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ANNUAL PROGRESS REPORT OF THE GEOLOGICAL

SURVEY

FOR THE YEAR 1919.

The work of the Geoclogical Survey during the year
1919 has heen carvied out with a reduced feld staff
along the usual lines, and has heen confined to dis-
triets which seemed to give promise of being of the
greatest value to the community at large, rather than
to the individual. The field staff, however, is not in
sufficient strength to meet the most pressing demands
which the increased attention now being paid to out-
lying districts necessitates.

THE STATFF.

The work of the Geological Survey during the year
1919 has been carried out by 12 classified officers; M.
T. Blatehford, Assistant Geclogist, who lhad manv
vears experience in private practice as a mining and
metallurgical engineer, was transferred to the staff
of the State Mining Engineer early in the year. Mr.
C. Sidney Honman resigned his position as Fieldl
Geologist on his return from active service in Europe
during the month of October, in order to improve his
position. The positions thus rendered vacant remain

Talle showing the Distribution of

unfilled, leaving only two officers available for the
regular field work of the Department. Owing to a
growing demand for men possessed of geological
knowledge and experience, nearly all Geologieal Sur-
veys are finding some difficulty in securing and re-
t+ining adequately trained officers. It is to be hoped
that it may be possible to provide more rapid pro-
motion and higher salaries for the field geologists as
well as for the other scientific employees of the De-
partment. To do this it is not necessary to entirely
compete in salary with private corporations, ete., for
it is generally recognised that the emoluments, in
what may be called a more or less permanent position
in the public service, can never equal those offered
for similar serviees by private business firms or cor-
porations.

FIELD WORK.

The attached Table shows the distribution of the
feld work during the year and the names of the
officers, together with the different districts in which

Field Work for the Year 1919,

H. W. B. TaLBor. E. pE C. CLARKE. F. R. FELDTMANX.
Goldfield or Land Division. . f |
1 in the field. dast. S | in the field. days. in the field. days.
South-West Division 17 4-65 27 7-39 25 6-80
Yilgarn Goldfield 7 1-90
Coolgardie Goldfield ... 70 19-17 10 2-74
North-East Coolgardie Goldfiel 58 15-89 .
North Coolgardie Goldfield 6 1-64 7 1-91
Mount Margaret Goldiield 75 20-54 11 3-00
Yalgoo Goldfield . 121 33-15 s
Murchison Goldfield ... 10 = 274 17 4-65
Bast Murchison Goldfield 7 | 1-91
233 63-79 193 " 52-84 42 } 11-45

The new gold find near Wallangie, on the Kurra-
wang Woodline, in the Coolgardie Goldfield, wgs ex-
amined early in the year. The discoveries were made
within an avea which had never yet b2en examinedl
Ly any member of the Geological Staff, lying, as it
did, within a portion of the Coolgardie Goldfeld
which had not been surveyed geologically. In view
of the efforts which were made by private enterprise
towards the development of the mineral resources of
this portion of the Coolgardie Goldfield, cireum-
stances warranted such assistanee and guidance as
could be afforded by a reasonably acenrate delineation
of those broader geological features which had any
hearing upon economie questions, and an endeavour
was made to link up the auriferous belts with such

of tho e as had been surveyed in the surrounding dis-
triets. The gold finds occurred in and along shear
zones in the greenstone country, which is about six
miles wide and 12 miles long, and is bounded on both
sides by granitic rocks. These shear zones trend gener-
 north-north-west and dip at high angles to the
The gold was met with in a series of small
re or less parallel deposits which extend over

Vs
and mo
an area having a length of from four to five miles

and a width of a little over a mile. Not enough work
was done at the time the area was examined upon the
derosits to enable any very definite opinion to be ex-
pressed as to the future of the Wallangie area as a
mining centre, for prospecting had bardly passed its
initial stages. The geological structure of the area,



however, conforms to that which governs the occur-
rence of gold in the other fields in the State. The
geological extent of the Wallangie zone is about 62
miles, and is made up of epidiorites, hornblendites,
and jaspers, intersecled by pegmatite dykes.

An occmrrence of “seepage oil” on Loeation 2709
baving been brought to the notice of the Department
in the month of January, a visit was paid by Mr. .
de . Clarke to the locality for the purpose of oh-
taining unsophisticated samples of the oil for exam-
ination in the laboratory. Some time was spent by
My, Clarke at the site of the well in which the oil was
stated to have ocenrred. Steps were taken to bale out
the well, which is about 20 feet deep, the first 15
feet heing in wash resting on decomposed granite,
which forms the counlry vock of the neighbourhood.
A sample of the water from the well was carefully
taken. It was ultimately decided to corpletely bale
out the well, remove the aseumulation of foul-smell-
ing sludge, and allow it to refill—an operation which
took 36 hours to aceomplish—when an unsophisti-
cated sample of the water was collected. The samples
thus taken were carefully examined and tested in the
Geological Survey Laboratory, and it was found that
the first sample contained a medivm sized drop of a

heavy oil, resembling a mineral or a resin oil, whilst
the second had mueh decaying vegetable matter, to-
gether with several small insects and erustaceans, a
small quantity of fat of animal origin, and a litéle
drop of oil, which may be a resin oil or a heavy
mineral oil.  In eonnection with the reputed oceurrence
of petrolewn on Avon Location 2799, it may he noted
that a sealed hottle of water was handed to the De-
partment in July, 1917, to be tested for mineral oil.
The results of the Laboratory tests showed the oe-
currence of an odour of kerosene due to eontamina-
tion of the bottle. In September of the same year
a second bottle of water from the same locality was
banded in, which, on investigation in the Laboratory,
was found to contain distinet traces of petrol; this
was, in all probabilily, due to contamination also, In
August, 1918, a rock specimen from Pingelly ias
submitted by the Department of Industries for ex-
amination in eonvection with its possible hearing on
the ocenrrence of oil in the locality. The speecimen
proved to be much too decomyosed to enable the
original rock to he identified, though it appears to
have heen a dolervite of the type whieh is so common
in the areas of the State oceupied by the granitie and
allied rocks. Tt is possible that the small drops of
oil found in the samples collected on Avon Location
2799 owe their origin to the decomposition and dis-
tillation of the disseminated organic and fatty matter
in the 15 feet of wash, ete, lving on the granite,
which was originally deposited by the usual proceszes
of sedimentation in the shallow depression on the
surface of the ancient complex of crvstalline rocks
which evervwhere form the feundaiien upon which
these modern accomulations vest in this portion of
the State.  As the geologist has to deal primarily
with the stratigraphical loeation of oil, it mav be
pointed out that the geological constitution of the
neighbourhood is not of such a nature as wonld lend
encouragement to the belief that erude petrolenm is
likely to be found therein, as the requisite and quali-
fving conditions do not prevail in the locality from
which the samples collected by Mr. Clarke came.

Administrative, routine, and other duties have, as
has been the case in the past, left me with little time

for systematic work in the field; nevertheless it was
ible to pay a brief visit to Collie, to Hampton

The time of the resident scientific officers has heen
as usual devoted to work arising out of the field in-
: itions and assisting in meeting the multifarious
requiremnents of the public visiting the office in search
of information and advice.

Laboratory researches were made during the year
regarding Potash Supplies, Ochres, Glags Sands,
Salt, Gyvpsum, and Iron Ores.

Of the petrologieal investigations which have been
carried on, spesial mention may be male of the rocks
of the Kimberley Goldfield, the Ashburton Drainage
Area, and the Yalgoo Coldfeld.

H, W. B, Talbot, Field Geologist.

From the beginning 6f the year until the 13th of
February, Mr. Talbot was engaged in writing a re-
yort on part of the Ashburton Drainage Basin and
the ceuntry southwards to Meekatharra.,  Fifteen
days at the end of February and the beginning of
Mareh were spent in the Darling Range mapping the
laterites. The time between the 7th of Mareh and the
Sth of April was spent at headquarters writing and
revising reyorts and preparing various plans. A
geological reconnaissance of the country north of the
railway line, between Yalladine and Coolgardie, oc-
cupied him from the 8th of April to the 26th of June.
Having completed the necessary mays and reports at
headquarters, Mr. Talbot left Perth on the 14th of
July, and the time between that date and the 12th
of Angust he spent in an examination of the country
to the north and south of the Trans-continental Rail-
way, between the 51 and 175 mile posts. On the 16th
of August he left Zanthus, on the Trans-Continental
Railway, and travelled overland to Laverton, where
e arrived on the 17th of September, and after getting
supplies there commenced a reconnaissance survey of
the country to the north-east with the object of de-
limiting the boundaries of the mineral-bearing coun-
try. On the completion of that work, he returned to
Perth on the 3rd of December. Mr. Talbot was ab-
gent on leave from the &th of December until the end
of the year. The total number of days spent in the
field by Mr. Talbot was 233

LD,

E. de C. Clarke, Field Geologist.

Mr. Clarke devoted a portion of January to field
investigations relating to a reported oil oecurrence
near Pingelly, on the Perth-Albany railway line. In
March reports weve made, after investigations in the
field, ox the new gold find at Wallangie, on the Kur-
rawang Wood Ldne, in the Coolgardie Goldfield; on
the ore body at the Emu lease, near Menzies, in the
North Coolgardie Goldfield; and on the new develop-
ments et the Commodore Gold Mine at Meekatharra,
in the Murchison Goldfield. The remainder, with the
excention of the time spent on annual leave, of the
first half of the year 1919—in all about two months
—was occupied in the completion of the maps and
reports on the previous seasen’s field work in the
Leonora-Duketon area. Mr. Clarke left Leonora
early in July for Payne’s Find (Goodingnow), in the
south-east corner of the Yalgoo Goldfield, travelling
by road, via Lawlers and Youanme. The geological
survey of Pavne’s Fine occupied about a month, after
which three weeks were spent at the mining centre of
Rothesay. On the comwletion of the survey of Rothe-



about 11
wag made,

say, a visit to Melville (Noongal),
miles north of the town of Yalgoo,

where about five weeks were spent in  geo-
logical and mining investigations. A week in

November was speut on the Irwin River dealing with
proposals regarding State boring on the coalfield, and
thereafter at Fradu in connection with the site of
a proposed reservoir required to supply Geraldton
with water. The first twenty days of December were
spent with me in inspection work in the south-west
portion of the Yalgoo Goldfield. In all, Mr. Clarke
spent 193 days in the field, which were distributed
throughout the districts, ete., set out in the table.

F. R. Teldtmann, Field Geologist.

After the return of Mr. Feldtmann from annual
leave, on the 11th of January, the remainder of the
month wag spent in (a) the preparation of the ac-
count of his work for 1918; (b) drafting work in
connection with the report on the Kokeby Clay De-
posits, and in the prevaration of the illustrative mat-
ter for publication with Bulletin No. 82, dealing with
the Magnesite Deposits of Bulong. The period be-
tween the 4th and the 13th of February was spent
in examining the Clackline and Baker’s Hill Clay De-
posits, whilst that between the 13th and the 28th was
spent in the Bolegart distriet, including the ¢lay de-
posits in the loeality. In consequence of a partial re-
organisation resulting from the reduction in the per-
sonnel of the staff, to which effect was given in 1917,
the greater part of the vear was spent by Mr. Feldt-
mann in miscellaneous drafting work and general
supervision over the drafting room. On the 1st De-
cember Mr. Feldtmann left for Boogardie, on the
Murchison Field, for the purpose of examining the
Mt. Zion G.M.T.. 1183M, which occupied his time un-
til the 17th of the month, when he returned to head-
quarters. In all Mr. Feldimann spent 42 days in the
field.

PRINCIPAL RESULTS OF THE YEAR’S
FIELD OPERATIONS.

1,—NOTE ON SOME AURIFEROUS LOCALI-
TIES ON THE EAST COOLGARDIE GOLD-
FIELD TO THE SOUTH OF KALGOORLIE.

(A. Gipp MArTnanp.)

In view of the reported gold discoveries within the
limits of the land held by the Hampton Plains Estate
{Bloeks 50 and 48), and it having been reported that
the deposits “are on what may be termed an exten-
sion of the Boulder, Horseshoe, and Ivanhoe ore
channel to the south,” it was decided that an ex-
amination of the arvea should he made.

The chief torozraphical and geological features
have heen described in 1916, based upon field work
carvied out during the years 1913-1914, the results of
which have already heen published in ertenso in
Bulletin 66 (The feology of the Cowntry to ‘'the
South of Walgoorlie), where most of the rocks found
liave been included in the Pre-Cambrian System.

As a result of the investigations it appears that in
its main tectonie features the country is made up ot
gveenstones and their derivatives associated with a
series of metamorphosed sedimentary roeks which are
disposed in four more or less parallel belts, the

[S5]

general trend of whicl is north-west and south-east
(vide Plate 1., Bulletin 66).

The four belts have been, in order to facilitate

description, designated:

(a) The Golden Ridge.

(b) The Feysville.

(e¢) The Somerville-Woolabar Belt, and

(d) The Mount Marion-Yilmia Trig. Belt.
These Lelts contain gold-bearing deposits of diverse
types.

The recent gold finds ave situated on Blocks 50
and 48 of the Hampton Plains Estate, and lie within
the limits of what has alveady been described as the
Somerville-Woolabar Belt, which there seem sound
geological reasons [or believing extends very much
further to the north-westward of Binduli and Somer-
ville, as far as Ora Banda.

The rocks of which the relatively small area
covered by Loeations 48 and 50 is made up consist
almost entirely of greenstones and their meta-
morphie derivatives intersected by dykes and masses
of acidie rocks—porphyries—some of whieh have
been so crushed as to be virtually acidie schists.
Some of these porphyries which contain seams of
quartz and ironstone have been worked for their
gold contents, as at Speakman’s Boulder (formerly
the Hampton Boulder Lease 15), where, however, it
appears that the recoverable gold contents proved to
be of too low a grade. Other deposits have been
opened up and worked, and, having been fully de-
seribed in Bulletin 66 hy Mr. C. S. Honman, no
further reference need be made thereto.

The sitnation of the find, now known as the Cele-
bration Lode, made in June last by Messrs. Ireland
and Hansen, is indicated with as close an approxi-
mation to accuracy as the velatively small seale of
the attached * geological map will admit, together
with its geological situation with regard to the ore-
bearing porphyry of Speakman’s (Hampton Boulder):
to the south, and the other related rocks.

A vertical shaft has been sunk to a depth of 100
feet from the surface at a point about 8 chains from
the northern boundary of ithe lease—No. 6—and
cross-cuts, 11 and 13 feet respectively, put in east
and west at the 50ft. level, through decomposed
schistose material of uneertain origin. There being
as yet no sketeh plan of the workings, adequate
deseription i1s somewhat difficalt. There is a vein of
quartz about 8 inches in thickness showing near the
face of the western cross-ent which may possibly
represent one of those veins showing on the surface
rear the shaft, or at any rate ome parallel thereto.
At the foot of the vertieal shaft schistose material
carrying ironstone veins is exposed. A grab sample
from the dump of the decomposed oxidised rock, con-
taining thin ironstone veins, was found to be highly
auriferous, pointing to a eclose connection between
these veins and the ocewrrence of gold. Cross-cuts
have been put in east and west from the foot of the
shaft, and- some driving north and south along the
lode has been ecarried out, from which the owners
have, in the press reports, recorded good values. The
southern drive showed at one spot a schistose forma-
tion earrying kernels and veins of quartz. Near the
western face of the western cross-cut a solid vein of
white guartz about 12 inches in thickness was en-
countered, which may possibly represent that ex-
posed in the western cross-cut at the 50ft. level above.
The oxidised clayey rock exposed in the shaft and

* Not reproduced.



undergronnd workings proved to be too decomposed
to enable its vesl nature to be made out, but from
what eould be seen it appeared to be along a crush
zone earrying quartz and ironstone veins over a eoun-
siderable widih.

The nature of this 15, however, to be found in the
costean just to the south of the shaft, where a thin
belt of altered micacised quartz-porphyry reaches
the surface and seems to merge gradually into the
decomposed schistose material on either side. There
are several parallel costeans to the south of the shaft
in which the formation is exposed over a distance of
abont 500 feet, and which it is stated is payable. A
parallel lode is exposed in a costean in the east, and
it I understand, endeavouring to interseet this
from the bottom of the main shaft. Arrangements
were being made to sink another shaft on the lode
about 260 feet from the present main shaft. The
comntry rock in the east is a fine-grained epidiorite
of the Momnt Hunt (Robinson) type.

The adjoining lease on the south (No. 12) is being
exploited by a shallow shaft sunk with the object of
pieking up the extension of the main Celebration
Iode, and values have heen reported to have been
obtained in the workin

18,
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The adjoining lease on the north of the Celebra-
tion (No. 11) has as yet had no work done upon it;
owing, however, to the absence of outerops and the
cover of superficial deposits a judicions system of

teaning at right angles to the general strike will
be necessory to enable anything to be located.

The formation in the Celebration lease, when
view broadly, may, apart from the east and west
artz veins, be regarded as something in the nature
of bedded vei Laving been formed by the de-
position of quartz and other minerals from solution
along lines of weakness, which, in general, coincide
with the main structural features of the distriet, viz.,
NNAW, and S.8.E, and as sueh they will probably
e foand to have the lentienlar habit of such deposits.

Bome miles fo the south of the Celebration and on
Location 48 is what is known as Slavin’s, where some
ing work has been done along a more or less

2l erush zone trending generally N. 20° W, in
epidiorite, The zone itself is more or less platy and
carries pyrites, awl has a length of over 10 chains.
A prospecting shaft 16 feet in depth has been put
down on the deposit, which, it is stated, has yielded
25 dwts. of gold over a width of 4 feet. In the
absence of a survey the precise situation of the oe-
currence cannet be shown on the plan attachel.®
The rocks in this portion of the area have been very
little affested by seeular deeay, and ave, in contra-
distinetion to those to the north, practically fresh.
ttood colours of gold were washed from the soft
debris which was found to confain a considerable
aguantity of iron ore.

1.2
8.,

Home distanee sotth of this a small vein of cuartz,

containing in places considerable quantities of gold,
was Dbeing actively worked by Messrs. Welfave and

my v being exhibited in Kalgoorlie. The site
of the find is an old alluvial pateh, upon which a
large amount of work had been done in previous
vears, and from which there is some reason to be-
lieve congiderable quantity of gold had been obtained.

e

A brief visit was paid to Red Hill, on Lake Te-
fray, to the scuth of Location 48. The neighbour-
kood of Hed Hill, which has been the scene of mining
and yprospecting operations, the situation of which
Lies on the western shores of Lake Lefroy, has had
its prineipal mining operations carried on in an
acidie dyke which eontains considerable quantities of
very coarse iren pyrites. The larger portion of the
area is made up of hills of greenstone, which, noi
having suffered very much seeular decay, stand out
in bold relief.  These are intersected by dykes of
granite, aplite, and porphyry, which are in all proba-
bility connected with that granite mass in the green-

stone rocks on Bloek 48, and genetically connected
with the gold occurrences in  Messrs. Welfare

and Westhead’s reef previously referred to. A small
rock-bound leader of quartz, containing considerable
quantities of gold, had been opened up by Mr. Slater,
and was pointed out to me. This was in close
proximity to some olid shallow workings in which
gold had been obtained some 12 to 15 years pre-
viously. Mr. Slater’s leader was connected with an
acid porphyry dyvke, of which thers are several in
the locality, and there seem some reasons for believ-
ing the quartz veins to represent the ultra-acid por-
tions of the porphyries.

From the ahove notes it appears that there is a
leng belt of mineral-bearing country extending north-
from Lake Lefroy through Blocks 48 and 50 of
the Hampton Plaias Estate, along which it is prob-
able there are other gold deposits than those which
have at present beea opened up and worked.

The discoveries sn Bloek 50 are not on the south-
ern evtension of “the Boulder, Tvanhoe, and Horse-
shoe ore channel,” but, as may he seen by the
attached geological map * upon which the situations
of the former have heen laid down, on one more or
less parallel thereto.

In so far as geclogical assistance towards the ex-
rloitation of the area is concerned, it is essential that
in Bloeks 50 and 48 large-seale geological surveys
should be made, and the lodes, reefs, structural lines,
and boundaries of the different types of greenstones
more or less accurately laid down. This, however, is
a work of time, and can only be carried out after
considerable prograss bhas been made with the lease
surveys, whieh afford good base lines upon which to
work., Detailed geological work of this kind is being,
it is understoed, or is about to be, carried ont by the
owners of the locaticns for their own guidance.

In view of the attention which is being given to
the prospecting of the country to the southward in
the vieinity of Lake Lefroy, the necessity for a
definition of possible mineral-Bearing areas within
this portion of the State (lying to the south of that
embraced on the Geological Map—Plate I.—of Bul-
letin 66) has already been pointed out, and it is
contemplated undertaking it at the earliest available
opportunity.

2—NOTES ON THE COUNTRY TO THE

NORTH AND SOUTH OF THE TRANS-

CONTINENTAL RATLWAY, BETWEEN

RANDALL'S AND THE 174, MILES PEG.
(H. W. B. Tarsor.)

Although there are a few things of considerable in-
terest to be seen in certain localities in the country
examined to the north and south of the Transeonti-

* Not reproduced.

* Not reproduced.



nental Railway, it would be diffieult to find within the
boundaries of the State an area more inhospitable or
more monotonous from a scenic point of view, especi-
ally in sueh a period of drought as that which existed
prior to August, 1919, Flowers are fairly abundant in
a good season, and the eye finds relief in viewing a
variety of eolours, but in a dry season the dull green
of the gums and spinifex is the only relief from the
reddish yellow of the sandy soil.

There are no elevations worthy of the name of hills
east of Karonie, and so level is the country that a
slight swell in the ground when viewed from a distance
looks like a bold mountain range.

aes,

Soil-covered flats alternate with low ric in whieh
greenstone, granite, or quartz-porphyry ave exposed
between Randall’s Siding (51-mile) and the 72-mile
Post on the Transcontinental Railway.

Outerops of granite ave seen at intervals between the
72-mile post and the 106-mile post, but along the rail-
way line bevond the 108-mile no reck outerops except
cement are scen as far as the 174V%-mile post, which
was the farthest point reached by me. From the sandy
character of the soil and the type of vegetation that

it supports there is little doubt that granite is the
underlying rock to within a mile of Kitchener Siding

(167-mile}. Here'there is a c¢hange from the reddish-
yvellow sandy soil to a brownish loam; and the gums,
mallee, and spinifex give place to oaks, bluebush, and
saltbush. The change in soil and vegetation marks
approximately the boundary between the granite avea
to the west and the Eucla Limestone Platean, which
extends eastwards beyond the South Australian Border
and southwards to the sea coast. Portion of this lime-
stone plateau between the railway and Goddard Creek
was examined, but no limestone was seen in situ, al-
though a few slabs were passed at wide Intervals.

That portion of the ecountry north of the railway
line that was examined is as a rule covered by reddish
or yellowish sand, and one can travel for days without
seeing a rock outerop of any kind. In most places
the sandv country is undulating, but to the north, east,

and south of Qreen Vietoria Spring there is a mass of
high, jummbled sand hills. One of these, called Streich
Hound, is the highest sand bill that T have seen in the
State. It rises to a heieht of about 150 feet above the
surrounding sand hills, and is, by aneroid, 330 feet
above a depression 60 chains to the west. It is visible
for a distance of 20 miles from anv rise to the east or

south-east and forms a good,land mark by which
Queen Vietoria Spring may be picked vp.  The

“grrine” les west-north-west of the mound, and is dis-
tant 7% miles. It 1s situated in a small, grassy de-
pression swrrounded by pines and a few gum trees at
the western end of some high sand ridges. The term
srring is misleading as it is nothing more than a soak,
and more than onee visitors have found it dry.

T have little doubt that granite underlies this sandy
country. Granite is seen to the north of the Ponton,
and Cibson nofed an outrq*op of that roek about 20
miles east-north-east of Streich Mound.® Here and
there fragments of angular g LL vy (nartz are seen, and
on some of the rises some detrital siliceous laterite,
which in many leealities forms a capping on granite.

On the north side of the Ponton, and from two to
cight miles from it, about 30 miles above where the
railway cerosses the creek, there iz a ridge of rocky

* (1.8, W.A. Bulletin No. 37. Perth: by Authority, 1909.

.

granite hills which runs west-north-west for about 14
wiles, and between the Ponton and the railway small

outerops and large bare masses of granite are ocea-
slonally seen.
On the right bank of the Ponton, opposite the

granite ridge referred to above, there ave low hills
and lines of ¢liffs formed of horizontaily hedded sedi-
mentary rocks, principally sandstones and elay
and to the south-west similar hills are seen at intervals
to a point about nine miles north of the 95-mile post
on the railway. Associated with these beds are rounded
and polished quartz pebbles and boulders, {from the
size of a turkey's egg downwards. In this loeality
the houlders are strewn about the surface, ov are em-
bedded m the siliceous laterite which caps the granite

stones;

and the sedimentary strata. They are also ocea-
sionally seen on some of the sondy rises be

the Por
Only

1ton and the rallway line.

in one place was there any variety in the
character of the reek forming the boulders or in
their average size. This was at a eranite rock 21
miles north of the 9S-mile post on the railway. Herve,
although abeut 99 per cent. of the boulders were
quartz, there were some of quarizite, a few pieces of
partly rounded jasper, and a large rounded boulder
of Dbluish porphyry. The boulders in this loeality
varied in from Tumps weighing 20ths.  down-
wards

size

These horizontally hedded \orhmentar" roeks, with
their assceiated rounded houlders and peb &1%, 1ave
a marked resemblance to the .\*ilki‘x son Range Beds
deseribed m G.S.W.A. Bulletin No. 75, and in all

probability they are outliers of that series. In that
bulletin it was shown that the bounlders were of
glacial origin, and the opinion wag expressed that

they were dropped from icebergs in a shallow sea.
No ice-serateched boulders were found in the area
under discussion, but the irregular distribution of
the boulders and pebbles seems to indicate that they
were deposited in the same way as those farther to
the north-east.

In the whole of the avea examined there is only
one defined water channel of any length, This is the
Ponton or Goddard Creek. When followed from its
outlet upwards it changes gradually in character
from a stream with a deen channel between ell-
defined hanks to a narrow salt lake, with small salt
lakes and salt pans on both sides. These small lakes
are connected with the main channel by short nar-
TOW openings.

A few days after a rainfall of about two and
half inches we travelled up the upper. portion of
the Ponton, which was® then running strongly with
salt water.

Abont 40 miles below where it is erossed by the
railway the creek empties into a large claypan, and
from this claypan a broad ill-defined channel runs
southwards about two miles when it opens out
into a large saltbush flat broken by low banks of
kopai. This flat extends away to the south as far
as the eve can see, and there is little doubt
that it represents the uplifted estuary into which
(oddard Creek flowed. Viewed frowm rising ground
its estuarine appearance is most striking. On the
edges of the flat and the channel connecting it with
the elaypan and also along the ereek banks near its
end fragments of shells, mostly oysters, are seattered
about.

Lo
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3.—NOTES ON A TRAVERSE FROM ZANTHUS,
ON THE TRANSCONTINENTAL RAILWAY,
TO LAVERTON.

(H. W. B. Tausor.)

As the journey from Zanthus to Laverton was
made only with the object of undertaking the ex-
amination of an area to the north-east of Laverton,
no stoppages or detours, except near Mt Dennis,
were made to nvestigate the eountry on cither side
of the route followed, but information was gained
which will add to onr knowledge of the geology of
the country traversed.

No rock outerops were seen belween Zanthus and
the Ponton: Along the creek there were occasional
small outerops of granite in the form of low break-
away cliffs, in most places capped with siliceous
laterite or thin beds of horizontal sediments. Wher-
ever these sedumentary voeks or laterite were seen
there were rounded boulders and pebbles of quartz

scattered about on the surface of the ground. The
sedimentary beds became thicker away from the

creek, and at a point about five miles north of where
An 13 is shown on the map (Lands Dept. Litho. 26/
300) there were two terraces which, by aneroid, had
a total thickness of 50 feet.

After leaving this locality only very small patches
of these sedimentary beds were seen until we reached

some granite breakaways 10 miles north-east of Mt.

Dennis.  Herve six feet of conglomerates, thickly
studded with quartz boulders and pebbles rested
upon an uneven granite surface. Above the con-
glomerate were beds of grit and sandstone similar
to the Wilkinson Range Beds. In the thickest place
seen the sedimentary beds had a thickness of abouwt
20 feet. No sedimentary beds are seen on Mi.
Dennis or any other breakaways to the south.

Sand and spinifex, with widely separated small
outerops of granite, occupied the ecountry traversed
from the eliffs five miles north of An13 until we
reached a poini five miles east of the scuth-eastern
corner of Gilgarna State Forest Reserve (Sheet 26/
300). From there to Gilgarna Roek (Sheet 25/300),
a distance of 27 miles, we ftravelled at right angles
across the sonthern extension of portion of the belt
of country mapped by Mr. C. 8. Honman on Sheet
347300, We crossed belts of greenstone, granite,
vesieular rhyolite, porphyries, and porphyrites. The
¢ wstone belws, where crossed, did not look pro-
mising from a mineral point of view, and were prae-
tieally devoid of quartz reefs.

After we left Pinjin and got away from the green-
stone belt at that eentre,sandy spinifex country, with
ional granite outerops, was erossed wntil we got
to some breakaways to the soath of 3t. Dennis.
From here some hills that looked like greenstone
were seen to the east, and a traverse was made to

them. These hills are compoesed of coarse green-
stone, and about two miles to the east there is an-

other line of elevated country of finer-grained green-
store. Between the two belts of hilly country there
is a flat on which ocecasional vertieal outerops of
weathered schist strike north-north-west.  There are
manv quartz reefs and a few narrow bands of jasper
which conform to the strike of the sehists. There is
a considerable amount of .deirital quartz, some of

- feet

which is of a “kindly” character. The belt appears
to have been knapped over by prospectors, but no
systematic work has been done. This country appears
to be worth more attention than it has received.

Ou ‘the east side of the fine-grained greenstone
hills there is a ridge composed of whai appears to
be a sheared conglomerate., The band is about 300
wide, sirikes north-north-west, and dips fo
the east at an angle of 60 degrees. Some of the
larger bloeks look more like conglomerate than the
specimen [1/8576] I collected, and econtained what
appeared to be dvawn out boulders over a foot long.
About 30 fect from the east side of the conglomerate
there is a band a few feet wide that is prebably a
sandstone [1/1876], which in places has become
almost a jasper.

To the east of the conglomerate a red soil wandery
for about three miles to a pointed jasper

flat extends

hill.  This jasper marks the eastern limits of the
greenstone helf, as sandy spinifex country, with

numerous granite breakaways, oceupies the country
to the east as far as the eve ean see. Where crossed
the greenstone belt is about six miles wide. 1t runs
out to a point about nine miles to the north. Its
southern extension was not traced, but granite break-
awavs were seen extending across its course about
eight miles to the south of where we crossed the belt.

The end of another gre{rz;;s“ne belt was picked up
about three miles north-east of Mt. Dennis. At fivst
it was thought to be a small isolated belt, buf as it
was followed northwards the helt got wider, and at a
point about eight miles north of Mt. Dennis the
western boundary turned away to the westwards.
We followed the eastern houndary norvthwards until
we were east of Burtville. From a rige tliere it counld
be seen that the greenstone continued and joined the
point which 3'r. Clarke and [ mapped as the eastern
boundary of the Laverton Relt on our frip to the
South Australian border in the vear 1916.

Tt is only in the navrow part of the belt that any
outerops other than laterite and oeeasional small
quartz reefs weve seen. Where it is narrow there are

schisto censtones, striking N. 10° W. with bands
of ma vear to be intrusive
into the schistose roc ere are many low hills

of weathered greenstone ¢
the helt widens out it eonsists of parallel lines
Lilly and level country. The level country consists
of red seil wandery flats strewn with ironstone debris,
The hilly conntry is very brok
laterite-capped hills and rid
thickly strewn with debris

with gullies and flats
from the higher ground

serub is dense, and the stony ground iz very hard
on camels’ feet.

From a point on the eastern boundary of the
ereenstone belt, 13 miles east from Burtville, a tra-
verse was made to that eentre. The country passed
over was similar to that just deseribed until we got
to the mine workings near the townshin. Granite
breakawayvs can be seen to the south of Durtville
so it appears that the greenstone just deseribed is
a portion of the Burtville-Laverton Belt, and that it
runs out to a point two miles north-east from M.

