are the same group of
rocks..only;.subjeeted. to. different’ conditions = siuce
being. laid down: . The mere fact of. voleanic action
being .:almost s absent in the Stn’lmw Ranges woulil
naturally suggest a limited: amount. of ‘metamorphisn
in the rocks, whereas in the Mount Barrens the visible
voleanies are almost in excess of the quartzites. A
very much: more detailed examination of the Barrens
would - be  necessary, however; before any definite
conelsion eould be. arrived at. on: this point.

The occurrence of Tertiary fossils in the Hamers-
ley. River basin is important and proves definitely -
the. eastward. extension of the Tertlaiv Beds.

That . Tertiary. Beds  extend in stich a - persistent
line from. Eyre’s. Range to Kojonup and probably
still further west, would indicate that a VaHeV must
have: existed. nmth of - the Stirling Range, and there-
fore excites the: curiosity -as to what the underlying
beds are, and whether the valley. 1s: connected with-
the: Collie River Basin.:  This is an 1mpmtant piece
oL geological work for future investigation,

ON. THE DIQ(“OVERY OI‘ COAL 51/6 MILES
NORTH-EAST OF. WILGA SIDING ON. THE
DONNYBROOK-KATANNING R AILWAY

(T BLaTcHFoRD:) , -
In aceordance “with “verbal - instructions  received

from 'the Government Geologist to investicate a 1o

cent ‘diseovery ‘of ‘coal in' the vicinity of Wilga, and

more particularly;to locate:the prospector’s ‘workings
and if possible draw s samples’ from any coal seams,
the following report: was submitted :—

o
LoCATITY OF WORKINGS AND GENERAT DRSCRIPTION.
The workings; with one exception, are situated on
the:novth-west ‘corner’ of ‘Loeation 2009, lying at a

* Not reproduced.



direet dlstancc of 51,2 miles north- east of Wilga
Siding. .

They consist of elght Shafts in all, seven of whien
have fallen in almost to the surface and are now. un-
safe  and inaccessible. - To. what depths these shafts
were sunk I was unable to ascertain. - The last shaft
sunk, number 8, has reachéd a vertical depth of ap-
plommately 100 feet,

strata pierced.  From: hedrsay evidence; it ‘appears
that two coal seams have been cut. in thls shaft, one
five feet thick at 55 feet, and .one four feet thlck at
85: feet. :

On account of the tmlber the top seam -was not

visible. I‘mtundtely some of the timber opposite
the bottom seam was open and part of a.section of
the lower:seam: was visible, thou@h the stllhe, dip and
thickness were not plocumble

The coal seam here is, however, more than three
feet thick, and a sample was drawn over that dimen-

sion, the result of which is appended with My, Slmp—‘

son’s remarks.

Taking these results and the general appearance of :
the coal for a guide; there is every reason to believe

that the lower seam is of the same age and quahty
of several .of: the Collie River "seams;: but-if i not
equal to the higher grade Collie coal:
not a coking coal;

- ExTENT:

The. 1)1obable extent of the mew coal area cannot
be even roughly determined without: a’ more thorough
and lengthy examination, for the country in the vie:
1n1ty is mostly void of outerops, and: for the. most
part covered with ironstone, gravels, ete.

The presence of. a belt of ‘granite striking approxi-
mately east and west a short distance north of ‘the
workings ‘indicate that; thoungh it is plobably 2 geo-
logical replica of the Colhe Area, it is not ‘directly
connected with that field..

However, there is a certain’ amount of 1mp01ta,nee
in the dlscoVery, inasmuch as it has increased  the
pmbable area in which '¢oal of the Collie River tyve

is hlxely to 'be ‘discovered, and, therefme, in mat duec—'

tlon, increases the State reserves.

The following Analyses of the coal were made in-

the Geologledl Survey Lab01at01y "

G.8.L. ‘No. 36TTE 3631E.
% %
Moisture ; SOl I8ET i g
Volatile Hydrocmbons e 33.88 29.20"
Fixed Cfubon, : 42.60 4713 .
Ash » 4,95 5.94
100.00 100:00
_ Calorific Value .. [ $717 B/L.U.| 9,255 BTU

[aGuE] This is a thin bedded eoal of the:Hydrons
Bituminous. class, similar in all respects to that found

in the ]owel parts of the Collie basin. Tt loses moisture-

rapidly  on exposme to the au', mcleasmg thereby in
calorific value:

Analyst, B. 8. Snnpson

Locahtv O’Grady’s Shaft, 610 paces EB., 11.N., of
Traverse Peg 54, N.E. of Wﬂga Railway Station,

[3631%.]: This is a thin bedded coal of the Hydrous
Bituminous “class similar in" all respects “to" that found"

in the lower parts of the Collie hasin. Tt loses moisture

.

, 1t 1s ‘close, timbered almost to
the -bottom; whieh made ‘it impossible: to:examine the:

Tt is certainly

. mately parallel with the joint plane (B).

cleav age

rapidly on, exposure “to the air, increasing thereby..in
calorific value but losing cohesion to a 1a1ge extent, It
does not coke when retorted :

“Analyst; D..G Murray.

Liocality: Five miles  S\W.. of Wllora

THE SLATE QUARRIES NEAR TENTERDEN,
SOUTH-WEST. DIVISION. :
(T. BLATCHFORD.)
LocATION. :
The slate deposits in question oceur at the western
end’ of the Stirling Range, and lies" at a distance of
about six: miles due ‘east’ from Tentexden, a’'station

- on the Perth-Albany railway line;

The 'gquarries’ themselves lie”'on the eastem sule of
hldte Quamv Cleek '

GEOLOGY. b ;

The slate beds in whieh the guarries oceur consist
apparently of ‘portion of the Stirling: Range series
and forin portion of the western end of the latter.
Outerops 'in the immediate: \icinity of the ‘quarries
are ‘rare¢; and ‘the high ‘ground rising“to the’ east is
void of ‘fock exposures for at least a mile, :

On'*the western side of Slate Quarry  Creek  de-
tached pieces of quartzite are strewn on'the surface;
but at no great distance’ farther on granite outerops
mark:‘the diseontinuance: of the sechmentary beds.
The strikeof. the: beds:where ‘seen in’the ‘quarries
varies from North 30°-40° East with ‘a dip ‘of -about
20°: East 30°=40°: South: i

The ‘strata are free from foldmg, and thoufrh there
is evidence of faulting, the movements are so slight
as to be negligible.

Several sets of joint planes plobably ocem, but.
only two were prominent.

In the ‘main or middle qua,u'y, one of these joint
planes; which is very mueh in evidence, has a “strike
of ‘East. 12° South ' with'a dlp of South 122 West at
an angle of 48°.  This set is represented’ on’ the en-
closed photo by the letter (B) the second set, which
strikes North 15° West and is vertical, is seen form-
ing the vertical -face in the same photo

In the .south quarry minor joint planes strike east
and west witha 'dip . of 60° South, ‘and North 30°
Tast with a dip.of 67° Bast 30° South. These latter
bearings  and - dips ‘must be ‘taken tentatively, as in
this® locality ‘the ‘tock has” been  fractured seemmglv
by -loeal straing only.

‘Cleavage planes are not well developed One im-
perfect set (C), however, does exist and is approxi-
The rock,
however, only fractures along:these pla'ﬂes Very im-
perfectly:

In-appraising the value of ‘a ‘quarry for the pro-

duetion of slate, the ‘following “are the essentlal fea-

tures: to be con51dered e

¢ omposztz.on :

The composition of the rock ig hiﬂhly suitable for
the formation of slates. The texture is umfomn, and

" the.beds are free from coarse-grained strata..

¢ Zem*age
Although a eonmdelable amount of 1athel pelfect

- flagstone has been broken, §uch has heen guarried by -

using the planes of sedlmend:atlon, not the planes of
These sedimentary, planes are. very. pro-
nounced and perfect, and at times will allow the:
splitting of the rock into slabs of fair dimensions to
a thickness of from 1 inch up to 3 1nehes i
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This 1s; howey er; not producing slate, but: flags,
Along the planes of ¢ eavage the rock: will certainly
split into thinner plates, but:these are so irregular
as to-be more or less-useless, and would certainly
entail ‘an enormous - amount of “dressing. Further-
niore; i no instance were they obtained with'a thick-
néss less. than twice' that réquired for  commercial
slate. The whole point: lies in this:  that the slaty
cleavage "has not been ‘developed sufficiently “to be
utilised .ag planes along . which the rock canbe split:
Furthermore, the angle hetween:the planes of sedi-

mentation and cleavage is about 34°; so that, even if -

the ‘roek -did. spht .veadily along the cleavage plane,
the, sedimentation. planes. being so pronounced . and
¢'ose together would cause a fracturing
they were  erossed.” . This ‘alone is: sufficient fo - con-
demn thevproposition in’its present state.

l’msﬂnlztu of zmpmz,ement at depth:.

The ‘improvement lequned to render the deposﬁ
suitable for slate quarrying wonld be an’ obliteration
of the planes of sedimentation; and, more particu-
larly, the ‘perfection of the . planes:of cleavage:

As the planes. of cleavage stand at an angle of
some 487 - with: the horizontal: they have ot been
caused,: except:-to. a-Hmited extent, by the pressure
due to overlying: strata; but by side pressure dueito
earth movement. .There is mo reason; therefore, to
suggest “that ‘the desired ¢hanges would: be: effected
at any reasonab’e depth helow thefpresenyt surface.

CONCLUSIONS,
Though nnnerah)meallv the Slate 1n these qualues

i8:0f 2ood quality, there are so many essential phy-

sical -and: struetural ‘properties wanting  that, as a
source for obtaining high-grade slates, the _deposit. is
worthless. i

That .a: material: i:mplovementk in qm,lity ﬁliOht ,

oecur at-a reasonable depth. is considered highly im-
pmbable

~ APPENDIX,

NoTes oN PURPLE. SLATE ¥ROM NEAR TENTERDEN,

(R.AL FARQ]:THARVSON.):

The, points: of value in. any. slate for the usual uses

are:—
(a) . The presence of a \well-deﬁned plane of sphttmg
called cleavage, developed by metamorphism
_through' the re-arrangement and flattening of
the “original  graing  and the development of
micaceous: minerals. i

(b) The - absence: of - pyrite, particularly hom the
“vbedding: planes:

(e)iThe  absence  of -any appreelable amount of
lime -earbonate; and

!(d) If the slate is-to be used for smt«,hhoqrds, the
absence :of ‘magnetite grains:

The: slate  is -purplish-red in colour; fairly. hard, and

finely laminated or in.many thin leaves which are not

very distinet.

In ‘section, ‘the 1oek ig very-fine glmned and consists
of “quartz, in: places a yellowish: chlorite, minute seales
of muscovite; doubtful grains of: felspar, all‘ obscured
by fine granular hwematite seattered over the: slides as
a-dust and. causing the colour of the stone.. There is

an-absence of pyrite, of lime carbonate, and of mag-

netite. A‘few minute needles of rutile are also present.

Mineralogically  the slate is of good quality; being
freel from Jinjurious constituents; “but itsivalue sidis-
eounted by its.physical charaeteristics.  While the bed:
ding is eomparatively ‘thin and wniform,: the cleavage

‘whenever :

"'This is the first stage.

on:which,- mainly; ‘depends: its: power of splitting -into

the. requisite thin slabs, is very imperfeet.  When the

rock (is”.gplit along the cleavage, the: fracture, after

running p'uallel to it for a short distance, frequently

trav els long the bedding and then back along the cleav-

age. oIt is; theretore, mlposmble to get slabs of the

required degu,e of: thinness as: well as of perfection:
from the cleavage. The slate, however, will split rather

readily along “the bedding; but in some’ parts it will,

under these circumstances; afford slabsabout 14”7 to 95"

thick, and:about 47 to 67 by 3” to 47 in surface dimen-

sions, . Even these slabs; however, cannot:be. obtained .
regularly, for  most commonly the slab breaks in half,
or, when obtained, has an irregular surface which re-

quires:chipping.” Labour ‘costs, therefore, in producing
good uniform slates are certain to be heavy. ' Moreover,

the/ slabs; even. when .of maximum area, are so thick

that their weight is very considerable.. In short; the

ares of Ioss1ble is small owing to the 1n1pe1iect10n of =
the’ cleavageand to the systems of jointing 'in the
deposit;: and: . the -thickness of the slabs will 'commonly
be considerable owing to their coming from the bedding
and. not from the clea.vafre

With 1egard to the questlon of a possﬂ)le nnplove-
ment in the. quality of the slate as the depth from the
surface increases, owing to the weight of the super:
incumbent  material ‘causing’ a  more . perfect: cleavage;
this: is;to say the:leagt, improbable. . 1t must be recog-
nised that. though the slates are at the surface now, it
is ~most plobab]e that at the time the original shales
weré formed into slates, the latter were even then at' a
considerable ‘depth ‘from ‘the surface, and that they are:
now: at..the surfaceowing  to the original overlying .
material having been: worn away. . In any case, the
weight .of superincumbent material would not be suffi-*
cient” for the change except at depths so considerable
that the working of the- slates would be unploﬁtable o
andif;good’ cleavage  has not been 'developed in the'
material nearthe sun‘ace, it is most unlikely that it
will appear at depth.” T am, therefore, of opinion: that
a: depth of even two hundred feet will not show a slate -
inwhieh' the L]eavaoe is bettel developed o

THE C‘OASTAL LIMESTONE D]‘I OSITS BI-
TWEEN LESCHENAULT INLET AND LAKE
- PRESTON—SOUTH-WEST DIVISION '

(T. BLATCHFORD.)

The, boundari ies of the Lnnestone Dcposu,, e\tenda
ing northward hom Bunbury, is sliown on the ae-
companying map,* compiled by the late Mr. H, P.
Woodward, Assistant. Geologist. ; ;

In bneL, the deposn consists ot one main belt
running parallel “with the coast, and with minor
parallel belts lying to the Kast, A narvow q‘rup of
caleareous - sand-dunes’ separate the hmestone ridges
from-the ocean:

To obtain- a true coneeplmn of the nature of these
limestone  deposits it -1s" necessary {o descmbe thelr
history:

At the present day the coastal ‘caleareous sand—' :
dunes may be seen “in process of formation; the
wind' building: up’ ridges or flling in valleys with
sand - and fragments: of shellifrom  the ' seashore.
Subsequent action on -the
particles of lime by percolation of water containing
carbonice: “acid forms: soluble carbonate of lime
whieh, when" vising to the - surface by capillary

actiony: deposits the lime as a earbonate.  In this
way ‘a-surface enrichment oceurs, forming a
“eapping” of  limestone rich ‘In. lime: the “ca

stone ol the Cottesloe, Fremantle and other qum—
ries. " As® a natural  corollary when existing cap-
stones “are pleleed the deposit becomes poorer in
lime :and lleher in sand the deeper the smL :

Not reproduced,



The -capstone varies in' thickness, ‘and probably
will ‘not average more than four feet, after which
there is a rapid falling away in lime: values.  On
the above assumption, the :present- sampling was
confined to the capstone only, o ascertain whether
this richer porfion of the deposit was. up to.re-
quired specifications. = .

The sampling, as a preliminary, was eonfined to
that portion of the deposit within éasy dccess to a
waterway suitable for cheap transport; ‘an area
being covered sufficiently ‘great 'to produce a very
considerable tonnage if' the ‘grade was high enough.
Inbreaking ‘the sample, the harder:flint-like rock
was separated: from' the softer varieties, ihe loeal
experience being ‘that: the latter burnt to .a very
good huilding lime, Whewab the former was stated
to be unsuitable for that purpose. The results of the
analyses prove that Lhese 1deas are not: correct, the
mistake probably arsing from the faet that the
softer stone “‘burns®’ with greater edse than the
more compact, harder varieties.

The sampling,
pxove.s that Lhe capstone a,\’erdoeb from
per cent. Caleium earbonate. :
taken from the capstones in the same belt further
north, these results are up to expectations; and it
seems highly probable that large quantities of ‘cap-
stone will ‘he found averaging over 9) pel cent.
(G aL«O :

Unfmtunate‘v, in' ‘one mstance otly: “eould

sample be taken from below the surface, viz.; flom
the well on Moyle’s Farm: The grade: here was
low, being only 75 per cent; CaCO,, but as this well

7210 91

was sunk in a hollow and for water supply, 1t can-

not be considered too: seriously;

To: aseertain the depth of ‘the ‘capstone, w1th a
view:to obtaining some idea of ‘tonnage; trial shafts
are at-present being sunk.: Samples will be’drdwn
from these workings:in the near future for analysis,
and: more samples taken from the ‘capstone of the
northern ‘exténsion of the belt.

Tavo.: other: probable - places, where’ ‘higher grade
limestone i likely to he  obtained. in the vieinity of
Bunbury, are Lakes Clifton and Preston. To.sample
these lakes- at present: is’ practically.  impossible,
owing to the winter rains. These possible.sources
of lime should, however, be_carefullv. investigated
)ef01e the question of lime supply is ﬁnallv settled.

While investigating ~the phosphatic . deposits .of
the Abrohlos Islands. samples. were . drawn.. from
the West Wallaby Istand for analysis.. As the lime-

so. far as it has been mnled out,.

From ecasual: samples.
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stone formmg this island’ is' composed chiefly of

‘coral, it is highly probable that the percentage of

lime will be high: = “Analyses for the lime contents
ave in hand, the results of which will be forwarded
as soon as available,
- ASBESTOS.
25 Miles East of Moora—South-West Division.
(T. BLATCHFOED.) |

Geolog Y oj Area—The prevailing rock is gnelssm
granite, the planes of foliation of whieh strike ap-

proximate’y north by west south by east. Several
narrow dykes, probably dolerites, traverse the
granite parallel to the lines of foliation.  These

dykes appear to be of comparatively recent age. .

Striking in the same direction and passing dlaﬂ— :
onally across the block, at-a distance of about, 40
chains, north by east of the eorner: opposite Now-
rong Well, is a narrow belt of very \\ea,theled mck
in_which the .ashestos is found. .

This belt has been opened up by a series of shafts. ‘
extending  over-a length- of probably 80 ehains or
move, .- All . these’ shafts were: flooded and sealed
Trom. inspection. - On . all the dnmps asbestos could
be found in considerable quantities. With one ex-
ception, however, the asbestos thos exposed was not
of “the right“kind: ortquality for market purposes
and; though' apparently’ plentiful, at present practic-
allynvorthleéss; unless the mineral is useful for some
manufacture of which we' are Unaware. e

“In'ashaft at”the north end of the line some
samples were found which meet all the requirements
for scommercial uge, and-if: found: in: quantity and
carefillyclagsed, would yiéld ‘avhighly ‘marketabie
and profitable: product.: “Unfortunately; as already
stated, the extent of this vhriety «was not ascertaiix
able.

Conclusions—L have mno- hesitation in stating
that the'mineral asbestos on’ this area, and that one
variéty; is' ofa high ecommereial value and-worthy
of fuller prospecting. “There ‘is] however, fio ‘means
at present of . ascertaining the extent” of 'the  'de-
posity as the: workings..on:the:date-of inspeetion

were.flooded - and. the® surface  so: covered ~with
detritus, that there were no. outerops: visible. " How+

ever, as prospecting has not been extended north of
the spot where the high-grade variety has been
found, -there must be a 1ewsoaable pessibility of
sueh land containing the mlneml in-payable quan-
tities. :

APPENDIX.

ON A SAMPLE OF ASBES

STOS+FROM THE MOORA - DISTRI(JT

(1,8, SIMPSON.)

it hfue c\amlued the \amplc of raghestos recently. eol:.
leeted by vou 25 miles  east of Moora, and. find that it .-

is of the vaiiety known as Anthophyllite. = This differs
distinetly in eompon‘cmn from: Chrysotile, "which ‘forms

the greater part: of the world’s. commerclal asbestos,’ as

the follmmg figures show:—
' Anthophylhte C rllI'ySOtlle

“Asbestos, Ashestos.
Lopi (A
Silica S G T80 43.0
Magnesia ™. = . w0809 38.9
Iron oxide . 8.2 2.3
‘Water 3.1 14.8
100.0 100.0

The industrial: utility and value of chrysotile ashestos
depends, “however; ‘not “upon its composition, but upon
the ease with: which it ean be separated from fibres; the

fineness, ssoftuess; and ﬂGlelhtY ofi thoge “fibres; aud
above all:-the high" tensile:strength: of ‘the fihres.: Any
asbestos which satlsﬁes those requnements, 1o, matter

what its ultimate composition, will be equally valuable.

As a rule, anthophyllite asbestos is very: deficient in ten-
sile strength; this sample; however; from Moora’ is quite.
different to the ordinary -run.. The Moora asbestos is
in"soft’ flexible fibres; easily ‘separated from one an-
other, from 14" to" 2 mches in‘length, and possessed
of hl&h tensile strength.  Such: a material should find:
a. ready market, and would be particularly useful for
making fibro- cement wall sheets, etc. : :

As’ other inferior asbestos also oceurs in this distriet;
miners must be on their. guard againgt allowing any
such o find ‘its ‘way:into’ their pareels of ‘high grade
ashestos. Simple:testing ‘by hand of the quality of the
separated fibres. will enable them readily to distinguish
hetween the valuable and:inferior grades. :
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ON. THE. MOLYBDENITE ~-OCCURRENCES

YALGOO GOLDFIELD.

AT MOUNT MULGINE: {WARRIEDAR),

(T. BLATCHFORD.)

LocaTion:

The molybdenite occurrences in'guestion oceur in
the: Warriedar distriet, on Mount Mulgine.
Mulgine i ‘situated ‘some six. to Seven miles south-
south-west of Warriedar townsite; and 62 miles sotth
by east {rom Yalgoo.

; GroLoGY:

A complete geological “survey -of the molybdenite
leases."at Mount ‘Mnlgine has ‘already been completed
by the Governnient Geologist, and an inferim report
will'be found in the Annual Report of the (feological
Survey for the vear 1916, pp. 9-10, q.v. - The geology

of “the - district will, ‘cherefme,‘on]y be touched on in

thé present short 1ep<)1t in“go” far as ‘it ‘is d1rect1y
¢onnected” with ‘the subject at 1ssue '

“Mount Mulgine is a 1ough, isolated granite hill
running to a height of some 300 feet above the sur-
rounding “eountry.

It congists centirely  of a foliated :quartz mierocline
~felgpar granite, . containing.minor. quantities .of’ mus-
covite miea. Throughout the :mass. are: numerous
pegmatitic ¢uartz reefs and pegmatites, .. The folia-
tion planes strike north-west south east, and have an
ahnost \eltwal dip.

" The texture of the granite varies from-a coarse to
an;estremely -fine grain; the composition: being fairly

uniform. »Small: and recent dolerite dykes:i¢ross thel:

mags’in. a: north-east: south-west direction:

. MorLyepENITE - OCCURENCES,

Though mohbdenlto may. be. frequently seen. in the
~out(;10ps, they
distance owing to the roughness and broken, nature
of the. surface Tock.

The oceurrences are:best seen in several cuts made
in':the sideof the mount:
observed .are:the:following <

Almost invariably where the mineral oceurs in any
quantity quartz veins are present.  These veins con-

tain traces of felspar and ‘are, without doubt, of peg--

- matitie origin.’ They do’not eontain any appreciable
amount of the miperal themselves, but form a core
_-around which the molyhdenite occurs-in small specks,
arranged in- a . rough- parallelism with the foliation
planes of the encasing granite.
molybdenite. varies inversely. with its- distance. from
this core. - Hence there are mo. defined: lodes with
walls, -hut rather inipregnated zones which gradually
become lower .in grade -the greater: the distance from
the:eore. = Clogely « assoejated” with - the” molyhdenite
are the minerals pyrite, scheelite, fluorite, manganese,
and oeeasionally, .1 am led to beieve, - wolfram has
been found. e

The molybdenite rarely oceurs in hunches, and

when it does is-only found.along cleavages. or. eracks
cutting »horizonta'ly, © across the: the ‘main  zones:
Hand-picking as & method of conven‘fm‘(mo' is, thele-
1:010, of little value,

Mount

are diffieult to trace for any great.

