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ANNUAL PROGRESS REPORT OF THE GEOLOGICAL SURVEY 

FOR THE YEAR 1916. 

__ __ 

The Geological Survey Division carried on its 
\\rork cluring tlie calendar year 1916 along the usnal 
lines, owing to tlie fact that the detailed geologicd 
surveys of mining and other fields, as well as tlie 
other investigations arising therefrom, necessitated 
the continuance to a certain extent of programmes 
previously initiated. The StaB (both in the ofice 
and in the field) have been directing their energies to  
the investigation of those raw materials, the exploi- 
tation of wliicli are, of special importance under pre- 
sent conditions. ' 

THE STAFF. 

The work of the Survey has, during the year, been 
carried out by ninLteen classified olliceis, and thero 
has been no change in the pel-so?z?zeZ. 

The ol'ficers and pther employecs in the Geological 
Rurrev hare responded well to the call of their Icing 
and country. the total nnmber enlistin 
Service np to tlie 2close of the year being five; o€  
{hose wltose age and physical condition permitted 
of their undertaking actire military dnties, two have 
rendered tlie snpreme sacrifice. 

1n addition to the above-mentioned, two other 
oficers have, for  purely departmental reasons, been 
refosed the necessary leave to  enable them to join 
the Expeditionary Forces, whilst another has served 
for twelve months as Assistant Censor on the Hea2 
quarters Staff in Perth. 

FIELD WOliK. 

As may be seen by reference to  map showing the 
present condition of the four miles per inch series of 
geological sketch maps, good progress has been m ~ d e  
with these systematic surreys, and owing to tlie 

ies for the maps these have met a 
mnch felt want 

By the end of the year 1917 it is hoped that tliis 
work mill have been so f a r  advanced as to permit of 
a general geological sketch map of the goldfields, CY- 

tending from Pilbara to the Phillips River, being 
prepared on the scale of 10 miles to the inch. 

The attached table s h o w  the distribution of the 
field ~ v o r l ~  and gires the names of the oficers engaged 
in the different districts during the calendar year 
1916. 
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Table showing the Distribution. of Field Work for the Year 1916. 

Goldfield or Land Division. 

J. T. Jutson. H. W. B. Talbot. F. R. Fe'dtmann. C. S. Honman. 
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%he work of the year embraced a detailed survey 
of the neighbourhoocl of Westonia and the adjoining 
portion of the northern portion of the Yilgarn Gold- 
field. A survey of tlie Mining Centres of Comet Roclis. 
Vale and Goongasrie, on the North Coolgardie Gold- 

The Gem and Ore-bearing Pegniatites, Gneisses, 
and Aplites are being investigated as opportunity 
offers, as are also the Granites and allied Acidic 

field, about which there is no ofricial geological ac- 
count, has been inaugurated, and is in progress. 

A reconnaissance survey of the 1-eputed mineral- 
bearing country in the immediate neighbourhood 01 
the Warburton Range, S. Lat. 2.6, near the South 
Australian border, was commenced, but unfortu- 
nately field work was curtailed owing to  the hostility 
oP tlie natives, in which the leader of the party, Mr. 
11. W. B. Talbot, and one of the camp hands, J. W. 
Johnson, were wounded, necessitating an immediate 
return to  Laverton, where Johnson, the more seri- 
ously wounded, was placed under medical care. 

The mining centre oP Quinn’s, on the &f.urchison, 
was examined, in the light of the mining work done 
and tlie increased knowledge of the conditions gov- 
erning the occurrence of gold, etc., since the original 
inrestigations in 1903. 

1 2  miles 
south-east of Cue, also receirecl attention at the 
Iiands o f  the geological staff. 

I n  conformity with the policy of geologically 
linking up known centres with outlying areas, work 
in the neighbourliood o f  Perilla, on the North Cool- 
gardie Golclfield, was duly put in hand and com- 
pleted during the year. 

A conmencement lias been macle of examining the 
various mining centres on the Yalgoo Goldfield 
which, though one of the oldest in the State, is one 
about which little is officially known. 

Good progress lias been made with the investiga- 
tions into the mineral and allied resources of the 
South-West Dirrision, mliich h a w  been in lirogress 
for some considerable time. 

As has been tlie case in previous years, 
administrative and other clnties have prevented 
me carrying out much systematic field work 
in ~ x r s o n ;  nevertheless, opportunity was afforded 
of visiting ancl carrying on a little geological \vodi, 
in portions of the Talgoo Goldfield, \vlricli were 
deemed to be o l  some importance, not so  m ~ ~ c h  
from the local standpoint as from the bearing of 
tlie results on the structure of other portions of the 
State. 

The time of the resident scientific officei-s lias, a5 
usual, been devoted to work arising out of the field 
investigations, etc. ; under certain limitations they, 
inter d iu ,  determine and examine mineral and rork 
specimens ; whenever necessary, such are analysed 
and reported upon. I n  addition to  this cnrrent rou- 
tine work, the follovving researches 1mTe been 
initiated and prosecuted as opportunity offered :- 

Clays.-A study of the properties and ceramic 
\ d o e  of tlie clays of the State, with a 
view to their ntilisation in the mannEacture 
of many clay prodncts, hitherto imported 
from abroad. 

Tnntalum Ows.-A study of the coinposition 
and pliysical properties of tlie Tantalnm- 
bearing minerals, which have such a wide 
distribution in the State. 

Bisinuth dssa?/s.-In T k v  of the Iresent high 
value of bismuth ores and the continued ex- 
port of these from the State, the present 
unsatibFactory methods of assay are being 
investigated with a view to their improve- 
ment. 

Jasper Hill, on the ?tInrchison Field, 

E. 3. Woodward, Assistant Government Geologist : 
The major portion of the year a\~ailable for field 

\vorB  as deroted by Mr. TToodmard to  an examina- 
tion o f  that portion of tlie Xoutli-West Di.i.ision 
\vliich was not touched clnring the prwions year. 
The main morli i n  the South-West resulted in about 
1,150 square miles being mapped in fair  detail, 
while a mncli larger tract lying to the eastward of 
Albany was surveyed in a much broader manner. 

During the progress of this work many import- 
ant economic problems \\ ere investigated, sncli as 
( a )  the Graphite Ikposits o f  tlie Donnelly River j 
(bl  the Reputed 1)etroliferous Area of the Abba 
Rirer; (e) the Calcareous Sands of Busseltoa; 
(d) Building Stones; (e) the Molybdenite De- 
posit of North D<andalup; ( f )  the Acid Waters in 
the s.wamps near Albany; (g)  Phosphate Deposits ; 
(11) Clay Deposits of Newlands, and (i) tlie Connti-y 
lying between the Great Soutliern Railmay ancl Clie 
Oldfield River. 

I n  all Mr. Woodvard spent 1% days in field 
work, of these 165 were in the Sontli-West Divi- 
sion, and 21 in  tlie Phillips River Golclfielcl. 

A considerable portion oP the time spent 
a t  headquarters \vas occupied in attending to  the 
miiltifarions ollice doties consequent upoii 1ny ab- 
sence in  the field. 

T. Blatchford, Assistmt Geologist : 
The early portion o l  the year 191F was occupied 

in writing up a detailed account o€ the Forrest- 
ania gold Bncl, and the district lying betweeu 
Mount Holland and the Phillips River; of this a 
synopsis will be found in the Annual Report for 
1915. 

The writing o f  a detailed report on the mining 
centre of TVestoniti and that portion of tlie Yilgarn 
Golclfield lying to  the north of the Railway Line 
was commenced. It became necessary on account 
of the time derotecl to  the examination o f  Forrest- 
ania and the McIntyre Prospecting Expedition, to 
ie-cTise tlie field work a t  Westonia and bring the 
account of the mining operations up to  date. This 
\vas accoinpiishetl alter accumulated annual re- 
creation leave had been taken. 

A brief Tisit was p a d  to Kenclenup, in tlie Sonth- 
West, and a report on the graphite mines in that 
district was prepared. 

The total number of days devoted t o  field \yol*li 
was SG. 

3. T. Jutson, Field Geologist : 
Retorning from annual recreation leave 011 tlie 

21bt o €  January, A h .  Jutson mas fully occupiecl 
on olfice dnty up to the 26th of Angnst. 

I’rrparing an article entitled “ The I’lrysiography 
of TVesterii Australia in its Relation t o  Prospecting 
and Mining, ” mith rarious drawings, for  the pro- 
posed Mining Handbook. 

Putting report on tlie Golden Butterfly Mine near 
Rcoliynie into form for  publication, ani1 enibod3-- 
ing the results o f  the petrological examination of 
the roclrs. 



Putting rel’ort on tlie Darl8t Deep Lead into 
Corm for publication and embodying tlie results 
of tlic petrological examination of the rocks. 

Preparing report with maps on the Yilgangi clis- 
trict, North Coolgardie Goldfield. 

Preparing an article entitled “Relation of the 
Law to  Prospecting and Mining in Western Aus- 
tralia, ” Tvitli various drawings, for tlie proposecl 
Mining I-landbooli. 

Preparing a Card Index o f  a11 pnblic?tions issued 
in Western Australia for the yeais 1914 and 1915 
in the departments o f  Geology and Geography for 
the International Catalogue OC Scientific Literature. 

I n  adclition, o-n%ig to shorthandedness in the 
oLEce, Mr. Jntson ’ims engaged in mrioiis other 
duties, such as, amongst other matters, the correc- 
tion of proofs of, and preparation of an indes re- 
lating to, certain of the Departmcnt2s public a t‘ ions. 

i h i s  olIicer \\-as also employed in  prepilring €or 
tlie geological survey of tlie mining centres of 
Comet Vale and C+oongarrie, and on the 26th of 
Augnzt he left Pert11 for Comet Vale. Fro111 

then until the 13th of December lie w-as engaged 011 

tlie geological survey of Comet Vale and Goongar- 
rie. 

During the year Mr. Jutson spent 110 working 
days on Gcologicd work in the field. 

r l  

S 

M. W. B. Talbot, Field GeolQgist : 
Returning from his military duties as Assistant 

Censor on 1st 1\Tarch, Mr. Talbot was occupied at the 
head ollice in plotting field work ancl preparing geo- 
logical plans of the country traversed during the 
field season of 1913. The mapping of the laterite 
near l\iIundaring, in the Darling Range, occupied 
his time for 12 clays in  tlie month of May. On  the 
13th of May A h .  Talbot was instructed to  organise 
and take the leadership o€ a geological especlition 
cqnipped for llie purpose of esaminiiig the conntry 
between Larerton and tlie South Australian Border. 
I-le left Perth on the 2211d of June, xiid retnniecl 
to Perth on the 13th November. From that time 
iintil the 18th of December, when IIr. Talbot went 

fully engaged in plotting the 
traverse of tlie trip. 

The total number o f  dajs spent 011 work in the 
field during the  year amounted to  160. 

E. de C. Clarke, Field Geologist : 
Up to the 26th o f  June Mr. Clarke’s time was oc- 

cupied at  head-quarters in the inultifarions ~ o r k  re- 
quired in connection with tlie Bulletin on the 
Geology and Ore Deposits of hleelratharra, with a 
slight interruption of about a fortnight in May, 
when he assisted E. Talbot in the inapping of the 
laterites in the Darling Range. 

From June the 27th until Norember the 2Sth 31~. 
Clarlie accompaniecl A h .  Talbot on the reconnais- 
sance surrey from Larerton t o  the South Austra- 
lian Border. From tlie 14th of December to  the 
close of the year was occupied with recreation leave. 
Mr. Clarke spent 144 days in  the field. 

F. R. Feldtmann, Field Geologist: 
Aftel. retinning Prom his alinnal leave h i *  1913, 

RIr. Feldtmaiin spcnt the months o€ Janaary, Fe>- 
riiaiy, and pirt of hiarch irr completiag his repott 
on the North End of Ihlgoorlie. IJeaT-iiig heail- 
quaiters on the 3lst of lInrcli Coi, Qainn’s, on the 

I\inrcliison Goldfield, Mr. Feldtmann was engaged 
on field work there until the 30th of May, from 
wliere he proceeded to  Jasper Hill-forincrly known 
as the Pinnacles-and was occupied in  the survey 
of that centre up to the 2nd of August. 

I-Iaving completed his work on the field, Mr. Feldt- 
inaiin mas engaged on a geological survey of the 
iiiining areas a t  Warriedar, on the Yalgoo Goldfield, 
which occupied him until the 25th of November, 
when lie returned to heacl-quarters ; the remainder of 
the year being devoted t o  revision of maps, etc., for 
the Eulletin on the North End o€ Ihlgoorlie, ancl 
annual leare f o r  1916. 
Mr. Feldtmann spent 243 days in tlie field. 

C. S. Honman, Field Geologist : 
Tile field \~orli. of Nr. Honnian for the year 1916 

i m s  esclnsirely devoted to the snrwy of about 
5,000 square miles of country in tlie Yerilla district 
of tbe North Coolga14ie Goldfielcl, which \vas com- 
l’leiec! on the 17th of October, 1916. Mk. Honman 
Iiairing joined the Expeditionary Forces f o r  service 
u t  the Front on the 18th December, 1916, was nnfor- 
lunately unable to derote a s  much time to  the pre- 
paration of the report on his field work as would 
ot1ierxTise have been the case. 

During the year Mr. Honman spent 181 days in 
the field. 

OFFICE WORIC. 
K o r k  in the ofBce linlkecl wry largely during the 

year; a very large and ever-increasing portion of 
iriy o w 1  time being talien ~ i p  with the routine work 
connected with tlie clemands of tlie public in  regard 
to mliat may be called the appliecl side of geology. 

The return giren belom shoirs the volume of 
editorial work carried out clnring the year 1916, 
with the assistance of the Clerk-in-Charge and 
Libraihn :- 

Table S I l O ’ U j l l k ~  Editorial Work,  i9iG. 
.~ - 

Bulletin LXVI. 

)) LXVIII. .. I: LXIX :: 1 135 
Annual Report, 1915. 104 

Total .. 1 44s 

Figures. -I Type. 
Plates. 

17 

25 
14 
1 

.. 

57 
I ________ 

Atteiition is again di:.ectecl t o  the urgent neces- 
sity vliich now obtains for taking into serious con- 
sideration the broad question of office, laboratory, 
and museum accommodation for tlie whole o f  the 
S tag  and the Snrrey’s Collection, for until some 
definite steps are taken to  overcome the serious dis- 
aclmntage arising 0L7t of inadequate accommoda- 
tion, the efficiency of the geological sm‘vey is very 
seriously iinp aired. 

GTSOLOGICflL MAP O F  WESTERN AUSTRALIA. 
The preparation of a general geological sketch 

map of the State has bcen the aim of the Department 
mer since the Snrreg was inangnratecl in 1S96, it 
k i n g  f nlly recognised that “the highest function of 



'*a geological surrey is t o  lay a basis for fntnre 
"scientific ol)sei\-ations by accurately niapping tlie 
"relation oL tlie 'r arions formations met with in a 
"giren distiict." 

The geolopieal inap of the State has beeii p r e p r e d  
from all sources and .\.irtually represents the work o f  
the Surmy smce 189ti. New material for the map 

s coining to hand as O W  observa- 
it becaine necessary to close the 
date, for v-hich pinpose the end 
bas beeii tentatirely fixed. I t  

n ould  ha^^ been piacticable to 1iax.e piiblished a 
geological sketch map lung ere this, but it \vould 
hare liacl niany imperfections ; the delay ii: pnbli- 
cation, ho\verer, nil1 be fouiid to have been at- 
t enclecl with aclrmtage. As will be seen when the 
map is available, certain areas haw riot been inappetl, 
m d  others only 111 a general 11 ay. Those partioils ol' 

been but imperfectly explored 
represented n the geological 
lefl blanlr. The geological 

l'ormations of ' 91'11 ilustialia a le  in  all prob- 
ability much more numero IS than those shon.n on 
the map, an4 iviihin the large area of he-Cambrian 
rocks no snbdn ision has >e t  been attempted, 
thong11 there are s o i ~ e  strong scientific reasons €or 
believing tliat they include sereral discordan1 
stratigmpliicd units. In otiier Lases, the relatively 
small scale of the map ( 1  : 1,554,000) preclucles the 
possibility of slio\vmg formational divisions. The 
expedition i o  tlie South Australian Border has 
bronglit t o  light many important facts regarding 
llie geology of a portion of the State, about ~ ~ h i c h  
little was known, and tlie cliscoreries hare  more 
than local significance. These, in eonj unction \\.it11 
the results of the trarerse Prom Wiluna, across the 
north-eastern portion of the State to Hall's Creek 
and Tanami, have enabled a geological coiiiiection 
to be efTected with known areas in Central Aostra- 
lia. 

PRINCIPAL RESULTS OF THE PEAR'S 
QPERATIBNS. 

NOTES OK' THE SOUTHERN l-'OiZTION O F  
THE YA4LG00 GOLDFIELD. 

[ LL. GIBB MAITLAND. ) 
On the 21st of J d y ,  I left Perth for the Yalgoo 

Goldfield, and clevoted some time to the country in 
the neighbonrhoocl of Mount Gibson, wheie a large 
and iniportant iron deposit occurs. The ore con- 
sists mainly of hematite, with a little limonite, niag- 
netite, and quartz; on analysis in the S u r w y  Labor- 
atory it has been found to  contain GS.22 per cevt. 
of metallic iron. From its composition, etc., the ore 
is of very high grade and well suited for steel-maliiag 
by the acid process. The iron ore is a large lens 
about 2,000 feet in length, and an average width of 
'LO0 feet; the deposit makes a proniinenl feature in 
tlie landscape, forming as it does the back :,art of a 
long razor-backed range of hills, made t ~ p  cf  bandrd 
quart? and j as i  silite nhicli there are so,nnd reasons 
for believing to ha\ e been originally o f  sediineiitary 
origin. The lens is enclosed in a ferruginous jaspi- 
lite macle up of quartz (3'7 per cent.), lieulatifc, 
limonite, a little niagnctite, togetlier wit11 some 

le kaolin. The tola1 iron content 
!)le of the jaspilite is low, being 

only 28.5'; per ccnt.; the or(', iiomr\-er, IS loo low in 
iron ani1 too high in silica ( 07 per cent.) to I)e 
sliieltecl without concentration, ~vhicli latter, how- 

. .  

ever, is not feasible. The width of the enclosing jas- 
pilite wries within wicle limits, whilst the iron of the 
lens passes into it by almost imperceptible gyacla- 
tions. Laterally, the gradation takes the form of the 
width of the bane1 of ore; these, in some cases, being 
no thicker than a sheet of paper. There are in reality 
no clefinite bounclaries to what may Le called tile 
whole of the iron-bearing formation, the liniiis at 
Notint Gibson being defined by the locality where 
the siliceous element predoininates to tlie exclusion 
o f  tlie iron ore;  this varies from 800 to 1,000 feet. 

