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SIR, 

c6_ 

REPORT ON FINDON'S COPPER SECTIONS, 
MOUNT DARWIN. 

Zeehan, 10th October, 1903. 

Acting on your i.njItruct.ions, I left Zeehan on the 8th 
September last to viait and report upon some copper • ..,. 
tiona which have mOOly been OOken up by Mr. J. Findon 
at Mount Da.rwin. The aectione bad been placed under 
aBer to Mr. G. Orange, the representative of the Tasman 
Syndicate, of London, and this gentleman, together with 
Mr. T. A. Irvine, of Strahan. and Mr. J. Findon, the pros­
pector of the section, were p ........ t at the mine at the time 
of my visit. Since then I underatand that Mr. Orange 
liaa made arrangements with the holders of the section 
to carry out further prospecting operation., and h .. also 
taken up several other sectiOb in the vicinit,Y. The...,. 
ti ... to '-" .~,.:~=:';: waa principally d.reoted, and, 

:1 only one on which &Dy P"" 
on the lat.cot Huxley 

80 __ it 
.......... _ n" rWoI on 

'f'!::=~~~~':~:~ft G"'logiat, in 1900. i to north of Mount Darwin, on 
the western slope of the 8OIIl<>What broad and high ridge 
connecting Mount Da.rwin with Mount Jukes. In a. direct 
line it i. a little more tha.n Ii iniles west of the township 
of Darwin, which is situated on the North Lyell Railway, 
a.nd distant .. bout 13 mil.. from the port of Kelly 
B ... in. The toe of the ridge i. about 1500 feet above the 
level of the I'&Ilway, and there would be no difficulty in 
erecg a self-acting .. ria.! ropeway, to deliver the ore 
on ~ eastern side of the ridg~ which aide I conceive to 
be the most suitable for the erection of ma.chinery for the 
treatment of the ore. 

Geological F<atttrtl.-The country rock consists of .. 
SOMewhat dense felsite, rendered pa.rtia.lly achistose in many 
places. The pla.n .. of laminatIOn strike about 300 weat 
of north, and dip to the west .. t an angle of 600 . The 
copper-bearing formation, which h... been exposed by 
trenches from about the centre of the section northwards, 
a.ppe&r8 to conform in strike and dip witb th ... ·pla.n .. of 
lamin .. tion. It consists of echistose felaite, more (>r I ... ' 
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completely converted into chlorite rock, and impregnated 
with copper and iron pyrites. The pyrites is fin&-grained 
and f&11"ly evenly-di8tributed through the stone. The 
width of the fonnation C&DDot be accurately ~ned 
at the present time. It app ...... to vary from 20 to 60 
feet, but sufficient work has not been done to enable the 
full width of the formation to be examined. For &orne 
feet from the surface the greater part of the copper has 
been leached out of the stone, leaving small iron-stained 
c&vities, and it is only from thoee trenches whioh have got 
below this leached zone, which, naturally, is deeper in lOme 
places than in oth ..... that the best copper-bearing stone 
haa been obtained. 

No.1 Pro.pect Holt.-Thio is the most 80utherly open­
ing which bu been made on the formation, and is situated 
a little to the north of the oentre of the section. It i. 
8 feet long, measured across the lode, and 3 or 4 feet deep. 
All the stone at gr ... oarri .. nice copper pyrites distributed 
through it. A bulk sample taken by me and submitted 
to Mr. W. F. Ward, Government Geologist, yielded 2·9 
per cent. of copp.... It is probabl" that this result would 
have been somewbat bigber bad the sample been taken 
from the bottom of the trench, as, baving been taken from 
the whole of the stone at gr&88, it included a good deoJ 
of surf&c<> .tone from wbicb the copper had been _hed. 

N o. ~ Trench.-Tbis trench is 1 cha.in nort.b·weet from 
No. 1 prospect hole. It is 60 feet in length, and has been 
put right acroeo the formation. The western balf of this 
trench is quite sh&llow, and bas not (f?t below the leached 
zone. The stone, however, looks 88 If it would make into 
copper at a short depth. A couple of abot. put into the 
bottom of this portion of tbe trench revealed small quan­
titi .. of copper pyrites in & favourable chlorite rock, with 
native coPP'" in the joints. At about the centre of the 
trencb a shaft 20 feet deep bas been sunk. Unfortunately, 
owing to the beavy rain which fell on the day I arrived 
on the section, this aha.ft W&8 full of wa.ter, and could not 
be examined. Mr. Findon tells me that a abort distance 
from the surface the stone waa very good. Then an "in. 
truaion" of b&n'e:D rock came in, but this was p&8Bed 
tbrougb, and there is good stone showing in the bottom 
of the .baft at tbe PrMent time. I took a bulk asmple 
of tbe copper-bearing stone in tb. tip from the shaft, and 
this vielded 3· 0 per cent. of copper. Another sample from 
the sb6ft. conoioting of about 20 lb •. of large lump. of Ol"e 