The main points torbe

The quantity of

Examined in mieroscopicssections; the molybdenite
is” found. usually In’ close association with the mica
of the granite, either interfoliated: with -or coating
the miea cwstals, and at times effecting a complete
replacement; all of -which are strong evidence that
the. molyhdenite . formed  after. the mica erystallised
in. the granite:

The association’ of the molybdenite with pegmatitie
veins “points t6° the probability that it was derived
from-the residual “mother lignor” of the granite at
the end’of the process of erystallisation of the main
rock mass.” The associated pegmatitic minerals also
lend “Weight ‘to this ‘conelusion. The molybdenite de-
posits may, therefore, be' considered as impregnated
zones. Thig being ‘the case, there i every reason to
anticipate that the mmelahsatlon will ettend to a
eonmdemble depth

VALUL OF. THE ORD Bomns

As time ‘would not-permit of ‘a thorough samphno
of the deposits, typical sanples only were broken; to
enable a rough’ estimate to be formed of the value of
the ore -broken; - These samples gave a value of be:
tween - 3. per cent..and 6. per cent. of molybdenite.
Though ‘the wresults: :were higher ~than might Have
been. expected;  they..correspond: with at  least one
parcel which has-been shipped,.as well ds:a sample
referred. to. im, the. Government Geologist’s: report,
and..should represent the value of a  considerable
quantity: of ove, though there is a far greater quan-
tity. well. below ithis: grade. - However; taking 1 per
cent. “recoverable ‘at . £5. per unit as payable; there
certainly is.quite a lot.of ore visible of this; or better:
grade, ‘with. :fair . mining plospects of ‘much: greater
quantities.

Unfortunately, hand- pl(:Lmb to the extent of ob:
taining a shipping ore is not practicable, and it will’
be ‘without doubt necessary to treat the ore on the
spot. i T am - thoroughly ‘convinced ‘that ‘a’ treatment
plant is  warranted, but with regard to recommending
that the Government erect Such a plant at the pre-:
sent juncture, there are other points to be con51dered
for'the following important reasons’

The leases containing the ‘prinecipal: workings and

lodes: exposed. are possessed by or under option to

one company.  These options do not expire until the
end:of February -next::: Another important point to
berconsidered 13 the price in the near future now war
operations liave praétically ceased.  On' this point T
can offer no adviee, but simply state that since the
Americans have started molybdenite mining the price
per.ton has. fallen from £1 ;100 per ton to under £500.

At the latter price 1. per cent. (recoverable) ore is
worth £5, still 'a’ good price, but in the event of the
price falling to onethalf of this, 2 per cent. ove would
be required at Mount Mulgine to show a fair profit
unless  every facility was available for vevy chéap

treatment; This ~variable realisation price of: the
concentrate makes the proposition a much harder
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matter to offer an opinion on, for though I still think
there is a fair quantity of 2 per cent. ore, the possible
higher grade required would reduce the quantity at
present exposed considerably. '

- [My informant for the ahove was Mr. Bertram,

Manager for A. E. Morgans. The leases referred
to.are M.Ls. 39, 48, and 49.]

CONCLUSIONS.
1. The ore hodies oceur’ in impregnated’ zones
likely ‘to he persistent in depth. ‘ ‘

2. There are at least eight of these zomes already
exposed in shallow workings which may reasonably

be expected to produce fair tonnage of payable ore
(payable ore based on 1 per eent. recoverahle at
market price of £5 per unit).

3. If the market price were to fall to 50s. per unit,
there would still ‘be 'a fair quantity of payablé ore
exposed, t.e., ore over 2 per ceit. Tecoverabls, but in
this: case it would be' advisable to- encourage :further
development before incurring expenditure in plant
crection, , :

4. The amount of paysble ore (over: 1 per cent.}
exposed- outside the: eompany’s:options and holdings
is -at present ' inadequate: towarrant: the' erection of
a State treatment plant. '

APPENDIX L

EXAMINATION OF SPECIMENS FROM THE ~WARRIEDAR MOLYBDENITE LEASE.

1. The dense. black fine-grained rock:—

This. rock s a: fine-textured  chloritised . basalt, with
phenocrysts of augite and plagioclase—the latter in part
zoisitised and ehloritised—in ‘a groundmass of minute
felspar laths, green chlorite scales ‘and granular black
iron ‘ore, and possibly’some partly decomposed: granules
of.angite. : :

2.7 The fine-grained: greyish-white ‘aplitic. rock 1~

This -is avvery” fine-grained: microcline "granite, - or,
since: the scales-of muscovite are very few in number, 2"
miecrocline aplite. .

3...The “coarser . yellowish-green . granite . with . dis-
seminated  molybdenite :—

This rock is again a microcline-granite which differs
from No. 2 only in being~ eoarser in texture and in
eontaining more muscovite ‘in larger flakes. * Dissemin-
ated,too,: through: the :rock and: oeccurring :chiefly: in
association - with small aggregates of muscovite flakes
are splashes. and leaves of ‘molybdenite, Tn part- at
least, the mica has been produced at the expense of the
felspar, sinee mieca scales occur in'the felspar’ plates.

Tacts worthy of note'in’ connection with the presence
ofi'the molybdenite are:

(R. A. PARQUHARSON.)

(a) The almost invariable association——in the section

examined—-o0f the ore with the ‘seales. ,

(b):"The oceurrence, in*places, of small flms of the

1-ore-interposed: partly along the:cleavage:planes

of the miea, or as a eap to. the flakes. . While

most - of the larger splashes oceur  irregularly

©in -the flaky aggregates, a few enclose indi-
vidual ‘mica flakes:

(e) The occurrence of molybienite films along the sur:
face of separation of some.of the quartz plates,
and, apparently, also along eracks in the quartz.

(d) Where pyrite crystals occur in the section, they
are’ generally—though™ "ot " invariably——asso-
ciated eloselywith the molybdenite. . o

The interposition of the molybdenite -along the. cleav-

age traces of the mica and along the planes of separation
of “the “quartz plates,” and" the “oceurrence’ of the ore
moulding ‘and-enclosing micaflakes, tend to show that
the:molybdenite was formed: after- the:crystallisation’ of.
the mica had taken. place:

The:interposition 'of .the molybdenite along the ‘cleay-
age -cracks .of the mica will. probably also mean that
the result of mechanieal extraction of the ore will ‘not
be so high as expected.

»

APPENDIX IL

‘DETERMINATION AND “ASSAY COF SAMPLES

GOLD FIELD,

FROM  MULGINE  (WARRIEDAR),. . YALGOO

(. 8. Smrsow.)

“3370E--Black ‘mineral with' molybdenite in granite, M:L.
: 49, Mulgine :

' 3367&—11,/5 ‘tons ‘hand-picked “ore; M:Li 39
33685—West M.L.50

g '336’9E—V;Ma,ssive,'Gra,nite, G, ,Wakeham’s P.A., one mile

E. of ML, 49

Psilomelane © (hydrated  oxide. of manganese).  The
miineral is in“very thin' filns coating cleavages of
the felspars: and minute cracks hetween the other
minerals.of the rock: :

Molybdenum - disulphide, MoSs 16.409%
. Molybdenum. disulphide, MoSy 6.939%
Molyhdenum disulphide, MoSs 3.009,

A




18

THE - SALT DEPOSITS, il MILES NORTH-
FAST FROM PERENJORL IN THE BOW-
GADA ESTATE, SOUTH-WEST DIVISION,

(T. BLATCHFORD:)

JAn:inspection of the above deposits has been made
with.the following results:—

Location==The “bleal\sm"tys” in-whieh the galtis
found lie on the eastern side of a chain of lakes; not
named on the Lands plans, but loeally known'ag the
Bowgada Liakes.

General: Deseription-~In: these “breﬂrawave,”
which 'do not asswume: any great height and are not -
extensive, narrow caves - have sbeen: formed by the
weathering of the softer portions of ‘the cliff faces.
These eaves are not of any great size, the largest
reing some 12 feet deep by 15-20 feet long and 2 lo
4 feet high. The level of the floors vary, which tends
to prove that they have been formed by wind actiou
rather than water erosion.

On the floors of the caves a thin deposil of fine
friable rock: detritus is invaiiably found, the thickness
varying from 6 to 12 inches. The salt occurs in very
irregular masses under this detrital deposit, and rests
en the roek floors well back in the caves. The thick-
ness does not exceed 12 inches.

The rock forming most of. the roofs of these caves
is highly weathered and.ironstained.and closely: re-
sembles =a-laterite. «Intwo instances; ‘however, both
rool and “floor were undoubtedly a very mueh wea-
thered; eoarse-grained foliated granite, The rock
forming the bed of the lake is.of a similar structure,
and certainly -a granite:

Origin of the Salt in the Caves—On the proteeted
face of one of the cliffs minute specks of salt were
discernable, whieh proves.that the rock in.which the
eaves oceur-eontaing salt. The origin of such-salt may
harduerto-twocauses:— :

1.

The surface level may have been much higher
than.at present, and what now . represents
thettop: of  the breakaway:was- formerly
the floor of a salt"lake:

2,501 the galt may have been derivedin part from
the decomyiosition of the minerals of the
roek itself. ‘

Tn either or both ecases, circulating undergrournd
water wounld readily digsolve such. salt, but precipitate
it again under atmospherie conditions, te  be ve-
dissolved by the first rain unless protected from the
latter.

The only places in-which there. could possibly be
an aceomulation of salt would, therefore, be on the
leegids of a cliff, ov.in a ecave.

Tt is moticeable that in the present case litile it
any salt was found near the month of the caves, most
of the deposits being invariably well to the back and
covered up. - Though there is evidence of descending
waters taking part in the process.of formation, for
\m]aoh ¢ aetion is noticeable, the major portions of

the. deposits have nevertheless heen:derived: from the
evaporation of - solutions aseending by - “eapillarly
aetion.

Contlusions—From an economic peinl of view, it
is considered: that these salt deposits’ are worthless,
the salt ocentring only.in small quantities in caves
of no great extent. ‘

Furthermore, the composition of - the salt is such
that in-its present state 1t 1§ nseless for domestic pur-
poses, and is in insufficient quantity to warrant re-

s

fining. . The following is the result of a partial
analysigi— ,
NaCl S i o267 per cent.
Magnesium salts oo .0 19 e
Moisture . . . .14

Therorigin- of ‘the (181)0$1tb 1§ dweto pereolatmO‘
aline “golations  evaporating ‘under atmospleric in-
fiuenee, ‘and depositing the salt.on the cave floors,
the protection. from rain preventing a ve-dissolution.

GFOLOGICAL NOTES. ON. THE LEONORA-
YOKETON DISTRICT, MOUNT MARGARET
GOLDF]ELD.

(E. pE C. CLARKE.)

As-vemarked in-the weport for the year 1017, -a
summary such as this, unaceompanied by maps, ete.,
would Dbe unintelligible if it -dealt with the subjeet
in any but the most general fashion. It will be suf-
ficient here to reeord the most important alteration
in the conception conveyed in my 1917 annual report
on. the Leonora-Duketon geology.

As a result of petrological work and of more ex-
tended field observations, it mow appears that the
metamorphosed sediments found on  Mt. - Leonora
form only a small pateh, the “country for eight or 10
miles to the Fast’ being fade up*almost entirely of
foliated fjuartz porphyries and not of the same rocks
s ‘those of Mt. Leonora.  Similar: foliated quartz
porphyries are fairly common. in the eastern: part.of
the district, particularly riear: Duketon. : These rocks
probably represent flows and dykes more or less con-
temporaneous with -the: “greenstones;” they are there-
fore clder-than  the ‘great masses of ‘intrusive gramte
which' oéeaupy ‘movre than “half the ‘area ineluded in
the Leonora-Duketon district.

The rocks near’ Pyke Hill, which in last year’s ve-
port are regarded as probably contemporaneons with
those of Mt. Lieonora, prove to be entively different
from.them, heing highly decomposed ‘granite contem-
poraneous. with the main intrusive granite of the dis
triet. ' : ‘

The economic possibilities of the T.eonora-Duketon
district . may.-he . very briefly. mentioned under two
heads:—(a) the future of loealities:iwhich have been
prospected and abandoned, and. (b): the possibilities
of unprospected arveas.

(a) Abandoned “Shows.”—During the early days
of gold mining in this part of the State the develop-
ment of many shows was abandoned hefore the loeal-
ity “had ‘had a fair trial, bhecause sensational finds
farther afield semed to offer better chances. ~Again,
many mines were worked on mistaken or extravagant
lines . and were condemned -and - abandoned: beeause
they: were not payable under those conditions. = Re:
liable reeords which give. the ‘details of yield; char-
acter of ore body and nature of workings  of such
abandoned shows seem now almost unproeurable, vet
ituis bighly probable that: careful investigation of the
@eology. and mining history of sthese ecentres would:
result in-the diseovery of ore “bodies,  payable if
worked by the best modern methods.  The first step
fowards exploiting such :deposits wvonld be a:detailed
examination of the geology of such eentres as Darlot
(Woodarra), Mt - Margavet; and = Mt~ Maleoln,
coupled with the. careful - eompilation of  all trust-
worthy records. After this:work: had been ecompleted
it would be possible” to ‘determine whether further
progpecting by - drilling “or other methods was  justi-
fled.
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(b) Unprospected - Areas—Probably there is but
Little of the eountry under review that has not been
traversed by one or more parties in search of gold,
but,” until recently, ‘hardly any attention has heen
paid to minerals other than gold. - Even; however,
the gold seeker does not-appear to. have given the
country. between Erlistoun and Duketon = townsite,
nor that between Turo and the Ida H. G.M., nor that
hetween Wilson’s Pateh,  the Vietory Group: and the
Lawlers-Darldt. road, the: attention ‘it ‘warrants.

Regarding search” for minerals other than gold,
large areas of granite lie within the Hmits  of “the
country under discussion.  These granite areas are
probably non-auriferous, but: should ‘be examined for
such  ‘minerals - as ~ tin, tantalite- and  molybdenite,
although, 'so far as my observations go, the granite
is not of a type likely. to yield such minerals, excent
perhaps in ‘the neighhourhood of Mt, Waite  (near
Erlistoun Creek) and near Ashwin’s homestead  (near
Mt. Blaekburn). ,

“The patches of serpentine, which oceur in’a nuni-
ber of places, deserve caveful searching; more espeéci-
ally for oceurrences of copper, magnesite and asbes-
tos. My own brief examination of these patches did
not ‘ disclose anything of value, but it’ cannof be too
clearly stated.that in such broad geological' mapping
as that now reported on, the geologist’s work is that
of an explorer who searches for: likely regions and
hands®on the information to properly equipped pros-
pectors.

THE BAUXITES OF . THE DARLING RANGE—
SOUTH-WEST DIVISION.

(E. pE C. CLARKE.)

The presence of hydrated oxides of aluminium; for
which the general term “bauxite” is used, in the lat-
erites of "Darling Range,” has been known for many
years,” and maps showing the distribution of the lat-
erites “in_portions- of the Range have been prepared
by various officers of the Geological Survey and are
fled in the office of ‘the Geological: Survey.

Bauxite is now the principal ore of aluminium, a
metal of ever-growing importance, “and - laterite in
sufficient quantity and under suifable conditions,
which  contains 35 per cent. or more of ' alumininm
soluble in'.acids, is regarded at present as a payable
ore of aluminium.

Before the future of this State as an aluminium
producer can ~be appraised, it -will ‘be necessary’ to

wundertake thecollection. and  determination of ' the

coluble-slumina-content of a large number of laterite
samples. A beginning at this work in Darling Range
was made in September, following on a request by
the. Aeroplane Construction Committee of the Com-
monwealth Department of:Defence for bulk samples
ofbauxitic: laterite:

Partial analyses of samples collected -as a result of
this request are as: follows:— '

* B, 8. Simpson, G.S.W:A., Bull. No. 6, p..88:. No. 67, pp. L18-123.




General Loca,lity.

Between Kalamunnda and and Walliston Stations.

Between VVoorolooNorthani Road

and Sanatorium,

Geological Survey Field No. .|l B, B,. B, B B, B, O G, C,. (B8 Cs. . Ci. Ce. % —
: |
! ' ;
Geological Survey Lab. No. o | 2974m.  2975m. | 2976m. | 2977m. | 2978m. | 2979E. | 3354m. | 3355E 3356m. . 3357¢ ' 3358w { 3359w | 3422E | 3423m - 3424m | 3179®
.o
Soluble in" Acids— . .
Al, O4..0 35-44 | 32-20 39-77 | 31-23 | 25-43 | 36-59 | 34-59 | 30-75 | 44-92 35-81 24+34 35-24 | 49-82 3976+ ~39°04 | 44-93
Fe,04 .. 1 2526 36-44 | 23:66 | 3550 | 44-09 | 27-13; 20-70 | 21-00 |~ 22.14 = 929-46:| 33:84 ¢ 33-831 10-22 1 16-441 °22-56: = 21-67
TiO, - ... 90 04 1-01 -96 1-80 1-56 1-41 1-27 3-14 4-45 5-30 3-05 <96 1-52 2-44 94
Insoluble in Acids— | ‘ '
80y ... 17-22 11-48 18-34 o
i 14.-82 L -12-50 11-38 12-02 12-26 | 29-56 4-16 3-70 20-38 6:72 11-30 12-84 10-12
ALO,, ote. ... .. o e b 1490 1-54 | 100
Ignition Loss— : | : , :
Combined water, H, O + ... i ! 16-73 | 25-40 23:23 14-98 2715 22-26
19-34 [ [15-60]  22-78 | 20-00 |[{17-30] | 29-26 & 22-04 21-54 -22.-80 22-58
Hygroscopic Water, H, O — | ; . -85 -78 -88 1.47 <65 74
Total ... 99-36 f 100-00 | 100-24 | 100-28 | 100-00 | 100-26 1 100-00 | 100-16 {10049 | 100:53 | 10031 /100-36 100'10 : 9986 99-88 | 100-24
Analyst .. .| B S | ES | BS | ES | ES | B8 HBow| D G|D G | DG | DG |[HBow| D G| ES | DG ES
Simpson.iSimpson.iSimpson. Simpson. Simpson. Simpson.| ley. | Murray, | Murray. | Murray. | Murray. § = ley. | Murray. !Simpso'n. Murray. [Simpson.

Nores—B,, B,, By, B; from laterite on ground 50ft. or more below level of B, Bg, C;, and C4.

By from laterite lying against a dolerite dyke.

O, Soft: clayey gravel from gravel pit about 20 chains east of Kalamunnda Railway Station.

Cy: Soft clayey: gravel from gravel pit near Guppy’s Siding.

0" Bulls sample (931b.). Guppy’s Siding.

Os Bulk sample (53Ib.) Walliston Siding.

Cg: Bulk. sample (50Ib.) Woorooloo-Northam Road near Keaginine Well.
" Cy Laterite along road south of Cy

C;' Laterite from’ gravel® pit: 10° chains south of Wooroloo Sanatorium, and probably more than 100ft. above level of Uy and C,.
31798 Small sample collected by Mr. B. S. Welsh in same locailty as, and prior o, Cg
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With ‘the exeeption ‘of ‘the hulk 'samples ‘which

~were, after partial analysis, forwarded to the Aero-

plane - Construction  Committee 'for further investi-

gation, these samples were taken with the objeet of

ascertaining, if possible, the conditions which govern
the occurrence of commercially valuable bausitic
laterites. To arrive at any. degree of finality in such
an investigation muech more sampling 18 necessary,
but it may be of some assistanee to future investiga-
tions to describe briefly the appearance and mode of
oceurrence of the Darling Range. laterites and. to

show how far the mode. of occurrence and general ~

appearance of a laterite may be taken as mdmatlom
of its value as an ore of aluminjum.

The laterites of Darling Range:are superficial de-
posits’ covering ‘the tops:of apparently: all the: hills
of the Range and fornd for some distance down their
flanks, but not, so far, as T.have observed,-in the
valleys. . They are to be-seen:ahnost evervwhere:on
the: higher ground. cutcropping  amongst . ithe. fairly
thick undergrowth. :

The-laterite is a moderately tough rock bearing a
superficial’ vesemblance ‘to ironstained conglomerate.
Examination vof “freshly  broken' surfaces; however,

shows ' that the ¥“pebbles” are nearly ‘all nodules ‘of -

limonite or other  brown ‘iron hydrate having a“eon-
cenfric structure. A few of the pebbles are possibly
rounded fragments” of “a decomposed, ironstained,
quartzose rock, but microseopic work tosettle this
point has not heen undertaken.  The nodules are
embedded in"a fine-grained matrix varying in eolour
from darkved to Heht yellow and containing numer-
ous quartz grains.  The general “colour of a freshly
broken' piece: of ‘laterite” depends, therefore, on' the
relative abundance of the reddish brown pebbles and
on’'the eolour of the ‘matyix.

Sections in gravel pits and road cuttings show that
the fairly compact deposit deseribed above rarely ex-
ceeds three feet in thickness and does not form an
unbroken covering, being, in some places, absent al-
together. Underlving it in some places, and in some
places - altogether replacing it, is a layer. of uneon-

. solidated clayey gravel,.the “pebbles” of which are,

in’the main, limonite nodunles like those of the eom-

pacted laterite. In some. places, however, the har-

dened “cuirass” rests directly, Mr. Simpson tells me,
on the kaolinised country vock. The gravel layer if
present is generally at least six feet thick; heneath

“it, or if it is absent, directly beneath the “cuirass,” a

considerable thickness of highly weathered rock must,
Mr. Simpson informs me, be passed through before
the: unweathered constituent roeks; the wvast majority
of which -are-graniti¢; are-reached:

An account of the theories  advanced concerning
the origin of laterites is nnmecessary here. Accord-
ing to Simpson they: are formed at the surface by
deposit, from solution in.water: containing carbonic
acid, of hydrates of aluminium and irom.*

Anyone sampling-the laterites will be impressed by
their ‘great variability . both-:ini appearance and in

alumina-eontent. . For: example; it is not: diffienlt: o

obtain individual pieces of:laterite containing more

than 45 per:.cent.of ‘soluble: alumina, but the im- *

partially. gathered bulk samples:-so; far examined do

* T, 8. Simpson.—*¢ Laterite in Westem Australia,”  Geol,
Mag., N8 Deeade Vi, Vol iIX,, “pp. 899-406, Sept, 19120 A"
discussion of the nomenclature, mmemls, conditions of formation,
ete., “of - laterites by “Dr, L." L. Fermor, entitled * The Work of
Prof. Lacroix.on-the Laterites of French Guinea;? will: be found
in the Geological Magazine, January-March, 1915,

‘ot rise above 89 per tent. A" question of ‘immediate
practical importanee therfore® “isi—Ts there  any
means by which, without ehemical amlygls, a-laterite
rich in bhauxite can be recognised?

(a) Appearance  of hand specimens.—The speci-
meng yielding the highest: percentage of" acid-soluble
alumina are generally 'made up of nodules about the
size of peas, scattered:through a light yellow matrix.
The amount -of matrix_ should be. at least equal. to
that of nodules. The freer the matrix is from quartz
grains and from pores the better. Laterite that is
much - “ironstained,” that is the matrix of which is
colonrved by reddish brown limonite rather than by
vellow xanthosiderite, is usually of poor grade.