An examination was macle of the more inmediato 
vicinity of JIonnt Singleton (Ninghan) mhich forins 
one of the most pronounced topog.naphica1 features 
in this latitncle. Geolo ly, Mount Singleton 
forms one of tlie most resting ancl importnnt 
ranges in  this portion of Testern Australia: in it 
are exposed a great group of ancient sediments an3 
associated igneous roclm, vhich seem to bear a very 
close litliological and stratigraphical resemblance 
to the Nnllagine I"orination as demiopecl fLirther to 
the north. A special feature in this locality coli- 
sists in the rcinarlrable freshness of the rocks, which 
ban? not been very much afTectecl by secolar decay. 
An instroniental traverse was macle across Mount 
Singleton froin the base to the Trig. Station IC49. 
The mountain mass consists of a series of sediments, 
etc., over 2,000 L'eet in thiclcness, the exact geologiral 
age of which is yet in donbt; this, however, it is 
hoped may be settled by the areal surrey of this por- 
tion of the Talgoo C~oldficld, vhich is at present in 
progress. The solution of this problem has an im- 
portant bearing upon the auriferous conglomerate 
of the Boniiie Venture, near Yanclanlioo Hill, to  
vrrliich reference was made on page G of the Annual 
Report €or the year 1915. 

I returned to head-quarters on {lie 2nd of Septem- 
ber, where 1 was engaged on office duty until t l ~  
10th of October, when I again took to the field and 
clexTotec1 some time to inspection work with iny col- 
league, A h .  B'eldtmann, who mas at work on a de- 
tailed survey 01 Warriedar and the other gold- 
mining centres in the more immediate vicinity. 

Opportunity mas talien while at this centre to 
make a section across hlonnt Warrieclar, K47, .which 
consists of a series of higlily inclined sediments, 
quartzites, ancl conglomerates, associated with grey 
fissile shales. The quartzites ancl conglomerates are 
of some considerable geological importance in t l i i~t  
they appear to be on the saine stratigraphical liori- 
zon as those o€, Tandanhoo Hill to the south of 
Mount Siiigleton, n-hich are auriferons, and t,o d i i ch  
reference has already been macle. Lithologically, tlie 
Wayrieilar conglomerates are unlike those of Yan- 
danoo Hill in tliat they are p~irely siliceous and not 
rei-nlginous, like the gold-braring sediments of 
Bonnie T'enture. The sediments are inraded ~ J V  
2ranite of the ordinary type l'rel ailing 0x1 the Tal- 
goo Goldfield. 

T\'hile in 1 lie nciglibo~irhood of TVarriedar oppor- 
tunity \vas taken to esamine the neighbourliood of  
Mount Mulgine, mliich lies some clistance to tlir s.~czlli 
of \\rarriedar, near the road to  Rothsay, wliere 1110- 

lybdenite (sul~)hicle of nio1yl)clenum) occurs. Tlie 
occurrence of molybdenite at alulgine is o f  consider- 
a1)le in!erest in thal 111) t o  the present the entire 
coinniercial snnj l v  oC the mineral in Western Ans- 
tralia is beiny obtained ho in  tlii.; locnlity. As  this 
presented a inore or leis tyl)ical example, showing 
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the mode of occuimmx? and geolog5cal relationships 
of molybdenite, about ten days were devoted to  a 
detailed geological survey oP the ricinity; and tlla 
results plotted on five chains per inoh, as being the 
smallest scale which the amount of essential detail 
to be shown admitted. 

The locality where operations have been carried 
out lies on the western slope of Mount Mdgine a1ld 
about 1SO feet below the Trig. Station, or abont 100 
feet above the level of the main creek xdiich crosses 
the western bonnclarg of inineral lehse M.L. 39 
“Westonia.” The discovery of molybclenite at this 
locality first came uncler the notice OP the Depart- 
ment in 1913, with the receipt of a sample of ore at 
the oifice, which assayed 6.2 per cent. of molybdentull 
sulphide ; molybdenite, however, had previously been 
reported from Gullem, some clistance to  the north, 
where quartz, containing from 1.04 t o  2.00 per cent. 
of molybclenom sulphide, occurred, indicating clearly 
that this western portion of the Yalgoo Goldfield 
lies in what may be called a molybdenite belt o r  
zone. 

Mount Mulgiue itself is made up of an acid grei- 
senised microcline-muscovite granite OS wrying tes- 
tnre, intersected by a netxTork of veins of quartz and 
pegmatite, which when 7-ieived broaclly have a general 
north-westerly trend, and where seen in section are 
practically vertical. The granite, in addition to iu- 
rading the neighbouring basic roclq is traversed by 
several narrov dolerite ( ? )  dykes which have a gen- 
eral north-easterly trend, and intersect both the 
quartz and pegmatite veins. The granite is made ti13 
of large quantities of quartz, microcline, oligoclase 
with muscovite and some pyrites. The felspars are 
occasionally almost entirely kaolinised. The acces- 
sory minerals in the granite are zircon, epidote, 
zoisite, apatite, tourmaline, ilmenite (or magnetite), 
and chrysocolla. The coarser pegmatites are made 
up mainly 01 microcline, quartz, and muscovite, and 
contain kaolin ancl pyrites in addition to  small quan- 
tities of limonite and ferro-inolybdite. The moly11- 
denite occurs in the quartz and the pegmatite veins 
as well as in the granite itself; generally it is found 
in flakes which vary in size from minute specks to 
irregular masses, sometimes, though rarely, about 
half-an-inch in diameter. The inolybcleiiite often ap- 
pears as crusts in ivliicli the flakes lie in radiating 
groups, proclncing small rosette-lige forms. I n  sonie 
cases the molybdenite is associated with ancl occurs 
in large masses and ill-defined crystals of iron 
pyrites. Occasionally, though not often, molybdic 
ochre having the characteristic yellow colonr and a 
fibrous structure is to be noticed occnrriug in the 
glassy quartz associated with daniourite ( ? I ,  whilst 
in some of the peginatites there occurs ferri-molyb- 
dite, the only conniioii alteration product of molyb- 
denite. Seldom, however, has the mineral been 
found so coaracly divided that it may be hand- 
piclied ; one solid vein, iiomver, npon n-liicii opera- 
tions had priiicipally been confined, mas about hal€- 
an-inch in thickness and occurred in the granitr, 
wliich latter also contained molybdenite dissrminated 
tlii-ough it, thong11 in qnantitites ivlvhicli were go\--- 
erned by tlie distance from the rein itself. 

The quantity of molybdenite to  be found is at 
Ilresent clificnlt OP (let ermination owing to the very 
&qual distribution. 

Another risit t o  Ilulginc is contemplated, 
prospecting opcrations mill in a11 probability 

\vlien 
have 

opened up the deposits to  a greater extent, and thus 
enable their essential characteristics to  be bettei. 
studied. 

KOTES ON A PORTION OF TIlE SOUTH- 
WEST DIVISION. 

(H. P. WOODWARD.) 
la January a few days were occupied in examining 

one or two localities near Perth, while in the early 
portion of February an examination was made of a 
supposed coal-field near Mt. Icokeby. 

To-warcls the end of February I left Perth in order 
to continue the geological sumey of the S.W. Divi- 
sion, when it became evident that it was necessary 
lliat the area which lies to the soutliward of Ban- 
bury, which had previously been mapped by Mr. 
Saint Smith, would have to  be re-examined, owing to 
certain important fresh information being amdable. 

Druring this re-examination nuinerous outcrops 01 
basalt were discovered t o  the southward o€ Bunbury, 
which now clearly proves to be a sheet flow (as had 
been previously surmised), in every instance fonncl 
to be overlaid by detrital deposits, soils, laterites, or 
ancient sand dunes. This basalt flow proves l o  be 
about 12  miles in width ancl runs in a north and south 
direction parallel to the Darling S c a q  fault, and at  
a distance of about six miles to the westward of it 
Lrom E L U L ~ L W ~  to  tlie South Coast, a distance of SO 
miles, tlim covering an area of, roughly, 1,000 square 
miles. 

The western edge between Bunbnry and the Lud- 
low Eiwr, eshibits clear evidence of marine erosion ; 
it map, therefore, be assumed that it, at no very dis- 
tant time, formed ledges and reefs along the old 
coast-line. This is fni-ther supported by the occnr- 
rence of deposits of soft, clialky limestone lying to 
the mestward of the basalts at Capel, which contain 
inarine fossils of existing types, tlins proving that 
this portion of the coast has been elevated at a com- 
11 aratively recent period. 

It was also cliscouered that the Darling Scarp 
Fault bilnrcates at  a point a little south of the Collie 
Rirer, one section of which continues in a south di- 
rection to  tlie south coast, while the other sweeps 
away in a south-western direction towards Cape 
Naturaliste . 

This is o€ considerable in te rs t  and iniportance 
when taken in conjunction with the hehavionr of the 
fault line at  Gingin, where it also splits, one branch 
following the normal direction while the other curves 
round to  the coast at the mouth of the Hill River. 

We have thus tbe old north and south fault and a 
more modern crescent-shaped one which follows the 
same fissure for a distance of 130 miles, in wliicli 
section the scarp is naturally more accentuated. TO 
the westward of this inore recent fault is an area of 
suiili-land, non7 f orining low-lying coastal plains, bot 
beneath which strata of Cretaceous Age have beeii 
pierced b:7 bores put  down in the search for water. 
These beds apl>arently lie in a basin-shaped forln, 
the cleepest point being probably soinemliere in tlie 
~icini ty  of Pertli; this has been named by Mr. Jut-  
son the Perth Syncline, or Artesian Basin. 

‘rhe Collie-Natttnraliste Scarp is &tinct at the 
point of its ileparture from the main fault, the one 
face beyond and above the other being plainly ~is ible  
from ’Waterloo RaitllTvajT Station. This newer scarp, 



however, gradually decreases in vertical elevation in 
a south-westerly direction, but is quite distinct as far  
as the Abba River, beyond wliich, howevei; its posi- 
tion can only be cletcrmined by the gradual rise from 
the practically dead level of the plains and the 
changes in the characters of the rocks. 

During the conduct of this portion of the survey 
the repnted oil-bearing area, situated upon Abba 
River, was examined ancl a report furnished npon 
it. (Gnlletin 74.) 

The calcareous sand clunes at  Busselton were also 
sampled by boring, and a report written for t!ie 
Agricultural Department upon the result of the 
analyses of specimens obtained therefrom. 

On the eastcrn side of the Cape Katnraliste- 
Leenwin granitic ridge it had prciTioasly been stated 
in Bulletin No. 65 (Pollowing Mr. Saint Smith’s in- 
terpretation, Bulletin 44, Plate 11.) that no fault line 
existed; this is now foand not to be the case, as a well- 
clefined scarp fanlt is exposed running in a south dir- 
ection from Dunsboroogh to  the 33-Mile post on Ihe 
Busselton-Augusta Road. This scarp is very bold 
and steep at its northern end, but g,adnally de- 
creases in eleration to  the $oint at which it crosses 
the road, beyond which no evidence of its existenee 
is visible; the line of granite outcrops, lio\.iiever, are 
so straight as to  indicate the continuation of the 
fault line without the scarp down t o  the south coast. 

Eastward and sonth~vard of the Collie-Naturaliste 
Scarp and eastward of the Dunsborougli-Angtista 
Scarp is a tilted plateau mhich falls gradually in a 
southerly direction. The rocks Porining this con- 
sist of sharp, white siliceous sands, clays and laterite, 
which are proved by boring t o  represent the outcrops 
of soft sandstone, shales, coal seams, and pyrite beds, 
while along their contact with the granitic rocks 
along the Darling Scarp, near Donnybi-ook, a num- 
ber of quarries of excellent freestone are being 
worked. 

The southern portion of this plateau, which lies 
between the two parallel faults-which are here 40 
miles apart-furnish a splendid example of “snnk- 
land,” since the whole block of some 1,600 square 
miles has been dropped, the greatest vertical dis- 
placenient having apparently talien place upon the 
eastern margin of the trough. 

The Darling Scarp rehains its abaracteristlid 
straightness to  the southward of the Collie Ri\-er, 
but does not present such a striking €eatnre owing 
to the greater elevation of tlie ground level at its 
base. The fault-line can, howerer, be readily traced 
as f a r  south as the Warren River, but sonthmard of 
the Blackwoocl Eirer it, like the western fault, does 
not present a sheer face, but is wiclenced by the 
\dl-marlied slraight line of granitic outcrops. 

Having previously expressed the opinion in Rnl- 
letin 65 that the series of rocks forming the lower 
plateau (which has been named the Donnybrook 
Series) were in realitv a portion of a once much 
more extensive formation, which inclnded the Collie 
Series, and that other basins would in all proba- 
bility be discovered npon the eastern side of the 
Darling Seal-13, a fairly detailed esamination of 
the country in this direction was commenced, with 
the result that il considerable tract of these betls 
nxs discovered an6 mapped on the eastward side 
of Donnybrook. 

I n  the coiirse o€ this mxB an unforeseen difficulty 
occurred in conseqnence of the presence of an 
ancient rirer ralley, which at  one time mandered 
over what is  no\^ an elevated tract of country, and 
since the detritus deposited in this was composed 

of debris derived from the erosion OP the Donny- 
brook Series, difficulties were experienced in defining 
the bonnclary of the latter. It was, therefore, found 
to be most expeditions to  trace out the course of this 
old stream before proceeding with the search for the 
outliers of the Collie-Donnybrook Series. 

I n  the course of this work it became evident that 
the deep leads of the Greenbushes Tinfield formed 
a portion of this old drainage system, which flowed 
in a north-westerly direction to Kirupp, from which 
place it turned westerly, and after cutting througli 
the Darling Scarp, near Capeldene, is lost. 

The last tlvo months of the year were occupied 
upon a cursory esamination of the country lying 
along the south coast t o  the eastward of the Great 
Sonthern Railway as fa r  as the Oldfield River. 

The evidence gatherecl on this last trip, *taken in 
conjunction with certain facts previously cletermined, 
leads one to  the conclusion that an important tectonic 
problem of considerable interest is gradually being 
solred, therefore it is hoped during the next field 
season to not only complete tlie delineation of the 
main fanlt systeins which has disturbed the southern 
margin of tlie South-West Diriision, but to  also de- 
termine the extent of the Tertiary Marine inoasion 
which estendeil northward of the Stirling Range. 

T H E  OCCURRENCE O F  MOLYBDENITE AT 
NORTH DRNDALUP. 

(lr. 1’. WOODWARD.) 

Acting upon instructions, a visit was paid to 
North Dandalup upon 1st  August, 1916, with the 
object of inspecting P.A. 244H, pegged out by Mr. 
Alexander Napier of that place. 

This area is situated upon the Darling scarp, 
about three miles to  the south-eastward of North 
Dandalup Railway Station and about two miles . 
south of the North Danclalnp River. It is perched 
upon a small terrace about 300 feet np the face 
o€ the escarpment which runs in a north and south 
direction, and is about 100 yards in width east and 
west a t  the point where the shaft has been sunk, but 
which gradually diminishes in width to the south- 
ward, encling at  a distance of 300 yards. 

This small terrace is situated betimen two granite 
cliffs, the lower of ~ h i c h  rises abruptly from the 
coastal plain, being apparently the Darling Scarp 
Fault, while that which lies to the eastward of the 
shaft and rises steeply from the terrace is a branch 
from the main fault, trending ‘ i n  a more north- 
easterly direction. Along each of these fault planes 
there is a large rein of chalcedonic quartz containing 
a little pyrites in places, and it was from these reefs 
that gold mas reported to have been obtained in the 
year 1896, upon the strength of which this district 
mas proclaimed a goldfield. A large number of 
leases were pegged otit and a considerable amount 
of development, work performed n4h: ho~vever, such 
unsatisfactory results that they were eventually 
abandoned after two gears’ trial. 

Some time ago Xr. Napier took L I ~  this prospect- 
ing area with the object of testing a greenstone bar 
which contained a large percentage of pyrites, it  
being the intention to concentrate this mineral and 
clispose of it for the manu facture of sulphnric acid. 
This rein mas followed clown to  a depth of 50 feet 
\vithont lworing t o  contain a large enough quantity 
of pyrites to pay working expenses, while the gold 
contents was too low to add appreciably to its 
valne. 
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At a depth of 60 feet a dyke of highny felspathic 
pegmatite wab encountered which extended down to  
a depth of l1 teet in the shaft, where greenstone 
\\ lthout pyrites was again encountered. The gwen- 
stone is too highly sheared and altered to determine 
its true cliaracter, but it is probably one of the 
series of clolerite dykes which are so common along 
this scarp. LL’his intense shearing is due to its posi- 
tion between the t ~ o  fault planes and to the in- 
trusion of the 1,egmatite which has altered it for  a 
considerable custance Proin its junctiun. 

In this pgmati te  dyke a sinall amount of molyb- 
denite is present inost coinmonly in a iinely dissemi- 
nated form, but occasionally s m d  dabs of the min- 
eral are met nith, more particulmly near the contact 
and also in the altered margin of the greenstone 
itself associated with crystals of felspar. 

This deposit iias been prospected by a vertical 
shaft which has been sunk to a depth of 71 feet, in 
\vhich the rock was particularly hard below water 
Level, which is 26 feet below the surface. The first 
50 leet after the oAiclised zone was passed through 
consisteci o i  a hard pyritic rock, while below this to 
the bottom it consisted of a massive felspathic rock. 
At a depth of 30 ieet levels were clrlven 15 feet east, 
13 leet mest, and 1 U  feet south with the object of 
cliscovering a delined body of ore, but, this failing, 
the shaft \vas continued down a further 2 1  feet, at 
which depth the pegmatite was again replaced by 
the greenstone, but here the pyrites were absent. 

Allthough a sinall amount o l  molybdenite occurs in 
the margin of the greenstones, the pegmatite must 

the true ore body, therefore a sam- 
ple of this u7as taken €ram the d ~ m p .  This was 
passed to  the L)epartmental Laboratory and tested, 
when it proved to contam only 0.11 per cent. of 
molybdenite, \\xhich quantity would not pay €or treat- 
ment, particularly as a consiclerable loss is experi- 
enced i n  the extraction of this ore. 

