COMMONWEALTH OF AUSTRALIA.

DEPARTMENT OF NATIONAL DEVELOPMENT.
BUREAU OF MINERAL RESOURCES
GEOLOGY AND GEOPHYSICS.

RECORDS.

"759///5-

;3
g.z.KJm

The information contained in this report has been obtained by the
Department of National Development, as part of the policy of the Common-
wealth Government, to assist in the exploration and development of mineral
resources. It may not be published in any form or used in a company
prospectus without the permission in writing of the Director, Bureau of
Mineral Resources, Geology and Geophysics.



B

-

- Bl

INTRODUCTION
General

The Hatehes Creek Wolfram Field is situated
near the north-eastern end of the Davenport Ranges in
the Northern Territory. The Stuart Highway, a bitumenised °
road linking the port of Darwin with Te {: Creek and
Alice Springs, crosces the rangeX at north-western
end, Wolfram deposits are present throughout the Davenport
Renges, at Wauchope, the Devil's Marbles, Mosquito Creek,
Kurunelli, Epenarra, Elkedra, and Hatghes Creek; only the
Wauchope and Hatehes Creek deposits have proved to be
economically important. The Wauchope deposits have been
investigated by Sulliven (1952).

The Hatches Creek Wolfram Field is defined for
the purpose of this report as a roughly triangular area
bounded by Hatches Creek, lNia Mia Creek, and the Hit or
Miss Gully. (PLATE 2). The area extends roughly seven miles
in a northerly direction and is about three miles across at
the base. Only two small tungsten-bearing reefs and some
reef's reputed to carry gold lie outside this areca.

An airborne scintillograph survey conducted by the
Geophysical Section of the Bureasu of Mineral Resources in
19 revealed the presence of numerous raediocactive anomalies
immediately gouth of the wolfram field, but ground examination
disclosed %f economiz importance. The snomelies coincide
with changes in the intensity of the radioactivity corresponding
to outerops of igneous rocks.

Situation and Access

Hatches Creek lies 300 miles by road north-east of Alice
Springs. Access is by a well-graded road which leaves the
Stuart Highwsy 25 miles north of Barrow Creek. The mining
rield lies sbout ninety miles east-north-east of the turn-off.
Normally this road is accessible to all traffic, but may be
closed il heavy rain floods the creeks. IHatches Creek may
also be reached by a good earth road which leaves the Stuart
Highway at Bonney Well on the north side of the Davenport Ranges,
end runs via Kurundi and Kurunelli stations,

A weekly air service connects Hatches Creek with Alice
Springs, Tennant Creek, and Mt. Isa. The nearest telephone is
at Barrow Creek on the Overland Telegraph, but regular contact
by radio is maintained between the Hatches Creek Police Station
and the Flying Doctor base at Alice Springs. A store caters to
the needs of the miners. Freight charges from Alice Springs in
June, 1956, were £15 per ton, with backloading at £12 per ton.

Topography and Orainage

Hatches Creek and Mia Mia Creek drain to the north, and
are tributaries of the Frew River, which rises in the Davenport
Ranges west of Hatches Creek. The Frew runs west towards Hatches
Creek, then turns north, and floods out in the plains north of
the Davenport Range.
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Yhe Dovenport ilonie conglots or hills tvo landred
o throee hundred et 2ich ead the topouronhy is controllced
by e lithology. whe nills wre Lomicd Ly scndshonce und
crertuite, and the velleys ore vndoricin by igncous roekg,
grey:iceke, ghole, ond poftor sundgtoncs. “Whe southorn
part of wirc tiateheg Creck Licld ceongpiobs o o gorics ol
perelicl ridges trending cost Hut ia the centre and Ho thoe
aorth sie Joclor Gdubro hao Deen crodced o0 Qoms ¢ lou=lyingg
nlain freonl wich there rieoo ¢ mehor of hills ransing in
aclpghe £ron 20 Zect te chout 300 Doot, ou viddelh Joliwim i1l
in the eentro ol the arcy, ic thie lopgoeot. In Slie nopth Siw
lower Fogeldon Lililg {rcnd norti-cogt. w0lfpon M1l ond tic
ridges to whic porth are Llot-topncd cad hove gtcep olics rootly
covered WY gderec., wihe wldor voallceys are noderabtoly rlutirc.

Cliivanbe end Ve ctetion

otehegs Creck Licg witnia the tronieog;y winters axc
ild ulth roare Crostg; curmmers ore unnlousantly fint.e  Yhe
Geily exdomwm temocrrbure nigy exeged 1007 . Lor lomy: noricds
oA torperotures or Lore taun 1107 are recucat.  doindoll
vigures vere not obtoindhle, Hut whe yorrly uvers o ralarull
igs belicved to B¢ (hoav Loaricen inches, with most of the roin
folling in the loter ocwmey moaths, usually in a Cov heavy
ptornoy lirnter vlntor roing ray ¢loo £il. Dvoujut conditlons
have been knoun to last three yoars.

e vegctation rorleetn the ¢rld noiure ol tac counnbtry.
Spindlex propoes ore widegpredd; vorious snceles of cuealypt
grow gparscely on the hilleides, o vore thilekly clon: the
crecliic.  Flowerping shruvs olgo grou on the hills, /4 varioty
0F Zrepses, vogcthor with gsome mosscs cnéi Fushoes, 4rov olon:
the crccko.

Very 1little tiilice ic wood in the nidnes oving o the
Ygaret country and thoe cub-cnd-1ill rothod of minin.  here
tivberins io neeessory tmlpe (feceic cneura) io uwscd Doeruso
it ig reoigtont to terltes ond ¢o dvy rot. :ulza 1s scorec
in the lotehes Creck crver, and @mell ¢ounts only cwre ovitiin-
ablo wilthin 20 iciles o the Field. Loarse concigmmcnts ave
cut in the mulge stvonds botucen Lorrou Creck cnd Allec uprinis.
¥Yrices in 1¢56 cverased dhout 1/9 por lincur f£ood Dut vorlcd
ceecordin to thc digneter ol the tirmdor. .

O%er Huoply

Lntil 1937 the £lold vog scrved by o £ woscr holeso
lyinzg clong icteres Creck coad tacoe ere otill usecd., Honioroo
lolc, wnich lilcg towards the south cnd or the ©icld ig the
lorgest ond the nost Hersistent.  Lowever, in the boom yoors
of 1S37 %o 19h0 the vatcer holes proved 1o Do insoufficicnt %o
gupport thoe inercascd porulation and the dc:onds ox the DHobuery.
A well wven zut down en the Dle Liia Crpocx south-west of tuc
Yogcidon Tiillg ond ccuipned by the Covermicnt. Vs well is
now cnandoncd but water igc ovtained Lron two sorcg in the
pesnc vicinity.

Other attcmpts to obicln water nave had vorying Succcoo.
A well in voleconic rocks on the cost bankt oi Haotehceu Creelk,
oppoottc the Yrcosure Gully (Plate 2), is otill acccocuiblc.
Yothin is knowm oi the yicld fron this woll, but the wvater
is 'poportcd to De umnlcusant o drink. Jatcr Irol o deen
hoye, ¢loo in volecanic rockos, ncar the it or .igsc Hxtended
[dhe ves too saline for hunon consurntiorn.

e deocper minceo arc moxing woater in thelr lover levelo,
cnd the inseke ranges Crom 1,000 to L,000 gollons ner day; it

varies with the mince wnd the scapon. Thene weters ove goncrilly
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unsuitchle Por usc with cha:ilecl reerents in the
treating ol orc but arc saitdole vor vattery nccds.

Yhe proopeet or ovtaining water from the solid
rocks arc not ood, cs the cuartzsites ave too hord
to drill oni. the igncous roecks can e cxpected to
yicld water carrying o nish percentu e of discolved
golic¢g, wWhe sandstone and grejyuocke siaould prove
move gacvisfactory, vut may ol provide water in
oufiicient cuantity for treatment pleats. ‘Jeter {for
dormestiic use should prefcrivly be gought in the glluviunm
o. the crceko.

Adleld [ cthods

“he surfacc was mapped with the aid of lov-lcvel
air photogrophs (12,000 i't; 5,500 £t.) originally lown
for the derial, Geological, and Gcophysical Survey orf
Torthern dustralia, hereinaftcr ref'erred 1o ag Ay e Ge U e e
Inlori:ation was nlotted on . fW fWifs alr- photosraphs
(25,000 £t.) cnlarsed to o seale o) approximately onc mile
map. Leascs were mapped in detail vith planc towle and
volescopic alidede ¢t a scale of LO Pcct to one inch.
Underground manping was done with toare und composs &t a -
ceale oi’ 20 rfeet to one inch., ["aps prepuaved Ly ﬁ.G;G;S.E;A.(MM}
were uged iierc available, ond later workings were odded '
to thco,

Underground mopping of the mines was begun in ilay,
1956, and this wus followed by surfuce mapping oi' the
lecases. This work was compnleted vy August, 1956. Regionel
aeoloziccl mapping of thie winerul Picld was done in April
ond Tay, 1957.

HISTORY Ou : TITIING AITD PRODUCTION

The earliest rccordcd viait to the Ilotches Crcek
distriet wuo made by 1L Y.L. Brown (1893), who mentions
(page 10), the presence of "a Tew ¢uartz reci's containing
golic¢ oxides oi iron'., Browm was followved a e years later
by o prospecting cxpedition led by A. L. Davidson (1905).
Davidson had cscveral men prospceting for fold in the areag,
but although one of his crployees, D. Pedlur, snowed hiin a
black mineral wiich is believed to have been wolirar, no
notiec wus taken of it. A second prospecting cxpedition
(Georse and 'urray, 1907) passed throush the arcu in 19006
and recordcod the prescnce of traces of copper caroonates,
sold, end gulena (peze 21).  Jolfram was not rccorded.

In 1913 Pecdlor rcturncd to the ©ield having obtained
Governncnlt wgssistance of £50. lie progpected a rcef on
YJolfrem ¥ill, probably ncor Jindy Point, and sent a swiple
oi’ orc Lo Darwin; thc ore assayed 53.7 .0, (0liver, 1910).
Yhe first lcase was regiscstercd Dy lanlon dnd Jarnc in 1915
on the sitc of the present i'reapure Lease and [lidden Yreasure
Lecasc.

(hen %G Oliver visited the field in 1916 twenty men
rerc workins there. “he British Government wos providing
a suusranteed market for wolirer: at the time and production
rosc steodily to o maximun of 105 tons in 1920. “The
Dritish Govermment ccasced buying in 1919 cnd the price of
volfram dropped rapidly from 60/~ per unit to about 11/-
per unit in 1922. Rccorded production rf'rom Ilatehco Creek
ccascd in 1923, and was not resumed for cight ycars. The
accuracy of early figurcs is much ia doubt and tonnases
cuotcd should be considercd cg approximatc only: corymn-
ications were ved ond meny miiners nerlected to send in
their returne. Wot until 1948 were production Tigures
token Pfrom buycrs' rcturns. Assay data vere fircst obtained
ot cbout the same time,



Unless otherwise stated all tonnages given in
this report are in long tons (2,240 1lbs).

A unit of tungstic oxide is 100th.part of a ton
of tungstic oxide. Standard wolfrasm concentrate
contains 65 units of tungstic oxide per ton. ?65% w03).

Until 1923 all wolfram had to be transported by
camel to the railhead at Oodnadatta, 600 miles to the
south in South Australia, or by similar transportation
to Queensland. Official records show a total production
to 1923 of 387 tons of wolfram valued at £65,623, but
thi.a {mure is almost certainly much lower than the true
outpuv.

From 1923 to 1931 there was intermittent activity
on the field but not until 1931 wes any further production
(6.9 tons) recorded. Regular production recommenced in
1934, Between 1930 and 1932 some supposed gold-besring
reefs were discovered and examined in the Hatches Creek
district (Ann. Rep. Administrator N.T. 1930;1932). Assays
wct&*e reported to be promising but no development was under-
en.

The price of wolfram started to rise in the early
1930's and in 1937, owing to the Japanese invasion of
China and Germen stockpiling of both standsrd and sub-
grade wolfrem (Li and Weng, 1947), the price resched an
unprecedented height of 130/- a unit. The railhead had
been extended to Alice Springs by then, and motor transport
was readily available which considersbly aided the devel-
opment of the field. The field boomed from 1937 to 1941,
and at the height of the boom more than 200 miners were
working at Hatches Creek. Production rose steadily to a
maxirmam of 241 tons of concentrate in 1941 - about three-
guarters of the wolfram production from the Northern
Territory. A battery was installed by ¥r. J. Walsh, who
owned several leases at Hatches Creek and at Wauchope.
The Government provided a regular water supply and mail
service.

In 1942 the Commonwealth Government took over the
field, but concentrated attention on the larger mines:
smaller miners were allowed to contimue independently.
A large Chinese labour force was brought to the field.
By 1944 the Allies' demand for wolfram had slackened, and
mines were handed back to their owners. A Parliasmentary
Committee was set up to investigate the production of
wolfram and mica in the Northern Territory, and it recommended
that while the owners of mines already in operation should
be given every opportunity to resume production, the opening
of new mines should be discouraged. The committee also
recommended that some compensation should be paid to owners
of mines appropriated by the Commonweslth. It was considered
that, in the light of the increase of wolfram prices during
the war, the royalty originally agreed upon had been too
low ( N.T.W.H.I.G., 19'4)4 .

At the end of the war the price again fell drastically
and remained very low until late 1950, but most of the larger
mines contimued operations on a small scale. The outbreak of
the Korean War caused s sudden steep rise in the price of
wolfrem which reached a maximum of 680/-= per unit in 1951.
However the boom was short-lived, and by 1954 wolfram was
worth an uneconomical 155/= per unit. A slight rise in
prices in 1955 and 1956 stimulated some further activity,
but late in 1956 the price began to fall again. In mid-

1957 the price was fluctuating around 115/- per unit and
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there was no market for wolfram. By August, 1957 only the
Pioneer Mine was operating at Hatches Creek, on a very
limited basis, and it ceased operations before the end of
the year.

The total recorded production from the Hatches Creek
Wolfram Field has been 2839.85 tons of wolfram and scheelite
concentrates worth sbout £1,294,110. In addition some bismath
concentratés and copper ore have been produced. Tables 1, 2,
and 3 give the recorded annual production from Hatches Creek
of wolfram-scheelite, bisnmuth, and copper concentrates
respectively to 30th June, 1958. Figure 1 shows that the
producation of wolfram has always been closely related to the
price of tungsten, and both have fluctuated widely. Table
l4 gives the recorded production from all leases which are
known to have produced more than one ton of concentrates since
1940. From the Tsble it may be seen that six mines have con-
tributed about half of the production from Hatches Creek in
that period.

In June 1956 the following mines were producing: the
Pioneer Mine, the Endurance Mine, the Black Diamond Mine,
The Green Diamond Mine, The Hen and Chickens Mine, The Masters
Gully Mine, The Hit or Miss Extended Mine, The Hit or Miss
Mine and several other lodes on the Hit or Miss lease, the
Silver Granites Mine, the Kangaroo line, the Lady Hamilton
Mine, and the Copper Show Mine, In addition prospectors
were active on the Kangaroo Group.

PREVIOUS INVESTIGATIONS

The area was visited by Brown (1896), Davidson (1905),
and George and Murray (1907), before Hatches Creek was
established as a wolfram mining field. Brief mention of
Hateches Creek is made in each of their reports, but they
were concerned primarily with prospecting for gold and did
not examine the area thoroughly. T.G. Oliver (1916), made
a brief survey of the mining field in 1916, and his report
is the only reliable source of information on Hatches Creek
before 1937.

In 1937 a brief ground reconnaissance of the area was
made by officers of A.G.G S.N. A« and an area, including the
mining field, was photographed from 12,000 feets This was
followed by a detailed survey of the mines and the geology
of the surrounding country in 1940. The area was photographed
again from 5,500 feet in the same year ( A.G.C.S.1. A., 1941).

During the Second World War the demand for wolfram
increased; considerable interest was shown in the field and
several brief reports were grepmd ( Knight, 1943; Raggatt,
1943; Sulliven, 1943). C.J. Sullivan examined the Treasure
Mine in 1951 (Sullivan, 1951) and contributed a section on
Hatches Creek in "The Geology of Australian Ore Deposits"
(Sullivan, 1953). K. B Jensen (1955), has dealt with the
treatment of the complex wolfram-scheelite-bismith ore from
the Pioneer liine.

A ground party of the Bureau of Minerali Resources
completed a regional geological survey of the Davenport
Ranges in October 1952 ( Smith and Stewart, 1958). In the
same year an airborne scintillograph of selected areas in
the Davenport Ranges was begun, also by the Bureau of
Mineral Resources, and was completed in 1957. WMaps showing
the results of this survey were released later in the year.



ANNUAL PRODUCTION OF W AND SC CONCENT B
1915 - 1958
Year Endi Concentrates
30th Junang Tons Value Remarks
L
1915=1917 17 15,415
1918 62 12,679
1919 86,9 (b) 14,987 British Govt.
ceased buying.
1920 105,3 (a) 18,140
1921 140, O 3,824
1922 16.0 560
1923 Os l4 18
1924~1930 Nil —_— None recorded
1931 6. 88 192
1932-1933 Nil - one recorded
1934 24 1,864
1935 39. 63 4,428
1936 119, 6 5,016
1937 86, 0 (v) 9,525 Invasion of
China
1938 164, 34 Ll 4,298
1939 17725 31,903 world War 11
started
1940 186, 86 31,942
1941 241+ 39 (a) 395965
1942 208, 5 146,041 C'wealth Govt.
1943 120, 85 33,740 operated field
1944 71« 59 20,937
1945 49. 17 16,212
1946 60, 2 19,511 British contract
terminated
1947 39«45 11,925
1948 57+ 89 25,747
1949 39. 00 16,771
1950 28. 10 9,032 Korean War
started
1951 4154 (b) 61,555
1952 95. 88 167,851
1953 206. 57 (a) 26l,904
1954 110, 82 95,206
1955 83. 06 70,288
1956 119. 64 105,784
1957 : 105. 24 82g )-&56
1958 384 8 115391
Total 2’839. 85 81.29,4’110

(a) Note time lag between peak price and peak production.
(b) Peak price for each boom period.




Year Ending Concentrates Value
30th June Tons £

1943 (a) 34 56 39721
19 0. 20 187
194 Nil -
1947 0. 07 10
1948-1953 Nil -
1955=-1958 Nil -
Total 5.58 (b) £l,400

(a) Includes ore produced during 1941 and 1942, during
which time Hatches Creek was the major source of

bismath in Australia,

(b) About 80% of total production for the Northern Territory.

TABLE 3
HATCHES CREEK WOLFRAM FIELD
ANNU AL PRODUGTION OB COPPER ORE .
1950 ~ 1958
Year Ending Ore Value Assay
30th June Dry Tons £ % Cu.
1950 12,263 642 300 14
1951 L 25 300 a; 30,0 2a3
1952 5e 25 470 (a 30,0 (a
1953 Nil e bicis
1954 8. 63 950 3le 5
1955 20, 6 1,940 %4
1956 Nil o b4
1957 1%4.76 (D) 2,391 45.0
1958 _ 30 0 L55 42,9
Total 68.75 £7,1L8

(a) Value approximate.

(b) 6.47 tons copper




GEOLOGY

General

With the exception of Cainozoic sediments, all
the rocks present on the Hatches Creek field are thought
to be Upper Proterozoic, They consist of a sequence of
sedimentary and extrusive igneous rocks which Hossfeld
(1954) named the Hatches Creek Group and which have been
intruded by a differentiated igneous intrusive - here
named the Pedlar Gabbro-, by feldspar porphyry, and by
granite. An area of 20 square miles was mapped in the
course of this survey (PLATE 2). Mapping on a regional
scale was completed by the Bureau of Mineral Resources
in 1956 (Smith and Stewart, 1958).

Hossfeld (1941) recognised three stratigrephic units
in the area, separated by unconformities, for which he
proposed the names "Bottom Series," Hatches Creek Series,
and "Top Series." Subsequently, he discarded the upper
unconformity and the name "Top Series", and included
these beds, together with the Hatches Creek Series, in
the Hatches Creek Group (Hossfeld, 1954). The Hatches
Creek Group was placed in the "Davenport Series" which
Hossfeld considered to be lNiddle Proterozoic., At the
same time, Hossfeld correlated the "Bottom Series" with
his "Agicondi Series," which he considered to be Lower
Proterozoic.

Mepping by the Bureau of Mineral Resources proved
that the lower unconformity did not exist either, and
the "Bottom Series" was included in the Hatches Creek
Group. The Hateches Creek Group unconformably overlies
the Warramunga Group, and is overlain by flat-lying
Cambrian sediments; it is now considered to be Upper
Proterozoic (Smith end Stewart, 1958), The Pedlar Gebbro,
and the other intrusives in the Davenport Range, intrude
the Hatches Creek Group, but not, as far as is known, the
Cambrian sediments.

Hatches Creek Group

The Hatches Creek Group at Hatches Creek consist
mainly of arenaceous rocks, with a few lutites; and two
sequences of volcanic rocks in the upper part of the
succession. Quartz greywacke is the commonest of the
sedimentary rocks in the lower part of the suecession;
quartz sandstone predominates in the middle part, and
quartzite (or quartzitic sandstone) predominates in the
upper part of the succession. Beds of siltstone are
present throughout, and thin beds of shale occur in a
few places. A few small lenses of conglomerate are
present in the sandstone and the auartzite.

The commonest volcanie rock is an acid porphyry;
some andesite and lamprophyre (Sullivan, 1951) is present
in the lower sequence of volecanic rocks. Hossfeld (1941)
states that tuff is present in the upper sequence; but
none was recognised during the present survey, although
a fine light grey siltstone (Spee. 45, Appendix 1) is
almost indistinguishable from tuff in hand-specimen.

The beds on the mineral field have been moderately
folded snd faulted, and dip to the south at an average
of 55 degrees. The strike is easterly but swings gradually
from east-south~east in the west to north-east in the
east (FPLATE 2).



The total thickness of the sequence cannot be
measured, because in the northern part of the area only
scattered blocks of the Hatches Creek Group remain within
the Pedlar Gabbro. About 7,000 feet of the succession,
interrupted only by two thin sills is present between the
southern margin of the Pedlar Gabbro and the south flank
of the Hit or Miss Gully (Fig.3).

The oldest rocks in the area lie to the north,
Scattered blocks of the Hatches Creek Group, which have
been extensively altered lie in the Pedlar Gabbro between
the Poseidon Hills snd the Mia Mia Fault Zone (FLATE 2),
They have been shattered and folded close to the fault
zone, The Poseidon Hills are a series of low undulating
ridges trending roughly north-east and are composed of
fine-grained quart. greywacke and sandstone, with a few
beds of siltstone and quartzite. No bedded igneous rocks
:gre se;n‘but a plug of gabbro crops out in the centre of

e hills.,

Quartz greywscke is the dominant rock; it is dense,
thin-bedded, and fine grained, and consists of angular
grains of quartz in a matrix of sericite and altered
feldspar, Limonite, leucoxene, musco¥ite, zircon, and
tourmaline are present as accessories. The colour of the
rock varies from brown to almost white and seems to be
determined by the amount of limonite in it.

focmel by

The Poseidon Hills arejone of two very large blocks
of sediments = the other being Wolfram Hill - which lie
completely within the Pedlar Gsbbro. The sediments have
been hornfelsed at the contact, and small blocks of horn-
felsed sediments lie within the igneous rock close to the
contact. The dip of the beds is to the sovth-east and
steepens from 4O degrees in the north-east to a maximum
of sbout 70 degrees in the south-west (PLATE‘LQB Current
bedding at the south-west end indizates that the beds are
the right way up.

Wolfram Hill lies to the south of the Poseidon Hills
and the two are separated by a wide, flat-bottomed valley
underlain to the north by the Pedlar Gabbro, and to the
south by scdimenﬁgwof the Hatches Creek Group, Outcrops
are rare and thelcontact was not seen. The sediments in
the valley are siltstone, greywacke, and sandstone, but
on Wolfram Hill the dominant rock is quartz sandstone,
interbedded with quartzite, greywacke, and some siltstone.
Two small outerops of deeply-weathered acid igneous rocks
were examined and appear to be intrusive; but the outerops
were limited, and the nature of their occurrence was not
determined. They lie on the south side of' Wolfram Hill.

The strata on Wolfram Hill strike roughly parallel
to those on the Poseidon Hills but the grain is coarser f
and the individual beds are gemerally thicker. The besie esertiel
constituent of the arenites is medium& sub-angular, fractured
quartz grains, but the matrix, which may be siliceous,
ferruginous, or composed of detrital feldspar, epidote, and
other accessories, determines the appearance of the rock,
in hand-specimen: the rock may be respectively a quartzitic
sandstone, a ferruginous sandstone, or a silty sandstone.
The silty sandstone becomes & greywacke by a decrease in
the amount of quartz present; the few siltstone beds
represent the lutitic matrixz only.

On the northern side of Wolfram Hill the beds maintain
a roughly uniform dip along the strike of 50 degrees to
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55 degrees to the south-east. | However on the southern

side of the hill, particularly between Windy Point and

the Creen Diamond Mine (PLATE 4), the strata are faulted
and tightly folded. Intense Jjointing has obscured most

of the bedding in this viecinity and the commonest rock

is a massive, even grained quartz sandstone. Although
ripple marks indicate the bedding in a few places these
occurrences are not common enough to enable the structure
which appears to be most complex, to be properly determined.
More detailed meapping will be necessary.

A low, soil-covered plain, underlain by the Pedlar
Gabbro, separates Wolfram Hill from the ridges to the
south. The gabbro contains numerous blocks of partly
digested sedimentary rocks, nearly all of which strike
conformably with the regional trend. These blocks are
more resistant to erosion: consequently, where the under-
lying rock does project above the soil cover, xenolithie
material is usually present. The remnants which can be
identified genersally prove to have been quartzite or
sandstone; fragments of softer rocks have either been
more completely assimilated, are concealed beneath the
alluvium, or were originally sbsent.

The sequence is relatively undisturbed south of the -
Pedlar Gabbro and consists of guartz sandstone and quart-
zite, alternating with masses of extrusive volcanic rocks
and softer sediments. This has given rise to a linear
topography of a series of five ridges and four gullies
trending roughly east. The most northerly ridge is low and
irregular, and is composed partly of metasomatised sand-
stone, and partly of granophyre. The granophyre has
segregated from the Pedlar Gabbro and crops out along the
southern margin of the main body of gebbro (FLATE 2).

The second ridge to the south is also composed pre-
dominantly of sandstone, in which metasomgtism is still
apparents The sandstone is poorly bedded and massive with
ripple marks and cross bedding. It is a ferruginous quartz
sandstone similar to those on Wolfram Hill, Quartzitic
sandstone and silty sandstone beds are present but are less
common than on Wolfram Hill.

The most northerly gully, Hanlons Gully (FLATE 2),
is underlain by sandstone, greywacke, and siltstone which
have been intruded by a thin sill of granophyre. Faulting
in the area has displaced the sill and the sedimentary rocks.

The next gully to the south, Warnes Gully, is also
underlain by sedimentary rocks, which have been intruded
by dolerite. About 500 feet of sandstone, greywacke, and
siltstone separate the sill from the third ridge to the
south, which is composed of quartzite. Outcrops in the
gully are rare; greywacke appears to be the commonest
rock. A very iron-rich siltstone erops out in this gully,
and Dallwitz (Appendix 1) considers that the iron may have
been derived from sulphides.

The third and fourth ridges to the south are composed
of a tough, light-grey quartzite in which cross-bedding is
common and indicates thet the beds are the right way up.

The quartzite consists of interlocking gquartz grains 0.1 mm
éo 2.0 mems in size, and a little hijematite. Ft—eentains
eds of quartz ssndstone and small lenses of conglomerateare < Pf‘-"‘"’:
The conglgmerate is made up of pebbles of Jjasper and light
grey and black quartzite in a coarse sandy matrix; the lenses
of conglomerate are rarely more than 15 feet long and 5 feet
wide. Irregular masses of quartz, a few feet long, are
present in the arenites, and there are many silicified

breccias along feult zones.
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The quartzite dips south at anything from 45 degrees
to 75 degrees, but dips are mostly between 55 degrees and
60 degrees. The quartzite of the third ridge passes
eabruptly into volecanic rocks of the Treasure Gully. The
composition of the volcanic rocks varies from andesite to
acid porphyry; a few lenses of hard cuartzite are inter-
calated with the lavas. In strong contrast to the Treasure
Gully, the volcanic seguence in the Hit or VMiss Gully contains
a high proportion of sedimentary material and the volecanic
rocks are all acid porphyries as far as is known, Granophyre
intrudes the volcanic rocks in_ the Treassure Gully at the
western end, and also east of Hatches Creek (PLATE 2), but
has not been found in the Hit or Miss Gully.

The volcanic rocks of the two gullies are separated by
sbout 1,500 feet of sediments, Most of this is quartzite
but there is a basal bed, sbout 12 feet thick, of greywacke,
and in the upper part of the succession the quartzite gives
way to quartz sandstone. Above this sistie there is sbout
600 feet of interbedded lavas and arensceous rocks before
the main volcaniec phase is resched; although sedimentary rocks
consisting of lenses of iron-rich quartzite and sandstone,
and beds of siltstone, greywacke, and sandstone are still
present in this phase. The lenses of iron-rich sediments
resemble gossans from a distance and it is thought that at
least part of the iron may have derived from iron-rich
sulphides in the sedimentary rocks themselves, or in the
surrounding porphyry.

The Hit or Miss Gully narrows markedly to the west:
just east of' Mia Mia Creek the volcanic phase is only
about 1,500 feet thick whereas to the east, near the Hit
of Miss Group, the volcanie phase is almost twice as thick.
In general, the lavas 1lens out to the west and the sediments
:(L;ixs out)to the east along the south side of Dooleys Ridge
ATE 2).

The commonest volcanic rock is the porphyry which
congists of phenocrysts of quartz, and in some specimens
feldspar, in a groundmass of quartz grains with sericite,
hwematite, magnetite, chlorite, biotite, phlogophite, sphene,
and leucoxene. It is not known whether the absence of feldspar
phenocrysts in some specimens is due to diff'erences in the
various lavas, or whether their absence is due to irregularities
within individual flows.

Many of the porphyries are asmygdsloidal. The amygdales, }
which may be up to half an inch across, contain guartz. s
Secondary quartz has been identified in the rock in thin M

section. The porphyry has been convert to hornfels I
places, and has been silicified and sepriticis ome

secondary silicification has taken place, but the relative
contributions of weathering and metamcrrhism to the silicification
and sericitisation hsve not been determined.

Fedlar Gabbro

The Pedlar Gebbro, named from Pedlars Creek (FPLATE 2)
is an intrusive complex which underlies most of the northern
part of the field. The intrusive consists of a gabbro with
late-stage acid difrerentiates. The original composition has
been modif'ied by assimilation of material from the Hatches
Creek Group, and by autometamorphism.

The common rock type is a coarse saussuritized and
uralitized gabbro consisting of actinolite, remnants of
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plagioclase, and interstitiel quartz, with asccessory

iron oxide and gpatite. Andesine has been identified

in the remnants of the plagioclase, but Dallwitz

(Appendix 1) considers that it may not be representative

of the original plagioclase. Patches, veinlets and blebs
of gabbro pkgmatite, and more acid differentiates, are
present throughout the gsbbro. They are composed of
saussuritised acid plagioclase and guartz, with accessory
penninite; epidote, sphene, and iron oxides. Descriptions
of these rocks are given in Appendix 1. Some samples seem
to be dioritic, and this may be due to contamination of the
gabbro by the Hatches Creek Group. Xenolithic material is
sbundant throughout the intrusive, and some of' the xenoliths
have assumed an igneous texture (Spec. 26b, Appendix 1).

The gsebbro is oval in plan; the long axis extends

sbout nine miles north-east, and the short axis about four

and g half miles north-west. It ends ebruptly against a

large fault to the north and north-west (Smith and Stewart,
1958). Granophyre crops out along the southern and south-
eastern margin of the intrusive, and a granophyre sill intrudes
the Hatches Creek Group in Hanlons Gully. A dolerite sill
intrudes the Hatches Creek Group in Warnes Gully and granophyre
erops out in two places in the Treasure Gully (PLATE 2).

The contact between the main bodies of granophyre and
gabbro is almost entirely obscured. The contset zone is
visible on the east bank of Pedlars Creek. No definite
contact was seen; the gabbro appears to grade into the
granophyre, but the outerop is disegntinuous, and the
presence of xenolithic material andk ther differentiates
confuses the picture.

The granophyre is a potash-goda granophyre, or gran-
ophyrie adamellite: descriptions are given in Appendix 1.
It is composed of quartz, orthoclase, plagioclase, and
biotite, with accessory chlorite, epidote, and iron oxides.
Granophyrie texture is poorly developed in some specimens.
The granophyre which crops out at the western end of the
Treasure Gully contains pyrite, iron oxide, and pyrrhotite,
in a pocket of epidote (Spec. 35, Appendix 1). Secondary
copper minerals, are associated with segregations of quartz
and epidote in Warnes Gully, south of Wolfram Hill, and in
other places.

Veins, pockets, and stringers of epidote are abundant
throughout the intrusive; and epidote in the metasomatised
sandstone is thought to have come from the intrusive. The
unusual sbundance of epidote suggests an affinity with a
dolerite which intrudes the Hatches Creek Group elsewhere
in the Davenport Range, and which is also rich in epidote
(Smith and Stewart, 1958). However, Smith and Stewart
state that -

"The behaviour of the dolerite as a
stratigrephic marker, and its con-
timity, suggest that it is inter-
calated with the sedimentsee...
rather than it intrudes them."

They also state -

" An alternative explanation of the
origin of the dolerite is that it
was intruded as a multiple sill. In
this case the dolerite must have
been intruded either before consol-
idation of the Hatches Creek Group,
or at an early stage ol the period

when the group was folded."



The latter theory is consistent with that held for
the time of intrusion of the Pedlar Gsabbro. There is
considerable evidence to suggest that the Pedlar Gabbro
was intruded during the folding of the Hatches Creek Group.

It is stated in a later section that the faulting and
folding at Hatches Creek were contemporaneous and field
evidence suggests that intrusion took place at the same
time as the faulting. Further, the folding is thought to
have agssisted, if it was not directly responsidle for, the
segregation of the granophyre. The composition of the
granophyre; the sbundence of epidote and late-stage differentiates;
and the field relationships all suggest that the granophyre
differentiated from the gabbro: whether before or after intrusion
is not clear, A more detailed petrographic study will be needed
to determine whether there has been differentiation within the
gabbro. Differentiation is not apparent in the field, but may
be obseured by the abundant xenolithic material.

Blocks of sedimentary rock ranging in length from a few
feet to more than a mile are present in the gabbro: with one
known exception they lie parallel to the regional dip and strike
of the country roek. The continuity of these blocks, and their
abundance throughout the outerop of the Pedlar Gsbbro, suggest
that the upper margin of the gabbro was not very far sbove the
present level of erosion. Hossfeld (1941) has suggested that
the larger blocks represent roof pendants. The continuity of
the blocks also suggests that movement was slight during the
consolidation of the gabbro. More work will be needed to
determine whether intrusion preceded or followed the main foldinge

Other Intrusives

porphyry

A body of feldsparjlies in the core of a large dome sbout
$hree miles south of the mining field (Smith and Stewart, 1958).
It is one of a nmumber of such occurrences which are present in
the Davenport Range. The porphyry is intruded by granite, which
is believed to be the source of the tungsten deposits. The
wolfram deposits at Wauchope are associsted with a granite lying
in t?c core of a dome formed by the Hatches Creek Group (Sullivan,
1952).

Smith and Stewart (1958; state thet "all of the granites
(in the Davenport Range area) are two-mica mierocline granites",
and also"....the granites show evidence of stress after consol-
idation". In this the granites are similar to those at Tennant
Creek (Smith =nd Stewart, 1958; Ivansc, 1954).

Agein following Smith and Stewart =

"Unless it is postulated that there were two metallogenic
epochs, each of which produced the same minerals ( of
tungsten, copper, bismth; also gold), then the granite
of the liosquito Creek area ( and by infererce, of Tennant
Creek) may be regarded as equivalent in sze to the granites
which intrude the Hatches greek CGroup. "

Current investigations by the Bureau of lMineral Resources into

the age of granites in Central Australia may zZive some indication
a8 to whether the deposits of copper, tin, wolfram, silver, lead
and gold which occur intermittently in association with granite
from Mt. Singleton in the west, through Barrow Creek and Aileron,
to the Jervois Range in the east, can be related to the same period
of mineralisation as the mineral deposits of the Davenport Range
and Tennant Creek.



Small outerops of thin, impure travertine, containing
a high proportion of silty material, are scattered along the
banks of Hatches Creek and Mia Mia Creek. A coarse, loosely
consolidated conglomerate is visible in the upper parts of
these creeks. The conglomerate consists of locally derived,
rounded pebbles, up to four inches seross, set in a coarse
gravelly base.

A few low, talus-covered rises are scattered over the
soil plain which overlies the Pedlar Gabbro. The talus
consists of water-worn boulders of quartzite and sandstone,
many of which show no signs of matasomatism, suggesting that
they were not derived from their immediate environment. One
of the rises has been dissected by Hatches Creek, just north
of Bean Tree Hole (PLATE 2). The rise is formed of igneous
rock, and no sedimentary rocks were seen in u. Igneous
rock also crops out on the sides of some of the other rises.

Metamorphism

Regional metamorphism of the rocks in the area has been
very low grade, and has been obscured by thermal and metasomatie
alteration near the Pedlar Gsbbro. The shear zones in which
the tungsten deposits have been emplaced frequently contain
schistose rocks.

The sedimentary rocks in and near the Pedlar Gabbro have
been severely metasomatised, and many of the xenoliths have
been reconstituted with an igneous texture. The altered rocks
contain sericite, chlorite, epidote, sphene, apatite, and
rare leucoxene. Dallwitz (Appendix 1) considers that feldspar
and biotite have been formed by metasomatic processes and later
gltered to sericite and ehlorite by the same processes. Scattered
clots of sericite in the quartzite from the third ridge south
of the Pedlar Gabbro ar®& also attributed to metasomatism.

The volcanic and sedimentary rocks in the gullies south
of the Pedlar Gabbro have been sericitized and silicified,
and in places have assumed a hornfelsic texture, which suggests
thermal alteration of the rocks, either by the Pedlar Gabbro
or by the granite to the south. The Pedlar Gabbro is nearer
and was probably intruded at a higher temperature than the
granite. The presence of granophyre in the Treasure Gully and
Hanlons Gully, and of dolerite in Warnes Gully suggests that
this part of the field is underlain at depth by the Pedlar
Gabbro. It is considered that most of the alteration of the
rocks on the field can be attributed to the Pedlar Gabbro.

Folding

Only one period of folding is apparent in the Hatches
Creek Group at Hatches Creek. The regional strike of the
folding in the Davenport lange is west-north-west; but this
is interrupted by several domes, some of which, like some of
the larger anticlines, are cored by igneous intrusions, At
Hatches Creek the Pedlar Gabbro lies at the core of an
asymmetrical, faulted, domed structure. The tungsten-bearing
lodes crop out in the intrusive and on the southern linb of
this structure.

The dips of the bedding on the southern limb are between
4O degrees and 70 degrees to the south and average sbout 55
degrees. Cross-bedding and ripple marks indicate that these
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beds have not been overturned. The dips of the bedding
on the northern limb are mainly very steep to the north
but the strata have been disturbed by a large fault
striking at about 060 degrees, which lies close to the
crest of the dome. Hatches Creek lies at the locus of
a marked change in the trend of the regional folding.
West of Hatches Creek the fold axes trend north-west:
east of Hatches Creek the fold axes trend north-east
(Smith end Stewart, 1958).

Faulting

The study of faulting on the mining field has been
confined mainly to areas where sedimentary rocks crop out.
Very detailed mapping will be required to determine fully
the faulting of the igneous rocks, Thus the fault pattern
on the north end of the minersl field is not clear.

The largest fault feature in the area is the Mia Mia
Zone (FLATE 2), which has a total horizontal displacement
of about 5,000 feet. This is a wide, complex zone of
dislocation trending at 020 degrees. At the western end
of Warnes Gully, where the margins have been accurately
determined, th¢ zone is 1,800 feet wide. The western
margin of the zone is distinguished by a single large
fault which has been traced from the west end of the Hit
or Miss Gully to the northern limits of the mineral field
(FLATE 2). In places this fault is marked by a wide zone
of silicified quartz breccia. It strikes at 020 degrees
over most of its length but the strike changes to OLO
degrees north of the Hatches Creek airstrip. The breccia
is umusually wide in this northern section of the fault 2
end forms an upstanding ridge sbout 100 feet high (FLATE X).
The rocks on the south side of this ridge have been severe
faulteds At the west end of Warnes Gully the fault zone has
been displaced by a short fault striking at sbout 060 degrees
which is apparently part of the fault zone but is slightly
younger than the rest of the faulting. '

A gimilar but more complex and less easily defined
zone of faulting lies at the eastern end of the Hit or Miss
Gully. This zone and the Mia Mia Fault Zone have been taken
as the eastern and western limits of the mineral field. No
tungsten deposits have been found outside these jimits. WVia
Via Creek and Hatches Creek coincide roughly wit% the outcrop
of the two zones of faulting.