(b).:Height: above: sea-level.—Laterites -on. the
highest: ground: are, g0 far. as  we know .at-present,
richer .in. soluble ‘alumina than those. at lower levels.
Thus samples B,, B, B, and B, are taken .close;to,
but on ground lower by oO feet or more:than,. B, B,
¢, and C,; C. shows. the same. relationship.to. C,
and C,..

(e) The mneompacted gravel which in: many places
underlies: the- laterite;~is ~distinetly lower: insoluble
alumina—eompare G, with C,, C, and C, V»hl(lh come
from. the same nmo‘hbomhooa

(d) Thecharacter of the “underlying rock ‘might
be expected toinfluenceithe ecomposition of the lat-
erite. At present hardly’anything'is known regard-
ing-the variability in-composition of: Darling: Range
granites, so:that:a large amount of work on’these
rocks—work:awhich ‘would be ~hampered: by the
paveity “of  ocuterops:in-laterite-bearing  loealities—
would he necessary before anything helpful from: this
point -of: view could. be deduced. . It may-be noted
that. B, lying against, and.probably over, a. dolerite
dyke is nobt.markedly different in composition from
the: other samples whieh eome. from-laterite probably
overlying. granite.

(e) Stmple test for soluble” alumina-content.—Mr.
Simpson has pointed out that “loss on ignition,” that
ig, the-amount of combined and hygroscopie: water,
may be: expected to- rise with the soluble alumina-
content, - since.. Gibbsite, the soluble aluminium
hydrate, which probably forms the bulk of “bauxite,”
contains mueh more water than any other constituent
of the laterite, namely, 34 per cent.... A study of the
laterite -analyses set.out. above and also of many
others made. in_the Geological Survey:Laboratory in-
dicates that.if an .air-dried. Darling. Range -laterite
shows, .on ignition,. a loss of .25. per cent. or: more it
will yleld in the nelghbomhood of 40 per cent.-acid-
soluble alumina, while if its ignition loss be less than
20 per cent, its value as an aluminium ore is.in grave
doubt.  If the ignition loss lies: between 20 and: 25
per cent,, its soluble alumina will usually. be over 35
per. cent. and never much less.

It-appears from statement (a) above that; aftera
short experience, ‘anyworkman" could distinguish at
sight ~‘hetween - low: -and - fairly- high “grade  bauxitie
laterites, so: that- the .ore supplied: for metallurgical
freatment - could ~be maintained -at a. fairly satisfac-
tory grade by rough hand-picking: at:the quarry: = If
this-besgranted, then it is clear<that: amounts of ‘pay-
ablé hauxitie laterite ranging: into hundreds of thou-
sands. of tong are ‘easily-accessible from the railwdys
which traverse Darling Range b

Thiese notes wust end with the vemark that it will’
be necessary to enlarge our knowledge’ of the later-
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ites of .the State by much.work both in.the field and
in the laboratory before more: definite; opinions. can
be offered regarding: their commercial possublhtles as
ores of alummmm

: IR\VIN RIVER COAL  FIELD--~SOUTH-WEST
: DIVISION.

(B: pEC. 'CLARKE.)

In order-that the information obtained from bores .
put down during the year in ‘the South Branch of
‘the Trwin River might be correlated with what was
already known regarding the coal prospects of this
region and some ‘idea gained as to. whether further
expenditure in explorving the neighbourhood was jus-
tifiable, I'was instructed-in-October to visit the coun-
try-between the Irwin and Lockier: Rivers and report
onthé eoal prospeécts there. " The following is a sum-
mary of 'the results obtained:—

The “"coal” seadms so* far “discovered “in the two
+ branches “of Irwin ‘River all lie in"a belt of shales
and sands about 150ft. thick. Further bering would,
however, probably -show -that the thickness of rocks
in which coal-may he expected to oceur much ‘exceeds
150£t.

The eoal series is overlain by sandstones and un-
derlain. by rocks containing marine fossils:

The proved: portion of the coal series strikes north
‘and-south .and.dips east: at .about 10deg. It does not
extend. to the éast:more than about three miles, where
a.broad-belt of granitic .country -comes in.: The
question.of . the extension of the: coal series -in a
westerly.' direction. was: .not: examined, but -is dealt
with.in: Bulletin -No.:38.

. The same:' series isfound about 18 'miles to the
soutli-south-east, 'in “Woolagar * Creek, ~where - a coal

~seam more-than a foot in' thickness “oceurs. The eoal
series: is i probably © continuous” between “Woolagar
Creek and Irwin River, but is covered by overlying
sandstones, and.continuity can only be.proved hy
boring,. ete. :

i Sinee: the ‘granite boundfny is, acemdmg to C‘amp-

bell:; (Bulletin:»38), making We%t going: ‘north, ‘it is
unlikely .that:there will be any mnotable extension of
the: coal measures north-of the Irwin River. .

Data“obtained by the latest boring and shaft-sink-

ing are few; apply to” a very small portion ‘of the
wdoal-bearing country as” defined above, ‘and -are not
sufficient to-justify  a ‘pronouncement’ on the  possi-
bilities ‘of ‘the coal series as a wholé nor even of that
part of it which occurs in the two branches of Irwin
~River.+Thig latest boring enterprise shows merely
that, in the small patch ‘thus exposed, there are five
seoal seams; ‘all”inéotistant “in*thickness and in’ some
places pinching out~altogether and making again at
greater “depth at the same geological horizon. The
greatest thickness of ¢oal in any one season is about
three. feet. '
Further: horing - with':a-core drill vinthe Uppe1
South Trwin River; and boring also to:test 'the south-
ern. extension are necessary. to prove the possibilities
of :the. Trwin River Coalfield: ~Boring should -not,
“however;: be - undertaken: until the eountry has been
cearefully mapped: in: considerable detail.s A geclo-*
gieal “and’ topographieal survey, though it should not
settle the question: of the presence ‘or absence of coal
seams inthis part:of the ‘country, would, at:‘the
Jleast; materially. assist in- the: selection of -hore sites
and so-save time and money. :

MOLYBDENITE  NEAR LEONORA, NORTH
COOLGARDIE. GOLDFIELD;

(B. pe C. CLARKE.)

A “molybdenite . prospect, sometimes = known - ‘as
“Thomas’ Show,” lies about 17 miles a little to the
edst of north of Leonora. The distance by existing
tracks “either “through  Mertondale or.- via: Dodger’s
Well is over 20 miles.

The “show’” is on one of the many graniie knolls
whieh form a belt of rough conntry to the south of
“West  Terrace”—a conspictious line. of . granite
breakaways—and is 214 miles E.N.E. of No. 9 Well
(wrongly shown on Lands Dept. Litho. 43/300).

The country ‘is red orthoclase-microcline granite,
in ‘which are bands:of moré aecid: composition, peg-
matitic in: charaecter.  These bands . in:places ‘bécome
so - acid:‘that they are practieally quartz veins and it
is one of-these pegmatitic quartz veins, striking’east
and: Wwest-and dipping south at“about - 456° 'which
carries: the molybdenite. = The vein at the surface is
not more than a few inches wide, and through:it are
scattered - flakes . of . molybdenite up: to: half an':inch
in  diameter. : Pieces of molybdenite-hearing: quartz
can be found:for about five chains along an:east:and
west line, so the:vein is probably fairly continuous for
this  distance.. . I - have. been informed that. samples
from the vein were. found to contain 5. per cent. of
molybdenite, but do not know who is vesponsible.for
this estimate, .

One. pot hole about: five feet deep is.practically all
the mining so.far done on this.prospect.;.One of the.
diffienlties. of. mining here will:be: the exceeding. liard-
ness -and ‘toughness of the granite. -

Although molybdenite deposits are. often lentlculal
in eharacter, and: although. there ig.no: direct evidence
as to the behaviour of this one underground-—the work
so far done being quite inadequate as a.test of the
ground—I"do not think it likely to énlarge at depth,
first beeause the quartz veins in. the.same kind of
country ‘at the “Linger and Die” -are - small -and
squibby in “character, secondly; because.so far as T
know no large quartz veins outerop. in. this region
(and if the veins.in this’ elass of country fend as a
general rule to bulge in places, surely -one - would
come on some planed down by denudation.-to where
the bulging parts are). If (as is quite likely) other
molybdenite veins are discovered in' this region, they
also” will' probably be quite small.  Moreover, - the
hardness of the ecountry is a serious bar to extensive
prospeotlno' )

NOTES “ON: THE: GEOLOGY ~AND "MINERAL
RESOURCES OFPARTS OF THE NORTH-
WEST, CENTRAL, AND EASTERN DIVI-
,STONQ

(H. VV B. TALBOT)
T —INTRODUCTION

The following notes must in no sense be 1emuded
ag a-full-and detailed deseription:of ‘the geology of
the. 95,000 square: miles” of " country examined which
lies between Long. 119°% and 123°E;, and Tiat.; 22° and
27°8. . They-are merely a brief deseription’of the
salient geological :features of the region.

Much:of the’ country isseovered by guperficial ‘de-
posits (soil, sand, and-laterites), but these were not
mapped and will:not be shown' on the maps attached
to - Bulletin /88, which will contain a full report on
the region; ds their delineation on a small ‘scale map
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would only tend to:obseure. our coneeptlon of the
.actual geological strueture of the region. Moreover 5
mueh-more detmled work-than the writer was able to
do would be required before the boundaries between
the “different  types of superficial' deposits  could be
drawn with any degree of aceuracy.

Perhaps in no other area of equal size in the world
are there such immense tracts of sedimentary rocks
destitute of fossils. Tt ean, thelefnrc, be easily
understood that the geologist working in. the “back-
blocks” of  Western fhlstraha labours. under a dis-
tinet- disadvantage when attempting to eorrelite or
to difierentiate befween onterops: separated by many
miles of soil-covered or sandy plain.” Tn this region,
owing-to the absence of fossils ‘and the wide  areas
over ‘whieh no rock’ outerops are seen, the observer
has to’ rely solely on lithological'" resemblances and
sstructural arrangement when correlating. isolated. ont-
¢rops with others previously. seen.

The mapping of the large area covered by these
notes ‘has disclosed. . the fact that between latitude
22°and latitude 26°, approximately, the general strilke
of -all strata, and the trend of the axes.of Folds is
almost at right angles to. the orientation.of these
structural lines in the regions to the north and south:

North . of latitude: 22deg.. and south of latitude
26deg.; the strike.of the schists in-the older green-
stone belts, the. lines. of ‘foliation: in the granite
areas, and the strike of the strata and-the trend of
the axes of the folds in the sedimentary 1ocks, have
a. northerly..and somhelly direetion; but in- this
middle zone. the. strike is usually .a little. to. the
south of east and north of west. This easterly and
westerly strike persists.as far.as.the South-Austra-
lian - horder, as was seen by.Mr. E. de-C. Clarke
and the writer during the course of their expedi-
tion to the Warburton Range. in. 1916,.

In no instance has the point at which the change
in. direction of ‘the strike been'observed in Pre-Nul:
lagine strata. . .The Nullagine:series covers most of
the country. north. of latitude 26deg:, and it is only
where denudation -has removed this formation: that
the older. rocks underlying it are exposed.

The:structural “arrangement off the older rocks
was’ established’ in the Pre:Nullagine times, but the
Nullagine series:has also been ‘folded in some loeali-
ties. considerably, but in-others very slightly-—and
theidirection .of the strike:coincides, approximately,
with that -of the strata whichthis formation uneon-
Formably overlies; so it-is evident that there have
heen::two. great ;series/of earth’ movements operat-
ing:in both' cases in the same:direction.” In addi:
tion- fothese, there has been loeal folding in some
of the areas where the doleritic: dykes and sills have
invaded the Nullagine Series. "As 4 general rule,
the strata of this series have been tilted into bwad
and-regular-folds, although ‘there ‘are areas where
the :strata ‘are almost, if ‘not quite, Horizontal. ~In
~some localifies (e.g., " the eastern ‘portion of “the
Hamersley-Ophthalmia Platean and Lofty Range) s
where: sills: and: dykes' are: largely developed, the
folds are more abrupt and irregular than usual, al-
though' the direction “of the strike of the stmta
conforms: to the general rule. Tt is reasonable to
suppose: - that' these local folds ~were caused by
stresses: operating immediately. preceding ‘and dirs
ing. the injeetion of the doleritic intrusions.

o

* Geol, Surv. Bull, No..75," Perth ;" By ‘Authority, 1917.

It is-a remarkable faet that no. auriferous dis-
coveries ‘of any importance have been made. in the
region  where the. structural lines ‘trend east.and
west. - That gold oeeurs in small quantities. is evi-
dent - from small abandoned  workings in . widely
separated localities, but so far. nothing has been
found rich enough to justify the idea that payable
gold -deposits exist in the area.

Exeepting: Illgarere; Kumerina and Bulla Downs,
where prospectors are raising eopper .ore, the above
remarks apply also to the base metals, as outside
of these centres mnothing large enough or rich
enough to pay-working expenses has, up to the pre-
sent, been discovered.

IT.—OLDER * GREENSTONES.

These may perhaps be regarded as the most. im-
portant. roeks of the area, and it is in them that
most_of the auriferous reefs and lodes are found:
and ‘they .also- furnish the most promising: field for
future prospecting for gold.

In - all, eight: belts of Older. (reenstones conte
within the area examined and, with the exception
of the Barlows and Mt. Eureka Belts, which extend
south beyond the limits of the area examined, and
the Cobina Belt, whieh continues farther west than
was visited, the boundaries. of the belts have been
delineated with some degree of accuracy.

The Older Greenstones of the area under. diseus-
sion . resemble similar formations occurring in the
goldfields” of 'the State, and which have been de-
seribed in many Bulletins of the Geological Survey.
They. consist of a series of ‘a more or less meta-
morphosed. hasie’ igneous  rocks, comprising | (a)
quartz” amphibolites, serpentines,  epidiorites, and
hornblendites; (h) ~amphibolised and zoisitic fine-
grained dolerites; (e) jaspers. In the field, the rocks
of subdivision (b) often resemble the dolerites of
the dykes and sills, whiech have invaded the sedi-
mentary series, but the dolerites of the dykes and
sills are invariably wholly massive, whereas a pas-
sage from a massive to a schistose facies may often
be traced in the. amphibolised and zoisitised doler-
ites of the greenstone areas. Moreover, according
to Mr. Farquharson, the amount. of alteration that
has taken place in the minerals of the latter rock is
greater than in any of the dolerites of the dykes
and sills. The amphibolised and zoisitised doler-
ites somewhat -resemble the.lavas which form: such
an important part of the Nullagine -Series in the
north-west- of the. area, and they may represent
intrusions inte the.older rocks of. subdivision (a)
at the time that the Nullagine lavas were intruded.
They occasionally carry quartz reefs, usnally in the
form  of short lenses, which are apparenﬂ) qulte
barren.

Little .can be said 1ega1d1n0 the relations. of the
quartz amphibolites, serpentines,. hornblendites, and
epidiorites of sub-division (a). . Careful and  de-
tailed fleld work would be required-before this could
be .done,.

Serpentine was seen only in one locality—near
Coobina . Soak, on Skeleton Creek. .The outerop
formed an isolated ridge trending. east. and west,
and was devoid of quartz reefs.. Hornblendites, too,
are rare, so that the most important of the various
rocks which eomprise the Older Greenstone. Series
are -the qguartz-amphibolites: and epidiorites. . -These
rocks  are in places massive, in - places schistose.
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Quartz reefs may be absent or they may be present

Cinlarge numbers; and 1t 15 in these ‘veefs that gold
ig sometimeés found, but although reefs ‘may- be
nunierous, it by no means follows that all 'of ‘them
are auriferous.” The gold-bearing recfs are few-and
farbetween, ‘and the great majority of them are
barren or the gold content is'go low that it does not
pay-to work ‘them.

IIT.~—~GRANITE.

South of latitude 26° 30/ granite oceupies the
bulk of the country, although in it there are many
belts and islands of greenstone. North of latitude
26deg. the greater part of the region. is covered
with strata of the Nullagine Series, but in most
places where denudation has removed these beds,
granite is exposed.

Somie of the smaller granite belts in the northern
areas consist of a wmass of low, broken; and rocky
hills; but in the larger belts, more especially south
of latitude "26deg., outcrops are few and far be-
tween, and in most places the monotony of sandy
plains is relieved only by occasional ‘‘breakaways,’’
isolated roeky hills, or bare granite roeks, although
where the granite is traversed by quartz reefs out-
erops are sometimes seen on the flats.

The granite is in places sheaved and foliated, but
in other localities is quite massive, but examination
under the microscope of the specimens eollected
sliows that the rock is of uniform type.throughout
the area, and that even the massive varieties show
signs of dynamic strain. ]

(ranite was mnot seen intruding the Mosquito
Creck Series, nor any of the younger. formations,

W

but it is clearly of later age than the Older Green-

stones, as wherever the latter rock ig contiguous to
the granite dykes, veins, and tongues of aeid rock,
emanating from the granite, have invaded the oreen-
stones.

IV.—~Mosquiro CREER SERIES.

In Bulletin ' No. 40 of the Geological Survey of
Western Australia, the Government Geologist, M.
A, @ibb Maitland, has “deseribed ‘a’ series of meta-
morphosed sedimentary roeks, whiel he named the
Mosquito Creek Series.

In the area covered by thig veport, which lies to
the 'sonth of that portion of Pilbara deseribed by
Mr. Maitland, rocks resembling the Mosquito Creek
Series in lithological character and geological strue-
ture oceur in widely separated localities. The Targest
of" these “belts of sedimentary rocks extends from
Yoweereena Hill east-sounth-eastwards to Liee Sleere
Range, a distance of about 180 miles, and it has a
width of about 30 miles. The rocks of ‘this area con-
sist - prineipally of phyllitie slateés which, in many
places, are traversed by numercus quartz reefs. The
“qudrtz, however, seems to be of a particularly “nn-
kindly” character, and no gold "has ‘so far been obh-
tained from any of ‘the reefs: ‘ ;

In the country drained by the head waters of the
Murchison and the South Braneh of the Gaseoyne
there i another large area, the western limits of
which was not ascertained by the writer; occupied
by phyllitic slates, quartzites and conglomerates.” “At
the southern extremity™of the belt at “Thé Hard to
Find,” a'little gold was obtained from’ a small leader
which traversed a band of conglomerate econformably

with the bedding planes, and the writer was informed
by prospectors that some alluvial ‘gold had also’ been
won ‘from- this' locality ; but beyond this none of the
area visited appears to have yielded minerals of any
kind: ‘

V—NULLAGINE TORMATION,

This is” the most™ extensive and interesting forma-
tion ‘represented in the area ‘covered by these notes.
It Geeupies the bulk of the ecountry north of latitude
26°, and 1t is only ‘where denudation has exposed the
underlying rocks or where it is overlain by a younger
formation that there i§ a break in its continuity.

Two geries of totally different rocks ecomprise. the
Nullagine Forvination; A Sedimentary. Roeks, and B
Lava™ Flows.

A —Sedimentary Rocks.

These form by far ‘the greater part of that por:
tion of the Nullagine Series described in these notes,
and. it is only in the:north-western porticn-of ‘the
country that the voleanic roeks*are geen:

The sedimentary roeks consist ol conglomerates,
grits,  sandstonés, quartzites, ‘shales, and limestones,
Where conglomerates are seen they usually oceur at
the ‘base‘of ‘the ‘series; but they do not always form
the: basal beds as,-in some localities, sandstones were
seen. resting - directly *upon older roeks; and in''the
north-western portion-of: the avea 'the lavas rest upon
an- eroded  granite ‘surface and are overlain by the
sedimentary. strata;

In the desert areas (ie., east of the Rabbit-proof
Fence)’ sandstone is-the predominant rock,” although
in-a few- localities (e:g:; in the vieinity of Lake Car:
negie and: at the head of "West ‘Creek) linmestones and
shales. are common.'Sandstones are also largely (e:
veloped - west of the Rabbit-proot-Fence, but in'some
distriets (e.g., in parts:of-the Ashburton drainage
area) shales are more ‘common® than “Sandstones, “In
the: western ‘portion:of the area’ thin' bands of: et
stones. . are-seen . associated: with ' the shales in ‘some
localities, hut ‘the limestones nowhere exceed fiftesn
feet in thicknes and are usually: mauch’ thinner ;- and
in many places where there are. thick beds of ‘shale,
limestone is entirely absent. - Quartzites are seen:only
as -a eapping.-and are sandstones that: have:been in-
durated by -the deposition. of secondary silica:

In the. Hamersley-Ophthalmia Plateaw  fhie - sedi
mentary: roeks,. as:seen:in- outerops and‘ingorges;
have heen  altered to-barded:jaspers, which in hand
specimens -bear-a striking:resemblance to-those: jas:
peroid. roeks which are so:common in the greenstone
areas. of the  Eastern: Goldfields. In the plateau
there is:a. gradual transition from: the steeply in:
clined and sometimes. contorted jaspersiof tlie-eastern
part.to the horizontally. . bedded and altered sedic
wentary -rocks: of . the north-western  part. The
ferruginous.and-banded character of the rock appears
to be only. a surface phenomenon; as. wherever land
slides - exposed..a fresh. surface the newly ‘exposed
rock eontained little or no.iren; and the banded strue:
ture was not-nearly so: marked.: In:all probability
boring: or sinking. would show. that within:oné or twa
hundred feet of the surface the jaspersid rocks givé
place ‘to unaltered sandstones, shales, .or limestones:

In the southern parts of the area’ the Nullagine:

Series have been; as-a rule, -but little affected by eirth
movements; although: small local Tolds arve ‘oceasions
ally seen. - The strata are generally hovizontal -or in-



clined at angles of less than 10°. But north of lati-
tude 25° 30’ the series has been’ tilted into broad
folds, the axes of which as far north as 22° trend
eastwards and westwards. In the northern part of
the “region under discussion the sedimentary rocks
of ‘the  Nullagine Series ~have been invaded by
nunmerous doleritic dykes; bosses, sills, and laceoliths.
Of these intrusions the sills are the most. common, and
in some. gorges and cliff faces as many as five sills are
seen ‘intercolated with the sedimentary strata whicli
at the’ contact above and below the sill are more or
less indurated for a few inches along the margin.

B.—Lavas.

In"the north-western portion of the area: there are
many exposures of basie roek whieh,.:: from - their
vesicular character and from the fact that they .are
often. seen resting Upon an. eroded granite surface,
are undoubtedly lava flows. . They are best studied
in the Northern Plateau, whieh presents a steep es-
carpment to the morth, and . which is {renched by
many. deep  gorges, which the mnorth-flowing creeks
have eut back into the plateau, In one . of these
gorges, near the western edge. of the area mapped, an
excellent ‘section 1is: exposed. . In the. plateau- above

:-the head of the gorge there are numerous flat-topped
hills, -which are residuals. of the sedimentary series,
which still: cover the sonthern portion of: the plateau.

In the lower parts of the gorges. irregunlarities in
the granite surface extend up the eliffs for distances
varying up to.100.feet, and in the bed of the:gorges
the. traveller sees irregular-shaped areas of .granite,
which represent. portions that have been denuded by
the corrasion of the streams.in the gorges. The lavas
have a- distinetly -bedded: appearance, and.apparently
represent -several: different. flows.  They- are remark-
ably. uniform in" composition, but: some -are.coarser
than - others, and whereas some heds are vesicular
others are compact. - In a gorge near:the western.edge
of the area.mapped the lavas have .a thickness .of
about 400 feet, but near the top.of.the cliff there is
a_hand: of limestone 40 feet in. thickness. Near
Nymerina Spring,
referred to, the lavas aitain a.thickness of about. 500
feet. . There, too, they have a bedded. structure, as,
in fact, they have wherever they are seen in section.