Dennis.



4 -—THE COUNTRY TO THE NORTH-EAST OF
LAVERTON.
(. W. B. Taupot.)

Tt hag been known for some time that several green-
stone belts existed in vavious parts of the coumntry to
the north-east of Laverton, and as their boundaries
had not been mapped it was considered advisable that
the work should be undertaken.

Four of these belts, Cosmo Newbery, Mt. Shenton,
3t. Cumming, and Ulrich Range, were visited by
Mr. C. @ Gibson in 1905, and his report on them
is contained in GLS.W.A. Bulletin No. 24; but owing
to the hurried nature of his visit and the shortage of
water owing to severe drought, the boundaries of the
Lelts were not defined. Few of the waters will last
more than a few months after rain and none of them
can he regarded as permanent, so unless the season
is a good one the traveller in this country faves badly
for water, and much time is wasted in digging out
soaks which vield little or no water. Tortunately at
the time of my visit there was an exceptionally good
geason and good rains fell at least onee a month;
consequently {here was an abundance of water every-
where, except on the sandy country, and we were
able to travel where we wished. ,

For about 100 miles to the east and north-east of
the greenstone belt that runs northwards from Burt-
ville past Laverton to Duketon the hulk of the coun-
try is occupied by granite on which are several rela-
tively small belts of greenstone., Totlie eastl the gran-
ite disappears beneath the Wilkingon Hange Beds,
and to the north-east it is eovered by the Nullagine
TFormation. As it is proposed to write a full deserip-
tion of the country to be published in Bulletin form,
Mr. Gibson’s deseription of the portion visited by
Lim will serve. Of the greensione belts there remain
only the Mt. Gill Belt and the Point Salvation Belt
which he did not visit.

The dt. Gill helt is about 10 miles long from north
to south and it has a maximum width of three miles.
On it are many low hills and ridges, and one con-
spienous table-topped hill which is visible for many
miles from west round to zouth. This table-topped hill
is ealled Mt. Gill. Its shape is due to a lateritie

capping 20 feet in thickness, which is probably a.

laterised remnant of the Wilkinson Range Beds
whieh overlies the granite breakaways to the north
and east. Bencath the capping are much sweathered
greensione schists.

The rocks of the Mt. Gill belt consist of massive

and schistose greenstones and jasper bands. The
ereenstone schists are mnearly everywhere much

weathered. but in a few places near the massive
greenstone {epidiorite) they are comparatively fresh
and aprear to be a shearved facies of the massive
variety which could be seen gradually merging info
the schisls. Near the central portion of the belt there
are narrow bands of jasper and along the western
side there is a hand about five miles long which forms
a lne of low hills.

A considerable amount of quartz debris is seat-
tered about the surface of this belt, but eompara-
tively few quartz reefs are seen. There appear to be
two sets of quartz reefs; one set composed of milk
white “buek” quartz euts the schists at right angles,
and anotker of small lenticular reefs of glassy vuegy

avartz which either eonform to the strike of the .

schists or cut them obliquely. There is a marked

absence of acidic dykes that arve so common in the
greenstone belts of this region.

The Point Salvation belt is about 10 miles long
from north to south and has a maximum width of
abont seven and a Lalf miles. To the east and south
it disappears beneath the Wilkinson Range DBeds;
it is bounded by granite on the west, and runs out
fo a peint in a sanc Anifex flat to the north.

This belt was erossed by Mr. E. de . Clarke and
myself on our journey to the South Australian border
in 1616, but the extent ol the belt was not then deter-
mined, and it was thought that it might be the
sountlern extension of the Mt. Shenton Belt. The
greater part of the belt is thickly strewn with quartz
rubble whieh in some places literally forme a pave-
ment. Execept on parts of the western side where
fairly fresh greenstone schists are seen all roek out-

crops are extremely weathered, but it is elear that
they represent massive and sheared greenstones. Oe-

casional bands of jasprer arve seen and the few hills
which cecur en tle belt all have a “back-bone” of
this rock.

All the greenstone belts in this distriet have received
more or less  attention from prospectors, but the
Cosmo Newbery and Ulrich Range Belts ave the only
ones on which any systematic work has been done,
and little or no work has been done on either of these
since the time of Mr. Gibson’s visit. The Cosmo
Newbery Belt seems to be the only one that offers
any inducement for further prospecting, and even

here the gold deposits. are likely to bhe small and
irregular.  Unless a deposit of sulficient size and

richness to justify the erection of a battery was found,
nothing but very rich stone would pay owing to the
distance from the nearest battery and the sandy
character of the roads to be traversed.

5—A GEOLOGICAL RECONFAISSANCE 1IN
THE SOUTHERN PORTION OF THE YAL-
GOO GOLDFIELD.

(H. W. B. Tavsor.)

T.—IxTRODUCTION.

As little or nothing was known of the geology of
the southern portion of the Yalgoo Goldfield lying
to the east of Lake Moore and south of Warne River,
it was considered advisable to dispateh a geological
survey party to examine the country and to aseer-
tain whether any of the greenstone belts which oeeur
farther to the north and north-west extend to the
southern part of the field. The writer with two men
and five camels left Burracoppin on the Eastern
Railway on Tth Febrnary, 1918, and followed No. 1
Rabbit-proof Fenece up to the 96-mile post where
work was commenced. An area of approximately
3,700 square miles of country lying to the west of
the Rabbit-proof Fence between the 96 and {lfe 162
mile posts wag examined. Owing to the exeeptionally
heavy summer and autumn rains water could he
found wherever there was a watereourse or a rock
Lole, and in places the ground was hogey and time
was often wasted in digging out bogged camels, or
making detours to avoid soft ground.

II.—So01L axp VEGETATION.
In the southern part of the area examined much
of the country is covered with light sandy soil which



supports a thiek growth of serub with pateches of
gums and pines in places. In some localities (e.y.,
to the east of Mt. Churchman) the serub is so dense
that it 1s impossible to walk through it without clear-
ing a track. Ocecasionally a pateh of more open
conntry with a light loamy soil is seen. On these
patehes there are salmon and morrel gums, and, as
a rule, some sait bush.  As one works north the
country becomes more open and the gums and serubs
are gradually replaced by mulga and grass. The
soil on the move elevated ground in the northern part
of the area is a sandy loam derived from the weather-
ing of the rocks in sitw, but in the vieinity of salt
lakes and along the Warne River there are some rich
alluvial flats which in good seasons support a luxur-
iant growth of grass, salt bush, and lerbage of
various kinds. Near the 162-mile post on the Rabbit-
proof Fence there is a pateh of less than two square
miles in area of exceptionally rich soil derived from
the weathering of a small belt of epidiorite. This
pateh is used by the Rabbit Departinent as a pad-
dock, but it .is so over-run with rabbits that the
natural grasses have little c¢hanece to grow.

It may not be out of place to mention that rabbits
are very numerous over practically the whole of the
area examined except in the thiek serubs. They arve
scen in large numbers around the granite rocks and
in the vieinity of salt lakes. In the sandy ground
along the Warne for s few miles above Cowarra Pool
they are exccedingly numerous, and it is no exaggera-
tion to say that in a walk of half a wile one can see
thousands of rabbits.

II1.—TOoroGRAPHY.

The area under diseussion is remarkable for iits
uniformly level eharacter. There are no elevations
that rise more than 200 feet above the level of the
surrounding country. In the southern part the
country is undulating and rock outerops are widely
separated. Wherever seen they . consist of bare
granite rocks or breakaways.

In the northern part there arve wide mulga-clad
plains from which rvise breakaways, bare granite
voeks, or - greenstone monadnocks.

In the central portion there are two depressions
oceupied by salt lakes which unite and conneet with
Lake Moore, which occupies an extensive area in the
south-western part of the country examined.

The only watercourse of any size is the Warne
“River,” two branches of which rise in the greenstone
Lills in the vieinity of Milgoo (Trig Station IK65)
and Mulermurra (Trig Station K68), and unite about
a mile above Cowarra Pool. The Warne has a well-
defined channel down as far as \Earo"lmrra Pool, be-
low which the water in times of flood spreads over
broad fats which it follows to Lake Moore.

“On the area examined only fwo elevations have
heen dignified by being called “mounts” on the maps
of the Lands Department; these are Mt. Churchman
and Mi. Kenneth, The former i3 a large bare granite
rock which rizes to a height (by aneroid) of
150 feet above its base. Tt is of historieal interest,
as Mt. Churchman was Drnest Giles’ objective on
his overland journey from South Australia in 1876.
At that time it was one of the most easterly hills in
that latitude shown on the maps of the colony, and
until he reached it Giles was in praetically unknown

country. The Trigonometrical Survey shows that
Iit. Churchman is 1,403 feet above sea level.

Mt. Kenneth is situated on high ground between
the two branches of the Warne. By xhc Trigonomet-
rical Burvey it is made 1,600 feet above sea level,
but the top is only about 150 feet above 1fs base. 1t
is a fiat-topped bill of irregular outline formed of
weatliered greenstone schist eapped with ferruginous
laterites. The hill is a typical breakaway and is
surrounded by low cliffis. dits shape is due to the
hard capping of laterite which protects the top from
ihe agenecies of erosion which have move effect on the
unprotecced sides, At the north end of Mt. Kenneth
there are some small detackted hills, and from a point
about a mile and a half to the north a line of break-
aways extends wnorthwards for about three and a
balf miles. Mt. enneih was at one time conneeted
with these breakaways, but it has been separated
trom them by lateral erosion; and in a relatively
short time Mt. Kenneth will be broken into separate
hills, as near the cairn the top is in one place only
about 40 feet in width,

IV.—(xroLoGy.
A—Iniroductory.

Granite underlies the whole of the country examined
to the south of lat. 29deg. Tmin. 1t is overlain by
deposits of travertine in the vieinity of some of the
salt lakes, and in places along Warne River; and
some of ihe granite breakaways arve capped with
siliceons laterite. At Banner Spring the granite econ-
tains small lenses of granular hornblende-felspar,
few of which are more than a chain or two in length.

North of lat. 20deg. Tmin. there are greenstone
belts in the granite, but the only ones of importance
which eome within the area covered by this report arve
situated near the heads of the two branches of the
Warne. '

No mine workings of any kind were seen in the
country traversed, and no minerals of economie value
appeur to have heen found.

B.—Greenstones.

Three large and thiee small belis of
were seen in the area examined. The boundaries of
one of the larger and the three smaller belts were
mapied with some degree of accuracy, but the two

greenstone

largest belts extend northwards beyond the avea
which the writer was instructed to examine. The

three large greenstone belts arve separated by narrow
areas of granite.

The HMilgoo Belt extends in a southerly direction
from the low peak of that name for about nine miles,
and nerthwards for an unknown distance. In the
portion mapped its maximum width is about nine
miles.

‘The northern limit of the Mt. Kenneth belt was
not defined, but that part of it which was examined
runs south from Mulermurra for about five miles.
At this point it splits. The western leg dies out
about five miles farther south; the eastern part ex-
tends past Mt. Kenneth, south of which it widens
out into an irregularly shaped area with a maximum
width of about seven miles from east to west, and
with a maximum dep‘ch of six miles from north to
south.




What may be called the Cowarra Belt estends
north-north-westerly from the pool of that name on
Warne River for about twelve miles. It is somewhat
lenticulayr in shape and its greatest width is about
three miles. .

The three smaller belts are lenticular in shape
and are surrounded by granite. One of these lies
almost due west of MMt Kenneth at a distance of
nine miles. It is about two miles long by thivty
chains in width., The second is about 50 chaing
north of Mulierdruing Soak. Iifs maximum length
and width are three miles and one mile respectively.

The third belt is situated on the west side of the
Rabbit Proof Fence near the 163 mile post. It is
only a mile in width. On it are two rounded hills
known as the Dromedaries.

There is little variety in the greenstones
areas. With one exe opuon they ave
In some loealities the epidiorites are much weathered
and are eapped with laterite. This was particularly
noticeable in the Milgoo Belt where only an ocea-
sional outerop of the underlying rock is seen in
watercourses, The hills are all eapped with laterite
and the slopes and flats are thickly strewn with
lateritic debris.

In the Mt. Kenneth Belf, too, many of the hills are
capped with laterite, and mueh of the rock is ex-
tremely weathered. Exeept in the vieinity of Muler-
murra the g ones consist of epuhouteu which
in places show signg of ernde foliation.  The
planes of foliation have a general north and south
direction.

of these
all epidiorites.

A low 7ridge, the rocks of which are in most
places highly sheared and much weathered, runs

eastwards for about 70 chains from
Mulermurra. At the sonthern end of the ridge the
roek is more massive and consequently less
weathered. A specimen [1/1855] is deseribed by
Mr. Farquharson as follows:—

A duoll-green medium-grained rock much decomposed
and considerably sheared.

The rock is a sheared chlorvite-quartz vock with patches
of fine sealy tale, or, in places, probably sericitic miea,
and obseure remains of felspar, with ma seatterad
grains of kw oxene. The rock has the qppe'u'mce of a
gerpentine and 1y be a sheared decomposed peridotite.
The structure, iw;wvm in places resembles that of a de-
composed of doleri te or diabase.

About half a mile south from the ridge referred
to ahove, and in alignment with it, there is a deposit
of 1mpure and opalised magnesite on flat ground.

south-south-

No roeks outerop beyond the end of the ridge, but

the rock iz probably derived from rock similar to
[1/1655] by capillavity. No evidence was obtained
regarding the velationship of the serpentine (?) and
‘the epidiorites. The nearvest rock outerop to the
ridge is an extremely weathered greenstone 70
chains to the west. The intervening country is
thickly strewn with quartz and ironstone debris,
and on the east there is a level plain with outerops
of granite some miles away.

In the Cowarra Beli and the three smaller belts
the rocks are less weathered, and there is little or
no laterite, but all outerops consist of epidiovite,
which in the field show little difference except in
coarseness of texture and amount of foliation.

Three typical specimens of the epidiorites are
deseribed by 3r. Farquharson as follows:—

[1/1620] frow 80 chains novth of Mi.

A medinm-grained dark grey-green rock.

Tenneth.

8. Consists of large and small very ragged plates of
angite parts and in places almost wholly altered either
to ]ale een uralitic hornblende or to yellowish-brown
red plates and columns of partly or
sed or mieacisad felspar. Some
of augite are surrounded by a vein of pale

nde, cthers by a vein of yellowish-
», others are completely or in part re-
zlmod by pale-green almost colourless extremely fibrous
hornblende.  The ferro-magnesian flakes enclose or
partly enclose the flakes and columng of felspar.

The rock is a partly amphibolized and partly zoisitised
epidiorite,

[1/16781 from Dromedary Hills, 30 chains west of the
mile post on the Rabbit-proof Fence.

\ rather flne-grained very dark grey rock with a faint
i with numerous small white spots or
spar.

of wany flakes and plates and
prismatic ageregates of green hornblende amongst which
are »d bent and broken columns of plagioclase in
artly  granulitised and perfovating the ferro-
an. A few needies of apatite and possibly a
ains of quartz.

Rock a fine-grained somewhat strained epidiorite.

[1/1681] from 100 chains north-north-w est of Mulier-
druing Soak,
madivm-graived dark green rock uomposod of small
reenish white columns and graing of feispar in a green-

black mass,

Consists of pumerous large and small ragged pris-
matic aggregates of green hornbiende intermingled with
rather ragged (ohumuu twinned plagioclase nhlch is
short labradorite.

Rock an epidiorite
gabbro.

Reference is made on page 10 to a small dyke-
like mass of greenstone in the granite ‘three miles
to the north-east of Kenneth, From the way
it is traversed by tongues and veins of granite it is
clearly older than the granite; and mieroscopieal
examination shows that it differs but shightly from
the epidiorites of the larger belts. A specimen
[1/1872] is, according to Mr. Farquharson:—

A medivm-grained greyish-green rock eomposed chiefly
of dark-green hornhlende and felspar.

S, Consists chiefly of ragged very fibrous plates of
greenish (iu part brownish) hornblende, with or without

probably derived from a

a core of colourless augite and kaolinised or in part
micacised columns of plagioclase with a few grains of

.. The felspars are in part altered to opaque grey
eranular zoisite. Many of the fibrous plates of horn-
Mende have been Lonsulcmblv contorted by stress, and
some are partly or wholly ehloritised.

The rock is a medium-grained epidiorite which
does not differ much fmm epidiorites forming green-
stone areas in various parts of the State.

The greenstones are traversed by ocecasional basie
dvkes and many acid dykes. There are also numer-
ous (uartz reefs, some of which are merely an ex-
tremely acid phase of pegmatite. Few of the reefs
seen were of a “kindly” nature; the only place that
the writer saw that appeared worth prospecting was
in the vicinity of Mt. Kenneth where there are some
small reefs and leaders of ferruginous quartz, but
even in this locality it is doubtful whether the reefs
would be large enough, or the gold contents rich
enough, to pay.

Metamorphic Sehists.
Seven miles east-south-east from Mt.

Kenneth

" there are several low rocky rises dotted about over

an area of about a square mile. The rises are
separated by level ground on which there arve no
outerops.

In the field the rock forming the rises was thought
to be a sheared granite, but chemical analysis and
mieroscopical examination show that ‘this view re-
guived modification and that the rock was a meta-
morphosed schist probhably of sedimentary origin.



Mr. Farquharson’s deseription of a specimen
[1/1679] from seven miles F.S.E. of Mt. Kenneth,
is as follows t—

A mediwm-textured granular greyish roek noticeably

sheared. .

3. Coensists chiefly of quartz and ehlorite,
in more or le
seales, the fon
deformed

the latter
s parallel strings of ragged pale green
er in ragged, elongated, and considerably
raing, amd platy aguregates between

the chloritie strings. In places, however, are small ag-
gregates of grains and very ragged small prisms of a
colourless biaxial mineral with high refractive index,

rood cleavage, moderate bivefringence, and optical
2 so closcly resembling those of typical eyanite
that it has been referrved to this mineral.

The rock is therefore a  chloritie quartz
ecyanite rock much sheared and meehanieally de-
formed. ’

Ver

The following table shows the result of an analysis
made in the Geological Survey Laboratory:—

Per cent.

8i0, .. 7257
ALO, ... 10-15
Fo,05 ... -49
Fe( 2-70
MnO 03
MgO 9-38
Ca0 Nil
K,0 -28
Na,O - 34
H,0 — 02
H,0 + 3-19
TiO, 57
P04 . -20
: 00-04

Little can be stated rvegarding the relation of the
metamorphic sehist to the granite whieh surrounds
it.  The contact was not seen, and as stated pre-
viously the roek was regarded as a sheared phase
of the granite. The eyanite in the rock, however,
is probably due to contact metamorphism so that
the roek is probably older than the granite.

C.—Granite.

Outerops of granite in the area under discussion
are of four types: (a) large bare rounded masses,
some of which rise from 130 to 180 feet above the
general level of the surrounding country; (b) break-
aways, the ¢liffs of which have a maximum height
of about 50 feet; (e) low roeky hills; and (d) small
exposures of roek on level ground, or in the ehannels
of watercourses.

Although the granite varies considerably in tfex-
ture there iz little variation in the mineralogical
composition of the rock.  The granite is of the
microeline-hiotite variety, but the amount of biotite
eontained in it is greater in some localities than in

others.  The following are Mr. Farquharson’s
deseriptions of two typleal specimens of the
granite:—

[1/1651.] From Mt. Churehman. A coarse-grained

granite with lavrge pink felspars, veinlets of
epidote and with felspars slightly epidoti

8. A coarse-grained chloritised biotite mierocline
granite. The felspar which is kaolinised and
micacised consists of microcline and a soda-lime speeies,
the latter in part epidotised and zoisitised. The biotite is
in part chloritised and is then green im colour.

[1/1651.] A. From Banner Sprinz. A rather fine-
grained grey granite with pale yellowish felspar and
seales of black biotite.

8. Cousists of a mass of intermingled plates and
columns of felspar and flakes of quartz with ragged
flakes of brown-yellow biotite. The felspar is in some
part microcline, In part an acid plagioclase, in part
probably orthoclase, and iz more or Jess kaolinised or
slightly micacised. The plagioclase is mostly in columnar

pinkish
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erystals. A coavse intergrowth of quartz and felspar
oceurs in places.

Roek a biotite granite with a little microcline.

In some localities the granite is traversed by
dykes and quartz veefs. The different varieties of
dykes will be described under the next caption.

That the granite is intrusive into the greenstones
is clearly seen in many places where the contact of
the two rocks is visible. In every ecase where the
contact was not obscured by a covering of soil or
rock debris tongues and veins of granite are seen
extending into the greenstones for several chains;
and along the margin of the granite lenses of green-
stone are enclosed in the granite. These greenstone
lenses ave invariably traversed by a network of
granitie veins, some of whieh are less than a guarter
of an inch in width. Three miles north-east of Mt.
Kenneth there is an outerop of epidiorite [1/1672]
about 30 chains long by two to three chains in
width, whieh at first sight appears to be a dyke in
the enclosing granite. Closer inspection, however,
shows that small tongues of granite cut nearly
across it, and numerous grains of granite fraverse
it in all direetions.

In many places on the greenstone areas there are
lenses of granite similar in character to the main
mass, but whereas lenses of greenstone enclosed by
granite are eut by veins emanating from the granite,
lenses of granite contained in the greenstone arve
not cut by the basic veins, but gend veins into the
smrounding greenstones. It would appear, there-
fore, that the granite magma had slowly eaten its
way upwards through the older roecks and that
tongues and veins of the acid magma preceded the
main mass and found their way vertically and
horizontally through eracks and fissures. In all
probability many of the lenses and veins which are
now exposed in the greenstone areas did not veach
the surface-but have been uncovered as denudation
proceeded.

D.—Dykes.

Aecid and basie dykes are numerous in many por-
{ions of the area examined, but the acid type is seen
much more frequently than the basie.

The dvkes may be classified as follows:—

1. Aecid—
a. Pegmatites.
b.  Aplites.
c. Felsitie quartz-porphyries.
2. Basie—
a. Hypersthene-hornblende and hyper-
sthene-gabbros.
b. Mieropegmatitic guartz-dolerites.
e. Partlv chloritised and slightly amphi-

bolised guartz-dolerites.

1. deid Dykes.

a. Pegmatites.—These are more largely de-
veloped in the southern part of the area than else-
where, although they are seen in some places in the
vieinity of Mt. Kenneth, A rather remarkable fact
about these pegmatite dykes or veins is that one
eranite rock may be fraversed by a large number of
them, whereas the next rock® visited may not contain
one, and that quartz reefs are ravely present in the
granite where there are no pegmatities.

The pegmatite dykes and veins in the southern
part of the area do not appear to follow any par-

#*The term “rock” here denotes the large hase masses re-
ferred to previously,:



tieular -direetion but traverse the granite at all
angles from the meridian. Farther north, however,
their strike is between north-west and west-north-
west. In most places the width of the pegmatites
ig from two feet downwards, but here and there
dykes with a width of as much as six feet arve seen.
The smaller dykes and veins arve uniform in char-
acter throughout their length, but the larger ones
are seen to vary considerably if followed along their
outerops. At the eastern end of the small green-
stone area unorth of Mulierdruing Soak there are
many large dykes which grade from eoarse pegma-
tite into gquartz when followed along their strike.
In one of them a band of quartz formed the middle
of the dvke, and another graded. from ecoarse
pegmatite in the middle to quartz at the sides.

A eaveful examination was made of many of the
dyvkes for aecessory minerals, but none other than

quartz, felspar, and miea was seen.
b, Aplites—A few parallel dykes of aplite

were seen a few chains to the east of the 126 mile
post on the Rabbit-proof Fence. The country rock in
the vieinity is a much weathered granite, and the
ground is mostly covered with rock debris so that
little ean be seen of the dykes whieh do not vise
~anove the surface level.

e. Telsitiec Quartz-Porphyries.—In
the vicinity of 3t. Kenneth and in the greenstone belt
which extends north-north-westwards from the Cow-
arra Pool on Warne River there are many dykes of
felsitic guartz-porphyry, a few of which are shown on
the plan. One of these is continnous for upwards of
six miles, and runs in a north-easterly direetion.
This dyke has a maximum width of twenty chains,
but it is not altogether clear whether where it is
thickest it is one dyke or several narrow parallel
dvkes. West of Mt. Kenneth there mo five bands
of fel‘mw quartz por p}‘\lv about five chaing apart,
and the intervening space is eovered with soil and
with debris from the bands. A mile to the north-

o

west the Tull widih of twenty chains is thickly
strewn with fragments of the felsitic quartz-por-

phyry, but none is seen in site. It has been mapped
as one dyke, but it i8 necess
to the possibility of these heing a series of narrow
parallel dykes, as sufficient time was not available
to traverse the dyke from end to end, and it has
been mapped from observations made on four
traverses which erossed it at right angles to its
course. -This dyke euts aeross the granite and the
greenstones, and similar dykes were seen in both
formations in this locality.

The dykes all

strike bhetween  north-west and
novth-north-west, but near their ends some of them
depart from this eourse, in some eases almost at
right angles to it, but where this ocenrs the dykes
die out within a few chains.

Tn no instance were the pezmatite and the felsitie
quartz-porphyry dykes seen ecutting aeross each
other, nor was one type seen in close proximity to
the other. Doth varieties of dykes are probably
genetically connected with the granite which they
traverse, but were derived from the magma after the
upper portion had ecoled. As the original granite
cooled eontraction would result in fissures being
formed, and the dvke vocks found their way up-
wards through these.
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ary to draw attention

A typical specimen of the felsitie quartz-porphyry
[1/1668] from three and a half north-west of Mt.
Kenneth is deseribed b\“ Mr. Farquharson as fol-
lows :—

A very fine-grained felsitie grayish white rock with a
few indistinet phenoerysts of pale yellow felspar.

S, ists of a few slightly kaolinised and miea-
cised phenoerysts of felspar and a few small more or
less rogged phenoerysts of gquartz in a fine-grained
ground-mass composed of minute squares, rods, and
grains of kaolinised and micacised felspar and lesd
common grains of quartz. The felspar of the pheno-

erysts, and probably of the ground-mass, are in part at
least orthoclase.

The rock is a felsitic quartz-porphyry.
2. Basic Dykes.

a. Hypersthene - hornblende and
hypersthene-gabbros-—Six miles to the

north-north-west of Cowarra Pool on Warne River,

there is dvke of a very dark gray, vather coarse-
grained gabbroid rock running parallel with the

western boundary of the greenstone belt which it
traverses. The length of this dyke was not ascer-

tained, but its width is about ten chains, A speci-
men [1/1673] is deseribed by Mr. Farquharson as
follows (—-

© Consists of ragged grains and prisms (and eross
swtmn) of pyroxene, and ragged pla‘wS of brown horn-
blende, inte 1111111@10(1 with colummar erystals of striped
plagioclase. The pyroxencs are of two kinds: (a) pleo-
chroie pink grainsg which, as they show straight extine-
tion in h\nrmuhml sections and mdnatmm of a bi-
seetri section showing the nearly rectangular
rages, are hy pomthoue, (b) colouvless or very pale
ains which in cross seetion extinguish along a
ing the rectangular cleavage angles and show
tion an optic axis, and which are therefore
monoclinie pyroxene. Both the pink and the colourless
species are in places part or wholly surrounded by a vein
of brown hornblende, and in places pink grains are en-
closed completely in hrown horublende. Moreover, some
of the monoclinic plates are partly altered to yellowish-
green hornblende, or to green chlorite. It would appear,
therefore, that the brown hornblende is echiefly, if not
wholly, a derivative of the monoeclinic pyroxene and only
in very small part a derivative of the orthorhombie
species.  Further, the brown hornblende is most probably
not original or only in small parts original.
The felspar species is labradorite. ‘
The rock is a medium-grained hornblende-
norite, or rather hypersthene-hornblende gabbro.

About two and a half miles south-south-east of
Milgoo on ground thickly strewn with fragments of
ironstone and quartz a small outerop which probably
represents a dyke was seen. A specimen [1/1663]
of this roek was collected and has been examined
by My, Farquharson who states that it is “similar
to [1/1673], but with more of the pyroxene, and
with diallage in excess of the hypersthene; also
coarser in texture and felspars slightly zoisitised.
Rock ahypersthene-gabbro

in ero

No field evidence was obtained which would in-
dicate the relative ages of these dykes and the other
basie dykes, but Mr. Farquharson thinks that from
their freshness, and from their resemblance to dyke
rocks from Cie and Naorseman which are known to
be the latest intrusions at those centres, they are
the youngest roeks in the area examined.

b. Micropegmatitie guartz-doler-
ites . —Six miles to the north of Cundiering Rock-
hole a dyke traverses the granite in an easterly direc-
tion. A specimen [1/1655] Las been esamined by
Mr, Farquharson who reports as follows:—

A medium-grained gray-green vock with very pale
greenish felspars.



se-grained much chloritised micropegmatitie
te, “lﬂl large eolumnar felspars kaolinised,

or upldo{“d, forming a very
in whieh are ivterstitial quartz and areas

atite, small ragged flakes of chlorite and
The rock is identieal with specimens of the

hmn}uen@o i
‘tz-dolerite amphibolites (Zchloritised)

of Ka]gooﬂie.

At Survey Station I 94,
east of Cootewar Well, a basie dyke eunts a large
quartz veef ahont fifty feet wide obliquely. The
dyke yuns parvallel with, and close to, the reef to the

st and west of wheve it euts aeross it. [1/1653]
vormn this dvke is described by Mr. Farguharson as
follows ;— )

A pinkish
small green

three-quarters of a mile

gray rather fine-grained rock with very
black patches.

S Con almost wholly of rather small and thin -
cohunnar ped plagioelase, in the inter-

hetween whi reing of quartz and small
a mul(»])ugnmtlth jntergrowth of guartz and
A few crystals, rageed plates and prisms and
n lLornblende, and plates and

Some of the felspar
All the fel-
renders the
The

“ilmenite also oceur.
lumns are bovdered by the intergrowth.
is turbid from kaolinisation, which
species forming the eolumus difficult to determine.
spee however, is apparently fairly acid.

The rock is a hornblende miero pegmatite,
which may be a facles of a granophyre or of a micro-
smatite quartz-dolerite.

e. Partly echlorvitised and slightly
amphibolised ophitiec quartz-doler-
ites. Tive miles to the south-east of Mt Ken-
neth a dyvke of fine-grained, dark, gray-green rock is
seen traversing the greenstone. 1t also cuts across
gome granite veins and a felsitie quartz-porphyry
dyke. Tt is therefore the latest intrusion in the
loeality. A specimen [1/1675] from this dyke is de-
gerih ed by \Ir farquharson as follows :t—

A fine-grained partly echloritised and slightly amphi-
bolised o}\hme quartz-dolerite mth remains of
original grayish augite, and some interstitial quartz. A
11h1 hnemte and pyrite are present. The felspars are
mostly in long thin laths or columns and mostly kaolin-
ised and but little zoisitised.

Detailed mapping  would yrobahlv result in the
digeovery of other basie dvkes, but in the traverses
made by the writer the five dykes described were the
only ones encountered.

The wide distvibution of doleritie dykes is a re-
markable feature in the geology of Western Aus-
tralia. They are <een in all the greenstone and
granite aveas of the State, and in the North-West
Division dyvkes and reefs of the same rock are seen
intruding three sedimentary formations, the youngest
of which is probably of Tertiary age. In some locali-
ties these dykes ave very numerous, but in other dis-
tricts one way travel for days withent seeing one.

THE MINERAL RESOURCES OF PART OF
THE ASHBURTON DRAINAGE BASIN.

(H. W. B. TaLpor.)

GioLp.

Alluvial gold has been found in several places in
the valley of the Ashburton, and in some localities
eold was also obtained by dollying quartz from rich
leaders. The princiral workings were at Top Camp,
Soldier’s Seeret, Dead Tinish, Dead Finish No. 2,
The Gorge, and Mt. Mortimer. It is stated by old
residents of the distriet that at one time there were
several hundred men on the diggings, but these have
all left, and for some years past the only ones who

visit the old eamps aré oceasional “fossickers.” The
old diggers that remain in the distriet are employed
on stations, or eke out a living by kangaroco shooting.