selected by Mr. Flnclon yielded 5 . 0 per ceIIt. of copper . 
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To. the eaot of the oh&ft the trench cuts Into rising 
ground, and is 8 feet deep in the end. Only the first 7 
feet, however, contain appreciable copper, &Dd that only 
on the south aide of the trench. A h ... d appears to orooo 
the formation at this point, and temporarily cuts 011 the 
good stone. For 3 feet to the eaot Qf th .. sh&ft I could 
not get at th .. sid .. of the trench to oa.mple it. It looks 
fair stone, and I should judge it to oontain 3 per cent. 
Qf oopper. The next 4 feet was bulked, and yielded 1·9 
per cent. of copper, and a selected oample taken from the 
OOttom of th .. trench yielded 4 . 1 per cent. of copper. The 
neo:t 5! feet bulked yielded only 0 . 5 per cent. copper. The 
remaining 6 feet to the end Qf the trench is also poor, and 
I did n<>t think it worth aampling. It thus appears that 
the principal copper·bearing forma.tioD, where exposed in 
this trench, is 43 feet wid... Of this, 20 feet should bulk 
from 2 to 3 per cent. of "9Pper. Tho remaining 23 feet 
is not exposed at a sufficient depth to wa.rrant &Dy eatima.te 
being formed as to its copper contents. 

No. S Trmch.-This is a shallow trench 45 feet to the 
north·west of No.2, and, e=tt in a sink at the west 
end, bu not got below the 1 eel zone. This sink W88 

full of water, but in one place th .. copper·bearing stone 
WBB showing above wa.ter-levei, a.nd a 8&JD.ple from 18 inchee 
of stone yielded 3' 2 per cent. of copper. 

No. 4 Trench.-Thie trench was put in at the time of 
my visit, under the direction of Mr. Orange. It is about 
5 chains north·west of the workings already described, &Ild 
is situated on the east side of a prominent knob in the 
north end of the section. The trench is in 8. favourable­
looking chlorite rock, which, however, haa been for the 
most part l...ched of its coppor contents. In the deepest 
part of the trench, at the west end, some ni~l JOking copper 
is ohowing, &Ild a bulk sample of 2 feet 01 stone yielded 
2 . 5 per cent. oopper. The width of the formation her .. 
is not determined. Th .. trench is 14 feet long, and all 
of this will, I think, . be oopper·bearing at a short distance 
from the surface. After my sample was t.a.ken, another 
shot exposed 2 feet more of simila.r stone, and thia &till 
continues in the face. 

Mr. Orange proposes to put in .. proopecting tunnel 
below the formation at this point. From the level of the 
spot which has been chosen for the approach about 30 or 
40 feet of backs will be obtained with 120 feet Qf driving. 
Th .. backs will then be increased by driving southward on 
the formation. If the copper contents prove 8&tisfactory 
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at this level, then it is propooed to bring in a. low-level 
tunnel from the other (west) side of the spur. T". Knob.-There appea.rs to be lOme probability of a 
parallel formation being discovered a oouple of chain. to 
the west of the present working>. On the top of the 
knob mentioned above there is a good deal of iron-stained 
chloritic rock, which is in all probability the capping of 
a. oopper-bearing formation. Indeed, a few abote put in 
under Mr. Orange's direction reveaJed the prese-nee of .. 
little native oopper in the joints of the atone, the whole 
of the pyrites ha.ving been lea.ched a.way. This formation 
would be tested by the deep-level tunnel from tbe west aide 
of the ridge, or by continuing the proposed prospecting 
tunnel from the east side. 