Some of the smaller faults which lie between the major
fault zones are parallel in strike to the faults within the
zoh€s, and have many characteristics in common:-

2 The strike of some of them varies considerably.

3) The apparent horizontal displacement varies
considerably along the strike.

(4) Some of them show a reversal in the direction
of apparent downthrow.

(5) wide zones of brececia are common along the
fault planes, and the larger faults are
accompanied by extensive zgnes of shattering.

§1§ They are vertical or steeply dipping.

These characteristics suggest that the faults pay be wrench-

faults. Brecciation is not restricted to wrench-faults but

its presence, combined with the other characteristiecs, is
significant. Displacement along the two major fault zones

was right handed, but meny of the smaller faults are iefd W e |
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hended although they are parallel in strike to the[\faul.t
zZones,

Wrench-faulting has obscured any evidence of earlier
faulting.,. It is considered that the wrench-faulting was
associated with the same period of diastrophism that caused
the folding of the Hatches Creek Group. The strike and
displacement of the Mia Mia Fault Zone indicate that the
direction of maximum stress was from north-east to south-
wests This is consistent with the axis of folding in the
Davenport Range west of Hatches Creek.

The strikes of the faults on the mineral field have
been plotted on a strain rosette (Fig. 2A). By far the
greatest number of faults strike between 020 degrees and
050 degrees, with the commonest direction of strike at
030 degrees. A few faults strike at 360 degrees, 320
degrees, and between 280 degrees and 300 degrees. No
direct relationship could be found between the directions
of strike of these faults and the direction of maximum
stress indicated by the Mia Mis Fault Zone.

Only one strike fault has been identified, at the
western end of Dooleys Ridge (FLATE 2) but there hass been
abundant small scale displacemert along the bedding planes
on the south side of Dooleys Ridge, and many strike faults
may remain unidentified. Displacement along the bedding
planes can be seen where mineral-bearing reefs strike
across the bedding and was contemporaneous with the emplace-
ment of the reefs.

The reef's occupy shears of small horizontal displace-
ment, most of which strike between 060 degrees and
degrees, or between 360 degrees and 020 degrees: the strikes
have been plotted on a strain rosette (Fig. 2B). The shears

are thought to have been formed during the main peri emplacernenTs
faulting at Hatches Creek, but the e reefs

was later and was accompanied by further minor dislocation
which w robably caused by the intrusion of the granite.
Althou ater movement has taken place, no distinet post-
ore faulting has been traced. On the Green Diamond Main
Lode on Wolfram Hill the Lehmann Fgult is later than the
main period of mineralisation, but there is some evidence
for a later period of mineralisation associated with the
fault.

At the south end of the mineral field three loci of
more intense dislocaticon have been developed within the
general pattern of faulting. The type of faulting is
different at each locus.

The first locus, at the west end of Dooleys Ridge,
is extremely complex. At least one strike fault is present
and a block of volcanic rock has been faulted into the quartzite
of Dooleys Ridge (FLATE 2)., This locus is well removed from
any tungsten deposits, and no attempt was made to elucidate
the structure.

The second locus, at the head of Pedlars Creek, consists
of two sets of faults striking at sbout 320 degrees and 035
degrees. The fasults striking at 035 degrees are dominant and
are parallel in strike to the large wrench-faults in the Hatches
Creek area. The faults traverse sedimentary rocks and a sill
of granophyre in the south, and pass into the main body of the
Pedlar Gabbro to the north. The granophyre sill has been dis-
placed by the faults, but they appear to die out in the Pedlar
Gabbro. The faulting seems to have been contemporaneous with
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the intrusion of the igneous rocks.

The third locus lies at the eastern end of the Hit
or Miss Gully and possibly owes some of its complexity
to the major zgne of faulting immediately to the east
(PLATE 2). The most important feature of the faulting
in this area is the presence of a set of short faults
with an undulating north-westerly dtrike. The faults
lie along gullies for the most part, and their presence
has been inferred from the displaceisent of the sedimentary
beds which lie within the volcanic rocks in the area (FLATE 2).
The undulating strike of these faults is typical of tension
gashes, They are thought to have been developed to compensate
for difrerential movement between the blocks of guartzite which
flank the Hit or lMiss Gully to north and south. The greatest
concentration of tungsten bearing reefs at Hatches Creek lies
within this locus of faulting.

Geomorphology

The flat-topped hills at Hatches Creek represent an old,
undulating plain of unknown age, Smith and Stewart (1958),
have reported that Cambrian sediments, and some Precanmbrian
gravels, overly &a relief conforming in general to that now
in evidence in the Davenport Range, and it is apparent that
erosion of the Hatches Creek Group was considerably advanced
before the Cambrian,

The existence of a Miscene peneplain has been postulated
at Tennant Creek (Ivanac, 1954), and south of the Davenport
Range. Subsurface data from Murray Downs Station and Warrsbri
Native Settlement, which lie along the south side of the
Davenport Range, indicates a considerable depth of limestone
and otheam partly consolidated alluvium which is thought to be
Tertiary. A dissected fertiary plain is known at Mt. Swan
150 miles south o1 Hatches Creek ( M.0. Jones, Pers. Comm.).

erssion Sorfece

The age of the fAImt—tops at Hateches Creek could thus be
fertiary or Precambrian. The dissection of the plain which
is represented by the flat-topped hills may therefore have
begun soon after the Cambriasn or at some time in the Cainozoic.
Post-Mesozoic epeirogenic movement took place at Temnant Creek
and to the south of the Davenport Range and probably caused
rejuvenation at Hatches Creek. The presence, on the low rises
round Wolfram Hill, of what may have been a mere extensive plain
of boulders; and in the creeks, of dissected travertine, points
to some slight uplift in comparatively recent times.

Geologic Hisgto

Greywacke and sandstone represent the earliest sedimentation
in the Hatches Creek area and indicate deposition of ill-sorted
material on a subsiding floor. Steady subsidence gave way to
alternating periods of subsidence and guiescence. The periods
of quiescence gradually became longer and gave rise to relatively
large thicknesses of well-sorted sandstone. Two periods of
valecanicity interrupted the sedimentation. The source of the
vulcanicity was probsbly to the east of Hatches Creek. "he
The composition of the volcanic rocks indicates a non-orogenie
association.

The deformation that followed was accompanied by the
intrusion of the Pedlar Gebbro, probably at an early stage.
It caused segregation of late-stage fluids which formed the
granophyre, and were responsible for considerable metasomatic
alteration of the country rock. Shear zones formed during the
main phase of deformation, acted as posts to the mineralising

fluids which sccompanied the intrusion of the granite, probably



- 20 =

towards the end of the diastrophism. The strike and
displacement of the main faults indicate a direction

of maximum stress from north-east to south-west. If

the faults are wrench-faults, the axis of intermediate
stress was vertical and the axis of minimum stress was
from south-east to north-west. This supposes either

a considerable vertical confining pressure or tension
from south-east to north-west. The low grade of regional
metamorphism suggests that the area was never subjected
to a great load, and it therefore seems likely that there
was tension from south-east to north-west.

A period of erosion was followed by marine inundation
in the Middle Cambrian., A further prolonged period of
erosion followed was not interrupted as far as is
known, until the jertiary. At least 100 feet of Tertiary
sediments were deposited along the south side of the
Davenport Range, but tertiary sediments have not been
proven within the range. Posi-Mesozoic epeirogenic
movement may have caused some rejuvenation at Hatches Creek.
The only evidence for uplift during the Cainozoic is provided
by the low, rubble-covered rises, and by the eroded travertine
on the banks of the Mia Mia Creek and Hatches Creek.

ECONONIC GRECOLOGY

General

Most of the tungsten ore produced at Hatches Creek
has been won from quartz reefs. Eluvial wolfram has also
been won from the gullies on Wolfram Hill and Dooleys Ridge.
Tungsten is present mainly as the iron manganese tungstates,
an isomorphous series rangi in composition from ferberite
(PeW0.,) to huebmnerite (MnWO_,). The end menbers are rare,
the intermediate member wolPramite ( (Fe Mn) WO.) being the
usual form. No attempt is made in this report to distinguish
the varieties and they are referred to collectively as wolfran.
Scheelite ( CaW0,) is present in some mines. Some copper ore
and bismith ore Rave also been produceds The ore deposits have
been localised between the Mia Mia Fault Zone to the west and
a less distinct zone of faulting to the east. Between these
two zones an area of intense fracturing has developed, into
which ore-bearing fluids have intruded. The deformation at
Hatches Creek is more severe than in the rest of the Davenport
Range, and this may be due to the location of the field at the
point where the fold axes in the Hatches Creek Group change
from fHorth-west to north-north-ecast.

The dominant direction of strikes of the faults and the
lodes have been graphically plotted on a strain rosette (Fig.2).
The figure shows that the commonest strike of the faults is at
030 degrees whereas the lodes strike in two main directions: at
010 degrees and between 060 degrees and 080 degrees. If strike-
faults are present they would also strike between 060 degrees
and 080 degrees, as this is parallel to the strike of the
sedimentary rocks. However strike-faults sre hard to detect,
especially in the volecanic roe The strike of the sedimentary
rocks changes from east to west (FLATE 2), which accounts for
the dispersal of the strikes of lodes lying parallel to the
stratification. Vost of the groups of lodes lie close to at
least one large fault, but no relationship between the lodes
and these faults was discerned.

The lodes are concentrated in a number of groups and the
lode pattern within the groups varies so much (Fig. L) that
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no distinet lode pattern can be recognised. Each lode
consists of a shear zone occupied by several quartz reefs,
which may lie side by side or en echelon with their ends
overlapping slightly. The strike of the lode has no effect
on the content of wolfram, but at the south end of the field
it appears to have had some effect on the type of accessory
mineralisation (sesess—s—3. Lodes with a northerly strike
are absent at the north end of the field, but lodes with an
easterly strike are ubiquitous.

All the important lodes have dips steeper than 4O degrees.,
Lodes striking north dip either east or west, but few lodes
striking east dip to the north: some are vertical and most
of the rest dip south. The lodes are 250 feet to 550 feet
long, but the groups in which they lie may extend for 2,000
feets The Kangaroo Line, which is exceptional, dips north
end is about a mile long (H..ATEI}).

The average width of the reefs in the lodes is about 12
inches, but some arec as much as 60 inches wide in places.
Nowhere has the bottom of a lode been exposed: the deepest
development at the time of the survey was a little over 200
feet. A diamond drill hole intersected the Pioneer No, 2
Lode at a vertical depth of 297 feet and proved a width of
12 inches for the reef. This is consistent with the average
width of the reef so far exposed in the mine.

A considerable amount of eluvial wolfram has been won
from the steep-sided gullies adjacent to the lodes. Some
eluvial deposits are reported to have been profitably reworked
within ten years of the original exploitation. FPlans were
discussed for the bulk treatment of eluvial deposits from
Wolfram Hill at the Government Battery early in 1957, but
the collapse of the wolfram market caused the operation to
be shelved.

Minerslogy

Wolfram and scheelite are the predominant metallie
minerals, but minerals of copper, bismath, molybdemum, iron,
lead, and tin are also present. These occur as accessories
in the tungsten-bearing reefs, together with a number of
gangue minerals of which guartz and mica are the commonest
ones.

Tungsten Minerals

Wolfram is present either as metsllic grey bladed crystals
or as s darker massive form. Radiating clusters of crystals
may be seen in the richer pockets of ore., Scheelite is virtuslly
confined to those reefs which lie wholly or partly in igneous
rocks and is common only where the Pedlar Gabbro is the host
rocke The ratio of scheelite to wolfram decreases where the
reef's pass into sedimentary rock (Sullivan, 1953).

Scheelite constitutes some 60% of the ore at the higher
levels in the Pioneer Vine (Sullivan 1953) but no information
is availsble for the 206-foot level. However scheelite is
gtill present in considerable quantity at this level. Other
tungsten minerals inelude tungstic ochre (woj) and probsbly
cupro-tungstite (Hossfeld, 1941).

Bigmth Minersls

Native bismith, bismuthinite, and bismutite have been
identified, and bismite is thought to be present. Bismuth

is sbundant in lodes in the Pioneer Locality where attempts




have been made to exploit it, but occurs in only minor
amounts in other localities. Bismuthinite is present

in light grey fibrous patches on the Pioneer Group, where
it is associated with native bismuth, in small amounts
wolfram, scheelite, pyrite, and chalcopyrite; and carries
up to four dwt. of gold per ton of bismthinite (Jensen,
1955)e The yellow, earthy carbonate, bismmtite, is present
in the oxidised zone.

Copper Minerals.

Copper minerals are present in practically every ore-
bearing lode on the mining field, and range in percentage
from a trace to about half of the metallic minerals present.
They are suf'ficiently sbundant in the Hit or Miss Group and
the Copper Show Group to warrant their separation as copper
ore. Reefs carrying important amounts of copper lie in acid
porphyries. The primary zone has only been reached at the
Pioneer Mine and the Green Diamond Mine: chalcopyrite is
present in both these mines. A large variety of copper
minerals are present in the oxidized zone, some of them of
striking beauty. The following minerals of copper have been
recognised: -

Chalcopyrite Brochantite
Chalcocite Malachite
Covellite Azurite
Bornite Chrysocolla
Tetrahedrite Cuprite
Atacamite Native copper
Paratacamite

Chalcocite is mined as copper ore at the Silver
Granites mine: malachite is the common ore mineral at the
Copper Show Mine., MNost of the minerals listed above are
present in the Hit or Miss Group. Atacamite (Parkinson,
1955) , paratacamite and brochantite ( D. R. Walter, pers. Comm. ),
and chrysocolla were first identified from this group. The
copper minerals are intimately associated with wolfram, and are
one of the prime causes of penalisation of the wolfram concentrates

for the presence of impurities.
0 M 8

Molybdenite is the commonest of the less important ore
minerals which are not normally present in sufficient quantity
to penalise the wolfram concentrates. It is present in small
amounts throughout the lodes on the field but is probably most
gbundant on the Hit or Miss Main Lode. Wulfenite (Pbuog has
been recognised at the Hit or Miss, and Murray (1907) hfs
reported the presence of galena, Limonite i# abundant every-
where and pyrite has been exposed at the Pioneer lMine and the
Green Diamond Mine.

A notable feature of the Hetches Creek mineral dcposits
is the paucity of cassiterite. Concentrates from the Pioneer
Mine contain traces of tin (Jensen, 1955) and some cassiterite
has been reported from a small reef in the Treasure Gully. The
_};t ”garcel of concentrates from the Green Diamond Mine assayed
S o
2

Gold has been reported from several reefs north-east of
the Pioneer Vine.fpage——3, It is present in the Pioneer
concentrates to the extent of three to five dwts. of gold per
ton of concentrates, and the content inereases with depth
‘(Jensen, 1955).
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Gengug linerals

Quartz makes up at least three-quarters of the mineral
content of all reefs. It is usually present in a white
massive form.

Muscovite and biotite are relatively abundant in reefs
lying in igneous rocks and have three distinct modes of
occurrence: -

1). Scattered throughout the reef, in places forming
small hexagonal "books"™ of mica up to 7 mm across.

2). As a selvedge on one or both walls of the reef.
The selvedge may attain a width of two inches, but usually
averages about half an inech.

3)s In small fissures leaving the reef at low angles,
where it may be associated with feldspar and quartz.

Feldspar is most common in reefs which lie in the Pedlar
Gabbro. Kaolin, sericite, epidote, tourmaline, zircon, garnet,
and fluorite have been identified, and are all more sbundant
where the host rock is igncous.

Zoning.

n

There is no distinet minerslogical zoning »{ the lodes
at Hatches Creek except for the selvedges of mica, but the
ore minerals show a tendency to segregate from the quartz
in some reefs. At the Green Diamond Mine wolfram lies towards
the hangingwall and the footwall of the reefs leaving s central
zone of relatively barren gquartz. In places the wolfram crystals
are oriented with their long axes perpendicular to the walls
of the reef. At the Silver Granites Vine wolfram and copper
minerals lie in the centre of the reef leaving marginal zones
of barren guartz.

T g8 of Mi Olle

Three types of mineralisation, characterised by the
constituent minerals, have been récognised.

1) WOLFRAN-SCHEELITE TYPE - This type is distinguished
by the presence of abundant scheelite and is confined to lodes
lying within the Pedlar Gabbro, whether in the igneous rock or
in the roof pendants composed of sﬁmentary rock. Bismth is
common, and minor amounts of coppe A molybdenitey sudEdetae
sinevsls are 2Pgo present.

Example - Pioneer Group.

2)., WOLFRAM~COPPER TYPE -~ Copper minerals are sbundant
but scheelite is rarely present. This type is confined to
lodes lying in acid porphyritic volecanic rocks in the Hit or
Miss Gully. Bismath and molybdenite are present in small
amounts. Minor gangue minerals are sbsent.

Example - Hit or Miss Group.

3)e WOLFRAM TYPE - These lodes lie mainly in sedimentary
rocks and in volcanic rocks and are distinguished by the almost

total lack of s except wolfram, quartz, and mica.
/@denite races copper and bismuth are present.

Example - Treasure Group.




The third type is the least distinet, especially where
the lodes lie in volcanic rock. Lodes lying in acid por-
phyritic rocks do not necessarily carry enough copper to
belong to type 2, and some of the lodes on Wolfram Hill do
not carry sufficiently large quantities of the distinguishing
minerals to justify their classification as type 1« The Green
Diamond Main Lode is a marginal type as it carries as much
copper as scheelite, It is assigned to type 1 becsuse of the
presence of sericite and keolin, and its location within the
Pedlar Gebbro (FLATE }).

Vetallurgy

The complex ores of the Wolfram-scheelite type and
Wolfram-copper type lodes have incurred heavy penalties in
the past, and at times the wolfram-scheelite-~bismuth concentrate?
from the Pioneer Group, have proved difficult to sell, The method
of separation of the impurities difrers with the nature of the
complexitys and the percentage of accessory metallic minerals
present. angue minerals are easily separated during gravity
concentration of the ore.

Low percentages of secondary copper and bismuth minersls
are separated by hand and although separation is not complete
this method is sufficient to reduce the content of impurities
to a point where the concentrates inecur little or no penalisation.
Small parcels of copper concentrates separated by hand from the
Hit or Miss Group and the Copper Show Group have been sold.

Ore from the Wolfram-scheelite type lodes is more difficult
to separate. Pioneer Mines N.L., who operate the Pioneer Mine,
have conducted considersble research into the treatment of ore
from the lodes on the Pioneer Group. Ore from the primary zone
is first treated magnetically to separate wolfram, then the
bismith sulphide is separated Trom scheelite by flotation,
Separation of the bismath carbonate from the scheelite in ore
from the secondary zone is accomplished by leaching with acid.
Hydrochloric acid was used in the separation of bismutite from
concentrates from the Endurance Mine. Leaching was carried out
in 4lh~-gallon drums and proved satisfactory for the coarser
concentrates, but was ineffective on the fines.

Origin and age

The mineral-bearing fluids are believed to have come from
en underlying extension of the granite which crops out sbout
four miles south of the field although there is no visible
connection between the out-cropping granite and the lodes. The
apparently lower temperature assemblage of wolfram and copper
is eloser to the out-crop of the granite than the higher
temperature assemblage of wolfram, scheelite, and bismth.
Primary scheelite, and biamuth and copper minerals are known
at the Pioneer lMine and the Green Diamond Mine, and secondary
copper sulphides are known on the Hit or Miss Group where they
are intimately associated with wolframs The composition of
the host rock appears to have determined the mineral assemblage
on the lodes to a certain extent. Furthermore, on the south
end of the field lodes with an easterly strike are more heavily
mineralised than lodes with a northerly strike, regardless of
the host rock.

The mineral assemblage indicates a moderate temperature
and pressure environment. Cassiterite, tourmaline, and garnet
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are rare, and pyrrhotite, pyroxenes, and amphiboles
are absent. Fyrite, jpaolin, and sericite are present
in small amounts, but the reefs are not typically vuggy.

Evidence of hydrothermal elteration has only been
seen at the Green Diamond Mine where there has been
sericitization and kaoelinization of the Main Lode.

The lode shears generally have a small horizontal
displacement and have bz2en offset by small faults, on
which wolfram has been localised. Quartz stringers in
the plane of the fault connect the reef on either side
of the fault. This is particularly noticesble on the
Noe 1 lode, Masters Gully Group, where the reef turns
and follows the fault plane, and is continuous from
one side of the fault to the other. One lode fissure
displaces the other where two intersect, but the quartz
in the two fissures is of one generation. On the Hit
or Miss Group wolfram-copper type reef's striking east
intersect wolfram type reefs striking north, and although
the quartz and wolfram in the two types eppear to be
contemporaneous, the distinetion in the accessory
mineralization is clear cut and absolute: the wolf'ram
type reefs are devoid of copper away from the intersection.
Wolfram and copper are intimately associated in the
wolfram-copper type reefs. — rtneeal

a

Mineragraphic investigation of the ore has been
insufficient to determine the|paragenesis; 1t exam-
inations by Roberts (Appendix 2) suggest that the tungsten
minerals may have preceded the bismuth and copper minerals.
The distinction between wolfram type reefs and wolfram-
copper type reefs on the Hit or Miss Group also suggests
that copper was introduced af'ter the initial stages of
mineralisation. The segregation of the metallic minerals
from the guartz on the Green Diamond Lode, where there is
strong evidence for a second phase of mineralisation,
supports this theory.

Tungsten may have remained in solution until the
erystallisation of quartz was advanced and the residual
fluids became enriched in the metallic elements. Slight
further activity then introduced fluids richer in copper
and bismath, so that the ore minersals were precipitated
contemporaneously. MNovement during the later stage of
mineralization may have been such that ingress was
restricted to lodes striking east.

pare mu/ n
The lodes Upper Proterozoic rocks

and are presumed to be Precambri as the Cambrian is

not known to be mineralised anywhe in Central Australia,
The available evidence indicates that the tungsten deposits
were emplaced at shallow depths and at relatively low
temperature and pressure. FFracturing has been of the
"breceia" type rather than the "shear" type (Butler, 1942).
The lack of significant wall-rock alteration and paucity

of volatile constituents; the fact that the mineral deposits
were formed by injection rather than replacement; and the
presence of mumerous minor fissures associated with the
lodes; all indicate that the fluids possessed considerable
mobility and were not subject to great confining pressure.

The walls of the lodes have been slightly thermally
metamorphosed, but the mineral assemblage indicates that
the temperature of the intruding fluids was not high. It
is considered that fluids of a moderate temperature intruded
country rock which was not heated to any extent.
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The attitude of the lode fissure ( i.e. its dip and
strike) depends on the "angle of internal friction" ( of
the host rock), a specific property of the material which
in itself may vary with normal stress" (De Sitter, 1956,
page 27). Thus on any lode the. shoot, or shoots, is
restricted to the rock with a favourable sngle of internal
friction, and the plunge of the shoot can be predicted as
long as the plunge of the intersection of the lode with
the host rock can be predicteds The limits of the shoots
aere parallel where the favoursble rock is stretified, but
the shoots in the Pedlar Gebbro, which is a favoursble rock
on the Pioneer Group, are less predictsble.

Few shoots have been positively identified, as
considerable development of a lode is necessary before a
shoot can be recognised, and other features which control
wolf'ram deposition are usually precsent as well. Accessible
openings are so0 rare in some mines that even where there
has been a relatively large amount of development, little
definite Iinformstion can be obtained.

b). “lakes"

Wolfram is more commonly localised on gmall features
on the reef which have caused an immediate lucal decrease
in pressure, and consequently in temperatures. This has
given rise to pockets of wolfram or "makes", vhich may yield
anything from a hundredweight to over a ton of wolfram: the
largest known "make" yielded two tons of wolfram uncontaminated
by gangue minerals., 3ome of the features on which wolf'ram has
been deposited are listed below:=

Faults intersecting the reef.

"Horses" of country rock in the lode channels
Splitting of the lode channel.

Intersection of two reefs.

Small fissures leaving the reef at low angles.
Constrictions in the lode channel.

W £ N =

Some of these features would seem more likely to cause
an increase in pressure, but the release of pressure past
the impediment is believed to have been the operative factor.
The features listed above have not always caused deposition
of wolfram but rich "makes" are not known to occur except on
one of them. It is also possible that residual, mineral-rich
fluids were concentrated on some of these features.

Enrichment on these features is erratic, so that while
it may be possible to predict the plunge of the intersection
of any feature with the reef, there is p, guarantee that
wolfram will be found at a lower level. The features can
sometimes he related to a particular rock: thus on the Green
Diamond Main Lode the host rock, a tough siliceous quartz
sandstone, has caused the lode channel to split. Other
features plunge parallel to the stratification of the country
rock, and although there is no apparent reason for this in
many cases, it is sufficiently common to provide a basis for
locating one when no other evidence is available.

"Makes" are ubiguitous, and may be found within a shoot.
They are more common on the thinner reefs and in most cases
are separated by barren or low grade materials,



Accurate determination of grade of ore is difficult.
The patchy nature of the ore necessitates very detailed
and complete sampling and this cannot be carried out unless
the lodes are sampled at regular intervals over a considerable
period. The black wolfram in the white quartz reefs provides
a strong contract, and it is impossible to miss the presence
of ore on a face., The miners visusl estimation of grade is
usually very accurate.

Battery returns would normally be the most accurate
source of information on grade in the absence of sampling
data, but nearly all the ore at Hatches Creek is exhaustively
hand-picked before treatment:crushing returns for the smaller
mines have at times given an apparent grade of more than 10%
WO, - a fabulous figure. The lack of accessible mine openings
maiea the estimation of total ore removed a little uncertain,

The total tonnage of ore mined can be estimated where the
limits of develpgpment are known, and if' the production of
wolfram is known an approximate figure for the grade of the
ore can be calculated. This has been done for the few mines
where sufficient information is availasble. The percentage of
wolfram won from a particular stope or level has been calculated
where the miner has been able to supply the necessary information,

Some detailed sampling was carried out by Hossfeld (1941),
and Sulliven (1943), at the Pioneer Mine and the Treasure Mine.
The shoots in these mines have yielded 3% to 3. 6% WO, but the
overall grade of the lodes is about 2.5% WO0,. The grade on
other lodes varies generally between 1.5% Was and o]
However most of the reefs are so narrow that it is nocefsary
to break up to 70% of mallock. Cut-and-fill stoping minimises
the dijution of the ore but some dilution is unavoidsble, and
the working grade of the narrower reefs is therefore less than
the actual grade.

Calculation of ore reserves is difficult on all mines
and impossible on some. The unstable price of wolfram militates
against a long-term policy of development, wolfram is removed as

i% 'ound and consequently very little ore is available above the
evels evelo except in uncompleted stopes; which are
completed in the shortest possible time. ¥ven in the stopes

the greode of ore is so uncertain, and the wolfram is so patechy,
that reserves can only be inferred. Development on some of the
larger lodes has reached a depth of about 200 feet to 250 feet
where the reefs show no decrease in width or grade. No lode
has been tested W depth except the Pioneer No. 2 Lode
which has been 297 feet by a diamond drill hole.

The reef is 12 inches wide and carries 5% WO,, which compares
favourably with the proved width and grade aé higher levels,
but—one—interseetion camot betoken—uosrelieble. The persis-
tence of the reefs below about 200 feet is therefore virtually
unknown. In the sbsence of reliable data for the calculation
of the grade, the limits of previous stoping have been taken
as an indication of the extent of payasble ore.

Mining and Macrketing

Few mines at Hatches Creek are served by vertical shafts.
Most of the mines are operated from an inclined shaft and on
most lodes there are several of these shafts now abandoned,
which have been sunk to various depths. Development on many
of the lodes is now approaching a depth at which it will not
be permissible under the Mining Ordinance, to operate an
inclined shaft or use the light equipment now in general use.
Shaf'ts are timbered only where heavy ground makes it necessary:
usually only at the collar. Otherwise timbering is restricted
to sets at irregular intervals for ladders, and air and water
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lines. It is seldom necessary to ventilate the mines
as there is sbundant circulation through sbandoned
gshafts and levels.

The mines are worked by cut-and-féll stoping from
levels at intervals of 30 to 100 feet. A cut is first
teken in the footwall and the reef is left on the hanging-
wall. The reef is later fired or barred down, often onto
sacking or tin snd then passed by chutes to the level., The
mullock is left in the stopes thus obviating the use of
pillars or timbers. Pillars of barren quartz supplemented
by timber where necesbary, are left where the reef is wide
enough to be exploited without breaking waste rock,

The ore in the smaller mines is extensively hand
sorted, sometimes in the stope but more usually at the
surface. A concentration of up to 75% is not unusual
by this method. The ore is then treated at the Government
battery. The Pioneer Mine possesses its own plant and ore
is treated in bulk, In the earlier days on the mining field,
before the establishment of a battery, the ore was burnt to
render it brittle and was then knapped. This method is still
employed by some prospectors.

Wolfrem is marketed as a concentrate: standard con-
centrates carry 65% WO, and below this, the concentrate
incurs penalization. §ena1tiea are also imposed for impurities
such as copper, bismth, arsenic, etc., The permitted penalty-
free content of these impurities may vary with the demand for
tungsten. Details of the current penalties can be obtained
from the buyers.

AINDIVIDUAL WINES
General

The groups of tungsten-bearing lodes are congregated
topographically into distinct localities which provide
natural divisions for description: the few exceptions have
been included with the nearest locality where possible. Four
main localities have been recognised and asre, from mopth to
south, the Pioneer Locality, Wolfram Hill Locality, Treasure
Locality and Hit or Miss Locality. The first two of these
lie at the north end of the mineral field and the second twvo
at the south end. In some groups the structural relationship
between various shears in the group is not clear, and the
lodes, a8 in the Masters Gully Gtmég, have widely divergent
strikes. In other groups such as the Hit or Miss Group, the
lodes have a distinet pattern.

The main groups,except on Wolfram Hill, are invariebly
associated with blocks of sedimentary rock lying in igneous
rocks, or with interbedded volcanic and sedimentary rocks.
Furthermore at least one large fault is present near most

groups. The formation of the hogi shear zones in each group fods o3

is attributed to the different reaction of the various rock
type to stresses which caused the faults. The shear zones
represent the resolution of these stresses.

Vost of the production of wolfram from each group has
come from one or two more important lodes, but in the past
the less important lodes have also been exploited to a
considerable extent, mainly during boom periods. Thus one
group may contain one or two deeper mines and sbundsnt shallow
workings, and it is seldom possible to ascertain accurately
the production from a given lode. The groups are generally



covered by several leases, and production of concentrates
has been recorded only from the various leases.

The known production from the more important
leases is listed in Teble 4, together with production
from Crown Lands, unknown leases, and from the Walsh
group of leases, Mr, J, Walsh held five leases at
Hatches Creek and two at Wauchope between 1936 and 1943,
during which time all production from the leases was
recorded in bulk in Welsh's name, and not in the name of
the lease, Walsh's leases produced sbout 200 tons of
concentrates, of which it is estimated that sbout 150
tons were won from the leases at Hatches Creek, About
85 tons of wolfram have also been won from unregistered
land, i,e. Crown Land and a further 120 tons has been
listed in the name of the producer and not the lease.
As many miners drifted from lease to lease, and some-
times held more than one lease, the source of this
wolfram cannot be determined.

A great mumber of narrow gquartz reefs, as distinet
from the larger lodes, lying both within and without the
groups, have yielded small pockets of rich ore, The total
production from these minor reefs between 1937 and 1940, and
between 1951 and 1953 was considerable, but has gone unrecorded
except in the total production fram the mineral field. Many
of the groups have also yielded considerable tonnages of eluvial
wolfram, none of which has been difrerentiated from wolfram won
from the lodes, The production of wolfram from the various
groups has not been recorded for the years prior to 1940,
and even up to 1948 the recording of production was unreliable,
Thus the total tonnage of wolfram produced from the groups is
usually greater than the recorded production.

Many of the older workings are now inaccessible, as
they were sbandoned during periods of depression, and the miners
who developed them have moved on, Consegquently information on
the extent of development, the width and grade of the reefs,
and other details is often unreliable or unobtainable. Much
of the information on the older parts of the mines, and part-
%g;ﬁagly on the smaller lodes, has been drawn from Hossfeld

1).

Four large lodes have contributed sbout a quarter
of the total production of wolfram concentrates, These are
the Pioneer No. 1 Lode, the Pioneer No. 2 Lode, the Treasure
Main Lode, and the Hit or Miss Main Lode. Lodes of slightly
less importance are the Black Dismond Main Lode, the Green
Diamond Main Lode, the Hidden Treasure No. 1 Lode, the Hidden
Treasure No. 2 Lode, and the Hen and Chickens No, 1 Lode,

A nmumber of small groups of gold and tungsten deposits,
have been described separately. The Copper Show Group and
Dooleys Nob Group lie towards the western end of the Hit or
Miss Gully, and have been included as the Copper Show Locality.
The Crystal Gold Mine is a small group of quartz reefs which
contain a little gold lying east of Hatches Creek and north-
east of the Pioneer Group, and has been described separately,
together with a mumber of other quartz reefs in the same area
which carry no wolfram, but are reputed to carry gold.

North End
GENERAL
The tungsten-bearing lodes at the northern end of the




Lease No. Name Concentrates Value (a)
Tons £
1F, 2F ete. Pioneer, Poseidon,
ete. (g) 1435, 08 208,135
22F, Hit or Miss 223.57 (v) 157,349
31F, 30F Treasure, Lost Ruby 198. 81 117,687
35F Hidden Treasure 125,43 49,256
124F Masters Gully 93. 50 844257
100F Bleek Diamond 85, 6l 63,974
20F Bonanza 5e 97 26,656
119F Green Diamond 9. 36 48,493
104F Hen and Chickens 143465 36,710
8uF White Diamond 3l 06 16,374
91F Lost Corner 30. 88 5,647
25F Hit or Miss Extended 29, 59 2b 26,657
254F Lady Hamilton (ec) 25.45 (b 31,082
103F Good Luck 19. 94 L,779
223F Silver Granites (f) 18. 64 15,557
85F Reward 15. 68 14,167
83F Copper Show (f) 12,32 6,953
TUF Bransons 9.78 14,811
TF Next Treasure 9. 57 9,972
10F Ricketty Kate 9. 02 2,000
76F Gordons Hope 8. 00 2,347
2108 Endurance 730 7,683
149 Frenchman 557 24530
Other Leases. 14,12 16,607
Crown Lands (ad) 89, 61 53,514
Leases unknown (e) 120. 00 31,700
Ex Walsh (b) 150400 25,500

(a)
(b)

(e)
(a)

(e)

(£)
(g)

Values given are unrelisble as early records are

inaccurate.

25F
Leases 22F, 23F, 24F,,41F owned by Mr, J. Walsh for
different periods between 1936 and 1943.
from all these leases, together with two at Wauchope,

recorded in bulk during this time.

Production

Includes former leases Kangaroo (24F) and Lady

Hamilton (23F).

Mainly from natives and from leases prior to their

registration.

Production before about 1943 recorded in name of miner.

Origin of concentrates not known.
See Teable 30
See Table 2.




Mining field lie partly in the Pedlar Gsabbro and
partly in the sedimentary blocks whde2de within
the gabbro, All the more important lodes have a
strike and dip roughly parallel to that of the
bedding in the sedimentary rocks. This is in strong
contrast to the lodes at the south end of the mining
field where many of the more important lodes strike
north. Tungsten deposits at the North End lie in the
Pioneer Locality to the north, and the Wolfram Hill
Locality to the south (FPLATE ‘Ai.)..

PIONEER LOCALITY
GENERAL

The Pioneer Locality includes two groups of
lodes lying towards the south-west end of the Poseidon
Hills, about four miles north-north-west of Goat Hole.
The Pioneer Group lies on a low rise on the north side
of the hills. The Endurance Group consists of a few
gmall scattered lodes lying south-east of the Pioneer
Group, on the south side of the Poselidon Hills.

PIONEER GROUP, ( PLATES 436573 8795 10711, and 12).
U B s L
General

The Pioneer Group does not contain as many lodes
as the Hit or Miss Group or the Treasure Group at the
south end of the field, but has been more systematically
and more deeply exploited than the other groups. A
higher tonnage of concentrates has been produced from
this group than from any other group on the mineral field.
Hossfeld (1941), has divided the group into the South-western
Line, the Central Line, and the North-eastern Line. Eaech
line is dominated by one major lode associated with one or
more smaller lodes. A complex ore containing minerals of
tungsten, copper, and bismuth is mined, and the presence
of the accessory minerals has hindered the development of
the group at times when mixed ores were difficult to sell.

History

Little is known of the early history of the group.
Hossfeld (41941) states that the group "appears to have been
worked from the early days of the field and from several
leases." The records of the Northern Territory Mines Branch
contain no mention of a Pioneer Lease between 1916 and 1922,
but a Pioneer Lease appears on the map accompanying a report
by T.G Oliver (1916), and according to the topography shown
on Oliver's map it was situated on Wolfram Hill, somewhere
near Windy Point (PLATE 3&0

Wolfram Industries Ltd. acqguired a Pioneer lease and
an adjacent lease on the Pioneer Group in 1937. These were
taken over in 1939 by Tantatite Ltd. who also pegged two
more leases, and this company held the leases until 1949,
although the Commonwealth Department of Supply and Shipping
operated the Pioneer lMine from 1942 to 19l£. In 1940 the
leases were re-registered under a new Mining Ordinance with
a slight readjustment of lease boundaries, and these boun-
daries have not been changed since. Between 19,9 and 1952
the leases were held successively by Tungsten Industries
Ltd, , and Messrs. McKenzie and Crespan,before they were
acquired by Pioneer Scheelite N.L. The latter company was

reconstituted in 1953 as Pioneer Mines N.L. which holds nine
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leases inecluding the Pioneer Lease (2F). In 1954 Poseidon
NeLe was formed, and acquired three leases including the
Poseidon lease (31")- Leases 2F and 3F include most of the
Pioneer Group.

Eroduction

The total recorded production of' concentrates from
the Pioneer Group from 1935 to 30th June, 1958, was L435. 08
tons worth £208,135, but records before sbout 1942 are
unreliable, and no information is available for the period
1916 to 1923, Hossfeld (1941), records that production
"has increased considerably to a steady output during the
later half of 1940", and that this production was being
maintained in Jamuary, 1941. It seems likely that the true
total production from the Pioneer Group has been of the order
of 500 to 550 tons of concentrates. Table 5 gives the
recorded anmual production from the group since 1935. In
addition 5,58 tons of bismuth concentrate worth £,,400 have
been won from the mine ( Tsble 2).

Table 5 shows that production has been erratic, and
this can be attributed partly to the fluctuating price of
tungstic oxide, and partly to the complexity of the ore.
Recent operations have been concentrated in the primary zone
because buyers prefer the bismuth sulphide to the carbonate.
Between 1952 and 1956, 3,710 tons of ore were mined for 124.75
tons of concentrate; the concentrate assayed 66% W03 to 6
WO ..

3

Geology

The lodes strike at sbout 060 degrees shddio—sewslr,
and are arranged en echelon within the group over a distance
of about 1,500 feet from south-west to north-east. Individual
lodes are from 300 feet to 550 feet long. The No. 2 Lode
( PLATES]) marks the north-eastern limit of the group, but to
the south-west the South-western Line disappears beneath
alluvium and may contimue further in this direction. The reefs
range in width from 3 inches to 36 inches, and average about
15 inches. Dips are to the south at 40 degrees to 70 degrees.

The lode-shears traverse igneous and sedimentary rocks
indiseriminately, with a noticeable change in the attitude,
grade, and mineralisation of the reefs when passing from one
rock type to another. The sedimentary rocks are guartzite,
sandstone, greywacke, and siltstone of the Hatches Creek Group.
They lie in discrete blocks within the Pedlar Gabbro and their
uniformity of strike and dip suggests that they are roof pendants
rather than stoped blocks.

The sedimentary rocks have been converted to hornfels
at the contact with the gabbro, and also to a lesser extent
adjacent to some of the reefs. The Pedlar Gebbro commonly has
a narrow chilled margin at the contact. The igneous rock has
retained a relict ophitic texture, but is now an amphibolite.
Lovering (Appendix 1A), considers that the original rock was a
diorite, but the dioritic composition may be due to assimilation
of sedimentary material.

The strike of the sedimentary rocks is roughly parallel
to that of the lodes, namely sbout 060 degrees. The bedding
dips to the south at 55 to 65 degrees and is generally steeper
than the dip of the lodes.

Mineralogy
Wolfram and scheelite are present in about egual



IABLE 5
PIONEER GROUP, HATCHES CREEK
AL PRODUCTION OF W ELITE COMl
1935 - 1958

Year Ending Concentrates Value
30th June Tons £
1935 4e 0 ?
1936 - -
1937 6. 35 598
1938 - -
1939 30 )49 1 ’020 a
1940 11. 08 2,770 (a
19141 76. 81 12,890 (a
1942 764 53 17,169
1943 53.7 12,587
1944 9. 91 2,859
1945 3. 88 902
1946 13. 58 34709
1947 6e 92 14760
1948 e 41 3,500 (a)
1949 L85 15598
1950 3.28 925
1951 0. 29 95
1952 104 41 16,828
1953 50. 98 60,928
1954 0.8 686
1955 6e 35 6,004
1956 46. 37 32,850
1957 38, 09 26,883

6+ 0 12574
Total 1435, 08 208,135 (b)

(a) Value calculated from meen price of wolfram for
relevant year.