In portions of the Oakover - drainage area - the
lavas have been more dissected than in the western
portion of the area, and here they form broken and
rngged hills, and their bedded structure is nct so ap-
parent.

From. the fact th‘lt in many places the lavas rest
upon - an extremely eroded granite. surface.and. near
the Coongan River upon the Older. Greenstones, it is
obvious- that some of the flows are .of . sub-aerial
origin, but the.presence of interbedded sedimentary
strata indicates that after the solidification .of the
lower lava beds the area was submerged beneath-the
sea, and the subsequent lava: bheds may, therefore,.be
of submarine -origin. - More  detailed work is neces-
sary before the latter point. can be. definitely:settled,
but what little evidence is available is in favour: of
this view. . In the gorge where the band of limestone
mentioned. above oeceurs portion. of the overlying

_sion . of the State.

fifty miles east of. the gorge. just.

lava has been removed hy. denudation, and the upper.

surface of the limestone band iz exposed. It is.re-
markably smooth and level,“and there is no.sign of
its ‘having been exposed .to. atmospheric erosion, al-
though it 'is, of course, possible that elevation of the

land followed the period. of sedimentation represented
by ‘the limestone so quickly that the lavas covered the
sedimentary stratum -before it was affected by. the
agencies: of - erosion,

Work done by Mr. A. Gibb Ma1tland and Mr. H, P.
Woodward in Pilbara and West Pilbara. have shown
that the lavas extend westward to Roebourne, a dis-
tanee of over 150 miles. from the most westerly point
touched by the writer.  Lavas having such a wide
distribution and consisting as. they do of a sucees-
sion of flows must have heen exfruded from many
different points. Tn most. countries. where lavas are
largely. ‘developed it is thought that they have found
their way to the surface through fissures.” Well known
examples are ‘the lavas of Tceland and the. Decean
Traps of India.” The only evidence that can be ad-
duced in favour of fissure ernptions is the great thick-
ness, wide distribution of the lavas, and the compara-
tive rarity. of agglomerates and tufls, There is direct
evidence, however, that the lavas were in part ex-
truded from vents. During his traverses the writer
saw three voleanic necks; and two:other vents were
observed outside.the area by Mr: A, Gibb. Maitland
during the course. of his work in the North-West Divi-
It is, of course, possible that vol-
canic. vents are numerous. - The traverses. made by the
writer were usnally ten.miles or more apart,.and the
finding - of a .voleanic neck  was,. therefore, a mere
accident, . Two of those seen were so: reduced by
erogion that they were hardly noticeable at.a distance
of a hundred yards, -Detailed work would probably
result in the discovery of many.more vents; and no
doubt more evidence for or against the view that they
were-extruded from fissures would. be obtained.

Ci—Ayge of ‘the ‘Nullagine Series.

Although'as careful a search ‘was made for fossils
as the exigencies of the work permitted, none was
found, so that no definite evidence can be adduced
as to the age of the formation. The writer is, how-
ever, of opinion that there'is sufficient indireet evi-
dence to warrant the-correlation of the formation -
with the Ordivieian of South: Australia;

Space will not-here allow.a-disecussion: of the ‘evi-
dence. ohtained for assigning. the Nullagine Series to
the: Ordovieian, but, that evidence was fully stated
in a paper by Mr..de C..Clarke and the -writer on
“The.. Geological Results -of. an Expedition ‘to “the
South: Australian. Border .and’ some  comparisons- be-
tween. Central and Western Australian geology sug-
gested  thereby,” which appeared.in Vol. VIIL. of the
Journal and. Proceedings of  the Royal- Society :of
Western Australia for 1917.

VI.—PaTERSON RANGE SERIES

Paterson-Range, which:is situated at-the no1th-east
eorner.of -the area.-mapped, is: formed: of horizontally
bedded .or: slightly inelined  sandstones which " Test
unconformably upon. strata of the Nullagine series.
The. nneonformable 31mct10n was seen ab the head of
Rooney Creek. and-again near:Christmas Pool.

There .can ‘be-little doubt that the Paterson Range
Series is part of the formation that the writer tiaced
front near No. 26 well on the Canning Stock Route
to:Kimberley. Here it was seen abuttmO' against the
steeply. inclined strata of ‘Albert Edward and’ Gardier
Ranges,” which there are reasons for believing to:be
of - Ordovician age. Roeks similar to the Paterson
Range Beds are lawely developed in -other parts of
the Kimberley, -and in . some loealities fossiliferons



limestones are associated with them. Fossils eollected

- from various localities by Hardman * show that the
strata are of Carboniferous age.  He divides the for-
mation ‘into an Upper or Sandstone. series and a
Lower or Limestoné series.
Lower and limestones 1 the Upper series, but, as the
name implies, the predominant rock .differs in the
upper and lower beds.” No limestones were seen by
the writer along the Canning Sfock Route nor in the
formation mear Albert Edward or Gardner Range,
but’ Hardman { and Jack T both visited Flora Valley,
near the former Range, and they agree that the sand-
stones, there are part of the Carboniferous Forma-
tion; ‘and. it was the 'sandstones that occur near
Flora Valley that the writer saw. extending south-
wards to near No. 26 Well.. Theére appears, there-
fore, reasonable grounds for assuming that the whole
of this extensive sandstone formation, of which the
Paterson Range Series is a. part, is of Carboniferous
age.

VIII—CARAWINEG "SERIES!

In‘the valley of the Oakover between the junction
of thatriver and the Davis dand Carawine Pool there
are’ practically” horizontally beddeddolomitie lime-
stones through “which the rivers ‘and ereeks have cut
deep 'gorges. At Carawine Pool the dolomitic lime:
stones have a thickness ‘of ‘about 300 feet.” In Wattha
Woora ‘Créek ‘they are 'seen resting unconformably
upon gtrata ‘of the Nullagine Series.

No fossils have so far been found in the Carawine
series; 'so that no evidence beyond the fact that they
uneonformably overlie roeks that are assumed to be
Ordovician ‘can be adduced regarding this age.” They
appear to be an estuarine deposit in an: old river
valley. which was submerged beneath the. sea:and
uplifted. :

VIIL—Dorerirre DYkes,

DOsSES; . SILLS; (AND
LacconiTas. ~
A =—Dykes.

Doleritie dykes:oceur over the ‘wliole of the western
portion:of the area: covered: by’ this" veport. *They
are frequently seen farther north'in the Pilbara Gold-
field;*: and: they are lithologically “similar “to' ‘dykes
encountered-in the mine workings at Sandstone and

. Meekatharra. =The dykes-oceur”in the gedimentary
rocks of the Carawine; Nullagine; and Mosquito Creek
Series; and-also in'the granite ‘and Older Greénstones.

In ‘the granite areas they form’quite a conspicuous
feature in-the iandseape, as ‘they often run for many
miles in a straight line, and have an elevation amount-
ing in some cases to as much as 200 feet above the
granite which flanks:them.
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Sandstones oceur in-the’

In . the . Older: Greenstones 'the® dykes rarely: rise

many.-feet:-above the strface; and inirnany plaess are
covered: by superficial “deposits-and roek: debris;: T
the sedimentary series some ‘dykes attain'an “altitude
oL 100..feet or-more, but here, too, their outersp is in
many - instances: broken by ‘an: overburden of rock
fragments. - The - dykes: vary eonsidembly i width,
ranging--from -about 30 feet  to rover: one hundred
yards: *
Although - dykes are sometlmes seerl in horizontally
or slightly inelined strata 'in ‘the basingi of the Gas
%R, J, Hardman':

(1) Rep. on Geol. of Kimberley Dist,”” - Perth:
By--Authority, 1884,

(2) “Rep.'on Geol. vf Kimberley Dist.”” - Perth:
By - Authority, 1885,

1 Loe ¢it.

1:RiiLogan Jack'::  The Prospects of obtaining Atfesmn ‘Water

in the Kimbérley District.” G.5.W.A. Bull,
§ Geol, Surv., Bull. No. 40, Perth:: By Authonty, 1908

coyne and Ashburton Rivers they are absent.in the
northern ‘areas except where the sedimentary beds
are tilted ‘into folds. In the fine section exposed in
the escarpments and gorges of the north-western por-
tion of the Hamersley-Ophthalmia Platean—where
the sedimentary strata attain their greatest thick-
ness—and  the Northern Plateaun—where there are
from 400 to 500 feet of bedded lavas—there are no
dykes, although in the: older greenstones to the south
of the Hamersley-Ophthalmia Plateau: and i the
granite to the north of the Northern Platean, there
are many large and long. dykes. It would therefore
appear that; although'in this distriet the dykes were
able to invade the schistose greenstones and:the foli-
ated “granite, “they were unable to foree their way
through “the thick superincumbent horizontal strata.

In the mesas and buttes south of the Lofty Range
16 dykes were seen, dlthough many sills were ‘exposed
in-cliff “faces.. Dykes were seen on some of the plains
and ‘also’ close to the base:of ecliffs, but as dykes
traversing horizontal ‘or ‘slightly ‘inclined strata ap-
pear'to “form  lires - 6f weakness “along which the
agencies of ‘érosion can operate faster than elsewhere,
the sedimentary beds have been cut down to the hase-
level ‘of the distriet in proximity to dykes. :

In" the ‘morthern escarpment of ‘the Lofty Range,
about three miles from Conical Hill, a dyke is seen
in‘the ‘eliff ‘face. The dyke extends about 150 feet
up the escarpment through shales; but on reaching
this‘point it encounters the more resistant sandstone,
and instéad of continuing 1o rise vertically it spreads
horizontally as sills along thé bedding planés of the
shales:

On some of the plains where there are few outerops
of sedimentary ‘roeks; it is diffienlt to decide whether
an' outerop of ‘dolerite is-a dyke or a sill, but experi-
ence shows that unless the strata are ineclined at high
angles a’dyke forms a narrow ridge, whereas a sill
oceurs as ‘a broader and lower outerop.

As ‘g rule ‘the ‘dykes conform to the strike of the
strata” which" they ‘have invaded, but they sometimes
follow fault' lines which strike ~at  varying angles
across the-strata.” In“all probability some of these
faults are but little older than the dykes and were
formed by earth movements, preceding "or during ‘the
injection “of ‘the large nmumber ‘of doleritic-intrusions
which oceur ‘in+this vegion.

B.~2Bosses.

In ‘those ‘areas oceupied by sedimentary roeks
the shape of the dolerite - intrusions  and’ the
strueture “of “the adjoining roeks iz often obscured
by ‘rock debris, and" 1t s sometimes” diffficult to . dis-
tinguish a boss “from a-partly covered ‘dyke; a rem:
nant of d sill 'on level ground may also have the ap-
pearance ‘ot “a boss. Three undoubted ‘bosses were,
hiowever, ‘séer, one four miles north of the junetion
of Goldfields - Creek ‘and - Ashburton River, another
near Tutuminnda Rock-Hole, and a third near Kun-
inginna-Hill: The first is surrounded by a ring of
handed ‘flinty" quartzite and farther out from. the boss,
to'the north and south, the strata dip away from it.
In“the vieinity of the second hoss referred to. the
strata are’a’'good déal folded, but thig folding appears
to 'be in 'the nature of a loeal erumpling of the strata
rather than-the uplifting of ' deep-seated beds. . The
hoss mear Kuninginna Hill is situated on some ele-
vated ' ground; 1t is surrounded by 4" depression . out-
side which™ the “sedimentary roeks rise to a_greater
height than the highest point on' the hoss.’



@
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C.==Sills.

Sills “are largely developed in “portions- of “the
area  occupied by sedimentary: roeks: of “the " Nul-
lagine series. They are most numerous'in‘the drain-
age basin of the ‘Ashburton,:especially ~in  Lofty
Range, but they are also common in the-eastern: patt
of ‘the Hamersley-Ophthalmia Plateau; and in- por-
tions of the Oskover drainage bhasin, and -a few:sills
were 'seen in the country drained by the:Gascoyne.
In the desert portions of the Interior:Drainage Area,
north: of “latitude 25 deg., no: sills ‘or other dolerite
intrnsions were seen; and in:the southern portion of
the Interior Drainage Area:they were only::seen in
the -vicinity:of 'Weld Spring; Parker Range, and:in
Finlayson Range north of Wiluna: - The horizontal
distance 1o which these sills:penetrate the strata varies
considerably.:«In. gome:instances they extend for
some miles and have a uniform thickness, but-in’other
places: sills were seen-which ‘thinned:rapidly and- did
not: penetrate the strata for more than a few hundred
yards from the parent dykes.  The thickness of:the
sills, too, varies .greatly.  The largest seen was 130
feet thick; and all sizes were observed from that:-down
to a few inches.

From: the- field: evidence ‘it-is' clear. that-the ‘sills
emanated from dykes which have invaded the sedi-
mentary rocks: At the time:the dykes forced their
way - upwards - ihe  sedimentary ..roeks: were  pro-
bably. i much thicker': than - at - present, -and - the
magina -on: eéncountering: - a :-hard -stratum; - found
the “line-of" :least resistance: between . the.. bed-
ding :planes. ' Suchi a.‘ecase oecurs:in:the north-
ern-escarpment vt the Lofty Range, three miles from
Coniecal: Hill.:.Here: the : dyke does mot:even -reach
the present surface of the plateaw,-and, in-all pro-
bability; similar -dykes with:their offshoots are:still
hidden:in the sedimentary rocks and ‘await-exposure
by the:agencies of . erosion. '

Another clear instance of sills emanating from: a
dyke occurs: on.Tongololo - Creek, five miles above

Peelbegunja. -Here the. dyke has:cut across the hori-
zontal: strata. and . sills: from it < have - forced
their- way -between . the . planes. of - stratification

in:the shales. .. The strata-above the upper: sill have
been removed by denudation- and dolerite now: forms
the-top of the hill;

Owing to-the-amount. of ‘talus on the escarpments
the sills are often partially hidden, and only in one
instance. was ‘a’ sill- seen’ rising to-a higher: plane.
This. was . near . Mt. Trew, where a-sillents: across the
strata-and.then proceeds at-a-higher horizon between
the.planes: of - stratification. +It must, of course, be
remembered:that the areas: in:which the sills oceur
were  onlyvisited. at «widely .separated: points; -and
more:‘detailed work ‘would - probably disclose many
instances: such:as’ that . near- Mt. Trew.

The: ‘effect’ of ' the invasion - of - the sedlmentary
strata by the sills -is marked: only by an induration
of the rock immediately-above -and ‘below the: sills,
and the induration' extends only:for a few inches
from ‘the.intrnding sheet. . The texture of an:indi- -
vidual. sill; too,-is remarkably: uniform, and-it is only
at-the extreme-edge that:the:dolerite:becomes finer
n:grain;-and in'no instance was a tachyh’mc selvage
noticed:

D.—Laccoliths.

Some of the sills which thin .rapidly are probably
the remnants of laccoliths, It was noticed that where
the sil's were short, the bottom of the wedge was. on
a horizontal plane; whereas the upper surface was
eurved. - In some localities (e.g.. Monkey Creek), the

‘depthito which the mud in the lake descends.

dip “of the strata in“the vieinity of an outcrop of
dolerite indicated ‘that the intrusion®was of a lacco- -
litic" character.

I X -—LACUSTRINE “DEPOSITS.

Between  the” Hamersley-Ophthalmia Platean . and
the “Northern Platean. theve is an extensive plain
which was at one time the site of a lake, The lake
has been filled in.and “The Marsh,” a shallow, saline
depression, is the only surface indication of its pre-
sence now-lett.  Shallow wells and bores (the deepest
of " which the writer obtained particulars was 104
feet) put down by station owners show that water-
borne material underlies the whole of the plain.  The
lake oceupied an avea, of “sunk land” between the
two plateaus. No- evidence can be adduced regarding
the period at which the earth movements which
formed ‘the lake basin. occurred, and thercfore nothing
can be said regarding the age.of the deposits which
have filled ‘the depressions. . None of the bores.or
wells hiave reached bed 1ock, 80 the depth of the lake
deposits is unknown.

In the southern portion of the area covered by this
report there are numerous “salt lakes.” In these lakes
the bed rock is sometimes exposed on the surface, but
as’ a‘rule the bed of the lake consists of mud heavily
charged with salts” (gypsum, ‘common salt, sulphate
of “magnesia;’ete.); and ‘a. few feet below there is
always salt water. " Tittle is known' regarding the
Near
Lake 'Cowan, in'the vicinity of  Norseman,"a  bore
passed through 337 feet of 'silt, and near Lake Dis-
appointment, on “the” Canning  ‘Stock Route, bores
passed throug 60 feet of lake’ deposits without reach-
ing’ bottom. Tt is possible that some of these lakes
may be“deformation basins, but the writer regards
them as being the:remnants of an old dismembered
river .system -whose valleys have heen filled in. as the
flow of the rivers was obstrueted by the elevation of
the :south. coastal. region -in late Tertiary or Post-
Tertiary times.

RESOURCES.
1.~ —~MINERAL.

A.—Gold., «

Gold has been. obtained in. varying quantities from
all.the greengtone. areas-in - the -distriet with . the
single. . exception . of .the -IKimberley . Range. . Belt.
The alsence. of official records yenders:it. impossible
to. estimate the actual guantity .of gold won. from -
any.:of the.workings . exeept. those at the :larger
mining centres, on.the Wiluna: or:the Barlows. Belts;
butfrom the information. obtained .by.the writer
from. prospectors.and men. employed.on. stations; it
appears that none of the other belts has produced
more than 100 ounces. :

Gold has..also. been obtained : from- quartz reefs
in granite-at. Collavilla, near:the: western margin of
the -Barlows greenstone. Belt...: The: May Queen
Leases .at : Collavilla -returned  496.280zs, - of . fine
gold from 1,518 tons of quartz, and. “Sundry
Claims’’ at the same centre, produced 21.47 ounces
of gold. from. 30 tons. of  ore,

In:the areas of sedimentary rocks, small. quanti-
ties of ;gold were obtained: from. the.older metam-
morphosed ..series .at ! Hard..to Find,’’ near the
head of the Murchison River, from: the Nullagine
Series, in ‘a..band: of  conglomerates at Roonev’s
Patch, near Brown Creek, and from the basal beds
of Sunday H:ll.



The . only . places. wheve .there is at the present
time: any, activity: in' gold mining are. at Wilina
and Mt. Keitk, which are both situated on the same
greenstone belt; -although the former ecentre las
been worked since the early nineties, seriotis mining
was not_commenced at Mt. Keith until 1911, -« This is
another “instance, quite common in: the history of
the Gtoldfields of the State, of payable gold deposits
uot far removed. from. established centres awaiting
discovery for many years; .in all probability sys-
tematic prospecting may result in ‘the finding of
other,” and, perhaps, richer mines elsewhere.

When viewed broadly, it may be said that most
of the possibly auriferous areas have recelved at-
tention from  prospectors,” but in many instaneces
they were apparently satlisfied with “‘knapping’’
the outerops of quartz reefs, and but little work
bag been done on the stony flats, beneath which
the most important reefs and lodes are found in
many of the established mining centres.

The  following remarks on" the individual green-
stone belts may, it is hoped, be of some assistance
to. prospectors and others.

L—Kimberley Range Belt.

Over the greater part of this: belt .theve are but
few. guartz rcefs, and the rubble .on flats is. .of a
glassy and ‘“‘unkindly’’ type; but along the western
margin there is some country:that is well worth the
attention of prospectors.
outerops of greenstone. sechists 'and many quartz
reefs, and . there iz also a considerable amount of
quartz rubble on the fHats.
of the qguartz at onee. attracts attention, and, in the
writer’s opinion, this affords one of the most. pro-
‘mising areas.of any deseribed in: this report.

2.—Comedy King Beli.

Alittle ‘desultory work has been-done on this area
in twoplaces, but it’evidently met with little sue-
cess. The “only vock outerops’ seéen consisted of
Jasper bars and quartz lenses, and there is no' evi-
dence to warrant the supposition that anything
sufficiently rich to “work will:''be found.

3. —Wilung Belt.

This 1s the most important of the greenstone
belts, as it is on it" that the mining township of
Wiluna is situated: The area appears to Hive been
prospeeted rather thoroughly, but there is always
the possibility that other finds, like Mt. Keith; will
be ‘discovered” by eareful “and ‘systematie ‘search:

The long -outerops - ‘of’ gossan, which are so com-
mon “along the main' road from: Lawlers to Wiluna,
to the reastward of “Mt.  Lawrence wells' deserve, in
the writer’s ‘opinion; more ‘attention than they have
had; as they may: represent ‘the eaps of “auriferous
Jodes.

4—Barlows -Belt.

The Barlows Belt appeéars to have received; next
to the Wiluna ‘Belt, the ‘most" attention from- pros-
pectors. * Mines have “been worked -at- Barlows
(New- England) “and ‘Bronzewing, 'but both places
-are now abandoned.

Tothe northof Barlows ‘the bélt does not appear
at all promising. ~The'greenstones  arve generally
quite’ massive, -and quartz reefs are few, and there
are wide' areas' -eovered  ‘with' soil “and “ironstone
ribble, ‘where ‘the ‘absence - of - quartz' ‘rubble” indi-
cates’ that reefs do not oecur heneath the surface
‘eovering. | ‘South of "Barlows; however;, there are

Here there . are. numerous
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occasional outcrops of sehists and quartz reefs; flats
strewn with quartz ave common and it-is here; if
anywhere,: that: search. shiould be made for fmthe1
gold: deposits.

S==Mt. Eureka Belt.

Only-inrone place;: at:the Mt Kureka ‘Mine,: dld
the writer see any indieations of prospecting having
beendone. At Mt Eureka shafts have been sunk
and-a good: deal of quartz was raised, but it is:still
ot.the: f ‘paddock:’?i: This ‘belt: was’ crossed by the
writer in:$ix places; and lie:is of opinion that that
portion of the greenstone area between the Mt. BEureka
Mine and-the  north:endof the Jasper range that
extends -northwards from Stirling Peaks; ‘warrants

‘systematic: prospecting, but theigreat drawback to

_The ‘‘kindly’’ charaeter

this Jocality is the distance:that ore would have ito
be ‘carted for :treatment:; The nearest ecrushing
plant.:is :theState Battery 'at Lake Darldt, which
is:over 30 miles distant inca diveet line from Stirl-
ing:Peaks, and: over: 80 miles flom the ‘Eureka
Mine.

Gi=The Nmthem Belts.

Neither:of the -northern belts appear to offel
mueh mueh inducement to prospectors. : The (old-
fleld -Creelk Belf is less:than 20 square miles in area
and, -although- it is-possible that small discoveries
of alluvial ‘gold might be made, any reefs likely to be
found would be too:small to pay for the erection of
machinery, and the distance that ore would haveito
be-carted to the nearest battery would allow of only
exeeptionally rich ore bheing: treated.

Although the :Coobina Belt has a large area; the
bulk of it “is:not at ‘all promising; ‘and it is only
along the southern miargin -of the eastern half that
any gold:is. likely to:occur; The remarks made re-
garding the probable gize of 6re bodies in' the Gold-
fields: Creelk Belt sand:-the diffieultiés of treatment
due to geographical position; apply also ' to - this
areu;

G ~~Other Possible Aurz’ferous Areas.

‘When' prospecting-along the margins of the green-
stone’ belts; :attention should also be paid to reefs in
foliated  granite nearsthe contact of the two' forma-
tions. The May Queen-leases; at Collavilla, show that
such  reefs sometimes: -carry:gold,” dand 'although: the
ore crushed at that centre yielded'less than Seven
pennyweights per: ton; higher “values’ may ~possibly
oceur - inother:localities.