It may be here stated that the sample taken con- 
sisted entirely o i  tiie siualls from the dump, and 
\vas so talieii t o  deterinine if there was any possi- 
bility of the ore bcing payable, since the smalls 
\vonlcl contain tlie richest ore, as it fractures more 
easily when tins mineral is present, the large solid 
lumps being practically barren. 

Froin the aboi-e it is quite evident that the ore 
that has so fa r  been exploited in this =ea is practi- 
cally valueless, while, so far  as can be judged from 
the scarcity of the richer portions, it would not even 
pap if hand picked. 

After consideration o€ the abore evidence it is, 
of coxu’se, impossible to declare this lode payablle ill 

e of del-elopment, but in considera- 
that a considerable amount of money 

has been expencled upon it, added to  which it is 
qnite possible that furtlier prospecting niay rereal 
richer portions in the ore bod3-, wery eiicouragement 
should be given t o  ilie iJrOspectors if they so desire 
to proceed further in this direction. 

’ 

. 

THE GRAPI-ITTR l>EPOSTTS AT IiENDENUI’ 
AND SU 1212 OITDING DIS TlZI C T S. 

(T. BL \T’CIIFORD. ) 

ite in eoniniereial quantitie 
on Plantagenet Location No. 27, at 
distant from the I<eiideiiiip Home~tead, and on ilie 
south side of tlie ICalgan River. 

Since this discovery, traces of the mineral limo 
been found on location No. 12, to the east of the 
Great Southern Railway bellmen the 48 and 49-mile 
posts, the inileage being that from the Port  of Al- 
bany. 

Also traces have been reported to the west at Mol- 
1jalup Lake, but such were not located by tlie writer, 
lliougli tlicre seem no reason to  doubt that traces 
were foiiiirl in this locality. The geology of the area 
is clilficult to translate, as the surface is for ihe most 
part covered over with recent superficial deposits, 
m c l  outcrops of the underlying rocks are rare, and 
do not exist at  all t o  tlie south of the ICalgan River. 
North of the river granite outci*ops, and it would 
appear that the river marlis the junction of granite 
and probably sedinientary rocks. The graphite 
occurs in the latter rock. Unfortunately, the 
nature of these doubtful vocBs could not in any in- 
stance be investigated with any degTee of accui-acy, 
as it is uncertain mliether the unaltered foims out- 
crop at  all, ancl in tlie mine -n.orlcings tlie weathering 
extends belov the deepest l e d  yet reached and, in 
consequence, masks the cliaracteristics necessary for 
definite classification. 

The gcneral features, however, would l e d  one to  
siigzest a sedimentaq- origin, and there is every lilte- 
liiiood in the miter’s opinion that the rocks represent 
innch m?atliered schists, shales, 01’ allied sedinientary 
11 e ds . 

TIIE GRAPI~ITE DEPOSITS. 

The accoiqian7ing plan’ shows the extent of the 
\\-orkings of this deposit, with tlie exception of a 
fev ininor ones at the surface, since fallen in and 
i ii ac rcssible. 

Groin the main shaft at a iwiical depth of 50 feet, 
a clrii-e west 20 feet in length passed through sof t  
sronnd throughont ivliieh were grains of scaly cry- 
si alline graphite. 

A saiiiple taken across the back o€ tlie drive, about 
midway betTvecn shaft and end, yielded at the bands 
of the departmental Chemist 12.10 per cent. graphite. 

From the same level a drive was put in eastward 
for  a distance o€ 3s feet-towards the end this driw 
was cliTertec1 to the north, and in consequence re- 
solred itself into half drive and partly crosscut. 

At the  extreme end of tlie dr iw a hard, siliceous 
band vas encountered, the thickness of which was 
not determined. A sample of this siliceous rock was 
submitted to  the Petrologist, who, on microscopic 
inspection, is definite in his decision tha 

,resents a much crushed quartzite t 
ich are innumerable small specks of graphite. 

Felspar is ~vliolly abseEt, and the q 
stre5s figures and uniform fracturi 
strains induced in the rock since tlie rock was origin- 
allv foimed. 

From here on, the drire was divei*tecl to the east 
and continued for a distance of 20 feet, the hard 
band being on the north side of the drive. This 
portion of the workings could not be inspected per- 
sonally on7ing to the fact that the vliole of the 
drive had cared in ani1  vas completely filled up. 

Starting from the shaft one can readily see the 
inci~ease in  the graphite contents as tiie quartzite 
is appi~oached, until, lying up against the qnartzite 
itself, eutreinely rich semis of the mineral are ex- 
powcl. - __ . - __ _ _  _____ 

* Not r e p  oduced. 



This is  also borne out by a comparison of the 
rougli samples taken, the value in  percentage of 
graphite increasing in direct ratio with proximity 
to the quartzite band. 

The mineral occurs for the most part in isolated 
scales, the long axes of which appear to run parallel 
t o  an indistinct foliation striking approximately 
east and west, and is fairly uniformly distributed. 
Wllen the quartzite band previously referred to is 
approached, these scales are seen to increase in 
number and occur both in lenses and seams or veins 
in which the proportion of graphite exceeds that of 
the gangue, a picked sample yielding as high as 50.54 
per cent. of the mineral. 

The full extent of this enrichment was hidden 
from inspection owing to the caving in of the ~ o r k -  
ings, and it is  unfortunate for all parties concerned 
that the mining has been carried on in  such an un- 
systematic manner. With proper mining equipment 
and at  small expense the deposit could easily be de- 
veloped to a depth of probably 100 feet, for the 
water is negligible to  a vertical depth of 6'0 feet, and 
the gronnd, though heavy in places, is not " difficult" 
gTo11nd. 

On the other hand, the deposit gives promise of 
paying its way from mineral won in  development, 
for there shonld be considerable quantities of ore 
available, by hand-picking only, which would yield 
60 per cent. graphite contents-a distinctly market- 
able and profitable product. 

Shaw's Mine. 
This propert? is situated almost due east from 

ICendenup (v ide plan), and lies about 400 yards east 
of the 48% mile post of the railway line. At  the 
time of my inspection there was practically nothing 
to  be seen except one shaft, which had been sunk 
to a rertical depth of 25 feet-the rock pierced in 
this shaft was a much weathered clay, in which oc- 
curred numerous ironstone nodules. Traces of pa-  
phite in the form of minute specks and occasional 
small noclules indicated the presence of the mineral. 
A sample from the bottom of the shaft  yielded 6.57 
per cent. of graphite. The coarse mineral here is 
more in the form of plates than scales, and not un- 
commonly it is seen to be very fine in textnre too. 
It does not assume the uniform scaly form of the 
Kendenup deposit. 

Outcrops of the underlying rocks do not occur 
in the vicinity, and until a greater depth i n  sinkine 
is attained, the nature of the rock d l  be undeter- 
minable v i t h  any degree of accuracy, though in  all 
probability it Till be founcl to be a continuation of 
the same country as that in which the ICenclennp 
cleposit occws. 

The only other place in which graphite was de- 
tected vas  in the mud banks of tlie ICalgan River, 
between liendenup Homestead and the mine of that  
name. 

Ecre a sample of the ordinary swamp mud was 
talien, and on di-ying distinct grains of the crystal- 
line mineral could be seen when examined nnder a 
micr 

TI eiiiical analysis proved 
t o  be 1.67 per cent. 

This trace of graphite is important, as it tciirls 
to ~ J ~ O W  the esistence of graphite other than in t h e  

mine, €or the spot where the sample T V ~ S  

s above the mine, and the mineral conld 
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not possibly h a w  come from that source unless the 
lode extended fully hal€ a mile westmard. It would 
be interesting to  take samples flirther up the river 
to see horn f a r  these traces extend and thus, may be: 
locate their origin. 

I n  addition to the samples of the crude ore, two 
samples were also talien of the concentrates bagged 
for shipping. 

These yielded 46.63 per cent. and 54.38 per cent. 
graphite. 

The concentration bas been carried out in an 
experimental plant by first pntting the ore in small 
vortex mixers and allowing the whole to  flow on to a 
slialring screen with three compartments, the flow 
is into the centre compartment. In practice the 
fine argillaceons gangue is supposed to  pass through 
the screen ivliilst the flaky graphite is snpposed to 
dash out of the centre compartment into the two 
end ones and thereby foim a concentrate. Unfor- 
tunately, it appears to have a reverse action, the 
fine graphite passing through the scree11 and the 
gritty gangue remaining on top. Certainly the con- 
centrates do not esceecl some of the crude ore in 
graphite contents. One of the reasons for this ap- 
parent mistake is the cleceptive appearance of the 
size of the graphite scales, which appear on first 
sight to be much larger than they are, whereas prob- 
ably 90 per cent. will pass a 4'0 mesh (1,600 holes 
to a sqmre inch). In developing the mine, the 
writer wonld strongly recommend a system of min- 
ing whereby the richer or northern side of the lode 
would be opened ont, and until the deposit was es- 
ploited sufficiently to warrant a proper concentrat- 
ing plant, let 1151 nd-picking and shipping the crude 
Iiigli-gracle ore be resorted to. The deposit should 
be well worthy of such treatment. 

Appended is a locality plan, also a sketch plan of 
the ICenclenap workings, and a list of and clescrip- 
tion of the samples taken with their resnlts. 

DESCRIPTION. 
NO. Graphite. 

per cent. 
1. Talien from bottom of Shaw's shaft . . 6.57 
2. Taken at  east end of drive, six €eet from 

face, across back of drive .. . . 36.58 
3. Picked samples from one of the veins . . 80.53 
-1. Bore-hole slightly inclined to  the North 

about six feet deep . . .. . . 46.24 
5. Sample across back of drive, abnnt 15 

6. Sample, continuation of No. 5 into North 

7. Sample from back of West drire, about 

feet from face . . .. . .  . . 18.22 

Wall-where broken down . . . . 26.86 

12 feet west of shaft . . . .  . . 12.10 
S. Shipping sample, 1st  g-rade . . . . 54.38 
9. Shipping sample, 2nd grade . . . . 46.63 
10. Sample of allLtvia1 in ICdgan River 

banks ,~ . . . .  .. . .  . . 1.57 

TIlE KOOLYAWOBBING IRON OR 
SITS, VILGARN GOLDl?lEL 

(T. BLATCHFORD.) 
iscorery of some very hi&- 
e iron ore in the vicinity of 
e Iioolyanobbing Range, a 

scconcl inspection was made, the primary object be- 
ing to try aiid locate the boundaries of tile deposit 
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and, if possible, ascertain whether any other deposits 
of a similar nature occurred in the vicinity. 

The hsematite deposit was Pound to  be a lens of 
ore, the major axis of which was 170 feet and the 
minor '70 feet. From the sides of this lens veinlets 
of ore extend into the surrounding rock. Such 
mere not included in the area marked out as the leiis. 

The ore in the lens is massive hsematite, mixed to 
a certain extent with fragments of the quartzite, tlie 
staple rock of the range. The occupnce is appar- 
ently secondary deposition of iron ore in a brecci- 
ated zone. I n  consequence of the included foreign 
siliceous material, the value of the ore as a coinmer- 
cia1 product is considerably lessened which, taken in 
conjunction with its apparently limited area, de- 
tracts from the value of the deposit. One point i n  
favour of greater quantities of ore being found than 
appear at the surface is the extreme magnetis n 
where no iron shows at  the surface. 

This magnetism is particularly noticeable at and 
ne= the Trig. Station, the variation in the needle 
being so pronounced as to  render magnetic read- 
ings from this point worthless. 

As may be seen from the accompanying analysis, 
the picked ore from the lisernatite lens is practically 
free from sulphur ancl 1~liosphorns, wliilst the con- 
tained silica is rery low, too. 

Analysis of inicaceous hsematite, Koolyanob- 
bing :- 

9619. 9620. 1 9621. 

2 3 4 
---- 

I- --- 

Fe 0 - 98.75 %=Fe, 69.13 yo 
Si6,' 1.04 % 
P =  .016Yn 

63.21 

2.02 

S = trace. 
Ignition loss = .39 % 

-Analyst, D. G. Murray. 

Lying to the west and abutting on the hsematite 
lens a deposit of iron ore was noticed. The appar- 
ent course of this deposit was from the gnamma- 
hole on the flat, past the Trig. Station and extending 
to the bluff south of the Trig. Station. 

TWQ samples were broken from the outcrops of 
this lode-one (C)  iminediately t o  the west of the 
Trig., and the other (D)  near the southern ex- 
tremity. 

The samples were broken over a .rvidtb of 150 to 
200 feet respectively. 

Under the present conditions it is impossible to  
be too definite as to the occnrrence, for tlie surface 
is very much masked by the talus of the higher por- 
tion of the range. It would appear, however, that 
an extensive faulting has occurred aut1 in the fault 
this extensive iron deposit has been formed. Another 
similar lode has been located north-west from the 
Trig. (wide plan). Two samples mere talien from this 
deposit also. O f  these, the first \vas taken across the 
clip on the face of the escarpment, the total width 
sampled being 200 feet. Sample (A).  Another was 
taken 500 feet east of the first, over a width of 250 
feet. 

The results from these fonr samples were Pemarlc- 
ably regular and gave a high percentage of metallic 
iron. The percentages of silica, phosphorns, and 
sulphur were also rery low. Unfortunately, time 
would not permit of an inrestigation of the whole 
of the range, but judging by the faulting marked 
out by my colleague (Mr. C. S. Honman) during his 
inspection, it is highly probable that similar deposits 
woiild be located if the range were thoroughly in- 
spected. The sampli it shonld be noted, was not 

61.85 60.73 60.51 

4.78  2.40 3.08 

nndeikilwn to prove the value of the deposits but 
only as a preliminary inspection to  ascertain .uvhetlier 
they were worthy of further notice, in the view oP 
opening up iron deposits for commercial uses. 

However gmtifying the results may seein there is 
still much wouk to be executed before any definite 
clata can be put  on paper. The preliminary assap 
should first be checlml and an attempt made to fintl 
other, ancl perhaps, larger deposits which inay be 
eren more accessible than the present ones under 
notice. I f  such investigations proved satisfactoi+y 
the expenditure of capital t o  prove the extent of the 
deposits .would then be wwranted. This could be donc 
in three ways : Shaft sinking and cross-cutting, 
driving adits along the lodes from the sides o f  the 
range, o r  boring. Sereral factors arise in deciding 
the best of these three. 

In the first place, before an iron lode can be con- 
sidercd a commercial proposition the following must 
be taken into consideration. 

Extent of deposit, grade of ore, working costs (in- 
cluding freights). 

From the preliminary sanipling the grade appears 
to be high and very regnlar, and niay be considerel 
01 secondary importance to tonnage. For this rea- 
son it appears that boring would be the proper 
method to adopt, as the deposits could be proved to  
much greater depths by boring for the same espencli- 
tnre, and at  the same time, fair samples taken from 
the cores. Unless mining operations were extended 
to considerable depths they would not be of any use 
in working the deposits, for if at any time they were 
mined, open cutting or quarrying would be resorted 
to for at  least 100 to 200 feet from the outcrops. 

As regards transportation, a branch line from k110 
main trunk line could easily be laid over lwel coun- 
try, the total distance being not more tlian probably 
30 to 35 milcs, the connection being at Southern 
Cross, or thereabouts, a distance of, roughly, 240 
miles from Fremantle. The ore, being at no great 
distance from the trunk line, mould make excellent 
back loading. 

.06 

Riznlyses of four samples of Iron. Ore from Kool- 
ynnobbing for  M y .  T. Blutchford, b?j E. S. 
simpson.. 

c---y---Y- .04 

G.S.L. No. .. 
Mark . . . . 

Fez03 .. .. 
Fe .. .. .. 
SiOa .. .. 
s .. .. .. 
P .. .. .. 
Gold (per ton) .. 

equal to 

trace. trace. I logrs. 16grs. 

The sulphur and phosphorns mere determined in 
mixtures of equal proportions of the component 
samples. The undetermined is mainly combined 
water. 

These are high-grade brown iron ores o f  the non- 

phosphoric class, suitable for the manufactnre o$ * >  
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steel by the acid Bessemer, Open Hearth, or Electric 
processes. 

The principal constituents are : 
Of (1) and (2) Turgite and Goethite; 
Of (3) and (4) Goethite. 

TVESTONIA, YILGARN GOLDFIELD. 

(T. BLATCHFORD.) 
A short report on the Westonia Field is to  be 

fouiid in the Annual Report of 1914. Since that 
date the field has advanced considerably, more es- 
pecially in and around the Edna May group. 

The Edna May lode has come up to expectations 
as a gold producer and maintained the high grade of 
approximately one ounce per ton for  all ore crushed 
to date. This lode has been located in the “Deeps” 
ground at a vertical depth of 485 feet, but, unfortn- 
nately, developments here tend to prove a shorten- 
ing of the richer portion of the lode. However, this 
has been compensated to a certain extent by the 
opening ont of a new lode in the Edna May Central, 
the probability of which was pointed out in the 1914 
Report of this Departulent. It is highly probable 
that the new lode in the Consolidated mine is a re- 
petition of the occurrence, and that eventually fur- 
ther lodes will be fOl7nd by prospecting along the 
southern contact of the gneiss and greenstone in 
consolidated ground. 

So ear there has not been a fresh discovery of 
payable gold outside the gneissic area in the imine- 
diate vicinity of Westonia. 

At  Battlefield, the Great Battler and Battler lime 
amalgamated and started crushing ore. The com- 
bined lode is too small to be of any mining import- 
ance. Other than from Stone and Bromne’s mine, 
the Perth &f., no appreciable amount of stone has 
been won from the numerons leases in this vicinity. 
As regards the Bullfinch Area, mining is at  a very 
low ebb. The Bullfinch mine is not cleveloping satis- 
factorily at depth, for though the lodes exist the 
values are steadily declining with depth. 

There have been no new finds of importance in 
this district for some time, though occasional rich 
crushings show that prospecting is still in pro- 
gress. A big blow to the mining industry of the 
district is the closing of the Corinthian Gold Mine at 
Corintliia. This was one of the lowest-grade work- 
ing inines in the State, and, though showing a small 
profit under pre-mar conditions, conld not appar- 
ently stand the extra cost of materials and existing 
labour conditions, both of which the war was respon- 
sible for to a more or less degree. 

