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PREFACE. 

THIS volume is the third and last of a series of publica­

tions intended to give a complete · description from all 

points of view of the zinc-lead sulphide deposits of the 

Read-Rosebery District, situated -on the West Coast of 

Tasmania . 

. For geological exam'illation this belt. was cut into two 

portions- a sO{lthern half and a northern balf . The 

volume&., dealing with those two portions have already been 

published. 

This volume is de:signed to deal with the metallurgical 

treatment of the ores, and to present a general review of 
the zinc-lead sulphide belt as a whole. It is the natural 

sf>quel to the two previous volumes. Tts publication should 

have immediately followed that of the later of thost' 

volume~ , but this was rendered impossible owing to the 

development of the European war. The writer had com­

menced the preparation of the volume, when it became 

expedient to undertake the investigation of the resources 

of the State in regard to the munition minerals, wolfram 

and molybdenite. Consequently a postponement in regard 

to this publication was cecessary, and the postponement 

was rendered illdeiinite. a few months later by the enlist ­

ment of the writer for active servIce with the Australian 

Mining Corps. 

The preparation , therefore, of this third publication 

dealing with the zinc-lead sulphide deposits of the Read­

Rosebery District is now resumed immediately on the 

return of the writer from tho front . 

, 
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A total period of three years and eight months has 
elapsed from the time of the first postponement of the pre. 
paration of this volume until its present resumption. 

The publications dealing with the zinc-lead sulphide 
deposits of the Read-Rosebery District are thus three in 
number: ---'. 

The Zinc-lead Sulphide Deposits of the Read Rosebery 
District: Part I . (Mou nt Read Group); 30th 
November, 1914 . 

The Zinc-lead Sulphide Deposit, of the Read Rosebery 
District: Part n . (Rosebery Group); 30th 
August, 1915'. 

The Zinc-lead Sulphide Deposit:. of the Read Rosebery 
District: Part III. (Metallurgy and .General 
Review); 24th July, 1919. 

Parts 1. and II. have alrea.dy been published; thi!' 1!'1 
Part III. 

LOFTUS HILLS 

Launceston, 24th July, 1919. 
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The Zinc-Lead Sulphide 
of the Read-Rosebery 

Part III. 

Deposits 
District. 

(METALLURGY AND GENERAL REVIEW.) 

'1. - INTRODUCTION. 

DURING the three and a half years that have elapsed 
since the completion of Part II. of this series of bulletins, 
some development work has been carried out on several of 
the mines in the district. A description of this work and 
the results achieved will he included in this volume. In 
addition great advances have beel~ made in the metallurgy 
of zinc and zinc-lead sulphides in America and England, as 
well as in Austral is. These have been carefully studied. 
and the results incorporated in the following pages. The 
information , therefore, conveyed in this volume may be 
regarded as representing the state of knowledge at the date 
of writing, namely, June, 1919. 

In a pUblication of this type it is a. very imporumt mat­
ter to decide upon a. method of presentation which is in 
accordance with the complexity and importance of the sub­
jects dealt with. The two main reasons for the prepara­
tion of this volume are:-

(1) The description of the lnetallnrgical treatment 
of the ore; and 

(2) The consideration of the zinc-lead sulphide belt 
as a whole in regard to its potentialities. and 
the way it should be developed to the best 
advantage. 

The best manner of approach to these questions seems to 
be by means of a comparison with similar zinc-lead sul­
phide deposits which are being worked in other parts of 
the world. 
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Accordingly . after the developments which have taken 
place since the preparation of Part II. have been 
described. and the confirmation by these of the conception 
of the origin and structural features of the ore-bodie15 
fully described in Parts I. and II. has been indicated and 
discussed, a chapter will be devoted to a brief summary of 
the structural features and mineralogy of the Read-Rose­
bery zinc-lead sulphide deposits. Then will follow a descrip­
tion on the same lines of corresponding zinc-lead 
sulphide deposits in other parts of the world, the deposItoS 
being classified on a genetic basis for the purposes bf thiR 
description. 'fbis will be followed by a chapter having 
as its object a comparison between those deposita and those 
of Read-Rosebery , particular attention being paid to their 
size and values and to tJ;te relation of the physical and 
chemical character o£ the ores to their metallurgical treat· 
ment. 

The metallurgy of the zinc-lead sulphides will then be 
dealt with from the point of view of the treatment pro· 
Ce88es which have been successful on the different zinc-lead 
sulphide deposits of the world. This method of presen · 
tation will be used &8 the means of approaching the ques­
tion as to the treatment of the Read -Rosebery ores , the 
relation of the several processes to the physical and chemi ­
cal character of the ore being elucidated in each case. 

With the kuowledge that this method of presentation of 
the subject must inevitably give, 8 true conception can be 
formed as to the extent and potentialities of the Read­
Rosebery zinc-lead sulphide belt. Such a coneeftion is 
clearly indicated in Chapter VIl. 

The causes which are responsible for the delay in the 
development of the field are di8C1lll8Od in Chapter VIII., 
and the natural corollary thereto, and to the preceding 
chapters as to the future procedure which IS in the best 
interests of the field will be .... ily deduced , and is indi­
cated in Chapter IX. 

The importance of these Read-Rosebery deposits as n 
source of zinc is SO great as to warrant a discussion of the 
influence they are destined to exert on the spelter 
industry of the Commonwealth. This is presented on 
Chapter X. 

In the preparation of thiE volume the writer has 
endeavoured to reduce the use of technical terms to a 
minimum in order to make it perfectly intelligible to the 
Ilon-technica.l reader. The technical nature of the subject 
has rendered this a difficult task , but it i. hoped that the 

? -
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manner of presentation will result in the average mining 
investor with some little knowledge of mining terms being 
able to read and understand' without undue effort. It 
must be understood, however. that this volume is only 
ODe of a series of three, and that a complete knowledge 
aud appreciation of the structural features, mode of origin, 
value, and potentialiti ... of the Read-Roeebery zinc-lead. 
sulphide belt can only be attained by a thorough study of 
all three. The attempt has been made, nevertheless, to 
ptes8J1t in this volume in a readable way the facts in 
regard to the Read-Roeebery zinc-lead sulphide deposito 
which must convince the miDing investor that they 
undoubtedly justify the investment of capital. The min­
ing engineer and geologist will Dot find all the information 
they seek in this volume: but are referred therefor to Parts 
I. and II. 



n.-DEVELOPMENTS AT TIlE MT. READ AND 
ROSEBERY GROUPS OF MINES SINCE THE . 
PUBLICATION OF PARTS I. AND II. 

A.-M.T. READ GROUP, 

Following upon the amalgamation of the Hercules, Tas­
manian Copper, and Primrose Companies into a new 
organisation under the general direction of the Mt. Lyell 
Mining and Railway Company, and known as the Mt. 
Read and Rosebery Mines Limited, exploratory and 
development work was entered upon under the supervisioll 
of the Mt. Lyell Company'. official •. 

The general scheme was to search for the downward con­
tinuations of the ore bodies known at No.4 Level, Her­
cules Mine, by diamond-drilling; and when this work had 
been completed and the ore-bodies located, to systemati­
cally open up the mine ready for ore-extraction on a COll ­

siderable scale. 
Altogether 19 bores were completed in the Hercules 

Mine, being numbered 9 to 27, in succession from No.8, 
the last bore dealt with in Part 1. Two of these explored 
country at No. 4 Level; three at 5B Level; two between 
4 and 5 Levels; three at 5 Level; three between 5 and 6 
Levels; and five at 6 Level. The total footage drilled in 
these new operations was 3433 feet. 

The work at No.4 Level was directed eastwards from 
the central and southern portions of the" E ." ore-body, 
and showed 30 feet of low-grade ore at 40 feet east of the 
southern end of the" E " ore-body. The other bore (No. 
14 Bore) showed 15 feet and 5 feet of medium grade zinc­
lead sulphide at 240 and 320 feet respectively from the 
.hanging-wall of the "E .. ore-body at this level. The 
importance of this will be realised from a study of Plate 
XV. of the Mt. Read bulletin, which is a vertical section 
along No. 2 Bore, which is 50 feet to the north of the 
bd're we are now discussing. The ore cut in No. 14 Bore 
is therefore most probably au upward extension near the 
crest of the next succeeding anticline to the east of the 

. " E" ore-body, the low grade of the ore being due to 
the solutions baving spread upwards from the main cal­
careous beds. 

At the 5B Level, Nos. 9 and 26 Bores proved the exten­
sion of the" B," " C, " 'f D," and " E •• ore-bodies down 
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to thUi level northwards of the 5B crosscut. The other 
bore at this level (No. 27) was put out eastwards from the 
southern end of the South Drive. As this was beyond the 
southern end of the jC A " ore-body J and approximately 
along a Beta anticlinal axis, naturally DO ore wa9 located. 

Between the 4 Level and the 5A Level. the country in 
the vicinity of the it F .. ore-body was tested by means of 
two bores, Nos. 20 and 21 , which were put down from the 
two ends of the North Drive from No.2 Tunnel in a 
north-easterly direction and depressed 450 . From the 
explanation of the structure of the" F .. ore-body, given 
on page 51 of the Mt. Read bulletin (Part I. of thi. 
series) ('), and a study of Plates V. and XVII. of the same 
publication, which show that the ore-body extends down­
wards from the 4 Level only at its extreme easterly por­
tioo, to again rise upwards after a descent of roughly 40 
(eet, it will be easily understood why these bores did not 
penetrate its downward extension. The successive folds 
on the Alpha axes take the ore further eastwards on its 
downward extension than the apparent dip at the 4. Level 
would seem to indicate. 

At tlie 5 Level Bores Nos. 10 and 25, driven westwards 
from the end of 770 feet North Drive, and 35 feet there­
from respectively, proved the H E " ore-body to extend 
to that level with a width of approximately 40 feet a.i> !h~ 
former bore, but split up into four portions at the latter 
bore. No. 22 Bore, put out eastwards from 40 feet south 
of the old No.4 Bore. proved the width of the new len~ 
of ore penetrated by the latter bore to be 25 feet, where 
No.8 Bore had aloo previoully proved ore to exist to No.5 
Level. A study of Plate XVI. of the Mt. Read l-uHetin 
win show this quite clearly. and al<"O why N .... 10 Bore 
cut the" E " ore-body proper at the synclina.l trough and 
showed that the " C " and " D " ore-bodies as such do 
not exi~t at No.5 Level. It is clear, also, that No. 22 
Bore should have been continued to cut the "E " ore­
body proper. Plate XVII . shows why No. 25 Bore 
showed the ore-body to be split up, as it penetrated tbe 
portions of the " E " ore body proper and the new lens 
and the breaks between, which were shown by the No. 8 
Bore, and indicated in the sections shown 'in Plates XVI . 
and XVII. These three bores, therefore, confirm the Cl"OI!I8-

sections shown in Plates XV., XVI., and XVII. in a very 
accurate manner down to No.5 Level. 

(I) Geological Sune.\·, Tasmania : H!lUetin No. 10. 
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The oontir;auation of the ore-bodies below No. 5 Level 

was tested bv three bores, NO'J. 11, 23, and 24. The for­
mer was bor6d in a direction a little north of east from the 
starting point of No. 22 Bore in the 550 feet North Drive. 
and depressed at an angle of 300. No. 23 Bore was put 
in westwards from the northern end of the 700 feet North 
Drive. and depressed 550, No. 24 Bore was put down 
vertically from the same point as No. 23. No. 11 Bore 
proved a width along the bore of 29 feet of ore at a depth 
extending from 90 feet to 112 feet below No. 5 Level. 
The first JO feet of this was high-grade zinc-lead sulphide, 
the Ilext 10 feet lower-grade zinc-lead sulphide, while the 
last 9 feet was pyrite copper ore, averaging about 4! per 
cent. copper. The dee~st ;inc-lead sulphide so fat 
located in the Hercules mine is at 260 feet below the No .. 1, 
Level, and ha.s the roHowing composition:-

Gold 0'27 oz. per ton 
Silver ... 13'7 " Lead 18'4 per cent. 
Zinc 43'6 

" Copper 0'8 
" 

No. 23 Bore shOWed that two bodies of ore exist at 25 
feet and 35 feet below No.5 Level with horizontal widths 
of 10 feet and 20 feet respectively. No. 24 Bore proved 
a horizontal width of 10 feet of ore at a depth of 90 feet 
below No. 5 Level. 

In studying results in relation to Plates XV., XVI., 
and XVll., it must he remembered that the effects of tbe 
Beta synclinal fold with an axis at No.8 Bore, and rising 
to Beta anticlinal axes both to the north and south of this 
point at the centre of " F " ore·body, and just north of 
the No. 4: Tunnel respectively, must be taken cognisance of. 
The position of the troughs of the Alpha synclines . there­
fore, rise from that shown in Plates XVI. continuously to 
the positions shown in both Plates XV. and XVII. In 
attempting to combine the result.6 of any of these bores 
which are not in the same vertical plane approximately at 
right angles to the axial directions of the folds, hopeless 
confusion and misleading conceptions mUAt inevitably 
.result. It is thus legitimate to take a section through 
Bores Nos. 22 and 24, which will also include Bore No. 
10 already discussed. When we remember that the posi­
tion of this cross-section is approximately as far south of 
the Beta synclinal axis at No. 8 Bore as the section shown 
in Plate XVII. is to the north of it, there seems to be 

• 
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justification for regarding this sectIOn as representing the 
conditions in the portions of the ore· bearing horizon we 
are now discussing, with the Dece88ary adjustment of lower­
ing the synclinal troughs about 25 feet. Studying this sec­
tion, therefore, and remembering that No. 10 Bore showed 
35 ft. of ore at No.5 Level, paasing, in fact, right through 
the most easterly synclinal trough, it is clearly seen that 
No. 23 Bore passed first through 10 feet of the extreme 
bottom of the synclinal trough, and, after traversing the 
intervening argillaceous schists, entered the new tongue of 
ore' shown in Plate XVI. .... penetrated by No. 8 Bore. 
No. 24 Bore shows this new lens to be smaller in this 
southern position at 90 feet below No. 5 Level than it was 
further north. The result of No. II Bore can be plotted 
on to Plate XVI. as it stands, if allowance is made for a 
very slight rise of the synclinal troughs ; and it is then per­
fectly obvious that it passed through the lowest portion of 
the synclinal trough of this new make of ore, which it 
proves assumes a pyritic copper facies as it turns upwards 
again to the next anticlinal crest. The correctness of these 
three cross-sections below No. 5 Level is therefore verified. 

At the No.6 Level a north drive was put in for 100 
feet at a distance of 800 feet from the mouth of the a.dit. 
Five horizontal bores were put out from this drive--three 
from the north end in N.E., S.W .. and W.N.W. direc­
tions respectively for distances of 100 feet , 50 feet and 100 
feet respectively. None of these showed ore-bodies. At 
the other end of the North Drive at the adit itaelf two 
bores in N.E. and S.W. directions re..~pectively were put 
out for a distance of 100 feet in each case. Neither showed 
the existence of any ore-body. At a distance of 610 feet 
from the mouth of the adit & bore 350 feet in length was 
put out in a north-easterly direction, and again showed no 
ore to exist. A study of Plates VII. and VIII. of the 
Mt. Read bulletin will clearly show why these bores did 
not penetrate the ore-bearing horizon. These remarks 
supply additional evidence of the accuracy of the cross­
sections above referred to, and to the correctness of the 
statement made in the Mt. Read bulletin that the zinc­
lead sulphide ore-bodies do not extend as deep as No.6 
Level in that portion of tbe field' enclosed between Nos. 
2 and 5 tunnels of the Hercules, and some distance east 
of the 700 feet North Drive. 

Since the completion of these bores a start has been 
made to open up the mine for ore-extraction on a large 
scale. A new adit has been driven from near the haulage 
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at No. 5 Level , and this is to be the main working level 
of the mine. It was driven in a south-easterly direction 
towards the " E " ore-body , which it struck at 490 feet 
from the mouth of the adit at the point where No. 4 Bore 
cut it, as shown in Plate XVII., and penetrated it for a 
width of 56 feet, with an average &88&y value of:-

Gold 0'21 oz. per ton 
Silver. . 6'04 

" " Lead 9' 5 per cent. 
Zinc .. 25'4 

" " Copper 0'4 
" " 

This crosscut showed some very high gold values, thu!'! 
confirming the results of No.8 Bore in this respect. The. 
ore from 490 feet to 493. Jeet showed a gold content of 
0'69 oz. per ton, and' that from 493 to 498 feet 1'13 oz. 
of gold per ton. 

The end of the adit at present shows schist, &Dd thiF 
has been taken as the hanging-wall of the ore-body, but a 
Ftudy of Plate XVI., and what has been said previously 
in regard to the continuation of No. 22 Bore, will show 
that it is most probably the schist which intervenes between 
this new lens of ore and the continuation of the HE" 
ore-body proper. The adit should therefore be continued 
to the eastwards. ' 

At the 550 feet point in the adit a connection was made 
with the northerly continuation of Lhe old 620 feet North 
Drive. Ore continued from the new adit to within 75 
feet of the old No.5 adit, giving a length of 212 feet of 
ore, of an average assay value of:-

Gold 0'13 oz. per toll 
Silver . . 6'41 

" Lead. 6'61 per cent. 
Zinc 26'6 

" " Copper 0'31 
" " 

However, a length of 14 feet occurred from 105 feet to 
119 feet from the old No.5' adit, which assayed only:-

Gold . ,. , 0'02 oz. per ton 
Silver.. 0'69 
Lead .: 1'26 per cent. 
Zinc 8·7 

" " Copper 0'16 " " 
This is , in fact, <I low-grade disseminated ore," and not 

the zinc· lead sulphide ore-body, and shows that the drive 

• 
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is for this distauce ill the break between the Dew lens 
and the " E" ore-body proper, and if it is omitted a 
length of 138 feet of high-grade ore exists ...... ying :-

Gold ... 0'187 oz. per ton 
Silver. .. 9-5 H " 

Lead ... 9'5 per cent. 
Zinc ... ... 36'2 
Copper ... 0'47 " " 

The first 50 feet south of the new adit showed very high 
zinc values, the average for this length being:-

Gold ... 0'17 oz. per ton 
Silver ... 13-5 n' " 
Lead .. .,. 11'3 per cent. 
Zinc 46'1 " 
Copper 0'35 " 

The old 550 feet North Drive has been continued north- ' 
wards to cut the Ilew adit, and a large trucking-chamber 
is being excavated therein, and the main Ore-p888 from the 
levels above will be located at this point. 

An intermediate adit has been driven also from near the 
haulage to form a level 70 feet above No.5 Level, and 
intermediate between that and No.4 Level. It is known 
as No. 5A Level. It cut the " E "ore-body at 490 feet 
at a point 30 feet south-west of the No.7 Bore, but only 
penetrated it a couple of feet. That this is the II E " 
ore· body proper, and not the new lens, is clearly seen by 
referring to Plate XVII . of the Mt. Read bulletin. From 
the 420 feet point a drive southwards was started , which 
struck zinc·lead sulphide at 98 feet from the adlt. Thi~ 
by reference to Plate XVI. is seen to be the downward 
continuation of the " D " ore· body , which , as shown in 
Plate XIV. , is a direct continuation, and in fact part of 
the " B " ore-body. Very high values of all the foUl 
metals were met with in this drive from the 98 feet point 
to the 254 feet point. From the latter point to 308 fee 
the ore was more pyritic in character J assaying from 1 h. 
1'5 per cent. of copper. At 308 feet a seam 1 foot wide 
of zinc·lead sulphide. high in zinc, is showing. The 
developments at this southern end of the " "8 , D" ore­
body are interesting, as they are showing a pyritic 
tendency of the ore-body which did not occur on the No. 
4 Level , and in addition are showing values to extend 
farther to the south than in that level. As usual, how­
ever, copper values are associated with the black schist. 

• 
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The exceptionally high values of the zinc· lead sulphide 
in this drive are particularly interesting, the gold. silver, 
zinc, and lead contents all showing high figures at the 
various portions of t he drive, as shown by the following 
figures :-
----

Diatance from 
\ ! . 4.nit. 

Gold. Silver . Lead. Zinc. \ Clipper. 

----
( perToo·) l(PerTOIl .) : 

I Ou_ 0,._ Per cent. Per eent I Per cent. 

19(1 feet to 19b feet i 0-56 )6-' 
1 

21-3 37-7 0-6 

i 16 feet to i21 feet 0'43 U'6 1-7 l)5·fi l' 'l 

Discussing now the e6~ of all these developments 
on the question of ore-reserves, it is obvious that a great 
part of the ore classed as « probable ore" in Part 1. call 
now be regarded as definitely proved are. The amended 
figures. therefore, of the Hercules Mine are as follows:-

\ 

Above No." \ Below No. 4
1 

Tutu I. 
Lev",}. ul't'el. 1 

---- - ----

Zinc·lt'&d Sulpbirle- \ 
Prfl't'ed Ore ..... . .... 
prob .. ble 01'1' . ......• .... ... 

Copper Ore­
Pl·obable Or,· 

Graml Total. 

TOD8. 

160,000 

160,000 

Ton •. Tons. 

3RO,nOO MW,OOO 
lM,Ot)U 134,000 

2~,OOO 22,000 

S86,ooo 686,000 

The assay value of the 530,000 tons of " proved ore " 

is as follows:­

Gold 
Silver 
Lead 
Zinc 

0-143 oz_ per tOD 
S'l " " 
7-3 per cent_ 

30-3 .. ., 

The total of 664,000 U>ns of "proved" plus " prob­
able" zinc·lead sulphide ore exceeds the estimate made by 
the officials of the Mt_ Lyell Company, whicb is admittedly 
a conservative one; and the writer maintains that the above 
eHtimate is justified, in that it is calculated in accordance 
with the conception of the structural features of the ore· 
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bodies completely delineated in Part 1. J aud actually con­
firmed. by the results of the development work carried out 
since the preparation of that publication, but which has 
not been followed by the Mount Lyell Company's officials 
in their estimate of ore'reserv~ 

This completes the description of the development6 car· 
cied out at the Hercules Mine. The South Hercules 
properLy was purchased by the Mount Read and Rosebery 
Mines Limited, and some diamond-drilling was carried out. 
Two bores put down at 75 feet and 150 respectlvely east 
of the shaft workings, and directed westwards at an angle 
of tfipression of 600 , showed a l).orizontal width of 10 feet, 
and 5 feet of good-grade zinc-lead sulphide at depths below 
the collar of the .haft of 70 and 160 feet respectively. 
Another bore situated 75 feet farther along the strike of 
the planes of schistos~, and directed correspondingly to 
the first two, failed to locate ore. .A fourth bore, situated 
80 feet east; of the last , and directed correspondingly, 
located good zinc-lead sulphide at 160 feet below the collar 
of the shafL. Yet another bore situated 50 feet further 
along the strike of tbe planes of schistosity than the last­
mentioned bore, and directed westwards with an angle. of 
depression of 760 , failed to locate ore in a distance of 
350 feet. 