Most of the centres were visited in the year 189
by the then Government Geologist, the late My, H. P.
Woodward, who states that from Top Camp from
9,000 to 10,000 ounces were obtained; 1,000 ounces
from Dead Finish, and 1,500 ounces from Soldier’s
Heeret. He does not give the yield from Mt. Mor-
timer, but mentions that a nugget weighing 56 ounces
was obtained there. Mr. Woodward states that about
15,000 ounces were obtained from the different mining
centres in six moaths.  The official gold-mining
statistics give the total gold yield of the Ashburton
Goldfield to the end of 1918 as—alluvial, 8,573.89 fine
cunees; dollied and specimens, 315.64 fine ounces.
In all probability the official returns fall far short
of the actual amount of gold won, as in the early
days of mining prospectors seldom rveported the
amount of alluvial gold they obtained, and as they
disposed of it throngh various channels, the official
returns probably vepresent only that portion that
was sold to the banlks.

Soldier’s Secret, Dead Iinish,
were visited by thes Government Geologist, Mr. A.
Gibh Faitland, in 1907, and his deseription of these
centres was pubtished in Bulletin No. 33 ¢, v.

In addition to the localities referred to above, it
is stated by old residents of the distriet that a large
amount of gold was obtained from workings near
the head of Turee Creek, but no reliable estimate
could ke formed of the amount of gold won, as
ports were contradictory. It would appear, how-
ever, that some thonsands of ounces were obtained.
Owing to the drought and absence of feed for the
horses these old workings were not visited, so it is not
possible to state what formation yielded the gold.

In the opinion of the writer, the gold deposits of
the Ashburton Distriet are by no means exhausted,
and the distriet still affords a promising field for
properly equipped nrospecting parties. To test the
country thoroughly prospectors would require camels,
as some of the most promising country has little or
no surface water exeept for a short time after rain,
and by the time the ground is dry enough for “dry-
blowing” the surface waters have evaporated. It is
only in good seasons that there is grass enough for
horses, but there are always bushes and serub upon
which camels will thrive.

The Ashburton Beds have up to the present yielded
all the gold that has been found in the Ashburton
Valley. To the east of the 116th meridian the area
in the Ashburton Drainage Basin occupied by these
beds is approximately 5,400 square miles. In this
area the roeks consist of highly inclined conglom-
erates, grits, arkoses, quartzites, sandstones, slates,
and dolomitie limestones, and nearly everywhere
there are numercus quartz reefs. To the west of
the 116th meridian the rocks consist principally of
micaceous sandstones, and there is less quariz than
in the ecuntry faither east.: It is to the east of
longitude 116° that the most promising auriferous
country lies, and it is here that systematic prospeect-
ing should be undertaken. In the writer’s opinion
the places that offer the greatest inducement to pro-
spectors in the area occupied by the Ashburton Beds
are (a) the country hetween the main Ashburton
AMail Route and Hardey River to the east of longi-
tude 116° 307, and (b) the couniry drained by the
upper portions of Kennedy and Cherrybooka Creeks.

and Mt. Mortimer
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In these localities the quartz is of a more “kindly”
character than that seen elsewhere; but it by no
means follows that these are the only places that
will yield gold.  They are, however, the localities
that impressed the writer most. )

The place that may possibly yield the richest gold
deposits in the Ashburton Distriet has not, so far as
the writer could leain or see, yet been tested by
prospectors. This is in the neighbourhood of Mount
Bresnahan. The npper part of the range that runs
south-east from this mount is composed of beds of
boulder conglomerates of the Nullagine Formation,
which rest unconformably upon the upturned edges
of slates, ete., of the Ashburton Beds. Conglomer-
ates almost identical in character oecur at Nullagine,
and here they rest unconformably upon strata of
the Mosquito Creek Series, which is probably homolo-
gous with the Ashburton Beds. A considerable
amount of alluvial gold was obtained from the ground
below the base of the conglomerates at Nullagine,
and these conglomerates have also yielded gold by
crushing. At Just-in-Time, near Marble Bar, gold
oceurs in similar conglomerates at the base of the
Nullagine Series. At Rooneyv’s Pateh, near the head
of Brown’s Creek, and at Sunday Hill, alluvial gold
has also been obtained from these conglomerates.
The four places just referred to, and Mount Bresna-
han, ave the only localities in the North-West Divi-
sion that the writer has seen conglomerates at or
near the base of the Nullagine Series, and in the
four places mentioned gold is found in them.

In Bulletin 33 (pp. 105-106) the Government
Geologist, Mr. A. Gibb Maitland, refers to the pre-
sence of remnants of conglomerate beds on the clay
slate hills at Egina, in West Pilbara. Dry-blown
workings extend to the hase of the conglomerate, and
Mr. Maitland states that this “suggests the possi-
bility of the gold having been derived from the basal
beds of the series (the conglomerate), as at Nulla-
gine and Just-in-Time.”

At Mount Bresnahan the conglomerates have a
ereater horizontal extent and vertical thickness than
at any of the other localities. In the writer’s opinion
the country along the base of the range that extends
south-east from Mount Bresnahan is well worth test-
ing for alluvial gold. The finding of alluvial gold at
the base of the range would indicate the presence of
auriferouns. conglomerate above.

The country in the vieinity of Mount Bresnahan
is difficult to prospect, as there is no feed for horses
or camels in the best of seasons, and water would be
found only for a short time after rain had fallen.
For four or five miles out from the range the country
is trenched by many steep U-shaped valleys, and the
whole of the ground is thickly strewn with large
rounded boulders Jderived from the disintegration of
the eonglomerate, and travelling over this broken
boulder-strewn ground is slow and diffrenlt. It took
us over three hours to go from Cherrybooka Creek
to the base of the mount, a distance of four and a
half miles. The ditficulties of travelling eould, how-
ever, be overcome if prospects warranted the clearing
of a track; and water could be obtained from the
Ashburton and, in a good season, from Cherrybooka
Creek.

As stated previously, it is reported that a consider-
able amount of gold, probably several thousand
ounces, was obtained from the head of Turee Creek.
The writer did not see the old workings, and is there-
fore unable to give any particulars as to the ogeur-

statistics give the wield as

rence of gold in that locality. In the course off a
hurried trip in this loeality, however, he was im-
pressed by the kindly character of the quartz reefs
in the weathered schists near the head of the north-
west branch of the Turee.

CoppER.

Copper occurs in various places in the Ashburton
Goldfield, and up to the end of 1917 a total of 351.07
tons of ore which wvielded 97.13 tons of metallic
copper valued at £6,408 was sent away from the dis-
trict, but all the ore except 6.32 tons containing .79
ton of metallic copper valued at £94 was raised at
Taroo or Red Hill.

All the important copper mines in the distriet were
examined by the Tovernment Geologist, Mr. Mait-
land, in 1907, and are fully described by him in Bul-
letin 33. The copper mines deseribed hy My, Mait-
land have all heen alandoned, and they were not
visited by the writer. The only place that showed
more than a mere stain of copper seen by the writer
was at “Black’s Copper Mine,” situated six miles
north-east of Peake Station. Here traces of eopper
are found nearly all over a hill that rises about 300
feet above the general level of the country. A few
tons of ore were raised and sent away, but the mine
was abandoned after a little desultory work had been
done. There is no defined ore channel in the mine,
and the eopper ore (malachite) appears to have been
deposited in certain places by permeating solutions.
Under present eonditions the mine is valueless, and
could only be profitably worked if it were possible
to treat low-grade ore on the spot.

The writer was informed that copper oceurs in a
few places in the Capricorn Range, but his informant
stated that the lodes were small and all attempts by
prospectors to find payable bodies of ore had failed.

It appears that under present conditions the cop-
per deposits of the Ashburton are not rieh enough
to work at a profit. The cost of raising the ore,
haulage to the port, shipping charges, and the high
price of supplies and mining requisites make any-
thing but high-grade ore unpayable. The known
copper mines of the Ashburton received no attention
during the period of the war when the price of cop-
per was high; and now that the war is over copper
will probably drop in value, so there is not mueh
inducement to work the mines, or to invest capital
in them.

LEap.

Silver-lead ore was discovered at Uaroo about the
vear 1901, and up to the end of 1918 the official
22525.60 tons of ore,

Eacany c

valued at £28,850.

The mines at Uarco have been fully deseribed by
the Government Geologist in Bulletin 33. In passing,
the writer looked over the Uaroo Silver-Lead Miné,
but little development work had heen done since Mr.
Maitland’s visit in 1907. A winze has been sunk to
a depth of 83 feet from No. 3 Tunnel, and the under-
hand stopes have heen deepened by extracting the
ore. If this mine is to continue as an ore producer,
it will be necessary to sink a new shaft to cut the
lode at a depth. The present methods of working
the mine are teo costly, and it will be only a com-
paratively short time before it will be impossible fo
raise ore at a profit from the present workings. The
ore body is strong under foot in the hottom of the
mine, and there appears to be sufficient inducement
to sink g shaft to facilitate working and lower eosts.
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Tiw.

No diseovery of tin has so far heen reported in
the areas of granite and older mieaceous schist that
extend sonthwards from the Ashburton to the Gas-
coyne to the west of Henry River, but the presence
of many pegmatite dykes, some of which contain
large quantities of tourmaline, indicates the possi-
bility of the occurrence of tin in the distriet.

In the year 1913 a Mr. George Cathray forwarded
the writer a parcel of stone from the Gascoyne with
a request that it should be assayed for gold. On
opening the parcel it was found that the contents
consisted of fragments of pegmatite and angular
pieces of cassiterite. Mr. Cathray was written to
and informed of the importance of his diseovery and
was asked to let the Department have particulars of
the loeality from which he got the tin. No reply was,
however, received from Mr. Cathray, but as he was
engaged in kangaroo shooting he would probably be
moving about and the letter that was sent to him may
not have reached him.

In Bulletin No. 33, p. 27, the Government Geolo-
gist, Mr. A. Gibb Maitland, describing the country
in the vieinity of Belyarra Pool on the Gascoyne,

states: “the ocemrrence of tourmaline-beaving peg-

matites in certain areag indieates the possibility of
tin occurring in the vieinity.”

So far as can be learnt, no prospecting for tin has
yet been done between the Ashburton and the Gas-
coyne, but the country along the Mullewa-de Grey
Stock Route, between a point about five miles north
of the Telford and the head of the Alma, and also
between the Lyons and the (ascoyne, appears to
offer sufficient inducement to attract prospectors.
Prospecting should be undertaken in the vicinity of
the larger pegmatite dykes, especially those contain-
ing tourmaline. In most years there is plenty of
water and sufficient feed for horses or camels.

7—THE COUNTRY BETWEEN YALLADINE
AND COOLGARDIE A8 FAR NORTH AS
THE MULLINE-MT. JACKSON ROAD.

(. W. B. Tansor.)

The greater part of the area between Yalladine
and Coolgardie is occupied by granite in which are
long and comparatively narrow belts of greenstone.
The granite is represented principally by sand plains
covered with a dense growth of low serub, but in
some localities where the soil is loamy there are fine
forests of gums, chiefly salmon and morrel gums,
which are being cut to supply fuel for the mines at
Kalgoorlie. Here and there on the sand plains and
in the gum forests barve masses of granite oceasionally
rise abruptly from the plains by which they are sur-
rounded. These “rocks,” ag they are termed locally,
are of considerable importance, as it is on or close
to these that the only water supplies of the distriet
are obtained. On many of the granite rocks there are
gnamma holes, and near the base of most of them
soaks are found. Away from the rocks water found
by sinking is too salt for use. Some of these rocks
cover an area of a square mile or more, and rise to
a height of about 100 feet ahove the level of the
surrounding country.

In a few localities there are low “breakaway”
cliffs of weathered granite, but these are not nearly
so numerous or long as in the granite areas farther
north and east,

The principal greenstone belts of the district are:
—(1) the Wallangie Belt, (2) the southern portion of
the Lake Barlee Belt, (3) the southern extension of
the Mulline-Callion Belt, and (4) the Jaurdie Hills
Belt.

1. The Wallangie Belt.—This belt extends from
near Mt. Walter in a north-north-westerly direction
for about 62 miles. For about 40 miles it is five
miles wide, but at both ends the breadth narrows,
and for the last 15 miles at the northern end it has
an average width of a little morve than a mile.

Much of the belt is oceupied by red and brownish
soil-covered flats which support a strong growth of
gums and salt bush, and in many places several miles
can be travelled without seeing vock outcrops of any
kind. . )

As a general rule the rocks of this belt are much
weathered and many extensive exposures are little
more than coloured clays, but here and there un-
weathered outerops show that the rocks are similar
to those usually found on the greenstone belts of
the Eastern Goldfields and that they eonsist princi-
pally of epidiorites, hornblendites, and jaspers.

To the north of the Tron Knob practically all the
hills are composed of jasper bands, which strike
north-north-west and are vertical or have a very high
angle of dip.

At the northern and southern ends of the beli the
greenstones arve traversed by a great number of peg-
matite dykes. These acidie dykes ecut the green-
stones at all angles, and range in size from bands
50 feet wide down to stringers a few inches across.

(old mining leases have been worked at a few
places at the southern part of the belt, the whole of
whieh appears to have received more or less attention
from prospectors. The latest find was near Wal-
langie Rocks, whieh was reported on by Mr. E. de C.
Clarke (vide 9 below). At the time of my visit
several parties were at work on the leases, but a few
weeks later the place was deserted.

None of the leases at other places on the belt have
been worked for some years. The Wallangie Belt is
very difficult to prospect, as the rocks are much
weathered and most of the reefs and lodes are hidden
bereath a eoverirg of soil or rock débris, or by i
capping of cement or laterite. The only method,
therefore, by which the gold deposits can be found
ig by “loaming.”

Up to the present all the leases that have been
worked proved disappointing, and although a few
rich “dabs” were found near the surface, pavable
gold ceased to exist at a comparatively shallow depth.
The only place on the belt that T was at all impressed
by, apart from those loealities that have heen alrveady
worked, ig situated about five miles north-north-west
of Tron Knoh. Thereahouts several reefs and leaders
were seen which seemed to warrant eareful sampline.

2. The Southern portion of the Lake Barlee Belt.
—That portion of this belt which extends into the
area under disenssion runs in a south-south-easterly
direction from the Mulline-Mt. Jackson road for a
distance of about 18 miles. Tt runs north-north-
westwards from the road to a point about six miles
north of Mt. Forrest—a distance of about 90 miles—
but that portion had been previously mapped.

‘Where the greenstone belt is crossed by the road
it is ahout five and a half miles wide, but a little to
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the south it breaks up into a number of points only
one of which, the most westerly, extends for any dis-
tanee into the granite. Geologically this portion of
the belt bears a strong resemblance to the Wallangie
Belt, and jasper bars form most of the hills. As at
the ends of the Wallangie Belt, there are many peg-
matite dykes.

Here and there signs of -prospecting are seen, but
evidently the results were not promising as no shafts
were sunk.

3. The Southern Extension of the Mulline-Callion
Belt—~—The Mulline-Callion Belt dies out to the south
at a point about 13 miles south-south-east of Callion.
The rocks consist of massive and foliated epidiorites
and hornblende schists. TUnlike the two belts pre-
viously deseribed jaspers are absent in the southern
portion, although a few bhands were seen west of
Callion.

‘Within a few miles of Callion a good deal of work
was done on several leases in the early days of the
goldfields, but south from the leases no quartz reefs
are seen, although here and there a small lens of
that rock, seldom more than a few feet in length, is
enclosed in the greenstone.

4. The Jaurdie Hills Belt—This is a belt of
irregular shape. It has a maximum width to the north
of Jaurdie Hills of about 13 miles, and runs in a
génerally south-south-easterly direction from a point
about four miles south of the southern end of the
Mulline-Callion Belt fto near Gnarlbine Soak, a dis-
tance of about 55 miles. The southern portion of the
belt between the Eastern Railway and Gnarlbine Soak
was mapped by Mr. T. Blatehford in 1912.

The rocks of the northern part of the belt consist
of fine-grained greenstones which as a general rule
are massive, but there are several areas in which the
rocks are more or less schistose. Tn some localities
there are many dvkes of porphyry, aplite, and peg-
matite, and in the vicinity of these the greenstone
is more schistose than elsewhere.

When travelling over this belt one encounters many
abandoned gold mines, and from some of thie mining
centres a considerable amount of gold was won in the
past. From the Jaurdie Hills leases nearly 20,000
ounces of gold were obtained, and from Dunnsville
the yield was over 8,500 ouneces.

At the time the area was visited no men were seen
at work anywhere on the belt, but there was evidence
in the form of fresh workings that the distriet is
visited from time to time hv prospectors, and some
of these had been at work at Dunnsville a short time
prior to my arrival.

8.—REPORTED OCCURRENCE OF OIL NEAR
PINGELLY, SOUTH-WEST DIVISTON,

(E. o C. CLARKE.)

In accordance with instruetions (G.SW.A, Ne.
116,02, L.B. 656/28). T left Perth for Pingelly in
companv with Mr. J. T. Moate, on January 14.

Mr. Martin’s farm, the scene of the supnosed oc-
eurrenee, was reached on the morning of the follow-
ing dav. Mr. J. T. Martin, the owner, declared him-
self to be unaware that anv such visit was pronosed.

On viewing the Well, Messrs. Martin and Moate
expressed disappointment at the small showing of
oil, but thought that if the well were partly baled out

more oil would escape. 1, therefore, decided to make
a longer stay, and to stay at the well continually until
I had collected samples.

After the well had been partly baled out and time
given for the oil to accumulate I eollected a sample
(C. 10), although Messrs, Martin and Moate again
protested that the showing was a very poor one.

As Messrs. Martin and Moate were now of the
opinion that, if the well were completely baled and
allowed to vefill partially, a much beiter showing
would be made, I decided to wait two more days, as
before, camping night and day at the well.

The well having been baled I found that there was
a considerable accumulation of foul-smelling sludge
at the bottom, which eontained much decomposing
organic matter, mainly probably of plant origin, but
no doubt, some animal remains were also there, e.g,,
frogs, which now live in the well, must die from time
to time and leave their quota of fat, ete. As much
as possible of this sludge was removed, but a com-
plete clearance could not he made, as Mr. Moate and
the man he had with him returned to Pingelly on
Thursday evening, and the remaining man power was
hardly equal to the task of eleaning out the well.

Having allowed the new supply of water to seep
into the well for 36 hours, T eollected Sample C. 11.
Mr. Martin was more than ever disappointed with the
showing on the well.

1 may mention that the distinet “smell of kero-
sene” which I mnoted when eollecting Sample C.
10 could not be detected in (. 11. ‘

Mr. Martin. gave me Sample C. 12, eollected by
himself some time ago. He informed me that he had
added small quantities of salt and petrol to the
sample some time previously when he had no idea
that it would be of interest to any one else,

From Mr. Martin’s account, the seeping of “oil”
into this well is very intermittent, beinz best in
Auntumn and partieularly fine on days after “earth
tremors” have heen felt. .

My instructions do not include the making of a
geological renort, but T consider that the country be-
tween Pingelly and Mr. Martin’s farm is granitie.

The well in question would be about 20 feet deep
when completely cleaned out. From the surface to
about 15 feet, the well is sunk through wash, below
that it passes through granite, highly decomposed no
doubt, but still n situ.

T was unable to visit the country farther east. Mr.
Moate informed me that an area of “heavy sedimen-
tation” oceurs in this dirvection.

T am satisfied that after midday on Wednesday,
January 15th, till the 2nd sample had been ecollected
on January 1S8th, no one tampered with or “salted”
this well.

APPENDIX.

Rerort ox Trres SaMPLES .OF SUPPOSED PETROLI-
FEROUS WATER TROM PINGELLY DISTRICT, COL-
LeCcTED BY Mr. E. pr C. CLARKE.

(B. 8. Srarsox.)

Of the three samples of water from Martin’s Well
submitted, two were collected by Mr. Clarke in hottles
free from contamination, one by the owner of the
property, in a boftle which had heen previously -
washed out with “Petrol.”” This last was, therefore,
rejected as heing certainly contaminated,



Mr. Clarke’s samples were both examined in the
same way. Immediately on opening the bottles, the
nature of the vapour over the water was tested by
smell and by test papers. Light petroleum spirit
(free from all matter not volatile at room tempera-
ture) was added to the sample and repeatedly shaken
with it over a length of about 18 hours, the water be-
ing kept at or about 15 deg. Centigrade. The spirit
was then completely separated from the water, well
washed with distilled water to remove any salts, and
evaporated at room temperature, about 33°C. The
residue was weighed and tested.

Sample No. 3858, marked C. 10. A colourless
water, almost free from turbidity, but containing
much dead and decaying organic matter, both veget-
able and animal (erustacea and insects). On opening
the hottle, the smell of sulphuretted hydrogen was the
only one perceptible, and a strong reaction for this
was given by lead test paper. On evaporating the
petroleum spirit exiract, a vesidue was obtained,
weighing 0.041 grams and consisting of a thick oil
of a light brown colour. Owing to the very small
amount of this oil available (about one medinm sized
drop), it was diffienlt to ascertain its exact nature.
Tt was found to be fluid at all temperatures above
150°C., it had an odour resembling some heavy
mineral oils and some resin oils. Tts solution in pet-
rolenm spirit was fluorescent, and at 200° the greater
part distilled unchanged, properties characteristic of
mineral hydrocarbons and rvesin oils. At a higher
temperature it carbonised only slightly and yielded
only a very slight aerid odour and slightly acid
vapour. Animal and vegetable oils yield much aecid
and acrolein of very acrid odour.

Summing up, it appears that this water and its
solid contaminations earry an appreeiable amoiint
of a heavy oil, very little of which appears to be of
direct animal or vegetable origin, the greater part
resembling a mineral oil or resin oil.

Sample No. 3859, marked C. 11. A water similar to
C. 10, colourless and almost free from turbidity, but
containing much decaying vegetable matter and many
small dead insects and ecrustaceans. The odour of
sulphuretted hydrogen was the only one perceptible
on opening the hottle, and lead test paper confirmed
its presence. On evaporating the petroleum spirit
extract, a residue was obtained which weighed 0.015
grams, a little over one-third of the amount obtained
from C. 10. At 15° C. it differed entirely, since for
the most part it then beeame a solid fat: The chemi-
cal reactions differed distinetly. At 200° a small
amount appeared to volatilise, the remainder set into
a solid fat immediately it cooled to ahout 30°. On
heating to about 300°, it completely dissociated and
vielded free carbon with dense vapours, which were
strongly aeid and contained abundant acrolein.

PFrom this, it appears that the chief constituent of
the petroleum spirit extract from C. 11, is very dif-
ferent to that from C. 10. Tt is mainly a fat, prob-
ably of animal origin, mixed with a very little heavy
oil, similar to that obtained from C. 10, which may be
a resin oil or a heavy mineral oil.

Tt will be noted from Mr. Clarke's report that C. 10,
whieh earried the higher proportion of oil of possible
mineral origin, was collected from the well in the
condition in which it was on Mr. Clarke’s arrival. C.
11, on the other hand, was collected after the well had
been eompletely baled out by Mr. Clarke and allowed
to vefill,
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9 —THE WALLANGIE GOLD FIND ON THE
KURRAWANG WOODLINE, COOLGARDIE
GOLDFIELD.

(E. o C. CrLARKE.)

INTRODUCTORY.

These notes are the results of an inspection -of the
find and its neighbourhood made, aceording to official
instructions. The field work oceupied me from
March 6th to Mavch 13th, 1919, and I wish to ex-
press my indebtedness to various prospectors, and
particularly to the staff of the Goldfields Firewood
Co., for muech valuable assistance.

Wallangie—the name of a watering-place on the
old Southern Cross-Goongarrie track, which is three
or four miles west of the find—has heen suggested
as preferable to such names as “Woodline Find” or
“So-and-So’s Pateh,” of which there are already
several in the annals of Western Australian gold-
mining. Unless otherwise specified “Wallangie,” as
used in this report, must be understood to mean the
gold find and not the original Wallangie,

The Wallangie Find is nearly 35 miles N.N.W. of
Boorabbin, a station on the Perth-Kalgoorlie railway
line, about midway between Southern Cross and
Coolgardie, and is about two miles N.E. of the pre-
sent Main Camp on the W.A., Goldfields Firewood
Co.’s timber line (“Kurrawang Woodline”). Wood
trains run daily on the company’s line between Kur-
rawang (a station between Coolgardie and Kalgoor-
lie) and the Main Camp (a distance of over eighty
miles) and this fact, combined with the liberal treat-
ment afforded to prospectors by the ecompany in the
way of carriage for ore, supplies, and water, renders
the find at present vervy accessible. If the com-
pany’s present plans regarding the cutting out of
the timber in this part of the country are executed
Wallangie will prebably continue to be easily
reached from the woodline for three or four years to
come, although during that period the main eamp
and position of existing lines will be moved several
times.

It seems that eold was first discovered on the
Wallangie leases bv a prospector named Davis about
the middle of 1918. However, the belt of greenstone
countrv running slichtly west of north from: Mi.
Walter was known to be gold-bearing many vears
ago. The tent and belongings of some unknown
prospector. who in the early days perished verhans
when out hunting for his horses, were found about
18 months ago by woodeutters, and in June, 1918,
not far from this pioneer’s last camp. Gates’ Dry-
blowing Pateh, about 114 miles S.E. of the Wallan-
eie leases, was discovered. Near the 77-mile on the -
Kurrawang Woodline a small find, sometimes ealled
Mobere’s, was made in April, 1918. This find. it is
said. bad not had a fair trial. Aeain, at Ryan’s
Find, about 7% miles S.8.E. of Wallangie, a con-
siderable amount of prospecting was done about four
vears ago, and 45 tons of ore is said to have yielded
21%0zs. per ton. ’

The country near Wallangie is gently undulating
and is, in its natural state, covered with a fairly thick
growth of salmon and other gums, with the wusual
sparse undererowth of various shrubs. The chief
land marks are the breakaways of ironstone (ferru-
ginous laterite), whieh oceur at intervals along the



line of the main gold finds. About 214 miles north
ol the northernmost prospecting area on the Wallan-
gie line is “lron Knob”—a hill of banded contorted
Jasper rising about 100 feet above the surrounding
country. HRills of apparently the same nature lie
three or four miles north of lron Knob, and similar
hius are said to occur at intervals for many miles
farther in the same dirveetion. s

Water for vital purposes may at present be ob-
tained at the Woodline, being brought by train from
Wallaroo Rock. The nearest well is at the original
Wallangie, The depth to water at the Nullagine
leases is not known. It is thought that a considerable
amount of water draining off the breakaways near
the south end of the leases could be inexpensively
conserved by a dam.

DESCRIPTION OF WORKINGS,

Prospecting areas and leases on which work was
being done at the time of my visit arve as follows, be-
ginning at the north end:—

Higgins' P.4., on which gold was first found by
P. J. Higgins on January 11, 1919, now has a shaft
vertical for 18 feet, thence going off on the underlie
(45° to west) for about 12 feet. 214 tong of
quartzose rubble, said to be worth 6 or 8ozs. per tou,
were taken out in the first 6 feet of this shaft; below
this, at a vertical depth of ahout 15 feet, another
body of quartz and ironstone, about 1 foot thick,
known as the footwall reef, was encountered. This
was followed on the underlay for a few feet, and at
the bottom of the shaft the hanging-wall reef, here
3 feet 6 inches thick, is coming down at a steeper
angle and meeting the footwall reef along a line of
junction which pitches north. The quartz of both
reefs is sugary and has a good deal of ironstone
scattered through it in the form of hewmmatite flakes
and seams of earthy iron oxide. The walls of the
two reefs are not clearly defined from the country,
and below the vich surface pocket only low values are
sald to have been got in the shaft. For about 60
feet north of the shaft 6 or 7 potholes have been sunk
on a sugary quartz vein—probably the hanging-wall
reef—and are said to yield very good prospects.
What is probably the southern econtinuation of this
sugary quartz vein has been, it is claimed, followed
through the greater part of the P.A. immediately
south of Higgins, but is apparently barrven at its out-
crop. A shear plane, filled with brown iron oxide
and carrying a little gold, cuts through the highly
weathered sheared greenstones which form the coun-
try at Higeins’, as elsewhere at Wallangie, and
should intersect the quartz veins described above, at
the shaft. This intersection may be accountable . for
the rich pocket in the upper part of the shaft.

Victory Reward, G.M.L. 4595.—The workings on
this lease are about 134 miles S.5.E. of those just
described. Gold was first discovered here late in
1918 by J. Reid, sometime after the first find on the
Breakaway Central P.A., half-a-mile still further to
the S.S.E. Reid is reported to have obtained 500zs.
of gold from Gewt. taken out of the pothole which
has now become the main shaft. The lease is being
worked under option by a syndieate. The workings
a main shaft, 17 feet deep, two or three potholes
and four costeens, 4 feet to 6 feet or more in depth
—are on the top, and near the edge of a breakaway.
There is thus a considerable thickness, probably
~ about 20 feet, of laterite (weathered and disjointed

country) to be pierced before the settled (but of
course still greatly weathered) country will be
reached. An irregular pateh of latevite, containing
about 200 cubic feet, has been taken out of the shaft,
and the portion bagged is expected to yield about
5ozs. per ton. The run of gold is being followed
westward under the cement in the shaft. This rich
poeket in the laterite appears to be a spread forma-
tion from a lode, which from present indications lies
farther out to the west. The line of “lode” on the
Breakaway Central P.A., to be deseribed presently,
will, if it runs perfectly straight, pass akout 4 chains

to the east of the Vietory HReward workings. It is
helieved by some prospectors, however, that the

Breakaway Central line of lode can be traced by
various surface indications right to the workings in
the Vietory Reward leagse. If so, this line of lode
swings slightly to the west going north.

Victory South, G.M.L. 4598 —Gold is said to have
been diseovered on this lease shortly alter the first
find at the Breakaway Central P.A. The dab found
here lies about 5 chains west of what is referred to in
this report as the main line, and nearly 3/4-mile
SS.E. of the Vietory Reward workings. The gold
was carried in a small “formation,” apparently lying
along .a shear plane or fault, mainly composed of
yvellow and brown ironstone, which dips east steeply
but gets flatter and more irregular going north. The
workings consist of a shaft about 15 feet deep leading
southwards, with a trench whiech shallows south-
wards, thus showing that the “shoot,” if it can be
dignified with that name, pitehed north. I have no
record of the amount of gold so far obtained from
this lease.

Breakaway Central, P.A, 1536.—As already stated,
the first find was made on this prospecting area. The
finding of a few specks of gold led immediately to

e claims,
but very little, if any, alluvial gold has been won in
this part, although prospeets can be got with the dish
from the soil overlying the supposed ecurse of the
lode. The workings are situated on the northern
slope of a prominent breakaway. The first ore ob-
tained was from a trench elose up to the breakaway
and yielded 170zs. A short funnel, cutting through a
few feet on the hanging wall (west) side of this
trench was afterwards put in, but with no results so
far as I can learn. Near the surface, in “shaft 2,7
a small pateh earrying Dozs. was obtained. Shaft 2
was afterwards continued vertically to a depth of
20 feet and a drive put out, to no purpose, in foot-
wall country. The best patch (yielding about
bbozs.) so far obtained here came from the top five
feet of “shaft 1.7

About 50 feet west of “shaft 1" erratic prospects

are said to be obtainable in a highly decomposed
vellow schist carrying mueh magnetite in  places.

About 50 feet west of “shatft 27 also prospects ave
said to be obtainable.

The strike of the schists and patehes of ore is about
S.8.E., the dip being westerly at an angle of about
70deg. It thus seems that the main workings in this
P.A. are situated on the footwall of a possible lode
formation, and that more exploration westwards
towards the hanging wall is warranted. Supposing
that a payable ore body with a westerly dip exists
here, the portion now removed by weathering, which

* stood formerly at a higher level, and which has shed-
the gold now seattered through the surface soil, ete.,
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would have deposited that gold on the footwall side
of the present outerop of the lode. For this reason,
therefore, in order to find that lode, work slightly
west of the surface prospects is warranted.  The
same considerations apply, of course, to search for
the outerops of any gold-bearing deposit of which
the direction of dip is known,

Breakaway G.M. West, G.M.L, 4592 —~Some cos-
teening, ete., has been done here without resnlt. A
glanee at the plan shows that thig lease is west of
the outerop of the main line.

Breakaway G.M., G.M.L. 4591.—DProspecting Lo
the continuation of the main line was just beginuing
at the time of my visit. Prospeets ave, it is reported,
obtainable near the outerop of a 6-inch rubbly
quartz vein close to the N.E. peg of the lease. This
is probably the continuation of the “main line,”
whieh 1t ig said can be traced at intervals from the
workings in the Breakaway Central P.A. to those
in the Vietory Reward G.M.L.