(b) Excludes value of concentrates sold in 1935.
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proportions throughout the group; the ratio of scheelite

to wolfram is higher where the host rock is igneous. These
two minerals are accompanied by a suite of copper and bismth
minerals at the eastern end of the group, but the percentage
of minor metallic minerals decreases to the west, Bismutite,
chalcocite, azurite, malachite, and limonite have been
identified from the oxidised zone, but below the water table
these give way to native bismath, bismuthinite, tetrahedrite,
pyrite, and chalcopyrite. DMolypdenite is present throughout
tﬁﬁ mine in small amounts. Copper and bismth are considerably
enriched in the supergene zone, No frce gold is known, but
gold is present in association with bismuthinite and chalcopy-
rite to the extent of l; ounces per ton of the former and 12
dwts, per ton of the latter ( Jensen 1955)/ Traces of tin
and lead are present, but no minerals of either metal have

yet been identified.

Mica and feldspar, and less commonly epidote and
tourmaline, are the gangue minerals present with quartz.
Mica often forms a selvedge up to two inches wide on one or
both walls of the reef, but alternatively may also be present
as discrete hexagonal "books" up to 7 m.m. across or as flakes
disseminated throughout the reef., The two forms appear to be
antipathetic. Pink potash feldspar is associated with the mica,
particularly where the reef traverses igneous rock. Radiating
dusters of both epidote and tourmaline accompany the other
minerals in small amounts, ﬂnvvﬂ3

n

The gangue minerals htend to be most common where the
host rock is igneous, and this applies to a certain extent to
the accessory ore minergls. However, the latter are usually
associated with wolfram and scheelite and are present in
greater proportions along richer sections of the reefs. The
composition of the wall rock has had little effect on the grade
of ore which is generally determined by the attitude of the
reef. The reef tends to become barren and irreguler in width
where it traverses hornfels or quartzite.

Both Roberts (Appendix 2) and Knight (1943) found
that scheelite replaces wolfram to a certain extent, but there
has been no significant supergene enrichment of' scheelite: the
replacement was probably caused by hydrothermal activity. The
tentative paragenesis given by Roberts indicates that scheelite

was deposited before the metallic sulphides. There is no positive

indication of zoning, but in places the ore minerals tend to lie
toward the walls of the reefs.

Metallurgy

The complex nature of the ore has presented consid-
ereble metallurgical difficulties and concentrates have been
heavily penalised in the past for impurities. The present
owners have conducted considersble research into the problem,
and have evolved a satisfactory method of treatment. The
results of this work have been published by Jensen (1955).
Unfortunately the collapse of the wolfram market forestalled
the erection of a treatment plant, but some parcels of treated
ore have been sold.

A different method of treatment has proved necessary
for ore from the oxidised and primary zones. The oxidised
concentrate consists of wolfram, scheelite, and carbonates of
bismath and copper. Concentrate from the primary zone consists
of wolfram, scheelite, bismuthinite, bismuth, chalecopyrite,
gold, and pyrite. Screening tests were conducted on the
concentrates but are an unsastisfactory method of separation.

The oxidised ore is first treated magnetically to
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to separate wolfram and then the residue containing
scheelite and capybonates is leached with acid. Concentrate
from the primary zone is also treated magnetically to give
a high grade and a low grade wolfram product. Flotation of
the residue gives bismth "firsts" and "seconds" leaving a
scheelite concentrate of high grade. Table 6 gives assays
of the various products.

The owners had some success with this method and
were sble to sell all the products. Jensen (1955) says
"eee the ready sale for comparatively low grade bismuth
concentrates was rather surprising and suggests that bismuth
may become a valuable by-product in due course."™ Although
the mine must remain primarily a producer of tungsten ores,
the presence of bismuth and gold may prove beneficial when
wolfram prices are marginsal.

Qre Control

Glthwsh Fhe grade of ore is more consistent in the reefs
in the Pioneer Group than in the reefs at the southe end |
of the field,-bui moderately well-defined shoots a&&m{.
These correspond to the flatter parts of reefs where the dlp
is from L5 degrees to 55 degrees, and the reef is wider. The
plunge of the shoots is controlled by the intersection of the
reefs with favourable rock types. The lode-shesrs eross the
bedding at angles from 5 degrees to 15 degrees both along the
strike and down the dip. The poorer sections lie where the
shears are more nearly parallel to the bedding planes, both
in strike and dip. Movement along the lode shears has been
nearly vertical, with the hangingwall block moving upwards
relative to the footwall block, and has created favoursble
openings on the flatter parts of the shears.

The most favoursble hosts are the Pedlar Gabbro and
some beds of sandstone. The softer sedimentary rock and the
hornfels & less favourable, Vhere the host is a bed of
sedimentary rock the shoots have parallel sides and plunge
south-west at 45 degrees to 50 degrees, but where the lode
intersects the Pedlar Gabbro the limits of the shoot are
irregular. Sullivan (1943) found that it was difficult to
differentiate between favoursable and unfavoursable sedimentary
host rocks on their appearance in hand-specimen. The lodes
lie increasingly in igneous rock at successively lower levels,
and the sedimentary rock at these levels has been affected to
a greater degree by thermal metamorphism. Thus at lower levels
the distinction between the favoursble igneous host and the
unfavoureble hornfels is more easily made.

The concentration of wolfram on faults, splits, and
other features on the reef is much less marked than on lodes
at the southern end of the field.

South-western Line

The South-western Line represents the western limit
of the Pioneer Group as far as is known, It consists of three
lodes, of which only the Jensen Lode has been developed under-
ground to any extent; and a few unimportant reefs.

!
Jensen Lode ( PLATE %2, )

Shallow pits and a few shallow inclined shaf'ts have
been put down on this lode over a distance of 500 feet, but
the lode does not crop out between them. Two levels have
been driven on the lode from the vertical Boundary Shaft, so
called because it lies on the boundary between the Pioneer
Lease to the east and the Poseidon Lease to the west. As
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TABLE 6
PIONEER MINE, HATCHES CREEK
SAYS OF CO AFTER S ION
Je 1
#Wo, %Bi %ou. Au,
oz/ton,.

Magnetic A product 704 1.2 0. 59 -
Magnetic B product 54 5 358 3.04 -
Bigmth "firsts" - 38. 46 - 2.8 2&3
Bismath "seconds" - 31.92 5e 544 1.9 (a
Scheelite 70,0 2.5 0. 12 O. L4

(a) The gold was paid for by the buyers.

the two leases are owned by separate companies the development of
the lode from this shaft has been complicated.

The lode has been tested over a length of 330 feet at
the 81-foot level and it consists of two parallel quartz reefs for
a greater part of this length. A limited amount of stoping has
been undertaken and rich ore was present between 550 W and 650 W;
in this section the lode consists of two reefs 6 inches to 12
inches wide dipping south at 45 degrees. These reefs die out to
the west and at 705 W are replaced by another reef which splits
a little further to the west, but both these reef's have a steeper
dip and are poorer than those to the east, The lode is exposed
over 105 feet at the 127-foot level, where it is more irregular
and consists of two reefs § inches to 12 inches wide dipping south
at 60 degrees to 65 degrees. The grade is lower than at the 81-
" foot level, but the lode has not been fully tested at this level,
and richer ore may be present either east or west of the present
limits of development.

i

Dempsey Lode (FPLATE *2)

This lode lies parallel to, and 30 feet to 40 feet north
of, the Jensen Lode. It has been tested by shallow pits over a
length of 240 feet at the surface, and by a drive 90 feet long
from the Underlay Shaft at the 81-foot level. The lode consists
of one reef dipping south at 45 degrees and ranging in width from
3 inches to 12 inches. A small tonnage of ore has been won from
the 81-foot level.

A eross-cut north from the 127-foot level in the Boundary
Shaft has encountered a reef 12 inches wide dipping south at 45
degrees which is believed to be part of the Dempsey Lode. Some
good grede ore was showing in the backs and this reef, because of
its regularity in dip and width, appears to offer more favoursble
prospects for development than the Jensen Lode does at this level.

5
Xmas Lode (PLATE §)

Very little is known of this lode, which lies north-west
of ths Dermpsesy Lode. A vertical shaft, the Xmas Shaft, now
inaccessible has been put down to an unknown depth, but the size
of the dump indicates that little development has been undertaken.



A reef 3 inches to 6 inches wide and dipping south at
50 degrees is exposed in a shallow pit at the surface.
More information on this lode will be required before
further development can be undertaken,

ent

The Central Line consists of several lodes,
but only one, the No. 1 lode, has so far proved of any
importance. The other lodes lie north of the No. 1 lode,
and have been tested in a few places at the surface and
underground. An economical grade of ore has so far only
been proved on the No. 1 lode and the No. 12 Lode. The
line was initially developed from many inclined shafts,
mainly on the No, 1 Lode, but later 0?11- Shaft and
the Della Shaft were sunk vertically. hey have since
been @bandoned in favour of the MeArthur Shaft, which
now serves the whole of the Central Line and the North-
eastern Line (FLATEZ6). This is the only mine at Hatches
Creek in which scvora;’. lodes are worked from one sheaft.
b g o
No. 1 Lode (FLATE R, 8, 9, and ™).

The No. 1 Lode crops out over a length of 560
feet, and was originally developed from a very large
munber of shallow inelined shafts and open cuts, most of
which are now filled. Two levels were driven later at 81
feet and 120 feet, and most of the ore above these levels
has now been removed. Much of the information on the lode
at these levels has been drawn from Hossfeld (1941) and
Sullivan (1943). The lode has slso been tested at the
206=foot level where it is poor and narrow, and was abandoned.

The Pioneer Fault intersects the lode between 150W
and 180W at the 81-foot level, and between 150 W and 190 W
at the 120-foot level. It has displaced the east block asbout
20 feet north relative to the west block. The fault consists
of a wide zone of shearing which dips steeply to the west.
The richest part of the lode lies west of the fault.

The &1-foot level is 550 feet long but is inaccessible
for the last 105 feet to the east due to caving. Only a
moderate grade of ore has been reported from the inaccessible
section.

The lode consists of two reefs in the accessible part
of the level. Reef 1A lies to the west of Reef 1B, The two
reefs overlap slightly at 200 W with Reef 1A to the north.
Reef 1A dips south at 45 degrees to 55 degrees, and is re-
ported to have yilelded 3.0% WO, (Sulliven, 1943). The eastern
end of the peef plunges to the west at about L5 degrees (PLATE
9). Reef 1B is less rich than Reef 1A. It dips south at 60
degrees west of the Pioneer Fault, but the dip has flattened
to 45 degrees to 50 degrees east of the fault.

The 120-foot level which is 330 feet long, was under
water in 1956, Both reefs persisted to this level, but have
now been extensively stoped. The grade is reported to have
decreased considersbly at this level. Sullivan (1943) gives
the grade ofy Reef 1A as 1.7% WOB'

An attempt was made to locate the lode by cross-cutting
from Campbells Shaft at the 206-foot level, but only two narrow
quartz veins, whieh probably represent the lode, were encountered.
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High grade ore appears to be restricted to a shoot
on Reef 1A lying in the Pedlar Gabbro, where the lode
dips at 45 degrees to 55 degrees. Some good grade ore
was also won from Reef 1B near the North Cross-cut, where
the lode also has a dip of 45 degrees to 55 degrees. The
grade is poorer where the lode is steeper.

The No. 1 Lode appears to offer little prospect for
further development. A limited tonnage of ore may be
available on Reef 1A below the 120-foot level, and on
Reef 1B east of the North Cross-cut, but in neither case
does the amount of ore which may be present justif'y the
reopening of the levels, The western limit of Reef 1A
is not known, but is thought to be close to the present
western limit of development, Further large tonnages of
ore cannot be expected in this direction. The lode may
make again below the 206-foot level, and it should be
tested accordingly. However present indications are that
it is exhausted.

Della Lode (FLATE %)

The Della Lode has been followed for 220 feet at
the 81-foot level, where it eonsists of two overlapping
reef's which are nowhere more than 6 inches wide and which
dip south at 50 degrees to 60 degrees, The lode was
located by cross-cutting north from the No. 1 Lode at
170 W It has not been positively identified at the 206~
foot level, and seems unlikely to prove of any importance.

Ky
No., 5 Lode (FLATE ).

This lode is prominent at the surface where it joins
the No. 1 Lode, but has not been positively identified at
the 81=foot level. The cross-cut to the Della Lode was
originally put in to locate the No. 5 Lode, but encountered
only a few narrow veins of quartz. One of these, which is
exposed at the south end of the cross-cut and is 3 inches
wide, may represent the No. 5 Lode at this level. A second
attempt to locate the lode was made from the western end of
drive on the Della Lode (PLATE4X), but this was also
unsuccessful. No further exploration is warranted.

1
No. 12 Lode (FLATE §).

This lode has been developed over a length of 250 feet
at the 206~-foot level with moderate success, The lode
consists of & hangingwall reef 6 inches to 18 inches wide
dipping south at 45 degreces to 87 degrees, and a smaller
footwall reef. A mumber of rises were put up on the lode
late in 1956, and a favourable grade of wolfram was obtained.
The closing of the mine prevented further exploitation of
this lode, which appears to offer the best prospects for
further development of any of the lodes in the Central Line.

Other Lodes

Several smeller lodes and many quartz veins lie between
and to the north of the lodes described above. They have been
exposed in the North Cross-cut at the 206-foot level and the
81=foot level, and some have been tested at the surface, So
far none have proved to be of any importance, but it is con-
sidered that they should be tested from each new level, as one
or more of these lodes may increase in width and grade below
the 206-foot level.
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North-eastern Line (PLATES X, 8, 18, and T4)

This line consists of the No. 2 Lode and a few narrow
veins of quartz. Operations have been concentrated on the
No. 2 Lode in recent years as it is the only lode which has
been proved to carry a high grade of ore at the 206-foot
level. The lode consists of several reefs which have an
average dip of about 55 degrees to the south; but individual
reef's dip between 45 degrees and 70 degrees. The relation-
ship between the various reef's has not been completely
determined due to lack of information,

The results of sampling by Sullivan (1943), and Jensen
(1955), are given below:=

Level % WO: % B1 % Cu.
81 rt. 3.6 0. 09 0, 06
135 ft. 2.3 1. 78 0. 99
206 ft. 2.8 Ouly 0e 19

The 206-foot level lies well within the primary zone
and the lode should maintain the grade observed at this
level in future development, provided the present width and
dip persists.

The No., 2 Lode is between 500 feet and 550 feet long at
the surface, but is now obscured over a great paert of this
length by debris, It dies out in a block of sedimentary rock
to the east, but its western end is not exposed. The lode has
been tested for 504 feet at the 81-foot level, between 122 W
and 382 E, but a cave-in at 105 E has blocked off the greater
part of this length. The inaccessible part of the lode, as
mapped by Sullivan (1943), is composed of one gquartz reef 5
inches to 19 inches wide, and lies entirely within rocks of
the Hatches Creek Group. It has been displaced by the Larsen
Feult at 156 B (PLATESQ). The lode lies in tne Pedlar Gabbro
between 95 E and 15W, and consists of two parallel reefs;
except towards the west where it splits into a number of reefs
which lie in hornfels between 6 W and 22 W, and become narrow
and poor to the west. The hangingwall reef is 18 inches to
24 inches wide where it lies in the igneous rock, and it dips
south at 45 degrees to 55 degrees except towards the contact
of the hornfels and the gabbro where the dip becomes irregular.

The length of lode lying in the Pedlar Gabbro at the 135~
foot sub=-level is grester than at the higher level. The 135~
foot sub-level is 253 feet long, and e lode lies in igneous
rock for about 170 feet.s Driving n discontinued both
to east and west shortly after sedimentary rock was encountered.
The lode is very irregular at this level and there are many
gplits in the reef, as the level coincides with the junction
of at least two lode shears (FLATE 10). The lode becomes barren
towards the east and west face. The Larsen Fault was met at
168 W, end the reef had not been proved east of the fault at
the time of the survey. It is reported that this has since
been done, and that the level has been driven for a few feet
on the lode.

The 135=-foot level and the 81-foot level were originally
accessible from the vertical East Shaft which had been sunk
to the 135-foot level. A rise was later put up from the 206~
foot level, and the 135-foot level is now only accessible by
way of this rise. The 206-foot level is 500 feet long, and
the lode lies in the Pedlar Gabbro over a greater part of
this length. The level was sbandoned to the west shortly after
sedimentary rock was encountered, but was driven a further 190
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feet into the sedimentary rock to the east. The lode
consists of one quartz reef which splits in a few places,
and which carries wolfram associated with pyrite, chal-
copyrite, and bismuthinite, over the whole of its exposed
length.

The richest section lies between 50W and 185E, where
the reef is 12 inches to 2L inches wide, dips south at 45
degrees to 55 degrees, and has a more easterly strike than
the rest of the lode. To the west of this section the dip
is steeper and the grade is lower to the east of this section
the reef is also steeper, but some rich patches of wolfram
are exposed. The Larsen Fault intersects the lode at &bout
185E, and separates the richer central section from the patchy
eastern section. ;

The reef splits sbove the 206-foot level. The foot-
wall reef has been followed, and it has been traced to the
135=foot level in the rise to the East Shaf't. Rich ore was
encountered on the split, which plunges at a low angle to
the west.

The reef shows no sign of a decrease in width or grade
at the 206-foot level, and there is no reason to suspect that
these will change below the level., No. 1 diamond drill hole,
put down during the Second World War, proved a quartz reef
12 inches wide assaying 5% WOz at 297 feet (FLATE 10). This
reef is believed to be part of No, 2 Lode. Although a single
intersection cannot be regarded as conclusive, the position
of the intersection indicates that the dip of the reef is
favourable, and the width and grade Jjustify further exploration.

The highest grade ore has been won from a shoot within
which the reef dips between 45 degrees and 55 degrees. The
limits of the shoot are indicated on the vertical projection
of the lode (FLATEYM0), and correspond roughly to the margins
of the Pedlar Gabbro. The dip is steeper and the grade is
lower in the sedimentary rocks. The western margin of the
shoot plunges to the west; the eastern margin plunges west
gbove the 135-foot level, and east below this level., There
are many splits in the reef which may have been partly res-
ponsible for the enrichment of the lode.

The sedimentary blocks are thought to be roof pendants
and existing development shows that they are becoming narrower
at depth: they can be expected to die out at some unknown depth
below the 206-foot level. Thus at each new level the length of
lode lying within the Pedlar Gabbro will be greater and con-
sequently the horizontal extent of the shoot should be wider;
always providing the lode persists. The evidence from diamond
drill hole No. 1 suggests that the lode does persist to at
least 300 feet.

Recent data ( E.B. Jensen, Pers. Comm,) give a grade
of 2.2% WOz from 3,710 tons of ore from the 206~-foot level:
this 1ncluaes development ore from other lodes at this level.
The No. 2 Lode should bulk 2,2% W03, and should average at
least 2. 5% W03, from the shoot.

Assuming an average grade of 2. 56 W03 over a width of
300 feet, it is estimsted that there is sbout 5,300 tons of
ore containing about 200 tons of wolfram between the 300=foot
level and the 206-foot level. It was estimated that 80 tons
of wolfram remained above the 206 foot level in June, 1956,
of which sbout half has since been removed. Possible ore
reserves sbove the 300-foot level are therefore sbout 240 tons
of wolfram: sbout 20 tons of bismath should also be available.

Conclusions and Recommendations

The future develgpment of the Pioneer Group will depend
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on the estseblishment of a treatment plant for the separation
of the concentrates. This will require a substantial outlay
of capital, and it will be necessary to obtain & guaranteed
market for the concentrates before the erection of a plant
can be contemplated. There are no measured or indicated ore
reserves on the group, but the inferred reserves total 240
tons of wolfram and 21 tons of biamuth from the No, 2 Lode.
Exploration could double this total, and should be directed
primarily at the proving of the No. 2 Lode below the 206-foot
level; and subsequently to the testing of other lodes, part-
icularly the No, 12 Lode and Dempseys Lode.

The richer sections of the lodes lie where the reefs
dip between 45 degrees and 55 degrees, It must be emphasized
that the dip of the lodes could change at any level, and that
all the lodes should be tested at regular intervals, The lodes
are arranged en echelon, in plan, and high grade ore persists
to a greater depth on the No. 2 Lode than on the No, 1 Lode.
The possible extension of this pattern in depth to the south
and east of the No. 2 Lode cannot be overlooked although it
seems unlikely.

The available evidence suggests that the lodes carry a
higher grade of wolfram where they lie in the Pedlar Gabbro,
and that they will lie increasingly in gabbro at greater depths.
The lodes on the group are more consistent in grade than the
lodes at the south end of the fileld, and they lie close enough
together to be developed from a single shaft. These facts
render the group more favoursble for development than the other
groups at Hatches Creek.

3 %
ENDURANCE GROUP ( PLATES Y AND 13)

Gener

Several scattered lodes lie on the south side of the
Poseidon Hills, and are here described together as the
Endurance Group. The Endurance Lease covers the most important
of these lodes, which are the only ones dealt with here. Lodes
on the Mia Mia Lease, which lies south-west of the Endurance
Lease, have yielded 15 cwt. of concentrates from several shallow
pits. The Ada Ward Lease lies to the north-west and has produced
gbout 7 cwt. of concentrates.

History and Production

The history of the Endurance Lease is incompletely known.
It is first mentioned as the "Scheelite Show" by Hossfeld (1941)
but at that time the mine was closed down, most of the workings
were inaccessible, and very little information on the group could
be obtained from local miners. The present lease was pegged in
1952, and operations ceased in December, 1956.

Figures for production of concentrates are available only
since 1952, and from that year to 30th June, 1958, the Endurance
Lease produced 7.37 tons of mixed wolfram-scheelite-bigmth con-
centrates worth £7,683. Very little work appears to have been
done before 1952, and it is improbable that more than 10 tons
of concentrate have been won from the lease. Table 7 gives the
known production for the group from 1952 to 1958. The value of
the concentrates has been low, owing to the abundance of impurities.

Geology

Two lodes, arranged en echelon, lie in sheared and altered
Pedlar Gabbro, but outcrops are mainly obscured by a thin soil
cover which thickens to the south and west. Operations have been
concentrated on each lode at different times. No. 1 Lode has




Year Ending Concentrates Value

30th June Tons £
1952 0, 86 1,490
1953 1. 99 2,637
1954 %35 839
1955 0.5 250
1956 1o 47 1,404
1957 113 1,063
1958 Nil -
Totalo L 70 30 7. 683

been traced more or less continuously for 250 feet; No. 2 Lode
has been traced for about 150 feet. Either of the lodes may
contimue further, but outerops are too rare to permit the
sccurate identification of possible extensions. Intermittent
outerops of quartz have been followed for sbout half a mile to
the south-west of the Endurance Lease, but no detailed exam-
ination of these outerops has been made.

The lodes strike at about 060 degrees, and each lode is
composed of one or more quartz reefs lying roughly parallel to
one another and to the strike of the lode. The reefs dip south
at from 55 degrees to 70 degrees and range in width from L4 inches
to 14 inches.

The host rock is a coarse-grained, extensively altered gabbro:
some of the alteration is attributed to hydro_phermal activity.
The rock has not been exposed below the water table and weathering
has obscured the nature of the alteration to some extent.

Mernbers of the Hatches Creek Group, chiefly sandstone, grey-
wacke, and siltstone, crop out 50 to 60 feet nerth of lNo. 1 Lode.
The strikes of the bedding, the margin of the Pedlar Gsbbro, and
the lodes are all roughly parallel. The dip of the sediments is
steep and to the south. A quartz-filled fault breccia lies to the
north-east of the group and crops out right across the Poseidon
Hills traversing the bedding of the Hatches Creek Group (FLATE3Y).
The breccia dies out 300 feet north-east of the New Shaft but the
fault continues to the south and passes to the east of' the group.
Displacement along this fault is unknown; no reef's have been found
east of the fault, but they may be concealed by alluvium. Small
blocks of sedimentary rocks lie within the Gabbro adjacent to the
contact. A small stock of geabbro crops out in the sedimentary
rocks east of the group.

The lode fissures are thought to have been formed in sed-
imentary rocks which overlay the igneous rock in this area at no
great height above the present level of erosion, and which have
since been removed. The irregular nature of the contact may have
been responsible for setting up local stresses which led directly
to the fissuring of the rocks.

M;norgogy

Both wolfram and scheelite are present in the reefs,
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associated with minerals of bismuth and copper. Scheelite

is more sbundant than wolfram, Sulphides have not yet been
encountered as no shaf't is deeper than LO feets Bismutite

is the commonest minor ore mineral, and bismitk and copper

carbonates are present.

Epidote ( zoisite) is present in unusually large
gquantities, normally as radiating clusters of pale to dark
green needle-like crystals, Mica and sericite are disseminated
throughout the ore in fine flakes. Traces of arsenic, tin, and
lead are present in the assays. No distinet zoning of' the reefs
was observed, but the ore minersls tend to lie towards the footi-
wall and the hangingwall,

The presence of as much as 10% of bismuth in the concentrate
has militated against the successful exploitation of the lodes.
Operations have never been at a sufficiently large scale to warrant
detailed investigation of the ore, but it seems likely that the
methods applied by Pioneer Nines N.l. to concentrates from the
Pioneer Group would be equally applicable to the Endureance lodes,

In 1956 the owner of the Endurance Lease was leaching the
concentrates with Hydrochloric Acid in hlh-gallon drums. This
method proved to be remarkably successful and resulted in a
significant decrease in the percentage of bismuth in the coarser
concentrates, but less so in the fines, However the price of
concentrated Hydrochloriec Acid landed at Hatches Creek proved to
be prohibitive.

In the event of the reopening of the mine however, it should
be possible to treat the concentrate in Adelaide, thus obviating
the necessity of freighting the acid to Hatches Creek. The
recovery of bismuth chloride is sufficiently good, and the per-
centage of bismuth in the concentrates is sufficiently high, to
ensure the successful by=-production of bismth., With the removal
of impurities, the tungsten concentrates are of a high standard
owing to the high proportion of scheelite present,

The information on the lodes is too limited to meke an
accurate estimate of the grade., Details are aveilable for three
parcels of ore crushed during 1956, and after screening and hand-

icking the ore returned 2.% concentrates,. At standard grade
f65% WO3) this gives a figure of 1,8% W03, which compares favourably
with otger mines at Hatches Creek.

Figures for the percentage of bismuth present are even more
inconclusive. Assays of concentrates range from sbout 2% Bi. to
over 10% Bi, Assuming an average of 6% Bi. in the concentrates,
the percentage of bismuth présent in the lodes is of the order of
Qe 1 A considerasble enrichment of bismuth can be expected at
the water table, which is estimated to stand at about 100 feet.

The lodes have been insufficiently developed to provide any
conclusive evidence of the control of the ore. Local enrichment
has been observed on "horses", splits in the reefs, and small
quartz stringers joining the reef. It appears that, in common
with most of the smaller lodes at Hatches Creelk, enrichment has
taken place on local features on the reefs, rather than wide shoots
controlled by the dip and strike of the reefs.

Aindividual Lodes.

velopment has been entirely conf'ined to the two main lodes,
but there are a few small quartz veins nearby which have been
tested by shallow pits.




No. 1 Lode.

This lode crops out intermittently for about 300
feet and strikes at about 060 degrees. It consists of
several quartz reefs lying in a strong shear which is
up to 20 feet wide. Two reefs, Nos. 1A and No, 1B, have
been tested to depths of 60 feet and 4O feet respectively
frugithe 0ld Shaft and the New Shaft: both shafts are

nelined.

Some stoping was carried out from the 0ld Shaft.
The stope is now filled and the backs are exposed for
about 30 feet at a depth of 20 feets A hangingwall reef
2 inches wide, and a footwell reef 6 inches wide dip south

at 55 degrees, Nothing is known of the control or the grade
of the ore.

The New Shaf't was put down on Reef No. 1B to a depth

of 4O feet in 1956, and a drive 30 feet long had been put

in to the south before the present survey ended. The reef

is 12 inches to 14 inches wide and dips south at 55 degrees.
It is cut by three small faults. The reef is only 3 inches
wide east of the most easterly of these faults. The richest
ore was obtained towards the west face and was associated with
a small leader in the hangingwall.

Nos 2 I‘Odeo

The No, 2 Lode crops out over a length of 120 feet but
is concesled by alluvium at its south-western end. It has
been expjpited from open cuts, and from two shafts which are
now inaccessible. Heavy rain flooding off the Poseidon Hills
caused the collapse of the workings.

The lode is composed of three reefs L4 inches to 8 inches
wide at its north-eastern end, but these join to the south-
west to form one reef 12 inches wide. The reefs dip south at
60 degrees to 65 degrees. Development has been confined to
the north-eastern end of the lodes where the reefs have split
which suggests that the splitting may have excercised some
control over the deposition of wolfram.

*) Uuslo R e

The outcerop of the lodes is short and this suggests that
they will not persist to any depth. If further exploitetion
of the group is contemplated the true length of the lodes
should be determined, However the complex nature of the ore
has always hampered operations in the past and will do so in
the future, because the size of the deposit does not warrant
the erection of a plant for separation of the ore. Further
exploitation of this group cannot be recommended at present.

WOLFRAM HILL LOCALITY
GENERAL,

Four groups of tungsten deposits and many other smaller
wolfram=bearing reefs are situated on Wolfram Hill (ELATEgk).
The hill, which lies about 3 miles north of Goat Hole, is two
miles long and & half a mile wide, and trends north-east. The
northern part of the hill is flat-topped and stands sbout 250
feet gbove the surrounding plain, It is deeply dissected by
steep-sided gullies, and it is in this area that the wolfram
deposits lie. The topography becomes more gentle to the south-
west and the hill gradually dies away into the plain, There
are no mineral deposits on this part of the hill.

Wolfram Hill is formed by a single large block of



- hE »

sedimentary rock lying within the Pedlar Gabbro. The

dip and strike of the bedding are contifuous with strata
lying east of Hatehes Creokn?ELATE 2). Tungsten-bearing
reef's gre unknown in these rocks to the east, The strata

are relatively undisturbed on the north-western side of
Wolfram Hill., They strike north-east and dip south at 50
degrees to 60 degrees. On the south-eastern flank, between
Windy Point and the Bonanza Group (PLATE3)), fracturing has
been intense. The beds appear to have been tightly folded,
and a smgll anticline and syncline have been identified near
Wwindy Point (FPLATERY), but elsewhere the structure has not
been determined. Detailed and painstaking mapping will be
necessary to elucidate the complete structure in this area.
The minersl deposits are sbsent where the dislocation has
been most severe. They lie mainly in a zone of less dis-
turbance around the fringes of this area, and are less commnon
in the least distorted strata. The more important ore-bearing
lodes are roughly parallel to the bedding in dip and strike,
but some reefs of minor importance strike south-east or north.

The reefs in the Wolfram Hill Locality are remarkable in
that they are the only reefs at Hatches Creek which crop out
entirely within sedimentary rocks, and yet carry relatively
large amounts of scheelite and accessory ore minerals. The
presence of scheelite especially is elsewhere restricted to
reefs lying at least partly in the Pedlar Gabbro. It is con-
sidered that the intrusive probebly underlies the sedimentary
rocks of Wolfram Hill, and that the reefs lie in or close to
the Pedlar Gabbro at depth. Accessory mineralisation is most
marked on the Green Diamond Groun, where the ore-bodies lie
close to the contact with the gabbro and dip towards it.

The heaviest concentration of reefs is about a mile south-
west of Windy Point (PLATE3N), where three groups lie very
close together, These are the Black Diamond Group, the Green
Diamond Group and the Bonanza Group, and they merge into one
another. A fourth group, the Ricketty Kate Group, lies at the
north~eastern end of the line, and is separated from the other
groups by a relatively barren stretch of country in which reeis
are rare. Hossfeld (1941) divided the deposits onm Wolfram Hill
into the North-eastern Section (Ricketty Kate Group) and the
South-western Section (other groups).

Most of the lodes on Wolfram Hill are relatively small
and unimportant, but on the other hand there are many more of
these lesser lodes than in most of the groups on the mineral
field. Conseguently a large tonnage of concentrates has been
produced from a large number of lodes, in contrast to the Pioneer
Group for instance, where nearly all the wolfram has been obtained
from a few large lodes. Activity is slight when the price of
wolfram is low, but even a slight rise in the price has been
sufficient to render profitable the operati,n of many of the lodes
on Wolfram Hill. The lodes were extensively worked between 1937
and 1941, and a large number of lodes were developed to depths
of between 25 feet and 50 feet; a very substantisl tonnage of
wolfram was won. There are practically no records of the pro-
duction from any of these lodes, most of which have since been
abandoneds Little work has been done since 1941 as the relative
depth of past operations, combined with the lack of information
on the lodes, makes the reopening of most of these o0ld mines
unnattractives Only three lodes have been extensively exploited
since that time. Two of these, the Black Diamond Main Lode and
Green Diamond Main Lode, were under operation in 1956 and 1957.
Operations ceased on the third, the Bonanza Lode, in 1955.

RICKETTY KATE GROUP ( FLATESN).

The Ricketty Kate Group includes all the lodes at the
north-eastern end of the line of deposits on Wolfram Hill, the
largest of which lie on the old Ricketty Kate Lease. The first
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reef to be exploited at Hatehes Creek was in this group,
but otherwise little is known of its early histcry, There
was some activity on Wolfram Hill in 1916 (Oliver, 1916)
presumably in this vieinity, but the exact location of the
deposits described by T.G. Oliver cannot be determined.

Hossfeld (1941) records that the Ricketty Kate Lease
had produced 7.25 tons of concentrates to the 30th June,
1940. Recorded production ceased the following year when
099 tons of wolfram concentrates were won. The lease was
forfeited for non-psyment of rent in 1945. There was a
brief resumption of activity in 1952, several leases were
registered, and a further 0.78 tons of concentrates were
produced, making a recorded total of 9.02 tons. The actual
totel production from the group is certainly higher than
this, as many small lodes were exploited between 1937 and
1940 and production from these is unknown.

The group lies across several steep-sided gullies
which have yilelded some eluvial wolfram. The reefs, with
few exceptions, have been mined solely by open-cutting to
depths of about 10 feet. A few shallow shafts and short
adits have been put in, The reefs lie parallel to the
strike of the bedding i.e. approximately north-east, and
dip to the south at 45 degrees to 85 degrees. They are 6
inches to 12 inches wide, and few are more than 250 feet
long. Wolfram is the only tungsten mineral present, and
is accompanied by small amounts of copper and bismath.
Mica is present in most reefs.

Although nothing is known of the grade of the ore in
these reefs, the limited extent gr underground development
indicates that they do not carry high percentagel of wolfram.
The reef's are short and narrow, and cannot be expected to
persist to depths greater than 200 feet. A few small parcels
of ore may still be won near the surface but deeper explor-
ation is not warranted. Some of the larger reefs might repay
development from adits, which can be easily driven on the
steep sides of the gullies, during a period of favoursble
wolfram prices.

i8Iy 15
BLACK DIAMOND GROUP (PLATES i, W, 15, and 16)

General

The Black Diamond Group is the north-easterly of the
three south-western groups. It consists of three lodes and
a few quartz reefs cropping out over a distance of about 600
rfeet from north-east to south-west, all of which lie on the
Black Diamond Lease. The Main Lode is the most important,
and has been the principal producer of wolfram in the locality.

The three lodes are parallel and lie side by side about
100 feet apart. They crop out mainly on the east side of a
deeply incised gully whiech runs south from the Black Diamond
Lease, past the Green Diamond Mine, and onto the plain south
of Wolfram Hill. A substantial tonnage of eluvial wolfram
has been won from this gully.

History

The group was apparently not in operation when T.G. Oliver
(1916) visited the mining field, but by 1940 the Black Diamond
Mine was recognised as one of the most important at Hatches Creek
(Hossfeld, 1941). The lease has since changed ha,ds several
times, but it was not until 1951 that any further attempt was
made to exploit the group systematically. It was under con-
tinuous operation from then until early in 1957.



Production

There is no official record of production from the
Black Dismond Lease before 1940. Hossfeld (1941) records
that 4 to 5 tons of wolfram were produced before June,
1939, and that a further 6 tons of wolfram were won in the
following year. The figures given by Hossfeld for the year
ending 30th June, 1941, do not agree with the official records.
Hossfeld states that 14.5 tons of wolfram were won between 7th
August, 1940, and the end of October. In the official records
the total recorded production for the year was 8.65 tons.
However the official figure for the year ending June 30th, 1940
is higher than that given by Hossfeld, and the total for the
two years from both sources is very similar. The official
figures are given in Table 8, together with the value of the
concentrates won.

A recorded total of 85.6lL tons of concentrates worth
£63,974 have been won from the group. The greatest part of
this has come from the Main Lode, with lesser amounts from the
South Lode, from the development of eluvial deposits and from
the other reefs in the group.

IABLE 8
IANOND GROUP, HATCHES C

ANNUAL, PRODUCTION OF WOLIFRAM CONCENTRATES

1 - 1

Year Ending Concentrates Value

30th June Tons £
1939 4.5 (a) ?
1940 11. 44 972
1941 8.65 1,452
1942 - -
1943 - -
1944 0. 91 271
194 v -
19h - -
19 - -

: 19ug 0. 14 85 (b)
1949 - -
1950 0. 14 L2
1951 0.33 629
1952 2.21 39533
1953 8. 20 11,327
1954 8+ 58 9,055
1955 14. 4O 10,645
1956 18. 50 19,382
1957 6. 64 6,456
1958 _ 1.0 125
Total 85. 644 £63,974 (e)

(a) Approximate production to 1939 (Hossfeld, 1941).
(b) Value calculated from mean price of wolfram for 1948.

(e¢) Excludes value of concentrates won before 1940.

Geo

The lodes lie in sandstone, quartzite, greywacke, and
siltstone of the Hatches Creek Group. The bedding strikes
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approximately east and dips south. | Bips ranging from
22 degrees to 85 degrees to the south were recorded in
the vicinity of the group. Jointing is severe and has
obscured the bedding to a great extent.

The lodes strike at about 060 degrees and dip to
the south at 60 degrees to 80 degrees. They make an
angle of about 30 degrees with the bedding, but although
they traverse several different types of rock no relation-
ship between the host rock and the attitude of the reef or
the grade of the ore could be discerned. The host rocks o
48 the Black Diamond ¥ine—en—the Vain Lode consist of
alternating siltstone and siliceous sandstone. These beds
dip to the south at 4O degrees to 60 degrees. Some minor
dreg-folding is present. The productive section of the
lode lies on the southern limb of an anticline (PLATE 1)
but not enough evidence is available to determine whether
the northern limb has directly inhibited the formation of
a Tavourable section of the lode.

The outecrop of the lodes is obscured to a great extent
by mallock and talus, and the lodes disappear beneath the
alluvium of the gully to the south-west ( FLATExN4). Narrow
quartz veins crop out west of the gully, but although they
are an extension of the main part of the group they will not
support other than shallow development. DlNMore systematic
exploitation of these veins will yield a further small tonnage
of wolfram, The South Lode and No. 3 Lode crop out for about
180 feet east of the gully, but the Main Lode crops out for .
gbout 600 feet. Good grade ore is restricted to a central
portion of the Main Lode and the South Lode. The No. 3 Lode
is more irregular and has not been tested below 16 feet.

Vineralogy

The Black Diamond lodes are remarksbly free of gccessory
mineralisation compared with other lodes on Wolfram Hill,
Wolfram and quertz are associated with a little mica, and very
minor amounts of scheelite, bismutite, and malachite: iron
oxides are rare. Separation of impurities from the ore has
never proved necessary, and as far as is known the concentrates
have never been penalised.

The secondery minerals are more common in the lower levels
of the mine and can be expected to increase until the water table
is encountered. The water level is estimated to stand at sbout
250 feet. The lack of iron oxides and cavities, and the low
percentage of secondary minerals indicates that the primary ore
is not likely to be heavily contaminated. However there may be
slight contamination of the ore due to secondary enrichment
between sbout 250 feet and 200 feet. Separation of the impurities
by hand should be sufficient to avoid penaligation of the con-
centrates.

Grade and Control of Ore

Hossfeld (1941), found that the highest grade of ore was
present where the reef had a more easterly strike, a flatter
dip,and was wider, than the adjoining sections. This distinction
has been lost at lower levels where the reef becomes more irregular
and splits frequently. The irregularity appears to be caused by
the junection of the reef which is exposed in the higher levels with
a second reef in the footwall (PLATE, ). Enrichment is less
consistent at the 154-foot level and the 108-foot level, although
wolfram is present throughout the reefs. The presence of wolfram
is not obviously related to the irregularities in the reefs.

The footwall reef has been developed in the Main Shaft below
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the 154 - foot level and carriés a high grade of wolfram,

It is reported to be more regular, and it is possible that
the splitting which prevails at the 154 - foot level and the
108 - foot level ceases below the 154 - foot level. If this
is so the richer and poorer zones may be as strongly diff-
erentiated as they are at the 28 - foot level.

Development on the No., 3 Lode is too limited to determine
the reason for the deposition of wolfram. On the South Lode
rich concentrations of wolfram are associated with small faults
end other features.

According to Hossfeld (1941), 24 to 25 tons of wolfram had
been obtained from sbout 1,000 tons of ore up to the end of 1940,
This gives a grade of approximately 1.6%6 WO0,, It is estimated
that sbout 2,400 tons of ore had been won from the Main Lode to
30th June, 1956, and that this yielded sbout 60 tons of wolfram,
This glves a grade of approximately 1.8% W03, which agrees very
well with the earlier figure determined by Hossfelds The grade
at the mill of 153 tons of ore won from the Main Lode during
1955 and 1956 was 8.95% WO, which gives some idea of the extent
to which the ore was conceatrated by hand before crushing, The
South Lode yielded L.256 WO, from 58 tons of ore during the same
period. About 170 tons of gre have been mined from the lode,
giving an overall grade of sbout 1.6% woa.