A referellce to Plates V 1. and VIII. of the Mt. Read 
bulletin win clearly explain these results. The first two 
bores mentioned cut the downward continuation of the ore­
body seell in the bottom of the shaft. The third bore 
mentioned in the above description passed over the top of 
the ore-bearing bed, which had. dipped sufficiently down 
towards the Beta synclinal axis situate to the south of thf' 
South Hercules eastern arlit, as ~hown in Plate VIII., to 
be mi~sed by this bore, but not so deep that the fourth bore 
would not cut it. By the time, however, it has reached the 
locatio .. of the fifth bore. it has dIpped or pitched sulb 
ciently to allow that bore to pass over it. Reference to 
Pla~ VIII. will explain this if it is remembered, as shown 
in Plate VI. , that the ore-body in the South Hercules is 
the easterly descending limb from the Alpha anticlinal axis 
at the Mt. Read workings, which is itself dipping down 
toward~ t.he Beta synclinal axis in the manner shown in 
Plate VIII., the crest of the Mt. Read Alpha anticlinal 
fold being far below the surface when it reaches the 
locality of the bores we are now diSCUSSIng. 

These bores, besides demonstrating the correctness of the 
r.onception of the ~tructural features of the ore-bodies 
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delineated in Part I. of this series of publications (the Mt. 
Read bulletin) , go far toward. bearing out the writer's 
prediction contained therein that " if the are he followed 
downwards below the shaft it will open out into a large 
body o~ are," Al,though a considerable body of are has 
now been proved to exist, yet developments have not pro· 
ceeded far enough to warrant the calculation of Hproved 
are," hut the figure of 5000 tom. of ,. probable are" is 
justified. 

At the Ring P.A. Mine, Sligo'S tunnel was extended to 
a total length of 124 feet, in order to cut the downward 
continuation of the are shown in the trench at the side 
of the Mt. Read track. This, however , proved at this 
depth to consist merely of pyritised schist with blebs of. 
zinc· bIen de disseminated. 

In Section 5671-11, in ·tbe creek near the end of Jen­
kin's tunnel, as shown in Plate V., some mineralisation 
occurs; and a tunnel is being driven southward9 on it. A 
little galena and pyrite shows in the schist. which is of the 
harder quartzitic variety which lies immediately to the 
west of the keratophyre. The ore~bearing horizon , as will 
be seen by referring to Plates V. and VIII., 18 some dis~ 
tance below the surface in this locality , and this mineralisa­
tion merely represents the upward invasion of part of 
the ore-bearing solutions beyond the congenial replaceable 
calcareous beds to the harder siliceou'3 schists which they 
were not able to repiaoe. . 

This completes the work bearing on the zinc-lead sul­
phide deposits which has been done on the Mt. Read group 
of mines since the preparation of Part, I. 

B.- RoSEBERY GROUP. 

The scheme followed in regard to the development of 
the Rosebery Mines was that of diamond-drilling from the 
surface to locate the downward continuation of the ore­
body to the eastward of the mine workings. The horea 
were put down vertically. their location being determined 
by the intention to intersect the ore-body on the northern 
continuation of the various levels. In all, 25 bores were 
put down, with a total length of 9073 feet, 

The results of these bores will now be given, all refer­
ences to the " ends" of the various levels referring to 
those shown in Plate XVII. of Part II. of this series of 
publications (the Rosehery bulletin), and all widths being 
horizontal measurements. 

• 
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At No.3 Level, No. 14 Bore showed 32 feet of high­
grade ore 370 feet beyond the end of the level. At an 
average depth of 42 feet below No.3 Level, Bores Nos. 13, 
15, and 16 showed 12 feet, 12 feet, and 38 feet at 0 feet, 
600 feet, and 860 feet respectively beyond the end of No . 
. 3 Level. The 38 feet was rather lower·grade ore than the 
average zinc-lead sulphide-. 

At No.4 Level, Bore No. 13 showed 5 feet of ore 200 
feet beyond the end of the level. 

At No.5 Level, Bores Nos. 18, 19 , and 17 respectively 
showed 12 feet, 19 feet, and 13! feet of ore at 720, 960, and 
1200 feet from the end of the level. At 25 feet below 
No.5 Level, Bores NO!!. 5 and 6 respectively sbowed 6~ 
feet and 26 feet at 150 feet and 370 feet beyond the end 
of the level. 

At 36 feet above No~ 6 Level , Bores Nos. 20 and 21 cut 
12 feet and 4 feet of ore at a distance respectively of 610 
and 870 feet from the end of No.6 Level. At the same 
level No. 8 Bore showed 3 feet of ore 330 feet beyond it.'J 
end. 

At No.7 Level. Nos. 4 and 7 Bores proved 22 feet and 
17 feet at distances of 600 and 800 feet respectively from 
the encl of the level. At 55 feet below No.7 Level . Bores 
Nos. 2 and 22 showed 21, feet and 15 feet respectively at 
310 and 760 feet from the end of the level. 

Bores Nos. 3, 10, and 9 proved widths of ore of 14 feet, 
18 feet, and 4! feet respectively at a depth of 36 feet below 
the Main Adit Level, and 130, 350, and 570 feet 
respectively beyond the end of it. 

Bore No.1 proved 8~ feet of ore at a depth of 73 feet 
below the Main Adit, and 200 feet north of the old 500 
feet Bore; w hile No. 11 Bore showed 7 r eet or ore at the 
same level as, and 470 feet ahead of, that in the 500 feet 
Bore. 

The new lens oT ore disclosed in the east crosscut at the 
southernmost end ·of the Main Adit Level was proved by 
Bores N 00. 24, 23, and 25 to exist at 25 feet, 85 feet, and 
100 feet respectively below the Adit Level, the positions 
of theee borae. being respectively 180 feet, 0 feet, and 
380 feet south of the crosscut. 

The result of theae bores is to establish the fact that 
there exists, between the No.3 Level and the level of ore 
proved by No. 11 and the 500-feet bores, a total of roughly 
1,050,000 tons of II proved ore." This includes all thc 
ore" blocked out" ready for mining, and is based on the 



boring results and the mine workings. the are already 
extracted from the mine being deducted. No are above 
No.3 Level, or none of that proved by the east crosscut 
at south end of the Main Adit Level and Nos. 23, 24, and 
25 Bores. is included in this estimate. 

The assay value of this ore is as follows: -

Gold 0'118 oz. por ton 
Silver 10'5 " 
Lead. 7'3 per cent. 
Zinc .. 25'6 " 

In addition to this I( proved ore" an amount of approxi­
mately 720,000 tons of <I probable ore" may be accepted 
as existing between Nos. 1 and 2 Levels, and in the tri­
angular hlock hetween Nos. 16 and 11 Bor.. and the 
northern boundary of the consolidated lease. 

In addition, however, to the boring work carried out 
as described above, mining development work was start,ed 
immediately the boring was completed, and consisted in 
continuing the drives northwards at the Main Adit, No.6, 
Intermediate (3. new level, 80 feet above No.6) . No.4, 
and No.3 Levels, and crosscutting at every 100 feet, and 
connecting by rises to the levels above. A total of 2144 
feet of driving and 842 feet of ri ... has heen completed 
to date. The Main Adit Level has been continued 582 
feet, and the average width of the ore-body for this length 
is 20 feet. No.6 Level was continued for 4.46 feet, with an 
average width of 14 feet of ore. The new No. 5 I.evel, 
"80 feet above No.6 Level, started northwards from No. 
15 Rise, and is now 474 feet long. The No.4 Level is 
now 355 feet beyond the end shown in Plate XVII. of Part 
II. J but the average width of are has not been ascertained, 
but 1S at least 6 feet. No.3 Level was continued north­
wards, and is now 287 feet further along the ore-body than 
.shown on the abovementioned plan. ' The ore passed 
through in these drives and crosscuts was of the same 
general grade as that already indicated in Part II. as being 
the average grade of zinc-lead sulphide ore in the Rose-
bery mines. . 

The result of this driving, crosscutting, and rising is 
to convert more of the are proved by boring into II blocked 

. ore J' (or ore blocked out ready for mining) than that 
. indicated in Part II. Calculating this If blocked are" in a 
similar manner as that calculated in Part II. , it is found 
that there exists in the Rosebery mines, i.e., the Tasmanian 
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Copper and Primrose Mines, a total of 607,000 tons of 
" blocked ore," of an average a.aaa.y value of-

Gold 0'116 oz. per ton 
Silver 10'; 

" Lead ., 'j'/ per cent. 
Zinc. 27'6 

" " 
The officials of the Mt. Lyell Company in November, 

1917, estimated a. conservative total of 652,351 tons of 
<t proved ore" as the result of part of the boring work 
di8C\lB88d above, which at that time did not include the 
most northerly bores. At- that time, also, the mining 
developments had not been carried out. The figures given 
above of 1,050,000 tons of Hproved ore," which includes 
607,000 tons of ore b1o..cked out ready for mining, are in 
excess of those given by tbe Ml. Lyell Company. They 
are calculated Oll data, some of which were not available 
at the time of the Mt. Lyell Company 's e!'lti mate , and are 
presented here with the 888urance that they are the result 
of careful calculation based on the developments by min­
ing and boring. 

No further work has been done on the North Tasma.nian 
Copper Mine ~ince the preparation of Part II. 

On the Koouya l\line the lower tUllnel penetrated the 
ore-body as expected, but it was rather small where cut. 
When driven on southwards it opened out considerably. 
but as driving was continued the ore-body disappeared 
completely, exactly as predicted in Part II. Development 
work on this property should be carried out on the lines 
clearly indicated in Pan II. of this geries of pUblications. 

Some work has been done on the surface on the schist 
outcrop, south of the Dalmeny and east of the Koonya, 
but nothing beyond a mineralisation of the schist has been 
located. 

An interesting development has occurred on the Stitt 
River, about 10 chains east of the bridge on the road lead­
ing from the Rosehery station to the Roeehery town.hip . 

. A study of Plate IX. of Part II. will sbow tbis position 
to be at the crest of the Alpha anticline. Here a greenish 
schist was found to carry splashes and small lenses of zinc 
and lead sulphides. The crest of the A lpha anticline is 
rising towards the Beta anticline to the north of this pomt. 
and, as shown in Part II. (page 92), the ore-bearing hori­
zon is much less than 100 feet below the surface at borE' 
sites 234A and 235A, continuing from these bores to the 
most southerly outcrop at the south end of the Primrose 
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open-cuts as au outcrop, this being the reason J as explained 
ou page 72 of Part II., that the I< C," "D," and II E" 
bores did not. cut the ore-bearing horizon, they being too 
far to the east. The zinc-lead sulphides shown in this 
occurrence on the Stitt River are the result of the ore­
bearing solutions rising up from the ore-bearing horizon a 
short distance below into a relatively un replaceable schist. 
This development certainly warrants the carrying out of 
diamond-drilling on the lines indicated in Part II. 

A discovery of zinc-lead sulphides in what is apparently 
Read-~bery schist on the southern end of the Bobadil 
Plain, In the deep gully south.east of the 31-mile post 
(.ee Plate VII. of Part 11.), shows than an Alpha syn­
clinal fold has taken the Read-Rosebery scbist to the level 
of the Pieman River in a similar way as has happened at 
the Stitt River bridge, -but has in this case been left 
isolated by subsequent denudation. The occurrence of 
zinc-lead sulphide, although interesting, is not to be 
regarded as important, as the amount of Read-Rosebery 
schist left isolated at this point can only be very ama.ll , 
and therefore the ore-deposit must also be sma.ll. A few 
tons, however, may be ultimately obtained if development 
work is persisted in. 

C.-GENERAL SUHlilA'RY. 

The results of the d'evelopment and exploratory work 
'Carried out since the preparation of Parts I. and II. are 
thus seen to be very important. They have proved by 
actual penetration of the ore-bodies the incorrectness, 
firstly, of the statement in the report of the Hercules 
Mine, by Mr. G. H. Blakemore, that the zinc-lead sulphid~ 
are secondary enrichments of zinc and lead bearing copper 
deposits, and would cbange below No.4 Level into pyritic 
copper deposits; and, secondly, the conclusion reached by 
a mining engineer from the mainland, after an examination 
made on behalf of Melbourne investors, that the ore-body 
at Rosebery consisted of lenses of ore, the existence ';f 
which was determined by the meeting of certain intersect­
ing fracture-planes, and that therefore the amount of 
ore was limited to a much smaller figure than that shown 

. by the calculations maue by the mine manager. 
These conclusions were stated by the writer in Parts 1. 

and II. to be incorrect, and the whole of the data and 
reasons for making tha.t assertion were presented therein. 

• 



17 

The mining developments which have taken place since 
that occasion have definitely and finally proved that refu­
tation to have been perfectly justified, and in addition 
have supplied quite remarkable oonfirmation of the con­
ception of the structural features and mode of origin of the 
zinc-lead sulphide deposit., which have '-n fully pre­
sented and described in Part.. I. and II. The cross and 
longitudinal sections of the various mines there presented 
have been proved in a most de1inite and interesting man­
ner to be correct representations of the actual structure of 
the ore-bodies. 

The writer desires to draw .attention to the way in which 
these conceptions as to the structure of the ore-bodie:J 
have been proved correct, and to emphasise the import­
ance of the acceptance of those conceptions to the futur"3 
development of the field. Particularly doe. he d .. ire to 
indicate his in9istence on the basing of a11 future develop­
ment on the lines laid down and fully described in Parts 
I. and II. He is of the opinion that much futile boring 
-will thus be saved, and misleading results prevented. 



III.-SUMMARY OF THE STRUCTURAL FEA­
TURES AND MINERALOGY OF THE READ­
ROSEBERY Z,INC-LEAD SULPHIDE DEPOSITS. 

Having seen, therefore, in the preceding chapter that 
the developments at the Read-Rosebery mines since the 
preparation of the two bulletins de!\criptive of the geology 
and ol· ... deposits (Parts I. and II. of the Read-Rosebery 
bulletins) have confirmed the oonceptioD of the structural 
features, mineralogy, and geneSis of the ore-bodies fully 
elaborated in those publications, it iR deemed advisable at 
this stage to present a ve~ concise resume of what that 
conceptipn is. This can, however, in no senSe be taken as 
displacing the description above referred to, as a full study 
of the details presented in those bulleti ns is essential to the 
proper understanding of the structural features and mode 
of origin. 

The zinc-lead sulphide deposits of the Read-Rosebery 
district are metasomatic replacements of metamorphosed 
calcareous beds which are members of a mixed sedimentary 
and fragmental volcanic series converted hy intense meU;­
morphism iuto argillaceous, calcareous rhloritic, and 
quartzitic schists known as the Read-Rosebery schists. The 
direction of the pressure responsible for the metamorphi~m 
was directed from the westwards. This gave ri!l-e to planes 
of schistosity striking about N. 200 "T., and dipping 
eastward at a steep angle, and being quite independent of 
the original sedimentary bedding. Concurrently with the 
development of this cleavage there took place a rearrange­
mellt of the mineral components of the rocks into banci~ 
of varying composition, orientated, of course, parallel to 
~e general c1eavage. At the same time, also. there was a 
development of a series of folds which, because of the com­
pression and crowding of the original sedimentary beds 
into an area with both north-south and east-west dimen­
sions l~ss than before metamorphism, took place in two 
direction .. , the axes of the two series of folds being approxi-
1l.1ately at right angles to each other. The original cal­
careous beds represented after the metamorphism and fold­
ing by calcite schists occur, therefore, in a series of domes 
and basins, the .original variation in composition of ~mc-

• 
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cessive beds being preserved in the main, but with a par· 
tial rearrangement of the mineral components into bands 
parallel to the planes of schistosity. 

The ore-bearing solutions were derived from a differen­
tiating granitic magma situated below the field; and the<Je 
ascending solutions travelled. along main fracture-planes 
(" master fractur .. ") until they met the old bedding­
planes of the schists, whence they reached the bedding­
planes of the calcareous beds, from which they passed along 
the schist planeR, thoroughly permeating the beds them-
88lve!:o and metasomatically replacing them with zinc-lead 
sulphide ore, the composition of which was determined by 
the composition of the rock replaced. Thus was developed 
the banded texture of the ore which is so characteristic, 
and which is a metasome of the banding of the replaced 
calcite schists. In the-same way was developed the varia­
tion. on a larger scale, in the com~ition of the ore-bodies 
apart from the banding, which is a metasome of the 
original variation in composition of the sediments on too 
large a scale- to be obliterated by the rearrangements 
accompanying the metamorphism. The reoplaeement tool( 
place at intermediate depths (4000 to 12,000 feet) at a 
temperature in the vicinity of 2000 C. 

The zinc-lead sulphide, therefore, 8S it replaces the cal­
cite schists which form a series of domes and basins, occurR 
in domes and basins also. As these domes and basins have 
unequal horizontal axes, a horizontal section will be lenti­
cular or elliptical in shape. Consequently the outline of 
the ore-bodies at anyone level wi1l be lenticular or 
elliptical. 

In places where the dome or baRin is of large dimensions 
the ore-body exposed in the mine workings may show only 
one limb of the anticlinal or synclinal folds (dome or 
basin), and consequently the ore-body will be of a general 
tabnlar character. 

The exploration of the Read-&sebery zinc-lead sulphide 
deposits consists, therefore, in the study and location of 
the folds and undulations of this horizon of calcareous 
schists referred to in Parts I. and II. as II the ore-bear­
ing horizon ," which persists over a length of 7 miles and 
a width varying from 1 to I! miles. 
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The size of the ore-bodies as disclosed by the mine work­
ings at the present date is indicated by the following 
figur .. :-

Mazl-

II Leugth. I murn 
Wld.h. 

- ~ Peel. 
.. B" Ore.body, Herculu ............ _. _ 300 
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7> 
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Wlrlth. 

Peel.. 

"" 00 
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Large I.e_. Mt. Read •••• ......... . .. 461.1 
On·body, RoMbery .......... . ...... ... . 1 iWO 
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20 
60 
2. 

-------
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Pt'el. 
.00 
2W 
260 
110 
000 

There is a very sharp. dividing-line between ore and 
country-rock, solid) ore permsting right up to the unmin­
eralised countrYI or being separated therefrom by only a 
clay selvage. 

The metallic min eral !"; in the order of the proportions 
present are \zinc blende, pyrite, galena, cha1copyrite, and 
tetrahedrite ; and the gangue minerals are quartz, calCIte. 
barite. and rhodochrosite, and occasionally a little fluorite . 
Silver and gold are present, the former in association 
mainly with the galena and tetrahedrite. but also to some 
extent with the pyrite. while the gold occurs in the free 
state, aud also in association with the galena blende, and 
pyrite. Cadmium, arsenic, and &I1timony are present. 

The average zinc-lead sulphide ore of the Read-Rosebery 
district has the following mineralogical composition;-

Zinc blende . 43·3 per cent. 
Pynw ... 31·0 

" " Galena 10·4 
" " Quartz .. _ 5·5 
" " Silicate of alumina 2·5 

" Calcite 2-4 
" " Barite ... . 1-5 
" Chalcopynw 1-2 
" " Rhodochrosiw ... 1-2 
" " Tetrahedrite ... 0-1 
" -, 

Silver 10 OOl. per ron 
Gold .. ... ... . .. 3 dwt. 

" 
Although 8 great part of the ore-bodies carries well over 

90 per cent. sulphides, yet on the average they approxi­
mawly contain 85 per cent. sulphide and 15 per cent_ 

• 
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gangue, the chemical oompositioll of the average zinc-lead 
sulphide being as follows:_ 

Lead ___ n per cent. Zinc ... --- 27-3 
" Copper __ 0-9 
" " Iron .. . 18-0 
" Sulphur. 36 -2 

" Lime trace 
Magnesia 0'2 

" " Alumina - " 2'2 
" Silica 7'2 

" Gold,,_ 
'" 0'150 oz_ per ton Silver ... 10'5 

" " 
The range in composition of the various grades of ore 

i~ shown by the follow.iug figures: -

NHtUTC of O" e. I Gold. 

__ /CP("T"", 

0 .. _ 
HJlgh-gnde Lesd Ortl O· M 

(Iitt" O'D6 
RiKh-~p'lldeZincOn' 0'43 

111110 0'01 
DeDII8 P.nitic Ore ... trace 

SilY"r. I Lp"d. 
(ParTon.) 

Oz;;. 
6'0 

16-4 
12';') 
11'1, 
3'0 

Per cent. 
2~'6 
21'S 
l' ,. 
8'.') 
0-8 1 

I Z;',e, I Copp.,_ 

--- --- I 

rer cent. I Pel' ce~u. 
34'4 0'.) 

37'7 I 0'6 
lijj'6 1'2 
46'0 0'3,') 
8 -0 I 0"7,') 

The average assay of 1,680,000 tons, which are; the ore~ 
reserves in the Read Rosebery mines at the present date . 
18-

Gold 
Silver 
Lead 
Zinc 

oz. per ton 

" per cent. 

There is very little oxidised capping to the ore.bodie8, 
the sulphides persisting in most cases practically to the 
surface. The deepest occurrence of "gossan, " which con. 
sists of oxide of iron, with a Httle lead and zinc carbonates, 
but oonsiderable silver and gold values, is 50 feet; hut this 
is quite exceptional. There is a complete absence of maSSe6 
of carbonates of lead and zinc. 

The texture of the ore, as stated above, is distinctly 
banded, the bands being due to varying composition. The 
sulphide minerals exist as an extremely intimate inter. 
growth of a very fine grain, which is clearly indicated by 
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the fact that it is necessary to grind the ore to pass a 
screen, having 200 holes to the linear inch. in order to free 
the constituent minerals sufficiently to enable a mechanical 
process of separation to be successful.-

All the descriptive matter and figures so far presented 
ill this chapter refer solely to the typical solid zinc-lead 
sulphide ore-bodies. There have been described in Part 1. , 
however, deposits of much lower grade, termed " Iow­
grad'e disseminated deposits," which in places extend 
beyond the sharply-defined walls of the zinc-lead sulphide 
ore-bodies. They consist of disseminations of pyrite, zinc 
blende, galena, and chalcopyrite in chloritic or quart.zitic 
schists deposited there by metasomatic replacement. They 
represent, in fact, the permeation and partial replacement 
of these schists by the same ore-bearing solutions which 
invaded the calcareous s<:,hists, and completely replaced 
them with solid zinc-lead sulphide. Their metallic values 
are as fol1ows: -

Gold. 0'03 oz. per ton 
Silver 1-5 

" " Lead _. 0-5 per cent. 
Zinc 6-5 

" " Copper ___ 0-1 

They are not taken into account in any calculation of 
ore-reserves, but, as will be shown in subsequent portions 
of this publication, they are destined to be an appreciable 
source of ore. 

• 
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IV-CONCISE DESCRIPTIONS OF CORRESPOND­
ING ZINC-LEAD DEPOSITS IN OTHER PARTS 
OF THE WORLD. 

A.-GENERAL REMARKS. 