Although there is not sufficient work done on this aection 
to warra.nt &I1y reliable estimate being made of the amount 
or value of the stone present, from the indications I have 
Be6Il, and from the samples I have taken, which I believe 
fa.irly represent the bulk values of the stone expoeed, there 
a.ppears to me to be a rea.oonable prospect that further 
work a.t a moderate depth will sucoeed in diacloeing la.rge 
bodies of stone ~ from 2. to 3~ per cent. of oopper. 
I am inclined to think that .. aepth is gained the a.vera.ge 
stone will .... ay somewbat better th&n my _pIes, owing 
to the fact that the oopper h ... been I_hed oat .... the 
surface, aod it is proba.ble that some of this leached stone 
W&8 included in all my aampl... Even allowing for this, 
however, the proposition must be rega.rded ... a low-grade 
one, aod can only be dealt with profitably if operations are 
ca.rried out on a scaJe which will allow of the most econo­
mical methods ot mining and handling the stone. I may 
here mention that the stone only carries small quantitiee 
of the precious metals. My sa.roples were not. l188&yed 
oepa.rately for gold and silver, but equal quantities of ea.ch 
of the eight aampl .. were takll'll and ...... yed ... one sample. 
Thjs yielded: gold, tra.ce; silver, 2 dwts. per ton. 

The facilities for mining the deposit by means of tun­
nelling are good. On the west side of the knob there is 
a. deep gorge, from which 700 or 800 feet of backs are 
ohtaina.ble. The slope of this hill i. about 1 in 2, hut 
no backs would be ga.ined for the I ... t 300 feet of tunnel­
ling, as the deposit is on the ea.st side of the knob, which 
is about 300 feet in width. The formation, however, prob­
a.bly dips westwa.rd a.t a.hout 6()0, 80 tha.t for the deeper 
levels this wi1l opt make 80 much dilference. The product 
from the mine would be brought to the surface on the west 
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slope of the main ridge, and migbt, as stated above, be COD­

veyed by Dl<&IlS of a self-acting ropeway over the saddle 
into the valley on the .... t side, wh..-e I think it probable 
that water-power would be ava.ilable. Certainly, abun­
dant timber both for mining and stea.m-production is ava.il­
able in either valley. 

As regards prospeeting and development, I think the 
right thing is being done in putting in first of ill a sh&llow 
level tunnel from the east side of the spur. This tunnel 
should be atended southwards as a drive along the lode, 
Cl'OIlSCuts being put in at short interv&ls. This will give 
a good idea. of the v&lue and width of the deposit., and 
enable further development work to be l&id out to the 
~reatest advanta.ge. At the &arne time, surface prospect.­
mg a.long the oourse of tbe lode should not be neglected. 
There is at present no re&8On to believe that the deposit 
does not extend beyond the present workings, and it would 
be well to ascertain its extent in this direction 88 BOOn &8 

poasible. If this work gives satisfactory results, then d ... 
velopment work should be laid out with a view to providing 
for a large out put. 

It is probable that for a cemin depth mining opera.­
tioDs can be carried on on the open-cut system. Very :.;oon, 
however, underground mining will h&ve to be resorted to; 
this will not be expensive, as the COUDtry rock is firm, and 
probably very little timber will be required, provided a good 
filling-up system is employed. 

TREATMENT OF THE ORE. 

Althoul(h this question cannot be fully dealt with in this 
report, it is of such importance, not only to the owners 
of the property under review, but to owners of similar 
properties on the West Coast" that I think some remarks 
on the subject ma.y not be out of pla.ce. The ore consists 
e8BeJltially of a somewhat silicious rock, impregnated with 
copper and iron pyrites. The two latter minerals together 
would represent from 15 to 30 per cent. of the total wei~ht 
of ore. With the addition of lime, there is no doubt tl1a.t 
this ore could be smelted direct with the production of a 
high-grade matte, but in the ab...,,,,, of the precious metals 
it i. very doubtful whether this method would leave any 
margin for profit. 

There are aeveral other methods of trea.tment for low­
~e copper ores which have been practised with more or 
fees suoceas. ':M:J.eee O1&y be considered under two beads: T .. 
lixiviation pr00e88e8; II., mechanicaJ concentration, fol­
lowed by smelting of the roncen_. 
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l.-Lixiviation Proce,u •. 
I am unable a.t pr"",nt to give details of coot of t ..... t­

ment of these proceooeo. They ba.ve heen used principally 
in the trea.tment of orea in which the copper is preoent in the 
form of carbonate or oxide. When the copper is present 
as sulphide, as is the ca.se at Mount Darwin, it must be 
converted into oxide by roa.sting the ·ore prior to lixivia­
tiOD. There are DO minerals in the Mount Darwin ore 
which in &Dy ws.y interfere with lix.ivia.tion, 80 that the 
pra.ctica.bility of the process .. is merely a. queetion of cost 
a.nd a.mount of copper recovered. Most of the foll()wing 
notes a.re ta.k:en from an article which a.ppeared in the 
Enginarm[l and .1lining Journal of June 6th, 1903, by 
Dr. E. D. Peters, on the treatment of low-grade copper ores. 