Lain Lode

The Vain Lode is the most northerly lode on the Black Diamond
Groups It was originally developed from a number of shaf'ts and
adits situated at various heights on the hill-side on which the
lode crops outs The present Main Shaft (FLATE.MN), was put down
in 1951, and had reached a vertical depth of 1B4 feet by June, 1956,
The shaf't was deepened late in 1956, snd is now reported to be
nearly 200 feet deeps No driving has been done below the 154-
foot level.

The lode is @bout 600 feet long at the surface, but outerop
is rares It has been developed at the surface from a continuous
open cut up to 10 feet deep over the richer central portion, but
very little work has been done at the extremities of the lode
which are narrow and poor. The open cut is now filled with debris.
The central section is sbout 250 fleef long, end the lode in this
section consists of one reef 12 inches to 15 inches wide, and a
very narrow vein in the footwall. The lode is obscured by mallock
to the south-west, and gradually dies out in a number of narrow
veins to the north-west.

Two long adits had been drivzn in 1940, one at the level of
the collar of the present Main Shaft, and one 28 feet below this.
The portals of both adits are now obscured, but a short section
of the 28 - foot level is accessible from the Main Shaft. Both
these turnnels were over 200 feet longs The richest ore was won
from a shoot sbout 90 feet long in which the reef is 1L inches
to 30 inches wide, and strikes more to the east than the poorer
sections of the lode (Hossfeld, 1941). The dip is to the south
at 78 degrees io 8l degrees (FPLATE 14).

This shoot is bounded to east and west by two faults dipping
steeply to the west and striking at 360 degrees and 020 degrees
respectively. The strike of these two faults changes gradually
with incereasing depth from approximately north towards north-west.
The two faults have been named the Kennedy fault and the Bassula
Fault, after the joint owners who reopened the mine in 1951, and
they mark the approximate limits of high grade ore in the two
adits; but not at the deeper levels in the mine. They are
horizontal shears of small displacement and have dragged the
reefs where they cut them. The Bassula Fault is the westerly
of the two, and has displaced the east block north, relstive-to
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the west blecks The direction of displacement on the Kennedy
Fault is the same above the 71 - foot level, but is reversed

at this level and below. The fault has been deflected where

it crosses the axis of the anticline. (FLATE ).

The mine is inaccessible above the 71=foot level. Three
new levels have been driven since 1951, at 71 feet, 108 feet,
and 154 feet. Cave-ins have blocked the eastern end of the
upper two levels and their total length is unknown. Ore had
been almost totally removed, pillars excepted, between the
154=foot level and the 28-foot level, for at least 125 feet
east of the Main Shaft by June, 1956. A small block of ore
remained below the 28-foot level, and another block remained
below the 108-foot level (FLATE s but the latter block has
since been removed. The eea‘ater.'{lS limit of stoping above the
108=foot level is not known.

The lode at the 71-foot level consists of one reef which
is 12 inches to 15 inches wide and dips south at 68 degrees
to 75 degrees. The level has not been driven west of the shaft
and the Bassula Fault has not been encountered. The Kennedy
Feault was met at 104E where there has been a slight displacement
of the reef. The reef strikes at 065 degrees at the 71=foot
level and this strike is maintained at the 108-foot level, except
at the western end where the strike changes to about O45 degrees,
A short drive was driven to the west at the 108=foot level but
was discontinued where the reef was lost on the Bassula Fault
(PLATE u’{ﬁ).

The 108-foot level is reported to be sbout 200 feet long
but has collapsed at 124E, The lode at this level consists of
a hangingwall reef 12 inches to 15 inches wide, and a footwall
reef sbout 1 inch wide. The two reefs join at 102E, and east
of this the footwall reef is the wider of the two. The reefs
dip at 60 degrees to 70 degrees to the south, except at the
western end of the level, where the hangingwall reef dips at
85 degrees to the north near the Bassula Fault.

The lode is even more complex at the 154~foot level.
Three reefs, arranged en echelon, are present at this level.
The most southerly reef is present in the west drive where it
is 12 inches wide: it dies out to the easts A second reef makes
in the footwall to the west of the Main Shaft, and increases to
a width of 12 inches to the east. This reef was followed in
sinking the shaft below the 154-foot level, and it is reported
that it increased in width and yielded high grade ore. A third
reef makes in the footwall of the second reef at 100E. These
two reefs join at LOE and continue to the east as a single reef
18 inches wide. This reef was lost on a fault which dips steeply
to the east. An attempt was made later to locate the reef east
of this fault, but only a few narrow quartz veins were found.

Wolfram is more patchy at the lower levels than it was above
the 28-foot level, and this is attributed to the numerous splits
in the reefs at these levels. Ore was present throughout the
reefs at the 154~foot level and at the 108-foot level, but it is
reported that the highest grade of ore was won approximately
between O ara 100E at both levels. The strike of the reefs in
these sections is between 060 degrees snd 065 degrees, whereas
the strike of the shoot at the 28-foot level was sbout 075 degrees.
The deposition of wolfram has not been related to any definite
feature on the reefs, but reports indicate that the richest sections
of the lode lie further to the west at successively lower levels.
The zone of enrichment therefore plunges steeply to the west, and
it is significant that this coincides with the plungé of the inter-
section of the lode with the bedding of the country rock.

The exploited section of the reef lies on the southern limb
of a tight anticline (PLATE 18), the axis of which strikes approx-
imately east. The reef is not accessible where it lies on the
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northern limb of the anticline, but reports indicate that the
grade of the ore is low. The position of the lode on the
anticline may be wholly or partly responsible for this. The
dip of the bedding on the southern limb of the antieline is
between 50 degrees and 60 degrees at the higher levels in the
mine, and decreases with depth. A syncline may be present
below the 154~foot level.

The difference in grade at the 154~foot level between the
relatively enriched zone - it can De hardly be called a shoot =
and the adjacent zones is so slight that differentiation of the
various zones is pointless, but if at greaster depths the lode
resumes the regularity it shows at the 28«foot level, it is
possible that a shoot may be more easily delinecated. Alter-
natively the dip of the relatively enriched zone may become
less steep as the bedding becomes less steep: or the lode may
die out on the southern limb of a syncline. Development since
August, 1956, has proved rich ore at 190 feet in the Main Shaft,
Although the behaviour of the shoot is not known below the 159-
foot level, ore of a grade comparable to that sbove this level
can be expected to persist, over a comparable length of lode,
to at sbout 250 feets The limits of existing stopes indicate
that payable ore occurs over a length of about 200 feet.

Assuming a grade of 1.,6% W0, it is estimated that about
1400 tons of ore are available aBove the 250-foot level, and
that this will contain sbout 34 tons of wolfram. Iurther ore
may be available to the east and west of the present limits of
development,

No. 5 Lode

The No, 3 Lode crops out over 180 feet, but may contimue
to the south-west for about another 200 feet, It consists of
a number of narrow discontinuous reefs at its north-eastern end.
These have been tested by shallow open cuts. The No., 3 Shaft
(PLATEpTY) , was put down to 16 feet during 1956 and encountered
a fair grade of wolfram on a reef about 12 inches wide, This
was not high enough to encourage further development at the time
and the shaft was ebandoned. The Bassula Fault displaces the
reef 10 feet east of the shaft, and the wolfram may be associated
with this fault.

No attempt has been made to explore the lode west of No.
3 Shaf't. In view of the apparent length of the lode it is
possible that a reef carrying a good grade of ore may be present
beneath the talus and alluvium in this direction. No assessment
of the lode can be made until this exploration has been carried
oute.

South Lode

The amount of outcrop on this lode is also limiteds Inter-
mittent outerop persists for sbout 180 feet, but the lode may
contimie to the south-west beneath alluvium. No attempt has been
made to explore the lode in this direction.

he South Shaft has been put down on the lode to a vertical
depth of 120 feets The lode consists of one reef 9 inches to 15
inches wide which dips south at 69 degrees to 76 degrees, Short
drives have been put in to the west at 52 feet and 107 feet, and
to the east at 52 feet and 120 feets The lode has been stoped to
70 feet above the 120-foot level east of the shaft.

The reef has been displaced by a number of nearly vertical
faults striking at about 340 degrees. Some wolfram has been
deposited close to these faults. A strong shear striking at 310
degrees and dipping west at 35 degrees is visible in the backs of
the stope east of the shaft at 70 feet, and has displaced the east
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bleck four feet to the south, but the reef on either side

of the shear is connected by a vein of guartz 2 inches wide

which lies in the plane of the shear. Another fault in the

east face at the 52-foot level strikes at 030 degrees and

dips south-east. The reef has been deflected to the north

wﬂl:ore it meets the fault until it lies along the plane of
e fault.

Rich pockets of wolfram are distributed throughout the
reef and are associated with faults, quartz leaders joining
the reef, and changes in the dip and strike of the reef;
although all these features may be present without enrich-
ment of wolfram. It is estimated that the lode has yielded
an overall grade of sbout 1.4%, and there is no reason to
sugpect that this grade will not bé¥Btained in future
development, provided that the reef maintains the width and
strike observed in the mine.

The lode has not been sufficiently developed at any level
either to the east or west of the shaft to determine the extent
of payable ore., Outerop on the surface suggests that the lateral
extent of the lode is not great, and if this is so the lode
cannot be expected to persist much below the 120-foot level.

A limited tonnage of wolfram is undoubtedly availaeble sbove
the 120-foot level to the east and west of the present limits
of development, but a full assessment of the ore reserves
cannot be made until the dimensions of the lode have been more
satisfactorily determined.

Co on Rec t

The Main Lode is the most important in the group, and is
the only one of which there has been enough development to
provide any satisfactory information; but exploration may prove
the other lodes to be more important than they appear. The
South Lode appears to be the better of these two.

The calculation of ore reserves has been restricted to a
small part of the Main Lode, which, it is estimated, should
vield sbout 3L tons of wolfram. Further exploration could
prove a much larger tonnage. The possible western extension
of all three lodes has so far been neglected, and both the Main
Lode and the South Lode could continue considerably deeper than
the present lower limits of development. However on none of the
lodes is the grade sufficiently consistent, or the knowledge of
control sufficiently accurate, to provide a basis for the
prediction of further ore.
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Xk
GREEN DIAMOND GROUP (FLATES by I, 18, AD 19).

General

This group lies @about 900 feet south of the Black Diamond
Group, and consists of an almost continuous line of lodes sbout
1500 feet long, trending a little north of east, and many smaller
lodes. Extensive surface operations have been conducted on most
of these lodes, but underground development has been restricted
to a few of the widest and richest of them. The group lies
predominantly in quartz-sandstone which dips south, and the lodes
lie roughly parallel to the bedding in dip and strike.

History

There appears to have been no activity on this group between
1916 and 1922, but by 1940 there had been extensive prospecting
of the lodes with the development of five small mines. These were
all situated on the main line of the group and were, from east to
west, the Bumboat Mine, Lehmann's Show, the Horrible Annie Vine,
the Reserve lMine, and the Little Wonder Mine. Leases along this
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line have been constantly re-registered, usually with a

change in the boundaries. In 1956 the Green Diamond Lease

to the east and Gordon's Hope Lease to the west included

nearly all the lodes in the group. The present Green Diamond
lMine corresponds to what was originally Lehmann's Shov: it was
known as the Black Angel between 1941 and 1945, and only acquired
its present name in 1951.

The group was extensively exploited between 1937 and 1939,
but by early 1941 operations had all but ceased, and were not
renewed to any extent until 1951. The Horrible Annie Mine and
the then Black Angel Nine were teken over by the Commonweslth in
1942, but activity wee restricted to the dumps, which were re-
treateds The Green Diamond Main Lode has been the focus of
operations since 1951, although other lodes in the group have
been exploited briefly from time to time.

Production

The total recorded production of concentretes from the group
has been 57,36 tons worth £50,830, of which more than Ll tons was
won from the Green Diamond Mine between 1952 and 1958, Records
of production before 1940 are incomplete, and in view of the
considersble activity between 1937 and 1939 it is likely that the
totel production from the group is 15 to 20 tons higher than the
official figure.

As production is recorded for the leases only, it is not
possible to differentiate the tonnage of concentrates won from
individusal lodes. However it is known that prsctically all con-
centrates produced on the Green Diamond Lesse af'ter 1951 were won
from the Main Lodes. Table 9 shows the total recorded production
from the group.

TABLE 9
GREEN DIANO QUP, HATCHES C

ANNUAL PRODUCTION OF WOLFRAL CONCENTRATES

1937 0. 55 50 - -~ 0e 55 50
1940 1433 200 (a) L4a33 800 (&) 5.99£1,000 (a)
1 % 0. 09 7 0s 37 61 0. 46 68
1 - - - - - -~
1943 2. 55 330 1¢ 65 260 Le20 590
1944 - - 0. 29 70 0. 29 70
1932 - - Oe 23 13 0. 23 73
19 — —-— — - — -
1947 - - - - - -
1948 - - - - - -
1949 - - - - - -
1950 - - - - - -
1951 - - - - - -
1952 11441 20,481 - - 114 41 20,481
1953 154 20 16,235 - - 15, 20 16,235
1954 7+ 9 4,025 0. 25 247 8,19 4,272
1955 0. 10 85 - - 0s 10 85
1956 1e 54 1,421 0. 88 836 b2 2:2%57
1957 Ll»o 65 ,41259 o s Ll-o 65 h. 259
1958 4e O 1,400 = - 4LeO _ 1

(a) Estimated Value




Geology

The main line of lodes lies in a massive, well-sorted quartz-
sandstone which becomes more massive and quartzitic toward the east.
@ntenae jointing has all but obscured the bedding at the eastern end,and

v a few ripple-marked bedding planes are exposed. A higher pro-
portion of finer material is present in sandstone towards the western
end of the group, and bedding is more distinet. The strsta have been
slightly disturbed in places, but in general the strike swings from
east-north-east in the west to east-south-east in the east. The
lodes are approximately parallel to the bedding. The tougher quart-
zitic portions of the quartz-sandstone have caused the lode channel
to split, and these splits are believed to exercise some control
over ore-deposition, The lodes in the group exhibit more splitting
than most of the lodes at Hatches Creek, and even along the main
line they vary widely in dip, strike, and grade.

The Green Diemond Main Lode is unusually heavily mineralised,
but mineralisation is less marked on other lodes, Scheelite, and
minerals of copper, bismuth, tin, and iron, are present in varying
apounts in association with wolfram.

Detached information is availsble only for the Green Diamond
Main Lode. The others are described briefly.

ZIhe Little Wonder

2
This lode lies at the western end of the group (FPLATE \).
Hossfeld (1941) recorded the average width of the main reef as 12
inches and reported that the lode had been tested to a depth of 50
feet, where it died out. The lode averaged between 2% and 3% wo3.

Lhe Reserve

The Reserve Lode lies east of the Little Wonder and is separated
from it by a relatively large gep in the line (PEWEE3). Two parallel
reefs of irregular width and dip have been prospected with little
success.

Lfhe Horrible Annig

This is the most easterly lode on Gordon's Hope Lease, which
also includes the ebove two lodes («Pbﬂﬁé{). Rich but patchy ore
was obtained from & quartz-reef dipping south at 38 degrees to 52
degrees, and ranging in width from 18 inches to 27 inches. Several
small reefs adjacent to the main lode have been extensively worked
from open cuts.

The Bunboat

The Bumboat Lode lies at the eastern end of the line (M.
The main reef is from 16 inches to 30 inches wide and dips south at
from 35 degrees to 4O degrees. Tge grade appears to be low.
{

16 42
The Green Diamond (PLATES TN,18,19).
General.

The Main Lode is the principal lode of the group. It was
originally developed from the 0ld Shaft (Plate 1% s but this was
blown in when the owner was asphyxiated at the foot of the shart

in about 1939, The Main Shaft was put down in 1951 and is now 134
feet deep. The bottom of the 0ld Shaf't was encountered in the present
24 foot level.

There are several smaller lodes both north and south of the Main
Lode but none have proved rich enough to support underground developmen



Geology

The Main Lode consists of an intricate set of quartz reefs with
numerous "horses", lying in a shear-zone four feet to five feet wide,
and dipping south at 45 degrees to 60 degrees. The reefs generally
aggregate about 30 inches in width but this may be made up of one,
two, or three reefs (FLATEjM). They bifurcate constantly throughout
the lode, and thin stringers are common between the various reefs,
and in the walls of the lode., The country rock is a tough, siliceous
quartz-sandstone, which may have csused the unusual amount of splitting
in the lode, It is composed of well sorted quartz grains, averaging
gbout 1 mems in diameter, in a primarily siliceous matrix.

The lode is obscured for a great part of its outerop length by
dump material and by open-cuts filled with debris. Where visible it
appears to consist of a single quartz Peef 25 inches to 29 inches in
widthe The richest part of the lode lies on the steep east side of
the gully which originates below the Black Dismond Mine. The gully
has been worked throughout for eluvial wolfram, but at the Green
Diamond is now filled with mullock to a depth of sbout 15 feet.
Several quartz-recefs crop out on the west side of the gully and may
be a continuation of the Main Lode. They are from 3 inches to 12
inches wide, but do not carry much wolfram.

At the eastern end the lode runs into a body of barren brecciated
quartz which is up to 5 feet wide, and 30 feet long. The breccia
tails off to the east, with a marked swing in strike to the south-
east, where it encounters the East Fault which strikes at about 320
degrees. The quartz dies out along the fault (FLATE {§). Although
bodies of quartz-breccia are present in fault zones in many places
at Hatches Creek, the association of an ore-bearing lode with quartz-
brecela is confined, as far as is known, to this one instance at the
Green Diamonds The East Fault is nearly vertical; neither the fault
nor the breccia have yet been encountered underground.

A fault of aspparently large displacement has been intersected
at successive levels below ground, but at the surface the intersection
of this fault, the Lehmann Fault, with the lode is obscured by the
spoil dAump. No serious attempt has been made to locete the lode on
the west side of the fault in the mine, The fault has a dip of 70
degrees south-west and & strike of 295 degrees at the 2L4-foot level,
but at the 134~-foot level the dip is 50 degrees and the strike is
305 degrees. Several narrow quartz stringers are emplaced along
the fault zone, which is about two feet wide. Slickensiding is
roughly horizontal, and dragging of the lode in the footwsll of the
fault indicates that movement was right handed.

The fault was followed for 25 feet to the south in a cross—-cut
at the 134 foot level (FLATE 1g), before the lode was encountered,
but the relative position of the quartz reefs on either bank of the
gully at the surface suggest that, if these reefs represent the same
lode, the displacement cannot have been too great. Thus if the lode
contimies in the hanging wall of the fault it should not lie too far
north of the shaft at the 134 foot level. For the present, it must
be assumed that the profitsble section of the lode is confined
between the Lehmann fault and the East Fault.

Mineralogy.

Wolfram is the common tungsten mineral, but scheelite and
tungstite (WO,) are present. The tungstite is associated with
decomposed wolfram.

Water was struck at 129 feet, snd at the 134~foot level the
lode carries a suite of primary and secondary sulphides, and carbonates
of copper and bismuth. Concentrates from the higher levels have
assayed as high as 7.63% Bi and 2.03% Cu. This is derived chiefly
from azurite, malachite, and bismutite. Bismuthinite, cuprite, and
native copper have also been identified in the oxidised zone, together
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with @bundant iron oxides. Bornite, chalcocite, and
covellite are present at the 134~-foot level, associated
with pyrite, bismthinite, and chalcopyrite. The last
Parcel of concentrates won from the mine was sold in
1958, and assayed 7% SKO,, although the presence of tin
had not been recorded prgviously. Tin minerals have not
been identified. The concentrates came from the 134-foot
level. The reefs are umisually vuggy.

Mica is the commonest gangue mineral apart from
gquartz; sericite and kaolin are present in smaller amounts,
Mica may be disseminated throughout the reef in small flakes
or it may form a selvedge up to one inech thick on either wall
oi the reef; it is also sbundant in small stringers in the
country rock, more commonly in the footwall. Sericite and
kaolin lie mainly towards the footwall of the reef, and also
in fissures in the footwall, which has been slightly altered.
Wolfram appears to have been decomposed by hydrothermal
activity. Limonite and tungstite are sbundant, and kaolin
has been stained pink adjacent to altered wolfram.

The accessory minerals and vugs are concentrated toward
the footwall, and to a lesser extent toward the hangingwall,
of the reef. There has also been extensive mineralisation
and alteration along the Lehmann Fault. Hydrothermal fluids
probebly intruded at a late stage along the walls of the reef,
and probaebly also along the Lehmann Fault at the same time as
the faulting. The quartz and wolfram-bearing fluids were
practically consolidated at this stage, and the later fluids
were unable to penetrate the reefs to any great extent. As a
result of this the wolfram and accessory minerals are rarely
intimately associated, and the impurities are easily removed
by hand. The ore is screened at the head and hand-picked to
remove copper and bismuth minerals, and also barren lumps of
quartz. The percentage of impurities remaining in the fines
after screening is low enough not to incur severe penalisation
of the concentrates.

Grade and Control of Ore.

No accurate details of the grade of the lode are available
but it is estimated from the measurement of the stopes that
about 1,700 tons of ore have been mined since the reopening of
the mine in 1951, This has yielded about 37 tons of concentrates
which gives a grade of about 1.4% WO, for the lode, including.
all development. The grade of ore iR shoot A (FLATE 2@) is
therefore a little higher than this - say 1.7% WO,. Crushing
returne from the Government Battery during 1955 1956, based
on estimated tonnage of' ore crushed, indicate that grade at the
mill was sbout 2. WO0.. It is known also that @bout one ton
of concentrates were wén from the 134 foot level. About 90
feet of' development was underteken at this level of which 70
:{eozl was on the lodes. Thus the lode averaged O.83% mlo3 in the

evel.

Wolfram is present throughout the lode, but there appears
to be at least one shoot of relatively higher grade ore ( shoot
A, AR MG). The ore has been entirely removed from this
shoot so that it is difficult to determine the reason for the
enrichment. However from observation of the accessible portions
of the stope it appears that the shoot lies in that section of
the lode which has a more easterly strike, although the dip of
the lode is no flatter in this section than in other parts of
the lode. This change in strike is more pronounced at the 134
foot and 102 foot levels, and at these levels the shoot is
narrower and more distinet. The shoot eppears to widen, to
become less well marked, and to decrease slightly in grade, at
successively higher levels. The influence of splits in the reef,
"horses", and other such features, on the mineralising fluids
has been proven on many lodes at Hatches Creek., As the Green
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Diamond lode exhibits these features wherever it has been
exposed in the mine, the ubiquitous nature of wolfram is
to be expected, The shoot appears to be a zone of relative
enrichment imposed upon the overall deposition of wolfram,

The Main Lode

The Main Shaf't is inclined, and has been sunk on the
lode to a vertical depth of 134 feet, with levels to the
east at 24 feet, 68 feet, 102 feet, and 134 feets The lode
has also been tested in short drives to the west but in each
case the Lehmann Fault was encountered and the lode was lost.
The east drives vary in length from 80 feet to 150 feet: each
has been abandoned in a relatively poor section of the lode,
east of Shoot A,

No attempt had been made to explore the reef beyond this
barren section at the time the mine was surveyed in June, 1956.
However at the end of that year the 134~foot level was extended
gbout 50 feet to the east and a second zone of enrichment was
encountered. No information is available on the attitude of
the lode, but this zone is provisionally termed Shoot B, In
view of the indefinite limits of shoot A, no predictions can
be made as to the size, shape, or plunge of shoot B. It may
be limited to the east by the East Fault; it may continue either
gbove or below the level or both; or it may be fan-shaped as is
shoot A, Until more development has been done shoot B will remain
en enigma. However the favoured theory is that shoot B is the
reverse of Shoot A, i.e., it will be narrow and rich at the top
and gradually lose definition at depth, and that the 13L-foot
level has probably intercected the shoot near its apex. It must
be emphasized however that this theory is pure conjecture; Shoot
B may not exist at all and the reported enrichment may be due to
some local feature in the lode.

There is no evidence to suggest that the grade of ore will
decrease below the 134-foot level, but the possible presence of
tin and primary sulphides associated more intimately with the
wolfram than has been the case above the primary zone cannot be
overlooked, The presence of tin is especially unfortunate as
only magnetic separation will remove it from the concentrates.
The above considerations apart, the lode is expected to maintain
the grade of ore so far obtained, provided that the host rock
remains the same. Should harder or sof'ter rocks be encountered
the lode may prove uneconomical. The dgoasﬂ.‘nil’.‘lz;r also exists
that the host rock at depth is the Pedlar Gabbro: this is suggested
by the type of mineralisation, and the fact that the lode dips
towards the contact with the gabbro, which is not far away to
the south.

The lode has yielded about 7 cwt. of wolfram per vertical
foot over an average stoped length of 80 feet, from past operations,
Provided that 8hoot A persists, or that Shoot B replaces Shoot A,
and that no unfavourable host rocks are encountered, this yield
should be maintained to at least 200 feets Possible ore reserves
between the 134-foot level and the 200-foot level are therefore
considered to be sbout 28 tons of wolfram, In addition an un-
known tonnage of ore rewains gbove the 134-foot level between
the East Fault and the eastern limite of existing development.

A substantial tonnage of ore could be available in this section
of the mine, and it is so placed that exploitation would not
be costly.

)
BONANZA GROUP ( PLATE \)
General

\ The Bonanza Group, which includes the Ajax and Bonanza
Mines on the Bonanza Lease, @nd some shallow workings on the
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ad jacent Sunshine Lease, lies about 300 yards south-west

of the Black Diamond Mine and about 100 yards north of the
western end of the Green Diamond Group. The group stretches
about 800 feet in a north-north-essterly direction, and consists
of & mumber of lodes striking at about 060 degrees, of which the
Bonanza Lode is the most important.

Hist and on

There is no record of activity on the group until sbout
1937, but from that year to 1954 production rarely ceased. The
Bonanza Lode has produced the most, but the smaller lodes have
contributed a higher proportion of the concentrates than in most
groups, Operations finally ceased in 1954, and to 30th June of
that year a recorded total of 55,97 tons of concentrates worth
£26,656 had been produced from the Bonanza and Sunshine leases.
Anmual production from the group is given in table 10,

Geology

All the larger lodes strike at about 060 degrees and dip
south, They renge in width from 6 inches to 15 inches. Only
one shaft was accessible in 1956, Hossfeld (1941) states that
the richer lodes are those which have the flattest dips. The
Bonangza Lode, which is the richest in the group, dips at sbout
60 degrees. The Ajax lode to the south has much steeper dips,
and is much poorer. A third lode north-east of the Bonangza is
6 inches to 15 inches wide, and the dip is from 60 degrees to
75 degrees to the south, This lode hus veen tested to 34 feet
and drives have exposed the reef at this level for about 70 feet.
Some stoping has been done. The main shaft on the Bonanza lLode
is estimated to be at least 100 feet deep but is inaccessible.
There are many shallow open-cuts on the various lodes in the
group, but they have been abapdoned for some years.

Year ending Concentrates Value
ZLons £
1938 e 7 22l
1939 - -
1940 3. 76 662
1941 3453 571
1942 7.87 1,402
1943 0. 14 L1
1944 0. 81 168
194 6e 46 2,022
19 5. 68 15797
1947 24 91 1,013
1948 lie 46 1,700 (a)
1949 3e 54 1,496
1950 3 77 1,181
1951 1. 96 1,191
1952 3¢ 61 6,096
1953 5e 32 6,016
1954 1. 45 1,076
Total 55« 97 26,656

(a) Estimated from average price of wolfram for 1948
(120/- per unit).
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Accessory mineralisation is slight in these lodes.
Scheelite is present in small guantities but copper and
bismith minerals are not common. The lodes lie roughly
parallel to the bedding in quartz-sandstone snd greywacke.
At the eastern end of the group there has been some faulting
and the bedding is disturbed. The country rock is intensely
fractured and occupied by many short and thin quartz reefs,
all of which are poor.

Only the Bonanza Lode and the unnamed lode to the north-
east appear to be worth further exploration, though the Ajax
Lode may prove more favourable at depth. The Bonanga Lode
has slready been exploited to a considerable extent, and it
is probable that little ore remains sbove 100 feet, or possibly
deeper. The Bonanza Group does not appear to warrant further
attention unless the market for wolfram is very favourable.

OTHER LODES

Many smaller quartz reefs lie north of the Bonanza Group,
and between the Black Diamond Group and the Green Diamond Group
(PLATEQ\). These lodes are pitted with shallow open-cuts and
shafts, and when the price of wolfram is high they repay jimited
surface development. Most of them were undoubtedly in operation
between 1937 and 1940, but records of production are availsble
only for the boom years 1951=1953. Production has been recorded
from three leases in the area.

Stells Lease

The Stella lease lies north of and adjacent to the Bonanza
Lease, and includes a large number of quartz reefs, most of which
strike north-east. The reefs are narrow but some carry good ore
and during 1951 and 1952 they yielded 1.68 tons of concentrates
worth £2,862.

He-ii Lease

The Ve-ii lease lies south-east of' the Black Diamond. It
includes a few very small quartz reefs from which sbout 3 cwt.
of concentrates worth £213 were produced during 1953. The
country rock in this area is disturbed and conditions are not
favourable for the emplacement of large lodes.

Spotted Diamond Lease

This lease embraces some isolated quartz reefs lying on
the north side of Wolfram Hill north-west of the Stella lease.
There has been very little activity on this lease, and it is
doubtful whether the L cwt. of concentrates recorded as having
been produced from this lease during 1955 was actually won from
reef's on the lease.

South End

GENERAL

The tungsten-bearing lodes at the south end of the field
lie in voleanic rocks and sedimentary rocks of the Hatches
Creek Group. The Treasure Locality includes one large group
and two small groups of lodes lying almost entirely in volcanic
rocks towards the eastern end of the Treasure Gully. Five groups
of lodes lying along the northern flank of the Hit or Miss Gully
at its eastern end comprise the Hit or Miss Loecality.

The lodes have a wide rahge of strikes and dips, even within
a single group, but the more important lodes strike either to the
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north, or to the east. The strike of the latter is in most
cagses parallel to that of the country rocks but the dip may
be vertical, to the south, or to the north. Bismuth and
scheelite are less common than at the north end of the mining
field, but copper minerals are more abundant

LOCAL
GENERAL.

The Treasure Locality includes all mines and reefs lying
in the Treasure Gully, and also a small group of quartz reefs
lying to the cast of Hatches Creek at Frenchmans Point (FLATE

4 « Three groups have been recognised in the locality and of
these the Treasure Group, which includes the rich Treasure
Mine, is by far the most important. The Next Treasure Group
is very small and lies west of the Treasure Group. The third
group is the amall and Wnimportant Frenchmans Point Group. All
the lodes lie in volcanic rocks, with the exception of those in
the Frenchmans Point Group and a few at the south end of the
Treasure Group. The tungsten deposits occupy only a very small
part of the Treasure Gully towards the eastern end. The rest of
the gully is barren of mineralisation.

FRENCHMANS POINT GROUP,

The reef's of this group are, together with those of Dooleys
Nob Group, the only ones lying completely in quaertzite. French-
mens Point lies immediately east of Hatches Creek on the eastern
continmuation of the ridge north of the Treasure Gully. The reefs
are not more than six inches wide, strike east of north and have
steep dips. Some smaller stringers cut across the larger reefs
and there has been some enrichment at the intersections. These
reefs can only be operated from shallow open cuts because of the
low grade, the width of the reef's, and the toughness of the country
rock. 5.57 tons of concentrate worth £2,530 have been won from
them since 1940, mainly in 1942, 1943, and 1944. They lie on the
steep sides of the ridge, and this has made open-cutting relatively
easy. HFurther ore may be won from these reefs during periods when
the price of wolfram is high.

NEXT TREASURE GROUP (ELATEqi)

This group consists of several small reefs lying about 1250
feet south-west of the Treasure Mine (AR S). All of these reefs
have been tested by shallow open cuts, but only two have been
exposed underground. One of these is inaccessible.

There is no record of these reef's having been operzted before
sbout 1936. $Since then the group has been exploited intermittently
put the reefs are narrow and poor. Total recorded production of
concentrates since 1940 has been 9. 57 tons worth £9,972 (TABLE &),
most of which was won during 1952 and 1953. The two most important
lodes lie parallel to one another, and several smaller reefs strike
both parallel to and across the strike of the larger ones.

The westerly of the two main lodes is reported to have been
stoped extensively above the 50-foot level, over a length of about
80 feets An inclined shaft was put down on the lode but is now
inacecessibles The richest ore was won north of the shaft, part-
icularly at the intersection with a cross-reef sbout 50 feet from
the shaf'ts The lode is covered at the surface by mullock and shallow
open cuts filled with debris. There is no availsble iaformation on
the width and mumber of reefs. The dip is very steep and to the
west, and the exploitable length appears to be about 8C feet.

The second lode to the east has been tested to about 48 feet
from an inclined shaft, and is exposed over Ll feet in drives at
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this level. The lode strikes at about 010 degrees, and
where exposed consists of one main recef 9 inches to 11
inches wide and a few thin leaders of quartz. It dips

at 83 degrees to 89 degrees to the wests Two smell faults
striking ebogt 060 degrees have displaced the north side of
the lode to the east. These faults strike parallel to the
jointing in the host volcanic rock, but are almost vertical
whereas the jointing dips south at about 60 degrees. Rich
ore is present north of the northerly of the two faults, but
the drive only extended six feet heyond the fault at the time
of the survey, and it is not known whether this ore persists.
There ;; no change in the strike or dip of the reef north of
the fault.

It appears that the wolfram has been localized on faults,
reef intersections, and similar features in the reef, Provided
gtoping is confined to these rich "makes" it should be possible
to mine these lodes to at least 100 feet; - subject to the price
of wolfram, The amount of ore is limited, but the location and
exploitation of the "makes" should be fairly easy, and a relat-
ively large tonnege of rich ore won for only a limited amount
of e tio

xpjoration, q 2 ai 45

TREASURE GROUP ( FLATES %:26524522 and 23).
Genersl

The Treasure Group lies about three-quarters of a mile
north-west of Goat Hole, and immedietely west of the Hatches
Creek Store (PLATE 5), The southern end of the group lies
on the steep northern flank of Dooleys Ridge, and the group
extends north for about 1500 feet across two low ridges separated
by gullies which run east.

The Treasure Group rivals the Pioneer Group in the richamess
of the lodes and in their numbers, but has not been so deeply or
so systematically exploiteds The lodes strike within 20 degrees
of north and dip west, with few exceptions. Although the group
is geologically contimious throughout, the northern (Treasure)
and southern (lidden Treasure) sections, in which the richest
lodes lie, are separated by a relatively barren central section,
and the two sections have always been operated separately.

History

The original Treasure lease wss the first to be registered
at Hatches Creek, in the names of Hanlon and Warne, in July, 1915.
The Hidden Treasure Lease was registered a year later by the same
people. Oliver (1916)3 describes a "Hidden Treasure" in his report
but a "Golden Treasure™ is shown in the accompanying map. However
he states that the Hidden Treasure lode can be followed for 20
chains (1320 feet) i.e. @cross the entire length of the Treasure
Group. In 1940 there were four leases covering the group: from
north to south the Lost Ruby, the Treasure, the Hidden Treasure,
and J. Balleys Lease. The leases were reregistered in 1940 with
the exclusion of J, Baileys Lease.

The Treasure Lease (31F) was pezgged by Mr. S, Rieff in 1933
and has remained in his hands ever sinee. In 1949 he also ascquired
the Lost Ruby Lease (30F) and since then the two leases have been
operated jointly. The Treasure M lies partly on each of these
leases. The Hidden Treasure Lease (35F) was owned by the Hidden
Treasure Mining Company until 1951, Between 1951 and 1953 Messrs,
C. Perry, H. Davis, G. Johannsen, and E. Becker held varying
interests in the lease, MNr, T. §tephenson acquired all the shares
in 1953, and still owns the lease,

Production
The Treasure Lease and the Lost Ruby Lease to the north
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cover the northern section of the group. The Hidden Treasure
covers the southern section. Operations on all these leases
were maintained almost continuously, though not intensively,
between 1935 and 1958. The Treasure Mine in particular has
been a consistent producer of wolfram.

Table 11 gives the total recorded production of concen-
trates from the Treasure Group, and also the production from
the two separate sections. There exists some doubt as to the
accuracy of these figures as confusion of the leases appears
to have arisen at various times.

i .

PRODUCTION OF WO CONCENT
1936 - 1958

TREASURE/LOST RUBY __ HIDDEN TREASURE TOTAL

Year ending Conecentrates Value Concentrates Value Concentrates

30th June Tons £ Tons £ Tons £

1936 2, 1 214

1937 1.5 1,041

1938 0.3 108 ) 27 (a) 3,600} 5u.71 (e)7,33%
1939 3485 685

1941 8. i1 14370 8. 43 1,493 16,84 2,862
1942 6. 75 19356 20,75 L4835 27.50 6,191
1943 26.78 8,459 1.5 419 28,28 8,878
1944 12,14 3,929 2,22 763 14.36 L1692
1945 Lie 64 15658 8a 6l 3,060 13.28 L, 718
1946 7.08 2,361 12,07 Lyi58  19.15 6,81¢
1947 10¢ 14 34285 9. 89 3202 20,03 6,487
1948 56 64 (b) 3,660 Le L3 (v) 2,660 10,07 (b)6,32C
1949 10, 48 L5558 9 06 39962  19.54 8,52C
1950 5. 66 1,732 5e¢ 96 19954 11.62 3,686
1951 6.29 9,873 345 4,140 9. 7L 14,013
1952 7+ 58 14,582 1.99 59931 9« 57 18,513
1953 21,25 28,918 6e 11 T:313 27.36 36,231
1954 1523 15,658 3e 442 3,005 18.65 18,662
1955 2.9 2,926 0. 10 65 3. 05 2,991
1956 3.0 2,893 Ce 31 296 3¢ 39 3189
1957 7. 00 34513 0. 10 98 T« 10 3,671
1938 10,00 3,161 - - 10,00

Total 198.81 117,687 125.43 (e)u9,254 324.24 (e) 166,941

(a) Value estimated from value of concentrates from Treasure/Lost

Ruby over same period.

(b) Value estimated from mean price of tungstic oxide for 1948.

(e) Approximate only.

Hossf'eld (1941), records that 27 tons of concentrates were won
from the Hidden Treasure lodes up to and including 1940, but does not
state the value of the concentrates., This figure is probasbly a rough
cstimate but is the most reliable figure availsble. Also it is not
certain whether the production from the Lost Ruby Lease has always

been included with that of the Treasure Lease.

In the absence of

more accurate data these figures must suffice, but the true production
from the group is believed to be higher than that offiecially recorded.
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The total recorded production from the group has been
32L. 24 tons worth £166,941. Of this, 198.81 tons has come
from the Treasure and Lost Ruby leases, mainly from the
Treasure Mine. On the Hidden Treasure Lease the No. 1, No.
2, end No. 4 lodes (FLATE $Q), have contributed the greater
part of the production. A substantisl tonnage of eluvial
wolfram hes also been won on this lease. More continuous
and steadier production has been maintained on these leases
because the lack of impurities renders the concentrate mark-
etable even when the market is tight; and the lodes are com-
paratively rich and can be profitably operated when the price
of wolfram is low.

Geology

The main feature of the group is the long, almost
continuous line of lodes which includes the Treasure Main
Lode and the Hidden Treasure No, 1 Lode and No. 2 Lode and
which can be traced from one end of the group to the other
(PLATE §@). The lodes on this line strike between 340 degrees
and 350 degrees and dip to the west at about 70 degrees.
Seversal less importent lodes lie perallel to this line. A
subsidiary set of lodes, of which the Hidden Treasure No. 3
and No, 4 are the most important, strike at 360 degrees to 20
degrees and are vertical or have steep westerly dips. There
are a few other smeller lodes which have more diverse dips end
strikes,

The lodes occupy shears of small horizontal displacement
lying mainly 4n acid and intermediste volecanic rocks. They die
out t9 the gouth in the thiek quartzite of Dooleys Ridge which
dips south at sbout 60 degrees and overlies the volecanic rocks:
end to the north in the volcanic rocks before the quartzite
which forms the north ridge of the Treasure Gully is resched.

A few small stringers of quartz are present in this gquartzite
north of the Treasure Group. They are short and have no visible
connection with the Treassure Group although they represent a
Taint northern extension of the zone of fraecturing in which the
Treasure Group lies.

Strise along the walls of the main lode channels indicate
that displacement has been horizontal. The esst bloek has
moved north relative to the west block. No information is
available on the displacement along the subsidiary set of lodes,
as the workings on these lodes are inaccessible, but these lodes
may be complementary to the main line of lodes in a minor wrench-
fault system. If this is so movement along the subsidiary lodes
would have been opposite to that along the main line i.e, west-
block-north.

The lodes are cut by a number of faults of small displace-
ment striking parallel to the bedding in the sedimentary rocks
and the jointing in the volcanic rocks. On all but a few of
these faults the north block has moved east relative to the south
block. The shearing and faulting are helieved to have arisen in
regponse to stresses set up by differential strike-slip movement

the two blocks of quartzite which flank the Treasure Gully:
a to have been localised on a lens of quartzite which lies
across the middle of the group (PLATES), ). It is significant
that the most intense shearing has takén place between this lens
and the quartzite to the south; that the subsidiary set of lodes
lie only south of the lens; and that the lodes die out north of
the lens before they reach the guartzite to the norths That
this lens has acted as a barrier is demonstrated by the fact that
whenever a well-defined lode approaches the guartzite it splits
and becomes indefinite. The quartzite has been severely jointed
and has been displaced along the line of the main lode. This
displacement has taken place along a large number of planes of
movement. There has slso been Some compaction of the quartzite
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in an east to west direction.