Ala. explained' in the introductory chapter of this volume, 
it is deemed advisable to present in a concise and clear 
maDDer the salient characteristics of some of the similar 
zinc-lead sulphide deposits of the world, in order to enable 
a comparison to be mage between them and the Tasmanian 
occurrences. In this way a correct perspective of the 
importance of the Read"-Rosebery zinc-lead sulphide 
deposits will be attainable, for it will be possible to see at 
a glance 'in what respects they are superior, and 10 what 
respects inferior, to other zinc-lead sulphide deposita which 
have been and are being exploited. 

In presenting the descriptions of these various deposits , 
the main basis of classification and grouping will be that 
of the mode of origin or genesis of the ore-bodies, for the 
reason that it is the mode of origin which determines their 
structural features, extent, and persistency. The import­
ant zinc-lead sulphide deposits of the world fall genetically 
under three main heads:-

(1) Lead and zinc deposits in sedimentary rocks, the 
origin of the ore-bearing solutions being inde­
pendent of igneous activity. 

(2) Zinc-lead sulphide deposits formed at inter­
mediate depths by ascending thermal waters at 
temperatures between 1500 and 3000 C .. and 
in genetic connection with intrusive , igneous 
rocks. 

(3) Zinc-lead sulphide deposits formed urider high 
pressure, and at temperatures between 3000 
and 500oC. in genetic connection with intrusive 
igneous rocks. 

Under each of these three headings deposits will be 
described from various parts of the world. the subdivisions 
under each heading being merely geographical. . 



B.-LEAD AND ZINC DEPOSITS IN SEDIMENTARY RoCKS, 

THE ORIGIN OF 'THE ORE·BEA1UNG SoLUTIONS BEING 

TNDEPENllENT Of' IGNEOUS ACTIVITY AND THE SOLU· 

TIONS SLIGHTLY, I F AT ALL, ABOVE NORMAL ATMO' 

SPHERIC TEMPERATURE. 

1. Gt:nt:1'al Description . 

The lead and zi.nc deposits under this heading represent 
a tyt)e of world-wide distribution, and, ill spite of local 
variations, of remarkably constant characteristics. Thev 
occur in limestones, dolomites, cherts (derived from lime­
stones by replacement of the calcium carbonate by silica), 
or calcareous shales. The ores lie in brecciated or fractured 
zones, or in crevices or Joints which have been enlarged 
by solution. They are generally fissure or cavity fillings, 
showing crustification and crystalli5stion in cavities, but 
often they form metasomatic replacements in the limestone. 
The ore-bodies show a marked tendency to follow certain 
stratigraphical horizons. They are frequently found below 
impervious shale beds. They usually lie within a fE'W 
hundred feet of the surface, and are oxidised in the 
vicinity of t.he water-level. 

The ore minerals are galena and zinc blende as essential 
constituents, with more or less pyrite, and almost invari­
ably, marcasite, and occasionally a little chalcopyrite. 
Silver is practical1y absent, the galena being characteris· 
tica.lly silver-free. Gold , aNenic, antimony. and molyb­
denum are absent also. Nickel and cobalt are often 
present in small amounts. The characteristic gangue 
mineral is dolomite; crystalline quartz is very rare, 
although chert---represenfing a replacement of limestone 
by silica- is common. Barite occurs occasionally . but is 
not characteristic. There is practically a. complete absence 
of other gangue minerals. The zinc blende varies in colour 
from a pale straw yellow through brown to black. the 
lighter colours predominating. It is exceptionally pure . 
being remarkab1y free from iron, which rarely exceeds I 
per cent. even in the darker variet.ies. The zinc blende 
and galena. occur in separate crystalline aggregates, there 
being very little intergrowth. The cubes of galena 
measure up to several inches, or even up to 1 foot across 
iIi the crustified occurrences. In the replacement deposits, 
or " disseminated deposita ," as they are called , the par­
ticles of' galena. and blende are much smaller, but even 

, 
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here there is very little. if any, illtergrowth of these two 
minerals. The same applies to the marcasite and pyrite 
in their relation 'to the galena and b)pude. 

The following are some of the localities where this type 
of deposit is typically developed, with details of character 
and extent of the ore-bodies, and the amount and composi­
tion of the output, together with the method of metal­
lurgical treatment:-

" 2. Occurrence8 zn the United Statf'-s. 

(a) Joplin Regi"".- These deposit.; are in south-western 
M.issouri, in the Mississippi area. The ores are iound &I 

irregular deposits in the f< broken ground" near the sur­
face and as a .oat <I sheet ground" in the bed of limestone. 
which has been largely converted to chert by replacement 
by silica, at depths of 150 to 300 feet. Below this horizon 
of limestone there occur unworked deposits of .. dissem'­
nated ore" in an underlying bed of limestone. In both 
the " broken ground" and the II sheet ground" the OTe 

occurs as fillings of cavities, the fillings of distinct veins 
or crevices being subordinate. These cavities are breccia­
tion spaces or solution cavities in the limestone. 

In the " broken ground' " which extends from the sur­
face down to a depth of from 100 to 150 feet . the ores 
occur in a universally pockety manner in clayey chert brec­
cias, or around the outside of II sink holes" which were 
caused by the sinking of the beds into a cavity di'3so1ved 
in the limestone immediately below. The latter mode of 
occurrence gives rise to the designation of « circles," the 
ore having been deposited in the spaces resulting from the 
slipping and settling of the mass of rock which bad 
approximately a circular cross-section. In these deposits 
the galena predominates, and large masses of galena are 
commOll. 

A characteristic feature of this upper or "broken 
ground" is the occurrence of " runs, " in which the 
developments of ore are strung out for a length of from 1 
to 2 miles, following the same stratigraphical horizon at 
depths usually much less than 150 feet below the surface. 
The width of the run rarely exceeds 50 to 150 feet. Each 
run has usually several "openings II (brecciated ground 
611ed with ore), each opening' being rarely more than 5 
or 6 feet thick. 

In places the brecciation and mineralisation of the 
1< broken ground " continue~ downward to the underlying 
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II sheet ground," but more often the latter is independent 
of the former deposit. The deposits in the "sheet 
ground" are extensive, and are from 6 to 15 feet thick, 
lying flat along certain horizons. The galena and zinc 
blende occur in brecciated chert. The sheet ground is the 
most important source of ore. 

The ore· minerals occur as separate crystalline aggregates, 
to some extent mixed, but never intergrown. The upper 
portions ,of the ore. bodies are invariably oxidised to car­
bonate and oxide ores. 

The ore-bearing solutions which invaded these pre-exist­
ing cavities were acid in char&et.er, and had a temperature 
not above that of ordinary surface waters. The solutions 
were formed by atmosp~ric waters descending to the 
underlying Cambro-Ordovician rocks, where the m'ineral 
constituents were dissolved, and the resulting ore-beanug 
solution~ then invaded the series of limestones in wlllch the 
ore-deposits are now found. Igneous activity therefore 
played no part in the origin of these zinc-lead deposits . 

An idea of the size of these ore-bodies can be obtained 
from the following typical examples of deposits actually 
mined. One of the best defined " runs" has a length of 
1400 feet. with a widtb varying from 12 to 30 reet. and 
is mainly developed between tbe 90 reet and 150 reet levell. 
One of the best known "circles " measures from 300 to 
400 feet ill inner diameter, and 500 to 600 feet in outer 
diameter, giving a width of ore of about 200 feet ; the 
ore-body extends from the surface down to 150 feet. .A.. 
typical " sheet ground " deposit has been mmed 0'\',,::; an 
area 2000 feet long, by 400 to 800 feet wide, and 10 feet 
deep. It. occurred at a depth of 170 feet below the sur­
face. 

The deposits are spread over an are~ of roughly 3100 
square miles. However, over 80 per cent. of the produc­
tion has been obtained from an area of about LOO square 
miles, all of which lies within ]4 miles of .Joplin. Sinca 
the di~covery of the ore-deposits in 1850, the mlues hav4'.l 
yie lded approximately 1,]00,000 tons of lead concentrates, 
and approximately 4 ,700,000 toilS of zinc concentrates. 
Nearly 65 per cent. of the lead was mined prior to 1893 , 
while about 98 per cent. of the zinc has been mined since 
1880. At the present t ime the annual output consists of 
approximately 35,000 tons of lead concentrates and 
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215,000 tons of zinc concentrates. The composition of the 
output is given by the foHowing figures: -

Ore from" Ero/"en GrQund " lJepo.'~itR. 

1'tc'1" Cell ~. 

Total' concentrates in crude OTe 4'5 
Lead"" 0'4 
Zinc " 4'1 
U I f d 1 Lead ... 0'3 ~eta content 0 eru e ore Z· 2'3 

~ IDC .. 

A verage lead content of lead concentrate 79'5 
A verage zinc content of zinc concentrate 59'0 

01'e from" Sheet Ground " Deposih. 

Total concentrates 10 crude ore 
Lead " " 
Zinc " 
M I f (Lead ... 

eta content 0 crude ore 1 Zinc .. 

Average lead content of lead concentrate . . 
Average ZInC content of zinc concentrate 

POl' Cent 

2'6 
0'5 
2'1 
0'3 . 
1'3 

79"0 
59'0 

The metallurgical problem is not a difficult one. The 
separation of zinc~b]ende from galena starts in the !TImes 
where masses of either mineral OCCUT without the presence 
of the other. The mixed ores go to the concentrating mills 
where ordinary gravity separation is the basis of treat­
ment. This has been supplemented by the employment of 
the electro-magnetic separation process in the elimination 
of the pyrite aud marcasite from the zinc concentrate. 
Since the advent of the flotation process, the slimes from 
the concentrating mills have been treated by that method, 
and the percentage of recovery thereby increased. The 
occurrence of the ore-minerals, galena, zinc blende, pyrite, 
and marcasite, as separate particles with very little inter­
gFowth, and with a comparatively large average diameter , 
makes the are one which is particularly adapted to treat­
ment by mechanical processes. 

(b) IVis('onsin RegiO'n. - These deposit..:; occur in the 
Upper MissisRippi Valley , in south-western Wisconsin . 
north-western Illinois, and Horth-eastern Iowa . The rock! 
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of this .,-egioll are limestone, sandstone, and shale. There 
is a complete ahsence of igneous rocks. The ores occur in 
limestone and dolomite. The mines are not deep, varying 
from 100 to 200 feet deep. They are distr,buted irregu­
la rly through the district ill clusters, which are confined 
within the limits of fiat, shallow, irregular, structural 
basins, which are depositional in origin. 

There are four general forms of ore-bodies recognised. in 
this region: (1) Crevioes and openings; (2) honeycomb or 
,I spraD~le ,. runs; (3) pitches and fiats; (4) disseminated 
orea. 

The " crevices," or II gash-veins," as they are sometimes 
called, are developed along vertical joint-planes, which have 
been material1y enlarged ~y the dissolving action of under­
ground waters. In the north-south and quartering joints 
t his action has been uniform, resulting in the occurrence 
.of simple sheets of mineral, from i-inch to 4 inches in 
thickness. A long the main east-west crevices. solution has 
been more active, and where they cross certain strati­
graphical horizons thel'e is a distinct widening, and an 
open space results. These are called" openings," and are 
from 1 to 4 feet wide and from 4 to 6 feet high. 
Occasionally the rock between two crevices has been cut 
by solution, and broad chambers, 25 to 30 feet wide and 
30 to 40 feet high, have been formed. The ore occurs lin­
ing these openings. or in loose, fallen masses buried in 
regidual sand. 

The term "run " is used in the same sense as in the 
.Toplin deposits, and consists of a series of "openings , 
strung out along a certain stratigraphical horizon. Below 
water-level the dolomite has been rendered porous instead 
of being completely dissolved, the open spaces measuring 
from ~-illch to 2 inches in diameter. equal1ing half the 
original bulk of the rock. These spaces are either lined 
or partially filled with ore. When the ore is very coarse 
it is often spoken of as "sprangle" ore. Where the 
open spaces are smaller and less numerous, the tenn 
If honeycomb" is more often used. 

The most interesting and unique forms of ore-bodies 
in the district are the" flats and pitches." r n these the 
ores follow in part the vertical joint-planes, in part the 
bedding-planes. and in part the dipping joint-planes. The 
result i~ an are· body occupying a series of horizontal 
sheets called " flats." connected by a series of dipping­
sheets or ,. pitches. " The following is a description of II. 

typical ore-body, showing l( flats" and "pitches," from 

. , 
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which a clear conception can be obtained of the general 
character of this type of deposit. Three crevice~ descend 
from above, one near the centre and ODe each on the 
north and south margins of the upper Oat, which is about 
40 feet wide and 1 foot in depth. On either side this 
descends by slopes and steps through the lower bed of 
limestone until the divergent sheets are 75 feet apa'rt. On 
the pitches the ore is from 2 to 8 inches thick. A nar­
rowed seam then descend •• imoot vertically for about 10 
fee~ when it reverses its pitch, and forms an extensive flat 
2 feet in maximum thickness,· and having a central sag of 
3 feet. Below this point the tendency is towards impreg­
nation of the rock rather than the formation of well­
defined veins. The depth from the upper to the lower 
flat is about 50 feet. 1'tie result is that a north-south cross­
section, as just described, resembles a cross-section of a 

·domestic flat-iron. The consideraA.ion of the third, i.e., 
the east-west, dimension makes this resemblance more com­
plete, for the sid'es approach Olle another in exactly the 
same manner as those of a flat-iron, there being a pitch at 
the ends similar to that at the sides. It may be accepted, 
therefore, that in shape these ore-borlies are similar to the 
domestic flat-iron. 

The disseminated ores are replacements of limestone by 
galena, zinc-blenda, and marcasite, the occurrence of these 
minerals being sporadic, and only locally present in suffi­
cient quantity to pay the cost of mining and treatment. 
The rock occupying the inside or core of a " Bats and 
pitches" deposit is generally replaced by sufficient mineral 
to pay for mining and treatment. 

The ore;minerals occur as separate and distinct crystal. 
line aggregates, there being little , if any, intel"growth 
In the honeycomb are the cavities are often lined with 
marcasite to a depth of 0'5 to 1 millimetre thick. On it 
both galena and blende have been' deposited, but there is 
a notable tendency for each mineral to be segregated , and 
to occupy different cavities, or different portions of the 
same cavity, rather than be intergrown. The fillings of 
crevices and openings obey the same rule. there being 
crustification or segregation of the component minerals 
into definite bands of galena, blende, and marcasite with 
the gangue minerals where an enlarged joint has been 
completely filled with ore. The ores of flats and pitches 
bear evidence of having been deposited in open spaces; 
crustification being common, and the various fracture­
planes and cavities being lined or filled with sulphides. 
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Zinc bien de is more common in these flats and pitches than 
galena; and marcasite is comparatively rare, as compared 
with its occurrence in other forms of deposits. The crystals 
and cryst.alline aggregates of both blende and galena are 
usually sharp-angled and idiomorphic .. They vary from 
one-sixteenth to three-quart.ers of au inch in diameter. 
'rhe galena is quite free from silver. The upper portion of 
all the ore-bodies is almost completely oxiclised, the Uppet . 
mine workings producing zinc and lead carbonate ores . 

The metallic minerals were br~ught into this district by 
transportation incidental to deposition of sediments from 
Pre-Cambrians lying to the northward. They were con­
centrated in their present positions and condition by some 
phase or phases in the circulation of underground water of 
meteoric origin, i.e., water derived from the surface by 
downward peroolation. These ore-bearing solutions were 
acid in character, and were only slightly, if at all, higher 
in temperature than ordinary sunace·waters. Igneous 
activity has played no part in their fonnation. 

As regards the size of these ore-bodies, it may be meu­
tioned that a typical" Bats and pitch .. " deposit was 1000 
reet long, 75 reet wide, and 40 or 50 reet high. A typical 
"crevice and opening" occurrence showed two well­
marked crevices intersecting. The opening or caVe at the 
intersection measured 500 feet in length, 25 t.o 35 feet in 
width. and 30 to 40 feet \Iigh. At the end of the cave 
the crevice narrows t.Q 2 feet or less. The ore occurs on 
the walls of the cave, and in lumps lying in it. In all, 
about 7500 tons of galena and some zinc blende were taken 
from the cave. About 1 to f mile along the crevice 
another cave of similar dimensions occurs. A " honey 
comb and sprangle" deposit was worked for a length of 
300 feet , the width being 12 to 40 feet, and the height of 
the ore-body 8 ro 5li reet. . 

The deposit6 are spread over an area of 2500 square miles. 
Within this territory there are broad areas, however. 
which are, as far as is known, entirely barren of mineral. 
Since the discovery of the ore-deposits in 1821. the total 
lead concentrates produced has been approximately 
662,000 tons. The production of zinc concentrates began 

. in 1860, and since that date approximately 900 ,000 tons 
of zinc concentrates have been sent out from the mines. 
The rate of production in recent yea rs has been in the 
vicinity of 4500 tons of lead concentrates and 90,000 ton~ 
of zinc concentrates per annum. The fol1owing figures 
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indicate the grade of the ore as mined, and the metal con· 
tents of the concentrates: -

Lead concentrates in crude ore (average Per Cellt. 

for field) 0·4 
Zinc concentrates in crude ore (average 

for field) 8·S 
Lead content of crude ore 0·3 
Zinc content of crude ore ... 3·1 
Average lead content in lead concentrates no 

, Average zinc content in zinc·blende con-
centrates ... ... 35·0 

The crude ore is crushed and sent to concentrating mills 
using the ordinary water concentrating methods. The 
'geparation of zinc-bleiTde and galena i& carried out to a 
considerable extent in mining, taking advantage of their 
separate occurrences ill the ore-bodies. Their separation 
in the mills is carried. out very satisfactorily by specific 
gravity separation. the absence of intergrowth of the tW(I 
minerals making this possible . Tn the Wisconsin district 
there is generally so much marcasite associated with the 
zinc-blende concentrates that , owing to the nearness in 
specific gravity precluding the possibility of a clean separa­
tion by hydraulic methods, these have to be given a 
magnetis iug roast, and then treated in electro-magnetic 
separation plants for the removal of the iron. In some 
mills the flotation process has been lately installed to treat 
the fine slimes from the .mills and that resulting from the 
fine-grinding of the disseminated ore, to free whatever 
finely-discarded mineral is contained therein. It is only 
an adjunct, however , to the main milling process, which is 
hydraulic. 

3. Occurrences in Europe. 

(0) .J uchen ltegion. - Aachen is situate 44 miles west­
south-west of Cologne, in Germany. The mines of the 
region occur in two districts, Moresnet , to the south~west 
of Aachen. and Stolberg, to the east of Aachen. The ores 
occur in limestones and dolomites of Devonian and Car­
boniferous age, and are confined to these rocks. Without 
exception they are connected with faults, which strike 
&cross the rock series carrying the limestone and dolomite 
beds. The deposits occur where these faults cut the lime­
stone and dolomite beds, particularly the basal dolomite 
of the Carboniferous. 
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The deposits are in the form of fissure· fillings, &8 well 
as chamber deposite and meta80matic replaoement ore~ 
bodies, these different forms of deposit usually occurring 
ill combination. The fissure-filli,ngs occur where the fault­
plane in the limestone bas been enlarged by solution, and 
there is generally more or less replacement of the wall­
rock. The replacement deposits, which occur along the 
course of the fault-fissure, particularly where it cuts the 
limestone aud shale beds, vary greatly in fonn and char­
acter. One type found in the Diepenlinchen Mine has the 
form of- a greatly enlarged vein. This form grades into 
thick and rounded ore-bodies, called stockworks , some of 
which are of very large size. One of the largest at the 
200-feet level was a vein -like rna. which increased in sizP 
as depth was gained . unti~",t the 430-feet level it measured 
295 feet in length and 130 feet in width. Ther~ i. no 
sharp boundary between the ore and the enclosing lime· 
stone . the ore gradually fading into the latter. At a few 
pointa only does it end sharply against beds of ROlid lime­
stone. The ore of the upper levels consists of calamine 
(carbonate of zinc) . galena. cerl1!8ite (carbonate of lead) . 
and some pyrite. The oxidised zinc ore p&8S~ into blende 
below the 294-feet level. while the ceru .. ite continues to 
the 430-feet level. There &l"e no oxidised ores at the 480-
feet level. The sulphides have been proved payable to a 
depth of 800 feet. 

The most famous of these deposita i. that of Alteoberg. 
or Vieille Montagne, in the Moresnet diqtrict. The cubiC' 
content1:\ of this ore stock were 9,200,000 cubic feet. I i 
yielded in 500 years 1,000,000 tons of oxidised zinc ore. 
The ore was an intimate mixture of calamine and hvdro­
silicate of zinc, with some calcite. The country-rock was­
d'olomitic limestone, forming a synical fold. 

In addition to these stock-shaped and chamber deposit,p, 
there are occurrences of ore disseminated in beds. One 
bed of clay slate has blende and galena disseminated 
through it for a distance of I~ to 2 miles 

The ores of all these deposits , in their unoxidised state, 
are zinc-blende and gaJena~ with marcasite in ~ubordjnate 
quantity , and a little pyrite. Silver. arsenic, and anti· 
mony aTe absent. The galena was deposited first , then the 
plende , and finally the marcasite. The zinc-blends is 
always more plentiful than the galena. The only gangue 
mineral present is calcite. The texture of the ore-deposits 
is generally porous and cellular. There i~ some inter­
growth of the zinc and lead minerals , but they mostly-

, 
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occur as separate mineral aggregates. The average ore 
from the various mines of the district, when working in 
the uDoxidised ore-bodies, contains 30 per cent. zinc­
blende, 5 per cent. galena, and 20 per cent. marcasite and 
pyrite. 

The importance of the field can be gathered from the 
figures given above of the size of the ore-bodies, and the 
output where mentioned, as well as from the ract that in 
1909 the Altenberg group of min .. alone produced 12,289 
tons of zinc-blende, 800 tons of galena, and 938 tons of 
oxidised zinc ore. The Diepoolinchen Mine in 1910 pro­
duced 9611 tons of zinc-blende and 1626 tons of galena. 

The metallurgical problem is not a difficult one. The 
oxidised ores are min~d separately from the sulphides. 

"The latter are treated ~in concentrating mills after the 
high-grade ore is picked out on moving picking· belts. 
Ordinary hydraulic specific gravity concentration is 
employed. The lead concentrates contain some zinc, how· 
ever, which in the process of lead·~melting becomes con· 
centrated in the slag. This slag has been treated by 
smelting with coke and air by the Schmidt and De Gras 
process, which is similar to the better known Oker process. 
The zinc is recovered in the form of zinc oxide. This will 
be mo~e fully described in Chapter VI. 

(b) Upper Silesia.-These deposits occur in and around 
Tarnowit.z and Beuthen, which are situated in the south· 
eastern portion of Silesia, a province of Prussia. They 
are found in the Muschelkalk, which is a well·known lime· 
stone bed of the great German Triassic basin, and aTe 
practically confined to that portion of lhe limestone bed 
lying within the deeper portions of two synclines, known 
as the Tarnowitz and Beuthen synclines. The ore is 
actually confined to one subdivision of the Muschelkalk 
limestone, namely, 8 dolomite bed about 230 feet thick, 
known as the Upper Wellenkalk. The ore·bodie,<; are 
quite irregularly distributed in the dolomite bed. Rich 
sections alternate ind-i-acriminately with others carrying 
little or' no ore. These rich sections are connected with the 
system of strike-faul~ and the north-south transverse-faults 
which are tracea ble to the coal measures below. 