In the writer’s opinion theresis but:little chance of
the :metamorphosed: sedimentary rocks:that " oceur
south:of Pilbara, -and which: have been eorrelated with
the Mosquito Creek Series; yielding gold. in‘payable
quantities. :This seriesiin-Pilbara  forms the matrix
of many rieh gold:deposits, but here ‘there ‘are many
intrasive dykes which-are absent in all similar formas-
tions farther south. .:The:quartz forming: the reefs;
too,:is generally of a mueh-more “kKindly” character
in: Pilbara, ::In: the southern areas it-is of the glassy
“hungry” wvariety, and-there:ig: a marked absence of
minerals of any: kindin it

That:gold oeeurs in places in the Nulla,cme Forma-
tion is proved, by the: alluvial: workings at' Rooney’s
Pateh-near-Brown: Creek and ‘at Sunday Hill.-More
important gold “deposits oceur-outside the area dealt
with- at Nullagine and Just-in-Time. At Sunday
Hill, Nullagine, and.Just-in-Time the gold is found
in ‘the oonvlomela‘ces at the base of the series;
whereas at Rooney's  Patch' there is a bed of lava
beneath the auriferous conglomerate, but as the lava
is seen resting upon granite about five miles south of



the: “pateh” the conglomerate here, too, probably is
the lowest bed of the sedimentary strata of the Nul-
lagine Series. The eonﬁlomerate is muech weathered,
and is traversed by numerous reefs of glassy quartz,
which eonform to the bedding Dlanes, the strike of
which is E.S.E. and the dip N.N.E. at an angle of
20°. The old dry-blowing workings are situated in
a deep gully which has been eroded along the strike
of ‘the beds. No information was obtained as™ to
whether the alluvial gold was derived from the quartz
~reefs or from the conglomérate; but the quartz was
of ‘a particularly “unkindly”’character, so that, as in
the other places referred to, the gold was probably
shed from the base of the conglomerate.

In the light of the discoveries just referred to it
would - seem advisable -fo test by dry-blowing the
ground below the base’ of ‘the Nullagine Formation
when ‘the basal beds consist of ‘conglomerates.” The
‘nature of the underlying toek does‘not appear to in-
fluence the deposition of gold:in the basal conglomer-
ates,  as at’ Nullagine ‘they rest upon roecks oft the
Mosquito: Creek Series; at Just-in:Time upon: erystal-
line rsehists (of  the Warrawoona - Series; .at . Sunday
Hillupon eranite,-and at Rooney’s Pateh-upon:lavas.

B.—Copper,

In 1913 discoveries of eopper ore at:-Ilgarere and
Kumarina® (also known  as  Humphrie’s: Find-. and
Wonyulgunna); atiracted some.-attention from: pros-
pectors and: representatives: of .investors; but -owing
to the geographical-position:of: the:finds, the latter
evidently  did  not consider that the .investment. of
capital was justified, as they failed to aequire any
interests in the mines. The prospectors,. however,
commenced. to -hand-pick the rich ore—that going
over 40 per cent. of copper—and to gend it by teams
to the rail-head at Meekatharra, a. distance by road

from Tllgarere of about 200 miles and from Kumarina

of about 160 miles. )
.Shortly after work was commenced on the lodes
the writer visited the two centres’ 'mentioned, and a
report on them was furnished.t At that time but
little work had been done, and owing to the absence
of surface outerops it was difficult to gain a correct
view of the geological structure of the country. Tt
18 Teported that the mines’ now look Very proniising,
but even with the present high price of copper it
only pays to send away high-grade ore.  There must
now "be’ a large’ accumulation” of second-grade ‘ore
*that svould’bel worth a'large  amount ‘of money 1f'it
could:-he treated locally, but when the war is”over
the valie of ‘copper will probably revert to” pre-war
prices; and it is ‘doubtful whether ‘it will then pay to
erect -treatment: plantsiin sueh: a remote locality
The: following: table shows the -amount-and value,
as reported.to the Mines Department, of the ore’sent
from:Illgarere: and - Kumarina to the énd. of 1918.

. : Metalli :
Lécalltyf. Ore. Ooe;;e;? Value.
.- Tons, Tons. s
Hlgarere 466-10 S 167:25" 15,744
Kumarina Vi 3157277110853 9.554.
Voided leases 7:75 3:48 223
Sundry - claims * 62-03 21-96 1,837
“Total 851-60 301-22° 27,358

% From both centres,

1 G.8.W.A, Bull. No. 59,

Mineral leases were applied ‘for  near " Nuninga
Spring, about nine miles north-west of Illéarele
When this loeality was visited by the writer no work
had:-been done and the only indications ‘of copper
that e saw were some copper: staing: in ‘the erushed
rock filling a fault,

When at Bulla: Downs:Station the writer was in-
formed: that copper had been found at two places
about ‘eight miles away; mear ‘the’ junetion of “Ash-
burton - River and Liméstone: Creek; ‘although mearly
a"whole*day was spent in-searching only: one of  the
copperilodeswas fotiidi Thig was: about:a: mile and
a-lialf east of the junetion of the ereek and the river:
Beyond ‘a few  pot: holes and co%teens nowork: had
heen done."

The'.conntry  rock consisted of shales = and fine-

grained. sandstones, and: copper ore could be.seen. in

the lode at:intervals over a distance.of about half-a-
mile,

The strike ¢f thelode iy 55%; and so far as. could
be judged from the very Hmited outerops in its:vie-
inity* the ‘strata on~bothsides dip-away from it; 80
here, too, in rall*probability the lode occurs alon a
J_’ault :

“ From returns furnished to"the Mines Department
up to July 31st, 1917, it would appear that some
copper ore has been raised from this locality, as the
Mineral Statistics show. that--from . Bulla. . Downs
78.61 «tons, of -ore . containing: 20.42 tons: of metallic
copper, - valued. at -£1,977, were sent away in  the
years.1915..and. 1916, but :there. .is no information
available to.show. whether the. ore:came from the.lode
that the writer saw.or from the other: one in the.same
locality, which-he was unable to. find.

Avsmall depositsof rich=ecopper ore was found-by
the writer four miles north-of:the junection of ‘Ash- .
burton: “Riverand »Goldfields: Creek...- Here, :again,
the ‘ecopper-oceurred in' a fault-traversing sandstones.

Near Turamunnda Roek” Hole, on “a small ‘branch
of Brown Creek, a”small’ amount of rather inferior
copper ore was extracted from a shallow” pot hole
sunk in reddish - shales.

Tt will be seen from the foregoing remarks that
copper ore is féund in widely separated localities

. over a large area. In every instance the copper lodes

oceur in rocks of the Nullagine Series, and most of
them appear to have been found by station hands, as
hut little Ieal prospecting, has been done in that dis-

h ict.

There are no indicatiors to guide the prospector in
his search for copper: ore except.the presence of
“floaters”. on the surface.. The lodes all occur om -
level: conntry, .and. there.is usually a covering of soil
or roek debris. Tt is. reasonable. to suppose . that
similar undisecovered deposits occur in other parts of
the extensive Nullagine Formation, buf unless they
were ! very richt they: would mot pay to works under
meqent eonditions, as before the miter receives any
rentuneration  for “his work; “cost: of “eartage. tothe
railhead;  railway:charges: to the nearest port, and
freight by sea to -a‘smelter have to be deducted from
the money realised by the sale ofhis core: -Tn addi-
tion-to’the above costs there ‘are. charges for hand:

“ling 'theore at ithe dlffelent stages of 1t>, 30mnev to

the smelter.

It is, of " cour%e possible that the lodes at Tllgarere
and Kumarina Wlll prove large encugh and rich enough
to justify the ereetion of loeal {reatment plants, but,



as stated previously, the mines were seen only in
their eatliest stages of development, and it would be
unwise to express an opinion as to. their size and
richness-at a depth. ' ‘

T1-~~PASTORAL.

Except in the remote avea to the north.and south
of Rudall: River practically the whole. of the:country
that is suitable:for pastoral purposes has been taken
wp by pastoralists; - and: many blocks. .have .. been
selected ‘that: have:little to-recommend ‘them beyond
the' oeeurrence: on:them' of & spring which affords a
permanent watering place for stock.

T hé extreme’ north”and ‘south of “the ‘area’ pas-
toralists” breed sheep,
cattle” and” horses are-the ‘only “stoek “seen “on' the
siations. - In good. seasons there.is. abundanceé: of
feed; and stock dosremarkably. well; -and even in: dry
times’ there is-sulficient . “top: feed”  to:sustain. the
stock provideld they et ehoughiwater; but although
some:squatters make provision.for penods of.drought
by sinking numeious wells, others rely too much on
natural  waters, and eonsequently when these evap-
orate in dry seasons there is heavy mortahty amongst
the stock.

During the severe drought “of1911 the writer-was
striek by the marked- differénce in condition between
the young éattle ‘and the breeding cows. ' The former
were fairly fab Wheleas the latter were mere ‘walking
skeletons. © This" differenice was largely attributed: to
the “fact that'the younger and' stronger: stock: were
able to walk the long  distaneés’ necessary to  find
feed; but the older and weaker beasts-had to:exist on
- what ‘they:-eould ~findon “the bare -country.in the
vieinity. of'the ‘waters; and consequently ‘many . of
thent:died: from starvation! =The heavy.loss-of stock
in. dry :'seasons eould - be: considerably . reduced . by
sinking wells. in.parts of the runs where. there is no
surface  water....In addition :to saving many. eattle,
the provision of more watering places would largely
inerease the earrying eapacities of the stations.

There are few places on . the area where water
could not be obtained within 100 feet of the surface;
and in. most localities good supplies would probably
he found at.a depth of less than 50 feet.  The cost
of: sinking a_well
would -be quid\lv defrayed by the number of stock
saved, by giving- access to new feeding  grounds:
Periads of extreme drought will ‘of ‘eourse oceur, un-
less the ohmate changes, in which even' ‘those qtatlons
that are best equipped with ‘wells' and windmills will
suffer’ loss: but the mortality” will not:be mearly so
great as on’ those stations which rely ‘so Lnoelv on
the ‘matural waters,

As stated above, the only:country: ot taken up by
pastoralists: is:to the north and south:of the Rudall
River: This loeality was twice.visited by:the writer
(in 1909 and:in:1914);:and on each:occasion: there
wag abundarnee.-of: feed:! for stock.  On . the Rudall
River -there are some pools that would last for:some
months after rain had fallen; and on:Rooney Creck
there were: deep rocky ‘holeg 'of water: that would
]nobablv withstand ‘over a year's drought. This- dis-
triet is «diffienlt of access, as over G0 miles of desert
counhy“ he beh\ een xtq westem end and the rabbit-

but” in‘“the - eentral * portions

‘thousands of gallons of water.

and equipping it with ‘& windmill

proof fenee, but two or three wells sunk in this
desert area would make it accessible for stock: and
vehieular, traffie.” Stock. for the southern markets
could be taken up  Butler Creek’ and around the
western end of the MeKay Range to the Canning
Stock Route, and by that route to Wﬂuna ; but owing
to sand  ridges, pack horses or pack camels would
have to-be used for transport.

Settlers. in. the Rudall - country would ~probably
have some trouble with the aborigines, ‘as they. ap-
pear to be numerous and hostile. '

III~—WaTER SUPPLIES.
A.—=Surface Water.

There ave. many -natural surface waters scattered
over the.area; hut:unless these are fed by springs
none: can-he regarded as permanent, although. some
of . .the. larger: pools and rock-holes last for many
months after being filled -with ,water.

{The surface waters': are contained in roek-holes,
eriamma-holes; ‘elay-pans; and ‘in ~depressions. in-the
heds- of rivers and-creeks; and there: are-also numer-
ous springs which, wherever they oceur, act as
feeders for the pools:

The * rock-holes “are  found: -amongst rocky - hills
traversed by a watercourse, or in‘a.rocky basin near
the source of ‘a stream. They oceur ingranite coun-
try-or in hills*formed of: sedimentary rocks; hut are
never seen in:the greenstone areas.

Gnamma-holes are relatively ‘deep rournded or el-
liptical basins on bare granite rocks® of the southern
part of the area. In: the eastern part of the State
they: are found in horizontally “bedded sedimentary
rocks, but in the country covered by this report they
are ‘confined to the “southern granite belts.

Gnamma-holes vary in size from. small holes hold-
ing conly a few pints up to large ecisterns holding
Gnamma-holes de-
pend for their. supplies of water on. the rain that
falls .on the bare rocks, but owing to the small sur-
face area exposed to. evaporation they last longer
than other waters of larger size. ~

Clay-pans. are shallow. cireular. depressions on-flat
ground... They. vary: in: diameter from-a few yards
up.to.a quarter. of ‘a mile. “Watercourses. seldom flow
into them :direct . although ' they. sometimes oceur. on
the  flood-plains. .of . ereeks: after -they have spread:
out on flats. . In comparison with their diameter they
are extremely shallow, and in dry weather evapora-
tion. is rapid.:. The water in them is always muddy.

Clay spans are found ‘on :all geological formations,
even in:depressions” between sand vidges. All' that
appears necessary for their formation is a depression
in which water ~eontaining ‘clay in suspension’ can
lodge.. .The depressions in which the-elay pans oceur
appear. to: bethe result of deflation:

Pools’ in rivers and ecreeks are found in . hollows
that have been scoured out by water flowing over a
hard. bar of ‘roek or other obstruction, but, whereas
some pools jof seomparatively small size last a long
time ‘after being filled, the ~waters in others of large
size disappear quiekly. ~The length of time that'a
pool-of water: will last after rain: depends largely

*For particulars regarding  the formation of gnamma-holes see
G.8,W.A. Bulletins Nog. 45,57, 64and 75,
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upon the underlying rock, although  if the river or
creele has a ela,y bottom a pool will last-as long on
one formation as the other.. In areas oecupied by

massive omnlte, pools are. most. numerous: and, as a -

rule, largest. Basnls in a river bed traversing granite
form a natural tank from which there is little loss of
water except by emporatlon The basing are almost
invariably partly filled with sand, which earries a
large supply of water below: the level of the pool
and retards evaporation. The water: contamed in the
sand draing into the pool as it becomes lower, Some
of the largest pools are found in areas of houzontally
bedded or slightly inclined rocks, but those that last
any time are generally ‘fed by springs.. In these
pools the bedding: planes and joints in the rocks be-
neath are closed by a deposit of travertine. or chal-
cedony, which very often eoats the whole of the basin.

It g only rarely that pools are found in highly
inelined = sedhmentary. strata.or in the older green-
stones, espeeially in the latter formation.  In'these,
unless the basin has: a. clay or travertine bottom, the
water disappears within'a few days.

Springs. are confined almost entirely .to..areas of
sedimentary rocks. They sometimes. occur-along. the
courses of creeks and rivers:traversing open.plains,
but they are most numerous in'the: deep. .gorges.of
the plateaux.. . Springs. are: also .oceasionally. seen
issuing from the base of a.cliff, but unless there.is a
rocky ‘basin “to aet-as a receptacle for:the water. it
quiekly disappears. through ithe beddmg planes. of
the strata.

B.—Ground Water.

The "numerons ‘wells “thiat “have: been“sunk on the
area, show ‘that, provided a suitable site is selected,
water of ‘good quality ‘can be obtained at"compara-
tively shallow depths. Téw of the wrellsiseen by ‘the
writer: ‘were over 100 feet, and some of ‘the largest
suppilies” were obtained from thoge ‘between 10 ‘and
20 feet ‘deep. 'Most of ‘the wells have been sunk in
the superficial deposits which are so largely developed
throughout the area, and of these'the travertine un-
donbtedly ‘yields the largest’ supply, vénally'at 'a very
shallow: depth. The water’ from the travertine, how-
ever, ‘generally containg more ‘salts -in"solution than
waters ‘froin-other formations; ‘and“although it is
eXeellent for stock ‘it 7is ot ‘palatable’ to the human
taste, ‘and is wenelallv very “hard.”’
S The qtatlon owners- on'-the large plam lying be-
tween the Hamerslq, Qphthdlmla “Platean” and " the
Northern'Plateau have experienced difficulty in‘loeat-
ing potable water, but elsewhere ‘those who were de-
sivous ‘of sinking wells have usually been'able to find
i supply sufficient for their needs, and"it is only very

Farely that 'salt water: 1s %tmck exeept in pronmltv
to salt Takes.

Travertine “ig undemably the  best indication “of
shallow water, and sinking in this deposit will seldom
canse dl%pp@lntment The depth at which water
oGenty in other formations varies considerably in
diffevent” districts; ‘but provided low-lying ground,
preferably “close to water channels, is selected as a
well site, ‘good supnhes will usually he: obtained  at
viuch less’ than 100 feet. The ‘deepest well ﬂmt the
\nlter saw~was 110 feet in depth :

O hteszcm 'Wateo -

, Since surﬁment wmund water can he obtained. to
supply: the 1nhab1t5mts and stock of the area, the

ocemrrence sof - artesian water would nof-he of “the
same importance as in distriets where the surface
pools were not suflicient for requirements, and where
greal diflieulty was experienced in finding water by
well sinking. It may, however, be of interest to dis-
cnss the possibility of obtaining artesian water in
this 1eﬂ*10n

Only twu of .the  formations 1eplesented in- the
area—the Nullagine Series..and the Paterson Range
Beds-—need  be considered in this: connection, as. it
can. he deﬁmtely stated that the. older. greenstones,

-granites, and. Mosquifo Creek Series will not yield a

supply: of artesian water, -The Carawine Beds. con-
sist of -porous limestones, and the water which per-
colates through them: reach  the surface in the deep
gorges by which: the beds are dissected:  The Brumby
Creek’ Beds ‘are not more than 50 feet in: thickness
and consist of horizontal Dbeds of ehaleedony and
limestone; which oceur in the form of low mesas and
huttes, so that there is little chance of obtzumng any
water in; them. ' |

Iy the: Nullagine Fonnzmon to  the west:.of  the
Rabbit-proof » Fence - the -presence of the numerous
doleritic: intrusions. and the steep folds of the strata
preclude: the -possibility of obtaining: artesian -water;
although-it.is possible that sub-artesian water might
he: found in. some:localities: in the:drainage basin of
the. Gascoyne where. the strata.are arranged. in:broad
folds,-and. dykes appear:to. be absent.

Tast of the Rabbit-proof Fence there are -none-of
the doleritic intrusions so- common to the -west, and
north of latitude 25° 30" the Nullagine Beds. are
arvanged in broad’ folds, and since the strata consist
of some vocks ‘that are porous.and others that are
impervious, there is every probability that deep-seated
supplies exist in some of the synclines, but since the
country is - very level it is doubtful whether there
would he sufficient pressure to bring water to the
surface if it were struck in a bore, so that any sup-
plies” likely to be obtained must be regalded rather
as sub-artesian’ than artesian.

In the vicinity .of Charles Wells Creek and Take
(arnegie {Wongawall Station) the Nullagine Tor-
mation consist of limestones, sandstones, and shales.
To the south, these beds rest upon an extremely
eroded granite surface, and to the north upon the
up-turned edges of the strata, whichi are provisionally
included with the Mosquito Creek Series. . Although
there are some minor folds, the Nullagine Series. in
this. locality has been but little disturbed,- and . the
strata are horizontal or inelined at a.low angle to the
east.” I'rom the north, west, and south the fal. of the
country is towards Lake Carnegie, and ‘the writer
considers .that there is a reasonable chanee of .ob-
taining artesian water in the vieinity of the lake, but
as far east as the good pastoral country extends there
is abundance of good water at a shallow depth, and
in good seasons the surface supplies and springs are

- sufficient’ for the requirements of the stoek,

In Bulletin. No.:39 the writer pointed.  out: the
existence of an artesian basin in the Carboniferous
Formation which extends  along the Canning: Stock
Route . from . Flora "Valley: in: Kimberley. .to. No. .26
Well.. . The only localities where any further. infor.
mation was ohtained on the expedition dealt with in
this, report regarding: the extent or character of the
(arboniferous ' Formation were: near the, head. of -
Rooney. Creek and at Paterson Range, where sand-
stones similar to those seen along the Canning :Stock
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Route vest unconformably tpon the  Nullagine Tor:
mation, ‘and dip eastward at a low angle.

The base of Paterson Range is, by aneroid, 1,250
féet above sea-level, and, since the height of Hall’s
Creek 151,225 feet ab()ve the’ sea, the intake area in

~Kimberley. is probably from 100 to- 200 feet lower.
The Paterson Range Beds are porous enough to ab:
sorb - and ‘transmit water! This is ‘shown by the
marked  ‘absence “of watercotrses, “although in'the
granite drea of the Rudall farther south; which has
probably thie ‘same ‘rainfall, ‘there are mfmv large
ereeks: ‘

““Nothing definite is known regardirg the rainfall of
this' region. " The" nearest  recording station is" at
Nullagine, about 130 ‘miles away, where the average
annual rainfall is 12" inehes. " At Paterson Range,
liowever, it is probably much‘lighter, but the artésian
basin - doubtless” draws “its largest supply “of subter:
ranean” water  from the ‘intake area in “Kinibetrley,
where the average annual rainfall s about 21 inehes.

Although there is little likelihcod of artesian water
being struel in the vieinity of the range, as it is so
close'tothe intake area;the Paterson Range Beds are
oftinterest; ag they form' the south-eastern rim: of ‘the
large artesian - bagin - whieh - probably . extends north-
wards “to*  Fitzroy ‘River,  and: north-eastwards: to
Albert Edward  Range. - Unfortunately, south of the
géttled "aveas in Kimberley ‘the ‘country - is ‘generally
a desert waste, and it is quite unsuitable for pastoral
puiposes:

THE CLAY DEPOSIT AT THREE SPRINGS,

SOUTH-WEST DIVISION.
(F. R. FELDTMANN.)

- Introduction~—~Within the last three years two
samples of white clay from  the. vicinity of Three
Springs have been examined at the Geologieal Survey
Laboratory. The localities from whieh these samples
were obtained ‘were described as “about one to two
miles south, of :the Railway Station,” and “one mile
south-east of the Railway Station” respectively. The
first sample proved to be a very. fine-grained white
clay, practically” free fromi. grit; the second a white
clay containing much coarse OI’lt It +was stated that
the ¢lay had been used locallv for whitewash.

Location—Three Springs  (Kadathinni totwnsite)
ig ‘situated 'in”the. South-West” Division, ‘on the Mid-
land Railway, 193 miles’ from Perth, . The clay de-
posit is 175 miles southleast of the Railway Station,
in" Bloek M 754—owned by Mrs, Watson—betwesn
the Tailway Ime ‘and the telegraph line and road to
Carnamal.

Topography~The "eountry 'in' " this' . distriet " is
oenﬂy undulatmg,, with extensive soil flats and gently
sloping ridges rising to no great leight above the
fats.” The northern extension of the Yarra Yarra
cliain”of lakes, here represented by a number: of small
lakes or ¢lay-pans, erosses the railway about a mile
sonth-east of the station. "In a few places the lake
edges are marked by eliffs from 20 to 30 fest High.