The volcanic rocks range in composition from an
andesitie rock to an amygdaloidal acid porphyry, and
it is obvious that the lodes of the Treasure Group
traverse several flows, No attempt has been made to
map the individual flows across the whole group, but
the different rock types have been recognised along
the Treasure Main Lode, where they exercise some control
on the formation of the lode channel and the deposition
of wolfram,

The andesite is the most favourable rock type for
the formation of the lode channel because it forms well
defined, firm walls to the chamnel, thus facilitating
the emplacement of ore-bearing solutions, The softer
more acid rocks are less favourable as they form unstable
walls, The sedimentary rocks are the least favoursable.
The tough quartzite has caused the lode to split into a
number of thin quartz stringers, A soft shale encountered
in the Treasure Mine is unfavourable not only to the for-
mation of the lode channel, but also to mining operations
(sullivan, 1951).

Minerelogy

The lodes of* the Treasure Group are remarkably free
of impurities. NNo.scheelite has been recognised, and
there are only traces of cOpger, bismuth, &nd lead. The
low limonite content of the lode, the lack of cavities,
and of secondary ore minerals, suggests that no metallur-
gical difficulties will be experienced in the primary zone.
A 1little biotite is present in small flakes in the lode and
in places as a selvedge.

G e Cont of O

The control of the deposition of wolfram conforms to
the general rules applicable at Hatches Creek. In the
larger lodes movement along the lode-channel has formed
shoots where the strike and dip of the lode are favoureble.
In all the lodes local enrichment has taken place on splits
in the reefs, faults, and other features.

The two types of control are confused in the Treasure
Jain Lode by the fact that the andesite appears to be the
host rock most favourable to the formation of shoots, but
at the same time the reefs are more prone to split in andesite.
The richest and best defined shoots in the group are present
where the lodes lie in andesite. The dip is slightly flatter
than the poorer parts of the lodes, and the strike is more
westerly, but the lodes are very irregular and split frequently
within the shoots, It is not clear which feature has exercised
the greater control on the deposition of the wolf'ram. The
shoots plunge to the south-west at sbout 70 degrees, parallel
with the plunge of the intersection of the lode with the
stratification of the country rocks.

Nothing is known of the control of ore on the Hid den
Treasure No. 3 Lode and No. 4 Lode, but there is no reason
to suspect that the deposition is influenced by factors other
than those operative on the eastern lodes and the Treasure
Main Lode. Any shoots on the No. 3 and No. L lodes can there-
fore be expected to plunge to the south-west at LO degrees to

55 degrees.

Sulliven (1951), states that the grade of ore on the
Treasure Main Lode was 3.83% WO, at the 147-foot level. These
figures are based on tonnages oé ore mined and concentrates



& Ak

produced from the Tressure Mine between 1942 and 194k
by the Commonwealth Government. The grade at the mill
of ore crushed from the Treasure Mine during 1955 and
1956 was about L.5% W0, This ore wa? won mainly to

the north of Dempseys Shart (rLATE 2¢/, and therefore
not from the richest shoot. A concentration of at least
50% by hand-picking can be assumed.

No information is available on the grade of the
Hidden Treasure lodes, but Hossfeld (1941) states that
they are poorer than the Treasure Main Lode, and also
that the eastern lodes are richer than the western lodes,
On the basis of this very slender evidence the following
approximate grades are suggested:-

Treasure Main Lode Shoot ebout 3% wo3
" " " " " 2‘ 5% w03
Hidden Treasure No. 1, & No.
2 Lodes 2o
2. 5% wo3
" a No. 3 Less than 2% WO3
n " No. U4 2% = 2.5% WOB

It must be emphasized that accurate information is
available only on the grade of ore of the shoot on the
Treasure Lode and that the other figures guoted are very
tentative. However it is thought that those sections of
the lodes which lie in andesite can be expected to carry

Ireasure Lodes
General.

The Treasure lodes lie in the northern part of the

Treasure Group and include the Main Lode, No. 2 Lode, and
No. 3 Lode, as well as several reefs of lesser importance.
These lodes lie on the Treasure and Lost Ruby Leases. Although
the southern boundary of the Treasure Lease has always coin-
cided roughly with the gully which lies at the north end of the
Hidden Treasure Lease, geologically the Treasure lodes lie north

of the quartzite lens. lLodes lying south of this lens, although
lying on the Treasure Lease, are part of the Hidden Tresasure
section, and are treated as such in this report.

Main Lode

The lode extends for about 800 feet north from the quart-
zite lens but the outcrop is obscured for most of this length
by dump materisl (FLATE 2Q). It has been tested by shallow open-
cuts and shafts over most of its length but deeper operations
have been concentrated on the richest central portion which is
about 400 feet longs This section has been almost entirely
worked out to a depth of 147 feet. Only the Main Shaft, which
is reported to be asbout 180 feet deep but was full of water at
the time of the survey, continues below the 147-foot level.

The Main Shaf't was put down to the 147=foot level by the Govern-
ment during its operations at the mine, and the drive at this
level w:s begun. The level was extended to the north when the
owner of the mine later scquired the Lost Ruby Lease, WNost of
the stoping on the 147=foot level was done under tribute during
1951, 1952, and 1953.

The drives at both the 100-fo0ot level and the 147=foot
level are now inaccessible south of the Main Shaft. Vining at
both levels was discontinued when a bed of sof't# shale was
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encountered at the south end of the 100-foot level and the
147-foot level. The shoot is sbout 150 feet wide and plunges
to the south-west at about 70 degrees. The lode has a slightly
flatter dip, and the aggregate width of quartz is greater within
the shoot. The shoot has been completely stoped above the 147-
foot level. In February, 1957 a small block of ore remained
above the level immediately north of the Main Shaft. This has
since been removed and was very rich. Sulliven (1951) states
that the shoot yielded 3.8% WOz above the 100-foot level, and
this grade has been maintained in recent stoping.

The lode is cut by several small faultss, The Hanlon Fault
(PLATE 2@), which is the largest, has displaced the lode sbout
12 feet to the west, south of the fault. The drive at the 100~
foot level wss not continued past the fault as it coincides with
the shale at this level. The drive was continued for sbout 60
feet in the footwall of the lode at the 147-foot level until the
shale was encountered, when driving ceased. The lode has not been
proved south of the Hanlon Fault, slthough it is reported that a
short cross-cut was put out to the west to locate it. “+heeross-

« The cross-cut is

sat—was—pat—out—te—thewest {o locste it
believed to have been driven at a sharp angle to the drive so

that it may not have penetrated far enough into the hanging wall,
Although stoping of this section of the lode will be complicated
by the presence of the Hanlon Fault the lode lies within the limits
of the shoot, and should carry high grade ore.

The Hanlon Fault was intersected in the Main Shaft below the
147-foot level but at an unknown depth. The lode has been proved
in a short cross-cut to the west at sbout 180 feet, where it shows
no decrease in width and is carrying good wolfram, It is expected
that the Hanlon Fault will be met between 10N and LON at this level.

The Main Lode has been tested to the 100-foot level from a
shaft at 1488 lying south of the shale. The lode lies in a biotitiec
igneous rock, possibly a lamprophyre, which forms poor walls to the
lode channel. This shaft, and a shallower one to the south, are
now inacecessible, The lode is reported to be poor.

No. 2 Lode.

The No. 2 Lode lies parallel to, and between 20 feet and 50
feet east of', the Main Lode, It is about 500 feet long in outcrop
and consists of discontinuous quartz reefs which are very irregular
in width. The most productive section of the lode lies opposite
that of the Main Lode, i.e. 4n andesite. The lode dips at about
85 degrees to the west over most of its length, but where two reefs
overlap the dip of the reefs becomes more irregular. Hossfeld (1941)
reports that two tons of wolfram had been won from this lode from
open cuts. A shaft now covered by dumps was sunk on this regg to
a vertical depth of 47 feet, east of Dempsey's Shaft (FLATE 49).

The lode at this point consists of a quartz reef 12 inches long
dipping west at 80 degrees, and it seems probable that most of the
wolfram was won from this section. At the 100-foot level, the lode,
which is exposed in a drive 60 feet long, is very irregular in width
(FLATE 20), and does not warrant further exploratiop,

No. 3 Lode.

This lode lies about 150 feet east of No. 2 Lode. It is sbout
200 feet long at the surface and consists of one or two gquartz reefs
with an aggregate width of 5 inches to 14 inches. Three shafts have
been put down to an approximate vertical depth of 50 feet (FLATE 3§).
The stopes are now inaccessible, but according to the owner, about
B8 feet of stoping was done on tribute and 7 tons of wolfram were
won. This gives an approximate grade of sbout 1.7% wos.

The lode has an arcuate outecrop. At the northern end the strike
is roughly parallel with the Main Lode, and dips at 70 degrees to 75
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degrees to the wests. At the southern end the dip becomes
steeper as the strike swings more nearly north. The northern
part of the lode is the richer.

Other Lodes.

Although most of the ore has been won from the rich
sections of the lodes, a limited tonnage of wolfram has been
obtained from shallow open cuts on the poorer sections of the
lodes, and from other quartz reefs adjacent to the lodes.
These sections may yleld further ore near the surface, but
cannot be expected to support deeper operations.

Ore Reserves.

A limited amount of wolfram may be won from No, 2 and
No. 3 Lode, but the Main Lode offers the best prospects of
development. lMore detailed information is available for this
than for most of the lodes at Hatches Creek. The average
aggregate width of quartz over LOO feet of the lode is s@bout
2l inches, and the grade is known to be at least 2% WO.,. The
lode also carries sbout 3% WO. in a shoot 150 feet wide€. This
shoot should prove profitable’to operate even under relatively
adverse conditions in the wolfram market. The lode is 800 feet
long at the surface and can be expected to persist without change
in width and grade to a depth of at least 300 feet. It is
estimated that there are about 230 tons of wolfram availsble
between the 250-foot level and the 147-foot level, and a similar
tonnage may be present between the 350-foot level and the 250~
foot level. In addition there is a small block of ore above the
147=foot level south of the Main Shaft. This should contain 25
tons of standard concentrate, but some may not be minsable owing
to the presence of the Hanlon Fault.

Hidden Treasure Lodes

General

The Hidden Treasure Lodes lie on the steep southern flank
of the Treasure Gully and die out either north of or in the
quartzite of Dooleys Ridge. The lodes form a fan-shaped pattern
diverging to the south, with the base of fan centred in the
area south of the quartzite lens (FPLATE &), They have been
extensively exploited in this area, from shafts reported to be
at lease 100 feet deep situated on both sides of the gully which
crosses the lease at the northern end. These shafts are sll
inaccessible and some have been concesled by dumps. The exact
relationship between the lodes south of the gully and the lodes
to the north could not be determined for lack of outerop.

South of the gully the lodes are more clearly differentiated.
The most easterly lodes, No, 1 and No. 2, lie close together and
roughly parallel. They are contiguous with the Treasure Lodes in
strike and dip, and are reported to have been the richest of the
Hidden Treasure Lodes. No. 3 Lode and No. U Lolle lie to the west,
and strike at an angle of about 30 degrees to the eastern lodes.
The outerops of all the lodes are cbscured to & very grent extent
by dumps and by filled open cuts. kost of the information on these
lodes is derived from Hossfeld (1941), and from the miners.

No. 1 Lode.

This is the most easterly, the largest, and the richest of
the lodes. It crops out for sbout Y80 feet across the lease and
strikes at about 340 degrees. It persists for sbout 100 feet into
the quartzite to the south, and is the only one of the four main
lodes to do so.

The lode consists of two parallel quartz reefs aggregating
about 10 inches in width towards the north end, but to the south
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only one reef, 6 inches to 9 inches wide, is present.

Several smaller leaders and veins of quartz join the

reef's at low angles, but these are narrow, short, and

poor. The main reefs dip west at between 65 degreces

and 85 degrees. Hossfeld (1941) reports that shoots

nave been formed where the dips are relatively flat

and the strike is more to the west. In fact the shoots

are subject to the same structural control as the Treasure Main Lode.

The 1 has been open cut over the greater part of
its length, In the richer northern section is reported to
have been stoped to a depth of about 100 feet below the
collar of Herreens Shaft (PLATE (). The outerop is almost
completely obscured by mallock between Herreens Shaft and
Perrys Shaft but very little work has been done south of
Perrys Shaft where the lode lies in the quartzite, is
irregular in width and dip, and inconsistent in grade.

No. 2 Lode.

This lode lies immediately west of No, 1 Lode, and
the two lodes are connected by several quartz veins and
leaders. It consists of two reefs which dip west at sbout
80 degrees, and strike slightly more to the north than the
Nos, 1 Lode. The two lodes are nearer together at their
northern end.

The lode is reported to consist of two very wide reefs
near the Water Shaft (PLATE 29), but these narrow rapidly
to the south and die out north of the quartzite of Dooleys
Ridge, At the south end of the lode two reefs diverge
ragpidly, one to the east and one to the west. The reef to
the west dips east at about 85 degrees. Stopes are believed
to be continuous between The Boys Shaft and the Water Shaft
at the northern end of the lode.

No. 3 Lode.

This lode consists of three quartz reefs, arcuate in
outerop, emplaced along two intersecting shears. One shear
strikes at sbout 025 degrees, and dips steeply south-east.
The other shear strikes at @bout 355 degrees, and dips steeply
west. The reef's have been numbered 3A, 3B, and 3C from north
to south (FLATE ). Reefs 3B and 3C are narrow and poor and
it is doubtful whether they will support other than surface
operations. Reef 3A offers better prospects for development
as the strike and dip are more favoursble. A shallow shaft,
now inaccessible, has been put down at the northern end of
Reef 3A but it is now known whether any good ore was found.
Nos. 3 Lode is the lease favourable of the four main lodes.

No. Ll- Lode.

The No. 4 Lode crops out for LOO feet between the quart-
zite of Dooleys Ridge and the northern boundary of the lease.
The lode strikes between 005 degrees and 015 degrees, and may
be vertical or may dip steeply to the west or to the east. It
has been extensively open cut over most of its length, and has
been exploited to a considerable depth from at least three shafts.
Mullock obscures all but one of these shafts.

Two gquartz reefs are reported to be present over most of
the length of the lode, and they range in width from 3 inches
to 12 inches. Nothing is known of the grade or the control
of the ore but judging from the amount of stoping the lode is
comparatively rich, especially in the central and northern part.
As stated gbove, if the ore is controlled by the intersection



of the lode with favoursble host rocks, the shoots can be
expected to plunge to the south-west at from LO degrees to
55 degrees, depending upon the dip of the lode. Very rich
ore was ob{ainad from a shallow shaft toward the southern
end of the lode. This shaft was put down just south of a
small fault which has displaced the lode, and the deposition
of' the wolfram may have been controlled by the fault.

There are several smaller reefs on the lease, none of
which warrant exploration, The largest of these crops out
near and parallel to the contact between the quartzite and
the volcanic rocks, but dips to the north at from 75 degrees
to 85 degrees. It is 3 inches to 6 inches wide and about
LOO feet long. There has been some enrichment at the inter-
section of this reef with the No. 1 Lode (WLATE 20}, but the
reef is poor along the rest of the outcrop.

Some small quartz reefs lie between No. 2 Lode and No,
3 Lode, and west of No., 4 Lode. These have all been tested
by shallow open cuts without success.

Rich eluvial wolfram hes been won from the gullies to
the west, east, and north of the lodes. Experience at Hatches
Creek has shown that many eluvial deposits can be profitably
reworked, and this could well apply to the deposits on the
Hidden Treasure Lesse.

Cre Reserves

In the shsence of any asccurate information on the grade
or width of tae riefs, or on the extent of operations, an
egtimation of ore reserves must be very tentative, It appears
that the limits of open cutting on the larger lodes has been
reached, though there may be small amounts of wolfram available
to prospectors in places.

Only the four main lodes offer any prospect of deeper
development and of these No., 3 Lode is doubtful, and No. 1 Lode,
No., 2 Lode, and No., 4 Lode have already been exhsusted to a
depth of between 50 and 100 feets The fact that stoping has
been confined to the northern portioms of the lodes suggests
that only these portions need be considered as further sources
of ores A tentative grade has already been given for the lodes
and it is assumed that this grade is only present in the shoots,
over widths of 150 feet to 200 feet. Nos 1, 2, and 4 Lodes are
long, continuous, and well defined, and have already yielded
considerable tonnages of ore. It is assumed that no ore remains
in the shoots on these lodes above the 100 foot level, but there
is no reason to suspect that the shoots will not persist for at
least 100 feet below this levels The No, 1 Lode is the most
likely to persist below this again.

The average aggregate width of quartz in these lodes appears
to be 12 inches or less. It will therefore be necessary to break
large tonnages of mullock, but cut-and-fill methods should minimise
the dilution of the ore. Vhere the lodes consist of two parallel
reef's, stoping will be facilitated.

On the assumption that the lodes will carry 2,0% WO, end that
the reefs will average 12 inches in width over a length Qf 150 feet
in each lode, there should be sbout 100 tons of standard concentrate
availsble from the three principal lodes between the 100 foot level
and the 200=foot level.

Conclusiong

Four lodes of which the Treasure Main Lode is the richest,
have contributed the greater part of the wolfram won from the Treasure
Group. Unfortunately, information on the Hidden Treasure lodes is too

scarce to maeke a proper evaluation of them, but on the evidence
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available there seems to be no reason why they should not
maintain a grade of about 2% W03 to a depth of 200 feet.

The Treasure Main Lode, which is 800 feet long at the
surface, could maintain the moved grade of about 2, 5% WO
over 40O feet to a depth of 4OO feets As the Treasure Lddes
and the Hidden Treasure lodes occupy a conjugate system of
zhcaring 1500 feet long, payable ore may well be found below
00 feet,

The mines can be expected to maske a considerable amount
of water, by local standards, at the deeper levels, and
provision will have to be made for pumping. On the favoursble
side, the three Hidden Treasure lodes, are so placed that they
could be developed from a single, centrally-placed, vertical
shaft, thus reducing costs. Possible ore reserves for the group
are estimated at 330 tons. Exploration of the main lodes should
prove more than this, and a limited tonnage will be availsble
from the smaller lodes in the group; particularly the Hidden
Treasure No. 3 Lode, and the Treasure No. 3 Lode,

HIT OR MISS LOCAL
GENERAL.

Tungstien deposits are more heavily concentrated at the
eastern end of the Hit or Miss Gully than anywhere else on the
mineral field. IFive groups of deposits stretch for a mile and
a half west-south-west from Goat Hole, along the southern side
of Dooleys Ridge (PLATE #). Three of the groups, the Hen and 4
Chickens Group, the Masters Gully Group, and the Kangaroo Group
occupy approximately the same stratigraphic horizon in the Hatches
Creek Group. The Hit or Miss Group, the largest at Hatches Creek,
lies slightly higher in the sequence. The small, and relatively
unimportant, B.X.B.Group lies south east of the Hen and Chickens
Gmupc

B. X.B. Group (PLATES 4 end 28) _ 4 23

General

The B.X.B.Group consists of two sets of lodes lying about
L4LOO yards apart, hzé are described together for convenience.

The two sets are covered by separate leases. The more important
lodes lie on the B. X.B.Lease, which is 600 yards south of Goat
Hole; the unimportant Rocky Ridge lodes lie to the south.

History

T.Ge Oliver (1916), mentions the group as "The Only One"
and reports that a small amount of rich ére was mineds In 1940
some surface development had been done and three shallow shafts
put down on the B. X.B. lodes. The northern lodes are described
as "Purdy's 01ld Workings": the southern lodes as "Matthews Lease"
(Hossfeld 1941). .

Nothing more is known of the group until 1951 when the B X B
and Rocky Ridge leases were registered. The B. X: B\ was under
continmusal operation until 1956 when the Main Shaft was sbandoned
because of water, but the Rocky Ridge lodes are too poor teo
support underground development, and operations on these lodes
have been limited.

Eroduction

It is reported (Oliver, 1916), that 1.5 tons of wolfram
wgre won in six weeks, probably from the B. X.B.No. 1 Lode (PLATE
2ﬁ). in either 1915 or 1916. Hossfeld (1941) records that 4 tons
of concentrate were reported to have been won from the B. X.B. lodes,
and between O, 5 and 1 tons from the Rocky Ridge lodes, up to 1940.
There is no record of production from either set of lodes between
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1940 end 1951« The B, X.B.Lease produced 11.47 tons of
concentrates valued at £11,282 between 1951 and 1957,
and the Rocky Ridge Lease produced 0O.36 tons worth £570
in 1952. The known production from the group is 18.95
tons, and the total production from the group is not
thought to be much more than this.

Geology

The B.X.B.lodes lie west of'y, and the Rocky Ridge
lodes lie east of, a major wrench-fault, and the lodes
meke an acute angle with the fault. The fault is part
of the fault zone whieh forms the eastern limit to miner-
alisation at Hatches Creek. It appears that the shear
zones which acted as host to the ore-bearing solutions
were displaced by the fault,

The lodes consist of a mumber of reefs emplaced
along wide shear zones. The reefs vary in width from
3 inches to 15 inches and are vertical, or dip steeply
to the east or wests The lodes lie mainly in acid volcanic
rocks, but the south end of the B.X.B,No. 1 Lode lies in
sandstone and guartzite which dips south at about 75 degrees.
The reefs become more irregular and indeterminate where they
lie in the sedimentary rocks, and exhibit a slight but definite
change in strike. The volcanic and the sedimentary rocks are
severely jointed owing to their proximity to the wrench-fault,
and this jointing of the country rock has given rise to more
than usual irregularity in the width of the reefs, and to a
great number of minor fissures filled with quartz. The reefs
are also displaced by many small faults.

The formation of the lode fissures may be due to the
presence of a lens of tough sedimentary rock lying in the
volcanic rocks, close to the major feult. MNovement along
the fault was resisted by the harder sedimentary rocks, thus
forming a zone of shearing along which ore-bearing fluids
intruded.

Mineralogy

Wolfram is the common tungsten mineral, and is associated
with minor amounts of scheelite, particularly on the Rocky
Ridge lease., , Copper and bismuth carbonates are also present.
It has been % reported that a specimen of monagite was
obtained from the No. 2 Shaft on the B, X.B-/Lease, but this
report has not been substantiated, and tests with a Geiger
Counter revealed no radioactivity in the dumps or the lode.

Biotite is commonly present, generally as a selvedge,
but also disseminated through the gquartz. KXaolin and iron
oxides are relatively abundant. The reefs are not sufficiently
exposed for a study of the mineralisation, but in general they
are more highly mineralised than any of the other reefs at
Hatches Creek which have a northerly strike, though no reason
for this is spparent.

G e [¢] 0 [0}

As the reef's are now rarely exposed either in the open-
cuts or underground, very little is known sbout the control
of the deposition of wolfram., The lode is visible for 30 feet
in the backs of the stope in the Main Shaft where it is inter-
sected and displaced by many small faults, but none of these
faults appear to exercise any control on the deposition of
wolfram. However, the stope is reported to be bounded to the
north by & relatively large fault dipping to the north. The
reef is narrow and poor north of this fault, but it is not
known whether the wolfram is localised on the fault, or whether
the fault coincides with a change in the strike, width, and
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dip of the reef. The richest ore is reported to have
been obtained south of the Main Shaft where the reef
splits. The reefs are irregular, and split frequently,
and small leaders and faults are sbundant. These features
are so closely spaced that if they were responsible for
deposition of wolfram, they would give rise to continuous
deposition of wolfrem along the reef.

There is very little information avaeilable on which
to base estimates of the grade of the lodes. A limited
emount of stoping has been undertaken from the Main Shaft
on the B.X Ba., No. 1 Lode (PLATE 28), and it is estimated 23
from reports on the extent of the stoping that about 150
tons of ore was won, and yielded 6.27 tons of wolfram.
This is based on an assumed average width of 9 inches for
the reef. These figures give an approximate grade of 2.6%
WO0.. The grade at the pi11 of ore crushed during 1955 and
1936 was about 8% WO,, and it is apparent that the ore has
been extensively h picked. The grade appears to be of
the order of 2% to 3% WO., but this may be confined to a
rich section of the reef3oorresponding roughly to the present
limits of the stope.

Be X B. No. 1 Lode

This lode congists of a complex arrangement of quartz
reefs about 550 feet long. It strikes at approximately 360
degrees where it lies in volcanic rocks, and at 012 degrees
where it lies in sedimentary rocks. The reefs are too narrow
and too poor to Jjustify underground development, other than
on a short centrel portion near the Main Shaft (PLATE 28). 23
The outerop of this section of the lode is almost totally
obscured by mullock, and the underground workings are in-
accessible.

At the southern end the lode lies in sedimentary rocks
and the reefs are narrow and discontinuous, but to the north
they are more continmuous. They range in width from 3 inches
to 15 inches and are vertical or dip very steeply to the west.
The Main Shaf't has been put down on the most easterly reef
which is the richest. The shaf't, in which water now stands
at 38 feet, is reported to be asbout 60 feet deep. A drive
extends 4O feet to the north at the 60 foot level, and a second
drive extends 70 feet to the south at the 45=foot level. The
lode is stoped out above these levels to 20 feet below the
collar of the shaft, where it is exposed for 30 feet. It has
a fairly constant width of about 412 inches in this section,
except to the north of a =small fault at the exteeme north end
of' the exposure, which strikes north-east and dips steeply to
the north. Beyond the fault the reef is 6 inches wide, narrow-
ing northwards to 2 inches. The reef dips east at 65 degrees,
at the south end, but steepens to 85 degrees at the north end,
where it is displaced by the fault. It is also cut by several
other smaller faults which dip steeply to the south, but which
have very small displacement.

No. 2 shaft (PLATE 28) was put down on another reef which 23
strikBs at about O4O degrees and which is reported to intersect
the main reef on the No., 1 Lode south of where it is exposed in
the backs. Water now stands at the collar of No, 2 shaft and
nothing is known of the reef or the extent of the workings in
the Bhaft.

Be Be N 2 Lode

This lode, which is relatively unimportant, consists of
three quartz reefs striking between 360 degrees and 010 degrees,
and which crop out contimuously for about 250 feet. The reefs
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may continmue under alluvium to the north but this is
considered unlikely. Development has been confined to

the most westerly of the reefs. Shallow open-cuts extem

over most of the length of this reef and one shaft has been
put down. Water stands at 20 feet in the shaft, but the

size of the dump suggests that the shaft may be fairly deep.
The reefs are from 3 inches to 7 inches wide, and are vertiecal
or dip steeply to the east. They carry very little wolfram,
except for a short section of the westerly reef adjacent to
the shaf't.

A series of short, discontinuous reef's continue south
of the lode and mey represent a continuation of the lode-shesr.
This line of small reef's intersects the No. 1 Lode south of the
Main Sheft end contimues into the sedimentary rocks (FLATE 28). 23

Rocky Ridge Lodes

These lodes are unimportant. There are two short lodes
containing discontinuous quartz reefs which are 9 inches to
12 inches wide and dip steeply to the west. One lode is about
300 feet long and strikes at about 010 degrees. The second lode
is shorter and strikes spproximately north. It interseets the
first lode. f

Two shafts of 24 feet and 1h feet were reported to have
been sunk (Hossfeld 1941), but there is now no sign of these.
Shallow open cuts extend almost continuously along the lodes.
Although as wide as the B. X B. lodes, these lodes are much
poorer, and as far as is known, have produced about one ton of
concentrates.

Conclusions

With the exception of a short section of the B, X.B. No.
1 Lode, development on the B. X.B. Group has been confined to
shallow open cuts. Deeper development will be dependent on
the price of wolfram. The B, X B. No. 1 Lode offers the best
prospects for development, but the presence of water - which
has already caused the abandorment of the mine once - and the
lack of information, render further exploitation uncertain.
The re-opening of the mine cannot be recommended except under
the most favourable economic conditions.

HEN AND CHICKENS GROUP (FLATES 4, 29, and 28) Y2,

General

The Hen and Chickens Group consists of three lodes
striking between 280 degrees and 300 degrees, and a fourth
to the south striking approximately 360 degrees. The group
lies about 500 yards south-west cf Goat Hole, and about 500
yards north-west of the B. X.B. No. 1 Lode, on the southern
flank of Dooleys Ridge.

History

The group has been operated under the name of "Hen and
Chickens" since before 1916. In that year two lodes, believed
to be No. 1 and No., 2 (FLATE 2{5\ , were under operation and some
rich ore was being mined (Olivér, 1916). The lease lapsed in
1922 and was reregistered in 1935, since when operations have
been almost continuous, although different lodes have been
exploited at different times. The lease was held by several
successive owners before Vr, ¥, Vandenberg acquired it in 1951.
Production ceased in 1956, and the lease has since been sold
for a nominal sum.

Lroduction
The group is known to have produced at least 68 tons of
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concentrates. Hossfeld (1941), states that production
up to 1940 was reported to be 24 to 25 tons. Since 1940,
L3.65 tons of concentrates worth £36,710 have been sold.
It is likely that a considerable tonnage was also won
between 1916 and 1922, so that the true production from
the group is higher than the recorded production.

Table 12 gives the anmual production of concentrates
since 1940. 1o details are available as to the source of
the wolfram except for 12.39 tons of concentrate known to

have been won from Price's Shaft (PLATE 2j). However, this 24
is only a part of the total production from that shaft.

IABLE 12
HEN AND CHICKENS GROUP, HATCHES CREEK
ANNUAL PRODUCTION OF WOLFRAN CONCENTRATES

1940-1938
Year ending Concentrates Value

—20th_June Ions —£
1940 1«13 194 (a)
1942 0e 71 230
1943 - -
194 2. 14 584
194 3 19 1,021
1947 0. 81 381
1948 O, 31 160 (a)
1ohe - -
1950 - "
1951 1o 48 24340
1952 L. 24 65951
1953 L4e 29 59304
1954 11.85 9,982
1955 Le13 3,425
1956 2¢33 2,163
1957 3e 47 3,036
1958 _ - -
Total 143,65 £36,710

(a) Value calculated from mean price of wolfram for
relevant year.

@eology

The four main lodes have been numbered consecutively
from south to north. No. 1 Lode strikes at sbout 360 degrees
and dips west at 60 degrees to 80 degrees. No. 2 Lode, No. 3
Lode, and No. 4 Lode strike between 280 degrees and 300 degrees
and dip south at varying angles.

The lodes lie in interbedded sedimentary rocks and volcanic
rocks which overly the main body of quartzite forming Dooleys
Ridge. Two large faults striking north-west lie one on either
side of the group. The lode fissures are thought to have been
formed as a result of stresses set up by the difference in the
resistance to deformation of the various host rocks in which
the lodes lie.

No. 1 Lode lies entirely in volecanic rocks, and terminates



%0

to the south, as far as is known, in finely interbedded
siltstone and volcanic rock. However these do not crop
out, and the extent to which the lode penetrates them

is not known. North of thg§ No. 1 Lode the No. 2 Lode
lies in interbedded sandstone, siltstone, and quartzite.
These are succeeded to the north by acid porphyry, guart-
zite, and acid porphyry successively, before the main
body of quartzite is encountered. The sedimentary rocks
strike at about 070 degrees and dip south at 65 degrees.

Nose 15 2, and U4 lodes consist of a dominant reef
with subsidiary quartz stringers, but No. 3 Lode consists
of a number of reefc emplaced along a complicated shear
system. Few of the reefs are more than 12 inches wide.

Uineralogy

Wolfram is the dominant ore mineral; scheelite is
rare. The lodes, especially No. 1 Lode, carry widespread
but slight copper mineralisation. Malachite, chalcocite,
covellite, and a little chalcopyrite have been identified
from the No., 1 Lode, and native bismuth may be present.
(Appendix 2). Iron oxides are sbundant, but the reefs
have few cavities. Mica is present as a selvedge; in small
stringers; and as small flakes disseminated through the ore.
The primary zone has not been entered but the presence of
grains of chalcopyrite in the specimens examined suggests
that this mineral is the source of the secondary copper
mineralss Pyrite may also be present below the water table.

The minor ore minerals have been separated by hand in
the past and have not presented too much difficulty. The
percentage of copper present does not warrant the separation
of copper as a by-product as is done on other mines. The
lowest level of operations on the No. 1 Lode, which carries
the highest percentage of copper, is below the water table,
and is i1naccessible. The amount of copper mineralisation
can be expected to decrease as the primary zone is entered,
and it is considered unlikely that any difficulties will be
experi.;:xcod due to contamination of the ore by copper or
biam

Grade and Control of Ore

The scanty evidence available on the control of the
derosition of wolfram suggests that shoots determined by
the attitude of the reef do not exist. Hossfeld (1941)
found that the richest ore on the No.2 Lode was located on
those sections of the reef which had a strike of gbout 280
degrees and a steep dip. Only a short seciion of the reef
on the No. 2 Lode was exposed during the present survey, at
the 57 foot level in the Hen and Chickens Shaft. It was
found that high grade ore was present where the reef had a
relatively flat dip of 54 degrees. Where the reef was steeper
and had a strike of sbout 290 degrees it was poorer. These
obgervations do not agree with those recorded by Hossfeld
(1941). However, the reef is cut by a small fsault and the
highest grade of ore lies to the west of this fault.

Examination of the reef in Prices Shaft on the No. 1
Lode was equally inconclusive. The reef is displaced by a
number of small faults and the width, strike, and dip of the
reef on either side of these faults is in places markedly
different. Very rich ore is localised along some sections
of the reef, but it was not possible to determine whether
the deposition of the wolfram was controlled by the faults
or by the attitude of the reef between the faults.

In view of the conflicting evidence obtained on the No.
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2 Lode with regard to the attitude of the reef it is more
rrobesble that the presence of a fault is the dominant cause
of the deposition of the wolfram. If this is so the rich
sections of the lode will plunge parallel to the intersection
of the faults with the reef.

Few figures are available for the tonnage of ore produced
irom the various lodes, and as a great proportion of the stopes
on the No. 1 Lode and No., 2 Lode are now inaccessible, no
estimate can be made of the tonnage of ore won. The grade at
the mill of 126 tons of ore crushed from Prices Shaft during
1955 and 1956 wes 6.26% W0.. The ore is very patchy however,
and it is reported that & tmall stope north of Prices Shaft
at the 28-foot level yielded 6 tons of concentrates. Assuming
an average width of 9 inches of quartz, it 1s estimated that
about 27 tons of ore were obtained from this stope. The ore
therefore contained sbout 15k w03. The presence of this "make"
tends to support the theory that“ore is localised along
individual features on the reef, rather than along shoots whose
attitude and limits can be determined.

No figures are available on the grade or tonnage of ore
obtained from No. 2 Lode, No. 3 Lode, or No. L Lode. However
the grade of No. 2 Lode is expected to be compareble with that
of the No, 1 Lode, and the other lodes are probably poorer.

No. 1 Lode

This is the most southerly lode in the Hen and Chickens
Group, It consists essentially of one reef emplaced along a
shear of small horizontal displacement, and ranging in width
from 2 inches to 12 inches. The lode strikes at sbout 360
degrees and dips to the west at from 60 degrees to 80 degrees.
It has been tested over a length of asbout 500 feet from almost
continmious open cuts and from four shafts. Only one of these
shaf'ts, Prices Shaft,was accessible at the time or' the survey.

Two shafts, one reported to be sbout 50 feet deep, the
other about 30 feet deep, were put down on the southern end
of the lode and it is reported that some very rich ore was
obtained. Prices Shaf't was accessible to the 70-foot level
but extends some distance below this under water. The richer
sections of the reef, both north and south of the shaft, &above
the 70-foot level, have been removed.

The reef is offset by several small north-dipping faults,
most of them striking at sbout 065 degrees i.e. roughly parallel
with the strike of the country rocks. The most intense faulting
was observed at the north end of the 70 foot level, where the
width and dip of the reef changes sharply from one side of a
fault to the other.

A rich "megke" was encountered south of the shaft above
the J7-foot level, where the reef has been dragged along a
horizontal shear which is visible in the backs of the 28-foot
level at 25 S. The concentration of wolfram appears to be
associated with this shear (PLATE 26). The reef is 9 inches 25
to 12 inches wide and the dip changes from vertical to 45
degrees to the south as the shear is approached. A second rich
section was present south of the shaft at the 70 feet level.
Where the reef is visible in this drive it is not more than 6
inches wide, and is reported to have yielded sbout 8% wo3.

The nature of the occurrence of the ore is such that no
predictions can be made as to the persistence of ore at depth.
Further patches of high grade ore are expected to be present
below the present level of operations.

o, 2 Lode
This short lode is about 150 feet long in outerop and
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lies about 380 feet north of Prices Shaft. The lode, which
congists primarily of one reef, strikes a@bout 280 degrees

and dips to the south at from 60 degrees to 75 degrees. The
lode has been tested to a considersble depth from three shafts.
The most easterly of these, the Hen and Chickens Shaft, was the
only one accessible in 1956, and the lowest accessible level was
at 75 feet. Water stands 20 feet below this level and the shaft
is timbered to below the water level. MNost of the reef has been
removed sbove the 75 foot level, not only from the Hen and
Chickens Shaf't as it is reported that stoping extends to a
similar depth in the other shafts,

The outerop of the lode is now obscured by mullock except
at the western end, where it splits into two reefs 15 inches and
3 inches wide. A short seection of reef was visible in the backs
at the 57=foot level in the Hen and Chickens Shaft. The reef is
gbout 6 inches wide at the western end of the exposure where it
dips south at 54 degrees, strikes at about 275 degrees, and
carries rich ore. At the eastern end it dips =t 74 degrees,
strikes at 290 degrees, and is much poorer. The two sections
of the reef are separated by a small fault striking at p30 degrees
and dipping steeply to the west.

Hossfeld (1941), found that "the ore was concentrated in
two sections of the reef which sections are approximately 60
feet in length and contain shoots of wolfram ore 6 feet to 8
feet long. These sections are linked by a barren cross shear
striking at sbout 250 degrees and dipping south-ecasterly at 50
degrees." The ore-shoots pitch steeply to the west.

The lode has been exploited to at least 70 feet and at
this depth there is no sign of a decrease in the grade of the
ore. There is no reason to suspect that ore will not perszist
for some distance below the present level. A small tomnage of
ore still remains in the stopes but the exploitation of this
ore will be difficult, as the random nature of previous stoping
has left the mine in a dangerous condition.

Reopening of this lode will require a certain amount of
preliminary "cleaning-up". The lack of predictable ore reserves,
and the depth to which this lode has already been exploited, -
coupled with the unfavourable condition of the mine, do not
enhance the prospectis for future development.,

Yo, 3 Lode

The No. 3 Lode corresponds to the No. 3 Lode and No. 4
Lode of Hossfeld (1941). After examination 1t was concluded
that the lode consists of a continuous shear zone sbout 500
feet long containing several quartz reefs and quartz stringers.
The strikes of the reefs range from 085 degrees to 125 degrees.
The lode lies in volcanic rocks except at the eastern end where
it enters sedimentary rocks, and it is in this section that the
arrangement of reef's is the most complex.

The reefs are from 2 inches to 12 inches wide and dip south
at 65 degrees to 80 degrees. They are generally poor in com-
perison with No, 1 and No. 2 Lodes. Hossfeld (1941) reporis
that shoots of wolfrem 6 feet to 8 feet long are present and
he considers that the reefs had been insufficiently tested in
1940, Very little work has been done since that time except
on the most south-easterly reef which has been tested to a
depth of 10 feets The results of this are not known but the
reef has been sbandoned and apparently was not profitable.
The Nos, 3 Lode appears to be the rest of the four lodes in
the group. Further exploration wi not be warranted except
when the price of wolfram is very high.

No, 4 Lode
This lode lies about 50 feet north of the No. 3 Lode and
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is parallel to it. <rartz roofo erop out Giceontimiously
for chout 600 Zcct, Lut only ¢ue scetions havo been
developed to ony coxtent. [ooerold (41941) reports that a
gcetion 50 Lect lony ncor the castorn end of the lode had
becn teoted by tvo chadto 00 Leot and 30 'eet decp. Thin
scetion o’ the rcox’ was 12 incheo to 44 inchco vdde and
carried rich orc.

tlo oign ol themo shofto roroined in 1986 cad 1t ¢ppooro
that 1ittle, 1L ony, developrment has Leon undceritakeon sinece
1940. lowcver tvwo shallow ~hafts, now inaeecooible, have
been put dowm on the westirn cnd ol the lode uwhore the rect
averogeo cbout 12 dncheo in width and dips steeply to the
gouth. s informotion ic availdble on the grade o e ove
in theose shalts.

“he roclo arce narrow cid poor inm the contral scetion
and dip at 70 deorecs to 80 degroos to the couth. . olifrom
ic reportes to e pregent in chort shooto as in the other
lodco. rurtier ore niay be avaellodle, particularly at the
castorn and vestorn cnds o the lode, Lut in the <NHoonce
of cny information on the oxteat of undor round dcvelogment
or tue grcodo ol owvo, the reoncning of the lode comnot He
roconziendod.

Gonelugiong

*iie lodes on this group arc norrow but rolotively riciw
choy are dmdrdbly caited to operations Dy mmall trilute
naritico, and haove been go operated with some suceecs im who
past. liowever, inoufficicnt co trol hag been cxereised on
the operations of tributers, with tho result that come
gcetions of the reeifs are nov inocecesoible or recuirc the
reovible of congiderable (uontitics oi’ mmlloek uciore Aovol-
opmient can vg¢ reneved.