(1) "Li.riviation of the ore dirrrt, with a ,olution 0/ Fer­
rOU8 ddoride and 8alt (old Hunt and DOlIgla, rnetltod).­
Considerable quantities of ore have been su~ful1y worked 
by this prC>Ce6S in the United Stateo. The methC>d d .. 
pends upon the fa.ct that oxide of copper i. decompC>sed by 
ftn"l'Ous-cWoride solutions, forming insoluble ferne oxide, 
while the copper goes into solution a8 cuprous and cupric 
chlorides. It is precipit.a.ted. in a very pure metallic form 
by iron, the ferrous cldoride solution being thus .. Iso r .. 
generated, and requiring only the addition 01 a little ... It 
to fit it for further use. The consumption of metallic 
iron in this method is very small, since much of the copper 
is in solution as cuprous chloride." 

(2) "Li.riviation of the ore, ll'ith hydrochloric and sul­
phuric acid8, which are regeneratfd in the ,olution by the 
precipitation 01 the copper from a chloride 3Dluti-on by 
means of sulphurou8 acid (nett! Hunt and Douglas methorl). 
-By this methC>d the copper is precipitated from its 
chloride solution by means of sulphurous acid gas, which 
throws down the copper as a very heavy white cuprous 
chloride, that aettJes almost inatantaneou8ly. Sulphuric 
and hydrochloric acids a.re regenerated in the 9Olution, 
which only requine the addition of salt to ma.ke it ready 
for further use. 

"One gree.t adva.ntage of this methC>d is the rapid di .. 
8C>lving of the oxidised copper present hy the strongly a.cid 
eolution, which even atta.cka sulphide! with considerable 
energy. Any lead and silver present remain undiS801ved." 

(3) Li:riviation of the ore with m1ph1lrou8 arid (Nfill's 
prOCeBs).-"Tbe native oxides and oa.rbonate& of coppe-r are 
readily 8C>luble in sulphurous acid with the formation of 
cuprous sulphite. This salt is insoluble in water, but 
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soluble in wa.ter oonta.ining sulphurous acid, from which 
the copper can be precipit&t.ed by driving off the ex"""" 
of oulphurouo acid by he&t. The precipitate io cupro­
cupric sulphite, a.nd conta.ins 49 . 1 per cent. of copper. This 
saJt is a. heavy, crystalline compound.\. of a d&rk red colour, 
which oeUJ .. readilr from the solution, and can be w .. hed 
by dec&ntation, dned, and reduced to metaJlic copper by 
fusing on the hearth of a. rev&l"beratory furnace. 

Sulphurouo acid produced by roasting pyrite io the 
cheapest chemica.1 procurable in the western country, and 
the plant is much simpler than that used in making sul­
phuric acid. A unit of copper converted into cuprou.. sul­
phite requir .. but haJf the sulphur th .. t would be required 
to convert it into cupric sulpha.te. Cuprous sulphite is 
precipita.ted from the solution without the use of scrap-iron, 
which io a gre&t a.dvantage in remote district.. Sulphurous 
acid dissolves v~ sma.J.1 &mOunts of other metal tha.t may 
be in the ore, and the precipitated cupro-cuprous sulphite 
is practically pure, and furnishes pure copper by a simple 
smelting operation." 

(4) Lixiviation of the ore with lulphuric acid and salt 
(lrv;,.. procc8&) .-This proc .. s, which h .. been patented by 
Mr. T. A. Irvine, of Strah&n, has been taken up by a 
London syndicate. Laboratory teslo have been ma.de on 
numerous samples of ore, including BOrne from Mount Dar· 
win, the rooullo of which a.re said to be satisfactory .• It 
is proposed to generate the sulphuric acid at the mine and 
precipitate the copper with pig-iron. 