Often ore-bodies are found at two horizons. being then 
separated' by a~ much 85 60 feet of unmineralised dolomite , 
but having the 8ame general composition. Both deposits 
ma.y be purely of lead ore, as in the Tarnowitz syncline, 
where the ore-bed does not exceed 3 feet in thickness; or 
predominatingly zinc ore, as in the Benthen syncline , 
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where the ore-bed is as much as 40 feet in the thickness. 
but gellerally doos not exceed 6 feet. The whole thickn ... 
is in no case made up wholly of ore, there being generally 
a mixturt' of ore Bnd dolomite. Clean galena occurs at 
Tal"nowitz ill the form of narrow compact layers and partly 
as irregular nests and masses, the thickne~~ of the ore­
bearing layer being ueually I foot to U foot, and 
occasionally 6 feet. At the same locality, also, there is a 
soft galena layer and a solid galena layer. In the former 
the galena occurs as plates and masses in clay, filling the 
bedding and joint planes of the. dolomite.; in the latter it 
OCCUr8 solidly intergrown with ,the dolomite, either as a thin 
bed or as stringers and aggregates. The 80ft laye"," have 
apparentlly been derived from the hard by weathering. 

In the Benthen sync1[ne. zinc-blende is predominant. 
but the or~s carry considerable galena. There 18 here also 
an upper ore·bed in places, characterised by zinc·blende , 
and which reaches 3 feet in thicknesf 

The upper portions of all these deposits have be~n 
oxidised, and consist of oxide and carbonate of lead and 
zinc ores, calamine and cerussite predominating. The 
sulphide ores appear in depth as the zone of oxidation is 
passed ,through. 

The sulphide minerals are zinc-blende, galena, and mar· 
casite and pyrite; the gangue mineral being calcite or dolo· 
mite only. The galena carries about 10 oz. of silver to the 
ton. The sulphide minerals as a rule occur in separate 
aggregates, but sometimes they are intimately associated. 

The .average content of the ore is approximately 17 per 
cent. zinc and 5 per cent. lead. Thea& depoeite in 1908 
produced 75 per cent. of the total zinc and 50 per ~Dt. 
of the lead produced in Germany in that year. They have 
been producing lead since the 13th century, and zinc since 
the 16th century, the production for several centuries 
being cOllfined to the oxidised ores which occur in such 
huge masses Ile81' the surface. The total production to 
date is unknowll , but in 1908 11 mines were working, the 
total material mined amounting to 1,212,366 tons, from 
which 210,456 tons of metallic zinc and 61,733 tons of 
metallic lea.d were obtained (17'4 per cent. and 5'1 per 

.cent. I'espectively). 
The metallurgical treatment is exactly similar to that 

at Aachen, excepting that the Oker process is used in the 
dezin('Lng of the zinC'iferous slags. 

i 
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C.-ZINC-J;..EAD SULPHIDE DEPOSITS FORKED AT INTER­

MEDIA~E DEPTHS BY ASCENDING THERMAL WATERS 

AT TEMPERATURES BETWEEN 1500 C. AND 3000 C., AND 

IN GENETIC CONNECTION WITH IGNEOUS ROCKS. 

1. Genera/, Dellcription. 

The particular type of deposit under this head which 
will be considered here is coQfined to replacement deposits 
in 1imestone. There are some fissure-fillings, but these. 
are only insignificant ill extent, and are associated with the 
replacement deposits, among which a re some of the great 
ore-deposits of the. wa»J.d. 

At some places these zinc-lead deposits follow dykes o~ 
intrusive sheets, but such deposits were usually formed 
after the rock had congealed and cooled. At other places 
they are dependent upon impervious overlying beds of 
shale, &c. The ore-bodies are characteristically irregular 
in outline. 

The gangue minerals are dolomite , dense cherty quartz, 
barite. calcite, rhodochrosite , and sometimes fluorite . The 
common primary ore-minerals are pyrite, galena, zinc­
blende, chalcopyrite, and more rarely arsenopyrite, 
tetrahedrite, teunantite, enargite, bornite, bismuthinite, 
wolframite, molybdenite, and stibnite are of local import­
ance. Gold is sometimes present a~ a primary mineral. 
Galena is usually rich in silver. Marcasite i~ absent, the 
iron sulphide being invariably pyrite. 

The texture of the ore is u?ually coarse-grained, but 
gradations exi8t dowll to extremely fine-grained intimately 
intergrown aggregates of the component minerals. Some 
of the deposits consist of massive sulphides, while in other~ 
t.he gangue may prevail. 

All the deposits in this group were deri\"ed from ascend­
ing ore-bearing solutions ejected from a differentiating 
acidic magma below. 

There will 110W be 
deposits of this ' type 
world . 

given short descriptions of 
occurring in various parts 

2. Occurrences in the United States. 

typical 
of the 

(a) Park Ci ty, Utah.-These deposits are si tuated near 
the summit of the Wasatch Range, in north·central U'tah. 
The Park City district has won hig-h standing as a 
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« bonanza camp." and its extensive mines rank well among 
the di,-idend·paying qilver-lead-zinc mioes of the world. 

The ores occur as lode deposits and closely 8880Ciateci 
bedded deposits in -two para11el ZODes extending north­
eastwarrl. The lodE> -leposits intersect the sediments and 
th e porphyry as well , have a steep dip, and often lie in 
qua.rtzite or between limestone and quartzite. The ores 
are in part deposited by filling of fissures in shattered 
ground, in part by replacement. 

The bedded deposits are massive sulphides replacing 
limestc'lle in two calcareous formations. They are con­
nected with the lode deposits , representing, in fact . the 
paths of iu vasion of the ore-bearing solutions along hed­
ding-planes at certain stratigraphical horizons. which have 
resul ted in the replacem""en t of a certain thickness of the 
limestone bed for some distance beyond the filled fissure. 
The bedded deposits are therefore, roughly lenticular in 
shape, their greater axes being in the direction of the strike. 
The dip and the strike agree roughly with those of the 
enclosing limestone members. In some places entire memo 
bers or beds of limestone have been replaced by ore. Many 
such beds end evenly above and below on bedding·planes 
of the overlying and underlying beds of limestone. Others 
extend irregularly across the bedding, some ending in 
tongues, and others expanding at a higher horizon to form 
a second ore-bed. ] n the !\arne manner the ore-body is 
made up of layers or laminre- which correepond in all way~ 
to the lamiuc£ which make up the ,bed of limestone. These 
laminre raug-e from a small fraction of an inch to 1 or 2 
inches ill thickness according to the thickness of the bands 
forming the original limestone bed . In brief , the deposits 

, of bedded ore occur in ore-bodies of roughly lenticular 
form , having a banded structure which is conformable 
wi th the bedding of the enclosing limestone , even down to 
minute laminations. 

The ore-minerals are ga.lena , zinc-bIen de: pyrite, 
tetrahC'drite, and a little chalcopyrite. The gangue is 
mainly quartz anrl jasperoid, while fluorite, calcite, and 
rhodoni te occur locally . The sulphide minerals occur 
isolat~ .:l ouly oCr'asionally, separate crystals of the respective 
milleral ·spe<:'les being sometime@. observed , but the usual 
manuel' of association of the constituent minerals IS that 
of an intimate intergrowt'h of varying degrees of coarseness. 
The coarser type of a re , consisting of galena. zinc·blende, 
pyr'ite, and the sunordinate minerals int..ergrown . is mort> 
characteristic of the strong fi8Sur~ ; and the more granular 
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mixture of galena, zinc~blende, and pyrite, along with the 
tetrahedrite and a little calcite and j&'Jperoid, is character~ 
istic of the replacement deposits. The silver is carried in 
the tetrahedrite, galena, and pyrite. The ore of these ore~ 
bodi&s then is a solid sulphide ore, with very little gangue, 
and possessing a marked banded structure. The relative 
proportions of sulphide to gangue, and of the various sul~ 
phides to each other, vary in the respective bands. 

This zinc~lead sulphide ore has on the average the follow­
ing composition: -

Gold .. 0'06 oz. per ton. 
Silver 20'00 

" Lead ... .. 20'00 per cent. 
" Zinc 14'5 

" Iron 13'0 
" 

The approximate proportion of the sulphide minerals 
18:-

Pyrite 27 per cent. 
Galena 23 

" Zinc-blende. 22 
" " 

There is thus 75 per cent. sulphide and 25 per cent. 
gangue. 

The ore-bearing solutions originated from a differen­
tiating magma vertically below, which wa.<; genetical1y con~ 
neeted with the laccolitic stocks of diorite porphyry intrud­
ing the sedimentary rocks of the district. The solutions 
a9cended fault-planes, depositing part of their mineral coa~ 
tents in the fissures, and in addition spread along bedding­
planes and joint-planes in the limestone, replacing the lat­
ter and forming replacement ore~bodiel'l. 

The lode depooi16 continue to the greatest depths 
attained, namely, ~OOO feet. They have been worked over 
lengths along the strike of 4000 to 5000 feet in several 
mines. The widths vary from 1 or 2 feet (generally in 
.the porphyry) to as much as 100 f""t. A width of 30 
feet is quite usual. 

The bedded deposits have been mined to a. depth of 900 
feet. They vary in thickness from 1 foot to 6 feet , or e~n 
9 or 10 feet. The length along the strike varies from SOC 
to 800 feet, with a maximum of 200 feet along the dip. 

There are two belts of or8~deposits, the northefll and 
southern, each with a length of about 5. miles. The total 
length of mine workings on these belts is about 10 miles. 
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Since the year 1877 the field has yielded about 112,000,000 
oz. of silver, 400,000 tons of lead , and 35,000 tons of zinc. 
The out.put of crude OTe in a year averages about 240,000 
tons. Part of this crude ore is smelted direct, being 
separated from the milling ore during mining operations. 
In 1904 one-third of the entire output was smelting ore, 
but this proportion has steadily decreased, until at the 
present time nearly the whole output is milling ore. The 
milling ore has the fonawing average composition:-

Sold 0·03 oz. per ton 
Silver 9·00 

" Lead . 6 to 8 per cent. 
Zinc 6 to 8 

" Copper - 0·3 ... 
" Iron 6 to 10 
" " 

The mills are modern hydraulic specific gravity COllcen­
tration plants. The a.im is to produce a lead concentrate 
8S free as possible from zinc; the zinc blende and pyrite. 
along with whatever chalcopyrite there is in the ore, being 
obtained as the middling product. This lat.ter is sometimes 
roasted to convert the pyrite into a magnetic product, and 
the zinc contents then brought up to over 50 per cent. by 
treatment in magnetic separators. There is, however. con­
siderable iutergrowth of the zinc-blende and galena. and 
fine grinding is necessary to completely free them. It has 
been found impossible to obtain a clean concentrate in 
either direction by wa~r conceutration. there being always 
a serious loss of zinc in the lead conGentrates, as well as 
a considerable loss of lead in the zinc concentrates. The 
application of the Botation process to the treatment of the 
slimes ha.~ initiated a new principle of treatment, for the 
present tendency is towards an increased use of flotation. 
This, in conjunction with the electrolytjc treatment of the 
resulting zinc concentrate, is about to revolutionise the mil­
ling methods of the district. 

(b) Lradville, OO'lorado.-This di~trict is situated in the 
Mosquito Range in the State of Golorado, at an elevation 
of 10,000 feet above sea-level. It is one of the most pro­
ductive district6 in the western United States . 

. The ore-deposits are found mainly in the blue'Leadville 
limes~ne as replacement deposiir.J, at or near the contact 
with the overlying white porphyry, which occurs as an 
intruded sheet. The upper surface of the OTe is often 

; 

, 

, 



'remarkably regular and sharp, being formed by the p')r­
phyry contact, while the lower surface is irregular. This 
is the normal occurrence, but ore-bodies are also found as 
replacements in the limestone along fissures or.fault-planes , 
or in fissure-veins extending below the sedimentary beds. 
The latter are only developed in one particular area. The 
main ore-bodies thus constitute sheets which sometimes 
make up the entire thickness of the Leadville limestone. 
They are unusual, in that the sulphide replacement is so 
co.mplete, and that the contacts with the limestone and 
porphyry are so sharp. 111- the Iron Hill area they folkw 
norlh-eastward trending zonett parallel with crosscutting 
sheets of grey porphyry. At the famous Tryer Hill, 
detached masses of limestone, enclosed within the porphyry , 
have heen completefy replaoed hy ore. 

The usual ore is a massive granular mixture of sulphides, 
pyrite and zinc blende being more plentiful than galena 
and chalcopyrite; antimony, arsenic, and bismuth are 
present in very small amount. Silver and gold are present 
in appreciable amounts. The gangue is very scanty, and 
consists of quartz, jasperoid, and barite. The upper por­
tion of the or&-bodie. is almost completely oxidised, and 
consists of the carbonatee of lead and zinc with silver 
chloride, in a gangue of calcite, barite, limonite, &C. 

There has been much discussion as to the origin of the 
ore-bearing solutions which gave rise to the Leadville ore­
bodies. Recent observations, however, leave very little 
doubt but that they were ascending solutions, and were 
derived from the differentiating magma beneath, and that 
the ore-bodies resulted from the replacement of the lime­
stone where the solutions were dammed back beneath the 
porphyry sheete and along fault-planes and fissur~ in tht;, 
limestone. Wherever the stagnation of the solutions 
occurred , there replacement would take place, and ore-
bodies have resu1ted. , 

Mining has heen carried to a total depth of 1500 feet . 
The field has heen producing since 1875. The present 
annual output is about 470,000 tons of crude ore, which 
yields 100,000 oz. gold, 2,400,000 oz: silver, 800 tons of 
copper, 10,000 tons of lead, and 36,000 tons of zinc. This 
consists of iron-mangan6'le silver-bearing ores, and oxi­
dised zinc and lead ores, as well as the heavy sulphide ore, 
which is in part s!Delted directly and in part concentrated. 
The oxidised (carbonate) zinc ore contains about 32 per 
cent. zinc. The zinc sulphide ore seut direct to zinc smelten 
assays roughly 30 per cent. zinc; that sent to lead smelters 
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containing about 9 per cent. lead. The milhng zinc-lead 
sulphide contains approximately:-

Gold 0'200 oz. per ton 
Silver 2 to 9 

" " . Lead 4 to 10 per cent . 
Zinc 14 to 28 

" Copper 0'5 to I 
" " Iron 20 to 25 
" 

The foUowing figures will give some idea of the sizes of 
these Leadville ore-bodies: - -

-----
)lax. Max. Max. 

_!.enllth. Width. Thlrkne.l~. 

F~t. "'eet. Feet. 
HenrieUe-Wolfwne Shoot (ox. 

ides and 8ulphillt'lI) .............. 3.>01' 1600 2()O 
Moyer Main Shoot (.ulphidea) 2:i40 1300 16(1 
Gret'nbat'k Shoot .............•.•.. :JW ,,"a ~oo 

The composition of the high-grade ' mixed sulphide ore, 
with conl'liderable lead contents, 38 it occurs in the ore­
bodies, is indicated by the following figures:-

Gold 0'2 oz. per ton 
Silver 10'0 

" " Lead 10'0 per cent. 
Zinc 25'0 

" Copper ... ... ... 0'5 
" Iron 22'0 

" " Sulphur ... ... ... 39'0 
" " Silica .. 4'0 
" " 

The zinc-lead sulphide ore was, in the early days, worked 
by crushing and jigging with the production of marketable 
lead ore and zlUciferous tailings, which were dumped. 
There was never much profit, however, from these opera. 
tions. By the improvements in gravity separation 
brought about by specially constructed mills, a more or less 
clean galena and pyrite concentrate was obtained, and a 
bY.-product with about 45 per cent. of zinc, 12 per cent. 
of iron, and 6 per cent. lead produced, which was saleable 
to zinc smelters at a low price (27s. per ton). This method 
was profitable for at time. By the introduct·ion of the 
electro-magnetic separation process another advance in 

• 

• 
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treatment was made, which enabled cleaner zinc concen­
trates to be obtained. assaying up to 50 per cent. zinc, 10 
per cent. iron , aod 1 per cent. lead. There was always, 
however , a considerable 1088 01 ZIDC and lead in the COD­

C6atrates sold owing to the intimate association of the 
blende and galena in the zinc-lead sulphide ore. The intro~ 
dudion of the flotaboll proCMs to the the treatment o! 
slimes. and the differential flotatjon of the various minerAls 
has revolutionised the metallurgical treatment. These 
methods, in conjunction with the hydro-metallurgical and 
electro· metallurgical proces~ to be discussed in a later 
chapter of this bulletin, are destined to give a renewed era 
of activity to these important depo~its. 

3. 6~('nrJ'ellce in }}uTope. 

Rarnl1lt'{.~ber[J, Germany.-The famous Rammelsberg 
deposit lies on the northern slope of the Harz mountains, 
in Germany, near the towns of Oker and Goslar. It has 
been worked since the 10th century, 

The deposit is enclosed, apparently conformably, in 
Devonian rocks, which at Goslar appear as an overturned 
anticline, and dip towards the north. I t lies in the Goslar 
slates, which are overlain by a thick series of Lower 
Devonian sandstone. The particular bed which is the 
receptacle of the ores is an impure limestone. The slates 
and impure limestones have suffered considerable deforma­
tion, and the ore-body apparently follows their contortions 
more or less closely, although in places it actually cuts 
across the cleavage planes. The dip of the ore-body is tn 
the south-east at an angle of 450, Traced along the 
direction of the dip the latter is seen to vary, flattening 
considerably, and then resuming its former angle. In 
certain localities. it bifurcates into two legs , of which one is 
merely a limited off-shoot, while the other is the main ore­
body continuing Oil the average angle of dip. On the foot­
wall side of the ore-body, and from 6 to- l0 feet from it. 
is a pronounced fault-plane, 18 inches in thickness_ It 
follows the deposit both in strike and dip. 

Traced along the strike the ore-body is found to be 
divided into two parts, known as the I< old bed" and the 
(f new bed" respectively, connected by a narrow seam 
which is contorted to a S shape. This shows beyond doubt 
that the two are really parts of ,the one deposit or ore-bed. 
The « llew bed " does· not outcrop at the surface. 
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The separation between the ore.body and the coun\il"y' 
rock is generally very sharp, there being generally a selvage 
or clay parting. 

The ore is distinctly handed, the banding everywhere 
following with great faithfulness the outlines of the suI· 
phide mass, whether this is smooth or irregular. Where 
the ore-body cuts across the slaty cleavage, as explained 
above, the banding continues parallel to the walls of the 
ore-body, and not to the cleavage of the slates. 

The principal minerals are zinc-blende, chalcopyrite, 
galena, pyrite, and arsenopyrite, which are abundant in 
approximately the order enumerated. Small amounts of 
antimony and bismuth are also present, as well as silver. 
which is generally carried by the galena; gold also occurs 
to a "small extent. The g~ngue is almost entirely barite, 
but it rarely occurs in large ~quantities, and often is entirely 
illconspicuous. Veinlets of calcite are prp.sent in the sur­
rounding slate , but rarely contain ore. The limits of the 
ore-body are sharply-defined . and the ores are composed 
predominantly of sulphides. The banding is due to the 
existence of distinct layers of different mineralogic com­
position. The following types of ores are recogni~ed by the 
miners :-

(1 ) 

(2) 
(3) 

(4) 

(5) 

Pyritic ore: lead ore with a preponderating 
amount of pyrite. 

Mixed ore: lead ore with chalcopyrite and pyrite. 
Grey ore: lead ore with a preponderating amount 

of barite. 
Brown ore: lead ore with a preponderating 

amount of zinc-blende. 
Copper ore: chalcopyrite with preponderating 

pyrite and arsenopyrit,e. 

The compo!'ition of these various type~ IS indicated ill 

the following table:-

Pyritic Ore ... , 
)(txed On·' ... " 
GI'f)~' Ore ., .. . 
BroWD Ore " 
Copper Ore .,. 

Gold I Siln~r 
Pel' Per 

TOil. Tun. 
Zinc. Copper. Iron. Sulphur Lead. 

0,. 
0'00 
O-Oi~ 

0'02 
0'0& 

Oz. Il'er eel t. Per cent. Per ceut. Per cen t Pel' cenf. 
2'U I 2'10 4-0 'l.~. 3.)'04 38'12 
S-O 10-00 itJ'!6 .·.S 1:1 '(1.5 2,&'44 
0'.5 16":iO 2'16 0'51 ('S1 )0'01 
~'l 11-9<1 18'00 0'& 16'24 311'a2 
2'I ,! 2-31 '-60 lO'W 33's[' 38'3~' 
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The mineralogical compositioll of the average zinc-lead 
sulphide OTe is as follows: -

Zinc-blende .. 
Pyrite 
Barite .. . 
Galena .. . 
Chalcopyrite 
Silicate of alumina, &.c . 

(various gangues) ... 

36-0 per 
24-0 
16-0 
14-0 " 
1-5 

8-5 .. 

cent. 

.. 
" 

.. 
The different varieties of ore are nowhere sharply separ. 

ated, but merge gradually into ooe another. They all 
OODsist of the same metalliferous minerals. and only exist 
by reason of the varied proportions in which these mineral>i 
occur. ---

A particular type of ore may change to another type by 
decrease in olle mineral and accompanying inCfE'aSe in 
another, both along the strike and along the dip. 

The texture of the ore varies with tlie locality, but it 
is characterised invariably by the very fine-grained inti­
mate intergrowth of the constituent minerals. The most 
common texture is that of the so-caBed Melir-Ene, which 
are intimately banded, in most cases consisting of domin­
ant zinc-bien de with narrow and gently-curved streaks of 
chalcopyrite and galena. In places the ore contains 
rounded nodules, generally of pyrite, around which the 
fine -grained streaks of zinc-blende and chalcopyrite bend 
in regular curves. 

The origin of this deposit has been much discussed. The 
ore-bearing solutions in all probability were derived from 
the granite batholith, 2~ miles distant. These solutions 
replaced the calcite of the limestone bed, forming a typical 
replacement deposit, but the structure of the ore has been 
profoundly changed by dynamo-metamorphism_ While 
the surrounding slates are soft, they evidently behaved 
quite differently from the sulphide mass, which seems to 
have flowed almost like a mush between the slate walls. 

The underground workings on this deposit extend over 
a horiwntal distance of 6500 feet (4000 feet being in the 
<f old bed, " and 2500 feet in the " new bed "), and have 
attained a vertical depth of 1200 feet. The thickness of 
the ore-body varies considerably, being in most cases not 
over 6 to 10 feet, and often. only 2 to 3 feet. Occasionally. 
however, owing to folding and local enlargement. it is a.s 
much as 100 feet in thickness. 
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The district has been producing for over 1000 years, and 
the present annual output is about 25 ,000 tons of mixed 
sulphides. 