Davis & Woods’ P.4—This lies 134 miles S.S.1.
of the Breakaway Central P.A. The intervening
country, inecluding that at the breakaways half a
mile S. of the Breakaway Central, has been exam-
ined by prospectors without result. It is clear from
the plan that Davis & Woods’ P.A. is west of any
southward econtinuation of the “main line.”

Gold was discovered here by dryblowing about
Christmas 1918 in a small gully which drains west-
ward. At the point where the last prospects, coming
up the north side of the gully, were obtained, a
shaft is being sunk in a coarse gritty voek from
which prospeets are reported, and which is probably
a highly weathered porphyry.  Should this rock
prove indeed to be the source of the gold on Davis
& Woods” P.A., there is here a type of deposit quite
distinet from the rest at Wallangie,

Pgtterson’s P.A. lies south of Davis & Woods'.
The workings, whieh consist of a pothole and a little
trenching, lie in a bay in the breakaways. The best
prospects have been obtained by dryblowing and
loaming from a pateh of about 200 square yards in
the shallow layer of soil, gravel, ete., which overlies
the decomposed schist. The gold obtained is said
to inelude a fair proportion of the fine “mustard
gold” generally found near the parent ore body.
What is probably the west side of this body is
formed by a quartz vein six inches thick with the
usual north-north-westerly strike and westerly dip,
and the prospectors are now trying to find whether
there is any rich seam in a band of schists about 20
feet wide of which the quartz vein ig the hanging
wall.

Gates’ Dryblowing Paich, from which about 150
ozs. of alluvial gold are said to have been won in
the latter part of 1918 lies about 114 miles south-
east of Wallangie leases, on the west side of a ridge
of ironstained schist in which about half a mile
farther north prospects are said to be obtainable
near a transverse vein of quartz. The gold at
Gates’ pateh is reported to have come entirely from
the top six inches of the red soil which is here about
15 feet thick. Whether this soil originates in one
definite lode or comes from a number of very small
dabs whieh would not be worth looking for in-
dividually is not of course known, nor is there any
indication of the direction in which search should
be made. Several 3o0z. slugs and one weighing over
6oz, were found at this pateh.

The foregoing description of the existing workings
shows that—

(a) Gold has been discovered within the last nine
months in a series of small deposits over a length
of between four and five miles from Higging’ to
Patterson’s P.A., and a width of more than a mile
from Patterson’s P.A. to Gates’ Dryblowing Pateh.
These dabs are prohably a series of short parallel de-
posits scattered through the gold-bearing belt defined
above. This belt is itself only a small part of a
long strip of greenstone eountry which will be
briefly deseribed later in this veport.

(b) Where “settled” country has been entered the
dabs of gold are found to occupy highly sheared

ironstained bands in weathered schists, but at
Higging’ P.A. quartz veins which interseet one

another and also intersect an ironstone “formation”
are known to oeccur also, and at Davis & Woods’
P.A. the gold-bearing rock is probably a porphyry.

(e) The amount of work yet done is too small and
the structure of the country too muech hidden by the
covering of sand, soll, ete., to justify an expression
of opinion as to the future of Wallangie as a mining
centre. On the one hand the scattered occurrence
of the “dahs” and their smallness are rather dis-
couraging, but, on the other hand, the length of the
line and the well sheared character of the country
rock lead one to hope that payable ore bodies will
yet be found. .

(d) Prospecting has barely passed its initial
stages at Wallangie. Ore bodies are most likely to
he found in the first place in this diffieult country
by caveful loaming in ground which has not more
than a foot or so of overburden. The fact that the
dabs so far found oceur near the “ironstone” break-
away seems to show that the roecks bordering on the
gold-bearing formation are more likely than any
others, in this part of Western Ausiralia, to weather
into hreakaways. Whatever be the explanation, it
seems a practical rule that prospecting should he
specially keen close to ironstone hreakaways in this
part of Western Australia.

GENERAL ({ECLOGY.

In order that the character of the Wallangie Belt
and its position relative to other gold-bearing belts
may he understood, a short description of the gen-
eral geology of the locality is added. In this deserip-
tion there will be found to be some repetition of
statements made in the preceding seetion.

Wallangie lies in a belt of greenstone country
about six miles wide whieh probably extends at least
12 miles south to Mt. Walter. Tf, as is likely, it
conneets to the nmorth with a narrow helt (mapped
by Talbot in Geological Survey Bulletin No. 45)
which runs south-south-east from Lake Barlee, the
helt has a length of about 150 miles. Another belt
mapped by Honman runs east-sonth-east through
Bungalbin (see Bulletin No. 71, Plates II. and II1.)
and would apparvently join the Lake Barlee Belt
about 15 miles north of Wallangie. Greenstone in
the majority of cases carries the gold-hearing forma-
tions in this State, and it is probable that the neigh-
hourhood of the junction of the two belts will, if not
entively covered up, be particularly worth careful
prospecting.  In faet; from the accounts of

prospectors who bave travelled along the belt, it is

throughout its length worthy of thorough examina-
tion. Preliminary to this the country should be
mapped so that the positions of tracks and waters,



besides the boundaries of the different formations,
may be reliably marked for the use of prospectors.

The belt is, like all other greenstone belts in the
goldfields, bounded on both sides by a broad expanse
of granité which probably extends on the west for
about 80 miles to the Koolyanobbing greenstone belt
(see Bulletin No. 71), and on the east for about 100
miles to the Jaurdie Hills greenstone belt which has
not yet been mapped., TFurther detail as to the
granites is unnecessary here.

The greenstone belt at Wallangie is made up of
very highly weathered, reddish brown or yellowish
rocks, some—especially near the finds—being much
sheared, others apparently not at all shearved. Af
the Breakaway Central P.A. the weathered green-
stones in places contain very numerous small
crystals of magnetite (magnetic iron) and I was
given a piece of lodestone about one inch in diameter
said to have been found in the same neighbourhood.
The erratic behaviour of the compass at Wallangie
points to the fairly widespread oceurrence of
magnetic iron here,

Below water level the rocks described above will
be found to turn into greenish rocks of the kind
known generally as greenstone—sheared in places,
and in places unsheared.

The trend of the shear planes at Wallangie varies,
but is generally north-north-east, the dip being
wearly everywhere westerly at high angles (near
70°).

In a few places near the fnd, but not on the
actual line of the gold deposits, are found outerops
of dark massive roecks which belong also fo the
greenstone series but which have not been as
greatly weathered as those deseribed above and
which, therefore, appear at first sight to be younger
and to be intrusions into the more weathered gold-
bearing greenstones. A definite opinion on this
point cannot be given at present, but in any case
these rocks do not appear to have any close connee-
tion with the gold deposits and so are at present of
little practical importance.

At Davis & Woods’ P.A., as already remarked, a
formation, locally spoken of as sandstone, is thought
to be the source of the gold and is therefore of
interest. A rock so highly weathered is almost im-
possible to identify with certainty, but it is most
likely a guartz-porphyry dyke.

About 114 miles east of the Wallangie leases is a
line of low rises running in a north-norvth-westerly
direction. These rises are comprised of ironstained
schists and are commonly spoken of as jasper bars.
These bars are probably only surface formations.

Iron Knob, a prominent hill 2V%5 miles north-
north-west of Higgins’ P.A., is composed of a well
banded and, in places, econtorted and hrececiated
jasper bar.

A feature of the finds is that they are close to a
broken line of breakaways. So marked is this that,
in default of more exact advice, prospectors will do
well to give the ground eclose to such breakaways a
good trial. The bhreakaways are made up of angular
fragments of decomposed greenstone usually from
one to thre¢ inches in length, cemented together by
a white, or in places brown, matrix. This commonly-
called conglomerate formation is not, like true con-
glomerates, made up of a compacted gravel in which
the fragments are rounded and waterworn and
which has been formed along a shore line by the
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mechanical action of water, but has been formed by
the chemiecal action of water in weathering the
greenstones. Further proof that the laterite is not
a true conglomerate is afforded by the fact that the
angular fragments ave all disposed with their shear
planes parallel to the course of the shear planes in
the underlying greenstone—a coincidence that we
would hardly expect to find in a consolidated gravel
or true conglomerate,

—THE EMU GM.L, MENZIES, NORTH
COOLGARDIE GOLDFIELD.
(E. o C. CLARKE.)

As instructed by the Government Geologist, I spent
one and a half days in March, 1919, in examining
the workings at the old “Emu” G.M.L. 51647, which
15 about five miles south-east of Menzies.* DBrief
reference to the Kmu is made by H. P. Woodward
in Geological Survey Bulletin No. 22, p. 72, ete.

The ore body on which the workings examined are
situated has produced—aceording to the list of can-
celled (.M. leases published by the Mines Department
in 1918—a total of 1,367.270z. from 530 tons sinee
1903. In Mareh, 1919, a local syndicale had been
prospecting for several months without success for
a fresh make of payable ore.

The country in which the Emn vein lies is a rather
coarse greenstone which is hard and very little
weathered even close to the surface—a fact which
increases the difticulties of mining. Less than a
gquarter of a mile west of the workings is a knoll of
sheared granitic-looking rock which Woodward maps
as one of his “Sericite mica quartzite and granite”
group. Mr, Farquharson finds that specimens I col-
lected from this knoll are fuchsite-andalusite schist.
In the field it is noticeable that the margins of this
rock mass are finer in grain than the central parts.
This rock was, therefore, probably intruded into the
surrounding greenstones and afterwards subjected to
the same shearing process by which the latter were
affected. This fuchsite-andalusite rock, therefore,
while showing some petrological resemblance to the
andalusite rock of Mt. Leonora, has a similarity in
general aspect and in field relations to the foliated
quartz-porphyries of the Leonora-Duketon distriet.?

The Emu reef is a very small seam of rich quartz
striking approximately north and south and dipping
west at an average angle of about 45deg. It was fol-
lowed at the south end to a vertical depth of about
40£t. and at the north end about 10ft. lower. The
rich ore is said to have been arranged in four dis-
tinet patehes or shoots, though figures as to the limit
of these shoots are not obtainable.

At the depths named above, the reef was found to
“git hard on a slide,” beyond whieh it ecould not be
found, though sought as follows by various men (see
accompanying plan)f:—Four ecrosscuts averaging
about 30ft. in length were put out west from the
44t and 54ft. levels; a vertical winze was sunk to
35ft. and a 9ft. west crosscut put out from the bot-
tom; two inclined winzes were sunk for 40ft. or
more, following the underlie of the “slide”; the main
shaft was continued through the “slide” on the for-
mer underlie of the reef to a vertical depth of more
than 80ft. The “slide” may or may not be one
eontinuous plane throughout the workings. In any

""%See Map G.S.W.A, Bulletin, No. 22.
A Report on this District is now in preparation.
§ Not reproduced.
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case it is one of the faults or groups of small faults
g0 common near Menzies. The strike is approxi-
mately parallel to that of the reef, but the dip is
the opposite direction, i.e., east. In the Western
Australian goldfields, a region of profound dynamic
metamorphism, it is a good working assumption thab
all faults are reversed. Therefore in the Emu worlk-
ings we shonld expeet to tind the reef continuing on
the footwall side of the fault at a lower level than
the point at which it was lost on the hanging wall
gide. Absolute certainty as to whether this is indeed
a reversed fault and, if so, whether “below” will
mean a few inches or hundreds of feet are of course
points of great praetical importance which could only
be determined were the workings sitvated in country
composed of hands of vavious distinet kinds of roek.

On the assumption then that this is a reversed
fault it is clear that either the continuation of the
reef on the footwall of the fault has been missed in
the winzes or that it lies at a greater depth than they
reached. Two of the winzes follow down on the
fanlt plane, and in them the downward continuation
of the reef might easily be missed in the broken coun-
try which so frequently borders faults. Crosseutting
either east or west at the level at which the reef was
cut off, or eontinuing the main shaft through the
fault plane in the former underlie of the reef are
clearly useless (see eross section on aecompanying
plan).*

If the reef has not been missed in the three winzes
then either it has been displaced downwards so far
that, having regard to its smallness, it is not worth
looking for, or else the displacement has been in the
opposite divection and the fault is a normal one.

At the north end of, and about five feet below, the
54ft. level a small patch of rich ore was obtained
some years ago, and at this point there appears to
be a west-dipping track which I believe to be the
downward continuation of the Emu reef, and accord-
ingly I advise further exploration here. In the event
of the “track” cutting out, the sides of the vertical
winze at the south end of 44ft. level should be cave-
fully examined, as it is possible that the eontinuation
of the reef was missed there. Many leaders of glassy
quartz, carrying no gold and dipping west very flat,
ocenr at the lower level of the Emu, and, at any rate
in the northernmost ecrogscut have been followed
under the mistaken idea that they ave the continuation
of the Emu reef. They should be easily distinguish-
able from the Emu reef by their flatter underlie, and
by the different naturve of the quartz, to say nothing
of their utter barrenness. Failing all attempts on the
lines above indicated there is the very forlorn hope
that the fault is 2 normal one. In this ease careful
examination of the west crosseuts, where the econ-
tinuation of the reef might very probably have heen
missed and their eontinuation westwards wounld be the
best way of finding the lost ore body.

11,—GEOLOGY AND ORE-DEPOSITS OF NEW
COMMODORE G.M., MEEKATHARRA,
MURCHISON GOLDFIELD.
(E. pE €. CLARKE.)

1. Imtroductory—At the suggestion of the man-
agement of the New Cowmodore G.M.,, T was in-
strueted to examine their mine for the purpose of
noting any new featuves disclosed by developments
subsequent to the geological survey of Meekatharra
made in 1914, and, if possible, of suggesting lines of

* Not reproduced,

work which showed reasonable prospect of success.
Accordingly, I spent Marech 26-31 mainly in re-in-
vestigating the geology and ore-deposits of the New
Commodore (.M. In this work I reeceived all pos-
sible help from Mr. F. L. Bell, the manager.

When, in 1913-14, I previously examined the Com-
modore (now New Commodore) G.M. if was produe-
ing ore, although developments at the 400ft. level
were disappointing. At the end of 1916, owing to
lack of promise at the lower levels, underground
work ceased on the property; but the Company ac-
quired the neighhoaring Macquarie lease and hoped
to keep the plant working at the treatment of ore
from that mine. Iowever, it was found that, al-
though the Maequarie lode maintained its size, it was
too low grade, having regard to its refractory nature,
to pay for treatwent. It was thervefore decided to.
explore the south end of the 300ft. level in the Com-
modore mine in the hope of picking up the northern
continnation of two ore bodies found in about Sep-
tember, 1917, in the Ingliston G.M., the property ad-
joining the Commodore to the south. These ore
bodies were styled the East Lode and North-East
Spur respectively in the Ingliston G.M., and will be
so designated in this report. In April, 1918, the
Commodore having been unwatered, a crossent was
put out frem the scuth end of the 3060ft. level angl
the north end of the N.E. Spur was found. At the
400£t. level, moreover, the track of the East lode
was followed southward and a rise put up which cut
this track at its junetion with the same N.E. Spur
which dips west also but at a smaller angle than the
East Lode. The lode matter at the junction is said
to be almost valueless. Moreover, the N.I, Spur
when winzed on from the 300ft. level at the south
boundary of the Commodore lease gave evidence of
lensing out northwards.

A south-east crosscut at the 400ft. level cut a
pocket of good ora. Very little work was done to
determine whether or not this pocket was parvt of a
larger formation.

The above, together with further northward driv-
ing at 400ft. level and the extension of the long E.
erosseut from No. 1 level, are the main additions to
the mine workings since 1914.

2. Geology and Ore Deposits of Paddy's Flat in
relation to New Commodore .M. ~—In order that the
position and possibilities of the Commodore G.M.
may be appreciated, it is well to deseribe as briefly
as possible the geological features of the neighbour-
hood. .

According to (eological Survey Bulletin No. €S,
the Commodore .M. lies near the north end of the
Paddy’s Flat Belt of workings (see Fig. 1). 1L
bulk of the rocks of this helt are “greenstones,” a
term which covers in this case a considerahle variety
of rocks dovetailed tozether in a complicated fashion.
but all formed from one or other of two groups of
rocks, dolerites or peridotites, by mechanical and
chemical alteration, and therefore separated into two
main sub-divisions. Alteration varied in character
and amount from place to place and so gave rise to
a variety of end-products—the different “green-
stones” of the belt: In Fig. 1 the two main; suls-
divigions are coloured respectively pale “green and
pale blue.

In the southern part of the belt, which has of late
vears heen the most productive, one main lode chan-
nel in these greenstones lias heen followed. The
channel everywhere lies close to a dyke of albite
quartz-porphyry (the Paddy’s Flat porphyry dyke),
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This albite-quartz-porphyry dyke was in all proba-
bility intruded info the greenstones just a little be-
fore the gold-bearing solutions, whieh were the last
emanations from the same parent mass of molten
acid rock as the porphyry. Experience proves that
the search for the main line of lode in the south part
of Paddy’s Flat Belt should be confined to the green-
stones close to the porphyry.

In the north part of Paddy’s Flat helt conditions are
more complex. Thus, in the Ingliston Extended
workings the main lode channel, still clinging to the
porphyry, is smaller, and neither it nor the porphyry
has been encountered in any workings more than
1,300 feet north of the Ingliston Extended Faithful
Shaft. Another lode formation—the “Mud Lode”—
250 feet ecast of the main lode channel, was worked
in the Ingliston Extended G.M., where it is interfered
with by an intrusion of basaltic dolerite much later
than any members of the gold-bearing series of roeks.
A lode worked in the Maequarie G.M.I+ may be the
northern continuation of the Mud Lode.

Another porphyry dyke (the Haleyon) is found
about 800 feet north of the last-known occurrence of
the Paddy’s Flat Dyke, and is found thence at inter-
vals to the east of the Commodore workings and as
far north-west as the Haleyon Extended workings.
It is therefore mapyped as a continuous dyke from the
Ingliston te the ialeyon Extended. The Haleyon
dyke is described as a chloritised albite-porphyry in
Bulletin 68, and is regarded as distinet from the
Paddy’s Flat Dyke. Tt shows a remarkable amount
of variation in character, some specimens being so
basie that they seem more like greenstone than por-
phyry. Specimens from the Commodore G.M. work-
ings were only identified as porphyry as a vesult of
Mr. Farqubarson’s microscopie work. The examina-
tion of speecimens collected this wvear leads Mr. Far-
quharson to regard this rock as, after all, the same
as the Paddy’s Flat porphyry, and recent disclosures
in the Ingliston G.M. point to the likelilood of the
two dykes being continuous in the field, somewhat as
indicated on Fig. 1.

To add to the complications of the north end, the
ore bodies and geological surroundings of the Inglis-
ton and Commodore G.Ms. seem distinet from those
of the mines in the main section of Paddy’s Flat Belt.
In the first place, the ore hodies. of the former are
not in alignment with those of the latter.  Other
differences may bhe thus tabulated:—

Main (South) Section of
" Paddy’s Flat Belt.

Ingliston and Commodore

No. Gold Mines.

|

| Strike in  Commodore
N.N.E. In Ingliston a
N.N.E. system is recog-
nisable, but a system of
spurs striking N. or
West of N. is of great
importance.

1 | Strike of ore body gener-
ally N.N.E., with spurs
of wminor importance
striking N.W.

2 | Dip of ore bodies East ... | Dip West (except near
surface in Commodore
E. Lode).
3 | Ore bodies clearly asso- , No apparent connection
ciated with Paddy’s with Haleyon Porphyry
Flat Porphyry Dyke. Dyke.
4 | Fuchsite quartz Carbon- | Stronger development of

ate rock developed
near Paddy’s Flat Por-
phyry Dyke.

fuchsite rock, although
the porphyry Dyke re-
sponsible for its for-
mation is not nearly as
prominent as in Paddy’s
Flat Dyke.

1

Despite these dilferenees, however, the lode material
in the Commodore is very similar in character to that
from some parts of the main lode at the South end.

In the Commodore G.AL. there are generally recog-
nised to be two main lines of lode which ave parallel
and about G0 feet apart. In the Ingliston (.M., now
that the intrieacies of shallow workings are giving
place to more systematic exploration at greater depth,
there appears to be a main west-dipping lode channel
continunous with the Commodore east lode, and giving
out several spurs which have in general a north-west
strike. In the lease to the north (the Old Commodore
North) no continuation of the two Commodore ore
Lodies. has been found, but two, or perhaps three,
lines of lode of a different character have heen
worked. Of these, the eastern lies on the side of,
or in, the Haleyon dyke, and must, if it extends south,
lie east of the two Commodore ore bodies; the west-
ern is a fine-grained yellow or bleached rock with
small irregular quartz stringers (said to earry all the
gold); within the last year an ore body has heen
opened up in Commodore North Shaft V. Practically
no work which would go to define the ore body or
make its course clear has been done. At present it
appears to have the same characteristies as the west
ore hody, but to be striking north-east.

3. Geology and Ore-Deposits of New Commodore
.M. in the light of recent developments i~

(a) Country~The rocks of the Commodore G.M.
are difficult to map or describe aceurately, hecause in
this mine is shown in marked degree that graduar
transition of one type of greemstone into another,
which is a feature of the Belt. Indeed, it is only by
the aid of the miscroscope that the two main types
of rock (altered dolerite and altered porphyry) oe-
curring in the mine ean be distinguished. The value
of detailed petrology when applied to practical win-
ing is exewplified here, for, if the assumption be
correct that there exists in Commodore ground, along-
side a porphyry dyke, an ore body as yet barely
touched, it is obviously of great importance that the
management should be perfectly clear as to the
whereabouts of this porplyry in their workings and
be able to make sure of its identity when they en-
counter it in new work.

Practically all the Commodore workings lie in
highly altered rocks which were originally dolerites.
The chief types represented are talc-chlorite-carbon-
ate rock (in some places, particularly the north end
of 400ft. level, very strongly sheared), fuchsitic rock,
and chloritic slates. The distribution of these vari-
eties is shown on the aceompanying plan of the mine
(Fig. 2)," in which the levels are separated; for de-
tailed deseriptions of the roeks Bulletin 68, pp. 134-5
and the further references there given may be con-
sulted.

The chloritised albite-porphyry dyke was mapped
in Bulletin 63 on rather scant evidenece, but that its
general course was correctly guessed is shown by the
subsequent mining work in the Commodore and
Ingliston G.Ms. The most southerly point at which it
has been recognised is in the cross-ecut at 200ft. level
in the Ingliston Mine, the roeck from which closely
resembles the green pyritie form of the Haleyon,
dyke [1/308] found on 170ft. level in the Haleyon Ex-
tended workings (Bulletin 68, p. 132). It is un-
necessary here to go into detail regarding the oceur-
rence of the chloritised albite-porphyry in the Com-
modore GhM. as the eourse of the dyke is shown on
the aceompanying plan of the mine. The long east
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cross-cut near the north end of No. 1 level, in whieh,
in 1914, I probably overlooked the oceurrence of the
dyke, is now inaceessible, but I show it in this eross-
cut on information reeceived from Mr. I L. Bell.

(b) Ore bodies—The Wesi Lode is a quartz vein
dipping west steeply. Little ore has been obtained
from it below a vertical depth of 200 feet. Followed

" south, the track of the lode is poorly defined in the
chloritic slates; northwards at the west cross-cut on
300ft. level about 200 feet mnorth-east of the main
shaft the track probably follows a more northerly
course than that taken by the drive. At 400ft. level
no attempt has been made to find this lode, but af
the plat is a formation 6 feet wide consisting of
quartz- veins lying in sheared carbonate rock which
strikes north-north-east and dips east at 55°.
Whether or not it is the downward continuation of
the west lode which has rolled over between 300ft.
and 400ft. levels, and although, so far as I ean learn,
it is valueless at the plat, it is strange that no driv-
ing on this formation has ever been dome.

The East Lode is a “formation” consisting of quartz
veins and stringers. Payable ore from the East Lode
comes almost entirely from the south part of the
mine, and values are reported to have cut out, at a
depth of 230 feef, on a flat head ecarrying a foof or
so of oxidised material; but the track of the ore
channel is well marked throughout 400ft. level, al-
though payable ore at that depth is found onmly in a
few small patches. On page 140 of Bulletin 68 men-
tion is made of the East Lode of the Ingliston G.M.
Subsequent mining has shown that this is continuous
with the main east ore channel of the Commodore.

A drive south 40 feet below the 400ft. level from
the winze near the north end is said to have been in
values. Clearly the only way to prospect the east
lode satisfactorily is to sink the main shaft another
100 feet, cross-eut (probably only about 10 feet) to
the lode channel and drive along it.

M Lode—Since Bulletin 68 was written tributers
obtained a small parcel of good ore in workings
about 20 feet deep in M shaft. The rocks are too
weathered at this depth to be identifiable, but since
they show the characters usually assumed in the
Paddy’s Flat Belt by greenstones which have heen
altered by the intrusion of a porphyry dyke and
which have subsequently been weathered, it is prob-
able that a porphyry dyke is near by. The east
cross-cut from No. 1 level (which is out 500 f£:et east
of the main drive) passed, between 224 and 268 feet
out, i.e., in the part where it was almost below M
shaft, through “blocky” ecountry whichk Mr. Bell re-
gards as porphyry. In this locality also 10s. values
—the highest in the cross-cut except near the east
lode—were encountered.  In recent work at south
end of 300ft. level an east-dipping make of a min-
eralised formation with much arseno-pyrite was dis-
closed, but not followed down., In the corresponding
place at 400£ft. level, i.e., at the south-east end of the
drive, a make of good ore apparently dipping east
was discovered. At both the 300ft. and 400ft. levels
the formation was in close contact with earbonated
albite-porphyry.

I regard the four disecoveries detailed ahove- as
heing on one line of lode which has formed along
the southern continnation of the Haleyon albite-por-
phyry dyke and as being the same line of lode as
that opened up some years ago in Comuicdore North
Shaft II. workings (Bulletin 68, p. 132).
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Spurs—In the Commodore, as in the Ingliston, a
large proportion of the higher grade ore is yielded
by spur reefs. In the Commodore, besides those
spurs deseribed in Bulletin 68, p. 138, the north end
of a spur, spoken of in this report as the north-east
spur, has been discovered. Exploratory work on it
in the Commodore shows that values are lensing out
northwards. What is apparently ifs juncticn with
the main east ore channel has been found in a rise
from the south end of 400ft. level, and certainly de-
serves further prospecting. As will be seen from the
cross section at the south boundary of the Commodore
G.M. (Fig. 3), the north-east spur appears to be a
link between M lode and East lode—-the former
being perhaps “blind” in this part of the feld. At
the same time it will be noticed on Fig. 3 that, it
the east-dipping surface portion of the Fast lode be
produced, it will come out at the 300ft. and 400ft.
levels not far from the positions oceupied by M lode.
It is quite possible then, since there has heen so little
prospecting work east of the East lode at the south
end of the Commodore, that split in the ore channel
oceurred unnoticed 2 few feet above No. 1 level, and
that the hody which has been mined thence down-
wards as the east lode is a large spur off a body
which would then be identical with M lode.

In Bulletin 68, page 138, reference is made to
cross-fanlts in the southern portion of the Commo-
dore G.M. Examination of the later Commodore
workings inclines one to the opinion that eross-fault-
ing in this part of the field is not confined to one or
two planes but rather that there is here a zone of
eross-jointed fuchsite-carhonate rock in which, though
the track of the lode channel is in most places marked
and pursues its course with little deviation, there
has been little or no gold deposition. The approxi-
mate north, west, and south boundaries of this patch
of barren country are known, but, except for the
fact that at the east end of the main erosseut, 400ft.
level, a sheared rock oceurs, we know nothing of its
eastern limit and therefore do not know whether the
supposed M lode will be affected by it.

4. Questions asked by Manager and answers io
them—In order to free practical conclusions from
the various eonsiderations by which they are reached,
this report is best ended by quoting a list of ques-
tions framed by the Manager (Mr. F. L. Bell), and
my replies thereto:—

(1) Do you regard the N.E. spur vein of the 300ft.
level in Ingliston mine, and which has been worked
through to the Commodore, as a branch of the Bast
lode; or is it the junction of a separate ore body, which
may extend upwards to the east of the present workings?

I regard the N.E. vein at the 300ff. level in the In-
gliston G.M. as a spur off the main East lode. I con-
sider that this spur, like all other spurs encountered in
the Commodore and Ingliston workings, does not con-
tinue to carry payable ore for any great distance from
the main body. Therefore the N.E. spur is not to be ex-
pected to be worth working for more than a few feet
above and east of the south end of the 300ft. level in the
Commodore G.M. Moreover, it will probably taper oub
rapidly north of the boundary winze on the 300ft. level.
There is further reference to this spur in section 3.

(2) Is there any connection hetween the above-men-
tioned spur vein and the lode that cut out in the Com-
modore at about 250ft. in depth?

The ore body in the Commodore G.M. in which values
cease along an oxidised seam at a depth of about 250ff,
about 300ft. S.W. of the main shaft is the main east
lode and therefore is not the same body as the spur
vein referred to in section 1. There is a further want
of resemblance between the two bodies in that, whereas
on the main east lode values cut out along a head carry-



ing iron oxide, in the N.E. spur vein they die out for no
visible reason. I consider the cause for the dying out of
values in the N.E. spur to be inereasing distance from
the main route (i.e., the main east ore c¢haunel) by which
the gold-bearing solutions ascended.

(3) In view of the lode losing ifs gold econtent in the
boundary winze at 360ft. and of there being no values in
the rise from the south end of 400ft. level (though the
lode is strong); do you comsider that further work at
depth is justified on this body?

The -ore body in the boundary winze at the 300£t. level
is the N.E. spur vein referred to in section 1, and, for
the reasons given there, I do not consider it likely to
yield a large quantity of ore. However, its junction with
the main east ore-channel which is disclosed in the rise
at the south end of No. 4 level is in a good-looking
formation whieh, though barren at this point, is, judging
by the behaviour of spurs in other parts of the Commo-
dore G.M., likely to yield a good parcel of ore. In order
that the payable stone in the boundary winze, and that
in the back of the stope just above the 300ft. level, may
be won, it would be best to connect the No. 4 level with
the boundary winze, and if this could be done by driving
along the junction disclosed in the rise at the south end
of No. 4 level (I mean if that is practicable from a
mining point of view), it is quite possible that good ore
will be digcovered further south on or near this junetion.
The eontinuation then, perhaps by a rising drive, south-
wards of the No. 4 level to the boundary is all the actual
exploration that the N.E. spur deserves.

The Manager’s third question also vefers to the ad-
visability or otherwise of further work at depth on the
track of the main east lode which is well defined at the
south end of 400ft. level:—At present further work is
not called for in this direction. This is not because all
hope of further makes of ore af greater depth on this
west dipping track of the main east body must be aban-
doned, but because other developments, which will be
spoken of later, show greater promise just now and be-
cause further and deeper work in the Ingliston G.M. on
the East lode may ‘be expected to throw light on the
character of the same body in the Commodore G.M. and
should therefore be awaited.

(4) Has the small patch of ore located in the S.E.
cross-cut at 400ft. level sny relation to the ore body
worked at 300ft. level close to the Imgliston boundary?

Data regarding the small patch of ore loeated in the
South-East cross-cut on the 400£ft, level arve very scanty
at present. In my opinion, however, the track of the
same make of ore oceurs at the 300ft. level on the east
side of the drive near the boundary winze. Here a make
of mineralized rock and also a calcite vein dipping east
are to be seem. I regard the N.E. (Ingliston) spur
(section 1) as a link connecting the west dipping east
lode with this east dipping east body, lying east of the
east lode which T shall refer to as the M lode. Judging
by its position on the gemeral plan, this discovery in the
300£t. level is the top of a ‘“blind’’ portion (ie., a part
which does not, and never has come to the surface) of
the lode, though it is on the other hand possible that the
junction of M lode and east lode takes place above No.
1 level and was overlooked,

(5) Do you regard the faulted zomne met to the south
end of the mine as pitehing nortl and increasing in size
and in depth? )

The track of the east lode passes with little or no
disturbance through the ‘‘faulted zone, ' as may be seen
hoth by examination underground and by the alignment
of the east lode in the Commodore and in the Ingliston
(north and south of the ‘‘faulted zone’’ respectively).
We must, therefore, conciude that this is not strietly
speaking a faulted zone at all but rather a helt of coun-
try in which, although the track of the lode persists,
there has been little if any deposition of gold. I believe
that the chief reason for this is that owing to the blocky
nature of the country and the coarse leads running in
various directions, the gold-bearing solutions were dis-
persed and not gathered into one definite channel. How-
ever, whether this zone is called a fanlted zome or not,
the fact remains that the ore deposits do not live through
it. It appears to me that this zone of probably barren
rock has widened at the 400ft. level and extends about
300ft. N.E. of the main shaft. Its southern edge is,
however, 40 or 50 feet further uorth at the 400ft. level
than at the 300ft. so the mine is gaining in kindly coun-
try at the south end with depth. Moreover, we have

practically no information as to the width of the barren
zone cast of the Commedore workings and therefore do
not know whether or not the M. lode has to contend with
much of it.