Geology~~During his survey of ‘the Irwin River
Coalfield in 1909, My W. D. Campbell, then Assistant
(leologist tothe Department, examined ‘and mapped®
the: geological features of the country to the north
and south'of ' Three Springs. The area imniediately

“surrounding Three Springs’ was, however, leff blank
on  Mr. Campbell’s map.’  The nearest Toeks shown
onthis'map, about 214 miles north-west, and between

&

five and six miles south of Three Springs, are sub-
marine tuffs, sandstones; quartz conglomerates, and
quartzites, of ‘undetermined age; but, aceording to

- Campbell,*  uncontormably underlying the Carboni-

ferous rocks of the Irwin River Series. Copper ores
liave heen found in these seditnents of undetermined
age; at Arrino ‘and Mounts Muggawa, Misery, and
Serateh; associated” at' the first three  places with
granite, which 1§ apparently intrusive into the sedi-
ments. " (Vide Bull. No. 38, fig. 1L.) :

In the immediate neighbourhood of Three Springs

.- there~are but few rock exposures, whether outerops

o well-dumps: *The rocks ‘exposed eomprise ‘elay
shales, quartz 'grits, quartzites, sandstones (%), and
giliceous ™ agelomerates, the clay shales ‘and quartz
grits predominating.” Most of the -otiterops have
been altered by surface solutions.  The strike of the
roeks”averages” about N. 15° ‘W, the dip about 70°
B These rocks undotubtedly: form: part of the same
series. as Campbell’s “rocks’ of undetermined age.”
Occagional rounded and subangular pebbles of white
quartz and flint, up to 6 1nches in' length, are found
onn the® surface; and others were seen in silu, in a
somewhat ‘clayey ‘matrix, near the top ‘of a ridge
crossing ‘the Perenjori"Road about 30 chams east of
the ‘road:to Arrino.

The only rocks, other than those of the = above
series, seenwere -outerops of ‘granite, near the roar
running’ south’ from the townsite; on' the south boun-
daries 6f Blocks 11 and 12, The’outerops and rock
fragments varied greatly in texture; those of a‘coarge:
erained granite with large red felspars- apparently
predominating; fragiments of coarse graphic granite
and of a finer-grained aplitic facies. were also. seen.
The . granitic. rocks . were. apparently . intrusive  into
the . sediments: . Granite. fragments. up:to.a foot or
more in. length were also. seen ‘along: the telegraph
line near Bloek 759, and on top of the eliffs on- Block
755; these probably represent:othér granite dykes.

The. Clay.. Deposit.=-The only  important: exposure
of clay. is the. dump. of - Watson’s: Well. on. Block
M. 754... The: well, which is: about halfway up the
northern. slope of a low ridge, was filled with water
to within: 20 feet from the surface; but was said to
be 80 feet: deep, with a:short drive at: the bottom:
The - dump -is entirely .composed of white clay econ-
taining  varying ‘proportions . of -quartz. grit—some
portions of the dump. consisting: of almost pure clay,
others containing a. high: percentage. of grit. - It ‘was
stated that the well was in elay practically the whole
way. but that much coarse grit' was in evidence at the
bottom.. Omne .suiall pieee of kaolinic grit and -one
pebble of icy quartz were found on the dump.

Two large samples: of .clay were collected fromi the
dump, one from the northern half, the other from
the southern half, = The northern half appeared: to
contain, on the:average, mueh less grit. '

From an examination of the loeality it would seem

that the two previously collected. samples were ob-
tained from this dump, the only other dump where
white. clay is exposed being that. of the south-west
well . (now filled-in) on Bloek 17,..0n the other side
of the railway line; here, however, the clay is mixed
with, innumerable small: fragments  of finely Jamin-
ated shale. The dumps of the other two wells on the
same block are chiefly composed of small fragments
of pale-grey or reddish-grey . shale:

A small sample of white clay from a well on Loeca-
tion 7447 /68, 19" miles west by south from Three
Springs and about two ‘miles south 'of the 14imile

*W.A. Geol. Survey, Bull, No. 88, Plate III., 1910,

* Op. 6it: P. 29 and fig: 18, -



peg on the road to Nebru: Spring, was given me:by
Mri C. Maley, the owner of ‘the:location. ::The well
was said to be 30 feet ‘déep=—the-clay. being cut near
the bottom ‘of the well.” The sample appeared to be
of very good quality and to be:free from grit. "Un-
fortunately the distance of this - deposit from the
railway would greatly inecrease’the cost of W01L1ng
it; .

. Onigin=—From the evidence afforded by the other
weils in the vicinity, it would appeat that the Wat-
son’s- Well clay has been formed through the altera-
tion: of sedimentary elay: shales: or kaolinic: grifs’ by
surface solutions: -The hill ‘behind:the well: is. cov-
ered by soil; bub the few rock fragments seen thereon
were of a lateritic charaster, ind it is therefore likely

~that a layer of laterised rock: underlies: the soil, and

that the white clay. represents. the bleached shales:or
grits after removal of the colourmo matter. by sur-
fa((, waters.

~Conelusions—Owing to- the. fact that the deposit
is only exposed in one place, it -is impossible o form
any estimate as to.the quantity of clay available, but
from the nature of the oeeurrence it is probable that
it is of considerable horizoptal and vertical extent.
This, however, can only be ascertained by boring.

The overhurden is largely soil, probably underlain
in places; by a thin layer of laterite.

The deposit is easy .of aceess, being close to. the
railway line. (along hoth sides of which there is a
road) -and the. main road to Carnamah; -and .only
one and a half miles from the railway station.

The matenal exposed contains, . on -the . averag
~mueh coarse grit, but boring might reveal layers of
hetter quality.

The two. samples. eolleeted by me may be reO'arded
as representative” of .the material in. the well .as. a
whole.

Examination of ’chese samples is. necessary:to.show
whether it is advisable further to test the deposit.
THE CLAY DEPOQITS CAT MT KOKEBX —

SOUTH-WEST DIVISION.

(F. R. FELDTMANN.)

Introduction.—In November, 1915, two samples of

clay, from a well mear the southern end of Loecation
16114, eight miles south-west of Mt. Kokeby. town-
site as the crow flies and 1114 miles by road,.were
examined in the Geologieal Survey Laboratory.. One
of the samples was a pure white clay, the other was
a dark brown elay confaining 13:2 per een’r of car-
bonaceous matter,

As certain of the local re&dents wished . to ascer-
tain whether there was any chance of obtaining: coal
or oil in the locality, and whether the clay. deposits
o were of ‘any value, Mr, H. P. Woodward, late Assist-
ant Government Geologist, was mstmcted to examine
ﬂ1e distriet. Mr. \Voodw'u?d vigited the distriet early
in 1916 and examined an area of about 3,000 acres,
over: which Pmspeo’rmg Area 3(PP—'Wthh included
Location 16114 and othel locatlons to the east—had
heen taken up.

Asg the result of hl% inv eshe:atlons Mr Wood—
ward, though not holdmg out any great hope of the
existence of eoal seams, reeommended that & iseries
of ‘hores be put down along a line 1unn1n° east of
north from the well or ﬂhaft from which the samples
had: héen obtained, the first hore to be elose to the
shaft. ‘
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In consequence “of " Mr; Woodward's: recommenda-

tions; three bores were put down on Locations 16114,
15817, and 7454; to depths of:224; 231; and 190 feet
respectively.:» The results; so far as coal or oil were
concerned, ‘were ‘diseouraging,but:‘the bores passed
through several feet of good white clay—suitable for
the “manufacture of chinaware-=starting  atdepths
ranging . from 10 to-19- feet:from the surface.
- As the chief drawback to:the suceessful working
of this  deposit is its distance from the railway; oral
instruetions. were received to ‘examine  the district
and: ascertain: whether there was -any ‘possibility of
ohtaining - similar - clay.- neaver” the: townsite. Mount
Kokeby was reached. on the 18th November, 1918; and
the ‘field .examination: completed- on. the 30th of the
same. month. :

Location—=Mt: Kokeby {ownsite is situated in the
South-West . Division,106V% miles: from  Perth  and
about: seven miles: south of Beveﬂey on the Great
Southern Railway.

The avca. examined. eovers: about 19 square mﬂes
and ineludes, in-addition to’the north-westerly: por-
tion jof. that examined by Mr. Woodward, the eoun-
try . adjoining. the  townsite  and. that between the-
town and the area previously examined.:

Topography—The -above-mentioned - area. les:be-
tween the Avon River on the east and the.Dale River
—a tributary. of -the ~Avon—on the west, the west
corner of Location. 16114 heing -about:three miles
east of the-Dale River. In general, the ecountry. is
undulating, . but the -south-western. portion is. more
strongly. so,. consisting: of numerous hills separated
by eomp’ara,ti\ ely narrow -valleys, the :north-eastern
portion consisting mainly of broad flat Valleys with
a few hills and ridges.

With the exception. of M. Ixokeby itself, about
three miless W.N.W. of the railway station, none of
the hills in the morth-eastern half of the area are of
any .great height. In the south-western half two hills
on Locations 1239. and 852 are mearly as lugh as the
Mount,

/The valley which crosses the southeln portion of
Loecation 16114 appalently stretches. from  the Dale
River to the Avon, joining. the -Avon Valley immedi-
ately. south of Mt. Kokeby townsite. It is irregular
in width and is jeined by other: valleys which run
into it from the north-west and south-east.’ One. of
these valleys runs into. the main :valley from the
W.N.W. about_three mﬂes south-west from the town-
site. .

"1 the extreme south-west of the area the dramaOe
follows . a. south-westerly - direction towards. -a- small
tributary of the Dale River.  In the south-eastern
portion of - the area examined by Mr, Woodward a
branch valley runs in an east-south-easterly dirvection
towards a small tributary of the Avon.  In the north::
eagtern half of the area examined by me the drainage
i towards the ‘Avon itself. -In the western portion
of " the west-north-west ‘branch : valley, the. drainage
is- towardd the Dale.  The divide between the- two

“rivers appears to run slightly east of north.

(’eolom/ —In’ the north-eastern half of the area
rock exposures” are restricted to the higher O”round
and even here-—as on' Loc. 3814, east of the ra}h&a‘y
and on the north-east boundary of Lo¢. 8328—the
rocks” are obscured in places by laterite,” the lower

slopes being covered by loose” detrital sand derived © -

from the ervsta,llme rocks. Similar sand covers parts
of the main valley, the lower portions of the valley,
however,; heing covered by elayey soil.
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The:rocks exposed on:the higher ground:are -either
42 onsthe chillhons o Tioe: - 48—gneissic  mieroeline-
biotite: igranite,  with iporphyritic felspars up: to two
inches dn length: sheared and :somewhat  granulated
quartz rock,  apparently.alsoof: granitic’ origin--as
o Mt.:Kokeby:and in Loc. 99185 of epidiorite, .coarse
and - fine-grained. dykes:of “which infersect: both ‘the
granite;and:the quartz rock. =t .

Inthe ssouth-western . half;: the higher: ground -is

composed ‘of “similar ‘granite, laterised ‘in place% and
intersected by epidiorite dykes.

The superficial’ depositsof “theé  main valley have
been penetrated in a few places: by wells; and, in the
southiwestern ihalf, by the' three bores already men:
tioned. © So far as eould be ascertained, none of the
wells in the north-eastern portion -of the main’ valley
. réachia greater ‘depth-than 35 feet from the §tiface.

Ay shown by the dumps, they are ‘mainly in’ loose

sand. On the dumps of thewells in Loé. ‘d; and m
Lioe. 8565 east. of the nﬂway line; o few fra@ments
oft felspar erystals; similar in appearance to"the por-
phyritie:felspars of ‘the granite, ‘were notieed:* . The
material from the bottom: of the wells“in Tioe. ‘d ‘and
at’the northern end:of the townsite congists of com-

paeted sand, or:quartz grit; the grains®eof which are
':]mmlfn to-thosesof the loose sand in the upper por-
tions of:the wells: S

Tn the south-western area a series of sedlmenta*'y

roeks; ‘mentioned in My Woodward’s 1ep01t under-
lieg the" superficial “deposits of the ‘main valley “and
of thesouth’ eastern ‘branch. ;. This sedimentary series
comprises beds of ‘kaolin W1th quart7 a'rams, kaolin,
orey - shale with leaf: nnplesswns (no 'specimens, un-
fortunately, of which were obtainable); ‘earbonaceous
shale, sandstone. (or quartz -grit?), ‘and blue clay:
The geries'is sHown by the bores to he over 200 feet
thick in places, and is probably fully 850 feet thick
in ‘the deepest parts of “the valley. " On the meagre
ondenee available it would appear that the heds in
the neighbourhood of the ‘old shaft and No. 1 Bore
din slightly: east of north at about 2146°; . The beds
were probably formed from material dern’ed from the
enelomng mvstallme rocks, 'roa'ether with plant te-
mains, and were laid down on the floor of the then
oompamtn oy deen Vallev On the evidence of the
hoves it is probable that the beds are lentieular in
form. - As the flats’ south and qouth-west of the town:
site form: part of the same valley, it is very probable
“eonsideritie” the extent and thickness of these sedi-
ments in the south~vestern part_‘rhat they are-under-
fain by similar rocks.

S The Clay Depo%te—-()ﬂxex th‘m Loeahons 16114,

091/, and. 7454, in the south-western half of - the
area, the only ]ocahtv where- white clay of - good
quality ‘has heen exposed is Loc. 10577, where it has
been eut in a well, 42 feet deep, near the  rnorth:
Mq‘rem honndary of’ the  Ioeation, and about 134
tmlefs as the crow ﬂleq west-sonth-west of the Rail-
W m Station.

~Tn-Toe. 16114, the dav has been cutoin the - old
shaft: (v.d. 534 ift). a new shaft (vid. 23ft), 414
¢haing east of the first, and No. 1 Bore (v.d. 904£t.).
Tn the old shaft theve is 13 feet of overbhurden, fol-
lowed, according to  information supplied to  Mr.
Woodv» ard, by 5 feet of white kaolin. and 6. feet of
,1*1nklsh white kaolin, below which are 4 feet of light
arey shale, with plant remains, and 114 feet of car:
honaceous, shale. - Tn the new shaft there is about
19" feot of overburden. r'hleﬂv composed of: Whl’ro

kaolin, with much: coarse quartz grit, white kaolin
oecupying “the remainder: of the shaft, - The ‘Seetion
ofsNo.:1: Bore;:drawn by Mr. A. Frizzell; who was
incharge:of the boring, also shows:19 feet of over-
burden consisting of 2  feet of sand; 4 feet of fclay
and ironstone conglomerate” (lateritic material), and
13- feet- of kaolin.with quartz grit; below this is 15
feet of fne kaolin. ; o
' Thesection “of “No. 2 Bore, at’ the sotuth end of
Toe: 15817 and ‘about 34-mile north-east of No. 1
Bove, shows ‘an overburden of 10 feet of clayey
material;followed by (6 feet of kaolin; below which
are beds similar to'those in No. 1 Bore, but including
ouly:twornarrow ‘bands of ‘shale; decomposed Oi'uute
cwas eut at 226 feet. 7 :

"No. 3 Boré, near the western boundary of Loc.
7454 and about 70 ‘chains south-east of No. 1 Bore,
also shows' 10 feet 'of -overburden, probably largely
lateritie, followed by 11 feet of fine kaolin contain-- -
mng ﬁne orxt decomposed granite was cut at 180
feet. - »

The well on ‘Loc. 10577, in - the morth-eastern area,
is ‘situated about 5 chains south-east. of the north-
eastern boundary, and about 18 chaing north-west of
the east ‘corner” of the location. It is'a few chains
north of the northern edge of a small isolated swamp.
or elay pan, which was filled with water at the time
of ‘my visit. T was informed by Mr. W. V. Brown,
the owner of the Toeation; that the well: was about
42" feet "deep, with an additional 5 feet of boring.
There was said to be about 7 feet of overburden con-
sisting 'of loose sand, then clay to about 44 feet ﬁom
the ‘surface.  Below the elay was sandstone, followed"
by drift sand, carrying a'good supply of fresh water,
at about 47 feet from the surface. At the time of
my visit the well was flled with water to within 214
feet from the surface. The cl‘w closely 1,esembles
that“of Lioc: 16114.

In addition to the well a eouple of potholes had
been ‘sunk, a few chains to the south-east, to"depths
of about 5 feet. . These were in somewhat diseoloured
kaolinie ‘material eontamlmz much quartz Ont

Conelusions —The evidence -afforded bV the bores
,and shaPts in the south-western portion. of the area
o\ammed shows that: kaolin, probably forming a eon-
tintous bed, underlies the superficial deposits of the
main Vallev, the top ‘of the deposit where exposed
heing from 10 to 19 feet from the surfaee The
thickness of ‘the hed ranges from 6 to 15 feetf, aver-
aging, plobably about 11 feet. Tests made in the
Geological: Survey Laboratory show the kaolin to be
of excellent: quality. - Tt has been successfully made
up by Mr. Thompson, the owner of Loc. 16114 into
whiting for hoots. and shoes. i

k Qhould the kaohn exposed ‘in the hores: form part%
of the same deposit, the quantity of clay available is
very large.. . Assuming for the deposit a rectangular

" area hased on the dlstance between the old shaft and

No. 2 Bore.and that of a:line from No. 3 Bore at

Tight angles to the first line—the actual area is prob-

ably much greater-~and an average depth of 11 feet;
there .would, taking the weight of a ecubic yard of
cla}nag SICW’C be more than 11,500 000 tons of - clav

m'aﬂ able. .

« In addition, it is: pwbable that some of the over»
hmo kaolin : containing ‘quartz orains; eut in the
shafts: andsin No. 1. Bove; would be found usefu] for'
ecoliomic purposes, :



The great drawback to the suecesstul working of
this deposit is its distance from the railway. It has,
however, an advantage ‘in ‘the fact ‘that the main
bodies of underground water ‘were only encountered

" at distances ranging from 10 :to 40 feet below the
bottom- of the deposit.

Regarding the deposit on Loe. 10577, this *has the
very great advantage of ‘being only about 21/, miles
by road from the Railway Station.: In®addition; it is
stated that there is only 7 feet' of ‘overburden; and
that:the deposit is about 37 feetthiek. = The clay,
judging by the samples seen, appears-to’be equal’in
quality to. that of TLoe. 16114. “As; however, there
appears to be a large body of water immediately
below the elay, it would be advisable;s whenworking

“'this deposit; to leave a thin‘layer of clay underfoot,
in- order to avoid dificulty with the water. ©As the
clay has only been exposed:in the well it:is impossible
to' form any estimate of the estent and:tonnage of
this deposit. - Tike that of:the south-western: area, the
clay has evidently been formed:through the: decom-
position and: degradation of thescrystalline rocks.

As it is. by no means improbable that beds of clay,

similar to those of Toe. 16114 underlie:the: flat ‘west
and south-west of the townsite, also: that:kaolin'de-
posits underlie the sand and laterite on the low ridge
immediately. north-west .of  the: Railway Station, it
would, in .my opinion, be  advisable to . test these
localities by boring. On the slopes of the ridge north-
west of the Railway Station: there is less likelihood
of a large body .of water being met at:a.short. dis-
tance from the surface, and. I would therefore recom-
mend that this:loeality. be. first tested.

It is probable that a.considerable thickness of over-
‘burden would he found in.the flat sounth-west of. the
town, ‘nevertheless a_bore might:be put: down:some-
where bhetween the railway line. and. .the Government
windmill. well.

(‘HDMIC‘AL AND: MINERALOGICAL - WORK.
(E.. S, SIMPSON)

During 1918, in consequence of the continuance of
the war and the growing necessity for the establish-
ment of loeal industries to supply manufactures only
obtainable at famine prices, the number of samples
submitted for examination showed again a marked
increase over that for previousyears The. figures

are:—
Year. No of Samples
1916 1,396
1917 1,671
1918 2,065

The increase of -work is even more marked than these

bare figures suggzest, ‘since ‘more elabbmte, investiga-
tions are now-required invery many instances’than
was formerly-the' ease: Furtherdetails: are given in
the accompanymfr Table:

“Although: some temporary assistance has been pro-
vided to cope with this extraswork, it hasibeen insuffi-
cient, and’ at-the end of the year onlyten ‘monthy’
work had been completed, and two monthis’ work “was
carried over to the nextyear:  This'is highly unsatis-

factory to the staff, and still' morve to those persong®

who'are waiting for results:before they take up min-
- ingleases or proceed with new or extended manunfac-
turing processes. .. -The position. would have been
mueh -worse but for the faet that every member of
the staff worked at the highest pressure -under. most
disadvantageous conditions. . The housing. of the staff
is. both unsuitable and unhealthy and. calls.for early

amendment, *The go-called “temporary” Laboratory
has now been occupied for 17 years, with inereasing
inconvenience from “dust, heat, and lack of aceom-

~modation and fittings ‘essential for the earrying ont

of " standard - professional work " as  distinet - from
students’. exereises.

Anpiong the more “important investigations earried
out* during the year may be ‘mentioned the “follow-
ing:—=

CLAYS.

The iny eatloatlon into “the ‘clays of tho;e portions
of ‘the South Western . and | Central 'Divisions which
are . within - reasonable = reach =~ of = manufacturing
centres “was-hegun on a large scale towards. the end
of 1917. ThlS has ‘been continued throughout 1918
with funds’ supplied partly by the State and partly
by the TFederal “Government. . The latter authority
nominated a controlling Committee consisting. of. my
self (Chairman) and Messrs, A. Gibb. Maitland, T.
Blatehford, and C. 8. Nathan, , with' Mr. Bowley . as
secretary.”” This” Committee has. held five meetings.
With - the “continued .assistance of My, T. Ratferty,
pottery “expert, a very large amount of most inter-
esting and valuable” data regarding local elays has
aheady been obtained, which is freely made use of
by the, potteries already established . and by persons
who are -endedvouring fo:start new potteriess ' This
datais-so-.ecomplext and ‘full: of ‘technicaldetail “that
it*is impossible to~d¢ more here~than indicate’ very
broadly: ithe s present state ~of ~the: investigations:
Briefly,.it has been:proved that Western-Aunstralia is
unusually: well: endowed* with: practically every iype
of clay-and of other minerals;:such-as felspar, which
form the Dbasis of the most varied kinds of ceramiec
industries. It is hoped during the coming year to
issue a compAete report on the uhole subjeet. - Mean-
while persons :who-have submitted -samples-of clay
are one by one.receiving. comprehensive: reports on
their. individual.-samples; : and- manufacturers - are
being - put /in.:communication with: persons -able -to
supply-them: with eclaysand: other minerals to-meet
their requirements. " Owing' to. the’ exhanstion: of
funds .these HlVPSthaJDlOIlS will come 10 an end eaﬂv
tlns year. TR :

‘ ‘Porasm-SUPPLIES:

In view of theé:local:famine in potash comnounds
50" essential ‘forthe: fertilisation of erops of fruit;:
potatoes, onions, ete, the search for loeal sources’ of

* these- eompounds bewun in “the. previous )em were

continued::" The: most important rvesult::was’ the
discovery :of [<Alunite(hydrous: sgulphate: = of
potassiwm,sodium, s and+aluminium) -+ amongst’ clay

samples sent in'from Kanowna, and:theconsequent
search for.this mineral on the spot, disclosed - namers’
ous small (3 inch. to.24 inch) s veins.of:this valuable
source of potash scattered over a wide. area.in’the
immediate vieinity of Kanowna; ithe: mafrix being a
kaolinised' slate or mica phyllite. _The ‘Kanowna
mineral is a ‘soft, snow-white materjal. varying in
guality . from trune alunite with 9.32: per:cent. of
potash and: 2.14 per cent. of soda, to a natroalunite
with-5.42/per cent. of potash and 4.07 per cent. of
soda.

Small veins of alumte have also been found  asso-
clated: with: jarosite in’ a.shear zone. in granite ‘at
Northampton, and javosite (hydrous sulphate of
potassinm and 1r0n,) on-the Upper Kalgan River.