The metallurgical treatment is difficult, owing to the 
very intimate intergrowth .of the component minerals'. 
Advantage, however, is taken during mining operations ot 
the occurrence of the several varieties of ore in bands, as 
described above, to effect some initial separation. Thus, 
a copper ore, which is sent to copper smelters, is obtained, 
and also a lead ore, which is sent straight to the lead 
smelters. The remaining ore is treated by roasting and 
lixiviation to eliminate some of the zinc as sulphate , the 
residue being then sent to the lead smelter. There inevit­
ably accumulates a large percentage of zinc in the slag. 
and it was to recover this zinc that the well-known Oker 
process was invented which-- h as been successfully applied 
to these slags for a number of yeaN. It is not known 
whether the flotation proce8!< has been applied to these or~!-' 
or whether the hydro-metallurgical and electrolytic l.nethocts 
have wholly replaced the smelting processe&. 

4. Occurrenu in A.M. 

BawdUJin, U ppeT Burma.-The Bawdwin mines are 
located in the N ortbern Shan States, Burma, about 80 
miles south of the Chinese frontier. They were worked 
by the Chinese for silver and lead until their capture by 
the Burmese in 1868-a period estimated at, roughly, 1000 
years. Their modern history starts from 1902, but 
development on any scale only date::! from the year 1914. 

The ore-bodies are confined within a well-marked zone 
or ore-channel, which is a brecciated fault-zone in rhyolitic 
tuff, near the junction of the latter and rhyolite. The 
ore-channel is overlain by gently-dipping sandstones and 
shales, which carry flat floors of ore in their lower mem­
bers, but which are unimportant ag sources of are as COUl­

pared with the main ore-channel. The ore-channel is pro­
bably 400 to 500 reet wide, and within this width there 
have been located the following occurrences:-

(1) Western lode, or Burman lode. and the Chinaman 
ore-body. The former is a thin regular vem 
of lead-silver-zinc ore, while the latter is an 
enormous replacement depogit of zinc-lead-silver 
ore. 

• 

• 
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(2) Central lode or Shan Palaung. which is parallel 
and similar to the Burman lode. 

(3) Eastern lode, similar in character to the Shan 
Palaung and Burman lodes. 

The inter· relations of these three ore~oce'Urrence:, are as 
yet uudJetermined, but they are undoubtedly parts of the 
':!ame system. The Chinaman ore-body is by far the 
largest and most important. It- is a replacement deposit 
which occurs on the hanging-wall side of the ore-channel. 
It <lips to the westward at an angle of from 700 to 800 _ 

The hanging-wall is more or less regular, but the footwall 
is il1-defined, and there is a gradual passage from the solid 
mixed sulphide through a second-grade are composed of 
dark-grey tuffs infiltrated with silica and containing nests 
and strings of sulphides, in which the metallic sulphides 
become poorer until unaltered rhyolite luff, and in some 
cases true rhyolite, is found. The ore-channel itself is a 
nearly verticaJ zone of combined faulting and shearing, and 
although the ore-body is largely a replacement deposit. yet 
certain parts of it are probab'y the re!:'ult of the Elling of 
open-fault fissures. 

The ore is a solid mixed sul-plude of varying composition, 
but there is a perfect gradation from one type to another, 
just as there is at the footwall a gradual gradation to unre­
placed country-rock. In places, however, the zinc-blende 
tends to segregate in small patches or st,ri-ps or in weH­
defined bands, forming a typical ribbon or banded ore. 

The essential constituents of the Bawdwin ores are galena 
and zinc-blende intimately intergrowll, and of a fiIie to 
medium grain. Pyrite and chalcopyrite are sparingly dis­
tributed throughout the zinc-lead ore, the latter being 
for the most part. exceptional in the great mass of the ore , 
though there is sometimes a concentration of this mineral 
on the banging-wall side of the ore-body. Silver is always 
present where galena occurs, and is wholly carried by that 
mineral. Gold is practically absent. The gangue consists 
of the metamorphoqed country-rock, in the form of kao­
lin and· sericite and quartz, and is negligible in the high­
grade ore, but becomes predominant in the lower grades 
of ore representing partially. replaced rhyolitic tuff. 

The following types of ore have been arbitrarily deter­
mined. the classification being based wholly on assay 
values, there being a perfect gradation between the vari-
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OU8 types, but they are of sufficient size to be easily mined 
separately:-

Clue of Ore. 
Silver P9r !TYpe -'MaY Zinc. 

TOD. Lead. Ct.pper. 

-I-~~-I 

Zinc-eiher-lead Or~ ....... . 
Lead-allver-Ilnt! Ore ... ..... . 
Silnr-18Itrl.&lne Ore .... .... . 
Copper enYel' Ore ...... '", .. . 

0 •. 

•• 17 .., 
8 

Pel' cent 
'6 .4 
30 

Per ('ent . 
30 
14 

"" 

Per Ct'Dt. 

I
t ... ", 
trace ...... 

If) 

An average assay of the crude high-grade sulphide ore 
would be as follows:-

Silver 
Lead 
Zinc 

.......... 19'2 oz. per ton 
24 per cent. 
20'7 per cent. 

The upper portions of the ore-bodies are to some extent 
oxidised, and it was in these deposits of carbonates of lead. 
zinc, and copper, with silver chloride, that the Chinese 
carried on a large part of their mining operations. 

The ore-bearing solutions were ascending solutions, pro­
bably derived from the granitic magma, which is repre­
sented by granite outcropping 5 miles away . They rose 
along the shattered fault zoue and replaced the rhyolitic 
tuff, the altered felspars being 6rst replaced, and then the 
groundmass. All gradations can be found, from solid sul­
phide ore through material composed of sulphide and 
residual quartz to tuff containing irregular veinlets, nests, 
_and ~nely disseminated patches or crystals of galena, then 
to tuff, with the outlines of the felspar crystals bordered 
with galena, and final1y to completely unaJte'red rock. 

The ore-channel has been traced for at least 8000 feet, and 
is fmm 400 to 500 feet wide. Development work has been 
confined to the northern 4000 feet. The size of the China­
man ore-body has not yet been fully exposed, but explora­
tory work at the Dead Cbinaman tunnel level has shown 
a length of at least 1250 feet, with a width of high-grade 
are varyi\lg from 70 to- 170 feet. Exploratory work had 
continued, at the end of 1915, to a depth of 446 feet below 
the Dead Chinaman Tunnel (which was the lowest level 
penetrated by the old Chinese workings. 

The Burman lode, ovr a length of 190 feet, showed 811 

average width of 31 inches of high-grade ore . 
. The Shan Inde, over a length of 150 feet, had an aver 

age width of 23 feet of high-grade ore. 

, 

• 
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In the latest report of the Burma Corporation the ore 
reserves aTe put down at 4,300,000 tou:;. with an average 
assay value of­

Silver 
Lea.d 
Zinc 
Copper 

24 oz. per ton 
26-8 per cent. 
18'7 ., 
Trace 

The extremely intimate intergrowth of the component 
minerals makes the metallurgical problem a. difficult one. 
The Chinese picked out rich oxidised ores, or the portions. 
of the sulphide are richest in galena and silver, and 
smelted them by their crude smelting methods. leaving 
huge slag dumps, which have been resmelted by the pre­
sent corporation while they haye been ovening up the ore­
deposits and investiga\.i.ng the metallurgical treatment of 
the sulphide ores. The mixture is too i'ltimate for specific 
gravity concentration to be effective. Differential flota· 
tion, however, has solved the problem, and a mill with a 
daily capacity of 700 tons has been ..erected , designed to 
produce lead concentrates and zinC' concentrates, which 
will be subsequently smelted. The present min will be 
ultimat.ely enlarged to a capacity of 3000 tons a day. 

D. - ZiNC-LEAD SULPHIDE DEJ'OSITS FORMED UNDER HIGH 

PRESSUIj.E AND AT TEMPERATURES BETWEEN 3000 C. 

AND 5000 C. I N GENETIC CONNECTION W1TH INTRUSiVE 

IGNEOUS ROCKS. 

1. O("("url'ence II/ .1 //stralia. 

Broken Ilill. _YelL' South Trait.'). --The famous Broken 
Hill lode is situated in a low range of hills (the Barrier 
Ranges), near the western border of New South 'Vales. 
It has been worked since 1884-first for silver, then for 
silver and lead. and' at present for lead . silver, and zinc. 

The ore-body occurs in a greatly metamorposed series of 
sediments and igneous rocks of Pre-Cambrian age, now 
represented by gneiss, quartzitic and micaceous schists. and 
quartzites. They are intensely foliated. but the exact rela­
tion of this foliation to the original bedding has not been 
completely investigated. The gneiss contains a consider 
able amount of garnet and sillimanite. and is known hS 

garnet-sillimanite gneiss. This garnet seems to be a dis· 
tinct species from that occurring in the ore-body it:8eH. 
Within these metamorphosed rocks occur pegmatites and 

• 
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amphibolites. The pegmatites are lmportant. They occur 
in two distinct lonna, dykes and segregation's, in the gnei •. 
Some writers on the field have failed to rea lise this distinc· 
tion, and have reported pegmatite dykes or parts of dykes 
adjoining the ore-body. What they have really seen, how­
ever J are the segregations of pegmatite in the gneiss, which 
have been formed during the process of metamorphism 

The ore-deposit consists of a tabular lode, with enor­
mous, more or less saddle-likp ore-bodies springing from it, 
chiefly into the hanging-wall. However in the central 
portion of the ore-h<tdy (Blocks 12, 13, and 14) it may be 
rather described as a saddle-like deposit with a prolonga­
tion of a ,tabular ore-body extending upwards from ita 
apex. 

The tabular ore-body is continuous, but is sometimes 
poor and sometimes n8l'1'Owed, aud is almost invariably 
on the footwall side of the ore zone. It becomes appreci~ 
ably thicker in the South Blocks Mine, where it is worked 
as the ore~body of that mine. 

The large ore~bodies of Broken Hill are, however , as 
stated above, enormous bulges springing from this per~ 
.istent tabular body. , 

They are, approximately, saddle·shaped in section, with 
anticlinals of crystalline rocks above and below. but aTe 
characterised by great irregularity and departures from 
this general Mape. The main locus of deposition in these 
bulges takes an arch-shape in the di rection of the strike 
of the ore zone, the crown of the arch being situated on 
the Proprietary Mine. Both to the north and south of 
t.his mine the point on the tabular body from which the 
~addle-like bulging ore-body springs becomes deeper anJ 
deeper as di<:Jtance from the Proprietary increast'S. Th~ 
main ore-bodieS' at Broken Hill therefore have a north­
easterly pitch to the northward, and a sou th -westerly pitch 
to the southward , of the Proprietary Mine Recent 
investigations seem to show that the northerly pitch 
changes further northward to a southerly pitch, but this 
requires further research.. The latest developments show 
that there are more than one saddle-like bulge, the new 
ones being discovered below the one already known. In 
one place at least a distinctly synclinal bulge or rt'lveraed 
saddle also OCCUI'S. 

The main outlines of these saddle-shaped ore-bodies as 
a general rule foll ow conformably the folded features of 
the enclosing rocks. In places, however , the wall of the 
ore-body is at various angles up to & right angle to the 
Ioliat.ioD. 

• 
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Where the wall i. finely foliaLfd, the ore butts abruptly 
on to the schist, the boundary between orE' and schist being 
extremely sharp, lying along a foEated plane. Where, 
however, the wall-rock i8 quartzite or rudely foliated quartz 
schist, the sulphide merges graduaIJy into unmineralised 
rock by a gra.d.ual diminution of the amount of sulphide 
present. 

There are many faults in and ill the vicinity of the 
ore~body, but the most important L"I that known as the 
" lode fault, " which is practicsl1y everywhere parallel to 
both .trike and dip of the foliation and of the tebular ore­
body. It is on the footwall side of the ore-body in the 
upper levels, being separatoo from the ore by a few inches 
W a few feet of barren material - either secondary quartz 
or much-cleaved schist-while in Lhe deeper levels, owing 
to the effect of a trKlt6\'erse fault , it lies in many placet:! 
on the hangiug~wall side of the ore-body . The fractlue 
itself is fiHed with pug or flucan , and is devoid of sulphide 
minerals. 

The ore·bodies show no signs of banding, the sulphides 
forming a massive granular dtposit of a fairly uniform 
quality, with the gangue locally and ~poradicany assuming 
the ascendancy and constitnt.ing large maqses, with some 
disseminated sulphides. A notable feature is thA occur· 
renee of flat" heads" or joint.planes within the ore·bodies. 
These are nearly horizontal, and are markedly persi'3tent, 
being used in mining as the roof of the H flat-backed 
stopes." Their origin has not been investigated. 

The mineralogical composition is of two distinct types, 
the distinction being based on the character of the gangue 
minerals , and not on that of the metalliferous components, 
which are identical in both, viz., galena, zinc-blende, 
pyrrhotite, with occasional patches of arsenopyrite and 
chalcopyrite and pyrite. With these minerals as the 
metalliferous components, the ore--bodies are classed a~ (1) 
silicate-gangue ore·bodies; or (2) carbonate·gangue ore­
bodies--according as the gangue minerals consist pre­
dominantly of silicates, such as garnet. rhodonite , &c. , or 
carbonates, such as calcite. The sil icate·gangue IJre­
bodies constitute by far the greater part of the ore-deposits, 
while the carbonate-gangue ore-bodies occur at the two 
extremities of the ore zOlle as at present visible, namely, 
in the North Mine and the South and South Blocks Mines. 
The ore-bodies in the North and South mines are, however . 
not confined to the carbonate-gangue type, as the silicate 
gangue type is also present. The exact relation~hil' 
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between the two has not yet been fully investigated. either 
structurally or genetically. 

Galena occurs in coarsely crystalline masses and sagre· 
gatioDs, especial1y in the carbonate-gangue type, but the 
typical development is that of a granitic intergrowth with 
the zinc-bIen de. 

Zinc-bleude always contains much iron and manganese 
as impurities. It is blacK, and practical1y opaque. ~ome ­
times occurring in large crystal aggregates. but more com­
monly ill close a..~8OCiatioll with galena. 

Quartz is practically always of an opalescent bluish-grey 
colour, and transparent. It OCCUM as blebs scattered 
through the massive ore. -

Garnet occurs as individual cry~tals scattered through 
the are, and as a massive aggregate of small garnet crystal!' 
occurring in a loosely co~rent condition within the ore­
bodies, and known as .. garnet sand~tone." The garnets 
occurring in the country-rock and those constituting the 
If garnet ~andstone" ,are of the iron-alumina type, while 
those occurring in the ore-body as large crystals are man ­
ganese-alumina garnets. 

Rhodonite, a manganese silicate, occurs as crystallille 
aggregates, either red or Oesh-pink in colour, and occasion­
ally as large reddish-brown crystals, which are often much 
corroded by sulphides. 

r~luorite occurs a" rounded or Irregular hlebs up to 3 or 
4 inches in diameter, aud also as irregular stringers.. 

Calcite and mixed carbonates of manganese. copper. and 
iron occur occasionally ill the silicate gangue ore-bodies. 

Pyrrhotite occurs as blebs and larger masses in the ore­
bodies, and is sometimes intergrown with the other "ul · 
phidf"s. Chalcopyrite and arsenopyrite also occur as blebs 
quite sporadically distributed throughout the ore~mass. 

Silver occurs associated "'ith the galena and with the 
zmc-blende. Gold is present, but in a quite inappreci. 
able amount. and no estimate of the gold oontents of the 
concentrates is usually made. 

Araenic Bnd antimonY' are present, 3S wen as cadmium, 
cobalt. and nickel. 

A great range in the ratio of sulphide to gangue exists 
in various portions of the ore-body. GeneraHy. it may 
be '3tated that the silicate-gangue ore-bodies are richer in 
zinc and silver than the carbonate-gangue ore-bodies. 
which. however. are richer in lead than the former type 
The general character of the composition of the zinc-lead 
sulphide ore of Broken Hill is indicated hv the followin, 
figures . which do not. however. reprMent the average ('om 
position of the Brokf"n Hill ore-bodies:-

• 
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The average grade of the zinc-lead sulphide is illdicated by the following figures , which represent the 
average value of 500,000 tons of zinc-lead sulphide, as mined in the second half of 1908 . from the 
principal mines along the Broken Hill lode:-

Mine. Tons. Typ~ of o~ ____ I SUm Po< oro" 1 ___ 
Lea
_

d
_
o __ I Zinc. 

Oz. Per ceDI. 

South Bhlck. ( I year)... 89,000 Carbonalf! paglle 2-7 1 16'6 
South ..... .......... .... .... Ilt,188 Soilieate gangue alltl cal'i)Onatc gangue 5'6 · 16'2 
Central... ............... .. . 92.1)"6 SiIi(!lIle gangue 13 ' 3 16'6 
Block 10 ..................... 16.~ Sil icate gangue 13'0 14'3 
J mction North ............ 62,1'26 :,Uicalt' gl/iDICue 0'8 I 14'4 
N_"_"_h .... .............. .... . 1 __ 61 '530_. __ Silkale gtlug ue .lId ca_' _bo_n_."' _II"_ n_

g_U"_-'I ___ 1_
o

U __ -'I ___ '6_
0
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These figures give an average of:-

Silver 8"3 oz. per ton 
Lead 15'5 per cent. 
Zinc .... 13'4 

The average zinc-lead sulphide of Broken Hill may be 
stated to consist of approximately 45 per cent. of sulphides 
and 55 per cent. of gangue . 

The texture of the ore is even-granular, the grain size 
being, approximately, one-tenth of an inch in diameter on 
the average. Within the or~bodie8 all gradationlf exist 
from soli~ . sulphides with a sma!1 amount of gangue min­
erals, to huge masses of gangue consisting of garnet, sand­
stone, quartz, and rhodonite, or calcite and quartz, wit h 
disseminated sulphides , which always. however, carry a 
minimum of from 2 to 3 ..per cent. of lead and zinc. The 
masses, COllsi9ting of fine -grained rhod onite , quartz, and 
sulphideR ill granitic intergrowtb . present to the millman 
a very tough ore for crushing, but.. t.here is always a com­
plete .freeing of the cOllstitutent minerals from each other 
after moderately fine crushing. There is apparently no 
definilie law regulating the distribution of the various 
grades of ore. which occur sporadically throughout the ore­
bodi ... 

The origin of the Broken Hill lode ha'i been much dis­
cussed, but the absence of a gystematic survey and study 
of the geology and ore-deposit" of the district has ma.de 
any final solution of the problem impossible. However, 
such a systematic investigation iq now being undertakeu , 
and therefore the problem may be fully expected to be 
shortly solved . 

It is certain, however , that the ore-bearing solutions 
were ascending, and of magmatic origin. The depoei.tion 
of the minerals from such solutions took place at consider­
al?le depth, and at a temperature much higher than that 
at which the zinc-lead sulphide depo, ilB of the type la,t 
described were formed. This is proved by the occurrence 
of the irol1 sulphide as pyrrhotite , which is purely a high­
temperature mineral, and garnet and rhodonite, which alao 
are never found in the lower temperature deposita. The 
temperature of formation, therefore, was somewhere 
between '3000 and 5000 C. It seems highly improb­
able that the ore-bodies were deposited in cavities. 
It ... ms very probable that the lodo-fault was the 
main path for the upward p.....age of the ore­
bearing ' solutions, from which they spread into the 
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8urrowlding country-rock, and by metasomatic replace­
ment thereof formed the present ore-bodies. The 
factors determining the location and mineralogical type of 
the ore-bodies are as yet unknown. It has been sug­
gested that calcareous beds existed where the ore-bodies 
afe now , and that these were metasomatically displaced by 
the ore-bearing solutions; but there is no definite evidence 
as yet indicated of the existence of these calcareous beds. 
and it must be remembered that at the high temperature 
of formation (3000 C. to 5000 C.) rocks could be replaced 
by zinc-lead sulphides. which would be unaffected at the 
temperature of formation of the type of zinc-lead sulphide, 
which , as described previously in this bulletin, have been 
formed at from 1500 C. to 3000 C. , and most probably at 
about 2000 C. 

The Broken Hill lode --is worked at present for a length 
of 3 miles, there being 10 mines distributed along tbif' 
total length . The depths of the shafts vary from over 800 
feet to 1800 feet. The length of the ore-bodies varies from 
500 feet to 6000 feet, and the width from 1 foot to 425 
feet. The largest ore-body, as shown at anyone level , is 
that at the South, Central, and Proprietary Mines, at the 
600-feet level, which is 6000 feet iu length by an average 
of 90 feet in width. The average width if the ore-body 
was continuous over the whole length of 3 miles down to 
the average depth mined (1000 feet) would be, approxi­
mately, 20 feet. The size of the lode at vanClus points is 
indicated by the following figures :-

}{aJ:imum I Al·er.ge 
Prm'ed 

Name of Ore-bociy. Length. Width. Width. 
Vertical 
Extellt. 

-I~---
Feet. Fellt. r~et. I Pe~t. 

South Block!l JOUu '50 10 1460 

~uth '.?40() .00 90 14t'\) 

Central 1100 42[, 100 !400 

Hluck 10 WOO 300' I'" 180<' 

Proprietary 25tJO .60 .r..o 1;,00 

North 211()(J 160 I .. , 1400 

The Broken Hill lode has been worked since 1884. Since 
that date "p to the eud of 1916 a total of 31,000,000 tons 
of ore have been raised, which have realised the sum of 
£91,000,000, of which. roughly, £19,000_000 have been 
paid in dividends. This output haa included abou~ 
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450,000 tons of oXldised ores, and. approximately , 
4,000,000 tons of zinc concentrates. The annual output of 
crude OTe averages about 1,500,000 tons, the maximum 
yield having been 1,744,000 tons in the 'Year 1913. 

The Ofe reserve!'!. at the end of 1916 were estimated to be 
considerably mor~ tha.n 12.000000 tons of ore actually 
blocked out. 

The history of the metallurgical treatment of the Broken 
Hill ores i~ a. ,'ery interesting oue, and one wl.ich reflects 
the greatest credit all A ustralian meta1lurgist~. In the 
very early days of mining operations the oxidised lead a'ld 
silver ores were smelted direcbly at Broken lIill, and also 
treated by amalgam&.tion as weH as by lixiviation with 
byposulphite solutions. With the extension of mining 
opf'ration!l into the sulphides, the treatnll'llt became more 
difficult. iLnti conceutT1lting mill:; were erected using 
hydraulic specific gravity concentratioll a" the bas.ic prill· 
ciple of treatment. The smelter'S were moved away from 
Broken Hill to Port Pirie and Cockle Creek to .melt the 
concentrates sent from the mines. It was found that with 
moderate grinding a clean galena concentrate could be pro· 
duced from the partially·oxidised sulphide ores, which 
were friable, and relatively high in lead aud silver and 
low ill z.inc. As the unaltered zinc· lead sulphide was pene· 
trated by the workings. concentration became more diffi­
cult, but it was still found possible by grinding to separ­
ate the constituent mineral particles. The production of 
lead concentrates was accompanied by the unavoidable 
production of middlings or tailings high in zinc because 
of the closeness in the specific gravities of zinc-blende, 
garnet, and rhodonite. At the same time as these tail­
ings in the form of sand were prodruoed, owing to the 
relative softness of galena and the hardness of rhodonite 
and garnet, a preponderatingly large amount of slime was 
separated and dumped. 