(6) Is there any probability of a strong body of
porphyry being discovered to the east of present work-
ings and, if so, is there a probalility of a lode forming
in the contact of mnorthern body of schists with the
perphyry, and in the event of such -a lode being possible,
where would you advise prospecting for it?

From the results of my detailed mapping of the
neighbourhood of the Commodere, together with the
charaeter of rocks in part of the 800ft. level, and of the
highly weathered country exposed in shaft M, there is a
strong probability that a dyke of chloritised albite
porphyry lies just east of the present Commodore work-
ings. The presence of so much fuchsite rock in the Com-
modore inereases the probability that there is a porphyry
dyke near by-—experience along the Ienian line shows
that fuechsite roek is developed only near porphyry.
Whether or not the dyke will be ‘‘strong,’’ d.e., large
and well defined, east of the Commodore cannot be fore-
told, but judging by the great development of fuchsite
rock, I am inclined to answer this part of the question
in the affirmative.

There is a strong probability, judging by its character
further north, that either the Haleyon Jdyke will itself be
gold-bearing, as in the Haleyou Estended workings, or
that, as in the lease just north of the Commodore, lode-
hearing material will be developed along one or both of
its edges. Whether this dyke will be in contact with
schists as the Manager’s question implies or with fuch-
site voek it is impossible to foretell, but in any case if
the porphyry is the source of the gold this will not be of
very great importance.

Considering the possible extent of the ‘‘barren zone’’
(section 5) north of the ‘“small pateh’’ on M. lode re-
ferred to in seetion 4, which is probally the beginning
of a lode in or in contact with a porphyry, it is clear
that exploratory work, as distinet from development
work actually following values, at the south end of the
400£t, level is not advisable. Of course the continuation
north and south of the S.1. end of the 400ft. level with
rising or winzing on values is the first thing to do in
developing M lode. Should values eut cut at this south
end search for the morthern continunation of the lode,
either at the surface near M. shaft (where a small pateh
of good ore was got by tributers—hence the name M.
lode), or on No. 1 level in the long east cross-cut—
where low values arve reeorded—or at the north end of
400ft. level in the soft chloritic schist and from the end
of the main cross-cut of 400ft, level, should be under-

taken., As implied in my general account of the geo-
logy of Meekatharra, I do not think the Commodore

t lode has had a fair trial, but remarks on prospeet-
ing for it are hardly ealled for.

(7) With regard to the Maecquarie leases, is there any
reason to expect that the same refractory nature of the
ore body will continue in depth or will ore become more
amenable to treatment?

I have no direct knowledge of the latest developments
on the Maequarie G.M,, but from what I can gather as
to the character of the ore deposit, I can see no reason
to expeet that it will become less refractory at greater
depth.

5. Conclusions.—Perusal of the questions and ans-
wers above and of the more detailed preceding see-
tions make it clear that there are several reasonable
chances of the oeccurrence of payable ore deposits
as yet untouched in the Commodore (+M. These oc-
currences can be proved or disproved by a eompara-
tively small amount of work., To make matters
clearer, I indieate roughly on Fig. 2 in red the dir-
ection in which exploratory work is warranted. It is
likely that some of my conclusions will require alter-
ation as the work proceeds, and these alterations may
necessitate a different order of procedure or even
point to other possibilities for the mine not even sug-
gested in this report. Summarising, however, I cou-
sider the order in which the work is ealled for is—
I—Exploration of M lode laterally by—

(1) Driving at south end of 400ft. level.



(2) Winzing between 300ft and 400ft.
levels,
(3) Continuing main erosscut of 400£t. level.

(4) Crossentting at north end of 400ft.
level.

(56) Prospecting hetween surface and No. 1
level.

II.—Exploration of junction of N.IE. spur and
BE. lode from rise at South end of 400ft.
level.

1II.—Exploration of E.
main shaft.

IV.—Exploration of formation
level.

V.—Exploration of W. lode laterally by driving
from eross-cut, 3001t. level, 200 feet N.E.
of main shaft.

lode at depth by sinking

of plat, 400ft.

12 —KEARNS WORKINGS ON OLD COMMO-
DORE NORTH LEASE, MEEKATHARRA,
MURCHISON GOLDFIELD.

(E. v C. CLARKE.)

In accordance with instruections from the Govern-
ment Geologist, I examined on March 28th Kearny'
workings, which are in Shaft V on the boundary be-
tween the old St. Francis (773N) and Commodore
North (619N) leases.

Summarising from G.8.W.A. Bulletin No, 68,
Plate XIIT., Sheet 4. and pp. 131-132, we find that up
to 1914 a considerable amount of work had heen done
off this shaft. A large “formation” (consisting of a
fine grained yellow, or in places bleached, rock with
small frregular guartz stringers, which are said to
carry all the gold), had been located and was mapped
by myself after examination of all the old workings,
as running in a direction slightly east of north.

Mr. Kearns’ work consists of an irregular gouging
of the northern and eastern sides of the shaft at about
80ft. vertical depth—though a good deal of these
sides had been stripped before his advent—and the
putting in of a 30ft. dvive in a north-east direction,
a 15ft. drive south-west, and a crosscut south-east, for
about 25ft. I ecall these drives and crosscuts respec-
tively, in accordance with Mr. IXearns’ ideas, he con-
gidering that the lode formation has a north-east
strike. This formation has the same characteristics
as that deseribed above; the quartz leaders un-
doubtedly ecarry high values, and Mr. Kearns con-
siders that the whole formation, of whieh he has over
250 tons at grass, will average 10dwts. of gold per
ton. Others with a longer experience of the St. Fran-
cis and Commodore North consider this an optimistic
forecast, to put it mildly.

As things are at present, the only indisputable fact
pointing” to the existence of the large body of ore
whieh Mr. Kearns contends he has discovered is, that
quartz leaders netting the soft yellow weathered
conntry at about 80 feet vertical depth in shaft V
carry visible gold and yield good prospects on dolly-
ing. The width, strike and dip of the zone—if it is
a defined zone—of country in which the leaders occur
and the average gold content even of that part of the
zone which is exposed, are all matters of conjecture.
Judging by the position of Mr. Kearns’ work, he
would eertainly appear to be on a distinet branch of
the “West Lode” of Bulletin 68, Plate XITI., Sheet
4, though it is remarkable, if a large lode exists near
the shaft, that it was not discovered in the several
drives or crosseuts which my plan shows to have been
in existence in 1914. Tn any case, the amount of de-
velopment work done on this assumed newly discov-

ered body is clearly so small that the erection of any
tieatment plant is quite unwarranted at present.
The obvious thing for Mr, Kearns to do is to have the
ore crushed at the Siate or some private battery
(I understand that arrangements might be made Lo
crush at the New Commodore G.M., which is elose
to the workings), meanwhile, pushing ahead with ex- -
ploration work so as to define, in some degree, at

any rate, the course, size and temor of
the ore body. Mr. Kearns judges from the
character of the ore that there will be

about 5dwt. of gold per ton in the tailings, from
which, if he has his ore crushed at the State Battery,
he believes he will clear only about 2s. per ton, and he
expects to clear 11s. 6d. per ton on the whole of the
ore now at grass after paying carting and crushing
expenses, out of which, 11s. 6d., costs of mining, ete.,
have to be met. All this, however, does not affect
the fact that, as things are at present on this show,
the erection of any treatment plant would be quite
premature.

18.—SUMMARY OF NEW GEOLOGICAL FEAT-
URES NOTED AT MEEKATHARRA,
MURCHISON GOLDFIELD, MARCH, 1919.

(E. pE C. CLARKE.)

The following is a summary of the new features in
mining and geology which were observed during a
visit to Meekatharra, made primarily with the object
of examining the New Commodore Mine.

Gwalia Mine—This mine, at the south end of
Paddy’s Flat has put out some rich ore since the publi-
cation of Bulletin No. 63. This ore has been obtained
from a small leader dipping west, which is referred to
in Bulletin No. 68, p. 165. This is evidently not the
main lode-formation, but is probably a spur vein off
it, the main formation probably lying farther west
and nearer the porphyry than is shown on sheet 8,
Plate XIIT, Bulletin No. 68. The country at the
lowest level (1,250 feet) in the Giwalia is carbonate
rock seamed with fuchsite.

Three or four shafts which were inaccessible to
me have been sunk between the Gwalia and the
Marmont Extended in an unsueccessful attempt to
pick up the continuation of the Gwalia  Extended
make of ore.

On or near old Clarence G.M.L. (871N), south of
the Gwalia, several shafts have heen sunk to find
the southern continuation of the Gwalia make of ore,
but these have been unsuccessful, Prospecting work
is proceeding a litfle west of the above in a move
favourable locality—though hardly far enough west
to cut the Paddy’s Flat porphyry—which in pros-
pecting this part of the country should, as a general
rule, be first located. The country being sunk in is
probably decomposed fuchsite rock.

Ingliston Consols Extended—Workings near the
northern boundary of this property have found the
northern continuation of the Fenian-Consols lode
clearly associated with the Paddy’s Flat porphyry
dyke. , ‘

North End of Paddy's Flat—This part is dealt
with in some detail in reports on the New Commo-
dore G.M.L. and on new developments on the old
Commodore North G.M.L. The two points of most
general interest are:—

1. The proving of the southward continuation of
the Haleyon chloritised albite-porphyry dyke to a
point about 220 feet east of the Ingliston main shaft.



The gap in the field between the Haleyon and Paddy’s
Flat porphyry dykes is thus considerably lessened;
moreover, Mr. Farquharson’s microscopic examina-
tion of specimens from the south part of the Haleyon
dyke leads him to conclude that the two dykes are
composed of similar rock. Putting these two in-
dependent results together, it appears highly probable
that the two dykes form one continuous body in the
field.

2. Latest developments in the Commodore (now
New Commodore) G.M. indicate the possibility that
a lode-formation, as yet barely touched, is developed
in close association with-that part of the Haleyon
porphyry dyke whieh lies in Commodore ground.

Pioneer G.M.—Prospecting here has lately resulted
in the discovery of another reef hetween the “middle”
and east reefs and parallel to them. This reef was
discovered by driving along a spur vein, and its posi-
tion has been marked on the original 100ft. plans
filed in the (eological Survey Office. The parts
explored do not earry gold in payable quantities.

Peridotite—Specimens (C. 38) obtained from the
dump of a shaft close to the north-west peg of the
Macquarrie lease prove to be augite-olivine serpentine
derived from a peridotite. The mapping of this part
in Bulletin No. 68 as carbonate rock of peridotitie
origin is thus corroborated.

Use of Geological Reports and Surveys——Consider-
able use has been and is being made of Bulletin No.
68, more particularly of the detailed plans, which it
ig satisfactory to know ave neither too large nor too
elaborate for practieal purposes. However, not
enough attention is given to the written matter of
this Bulletin by those for whom it is primarily
intended—which is regrettable, since all the useful
information which has been collected cannot be con-
veyed by maps and plans alone. Tt is suggested that,
to make the mining community of any centre really
conversant with those geologieal facts which bear on
mining in the loeality, it might be arranged to hold
one or more meetings in the distriet concerned after
a report 1s ready for the press. At these meetings
the finished results of the survey would be explained,
and thus the “lectures” given immediately after the
completion of field work and before more exact ve-
sults are available would be supplemented, but not
supplanted.

14 —GEOLOGY OF PAYNE’S FIND (GOODING-
NOW)—YALGOO GOLDFIELD.

(E. o8 C. CLARKE.)

Payne’s Tind is about 100 miles south of Mt.
Magnet, but in spite of its remoteness is a fairly
prosperous centre, the deposits being well suited for
exploitation by small parties. According to the
official statisties Payne’s Find, which was diseovered
in the vear 1811, has been responsible up to the end
of 1918 for 22.7198.620z. of gold, obtained by the
milling of 20.510.81 tons of ore, in addition to
575.720z. of alluvial, dollied and specimens.

Payne’s Find lies near the south end of what is
anparently a small lens of greenstone, which is prob-
ably surrounded by granite. :

The greenstone country in which the ore-bodies
oceur is probably a hornblende or biotite-gneiss, rather
resembling that of Westonia. This rock is ent by a
series of gold-bearing quartz veins, generally with

northerly strike and rather steep westerly dip, and
by a number of narrow pegmatite dykes with a north-
westerly strike and a flat westerly dip. Both quartz
veins and pegmatite dykes are thin and can be traced
for considerable distances—in some ecases 20 or 30
chains. The pegmatites eut through and displace, and
are therefore younger than, the gold-bearing quartz
veins. In many of the quartz veins gold oceurs in
shoots only a few feet in length, but persisting with
a southerly pitch to relatively considerable depths—
in at least two places over 200 feet.

Further reference to the geology of this centre is
unwarranted until petrological work on the eollections
has been done.

OF ROTHESAY—YALGOO
GOLDFIELD.

(E. g C. CLARKE.)

15.—GEOLOGY

I spent about three weeks in examining the sur-
face geology and undergronnd workings of this
centre, discovered in 1894, to which the attention of
mining men is now reverting.

The country is mainly fine-grained greenstone, in
places strongly sheared, in others apparently massive,
the massive portions forming low ridges with a gen-
eral north-westerly trend. Whether or not the mas-
sive and sheared greenstones are one rock mass which
has been sheared more thoroughly in ecertain parts
cannot be established by field evidence alone. Pos-
sibly when petrologieal results are available the
matter will be settled. It is of more than mere
“aeademic interest,” for, in the event of a revival of
mining at Rothesay, intelligent development will de-
pend largely on a correet understanding of the true
nature of the hard bars of apparently massive rock
whieh form the cores of the ridges.

Small areas of vock which I believe to be serpen-
tine and a few dykes of pegmatite complete the list
of rocks found at Rothesay.

The gold oeeurs in quartz veins which strike north-
west (parallel to the shearing of the schistose green-
stone) and dip east at angles usually between 45deg.
and 70deg. Af least six lines of veing are distinguish-
able, of whieh that worked in Woodley’s Reward
G.M. is the longest, being traceable for nearly a mile.
Up to the end of 1918 Rothesay had yielded 3,298.02
oz. of gold from 8,966.00 tons of ore.

16.—GEOLOGY OF MELVILLE (NOONGAL)—
YALGOO GOLDFIELD.

(E. pE C. CrLAREKE.)

Five weeks’ work at this deserted centre, which
is about ten miles north of Yalgoo, sufficed to obtain
data for a geological map on a scale of 5 chaing to 1
ineh, but probably six months’ work would be required
if detailed mapping of its intrieate geological houn-
daries were desired.

The Melville country consists of greenstone tra-
versed hy a very large number of porphyvry and
regmatite dvkes, which in contrast to those of Payne's
Find snd Rothesav are by no means parallel bhufl
form a complicated network. Moreover, it is probable
that the gold-bearing quartz veins are merely off-
shoots of the acid dykes, and not a distinetly older
series as is the case at Payne’s Find,



The pegmatite dykes and associated quartz veins
of Melville ave the home of a number of valuable or
uncommon minerals, including scheelite, bismutite,
bismutosphaerite, bismuthinite, molvbdenite, corun-
dum, and ilmenorutile.

Bismuth ore was mined about two years ago in a
very small way, but with satisfactory results for the
prospectors.

Melville being easily accessible from the railway
station of Yalgoo deserves very much more attention
from the base-metal prospector, for there is in ifs
vieinity, particularly north-east of the townsite, a
considerable area in which careful search is almost
certain to disclose deposits of economic value.

Gold was first reported from Melville in 1394
From that time to December, 1918, this centre had
produced 2,046.300z. from 3,373.45 tons of ore, and
in addition 92.380z. of alluvial, dollied, and specimen
gold. :

From July, 1915, to November, 1918, 1,932341bs.
of bismuth ore, valued at £472 0s. 2d., was produce]
at Melville.

17.—SELECTION OF BORE SITE IN IRWIN
RIVER.

(BE. pg (. CLARKE.)

A week in November was spent at the Tvwin River
in gelecting a site for a coal bore in accordance with
my recommendations in last vear’s Annual Report,
and in making further surveys which enable the loos
of several old bores to be eo-ordinated and thus in-
crease our knowledge of the stratigraphy of this
locality. T was directed to seleet a site at which the
coal-bearing horizon would be eut at 500 feet, but,
owing to the small amount of evidence as to direction
of strike and amount of dip, it is impossible to be
certain regarding the exact course of the coal-bearine
horizon underground. Tt is advisable, therefore, that
the plant erected on the chosen site should be cap-
able of horing to 700 feet.

18.—RESERVOIR SITE NEAR ERADU.
(E. o2 C. Crarge.)

Fears having been entertained that the new reser-
voir gite for the Geraldton water supply in Wicherina
Brook near Eradu, on the Geraldton-Mullewa Rail-
way, would prove leaky owing to the supposed pre-
sence of “faults” and of a bed of sandstone dippine
down stream, the (fovernment Geologist was requested
to have the question investigated.

According to Bulletin 38 (G.S.W.A.) the pronosed
reservoir site lies in Jurassie strata, which W. D.
Campbell states to be mainly sandstones with a minor
portion of clayey rocks. The beds show rapid varia-
tion from the sandstone phase to the clay phase from
place to place, although sandstone is the predominant
rock of the formation. It seems unnecessary to enter
here into a disguisition as to how such variations,
common in shallow-water sedimentary rocks, come
to pass.

Results of boring in Wicherina Brook show that
clayey rocks are more ecommon here than in most
Jurassie sreas in the mneighbourhood (judging from
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Campbell’s report), and also that rapid variation in
the character of the beds oceurs.

Boring shows that the roeks underlying the lower
(down-stream) part of basin to a depth sufficient for
practical purposes are in the main clays or shales of
good holding eapabilities. The few seams of sand or
sandstone which oceur are too small and discontinu-
ous to he feared as avenues for leakage. It may be
remarked here that the “indurated shale” or clay
which is found almost invariably overlying the “blue
shale” (probably carbonaceous) is merely a weathered
rhase of the blue shale.

Below the proposed embankment site the clayey
rocks give place in a very short distanee to sand-
stones, but, in my opinion, there is no likelihood of
there bheing a fault in the geological sense oceurring
in this neighbourhood. In any case, as the embank-
ment will be well up-stream from this sandy phase, it
will not be affected by the change in country.

However, in the up-stream pait of the dam site,
ahove bore 18, clayey rocks cease to predominate,
sandy rocks taking their place. Do these sandy rocks
indicate a sandstone layer underlying the clayey
rocks of the lower part of the dam site dipping down-
stream under them, and so affording a means of es-
care for the water when dammed?

To elucidate this point it is only necessary to draw
section-lines in various directions across the basin
and on these sections to plot the bore data in their
correct positions. Study of such sections shows that
there is no evidence of a continuous hed of sandstone
underlying the clays and shales, but that the sand-
stones and clays are merely the local variations to
wiich reference has already heen made.

Again, the only reliable strike and dip T could
obtain shows that the beds strike norih-north-east
and dip west at about 3deg., so that Wicherina Brook
runs along rather than across the strike of the strata.

It would be advisable to test further the ground
between bores 26 and 18 and see whether or not the
sand of 26 passes into the blue shale of 18. It should
be noted that there is no such development of sand
between 30 and 33 or between 38 and 22, which, of
course, favours the view that the great development
of sand in 40, 41, ete., is only a local pocket.

Regarding the possibility of obtaining a good well
in Wicherina Brook near the junetion of granite and
sediments ahove the proposed dam to-act as a supple-
ment to the main supply, there does not appear to be
any surface evidenee regarding the exaet position or
nature of the contact between granite and sediment.

Judging from the topography of the neighbouring
country there must be a considerable soakage in this
part, but I can see no evidence whether or not there
is any geological structure which will so localise and
concentrate this scakage as to make it of service in
this scheme. To settle this question it will of eourse
be necessary to bore in the ereek just below the
assumed junction of granite and sediment. The prob-
ability that a large well near the head of the dam
would, considering the sandy character of the rocks
in this part,. drain water from the dam is not, T under-
stand, of practical importance. There is also,-lof
course to be remembered, the likelithood that water
which has drained off the granite will be too mineral-
ised to be serviceable,



19.—THE CLAY DEPOSITS AT BOLGART,
SOUTH-WEST DIVISION.

(F. R. FELDTMANN.)

Introduction—Barly in December, 1917, a sample
of white clay was sent to the Departmental Labora-
tory by Mr. G. H. Hutson, the owner of Lot 7 of
the Bolgart Repurchased Area. The clay was stated
to have been obtained from a well, sank about 10
years® previously, on this lot. The sample proved,
on examination, to be a ball clay of excellent quality
and suitable for use in the manufacture of china-
ware.

Towards the end of 1918 instructions were orally
given to examine the deposit, the examination being
carried out during the latter half of February, 1919.

Location.—Bolgart townsite is situated in the
South-West Division, on the Clackline-Calingiri
Railway, about 60 miles north-east of Perth (about
90 miles by rail), and about 20 miles north-north-
east of the town of Toodyay (25 miles by rail). The
well from which the elay sample was taken is 234
miles east-south-east of Bolgart townsite, as the

crow flieg, and a trifle more than 414 miles by voad; .

it is 3%, miles north-east of Wattening Siding, as
the erow flies, and 4%/ miles by road. The road to
Wattening Siding is less hilly and sandy than that
to Bolgart.

Topography—The district is well drained hy
brooks and watercourses. Bolgart Brook rung in a
southerly direection immediately west of Bolgart
Railway Station. It turns south-west and joins
Yulgan Brook, which runs from the north-west,
about 13} miles south-west of the Railway Station—
the two, below their junetion, forming Toodyay
Brook, which flows in a general southerly direction.
Toodyay Brook is joined by Wattening Brook, the
general course of which is here almost due west,
about 3%% miles south of Bolgart and about a
quarter of a mile east-north-east of Wattening
Siding.

The country round Bolgart, particularly to the
south, is strongly undulating. This southern area
consists of a number of irregular ridges, and small
hills usually conneeted with, or forming part of, the
ridges. In the case of a few small steep hills close
to the flanks of the ridges, of which they at one time
formed part, the connection is not always well
marked. This area evidently formed part of a
former tableland, which has been dissected by
streams and watercourses and worn down till now
represented only by the tops of the higher hills and
ridges, which are usually fairly flat and eapped by
laterite, except where the backbone is formed by
one of the later epidiorite dykes. The small almost
isolated hills previously menfioned are steeply
conical, with flattened apices, some of which are
only a few feet across; a good example oceurs a
quarter of a mile north-east of the south corner of
Lot 8. A dissected and much worn ridge, which
runs in an east-north-easterly direction through
Lots 9, 8, and 7, forms the divide between the water-
courses running north to the Bolgart Brook and
those running south towards Toodyay and Watten-
ing Brooks.

South-West of Bolgart the Yulgan Brook runs
close to the eastern margin of a flat valley, over
half a mile wide at this point, which separates the

previously-mentioned hilly area from the eastern
face of a long wide granite ridge running through
the middle of Location 56,

In and east of Lot 7 the strongly undulating
country is replaced by a gently undulating sand-
plain extending far to the east of the area examined.
This change in the physical features has an im-
portant bearing on the clay deposits. The drainage
of this area appeared to be in a general easterly or

south-easterly direetion towards the north-easterly

portion of the Wattening Brook.

General Geology—A belt of greenstones forms
the main country roek of the strongly undunlating
area; this belt has in the area examined a maximum
width of about three, and an average width of about
two miles. Westward it is bounded by the granite west
of Yulgan Brook. Its eastern boundary is obseured
by the sand-plain. TIts general strike appears to be
about north-north-west, in common with that of
the greenstone areas of the goldfields. The Black-
boy Hill auriferous avea—a deseription of which
was given in the Annual Report for 1898—north-
west of Bolgart, probably forms part of the same
belt. The greenstones cousist chiefly of epidiovites,
from dolerites or gabbros, with local developments
of amphibolites and hornblendites, and have, in
places, been highly sheared and granulated. A few
specimens show in section the remains of original
angite. These rocks clogely resemble the goldfields
greenstones and without doubt belong to the same
series, forming part of what is probably the west-
ernmost belt of these rocks. The greenstones are
cut by a number of acid dykes and both are, in
places, cut by dykes of epidiorite. A few jasper
“hars” similar to those so characteristic of the gold-
fields greenstones oceur, some, striking about north-
west, along the margin of the largest granite dyke,
two, striking nearly east, along the edges of one of
the larger epidiorite dykes, and others, also striking
east, a few chains south of the townsite. A few
short quartz reefs of lemtieular shape oceur; these
appear fo correspond rather to the series of barren
reefs of granitie origin, found on the goldfields,
than to the auriferous series.

The granite forming the ridge on Loe, 56 is a
fine-grained pale-greyish highly aeid rock, contain-
ing a relatively small number of biotite specks,
arranged more or less in parallel strings, the rock
thus showing a somewhat gneissic strueture; it eon-
taing a few small pegmatite veins composed of
felspar and quartz and containing in places grains
of magnetite. The eastern margin of the granite,
where examined, strikes roughly north-north-west.
The larger acid dykes, which also strike about
north-north-west, are eomposed of similar rock;
usunally, however, of slightly coarser grain and with
a more pronounced gneissiec structure. The smaller
dykes ave usually pegmatitic or aplitie and are more
irregular in strike, but those striking north-north-

“west predominate. One small pegmatite dyke whieh

crosses the Bolgart Road north of Gravel Reserve
9828 is composed of quartz containing a number of
large felspar erystals up to five inches in length and
usually twinned; this dyke is cut in half by the
larvgest epidiorite dyke.

The epidiorite dykes are similar to and undoubt-
edly belong to the same series as those intrnding
the Darling Range granite. Coarse, medinm, and



fine-grained varieties oceur. The largest dykes are
coarse in grain, have a plutonic structure, and
appear to contain a greater proportion of felspars
than most of the smaller dykes. These rocks are
diffienlt to distinguish from the more massive
varieties of the older epidiorites, but can be seen
cutting through the acid dykes in places, and one
of the smaller dykes which erosses the Bolgart Road
13 ehains north of Hamersley Road contains small
rounded inclusions of pegmatite, eaught up from
one or more of the small acid dykes. The epidiorite
dykes are irregular in strike; the two largest strike
nearly east, but most of the smaller dvkes strike
about north-north-west.

Apart from the sand-plain area, mueh of the
country is obscured by superficial deposits which
include the laterite capping most of the hills, later-
itic gravel which covers much of the higher ground,
and the alluvial soil of the brook flats. The laterite
varies in structure and composition, In the sand-
plain area no traces of the underlying rock other
than eclay were seen.

The Clay Deposits—Iutson’s well is situated
about 18 chains west of the east corner of Lot 7 and
abont four chains north of Hamersley Road, which
separates Lots 7 and 11, near the middle of a small
depression, about 12 chains in diameter, marked by
clayey soil; the depression forms the eastern end of
a small valley which starts near the south-west
houndary of Lot 7. The dump of the well is en-
tirely composed of fine white elay., The well was
stated to be just over 48 feet deep, and, according
to Mr. Hutson’s deseription, was in white elay from
the surface to the bottom where drift sand, from
which therve was a strong flow of fresh water, was
encountered. Tt was stated that when the well was
new, blind fish, five to six inches in length and with
large heads, were baled out. The day appeared in
the hand speecimen to be of exeellent quality and
highly plastic; examination in the Departmental
Laboratory proves it to be one of the best ball clays
obtained, so far, in this State, and well suited, when
mixed with other elays, for the manufacture of
chinaware,

On Lot 6, north-west of and adjoining Lot 7, is
another well, situated six chaing north-east of a
point about the middle of the south-west boundary
of the lot. The well is about 100 feet south of a
watercourse, which runs westward from the north
side of the divide separating the tributaries of
Bolgart Brook from those of Wattening Brook, and
is also within the sand-plain area. The dump was
composed of fine white sand and kaolin, the kaolin
on the top of the south side of the dump bheing
practieally free from sand. The clay is somewhat
hard and is stained slightly brownish; the deposit
might, however, improve at depth. No particulars
of this well were obtainable.

About 58 chains farther west along the same
watercourse is a third well, in Tot 5, south of
Phillip’s Road.  Thig well, which was said to be
about 28 feet deep, has been sunk through the
alluvial soil west of the sand-plain area. The dump
consisted largely of gritty white eclay, apparvently
composed chiefly of minute sericite seales. No
partienlars as to the thickness of the deposit were
available. This clay might possibly be used as a
flux for other clays.
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Conclusions—The sand forming the extensive
sand-plain, and the underlying clays, are residuary
in character and are the products of decomposition
of the crystalline rocks, particularly of the granite,
the kaolin resulting from the breaking down of the
felspars. The material has been transported to its
present position by wind and water, but how far it
hag travelled it is impossible to say on the available
evidence. Possibly the deposits are underlain by
granite and the elay at any rate may not have
travelled any great distance from its source. On the
other hand, it is possible that some at least of the
material, the sand in particular, may have been
derived from the granite mass west of Bolgart he-
fore the Yulgan and Bolgart Brooks and their tribu-
taries had so deeply and extensively disseeted the
intervening ecountry, and have been transported to-
its present position by wind. During the trans-
portation of the weathered material the kaolin was
carried into depressions and valleys, gradually filling
up the depressions.

The clay deposit exposed in Hutson’s well should,
judging by its thickness and the probable manner
of its formation, he of considerable horizontal ex-
tent, as should also be the deposit in Lot 6. Further
evidence is required to determine whether the clays
cut in the three wells form parts of one continuous
deposit, or whether the deposits in Lots 6 and 7 are
separated by the low ridge which runs through the

“middle of Lot 7.

It is highly probable that other clay deposits oceur
in the depressions of the sand-plain.

Tre PossisLE OCCURRENCE OF OTHER MINERALS OF
Ecoxomic VALUE,

(7cld—The geological features of the distriet are,
viewed broadly, favourable to the occurrence of
gold-bearing reefs, ag they include a greenstone helt
of fair width intersected by acid dykes and con-
taining jaspers and quartz reefs. In the area ex-
amined, however, the few quartz reefs appeared to
be of the barren granitie type and although a few,
more glassy, stringers were seen which might con-
tain gold, these were too small to be workable. In
view, however, of the oceurrence of gold-bearing
veins in Loe. 1830 east of Blackboy Hill and from
two to four miles north-west of Bolgart and appar-
ently in the same greenstone belt, this distriet is
worth  prospecting. That greenstone country,
probably forming part of the same belf, oceurs still
farther north-north-west is indicated by specimens
of ashestos and ehromite which have been sent to
the Department.

Felspars.—A proportion of erushed felspar is
vsed in the manufacture of chinaware. The only
ocenrrence in this avea of felspar crystals of any
size is that of the small peematite dyke, already
mentioned, on the Bolgart Road. This dvke is too
small and contains too low a proportion of felspars
to he workable, but other dykes may oceur outside
the area examined in which the felspars are present
in sufficient proportion to be sorked profitably.
Most of the felspars in this dyke were stained red
by iron oxide, but this was probably largely due to
their being covered by dark red soil.

Bauxite—OQf the laterite deposits examined, the
only one approaching a bauxite in appearance is
that on the northern slope of a small steep hill on
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Lot 8, about 15 chains east-south-east of the east
corner of Lindsay Road. This is a coarsely-pisolitie
-pale yellowish-brown rock, with spheroids up to two-
thirds of an inch in diameter. As, however, many
of the spheroids when broken show a highly ferru-
ginous core, and the more alwminous laterite does
not cover any great area, the deposit does not
appear to he worth testing. Laterites approaching
bauxite in ecomposition are rvare in greenstone -
country.

20—THE CLACKLINE AND BAKER'S HILL
CLAY DEPOSITS, SOUTH-WEST DIVISION.
(F. R. FELpTaraxs.)