~The questlon of potash supplies is of such pressing
importanee in - Atstralia at the present time that a
Bulletin has® been ‘written  giving ‘all - available infor-
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matioh regarding local supplies of potash and. meth-

ods of utilising - them, - This - Bulletin is entitled,

“Sources of Industrial Potash in Western Australia,”
and is now in the Press. :

(GLAss SANDs.

A. -commencement having . been . made. ‘with. the
erection of the first two.glass factories in the State,
a . demand has arisen for sands suitable for
glass manufacture. To satisfy this demand a search
has been made by officers of the Survey in the. dis-
triet round Perth, with the vesnlt that sand suitable
for the manufacture of glass for ordinary hottles and
for windows has been found to be abundant in.the
metropolitan distriet, whilst sand suitable for ordin-
ary plate glass is not uncommon, and a fair quantity
of sand “suitable for making mirror . plate .and. fine
tible glass has been located. The specifieations  for
good” glass. sand cover three, chief items, viz, per-
centage of siliea, iron content, and size of grain.. The
siliea should be not less than 96 per cent., and pre-
ferably over 93 per cent. of the total sand.. .The
grade of grain in the specification laid down by the
Brifish Ministry of Munitions is that—

The 'sand should . have  at least 70 per cent., and, if
posgible, miore than 90 per cent. of one grade, and that

‘thig ‘grade should ‘be"in ‘most: cases medium sand; i.e.,
with diameter bhetween 0.25:and 0.5 millimetre.

American writers recommend a:slightly coarser sand,
viziy between 0.33 and..1.00:millimetre: diameter. - As
regards iron: oxide, ‘an -American authority = (C.R.
Fettke)::-has laid “down 'the following maximum
ameunts:of this eonstituent: for va,rious glasses :—
Optical ‘glass, Max: F(%O:; 0.002 per-cent.

Best, lead - flint, . . 10.02 i
Mirror_ plate ... . e ..o 010
Ordinary plate .. L0020 »
Window 0.50

2

Green and brown bottle, 0.5 to 7.0 = PR

Of 15 samples-of ‘sand: eollected by myself>in the
Tuart HillsWanneroo distriet all: ‘contained “over 98
per ‘¢ent. silica,: whilst onlyone contained over -0.50
pereent. :Fe,0,; six:eontained 0:21 to' 0.50 pér cent
four; 0.11 to 0. 90, and four; 0.02 to"0.10:

As regards size of grain: All the samples eon-
tained less than 1 per cent. over 1.0 millimetre dia-
meter; one contained 99 per-cent; between 0.1 and
0.5 millimetre;.and all but:two contained: over:90 :per
cent: between 025 and 1.00 millimetre:: The majority
of ‘the. sands; therefore, arve rather coarse,;judged: by
the English standard, but-quite satisfactory: accord-
ing: to . Ametrican standards:  One sand, from: Liake
Gnangara, was of exeeptionally good quality in: re-
gard to.-all three. requhements, vizy:siliea content,

freedom: me iron. and- size ‘of 'grain, the: figures: -

being:—

%

Glass Sand, Lake Gmngma
Size rofigrain:

Over:- 1,0.: millimetre i o nil
w05 0 v % G048
S 0.25 " o . .. ..89.00
0.10 ,, - .. J. 7982
Under 0.10 2 .. i L. 100
100.00
A, B.
Coniposition: per cent. ' “per cent.
sSiliea -~ o Vi Ja 9981 99.64
Tron:oxide. wiwi i 040 028
S Limer o L ovooonil nil.
“"Magnesia o R 1 | nil
“Aluming R A4
Titania - e, i 007
wPotagh:. i i e oo irace
99.997

Tn connection with this industry, too, tests have

~been made of sandstones from various guarries at

Donnybrook ‘to: determine - their suitability - for -use

in building -glags melting “tanks.” . One has been
selected -as. probably suitable and this-will be tested

. in. practice alongside  Sydney. sandstone of: proved

value for the purpose.

LIMLSTO\TES

Many . of these have heen: examined dunno 'che
year, with' a. ¥iew to determining: their suitability
for: agrieultural; purposes, for eeitent making; .and
for use’in:alkali ‘manufacture. . Supplies of a grade
suitable for use in. agri¢nlfure are ‘abundant along
the .coast. from: Geraldton .to Bunbury. - For cement
making. much: of  our: limestone ~eontaing  too: much
quartz, but the. marl. from: Lake Clifton: and:much
of : the.capstone: in. the. Coastal Limestone area con-
tains. less than 10 per.cent. siliea and is well suited
for this purpose. . :

A-minor-use, to-which: only:soft:limestones are put;
is in:making: putty.:» The stoppage -of ‘supplies of
whiting - (g eround chalk): from: England; from which
putty is.made, led {0 a:search for a: local substitute;
and .it-was found-that:a soft:marl:from White:Lake,
Rockingham; after: suitable:preparation, made putty
equal in colour and-plastieity to that made from-the
best . nglish:whiting.

ALUMINTUM . ORE s

The “prinéipal “ore from  which aluminium’ is
smelted is ‘the  so-called” bauxite which “forms™ an
wmportant portion of U the laterites - (iromstone
gravels) “which cover ‘a large portion - of ‘the sur-
face of “the Darling’ Ranges, - As steps ‘are bheing
taken to start the smelting of aluminium in Australia,
many loeal bauxites have been examined and about
40- samples analysed. “The lowest grade ore which
islikely “to ‘be  handled in' Australia at’ present must
agsay 35 “pereent.” acid soluble alumina. - The 46
samples analysed up to. the present are classifisd
thug:—

Aeid’ soluble,; ‘Aly Oy~ Under 35 per cent. .~ 20
35 t0.40.per eent. .- 15

40 t0 45 ‘per cent. .. 6

45 10:50. per cent. wuoib

o 46

Rather ‘more than one-half, ‘therefore, are possible
aluminium ores.” The higher grade bauxites weigh
1571bs. to' the eubic foot, so thatif the average thick-

*ness of the bauxite erust be taken at 2ft. each acre

of ground should yield over 6,000.tons of alumininm
ore.

PIGMENTG ;

Steps . have been taken - towards utilising: loeal
ochres .and related . pigments “in:: place » of thie im-
ported. ones;: and :a considerable number of chemical
and  mechanical - analyses -have ‘heen made of crude
oelives, of various colours, chiefly ochre yellow,:sienna,
light. red, venetian red; and umber.  The only ones
put:on the market so far appear to be two light reds;
though many: others:are. of i good “quality: and will;
doubtless, be: used -as time goes  on:

GRAPHITE:

A large number ‘of s'unple% of O’ldphlte-bedllﬂ"
rocks contmue to" come in" for assay and concentra-
tioil test. Al those of any promise have ' come
from one of two areas, viz., a smaller area lying he-
tween “Geraldton ‘and the ‘Lower Murchison River,
arid “4 mueh laroel area’stretching from the Great
Southern - Railway,  between - Katanning and Mt
Barker, eastwards to the Oldfield River. Practically
the-whole of the graphite oceurring outside these two

-areas appears to be of the “amorphous” variety.

Many of the samples sent in contain valuable flake,
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but in too small quantities to he worth concentrating,
though much: better material may lie at a few feet
depth underneath; :

ABRADING -PAPERS, ;

An examination was made of several ' imported
abrading papers, which: form the sole supplies. at pre-
sent on . the market, with the.view: to.. determining
whether. suitable ‘material ‘was not available in: the
State for manufacturing these articles. Tt was found
that one brand was made of carefully graded broken
bottle glass, a second of crushed vein quartz, a third
of erushed emery. Supplies of all ‘these could be oh-
tained locally. = Broken bottles’ can be Dbought for
something. under £2 a ton’ in the metropolitan dis-
triet; sharp crushed vein quartz could be obtained on
many ‘tailing - dumps,or ‘conld ‘be- guarried specially
for the purpose close to Gognells' Railway - Station,
or elsewhele, whilst - a. superior- emery ‘could be -ob-
tained -in-abundance.in the West Kimberley DIH—
triet. g

MiNErAL NOTES. ‘

Amongst the numerous  minerals - submitted

~classifieation - and- valuation “during the “year,
following were noted:

Gearksutite: (hydrous-fluoride of “caleium: and “alu-
minimum ), Gingin. -+ This vextremely: ‘rare - mineral
oceurs: as:white ehalky: nodules: in -a bed: of ‘green
sand. An:analysis-has proved:that it igvof normal
composition.-If: found ‘in sufficient -quantity ‘geark:
sutite:would make a wvaluable flux“in = aluminium
smelting;

Cerargyrite (chloride: of :silver):  and: Brochantite
(hydrous sulphate of - copper),  Stoekyard Creek;
North-West - Division.—A  ‘ecopper ore ‘sent - in" from
this: locality was found to contain 37.65 per eent. of
eoppery:and 67 ounces “of silver-per ton. " The whole
of ‘the:copper. in the ore was proved to be present
as ‘hrochantite, and:-the silver: as’ cerargyrite:

Corunduwm - (oxide of -alumininm), ‘Richerida River,
Kimberley. Division—A dark grey: finely ‘erystalline
rock. from this locality was found  to .be. mainly
corunduin mixed with diaspore and darkened by . the
presence of a little earbon. Tt broke easily into frag-
ments, Which were. extremely hard, and: were. found
to have high  abrasive power either: in.the form of
powdexr or made into an “emely—wheel” with suitable
cement,

Jarosite” (hydrous sulphate of potassium and iron),

. Upper Kalgan River and Mulgine. Jarosite has
been ‘found in the form of a fine yellow. powder: im-
pregnating a very soft and porous sandstone of Mio-
cene age on the Upper Kalgan River:: The mineral
did not exhibit’ the echaracteristic “erystalling outline
under the microscope; but chemical tests left no doubt
ag to'its identity. ‘A fypical ‘mass*of the rock con:
tained: the :following proportlons of alkahs soluble
in+dilute hydroehlorie acid:= ==
K,0,:416 per cént; Na,0, 0.32 per cent.
A sm@le small massg. of ]zuosrce has been found in"a
molyhdenite lode (erushed granite)--at Mulgine;.
Fire-opal, Yundamindera~—The variety of opal
known s firezopal, on aecount of its fAame.like tints
when: et into’ o facetted gem, has been obtained at
Yundamindera forming irregular masses in a:chalce-
doniged" rock.

for
the

perfectly transparent. = The whole mass of mineral
weighed about 20 grams (100 carats), but on account
of fissures only part is capable of being eut into

gems. Tt was considered that at least two cut gems-
of ‘several carats each could be obtained: from the
. specimen.

Phosphate-rock; Abrolhos  Tslands. — A careful
sampling was made by Mr. T: Blatehford of the lime-

“traet the seheehte

A specimen sent to Perth during the

year: was of typical deep amber colour, and almost

~stone “immediately bereath’ the 'guano - deposits - of

West- -Wallaby. Island inthe ‘AbrolhosGroup, and
his.samples were examined in the Laboratory for: the
presence of ‘rock phosphate. It was: found that on
much of the limestone there was a very thin erust, at
most one-eighth -inch-thick, of highly phosphatie rock,
but immediately -beneath . this erust. the limestone
carried very little phosphorus,. the :assays ranging:
from a trace to 1.5 per.cent P,0., with a single sample
yielding 6.28 per. cent. P,0.. ,

Seheelite; Comet Vale~—In examining. Mr.. Jutson’s
specimens- from .the: Comet Vale:district scheelite was
found in. two  distinet. rocks, viz., .a- green :coarse-
grained radiating actinolite roek, and a white granitic
dyke. rock... Both contained: a. little copper. carbonate
and were from-the same lease, viz., the Lake View
G.M.T. About the same time the same scheelite: wag
discovered by prospectors.on the spot, and during the
vear several parcels of both varieties of ore were sent
to.the Coolgardie. State Battery. for treatment to:ex-

Coal, Wilga==During: the year eoal of the Collie
type.(hydrons bituminous non=eaking) was.diseovered:
in the Upper Collie valley at Wilga." This coal has
the following composition :—

3631E,  367TE.
Moisture 18.43 18.57
Volatile - 20.20  $3.88
Fixed “carbon” 47.18 42.60
Ash 524 4.95

100.00 100.00°
Calovific value, B.T.U. 9,253 8,717

3621E was the sample submitted bV the prOapector,'
3677E was. colleeted by Mr. T. Blatehford at the
mine. The samples obtained so far arve of no better -
quality than the average Collie coal. /

Asbestos, Bindi Bindi, east of Moora.—Sonie very
good ashbestos has been been collected from.time. to
time at a‘locality about 20 miles east of Moora.:- The
best of it is in fine soft silky fibres of very high tei:;
sile strength and ranging in length from 1} ineh to
several incheés.” An analysis made of a-typical speci
men proved the mineral species to be Anthophyllite;
a mineral previously deseribed as oceurring at times,
in’ ashestiform, i.e., finely fibrous, aggregates, .but -
never, apparently, found of such. excellent: eommer::
eial quality as that ocenrring at Bindi Bindii #In the
same distriet as the .good: quality asbestos there is: .
much of such inferior quality. as to be valueless: ‘The*
latter is in hard, brittle, and coarsely fibrous masses, o
often of ‘great length.

Beryl (hydrous. silicate of DBeryllium . and alu- ~
mininm),:Balingup - and Toodyay.—In hoth: thege'
localities: common beryl has been found'in pegmatite
veins - associated, with . coarsely crystallised felspar
(mierocline)” of suitable quahtv for pottery purposes.’:
At Balingup the minéral is common ‘in large masses”
and imperfect erystals, usually of a_ bluish tint, and :
sometimes  possessing considerable depth -of . eolour, -
but too muech flawed to bhe ecut  into gems. At :
Toodyay the mineral appears to be much less plentl— ‘
ful; it oceurs.in rather small erystals of a pale-
omemsh—vel’ow tmt and. possessing very little tlans-\ i
lucency. - : : s

Chrysoprase, Comet Vale. —Amono’st the speelmenq i
collected by Mr. J. T. Jutson and Mr. N. T Stokes =
at-Comet Vale were a few ‘good specimens of -this
mineral, well suited for" eutting into gems. The
mineral” ocenrs in- diseontinuous veins and nodules in
alaterite’ overlying ‘an altered peridotite. Tts rich
green colour was proved to be due to the presence
of nickel silicate in small proportions.

Gahnite - (aluminate of zine), Nevoria—This .rare .

mineral was found to be abundant in seattered grains
and parallel strings of graing of a dark green colour




ina matrix of:quartz. - Thesclean concentrated min=
eral-had o ‘density of 4.5, and contained 26 per cent.
of:zine oxide: The same mineral has previously. been
observed atGreenbushes. -

‘ RepATRIATION, ‘
“During the year the Minister for Mines appointed
Mr, oM. Harris” (Consulting Engineer); Mr. I. H.
Boas' (Technical ~ Sechool ' Lecturer ™ in  Chemistry),
and” ‘myself to” ‘act-as ' Committee to - faeili-
tate the fitting out of returned soldiers as’ pros-
pectors: and to-assist' them when ‘in the feld hy inesdns
of adviee-and practical tests of minerals:” This Coms
mittee-hag done ‘a large:aniount of ‘most nseful work
without: ever ‘finding. it necessary to 'go through tha
usual formalities oi appointing & sec1etazy, holding
formal “ineetings, - ete. - My, Haris in ‘particilar de-
serves much eredit for the large ‘amount of time which
he has®‘devoted: with- enthusiasin to"the instruction of
would-be prospectors i ‘the methods of ‘detecting and
testing eommerdially valtable minerals. *Much ‘of ‘my
own time has been devoted to examitiing” and report:
ing on material collected by these men inthe feld.

Table showing: the Work: carried: out in the Geological  Survey
‘ Laboratory . during -1917;

Geo- | Other

Pl‘ilb‘ Pl‘i}‘b' logical; De-
c I Total.

Pay. | Free Sur- | part-

’ * | vey. lments.
Samples ... 95 | 643 | 247 | 1,081 | 2,065
Gold Assays ... 431 117 6 760 926
Silver:assays - ... 2 42 2 31 77
Copper. assays 1 50 .2 28 81
Tin assays . ... 11.°25, .., 18 44
Lead assays ... 20 ERER R 11 42
Bismuth assays P RS 5 7
Iron assays .. ... 11 7 1 19
Manganese assays - ... 7 61 .. .13
Tungsten' assays 21 e 33 54
lee 2ssAYS W = 7 2 9
Argenic assays. N T I S 4
Phosphoric oxide assays |28 23 1 .. 48
Silica“assays ... . T2 Lo 31
Molybdenum asgays .:. W 64 e 6
Carbon. asgays 1 1
Sulphur agsays: vl B3 97 27,177
Petroleum assays - 4 | .. 4
Lithia assays’... - 1 1
Titanium:assays vou i 2 2
Zine: assays 2 ¥ 2
Niclcel assays ... w 2 1 3
Chromium assays 3 L IR 4
Potash assaysii 2 63 45 w5 118
Sodium chloride assays 3 s 3
Proximate ‘analyses .. 19 59 52 16 146
Complete ‘analyses 1 615 4. 28
Partial analyses 3 |76 T4 12 165
. Determination 4395 38 42 479
Clay . Tests (Practlcal) 1.8 2 97 ... 103
Calorific Value ST RR [ S | 8. 18
Alumininm assays | 0D 36 17 ns 53
‘Water analyses 551 Eae et il 3
Mechanical analyses ... | 4018 16 38
Plasticity Tests R RS 6 6
Standardising ~ Weights | ... 1 o] 6 6
Coking : Experiments ...} .0 e 19 19
Zirconium : assays RS B L, 1 2
Graphite Tests... 16 23 14 B8
Glass Expenments P S 7 7
.. Five Tests 3 3 6
Pigments = CanE 5w 2 7
Nitrate assays 2 B G 2
Boron assays ... 2 2
Microphotos” e FHAE o T e 3
Mlscellaneous 3 9.0 11 14 37
Totals e 116 11,088 | 465 11,192 2,861

¢ course of his investigation of the oceurrerice
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PETROLOGICAL " WORK:
(B.A: FARQUHARSON,)

As unsunal, the petrological work carried out during
the past year may be*eonveniently summarlsed under
the:following heads: =

I.—Determinations ‘and Reports' for the Geo—
logieal “Survey Statf.

IT.—Determinations and Reports for Mine Mana—
‘ ~gers, for other Departments, for = Pros-
pectors, and for the general publie.

I1I .%h{iseellzln901ls.

1. ~DETERMINATIONS : AND . REPORTS FOR THE
GEOLOGICAL SURVEY STAFF.

As i previous Vears a¢onsiderable part of ‘the
work for:the year hag been the’ determination, ‘des:
eriptibn, “and correlation -of rocks collected : by the
officers in the fleld, discussions with the officers con-
cerned, of the geological: problems. of each distriet,
and eareful consideration :of the field oceunrrence of -
the rocks. with- the ascertained ‘mieroseopic :chardcters.
The results of this work are that'so:far-asfield data
and .specimens . can ' be- collected,  the -mapping which
constitutes such a-large and important part-of the
work: of:the office is as laceurate as possible.: ‘Much
eriticism has been: launched of late in’regard to the
administration and methods of the-Mires Department
as-a whole, outeries have been made that prospecting
should be mueh more encouraged than it is. - Be that
as it .may, there.can be:no: doubt that the accurate
outlining -of .those “bells -of greenstone in ‘which ex-
Lerience—in - other. parts: of the State——has’ shown
the. oceurrence of gold to:be possible if not probable;
is.of quite:as muech.value to the prospector when tlie
information: 1s: intelligently used: as ‘material- agsist-
ance from: the: Government.: - He knows not only
where to go, but what is equally important; what:not
to. waste his time over.

In the past year, however, a muech greater part of
the work than hitherto has heen' the investieation of
problems ‘arising ¢ut of researches in economic or
industrial geology by ‘the field officers, and the nature
and rvesults of these” investigations and others for
mine managers fully ‘hear out the statements in re-
gard. to-the application of Petrology in. Eeonomic
Geology “which ‘T made in an article for the Mining
Handboo]\ Some ‘details of these 1nvest10'ailons will
be“given later:

The total numbel of %ectmns cuL and registered
during the year was 393, but in-addition’ to -these, [
have myself eut 227 A general account: of the Pet-
rology  of Ixookyme‘,, Niagara, and Tampa, ‘and of
Goongarrie and Comet Vale was written early in' the -
vear, and later on an abridged aceount.of these was:
made for publication. ~The suites of rocks exaimined
include. those from :— :

1—~The metJ of Bulong

These were " collected by Mr Feldtmann inthe
and
origin of the magnesite deposit: a short distance: out
of Buloncr' Owing to the necessity for curtailing the
size of the 1ep()1t few. but. the broad  petrological
features appear-in the text; but the map and plans

represent the considerable amount of work done both



by: Mr. Feldtmann and by mygelf. = The chief rocks

noted from the locality were:—"

{a) ‘Serpentines.——{It is with these that the mag-
nesite is associated.” Some appear:to have
" consisted largely of “olivine, others ‘of g
rhombic: pyroxene, with "+ subordinate
olivine. ‘

(b.) ‘Amphibolised O'abblos or ‘coarse dolerites,
and fine-grained epidiorites.

(c.) Porphyrites.—Some of these are quartz-
hornblende-porphyrites more or less zoisi-
 tised, others are biotitic quartz porphy-
Tites pwbablv albitic. Some of the rocks
_are light grey, others quite black.

(d.) Clastie Roeks——Ocenrring . on: the margins
of the lake, these are greenish-grey, in
places whitish with undoubted. Tounded
pebbles of porphyrite and a fine-grained
_matrix, the whole resembling in some e~
spects a O’reywacke, in others an agglom-
erate.. They are all more or.less: sheared.
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2—The Hampden-Cloncurry: Mines: and. their  vic--

inity, Queensland.

At the request of Mr. €. G. Gibson, a former officer
of the Swurvey Staff; and by permission: of the Gov-
ernment Geologist, T made an examination. of “about
80. rock specimens from this loeality; with the object
not only of determining the roeks; but: of finding
whether any of them were contact metamorphosed
sediments..  Evidence was obtained: -showing .that
some of the amphibolites: were limestones which had
been metamorphosed by .intrusive dykes with the
production of hornblende, scapolite; ete.

S
These speclmens, eollected by Mr. Blatuhford, in-
clude -
(a) White quartzites. :
(b) Amplnbohsed dolerite or epidiorite.
(e) Coarse quartz  grit or breccia (erush con-
‘ glomerate?). T

(d) Phyllitic slates and micaceous schists,
(e) Green opahsed rock with magnesite.

. River,

The oceurrence of the amphlbohsed dolerite .pro-
b‘tblv as Intrusive dvkes or,sills in- quartzites, whieh
are the counterpart of the Stirling Range quartzite,
is of some significance, especially as the dolerite: or
epidiorite is similar to those of:the Ooldﬁelds

4.—Teonora, Laverton, Anafcondayﬂ,' ete.

The determination, deseription, and correlation .of
these rocks, collected by Mr. Clarke, took up a con-
sider able amount of time, In all, about 220 sections
were cut and e\amlned after a selection of the more
important speelmens bad. been ' made. " Moreover,
those sections in the Survey Collection of the 10(‘1\3
Previously obtamed by Messrs. Jackson and: Gibson
were also examined in order that the work of the two
latter might be linked up aeculately with  that of
‘M. Clarke. The general “account of the Petrology
of the Dlstrlet is in course of preparation, but the

chief rocl types met with may be given here. They
'are i

{a) Gmmtes, reddish, WTeVISh~\Vhlte, and - dark-
fnev,‘ some porphyntle others. pegmatitie,
~others more or less gneissic,

{d) Medium

() Carbonate- chlorite - kmeks

(k) Andalusﬂ;e 1oeks

(b) Quartz Porphyries:: some 'sheared, some
“mieacised; some rhyolitic; ‘a few . earbon-
ated and chloritised.