EXPEDITION TO THE WARBURTON 
RANGES AND T H E  SOUTH AXTS- 
TEALTAN BOR>DER. 

(IT. W. B. TALBOT and E. DE C. CLARKE.) 

Imtl.ocluctol.y. 

In May, 1916, the Minister for Mines directed that 
a reconnaissance survey be made to the Warbnrton 
Ranges (300 or 400 miles east of Laverton), the ob- 
ject of the nnclertaking being the search for n m  
tracts of inetalliferons conntry. 

After the delays inseparable from the equipping of 
such an expedition, the party, consisting of two field 
geologists (W. W. B. Talbot in command and E. de 
C. Clarke), four camp assistants and sixteen camels, 
left Lavei+on on June 29th, 1916, carrying pro- 
visions for six months. 

The object of the expedition being the geological 
exploration of the country near the Warbmton 
Ranges, the easiest and most direct route, in the 
main that discovered by F. Hann iu 1903, was fol- 
lowed to the Townsend Ridges, which were reached 
on lSZh August, progress having been delayed by 
trouble with the camels.. At the Townsend Ridges 
a Depbt Camp was erected, from mhich the geologists 
i d h  one assistant and fil-e camels made three flying 
trips, nrhich lasted from the 21st to the 2Sth OP Aug- 
ust, from 30th of August to the 19th of September, 
and Crom 23rd to the 28th of September respectively. 
On the night of the 10th OP September the travelling 
party was attacked by blacks, H. W. B. Talbot and J. 
W. Johnson being wounded. After returning to the 
Depbt Camp Johnson failed to make a recovery and 
e.\-idently required expert treatment. The whole 
party. therefore, returned to  Laverton, the journey 
occupying 31 days (4th of October to 6th of Nov- 
ember). 

The time-and-compass traverse, which mas carried 
on thronghont the trip and was supplemented by fre- 
quent observations f or latitude, closed very satis- 
factorily on the Trigonometrical Stations on Mts. 
Gosse and West near tlie South Australian Border. 
It should be added that a copy of Mi-. Hann’s journal 
of his 1905 expedition was, during the journey to 
tlie Townsend Ridges, referred to constantly and 
found t o  be of very great service. The writers wish 
to express their admiration for the sduable work 
done by Mr. Hann under most adrerse conditions. 

PhySiOgl.a@J am2 Geology. 

Pliysiographically, all the country traversed is 
part  of the great plateau of Western Australia. Two 
clistinct varieties of plateau country were, however, 
recognised :- 
(1.) That between Laverton and the Warbtirton 

Range, consisting mainly of sandhill country, is of 
the type usually designated “desert.” 

(2.) That between the Warbnrton Range and the 
South Australian Border is chnracterised by tlie 
presence of many isolated hills, and separated groups 
of hills, rising to heights varying from a few feet to 
1,400 feet above the platean level. 

TTatercourses are sinall and end on the plains or 
sandhill country a short d i s  ce fx*om the hills or 

s in which they ris 
The two abore-mentioned types of topography are 

the ontward expressions of marked geological differ- 
ences : betweell Point Salvation (about S5 miles east 
o f  Lamrton), and the south end of the TVarbnrton 
Range, the only rooks (n-ith the exception of some 
volcanics at Thble Hill, a fen7 miles south of the 
Townsend Ridges), are sediments, believecl to belollg 
to two periods of Palceozoic times; nrhile the Warbur- 
ton Range and the country east of it are built up 
of metamorphosed rocks 
t e n s i ~ ~ d g  intrucled by lat 

It is obvious that, remembering the briefness of 
tlie expedition and the area covered (about 2,500 sq. 
iniles, exelusire of the strip 370 miles long between 
Laverton and the Warburtons), general cone1 . 
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only are possible regarding the geological structure 
of the tract concerned. 

The formations noted may be classified as fol- 
lows :- 

‘1. SUPERFICIAL hwsrrrs.-Talus, sand, loain, 
traiw-tine, laterite. 

froin Dunge‘s Hill, near Point Salvation lo Axe Hiil, 
near tlie Tovnsend Ridges. They consist, in tho 
main, o f  horizontally bedded sandstoys (frequently 
showixg strong currcnt berlding) and fine mudstones. 
At ntlnge’s I-Iill these roclrs lie on an irregnlarhy 
eroded granite surface. No fossils liare been found 
in them, b i t  they are seen a t  Tarious places between 
Lily Roclc Hole and Axe Hill to include a boulder- 
lied about 15 feet thick. Many of tlie boulders sho-w 
signs of ice action ancl the bed was probably formecl 
in a shallow sea of the debris ilroplwl from floating 
ice which hac1 broken lrorn glaciers descencling to 
sea-level from high land to the north. This intercst- 
ing deposit suggests the correlation of the beds undei- 
discussion with the Permo-Carboniferous glacial de- 
posits of tlie Irwin River ancl other places in Western 
Australia* with those 01 the Yinlie Bircr,t and with 
the well-known occiirrences in Sontli Australia ancl 
the Eastern States.$ 

3. OLDER PALAEOZOIC STRATA.-A series consist- 
ing, in  ascending order, o f  volcanic conglomerates 
ancl lava flows, grits, greymaclces and quartzites, dip- 
ping south at about 20°, extends eastwards from 
the south end o f  the Warburton Range beyond the 
limits of this reconnaissance and, at right angles to 
the strike, from the Townsend Ridges for six miles 
north. It rests nneon-Cormably on tlie older rocks to 
be descrilied presently, but its relation to the Permo- 
Carboniferous Strata lias not been seen. 

This series may LentatiT-ely be grouped witli the 
Ordovicians of South Australia,$ lint similar rocks 
with similar stratigraphical relationships occurring at 
the Albert Edward Range, East IGinberley, have been 
classified as Devonian.11 

of this series are 
the quartzite vliicli forins the bold, north-facing es- 
carpment of the Townsend Ridges, and the volcanic 
conglomerate occurring at the base o f  the successioii. 
The conglomerate is considered by A h .  Farquliarson, 

e Survey Petrologist, t o  be formed of the ejecta 
some volcanic vent vliich was active clnring the 

deposition of the bed, and which was possibly also 
the rent hon i  .rvliicli tlie Table Hill polcanics flowed. 
He points out also tl 

2. PERMO-CARBOXIFFROUP sTRBTA.-TheSe extend 

The most interesting rnembe 

metamorphic complex and which show marked siniil- 
arity l o  the dolerite of Sandstone. Meekatharra, 
etc.. mere conteiq us nith this rolcanic ac- 
thity. 
4. BASIC INTRD’SIT~ES.--T rocks occur in the 

east-central portion of the metamorphic complex ap- 
pai*ently as great dykes and batholiths intrnded into 
the acidic metamorphics. The Blacli-stone and CRV- 

* A .  Gibb Maitl 
in Western Austral 

sian Associ.ition for llie A 

5 R. L. Jack, “ Ge 
of the Musgmve Rm, 

enagli Ranges and inany lesser hills are forined o f  
these rocks, which are coarse gabbros and norites. In 
the Caren& Range they ham been intruded by the 
ilolerike dykes mentioned in the preceding section but 
do not appear to  h a w  been subjected to dynamic 
metamorphism. 

5 .  NETAMORPHIC COBIPLEX.--AS already stated, 
the country east of and including the Warburton 
iiange which was traversed by this espedition is 
mainly composed o f  metalnorphic rocks. They are 
cliyisible into :- 

(a.) Metamorphosscl Sczd ic  Rocr’cs.-These are 
the predominant rocks o f  the complex. Mr. Par- 
clnharson’s examinations show that, while ranying 
froin he-grained cfiiai tz pxphyries to coarse giieis- 
wid rocks, with soi1ie intere=ting local modifications 
into grannlites, etc., the form a. petrographic unit. 
The coarser 1-arietics .e dewlo1 ed in the east- 
ern part  of the area, IJThile in the western part 
the finer-grained rarieties occw as a marginal facies 
ancl as great dykes (markeil at the snrface :IS long, 
Pairly continuoils lines of Iiil’s) ~vhich, running in a 
direction sliglitlJ7 north of west, intrude the green- 
stones described below. 
In some places the ahidic xocks l i a x  been eonsicler- 

ably affected by dynamic ~netamorpliism, in  others 
they appear to  1la.r.e escaped it. 

Whether the porphgr~7 dykes hare  esertcd any 
mineralising influence on the greenstones, lias not 
been observed. 

Between Layerton ancl Point Salvation tire greater 
part of the country is eomposed of granite, slieci- 
mens o€ ~ l i i c l i  have not pet been esamined micro- 
scopically, but which appear on niegaqcopic char- 
acters to  belong to a type distinct from the acidic 
rocks above described and probably similar to  those 
described by Gibson* Prom the neiglibourhoocl of Lar- 
erton. 

(b.) Hetamorphosed Busic Igneous R 
(“Greenstones”) .-Practical interest attaches to 
these, for, from analogy with mining areas in West- 
ern Australia, it is in the greenstones that anrifer- 
ous deposits may be expected. So .far a3 the writers 
h a w  been able to  ascertain, greenstone country covers 
a roughly triangular area of about 300 sq. miles, es- 
tending from the Warburton Rang 
Weir. The greenstones are of tlie 
n-ith in Western Australia, but the 
mens collected a predominance of little-sheared, 5711- 
kindly” country. Tbis is inevitable since here, as  
elsewhere, the softer, L.l;indlier” rocks 1ia.r 
weathering and are corered with debris. 

In parts o€ the greenstone areas cpar 
very numerous and n few indications of the presence 
o f  mineralised zones of co~intrg n w e  also seen. Al-  
though the few sainrles collected by the expedition 
yielded little more tha 
deserre further prosp 
from all mining facili only exceedingly rich 
“shows” coiild be mor1 

In any case, before prospecting could be safely or  
economically carried out it mould be necessary to 
sink at least iwo reliable wells along the desert route 
from Laverton to  tlie Townsend Ridges; to  sink a 
good ire11 in the TT’arbnrton Ranges; to loolc for  a 
fnrtlier exposiire of preensione country between f he 
Warrbiirton and the Rawlinson Ranqes. 

______ _ _  - .. 
* G.S. W.A ., Bulletin N 0. 24, page 14. 
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Two small belts of greenstone country were trav- 
ersed in the early Stages of the journey from Laver- 
ton. T1 Sefton, 55 miles east of Laver- no specid remark here other tlian to  notice the 
ton, is p t i n u o ~ s  wit11 the C O S ~ O  Newberry stuntect cliaracter of most of the trees, ancl the con- 
greenstones.’ That at  Point alvation may be con- scqnent dearth of first-class mining timber. u&fUlgav 

and mallee gtums are the predominant trees, while tinuous with the illt. Shenton 
spinifex is abundailt. 

TTEGETATIOS. 

The vegetatiol consic+rably varied, brit 

Of these, the Point Salration belt appears the 
more promising. The soak at  Point Salvation monld 

a reliable base for a prospecting 
be said to exist. Out- 

side of the high cli 
conrses do not occur, and on the sandy COMET VALE. 

( J .  T. JUTSON.) 

of the geological w o r ~  carried oa t  at  Comet Vale, and 
are subject to revision on completion of the survey. 

n soaks immediately into the grouncl, or spreads 
the surfaces of the “dry” lakes, where it be- 

The following notes represent a progress report s salt ana uL 
mater catellmen 
pan. 

has too much mineral matter to  be of any value as a 
domestic supply; and has only a limited use for  
mining pnr~~oses.  The water obtaillecl from the Sand 
Queen line of recfs is extremely salt, but in tllat from 
the lower sandy country a little to  the west, there is 
less (it is stated) mineral matter. Water has to be 
brought bg train to keep the mines goinq, as well 
as-in a dry season-for domestic nse. 

Most of the nndergronnd water, so far  as 

d on the Iinlgoorlie-Larerton 
0 miles north of Icalgoorlie. 

the western 
t it is very 

limited in snperficial area. 

The physical feattires of the district may be divided 
into (a) rocky hills and gullies, (b) sand-ridges, (e) 
sand-plains, (a)  “dry” lakes. The rocky hills com- GEKERAL GEOLOGY, 
prise isolattecl eminences, such as Baker’s Look Out 

stone ridges ~vliieli stretch eastwards from the town only) as fille-grainecl Feellstones, sCl,iStS, ( I  talc 
to  the shores of Lake Goongarrie. These ridges are granite and acicl dykes al,tl,lite, porphyry, 
the remains of an elevatecl. tract (rising probably 200 ancl otl,er roclis). rn addition are SOllle 
t o  300 feet above the floor of Lalie Goongarriel possible sedimellts and vax-ions snperficial deposits. 
n,hicli has been cut into a maze of small, steep, nar- 
row V-shaped valleys, which, however, are dry, except firLe-graiBed greenstones” are in two 
after heavy rain. The sancl-ridges are a notable fea- areas, namely, the main mining belt (on wl~ich the 
tnre at Comet vale. so far as examined, their township is situated), which rims abont north-north- 
dominant trend approximately east and west with Tvest, and tlle much dissected Of high country 
SOllle Pariation, llolvever, on side of this line. abutting Lake Goongarrie on its western shore. The 
Oiller directions occI,r, brit that statecl is believed to latter area is the lager ,  bnt it has comparatively few 
be tile most colnmon. Individnally tlley may rise 50 reefs, only one definite line (the “Tunnel line”) of any 
or 60 feet above the snrrounding country, and may length having yet been located. The gyeenstones are 
extend for several hundred yards; Some are steep- usually fine-grained and tough, but they are roughly 
sidecl whilst others possess much more gentle slopes. foliated in places. In  the larger area they outcrop 

them. ~l~~ sand-plains are e,tensi57ely de17e1013ed on are cowred by drift Sand overlying water-borne de- 
tile west, but are also fonnd to the north and to the tritus, and the main reefs are hidden from viev at 
south. From the wide, sandy, comparatively low- surface* 
lying area to the west, the sand has drifted evenly The schists oceur in the main mining belt associ- 
and steadily up the lower slopes of the ironstone ated with the fine-grained greenstone and the “talc 
ridge immediately to  the east of the township, until roclr” (see below) in narrow bands, and they appear 

some instances it bas reached some of the passes clerivd in part from the greenstone, and in part  from 
the ridge, and passed over to the eastern side of the talc rocli. They are mmli decomposed at  the sur- 
latter, The steady eastward drift of the sand by face, but 1ielo.rV they are fresher, and are talcose and 

early marlied. The %Iry” lakes chloritic. They strike abont north-northwest, but at  
area laown as  Lake Goongarrie, the Elappy Jack mine they are rnnniag approxi- 

which riins sonthward from Comet Vale t o  Goon- mately e a s t x d  west. To the north-west of the town 
garrie, on the eastern side of both places, and which a b a t  of basic rocks, consisting Iargdy of 
is several miles mide. Smaller lakes lie to the sonth- hists, is found, in which the gronp of 

t of Comet Vale. The silts of the lakes contain s the Lady Margaret line occurs. The 
and gypsum; and ‘kepi" occnrs in places. Lake about north-west, but swinging round 

ongarrie is fringed by steep rocky cliffs along inore to the north at  the end of the belt, i.e., a t  the 
of its western shore. The presence of sand- old Lady Mack lease. Schistose roclis, associated with 
and-plains, and lakes renders traTelling the fine-grained greenstones, also occnr on the west- 

ern shore of Lalie Goongarrie. 

~h~ main rocli of the district may be 
to ’vest of ‘’le town, an‘‘ the ironstone and g~een-  ro17g1lly and 1)ro\+ionally classifiecj (nsi11g field terms 

Vegetation, but 1,arying qlintities, o c c ~ ~ r s  on all of at  the sLirface, but in the smaller (main) belt they 

what dificnlt away from made roads. ~ _ ~ - - _ _ _ _ _  
*.A specimen from the Sand Queen mine has been determined by 

tQe Petrologist as an epidiorite. Gibson, G.S.W.A., Bull. No. &, pp. 66-71. 
t Gibson, loc cit. pi). 71-73. 
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The “talc rocli? is a iianie that has been given 
locally to a basic bnt considerably decomposed rock 
which carries talc veins. I t  apparently underlies the 
area of ironstone that caps the country immediately 
to the east of the township. It is possibly the source 
-e&her directly or indirectly-of the chromium 
which occurs as a seconilary procluet in the overlying 
iroiistone, and as crocoisite (chromate of lead) in the 
Happy Jack mine. Talcose schists are associated 
with tlie “talc rock’’ as already noticecl, The Happy 
Jack lode may be merely a highly altered and min- 
eralised band of this same rock. 

The grarzize occurs as an extensire belt of country 
to the west of Cornet Vale aiid to the west of the rock 
formations alreaay descriibe&. It has not yet been 
traced to the south of Comet Vale; but to  the north 
it crosses tlie main road and railway, and thus ap- 
parently severs the auriferous rocks of Comet Vale 
from those of Menzies, 1)ut this point has not yet 
been fully workecl out. When fresh the gxmite is 
grey in colour with lioriibleiide in addition to  quartz 
and felspar. It has not been proved to be auriferous. 
A inottlecl white, yellow, brown and red decomposed 
rock occurs at  the northern end of the township. 
This has been quarried and used as a building stone, 
as it is soft and easily cut. T t  probably represents a 
deconiposed stage of tlie granite Pound t o  the west 
and farther north. 

The granite is apparently of later origin than the 
rocks :-heady described. 

varions types occur, 
iyry. The last-named 

roek is intrnsiw iuto the fine-grained greenstones and 
schists. It occnrs both inassiw and liiglily foliated, 
and i s  frequently associated with the qnartz reefs. 
Dykes of granite m d  aplite (the latter hax7iiig a 
pegmatitic phase as well) also occux. They are both 
intrusive into the greenstones ancl sclikts, and the 
aplite intrudes the porphyry. Thin aplite dykes are 
rather comnon along the Lady Margaret line of reefs. 

Some rocks, which are y sediments, occur as- 
sociated with the linr-gmi eenstones in the cliffs 
of the western shore of Goongarrie, but they 
hnTTe not yet been carefully esamined. 