Introduction,— Clackline clays have been used for
some years by the Clackline Five Brick Co, for mak-
ing fire-bricks and locomotive-hoiler linings and seat-
ings (“loco. lumps”). The deposit worked by this
company was examined by Mr. W. D. Campbell in
1906, and a brief account of the geology of the de-
posit and immediately surrounding eountry was given
in the Annual Report of the (eologieal Survey for
that year. As a systematic examination of the clay
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deposits of the South-West Division was desirable, .

the district was revisited by the present writer, and
“the eountry between Clackline and Baker’s Hill and
also west of the last-named place, was examined early
in Febrnary, 1919.

Location—Baker’s Till townsite situated on
the Eastern Goldflelds Railway, 47 miles (by rail)
E.N.E. of Perth. Clackline townsite is four miles
farther E.N.E. along the same railway. Clackline
is the junetion for the Toodyay-Calingiri Railway.

The Fire Brick Co.’s quarry is a short distanée east
of the west corner of Lot 19, and one mile west of
Clackline Railway Station.

Topography—Clackline is sitnated at the eastern
edge of the hilly area of the Darling Plateau. Nana-
mullen Brook, which runs south and joins Clackline
Brook east of the townsite, appears to mark the east.
ern boundary of the hilly area in this loeality, ax
there is a distinet change in the topography and vege-
tation to the east. A zone of intense shearing which
runs through Lots 171 and 18 may, even if origin-
ally formed during aun older perviod of earth-move-
ment, be oceupied by a fault-line marking the east-
ern edge of this platean, and Nanamullen Brook may .
possibly follow another.

Baker’s Hill is situated near the highest point of
the Darling Platean eut by the Eastern Goldfields
Railway, the railway station being 959 feet ahove sea-
level. Between it and Clackline Railway Station
there 18 a drop of 203 feet. Both townsites are on
the south side of Clackline Gully, a valley striking
about east-north-east. On both sides of this gully
the ground rises fairly steeply, forming irregular
ridges topped by a few fairly high hills, sueh as
Baker’s Hill, south of the gully, and one on the north
side about 114 miles north of the railway station, near
the eastern boundary of Timber Reserve 14277, The
ridges are dissected by small watereourses, these being
particularly deep and numerous about half a mile
north-west of the clay pit. :

Geology.—The country rock consists of granite of
both the biotite and hornblende variefies. The two
varieties, which are present in abont equal propor-
tions, appeared, from the brief examination possible,
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to be merely different facies of the one rock-mass.
At the eastern end of the arvea, the granite north of
the gully—here of the biotite variety—is highly
gueissic. The middle of the previously-mentioned
zone of shearing is marked by a band of biotite
gneiss or schist, altered at the surface to a rock
closely resembling the laminated jaspers of the gold-
fields. This band runs north-north-west from Sugar-
loat Hill, a prominent little hill with a steep slope to
fhe south-east, on Lot 18; the clay pit on Lot 19 is on
the south-east flank of this hill.

Laterite deposits occupy most of the higher ground,
the granite outeropping between the laterite and the
gully. The latevite varies considerably in composi-
tion from place to place, ranging from highly ala-
minous to highly ferruginous. Highly ferruginous
varieties occeur at the southern ends of Loes. 17564
and 18913, north-east of Road No. 4731, and from
three-quarters of a mile to 114 miles north-west of
the clay pit; laterite from these localities was being
guarried as a flux for the Fremantle Smelting Works.

The granite is eut in places, particularly near
(lackline, by epidiorite dykes; the largest, which runs
through Loes. 4028, 4051, and 4050, attaining a width
in one place of about 400 feet. Most of the larger
dvkes strike east or east-north-east; others, inelud-
ing most of the smaller dykes, about north-north-
west. They range from coarse to fine in texture.
Doubtless other dykes are obscured by the laterite
north of Clackline Gully and their presence may ac-
count for the highly ferruginous nature of the later-
ite in places.

Several large lenticular guartz reefs striking about
north-north-west oceur on Lot 172, east of the main
shear zone. The presence of white miea in these
reefs indicates their pegmatitic character. They ap-
pear to have heen highly sheared.

The Cley Deposits—The clay deposits of this avea
have all been formed by the decomposition in situ of
the country rock, aceompanied by the formation of
laterite, the underlying rock being bleached and kaol-
inised. The composition of the elay differs from
place to place, according to the composition of the
original vock and the type and degree of alteration
it has undergone.

The elay pit on Lot 19 is about 140 feet long by
115 feet wide. Its greatest depth—at the north side
~—is about 35 feet; at the south side it is 16 feet deep.
A large proportion of the eclay, including most of
that in the north face, is highly mieaceous, containing
small scales of musecovite that ean just be distin-
guished by the naked eye; a good deal of quartz is also
present, and small pale-brownish patches suggest by
their shape the presence of foymer “books” of biotite.
An irregular band on the eastern side of the pit
is purer and whiter and contains muech less quartz.
Dr. B. S. Simpson, who has also examined this pit,
snggested to the writer that this band was the vemainsg
of an epidiorite dyke. In plaeces, the presence of
former pegmatite veins is indicated by veins of white
kaolin containing a fair proportion of quartz grains
of lavger size than those of the main body of clay.

At the works the-elay is roughly elassified for
practical purposes as “siliea elay” and “alumina
clay.” The former ineludes the mieaceous material,
the latter the puver clay on the eastern side of the
quarry.

A rough estimate by volume, by the Petrologist, of
the relative proportions of the minerals present in
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two small specimens, chosen from a number picked
by the manager as representative of the “silica clay,”
is as follows:—

No. 1. No. 2.

° Per cent Per cent
Quartz 45 40
Kaolin 20 55
Mioa ee 35 5

The second specimen was probably from a decom-
posed pegmatite yein., The mica present would act
as a flux and lower the melting point of the clay.
The “alumina clay” consists chiefly of kaolin with
thin veinlets of quartz.

The writer was informed that in the manufacture
of fire-bricks the proportions used were, roughly,
two of “silica clay” to one of “alumina clay,” and
that for “loco. lumps” the clays were mixed in equal
proportions.

The elay is well suited to the manufacture of firve-
proof material, but, with the possible exception of
some of the purer material on the eastern side of the
pit, is altogether unsuited for the manufacture of
chinaware.

The deposit appears to oceupy a wide area and
probably extends to a considerable depth helow the
bottom of the pit.

Regarding the origin of this deposit: as previously
stated, the clay-pit is on the south-eastern flank of
Sugar-loaf Hill, the backbone of which is formed by
a zone of intense shearing along which the granite
has bheen altered to biotite gneiss or schist. The
granite for some distance on both sides of the main
zone of shearing was also shearved to a lesser degree,
as may be seen in the quarry, certain bands being
more intensely sheared than others. As a result of
the shearing the felspars were largely altered to mus-
covite mica. The subsequent action of surface solu-
tions changed the rock along the main zone of shear-
ing to one closely resembling a laminated jasper, and
also decomposed the adjacent granite, with kaolini-
sation of such portions of the felspars as had not
been micacised and some laterisation of the rock at
the surface; the muscovite remained unaltered dur-
ing the decomposition of the rock. The final product
of decomposition was therefore—excluding the
laterite—a clay consisting of kaolin and muscovite,
and containing a number of quartz grains.

The extensive laterite deposits in this area are
“ without doubt underlain by clay, in places probably
of considerable thickness; the only other places, how-
ever, seen by the writer, where white clay is exposed,
are a small railway cutting about 35 ckains S,W. of
Baker’s Hill Railway Station, and a deep ecutting,
about 30 chains in length, from a little less than a
mile to 134 miles W.S.W, of the same station. The
smaller cutting is chiefly in lateritic material under-
Iain by kaolin, with irregular lenses and veinlets of
ferruginous matter; deeper sinking should show
kaolin free from iron. The deeper cutting shows an
irregular but eomparativelv shallow laterite cap,
underlain by kaolin. The kaolin is variable in
quality, partieularly as regards colour and the quan-
tity of quartz grains it contains. Tt is in places
stained pale-reddish by iron oxides, but in others is
white and fairly free from quartz. The better
material, which oceurs near the middle of the ent-
ting and west of the pipe-line erossing the top of the
eutting, may be found suitable, when mixed with
other elay, for the manufacture of chinaware, A

sample which appeared to bhe fairly representative
of the better material was taken from a point about
160 feet south-west of the pipe line. The cutting
runs through a small saddle eonnecting Baker’s Hill
with a ridge north-west of the railway line; the de-
posit is most probably, therefore, of great length,
and from the appearance of the elay in the bottom
of the cutting should extend for a considerable dis-
tance below that level.

21,~THE MT. ZION G.M.L. 1183M, BOOGARDIE,
MURCHISON G.F.

(F. R. FELDTMANN.)

INTRODUCTION,

BEarly in November, 1919, a request was made by
Messrs. Holzman and Delaney, the holders of G.M.L.
1183ar, Mt. Zion, at Boogardie, for a geologieal sur-
vey of that mine, in which, it was stated, two new
lodes had been discovered. The writer was accord-
ingly instructed to examine the mine, the examination
being made in the first half of December. The Mt
Zion lease and the country immediately surrounding
were mapped in decail, on a scale of 100 feet to the
inch, as aceurately as the available means and time
would permit, in order to show the relationships of
the various jaspers and the faults forming the ore-
bodies.

LocaTioN.

The Mt. Zion G.M.L. 1183y is situated from half
to three-quarters of a mile north-easterly from Boo-
gardie townsite. It covers an area of 17 acres and
comprises former G.M.Ls. 571m, Sirdar, and 764,
Aquarius. At an earlier date part of the northern
portion of the ground was covered by the southern
portion of G.M.I. 20031, Narcissus,

TOPOGRAPHY,

The country in the neighbourhood of the Mt. Zion
lease, in common with most of the gold-mining area
north, north-east, and south-east of Boogardie, is
roughly and irregularly undulating, with vridges
striking generally in a north-westerly dirvection, the
backbones of the ridges being usually formed by the

largest, or one of the largest, memhers of a series of

jasper “bars.” Near the Mt., Zion the highest point
is ocenpied by an abrupt outerop of a bar about 50
feet wide, about 3 chains north of the west corner of
former G.M.L. 764am. This bar forms the backbone
of a wide ridge with a steep esearpment to the south-
west, the escarpment bheing largely formed by the
south-western side of a jasper, about 2 chains wide,
which runs through G.M.I. 1013m, Mars.  This
‘western ridge is connected with one, less abrupt,
some distance north-east of the Mt. Zion hy a wide
saddle extending throngh the western portion of the
former Sirdar Lease.

The drainage is {owards a ereek, from 5 to 75 feet
in width, which runs in a south-south-westerly diree-
tion close to the southern bhoundary of G.M.L. 1183m
and joing Jomes (reek—the main drainage channel
of the Boogardie area—not far from the west corner
of the former Neptune G.M.L. 445N. The writer is
unaware to what extent the ereek south of the Mg,
Zion has been tested for alluvial deposits,
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Previous REPORTS,

The Boogardie Centre was first examined and
mapped in detail by Mr. (. Gibson. A desecrip-
tion of the workings of the Sirdar lease was given
on pages 23-24 of his report.”

The distriet was examined and the mines deseribed
in detail by Mr. J. T. Jutsont in 1913. The Sirdar
Mine is mentioned on pages 96-98, 105-108, and 122-
126 of Mr. Jutson’s report. Juison deseribed the
main ore body as a “quartzite lode,” and stated that
the mine was, at the time of his examination, the
most promising in the district.

(3ENERAL (FEOLOGY,

" The general geology of the Boogardie Distriet has
already been deseribed at length by the previously
mentioned writers. Briefly, the main "country rocks
are greenstones, comprising amphibolites, epidiorites,
pyroxenites, hovnblendites, and sheared and altered
forms of these rocks. In and round the Mt. Zion
lease these rocks are completely weathered and much
of the ground is covered by a thin coating of lateritic
material as well as by detrital deposits, and the only
exposures seen that eould be determined with any
certainty were fragments of altered pyritic green-
stone from the Mt. Zion main shaft workings, de-
composed greenstone and quartz-porphyry on the
dumps of Alemrnder’k and adjoining shafts on former
G.M.L. 176y, and fragments of highly hornblendie
greenstone (probably hornblendite) on the former
Neptune G.M.IL. 44517

Of the acid dykes deseribed by the previous writers,
the only one oecurring within the area examined is
that cut in Alexander’s and adjoining workings on
G.M.L. 1176, fragments—determined by the Pet-
rologist as felsitic quartz porphyry—of which were,
as already stated, seen on the dumps; no trace of
this dyke was seen in situ at the surface. Jutson
stated that a white kaolin-like rock in the fault-gap
in Alexander’s workings is probably the decomposed
product of a quartz porphyry, but that this could
not positively he stated, as a white decomposed rock
was seen at a lower level in the mine.  From the
quantity of the rock and its decomposed formr on the
dumps it is evident that the dyke is of considerable
size; it is, however, possible that the white band in
the fault-gap is a tongue from the main mass. As
these dykes are probably offshoots from the granite

magma from which the gold was also derived, it is
probable that they exercised some mﬁuenee on the
distribution of the gold. "

One of the most characteristic features of the
Boogardie district is the great number of jaspers
which form a number of series of bars disposed
along a general line of weakness starting, aceording
to Gibson’s map, north of the railway about 114
miles south-west of Mt. Magnet and running in a
general north-westerly direction, passing rather less
than half a mile east of Boogardie township. About
three-quarters of a mile north of the fownship the
line turns and runs in a westerly direction towards
the granite which bounds the greenstone belt about
two miles west and north-west of Boogardie.  The
series of jaspers running through the Mars GLM.I.
10133 and through former G.M.L. 764x and the
westernmost portion of GM.L. 1176xm are in the
eastern portion of the jasper belt and the bars

# (tibson, Chas, @, Lennonville, Mount, Marmet and Boog%rdxe “Muz-
pigon Goldfield ; WA, Geol, Sm‘vev Bull, §, 7190
+ Jutson, J, T., W.A, Geol. %mev Buu, 59, PapPr 20,

in, and south-east and north-east of, the old Sirdar
form an easterly braneh of the belt near the bend.

Most of the individual hars arve of considerable
length; they range from about a foot to fully 130
feet in width. Most of those in and near the Mt.
Zion are of .the usual Murchison type, being mod-
evately ferruginous and coloured purplish-brown,
hrown, or dark grey by hematite, limonite, and mag-
netite, but oceasional bars oceur, sometimes in the
middle of a series—such as the fifth and sixth bars
of the Mars-Aquarius series—which consist almost
entirely of bands of white or pale grey quartz with
oceasional hands coloured bright ved by finely divided
hematite. The reason for this difference in .appear-
ance and composition is not clear, as the enclosing
roek appeared to be the same in both cases.  The
average dip of the jaspers is about 85° north-east,
but in some places the bars are vertical, and in others
there is a slight south-westerly dip.

The most striking feature of this distriet is the
extraordinary number of faults~—the “Boogardie
breaks’—the effects of which are most noticeable in
the jaspers. The fault-gaps in the jaspers have been
the source of most of the gold obtained in the dis-
trict. The strike of the faults is, according to Gib-
soni usually nearly at right angles to that of the
hars, but in the neighbourhood of the Mt. Zion usu-
ally makes an angle of about 60° with the latter,
being on the average ahout north 28° east, whereas
the strike of the jaspers averages about north 32°
west. The faults range from a few feet to 20 and
possibly 30 ehains in length. In width the fault-gaps
range from a thread {o 14 feet or more. The hori-
zontal displacement of the jaspers alonO' ‘the fault
may be imperceptible—in which case the fault-line
is marked by a slight erumpling and fracturing of
the jasper lamine—or may be as much ags 20 feet,
or even more. It is probable that in some places
where the apparent displacement is still greater—for
example, about 100 feet south of the west corner of
G.M.L. 7643r—the jaspers on each side of the fault
were not originally continuous, but formed lenses in
echelon, the gap between the lenses later forming a
convenient path for the fault. Probably the lens
now heing worked by Holzman Bros., near the north
houndary of the Mt. Zion, is a similar oceurrence.
The displacement of the bars is usually to the north-
east, going north-west—i.e., the displacement is to the
11.:.,’ ‘
site direction, dne in some cases to the fact that the
jaspers affected dip south-west instead of north-east,
in others—especially where a number of faults are
close together—to bloek faulting.

The fault-gaps are filled either with breeeciated
jasper, recemented by silica and iron oxides, or with
sheared and altered country.  Quartz stringers are
usually present, the gold heing as a rule associated
with them. Tt is stated also that the gold is usually
found on or close o one nose of the faulted jasper.

The material forming the Sirdar main lode differs
from that of the majority of fault-lodes and varies
at different levels. The lode near the surface con-
sisted chiefly of soft sheared kaolinie material with
occasional small irregular stringers and lenses of
iron ore. At the D1ft. level the ore-body econsisted
almost entirely of exceedingly finely granular quartz,
stained vellowish or brownish, with occasional lenses
or stringers of vesicular iron ore consisting of hema-
tite and limonite. Auriferous quartz veins eross the

1 op cft, p. 16, T
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lode in places. This ore-body is remarkable for its
great width, gold having been obtained, it is said,
over a width of nearly 40 feet, in places, at the 126£t.
. level.

TeE JAsPErs AND OrRe BODIES.

The northern half of that portion of the Mt. Zion
which was formerly GLM.L. 764ar is traversed by the
southern portions of the six easterly jaspers of the
Mars-Aquarins series, which ecomprises eight bars, of
which the largest and westernmost runs through the
middle of G.M.L. 1013m, Mars; this bar is 2 chains
wide in places. The western corner of G.M.L. 764m
is on the middle of the third and second-largest bar,
here about 45 feet wide. An average space of about
40 feet separates each of the third, fourth, fifth, sixth,
and seventh bars. The eighth bar runs immediately
west of the north corner of (LM.L. 764m, crossing
the north-eastern boundary of that lease immediately
south of this eorner. The hars are cut by numerous
faults, which occur at intervals of, on the average,
about 40 feet, north of the north-western boundary
of the lease, but are closer together and less marked
in their effeet south of the boundary. About 200 feet
south of the boundary the fifth and sixth bars turn
at right angles and join to form an elliptieal mass
nearly 40 feet wide. The third and fourth bars ap-
pear to end about 210 and 140 feet respectively south
of the boundary. The seventh and eighth apparently
continue south beyond the limits of the area mapped
by the present writer.

A few potholes have heen sunk on the “breaks” in
the above series as well as two shafts on the eighth
bar. Crick’s, the northernmost shaft, with a vertieal
depth of ahout 30 feet, is about 90 feet south-west
of the west corner of the Sirdar, and the other, sunk
by Holzman, 33 feet in depth, is about 40 feet farther
south on amother fault. A good pateh was obtained
in Crick’s shaft chiefly, it is said, from a quartz
leader on the hanging-wall side of the hreak. The
break was partly obscured by the dump at the time
of my visit, but according to Jutson® is 314-4 feet
wide, being filled chiefly with sheared decomposed
“country.”

What is probably the southern econtinuation of
the eighth bar was cut in the Sirdar main shaft at
a depth of about 35 feet. TIi is stated that it was also
exposed about 14 feet north-east of the old 5-head
battery when digging the foundation of the latter.
The “noses” of this bar where eut by the Sirdar lode
can also be seen in the open cut, where it is highly
contorted. The seventh bhar is also exposed near the
south-western end of the cut. Tarther south the
eighth bar has been eut in three shafts 140, 160, and
210 feet, respectively, south of the Mt. Zion’s south-
eastern boundary; in the second shaft it is cut by
an auriferous quartz vein which was being worked
for the Mt. Zion syndicate by Coombe and party.

In the former Sirdar ground there are, in addition
to the previously mentioned bars, three large and five
small jaspers. Of these the westernmost and largest
forms a prominent outerop about 120 feet north of
the south corner (of former GtM.L. 571a).  This
outerop, which has a maximum width of about 40
feet, extends northward to about 180 feet north of the
south-eastern bhoundary. South of this point the

*op eit., p. 131,

jasper is obseured by superficial deposits but appears
to be pinching. To the north the bar can be traced
to a point about 260 feet north of the main shaft.
Thenee it is obscured, but what is probably its north-
ern continuation can be seen at a point about 100
feet south of the north-western boundary and also
crossing the boundary about 90 feet east of the Sirdar
west corner. At both these points it is little more
than a foot wide. North of the boundary it was
traced for another 170 feet.

The second large bhar—on an average about two
chains east of the first—averages about 18 feet in
width. It outerops strongly at its northern end—
from about 190 feet to 320 feet S.S.E. of the north-
western boundary of the lease—but is obscured to
the south, only outeropping at points about 150 feet
and 280 feet farther S.8.F., and finally about 30 feef
north of the south-eastern boundary, where it appears
to he about four feet wide.

About 40 feet north of the northernmost point on
this last bar is the southern end of the prominent
jasper outerop in which is Holzman’s open cut, and
which has been thought to he the faulted continuation
of the second bar. A fault line certainly runs through
the gap between the outerops, but from the effects of
this fault on the bars farther north-east, compared
with the gap separating the two outerops, it is most
probable that the northern outerop is really a separ-
ate lens in echelon with the second jasper. This
northern lens has a maximum width of 40 feet; its
outerop extends a few feet north of the north-western
boundary; thence it is obseured, but its northerly
extension is said to be visible in a ereek a considerable
distanee farther north.

Between the western jasper and the previously
mentioned lens are two small bars. Of these the more
easterly erosses the north-western boundary about
180 feet from the west corner of the lease (former
G.M.1. 571am. A very rich pateh was obtained from
a quartz leader on the foot-wall side of a break, about
two feet wide, in this har, about two chains north of
the boundary. This pateh was worked from Alexan-
der’s shaft on the former Polar Star G.M.L. 1076m
(later G.M.T. 1176nm).

The third large jasper outerops about 110 feet
north-west of the east corner of the lease; herve it is
about 9 feet wide. Northwards it is obseured for
some distance but is exposed in a pothole about 335
feet N.N.W. of the east corner. G(oing north it
widens, and opposite the west corner of former
G.M.1., 8231 is about 34 feet wide. It appears to
fork about 100 feet north of this point, the eastern
side of the east branch being eut in the old shaft
about 240 feet south of the north eorner of the Mi.
Zion; the western edge of the west branch is about
50 feet farther west. A good pateh was, it is said,
obtained in this shaft, along what appears to be the
north-easterly extension of the fault at present heing
worked from Delanev’s shaft on the west side of the
Westernmost jasper in this portion of the Mt. Zion.

Another small jasper runs between the northern
portions of the second and third large jaspers. Two
other comparatively small jaspers run close to the
northern portion of the north-eastern boundary, and
immediately east of the north eorner is another bar
which is probably the north-westerly extension of a
long jasper which traverses the former Sirdar South



G.M.L. 1131w, crossing the south-eastern boundary
of that lease close to the east corner.

The Ore-bodies—The four chief ore-bodies of the
Mt. Zion may be styled the Sirdar—or Main—Uode,
the Spur Lode, Delaney’s Lode, and Holzman’s Lode.
The first three are “fault-lodes”; the fourth has been
formed by impregnation of a part of the large jasper
lens, north-east of the seeond large jasper, with gold
from a series of small faults which cut the jasper at
intervals of a few feet—in this case the term “lode”
is used only for the sake of convenience.

The Sirdar, Spur, and Delaney’s Lodes appear to
be branches of the one fault. The two former join
in the large open cut about 260 feet north of the
Sirdar south corner and immediately east of the
eighth jasper from G.M.IL. 704m. Delaney’s Lode,
so far as could be judged from the small lengih ex-
posed, should join the Spur Lode between 100 and
120 feet farther north. .

The Sirdar Lode has not been traced as far west as
the Sirdar south-west boundary, but should cross it
about 180 feet north of the south corner. East of
the first large bar the lode is obscured, but it probably
cuts through the second jasper near the outerop about
190 feet north of the south-east boundary. A faulf
which is probably the north-easterly continuation of
this lode cuts through the third large jasper west of
the west corner of former G.M.L. 564m; a pothole
has been sunk on this fault, on the west side of the
bar.

The Sirdar Lode is irregular in width, strike, and
dip. On the whole it has a slight north-westerly
dip between the surface and the 91 feet level from
the prospeeting shaft. In addition to the large open
cut—the main portion of which is about 90 feet
long by 50 feet wide at the surface and is about 80
feet deep—the lode hag been worked at depths of 91
and 118 feet from the prospecting shaft on the south-
eastern side of the open cut, and also at the 126 feet
level from the main shaft, which corresponds to and
joins the 118 feet level from the prospecting shaft.
The 118 feet level was unfortunately under water at
the time of the writer’s survey. The prospecting
shaft was sunk to a total depth of 164 feet.

The ore-body at the 118 feet level was said to be 40
feet wide in places, and including the material from
the prospecting shaft below that level, was said
to average about 23dwts. The average value at the
bottom of the shaft was said to be 29dwts,, but
owing to the hardness of the ore-body and the pump
being too small to cope with the water the syndicate
was unable to work the lode at this depth. Acecord-
ing to Mr. Delaney, sulphides were met with at a
depth of about 110 feet, but three specimens [13169-
131717, collected by My. Jutson™ from the 118-feet
level and examined by Mr. Farguharson, show that
the ore-body . at that level consists in part of finely
granular quartz, irregularly stained reddish-brown by
hematite and limonite, a few squarish  forms  of
which suggest their derivation from pyrite.

At the 91-feet level the ore-body consists mainly of
eranular quartz, with veinlets and irregular patches
of iron ore and small vesicles lined therewith. A
few narrow quartz veins of the wusual auriferous
type cross the formation at various angles. Near
the walls the formation shows signs of considerable
shearing. The ore-body ranges in width from about
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8 to 37 feet (at its junetion with the Spur Lode) at
this level, heing about 20 feet at the prospecting
shaft and 9 feet in the cross-cut 31 feet south-west
of the shaft. In a cross-cut (now mullocked up),
25 feet farther south-west, it is still narrower; here
the ore-body is said to pitch south-west. The lode
turns on meeting the main jasper at this level, the
cast wall running north for nearly 80 feet hefore
turning east again; the wesi wall of the ore-body
had not been cut at this end, the drive following the
east wall, The ore from the stope at this level was
said to average about 1ldwts., but towards the end
of the north-east drive the value was much lower.

In the open cut the ore-body, so far as eould be
judged—the main hody of the ore having been stoped
out—consisted mainly of soft, friable pale-yellowish
kaolinie material, with small irregular vesicular
lenses of iron ore, the middle portion of the forma-
tion being more sheared and more ferrnginous. Very
similar material formed the Spur Lode in the open
cut.

In addition to these ove-bodies there was stated to
be a considerable width of auriferous material in the
workings from the 40 feet shaft, 55 feet north-west
from Delaney’s shaft. The writer was unable fo
examine this formation, bui as no corresponding
fault was observed in the main jasper, it is probable
that this auriferous hody has been formed by the im-~
pregnation of the weathered vock with gold leached
out of the fault lodes.

Jutson? separates the orve-bodies of the Boogardie
district into  quartzite lodes and  fault-lodes
(“breaks”), classifying the Sirdar lode, which he
evidently regards as similar in character to the ordi-
nary jaspers, with the quartzite lodes. Although the
ore-body at the 91 and 118-feet levels is chiefly com-
posed of finely granular quartz, similar to that in
many of the jaspers, it does not show the regular
lamination charvacteristic of the latter, although
planes of shearing are visible in places, particularly
along the walls. Moreover the material in the open
eut, where the orve-body most closely resembles an
ordinary oxidised lode-formation, is entirely diffevent
from that forming the jaspers, and both this lode
and the Spur lode fault the jaspers. The present
writer, therefore, unhesitatingly classifies the Sirdar
Lode with the fanli{-lodes, from the majority of
which it differs only in its great width—due prob-
ably in part to impregnation of the enclosing eoun-
try in the oxidised zone—and the degree of silicifi-
cation it has undergone below a depth of about 80
feet from the snrface, It was probably this silicifica-
tion and the presence of portions of the faulted
jaspers—in particular of the seventh and eighth bars
—in the open eut, where the jasper lamine are
highly contorted and twisted round in places till
roughly parallel to the strike of the “lodes,” that
induced My, Jutson to vegard the formation as a
“quartzite” lode.

The silicification of the ore-hody below a depth of
about 80 feet, with probable desilicification above
that level, is probably largely due to the action of
surface solutions, which, probably, also caused a cer-
tain amount of secondary envichment accompanied
by impregnation of the eountry rock adjoining the
fault zone with gold derived from weathered por-
tions of the lode sinee removed by detrital action.

* op. ¢it., pp. 105.106,
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As previously stated, Holzman’s “Lode” is of a
somewhat different character to the others. The ore-
body consists of jasper which has been bupregnated
in the oxidised zone with gold evidently derived from
a number of small faults, parvallel in strike to the
main faults in the lease and on the average about
12 feet apart. These faults are on the same line as,
and are probably the north-easterly extension of the
series of small faults in the Aquarius (vide map).
Four of these faults cut the jasper obliquely in the
open cut, which is 40 feet long by 29 feet wide and
about 30 feet deep. Three others were observed
north of the cut, and the jasper lens is appavently
bounded at its south-eastern end by another; others
may be obscured by the surface debris. The fault
gaps are only about two inches wide and are filled
with recemented breceiated material. The jasper is
also cut longitudinally by another fault, about a
foot wide, which runs through the middle of the open
cut. The relations between this fault and the oblique
faults could not, unfortunately, be determined, as
the roek at the points of intersection had either heen
removed or was obscured by debris. Jutson, how-
ever, observed a longitudinal break in the Saturn
Lease,* which carried gold, so that it is possible that
this fault is of the same age as the others.

Aceording to Mr. Holzman, who appeared to have
interpreted the nature of the occurrence correctly,
the jasper is richer in the immediate vicinity of the
oblique faults than bhalf-way between any two of
them, indicating that the gold-bearing solutions have
travelled along the faults.

The jasper is highly siliceous, but is coloured grey
or purplish-grey by iron ore, probably largely lim-
onite. A section [1/2662] shows mueh of the iron
ore to have squarish outlines, indicating its origin
from pyrite, with which the gold, from its fineness,
was probably originally associated. A few small
bands of dense purplish-black vesicular iron ore
were observed,

The width of the ore-body will, broadly speaking,
be governed by the width of the jasper; actual work
alone can determine the longitudinal extent of the
payable ore, but it is likely that the jasper will con-
tinue to be payable above water-level so long as the
faults are sufficiently close together to enable the ore
to be taken out in bulk. Below the oxidised zone the
gold will most probably be vestricted to the imme-
diate vieinity of the faults, renderving the mining of
the ore more diffieult, and the difficulty of mining
will be still further inereased by the presence of
water. Moreover, as it is probable that secondary
enrichment has taken place in the oxidised zene, an
increase in value of the ore below that zone is hardly
to be expected. Under these ecircumstances, there-
fore, it is questionable whether the sulphide ore will
pay. Above water-level, however, if present values
are maintained, there should be several thousand
tons of pavable ore.

SUMMARY.

The country rock of the Mt. Zion GM.L. 1183r.
which comprises former (LM.Ls. 571a Sirdar and
76421 Acquarius, is greenstone, much weathered and,
in places, laterised at the suvface, the
ground at the southern end of the lease being covered
with detrital material,

The lease is traversed by a number of juspers with
an average strike of about N. B2deg. W. and an
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average dip of about 85deg. N.E. Of these jaspers,
the six easterly members of a series of eight tra-
verse the northern portion of former G.M.L. 764ar,
the two easternmost running into former G.M.L.
57131, where they are exposed in the open cut. In
former G.M.L, 57121 there are in addition three large
and five small jaspers.

The jaspers are cut obliquely by a number of
laults, with an average strike of N. 28° E., which
in places, at their contact with the jaspers ave sulfi-
clently auriferous to form fault-lodes. The fault
gaps are filled either with breceiated. jasper or
sheared and altered greenmstone; quartz stringers are
usually present, and these ag a rule are highly auri-
ferous.

The gold was originally introduced by siliceous
solutions from the granite magma, which solutions
formed the quartz stringers associated with the
faults, the precipitation of the gold being most pro-
bably eaused by iron-bearing minerals in the jaspers,
or the pyritic hodies representing them below water-
level.