The general practice of milling, producing tailings and 
slimes as untreatable residues. was persisted in for some 
years. An attempt was made to sinter the slimes by heap 
roasting, and subsequently smelting the sintered produd 
fOr lead at the lead smelters. This was partially success­
ful, but the losses were very high, and the process was 
abandoned. 

Then came the application of electro· magnetic separa 
tion to the treatment of the tailings, whereby the zinc 
bleude was separated from the garuet and rhodonite, am] 
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combined with subsequent water·concentration, partially 
solved the tailings and middlings treatment problem. 

The attempt to apply a chemical process to the treatment 
of the Broken Hill zinc-lead sulphide WA. made on a large 
scale at Cockle Creek, where the Ashcroft proceu of roast­
ing succeeded by leaching with ferric chloride solutions, 
and the s~bsequent electrolytic precipitation of the zinc, 
was fully tried out. This will be more fully described in 
a subsequent chapter of this publication.(,) 

The development of the flotation process. however, finally 
solved the problem of treatment of the tailings and middl­
ings, and the further development of this pr0ce'38 in the 
direction of differential flotation-has finally solved the prob­
lem of the treatment of the sl imes. 

It is seen. therefore, that the physical charac.ter of the 
ore permits of the succelJlr£ul separation of the several min­
eral constitutents by purely mechanical processes. . 

The fol1owing figures will illustrate the grade and com­
position of the various concentrates from all milling and 
treatment op~rations: -

Product. 

Mill O'nCt'ntratell ............. . .. . 
" Middling"" 
Tailings ......... . 
I'<lIm............ .. ..... 
Flotation Zinc ConCflntrate from 

Middlin}l:8 and l'ailiDI/,IJ ..... 
Plotation t.ea4 Concenlr&1I I 
PI!~~~o~I~~I:: C~·,;~~i;~·;; ·(~~~·. 

Silvf~r p. r 
Tun. 

0,. 
23'R 
8·6 
2·6 
17·~ 

13-0 8linle8 ............ . ................ . ! 
~-."....---

Lead. Zinc_ 

Per cent. Per cenL 
64·7 j'3 

n-o 21" 

2·' 7·8 
17·!, '2u'9 

0·7 46'3 

63·0 8·0 

,-0 aO'O 

- --



V.--COMPARISON BETWEEN THE READ-ROSE­
BERY DEPOSITS AND SIMILAR DEPOSITS IN 
OTHER PARTS OF THE WORLD. 

Using the data presented in the two preceding chapters. 
it is now possible to compare and contrast the Read-Rose­
bery zinc-lead sulphide deposit.. with other important 
SQurces of zinc and lead, in order to see in what respects 
they are similar and in what- dissimilar, and to ascertain 
how rar the experience gained in development and treat­
menL of these other deposits can be applied to the Tas­
manian occurrences. Particularly the texture of the ore 
and the manner of ag"tregation and interrelations of the 
component minerals, as inftuencing the metallurgical treat­
ment, can be discussed, and conclusions deduced as to the 
complexity or otheJ;'Wise of the problem of the successful 
extraction of the metal values from the Read-Roeebery 
ores . At the same time also there will be developed it 
true perspective of the relative importance of the Read· 
Rosebery zinc-lead sulphide beJt as compared with these 
other similar occurrence'J throughout the world. 

In the first place, it is seen that the type of ore-deposit 
is distinct, 'on the one hand. from the very Jow-tempera­
ture deposits of Missouri and Wisconsin , in the United 
States , and Aachen and -Upper Silesia, in Europe, and, on 
the other hand, from the high-temperature deposit of 
Broken IIill. The absence of marcasite Bnd the presence 
of gold and silver differentiate the Read-Rosebery deposits 
from the former, and the absence of garnet and rhodonite 
and pyrrhotite from the latter. these being the minerals 
which are indicative of the temperature of formatioll. 
Actually, therefore. t.he temperature of deposition of the 
Read-Rosebery ore-bodies, with the iron sulphides wholly 
in the form of pyrite, wa.c: in the vicinity of 2000 C., which 
i'3 intermediate between that of, approximately, atmo­
spheric temperatures of the Missouri and Wisconsin and 
Aachen and Upper Silesian deposits. and a temperature 
between 3000 C. and 5000 C .. which characterised tlH!' 

formation of the Broken Hill lode. 
Genetically, therefore. the Read-Rosebery zinc-lead sul­

phide deposits are most closely related to those of Park 
City, Utah; Leadville, Colorado; Rammelsberg. Germany; 
and Baldwin . Upper Burma; and more especially to the 
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two former, in that they are IdentICal In belllg metaso­
matic replacements of calcareous beds which have taken 
place at about 200 Co. 

In regard to the structural features and general sLape 
of the ore-bodies, their occurrence in lenticular or elliptical 
masses is shared' by the ore-bodies at Broken Hill and at 
Park City, Utah, and to some extent by those of Leadville, 
Colorado; but the latter are, on the whole, much more 
irregular in outline than the Read-Rosebery lenses, a 8ta~ 
ment which is to some extent true also of the Park City 
oocurrences. The big saddle-like "lfshoo!.8 of the Broke Hill 
lode resemble in general form SOIne of the Read-Rosebery 
occurrences, and give elliptical-shaped outlines Oll the mine 
levels in a similar way to the " E " ote-body in the Her­
cules Mine. The northerly and southerly pitch of thifo 
saddle-like offshoot from the tabular ore-body at Broken 
Hill repeats to a limited extent the occurrence of domelS 
in the R.,ad-Rosebery District. It will be interesting to 
see whether fut\1re developmentM at Broken Hill will prove 
the extension of this dome into a aeries of undulations to 
the northwards and southwards, slmilar to those at Read­
Roeebery. The oocurrenoeo in the R.,ad-Roeebery District 
where the ore-body as at present visible is purely tabular. 
resemble to some extent the tabular ore-bodies at Broken 
Hill, Rammelsberg, and Bawdwill. hut lack the saddle-like 
offshoots of the two former deposits. The narrowmg and 
bulging of the tabular ore-body at Rammelsberg is 
repeated in the tabular ore-body of the Rosebery Mine, aO) 
are also the sudden variations in strike from the normal 
figure for comparat.i-vely short dista.nces. This latter varia­
tion is due to folding in both cases. 

These remarks apply only to the horizontal dimensions, 
and when the vertical dimensions are considered, some of 
the similarities described above become less pronounced. 
The lenticular ore-bodies at Park City, for example, have 
a vertical measurement of only from I to 10 feet. and 
thooe of Leadvi1le a maximum of 300 feet. The lenticll­
lar ore-bodies of Read-Rosebery have already been proved 
to have a vertical extent of 350 feet. 80 that their character 
in this respect more nearly resembles the Leadville occur­
rences, having, however, a Romewhat greater vertical 
measurement. The saddle-like offshoot"1 at Broken Hill 
have in general similar vertical dimensions to the Lead ville 
deposits. It must be remembered, however, in comparing 
these lenticular or saddle-like offshoots from the more per­
sistent tabular ore-body with the Read-Rosebery lensec;, 
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that the latter are actually parts of and continuations of 
the same main ore-body in its folds and undulations, rather 
than offshoots. The portions of the Read-Rosebery ?re­
bodies which are tabular in form differ essentially from 
the tabular masses of Park City. Rammelsber~, Bawdwill. 
and Broken Hill, in that they have a 1imited downward 
extension, because of their tendency to turn up again E"ast. 
wards towards the next anticlillal fold. Their greate!lt 
proved vertical extent i'3 500 feet at the Rosebery Mine 
(wlW.,ch may, however, subsequently be proved to be 
exceeded), whereas they reach 2000 feet at Park City, 
1200 reet at Rammel.berg, 700 reet at Bawdwin, and 1800 
feet at Broken Hill. The proved length of the tabular 
ore-bony at the ROSebery mines is at least 2000 feet, and 
illore probably 3200 feet, which is a dimension of, roughly, 
the same order a, the 4000 reet at Park City. 2500 reet 
and 4000 feet at Rammelsberg , a nd 1250 feet at Bawdwin, 
but is somewhat lower thall the 4500 feet and 6000 feet at 
Broken Hill. 

The occurrence of the ore-deposits in "runs," "open ­
ings," and" circles," and 8S .. ~heet-ground " deposits in 
the Joplin District, Missouri, and as "flaUi and pitches " 
in the Wisconsin area, is so completely different from the 
mode of occurrenCe of the Read-Rosabery deposits that it 
is quite objectless to compare them, for although the hori­
zontal dimensions are of the saUle general order, yet the 
vertical extent is very limited , beiug at a maximum of 150 
feet, but more frequently from J to 50 feet, which approxi­
mate'3 the vertical dimension!". of the Upper Silesian 
deposits, which sometimes reach 40 feet, but are more 
usually in the vicinity of 6 feet. 

The t.hick and rounded stock works of the Aachen 
deposits are not reproduced in any of the other zinc-lead 
sulphide deposits , their approximately equal horizontal 
dimensions (290 and 130 feet for example) with their 
vertical extent (800 feet as a maximum) being wholly 
character iRtic. 

In mineralogical composition the Read-Rosebery ores 
most nearly approach those of Leadville, Park City, and 
Rammelsberg. The zinc-lead sulphide of Leadville cou­
tain'!! the same minerals in, approximately, the same pro­
portions as the Read -Rosebel'Y zinc-lead sulphide, the only 
dilferellce being that barite is slightly more plentiful in the 
latter. They are both characterised by the small per­
centage of gangue, the sulphides constituting over 90 per 
cent. of the main mass of the ore, and averaging in the 
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vicinity of 85 per cent. for the whole ore mined. They have 
both been formed by the metasomatic replacement of lime­
stone with sulphides, which has been practically complete 
in both cases. The Rarnmelsberg ore carries distinctly 
more barite than the Read-Rosebery, the respective aver­
age percentages being 16 per cent. and 1"5 per cent. 

There is relative.ly more zinc-blende aud pyrite aud less 
galena in the latter than in the former ores, but the per­
ceutage of copper is the same. The proportion of sulphide 
to gangue in -the Rammelsberg ore is lower than at Read­
Rosebery or Leadville, the sulphides constituting 75 per 
cent. of the ore, which cdrresponds to the proportion ill the 
Park City ores, which further differ from the Read-Rose­
hery ores in containing in portions of the ore-bodies 8. 

small amount of rhodonite. There is. roughly, twice as 
much zinc-blende, and only half as much galena, but the 
same proportion of pyrite, in the Read-Rosebery as in the 
Park City ores. There is thus a general similarity between 
the mineralogical compositions of the zinc-lead sulphides 
of Read-Ro.ehery, Leadville, Park City, and Rammel.­
berg, the two former being practically identical. 

As regards the proportions of the sulphide minerals. the 
Bawdwin ores most nearly approach those of Broken Hill , 
rather than the Read-Rosebery, and are further differ­
entiated from the latter by the absence of barite and rhodo­
chrosite. They are. however, quite distinct from the 
Broken Hili 'ores in total mineral composition , owing to 
the complete absence of ~roken Hill's characteristic min­
erals, garnet and rhodonite. The Bawdwill deposit." also 
differ genetical1y from those of Read-Rosebery in not being 
replacements of limestone, but of rhyolitic tuff. The 
Broken Hill zinc-lead sulphide carries far more gangue 
than that of the Read-Rosebery, the proportions of sul­
phide to gangue being respectively 45 per cent. 55 per 
cent ; and 85 per cent. : 15 per cent. 

The group of zinc-lead sulphide deposits , ·with marcasite 
as the characteristic iron sulphide, in Mis~ouri. Wisconsin , 
·Aachen , aud Upper Silesia iuvariably carry much higher 
percentage-s of zillc-blende than of galena. The American 
occurrences carryover 90 per cent. of gangue, but the 
European deposits only about 50 per cent. , the percentages 
of ziJlc-blende and galena being 4'5 and 0'5 per cent. 
l'espeoiively in the fonner and 30 per cent. and 5 per cent. 
respectively in the latter. These figures, together with the 
absence of silver and gold, and the limitation of the gangue 
minerals to calcite and jasperoid qnartz, mark them as did-
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tinct in mineralogical composition from the other type of 
zinc· lead sulphide deposits. 

The Read-Rosebery deposits are unique in that they 
possess merely a shallow deposit of oxidised and carbon­
ate ores, the sulphides persisting almost to the surface. In 
the other deposits there are extensive occurrences of oxido 
and carbonate of zinc and lead ores with high silver values. 

Passing now to a consideration of the actual 8S'3ay 
value or contents of saleable or extractable metals, it ~~ 
found as would be expected from the similarity in min­
eralogical composition as shown above, that there is a 
greater resemblance between the Read-Rosebery and Lead. 
ville arm, than any others, the respective metal values 
being practically the ..,!.ame in these two ores, except that , 
the zinc is somewhat lower in the Leadville ores. The 
Park City ores only carry about one-half the gold and zinc, 
but about twice the silver and lead, contained in the Read­
Rosebery ores. The Rammelsberg ores carry somewhat 
less zinc and slightly more lead and copper J but only one­
third the gold a nd silver; the Bawdwin ores contain twice 
the sil ve r and three times the lead, but only two-thirds of 
the zinc ; while the Broken Hill orea carry twice the lead. 
but slightly le5'3 silver, and less than one-haH the zinc, and 
a very small fraction of the gold, as compared with the 
Read-Rosebery ores. These figures are made plainer by 
the following table, which gives the metal contents of the 
average ore from the several occurrences, the contant I')f the 
total sulphide minerals in the OFe being added for the pur­
pose of comparison: -

---,----,--

Name of' Occurrence. 

R"ad-Rosebtlry 
Lpadvillt', Colorado ...... 
Park Citv. Utah . 
a.mm .. 18b .. I·Io!',Gcrmuny 
Bawdwiu. Burlillt 
Hrokeu IIiII, N.~. W. 
Jllplln. M!II,.oUl'l ........ . 
Wisc,)Ilt'in ..... ......... 

... Aachen, Germ.IIY ...... 
Upper l'<ilesi.,Germ.n~· 

Tutal 
Sul­

phide 
Mill 
er'als 

in Ort'. 

ref c.~ "t. 

•• 
·5 
15 
75 
65 
~; 

• HI 
.~5 

:;0 

-------

Gold 
Pel' 

'l'tln. 

0,_ 
U'h!1 
U'2110 
0'060 
U-040 
'.-ace 
trace 

II S;J"" i 
p,,- I Leud. ' Zinc. COI)peI' 
TOil. 

I 1 
0._ I'e,' 00111 . Per cent Per ceni. 
1)'6 1-3 - '47 .:, 0-5 
s-u 1-0 22-0 0-6 

20'u 20"1 14 '5 (I';) 

3-0 12'U 24'0 0-5 
1U'2 j 24'0 20-/ Il"ace 
8'S 15'0 IS" ,,.ee 

U·[, :,1 ' 1 
0-3 3-' 
'-3 \!U·! 

U'.:i 0-" 17 '0 

• 

• 

~ 
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The distinctive character of the last. four occurreD.Ce8 is 
clearly seen in this table, and especially the very low 
grade of the average ore from Missouri and Wisconsin. 
By reference to the concluding portion of Chapter III., the 
metal content6 of the ores of Missouri and Wisconsin wit! 
be seen to be lower than those of the large H low.grade db 
seminated deposits " of Read-Rosebery , which are Dot 
taken account of in the present estimation of ore reserves 
but which must eventually constitute important sources of 
ore ,.., containing, a' they do , the same amount of lead, and 
from two to three times the · amount of zinc, as the Mi,­
souri and Wisconsin ores do, and, in addition, carrying 
l~ oz. of silver and some gold per ton. These deposits are 
not included in the above table, as present attention is 
wholly confined to th~ typical and more important solid 
zinc-lead sulphide ore-bodies. 

One feature, however, which these figures do not indicate 
is the very high zinc and gold contents of big masses of the 
Read-Rooebery or&-bodies: figur .. ranging from 46 to 55 
per cent. zinc and 0'4 to 1'6 oz. of gold are obtained for 
considerable lengths of the ore-bodie!' . Such high zinc and 
gold values over appreciable portions of the ore-bodies 
'~eem to be peculiar to and characteristic of the Read-Rose­
bery zinc-lead sulphide belt. 

The very important question of texture next comes up 
for comparative review. Tes.ture on the larger scale 
includes handing. The banded structure of the Read-Rose­
bery ores is not unique, the deposits at Park City. Lead­
ville, and Rammelsberg aU possessing banding. In the 
two former. however, the banding is nearly horizontal, and 
i8 directly due to the replacement of the original sediment­
ary bedding in the limestones, being distinct from tht' 
highly-inclined banding, which represents the replacement 
of successIve bands of varying compositioll developed in 
calcareous beds during metamorphism , anrl which is, in 
lact, parallel to tbe plan .. of achi8toeity of the enclosing 
schists. The ballding at Rammelsberg is similar to that 
01 the Read-Roeebery 0'-", being highly-inclined and 
parallel to the general schistosity of the country-rock, but 
differs from it in having been mainly developed in the ore 
subsequent to the formation of the ore-body. The massive 
texture of the ore-bodies at Bawdwin and Broken Hil1 is 
in marked contrast to distinct banding in these thr«*' 
occurrences. 

The manlier of association of the mineral constituents 
of the ore-bodies, and more especially the inter-relatioml 



and amount of intergrowth and fineness of grain of the 
sulphide minerals, are important from the metallurgical 
point of view, and serve as a most valuable and i1l8tructiv~ 
basis of comparison of the various ore-deposits we are n~w 
discussing. The zinc-lead sulphide ores of Wi~n!llin and 
Missouri and of Aachen and Upper Silesia may again bt' 
regarded as a separate das!; to themselves, the sulphide 
minerals occurring in separate mineral aggregates, althouglL 
intergrowth occurs to a limited extent. In the fissure· 
filling> of Park City al", there is not much intergrowth 
of the ~ulphide minerals, but in all the replacement 
deposits of Read-Rosebery, Park City , Leadville. Rammei :-: 
berg , Bawdwin, and Broken Hi]] there is an intergrowth 
of varying intimacy of..JJ::ae sulphide minerals with each 
other and with the gangue. The degree of intimacy of 
this illtergrowth varies considerably amongst the several 
deposits and within each deposit itaelf, but there is a 
general type or extent of intergrowth which is character 
istic of cach. At Broken Hill the minerals are inter· 

. grown, but the average grain size is in the vicinity of one­
tenth inch diameter, and if the ore is crushed to pass a 
60-meeh screen, there is practically a complete liberation 
of the mineral particles from each other . 

The zinc-lead sulphide of Bawdwin is more intimately 
intergrown, the zinc-hlende having a grain Qize of from 
'lllrIn to "Atr incb in diamet.er, and the galena. oc('orrlng 
as thin filaments through and around these grainp-o It i, 
therefore nece88ary to crush this ore to pass a IOO-mesh 
screen to obtain complete freeing of the constituent mineral 
particles. and in practice the grinding is carried to pass 
150-mesh . A still greater intimacy of intergrowth ia shown 
by the Read-Roeebery zinc-lead sulphide, which has a mini ­
mum grain !loize of " ... 'DD inch diameter. It is found in the 
case of these ores that crushing has to be carried to pass 
a 200-lUesh screen, to make quite certain that there is a 
complete absence of particles comdsting of two or more 
minerals. The Rammelsberg ore approache8 more nearly 
to the Read-Rosebery than to the others in its degree of 
intimacy of intergrowth. In the genera1 character of the 
intergrowth of the constituent minerals, the ores of Park 

. City and Leadville most c10aely resemble those of Broken 
Hill, with the exception, however , that in certain portions 
of the ore-bodies there exists a more intimate admixturp 
approaching in character that of the Bawdwin ores. 

• 
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The Read-Rosebery ores, therefore, possess a finer tex­
ture and a more intimate intergrowth of the constituent 
minerals than any of the other zinc-lead sulphide deposits. 

As regards the actual size of the ore-bodies in the vari­
ous deposits, and the extent of the ore-belt or ore-bearing 
zone, the following table, which is taken from the informa· 
tion on these points contained in Chapers III. and IV . 
will enable comparisons to be easily made:-

---------

Name (If Depolit flt Ore.bod.l . I Leugth • Width. Depth. LeDJrt h or Area 
of Ol'e-btllt. 

--- ---
Fpet. Feet. Feet. 

Reaci_ ROftiebel'Y, 1-1 t'reules .•• ~ ... 40U 60 25u I . Rf'a'I-ROIlebt'ry, Her<'ul,. ........... 3011 .'0 4011 r 7 IIl1les Re8d-Rosebery, AI t. Head 40<> 50 110 I Rea,l-Rosebery. Rosebery ......... 2(JOO '1;; 500 
Pal'k City, Loda Dep08itM ......... 4000 Wj :>, IIUO I Two belttl, 

each [) 
Pal·k City, Rt'placem"nt Deposit 6u<, 100 5 J miles long 
Leadville, Moyer Main Shoot .... 2:140 (100 So 110 iHlu&I'e 
Leadville, Gl'PenbHck ~hoot ..... , 3[,0 .-!,so llU f miles 
Rammelsbf'rg. Old Bed ...... "" .. 4000 lU , 12u{) 

} 65110 feet RamIDt"isberg, N .. w Bf'd ." ....... 2.;00 10 l:!Oo 
Baw.lwin, Chi,ulman Ore-body ... , 1260 'U<' 725 8000 feet 
Btoken HIll, North Mine ." ...... 2000 AO 1400 

~3 milelt 
Broken Hill, South Mille ......... 2~1O 90 1400 
BI'uke!! Hill, Central Mine 1100 100 1401) 
Broktlll ~lill. HI"ck 10 lOOU 90 180n 

\ Broken Hill. South Blocks ]l)0l) 10 1400 
Missoud, " Run" 14UtJ 20 (<0 I 

............. { 1,?:E:r 
200 150 l :J10U square 

Mi88ouri , "Circle" 

i 
miles 

circle 
Mi~~III"i. "Sheet GI'OllIld " 21'00 "00 10 J 
\Visconilin, <, Flats and Piuh+l~ " lOUD 7iJ 40 \ 2boo squltfe 

""iseons in, " Huneyc"mb" .""" 300 :!.;j :10 J mile.'! 

[f these figures are considered III conjunction with those 
ill the following table a more correct conception can be 
acquired of t he relative extent and importance of the Read­
Rosebery deposits. The table which follows gives the 
Humber of years the respective deposits have been worked , 
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their total and annual outputs, and tht"ir ore reserves, 
where the figures are availab1e:-

No. of ("rude Or.'. 
Yeal'lJ .Ore Reaf'"e. 
sluce I wbere 
First '1'olal Annual A\'BiI.bl~. 