The supevj?cial deposits are so abundant as to 
largely obscure the underlying rocks except the Lady 
Margaret belt, and the larger area of fine-grained 
meenstones to the west of Lake Goongarrie. These 
deposits comprise the iroiistone (laterite) which caps 
the hills immediately to the east of tlie township, the 
sand ridges, tlie sand of t i e  sand plains, and the silt, 
salt, and gypsuni of tlie “dry” lakes. T i t h  the later- 
ite are associated Pnrtlier seconilary proilncts from the 
underlying roek, such as veins ancl irregular patelies 
of magnesite, quartz, common opal, chalcedony, and 
the chromium mineral plawia. The laterite itself is 
in places chromiferons. A1lu17ia1 deposits directly dnc 
to ordinary water action are scanty. Very little alh- 
rial  gold has been found and, so far none of the 
superficial deposits h w e  heen 13 
mic importance. Rome of them a 
to under the topography of the 
superficial deposits are, fro 
standpoint, a serious drawback, as they haw hidden 

w known reefs, and 13robal3ly still hicle others. 
LODES. 

The gold-bearing lodes of the district may be 
d i~ ided  into quartz reefs ancl lode-formations. The 
former comprise practically the whole of the lodes o f  

the district, the latter being restricted, so far 
1; lode. The quartz reefs 
main groups, the Sand 
Tunnel line, and the 

some line comprises . the tnro 
the district, the San 
some. I t s  strike is 
i t s  usual dip is to . There are two 
lines of reef-the Main reefs-the €ormer, 
a5 the name implies, being tlie more important. The 
Tunnel line is situated to  the east of Comet Vale, 
and runs west-north-west from near Lake Goo1igan.k 
l o  the northern end of the townsliip. The prevailing 
clip is southerly. The Lady Hargaret line lies to  the 

est o f  the Sand Queen belt, and runs about north- 
est, turning more to the north at the northern end 
z.e., at the old Lady Mack lease) with a prewiling 

south-westerly dip. Some reefs reach a thickness of 
from six to eight feet, but others are on the thin side. 
A large “blow” exists on the Tunnel line. No serious 
disturbance o€ the reefs appears to  have taken place. 

Various minerals are associated with the reefs, such 
as pyrite, galena, calcite (including Iceland 
epidote, scheelite, seleiiite, aiidesite, aiialoite 
other minerals. 

The I-Iappy Jack lode-formation, which strikes ap- 
proximately east and west, is composed chiefly, as fa r  
as worked and as could be seen, of soft decomposei1 
schistose material. It has some curious nodules of 
secondary silica. The lode also carries an almidance 
of chromate of lead (crocoisite). 

Copper ore has been found in quartz and schist in 
the district, and has been mined to  n small extent, but 
was evidently not payable. 

With what rocks the lodes are as3ociaterl has been 
stated above when describing the ~7nrions rock g~orrps.  

The Sand Queen-Gladsome line is the principal 
line nom working, but an option has recently been 
taken owr  the EIappy Jack, and some work is in pro- 
gress there. The Sand Queen is the deepest mirie, 
aiiil the shaft is now being sunk to open up a level at 
SO0 feet. The Gladsome is the fiext most important 
mine, aiid it is beiiig g idua l ly  developed. 

PROSPECTIXG FOR NET LODES. 

posed, and most reefs 
except posibly under tlic hard ironstone cap im- 
mediately to  the east of the townsliip. 
(tomaids Goongarrie ) insnrfic 

> e l  lieen made to  make any 
fact that the Xaiicl Queen-Gladsome line of reefs 
may probably occur further 
ererl. The area to  the west between the Sand Queen- 
Gladsome line and the Lady Margaret line 
most farourable for the occnrrence of lo 
may be greenstone country, a i d  it lies 
tvo lines just mentioned; but the snrfa 
Trith suqerficial deposits of a1 
thickness, which renders ordina 
cally out of the question. Mo 
is at shallow depths in places. 
liere with some chance of snceess. 
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ie to\mship of Warrieclar is situated fiire miles 
west of the promiiieiit hill of the same name, and 56 
miles, as the C ~ O T T  flies, S.S.E. of Yalgoo (abollt 70 

st railway siding is Peren- 

, and between 6 

TOi~oGnAPiI~.--~imiiediatelg t o  the west and south 
of Warriedar, the country ifi strongly undulating. 
To the north-west, howe~er ,  the coiintry, after a short 
distance, is coinliaratidy flat, as is also the area to 
tlie south of Aft. AIulgine. Another flat stretches be- 
t w e n  tlie tomnsliip and Mt. TVariedar. The nndn- 
latiiig conntry, particularly in the ralleys, is covered 
by dense low l?nslr. T ke iiiost mining centyes in the 
Afiirchison Goldfield, ins are coinparatively com- 
mon. 

T'Yliile in the iininediate vicinity of Warriedar the 
trend of the coantry is approxini 
E.S.E., between it and Yalgoo the 
judging by the strike of a long range of hills which, 
with a feiv breaks, runs north from &/it. Warriedar 
nearly to Yalgoo, is in a N.N.W.-S.S.E. direction. 

GENERAL GEoLow.-The abore-mentioned range of 
hills is composed, at and in the vicinity of Ut. War- 
rieclar, of a series o f  sedimentary roclrs, mainly 
quartzites, ml1ich near the mount strike about north- 
west ancl south-east, and dip steeply to the so-cith- 
west. Near their sonth-west boundary, which runs 
ahout 1% i d e s  to the north-east of the town and 
through tlie St. Patriclc's Day group of leases fur- 
ther to  the north-west, this sedimentary series con- 
sists of pale grey, fissile shales. Similar shales, e~7i- 
iiently belonging to  the same series, are fonncl occu- 
pying a sniall range of hills (Trig. Station B.A. l o ) ,  
about 7% miles to the W.S.W. of the town; numer- 
ous lenses of jaspcr resembling those in the green- 
stones are fonncl in the shales on this range. Between 
this range and the south-n-estera boundary of the 
Warrieclar sediments, the country consists of green- 
stones of a doleritic iaracter, %eiierally coarse in 
grain. Mt. blnlgine, s miles to the S.S.W. of War- 
rieilar tomnship, is in an area of granite vhicli runs 
north as f a r  as the Highland Chief g ~ o n p  of leases, 
51/r miles south-west of the town and 1 v2 miles north- 
west of Mt. Mulgine. The granite evidently extends 
over a considerable area t o  the sonth. The BIulgine 
granite is intrusive into the doleritic rocks, but no evi- 
dence is at present available, in this district, as to its 
relationship to the sedimentary series. According to  
Mr. Maitland, however, the granite between Mt. 
Sincleton and Mt. Gibson, fnrther to  the south, witli 
which the hfulgine qranite inay be genetically con- 
nected, is intriisire into the Warriedar sedimentary 
fier$es. 

considerable clistwce to the 

Although the type rock is doleritic in  appearance, 
rL1imerons oi1tcrops of a ninch coarser, gabbroid type 
occur, particidarly on a parallel ridge to  the north 
of the leases. In  these, also, the ferro-magnesian 
mineral predominates, and appears to  be largely a 
rery coarse bladed hornblende. 

A Pew erramp1 finc-grained varieties occur ; 
these may either sent original small, local, fine- 
giainecl facie? of the dolerite, o r  be due to recrystalli- 
satioii, most probably the latter, as they usnally occiir 
in the iiinnediale vicinity of tlie lodes or  jaspers. 
That t h y  have, ia some instances, undergone con- 
siderable dylianiic strain is evidenced by a very pro- 
noiiiicecl slieetcil strnctnre in the vic5nity of the lodes 
in tlie Anrnui ani1 Ironclad leases; in the former, tlic 
sheeting is horizontal; in the latter, vertical. 

A marlied development of tdcose rock occurs a t  the 
old water-shaft on Eloclr 6 ;  it is found on the clump 
associated with n soinemhat weathered and altered 
form of the type-dolerite from vvhich it is probably 
rlerived. 

1 CliieC group the greenstone is 
ii, and tliough of doleritic appear- 
eonipletely amphibolisecl. 

( 2 . )  G n m m  AXD ALLIED Eocr~s.-The granite of 
art. Mul~+ne, with ~rliiell are associated the molyb- 
clenite deposits, varies greatly in  texture and rela- 
tire proportion of its mineral constituents, bnt may 
lie briefly classifier1 as a microcline-muscovite granite. 
V.:~iially of metlinm grain, coarse pegmati[ic phases 
are coinmon, as are also glassy veins and r eds  
--the molybclenite being associated with a11 three 
along certain lines. At and near the I-Iighland Chief 
Group, the granitic rock is much weatliered and is, 
€or the most part, obscured by soil and surface 
debris ; it is comparatirely fine-grained, highly mica- 
ceous, and nsiially s h o m  a schistose structnre. 

Nuinerons tongues run out into the snrroundiiig 
iloleritic roclrs; most of these vesemble the main body 
of the rock, lint in a few cases they pass into a type 
reseinbling a fine-grained quartz-porphyry with f a idy  

quartz phenocrysts. A striking feature in the 
of 1 he Iligliland Chief-particularly on a 

tccj) hill a quarter o f  a mile to the south- 
is the number of parallel quartz reefs striking about 

BAmc IXTRUSIVES.-A few narrow 
clylces of a fine-grainecl dark-green rock, possibly a 
Iiasalt ic dolerite, are fonnd intruding the Mulgine 
granite. Others, doubtless, occur in the vicinity, pos- 
sil)l>T in the older doleritic rocks, wliere they would 
reaclily escape observation except in detailed map- 
ping. They appear to  be the youngest roclrs of the 
district, ancl are probably post-gold. 

(4.) SUPERFICIAL DErOsrTs.-These include- 
(a) Laterite. 
(b) Soil, etc. 
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(a )  Laterite.-Lateritic deposits both of tlie higli- 
level and low-level types cover an extensive area in 
this district. 

The high-lerel deposits are usually found associated 
Rith jaspers on ridges, with, in p l  
ment facing lo the north. 
ping the weathered granitic rocks, the shales and, 
occasionally, tlie weathered doleritic rocks ; as a rule, 
however, the dolerite ridges are composed of fresh 
unweathered r o c k  The high-level laterites vary, of 
course, in  composition as the underlying rock. 

Deposits of the low-lexTel type are fonnd covering 
the doleritic roclcs in the lower portions, and usually 
the sontliern sides of the valleys mentioned below. 
They hare e d e n t l y  been formed by the recementing 
of the weathered rock debris by ferruginous matter. 

(b)  Soil, &e.-Parallel to, and separating the 
numerous dolerite and jasper ridges are compara- 
tively narrow valleys, probably containing a fair  
depth of soil. These valleys are usually marked by 
well-defined creeks, the bottoms o€ .which are, in 
places, covered by “cement,” so that after heavy rains 
the various rock-holes retain water for  a consider- 
nble period. 

They 

\\ 

TIIE JASPERS AND ORE DEPOSITS. 
(1.) TEIE JASPERS.-!?OU~ well-defined lines of jas- 

per run through or immediately t o  the south of the 
Porcupine group of leases. Within the area mapped 
in detail the general strike is slightly north of west. 

The nortlrernmost bar ruiis through the Mug’s 
L~ielr, Ironclad North, Ironclad and other leases, 
where it is cut and faulted hv the lodes and minor 
fault planes. I n  the Mug’s Liick the horizontal (lis- 
placement is about 230 feet. The second jasper runs 
tlirough Blocks 5, 6, and 7. Within the limits of the 
map it has apparently been faulted only at one place, 
south of Block S. This jasper is, in places, obscured 
by laterite. The third and fourth bars run about 12 
and 20 chains, respectidy, south of the second bar. 
They occupy some of the highest g’onncl in the vici- 
nity of the lenses, and are much obscured by laterite. 

The usud dip of the jaspers is to the north, at 
steep but greatly varying angles, though they are oc- 
casionally vertical o r  even show a slight local dip 
to the south. They are nsually composed of alter- 
nating lamina of dark purplish-brown iron ore and 
pale yellowish-brown flinty siliceous matter. 

A line of shearing, which niay be regarded as an 
incipient jasper, runs about 36 chains north-east of, 
and parallel to the first bar. 

(2.) THE  ODE FoRirrATross.-There are four main 
lines of lode in the Porcupine group of leases, naniely, 
the Mug’s I;uck-Anruni, the Wai*riedar, Porcupine, 
and Ironclad lodes. The strike of the first three is 
about N.N.W.-S.S.E., that of the last-named about 
N.N.E.-S.S.W. The three former clip W.S.W. at  
from 40 to 60 degrees, the dip of the Ironclacl lode 
is to  the E.S.E. at nearly 70 degrees. All  Fault the 
jaspers and must be regarded as normal fault zones 
with the downthrow to tlie W.S.W. in the case of the 
first three, and to the E.S.E. in the case of the iron- 
clad. Relative to the jaspers they vary between dip 
and oblique faults. In the Porcnpine lease block 
faulting appews to have taken place. The horizon- 
tal displacement of the jaspers along the fault or 
lode lines varies from about five feet iin the Ironclad 
to about 230 feet in the Mug’s Lricli lease. 

The above-mentioned lodes are not of any great 
length; they appear to die out a little to  the north of 
tlie first jasper, ancl seldom reach more than half- 
way to the second bar. 

d as affecting the 
lock 8 is obscured 

ficial cleposits; since the otlier main fault 
now occupied by lode formations, it might be ad+- 
able to take this line in search of values. 

I n  addition to the above formations, a small cross 
lode occurs on the Warriedar lease, about 100 feet 
WJUth of the north boundary, and running between 
the Warriedar and Porcupine lodes. This was being 
xmked a t  the time of my snrvey, and was s 
carry good values. 

The lodes are usually marked at  the surface by 
outc.rops of very dense, hard, bluish-black iron ore, 
containing about 50 per cent. of metallic iron. In 
the oxidised zone they consist mainly of lenses of 
dense iron ore, Baolinic material, variegated opaline 
tnatter sometimes colonred by copper ores, and some 
asbestifoim hornblende locally lmown as “woolly 
nose”; quartz stringers are present in places. Where 
the lodes were visible below the oxidised zone there 
was a good deal of dense white pyrites. Values occur 
in shoots and appear to  be somewhat erratic. As with 
the Jasper Hill lodes, dish prospects seldom give a 
good idea as to  ralues, and in most cases the ores 
seem to  require sliming and cyanidation for success- 
ful treatment. Bismuth, probably in the form of the 
carbonate, is sometimes present, usually associated! 
with quartz ; this is ~~art icular lp  characteristic of the 
Warriedar cross lode. 

fires.-A fair  number of quartz ree€s outcrop in the 
mining area between the first and second jaspers. I n  
the Aurum and Warriedar leases, a few of these reefs 
strike roughly parallel to the lodes-they carry little 
or no gold. The majority are more or less parallel 
to the jaspers in strike, and are found to cut the lode 
formations; unlike the jaspers, these reefs usually dip 
to the south. Some work has been clone on the reefs 
in the Warriedar, Porcupine and Porcupine South 
Ehtendcd leases, but the gold values do not appear 
to have been satisfactory-in the last-named lease the 
reef strikes about north-east aacl south-west, and dips 
to the sontli-east. These reefs are seldom more than 
seven o r  eight chains in length, and vary in width 

(3.) QUARTZ REEFS.-(a) 1% t h e  Dolerite deriva- 

from a few inches 1113 to  about four feet, averaging 
&out a foot. Fair  values 1iaT.e been obtained in a 
few of the reefs, but the majority do not appear to be 
payable propositions. 

to run into the second jasper from the south, and 
these junctions might be tested i 
patches. 

A few short reefs occur in the 
group to the nortli, close to tlie junction with the 
shales. They nsnally strike about north-east and 
south-\Test, and dip to the south-east. A crushinq 
from ore on G.M.L. 755 is said to have gken 
returns. 

I n  the doleritic roclis at the Highland 
their contact with tlie granite, are O C C ~  

reefs o r  veins carrying small quantities 
it e. 

(1)) I% the Granitic Rocks.-As me 
when dealing with these rocks, a great number of 
parallel reefs, str iking W.N.W.-E.S.E., occur in the 

To the west of the leases, a few reefs w 



vicinity Highland Chief. I n  addition there 
are a s similar, but roughly east aud west 
striking reefs running from the granite into the green- 
stones in the above-mentioned lease. None of these 
appear to carry values, but very good prospects have 
been obtained from a creamy, somewhat sandy reef 
in the granitic rock in this lease, close to the contact 
with the greens his reef strikes nearly north- 
west and south- ughly parallel to the contact 
-and dips south-west-away from the contact-at 
about 45 degrees. A fair  amount of work has been 
done on this reef, which, a t  the time of my sur~cy ,  
looked fairly promising. A fair  amount of bismuth 
carbonate was present in some of the richer stone. 

(4.) DETRITAL DEPOSITS.-Practically no work of 
an alluvial character has been clone in this area, which 
does not lend itself to the formation of payable alln- 
vial deposits. Practically all the ore-bodies of the 
Porcupine group occur on the northern slope of the 
main dolerite ridge, and any gold leached therefrom 
by surface waters, or removed by Eolian agencies 
would be carried towards the valley to  the north. 
Here the alluvial deposits are spread over a compara- 
tively wide area, before the main creek, which runs 
some 20 chains distant lfrom the ore-bodies, is reached, 
and it is therefore unlikely that any well-defined and 
payable alluvial lead will be found in the locality. 

JASPER HlJX, MUIZCI-IISON GOLDFIELD. 
(F. R. FELDTNANN.) 

The survey of Jasper Hill, formerly known as The 
Pinnacles, occupiecl the inontlis of June and JL~Y, 
l9lG. Soine eight square miles of country were 
mapped in detail, and, in addition, I-Iilll End and 
Webb’s Patch were briefly examiiiecl. 

GENERAL R.EI.IARKS. 

Jasper Hill lies about 12  miles south-east of Cue, 
as the crow flies, and about S miles east-north-east 
of The Mainland. 

The mining area, covering a little under two square 
miles, consists of a low range of greenstone hills 
about two and a-quarter miles in length, striking 
about N.M.E.-S.S.W., and flanked on its north-west- 
ern side by a relatively narrow area ol: granite out- 
ciops, the whole being surrounded by alluvial flats. 
The rock debris only extends for  a short distance from 
the foot of the range. 

The Pinnacle itself is a small, roughly conical hill 
of jaspery quartz at the northern end of the range. 

The town is situated on the south-eastern side of 
the leases. 

THE ROCKS. 
(1.) DOLERITE AND ITS DERITATIVES. -For the pur- 

poses of this report, the greenstone rocks of Jasper 
Hill may be broadly classified as follows:- 

(a) Massive dolerite, amphibolisecl in places. 
(b) Hornblende schists. 