“he ore ig procont in rich patehles nmd ohort inporoiotont
ghicotn, and the recln ore irrcculur.: Shke scanty Lirures
availldble on the Jrade o the orc are too inderinite to ucce

c0 o basic for the cotination of’ reseorves, but 1t ig comnsidored

that the ocetions of the lodes vhich have been prolidodly
operated in the post wilil contimuc to prove economicol undcer
girdloer conditions, wnd thot pich “makes” camn be cxpeeted to
o @epth oi' ot leooot 200 feet, narticulorly on the o. 1 Lodo.
A hi‘her priec Jor woliren tould justity tho oxploration of
those gscetions o’ tho lodes wiich have not beon thorou hly
tented.

PAST. GULLY CRoUR (LA4es 4, 2‘5,9:‘@!,28,2?,3@ end 33).
enepal '

“he Cesters Gully Croup lics cbout three ¢uarters of Q
nile gouth-gest ol voot fole, and is pE.apizodle for the
diversity o strilic and dip ozhivitced by the main lodeo in
tixe group. Yhe lodeos 1lic in ccdincntory rpocks ond voleonice
rocko. The group ig clonmated im a couth-cootorly dircetion
cod lion on $yo lecoes, the Vaogteors Cully Leaoe to the northe-
cest (ocar 2f)

(FLoges 2). o 9 Lodo, ios 2 Lode, end Ho. 3 Lodc 1ic on
the tiagter Cully Leapo. oe. L Lode ond Ile. 5 Lode 1lic on

the vhitec Dlaoond Lease. “he group lico astride Ucsters Cully
vrdeh has preeipitoun gidos in the north there i troverces
scdisentary rocks, but vhich i rael lego razged o the sarth,
wiore it traverscs voleanic rocka. “he Zully has yicldced zich
cluvial wolf'roi.

Yhe groupn was covercd by the aypoleV and “Syndiecte

ond the hitt Dicoond Lease to the Youth-cant 26

27
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(¥o. 7)" claims in 1916 (Oliver, 1916), but the exsct location
of these leases in relation to the mineral deposits is unknown.
However, the lodes are naturally divided by Masters Gully and
it seems likely that the originsl leases occupied much the same
ground as the present leases. The original leases lapsed in
1922 and the ground was not tsken up agein until 1936,

Operations on the group have been continuous since 1936,

" though attention was concentrated on the south-easterly lodes

in the early years, and later switched to the north-westerly

lodes, In 1 "Moppocks Lease" included the present White Diamond

mineral deposits. The north-westerly sits were known simply as

the "Workings North of Koppocks". So little was knoun of the northern
art of the group that no desceiption of the lodes is inecluded in the

gepox't by Hossfeld (1941).

Since 1940 the Masters Gully lodes have assumed inereasing
importence, to the detriment of the White Dismond lodes. Both
leases were acquired by the present owner, Hr. J, Dailsy, in 1951,
Before that they had been held tely snd successively by
seversl owners, The presence of long discrete lodes has been
conducive to tributing, and tribute ions hsve contributed
substantielly to the production from the group.

Eroduction

Production data for the period up to 1940 ere lacking for
the White Dismond Lease, snd are incomplete for the Masters Gully
Lease. The "hite Diamond Lease is known to have produced & con-
siderable tornage of wolfram between 1936 snd 1942, and it is
possible that the production from the lease in those years exceeded
the production recorded since 1942. The produetion recorded from
the Masters Gully Lease is thought to be close to the actusal total
production, Tsable 13 gives the known production of concentrates
from the group.

deology

The Masters Gully Group consists of five main lodes and meny
less important quartz reefs lying partly in sedimentary rocks and
partly in volecanic rocks. The lodes have been rumbered from the
north-west to south-west mumbers 1,2,3,4, and 5, The lodes, with

the tion of No, 1 Lode, do not strike in conformity with other
important lodes at Hatches Creek.

The No, 1 lode strikes at 360 degrees to 015 degrees. An
isolated and unimportant lode some distance to the west of No. 1
Lode lies roughly parsllel to this and can be traced slmost con- |
timuously south-westwards into the Hit or ¥iss Group. Although
these lodes do not persist northwards into the main quartzite of
Dooleys Ridge, the projection of their strike can be contirued into
the Treasure Group on the north side of that ridge (FLATE rﬁ' These y
two lodes lie within a zome of fracturing which extends ¢ the
Treasure Group to the Hit or Miss Group. The origin of the other
lodes is less obvious but is thought to be comnected with this zone.

The group has been displeced, with the south-cast bloeck moving
south-west relative to the north-west bloek, by a feult trending
north-easts The outerop of this famlt is o ed by
allavium, in Masters Gully at the south-ecast end of the No.
(PLATE 26). 2L

The White Diamond lodes lie at the same stratigraphic horizou
as the Hen and Chicken No, 1 Lode, and they terminate toc ¢he south
in the ries of interbedded sandstone, siltstone, and volcanie
rock (& « The south end of the No. 5 Lode lies in fine-grsined -
sandstone siltstone. The lode has been severely faulted, and
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IABLE 13
MASTERS GULLY GROUP, HATCHES CREEK
ANNUAL PROECTION OF WOEM CONCENTRAIE§
1937 - 1958

MASTERS GULLY LEASE  WHITE DIAMOND LEAS) . TOTAL V

1938 0. 55 170 (a) | 0.55  170(a)

1939 - - UNAVAILABLE - -
1940 6e 96 1375 6.96 1,375
1941 1. 16 230 ‘ 1. 16 230
1942 3.70 1,013 17.2 3,680 20,90 4,693
1943 3. 67 ,358 2,6 851 6,27 2,209
1944 1. 81 1.48 449 3.29 1,058
1945 1o 54 - 563 1.29 303 2,83 866
1946 1.25 427 0. 73 221 1.98 6438
1947 1019 480 - - 1. 19 480
1948 5. 68 3,640 (a) 0. 55 310(a) 6,23 3,950(a)
1949 3¢ 55 1,723 0. 944 342 4o 49 2,065
1950 1. 39 L60 1e 12 L27 2. 53 887
1951 5e 145 9,019 . L 1,301 6.91 10,320
1952 9. 25 16,965 1. 66 3,104 10. 91 20,069
1953 15.57 21,074 1. 06 1,506 16. 63 22,580
1954 11. 27 9, 036 1.29 19534 12.56 10,570
1955 12, 01 10,185 - 12,01 10,185
1956 Le 95 59154 (b) (b) 495 55154
1957 0. 60 557 2.66 2,346 3.26 2,903
1958 O 45 15 - 0s 145 15
Total 93. 50 84,257 34. 06 16.37u 127. 56 100,631
(@) V“““—%M/"‘"Im fov relevawt ;eu

_(H Mneluced Ma_&_«!l?aL 2 Ml
the strike and dip of the bedding i 1rrem1ar. The dip of the

beds ranges from 35 degrees to 55 degrees to the south, and the
strike between 090 degrees and 070 degrees. To the north of
these sediments the White Diamond Lodes lie in fine-grained acid
volcanic rocks, and arg composed of a large number of short
irregular quertz reefs, lying in wide fracture zones which have
an undulating trend.

The Masters Gully lodes to the north lie in sedimentary
rocks and are more clearly defined and continuous. The host
rock is a medium-grained to coarse-grained friasble quartz-sand-
stone containing narrow lenses of quartzite, and it strikes at
about 075 degrees, and dips south at about é5 degrees., Faulting
has been slight and the lodes for the most part occupy clean-cut
continuous fissures. The lodes are most irregular, and are more
faulted, near the contact between volcanic rock and sedimentary
rock.

Mineralogy

The lodes in the sedimentary rocks have not been contaminated
to any extent by the presence of accessory minerals. Wolfram and
quartz predominate with lesser amounts of mica and tPaces of copper.
However the No., 5 Lode, which lies mainly in volcanic rocks,
carries more copper; malachite, azurite, and chalcocite have been
identified. Traces of Bismuth and molybdenum are also present.
Muscovite and biotite are both present, and are more abundant
than in the other lodes. The asccessory minerals are not present
in sufficiently large amounts to present any metallurgical
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difficulties, and are easily separated by hand,

Srade and Control

The grede at the mill or ore crushed f{rom No.
1 Lode am No. 2 Lode during 1955 and 1956 was sbout
5e 14% WO.3 186 tons of ore yielded 1lL.72 tons of
eomantritc. The bulk of this was won from the No, i
2 Lode in the Little Tunnel workings (FLATES 3, g) 3o ¥ 3
but some also came from the o, 1Lodeandrr«no
sources. These are the only figures availsble on which
to base a caleculation of the grade of the ore.

It is estimated from the reported and measured
limits of the stopes in the Big 'runml and the Little
Tunnel that about 2,100 tons of ore have been won from
the two mines. On the assumptio, that these two mines
have produced about 50 tons of totel production
noordod from the Masters Gully lLesse, & grade of sbout
1+8% W0, is indicated; this ineludes development ore.
It mast emphasized that these figures are purely
tentative, #With increassed knowledge of the control of
the ore it shonld be possible to mine ore carrying
between 2% wo3 and 3% woB.

Fgetors controlling the deposition of wolfram have
not been po-itivoly identified. Nost of the stopes are
now inseccessible, and the reef is exposed in only a few
places, It appears that the richest ore on the No. 1
Lode was obtained from a shoot on that section of the
reef which has a strike of sbout 360 degrees and an
average width of 30 inches to 36 inches, The poorer
sections of the reef strike st sbout 010 degrees and are
not so wide. WNo marked difference in the dip could be
detected. Judging by the location of the stopes this
shoot plunges to the south at sbout 70 degrees.

The shoot lies in the footwall of the Big Tunnel
Bault which d.i.pn to the south at about 70 degrees (ILATES
O e s Th A et e R o
5 -] grees_ and P of oot is
parallel to the intersecfion of the reef with both the Big
Mionel Fuult and the bedding ;, the country rock. Which of
these two features was re le for the localisation of
the wolfram is not known.

The richest ore on the No. 2 Lode wes won from &
section of the reef which strikes at sbout 090 degrees,
and which, judging from the inelination of Baileys Shaft,
is sli flatter than the rest of the lode. The poorer
sections the reef heve a strike of sbout 100 degrees and
are steeper. The lode is not intersected by any major fault
as far as is known, but is crossed by a narrow reef striking

tely 360 degrees. The intersection of this reef
the lode at the 25 foot level is not enriched. Devel-

mm since July, 1956, at the 152-foot level, indicates
lode becomes riem to the west.

It appears that ore on the Nos, 2 Lode lies in a shoot
whose limits have been determined by the attitude of the
reef rather than by features on the reef, but the control
end plunge of this shoot is not known. §m11 ts of
wolfram are in the reef at the 152-foot level:. The
reason for their presence could not be determined.

It is reported that the richest ore on the White Diamond
Lease was won from the south-west end of the No, 5 Lode. In
view of the discontimuity and irregularity of the gquartz reefs

in this part of the group the presence of well-defined shoots
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appears unlikely. The control of the deposition of
the wolfram was probebly exercised by the many faults
which displace the lode: the richest part of the lode
being where the faulting has been most intense,

Lo, 1 Lode

The No. 1 Lode is sbout 700 feet long at the
surface, but apart from a few shallow open cuts,
development has been confined to & short central section,
It strikes at from 360 degrees to 015 degrees, and dips
to the west at 55 degrees to 88 degrees, and consists of
one quartz reef emplaced on a single well-defined shear,
along which movement has been horizontal, The reef is
irregular end varies in width from 8 inches to 36 inches,
with an average width of sbout 24 inches over the central
section.

The lode was originally developed from an adit known
as The Big Tunnel, DMoros Shaft was later put down vertically,

' and intersected the lode at 143 fe&, The Bigz Tunnel Fault
12

which strikes af—from 100 degrees 5 degrees, and dips
south at about 70 degrees, displaces the northern part of
the lode to the west., The displacement is small, and there
has been some dragging of the reef on the fault, A leader

of quartz lying along the fault plane is contimuous with

the reef on either side of the fault, which suggests that
Taulting was contemporaneous with the intrusion of the quartz.
The richest ore was present in a short shoot lying in the
footwall of the fault. The reef strikes at asbout 360 degrees
in this shoot and is believed to have averaged a width of 30
inches, All the ore has been removed from this shoot sbove
the 101-foot level and the Tunnel Level.

The 143-foot level was under water at the time of the
examination. It is reported that the reef was lost in the
north drive at this level.

The reef has been tested for 120 feet at the 101-foot
level but has been stoped over a greater part of this length.
It is not as rich to the south of the Big Tunnel Fsult, but
carries some wolfram. An underhand stope between 10 N and
25 N connects with the 143-foot level.

The lode has been tested south of the Big Tumnel Fault
at the Tunnel Level, but the drive has caved at 38 N and the
extent of the development is not known. A second fault strik-
ing at 080 degrees and dipping south at 49 degrees intersects
the reef at 166 N, and has caused considersble displacement,
moving the south block west relative to the north block. The
intersection of this fault at the 143-foot level may have 2
caused the reported difficulty in locating the reef (FLATE n).

It has been estimated that a grade of sbout 2% was
obtained in the stopes between the 101-foot level and the
surfece, but the grade is reported to have decreased at the
143-foot level, and it is possible that the shoot does not
extend much below this level. However, the backs at the 143~
foot level are almost intact as far as is known, and in the
event of the mine being reopened detailed sampling can be
carried out to determine the grade of the ore.

A southern extension of the lode has been tested from
a short adit without success, and a shaft put down north of
the portal of the Big Tumnel is now full of water. Neither
of these operations has been extensive. Very little explor-
ation has been done south of lioros Shaft where the reef at
the surface is up to 24 inches wide. Another shoot similar
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to that in the present mine workings may exist in this section
of the lode.

No, 2 Lode

The No., 2 Lode strikes at 090 degrees to 100 degrees,
and dips south at 65 degrees to 80 degrees, It intersects
the No, 1 Lode at its western end, and disappears beneath
the alluvium of Masters Gully at its eastern end, The lode
consists of a number of quartz reefs ranging in width from
6 inches to 12 inches. It is narrow and poor at its western
end, and at the eastern end the reefs become irregular. Under-
ground operations have been restricted to a short central section.
Nos 3 Lode joins the No, 2 Lode at sbout 125 W, 10 N, at the
surface, The plunge of the intersection is thought to be to the
west, but cannot be accurately predicted, becesuse of the lack of
information, and the irregular dips of the two lodes.

A quart, reef of regular width and dip crosses the No., 2
Lode at right angles and terminstes in the No, 3 Lode (FLATE

30+ This reef, which has been tested at the level of the Little
Tunnel, strikes between 360 degrees snd 005 degrees, and dips west.
The fissure in which the reef lies has been displaced along the No.
2 Lode, but the guartz in both fissures is of a single generation.
The No. 2 Lode has been tested to a vertical depth of 152 feet by
Baileys Shaft, which is inclined. The lode was exposed for 4O feet
at this level, and consisted of a hangingwall reef 12 inches to 14
inches wide d.:lzping from 69 degrees to 85 degrees south, and a
footwall reef 6 inches wide dipping at 65 degrees south, The foot-
wall reef makes in the shaft 25 feet sbove the level, and may
represent the top of a new reef which will replace the hangingwall
reef below the 152-foot level.

Some small pockets of wolfram were showing in the backs, and
it is reported that better grade ore has been encountered in the
west drive, which has since been extended. The owners were advised
to drive westwards to the intersection of the No. 2 Lode with the
No. 3 Lode, but it is not known whether this has been done,

The drives at the 93-foot level extended sbout 100 feet to the
east and west of Baileys Shaft. The reef has been entirely removed
between the 93=foot level and the 25-foot level and the stopes are
now filled. The bulk of the production in recent years has come
from this section and it was estimated sbove that a grade of sabout
1.8% WO, was obtained. The grade below the 93=fool level is
raportea to have decreased, possibly corresponding to a steepening
in the dip of the lode between the 93-foot level and the 152=foot
level.

The lode is exposed for a short distance at the 25-foot level
west of Baileys Shafte It strikes at 090 degrees, dips to the
south, and is composed of ore reef 6 inches to 12 inches wide which
splits to the west and becomes poor. A second reef, increasing in
width to the west, was proved 7 feet to the north.

The average strike of the No. 2 Lode is about 100 degrees,
but the reef at the 25~foot level strikes at 090 ddgrees. This
suggests that a shoot may be present in that section of the reef
which strikes at 090 degrees. The presence of a shoot could not
be definitely estasblished owing to lack of information, and there-
fore the width and plunge of any shoot is unknown. However,
experience on other lodes at Hatches Creek suggests that the
plunge could ove :ontrolled by the intersection of the bedding
with the plane of the lode. If a shoot is present on the No. 1
Lode it is most likely to plunge to the south-west at LO degrees
to 50 degrees.
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The lode has been tested from many shallow open cuts
at the surface. Small pockets of riech ore have been won,
but the development of the lode other than from Baileys
Shaft does not appear to be justified.

No, 3 Lode

The No. 3 Lode strikes at—£rem 100 degrees to 110
degrees. It runs south-east from the intersection with
the No, 2 Lode to disappear beneath the alluvium of Masters
Gully. The north-eastern lode on the White Diamond Lease SO AT
(Nos 4 Lode. FLATE 2§), is éiaﬂzaiaue in strike the No. £
3 Lode but lies to the south-west of the projection of No., 3
Lode scross Masters Gully (PLATE 5)., Although differing mark-
edly in many characteristics it is believed to occupy an
extension of the shearzone in which the No. 3 Lode lies. The
two lodes are economically distinet, and will therefore be
deseribed separately.

No, 3 Lode crops out for 300 feet betyeen its intersection p
with No. 2 Lode and Masters Gully (FLATE 28), and has been dev- .0
eloped mainly from shallow open cuts, It consists of one or more
irregular quartz reefs ranging in width from 9 inches to 30 inches
and dipping south-west at from 70 degrees to 85 degrees.

No extensive underground development has been undertaken but
the lode has been tested by short drives at three places.

1) It is exposed for 37 feet in a short drive at the Little
Tunnel level. It is irregular in width, poor, and splits to the
south-east at the face (FLATE 36).7%0

2) A short drive, estimated to lie sbout 45 fest below the
collar of Baileys Shaft, is shown on a plan of the area by Hoss-
feld (1941). This lies immediately to the south-east of the Little
Tunnel, eand was developed from a shaft which is now filleds. The
reef was 14 inches to 24 inches wide (FLATE 3@).30 29

2) It has also been tested from the No. 2 Shaft, but the
size of the dump indicates that development was limited. Plans
were in hand in 1956 tqo reopen this shaft, but very little work
had been done (FLATE 22).

The grade of ore on the No. 3 Lode is unknown, but the
irregular nature of the exploitation suggests that ore may be
patchy. Further exploration does not appear to be justified,

. except during periods of high wolfram prices,

o Lod

THe No. 4 Lode consists of a series of short discontinuous
reefs lying entirely in volcanic rocks, and striking between 100
degrees and 130 degrees. The reefs lie in a wide zone of shearing,
are narrow and relativel, poor, and because of their discontinuity
are difficult to mine. erations have been confined to numerous
shallow shafts and open-cuts, most of which are now filled. Further
small parcels of wolfram may be won, subject to the price of wolfram,
but future development of the lode cannot be recommended.

Ho. 5 Lode

The No. 5 Lode consists of an unusually large number of short
reef's arranged en echelon along a complex zone of shearing. The
zone has an 8-shaped outecrop which is emphasized by faulting in the
central, and richer, section of the lode. The extremities of the
lode strike south to south-east, and the reefs are not severely
faulteds They are up to 15 inches wide, dip west, and are so
arranged that the next reef in the lode is found in the right-
hand wall at the end of the previous reef.
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The reefs are abundantly faulted, with left-handed
displacement, in the central sections, The faults strike
roughly north, and dip steeply to east or weste The reefs
are up to 16 inches wide, and dip within a few degrees of
the vertical, either to north or south. They are rarely
visible in the s@bandoned workings. Operations on the lode
have been confined to shallow open-cutting, except in the
central section where Hossfeld (1941) reports that shafts
had been put down to 50 feet. Nothing was accessible below
15 feet in 1956.

The shape of the lode has been related to the faet that
it lies in two types of host rock; crossing the boundary just
north of the central section. The high grade in this section
is attributed to the abundant faults, which are absent on the
poorer sections.

This lode offers very little prospect of further develop-
ment, as the discontinuity of the quartz reefs will make mining
expensive. High grade ore is confined to the most severely faulted
section of the lode where development will require considersble
tirbering and development in waste rock. As the lode has already
been exploited to a considerable depth, its reopening is not
Justified.

Other Reefs

Several smaller quartz reefs which have yielded rich ore
are present in the group. These are narrow and short, and in
general will not support other than surface operations.

The quartz reef which intersects the No., 2 and No. 3 Lodes
in the Little Tunnel is the exception to this, by nature of its
situation, This reef, which is displaced by the No. 2 Lode and
terminates on the No, 3 Lode (FPLATE 3@), is notsble for regul-
arity of width and dip. It is 6 inches to 8 inches wide and
dips at 65 degrees to 70 degrees to the west. Some rich patches
of wolfram are present, particularly between the No. 2 and No. 3
Lodes. The reef occupies a joint and not a shear.

There are several narrow quartz reefs cropping out on the
west side of Masters Gully between the Little Tunnel and the
Big Tumnel. They vary in width from 1 inch to 10 inches and are
in general poor. Only one reef, lying sbout 110 feet north-west
of the Little Tumnnel, has produced good grade ore. It yielded
e(a‘?’zut 1.%1‘:0!)8 of concentrate from a short and shallow open cut

ATE 29).

Two short quartz reefs crop out west of the south end of
No. 3 Lode. They strike at an angle to the main lode and
probably occupy subsidiary fissures associated with the lode.
They are narrow and irregular, and dip steeply to the west.
Their production is unknown.

LZluvial Deposits

Masters Gully has been extensively exploited for eluvial
wolfram, particularly on the White Diamond Lease, to the extent
that the deposits are now gpproaching exhaustion,

Conclusions

Further small parcels of concentrates may be won fram the
smaller reefs, and from the No. 4 Lode and No. 5 Lode, depending
on the price of wolfram, but only three lodes offer a substantial
basis for future development. Of these the No. 3 Lode is the
least promising, but this may be due to the scarcity of infor-
mation, Considerable exploration will be needed before it can
be developed, whereas the No. 1 Lode and No. 2 Lode are not only
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known to carry good grade ore, but both have a substantial

tonnage of ore remaining above the lowest level of operations,

Some doubt exists in both instances as to whether the past grade

of ore persists in these remaining blocks, but on the other hand
less development will be needed to exploit thems In view of the
doubt about the persistence of grade it will be nedessary to sample
the lodes in detail. The operative grade will be dependent on the
current price of wolfram but it is considered that a grade of 1. 5%
WO, would be high enough to justify further exploration below the
1o;cst levels. '

An averege grade of 1.5% WO, has been assumed for the No., 1
Lode, and the No, 2 Lode within the limits of existing development,
and the length of payeble reef has been taken as these limits.
Possible ore reserves have been calculated as 7 tons of wolfram
for the No, 1 Lode above the 143~-foot level, and 13 tons of wolfram
for the No. 2 Lode above the 152-foot level. It must be emphasized
that these calculations are based onv@ho—flﬁmo&eet-of evidence, and
are deliberately conservative. _fragm entary

Both the lodes could maintain a favoursble grade to depths of
200 feet or more, and, with a return to the wolfram prices operative
early in 1956, they should support development to this depth at
legst. However adequate exploration should be undertaken as the
grade on both lodes is suspect at their respective lower levels.

HIT OR MISS GROUP (FLATSS 4, 33, 8, 3§, 35, % ana 3§).
General

The Hit or Miss Group lies just over a mile south-west of
Goat Hole, and is the largest and most complex concentration of
wolfram=bearing reefs at Hatches Creek.s Five of the more important
lodes have been developed to depths of 100 feet or more, and several
other reefs have been developed to depths of over 30 feet. Shallow
open-cuts are extremely sbundant (PLATE 33). The reef's cover an
area sbout 1600 feet square and crop out on three ridges which trend
roughly east, The group was covered by six leases in 1956; the Hit
of Miss Lease situeted centrally and surrounded by the Silver Granites
Lease to the west; the Fortune Lease to the south; the Hit or Miss
Extended Lease to the east; and the Reward Lease and Hitlers Down-
fall Lease to the north.:

e

The reefs commonly lie along well defined lodes“;xcept in the
central part of the group where they are present as irregular con-
centrations of discontinuous reef's havi an approximately common
strike. These have been termed "lines" (PLATE 33) to distinguish
them from the lodes. The reefs, with few exceptions, conform to
four dominant directions of strike, which are at sbout 360 degrees,
between 020 degrees and 030 degrees from O4O degrees to O45 degrees,
end at about 070 degrees. The Hit or Miss Main Lode, which strikes
at 360 degrees, has produced about one half of the total tonnage of
concentrates from the group.

History

A "Hit of lMiss" claim was among the first to be registered,
by Hanlon and Warne, after the discovery of wolfram at Hatches Creek.
The ground covered by this claim was much the same as that covered
by the present Hit or Miss Lease. The map accompanying the report
by T.C. Oliver (1916) shows four other claims adjacent to the "Hit
of Miss." These were "The Reward" to the north; the "No., 12" and
"No. 12 East" to the east; and "The Wallaby" or "Haddock's" to the
wests The five claims embraced most of the group. They were all
ebandoned by 1922 and were not repegged until 1936.

Mr, J., Walsh acquired the Hit or Miss Lease and Hit or Miss
Extended Lease about this time, and these two leases and later the
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"Fortune Lease", were held by him, and later by his estate,

- until 1951, when they were bought by Mr. J. Fowles. Walsh

also owned other leases at Hatches Creek and at Wauchope,
and for a great part of his temure the production from all
his leases was recorded in bulk.

A substantial amount of work had been done on the group
by 1940 when officers of A.G.G.S.N. As began a survey of the
mineral field (Hossfeld, 1941). At that time "Ross's Lease"
lay to the north of the Hit or Miss and "Cadogan's Lease"
lay to the south, The Commonwealth Government operated the
Main Lode from 1942 to 194L4. Development since then has been
concentrated on the Hit or lNMiss Lease, the Hit or Miss Extended
Lease and the Silver Granites lLease, and only a limited amount
of work has been done on the other three leases.

In 1956 four of the leases were held by Mr. J. English,
who acquired them from Fowles, and were being operated on his
behalf by Mr, Re Coxon. The Silver Granites Lease was held
under tribute by Messrs. Blundell snd Spreadborough, and the
Reward Lease was not in operation. Mr, Coxon and Mr. English
were employing several parties of tributors who were developing
various lodes on the group. Coppressed air, water, and pumping
facilities were supp by the management, and the tributers
were subsidised when development to encourage efficient
methods of mining, his arrangement was proving successful in
the operation of smaller lodes on the group, as well as on the
larger lodes.

Eroduction

Very little information is availsable on production of
wolfram from the group prior to 1940 but it is known that a
considersble tonnage was won between 1916 and 1922, and between
1936 and 1940, Total recorded production to June, 1958 from
the various leases on the group has been 302,66 tons of con-
centrates but this does not include wolfram won from the leases
owned by Walsh between 1939 and 1942, It is estimated that of
a total of about 200 tons of conecentrates won from Walsh's leases
in this period, ebout 100 tons, worth about £17,000, came from
the Hit or Miss Group. Total production from the individual
leases has been as follows:-

Hit or Miss 223,57 tons
Hit or Miss Extended 29. 59 tons
Fortune 13. 86 tons
Silver Granites 18. 64 tons.
Reward 15. 68 tons
Hitlers Downfall 1. 32 tons

Total 302, 66 tons
Ex Walsh 100, 00 tons

Total 402,66 tons

Tsble 14 gives the known anmual production from the group
sinece 1937, but figures for the years before 1942 are inaccurate
and certainly too low,

Geology

The Hit or Miss Group is remarksable for the umusually heavy
concentration of wolfram-bearing quartz reefs and for the
regularity of their orientation. The group lies at the southern
corner of an irregular rhomb whose other corners are occupied
by the Kangaroo Group, the Treasure Group, and the Masters Gully
Group (FLATE 4). The pattern of reefs in each of these groups
is completely different from the others. The Treasure Group,




Year Ending HIT OR MISS HIT OR MISS EXTENDED FORT UNE SILVER GRANITES REWARD - HITLERS DOWNFALL TOTAL
30th June Concentrates Value Concenmtrates Value Concentrates Valus Concentrates Value Concentrates Value Concentrates Value gm‘ Value
e , rates
Tons £ Tons £ Tons £ Tons £ Tons_ £ _
: ; ‘ | B | i : : 4
1937 28.1 2,512 - - = - - - - - - - 28,1 2,512
1938 81‘4 4,2’0 (I.) - - - - 005 132 0.21 100 {l; - - 81091 4.m(ﬂ
1939-1942 Combined production ex.Walsh est, 100 Tons £17,000 (a) ; 0,11 B g 0.96 215 (a - - 12330717'mtﬂ
1943 5423 1,755 0437 118 2.04 647 2410 748 oE - - - 9,74 8:“8 :
1944 6,78 1,778 9,87 2,881 2445 639 0.5 16 058 159 - = 20,18 5,475
1945 6423 2,162 0.7 213 1.53 478 - - 1.06 375 0.88 289 10,40 3,517
1946 Te4l 2,565 0.12 30 0.27 73 - - 0,98 334 0.29 99 9.07 3,101
1947 0.98 382 - - - - - o 1,01 357 - - 1.99 739
1948 756 4,540 (a) 0.16 100 (a) 0409 50 ()  2.38 1,300 (a) 1.46 820 (a) = - 11.60 6,810(d)
1949 - » 0,63 21 4.32 2,204 - - 0.87 328 - -  5.82 2,553
1950 - - - - 3.16 1,085 - - 0.72 224 - - 3.88 1,3 ,
1951 10.41 17,125 1.37 2,315 i- - ¢ 0434 240 (a) 0.58 954 0415 250 12.85 20,884
1952 4,93 8,503 2,79 4,937 - - 1.88 3,118 , 4.83 8,390 - - 14,23 24,948
1953 21.61 28,186 5.38 8,536 - - 593 4, 497 0,43 561 - - 31.35 41,780
1954 13.42 11,985 4,39 4,493 -c - 4.01 2,672 1,99 1,350 - - 23,81 20,500
1955 18,70 17,171 3452 2,765 - - 1,05 805 - - - - 23.27 20,741
1956 27.45 27,033 (b) (b) - - 0499 971 - - - - 28,44 28,004
1957 26,36 22,357 0.29 248 - - 1.30 1,021 - - - - 27.95 23,626
1958 17,00 5,008 - - - - - - - - - - 17,00 5,008 _
)
Total 323.57(c) 174,349 (¢) 29.59 26,657 13.86 5,176 18.64 15,587 15,68 14,187 1.32 638 402,66 236544(4d

(a) Value estimated from mean price of wolfram for relevant years.
(b) Production included with "Hit or Miss".

(c) Includes 100 tons ex Walsh,

(d) Includes estimated data.

(e) Includes £17,000 ex Walsh.
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and Hit or Miss Group lie at either end of a major line
of fracturing, trending a little east of north, which
rung through the western end of the Masters Gully Group.

More detailed examination of the structure will be
necessary before the relationship between the four groups
can be determined. The difference in the pattern of the
reefs in each group is attributed to the difference in
type and seqguence of the country rocks which each group
occupies. The northern part of the Hit or Miss Group lies
in a sequence of interbedded siltstone, sandstone, quart-
zite, and volcanic rocks. Few of these beds are more than
20 feet thick, they strike at sbout 070 degrees, and dip
south at from 55 degrees to 60 degrees. The percentage of
voleanic material is very small in the higher part of the
sequence but inereases, at the expense of the sedimentary
rocks, in the lower part i.e. to the north. The widest and
best-defined sections of the Main Lode, the ¥No. 1 Lode, and
the No. 3 Lode lie in the southern part of the sequence
(PLATE 32).

Most of the reefs lie in acid porphyritic veolcanic
rocks which overly the sedimentary sequence. These rocks
are very similar in hand specimen throughout, but the presence
of amygdales in some parts suggests that several flows may be
present, No attempt was made to differentiate the individual
flows. These rocks are less favourable to the formation of
well-defined lode channels. than the siltstone which is host
to the Main Lode, No. 1 Lode, and No. 3 Lode.

Three lines and nine lodes have been distinguished.
The lines lie in the centre of the group where the dislocation
is more intense, and the lodes lie for the most part towards
the edges of the group (PLATE 33). As mentioned sbove the
reefs, with very few exceptions, conform to four dominant
directions of strike. These are:-

1) at sbout 360 degrees.
2) Dbetween 020 degrees and 030 degrees
3) at sbout 070 degrees.
L4) at sbout O45 degrees.

There is a definite relatiouship between the location
of the reefs, their habit, and their strike. Reefs in the
north-western corner of the group strike at 360 degrees and
form lodes. Reefs in the central part of the group may strike
at either 360 degrees or between 020 degrees and 030 degrees
and form lines. Reefs in the south-western part of the group
strike between 020 degrees and 030 degrees, and lie either in
lines or lodes. All these reefs are vertical or dip to the
west at 060 degrees or steeper. In the central part of the
group there are a few narrow quartz reef's striking at sbout
070 degrees but these are short and poor. Lodes having this
strike, or striking at O45 degrees, lie at the eastern and
western edges of the group. The two lodes at the western
gide of the group either have steep dips to north or south,
or are vertical. The two eastern lodes dip to the north, one
.tpbout L5 degrees and the other at 75 degrees.

The group is located between at least three relatively
large faults which were formed during the main period of
faulting of the mineral field, Two faults, %EEEEUWE§¥¥”ﬂRa
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differential movement between the blocks of quartzite which
form the ridges south and north of the Hit or Miss Gully.

The third fault, which strikes north-west, lies immedistely
to the west of the Hit or Miss Group. It crops out as a
wide zone of shearing. The umisually heavy fracturing repre-
sented on the group has been related to its situation within
-these faults.

Mi o

There are two distinet types of mineralisation in the
reef's of the group, and this appears to be directly related
to the strike of the host reef. Reefs striking north carry
wolfram and quartz with minor amounts of molybdenite and mica.
They are practically devoid of copper, whereas reefs striking
at 070 degrees and O45 degrees carry high percentages of copper.
The distinection is @bsolute, and is clearly exhibited at the
intersection of two reefs in the Water Shaft on Walshes Line
(PLATE 34). There is heavy concentration of wolfram and copper
at the intersection, but the reef which strikes north carries
no copper away from the intersection, whereas copper minerals
are @bundant over the whole of the exposed length of the reef
striking east, A similar phenomenon is present at the inter-
section of a cross reef with the Hit or Miss Extended Lode
north of Korners Shaft (PLATE 38). The quartz in the inter-
secting reefs is contemporaneous in both instances. The copper,
where present, is intimately associated with wolfram and with
other ore minerals present.

No scheelite has been identified from the group. Nolybdenite
is present in all reefs regardless of strike. Traces of lead have
been obtained from assays of ore from the Main Lode, and though
no galena has been identified wulfenite is present in small amounts,
Secondary copper minerals include azurite, malachite, chrysocolla,
atacamite, brochantite, chalcocite, and bornite. Native bismuth
is thought to be present.

‘No evidence of zoning was observed except on the Copper Lode
(PLATE 34), where the ore minerals are segregated from the quartz
in places and lie in the centre of the reef. There is no evidence
of hydrothermal activity comparable with that on the Green Diamond
Main Lode.

G Cont of O

The deposition of wolfram in most of the smaller and less
regular reefs in the group has been controlled by the intersections
of reefs, by “"horses" on the reefs, and by the presence of faults,
and other features. Rich but irregular concentrations of wolfram
are the rule. However the reefs become wider and more regular
where the lodes traverse the sedimentary rocks (PLATE33). At the
higher levels on the Main Lode Hossfeld (1941), determined the
presence of a shoot lying in a section of the lode which had a
more easterly strike than the rest of the lode. The presence
of the shoot was revealed by structure contouring of the reef
relative to a vertical plane. This contouring was continued to
lower levels, but the shoot loses its definition and the contouring
has little significance. Rich "makes" are associated with splits
in the reef, faults,‘"gqaggs", and leaders intersecting the reef,
though in some the reef also has a local change
of strike towards the east. Some of these features can be related
to a particular host rock, which may also have caused deflection
of the lode-shear, :

Information on the grade of the lodes is scarce. Grade 2
the mill of 534 tons of ore from the Hit or Miss Lease, crushed
during 1955 and 1956, was 3.8% WO.. Figures for the Hit or Miss
Extended Lesse and the Silver Graﬁites Lease were 6.4% W03 and

6. 6% WO3 respectively, which only implies a greater concentration.
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by hand before treatment. Hossfeld (ﬁ9u1) caleulated a
grade of 2.LU9% wolfram (c 1.7% WO,) for the Hit or Miss
Main Lode, but gave no figures fo; other lodes.

Individual Lodes

All the lodes, and meny of the less important reefs
have been tested to depths of 30 feet or more, but in 1956
few of these workings were accessible. Only five lodes have
been tested below 100 feet, and all of these were in opersation
in 1956. Nine lodes and three "lines" have been recognised
within the group. They are listed below, together with their
dominant direetion of strike.

Name Strike w3 '
Main Lode B 360 degrees FLATE 33)
No. 1 Lode 360 . PLATE "
No, 2 Lode _ 020-030 degrees N
No.. 3 Lode . , 020-030 " " ¥
West Line 7 _ 360 degrees b S
Central Line : : . 360 =030 degrees - { " M
Walshds Line 020-030 = " % s
Extended Lode = 020-030" . " L A
Silver Granites Lode 070 degrees (PLATE 3L
Copper Lode _ . Ou0-070 degrees o gl
No., I Tode 045 degrees 1 PLATE. 33

No. 5 Lode ‘ 070 ‘degrees e b g

The distribution of leases is suech thet in only one place
does the productive section of a line or lode lie on more than
one lease. This exception is at the south-western corner of
the Hit or Miss Lease where the richer reefs in Walshes Line
lie across three leases; from north to south the Hit or Miss
Extended Lesse, the Hit or Miss Tiesge, and the Fortune Lease
(PLATE 32). The Main Lode, No. 1 Lode, No. 2 Lode, and No, 3

Lode extend northwardsvonto the Reward snd Hitlers Downfall
leases, where they are poor and rglativelyrunimportant.

In the past the neme "Copper Reef" “has been assigned to any
copper-besring reef, which in 2ll cases strike eagt. = This hes
lead to some confusion, and in this revort the name "Copper Lode'
has been assigned to one of the lodes on the Silver Granites Lesse
(FLATE 38). ' Other copper-bearing lodes striking east have been
given distinct names, and the name  "Copper Reef" is not used.

Main Lode (PLATRS 3%, 3%, snd 36)

The Hit or Miss Mine lies on the Main Lode whiech is the

-most important in the group, and has contributed about half of .

the toteal production. ' Although the lode can be traced for asbout
1,000 feet, only a central section L50 feet long has been
pxploited to any depths This section lies almost entirely in
siltstone; to the south and north the lode ‘lies in veolcanic rocks,
is more irregular, and carries less wolfram.

In the central section the lode céonsists essentially of one
reef 20 inches to LO inches wide., North of this it consists of
two or more reefs up to 20 inches wide, and to the south it
becomes irregular and Aies out in a namber of barren veins,
Development other then in the central section has been confined
to shallow open cuts, except in the extreme south where there has
been some local enrichment at the intewvsection of the Main Lode
with an easterly extension of the Silver Granites Lode.

Three shafts serve the central section. ' One of these; the
Chinamans Shaft, is vertical and was put down by the Commonwesalth
Govermment. It lies in the footwell of the lode, and is connected

7o T, e
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by short eross-cuts to the 112-foot level and the 166-foot
level, Walshs Shaft, which is inclined, serves as the main
shaf't, and had reached a vertical depth of 205 feet in June,

1956, The shaft has since been deepened to sbout 245 feet,

but development at this level had barely begun when the mine
was closed down. A third shaft, the North Shaft, was not in
use during 1956, It is also inclined and is accessible to
the 97-foot level. Water stands sbout 15 feet below this
level and the depth of the shaft is not known, but is believed
to be about 120 feet. It is situated at the extreme western
limit of the productive section of the lode. Ore had been
almost entirely removed above the 141-foot level by 1940
(Hossfeld, 1941). Since then operations have been conducted
at the 166-foot level end the 205-foot level.

The lode has an average strike of 360 degrees, but in the
rich section the reef has two distinet directions of strike.
The wider, flatter-dipping sections strike at 010 degrees to
020 degrees, and the narrower, steeper sections strike at about
340 degrees to 350 degrees. Hossfeld (1941), states that in
the then asccessible levels high grade ore was present in the
wider, flatter sections of the reef. However more recent evidence
suggests that the attitude of the reef is not wholly responsible
for the enrichment. Local enrichment of wolfram has taken place
along faults, "horses", at the junction of the reef with small
leaders, and also where strike of the reef changes from east of
north to west of north. "Spotted dog", which characterises the
shoots, is typically absent, at least in the lower levels of the
mine.