Worked. Output. Output. 

----
TurU! 'I'OD8 Tuns 

(apprex.). ( lIpprox.). (apl'r'Ox.). 
I\ead-R08ebery ···· ·1 28 jPU,UOO l ,OSU,Otlll 
Park City 42 '2,000.1 10., :.!"O,OOU I 
uad\ljJIe ................ .. 

t 
a:tl,uOU 

Rammelsberg .......... ]Oon 2b,OUO 
Bawdwiu ................ 1000 i',s,OuO 4,SllO,OUO 
Broken Hill. . .., 3l,OOO.oou 1,000,_ 12,000,000 
Bouth-West Mi8&Ouri . 69 ~20,IIOU.OUO tt,i7b,lKlO 
Wiscun8111 ............. tt8 13:.!,OOO,UOO 1.100,000 
AltMberg (Aaebtn) '" buo 1,(lUO,OOO 14.001) 
Upper SUeei,,, .......... 700 I.iUU,tI{)O ' 

No anuua) output can be glveu for the Read-R08ebery 
mines, as they are not at preaent producing. The enor­
mous tonnages in Missouri and Wisoohsin are remarkable, 
but should be taken in conjunction with the figures pre­
viously given of the extremely low grade of the ore. The 
figures for the whole of the Aachen region are not avail­
able, those given referring only to the Altenberg group of 
mines. The total output from Leadville is probably about 
the same as that from Park City. The total outputs from 
Rammelsberg and Bawdwin are not available, but would 
probably be in the vicinity of 5,000 ,000 tons in each case. 
In the case of Rammelsberg, however , the deposits have­
been almost depleted of ore, and there are not many pro­
ductive years in sight, hut th~ Bawdwin deposits have 
entered on a new lease of life, and may only now b~ 
regarded as being properly developed and exploited. 

The Broken Hill deposits have obviously been very 
actively developed and exploited, being in fact, an out­
standing example in this respect. The position is much 
further improved by the existence of huge tonnages of 

.probable are, in addition to the actual ore reserves actual1y 
blocked out. 

In view of the number of years that have elapsed since 
their first discovery, the Read-Rosebery deposits have had 
a very small production. Taking into consideration the 

• 
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size of the ore·bodies and the exteut of the zinc·lead sul­
phide belt, the amount of ore reserves is surprisingly small. 
From the figures presented in the foregoing pages it would 
be a. justifiable expectation that the output and ore reserves 
would approach the figures for Broken Hill. That this is 
not so is due to the following causes:-

(1) Absence of large quantities of oxidised ores; 
(2) Metallurgical difficulties owing to the extremely 

intimate intergrowth of the constituent min· 
era.ls; and 

(3) The policy adopted by those responsible [or the 
development of the field. 

These will be more funy discussed in Chapter VIII. 
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VI.~THE METALLURGY OF THE ZINC-LEAD 
SULPHIDES. 

A.-GENERAL REMARKS . 

This cha.pter is not meant to be anything approaching a 
complete treatise on the treatment of the zinc~lead sulphide 
ores, but is designed to present to the mining and invest­
ing public a concise description of the general character 
of th0il,6 processes whiqh have been or are being used in 
the extraction of the metal values from zinc-lead sulphide 
deposits throughout the world, .and to indicate to what 
extent they are applicable to the Read-Rosebery ores. 
These ores have been proved during the investigations 
brought to a close by the publication of this volume. to 
consist of an extremely intimate and very fine-grained 
mechanical admixture of zinc-blende, galena, pyrite, and 
some accessory sulphides. with small percentages of quartz. 
barite, and calcite as gangue minerals, and therefore it i !! 
possible for a treatment process to be based solely on the 
physical properties of these constituent minerals aDd need 
not be restricted to chemical processes. 

The processes which utilise the purely physical properties 
of the component minerals will be first described under t\1e 
heading of If mechanical processes." Then will follow the 
processes which make use of the chemical properties of the 
ore, those necessitating the application of high temperature~ 
for smelting and fluxing being described under the head­
ing of If direct 3melting, " while those utilising chemical 
solutions at ordinary temperatures, and which in many 
cases include electrolytic deposition of the metals, are dealt 
with unqer <I hydro-metallurgical a.nd electrolytic pro­
cesses." Following this description of the genera] prin ­
ciples of the different types of processes. there wilJ be pre­
sented a. brief resume of their application to the various 
zinc-lead sulphide deposits of the world dealt with in thiq 
volume. 

This method of presentation will serve as the best mao­
ner of approach to the question as to the present position 
in regard to the treatment of the Read-Rosebery zinc-lead 
sulphides . 
• There wi1l not be presented in this chapter a statement 
of the detail~ of metallurgical experiments. as these are 
apt to be ver.v misleading to the layman. The general 
results of such experiments and tests will be indicated, 
and the conclusions resulting therefrom clearly expressed 

, 
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B.-MECHANICAL PROCESSES. 

1. Specific Gravity Concentrat'ion. 

The form of concentration using the property of specific 
gravity as the basis which is used in treating zinc-lead 
sulphide ores is that known as .. wet or water concentra­
tion," or "hydraulic concentration," in which a moving 
current of water is used. In these advantage is taken of 
the difference in the specific gravities of the metalliferous 
mhlerals and the gangue, sulphide minerals having specific 
gra vities which are higher than those of most gangue min­
erals. The pulverised ore is allowed to Iall with or through 
a moving current of water, which carries away the lighter 
gangue minerals, wlWe the heavier sulphides, being 1ess 
affected by the transporting or moving power of water, 
remain behind, and are collected by suitable means. 

A great number of machines and appliances have been 
devised to make use. of these principles, among which may 
be mentioned jigs, vanners, buddIes, concentrating-tables 
(such as Wilfley and Card tables), blankets, rim .. , cement 
tables, trommels, screens of various types, classifiers, pulp­
thickeners, &c. With the evolution of the process great 
improven~ents were effected. and by the systematic anti 
scientific adaptation of the details of treatment to the char­
acter of the ore, together with the ad vance made in sizing 
of the crushed material, and the separation of slimes, the 
application of the process was considerably extended. It 
thus became possible to separate minerals the specific 
gravities of which made a nearer approach to each other 
than was formerly considered permissible. 

Such has been the general development of the process 
of wet concentration of lead and zinc ores. In the very 
early days of the application of the process to these ores, 
attention was' almost wholly confined to those deposits or 
those portions of the ore-bodies which consisted' predomin­
antly of galena to the exclusion of zinc-blende, or zinc­
blende to the exclusion of galena, In the former case the 
problem consisted in the separation of galena wit,h a speci­
fic gravity of 7'5 from gangue minerals such. as quartz 
or calcite with specific gravity 2'6, or chalybite with 
specific gravity 3'6, which was a straightforward proposi­
tion. In the latter case the problem was the separation 
of zinc-blende with specific gravity 4'0 from a gangue 
of quartz and calcite, which was relatively simple, 
In these operations, whatever zinc-blende occurred 
in the galena ore was either obtained 111 the lean 



concentrate or washed away with the gangue, and 
in a similar way the galena associated with the 
zinc ore was carried into the zinc concentrate. With 
the exhaustion of the supplies of unmixed ores, and the 
uecessary incursion into the mixed galena and zinc-blende 
deposits. it became increasingly neces'l&ry to improve the 
method!:! whereby a separation could be obtained of the 
galena with ,pecific gravity ranging from 7'2 to 7-7 from 
tho b1ende with specific gravity of from 3'9 to 4'2. 

The attempts to so improve the methods met with vary­
ing suc~ in different fields. It was found that the tex· 
ture of the ore was a most important factor . Where the 
mixed zinc-lead sulphide ore was coarsely granular, and 
relatively coarse crushing freed the component minerals. 
the improved methods couhl- produce lead concentrates with 
a low zinc content and zinc concentrates with a low lead 
content, both of which were saleable and profitable pro­
ducts. At the same time there was produced a certain 
amount of II middlings" product, which carried lead and 
zinc values in approximately equal proportions (the actual 
proportion depending on the lead and zinc. contents of the 
original ore), and which were stacked for future treatment, 
which ultimately wa, effected hy mean' of the electro­
magnetic or ~otatiOll processes to be described in a subse­
quent part of this chapter. It was found also that it was 
iml;'0S8ible to obtain satisfactory separation in the slimes , 
whlch were dumped as waste, and the whole scheme of 
crushing and reduction in the concentrating mills was 
d~igned to minimise the production of slimes. The pro­
cess accordingly became decreasingly '5Uccessful &8 the 
grain-size of the minerals became less, and the finer grind· 
mg necessary for the freeing of the minerals produced a 
larger percentage of slimes. Obviously, therefore, the 
procP"Js was impo!\sible of application where it was neces­
sary to reduce the whole of the zinc-lead sulphide to slime 
to free the constituent minerals, as has been shown t<) be 
the case in the Bawdwin and Read-Rosebery ores. 

With the application of the improved process to various 
ores, Ilew difficulties were encountered, some of which were 
overcome, but others remained insuperable, The occur­
rence of pyrite, marcasite, and chalcopyrite, with specific 
gravitie~ ranging from 4'1 to u'2, made it impossible to 
secure a clean zinc concentrate, although the lead concen ­
trate could be obtained practically free from the iron sul ­
phides. It became necessary to submit the zinc concen­
trate carrying pyrite~ to a subsequent roasting and e1eciro-
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magnetic separation (to be described subsequently in this 
chapter). Such are the ccndition. obtaining in the J oplio 
and Wisconsin Districts of the United States. The sam. 
treatment is necessary in the case of the. occurrence of the 
mineral siderite as a component of the gangue. for its 
specific gravity of 3'4 to 3-9 drives it to a considerable 
extent into the zinc concentrate. The occurrence of the 
minerals garnet and rhodonite greatly complicates matters . 
These minerals occur at Broken Hill with specific gravities 
of 3·9 and 3·5 re8pectively, and make it impo88ible to pro­
duce a zinc concentrate. A lead concentrate is produced. 
together with a quartz tailing low in zinc values, and a 
.. middlings" product, which contains most of the zinc 
and garnet and rhodonite. This is subsequently treated 
by flotation methods '(to be 8ubsequently described), witll 
the production of a zinc concentrate. 

On the whole this process baa a wide application in the 
treatment of zinc·lead sulphide ores, cOnstituting , as .It 
doe'S , an essential portion of the treatment at Wisconsin . 
Missouri, Broken Hill, Leadville, Park City , Aachen , and 
Upper Silesia. 

2. Electro·Yagnetic Separation. 

With the failure of specific gravity concentration to effect 
a satisfactory separation of minerals having closely approxi­
mating speci fic gravities, attempts were made to utilise 
other physical properties as a basis for separation. Thus 
the magnetic properties of minerals were ~tudied, and it 
was found that minerals could be classed in two group::), 
&8-(1) magnetic, and (2) non·magnetic ; and , furtber , 
that the magnetic minerals varied in their magnetic power 
or permeability, which could in many cases be increased 
by heating or roasting. Appliances and machin~ were 
then developed, making possible the application of mag­
netic fields of high intensity, resulting from the use of 
electro· magnets , to the separation of minerals of low mag­
net ic permeability from non-magnetic minerals , and also 
the separation from each other of magnetic minerals with 
magnetic permeabilities closely approximating each other. 

In the application of these principles to zinc· lead sul­
phide ores, it is found that galena is non-magnetic, as are 
also the gangue minerals quartz, calcite, and barite. Zinc­
bleude is generally non·magnetic ; but occasionally, 88 at 
Broken Hill and certain parts of Colorado, it is feebly mag­
netic , and can be separated from non-magnetic '1laterial. 
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Pyrite and marcasite are either non-magnetic or feebly 
magnetic r but can be converted by a partial roast at a 
low temperature into highly magnetic material. The same 
applies to siderite. Garnet and rhodonite possess a mag· 
netic permeability higher than that of the zinc-blende at 
Broken Hill. 

It is possible, therefore, by electro-magnetic separation 
to separate zinc-bIen de from galena, pyrite, and quartz, 
as is done in Colorado; marcasite, pyrite, and siderite from 
the" zinc middlings" product from the wet concentration 
mills of Wisconsin and Missouri , leaving a high-grade zinc 
concentrate ; and from the " midalings" product of Broken 
Hill mills two separate magnetic products-garnet and 
rhodonite constituting the first (or more highly magnetic) 
product, and zinc-blende ~. second (or slightly magnetic) 
product, leaving a non-magnetic residue containing galena 
and some blende. with quartz and calclt,e, which was quite 
amenable to wet concentration. The two former opera­
tions are still being carried out, but the application at 
Broken Hill has been abandoned for many years in favour 
of flotation. 

It was found iu this proces'! (as 10 the case of wet COll ­

centration) that the process became less efficient with 
increased fineness of the ore, and totally impossible with 
slimes. The process, tberefore, is impossible of applica­
tion where the ore has to be reduced to slime in order to 
free the constituent mineral'!, as is necessary with the Read­
Rosebery ores. 

3. Flotation . 

(a) GeILeral Principlell.-The physical properties on 
which the process of flotation depend are not as clearly 
understood as those controlling the two types of processes 
already described. The process was discovered more or less 
by accident, and not by utilisation of a known physical 
property, and its earlier development was brought about 
by more or less blind trials and experimente. Qradually J 

however, there has been ' acquired a more complete under­
standing of the basic principles of the process, and research 
is now carried out on more scientific and systematic lines, 
although certain underlying principles and controlling fac ­
tors still require further study and elucidation . 
. The basic principles of the process cannot be stated in 
terms of one single physical property, as in the case of 
water concentration and electro-magnetic separation. They 
involve principles of surface tension , adhesion, electro-

• 
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statics, and colloid chemistry, the respective parts played 
by these being 8S yet not definitely determined. 

In essence, the modern process consi~ts or the production 
of a froth in a freely moving fluid, carrying finely-divided 
ore, whereby the sulphide minerals rise to the surface with 
the froth , and can be collected by suitable meaDS, while 
the gangue minerals sink through the fluid and are carried 
away as tailings. The net result, therefore, is the oppo­
site of that attained in wet concentration, where th~ 
neavier mineral sinks) and the lighter is carried away by 
the current of water. -

The mechanical meaDS adopted of obtaining this froth 
are various, but all consist of the aeration, by agitation or 
the direct blowing in-of compressed air. of water, to which , 
in the greater number of processes, has been added a small 
quantity of eucalyptus or pine oil, or any other oil of the 
class to be described below 88 "foamers." The depth of 
this froth varies from 6 inches to 36 inches , but is gener-
ally from 6 to 15 inches. \ 

In approaching the question as to why certain minerals 
rise up with the froth while other minerals do not, it is 
first necessary to examine this froth to see what it really 
is. The froth is, in fact, a collection of bubbles, which 
may be of any size, but in the actual working of the pro­
cess vary from about 3 inches in diameter to i-inch in 
diamete'r , or less. Each bubble consists of air wholly or 
partially surrounded by a thin , tenuous surface of liquid . 
Where the bubble is not wbolly enclosed by its own liquid 
envelope , it still retains its existence by the enclosing effect 
of the surfaces of neighbouring bubbles. Froth, therefore, 
consists of a very large water surface in contact with air . 
In fact, a normal water surface in contact with air, if 
replaced by a froth 6 inches deep, the constituent bubbles 
of which average i-inch in diameter , is thereby increased 
in area 750 per cent. 

The next step is the consideration of the properties of 
a water surface in contact with air . This introduces the 
property of !mrface-tension into the discussion. The sub­
ject cannot be discussed in full in this publication, and it 
will suffice in this place to state that the surface-tension 
of water in contact with air is a force which, acting paral­
lel to the mutual surface, aod reeulting from molecular 
activity within the water, tends to resist rupture of the 
surface. It is illustrated by the experiment of placing a 
cleRn , dry needle carefully on a surface of water. If the 
manipulation is skilful enough the needle will ftoat, but 
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if the smallest drop of water is placed upon the needle 
it will ~il1k ; in fact, any condition which will cause the 
needle to be "wetted n will destroy its Boating properties. 
[n the sa.me way, also, the presence of a film of rust or 
tarmsh on the needle will render the experiment unsucces­
fu1. It is apparent, therefore, that the condition of the 
surface of the need le is a determining factor in i~ flota­
tion all a water surface. The existence of the force of 
surface-tension makes it possible for a substance with a 
certain maximum weight to float on water, but whether it 
will actually do so depends on the mutual surface action 
of that substance and water. If the substance is 
" wetted " by the water, it will sink; but if not wetted, it 
will float, provided. &8 CJtated above, it does not exceed a 
certain maximum weight ....... This I< wetting" is indicated 
by the " contact angle," which i. the angle fonned by the 
water surface and the surface of the solid in question . If 
the water surface is depressed in contact with the solid 
below the general surface making an acute angle with the 
solid, the latter i'J not wetted. and the angle is known as 
a u nOD ~wet contact angle, " while if it is raised with refer~ 
ence to the general surface, wetting of the solid results! 
and the obtuse angle 80 formed is known as a " wet contact 
angle." Solids giving •• non·wet contact angles" with a 
water-air surface will therefore float. 

Without at present going further into the question as to 
what are the factors controlling the contact angle, it is 
now possible to see why a solid particle pt:Hr!Ie88ing a non· 
wet contact angle will move upwards with the froth. If a 
thin pulp , consisting of water and finely~divided ore (to 
which about 1 lb. of eucalyptus or other" frothing " oil 
per ton of ore has been added), i. being agitated and 
aerated , there will exist innumerable upward moving 
bubbles of air within the pulp. Confining our attention 
to one such bubble, it may be accepted. that it comes into 
contact during the agitation with particles of ore, amongst 
which will be one or more particles having 8 non-wet con­
tact angle. There are thus present all the conctit.ious of 
our previous experiment of the air-water surfa('e and the 
'lOlid with a non·wet conhact angle. The particle of ore, 
provided it is not of too great a weight, will therefore 
Goat on the inside surface of the bubble. and being thus 
permanently attached will travel upwards with it , to be 
included within the froth and removed therewith. It is 
seen, therefore, that the amount of ~uch a floatable min­
era] which is carried upwards in the froth wil1 depend 
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on the number of bubbles formed within the pulp. &nd the 
degree of fineoess of the mineral particles. 

Coming 'now to the question as to why the surfaces ot 
solids are " wet /. or " lIon·wet,·· the limitations of our 
ullder'3t&uding of the basic principles of the subject are 
fully realised. It is known that" oil and water will 
not mix," or, in other words, pa.rticles of oerl.a.in claaaee of 
oils will not be "wetted" by water, It is also easily 
demonstrated by experiment that globules of such oils 
suspended in water will attach themselves W certain solids 
introduced therein, and not to others. For example, if 
a perfectly clean, bright copper WIre be used for stirring. 
it will be found that it is impOSHible to (orm any attach 
meut between it and the bubble; if the wire is filmed with 
a sulphide coating, ~tachment takes place readily, and 
removal is difficult, and, when accomplished, leaves a film 
of oil Oil the wire; if , however , the wire has a thin film of 
oxide, attachment between oil and wire is still impossible. 
This preference of attachment between certain oils and ~ul­
phides is a well-established fact, but it is uncertain whal 
physical forces are responsible for it-it may be adhesion. 
whatever that property may be. or it may be due to tht: 
presence of electrostatic charges of opposite kinds residing 
011 the oil and sulphide respectively. It is sufficient for 
preqent purposes to know that the preference exists, and 
it is now clear that sulphide minerals so coated with an 
oil film will have a non-wet contact angle, and therefore. 
float in the froth bubble" 

Thus, we see why it is that there are used in flotation 
oils which do not assist in forming a froth. In fact, oils 
may be divided into two groups-" oilen!" and " foarn­
ers." In the first group, or" oilers," are contained those 
whose duty it is to provide a non-wet film to sulphide par­
ticles, such as coal-tar, creosite, cresol, kerosene sludge. 
&c.; while the ~econd class; or <4 foamers/' are for the 
purpose of increasing the production of froth, and a.re 
exemplified by eucalyptus oil, pine oil, &c. In actual prac­
tice , therefore, a mixture of the two classes of oils is used, 
the relative proportions being 80 to 95 per cent. fj oiler" 
to 20 to 5 per cent f' foa.mer,'· the rate per ton of ore 
being 2 Ito 4 lb. of " oiler" and! to 1 lb. of ff roamer." 

In practically al1 modern flotation processes sulphuric 
acid or an a1kaline salt of that acid is ueed. The exact 
role played by this acid. which is used in quantities rang­
ing from 5 to 25 lb. per ton of ore, i'J uncertain; but the 
quantity used is so small that it seems certain that it can 
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have no chemical action on the ore. Its chief function 
seems to be in preventing emulsification of the oil during 
agitation. for oil in a ll emulsified condition will not form 
films on sulphides. Whatever its function, however, it is 
an essential element in a great Dumber of flotation pro­
cesses. 

(b) Collective FlotatiQ-1#;. 01' Piatation COl1centl'ation. ­
In the actual application of the basic principles of th~ 
flotation process so far described , the ore is broken in rock · 
breakers of th& reciprocating jaw type, whence it passes 
through a series of rol1s, screens, and pulp thickeners, ulti­
mately reaching tube or similar -mills, at the feed end of 
which the mixture of oils is added, although in some cases 
the II oiler" is added separately from the" foamer ," in 
which case the .. oiler II is added previous to the 
tube-milling, and the r.-foamer II at the entry of 
or within the flotation-boxes. Sometimes a mixer inter­
venes between the tube-mill and the flotation-box, where 
the acid and .. foaming" oil is added. The pulp then 
passes to the flotation apparatus proper, which p06&e88e8 an 
almost infinite val-i~ty of forms, description of which will 
not be attempted here. Sli!!!.~:+ t.." A8.~ that they are 
simply mechanical contrivances designed to bring about the 
agitation and aeration of the pulp. and the collection and 
removal of the resulting froth in such a way that it does 
not lose its load of sulphide particles before separation 
from the pulp. The process is completed with the break­
ing-down of the froth after separation from the pulp by 
skimming or otherwise, and the filtration of the resulting 
mixture of sulphides and water by continuous or inter­
mittent mechanical filters. 