(a) The massive dolerile is a medium-grained, 
dark-greenish rock, usually occurring as elongated 
lenses of g-reatly -\.arying dimensions in tlie horn- 
blende schists. No sections of either rock having as 
yet been examined, microscopical evidence on the 
question of their relationsliip is lacking, but on the 

field evidence 1 am inclined to regard the areas of 
massive dolerite as those portions of a large mass 
which have escaped the effects of the shearing, which, 
assisted, probably, to  a minor degree by contact me- 
tamorphism, has giyen rise to  the hornblende schists. 
As those areas in which schistosity has been developed 
to the greatest degree represent the main lines of 
wealiness subsequently dtected by the gold-bearing 
solutions, these areas of massive dolerite may be dis- 
regarded in prospecting. 

(b)  €lorn-Dlen-de s 6s.-These rocks occupy by 
far  the greater port o€ the greenstone area, and 
form the country rock of the ore bodies. 

Typical specimens &om a comparatively fine- 
grained, tough, dark-greenish rock, distinctly schis- 
tose, both in the iield and in the hand specimen. 
Flakes of a comparatiti.;ely pale micaceous m i n e d ,  
probably biotite, are c o m o n ,  and in some instances 
in the immediate vicinity of the ore bodies are so 
numerous as to forin a biotite schist, probably 
largely clue to tlie eiTects of contact metamorphism, 
for pegmatite dykes are common in the vicinity. 

(2.) GRAHITE.-A large area to the north and west 
of the greenstone ridge is evidently occupied by 
granite, but it is largely obscured by superficial de- 
posits. 

In typical specimens the rock appears a relatively 
ccarse-granecl pale greyish mass in Ivhich large cry- 
stals of felspar are c o m o n ;  the ferro-magnesian 
mineral O C C L ~ - S  as llakes too small for accurate de- 
termimlion by the naked eye, but is probably biotite. 
A well-marked gneisssic structure is present in some 
instances. The granite is undoubtedly intrusive into 
the greenstone rocks, for numerous pegmatitic dykes 
are found running from it into the hornblende schists, 
usually in a direction parallel to the planes of schis- 
tosity in the latter. 

(3.) PEGNATITE DYIms.-The term “pegmatite” is 
here used in a broad sense, as the dykes vary some- 
what in general appearance, some of the larger ones 
being hardly distinguishable in the hand specimen 
from the granite itself. Some, however, of the smaller 
dykes are finer in grain, and in others there is a de- 
velopment of coarse flakes of a pale mica; garnet 
crystals are occasionally observable and bunches of 
black tourmaline needles were seen in one small dyke. 

The dykes are commonest in the hornblende schist 
near the inargin of the granite, being seldom found 
more than 30 chains away from it. They vary from 
a mere thread up ’LO about 40 feet in width, but are 
usually from two to four feet. A certain amount of 
contact metamorphism was observable in some in- 
stances in their vicinity. It is unlikely that they have 
have had any influence on the ore bodies, the forma- 
tion of which they, in all probability, preceded. 

(4.) SUPERFICIAL DEPOSITS.-Flats covered by a 
superficial deposit of soil, probably partly of alluvial, 
partly of eluvial origin, extend to the south-east of 
the main greenstone ridge for a width of about 2yz 
miles, when the Hill End-Webb’s Patch line of 
greenstone country is encountered. North-west of the 
granite outcrops on tlie western side of the ridge 
similar flats extend lor  a still greater distance. To 
the north, the alluvial country is broken by occa- 
sional granite outcrops, diile to the south the flats 
probably run into Lake Austin. Coarse rock debris, 
so characteristic of the country round Qniiin’s, is, as 
a rule, conspicuously absent, as are, also, lateritic de- 
posits. .”  
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Tim JASPERS AND ORE DEPOSITS. 
(1.) TIIE JMPERS AND LODE l?OR~f~STIONs . -~n  ac- 

couiit of their iiitimate association within this area, 
it is coiiveiiicnt to describe the jaspers and lode for- 
mations together. 

They occur, usually, as long lines of compound and 
markeilly scliistose bodies averaging aliout 20 feet in 
width, in which tlicre are numerous lenses of jasper- 
oid iiiatter. Only in  a fern instances do tlie latter 
show well-marlied ontcro s rising above the sur- 
romiding rorks, as is usually the case in other mining 
centres in the Murcbisoii Goldfield; such occur at !lie 

point a mile to  the soath- 

ithin this area tliere are two main lines of weak- 
ness occn1)ied by tliese compound jaspcroicl boclies, 

and the Comet line. The 
, wliich can be tracecl owr  a length of 2+ i des ,  
s about N.W.E.-S.S.TTr.; the .Cornier, about ~ W O  

iiiiles in lengtlr, strikes about north-east and soutli- 
west. Towards the southern eiid of the area they are 
rather more than 30 chains apart, but they converge 
going north, ani1 on tlieir present coiirse should meet 
uiicler the alluyial grouiicl close to  the castein corner 
of the IIalle, G.lf.L. 52‘711. 

Smaller lines are tbat ruiiiiing lhrougli the Venus, 
G.M.L. 5310, ani1 one about 10 chaiiis west of and 
parallel to the nortlicrn portion of the Piiinaele line. 

Besides tlie lenses of jasperoid matter, these bodies 
are composed largely of laniina? of hornblende schist 
with, in tlic oxidised zone, a good deal of y e l l o ~ ,  
browii, accl flame-coloured opaline iiiatter, a little 
kaolin and stringers of resinous quartz ; n greenish 
mineral, probably chloropal, is also present. Eelo-w 
the oxiclisecl zone there is a good deal of fine pyrites. 

T7aIues occur iii shoots, but tliese, ~ 7 i t h  the excep- 
tion of tliat 111 tlie Comet, G.3I.L. 5 1 3 ~ ~  appear to be 
short ancl, as a mhole, these formations must be re- 
garded as distinctly lov-grade propusitions. Tlie golcl 
appears to he in a fiiie state of dirision, and prospects 
in the dish seldom gin? any idea as to  the ralue of a 
sample, while sliming ancl cyanidation seem to be 
iiecessary to obtain a good extraction h o i n  the ore. 

A schistose formation in whicli jaspery lenses are 
absent ruiis through tlie Sliamocli, G.11I.L. 5 4 0 ~ .  In  
this forination there is a sin 
cose schist n-ith some red opa 
resiiious quartz as well as lamina? of hornblende 
schist. It is of no great length, probably not exceed- 
ing 25 chains, but some specimen stone is said to 
liare been obtained therefro 

the granite aiid the greenstones, usually marketl by a 
series of mll-defined and oce asionally soine\l-liat lami- 
nated icy quartz reefs up to about 6 
quartz reefs are iiot coiniiion in this 
short lenses are founcl i 
of a bnclig nature and rarr 

(2.)  &Ui\Rl-Z REEFS.-E 

west boundary of the Comet South. G.M.L. 51‘7n, 
was being worlxxl at the time of my surrey; a little 
coarse gold mas occasionally visible in this reef. 

) DIETRITBL ~la?OSTTS.-~llt~ little work has been 
in this centre on deposits of an allnrial cliarac- 

ter. In tlic riciiiity o f  the ore-lxdi 
erally steep aiid rial 
1 mntter. A small all 

vhich some 300 oimces of gold are said to haxe been 

obtaiaeil, runs diagonally across the Shamrock lease 
below the preyionsly meiitioiiccl lode iormation from 
which it was evidently cleriyed. 

QUINN’S, AtUECHISON GOLDFIELD. 

(I?. R. FELDTNANN.) 
The esaminatioa oL‘ Qiiiiin’s, including a brief visit 

to Nt. Tagaliong, occnpied the months of April and 
May, 1916. f b o n t  1 2  square miles of country mere 
mapped. 

GENERAL E E ~ I ~ K S .  
Tile mining centre of Quinds is situated, as the 

crow flies, about 3’>$$ miles south-east of Nannine 
and 35 miles slightly noi-th of cast €rom Tuclranarra. 
The townsliip of Q~iiiu’s is situated on the soutli- 
eastern side of a seriej o i  small ridges, which at  its 
south-vestern eiid is iiiaiiily composed of a number 

bars, and at its north-eastern end o€ rock of 
character, termiiiatiiig to the north-east at 

Nowthanna Trig.-the highest hill in the vicinity- 
situated on the westcrn edge of Quinn’s Lake, about 
135 miles north of east from the town. The mining 
area, roughly about four square miles in extent, lies 
mainly to  the mst  o f  the tomn. South of the town 
is a debris-strewn all u r d  flat ruiining into Quinn’s 
Lake about a mile to the south-east. To the west of 
the series of riclges, the grouncl slopes r apd ly  to  
alluvial flats, strewn with debris and with but few 
rock outcrops. 

TIIE ROCKS. 
(1.) AillrmCoLr’m.-Tlie greater portion of the 

area mapped is apparently occnlkd by amphibolite 
or epidiorite, but it is largely obscured by superficial 
deposits ancl, except a t  the extreme north-eastern por- 
tion of the area, nnveatliered outcrops are not com- 
mon. In tlie hand specimen these are fairly coarse- 
gained, specliled, dark greenish rocks, apparently 
composed of hornblende and altered (zoisitised) fel- 
sl:ar; their derivation from a gabbro or coarse doler- 
ite is ob.;.ious. A schistose structure is frequently ob- 
sei-vable, both in the field ani1 in the hand specimen. 

(2.)  GRRrsNoDIoRITE.-~oriiiinq the country rock of 
the iiiairi auriferous ieefq i; an elongated. roughly 
Leiiticnlar area o f  a highlv shearecl rock, striking 
rmighly W.S.W.-E.N.E., aiicl about three miles in 
length by one ancl a-qnnrter miles in width. This 
~ocli., which forms R suc:esaioii of rough ridres, ter- 
minating in tlie No~~thanna  Trig. hill, already men- 
tioned, is too much 7reaf;Eered a t  the surface for de- 
termination by the hand specinien alone. I n  the few 

indiridual specimer.s, I i o ~ ~ w e r ,  m r y  considerably. 
Foi. the 1)iirposes of this report, the rock is tempor- 
arily clas.ified as a highly sheared gneissic granodio- 
lite. In the iminerliate ricinitp of the auriferous 
reefs, the rock is :isnally higlily micaceous. 

The south-eastern boundary of tlie granodiorite 
is obscured by Quiiiii’s Lake, but on the north, west 

it is bounded bv the 
s to be intrusiw. 
the same rock, about 

a-quarter in leiigtli by 14 cliains in ~ d t l i ,  is found 
in the south-vestern portion 01 the area mapped, 
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about half a niilc to the north-west of the road from 
Quiiin’s t o  the Nowthanna group of leases. The 
Wallaby g ~ o n p  of leases is situated about the middle 
of the mass. The rock here is much weathered, bnt 
appears to be finer in grain than that of the main 
mass. 

(3.) PEGXATITE Dul<E:s.-Ent few minor dykes are 
found in this area, and these are of a pegmatitic char- 
acter. A small series of dykes of this nature is found 
intrnding the amphibolite about three-quarters of a 
mile nortli of east horn the Wallaby leases. All are 
coarse in grain, and the majority appear to  consist 
of quartz, felspar, and a pale mica; in a few, how- 
ever, mica is apparently absent, and the rock is com- 
posed of coarse masses of pink felspar and translu- 
cent quartz. Tliese rocks do not appear to bear any 
relationship to tlie ore bodies, tliough both may be 
connected with tile magima mhicli gam rise to  the 
granocliori te. 

(4.) SUPERFICIAL DEPOSITS. - Iiiclnding Qniiin’s 
Lalie and tlie laterite, which is founcl capping a -well 
defined series of brealiaways in the north-western 
portion of the area, as  ell as associated with jasper 
bars on a nnmber of small hills near the junction of 
the ainpliibolite and granodiorite, about two-thirds of 
the area* mapped is covered by superficial deposits. 
These are chiefly represented by the reddish soil 
characteristic of gold-mining centres. A feature of 
the district, however, is the number and extent of 
coarse fraginents of rpartz and jasper which are 
foniid a considerable clibtance from their source. 

TIIE JASPERS AND O m  DEPOSITS. 
(1.) TUE JASPERS.LW$ defined and long lines of 

jasper are a mmkecl feature of this area. They 
usually occur entirely in the amphibolite and follow 
the general strike of the country, Le., about E.N.E.- 
W.S.W., notable exceptions certain bars, 
u>nally componnd, ~ h i c h  follow the contact between 
the amphibolite and the granodiorite. In the majority 
of cases the jaspers are highly ferruginous, coarse 
magnetite crystak being occasionally noticeable on 

faces of some of the laminze, and in all proba- 
ty they pass into dense sulphide bodies at  depth, 

the preseilce of coarse “devil’s dice” on the slope of 
a small ridge, north of the Phcenix lease, occupied by 
one of these bars, confirming this. I n  composition, 
the jaspers occurring at  the contact of the previously 
mentioned rocks are again an exception t o  the gen- 
eral rule, being highly silicions, their composition 
having been evidently affected by that of the more 
acid granodiorite. 

(2.) THE REEFS.-!i& most consistent ore bodies 
tre are a series of kmiinated quartz reefs in 
n portion o f  tlie granodiorite, with strikes 

from north-east a i d  sonth-west to east and 
west, but usually E.N.E.-1V.S.W. These reefs are of 
considerable length, one, the Three Stars, being pro- 
bably orer a mile. The main lines o€ reef are the 
Two Jacks, tlie Parramatla, the Three Stars, and the 
Singapore; the tlyo former cross each other at  the 
wcstern ends. All ai’e composed o f  higlily laminated 
and jointed TTliite or gregisli qiiartz, varying in 
width from a few inches up to  about five Peet. They 
clip to  the S.S.E. at steep bnt rarj-iiig angles. Values 
are rariable and o c c m  in slroot.;, lint tlie reefs them- 
selres are well defined, and sliould lin-e to a consicler- 
able depth. 

Less lauiinatcil than the previonsly mentioned reefs 
xre the Favorite and Wallaby lines. The former, 
wiiich is near the soutliern edge of the main body 
of ilie granodiorite, trikes east aiid west and 
dips to the south; latter, which OCCLU’S in the 
aiualler granodioritc area to  tlie south-west, strilres 
xl?ont N.N.\Y-S.S.E. Both are composed of milky 

rugliy in the case of the Wal- 

Favorite reefs were tlie only 
oiies being ~ ~ o r B e d  at the time of my snrvey. 

Numerous quartz reefs are found in the amphibo- 
lite, hut they are usually “bucky,” with, in some in- 
stances, a tendency towxds an asteriatecl structnre, 
2nd appear to carry no values except at their jnnc- 

tlie jaspers; tliese jnnctions are always 
sllecting, as several rich patches, for ex- 

aiuplc, in the Ralatlhro and Nowthanna leases, have 
been obtained i n  this district from snch points. 

(3.) DETRITAL DEPOSITS.-A good deal of gold 
has been obtained by clryblowing in this centre, and 
the surface of the mining wea has been gone over SO 

horouglily that the possibilities of obtaining much 
gold by this method in future are not very good. On 
the other hand, compuratively little work has been 
done in search of trne allnvial leads, and ik is pos- 
sible that such may occur in the vicinity of the main 
n at er channels, e n ~ h  as tliose rnnning through Water 
Reserres 3135 aiid 13435. 

C13EMICAL AND AIINERALOGIICAL WORK. 
(E. s. SIXPSON.) 

ROZGtilZe TVoik-The main features of this are  
indicated by the accompanying table slioming as 
closely as possible the number of samples received 
a t  the Laboratory and assays and determinations 
made of them. Although the total number of 
samples vas  some-what lower than in  the previous 
year, this routine work was found to occupy practic- 
ally the whole of the time of the staff, which, owing 
to  changes in personnel, was not a t  full strength 
throughout the year. Whilst much of this routine 
worli is  necessary and inevitable, it is not the most 
valuable work that can be done by the laboratory 
staff for the State, since the results of most of it are  
macle a\*nilable t o  only one or tivo persons, and it 
does not in any case form part  of any scientifically 
directed sclieme for the development of our latent 
mineral resources. F o r  research work of this latter 
Bind them is  abnnclant scope i n  the State, where SO 

many thonsands of ponnds worth of manufactured 
goods are imported, the raw materials for which are 
abundant within o w  own boundaries. The prelim- 
inary steps taken t o  found a Commonwealth Insti- 
tute of Science and Industry are a tardy recognition 
of the fact  that  the whole foundation of modern 
industry is the scientific research of biologist and 
chemist, g-Qologist, physicist and engineer, without 
which we should liave adranced but little from the 
prehistoric coiiclitioii of iiidiridual barter. One Com- 
monwealth institute cannot, however, cope with all 
tlw scientific problems associated with the develop- 
nient of such a vast and young territory, and fnrther, 
its tendency mill inevitably be towards centralisa- 
lion of problems inrestigatecl and of benefits coii- 
€elred. ITigoroiis local efforts will still be necessary 
in each State, and nowhere more than in Western 
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Australia, t o  direct scientific inquiry towards build- 
iiig up local industries on the basis of local raw 
materials, wliicli, so .Car as the niineral kingdom is 
concerned, are here most abundant and raried, but 
still in need of detailed scientific investigation on 
systeniatic lines. 
Sf c@.-The position of Chief Assistant, rendered 

lacant by the death of Afr. A. J. Robertson, has 
Iiecn filled by the permanent appointment of Mr. H. 
Howley, whose long serrice 011 the Labmatory stag 
fits him eminently for this position. *' 

Special I~zvestigutioizs.-~~ar conditions have been 
reflected in the mork of the Laboratory in an in- 
creased clemand for information regarding ores of 
tungsten, inolybilen~uli and antimony, all three in 
unnsual demand for munition purposes. Tnngsten, 
in llie form of wolfram and scheelite, is found in 
numbers of localities in the State, usnally in small 
aiid irregular deposits associated with gold ores. 
In semral of these localities the minerals could 
readily be sarecl by concentrating tables, but ~ i p  t o  
the present- they appear in  most instances to  have 
been wasted in  the tailings without second thought. 
illolybdenite, the only commercial ore of molyb- 
denuin, is also widespread in sinal1 quantities, bnt 
a t  only one locality, viz., Mulqine. neni' Warriedar 
I Sonth l'algoo G~oldfield), is any attcnipt bring made 
to open up a deposit of the mineral. In this locality 
it occurs in a microcline pegmatite and in a11 as- 
sociated frasture zone of the granite. Assays of the 
crude ore haye ranged from lyz to 24 per cent. of 
molybdennm sulphide, worth, after concentration 
to  a minimnni of 90 per cent., 54 14s. per unit a t  
Freniantle. 

liite deposits lias been stimu- 
the State of a representative 

of one of the biggest consuiners in England. In view 
of the approacliiny exhaustion of the unrivallecl 
Ceylon deposits and the clifficulty in obtaining acle- 
quate supplies from Maclagascar and Siberia, the 
only other important prodncers OP the mineral, there 
is every hope of Western Australian deposits being 
successfully developed. The value of a graphite 
deposit allpears to depend mainly on the quantity, 
size, and purity of the flake graphite obtainable from 

At  liendenrip ( South-Vest Division), Monglin- 
~ i p  Creek, near the Oldfield River (South-West Dip-- 

ision), ancl Nortliampton (MurcIiisoii Division), de- 
posits are laown which give promise of yielding 
iair  quantities of marketable mineral, and from 
I<endenup already several small parcels liave becn 
exportecl. As an example of the best material avail- 
able at  Iiendenup one may quote the results of 3n 
examination of a pielred ore from the Kendenup 
Mine collected by &!r. Blatcliford, an officer of thi6 
Department. 