The reef is now exposed in only a few places at the 141=foot
level and the 112-foot level and these exposed sections are in
general barren. At the north end of the 112-foot_level the reef
splits into two reefs of equal width. The North “heft was put
dowvn on the hangingwall reef, whereas the level was driven on the
footwall reef, thus failing to intersect the shaft. A cave-in
at ebout 100N has rendered the level inaccessible from Walshs
Shaft, but the 97-foot level comnects with the 112-foot level
north of the cave-in. The footwall reef strikes at about 010
degrecs near the break-through, but to the narth it pinches on
a shear striking at 340 degrees (FLATE 3§).

The reef exhibits an abrupt change of strike at 63 N at the
112=foot level. Very rich ore has been reported above this level
between 63N and the North Shaft, and rich ore wass showing at the
intersection of the two reefs in the 97-foot sub-level. The
enrichment may have been csused by either or beth of the two
features.

Between 835 and 63 N the reef strikes at sbout 015 degrees,
but at 83 S there is another marked change in strike. Hossfeld
(1940), assumed the presence of & shoot between 828 and 63N,

South of 838, the reef strikes at 340 degrees for a short distance,
but then assumes a strike of asbout 360 degrees and this strike
persists to the face at 252 S. The reef is faulted and irregular
in this section, and it is reported that development south of' the
eross-cut to the Chinamans Shaft ylelded 1.2% WO, to 1.4% 7105

The reef narrows and is lost on a vertical shearjstriking at“012
degrees.

The 141=foot level hss been driven for at least 100 feet,
both north and south of Walshés Shaft. The drive has been partly
filled to the south_ but the backs are accessible. The reef is
15 inches to 30 inches wide, and is irregular and feulted. The
accessible section of the level strikes at about 015 degrees, but
at 66 N there is a change in strike to 345 degrees. The northern
limit of the level is unknown.

Development at the 166=foot level has been entirely south of
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Walshes Shaft, except for a short drive 26 feet long to the
north. The reef strikes at 360 degrees in the north drive,
but swings to a strike of 020 degrees south of Walshes Shaft.
It is reported that a moderate grade of ore was encountered
in this section.

There is another change in strike at about 100 S and
this coinecides with the intersection of the reef with’a bed
of tough quartzite, The reef is split and irregular for sbout
LO feet, and is joined from the north by a footwall reef 9
inches wide. Two reefs contimue to the south striking at about
020 degrees, but have been neglected in favour of a short reef
striking at 339 degrees which pinches to the south but mekes
again, Going south the strike gradually swings back towards
010 degrees. A second reef makes in the hangingwall just north
of the south face.

High grede ore wa:s mined where the reef splits between 808
and 1108, and some patchy wolfram w;s present in the southern
section where the strike swings towards 010 degrees, but the
reef was barren wvhere it strikes at 339 degrees between these
two sections (FLATE 34). The pr#lific splitting at 808 to 1108
is attributed to the coincidence of the change im strike of the
lode, and its intersection with the quartzite. A%t the 112-foot
level the two features do not coincide, and the effects are not
s0 pronounced, The splitting of thes ree’ is believed to have

ainly responsible for the locaiisation of wolfram. Moly-
bdenite is ypysually common in this section. Another rich "mape"
was present at 1508, wherec a 3-inch wide quartz leader, striking
at 008 degrees, joins the reef.

The 205-foot level is 195 feet long. o ore remains above
the level south of alshes Shaft, within the limits of the drive,
but further ore may be won to the south of these limits, as the
reef strikes at a pproximately 015 degrees in the south fsce. A
rich "make", localised on a "horse" which plunges to the south at
egbout 45 degrees, was being mined immediately north of Walshes
Shaft at the time of the survey. The strike of the reef swings
to the west north of the "horse" and the reef is poor. Stoping
was contimied above the 205-foot level north of Walsheks Shaft
late in 1956, and n, ore remains between this level and the 141~
foot level within the limits of the drive. The north drive was
abandoned at 97 N when the reef became poor, but further devel-
opment is recommended in this direction, as it is possible that
the strike will change again and that further paysble ore will
be encountered.

Waleh;s Shaft was put down about another 30 feet late in
1956 and unusually rich ore was encountered within 15 feet of
the shaft, to the north. High grade ore was also present south
of the shaft for a reported distance of 30 feet.

The intersection of the lode with the bedding of the country
rock plunges to the south at about 45 degrees, and this corres-
ponds with the plunge of most of the features of the reef, except
the changes in strike which plunge much more steeply to the south,
or are vertieal. The trace of the changes in strike is shown in
PLATE 36, from which it is spparent that the plunge of these
features is becoming steeper at depth. No reason for this could
be detected.

The lode has not been sufficiently tested to the north or
south of the present limits of the 205-foot level to determine
whether features observed at higher levels persist. It is
important that the location of the expected change of strike to
the south be determined, as experience has shown that the presence
of wolfram south of this is spasmodice. If the plunge of this
feature contimies to steepen as is indicated in the vertical
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projection on the lode (PLATE 38), this change in strike

will be encountered within 30 feet of the present south

face at the 205-foot level. Information on the lode north

of Welshs Shaft is limited and it will be necessary to extend

the north drive at the 205-foot level to determine whether
features present at higher levels do persists It will be
necessary in any future exploration to recognise those features
which are responsible for the localisation of wolfram. If this
is done the necessity of mining barren sections of the lode will
be obviated. Present evidence indicates that most of the features
on the reef plunge to the south parallel with the intersection of
the lode with the bedding of the country rock, and similar
behaviour has been observed on almost every large lode on the
field. A tentative prediction of the plunge of any new feature
can thus be made.

The lode has been mined successfully over a length of
about 350 feet at the 112-foot level, and has a total known
length of 1,000 feet. It is therefore considered that the
present grade in the mine will persist to at least 350 feet,
The mine has yielded between 150 tons and 200 tons of concen-
trates from an estimated 9,000 tons of ore, which gives a grade
of about 1.7% WO, to 2.3% WO, a little higher than Hossfeld's
figure (1941). However Hossfeld's figure was based on all ore
mined, whereas recognition of the features which control the
;gakgs" should permit selective mining to a grade of at lesst

Wi
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It is estimated that a further 9,000 tons of ore are
availsble above the 350-foot level. On previous indications
the possible ore reserves are therefore between 150 tons and
200 tons of wolfram.

Ho. 1 Lode

The No. 1 Lode lies between 150 feet and 180 feet esst
of, and parallel to, the Main Lode. It is about 600 feet long
in outerop and strikes at sbout 360 degrees. The richest and
widest section of the lode, where the reef attains s maximum
observed width of 15 inches, lies in the same belt of siltstone
as the rich section of the Main Lode. To the north of this
section the lode consists of one reef ranging in width from 2
inches to 10 inches. ©Scattered open cuts indicate that the
lode was unprofiteble to mine. Three shafts have been put down
on the richer section but the depth and extent of' development
is not known. The lode disappears to the south beneath the
alluvium of the gully which crosses the centre of' the group
(PLATE 32). A projection of the strike of the lode intersects
the No. 2 Lode at the No. 2 Shaft (PLATE 33).

The lode is reported to carry moderately rich but patehy
ore, and this fact, together with the small width of the reef,
has militated against its profitaeble operation. Further rich
patches of wolfram are undoubtedly available, but their exploit-
ation will be dependent upon suitable economic conditions.

Ho. 2 Lode

The No. 2 Lode strikes between 020 degrees and 030 degrees,
and has been traced for 300 feet south of, and 40O feet north
of'y the central gully. The lode is poorly defined and consists
of a large number of narrow quartz reefs dipping steeply to the
weste In strong contrast to other lodes it fans out into an
unusually large number of veins, up to 6 inches wide, where it
lies in the siltstone north of the gully. These veins have been
prospected with little success, from many shsllow pits.

The No., 2 Shaft was put down at the intersectisn of the
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Nos 2 Lode with the No. 5 Lode and the No. 1 Lode (FPLATE 38),
and, judging by the amount of waste rock in the dump, a
considerable amount of development was undertaken. This
appears to be the only place on the lode where a payable grade
of wolfram was obtained. The lode does not warrant further
exploration.

No, 3 Lode

The Noe. 3 Lode lies parallel to and about 100 feet east
of the No. 2 Lode and is the same length. It conforms to the
normal behaviour of the lodes in that the widest and richest
section lies in siltstone, It congists of one reef in this
section, but to the south it splits and becomes irregular.
The richest sectlion has been extensively open cut, and an adit,
now inacecessible, was put in., However it sec.is unlikely that
the adit is very long as the reef coes not maintain its width
or continuity to the north. No information is available on the
grade of the ore won from this reef. The observel maximum width
was 23 ineches and the reef dips west at asbout 80" degrees. Further
exploration of this section of the reef is definitely justified,
and should be directed at testing the reef below the large open
cut where it is at its widest.

The lode has been tested in Olsens Tunnel (FLATE 33) where
it consists of one reef which iz rarrow, vertical, and poor.
Local rich patches of wolfram are present in the southern section
of the lode, but underground development does not appear to be
Justified.

A possibility of further rich ore exists at the projected
intersection of the No. 3 Lode and the No. 5 Lode north of Olsens
Tunnel (PLATE 33). If this intersection exists, and it is believed
that it does, a limited tonnage of wolfram should be available, but
the intersection is at present covered by dwmp.

Yest Line

The West Line consists of a series of discontinuous irregular
reef's striking between 360 degrees and 020 degrees, end extending
for about 700 feet from north to south. The reefs range in width
from 5 inches to 15 inches and dip west at 60 degrees to 80 degrees.

Hossfeld (1941), reports that at least two tons of wolfram
were won from a shallow shaft on the Fortune Legacn? FLATE 33) on
a reef which has also been developed from an adit, The reef is 14
inches wide and dips west at 70 degrees. Othershallow shafts have
been put down on various reefs in the line, none of which are now
accessible. It appnears that nowhere are any of the reefs rich
enough or consistent enough to support extensive development. They
are suitable only for rapid exploitation of small rich patches of
ore lying near the surface during periods of high wolfram prices.

A recurrence of such conditions might justify the exploration of
reefs on the line for further ore near the surface,

Central Line

The Central Line exhibits much the sgne characteristics as
the West Line except at the northern ends It lies north-east from
the West Line, It is about 700 feet long, and in the south it
trends at about 025 degrees, but this changes gradually to the
north, and at the northern end the line consists essentially of
one lode striking at 360 degrees.

In the south payeble wolfram is limited to irregular rich
pateches exploitable only near the surface, but to the north a
greater amount of enrichment appears to have taken place in two
localities. The first of these is at the intersection of the line
with what is thought to be the eastern end of the No. 5 Lode
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(PLATE 38). A shaft, in which water stands a few feet
below the collar, was put down on the intersection. No
results are known, but the amount of' mullock indicates
that development was not extensive.

The greatest amount of development has been done in
the lode at the northern end of the line, where two shafts
25 feet and 30 feet deep have been sunk. The lode consists
of two perallel reefs up to 11 inches wide. urther ore
may be won from this section, snd from other parts of the
line, but the irregulerity and discontinuity of the reefs
do not enhance the prospects for future developments.

i 's Lin

Walshs Line is the largest and most complex of the
three 1lines in the centre oi the group. It consists of
a mass of reefs which interseet continuously, and which
have strikes ranging from sbout 360 degrees to 030 degrees.

The dip of the reefs vearies from 70 degrees west to
vertical, and the width from 2 inches to 12 inches, Because
of the numerous intersections local enrichment of the reefs
is umusually common. All the wider reefs have been exploited
from extensive open cuts and there has been considerable under-
ground development, particularly towards the southern end of
the line, Four shafts were accessible during 1956, but several
other shafts up to 50 feet deep had been a@bandoned.

Dodds Shaft end the Water Shaft (FLATE 32), were put down
on a reef striking between 075 degrees and 080 degrees which
crosses the line, This recef is vertical or dips steeply to
the north, and is heavily mineralised with copper. It inter-
sects several reefs which strike north, and these intersections
are usually the foci for enrichment of wolfram and copper.
There has also been enrichment of wolfram and copper on fanlis
in the reef; and a split in the reef which strikes north in
the Water Shaft has localised enrichment of woliram. Drives

sbout 60 feet long extend west from each shaft, and there is
a short cross—cut from each drive on one of the larger cross

reef s,

Little ground now remainsg unbroken between the two drives,
The drive from the Water Shaft is filled below to an ynknown
depth for about 30 feet west from the shaft. There has also
been some stoping sbove the upper drive., Future development
will involve testing of the reef below the stoped ground in
the lower drive, and will be hampered by water,

Stewarts Shaft (FLATE 33) was being cleaned out in 1956
and was accessible to 125 feets Development to the scuth has
ceased where the reef pinches on a sitrong shear striking at
sbout OLO degrees. lovement along the shear has been horizontal
eand the reef has been dragged to the west. The stopes to the
north of the shaft were inasccessible and their extent is unknown,
but very rich ore is reported to have been obtained. Stewarts
Shaf't was started on the reef which runs through the 0ld Shaft
(PLATE 33), but a second reef was encountered in the hanging-
wall and this was followed thereafter. The hangingwall reef
dips at 85 degrees or steeper to the west, and is from 3 inches
to 11 inches wide.

Theee shaf'ts have been put down on the southern end of
the line. These were in existence in 1940 (Hossfeld 1941) and
as far as can be ascertained, have not been used since. They
all lie on the Fortune Lease, which was known as "Cadogans
Lease" in 1940. According to Hossfeld, two of the shaf'ts were
51« 5 feet deep, and the third wes 36.5 feet deep. He further
states that -
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"The most northerly shaft, 51.5 feet in
depth, hss been sunk on two reefs each
12 inches in width at the surface, which
Junetion below the surface, to form a
reef 24 inches wide. At a depth of 34
feet a drive was put in for a distance
of 15 feet to the southward. At the
bottom of the shaft drives have been
put in for 10 feet northward and 15
feet southward, In the face of both
drives the width of the reef is 12 inches,

Thirty feet to the south of this

shaft a second sheft was sunk to a depth
of 51.5 feet on a reef which was 12 inches
wide at the surface. Short drives were put
in at the 20 and L46~foot levels. In the
drive at the L6~foot level two reefs oceur
L4 and 2 inches in width respectively, A
drive at the bottom of the shaft showed a
reef which was 12 inches in width. A third
shaft, 36,5 feet in depth, is situated 95
feet to the south of No. 2 Shaft., A few
short drives were put in from this shaf't."

The underground and surface development on these
reefs had zromced gbout 7 tons of wolfram, but Hossfeld
states that "the present owner however, reported that
results obtained by him have been very poor,"

Some rieh ore has been won from reefs on Walsh's
Line and further rich patches of wolfram certainly remain,
The richer reefs have already been exploited to a consid-
eraeble depth and, in view of the uncertainty concerning
the persistence of the reefs and the location of further
highigrade ore, future development must be undertaken with
cauntion.

Extended Lode

The Extended Lode marks the eastern limit of the Hit
or Miss Group. It strikes at about 030 degrees and crops
out over a length of about 500 feet, but is obscured by
mallock over a greater part of this length. It may contimue
to the south under alluvium but any southern extension is
unlikely to prove profiteble as in common with other lodes,
the richest part of the lode is confined to a short central
section. This section has been developed from two shafts.
The Extended Shaft to the north has been abandoned and was
inacecessible in 1956. It is ineclined to the west but is of
unknown depth. Korners Shaft to the south (PLATE 33), is
also inclined to the west, and the total depth is unknown
as the shaft contained water below the 61-foot level.

The mine was sbandoned in July 1956, and the 61-foot
level is now also under water.

The lode in Korners Shaf't consists of two parallel
reefs dipping west at 57 degrees to 66 degrees. The two
reefs are joined by leaders at intervals and the width of
the hangingwall reef and the footwall reef varies from place
to place. The aggreggte width of quartz varies from 5 inches
to 22 inches (FPLATE 39).

The footwall reef has been lost 20 feet north of the
shaft at the 61-foot level, but the hangingwall reef has been
followed for nearly 100 feet to the north. This reef ranges
in width from 6 inches to 15 inchés and dips west at 50 degrees
to 64 degrees. It is generally poor, except between 4O N and
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L7 N where it intersects a "copper reef" striking at 080
degrees and dipping north at 75 degrees to 77 degrees.
The channel of the "copper reef"™ has been displaced by
the main reef, the east block moving north relative to
the west block, but the quartz in both reefs is contem-
poraneous,

- The "ecopper reef" is 9 inches to 17 inches wide. It
carries sbundant secondary copper minerals and some wolfram,
The reef has been stoped below the 61-foot level to an unknown
depth, and has been driven on for 29 feet west from the inter-
section at the 61=foot level. It is split at the face, gnd
also east of the intersection, This reef could not be accur-
ately identified at the surface either east or west of the
Extended Lode, and its extent is unknown.

The hangingwall reef of the Extended Lode has been removed
to an unknown depth south of Korners Shaft, but the stope ends
20 feet south of the shaft at the L2-foot level, The tonnage
of wolfram won from this stope is not known. The footwall reef
remains at the L2=foot level, Local enrichment has teken place
at the Jjunction of this reef with two narrow leaders in the
footwall, It is reported that the lode has been entirely stoped
gbove the 33-foot level between Korners Shaft and the Extended
Shaft. A drive to the north 27 feet long remains at the 17-foot
level, The reefs in this drive have an aggregate width of 18-
inches to 22 inches, and wolfram was showing in the hanginglall
reef near the northern end of the drive.

The reopening of this mine will require & considerable
amount of "ecleaning out". It is reported that rich patches of
ore have been mined on the lode, but owing to the total lack of
information on the location and plunge of these patches, and the
depth of the workings, no recommendations for further development
can be made,

No, I Lode

No, 4 Lode differs significantly from the other lodes in
the group in dip and strike. It has been traced for 360 feet,
and over most of this length consists of one or two reefs striking
at about OL45 degrees and dipping north at 45 degrees. It becomes
irregular and ends against the Extended Lode at its north-eastern
end, and it disesppears beneath rubble and alluvium at its south-
western end (PLATE z%). It has been exploited over a greater
part of its length ;rom shallow shafts and open cuts.

Although it apparently carries & more consistent grade of
ore than many of the lodes in the group, the shallow nature of
the openings suggests that the grade was low., Development of
the lode at deeper levels, particularly to the south-west where
it intersects Walsh's Line, may be possible during a period of
high wolfram prices.

No, 5 Lode

The existence of this lode is mainly conjecture and has
been grred from the presence of short sections of reef, which
are in dip and strike, at either end of the postulated
position of the lode (FLATE 32). At the western end a reef inter-
sects No. 2 Lode and the Main Lode, and at the eastern end a reef
intersects the Central Line. The two reefs dip north at sbout
70 degrees, and strike at about 080 degrees.

The presence of shafts, now inaccessible, at the inter-
section of this lode with No. 2 Lode and with the Central Line
indicate that there has been some enrichment at these intersections
It is possible therefore that there has been enrichment at the
intersection of this lode with the No. 3 Lode. Suitable economie
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conditions might justify the testing of this possibility,
and the lode might also support development at other places
along its length.

silver Granites Lode and Copper Lode (FPLATES 3B,37)

These two lodes are intimately associsted in the Silver
Granites Mine and are therefore described together. They
strike at between 070 degrees and O40 degrees along various
portions of their lengths and are almost parallel at the
eastern ends They form a discrete westerly extension of the
Hit or Miss Group, and die out to the east where they meet
the rest of the group.

Sultans Reef is the most westerly north-striking reef on the
Hit or Miss Group. It strikes at 340 degrees, dips either east or
west of vertical, and is from 6 inches to 13 inches wide. It has
been tested over a length of 160 feet by drives north and south
from Sultans Shaft (FLATE 3B8). Small patches of rich ore were
encountered in the drive, mainly at the intersection of the reef
with narrow cross-veins. Sultans Reef intersects the Silver
Granites Lode and the Copper Lode at their eastern end, snd marks
the eastern limit of these lodes, as they are represented only by
a few barren veins to the east of the intersection.

The Silver Granites Lode and the Copper Lode lie in a wide
zone of shearing which can be traced east from Sultans Reef into
the body of the Hit or Miss Group; and west from Sultans Reef for
sbout 650 feet, where it ends in a gone of shearing which strikes
north-east and is associated with one of the major faults which
bound the Hit or Niss Group. The two lodes are 80 feet apart at
thelr eastern end, but converge slowly to the west, until the
Copper Lode splits, the southern reef crossing the Silver Granites
Lode, and the northern reef, which is indeterminate, continuing
roughly parallel to the Silver Granites Lode (PLATE 38)., The
Silver Granites Lode strikes at 075 degrees and dips steeply to
the north. The Copper Lode strikes at 060 degrees east of the
split, and the southern limb strikes at O4O degrees.

Underground development has been restricted to a short
section where the two lodes cross. West of the mine both lodes
become irregular and die out in sheared voleanie rocks. Both
lodes carry large quantities of copper and two parcels of ore
from the mine were sold in 1956 and 1957. One of these included
ore from the Copper Show Group, the tonnage from the respective
groups is not known. About 15 tons of ore assaying between 39%
Cu end 47% Cu were sold.

Four shafts have been put down on the two lodes, two of which
were inaccessible in 1956, The Main Shaft had been put down close
to the intersection of the two lodes and was 62 feet deep in July,
1956. A drive commects this shaft with No. 2 Shaft to the S8outh-
west. A second drive at the L8~foot level had been filled from
the No. 2 Shaft and was only partly accessible, These two drives
follow the Copper Lode, but east of the Main Shaft two short drives
at the 62-foot level and the 48-~foot level have been put in on the
Silver Granites Lode. The Main Shaf't was sunk to a new level early
in 1957 and a drive was put in on the Copper Lode north-east of the
Main Shaf't, revealing very rich wolfram and copper.

The Silver Granites Lode is extremely irregular in width and
dip. It is exposed east of the Main Shaft for asbout 4O feet at
the 62-foot level, @nd for a similar length at the L8-~foot level,
end consists of one or more reefs ranging in width from 8 inches
to 14 inches, and in dip from 85 degrees south to 68 degrees north.
It has been displaced LYy several faults which strike roughly
parallel to the Copper Lode and dip between 69 degrees and 85
degrees to the south-east. The reef has not been tested in the
present workings west of the intersection with the Copper Lode,

P>



- 101 =

but & disused shaft lies on the lode further to the west.

The Copper Lode is more prone to splitting, and has
been displaced to a small extent by the Silver Granites

Lode but the quartz in two lodes is of the same age. The
Lode consists essentially of one reef 9 inches to 15 inches
wide which dips north at from 65 degrees to 84 degrees.

Both lodes carry malachite, bornite, chalcocite, and
molybdenite in addition to wolfram. Native bismuth is
thought to be present and mica is common. "Spotted dog"
is common in the more regular sections of the reefs, but
there has been enrichment of wolfram, and to a lesser extent
copper where the reef has split. There has been no enrichment
at the intersection of the two lodes.

The lodes have been proved to carry high grade ore but
have not been exhaustively tested to the north-east or south-
west. Evidence from the surface indicates that the reefs become
narrower away from the intersection of the lodes but, providing
a high grade of ore is maintained, it should be possible to
exploit both lodes further to the north-east than has so far
been done. The deepest level of development is now sbout 90
feet but there has been little work done at this level., The
reef's show no sign of decrease in grade or width at depth and
there is no reason to suspect that they will not persist to at
least 200 feet. No information is available on the overall grade
of ore won, but verbal reports indieate that it compares favour-
ably with the other lodes at Hatches Creek. It is estimated
that a grade of at least 1.5% WO, can be confidently expected
at lower levels within the laterél limits of existing development.

On present indications the production of copper ore will
considerably sugment earnings from the sale of wolfram, and will
certainly offset the penalties incurred by the incomplete separ-
ation of copper from the wolfram, Separation of the ores has
been conducted by hand in the past, but it should be possible
to develop & small unit which can be installed at the mine,

capeble of magnetic separation of the wolfram and copper in the
concentrates. '

Development has been mainly restricted to a section of the
Copper Lode sbout 120 feet long. Assuming a grade of 1.5k WO3
it is estimated that 1100 tons of ore containing 24 tons of
concentrates are availsble above the 200-feet level.

Conclusions eco atio

Wolfram has been won in the past from a very large number
of reefs within the Hit or Miss Group, some of which are very
rich but patchy which renders their exploration uncertain. MNost
of the smaller reefs will not support other than surface operations,
and on these reefs ore near the surface has been extensively
exploited. Systematic exploration of these smaller reefs during
periods of high prices will yield a limited tonnage of ore.
However it is considered that attention should be concentrated on
those lodes which have been successfully exploited at depth in the
pasts The amount of information on the lodes, and the disrepair
of the mines, varies considerasbly, and the reopening or exploration
of any lode will be dependent on the prevailing economic conditions.

If the group is to be developed as a whole, quickest returns
will be obtained from the Main Lode and the Copper Lode and this
will provide a2 sound basis for further exploration. The method
of employing several tribute parties on the various lodes has
proved successful in the past and is likely to prove the most
satisfactory method of development in the future. However if
mast be borne in mind that any large scale operations at depths
in excess of about 250 feet will require the sinking of vertical

P>
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shafts and the installation of heavier equipment than
has been used in the past. Although development has
not reached 200 feet except on the Main Lode many of
the more important lodes have been tested to about
100 feets If a long-term policy of development is
envisaged it will be necessary to take these factors
into account.

Two lines of exploration should be followed. The
lodes lying in siltstone, i.e. No. 1 Lode and No. 3 Lode,
should be testeds. These lodes are relatively long and
well defined, and they could increase in width and grade
at lower levels. Exploration elsewhere should be concen-
trated on sections of reefs known to be rich, and on inter—-
sections of lodes and reefs striking morth, with lodes and
reef's striking east.

Attention should also be given to the possibility of
developing Walsh's Line from one vertical shaft centrally
placeds There is in this area a very heavy concentration
of reefs, striking east and north, some of which are known
to carry high grade ore, and it would be possible to explore
the line thoroughly, by driving and cross-cutting on the
various reefs, thus obviating the unnecessary breaking of
waste rock,

The calculation of possible ore reserves has been
restricted to the Main Lode and the Copper Lode, as these
are the only two about which sufficient is known. However
exploration on other lodes could prove twice or three times
as much wolfrem withig,, 200 feet of the surface.

KANGAROO GROUP. (PLATES §, 38, 80, 4O and L2)

General

The Kangaroo Group was named by Hossfeld (1941), but
according to his description, he included the Silver Granites
Lode and the Copper Lode in the Kangaroo Group. The Kangaroo
Group lies sbout half a mile north-west of the Hit or lNiss
gr?p, and a little over a mile and a half south-west of Goat

ole. :

The dominant feature of the group is the Kangarco Line
, & continuously mineralised line of shearing

gbout a mile long and trending north-east. This line has no
equivalent at Hatches Creek. It is poor at the extremities,
where it consists of short discontimuous quartz reef's, but
richer in the central part, where it consists of many reefs
lying parallel or en echelon along & wide shear zone. There
are many other reefs and lodes of varying strike in this
central section, which is covered by the Lady Hamilton Lease,
Bransons Lease, and the Lost Corner Lease (FLATE 3@). Some
of them are wide and well defined, but they have not proved
as rich as the more important lodes in other groups.

The central part of the group covers an area gbout 1500
feet by 1250 feets The Kangaroo Line projects 1500 feet to
the north-east of this where it traverses the Euro Lease, and
ebout 2,000 feet to the south-west where it traverses the
Prodigal Lease and the St. John Lease. A number of small
unconnected reefs lie on the Good Luck Lease, which lies to
the south of the Lady Hamilton Lease and Bransons Lease (FLATE §).

History

The "Kangaroo Claim" and "Hamiltons Claim", occupying
much the same ground as the present Lady Hamilton Lease, were
held in 1916 (Oliver, 1916). The "Edith Claim" lay to the west
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of the "Kangaroo", and "Burgess Claim" lay to the south.

All these claims had been ebandoned by 1923, Mr. J, Walsh
acquired the Hamilton Lease and Kangaroo Lease in sbout

1937, and these two leases were held by him and his estate
until 1949, when they were bought by the present owner, lr,

Ve EKnight. They were later re-registered as the Lady Hamilton
Lease, in the name of Mrs. V. Knight. The early history of the
other leases is uncertain. They have been held from time to
time by different owners but operations have been confined
mainly to unsystematic open-cutting. The Lost Corner Lease
has been under continuous operation since 1939 at least, but
at that time it was known as the "Business". The other leases
.were registered in their present names, and with their present
boundaries, in 1949 or later.

Eroduction

The recorded production from the group is 88.25 tons

of concentrate worth £69,653. To this must be added production
from the Kangaroo Lease and Hamilton Lease between 1939 and 1943
which was included in the bulk production from all of Walsh's
Leases, and which is totally unknown; and production from the
group prior to 1940 which 1s also unknown. The total production
from the group has almost eertainly been more than 100 tons,
Produection recorded from the individual leases is as follows:-

Lease Concentrat Value

Lost Corner 30, 88 tons £15,617
Lady Hamilton 25,45 tons $#31,082
Good Luck 19. 94 tons BU, 779
Bransons 9. 78 tons $1L,811
Euro 1. 34 tons ; 1,800
S5ty John O, 2L tons & 2§:

Total 89, 41 tons £70,58

The Good Luck Lease produced over 16 tons of wolfram

during 1943, but the owner of the lease at that time also owned
other leases at Hatches Creek, and production from his other leases
may be included in this total, Tsable 15 gives the recorded
production of wolfram from the three leases which cover the

richer central part of the group. Production from Bransons

I;.-ease before 1950 is not known but may have been relatively

arge.

Geology

The Kangaroo Group is situated on the south flank of
Dooleys Ridge, and the lodes lie in interbedded sedimentary
rocks and volcanic rocks to the north, and in voleanic rocks
containing a few small isolated lenses of quartzite to the
south (FPLATE 38). The dip is to the south at 42 degrees to
65 degrees and the strike 070 degrees to 080 degrees. Faulting,
mainly on the Lost Corner Lease, is common but displacement has
been small. The rocks are alternating siltstone, greywacke,
sandstone, and gquartzite, interbedded with flows of acid
porphyritic volcanic rock. Only the two thickest flows have
been differentiated on the map. These lens gharply, one to
the east and the other to the west (FLATE 38). The southern
part of the group lies in volcanic rocks containing a few small,
sharply lenticular bodies of tough, light coloured quartzite.
The volcanic rocks are aeid porphyries and have been hornfelsed
and recrystallised in places.

The main part of the group is bounded to the south by a
thick quartzite which is a western extension of the sedimentary
rocks on the northern part of the Hit or Miss Group. The Kangaroco



LOST CORNER LEASE

TOT

Concentrates Value Concentrates Value

Tons £ —Zong - _Tons r . Lons e
1939 b 0. 30 u5 (e) 0. 30 45 (a
1940 b b 0. 95 137 0. 95 137
1941 b b 5e 14 14230 (2) 5e 14 1,230 (a
1942 b b 1.10 353 1. 10 353
1943 b ) 34 06 1,095 3,06 1,095
1944 0. 29 5 3620 918 3¢ 49 983
194 - - 116 i1 10 16 B11
1947 ~ - 24 34 823 24 34 823
1948 0. 62 372 3430 1,700 (a) 3. 92 2,072 (a
1949 1. 70 691 (e) (e) 0. 98 1401 2,68 1,092
1950 1+ 30 L62 0. 1 25 0.23 91 1.63 578
1951 3 20 59269 0. 06 54 1.03 1,225 e 29 64548
1952 Le 59 8,612 3« 98 64855 1«17 1,928 % 7L 174395
1953 lys 8L 64778 Lie 56 6,846 1. 79 2,608 11,19 164232
1954 Ge 41 69351 Oe 54 5Ly 0. 8L 709 Te 79 7y 522
1955 0. 01 29 - - 131 737 1e 32 7
1956 1.93 1,899 Oe 54 437 - - 24 47 24386
1957 0. 56 54l - - 0. 35 334 Oe 91 15039
1958 - 5 2 = Q.22 e el
Total 25¢ 45 31,082 9.78 14,811 30,88 154647 664 11 61,691 (a
(a) Velue caleulated from mean price of wolfram for relevant yeers
(b) Production included with that from other leases owned by Walsh.
(¢) WMo production recorded prior to 1950,

(a)

Includes estimated figures.




Group lies at the same stratigraphic horizon as the
Masters Gully Group (FLATE 4).

The central part of the group contains two
intersecting "lines" of reef's, one trending at sbout
055 degrees and the other trending at about 015 degrees.
The lines intersect towards the north-eastern corner of
Bransons Lease, There agpoars to have been intense
fracturing associated with this intersection, and possibly
with the faults in the country rock, as the other reefs in
the area are short and irregular, and strike in a number of
directions.

The reefs are relatively free of impurities, MNica,
commonly as a selvedge, is usually present. Reefs lying
in the sedimentary rocks carry little but wolfram, quartz,
and mica, MNolybdenite and copper minerals are present in
small amounts in reefs lying in the volcanic rocks., Separ-
ation of impurities has not so far proved necessary, and the
lack of iron oxides and secondary copper mineralisation suggest
that the ore is not contaminated in the primary zone,

Grade and Control

Wolfram has been deposited mainly where faults of amall
displacement, which dip narth and strike roughly east, inter-
sect the reefs. The reefs are also off'set by many small faults
caused by movement along the bedding planes, but these have not
served as focli for the deposition of wolfram. However very few
underground workings were accessible and these observations
cannot be regarded as conclusive. It is known from |
reports that rich "makes" are present and that "spoited dog"
is rare. One of these "makes" in the Lady Hamilton Mine yielded
8 tons of concentrates from 170 tons of ore, which indicates a
grade of 3.05% wo3. It is estimated that @bout 620 tons of ore
were won from the“shaft, and according to the owner 7.2 tons of
wolfram concentrates were obtained, assaying just over 65% WO..
The overall grade of ore from the mine has therefore been aboat
0. 8% WO, or 1.2% of concentrates. Figures provided by the
owner £or the Kangaroo Sheft (FLATE §®), indicate a grade of
0. 26% woj, which seems umuisually low. 'f'he owner reports that
the reef“is very poor, but that richer ore was obtained in the
0ld part of the mine,

Kangaroo Line

The Kangaroo Line, as previously stated, can be traced
over a distance of nearly a mile, but the richer reefs are
confined to the central part (PLATES §, 38). In this section
the line consists of a wide shear zone containing many reefs
lying en echelon and side by side. The reefs strike at 055
degrees to 060 degrees, and dip north at 50 degrees to 80
degrees. They are up to 36 inches wide in places. The line
has been tested from many shallow pits and shafts over most
of its length, but deeper shafts are confined to the central
section, Only one of these, the Kangaroo Shaft, was accessible
in 1956. The others are now filled with water or debris and
no information is availsble for any of them except Andersons
Shaft (PLATE 38), which is reported to have been sunk to an
inelined depth of about 120 feet on a reef 15 inches wide.
Some rich "makes" were mined.

Several shafts have been put down on the line on Bransons
Lease (PLATE 38), some believed to be of considerable depth,
and it is reported ithat a large tonnage of concentrates was
won, The line becomes increasingly dispersed and irregular
to the south-west of Bransons Lease, in contrast to its porth-
eastern end where it narrows to a line of single reefs. The
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B dispersion is apparent at the south-western corner

of Bransons Lease ( PLATE 39), and beyond this, on the

S5te John Lease and the Prodigel Lease, short, narrow

reef's are spread over an area sbout 2,500 feet long from

east to west and sbout 2,000 feet from north to south.

In the northern part of this area most of them have an
easterly strike, but in the southe n part, on the Prodigal
Lease, they have & northerly strike. Most of the development
in this area has been restricted to shallow open-cuts, but
there are a few shallow shafts.

The Kangaroo Shaft has been put down on one of the
largest reefs on the line to a vertical depth of 136 feet.
The reef, which has been exposed for 147 feet at the 136~
foot level, has an average width of about 24 inches and dips
north at 65 degrees to 75 degrees; except east of 107 E, where
it splits into two reefs of equal width and having a shallower
dip of 55 degrees to 60 degrees. The reef has been displaced
by a mumber of faults striking approximately north and dipping
very steeply either to the east or to the west. The contaect
between sedimentary rocks and volcanic rocks was met 45 feet
east of the shaft (FLATE 39).

The reef is barren from about 60 N to 105 N, Some wolfram
is present towards the east face of the #rive, and also immed-
iately east of the shaft, but the greatest enrichment has taken
place in the hangingwell of a fault which dips steeply to the
west and intersects the reef at 9%W. The reef had been removed
to a height of 12 feet in this section and wolfram was showing
ebundantly in the backs. Some stoping had also been undertaken
between the shaft and 4O E but with limited success.

A drive 26 feet long was put in to the east at the 79-foot
level, but was sbandoned when it broke through into the old
workings. A fault striking east of north, and dipping steeply
to the east has displaced the reef four feet into the footwall
going east, at the breakthrough. Loss of the reef on this fault
was probably the reason for the abandonment of the old workings.
Ore from this drive bulked 1.7% W05.

A limited amount of stoping has been undertaken west of
the shaf't above the 79=foot level. The stope is now filled but
the recef is exposed for 26 feet in the backs. It has split into
a hangingwall reef 12 inches wide and a footwall reef 15 inches
wide, and the reefs are displaced at the face by a fault dipping
steeply to the east. Enrichment of the lode may have been caused
by either the split or the fault,

Rich ore is reported to have been won from the old workings,
now inaccessible, to the east of the Kangaroo Shaft. The limits
of underground development are not known. A rich "make" was
localised at the intersection of the lode with a narrow reef
striking west of north.

Recent development from the Kangaroo Shaft has been dis-
appointing, and no evidence is available to indicate the reason
for this. The present owner put in the long drive at the 136~foot
level in an attempt to locate downward extension of the rich ore
encountered in the old workings but was not sucecessful. Evidence
from other lodes at Hatches Creek suggest that if a shoot is
present it will plunge approximately parallel to the stratification
of the country rock, but at the Kangaroo Mine this has not happened.
Two alternatives remain: either the shoot, if present, plunges to
the east and has not yet been located at the 136~foot level; or
the enrichment reported in the old workings was purely local and
controlled by some feature unknown, which seems more likely.

A limited tonnage of wolfram should be available below the
136~foot level on the fault which intersects the reef at 9 W at
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that level, but deepening of the shaft does not appear

to be justified merely to obtain such a small amount.

Past experience has indicated that wolfram is present in
pateches not only in the Kangaroo Mine, but elsewhere along
the Kangaroo Line. Future prospecting will therefore be
uncertain and cannot be recommended except under very
favourable economic conditions,

Lady femilton Line

The Lady Hamilton Line trends a little west of south
from the north-west corner of the Lady Hamilton Lease to
an intersection with the Kangaroo Line on Bransons Lease
(PLATE 38). It consists of a mumber of lodes, striking
between 340 degrees and 020 degrees, which are vertical
or dip to the west at 65 degrees or steeper. The line lies
in interbedded siltstone, sandstone, greywacke, quartzite,
and volcanic rock at the northern end, and in acid volcanic
rocks at the southern end. The lodes are more prolific to
the north. All the lodes have been tested extensively from
shallow open cuts, but only three have been developed below
ground,

Lady Hamilton Lode.

This lode has been tested to a depth of 107 feet from
the Lady Hamilton Shaft ( PLATE 38). The north drive at
this level, reported to be 86 feet long, was inaccessible
in 1956, The south drive is 45 feet long, and the reef in
this drive ie 16 inches to 19 inches wide. Two patches of
rich wolfram were risen on (PLATE L4a), but the patches were
small, The reef is displaced right handed by a fault striking
parallel to the bedding of country rocks but dipping north at
70 degrees. The country rocks strike at 070 degrees to 080
degrees and dip south at 45 degrees to 55 degrees.

A short drive to the south at the 93-foot level encountered
a pocket of rich ore at 16 S where the reef pinches to a width
of 11 inches (PLATE 40). This "make" had not been fully explored
at the time of the examination. The reef has been driven on for
49 feet north of the shaft at this level, and some stoping has
been carried oute It changes strike at 25 N and is 40 inches
wide in the backs of the stope at this point, but any relation-
ship between the change of strike and the deposition of wolfram
was not apparent. Narrow reefs cross the lode at this level
and at other levels. They are 4 inches to 6 inches wide, strike
parellel with the bedding of the host rock, and dip steeply to
the north or to the south.

A short drive has been put in to the south at 71 reet but
was abandoned as the reef narrows rapidly to the south from 38
inches to 10 inches. The pinching in the reef plunges to the
south, parallel to the bedding. A drive was put in to the south
at the 55-foot level and was also sbandoned, but some stoping
has been carried out north of the shaf't at this level. The
gstope is now filled but the reef is visible in the backs.

The behaviour of the reef at the 36-foot sub-level is
umasual. The reef is 30 inches wide at the shaft, splits to
the north, and the two branches of the split rejoin further
to the north on the hangingwall of a fault (FLATE 40), but
remain as two distinet reefs having & common wall. This phenomenon
has not been observed anywhere else at Hatches Creek. One of
the reefs follows the fault for a short distance but the other
has not been affected by the faulte The fault strikes at 088
degrees and dips to the north at 55 degrees, and there is little
doubt that it was contemporaneous with the introduction of the
quartz. There has been no enrichment of wolfram in the vieinity
of the fault, Development has been too limited to determine

whebther the localisation of wolfram on the reef has been ~onfined




to minor features, or whether a shoot is present.