*The main ore-bodies of the Mt. Zion lease are the
Sirdar Lode, the Spur Lode, and Delaney’s Lode—
all of whieh are, apparently, branches of one fault-
lode—and, fourthly, Holzman’s “Lode,” which is dis-
tinet from the other three, the ore-body being formed
by a jasper lens to the north-east of those with which
the Sirdar Lode is associated; this jasper having been
impregnated in the oxidised zone with gold derived
from a number of small fault-planes which cut the
jasper at intervals averaging 12 fteet.  Below the
zone of oxidation the gold will probably be vestricted
to the immediate vicinity of the faunlts, and mining
will be further impeded by the .presence of water.

CHEMICAL AND MINERATOGICAL WORK.
(Epwarp S, SIMPRON.)

During the war interest in the seareh for, and util-
isation of, the hase and rare metals and of such non-
metallic minerals as form the basis of manufacturing
industries was greatly stimulated.  With the con-
tinued shortage of shipping and high price of all
imported articles this interest has grown rather than
diminished during the year, and applications have
poured into the laboratory for previcusly aceumu-
lated information, and for fresh details regarding the
localities where economie minerals are to be found,
and for particulars of their physical and c¢hemical
properties. The State is now therefore experiencing
the full benefit of having a mineralogical laboratory
in existence for so many yvears that it is able at short
notice to supply such information regarding our min-
eral resources as i1s essential before they can be put
to commerecial uses.

The total number of samples received show a de-
cline, viz., from 2,065 in 1918, to 1,557 in 1919, but
as over 200 samples were held over from the prev-
ious year the staff has been kept fully oceupied and
elosed the year still two months in arvears with its
work. )

With the additional temporary officers now em-
ployed, the staff would be sufficient to earry out all or-
dinary routine work were the necessary accommoda-
tion and apparatus available. In spite of repeated
representations mno improvement in this respect,
however, has heen made, and the wmany inconveniences
pointed out in my previous reports remain still un-



remedied, with the result that each investigation is
more arduous, takes longer, and costs more than if
would if reasonable modern facilities were provided.

The nature of the routine work dealt with is indi-
cated as far as possible in the accompanying table.
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The large number of potash assays and tungsten as-
says is remarkable. These are largely the result of
the establishment by the Government of an Alunite
Treatment Plant at Kalgoorlie and of a Scheelite
Plant at Coolgardie.

Table showing the Routine Work carried out by the Geological Survey Laboratory during 1919.

. . . Other
Publie Publie Geological
Pay. Free. Survgely. Depaxt- Total.
ments.

Samples 43 457 68 989 1557
Assays for—Gold 18 138 6 669 831
Silver 1 32 1 9 43
Copper 1 30 3 8 42
Tin ... 10 2 12
Lead 9 4 3 16
Zine 1 2 3
Iron . 1 48 14 26 89
Manganese ... 10 10
Argenie 1 1
Bismuth 1 1
Lime 9 9 4 22
Mercury 5 5
Niokel 1 . 1
Potash 1 19 8 46 74
Soda 4 2 44 50
Titanium 1 1 2
Tungsten ... 6 1 101 108
Vanadium ... . 2 2
Phosphorus 1 23 4 2 30
Sulphur 13 3 11 27
Silica . 1 18 6 20 45
Tellurium ... 4 4
Salt ... 2 15 17
Tests for Petroleum 7 3 10
Analysis—Complete 5 7 14 28 49
Partial ... 6 12 108 126
Proximate 17 . 13 30
Mechanical 11 5 44 60
Calorific Values 3 9 12
Clay Tests ... EB 1 11 17
Graphite Tests 18 3 11
Pigment Tests 29 6 35
Metallurgical Tests 3 3
Mineral Determinations * 5 244 13 40 302
Microphotos 10 e B 10
Miscellaneous 1 1 23 25
52 713 119 1,241 2,125

* Inoluding veports on market value and economic applications.

Clays—The results of the investigation into the
clays of the southern half of the State are heing
slowly correlated and will. ultimately be published in
Bulletin form.
further advanced but that it was found necessary,
after sifting the results already obtained, to make
further experiments in regard to many of the clays
hefore a definite opinion could be expressed as to
their economic application. Although the complete
report is not yet available, the owners of three quar-
ters of the clays submitted have been furnished with
the detailed results of the examination of their sam-
ples and are thus enabled to proceed with their utili-
sation. Test pieces and experimental data ave also
available to all present or prospective manufacturers,
most of whom are in close touch with the laboratory
and its experimental work, of which they show due
appreciation.

Potash Supplies—In my last report reference was
made to the potash famine and to certain sucecessfnl
results which had crowned the endeavours of the min-
cralogical staff to obtain a local source of supply of
this indispensable fertiliser. Early in the year a
Bulletin was issued entitled “Sources of Industrial

This work would have been much

Pctash in Western Australia,” which deseribed all
that was known on the subject up to that date, and
indicated what were the most promising local sources
of supply. This Bulletin has been in considerable
demand throughout the State.

Of all loeal sources, Alunite appears to be the most
promising. This mineral has been detected at Kan-
owna, Wallangie, Northampton and Ravensthorpe,
the grade of the clean mineral being—

Per cent.
Kanowna . ... Potash  5-0 to 9-3
Wallangie A 7-9 to 82
Northampton . 10-8
Ravensthorpe ... . 8-0

The possibility of obtaining commereial supplies at
Northampton, Wallangie and Ravensthorpe is un-
known, but at Kanowna an industry employing a eon-
siderable number of men is already established.
About 500 tons of mineral have been raised and there
are said to be some thousands of tons in sight within
60 or 80 feet of the surface in the form of veins and
isolated boulders scat‘ered thickly through a belt of
completely kaolinised rock (slate?).
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The available information regarding Kanowna
alunite was brought under the notice of the State
Mining Lngineer, on whose representations money
was made available by the Government for the lease
and operation of a freatment plant at Kalgoorlie.
The method followed in this plant was ihat laid down
by myself as the result of experiments in the labora-
tory and the work was constantly countrolled by fur-
ther esperiment and analysis. Some treatment oi the
mineral is necessary hefore use, since the potash in
the raw mineral is practically insoluble in water and
therefore only extremely slowly available as plant
food. Experiments made in the laboratory indicated
two methods of treatment for this purpose. The Brst
was to roast the crude ore at about S00deg. Centi-
erade, by whieh all the water and three-quarters of
the sulphurie oxide were driven off and a mixture
of ingsoluble alumina and water soluble potassium
sulphate left behind. This was the process adopted in
treating 300 tons of Kanowna alunite at Kalgoorlie,
a proeess which would have proved suceessful in
every respect had the grade of the ove reached the
expected value of 6 per cent. potash. Owing, how-
ever, to contaminafion with clay and intergrowths of
natroalunite the grade of the ore in bulk has been
nearer 4 than G per cent. potash.

Experiments in the laboratory showed that a second
method of ore treatment was available for rendering
the potash water soluble. Alunite is very rapidly
dissolved by caustic alkalis (eaustic soda or ecaustic
potash). Such substances, however, do not oceur in
our soils, and the addition of them to the soil would
result in the destruction of all vegetation; they there-
fore cannot be used to increase or speed up the effect
of alunite on plants. It has been found, however,
that alunite is rather rapidly attacked by solutions
containing ealejum hydrate, the whole of the potash
ultimately going into solution, and thus becoming
available as a plant-food. Sinee soils are improved
by the addition of canstic or slaked lime in moderate
proportions, the use of either of these substances in
conjunetion with alunite proves to be highly hene-
ficial, the plants being enabled to absorb the whole
of the potash of the alunite.

In practice two or more hundredweight of high
grade ecaustic or dry slaked lime is mixed with
each ton of dry or almost dry alunite, and the mixture
applied to the surface of the soil or covered in o a
shallow depth. Field experiments alveady made with
this mixture in an orchard in the Darling Ranges and
on suburban allotments in Perth bave resulied in
very healthy growihs of wood and large crops of
fruit of prime quality.

The lime treatment of alunile saves the heavy cost
of roasting but adds to the weight, and therefore re-
duces the original grade of the mineral in potash by
10 per cent., whereas voasting reduces the weightf
and inereases the grade by 30 to 40 per cent., thus
making a big saving in freight and handling. The
cost of liming is very small, but the cost of reasting
appears to be prohibitive on low grade mineral. This
cost 1s greater than it is in the ease of roasting sul-
phides, sinee whilst the furnace reaction in the latter
case is exothermie, in the case of alunite it is enido-
thermie, requiring a large consumption of fuel to
maintain.

An alternative souree of potash, viz., javosite, the
iron eompound homologous with alunite, continues to

be found in various parts of the State, but nowhere in
sufticiently large quantities to form a permanent
sonree of supply. The localities for this mineral
already known arve Nullagine, Mulgine, Northampton,
Kalgan River, Ravensthorpe, Little Wongan Hills,
and Newecarnie.

In order that no obstacle shall be placed in the way
of utilising as fertilisers these valuable local sources
of potash it appears desirable that a regulation should
be gazetted under Seetion 30 of the amended Ferti-
lisers and Feeding Stuffs Act of 1904 detining the
ferm “potash in readily soluble form” used in see-
tions 4, 6, 8, and 11 of that Act. IFrom the contexi
it is plain that this term means something different
from water-soluble potash, ¢ince the term water-
soluble is used in conneection with phosphorie acid
but not in eonnection with potash. “Potash in readily
soluble form” should be defined as “potash contained
in compounds soluble in water, dilute acid, or dilute
caustic alkali solution.”

OCHRES,

A great deal of work has been done during the year
in testing natural pigments in view of the early
establishment of one and possibly more oil paint and
distemper (“calsomine”) factories in the State. The
various minerals likely to be in demand are red
oxide, red ochre, yellow ochre, sienna, and nmber for
oil paints, and white kaolin, miloschite, and small
quantities of the above pigments for distempers.

The kaolin required is pure white in ecolour, very
fine grained, free from grit and easily ground. Such
material is obtainable in the shape of washed kaolin
from the Darling Ranges, and sedimentary clays from
Mt. Kokeby, Bolgavt, Piawaning, and other places.
Some of the fine grained kaolinised rocks of the
Bastern Goldfields would probably also be available,

Ted oxide of suitable quality has been obtained at
Jacob’s Well, Kalgoorlie, and Geraldton. Red’ochre
at Kalgoorlie,” Cossack, Geraldton, Watheroo, and
Carbarup. Yellow ochre at Kalgoorlie, Cossack, (fer-
aldton, Carbarup, and Denmark. Sienna at Cossack,
Geraldton, Jarrahwoeod, and Denmark. Umber at
Geraldton, Ravensthorpe and Hamersley River.

A deposit of miloschite (chromiferous kaolinite)
at Grass Valley is likely to he worked for use in dis-
tempers, the natuval colour being a very pleasing
nile-blue of slightly varying tints.

Grass Saxps.

© The available resources of the Metropolitan Ares
in glass sands have been further investigated. In-
formation regarding this matter was given in my last
Annual Report. No other sand has been found of
the exceptionally high quality of that oeccurring on
the north-eastern shore of Lake Gnangara, but sand
of excellent quality, both as regards physical and
chemical requirements, has been located at Bassen-
dean and Cannington, hesides large gaantities in the
vieinity of Lake Gnangara, only slightly inferior to
that on the shore of the lake.

The average of thirteen samples from Bassendean
was:

Per cent.

Siliea 99-72
Iron oxide 0-039
Two samples from Cannington:
Per cent:
Silica 99-53
Iron oxide 0-046

*G.8.W.A, Annual Prog. Report, 1918, p. 286.
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Sueh sands are suitable for the production of the
best window glass and plate glass.

SarnT.

The search for suitable supplies of salt for alkali
manufacture continues. No underground beds of
rock-salt are as yet known in the State, though the
geological structure and history of certain areas of
the State are not incompatible with their occurrence.
Deposits which have been worked are of two general
types, viz.:—

(1) Deposits formed in the summer on the surface
of lagoons and lakes near the sea by the drying up
of the winter rain water which has been saturated
with sea spray. Of this type ave the deposits at
Lynton (Port Gregory), Rottnest, Esperance, and
Middle Island, all of which have vielded commercial
supplies.  These deposits ean only be worked .in
summer and early autumn, and can ultimately never
vield more salt per annum that that which is carried
into them each year by the winter rains and spray,
probably in the most productive of them less tlian
10,000 tons per anunum.

(2) Deposits formed during the dry weather at
various seasons of the vear on the swrface of the
numerous dry lakss of the drier portions of the
southern interior.  These arve confined to the area
within the 15-ineh rainfall line, and owe their accu-
mulation partly to the drying up of the surface
drainage water ecarrying salf, but more largely to
efflorescence from the very salt water with which the
vorous beds of the lakes are saturated to a depth of
many feet. Of this type are the deposits at Coweow-
ing Lakes, Yarra Yarra Lakes, Lake Goongarrie,
Lake Raeside, and many others, several of which have
been worked on a commercial seale. None of these
derosits appears capable of yielding more than a few
thousand tons per annum, though this supply eould
be largely increased by pumping the underground
water to the surface.  The proportions of salt in
some of these waters are:— )

Per cent.
Yarra Yarra Lake NaCl 23-03
Yarra Yaira Lake " 689
Goongarrie Lake o 20-10
Hannan’s Lake . . 12-84
Southern Cross ... . 17-26
Lake Cowan ’s 18-88
Lake Cowan s 16-17

Lake Preston, a large permanent stretch of water
on the coastal plain about 75 miles south of Perth,
has been suggested as a souree of salt by artifieial
evaporation of the water, which is salt all the vear

round. A sample of this water collected on the 18th
September, 1918, contained 3.66 per cent. NaCl with
0.93 per cent. of other water soluble salts, chiefly
magnesium chloride (0.46 per cent.) and magnesium
sulphate (0.31 per cent).

The quality of the crude salt colleeted from these
various sources, and placed on the market, is indi-

cated by the following figurés ecaleulated on the
steam-dried mineral :~-

Per cent.
Hutt Lagoon Lynton NaCl 99-55
Salt Lake Rottnest ., 97-90
Lake Polaris Southern Cross... 97- 67
Day Dawn G.M. Southern Cross ... 98-99
Pink Lake Esperance 99-13
Pink Lake Esperance . 9950
Lake Middle Island ... . 99-68
Lake Middle Island ... o 99:90
Lake Bellenger Island . 98-77
Lake Denham ... . 99-13
Lake Raeside Leonora ... . 97-67
Lake Raeside Leonora ... . 9872
Lake Goongarrie Comet Vale . 98-97
Lake Brown Nungarin R . 93-56
Lake Cowecowing Koorda ... . 9858

GYPSUM.

The exceptionally high price now being asked for
plaster of paris, none of which is made in this State,
and the diffieulty of obtaining supplies adequate to
the demands of the building trade, have led to an
energetic search for deposits of gypsum of a quality
suitable for making plaster. Gypsum, particularly
the powdery variety known as kopi, is very widely
distributed throughout the State in late Tertiary and
Post Tertiary deposits associated chiefly with the salt
lakes of the drier parts of the interior south of the
tropics. In every case known so far, these deposits
are not available for plaster making, sinee they con-
tain a sufficient amount of buff-coloured organie
matter to render the set plaster light buff or grey in
colour, instead of white. This organiec matter does
not lessen the strength of the plaster and should not,
therefore, prohibit its use for wall plasters, since a
badly tinted wall could, for a very small sum, e
coated with a distemper. The prejudice, however,
against the use of these tinted plasters held by arehi-
tects and builders is so strong that no sale whatever
can he found for them.

The best gypsum for this purpose so far dis-
covered is found in the salt pans amongst the coastal
sand dunes to the south of Dongara. Typical sam-
ples eollected by Inspector Wilson of the Mines De-
partment at Warmold and Knowler’s Claim, at
Dooka, showed:—

Gypsum, Dongara.
No. . 1. | 2. 3. 4. 5.
Variety Kopi. ' Seed Crystals. | Seed Crystals | Seed Crystals | Seed Crystals.
} with Caleite. | with Calcite.
Insoluble in acid . 1-51 - 48 . +85 5-41 86
Water soluble CaO ... 27-62 29-72 28-32 21-87 28-79
Acid goluble CaO 6-50 4-24 552 15-78 563
Bqual to— B
Gypsum, CaS0,2H,0 $4:79 . 91-30 86-94 6714 88-38
Calecite, CaCO, ... 11-60 | 7-56 9-85 28-15 10-04
-




Of these, No. 2 proved to be the best, yielding a
pure white, quick-setting plaster. Nos. 3 and 5 were
almost as good, being. almost pure white.  No. 4
yielded a cream-colyured plaster, and No. 1 a deep-
grey plaster.

A kopi colleeted by H. W. B. Talbot at the mouth
of Goddard’s Creek, 15 miles south-east of Kitchener
Siding on the Trans-Australian Railway, may be
taken as typieal of the powdery gypsum which is
tound far and wide in low dunes on the lee side of
salt pans and dry lakes:—

Gypsum, Goddard’s Creek.

Per cent.

Ca0 31-20
MgO -29
S0, 42-05
GO, -82
NaCl -46
Na,0 -14
K0 -08
Fe, 0, 05
AlO, -26
8i0, 3-37
8,0 + 20-59
8,0 — -33
Organie .78
100-42

The colour of the set plaster made from this is
greyish-white to very pale grey.

BEerYL.

Hitherto this mineral has not been of any com-
mereial value, except when it was sufficiently brightly
coloured and transparent to be used as a gem under
the names of emerald, aquamarine, and golden beryl.
During the past vear inquiries bave ecome from
America for supplies of common beryl in quantities
of one ton upwards, and it is quite possible that this
demand could be met from the kunown deposits m
this State. The losalities in which this mineral has
been found are: Yinnietharva Station, Poona, Mel-
ville, Toodyay, Balingup, Greenbushes, Ravensthorpe,
Londonderry, and Bellenger. Of these localities,
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Poona and Balingup appear to be the most likely to
vield commerecial quantities.

CLACKLINE Irow ORrEs.

An opportunity oeeurred during the year of visiting
the important brown iron ore deposit lying about
three miles north-west of Clackline railway station.
This deposit has for many years furnished the flux
required by the lead smelters at Fremantle, and at
least one million tons of ore still remain in sight.
The exaet form and origin of the deposit is obseure.
The main body of ore does not appear to be a laterite
(though it is eapped in places with a thin layer of
this material), but may be the outerop of a large
sulphide lode. The outerop runs for a distance of
about a mile on an east and west line along #he
northern slope of a shallow hanging valley on the
summit of the Davling Plateau. The immediate coun-
try rock is invisible, but a few miles away, on the
deeply eroded slopes of the plateau, completely kao-
linised gueiss (occasionally garnetiferous) is ex-
posed, with wide vertical bands of a highly quartzose
rock, whiech appears to be an ultra-acid pegmatite,
as well as dykes of dolerite and hypersthenite,

The ore has been obtained from a number of small
quarries along the outerop, none of which is more
than 25 feet deep. In the largest quarry, on Loca-
tion 17564, the vertical section diselosed was:—

0ft. to  3ft.—Loose yellow pebbly laterite. -
3ft. to  Oft.—Mottled yellow and brown ecellular

laterite.

5ft. to 16ft.—Stony brown iron ore with innum-
erable veinlets of glassy black
ore.

16ft. to 18ft.—Stony brown iron ore.

Partial analyses were made of average samples of
the different seetions of this face, and also a grab
sample of cellular brown limonite, partly dull, partly
glassy, from a guarry on Location 18913 at the east-
ern end of the iron-bearing area, which may be on
a separate deposit. The results were:—

Iron Ove, Clackline.

Loo. 17564, Loc. 18913.

0-35%. 35t 5-168t. 16-18f6.  2-8ih.
Fo,0, 54-28 56+ 36 76-82 76- 63 77-58
Mn,0 . ) .34 o 1-00
ALO, ... .. Lol } 17:70 16-38 { 3-06 322 { 3-38
Ti0, .. - 67 54 Nil il trace
Si0, 15-42 10-34 634 6+ 60 362
H,0 - oo 10-80 13-85 12-65 1214 12-80
HO— .. oo 1-52 1-81 1-19 1-73 1-66
P0; 02 02
Cad Nil 10
MgO Nil trace

100-39 9978 100-58 100- 37 100- 46

It is evident that the surface material down to
five feet on Location 17564 contains over 20 per cent.
ol admixed gibbsite (aluminium hydrate) and is a
much poorer iron ore than that which lies below it
and forms the main portion of the deposit

Yasauprr JroN ORes.

The State Mining Xngineer has recently visited
and sampled the iron ore deposit which occurs on
two eontiguouns islands, Koolan and Cockatoo, on the
notth side of Yampi Sound. The deposit has been
previously deseribed by W. D. Campbell,* and some

* &S, W.A., Bulletin 67, p. 124,
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samples taken by the State Mining Engineer, and these are given below:—

Iron Ore, Yampi Sound.

More detailed analyses are now available of the

No. Lo 3, 4. 5. 6. 7. .
Collected by S.ME. S.M.E. S.M.E. S.AMLE. S.M.E. S.M.E, W.D.C. w.DC.
Island ... Cockatoo. | Cockatoo. | Koolan, | Koolan, | Koolan, | Koolan. | Koolan. | Koolan.
| ]
Fe,04 73-86 98- 55 87-02 97-53  58-18 95-59 94-97 + 92-71
Fo,0, str. br, sk, tr. str. tr. str. tr. sl tr. sl. tr. tr. ! tr.
Si0, 25-55 <95 2-55 ! 52 40-50 4-20 4-16 7-06
TiO, 17 17 2-64 | -18 -87 -85 tr. | tn
S04 -13 -02 - 02 +02 <05 <12 -17 -10
P04 <02 -02 +11 -02 <02 ~03 14 -03
H,01 -16 -12 3-52 -02 +24 <17 <20 +18
AlL,O, 77 - 66 4:63 2-37 1-28 - 40 ? ?
Ca0 05 -05 -10 -06 Nl 04
MgO ... Nil trace -10 -03 trace trace
Mn,Oy ... Nil trace 06 -01 Nd -01
100-71 100- 54 100-75 100-76 100-59 100-91 99- 64 100-06

Fe . 51-70 68-99 60-91 68-27 41-43 66-91 66-48 64:-90.
) . 05 -01 -01 -01 02 05 -07 04

. -010 -008 - 050 009 +010 <014 - 062 -012

The ores are composed mainly of haematite and
guartz with small guantities of magnetite, ilmenite,
felspar, ete. They appear to be of sedimentary
origin, being interbedded with quartzites and con-
glomerates, and showing in thin section rounded
grains of quartz associated with granular haematite
and secondary chaleadony.

Excluding No. 3, which was a surface gravel
cemented with lateritic material, the ore averages
61.24 per cent. metallic iron, with 10.85 per cent.
silica, and only 0.018 phosphorus and 0.036 sulphur.

The immense size of the deposit, its high grade,
and ifs situation on the very shore of a deep land-
locked harbour, make it rank as one of the most
important iron ore deposits in the world.

Mixneran NoOTES.

Amongst the many minerals submitted during the
vear for determination and report as to their econ-
omic value the following are noteworthy.

Clromiferous Spinel (chromite and aluminate of
iron and magnesium), Namban.—A belt of serpen-
tine country lying hetween the Midland Railway and
the Goomalling-Mullewa Railway has alveady proved
of economic importance by yielding commercial sup-
plies of asbestos (anthophyllite). Recently surface
houlders of chromiferous spinel have been discovered
over portions of its outerop lying east of Namban,
and these may lead to the location of a workable
deposit of this infusible and chemically inactive
mineral suitable for use as a refractory lining for
furnaees, ete. An analysis of the mineral shows that
it is to be classed as Ceylonite, the composition
heing :—

Ceylonite, Namban.

Emery (impure alumina), Richenda River,—Men-
tion was made in my previous Annual Reportt of
the oceurrence in the West Kimberley Distriet of a
considerable guantity of impure eorundum (emery)
suitable for the manufacture of various types of
abrasives. An analysis since made of this shows that
it containg:—

Emery, Richenda River.

Per cont.

ALOy ... . 81-90
8i0, ... 3-54
Ti0, 2-75
FeO 2-30
CaO -91
MgO Nit
H,O .. 8:08
Carbon 50
99-98

Microgeopic examination and ealeulation from the
analysis indieate the mineral eomposition to he:—

Per cent.
Diaspore, Al,0,. H,0 53-9
Corundum, ALO, ... 31-2
Kyanite, Al,0, SiO, 6-9
Tlmenite, FeO. TiO, 4-9
Grossularite, 3Ca0. Al,O,.
38i0, 2-4
Rutile, TiO, ... -2
Carbon, C . -5
100- 00

This contains more water and less iron than the
usual ran of emery. It is, however, hard, sharp, and
of excellent quality for industrial purposes.

Emery, Roebourne—Kmery has also been found
near Roebourne in loose surface boulders which have
not yet been traced to their original matrix. This
emery has the following composition :—

Per cent. Ewmery, Roebourne.

MgO 13-65 Per cent.

FeO 17-45 ALO, ... 85-78

MnO +26 Si0, 6-18

FoyOp oo e e oo 3080 TiO, 2-42

ALO, ... e 4200 FeO) 46

Cr,04 ... 22-76 MgO -20
810, H,0 Nil Ca0 1-92

Cr,0, ... 83

100-01 H,0 .. 2-08

Specific gravity 412 99-87

* (.8, W.A,, Bulletin 67, p. 124,

tG.8., W.A.. Annual Progress Report, 1918, p, 57,
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The exaet mineral composition of this material has
not been elucidated, but it is a complex mixture con-
taining between 60 and 70 per cent. of eorundum.
It makes an excellent abrasive.

Gibbsite (hydrate of aluminium), Toodyay.—This
mineral forms the chiel constituent,of bauxite, which
is the main source of metallic aluminium. An ae-
count of the bauxites of the Darling Ranges was
given by E. de Clarke, and the writer in the Annual
Progress Report for 1918.5 The vichest ore so far
examined has eome Irom Toodyay, one sample yield-
ing 47.86 per ceni. of acid-soluble alumina.

Apatite (fluophosphate of ealcivm), Westonic.—
This mineral ocecurs abundantly in a eoarse albite-
biotite-quartz pegmatite vein at the 560ft. level of
the Edna May Deeps Mine. The mineral is in long
prismatic erystals up to 1.5 inches in length and 0.1
ineh in diameter, with a density of 3.15. The colour
is a dull green (Ridgway 35” i, French green).

Microcline (silicate of potassium and aluminium),
Londonderry.—Potagh felspar of a size and guantity
suitable for use in making poreelain and semi-porce-
lain ware, has been opened up at Londonderry, where
it oeeurs in eoarse pegmatite veins with quartz and
miea. Tor this purpose it should be very free from
iron compounds. A very.pale grev mieroeline from
the Marshal Foeh M.L. was found to earry only
0.0056 per cent. of ferric oxide, and a white miero-
cline from the General Haig M.L. 0.0112 per cent.

Magnesite (carbonate of magnesium), Corrigin and
Kumminin.—In view of the inereasing manufacture
of sorel cement in Australia and the long distance
(400 miles) which the Bulong mineral has to traverse
to reach the coast, it is interesting fo note the possi-
hility of obtaining commereial supplies of magnesite
in the Eastern Wheat Belt at Corrigin (174 miles
from Perth) and Kumminin (182 miles). Partial
analyses of bulk samples of large surface houlders
of hard eryptocrystalline magnesite from these places
showed :—

Corrigin | Corrigin Kum-

B. minin.

MgO ‘ 46-92 4456 46-64
Equal to MgCO, 9812 93-18 97.54
Ca0 ..o trace 1-92 trace
Fo,04. ALO, ... N 1-060 ¢ 1-74 1-56
Insgoluble in acids . - 60 i 1-02 1-16

|

These are all fairly high grade magnesites suitable
for commercial use.

Psilomelane (hydrous manganite of manganese and.
potassium), Horseshoe—A very pure psilomelane in
hard dense masses has been obtained in commercial
quantities Horseshoe. TIts

near composition was
found to bhe:—

Per cent.

MnO, ... 75-35
MnO 6-00
Fo,04 ... 4-56
Si0y o e e e 1009
ALOg oo e e . 101
BalO ... 1-06
PyOs oo e 11
H,0 3.27
K0 . 3-11
Na,0 ... +53
Undetermined 3-01
160-00

TotalfMn §... 5226
Total Fe  P... 3-19
" Phosphorus _ ... 0-048

* (LS. WA, Annual Prog, Report, 1818, pp. 19-36.

This mineral is suitable for use in manufacturing
steel, permanganates, or glass.

lolite (hydrous silicate of aluminium ond magne-
stum), Westonig.—This mineral, not previously re-
corded Tor the State, has been found in some abund-
anee in a pagmatite vein at a depth of 566 feet in
the Edna May Deeps G.M., Westonia. The mineral
is in large rounded masses with a strongly marked
basal parting, and less evident cleavage (010) at
right angles thereto. Owing to the strong pleo-
chroisin of the species, the colour is illusive. At a
little distance it appears cement grey, but closer in-
spection shows a violet tinge in some lights and a
dull green in others. Alieration in the direction of
a mica has gone on to a large extent, the mineral as
a whole having now the following ecomposition :—

Per cent.

8,0 .. 45-10
AlLO, ... 29~f57
Fe,0; ... -24
FeO 4-26
MnO -38
MgO 9-56
CaOQ ... 1:06
1\:3,2_0 1-:27
K,0 4-2§
1{_2() 4:42
Ti0, Nil
100- 14

PusLicATIONS.

The veports of investigations made at the publie
expense and issued to single individuals are not in-
I'requently not put fo any good use by those persons.
For this reason permission is given to the Depart-
ment under the Assay Regulations to publish the
results ol sueh investigations, and this permission
has always been taken advantage of in the past under
such conditions as to safeguard within reason the
interests of those who submit material for examina-
tion. This has been done so judiciously that no
exception has ever been taken to this action. It has
been the practice to publish results of loeal economic
interest in departmental Bulleting and Reports, whilst
matters of purely scientific or theoretical interest
whieh erop up in the course of the work of the labora-
tory are published in the journals of scientifie
societies. The publicity thus given has been pro-
ductive of muech good, the work done free by the
laboratory, and the information collected by it, being
made available ultimately to every omne throughout
the State who is interested, instead of being confined
to one or two individuals who have failed to put it
to any good use.

It is regrettable therefore that during the past
vear there has been an almost total suspension of
publication by the Government, the only reports
issued being the Annual Report for 1918 and Bulle-
tin 77 dealing with “The Sources of Tndustrial Potash
in Western Australia.” In addition an article on
“Alunite” was published by the Chamber of Mines
in their Journal,t and an article on “The Assiy . of
Alunite” in the Chemical Engineering and Mining Re-
view of Melbonrne.

A paper entifled “On Gearksutile at Gingin, West-
ern Australia,” was submitted to the Mineralogieal
Society (London), and a second “On Hisingerite
from Westonia” to the Royal Society of Western
Australia.  These should appear in print early in

+ Monthly Journal of the Chamber of Mines, xvili, 59 (1919).
§ Chemical Engineering and Mining Review xi, 297 (1919).



thig year in the “Mineralogical Magazine” and “Jour-
nal of the Royal Society of Western Australia”
respectively. An article was written for the Colonial
Secretary’s Department on “Geological Features of
the South-Western Caves Distriet,” and for the Fed-
eral Government of “Sulphur Ores in Western Aus-
tralia.” ‘

The series of monographs on the mineralogy of
various restricted distriets of the State, which was
begun in 1911 with the account of the minerals of
Kalgoorlie, has been continued and an aceount writ-
ten of “The Minerals of the Ashburton and Gascoyne
Valleys.” No authority for the printing of this has
yet been obtained, nor for “The Minerals of Comet
Vale and Goongarrie,”” wriften in 1918,

PETROLOGICAT, WORK.
(R. A. FARQUEARSON.)

The work for the past year is conveniently sum-

marised under the following heads:—
I.—Determinations and Reports for the Geologi-
eal Survey Staff.

II.—Determinations and Reports for Mine Mana-
gers, for other Departments, for Pros-
pectors, and the general public.

TIT.—Miseellaneous.

L—Determinations and Reports for the Geological
Swurvey Staff :—

A eonsiderable part.of the work for the year has
again been the determination, deseription and eorve-
lation of rocks collected by the officers in the field,
diseussions with the officers concerned of the geologi-
eal problems of each district, and careful considera-
tion of the field oceurrence of the rocks with the as-
certained microscopie characters. The resulis of this
work are that. so far as field data and specimens can
be obtained, the mapping, which should be, and is, of
the utmost importance to prospectors, and in live
mining fields to mine managers, is as accurate as pos-
sible.