I think it is very possible that the solution of the problem 
of the 8ucceeaful treatment of our low-grade dissemina.ted 
copper ores may be found in one or other of the lixiviation 
proceaoes. They p"""""" one great a.dvantage over any pro­
cess involving Imlelting operations, namely, they can be 
sta.rted on a compa.ratively small scale without very esriously 
affecting the coot of treatment. 

ll.-M uhanical Concentration, followed by 8melting 01 the 
Concentrate" 

The object of thio process is to produce .. compa.ratively 
high-gra.de pyritic ooncentrate by the ch"'p methods of 
mechanical concentration, a.nd then to smelt the reduced 
tonnage in the uauaJ way. The coot of smelting is thus 
reduced in proportion to the &mount of concentration 
effected. The proceoo is of couroe only suitable to or .. 
in which the amount of concentrates obtained is small in 
oompa.rison with the total quantity of crude o"e treated, 
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for, as a ecwff against the SlLving in smelting cost, must 
he placed the additiona.l cost of the mechanica.l ooncentra­
t,ion and the loss of m.eta.1 which this process involve8. In 
the treatment of copper ores this la.tter item is the most 
serious. Copper pyrites is a very brittle mineral, and 
when the ore is crushed a very large proportion becomes 
converted. into a.n impalpable slime, which is impossible to 
save by the ordinary methods of wet concentra.tion. This 
fact has already been demonstrated in the Lyell field in 
the case of the South Tharsis Mine, where an ordinary wet 
concentration plant, consisting of jigs, buddIes, &c., was 
erected to treat a low-grade pyritic ore. The concentrates 
were found to contain an undue proportion of iron pyrites, 
the greater part of the copper paeoing away in the slimes. 
This trial may, I think, be regarded as conclusive evidence 
against the adoption of the ordinary process of wet COD­

centra.tion for the treatment of our low-grade copper orcs. 
The Elmore Proce88.-Of late years a new process of 

mechanical concentration, known as the Elmore process, has 
been brought out, which claims to deal effectively with 
many ores which cannot be satisfactorily treated by the old 
method, and among the.. copper ores are said to be specI­
ally amenable to the proceaa. The principle of the proceaa 
depends upon a curious property p088e88ed by oil of adher­
ing to the surface of certain minerals, especially to thoee 
of metallic lustre. If finely-crushed ore is agitated with 
water and any thick mineral oil. it is found that the pa.r­
tiel.. of the metallic mineral. attach themselve<o to and 
penetrate into the oil globules. The non-metallic minerals, 
on the other hand, which form the greater part of the 
valuelees gangue, are oot affected by the ail, and remam 
8uspended in the water. If the pulp be now allowed to 
stand, the oil, carrying with it the valuable minerals, will 
float to the surface, and the worthless gangue will sink 00 
the bottom. The following account of the proc"-",, aa 
worked at the Glasdir Copper Mineo at DolgeUy, North 
\Val ... , is taken from .. pa.mphlet published by the ownero 
of Elmore patent.., which was kindly lent me by Mr. J. G. 
A. Stitt, of Zeehan:-