Ore. per cent. 
Total graphite . . . .  . . 80.54 
Ash .. . .  . .  . . 17.48 
Crucle flake orer 30 mesh . . G.1 

77 7, >, so 7 9  * * . . 38.3 

Total flake .. . . 59.6 

9 ,  7, ,t 40 7, * . . 35.2 

Ash in washed flake. per cent. 
Flake over 30 mesh . . . . 5.98 

,I 7, 80 9 ,  . .  . . 3.11 
The deposit on the Doiinelly River, near Manji- 

ii i i ip,  of which so mnch has been heard from tiine to 
I ime, has yielded, clomii to the depth to  which it has 
heen oyened tip7 only traces of flake graphite of 
the usnal commercial grade. The great bulk of the 
graphite in  the exposed portions of this deposit is 
'' amorphous, ' ' i.e., in microscopic granules or scales, 
forming from 20 to 30 per cent. of a soft clay. 

il cleinand has arisen in Australia and elsewhere 
for " asbestos " for  the preparation of fibi*o-cement 
sheets for building purposes. "Asbestos" is a name 
applied not t o  a single nrineral, bnt t o  any one of a 
number o€ finely fibrous silicates, tlie most valuable 
of which is clirysotile (fibrous serpentine). Thc 
term also inclncles fibrous rarieties of anthophyllite 
tremolite, actinolite and talc, all of which are known 
111 tlie State. Chrysotile is found in  considerable 
quantities only in a most inaccessible locality, 
Soanesrille, in the P i l b a a  Goldfield, bnt fibrous 
actinolite is of common occnrrence in several locali- 
ties, and it is hoped that this niav be found suitable 
in quality for such .rc-orB. The differences in the 
composition of these miiierals is 
lowing local examples :- 

,, 9 ,  40 2, . .  . . 7.09 

Clirysotile Fibrous Actinolite, Fibrous Actinolite1 Fibrous Antho- 
Soanesville, Hannan's Lake, &Et. Magnet. phyllite, Torrin- I N.W. Div. 1 Cen. Div. 1 Mur. Div. don, S.W. Div. 

I 
I I I 

Silica . . . . . . . . . .  
Mumina . . . . . . . . . .  
Ferric Oxide . . . . . . . . . .  
Ferrous Oxide . . . . . . . .  
Manganese Oxide . . . . . . . .  
Magnesia . . . . . . . . . .  
Lime . . . . . . . .  
Tvater at 100"' . . . . . . . .  
Water above 100' . . . . . . . .  

I 42.98 
.. .44 
.. I 1.68 

.24 I ,. 
trace :: ~ 39.92 

.. 1.94 

.. ~ i z  

.. 1 12.88 

.92 
2 .64  
6 .03  

. 4 s  
21.20 
12.50 

.32 
l.SG 

-. - 
3.39 

1.42 '62 1 .69 
6.00 10.46 

str. trace str. trace 
19.08 25.30 
10.60 -33 

100.57 1 100.24 1 100.82 

Clays, with mlrich the State is so abunclantly en- 
d by nature, are slowly coining into deinancl, 

and inqniries ham been made clnring the year for  
some of suitable rpdi ty  foT making zinc relorts. 
The inrestigatioii of the clays of the South-TTest 

Dirision has been continued as opportunity occurre 1 
-n-hicli is but seldom, o\ving to lacli of stag-and is 
now being ciirectett to\vards the clisco\erg of single 
clays or niixture of clays suitable for zinc retorts, 
roofing tiles, sanitary ware, and doinestic china. 
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BfINERqAL NOTES. 
Following are some notes on new mineral records 

IlIolybdtte, (Hydrated Nolybdate of iron), M L ~ -  
ieclar, Palgoo G.F.-This is the 
the occurrence of molybclenite was 

described in my last Annual Report.” Nr. F. K. 
Feldtmann has obtained some small but excellent 
examples of molybdite of typical lemon yellow colour 
and fibrous structure. A full description of this 
mineral is being prepared, as most text books giw 
erroneous descriptions based not upon the natural 
mineral, but upon artificial molybdic oxide with 
whicli it was till recently assuinecl to  be identical. 
Xolybdite is unstable under Tveathering conditions 
and is therefore of rare occurrence, and is not used 
as a source of metallic molybdenum. 

Jfolybdenite, Westonia, Yilgarn G.F. (Sulphide 
of molybdenum) .-MI*. Blatchford has collected 
some fine specimens, with flakes up t o  one inch 
(2yZcm.) in diameter 
depth in the Edna Ma 
Central G.M. Small scales of the same mineral were 
found also on the foliation planes of a granitic bio- 
tite gneiss at 250 feet in the Edna May Deeps G.N. 

Molybderbite, Leonora, Mt. Margaret G.F. 
pliide of molybdenum).-ah. C. S. Honnian h 
lected specimens of a quartz-felspar pegmatite from 
Thomas’s show, 1 0  miles north-west of Leonora, 
showing a fair  amount of molybdenite in flakes and 
rosettes up to 3/4 inch (2cm.) in diameter. 

2’CL@Ol&?, Tabba Tabba Creek, Pilbara G.F. (Tan- 
talate of iron) .-This very rare tantalum ore, which 
differs from tantalite (ferro-tantalite) chiefly in 
crystalline form, occurs somewhat freely with cas- 
siterite in the allurium of Tabba Tabba Creek, close 
to tile railway crossing. An analysis showed that it 
had the following composition :- 

established during the year : 

Tantalic o d e  . . . . S2.55 per cent. 
Niobic oxide . . . . 1.37 ,, 
Titanium oxide . . . . .1s ,, 
Tin oxide .. . . .34 ,, 
Ferric oxide . . . . .s3 ,, 
Ferrous oxide . . . . 10.69 ,, 
Nanganese oxide . . 1.47 ,, 
Lime . .  . .  . . 1.96 ,, 
Magnesia .. . . . lo  ,, 
Water . . . .  . . .31 ,, 

- 
99.82 - 

It mas distinctly crystallised in twins of the tetra- 
gonal system, so that the mineral might be mistaken 
for cassiterite (tin oxide). A completc scientific 
description has been submitted to the Mineralogical 
Society, London. Tapiolite is of the same ralne as 
tantalite as a source of the metal tantalum. 

Gndoliiaite, Cooglegong, Pilbara G.F. (Silicate o t 
iron, beryllium, and the yttriuni metals) .-Fcrtlier 
specimens of this mineral having been forwarded for 
examination mith a view to determining its com- 
mercial d u e ,  advantage was taken 01 the oppor- 
tunity of cliecltinp the only analysis prerionsly 
arailable, viz., that by D m k f  in 1902, which incli- 
cated that the Cooglegong mineral was exceptionally 
poor in yttrium earths, and therefore of diminished 
commercial value. The figures now obtained, 1 1 0 ~ -  
ever, sliow thal on the c o n h r y  the girlolinite fro111 

this locality is quite normal in composition, the re- 
sults of the rare earllib being:- 

Ytterby, 
8we(leii, (‘ooglegoiig, Coo:l 

Petersson. Simpson. Da 
10.09 10 
45.7s 33.10 
1.31 9.50 

rnium oxides . . ;3.oti 3.50 18.30 
Lanthaiiuiii aiid diily- 

illoitazite, Cooglegong, Pilbara G.F. (I’hosphaie oi‘ 
cerium metals and thorimn).-A new End of this 
mineral has been made in this locality. The pre- 
vious samples obtained many years ago and clcs- 
cribecl in Bulletin 45, \\-ere in  cinnamon brown peb- 
bles up to 10  grairuues in weight, but averaging oiily 
a little oyer 1/2 gramme. They carried €roin 3.4ti to 
4.3s per cent. of thorium oxide. The new sample 
is in much larger fragments, up to  50 gmmmes in 
\\eight and almost black olour, f rom a tliin coat- 
ing of manganese ore lomelane). Assays f o r  
thorinin will be made when a bulk sample is wail- 
able. The minimum grade for co1nmercial monazite 
is about 3.5 per cent. thoria. 

Electrzm, Ynndaminclera, North Coolgardie G.F. 
(Alloy OP gold and si1 in equal inolecnlar l)rol?or- 
tions) .-This mineral s collected by MY. C. S.  
EIonman at the Queen of tlie May Nine, where it 
n a s  fairly abnndant in a qnartz reef. When freshly 
broken out it is silver-white in colour, but rapidly 
tamislies in a sulphury atmosphere t o  a golden yel- 
 lo\^. I t  is in fragments up to one-sixteenth incli 
(ly-niin.) in diameter. 

Typical electrum contaiiis tlxoretically- 

I ts  coinposition is- 
Gold, 64.44 per cent. 

Gold, 64.63 per cent. 

Silver, 35.56 per cent. 

Silver, 35.37 per cent. 
C O T Z ~ ~ Z ~ Z C ~ Z ,  bfeh-ilk, Valgoo G.F. (Oxide of d o -  

minium) .-A single detrital crystal of this mineral 
was received h o m  Melville some few years 550, b u t  
no information was available regarding its occur- 
rence. Recently a microcline pegmatite, carry 
iiiimerous large crystals of magnetite, mas recei 
for cletermination, and this was found to cont:iin 
inany inicroscopic crystals of corundnm, lnostly 
smoke brown in colour. but partly deep blue green. 
I n  riew of this it is possible that systematic search 
\\-onld reveal a commercial deposit o€ the mineral or 
wen stones of gem quality. 

Scheelite, Comet vale, North Cooigarilie G.F. 
(Tungstate of calciuiii) .-In the Payley G.M. schee- 
lite 11% ;been found in yelIowiJi white to  honey yel- 
1olv masses in white and ironstained auriferous 
quartz. 

Scheelite, Norseman. Dnnclas G.F. (Tungstate of 
calcinm) .-iSpecirnens have been receive 1 from 
Hill Eiicl G.M. showing large iiiacses of’ white i 

1-ale yellov- scheelite a.;sociate.i with quartz. 
e, &It. Francisco, Pilbara G.F. (‘i”lnoplio+ 

calqirun) .-A pcginatite frotn this localiti. 
contained a considerable pcrcenl age of white qranu- 
lar apatitp associa’e 1 \vitli albite, o_r ,-snlarite. alid 
epidote. 

~ tnnZci/e, Comet \-ale, Nortli Coolgardie G.F. (HV- 
dmted silicale of sodi uix and alulnininm) .-This 
minela1 has becn round formin. a per€cc*tl,v crgstnl- 
l i d  crtist 011 tlie \\idl+ of‘ a vug11 In tlic Sail 1 Q ie 811 

I t  has not I>rrvionsly been recordeil as occrIr- 
ring in the State. 

1. 

* Annual Progress Report, G.S.W.A., 1915. p. 37. TProc. Roy. Soo. of N.S.W. 36, 286. 
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Samples . . . . . . . .  

llfeteorile, Mt. Afagnet, Murchison G.F.- 
Through the liind services of 1-1. G. Stokb, Esci., of 
Coinet Vale, the Department has obtainecl pohse&m 
of the whole of a meteorite recently discorered at 
3it. JPagnet. 7‘111s is a sickle-shaped sidciite in twcl 

ments, wliich lit together perfectly. The total 
weight is 36y!lbs. ( l t i l / A  kilos). The meteorite he- 
longs to  tlic group of finest ocluliedrites with high 
nickel conteiit (over 13 per cent.). It is tlie twelfth 
metallic meteorite l o  be found in the State. 

ess Reporl for 1913 containetl, 
in addition to tlic usnal miscellaueons niiiicral notes, 
reports on the Coiuinercial A .atiow o f  the Fora- 
iniiiif‘cral nunc Sands of 1) ra and Geraldton. 

Volume 1 of the Jonrnal e Royal Society o f  
Western Aiistralia. contained a paper enti t ld 
“Natrojarokite from I<u ’ bg iiiysclf arid Mr. 21. 
A. Bromne, B.A. This ilied a natural sulpliatc 
of iron ani1 sodiiiiii occurring in certain gold ores at 
the Phillips Rii  cr mil 1ial)lc t o  nffcct the cstrnctioii 
of metal b y  either smelting o r  leaching processes. 

Copics o f  Bnllctin 6, "Analyses 01 Testern Aus- 
tralian Rocks, Meteorites, and Natural TT-nteis” m‘c 
t o  hanil. This bulletin girei ii1 a forrii acmsd)le t o  
scientific inresticators ani1 others in1 ercsted iii the 
coiiipositioii of our local roclis ancl midergroun:l 
waters the resiilts o f  some hunclrcds 01 analyses made 

Public - ’ Pnblie- 
Pay. Free. 

83 247 

since the inception of the Geological Survey Labora- 
{ory in 1S97. 

For Eulletin 68, dealing vitli tlic Gcol 
Aleekatharra, two chapters were written and 
in the Press. They are entitled respectively Tire 
Minerals of the Meekatharra District,” “The Under- 
ground Waters 01 the Meekatharra Area.” 

The Report on tlie Chemical and Physical Pro- 
tierties of the Donnybrook Sandstones, written €or 
the Chief Architect in 1915 in connection with the 
search €or suitable building material €or the new 
G.P.O., has been revised ancl prepared for  publicn- 
tion. It now includes iiiforniatioii re  
stone from the new Goreraiuent Quarry which is 
being used in the upper portions of the G.P.O. 

A revised edition of Bidletin 19, “Biinerals o 
Economic is n o v  in the Press aiid shonl~l 
form a useful handbook €or tlie information o€ the 
prospector or unscientific mine worker. 

For some nnexplai 

has been established, practically no records of lofi1.1 
publieations h 7 e  ever appeared in the ihinnal Cat a- 
loguc. This matter mas taken in liaiirl during 1916 
by the Royal Society a id  a complete Cntalogne for  
Feclioii G (Mineralogy), coyerinc the years 1914/5, 
\TXS prepared by myself and duly for\\.ardrd to Lon- 
don for inclusion in the next issue. It is liopecl from 
iiow oiivards t o  Beep this .sidely c1istril)ntcd record 
np to clate so far as this State is eoncernccl. 

Gold assays . . . .  
Silver assays . . . .  
Copper assays .. 
Tin assays . . . .  
Lead assays . . . .  
Bismuth assays . . 
Antimony assays . . 
Iron assays . . . .  
Manganese assays . . 
Tungsten assays .. 
Lime assays . . . .  
Magnesia assay . . 
Phosphoric oxide assays 
Tantalum assay . . 
Molyhdenuiii assays 
Beryllium assay . . 
Yttrium assay . . 
Sulphur assays . . 
Petroleum assays . . 
Tellurium assays . . 
Proximate analyses . . 
Partial anaylses . . 
Complete analyses . . 
Dcterniinations . . 
Clay Tests . . . .  
Flake Tests (Graphitc) 
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Silica assays . . . .  

Tot alq 

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

43 
1 
3 
2 
1 

.. 

.. 

.. 

. .  

.. 

.. 

. .  .. 

.. 

.. 

. .  

.. 

. .  

. .  

. .  
. . . .  . .  

“0 
. . . . . .  
. . . . . .  . . . .  :: ~ .. . . . . . .  1 6 
. . . . . .  6 
. . . . . .  I ?G 

. . . . . .  7 

. . . . . .  .. 
I . . . . . .  . .  

. . . .  111 . .  I 

- 99 
26 
29 
5 

11 
3 

3 
4 
3 
2 

5 
3 
6 
1 
1 
2 
2 
2 
1 

22 
2 

120 

. .  

.. 

. .  

Otlier i Totals. Geological 
Survey. Departnients. 

I 

902 ’ 1,396 
164 I 

11 
2 
2 1  

.. 
: j  

.. 
1 
1 

2 

1 

.s 1 1  

. .  

.. I 

.. 
29 

D 
+ = I  
3 

23 

.. 

855 1,008 
6s 97 
41 75 
6 13 

13 ‘ 26 
12 I 15 
6 

.. 

.. 
0 

. .  

.. 

.. 

. .  
2 

.. 

.. 
3 
2 . .  

I 7 
7 
4 

13 
3 
1 

I 

I 
I 

J 



PE TROLO GICRL WORK. 

. FARQUHARSON.) 
ork carried out during the year 

lOlG falls eonreniently in the follo\.ving diiTisions :- 
I.-Determinations and Reports for  the Geo- 

logical Survey Staff. 
11.-Determinations and Reports for other De- 

partments. 
111.-Determinations and Reports for Prospec- 

tors and €or the mining and general 
public. 

~.-DETERIIINATIOX-S AND R E P O I ~ S  FOR TEE GEO- 
LOGICAL SVRL EY Smiw.--In adctition to the suites 
of rocks tliat will be considered later, there have 
been a considerable number clentiiications aiicl 
short descriptions macle of specimens forwarded by 
Tarions ofBcers of the staff, \Tit11 the object of oh- 
taining infoimation that would facilitate the map- 
ping o r  that \~oulcl elnciclate mining or geological 
problems. These include specimens from North 
Dandalup, which were investigated in regard to the 
occurrence of molybdenite, and of which the details 
will be found in connection with MY. Wood~varcl's 
Report on the occurrence; specimens from Nt. Jac!i- 
son; specimens from Edna May, TVestonia, examined 
with regard to  the continnation or change of a dyke 
at snccessiw lerels ; Prom Mr. Talbot's East I\Inrchi- 
son snrvey ; and €rom Niiighan for  the Government 
Geolcgist. 