Many of the minor features on the reef are controlled

by the bedding of the host rock, and plunge to the south-
west at sbout 45 degrees. The faults which intersect the
reef dip to the north at varying éngles. The plunge of
woli'ram enrichment could be in either direction

Activities Lode.

This lode lies 60 feet west of the Ledy Hamilton Shaft.
A tunnel has been driven for 89 feet on a reef striking
between 339 and 348 degrees and dipping west at 60 degrees
to 70 degrees. The reef is 5 inches to 10 inches wide. The
tumnel is reported to have yielded 0.75 tons of concentrates
from sbout 37 tons of ore. Enrichment of wolfram has taken
place along faults of small displacement which dip steeply
to the north. Displacement has also taken place slong the
bedding planes, but hes had no effect on the deposition of
wolf ram.

The reported production indicates a2 grade of over 1%
z:b which is sufficiently high to justify further exploration
the lode.

NO. 1 Lode.

The No. 1 Lode consists essentially of one quartz reef
ranging in width from 5 inches to 16 inches and dipping west
at 73 degrees to 84 degrees. It has been developed from a
tunnel 180 feet long, and has been partly stoped above and
below the level of the tunnel. The portal of the tunnel lies
about 150 feet south-west of the Lady Hamilton Shaft.

The reef has a zig-zag strike with components at about
355 degrees and 010 degreess The changes of strike plunges
south-west, parallel to the bedding of the country rock,
Enrichment of the lode has been controlled by faults of small
displacement striking parallel to the bedding but dipping north.
Faults which dip parallel to the bedding have had no effect on
the deposition of wolfram.

It is reported that 6.45 tons of concentrates were won
from the lode, but as the stopes are mainly inaccessible the
approximete tonnage of ore mined cannot be estimated. Two tons
of wolfram were won in one day from a "make" of almost pure
wolfram associated with a steep north-dipping fault. This lode
wag developed by a tributer and operations ceased when the
tributer left the mining fields There is no reason to suspect
that further rich "makes" will not be encountered.

Qther Lodes

There are many other less important lodes on the group
(PLATE 38). The lode fissures are associated with at least
three faults on the Lost Corner Lease. On Bransons Lease to
the south the lodes lie in voleanic rocks which contain small
lenses of tough quartzite, and these may have caused irregular
fissuring in this area.

The reefs exhibit a diversity of strike and dip and are
nowhere very long or very extensively developed. It is reported
that some extremely riech but limited pockets of wolfram have
been mined, and there is no doubt that many similear pockets
remain,

o1 on C at10

The amount of information on this group is limited.
Available evidence suggests that rich pockets of wolfram are
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present, but that they arg irpegular, and subject to
control only by features on the various reefs which are
themselves irregular, ©Shoots may be present on some of
the better-defined lodes, but their discovery must await
considereble further development. The future prospects
of the group are not encouraging.

0 SHOW
GENERAL.

Two small groups of tungsten~-hearing deposits half
a mile spart lie sbout 1% piles west of the Kangaroo Group,
and because of their isolation have been included as a
separate locality. A third group of tungsten and copper
bearing reefs has been reported 25 miles south-west of
this locality, but the deposit was not visited as reports
on it were unfavourable, The Copper Show Group lies in
voleanic rocks in the Hit or Miss Gully. The Dooleys Nob
Group lies half a mile to the north in sandstone and quart-
zite of Dooleys Ridge. These three groups mark the western
limit of known tungsten mineralisation in the Hatches Creek
district.

DOOLEYS NOB GROUP (FLATE §)

This group is unimportant, and remarkable only because
the tungsten~bearing reefs lie wholly in sedimentary rocks.
The reefs are short and contain small pockets of wolfram
which have been won from shallow open cuts.

The history of the group is confused. Oliver (1916),
mentions a claim held by Ward and Dooley lying 500 yards
west of "Warnes Copper Wolfrem Show", The "Copper Wodfram
Show" corresponds to the Copper Show Group, but the Dooleys
Nob Group lies about 800 yards north of the Copper Show Group.
No tungsten deposits are known west of the Copper Show Group,
and Oliver's description of "Ward and Dooley's Claim" can be
applied to Dooleys Nob Group. It is considered that "Ward
and Dooley's Claim" corresponds to the "Dooleys Knob" Lease
which covered the Dgoleys llob Group from 1951 to 1954.

The reefs lie parallel to the bedding of the host rock
and dip to the south at about 60 degrees. They are short,
narrow, and poor and do not warrant deeper exploration.

COPPER SHOW GROUP (FLATES 4 AND L43)

General

The Copper Show Group consists of a small mumber of
quartz reefs lying in a strong shear zgne which trends south-
eagsts A great deal of disorganised development has been carried
out from many shallow shafts, all of which have now been
ebandoned and are mostly inaceessible. The complex woliram-
scheelite - copper ore present in the reefs has proved difficult
to market and has militated against suecessful operation of
the group.

History

Oliver (1916), mentions the presence of copper minerals
on "Warnes Copper Wolfram Show" in his report. Hossfeld (1941)
states that operations prior to 1938 had been "negligible",
and also mentions the presence of "deleterious minerals."
Some development was carried out by Chinese labour under the
direction of the Commonwealth Government during the Second
World War, but there was little production as far as is known,
until 1950, Since that year the group has yielded a limited
tonnage of both wolfram and copper concentrates, The group

was under operation in June, 1956, but was sbandoned shortly
afterwards because of the difficulty of marketing the
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concentrates.
Production

The official records show that the group has
produced 12,32 tons of wolfram concentrates worth
£6,953 and L4L.29 tons of copper ore worth £3,679
since 1941. Hossfeld (19&1?, records that about
10 tons of concentrates were won between 1938 and
1940. Thus the known production from the group has
been sbout 22 tons of wolfram concentrates. The total
production is not considered to be muech more than this.
Teble 16 gives the recorded production of wolfram and
copper from the group since 1941.

ZABLE 16
COPPER S10W GROUP, HATCHES CREEK
ANNUAL PRODUCTION OF WOLFRAV CONCENTRATES

CO 8)
1941 - 1956
Year Ending WOLFRAM COPPER
30th June Tons Consse Value £ Tons Cons. Value £
1941 1481 150 (a) - -
1942 0«75 97 - -
1943 - - - -
194LL 1.5 L85 - -
1945-1949 - - - -
1950 0 w 120 26
1951 - - Ye 25 300 (b)
1952 0. 71 816 5« 25 470
1954 4o 51 2,771 8.63 950 (b)
1955 0. 20 117 13.9 1,317
1956 1e 07 75“ - P
Total 12, 32 6,953 LY. 29(e) 3,679

(a) Value estimated from mean anmual price of wolfram.
(b) Approximate only.

(c) Rep. assay sbout 32% Cu on average.

Geology

As far as can be ascertained the group consists of
two main reefs, and a few of less importance, lying in a
wide shear zone which trends south-east. The reefs are
obscured Ly alluvium and by numerous spoil dumps, and
outerop is confined to a few open cuts. Only sheared
volcanic rock was seen in situ, but mica schist, derived
from fine grained sediments, is present in some of the
dumps. The sediments are believed to be small lenses
intercalated with the volcanic rocks.

The reefs range in strike from 380 degrees to 320
degrees and dip to the north at LO degrees to 80 degrees.
The two main reef's have an average width of about 24
inches.

The group lies north of & line of artzite lenses
which occupy gne horizon in the volcanig‘u rocks; and wes
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of the intersection of two large faults which strike
north-east and north-west respectively. The shearing
in the group is thought to be associated with these
features.

Yineralogy

The reefs in the group carry a higher percentage
of copper minerals than in any other group at Hateches
Creek. Oliver (1916), stated that wolfram, copper, and
iron were present in sbout equal proportions. The
following minerals have been identified.

Tungsten = wolf ram
scheelite
tungstite

Copper - 9 cupro-tungstite
malachite
azurite
chalcocite
bornite

Bismath ? biasmite

Iron limonite

Gangue ? fuchsite
muscovite
quartz.

The ore minerals are intimately assoclated, which
mekes separation by hand extremely unsatisfactory.
Magnetic separation of wolfram from the concentrates is
the most feasible method of treatment.

The @abundance of secondary minerals and of limonite
indicates that a high percentage of sulphides can be
expected in the primary zone. The position of the water

teble is not known but it is considered that the primary
zone will be entered within fifty feet of the lowest level

of development. A similar method to that evolved by Pioneer
Miﬁiul N,L. should prove suitsble for treatment of ore from
this zone.

Very little information is availaeble gp either the
grade or the control the ore. Hossfeld (1941), gives
an overall grade of 3% wolfram and scheelite for the richest
central reef in the group: and the reef's have an estimated
copper content of 2% to 3%. Owing to the inaccessibility
of the greater part of the underground workings, which are
considerable, no estimate can be made of the total tonnage () ) A
of ore mined. Vert=l reports state that reefs are rich, il s <
and that complexity of the ore has been the only barrier to
greater exploitation of the 8Poup. Various parcels of hand-
picked c r ore dispatched from the mine have assayed as
high as . Cu.

Information on the control of the deposition of wolfram
has heen mainly derived from the report by Hossfeld (1941).
He states that the highest grade of ore was found to lie in
narrow shoots where the reef is wider, has a more easterly
strike, and dips at 4O degrees to 45 degrees; sections of
the reef dipping steeper than this are poorer. These shoots
plunge at very low angles to the east, and their vertical
extent is small. As a result of this, shafts put down on a
shoot where it crops out have passed into poorer ore at
shallow depths, and have been a@bandoned, which accounts for
the umisually large number of shallow shaf'ts on the group.
No enrichment of the reef on faults, leaders, or splits in
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the reef was seen in the few exposures of the reefs now
accessiblg, and Hossfeld makes no mention of this type
of deposition. The persistence of the ore throughout
the reefs suggests that deposition has been primarily
controlled by the attitude of the reef.

dindividual Reefs

Past development has been haphagzard and uncgordinated,
with the result that the area is now a warren of short shafts,
drives, and stopes, many of which are now filled or collapsed.
The ground is unusually heavy and abandoned openings seldom
remain accessible for long, Termites have actively assisted
the general decay. Only Greens Shaft and Shirleys Shaft, of
12 shafts mapped, were accessible in 1956, and in each case
only a few feet of drive could be examined. The shafts range
in depth from 20 feet to 80 feet.

Greens Shaft was in use in June, 1956, and was 4O feet
deep and vertical, A cross-cut 21 feet long to the south-
west proved a reef 9 inches to 18 inches wide, striking at
303 degrees, and dipping north-east at 45 degrees to 55 degrees.
The reef was exposed for 34 feet at the time of the examination.
A second reef, 15 inches wide and dipping north-east at 55
degrees, makes in the hangingwall towards the south-east face.
Both reefs carry some wolfram and copper over their exposed
lengths, with enrichment towards both faces of the drive. The
north-west end of the drive lies just asbove an old level
extending south-east from near Shirleys Shaft (PLATE L3).

Shirleys Shaft was abandoned but accessible, and is
vertical, with a depth of 52 feet. A reef 2. inches wide and
dipping north-east at 4O degrees is exposed over a length of
54 feet at the 52-feet level, Good grade ore is present north-
west of Shirleys Shaft, but the grade decreases to the south-
easts A narrow hangingwall vein lies parallel to the main
reef in strike, but dips at 85 degrees.

An angled cross-cut, bearing at 060 degrees, enters a
second drive to the north-east, which is now #&naccessible,
and it is this drive which extends to the south-east below
the drive from Greens Shaft.

Information on the group is so incomplete and erratic
that the arrangement of the reef's has not been fully recognised.
One interpretation of the evidence is shown on FLATE L3;
available information has been extrapolated to the 50-foot
level in an attempt to make the picture clearer. The inter-
pretation involves the assumption of two faults, striking
roughly north-east. The easterly fault, running just west
of Shirleys Shaft and dipping west, was postulated by Hoss-
feld (1941). It must be emphasized that the jnterpretation
is very tentative, and could well be disproved by future
operations, ;

The presence of two reefs lying roughly parallel is
postulated with No. 2 Reef lying between 50 feet and 100
feet in the hangingwall of No. 1 Reef., The two reefs are
faulted, with right-handed displacement, by the shear mentioned
gbove, which lies west of Shirleys Shaft at the surface.
They are connected, towards the south-wast, by a reef striking
more to the easte It is this reef which is exposed at the foot
of Shirleys Shaft. No. 2 Reef is exposed in the drive from
Greens Shaft: the connecting reef joins No., 2 Reef beyond the
north-west face of this drive. No. 1 Reef swings sharply to
the south, and dies out rapidly, at its south-eastern end.
No. 2 Reef could contimie a little further to the south-east,
but goes not crop out 4n the rocks which are exposed in gitu
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within 100 feet to the south-east. The north-western
limits of the two reefs are unknown.

A series of shallow pits extend north-west from
the main workings. A narrow reef is exposed in one of
them. There is a most significant outerop in the foot-
wall of No. 1 Reef at its south-eastern end. A shallow
pit has revealed two reefs, 12 inches and 18 inches in
width, below the alluvium. This discovery was not followed
up becauge no wolfram was exposed, but this reef must be
followed up in future exploration. It could represent a
larger and richer reef system lying to the south-west of
No. 1 Reef and concealed by alluvium,.

Some attempts to win eluvial wolfram from nearby gullies
have been unsuccessful as the relief is not sufficiently
rugged to provide efficient transportation and concentration.

Operations on this group have been inhibited more by
the nature of the ore than by its grade, which is relatively
high., Unsuccessful attempts to exploit the group from time
to time have been responsible for the present extremely un-
satisfactory condition of the underground workings, and the
obsecuring of what little surflace detail was originally visible
by indiseriminate dumping of mullock. As a result of this no
accurate assessment of the group can be made,

The reefs are undoubtedly rich in wolfram and carry a
percentage of copper mineralisation sufficiently high to warrant
the investigation of suitable methods for the separation of the
various components of the ore. If only limited development is
planned, and extensive treatment of the concentrates is not
desired, magnetic separation will yield a marketable wolfram
concentrate not liable to heavy penalisation for impurities.
Separation of the scheelite, bismuth, and copper components
will have to be effected by flotation of primary ore and leaching
as well for secondary ore. In this respect the mining of primary
ore is more desirable.

No estimate can be made of the persistence of the reefs
and the wolfram at depth. The reefs show no decrease of width
or grade at the 50 foot level, but the known length of the reefs
is amall, In addition the position of the primary zone is unknown.
These factors will have to be determined before any extensive
development is initiated. The reefs are sufficiently close to
justify their development from a single centrally-placed main
shaft, and Shirleys Shaft, already 50 feet deep could be utilised.
The group offers good prospects for limited development to a
depth of 100 feet to 150 feet and possibly deeper, but this will
be conditional on a guaranteed price for wolfram as quick results
cannot be expected. The sale of copper should justify its
separation. The possible existence of a third reef, or line of
reefs, to the south-west is encouraging, and suggests that the
group is larger than has been thought.

Gold Deposits
GENERAL

The Hateches Creek district was first prospected for gold
by A. A. Davidson in 1900, but with no success, Since then
various attempts to find and mine gold in the area have been
marked with equally little success. Traces of gold are known
from the Pioneer lodes and comprehensive assaying of the
concentrates would probably reveal the presence of gold in the
ore from other groups on the mineral field, particularly where
acecessory ore minerals are common. The gold content of con-
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centrates from the Pioneer Mine is high enough for the
buyers to pay for it.

However some deposits of quartz lying to the north-
east of the Pioneer Group have been tested for their gold
content alone, and carry no wolfram. Three small groups
lie along the north-eastern flank of the Poseidon Hills.
They are unimportant and need not be considered further.

A Tourth group, which is larger, lies east of Hatches Creek
and is known &s the Crystal Gold Mine.

CRYSTAL GOLD MINE GROUP

The Crystal Gold Mine lies three miles north-east
of the Pioneer Group and about 200 feet west of the road
to Kurundif} and Bonney Well. Gold was first reported from
this locality in 1930 ( ANN, REP, N, TERR. ADMINISTRATOR,
1930) but although favoursble results were reported to have
been obtained from assays, no production of gold ensued. No
further exploration was carried out until about 1950 when two
shaf'ts were put down in a further attempt to exploit the reefs.
These were abandoned after intersecting quartz reefs at shallow
depths, and as far as is known, gold was not obtained in economic
gquantities,

The group lies on a low rise formed by the presence of
small altered blocks of sedimentary rocks lying in the Pedlar
Gabbro, The bedding in these blocks dips east at 4O to 50
degrees and strikes approximately north. It is parallel to
the bedding of the sedimentary rocks of the Hatches Creek Group
which bound the Pedlar Gabbro 500 yards to the east.

The quartz reefs are exposed intermittently over about
1300 feet, but appear to be short, and irregular in width.
The group is dominated by one reef, or a line of discontinuous
reefs ranging in width from 1 foot to 20 feet. It strikes at
ebout 025 degrees and dips to the east at 45 degrees to 50
degrees. There are many other shorter and thinner reefe which
strike in one of three directions: at about 025 degrees, at 070
degrees, and at 135 degrees. Reefs striking at 025 degrees are
the most abundant.

In the original programme of testing, the main line of
reefs was extensively sampled, and & few samples were also
taken from some of the smaller reefs. The results of the
te;ting have been summarised by Hossfeld (1941) and are given
below.

"A detailed sampling campaign showed that of 67
samples taken on the main line, 41 returned
traces or nil, 10 returned less than 1 dwt., 9
returned between 1 and 2 dwt., 5 between 2 and
3 dwt. , and only two samples returned over 3 dwt.,
the figures being 3.2 dwt. and 3.5 dwt. of gold
per ton over widths of 33 and 30 inches respect-
ively. ©Six samples taken on reefs parallel to
the main line, returned traces of gold only.

At the northern end two samples taken across
two narrow reefs returned respectively 3.7 dwt.
ofer 11 inches, and 22.L dwt. over 5 inches.

Only a small part of these reefs is exposed and
they are not expected to yield much ore,"

It is possibly significant that the reef carrying the
highest percentage of gold (22,4 dwt. per ton) contained a
congiderable amount of limonite. The figures guoted above
indicate that the richest concentration of gold lies in the

narrower sections of the reefs. The group does not warrant
any further investigation.
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NCLUSIONS AND FUTURE PROSPEC

The history of mining at Hatches Creek falls into
three distinet phases, each stimulated by the demaanor
tungsten. The first phase, from the discovery of wolfram
in 1913 to the closing down of the mining field in 1923,
was charecterised by the rapid discovery of new deposits
and the exploitation of known deposits to shallow depths,
It was almost universsally believed at this time that the
woifrem did not persist at depth, and therefore few attempts
were made to develop the lodes below about 50 feet.

The second phase, between 1934 and 194%, saw the most
widespread and continuous development of the minersl deposits:
at one stage more than 200 miners were working in the aresa.
Practically every reef was explored and prospecting was
extensive. The third phase from the end of the second world
war, to the closing of the field in 1957, was characterised
by more than usual instability in the market for tungsten,
and as a result only a few mines stayed in continuous production.
Most of the easily accessible ore had been won, and only those
lodes which could support development at deeper levels remained
in opepation.

The fluctuation in price was so frequent that wolfram won
during a period of favourable prices was often sold at a loss.
Thege conditions quickly discouraged most miners, and only &
micleus stayed on in the hope of better conditions, The field
was at a very low ebb by 1950, but the sudden rise in prices in
1951 considerably benefited the miners who had stayed on as they
were able to resume full production immediately; the late comers
found that the boom was already over by the time they were estab-
lished.

The reopening of the field in the event of & renewed demand
for tungsten will of necessity introduce a fourth phase, Syste-
matic exploration and development will be necessary, and capital
will be needed to instal heavier equipment and to sink vertical
shafts for development at deeper levels, This will be beyond
the scope of the small miner, who will require financial backing
in the initial stages.

The area around the known wolfram deposits has been thoroughly
prospected, and it is considered that no new groups remain to be
found. Exploration will necessarily be confined to the thorough
testing of known lodes. No attempt was made to do this in the
past, so that nothing is known of' the extension in depth of the
lodes. The haphazard nature of past mining methods, which have
been governed by the necessity to exploit proven ore while the
market remained favourable, and the lack of proper records, either
of production or of development, make a complete assessment of
any lode almost impossible,

A caleulation of possible ore reserves has been made for
some of the lodes on the field, where knowledge of grade, and
other information, has been sufficient to justify it. The
calculated tonnage of possible ore reserves is given below:-

Pioneer Group 24,0 tons
Black Dismond Group By "
Green Diamond Group "
Treasure Group b L S

Masters Gully Group s ™
Hit or Viss Group 200 "

Total 877 tons.
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Although the knowledge of grade is slight, the
tonnages quote? abovc have been calculated as standard
grade wolfram giving a céontent of 570 tons g

37
S
Y

Coneletisnv,

W0,, from ore oontai 1. 5% W°3 to 3, 0% WO It mst 3
be“emphasized that this does not-constitute ého whole
of the ore reserves of this grade, but only that on lodes o\é
where a calculation can be made. Further ore of a simpilar
grade is undoubtedly present, both on the lodes for which
an estimate has been made n other lodes, but it i
cannot be estimated. : reserves for ghe field
are ors ¢ dered to about 1,000 tons,
A cwm of is also present and is
estimated to be sbout 500 tons. //,\\

N\

The lodes at Hatches Creek are not suited to large
scale development, and do not justify the interest of any
large mining organisation. However a syndicate, or a
cooperative movement, formed by the miners themselves, would,
by initially raising a 1imited eapital, and by the provision’
of heavier equipment and a subsidy while miners were on
development, ensble the mines to maintain production during
periods of depression of the wolfram market. The operation
of such a system would still be dependent on a minimum price
for tungstic oxide, but this minimum would be considerably
lower than at present. The movement could further aid the
field by supplying treatment, transport, and shopping facilities
at minimum cost; and would be in & position to negotiate
contracts and to press for facilities for the field. However
the sucecessful operation of suech a system would require the
full cooperation of the miners, who have, in the past, shown
few signs of cooperation.

The field, and the miners, can only benefit from such
an orgenisation, The hit-and-run methods of mining, which
have been successful in the past, cannot be expected to remain
so in the future now that most of the easily won ore has been
removeds The reopening of the field may never take place,
but if it does, past experience suggests that unless some
improvement takes place in the methods of mining, which will
almost certainly require some kind of coordination of
activities, the reopening will be shortlived.

= Infe ope resgrves aye her held to be ore reserves
whieh, on ol :l gnd jothg r /ey ‘,.-. s arg known to be
present, byt he ot pegn proved by exploration.
E Protone As .u '»-‘ of/ lower grade which could
only be /expleitie hd \matket\for' wolf'ram boomed to the

same extent as '! nd/ 1952,
2
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APPENDIX 1
ROCKS FROM HATCHES CREEK, NORTHERN TERRITORY

by WeBes Dallwitz.
No, 23A. r G 0 Sou of Wo Hill.

The handspecimen is a dark grey medium-grained
rock containing a small pegmatite vein.

The g@p_} pegmatite consists of grains of
actinolite, saussuritized plagioclase, interstitial quartz

and accessory iron oxide.

Remnants of plagioclase consist of &ndesine, but
whether this represents the bulk of the altered plagioclase
is indeterminsable.

It is probable that the actinolite has replaced
pyroxene. The rock enclosing the pegmatite is a w
m:g,, consisting almost entirely of actinolite sau-
ssuritized plagioclase.

No, 24 Pedlar Ggbbro west of Mia Mia Creek

The handspecimen is very coarse-grained, and
consists of large greenish black, grey-green, and pink clots
of minerals.

Quartz, commonly in grephic intergrowth with albite,
is the dominant mineral, Next in order of abundance are
pemninite and epidote. Accessory minerals are sphene and iron
oxide.

The rock is probably a gsebbro pegmatite, though it
is an umusually aecid type.

Noe 27. P Gabb th & of Wo

The rock is pale pink and white, with small black
patches. It appears to be medium-grained.

Grains of quartz and extensively saussuritized acid
plagioclase make up most of the rock. A few eutectic inter-
growths of quartz and plagioclase are scattered through the
rock. Accessory minerals and accumulations of fibrous-radiating
penninite, and grains of epidote, sphene, and iron oxide.

The roek is probably pegmatitic and, as the field
notes indicate that it is associated with No, 24, it is most
probable that No, 27 represents the acidic differentiate of
& _gabbro pegmatite.

Nos 28a. Pedlar Gsbbro east of Hatches Creek

The handspecimen is a mottled brownish pink, grey,
and black rock of medium to fine grainsize.

The rock consists mainly of eutectic, radiating
intergrowths of albite and quartz, together with interstitial
clots consisting of micropegmatite (orthoclase and quartz in
eutectic intergrowth), quartz and subhedral oligoclase. Some

orphyritic grains of sericitized plagioclase are also present.
f'.l‘he grey areas noted in the handspecimen are those consisting
of radiating intergrowths of albite and quartz).

Dark minerals comprise biotite, a little chlorite,
and iron oxide. '
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The rock is a potash-soda granomp_-oe or 0 ic adamellite
which is similar to others from the Hateches Creek area. These
rocks are considered to be acid differentiates of a basic magma,
and this impression was confirmed by Professor F. Walker, lately

of Capetown, during a visit to Canberra last year. Similar rocks
are associated with the Karroo dolerites in South Africa.

No, L2. Granophyre sill, Hanlons Gully.

This is a fine-grained, massive, dark grey rock with a
tendency to fracture conchoidally. 8Small crystals of probable
feldspar, visible mainly by virtue of their good cleavage, are
scattered through the rock; these crystals are about 0,25 mm,
across.

In thin section the rock is seen to be a fine-grained version
of specimens 28s and 28b. As far as can be ascertained, plagioclase
is rather scarce, though the texture of the rock and sbundant
inclusions of biotite and chlorite in the feldspars make accurate
identification difficult. Graphic intergrowth of guartz and
orthoclase is on a very fine scale, so much so that, even under
high magnifications, it is not everywhere possible to clearly
resolve the granophyric texture. Flared or flamboyant shapes
are fairly commonly seen in these intergrowths,

The prineipal minerals in this rock are orthoclase, quartz
biotite, and altered plagioclase. Wost of the plagioclase occurs
in the form of subhedral to euhedral porphyritic crystals, which
are almost completely sericitized; these are the small crystals
visible in the handspecimen., Biotite is generally very fine-
grained and is fairly evenly distributed; it makes up about 20
percent of the rock. Some of it is altered to chlorite, Small
pockets of coarser-grained biotite are scattered through the
slide; these are usually associated with interstitial gramular
quartz and orthoclase,

Magnetite and a little hematite or hydrated iron oxide
are the only accessories.

The rock is a fine-grained, potassic, biotite granophyre,
probably a differentiate from a basic magma,

Nos 26a. Pedlar Gabbro north of Henlons Gully and east of
Mia Mis Creek.

a is a hard, light grey, quartzitic rock
containing scattered greenish grey spots and several veinlets
of probeable epidote.

In thin section the rock is seen to be of medium grain-
size and to consist mainly of severely cracked (not crushed)
grains of quartz (60%) and dusty grains of albite (30%). 1In
one small area the feldspar is more coarsely crystallized, is
clear of inclusions, and has the composition of oligoclase,
The mineral in the veinlets is epidote; this mineral is also
irregularly distributed through the slide ( the greenish grey
spots noted in handspecimen).

Accessories are chlorite, sphene, black iron ore, leucoxene,
rare apatite needles, and detrital zircon.

This rock is similar to several others previously examined
from the area., It is an @gmmmm&mmno The
formation of chlorite, ene, and apatite is probably due to
the action of "emanations" from the basic rock on the original
quartzite.

No. 26D
Specimen 26h is similar to specimen 26a, but differs in
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that the grey spots are larger and more prominent.

In thin section the rock is seen to be more heavily
feldspathized than is specimen 26a. The feldspar is acid
oligoclase, though some orthoclase may be present. Fine-
grained myrmekitic texture is prominent in places, and the
rock has, assumed, in some parts, an igneous texture, similar
to that of a granite aplite, though the shapes of most of the
guartz grains are still ummistakably those characteristic of
a quartzite, The dark clots noted in handspecimen are due to
local enrichments in chlorite. Local sericitization of feld-
spar has given rise to less prominent clots.

The rock is a a (oligoclase) m%&g having
some characteristics of an s rock, and may, slight
Justification, be stated to be bordering on a hybrid type.

No, 29 Pedlar Gabbro esst of Hatches Creek

: is a grey, massive rock of medium to fine

grainsi ze, » Ryan states that it is "part of the main

intrusion close to guartzites."

Examination of the slide alone would not give a satis-
factory clue as to the true nature of this rock. However,
when considered in conjunction with other rocks studied, it
is reasonably certain that specimen 29 represents a quartzite
which has been severely metasomatized through contget with a
basie intrusion.

The principal minerals are gquartz (45%), sericite(30%),
and biotite (20%). Chlorite and rare leucoxene and spatite
needles are accessories.

It seems probseble that feldspar and biotite have been
formed in this rock by metasomatic processes, and that the
feldspar has later (probsbly soon after formation, and as a
contimuation of the seme process) been changed to sericite;
local chloritization of the biotite probably took place at
the same time.

However, the possibility that the rock is a straightout
biotite-sericite - quartz hornfels formed by contaet meta-
morphism of a sediment, without any substantial addition of
Material, can not be dismisseds Even if the biotite and
sericite have a metasomatic origin, the above name would still
apply quite satisfactorily. It is mainly the fact that Nr.
Ryen considered the rock to be a part of the main intrusion
that leads me to favour slightly the idea that the rock has
the metasomatic origin first postulated.

m,jé is a dense, dark grey igneous rock containing
what appear to be pink phenocrysts of feldspar measuring up to
about 1 mm.

In thin section the rock is seen to be generally similar
to specimens 28a, 28b, and 42, It consists of finely granophyric
intergrowths of orthoclase and gquartz in which are cmbe?ded
sbundant subhedral grains of andesine ( J.K. Lovering) ( the
feldsper noted in handspecimen), scattered grains of quartz, and
clots of fine-grained biotite. Accessories are pyrite, black
iron ore, pyrrhotite, and epidote; the epidote forms a small
pocket which contains pyrite, quartz and pyrrhotite. Some of
the blotite clots are elongated; these m represent pre-existing
hornblende or pyroxene ( ef. specimen 28Dh).

The rock is a potash-soda granophyre or a granophyric
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s probably a differentiate of a basie

u§m¥ 38 is a massive dark grey, felsitic rock in
which elongated clots of a micaceous mineral and small, iron-
stained phenocrysts can be distinguished. The rock is brown
to red-brown on weathered surfaces.

In thin section the rock is seen to be essentially the
same as specimen 36, The main differences are insignificant
ones - the rock shows Tar less iron-staining, and all trace
of feldspar phenocrysts has disappeared. The groundmass has
been completely reconstituted, and consists of a mosaic of
guartz grains (average dismeter O.lmm,) crowded with minute
flakes of sericite; any feldspar phenocrysts that may have
been present have been incorporated into this material.

Small phenoerysts of guartz, some of which have been
embayed, are more plentiful than in specimen 36, A few bi-
pyramidal crystals were noteds An outer zone of sericite-
studded quartz has grown in optical continuity with some of
the phenocrysts (ef, Specimen 36).

Small grains of octahedra and aggregates of grains of
magnetite are plentiful throughout the rock, Some of the
magnetite has been marginally altered to hematite.

Clots consisting of fine-grained biotite alone or of
biotite and quartz, with or without sericite, probsbly
represent original phenoerysts of ferromagnesian mineral,

The rock is a gericitized
field evidence alone can provi
intrusive or extrusive.

_ W is a massive, greyish brown, fine grained,
and sof't. t contains numerous light-~brown specks.

In thin section the rock is found to have a hornfelsie
texture, Biotite makes up sbout 70 percent of the rock; the
rest is quartz, accessory sericite, and clots of limonitie
material, which forms the specks noted in handspecimen.

The rock is a guartz-biotite hornfels probeably derived
from a sericitic and chloritic siltstone.

No., 30, apophyre east of Hatc
e is a weathered, felsitic, buff=-coloured rock;
along cracks joints it is light red-brown.

The first impression, when this rock is examined under
the microscope, is one of similarity to specimens of granophyric
rock already examined, Buteetic intergrowths of quartz and
orthoclase make up most of the slide, but weathering and
alteration have obscured the original nature of the rock which
is very heavily impregnated with hydrated iron oxide, and
contains irregular clots of "limonite'"; some of these clots
contain remnants of black iron oxide (hematite or magnetite).
A few limonite pseudomorphs after probable subhedral to euh-
edral porphyritic erystals of plagioclase are present; the
suggestion that these pseudomorphs are after plagioclase is
based entirely on analogy with the other granophyric rocks

remained,
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Clots consisting of "limonite" together with amall
to high percenteges of sericite may represent clots of
fine-grained biotite, such as were noted in less altered
specimens already described.

Small (0,3 to 0.1 mm) porphyritic grains and crystals
(bipyramids) of quartz arfe conspicuous. Veins and pockets
of secondary quartz are also present.

is a hard dense pale buff rock which
appears to be a quartzite,

In thin section the specimen is seen to consist of
interlocking cracked (not shattered) quartz grains in which
are set irregular scattered clots of sericite. Hematite is
a sparse accessory. The size range of the quartz grains
is 2 nm. to 0.1 mm.

It is likely that the sericite has been derived from
acid plagioclase, as the distribution of the clots is similar
to that of clots and grains of albite or oligoclase in felds-
pathized quartzites previousl, exemined. Certainly the
sericite is not detrital origin, though it could have been
formed through alteration of detrital feldspar; however, its
distribution in detail is against such a mode of owigin,

The rock is a guartgite containing clots of seriecite.
Nos ULl Greywacke south of Pioneer Mine on Poseidon IHills.
is a pale buff to pinkish buff fine-grained,
coarse ed sandstone.

In thin section the rock is seen to consist mainly of
angular quartz grains (diameter 0,1 mm. or less), interstitial
sericite, and grains of probsable altered feldspar., Accessories
are leucoxene, granules and dusty particles of "limonite", amall
detrital flakes of muscovite, zircon, and tourmaline,

The stratification noted in handspecimen is due to diff'erences
in the concentrations of interstitial sericite and limonite.

The rock is a ne t or icit
sandstone.
Noe L3

(1isted as 45) is a very pale buff or off-white,
fine-grained, rather massive sandstone.

In the slide the rock is seen to be similar to specimen Ll.
The only essential differences are that the distribution of
interstitial sericite is constant throughout and that there is
virtually no "limonite™ present.

The rock is a very

No. LG. ton Gully.

is a massive, fine-grained weathered rock which
is mostly brown and golden yellow, though some parts are red-
brown. Thin veinlets of "limonite" fill cracks and closely-
spaced joints. Small flakes of white mica can be seen in some
parts of the rock.

T R NN T
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In thin section the rock is found to be made up
of sericite, irregular clots of "limonite", and accessory
quartz. Scattered through the rocks are small groups of
sericite flakes which are several times coarser than is
the bulk of the mica, Nearly all of the sericite is stained
golden brown by hydrated iron oxide.

"Limonite" is so sbundant in this rock that it seems
probable that it has been derived from pyrite or other iron-
rich sulphide.

The rock is a fine-grained "limonitic" sericite horn-
fels, probably derived from a sericitic claystone or silt-
stone,
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APPENDIX 1A
FROM HATCHES C NOR TORY
J. oV

No. 2 Pioneer liine, 206-foot level, North Crosscut.
The dark grey hand specimen is falrly homogeneous.

Recrystallised irregularly-shaped grains of quartz,
oligoclase, biotite commonly altered to penninite, and
accessory sphene, epidote and magnetite, are intergrown in
a hornfelsic texture.

Patches of guartz and feldspar showing myrmekitie
intergrowth indicate reliet phenoerysts. Accurmulations of
green biotite, e¢linozoisite, sphene and magnetite are common
in the rock; the same minerals are found in veins.

The original rock was probably an acidic igneous
rock; there is a very slight possibility that the rock might
have been conglomerate but this is very unlikely. After
metasomatism and reerystallisation the rock is now an olig-

oclase-quartz hornfels.

Nos 3. ﬂgggoz? lMine, 206-foot level, No., 2 Lode

This homogeneous black handspecimen is fine-grained
and consists of grains sbout 0.3 mm, in diameter of @uartz,
- biotite, and penninite. Clear anhedral recrystallised quartz
grains are surrounded by small flakes of biotite and muscovite.
Larger biotite grains, commonly containing pleochroic halos,
have been partly reconstituted and are lepidoblastic in texture.

Patches of penninite replacing biotite, occur through-
out the rock, Magnetite and tourmsline are accessory.

Cracks in the rock are filled with biotite, penninite,
guartz and some tourmaline.

The rock has been metamorphosed and has reached the
biotite facies - introduction of material probably occurred
at the same time. The original rock was sedimentary - relict
lamination can be seeni the former shaly sandstone is now a

Ho. 5 0 ¥ine, 206-foot level, Della Lode. A

3 A
L

The black homogeneous handspecimen has a horafelsic
texture combining grains sbout 1-2 nm. in size, of quaptsz,
feldspar, biotite, secondary minerals and accessories.

Quartz grains are commonly recrystallised; quartz-
orthoclase micrographic patches are common., Oligoclase ig
seen as patches in guartz. Buhedral grains of plagioclase
have been completely altered to sericite and epidote.  Ortho-
clase, with quartz and as euhédral grains, has been kaold.nised.

Small recrystallised grains of biotite cluster into
the space of former large grains. Pleochroic halos around
zircon gralns oceur in biotite and in corundophilite which
replaces biotite.

Ferrohastingite, a greenish-yellow to blue- Teen
pleochroic amphibole with a small negative optiec s
contains glgbules of guartz in a sieve-like texture/and has
probably bheen reconstituted from brown-yellow horn d'}e:ntls,
remnants of which are surrounded by ferrohastingit

1}

)
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Magnetic grains are irregular in shape. Apatite
is assessory.

The rock, a ch bolite, is probably
the result of metamorphism of a rock of the composition
of a diorite.

With no field data, it is impossible to guess at
the origin of this rock.

No. 9. A n sion Wolfr

The compact red handspecimen is fine-grained and
homogeneous and extremely weathered.

The rock consists of fine ragged grains of quartz
in a matrix of hydrated iron oxide. Through the rock
are quartz veins containing rutile needles, and a vein
of iron ore surrounded by a zone of hydrated iron oxides,

The rock has been metamorphosed and has probably
been deformed; it may have been gn acid volcanic, a
granophyre, or an aplite.

No, 16. Mica schist from Copper Show Group.

The fine-grained homogeneous hand specimen has been
extensively sheared.

Fine recrystallised grains of biotite and quartz are
the main constituents of the rock. A few muscovite grains
pseudomorph feldspar grains, Accumulations of biotite are
probably pseudomorphing a former ferromagnesian mineral.

The rock is now a mica schist and is probably sedimentary
in origin.

No. 17. Water S or Miss G .
The handspecimen is black and porphyritic.

Glasto-porphyritic quartz grains (104} showing evidence
of stress during metamo sm, sericitic pseudomorphs of former
feldspar phenocrysts ( and biotite pseudomorphs of former
ferromagnesian phenocrysts gﬂt ) lie in a groundmass of recry-
(st%nsea grains of quartz (55%), biotite (5%) and sericite
2

The rock was a porphyritic acid volcanic.



by Ve leBe Roberts.

No, 52a and 52b.  206-foot level, No., 2 Lode, Pioneer Group.

These specimens consist of massive vein gquartz and contain
large areas of wolframite, scheelite, scheelite and molybdenite.

Four sections of the 2 specimens were examined and the
following ore minerals were found to be present:

Wolf'ramite, scheelite, molybdenite, pyrite, chalcopyrite, bismuth
and (?) tetrahedrite.

Wolframite is quantitatively the principal mineral present;
it forms typical large blade-like intergrowths with quartz and
accounts for asbout 75% of the total ore mineral.

Scheelite, the next most abundant mineral in the specimens,
forms euhedral drystals and has grown along the cleavages and
filled small fractures in wolframite, In places it appears to
have replaced this mineral,

Molybdenite occurs as small isolated blade-like structures
moulded by scheelite and bismuthinite, but there is no conerete
evidence of its paragenesis.

Pyrite is quantitatively unimportant and appears to have
been deposited after molybdenite. It fills vyughs in the specimen,
moulding and cementing the euhedral scheelite, and forms small
irregular masses and veinleius in both scheelite and wolframite.

Bisruthinite forms irregular areas in the ore minerals
throughout the specimen, and appears to have replaeced chlorite,
wolframite, and scheelite, the last named mineral to a lesser
extent than the preceeding two. It forms distinet continuations
of the grain toundaries of these minerals and can be seen to have
grown along the cleavage planes of the chlorite.

Chalecpyrite occurs beth with bismuthirite and isolated in
the quartz gangue., It is an sxtremely minor constituent, the
largest areas measuring 5.0 mm. across.

Bismath forms thin, elongate lenticular bodies oriented
along a cleavage of bisrmthenite, and also smell irregular vein-
lets in wolframite and scheelite.

(?) Tetrahedrite is of extremely minor quantitive importance
in the ore, and was seen only twice during this examination, once
as a small irregular area in bismuthinite, messuring roughly 0.3
mm. aeross, and is a small vein in wolframite. It was possible
to separate the mineral for positive identification, but etching
with le3 and concentrated HCI produced an irridescent film.

From the foregéing examination a tentative paragenesis
would be:

Wolframite
Scheelite
Molybdenite ?
Pyrite
Chalcopyrite
Bismathinte 9
Bigmath
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