"'rhe rock from the mine, after paaaing through the usual 
soone-breakers, is crushed in a. pair of Cornish rolls, and 
run thence to two Huntington mills, wherein it is reduced 
to pass through a. aO-hole screen, a.nd issues therefrom with 
just sufficient oil to ma.ke it into a freely-Bowing pulp. 
From the Huntington mills the pulp paa ... directly into 
the open end of a horizonta.l rotating drum, inside of which 
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i. fixed a helix, with croMhlad .. or hucket., which lift up 
the pulp to a c.rtain height and drop it again, at the aam& 
!dm. propelling it forward to the opposite end of the drum, 
thua keeping the pulp in constant agitation for the f.w 
aeoond. which ..,... occupied in its progr.... through the 
drum. With the p'ulp is also admitted a small quantity 
of a thick. sticky 011 (the residue left in the stills in the 
refining of paraffin oil). This oil is of couroe subjected 
to the .. me agitatiOll .. the pulp, and is consequently 
tumbled about with it. . . . The oil and pulp automatically 
disch .... g. from the opposite end of the drum into a pointed 
box or spitzkasten, in which the tailings or rock a.t once 
_Ie down a.nd flow o/J with the water at tho bottom. 
whilst the oil, bl reaaon of its buoya.ncy, floats to the top, 
mid carrieo up WIth it praoe>caUy a\1 the valu .. which the .,..., 
contained. From the top of the pointed bo" the oil, with 
its load of mineral, flows off continuously to a specially· 
oonstructed cenuifugal machine, where the oil is extracted 
from the minenl (which is left in the ..-hine), the oil 
being at once ready for re-U&e. For close extra.ct.ion three 
mixing cylinden are sometimes uaed. the pulp passing from 
one to the other, after floating off the oil and collected 
mineral, and receiving a fresh stream of oil in the next 
mixer. A second centrifugal machine is also found desir· 
able below the fint, to separate the l&at of the oil and 
water from the concentrate.. The oonoentl'ateB are left in 
the machine, practically dry and free from oil." In order 
to gain some idea of tho applicability of this process to the 
Mount Darwin orea, I made several experiments with the 
bulk aampl .. which I obtained from Findon's section, tho 
asaay values of which varied from l' 9 per cent. to 3 per 
cent. of copper. Th. ore, having been crushed to p .... 
through a 60·mesh screen, was agitated in a suitable vOlllle! 
with water and cylinder oil until moat of the pyrites 
appeared to be taken up by the oil. The latter was then 
skimmed off, diluted with kerooene, and p&BBed through a 
canvas filter. In this latter oper&t.ion a good deal of fine 
copper pyrites p"""",, through the' filter and was lost, thus 
materially decre...ung the value of the results. Still the 
amount of copper ""tracted from the crude ore should indi­
cate roughly the amount which would he recoverahle in 
practice, and this amount may he calculated from the -r 
values of the crude ore a.nd the tailings. In my expen· 
monts the extraction varied from 83' 2 per cent. to 93' 6 
per cent. of the total oopper contained in the ore. The 
concentratee recovered represented from 17 per cont. to 20 
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per COIl!.. of the _I weight of ore taken, and the 8B8&y 
v&luee ranged from 6' 8 per cent. to 13' 3 per cent. of 
copper. In the coune of my experimento it waa very 
notIceable that th~ finer particlee of copper pyrites were 
more re..,:lily taken up by the oil than the co&rser on.., 
and, further, that the cop.!"" pyritee W88 much more 
readily taken up tha.n the Iron pyritee. I am of opinion 
that moet of the coli'per which remr.ined in the tailings W&8 

p ....... t in oompantively large particles consiating of cuprif­
&roue iron pyritee. It W&8 only &fter prolonged agita.tion 
thu, in one C&86, I got moo of theee particles to p_ 
into the oil. In this particular C88e I obtained an extrac­
tion of 93 . 6 per cent. This fact ~ me to the coocIWIioD 
that the moat suitable treatment for the ore would be a. 
oombination of the ordina.ry metbods of wet concentration 
with the Elmore procees. This method W&8 suggested to m. by Mr. Luke Williams, F.G.S. The larger partic\~ 
of ore, which ca.nnot be reedily I&ved by the oil proceeo, 
can be 8&ved by the ordinary wet method, while the slim.., 
which cannot be saved by the wet method, .." beat adapted 
to the Elmore process. In this connection the Elmore 
process appeen to be CApable of occupying a similar poei­
tion with regard to wet CODC8Iltration 88 does the cyanide 
procees with regard to the am&igama.tinn of gold oree. 

I am indebted to Mr. Luke Williama for the fol\owinjr 
particulars &8 to coat and methoda of treatment by the oll 
procees obtained br. him during his recent visit to England: 
-"Each unit of oil plant baa three cylinders, and will treat 
25 tons of ore in 24 hours. In London two boys are 
engaged .. t 18 shillings a week each to attend to the 1'&­

covery plant only (crushing not included); the coat for 
wag.., wea.r a.nd tear, and oil, which is bought at 4!d. per 
gaJlon, is in London about Is. per ton of erude ore for 
dreooing only. The coot of a tw()-unit plt.Dt is appro"i­
m&tely £1353, and a four-unit pla.nt £2304." Mr. Wil­
liams haa &Iso supr,lied me with some intereeting figures 
with regard to a p ant which he aaw treating a very low­
grad. copper ore from old dump-he&p8 in Cornwall. H. 
88YS:-

"The crude ore trea.ted _yed copper o· 6 per cent. 
The concentra.tee obtained asaayed copper 7· 8 per cent. 
The tailings discharged .... yed copper O· 09 per cent. 
Recovery of copper ............ .. .. .... ....... 85 per cent. 