Proofs of various relJOrtS have been corrected for 
publication in Bnlletin form, and a number o €  
microphotographs, illustrating the more interesting 
rock types, have also been prepared. As in 1915, 
the year has been a particularly busy one, more than 
SO0 sections having been cut and examined. So great, 
indeed, has been the pressure of work at times, that 
to obviate delays I have myself been obliged to cut 
tnvo hundred seotions, and the whole of the petrology 
of Westonia and the surrounding districts has been 
iiivestigated by means of sections I have myself pre- 
pared. 

The practice which has been adopted of having 
discnssions with the Field Geologists based on the 
resnlls of the petrological examination in regard to 
the relationships, etc., of the rocks has proved of 
much benefit to all concerned and has consiclerably 
facilitated the work in several fieldi, particularly at 
Meekathana and at Westonia. 

The collections of roelis examined include :- 

A-Tliose from Jleekat7m-rn : 
The majority of these had been already investi- 

gated, but in the early p w t  of 1916 rarious addi- 
tional rlecomposed clayey specimens were examined, 
and during tlie coiirce o f  the writing up of the petro- 
logical section of  the Bulletin further sections were 
occasionally requil erl tu clear np various donbti'nl 
points. The [isin. of relationships between the 
most altered rod.> aiid of boundaries between the 
carious types in accord ivith both the field and the 
iuicroscopic eridence was finally settled, and the 
whole of the woi*k for the Bulletin was finally coni- 
pleted and the proofs corrected. As the resnlts hatve 
already been given a t  sonic length, there is no need 

them, especially as the Bnlletin is on 
the eve of pnblieation. 

C.-Tliose from Yilgmzgi : 

ing types :- 
These, collectecl by A h .  Jntson, include tlic follow- 

(a.) A clnartz-i)urphyrite. 
(b.) C'hloritic and iwtially carbonated agglo- 

merates, \villi resemblances in places to 
an arkose. 

(c.) llocks with a \-olcanic agglomerate inatris 
COnlp5ed O f  large, ronude3 and angular 
crystals and crystal fragments of clnartl.lz, 
I'elspar, and hornblende, and sinall pieces 
of andesitic and porphyritic rocks, aiid 
enclosing much larger rounded or angular 
pebbles of 11 urphyry and porphyrite or 
aadesit e. 

C'.-Tlioae f r o i x  the Buiter/ly Lecraca, 21(iwpu, Norilb 

The rocks from this locality consist chiefly of:- 
C'oolgrcircke Gold/ield : 

(a.) Felsitic quartz pmyhyry. 
(b,) A sub-ophitic diorite, with ailinitleu to the 

(e . )  Quartz-diorites. 
amphiboliseil dolerites. 

D .--1% ose f r o m  K o  o Ey izie (i lzd iVic1gara is h i c  1, co 1- 
lected by 1711.. Julsolz: 

'1 llie registration, sectioniag, cletenumation, and 

clescription of these 7s liaye been res110115ible for 
a coiisiderriule ainoii of the year's worlc. Alto- 
getlier, fully 250 ro& hare been clealt ivif,li, ani1 
some of these being r i r t i d ly  clays hare iccpirrcl 
special treatment x5th balsam. Matly inleresting 
types ha\-e been discorered, the chief of which are:- 

(1.) Tine-grained ampliilnolitcs, some with pnle 
yellow zoisitic spots, w r y  similar to those 
in tlie fine-grained zoisitic amplilbolites 
at Kalgoorlie. 

( 2 . )  Pyroxenites, composecl ir!~oUy 01 a mu11n- 
clinic and an orthorlioulbic pyroxene. 

(3.) Hypersthene gabbros, probably variatiol~s 
of ( 2 )  with additional felspar. 

(4.) Quartz porphyries, some \vitll rhyohtic 
affinities. 

( 5 . )  Probable acid agglomeratcs, niure or less 
closely associated with (-1). 

(6. ) Quartz-diorit es. 
(7 . )  Epidiorites, similar to tliose at IiaIgoorlie 

and at Meekatharra. 
(S.) Granites of 7-arious Iiinds, including gneis- 

sic granite, and tlie biotite-u1icrocline 
granite in mhich the Cusmopolltan Mine 
was morked. 

(9.) Quartz-mica schists. 
(10.) Amongst the clapev rocks, sume nn- 

doubted a11 c w x l  schistose creensto~ies, 
some Baoliaised granites. ani1 sonle foli- 

e;liliienin a t  first siclit. 
nations and c'escriptions, ii pori- 

~idernble aiiionut 01' correlation Ii:i\ had to be made, 
in conjniictio~i wit11 
the altwed eliaiwtc1~ 
attended mitli much ( 

7'liese call for 11 ) 1 :irticular mention. n-ith the ex- 
cei~tioil of a h e d i  p o r p l i ~ ~ ~ i t i ~  hasaltic dolerite of 
c:implioritic appearance. 



F.-Rocks collected by i l lessrs. Clarke and Talbot 

Tlie esamiii:ition of these was begun late in De- 
ceniber, aiid has not so f a r  been completed, but some 
interestiiip types h a r e  alreacly beeii iclentifkcl. 
These include :- 

A series of quartz and felspar porphyries, 
soiiie with large pink €elspar phenocrysts, 
showing all gradations from a coarse- 

fvoin the WarbzZrton Range and ik vicirzztg : 

1. 

2. Some black or  nearly black coarse-grained 
gabbros, charactei-ised by the presence in 
some cases of enstatite-augite, hgpers- 
thene aiiil olivine, and a11 with a prepon- 
derance of basic labradorite o r  bytownite. 

These are undonbteclly identical with gab- 
bros or coarse dolerites preyiously de- 
scribed by Dr. J. A. Thomson, €rom tlie 
Cavenag11 Ranges further east. 

3. Undoobtedly coarse-grained crushed gneis- 
sose granite, e.g., from nit. Gosse. 

4. Doleritic dykes of h e  grain traversing the 
gneissose granite aiid the gabbros. One 
of these is  identical with the dolerite 
dykes at Sandstone, Cue, and Meeka- 
thana .  

5. Soiiie volcaiiic conelomerates with resem- 

4. The rocks from Bnllfinch. Those collected 
by Mr. C. 0. Gibson are 
epidiorites or hornblend 
originally been clerivecl irom gabbros 01’ 

pyroxenites. 
Those collected by Mr. Blatchford illustrate 

a section at the 410 feet level in the Bull- 
finch Mine, aiicl consist of talc-calilorite- 
carbonate rocks, he-grained fresh epi- 
clioritcs and iveatherecl chloritic schist. 
The relation b e t n w i i  these facies is dis- 
cussed in the Bulletin about to go to 
the Press. 

5. The rocks from \Irestonia proper. These 

(a) The Greenstone Dykes of the Edna May 
and Edna &’La\- Centriil Nines, which 
prove t o  be actinolitic prismatic horn- 
bleiiclites mostly, vd l i  no felspar or  only 
a r a x  trace of it. 

are :- 

(11) The Country Greenstoile Rocks :- 
Evidence of these has been obtained not 

only from outcrops, froin shafts and 
clnmps and from the exposures in the 
mines, but also from bore cores, such 
as Dub’s Bore Core, the core from 
Weston’s Revarcl, etc. ‘!lie rock facies 

blances t o  the agglomerate to  the East of 
&Ieektltliarra, aid a greenish graywaclie, 
with inclnclecl fragments of  igneous rocks. 

6.  A series of reclclish dolerites from Table 
E l l .  Some of these are distinctly 
phenocrystal with augite in  two genera- 
tions, and some show nunierous round 
white resiclcs of quartz. 

7. Foliated garnetiferous gneiss 
8. Epicliorite and chloritic schist. These rocks 

appear t o  be the only greeiistones siiiiilas 
to those associated with the gold clegosits 
in surreyecl parts of the State. 

A full acconnt of the specimens vi11 be g iwn in 
the Bulletin dealing v i t h  the Expedition, now in 
course of preparation. 
G.--Tlzose collecfecl by MY. Blutchford from the Yil- 

A certain number o€ these rocks, suificient for the 
purposes of the Field Geologist at that time, were 
dealt with last year, bot on completion of the field 
IT orli, the whole o i  the rocks, including the above 
as well as those obtained by ah. C. G. Gibson, have 
required examination for  the elucidation of the 
geological constitiition and strnctore o€ the district. 
especially of the Westonia Fielcl. Fully 200 sec- 
tions have beeii preparecl and esamiiiecl cltiring last 
year, 111 aclditioii t o  those alreacly in the register 
fro111 1915. The several locdities dealt vith,  as well 
as the character o f  the rocks o€ \rlrich they are con- 
stituted, are as .Colloms :- 

mes €~,om C+oldeii Vnlley. These 
are all either lioriiblenclites of coarse 
grain o r  fibrous epidiorites oil rather fine 
grain . 

2. The Gremstuiie5 from IIn 
are fine-grained aeici 
schist or nia,ssiw, coni se gruiiied crushed 
amphibolites or ell idiori tes. 

p’iitised and siliceoos rocks of 
tloiilit fill 01 igiii, bat probably sedirnent- 
ary. 

yu7 la  Guldfield : 

present are :- 
Foliated horiildencle gneiss. 
Granulitic hornblencle schist. 
Acicular hornblendc schist. 
Foliated amphibolite or  diorite. 
Rctinolitic chloritic hornblendite. 
Tremolitic serpentinow rock. 

The \-arious facies arc reducible to  two 
broad divisions :- 

(a )  Tlic foliated hornblende-felspar rocks. 
(11) The non-idspathic hornblendic rocks. 

The  elations between the groups and be- 
tween the facies are discussed a t  length 
in  the Eulletin. 

( e )  The grey Biotite-Gneiss. This 
scribed at length in the Bullet 
evidence is adduced for regar 
as a derivative, by means of dynamic 
stTess and heat, of a rock that is 011 

tl?e border line betwe 
a quartz-diorite, prob 
rite. It is shown, however, to be dif- 
ferent b o t h  in chemical and mineral- 
ogical composition from either the yel- 
lovish Southern Cross granite or  the 
granite from the Cosmopolitan Mine 
at I i o  okynie. 

(cl) Qnartz specimens and Granites.-The 
quartz specimens are of intrusive. 
granitic or pegmatitic character, are 
frequently characterised by the pres- 
ence of microcliiie crystals or contem- 
poraneons microcline wins, and are 
coiiimonly associated with wolfram, 
molybdenite, etc. 

granite of the So 
\rhich occurs in the 
apophyses in tlie 
notex-orthy featorc of one specimen of 
the rock is the presence in it of small 

The granites consist of the gel lo^ b 



1 .  

ed with the biotite. 

occurrence of prima1.y 
from New South Wales 

t in a microcline rock. 

grey biotite-gneiss and the greenstones. 
y fresh and occasion- 

ally garnetiferous. 
II.-Determincctions und Reporls f o r  other Depnit- 

Amongst these were some determinations of rocks 
for the Mines Department, and a report on some 
rocks collected by Mr. H. C. Castilla, of the Water 
Supply Department, from Hall's Creek, IGmberley. 
These latter rocks were examined in  regard to  pros- 
pecting for artesian or sub-artesian water. They 
proTed to  consist of :- 

ments : 

(a.) Sedimentary qu 
(h.)  Basaltic dolerite. 
(c.) A Biotite-quart 
(d.) An acid porphyry. 
(e.) A granite. 

The only rocks holding out any prospecl o€ a 
n-ater supply are the sedimentary qiiartxites. 
IIl.-l)eteriizinations and Reports f o r  p o s p e r i o r s  

I n  all, there have been 175 determinations of roclrs 
and minerals made during the year under this heail- 
ing. OP these, the following are worthy of special 
mention :- 

(a.) Stihiconite and Stibnite h o m  Whim Creek. 
(I).) Bismuth, bismuth ochre, and bisiniito- 

and the general pzcblic : 

spliiirite from Wodgina. 
Euxenite from Cooglegong. 
Sillimanite in a foliated bi 

garnet schist, from near Geraldton. 
(e.) Blue Topaz from Wodgina. 

(i.) A Report on Mica from a commercial 

(ii.) A Report on the possibility of obtaining 
precious opal in association with common 
opal. 

(iii.) Preparation of a list of localities and 
associations o€ Graphite in Western Aus- 
tralia. 

(iT.) Reports on Asbestos €or various pros- 
pectors. As a result, probably, of the 
Arinisterial announcement, publishecl ia 
the Kalgoorlie Uilzer of October 28th 
there was a marked increase in the nnm- 
bcr of samples of ashestos €orwarded €or 
examination. The majority of the 
material, however, mas a hornblende as- 
bestos of inferior quality. Up to quite 
recently, this was of practically no com- 
mercial TTalue and, indeed, is still o f  no 
value, but if, as has been mooted, an 
Australian factory is established for the 

isation of inferior asbestos in the 

I n  addition there have been :- 

st and 1) oint . 

manilfactwe of bricks and roofing tiles 
by the recently invented process, there is 
reason to be at there will be a 
market for considerable amount 
of Westesn Australian asbestos. 

(v.) A selection of minerals fo r  exhibition from 
the collection kindly lent to 
Survey by Mr. F. A. Moss. 

The collection includes som 
etc.), crystals of cei-us- 

etite, etc., from Broken 
Hill, and the thanks of the Geological 
Survey are due to Mr. &Ioss €or placing 
it almost nnreserwclly at the disposal 01 
the Department. 

( \ T i . )  A report on the gangue and the condition 
of the grapliite from Kendenup. There 
proved to be a considerable amount of 
garnet in this material, and the scales 
were niiicli more minute than they ap- 
peared to  tlie naked eye. 

Finally, during the year, an article T T ~ S  prepared 
for  tlie Mining Ranclboolr of Western Anstr a 1' ia en- 
titled ‘Tetralogy and its Economic Applications." 
The article is in two portions, of vhich the first con- 
tains an outline of the meaning and scope of tlie 
science and its practical application in :- 

(a.) Geological surveying, 
(b.) Mining geology and the stiidg of ore- 

(e . )  Arcliitecturc aiid Engineering, 
deposits, 

(cl. j Agricnlturc, 
and the second is a snccinct account of the chief 
rock-making minerals and the conillloner rocks, with 
the tests by whicb they may be distinguished in the 
Relrl even by those whose Bnowledge of geology or 
mineralogy is only ruclimentary. 

GEOTiOGICAL SURSVEP MUSETIM AND 
COLLECTIONS. 

As has been previously pointed out, the operations 
o€ the Department ha17e been hampered and its 
utility seriously impaired tlirongb no proper pro- 
rision having been macle regarding museum accom- 
modation, t o  mliicli attention has frequently been 
innile in piw-ions reports. 

The additions to the Snrrey Collection during the 
yenis amounted to 676, bringing the total number 
registered up to  15,595. 

Special aclmowledgment must be made of the 
donation to the collection of :- 

__ 5 ; 3  Pseudomorphs after Pyrites-(H. G. Stokes) ; 
~ ; Gold in Ironstone-(R. Daniel) ; 

Corundum, with white Mica '' Damurite "-(M. 
Lacombe) ; 

_- ; Galena, from Monarch Mine, British Columbia, Am. 
-(F. A. MOSS) ; 

&, __ 1, Crystallized Dolomite, from Robinson Crusoe, 

-. LI ; - Quartz, .with ferrugiiious Calcite, Dreadnought Mine, 

_-- ;,I Limestone, 475 miles from ICalgoorlie, Trans. Rail- 

xh British Columbia-(F. A. Moss) ; 

Meiizies-(H. Stokes) ; 

MenZies-(H. Stolies) ; 

way Line-(J. Nicholson) ; 

Border, Trans. Railway Line-(J. Nicholson) ; 

Herbert) 

Obsidianite, 22 miles across South Australian 

____ ;6 Graphite, four miles north of Northampton-(H. P. 

7 ;" Scheelite -(& yea) ; } 
__ 

Barite 
Collie Fossils-fInsaector of Mines) : __ I 

I 1 V  

-_ f I Molybdenite in l?&pars, North Dandalup, S.W. 

__ ; Manganese Ore, P,avciisthorpe-(M. Hassell) ; 
Division-(M. Fernie) ; 
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Possil Sponge, Albany-(H. Bomley) ; 
Tantalite Tourmaline )- Greenbushes-( G. Bonnar) ; 
Chrysolite in Gangue, Shelford, Quebec, America- 

(M. Johnsoill : 
Rutile, Templeton, Quebec, America-(If. Johnson); 
Chrysolite in Serpentine, : Coleraine. Block Lake, 

Quebec-(Y. Johnson) ; 
'' Amaruite " (Louesitc), near Lytton. Fraser River, 

B.C.-(DE. Johnson) ; 
" Awarnite," Hoole, Canyon, Pelly River, Yukon, 

Canada-(l\-I. Johnson) ; 
" Pulronite," Doulton Mine, n e q  Conrad, Yukon 

Territory, Canada-(&E. Johnson) ; 
Fossilised Wood, Kojonup, S.W. Division-(Y. 

Wood). 

LIBIURY. 
Thc Geological Survey Library received during 

1916, 9'77 publications from other cognate Institn- 
tions thronghhont the ~vorld;  in addition 143 roluines 
were added by purchase, and 201 volumes bound. 

The dis t r iht ion o€ the oEcial publications o f  the 
Survey issued during the year amonnterl to  3,063 
a s  against 6,407 of the previous 37ear. 

PlJDLICATIONS. 
The pnblications for the year hare  hcen as fol- 

loxvs :- 
Annual Progress Report for  the year 1915. 
Bulletin 6G.-Tlie Geo1o.g of  the Country 

South of Kalgoorlie, iiicliiding the Min- 
ing Centres of Golden Ridge and Feys- 
ville : 

Bulletin 6'7.--iZnalgses o f  Wcstern Australian 
Rocks, Meteorites, and Natural Waters : 
by E. S. Siinpson. 

Bulletin 68.-Tlie Geology aacl @re Deposits 
of Meelmthai~t  : 

Bulletiii 69.-Contribution to the Study of 
the Geoloqy and Ore Deposits of Kal- 
goorlie, Part 'TII.-Thc North End of Ral- 
gooilie : by F. R. Feliltmann. 

In addition to these, tliere are i i o i ~  in the hands 
OC the Cherninent Printer. . 

Bulletin '70.-The Western Australian Afiiiiiiq 
Handhook : by A. Gi111) Maitland and 
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