(c) 1’01phvr1tes Of  these, 'some -are zoisitie -
hornblende  porphyrites  possibly: of ‘vol-
“canie -origin’ (i.e., andesites); others are
normal - porphyrites . with - or = without
quartz and chlorite. = Some -of the latter
are demonstrably dykes, but the field re-
lations of others are uncertain.

to " coarse-grained -amphibolised
~and:  zoisitised  dolerites,  ‘or:epidiorites.
Some:of " these: show miero-pegmatitic
intergrowths of quartz and felspar; others
contain . original - augite; a few -are'sans:
suritised; = others, aoain, have - almost
wholly lost their original - strueture and
composition, s In. many :of  them ‘ophitic
structure is-clear,

(&) Tine-grained" zoisitic” amphibolites, ~derived
from fine-grained. basaltic “dolerites. = A
few ‘of these. resemble the ' fine-grained
amphibolites at Kalgoorlie " with = con-
fusedly” fibrous structure; others are dark
green chloritised = epidiorites.’  Though
some may be of voleanic origin, others are
probably “but” fine-grained faecies “of the
previous group.

Some  of  these
also " contain quartz, others show = horn-
blende needles . and- remains of - felspar
columns. - Nearly all are sheared orschis-
tose. Their origin is not in all eases clear,
-but most-of them have: doubtless been de-
rived " from  -amphibolitic: or epidioritic
rocks. ‘ . ~

(g) Serpentines. « Of ‘these,  a.few . have been
..derived . from «dunites, some  from - rocks
olosely resembling hartz:burgites, and one
is.a hemohte—ohlonte—qerpentme

(h)."Amphibolites. . These . comprise prismatie
and zoisitic fibrous facies, chloritised horn-
blendites similar to those at (Goongarrie

and perhaps more  eorrectly “included in
the previous group—zoisitic - epidiorites
like ‘those- at Armadale, and. a few well-
foliated rocks.

(1); Olivine. Basalt: One wery  fine exainple of
this type occurs as a dyke:in granite near
Point - Sheila, Neckersgate . Range: It
containg thin- divergent. groups of felspar
‘needles with: grains. of olivine . and: ery-
stals of - augite. ~ Another. fresh dolerite
without olivine oceurs as a dyke in the
Tda H. Mine.

(7) Hornblende Gabbro. - This ‘iz ‘a  granidar
pyroxene-hornblende-felspar - rock  with
< the felspars: elongated: and parallel; ‘7.,
with a sort of ﬂu.uon struetule

. Two ’svpes were :found;
one-a. grannlated  andalusite-quartz roek
from the west slope of Mt: ‘Leonora, and
the other a black andalusite shale, whmh
was not found in situ.




&(1‘) Fragmental: rocks; ‘Agglomerates. These

< eomprise a fragniental ‘greenstone schist

with - rounded: fragmenty - of.  chloritised

porphyrite; an andesite agglomerate with

chloritie ‘andesitic fragments in"a carbon-

ated matrix; and several:decomposed iron-

stained fmd clayey fragmental specimens.

A general aecount of the petrology of the whole

distriet is in course of pmpamtlon for publication in
Bulletin form.

5 —The Ashburton District and Bangemall,

Thess - specimens wwere: collected by My,
Thonglythey: have' ‘been determined’ and correlated,
they.-have-not yet Treen written up ina géneral ae-
count; and partof the :swork properly belongs to 1919
ratherthansto 1918:-The" ehief rock lypes met with,
however,»may bhe moted here:

(@) Zoisitised “and chloritised basaltie dolerites
resembling “some- fine-grained” amphibolites
from . Kalgoorlie.

(b) Coarse-grained fresh ‘and. partly or. wholly
amphibolised -quartz_and mieropegmatitic

. quartz-dolerites,

. (¢) Quartzites, - limestones, and
stones, grits and arkoses.: . .

(d) Rhyolitic .and chloritie  quartz .porphyries

(e.).. Coarse-textured . voleanic. agglomerates com-
-Dposed of pale green: isotropic glass with a
kind of perlitic structure.

(f) Basalts and basaltic  dolerites, some of
which are'vesieular arid eleally of voleanie
origin:

dolomitie lime-

e

‘Worl "in” eonnection with investigations in- Indus-
frial G‘eolowv by field officers 1ncludes the follow-
ing - ~

Ba=The - determination’ of and notes” on samples of

rock and clay from Three Springs, collected by
My Feldtmann;

These were “made”to" ascertain’ the ‘nature of the
rocks, . their mineral composition, structure, and re-
latlonslnps The rocks -included :—

(a) " Slightly iron-stained qualtylte
. (b), Pale yellowish-white grits and concretionary
orits,
“(e) Tine white laminated gllttv clay shale - and
slate.

T~—Determination and Ndotes on specimens from Mt
o Kokeby, collecied by Mr: Feldtmann cwith the
same object.
They comprised:—
{a) ‘Aplitic gneéiss.
(b)Y Coarse - ehloritised . mmlope@m‘lﬁhe quartz
dolerite.
(e) Foliated tourmaline- quzutz 1oek
(), Granitic quartz.
(e). - More or less porphyritic. biotite microcline
L granite.
S—Framination: of -#ocks from TVarmedm
by My Blatehford. ~
The objects were to: determine the relationship bhe-
tween two oramtes, the relative age of the molybdenite
and mica in the toek, and the possibility of “inter-
lamination ‘of the molvbdemte with' miea, ete., which
might eause ‘and explain unereoted extractlon Te-
sults.
The granites are similar, except:that one:is finer
grained than the other, and the molyhdenite oceurs
in places bebween the scales of mieca.

Talbot.

collected :
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Y—Repoirt- ona sample of limestone from the Ab-
rolhos Islands. :

The sample. was partially. phosphatised: limestone
which. congisted chiefly of calecareous algae and whieh
contained: remarkably little quartz; in contrast to our
coastal: limestones.  Sections loaned by the Univer-
sity were' also examined and compared. with those
cut: from the phosphatised. rock. ~

10.—Report on Slate from Tenterden, collected Dy
Mr. Blatehford.

The “examination of this slate was undertaken to
determine its' constituents, the state of perfection”and
direction: of ‘the cleavage and fissility, and, generally,
the suitability "of ‘the stone for industrial purposes.
It was found that, ‘while ‘the composition was all that
could be desired, the rock split imperfectly along the
bedding planes, and only in small thick uneven plates
along the cleavage; which was inclined af a consider-
ablé angle to the bedding planes. The slate may, per-
Kaps;“be 'of “use Tor paving slabs, but'is of inferior
quality” for roofing purposes:

T —DETERMINATION 'AND REPORTS For MINE MANA-
GERS, FOR - OTHER  DEPARTMENTS,  FOR  PROS-
PECTORS, AND ' THE: GENERAT PUBLIC:

In the Annmal“Report: for 1917 mention was made
of -the increase in: the ‘numiber of requests for’ petro-
logi¢al “information from mine managers. {The year
1918 ‘has withessed “asstil: greater inerease inthe
numberand: variety of sueh requests, and: the WOIL
donie proves cle‘ufly that those responsible for the
conduet "of ‘mining: operations “are  becoming’ more
and -more ‘alive to the value of ‘an aceurate know-
ledge of the ‘character, origin, ‘ﬂterahon, and velation
to one another of the 1ocLs of any mine; and the in-
fluence * of " these factors on “the  development and
future. of ‘the mine. . The importanece of: such: know-
ledge was fully -realised in Kalgoorlie -after. the re-
searches” of “Maclaren ~and Thomson on:the Golden
Mile; and it is distinetly enconraging to find that mine
managers are becoming of their own free will anxious
to avail themselves of the assistance of the Geological
Survey Staff. In an atvticle ‘on the Application of
Petrology.in Economic Geology, I indicated the vari-
ous directions alongz which: mieroscopic methods were
of ‘mueh service in the mvestlgatlon and exploitation
of ore deposits, in mining en@:meermq, architecture;
éte;; and’ no more gratifying sign of a general awak-
ening amongst technical officers to the value of these
methods' can be found than in the work done in 1917,
and.: partieularly -in 1918.

The investigations earried out tnder this head in-
clude’: == [ , ‘ S
(a) Bxamination .of thirty-five rocks from the

. * Yonanmi Mine for the manager. . These

rocks “were. collected . by My, Blatchford
wand after a petrological 1eport on them
had heen drawn up the mining geology. of
the mine was discussed by the manager;
:Mr. Blatehford, and myself until most of
the «difficulties in conneetion with the mine
-had been Temoved.. Broadly, it was. found
that  there ~were granite dykes intrusive
into: completely: sericitised, sheared, .and
Ppyritised. omeenqtones, and ag the granite
dvkes 'were in places also sheared the
chief difficulty.was to determine what was
originally - greenstone - and  what granite.
The - question “was  of great importance,
since the position of the two rocks: deter-
mined the future development of the mine;

S
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(b) Investigation of .the probable:origin. of a
vock for ‘the Minister for Industries in
connection with the possible .occurrence of
oil. :

(e): Determination .of the -affinities of .a rock
from the Lloyd George Ming for the State
Mining. Engineer.

(d) Report on the value of a bmldma‘ stone from

- Dardanup,

(e). Examination : of Graphite samples from
Munglinup: to. aseertain the cause of unex-
pectedly low extraction vesults.: Tt was
found that the graphite folia were in part
interlaminated: with':rock material.. (lime-
stone); and the graphite was: also in part
incorporated:in quartz mosaie.

(f) Examination of and verbal report on a slate
from Coolgardie.
a’ highly sheared . actinolitic -amphibolite,

k and ‘'of poor’ quality.

(g): Determination of ‘and ‘report on* samples

from near. Cue; with notes on whether the

'material was lode or reef;’and-on whether
an increase in the value of the material
with depth was possible.

(h) Determination: of -various: rocks,. ete.; from

“the Hawaiian - Islands: for: the ~Musenm
- anthorities.

(i) ‘Report on rocks from the Edna May Cen-
tral Mine for Mr.:H: G Stokes.

(j) Examination of Red Granite from Chidlow’s
Well for the Department of 'Works, to de-
termine the ability of the stone fo resist
weathering, and its power to refain the
red colour..  The rock was prone to
weathering, and the red eolour, being due
only to a stain and not being uniform,
would not be permanently retained.

(k) Determination:of . rocks from'the manager
of the Ingliston Consols. Mine. The rock
held to be basic was the typical albite
porphyry of Paddy’s Flat.

(1) Determination -of . the original rock of the
Alunite Deposit near Kanowna for the
State Mining Engineer. - The rock was a
red iron-stained guartz-porphyry.

“(m) Determination of rocks from the Edna May
Deeps ‘and Edna May Central Mines for
.Mz, H..G. Stokes.

In. addition to.the above, 138 determinations - of
rocks: and minerals have been made for prospectors,
the Mines Department, and the general public, and in-
formation has in-many cases been given, both orally
and in notes, about the market value of ores and pos-
sible buyers.

ITT,—MISCELLANEOUS,

An appreciable amount oftime and labour has

‘been spent on the following:—

(a): Reports ron' sampleg’ of \miea, asbestos, ete.

(b): Preparation of numerous collections of.min-
erals for prospectors; schools, mining re-
gistrars, ete.

~.(e). Correction of proofs of repmts
(d) Bringing up to date the Card Catalogue of
. mineral specimens belonging to the Geo-

Jogical Survey. .

(e) Brmgmg up to " date the Reglster of Tock
~sections in-the Survey Collection.

This slate was in reality

(f) Ascertaining “particulars of . the  occurrence
of flint stopes or. . possible  substitutes.
This: inquiry was started on the request of
Messrs, Strelitz Bros., for information’ of
the ~oceurrence in Western Australia of
any pebbles-that could be used to take the

-~ place of the Tormerly imported French
and Danish flints.”  Various econglomerate
pebbles ‘were mentioned, hut most of these,
owing to -shearing, - were = unsuitable.
Quartz blows were also unsuitable owing
to the irregularity of the fragments. The
firm ‘was finally. referred to the,Vietorian
Geological - Survey. :The flint pebbles in

 South &\ustlah‘m are apparently not hard
enough.

(g) ~Arranging for:the  replenishment:. of . onr
stocks of minerals of economie value from
which . collections. are from . time to.time
prepared. for prospectors, ~ schools, . ete.
Through the .courtesy .of various. donors
we. have now.a. fair supply of scheelite,
magnesite, . wolfram, . tinstone, graphite,
ete.

(h)"As opportunity was: afforded, ‘the overhaul
of the 'rock and ‘mineral: collection:in the
Musenm.: So- far as this work-has gone,
each ‘specimenhas:heen ' examined, and
where the label on:the: specimen is miss-
ing, where the specimen s of little:or no
value, a distinetive :mark: has been: placed
opposite the registered: “number . in: the
catalogue. From the: extent of the over-
haul already made, it is- clear that:a ecom-
plete revision of all the specimens - and
labelsiis, in-the interests of the: eollection,
very ‘desirable, -if not' necessary.

GEOLOGICAL SURVEY MUSEUM AND

COLLECTION. :
Ag is well known, one of the most essential in- .
structional - portions: of the . eguipment of - the Geo-
logical Survey .is its Museum, in.which the various
rocks,. minerals; . and . fossils : collected - by. the staff
in the ordinary course of its. duties, or acquired by
purchase . or .. donation, :are exhibited and -arranged
for..the. benefit .and instruetion of the:general publie

in illustration of the reports and maps.

Some vears-ago: it was-decided, after mature con-
sideration' by the: Government, that the-small: Geo-
logical  Colleetion in:the custody of ‘the Western Aus-
tralian” Museum:should ‘be taken over and eombined
with ‘that belonging - to" the -Survey; thus introducing
into ' Western Australia a -system.of administration
whichig’ only a ‘really scientific classification of: func-
tions,  with fhe 'additional merit of’having: had:sue-
cessful “experience:elsewhere to guide:it; by sueh an
amalgamation it was hoped that duplication: of seien-
tific effort would he reduced: to a minimum:: Unforta-
nately, by the passing of the Publie Library; Museum,
and' Art: Gallery of“Western Australia-Aect, wherebhy
all property. other than that which was on loan be-
came ‘vested in trustees, the eollection’ transferred to
the ‘Survey was handed back to the trustees, and:the
old: nnsatisfactory condition: : of ' :affairs  connected
with the management: of the National Geological Col-
lection : (fully nine-tenths ‘of whichwere originally
owned and collected by the Survey) was revived:
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The . Survey Colleetion hovsed "in the Museum  re-
mains practically in the same condition as it was
during, the year 1917, . Aftention must again  be
drawn to the faet that the operations of the Geo-
logical - Survey have been hampered and ‘its utility
very. serionsly impaired through the lack of proper
Mugeum accommodation, to which attention Las fre-
quently heen - directed in previous Annual Reports,
more especially in that for 1909, p. 9,  gw.. . The
proper housing of the Survey staff, its Laboratory
and- Colleetions, forms one of the most pressing needs
of the Department, and one which merits serious and
final consideration:at the hands of the Government.

Ag pointed out in 1909, the contemplated arrange-
ment of the Survey Collections ‘in the Geological
Museum was designed to meet the requirements of
four totally distiniet classes of visitors to'the Depart-
ment, ‘viz, {a) the general public; (by the average
student; (¢) the ‘practical ‘man, prospectors, miners,
énzineeérs, ete., and (d) the se¢ 1ent1f1 mgquirer.

In such an important ‘mining country as Western
Australia, the guiding ‘prineiplé in-the arrangement
of the exliibits in- the ‘Geological Museum: is designed
to be the illustration of the geological structare and
niineral: résources, in-addition:to the application of
geology: to- various:industrial. pursuits, as.well ‘as the
more gystematic treatment of-the science of geology
insgeneralioIn the-case. of the metallic. ores and
minerals, it ds-intended: to-exhibit: typical specimens
of nearly uniform: size-in conjunction- with illustra-
tive: ‘maps, plans, diagrams; and photographs, such
being; agrmay be readily understood;.of much greater

seientifie; eommercial, and - éducational - value than
large strophies. -or: bulk::isamples :from individual
mines “oridistriets, An - exhibiy -of . this kind,
o be worthy: of-the . name, ought; of course,
to  fairly.:and - efficiently - represent . the mineral
resources within the State by giving @ undue

prominence to..no. one mineral product. and neglect-
ing nothing that it is essential should be represented.
The value of such an exhibit to the State will depend
solely upon’ the “exactness with- which it”reproduees
the actual state of knowledge relating 'to the mineral
produetsof Western Australia, for any exaggeration
inone direction or omission in“another“will ‘tend  to
leave an erroneous comeception of ‘the resources of the
State. In all cases,” eare will ‘be ‘taken 'to preserve
and”exhibit only such gpecimens as’are of ‘permanent
and real value.

A Western -Australian 'economi¢ 0‘80100‘1(3&1 exhibit
should endeavour - to illustrate the actual mineral-and
allied rresources of the-State—whether these resources
be:developed. or- undeveloreds—giving  the . different
produets prominencesinaceordance with their present
or prospective importance.: In:-this way:very many
valuable materials: which:are undeveloped.would ‘be
‘brought’ under the notice ofispecialists and: others,
and,;vas a result; wounld tend:to: receive: quicker de-
velopnient than if they had: not bheer placed on pub-
die view; especiallyiat a time such as this when efforts
“are being made in all" directions:to:-develop: minerals
required in conneetlon with-miany tmdes and indus-
tmes. :

: The: Geological Museum, if camled out: on these
Tines, will-then:be, as it:-enght to:be, primarily a ecl-
Teetion: ﬂlustrgtmg in: its: widest’ sense the ‘geological
striietnre of Western: Australia in its relation fol the
mineral 1ndustm and to O*eolob'ical
general.

The ‘additions to-the ‘Geoloo"leal vaey Collection:
during the year 1918 amounted to 828, thus bringing

Seience‘ I

the total number of roeks; mmelals, and fossils Tegis-
tered upto 16,348.

The number of 'micro-sections cut - during . the
period under review amounted to 620, thus bringing
the total number - of - slides in the possessmn of the
Department up'to 3,870.

In pursuance of one of ‘the educatlonal functions
of ‘the Survey, collections from the somewhat limited
stock of duplicates were made up atd despatched.

Bulk samples were supplied to the School of Mines
at ‘Kalgoorlie, a small “collection ‘of minerals to the
Lieonora Miners” Institute, and about 20 rineral eol=
lections: were ‘made up’ and sent for distribution ‘to
the Returned Soldiers” Association.

Special acknowledgments must be made of - the
donation to the eollection  of :— ‘
vears—Obsidianite, . 606-mile, . Trans. - Railway,’

Plaing (Mrs. “E: Brown).

——:—~—Epotted Hornblende Rock; Toodyay. (J.: Wells),
L=—Molybdenite in Granite, ] ‘\Iulrrme ((Jo]ee & Coles).

o -—vabdemte and Scheelite  in  Granite, Mt. Mulgine
(A. E. Morgans),

Siro—Siliceous  Sinter, Liake Austin (J: D. Daniell).

sy Pebbles; 104—]1111(% Trans.: Railway (P.: Parker).

serr—Dbitumen; Cheynes Bay (C.oJ. Ri:Le Mesurier).

——WIagnesite, Edjr dina (C. H.  Wehb):

Flint Pebbles, Denmark and France (Strelitz Bros.).

Ase——DBuilding “Stoneé; Tuckabianna (AL Brown).

isy—Fossil, Cnowangerup: (C. -J. : R, Le Mesurier).

—Auriferous Secondary Silica, Menzies (N, Stokes).

—Scheelite in Actinolitic Sehlst Comet Vale (H. W.

Taylor).

seye—Obsidianite; Kanowna (Wi Wyatt),

-, —Alunite and Associated Rock, Mt. Walter (G. Lambert,
M.L.AL :

~,——~‘—«Molvbdemte in- Granite, Wanledm “(Mr. ‘Wakeham).

The vesident and field officers of the staff have,
during the ordinary course of their official duties,
taken a number of photographs of geological mining
and ‘microscopic subjects, bringing the total number
registered up to.1,659. ‘

Nullabor
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LIBRARY:

The Geoloomfﬂ 'amvey Library was enriched dur-
ing the year 1918 by 473 publications from other
cognate institutions -throughout the world; in ‘addi-
tion, 98 volumes: were added by purchage, and six
volumes. bound..

The distribution of the oﬂmm,l publications of the
Survey issued during the year amounted to 3,701, as
against 3,248 of the previous vear.

PUBLICATIONS.

The pubheatmns for the year ha\'e been' as fol-
Tows:—
Annual PI‘O"’IESS Report for the Year 1917.
In addition, there “are ‘now in the hands’ of ‘the
Government Printer:—
Bulletin - 77 ~—Soureces: of - Industrial - Potash iﬁ

Western Australia: “E. 8. Slmpson, L. H Boas,
and T. Blatehford: ;

The following await authority for publication i—¥
Bulletin 78.-~-The Mining Geology of Kookynie,
»"Niagara, and Tampa, North Coolgardie Gold-

field: * Jno. T. Jutson. '
Bulletin = 79~—The . Mining" -“Geology of Comet
Vale and Goongarrie, North Cooleardle Gold-:

. field s Ino. T, Jutson.,

Bulletm ® 80~The Mining Centles ‘of Quinn’s
- and Jasper Hill, Murchison Goldfield: F. R.
Feldtmann ,

Bulletin ~ 81.—The Wanledal Gold-mining
Centre, Yalgoo -Goldfield : F.. R. Feldtmann,
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Bulletin 82— The \IaO'neSlte Dep031ts of Bulong:
F. R. Feldtmann. ‘

Bulletin 83~ The Geology and Mineral Re.
sources of the North-West Division, between

- Latitudes 22 degrees and 28 degrees south and
Longitudes 119:123 Bast: H. W. B. Talhot.

The following are in active preparation :—

The Western Australian Mining Handbook, con-
taining (a) A summary of the geoloov of
We:sto;ln Australia,  (b) The Beonomic Geo-
logy and Mineral Resources of Western Auss

tralia, (¢) The Physiography of West
ern  Australia: and  its: relation to Pro.

specting. and Mining, (d) Minerals of Eeo.
nomic Value, (e) PethIOO”V and its appliea-
tion in Eeonomic Geologv together withan
account of the chief Rock-making  Minerals
and Hocks, (f) Relation. of the Law to Pro-
specting and Mining Development, and (g)
Crlocszuv of some common terms used in' the
mining feld, and Phy siographieal * Geology:
By A. Gibb Maitland and Staft.

The Artesian Water Resource of Waestern Ans-
tralia: By AL Gibb Maitland,

The Geology and Mineral Resources of the Yal—

- gdo Goldfield: By A. Gibb Maitland,

The Sonth-West D1\71s1on, its Geological Strue-
ture and Mineral Resources: By the late
H.P. Y\Voodwald (but mcomplete)

A Geological Reconnaissance of part of the
Ashburton Drainace Area, with Notes on the
Country southwards to  Meckatharra: By
H. W. B. Talbot.

The Field Geology of the Country between
Latitudes ‘77 3()’ and 29° Sonth and Longi-
tudes 122° 30" and 120° 307 East, embracing
parts of the Z\Iount Margaret and East Mur:
chison  Goldfield, also the Geology of the
Anaconda Loppel Mine cmd neighbonrhood :
By E. deC. Clarke,

ey

Government Geologist.

Geological  Survey Office; Perth,
Tet F‘e‘hwmv ]010

By Authorily: FRED, Wi, SIMI’SON‘, Government Printer, Perth.