The working ooat. were v~ amaJl, the wages of COUl'98 
being much lower thy in Tasmania. At the mine on ~ 
day shift four men and eight boys were employed to feed 
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the rock-break .... and hand-pick the ore on the Robin.' 
conveyor, and attend engine, battery, and oil plant. The 
wages account ran as follows:-

Day Shift_ 

1 man feeding stone-breaker 
6 boys hand-picking are, at la_ each 
I man attending to battery ... 
1 man attending to oil plant 
2 boys attending to oil plant 
1 enginedriver 

•. d. 
3 -0 
6 0 
3 0 
3 0 
3 0 

... 3 4 

£1 I 4 

In the afternoon and night shifts the roek-breaker and 
hand-picking belt were idl .. thi. portion of the plant treat­
ing in one shift enough ore to keep the rest of the plant at 

". work twenty-four hours . 

-, , .Aft.rftoon and X ight Shift •. 
1 man attending to battery 
I man attending to oil plant ... 
2 boys a.ttending to oil plant . .. 
1 engiaedriver 

o 3 0 
030 
030 
o 3 4 

5 hands afternoon and night shifts (per shift) £0 12 4. 

The tota.! wagl>-coet of running the plant three shifts 
and t,..,.ting 240 tons of are per week was £13 16s., or 
1 . 15.. per ton. Total power used for all purpoees about 
60 h.p. 

Ta.king the a.oove data. as basis for calculation, an esti­
mate may be formed of cost of copper-extraction by the 
process suggested a.bove, na.meiy. wet crushing and concen­
tration, followed by oil-treatment of the oiimes, and smelt­
ing of the concentrates from both /,roo....,.,. A. the ore 
is & low-grade one, and involves smelting of the concentrates, 
it would be only poosible to treat it on a large scale. The 
estimate will therefore be baaed on a plant treating not I_ 
than 200 tons per twenty-four hours, using, ... y, 50 head of 
stamps crushing to 10 mesh. It will be _umed that from 
these 200 tons of crude are 25 per cent. , or 50 tons, of con­
centrates are produced, and that 40 per cent. of the totaJ 
pulp, or 80 tons, per day is oIimed and treated by the Elmore 
procees; further, that of the total copper contained in the 

\!; 
14-
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crude ore, 85 per cent. is recovered. in the blister copper. 
The cost of crushing and wet concentration under local 

conditions may be taken a.t 3s. per ton of crude ore. 
The cost of oil-tnatment of slimee works out, according 

to the data. a.vaila.ble, on a 4-unit plan~ as follows.:-
2 men a.ttending to oil plant, three 

shifts .. t 90. per shift ... 
4 boys a.ttending to oil pl&Dt, three 

shifb!, at 68. per shift ... ... .. . 
Cost of oil, at Is. per ton of slimes .. . 
Interest on and depreciation of p\a.ut, 

at 20 per oent. per annum on £6000 
50 h.p., .. t Is. 6d. per horse-power per 

day 

Coat of treating 80 tons of slimes 

54 shillings. 

72 
80 

66 

75 

347 

" 

" 

" 

" 
Coot per ton of slime. 4 . 33 " 
The estimate of cost of smelting and converting the COD­

centrates may be based on the resulIB obtained by the Mt. 
Lyell M. and R. Comp&ny'o reduction work at Qu, eustown. 
According to the report of that company for the half-y....­
ending March, 1903, the cost of smeltIng and conve-rting has 
been reduced to 14s. 2' 89d. per ton. The oondit.ions ,....., 
however, not quite simila.r; the oro treated at the Lyell 
Reduction \Vorks is &. low-grade pyrites, and requine til be 
smelted twice in order to get .. sufficiently high-grade matte 
for the converters. The concentra.t.es from the Mt. Darwin 
ore should, according to my concentration teets, contain as 
mucb copper ... the first-grade matte at Lyell, and COIl8&­

quently would only require to be .melted once. On the 
other hand, the ore would require briquetting before smelt,. 
ing, the converter charge would be higher than at Lyell 
o,,;ng to the fact that a larger proportion of matte would be 
produced per ton of concentr&tee, and lastly, the coet all 
round would be somewhat greater in tbe comparatively 
small works treating only 50 tons per day. I think that if 
we allow 18s. per ton for smelting and converting the con­
centrates, the estimate will not be far out. 