As in 1918, however, an increasingly large part
of the work has been investigations for mine mana-
gers of problems arising in the eourse of their work,
upon the solution of which the future development
of their mines to a large extent depends.

The total number of sections eut and registered dur-
ing the year was 336, but, in addition to these, I have
myself cut 190, a number which comprises those eut
for determinations for prospectors, for those en-
gaged in mining, and for the public generally.

The suites of rocks examined include those from—

1. Leonora, Laverton, Anaconda, ete—A state-
ment of the different rock types met with in this dis-
triet was given in the Annnal Report for 19018, A
general statement of the petrology, however, inelud-
ing a classifieation and a correlation of the rocks was
prepared early in 1919, for Mr. Clarke, for use in
the preparation of his Bulletin. For reasons of
economy in printing, this has not been published as a
separate chapter, but the information has been in-
corporated in Mr. Clarke’s text.

2. The Southern Portion of the Yalgoo Goldfield.
—As little or nothing was known of the geology of
the southern portion of this Goldfield lying to the east
of Lake Moore and south of Warne River, it was
considered advisable to despatch a geologieal survey
party to examine the ecountry and to ascertain
whether any of the greenstone belts whieh oceur fur-
ther to the north and north-west extend to the south-
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ern parl of the field. The specimens examined are
those eollected by Mr. Talbot during the course of
this survey. They include—

Biotite microcline granites.

Aplites and felsitic quartz porphyries.

Sheured chloritie-quartz roek with grains of a
secondary mineral doubtfully wvefefred to
kyanite.

Amphibolised and zoisitised quartz-dolerites, epi-
diorites, ete.

Hypersthene-hornblende and hypersthene
bros.

Micropegmatitic quartz-dolerites.

Owing to the necessity of economy in printing, the

vesults have not been put into a separate chapter, but
have been ineorporated in Mr. Talbot's text.
The Ashburton Drainage Basin—~Portion of
the eountry drained by the Ashburton, one of the
largest vivers in the State, has in the pasgt produced a
considerable amount of gold and other minerals, and
it was therefore considered advisable in the interests
of mining generally to have an examination made
of that part of the arvea not previously visited by
an officer of the Gleological Survey. The rocks ex-
amined were those collected by Mr. Talhot while en-
gaged in a survey of this country. They include—

Sedimentary rocks: ferruginous sandstones, dolo-
mitie and other limestones, chloritic grits and
arkoses, quartzites, ete.

Aeid and basic lavas: Rhyolitic quartz porphy-
ries, weathered vesicular basaltic dolerites,
voleanie agglomerates.

Chloritised and amphibolised mieropegmatitic
quartz dolerites, zoisitic epidiorites.
Chloritie and felspathic quartz porphyries.

Biotite granites.

Knotted micaceous schists.

In the course of the examination of these rocks an
investigation was made of the presence or ahsence of
any sedimentary metamorphic minerals in several of
the limestones and dolomitic limestones of the area.

The results of the work have again, for the sake of
economy, been incorporated in Mr. Talbot’s text.

4. Bolgart.—These were collected by Mr. Feldt-
mann in the eourse of his investigation of the oeceur-
rence and origin of the elays of the neighhourhood.
The roek types found ineluded hornblendite, chlori-
tised ophitic dolerite, epidotised quartz-epidiorite,
granulitic epidiorite.

The clavs were composed chiefly of quartz, white
mica and kaolin, hut the proportion of these varies
considerably in different samples. In some, quartz
and mica are fairly evenly balaneed, in others quartz
and kaolin make up nearly the whole of the rock,
and in others kaolin is by far the most abundant
constituent,

5. Awrrino District—In an early bulletin of the
Geologieal Survey these rocks were classed as sedi-
mentary tuffs grading into ferrnginous sandstones.
Recent examination, however, at the request of the
Government Geologist, of seetions of the typieal rock
shows that thev are in vealitv highly ferruginons and
felspathic grits, some of which have a distinetly
banded strueture. The assioning of a  tufaceous
origin to them was appavently due to the alleged
presence of isotropie glass hetween the granular
quartz and iron ore. This so-ealled glass, however,
is really in part kaolinie material of very low bire-
fringence and in part opal, No typieal minerals,

ab-
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fragments, or structures found in voleanic rocks or
tufls were observed in any section of any of the
rocks. »

6. Kwrrawang nd  Menzies—These were ob-
tained by Mr. Clarke during the course of an examin-
ation of the new find at Wallangie, and of a mining
diffieulty at Menzies. The Wallangie rocks weve
examined with the objeet of determining the eountry-
rock of the find; its relation to that of other gold-
fields, and the presence or absence of acid dykes.
The roeks from near Menzies were chiefly interesting
owing to the discovery by Mr. Clarke of an outerop
of what proved to be a fuchsite-andalusite schist.

7. The Kimberley Division——The wmaterials on
which this report is based consist of collections of
hand speciimens of rocks obtained from the distriet
described in the bulletin, and a few ehemical analy-
ses made in 1902, There are three separate collec-
tions, each made on exploring expeditions which at
different times traversed different tracts of  this
little-known division of the State.

The first collection in point of time was that made
by the Kimberley Exploring Expedition conducted
by Mr. E. T. Hardman in 1883, the general results
of which were published in the volume of Geological
Survey Annual Reports for 1871-1891. The country
traversed was that between latitudes 16° 35" 8. and
18° 30" 8., and between longitudes 122° 10" . and
126° 50 E., comprising the district from Roebuck
Bay to the Leopold Ranges, and between Port Os-
borne and a line running eastwards a little to the
south of the Fitzroy River.

The second cellection consists of those rocks ob-
tained by Messrs. A. (ibb Maitland and C. G. Gibson
in 1901 when attached to the Brockman Exploring
Expedition. The parts explored by these officers in-
cluded the neighbourhood of Wyndham: the gorge of
the Isdell River; the land to the west, north-west,
and north of the Synnot Tableland, inecluding the
Synnot Creek, Charnley River gorge, and the Calder

River gorge; the eastern flanks of the Harding
Range; the vicinity of Mount Kitchener, Mount

Lyell, and Mount Trevor; the upper reaches of the
Prinee Regent River, and Mount Hann; and some of
the hills overlooking Napier Broome Bay.

The third eolleetion comprises the specimens pre-
sented to the (reological Survey Museum by Mr. W.
V. Fitzgerald, who in 1905, while attached to Mr.
C'rossland’s party, made an examination of the coun-
try along the May, Lennard, Barker, Adeock, Thros-
sel, Upper Fitzroy, Hann, Barnett, Isdell, Sprigg,
Lower Charnley, and Lower Calder Rivers.

Owing probably to the nature of two of the expe-
ditions liftle or no information was at hand with re-
gard to the field occurrence of the rocks and their
mutual relations, and consequently each specimen
was considered and deseribed separately. Moreover,
after examination of the specimens and comparison
of the registered numbers with those field numbers
given in the respective published acecounts of the ex-
pedition, it was found that probably owing to the
diffienlties of transport and to frequent removals
even in Perth, a considerable number, especially of
Hardman’s rocks, have heen altogether lost.

All the rocks being regarded as members of one
large colleetion, it has been found that sedimentary,
igneous and metamorphic rocks are represented, the
igneous tvpes being more nmmerous than the others,
though, of course, it does not follow that igneous
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rocks really occupy a greater area of country than

do the sedimentary and metamorphic rocks. The
sedimentary rocks comprise quartzites, ehloritic

grits, arkoses, limestones and slates. OFf the quartz-
ites, some are sugary-white and fine-grained, others
red ferruginous, others again red with earthy hema-
tite or brown limonite cement. The chloritic grits
are all fine-erained with much fine scaly yellowish-
green chlorite. A few are indistinetly laminated.

Limestones, in which the carbonate is largely cal-
cite, are far more conmmon in the distriet than the
number of specimens would lead one to expeet. All
are fine-grained, some pink in-colour, a few show
relies of organic remains, and one is noteworthy for
containing erystals of zine blende.

Amongst the igneous rocks there are distinguish-
able the foliated or sheared, and the non-foliated.
The former ecomprise hornblende sechist, chlorite
schist, and a few sheared epidiorites. The latter—the
non-foliated—comprise vestcular or amygdaloidal
basalts or dolerites, basaltic Jdolerites, amphiboligsed
micro-pegmatitic gquartz-dolerites, fine-grained fibrous
and chloritised epidiorites, granites, tuffs and ag-
glomerates, and a mica-lencitite. This leuecitite,
which is the most remarkable rock in the whole ¢ol-
lection, comes, according to the register of Fitz-
gerald's specimens, from the Lennard River, near
Mt. Eliza, West Kimberlev. From the composition
and structure of the roeck and from partial analysis
to determine the amount of potash and soda present,
it has been determined as a mieca-leucitite, i.e., an al-
kaline basie lava, =ontaining chloritic xenoliths. No
similar rock has ever before been recognised in
Western Australia, and when regard is paid to the
locality at which the rock is said to have been found
—heyond the southern escarpment of the Leopold
Ranges and due east of Derby-—and to the fact that
throughout the Kimberley District no other alkaline
voleanie roek has been found, and to the fact that
nothing has been recorded as to the mode of occur-
rence of the rock, some doubt arises whether the rock
really came from the loeality ziven. Mica-leucitites
of very similar if not identical character are well
known in Java, and it is conceivable at any rate that
the rock is a stray accidentally introduced into the
collection fromy one of the Java boats. Should sub-
sequent travellers prove the loecality to be correct,
the rock will furnish evidence of a close connection

“hetween some of the voleanie rocks of Java and some

from the Kimberley Distriet of Western Australia.

The metamorphic rocks are represented in the col-
lection only by two specimens, one from Devil’s Pass
and the other from Granite Hills, Margaret River.
The former is a garnetiferous chlorite-quartz schist,
with small grains of a ‘secondary mineral doubtfully
veferved to andalusite. The latter is a hiotite-silli-
manite gneiss. Both rocks are probably the result
of severe dynamic metamorphism of pre-existing
sedimentary series, and it is highly likely that other
tvpes will subsequently be found in the same locali-
ties.

TI.—Determinations and Reports for Mine Mana-
agers, for other Departments, for Prospectors,
and the general public.

The increase noted in the Annual Report for 1918
in the number and varietv,of requests for petro-
logical information from mine managers and others
engaged in mining has been well maintained, and
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confirms my vemarks in that Report that those res-
ponsible for the conduet of mining operations are
becoming more and more alive to the value of an
aceurate knowledge of the character, origin, altera-
tion, and relation to one another of the rocks of any
mine or of several mines, and the influence of those
factors on the development and future of the mine.

The investigations carried out under this head in-
clude :—

1. Determination of
Mine, Coolgardie :—

These specimens were sent for examination for the
purpose of clearing up some difficulties met with in
the working of the mine. One proved to be a porphy-
ritie andesitie basalt dyke similar to those found at
Sandstone, the Corinthian mine, ete. Another was
a finely foliated siliceous facies from a zone of in-
tense shearing, in all probability an altered form of
the country rock impregnated with quartz.

2. Determination and ecorrelation of rocks from
Westonia sent down by Mr. H. . Stokes, of the
Golden Point Mine:—

The main objects in sending down these rocks were
to follow if possible or to pick up the course of the
auriferous facies of the Hdna May gneiss, and to
acquire some idea as to how far the strueture of the
more reeently opened mines corresponded with or
differed from that of the older. All the specimens
were examined in the light of these two main aims.
Amongst the rocks determined were:

(a) A so-called sillimanite-schist from the Golden
Point mine. This proved fo be a granulitie tremolite-
felspar sechist.

(b) Several specimens of granulitic hornblende-
felspar rock and schist from the Golden Point and
Central mines. These were sent particularly for
comparisons with the Edna May auriferous gneiss.

(¢) Schistose amphibolite or hornblende schist.
Granulitic 'and imperfectly foliated hornblende-
felspar rock of dioritic character, similar to the Edna
May gneiss at the 245 feet level in Duff’'s Bore, hut
without quartz and without the hrown-red biotite.
Finely foliated extremely - felspathie felspar horn-
blende rock.

(d) Bore cores from bores put down by Mr. Stokes
in G.M.L. 2716. Last year boring operations were
begun by Mr. Stokes on L. 2716 with the object of
determining whether the auriferous Fdna May gneiss
lens extended eastward. At the same time Mr. Collins
of the Consolidated Extended mine started eross-
cutting to the boundary of his lease, so that with the
cross-cut and the line of hores more or less at right
angles to the strike of the Edna May lens, a fairly
acenrate knowledge would be obtained of the char-
acter of the rocks to the east of the lens. Samples of
bore cores were sent down from time to time by Mr.
Stokes for determination and comparison with other
rocks of the field. In all at least six bores were put
down but the rock met with was mainly decomposed
or fresh granulitic hornblende-pyroxene schist, fremo-
litie anthophvllitic hornblendite, or similar to the
facies in Duff’s Bove at 465 feet. No rock similar to
the Edna Mav gneiss was encountered. The rocks in
the Consolidated Extended mine were granulitie horn-
blende-gneiss and anthophyllitic (tremolitic) horn-
blendite.

3. TInvestigations of rocks colleeted by me from
Westonia:—

rocks from the Carbine

At the end of July as the result of requests made
by Managers of the Golden Point and Consolidated
Bxtended Mines, I was instrueted to proceed to
Westonia to examine the rocks of these two mines and
the bore cores from L. 2716, and from this examina-
tion to form some conelusions as to the possibility
of an extension of the auriferous Edna May gneiss
to the east. In addition I took the opportunity of
heing on the field to examine the rocks of the different
mines and of the neighbourhood generally in order
if possible to supplement the information already
published in my article on the Petrology of Westonia
in Bulletin 71.

The eonclusions arrived at from the consideration
of some fifty specimens are as follow:—

1. There is a distinet band of gneiss which ex-
tends from the neighbourhood of the Recovery Mine
fo the Consolidated and Golden Point Mines through
the Deeps and Central Mines. This gneiss is bor-
dered on the footwall side by a granulitic hornblende
sehist (or gneiss without quartz), which also oeceurs
in shafts between the Greenfinch and the Deeps.
While there is some resemblance in places between
this footwall greenstone and the Edna May gneiss
itself, on the whole for mining purposes it must be
regarded as the country roek of the latter, and conse-
quently as distinet from it.

2. In the Recovery Mine there appear to be two
facies which though resembling each other very
closely in appearance and structure yet differ in that
one contains quartz and the other does not. The
facies with quartz, which is a gneiss practically iden-
tical with the true Ldna May gneiss, occurs only in
small amount in this (Recovery) mine, and owing te
the level in which it oeccurs being under water, it was,
unfortunately, not possible to examine the relation
hetween the two facies. As a very similar rock to
this quartzless gneiss oceurs at the 321 feet level in
the Central Mine, and at the 660 feet level in the
Deeps Mine, it is probable that the two facies are
genetically connected. In regard to this question
much depends on the origin of the Edna May gneiss
itself and on the origin of the quartz. In the Central
Mine at 321 feet occurs a vock clogely akin to a
granodiorite, and in the Deeps at 760 feet a pyroxene-
green hornblende-felspar gneiss with grains of
sphene. From a comparison of these roeks with many
samples of the KEdna May biotitic gneiss, and
from a eonsideration of the nature of the Edna May
eneiss at depth, as revealed in Duff’s Bore, the con-
clugion ig inevitable that the original of the aunrif-
erous gneiss wag a roek of wonzonitic or granodio-
ritie type, as already stated in Bulletin 71. Some of
the quartz appears to be original in the rock, but
from the enormous number of quartz veinlets in
samples of the Edna May gneiss, it is highly prob-
able that mueh of it is infrusive and has been pro-
dueed by a kind of Ui por lit injection.  Samples
from the horizontal bore that was put in in the Deeps
Mine prove to be a granodioritic gneiss with biotite.

The biotite (brown-red) gneiss with quartz is,
therefore, an alteration product of a granodioritie
gneiss prodnced by the intrusion of pegmatitic quartz,
and by severe earth movements whieh have brought
about a pronounced gneissic structure. No secondary
minerals of metamorphie origin, such as seapolite,
salite, garnets, ete., were found in any sample of this
gneiss in the mines examined.



3. The Edna May gneiss is an infrusive roek, and
is not sedimentary rock metamorphosed. Specimens
were obtained from the Deeps, which show not only
a contact between the chloritie hornblendite of the
footwall country with a pronounced selvage of gneiss
at the junction and an alteration both of the chlorite
and the hornblendite to brown or black biotite and
of the chlorite of the gneiss to brown biotite, but
also clear incorporation of fragments of the footwall
hornblendite in the body of the gneiss. Also, while
the body of the gneiss of this contact is similar in ap-
pearance to the Edna May gneiss and to a great
extent to the quartzless gneiss of the Recovery, the
selvage contains no quartz—a faet which again sug-
gests a genetic connection between the two facies in
the Recovery or the ocewrrences of two facies, one
with quartz and one without quartz, in the aurifer-
ous lens.

4. The so-called sillimanite-gneiss or schist of the
Deeps Mine is really an amphibole schist with nearly
colourless prisms of amphibole produced probably
by contact action of the pegmatite dykes on a chlor-
itie hornblendite.  The -hypothesis of flat “saddle
reefs” in the Westonia field, therefore, has, in my
opinion, no justification whatever. In no single case
were there any distinctive -secondary metamorphie
minerals, ., mineeals produced by metamorphism

of a hypothetical sedimentary origin, found in the

Fdna May gneiss, and, of course, the evidence of the
intrusion of the gneiss is coneclusive.

5. From the eharacter of the rocks exposed in the
Consolidated Extended Mine in the bores put down
by Mr. Stokes in Lease 2716, and from the character
of the rocks encountered in the long cross-cut from
the Consolidated Extended shaft, I am strongly of
opinion that there is no direet continuation of the
Edna May gneiss to the east, The rocks from the
loealities mentioned ave those encountered in the foot-
wall counfry (and possibly in the hanging wall) of
the auriferous gneiss lens. There is, of eourse, a pos-
sibility that the auriferous gneiss oceurs in lenses
which are parallel and en échelon. Tf this is the
case, other lenses may oceur either to the north-east
or to the south-east of the present one,
but their disecovery is absolutely dependent on
chanee (in default of any surface indications or of
any indications from small prospecting shafts), and
hs thousands of feet of horing or ecross-cutting
might be put down in any direction without en-
countering any auriferous facies, the possibility can
scarcely be investigated by Government assistance.
There are no surface indications of an extension of
the lens eastward, and though a few prospecting
shafts have been put down, no evidence of the exist-
ence of any gneiss has been digelosed, and any fur-
ther prospecting in this manner would be merely a
gamble. .

The occurrence in the Golden Point Mine of vein-
lets of auriferous quartz identical with that in the
Edna May Mine tends to show either that the Edna
May lens swings to the south-east or that it is
petering out in the Golden Point ground. As a very
considerable amount of work has already been done
in the Golden Point Mine without the discovery of
anv body of stone comparable in extent and value
with that in the producing mines, it would appear
that the latter alternative ig the truth.*

#Since the above was written prospecting bores put down
to the south-east following the swing of the Edna May lens
have proved the existence of auriferous material of the
Edna May type. It therefore now appears that my alter-
native opinion that the gneiss swings to the south-east (in-
gtead of continuing eastward) is correet,
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4. Examination of rvocks from the Commodore
Mine (now New Commodore), Meekatharsa :—

These were collected by Mr. Clarke during the
course of an inspection of the mine for the purpose
of noting any new features disclosed by develop-
ments subsequent to the geological survey of 1914, and
of suggesting lines of work. One of the difficulties in
the mine is to distinguish altered (carbonated) por-
phyry from the other rocks, and the specimens were
examined by me to determine which were porphyry
and which altered Fuchsite—carbonate rock, ete. In
most cases it was only by dissolving away the car-
bonate by hot acid before the microscopic examina-
tion that the porphyry could be determined. In ad-
dition, the porphyry was compared with altered var-
ieties of Paddy’s Flat porphyry with which the aurif-
erous quartz of Paddy’s Flat is usually associated, and
the opinon was expressed that the chloritic albite-
porphyry of the Haleyon Mine, ete., is genetically
connected with the albite porphyry of the Flat. The
delimitation of the houndaries of the carbonated por-
phyry in the New Commodore Mine is of considerable
importance in regard to the development of the mine.

D, Determination of rocks from the Orchid Mine,
Payne’s Find, collected by Mr. Blatchford.—These
were numbered 1—8. Nos. 4, 5, and 6 are all some-
what similar. No. 4 is a normal mierocline granite
or aplite, which probably oceurs as a dyke. No. 6
is a fine granular indistinetly foliated aplitie rock,
and No. 3 is a distinetly foliated microeline aplite.
No. 5 is similar to No. 4, but foliated, and if it oceurs
as a dvke, then either there are two sets of aplitie
dvlkes, one pre-folintion and the other post-foliation,
or No. 5 has heen foliated by merely local movement.

Nos. 8 and 9 are both biotite-hornblende gneisses
showing marked resemblance to the hornblendic gneiss’
of the Edna May group of leases.

No. 2 is a prismatic and somewhat granulitic horn-
blende gehist with a little quartz and shows a notiee-
able similarity to portions of the No. 3 Bore core,
Edna May.

Nos. 3 and 7 arve biotite gneisses with green horn-

blende common or nearly absent, with hrown -
or hrown-red Dhiotite, with felspar (more or
less altered) in greater or less amount, and
with more or less noticeable sphene. Both
samples resemble the Diotite gneiss from the
Recovery Tease, Edna May group, and No.

3'in particular shows a marked similarity to the bhio-
tite gneiss of the Edna May leases. The ¢uartz vein-
lets in No. 3 arve remarkably suggestive of a Iit par Uit
injection of quartz into a finely foliated gneiss.
Should Ne. 3 be an injection gneiss, the fact would
explain to some extent the similarities between Nos.
3 and 7 on the one hand, and Nos. 8 and 9 on the
other, for the interjection' combined with a dynamie
movement that would produce the finer foliation ob-
served in Nos. 3 and 7 would bring about a partial
or ecomplete alteration of the hornblende and chlorite
of Nos. 8 and 9 into hiotite, with the production of
hiotite gneiss.

A more complete investigation of the rocks of
Pavne’s Find, collected hy Mr. Clarke, is at present
in hand, and this will enable more definite conclusions
to be drawn with regard to them.

6. Determinations of rocks from Hampton Plains.
—These were collected by Mr. H. G. Stokes when
very little work had been done on the area. Several
of the rocks were so decomposed that they were little
more than clays. In all cases, however, attempts
were made to prepare sections of them with the ob-
ject of discovering any relict structures that might in-



icate their origin. In a few, scwe indistinet strue-

tures were recognised and an interpretation of them

was given in the netes, but no great degree of accur-

acy could be claimed for their determination until less

oxidised and less clayey specimens were obtained.
Amongst the rocks were—

s

4, XNotes on New Zealand greenstone for use as a
guide to prospectors in the Albany distriet.

5. Report on a stone from near Mullewa in ve-
gard to its polishing pmpertiea. The stone rather
hath-brick and tlie sender was in-
Tormed that it was of value for the purposes to which

closely resembles

A very fine-grained extremely zoisitised epidiorite.

bath-brick is put, but was useless for fine polishing.

A very ecarse-grained completely  amphibolised (. Examination of and veport on voeks from Dar-
guartz-dolerite, wlich may also  be deseribed as a  lingion in vegard to the probability of obtaining
quartz-epidiovite. A considerably sheared and mica-  water. )

cised t‘mzn‘t“/-;mr phyry, and an uansheared micacised 7. Determination of vocks frowm Aoora in con-
quartz-porphyry. A Jibvous chloritised form of a  jection with the ocenrrence of corunduu,

comrse, somewhat zoisitised, partly wmicropegmatitic Bringing up to date the register of rock

and amphibolised  quariz-dolerite, which elosely re-

zemblies a ehlovitised form of the guariz-dolerite arm-
N T

in the eollection.
Oral determinaiion of matevial i

Y. n ps’m‘pe(‘-‘mrs

of the North End, Kalgoorlie. A Telspar- ,p0 gibers, and oral adviee on fhe ocewmence, method

, probably an Hnte ]mu»h\ ry. A lirely  oF testine, and values of the different or
lawinated indurated : ) Jasperoid. slate. A My article on Petvology and its Apy >h<‘~z”‘ wmoin In-
much decomposed clayey 1”‘1\~ which, thongh 100 queppy, which Lorms part of the Mining Haundbook
um(h ahmed tu be- vort:iin of o\hmlt\ (hm acters in O (in the Press, o published during the vear in
" the Chemical Engineering and Alining Review, Alel-

ot
the Museum.

7. Detey mn.mun

bonrne,
KO3 .

trmes

2. Determination of the large number of vocks GEOLOGIOCAL SUBVEY MUSEDM AND
and roinerals in the colleetion of the State Junior COLLRCTIONS,

100].

Technieal Litile or no progvess has been made i eonneciion

9. Determination of several rocks Tor the Super-  with the rve-arrangement, ete., of the Geologieal Suy-
intendent of Stfate Batteries. vevy collections: this mueh needed work has been

10, Determinaiion and revport on roek samples se\"ere]y handicapped  through laek  of pru]wr
from Fraukland River and the soil likely to vesult  paeilities to which aneniirm Tias been drawn pre-
from them. vious reports. The proper housing of the \1(3«)]l\*"*

In addition to the above, 205 deferminations of  Supvey stalf, iis Laboratory, and Collestions, is, as

rocks and winerals have been made for prospectors,
the Xines Department, and the general publie, and
information has on many occeasions heen given, both

has been pointed out in })L'(Mcmv annual reports, one
of the most pressing needs of the Department, which
until reetified seriously impaivs its uiility, and one

orally and in notes, about the mavket valnes of oves  wpii merits serious and final consideration at the
and possible huvers. hands of the Government.
The accessions to the Geological Survey colleetion

during the vear 19190 amounted to 281, thus bringing
the total number vegistered up to.16.630. The num-
ber of mier tions and v ered 336,
Huw making a total of 3,973 slides in the possession

T —Miscellaneors.
fairly lavge amount of time and lahour has been
syent on the following:—

1. Reports on samples of graphite,

A

L3

cnt

W

to

manganese, of ithe Survey,
ashestos, ete. In pursnance of one of what may he called the
2. Preparvation of numerous collections of min-  eduecational funetions of the Geological Suvvev. ten

erals for prospectors, schools, mining vegistrars, ete.
Tnelnded in these are six sets of 24 minerals each for
the Repatriation Committee, and a colleetion for My,
€. M. Harris,

3}

3. Correetion of proofs of reports.

collections from the somewhat limited stoek of dupli-
cates were made up for distribution to vnrospectors
and returned soldiers,

Special acknowledgmeni must he made of
tion to the Department of the following:—

he dona-

al LR ]
Registered .
h Name.

Loeality. Sonor.

¢ Model of Ruby Well Nugget . CAL Y. Murphyv.
. Barytes Ajana, Northampton District Green & Morton,
! Geariksutite in (rlwﬂ"nllltlc ‘umd Loe. 457, Gingin CE. S Simpson.
- Fossil Wood (Fluor-apatite) Gingin RS, ‘«nmwm
| Slickensided Film of Molybdenite  Edna May Deep\ Westonia . H. . 8
. Titaniferous Biotite 560ft. Tdna May Deeps, W estnum H. G. Siokes
. Green Apatite in Pegmatite 360ft. Edna May Deeps, Westonia ... H. G.
| Hvdrobiotite and Aetinolite West side of Lake Goongarrie .. e L Jutson.
i Museovite Miea ... Morrissey Creel, G‘aseoyne River ... oo | ROHL Underwood, MLTUAL
| Beryl Morrissey Creek, (Gascovne River ... ... | R.H. Underwood, M.ILA.
! Tourmaline "\{01‘1‘155 T Creek, waeo\ ne River ... ... | R, H. Undeswood, MILAL
- Aevolite 27-mile Peg, Rabhit- proof Fence, North of | H. G. Stokes.
Burracoppin, Avon Distriet
. Galena Bangemall, Gascovne ... ... | R.H. Tnderwood, M.LAL
. Hisingerite Edna May Deeps. W estonm A. Montgomery.
. Fossil Wood Gnowangerup, Kojonup stu‘u‘i South-West Capt. N, Davis,
Division
Fossil Wood - | Toolbrunup, Stirling Range, South-West @ F. F. Bradshas,
: + Division
i Garnets Tames Station, Upper Gascoyne, North-West = P, Healey.
Division
Concentrates * White Hope ™ s}, Hampton
: l"’laing, North-E » Goldfeld |
5685 © QOchres Carbarup, South-West Divi . i A, Oliver
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Library.
The total additions to the Geological Swivey Lib-

ary during the vear amounted to
direct gii’( from eo
world, and proceedh
and  teehnieal socie

19 publications by
;nmte institntions throughout the

gs and transactions of
I addition

selentifie
142 volumes

were added by purchase, and 19 volumes bound.
Owing o Hw erowth of the library, inereased

shelving capacity had to be provided during the vear,

and a x;‘z'%-13‘1«1:);4«3{13@111’ of the volumes was found
to be ne v,

ibution of the official publications of the
D Survey during 1919 amounted to 2
st 3,700 of the

]

The di
Grenlogn
agal

sy .
3o, A

})T{“\'lUUS vear.

PUBLICATIONS,

The publications for the vea

r have been as Follow:

Auonnal Progress Report for the
Year 1918
Bulletin 7 Industrial Potash
! h]m;'»\'on. 1. H.
T

R, Feldtmann.
there 1s now in {he hands of

the Gov-

1.—The

B
N0,

Western  Aunstrvalian
Handbook, which is heing issued in

as thev arve received f

rom the Printing

The foilow
tion :(—

are awaiting anthorvity for publica-

Bulletin 78 —The Mining Geology of Koo-
cvnie, Niagava, and Twapa, North Coolgardie

"M: Jne. T Jotson.
79 .—The Mining Geology of

G FOONY:

T

arrie, North Coolzavdie

Mining  Centres  of
Jasper I, Muvchison  Gold-
eldtmani.

—The Warriedar Gold-Mining
voo (oldfield: F. R. Feldimann.
~The Geology and Mineral
of ﬂ @ Auz“[h-\?est Divisiom. beiween
:md 28 degie South
east: H. W, B. Talbot.
1b<v\ez‘1en’rmn“d Bulleting
dderation by the Covernment
' f:wm past,  As is well

; of any tract

for
the

known,

in\‘cf of soun-

fryv, to he of any real value
and serviee to ?3:3-9 H es that the data shall
have been obtsined ’W zszlml 3N !\”"' when the feld
ohservations have heen marshalled and eollated, thev

have to sh & them

veady dor

he as may mak

information depends almost entireiy upon the ease
with whieh it can be obtained when required, and the
most effective method by which such is made availa-
ble to the general public 8 through the medium of
the Geological Survey bulleting and maps. It ought

no ¢ cal survey has

1

aot to he forgotten that

ever been Instituted anyvwhere ex "‘1’1 for economie
reasons, and simple justice to the public. demands

that in retwrn for the expenditure thereon the results
shonld be made available promptly. Several requests

for information contamed in the publications have
already been made by members of the publie. The
contents of the bulleting ave of such a pract i
formative nature vegarding the :

geological structure, and the conditions, ete., govern-

ing the oceurrence of mineral

in as simple language as po

deposits,
le eons

ete,, couched
ent with this

1

objeet, that nome shonld be withheld any longer than
18 necessary.
"l']]c lmlm\' Leen eowpleted i—-
~'i’he IPield  Geology and

the Leonora-
parts  of  the
Mount Margavet and East

Features of
vict,  inclading
die,

voidiields: and a report on the

Copper Mine snd neighbourhood,

Mount wwaret Golditeld  E. de €. Clarke.
Bulletin 85 .—A Geological Reconnaissance

of Part of the Ashburton rainage DBasin,

with Netes on the Country Southwards to
Meekatharra: T W B Talbot.

There ave in active preparaiion or
‘}1& Pre

(:cm(,;j.ﬁy and

contemplated:
1t Condition of ouy i\'z';«')\a‘kﬁ]“‘e of t

logy of Find),
Coldfield .

ol Rothesa

Clavke,
deno Goldiield: k.

of MNoongnl
q . de (L (larke.

](\ gical Sketeh Aap of Western Aunstralia,
bs, =eal miles pey inch, Natural

21, Yalgoo

Government Geologist.

13th April, 1920,
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