Freight a.nd reaJisation cha.rgee on blister copper amount 
to about £10 per ton. In estimating the value of blister 
copper, therefore, £10 per ton must be deducted from the 
market price of copper. On the above data coot of treat­
ment works out as follows:-

Crushing and concentrating 200 tons 
crude ore, at 3s. per ton ... 600 shillings. 
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Oil-treatment of SO tons slimes .. 347 
Smelting and converting 50 tons con-

centrates, &t ISs. 900 
----'--

Total coot of treatm ... t of 200 tons ... lS47 shillings. 
Total cost of treatment per ton of 

crude ore ... 9 . 23 " 
With copper &t £35 per ton, Which I think may be taken 

as &. we average, a.nd allowing £10 realisation chargee 00 

blister copper, and ",,"umin!: that S5 per cent. of the copper 
is recovered, an ore oonta.ining ]. 20 per cent. of copper 
would pay the coot of treatment on the copper content.. 
&lone. If mining and otller charg<ll may be put down at Ss. 
per ton, then a groes content of 2· 25 per cent. copper 
would pay all ""penses. 

The a.bove estimate is, I believe, a safe one, and onc which 
might. under a.ble m&nagement, be considerably reduced. 
I think it is quite possible that I have uuder-estimated the 
copper-recovery which ma.y be effected by & combination of 
the ordina.ry method of wet concentration a.nd the Elmore 
prooeos. It is &100 probable that my estimate of the cost of 
the Elmore process is too great, as it was based on the 
working coats of a very much smaJler plant. However this 
may be, the figures given appear to me to be sufficiently 
encouraging to warra.o.t a careful enquiring into the possi­
bilities of that pl'OCE&l. 

I regret that the data at present at my disposal do not 
ena.ble me to give estimates for comparison of the probable 
coet of some of the lixiviation processes to which I ha.ve 
a.lIuded a.bove. These processes require the most careful 
consideration. It is quite poesible that some of tbem may 
be cheaper than the procees I have outlined. Neill's process 
especially would appear to be an economical one, as sulpbur­
ous acid, the only re-agent used, can be produceJ by simply 
bringing the fumes from the roooting-furnace into contacl 
with water. I was fortunate in being able to secure !JOme in­
formation .. to actual costs in the c .... of the oil process from 
Mr. Luke Williams, who, I understand, has shipped to 
England a ton of ore from the Colebrook Mine for trial. 
As fa.r 88 I can see, however, the process seems well suited 
to the low-grade deposits of disseminated copper ores, of 
whicb there are many in the Island. and I therefore thought 
it desirable to examine the problem generally, and deter­
mine, approximately &t leaat, if the method gave any 
promise of dealing with these propositions. I may mention, 
among deposits that .eem likely to be amenable 10 the 
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treatment I have outlined, the copper formation met with 
in the No. 5 tunnel of the Hercules Mine, Mt. Read. the 
low-grade cupriferous schists of the Western slopes of Mt. 
Lyell. and many others at Mt. Darwin .... d Mt. Jukes; of 
the grade of m .... y of these deposits I cannot speak. but 
from my estimate of probable cootoftreo.tmentit __ lU:ely 
that at leaat 2 per cent. of copper must be preoent to bear 
the costs of mining .... d treatment . .... d that deposits e&rry­
iog larger va.lues tha.n this a.re worthy of consideration. 

From too highly .ucce88ful operation. which are being 
conducted at Mt. Lyell. the value of large pyritic depoaits 
eveo of low grade are fully recognised; but hitherto 
there has been a great doubt as to the value of the low-grade 
disoeminated pyritic deposits of the class which has been 
dealt with in this report. I think, therefore, that this 
tentative discussion of the limita.tions of value necessary to 
make a payable proposition of this class may be of interest. 

In conclu8ion, I desire, aga.in, to gratefully acknowledge 
my indebtedness to Mr. Luke Williams, for supplying me 
with much valua.ble information; aJeo to thank Mr. Adam 
G. S. Morton, A.ooay ..... Zeehan. for making several ...... ys 
of the products from the concentra.tion teste, a.nd Messrs. 
Sumpter. Bennett, and others for kind aosi.t .... ce .... d hospi­
tality during my visit to Mt. Darwin. 

I have the honour to be, 
Sir, 

Your obedient Serv&nt, 

GEORGE A. WALLER. 
A ssMtant Government Geologist . 

W. H . WALLACE, Eaq., 
Secretary jor Mints, Hobart . 
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