Thus is effected the separation from the gangue of the 
sulphide minerals of an ore in the form of a concentrate. 
The process is, in fact , that of " flotation concentration." 
It is applicable to a wide range of ores, the adjustments 
necessary for each type of ore being brought about by the 
variation of the relative proportions of ore, water, oiL 
acid, and air, and in the particular lcinds of oils used, as 
well as the temperature of operation. The recovery of the 
metallic values varies from 80 to 95 per cent., and is usu­
ally in the vicinity of 90 per cent. The costs of flota.tion 
concentration range from 3s. to 58. per ton of ore treated. 
Its application to the treatment of zinc-lead sulphide ores 
consists in the treatment of zinciferous middlings and tail· 
ings from the wet concentration processes at ~J;oken Hill 

and Park City with the production of zinc concentrate, 
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which can be freed from the galena contents if t~y are 
too high by .ubsequellt treatment by specific gravity con­
centration ; and the treatment of the slimes product from 
wet conoentration mills in Wieoon&in, Mi8BOuri , and Park 
City, where the ratio of gangue to total Rulphides is high , 
with the production of a mixed sulphide concentrate can· 
sisting of galena and zinc-blende with pyrite and IJlarcasite, 
whioh is more or less completely separated into lead and 
zinc concentrates by treatment on slime-tables by water 
concentration. Its application to the zinc-lead sulphide 
orcs with a small percentage .of gangue, such as the Read­
Rosehery are, is obviously not advantageous, since that ore 
is already a high-grade sulphide concentrate. Its ap!?lica­
tioD in the future, however, to the low-grade ores of this 
district1 which have ~n described in Parts I . and II. of 
this series of publications as " low*grade disseminaten 
deposits," will make available a very large amount of ore 
which is at present not included in the o~e ~eeerves. 

The flotation process has, however , been developed fur* 
ther than the evolution of flotation concentra.tion. Refer* 
ring back to the descriptioll given as to the means adopted 
of rendering the surface of sulphide particles nOll*wet, the 
further question may be asked as to whether the surfaces 
of sulphides under all circumstances have the attraction for 
oil there indicated and whether they themselves poSsess wet 
or non*wet contact angles without the adhering film of oil. 
As a matter of fact it was the investigation of this very 
question which has been responsible for the developments 
in the flotation process which have rendered possible an 
infinitely wider application than that of flotation coneen· 
tration . 

(c) P referential or Dilfntntial Plotqtioll. - It has been 
found that, according to the conditions of acidity or 
alkalinity of the water, amount and variety of oil, amount 
of agitation or aeration, and temperature, different sul* 
phide minerals develop non· wet surfaces. By discovering 
such essential conditions for a certain mineral, and ga.ining 
control of the system, it was found possible to obtain a pre­
ferential flotation of that mineral. The Lyster Process WR::) 

one of the earliest developments in this direction. L yster 
discovered t.hat in the presence of a neutral or alkaline 
solution of the sulphates, chloride8. and nitrates of cal· 
cium. magnesium, sodium, or potasgium , and a frothing 
oil such as eucalyptus oil, the mineral galena developed 
a non*wet surface, and could therefore be removed by agi. 
tation or aeration, while the zinc·blende was wett.ed , and 
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remained with the gangue. By subsequently adding aei·] 
and more oil to this residue, the zinc-blende developed a 
non-wet surface. and could be floated. Thus was evolved 
the process of preferential or differential flotation, as dis­
tinct from flotation concentration Of collective flotation. 

It was further discovered that the presence of certaill 
chemical reagents in the solution had the effect of altering 
the surface of certain minerals in such a way that they are 
wetted by water while others are not so affected. In thi:s 
way the minerals whose surface is so affected remain with 
the gangue, while the other minerals are floated off in the 
usual malluer. Thus, if a small- quantity of potassium or 
sodium pel'manganate is added to the solution , the zinc­
blends is wetted , but not the galena, which is floated with 
the use of oil and agitation. A dilute solution of potas­
sium or sodium bichromftte converts t.he surface of the 
galena into a wetted one, and the zinc may be floated 
therefrom . Sulphurous acid, or SO~ in dilute solution has 
the effect of wetting the zinc~blende, but not the galena 
and pyrite, which can thus be separated by agitation witll 
air and oil. 

The same effects of rendering wet the surfaces of certain 
minerals may be obtained by the proc8Sii of roasting at a 
low temperature. This is the basis of t.he Horwood process 
of differential 80tation, which converts the surfaces of 
galena, pyrite. and chalcopyrite, into oxides and sulphates, 
by r08l'ting . but does Ilot so affect the zinc-blende. In 
thiH way the latter mineral can be floated off from thf> 
remainder , wbich then possess wetted surfaces, 

It has been found t.hat the success of these methods of 
differential flotation is very largely dependent on the 
degree of finenesH of the material treated, and that the 
process in general is specially suitable t.o the treatment of 
slimes. It is therefore particularly suited to the treat­
ment of those zinc~lead sulphide ores, which must be 
reduced to slime to free the constituent minerals. Differ~ 
ential flotation was evolved at Brokpn Hill, and w&." the 
result of the endeavour to adapt the flotation process to 
the treatment of the accumulated slime products resulting 
from the other methods of treatment, 1I0ne of which, as we 
have seen above, was successful in treating slimes. The 
presence of galena and zinc~blende in these slimes compelled 
<the investigatioll of the possibility of floating one mineral 
to the exclusion of another. And so at Broken Hill there 
was developed a number of processes of differential 8ota­
tion baqed' on the principles indicated above. which mOfe-

• 
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or less completely solved the problem of the treatment of 
slimes. The most successful of these is the Bradford pro­
cess, which has 88 its bam the utilisation of sulphur 
dioxide gas (SO,), which is p ..... d into the pulp as the 
means of wetting the zinc-blende. The agitation anei aera­
tion of the pulp so treated in the presence of oil and acid, 
or merely of sodium and pot&ssium sulphateg or other simi­
Jar salts enumerated above without oil, at a temperature 
of from 850 to 900 F., will result in a froth which carrie!:l­
over the galena contents of the ore. By dewatering the 
re8.idue, and thus eliminating the SO~!1 and subsequently 
treating it to a process of-flotation illv,olving the use or 
water, oil. acid, and air at a temperature of 1400 F., the 
zinc-blende is obtained as a Ootation concentrate. This 
process has been ver.r successful at Broken Hill, and the 
problem of the treatment ·of slimes 011 that field may be 
regarded as solved. 

The application of these various processes of ditrerellt.iai 
flotation to the treatment of the Read-Ro~ebery ofeq if' 
attended with difficulties which are not presented at Broken 
Hill, although their applicabilitY' to slime material makes 
them peculiarly suitable to the Read-Roeebery ores, which, 
as bas been repeatedly pointed out, muat be reduced to 
slime-i.f., to pass a 200-rnesh screen to free the constitu­
ent minerals. As pointed out in Chapter V., the Read­
Rosebery ores vary from the Broken Hill ores in mall V 
particulars, amongst which is the large amount of pyrite 
present in the former as contrasted with its almost total 
absence in the latter. 

In the application of the procesH of differential flotation. 
therefore, to the Read-Roeebery ores, three minerals are 
to be considered instead of two. It has been found that 
ill the application of the processe!; successful in Broken 
Hill the pyrite and galena behave similarly towards the 
reagents used, aud these minerals are therefore obtained 
as a flotation product, while the zinc-blende is obtained by 
itself as a very pure concentrate. Such has been the result 
of the application of the Bradford process; which bas given 
results superior to those obtained by any o.ther differential 
process. The problem, however. of the differential flota­
tion of the ga.lena from the pyrite is still unsolved, a.nd 
the investigation of this q uestion is now in progress. The 
present position is that two products are obtainable from 
Read-Rosehery ores by differential flotation-a high-grade 
zinc concentrate and a lead-iron produ~the most profit­
able method for 'Subsequent treatment of which is still under 
i It vestigation. 
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C.-DIRECT SIIELTING. 

In this type of process the valuable constituents of an 
ore are concentrated into a relatively small mass of metal 
or matte, while the valueless or unrecoverable portions are 
converted into an easily fusible slag by adding suitable 
fluxing materials. The metal or matte separates from the 
slag by virtue of its higher specific gravity . The fusing 
of the mixture of ore and fluxing materials is easily 
attained by the addition of coke to the charge, and the 
combustion of this by air blown into the charge under 
pressure, or by the burning of coal in a separate hearth 
from that in which the charge is smelted. The first method 
is known as the blast furnace smelting, and the second a~ 
reverberatory furnace smelting. The basic principle of 
both i8 tbe 88me, namely the chemical properties of the 
constituents of ~he ore and'Buxee at a high temperature. 

In the smelting of lead ores the process consists of first 
roa.eting the ore to convert the lead sulphide to lead oxide, 
and until the total sulphur content is reduced to as Iowa 
figure as possible. The roasted ore is then mixed with the 
requisite proportion of silica, limestone, and iron oxide. 
to convert the metallic oxides of the ore to a suitable slag. 
and coke in sufficient proportion to l'educe the lead oxide 
to metallic lead, and by 'lxidation to supply sufficient heat 
for the melting of the charge; and the whole mixture IS 

then charged into a blast furnace. Metallic lead and slag 
.. re tapped from the bottom of the furnace at separate 
d.ischarging openings 

If zinc-blende exist:6 associated with the galena in the 
lead ore the roasting must be carried to as complete a 
point as possible. In the subsequent smelting the zinc 
oxide goes mostly into the slag but a certain amotUlt is 
lost as fume. Any zinc which is present in the roasted 
«)re as sulphate or unaltered sulphide will in the smelting 
pass both into the slag and into the metal or matte. It<; 
affect on the slag is to render it highly viscous and less 
fusible, and to increase its specific gravity, so that the 
separation of metal and slag becomes difficult , and ulti­
mately il!lpossible. It has been found possible, however . 
to roast the ore so completely that slags containing up to 
25 per cent. zinc oxide have been produced. Interpreted, 
this statement indicates that zinc-lead sulphide ores con · 
t,.ining from 20 to 30 per cent. zinc can be roasted and 
smelted with the production of lead bullion, carrying most 
of the silver and gold values, and slag containing from 20 
to 25 per cent. oxide of zinc; provided thf're is available at 

• 
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the same time for smelting with it a quantity of high. 
grade clean galena ores sufficient to supply sufficient lead 
for the necessary amount of bullion-fall. 

Such was the general process applied to the Read-Rose­
hery ores by the Tasmanian Smelting Company at Zeehan 
up to the year 1913. It was the failure of supplies of 
clean galena ores that brought about the difficulties which 
finally resulted in the closing down of that smelting plant. 
The loss, however, of all the zinc values of the ore was a 

. serious drawback to this method of treatment, and the 
failure to successfully solve the problem of the recovery 

"'Of the zinc from the s,lag was ODC of the contributing 
causes of the cessation of smelting operations. Techni­
cally J the problem of the recovery of zinc from the slag 
in the form of zinc oxide has been completely solved, and 
the Oker and the Schmidt and De Gra? processes have been 
in successful operation in Germany for some years. as a 
method of extracting the zinc from the slags produced in 
t.he direct smelting of zinc-lead sulphide ores at Rammels­
berg, Aachen and Upper Silesia. These processes consist 
of crushing and briquetting the slag with the addition of 
powdered coke and smelting with blast. The zinc oxide is 
volatilised, and is collect.ed in suitable condensing cham­
bers or bag houses. The higher rate for labour, and the 
very much higher price of coke on the West Coast of Tas­
mania as compared with Germany, made this process impos­
sible of profitable application to the Read-Rosebery ores. 

D.-HYDRO-METALLURGICAL AND ELECTROLYTIC 

PROCESSES . 

1. General P1·inciples. 

The whole of the processes incJuded under this heading 
are based on chemical reactions which take place at or near 
atmospheric temperatures. These reactions are brought 
about by the use of the aqueous solutions of certain 
reagents. The ore is invariably roasted, either for oxida­
tion or chloridisation, and the roasted product is then 
treated with the aqueous solutioll of the reagent or solvent. 
After filtration to separate the solid residue from the solu­
tion containing the soluble metals , the latter is freed frOlc 
its impurities by suitable reagents, and the purified solu ­
tion is then treated for the precipitation of the valuable 
metal. This is carried out either by chemical means or 
by deposition by means of an electric current. This latter 
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method is that of electrolysis, and it has the great advan­
tage over chemical methods of precipitation of the produc­
tion of metal of very great purity. 

These wet chemical processes of extraction of metals from 
their ores are not new in principle, as certain wet pro­
cesses, such as the chlorination and cyanide processes for 
gold and silver extraction, and the leaching of oxidised 
copper ores with dilute sulphuric acid, have been in ti,e 
for many years. It is an undeniable fact, however, that 
the greater number of chemical processes, which worked 
to perfection in the laboratory, failed lamentably when 
attempted on a commercial scale. It is only during the'" 
last decade, asd particularly during the last four years, 
that these hydro-metallurgical processes have made sucb 
strides as to be now well-established commercial processes, 
destined, in fact, to rival aRd actually displace many sme1t.. 
ing and other processes which have been in operation for 
years. This has been brought about by the gradual 
mastering of the mechanical difficulties of handling the 
solutions and a proper understanding of the effects of 
small quantities of impurities. Much of the advancement 
is due to the war, in that the high priC&3 of metals result­
ing therefrom enabled experiments to be made which other­
wise could not possibly have been afforded . 

In trea.ting ores which contain more than the one valu­
able metal which it is desired to separate a solvent must 
be used which will dissolve one metal to the exclusion of 
the others. In practically all the proposed processes the 
selective solution is directed towards the zinc contents to 
the exclusion of the lead, iron, silver, and gold contents, 
which all remain together as an insoluble residue, free, or 
nearly free, from zinc. This is the object aimed at in the 
processes described below, and it is the degree of complete­
ness of this seleCtive action that determines the efficif'l1CY 
of the process l\S applied to the treatment of zinc-lead sul­
phide ores. That efficiency has already been shown to be 
high. and there is no doubt whatever that these hydro­
metallurgical and electrolytic processes are destined to play 
a most important, and, in fact , an essentiaJ part in the 
successful treatment of the Read-Rosebery zinc-Jead sul­
phides. The physical character and texture of the are has 
very little to do with the success of the prooesses, the 
important factor being the chemical composition, so that 
the unique character of the Read-Rosebery are, which has 
prevented its participation i~ the success attained by so 
many' processes on other zinc-lead sulphide ores, will Dot 

• 
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debar the application of such hydro-metallurgical processes 
which are succeesful in treating zinc-lead sulphide ores in 
other parts of the world . 

2. Ashcroft P rocel(J>. 

This process was a complete SUCCe'38 when tried on a small 
scale jll the laboratory, but its working on .. 8 commercial 
scale at Cockle Creek, New South Wales, was found to be 
impossible, and was ultimately abandoned. It is men­
tioned here to indicate that a serious attempt was made as 
long ago as 1896 to apply hydro-metallurgical treatment to 
zinc-lead sulphides in Australia. That it did not succeed 
iti due, not SO much to any fault in the chemical basis of 
the process, but to the drawbacks affecting the hydro­
metallurgical processer as a whole--drawbacks which, as 
stated above, have now been overcome. 

The first stage in the process was that of roasting the 
ore to eliminate all sulphur, and for the conversion of the 
zinc sulphide to zinc oxide. This roasted product was then 
treated with a solution of ferric chloride (FeCI3 ), which 
dissolved the zinc oxide with the formation of zinc chloride 
and granular ferric hydroxide according to the equation: 

2FeCI, + 3ZnO = 3ZnCI, + 2Fe(HO),. 
The zinc chloride solution was separated. by filtration 

from the insoluble ferric hydroxide and the insoluble por­
tion of the ore carrying the lead, silver , and gold values, 
which was smelted in the ordinary way. The solution thus 
obtained contained zinc chloride, with varying amounts of 
chlorides and sulphates of lead , antimony, arsenic, silver, 
and iron. Sodium sulphate was added to eHminate the 
lead, and zinc oxid-e to precipitate the iron, while zinc dust 
was used to precipitate the silver, antimony, and arsenic. 
These precilJitates were got rid of by filter-pressing. The 
purified zinc chloride solution was then subjected to electro­
lysis, using both iron and carbon anodes and zinc cathodes. 
zinc being deposited at the cathode and ferric chloride. 
being generated at the iroH anodes, which were converl:eo 
into ferric chloride ill those cells where the carbon anode 
was used. Thus W88 regenerated the original solution. 

In actual practice the ferric chloride solutions were found 
difficult to work with, as they corroded pipes, valves , &c.; 
the ferric hydroxide was formed as an almost impermeable 
flocculant precipitate, and not in the granular form ; silica. 
went into solution and choked all filters. &c., with gelatin-
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OU8 silica; and manganese could not be got rid of, and 
gradually (ouled all solutions. In addition, it was found 
impossible to obtain a solid zinc sheet in the electrolysis . 
as spongy zinc invariably formed. Add to all these troubles 
those experienced in roasting the are, which we now know 
is an extremely delicate operation even in modern furnaces , 
and which was therefore hopelesa in It.be crude hand­
rabbled furnaces used at Cockle Creek, with the result­
ing poor extractions through incomplete roasting. It 
is not ~urprising that, burdened with all these troubles, 
the process succumbed. Even the replacement of the ferric 
chloride by dilute sulphuric acid as tbe solvent did not 
succeed in overcoming the difficulties, and the plant was 
ultimately dismantled. 

3. Bisu1'phitf' Proc(!,,~. 

This is the process which has been used by the Tasmanian 
Metals Extraction Company at Swansea ill Wales and at 
Rosebery, although at the latter place it has not as yet 
been proved a commercial success. It was first introduced 
into Tasmania in 1909, when a start was made to erect a 
plant at Rosebery. Actual operations were started in 
1912, and continued at intervals until January: 1915, sillC& 
when no work has been done art. ROBebery. 

The ure is first roasted and the oxidised product then 
leached with a solu tion of the sulphur dioxide gas from the 
roasting furnaces, obtained by allowing water sprays to 
fall through the upward rising furnace gases. The zinc 
goes into solution as zinc bisulphite, and the other con· 
stituent& remain in the insoluble residue. The filtrated 
solution of zinc bisulpbite is then heated by passing over 
a revolving drum internal1y heated. This drives oft one 
molecule of sulphur dioxide, and insoluble zinc monosul ­
phite is precipitated on the drum, whence it is scraped off 
and sent to a reverberatory furnace. Here the remaining 
molecule of sulphur dioxide is driven oft', and a granular 
zinc oxide remains, which can be used &8 zinc oxide for 
paint, or smelted with coke and coal , with the production 
of metallic zinc or spelter. 

In the operation of the process at Rosebery, many diffi ­
culties were encountered, the first of which was in roasting . 
where the mistake was originally made of putting in nOD ­
water-cooled rabbles. After this defect had heen remedied . 
trouble was experienced with the heating of the bisulphite 
solutions and the coJlectioll of the mono8ulphite. The~e 
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were partially overcome by the installation of the revolving 
drum described a.bove but one of the final difficulties 
encountered was in the roasting and controlling of the sul­
phur dioxide. The plant did Dot run long enough to 
afford an opportunity of properly gaining control of this 
part of ~he procees. Comple~ control, however, is regu­
larly maintained at Swansea . 

Since the last attempt made at Rosehery in 1914-15_ the 
process has been in operation at Swansea, and has been 
remodelled tQ permit of the application of electrolysis. 
In ,this remodelled process, the solution of zinc bisulphite 
is obtained as described above. This solution is then 
purified to put it in a proper condition for electrolysis. 
The impurities to be removed are arsenic, antimony, bis~ 
muth, iron, copper, and cadmium , the first four of which 
are removed by adding -Umestone or zinc oxide, and the two 
latter by adding zinc dust in a generally similar manner to 
the methods adopted in those processes, described below. 
which use sulphuric acid as the solvent. Very satisfactory 
zinc sheets are obtained in the electrolysis, aluminium 
cathodes being used. This process has been thoroughly 
tried out in Swansea, and operations are shorUy to be 
,tarted at Rosebery to adapt tb~ plant to the altered pro­
cess. Most of the new plant has already arrived, and the 
results of the operations are awaitetl with interest. 

4. Processes U sin.g S ullJhu1'ic .4 cill. 

(a) Purdy Chemical.-There are a great number of pro­
cesses which have been in use for years, and are still in 
operation, which separate copper and zinc by u~ing a dilute 
solution of sulphuric acid,' and precipitate the metals from 
the resulting solutions by purely chemical means. There 
is no need to deal with those used on copper ores, and 
attention will be here devoted to a hydro-metallurgical 
zinc extraction process of long standing . which is still in 
use at Rammelsberg, in Germany. The ores treated are 
the I< grey ore" and" brown ore," described in Chapter 
IV. , and known together as n lead ore." The average cop­
tent. is 10 per cent. leadl and 18 per cent. zinc. The works 
are known as the Herzog Julius and Frau Sophienhiitte. 
Here the H lead ore" is given a sulphatising roast, and is 
subsequently leached with dilute sulphuric acid solution. 
The resulting solutions are removed by decantation to set­
tling vats, whence clear solutions are drawn off to lead pan~, 
where they are heated for the precipitation of basic ferric 



sulphate. Tpe darified solution is then evaporated in lead 
pans, and subsequently removed to V -shaped lead-lined 
wooden vats , where zinc sulphatt' crystallises. The 
4< mother-liquor" is returned to the leaching plant, to be 
made up into new solution. Copper gradually accumulates 
in the solution, and is removed periodically. The Tetlidue 
from the leaching-plant is then completely roasted and 
smelted. 

(b) f;lf-d rol,ljt ic.-All the plants in succes.~ful operation 
in America and Tasmania which are treating zinc ores by 
hydro-metal1urgical and electrolytic methods use dilute 
solutiOns of sulphuric acid as the active solvent, and pre­
cipitate the zinc by electrolytic methods. Their details of 
operation may vary, but they are an similar in that they 
without exception start off with an oxidising roast, follow ­
ing by leaching with dKute sulphuric acid, and endin~ 
with the precipitation of zinc by electroly~is. The proO€'''s 
is really quite an old one, and was, in fact . tried during 
the final stages in the history of the A !'>hcroft process, but 
its successful operatiOil has only been accomplished during 
the last four years, and it is now a definitely established 
process. 

The outline of the prooees remains the same, whether it 
is being applied to zinc concentrate!'> containing 50 per 
cent. zinc and 5 per cent. lead , or to crude zl llc7 lead sul­
phide with any relative proportion of zi nc and lead con ­
tents. 

The ore is first crushed to pass a 60-m~h ~creen , and it 
is then roasted . The latter operation is a vital one to the 
process, and it i." not a straightforward or simple proposi­
tion by any means. The object a.imed at in the ideal is t he 
conversion of the lead, iron, and zinc sulphides to oxides. 
but as the elimination of all the sulphur is not found po~­
sible in actual practice . all efforts are made to ensure that 
the sulphur which does remain is in the form of sulphate. 
Zinc-blende possesses a higher ignition temperature than 
either pyrite or galena., asd consequently the temperature 
of roasting must bp higher than that. of an ordinary ~ul ­
phatising roast. The tempnrature must not, however , bE' 
allowed to exceed 6000 C., as above that temperature zinc 
ferrate or ferrite is formed which i!ll insoluble in 8ulphurif.! 
acid , and is therefore not extracted in the leaching proce88. 
The actual temperature employed varies between 5750 C. 
gnd 6000 C., which gives the maximum development of 
sulphatea and gives the minimum production of ferrates or 
ferrites. On the success of the roasting operation largely 
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depends the percentage of extraction of the zinc contenls 
in the subsequent leaching operations. 

The ro""ted ore i. then agitated by auy of the well-known 
appliances used in the cyanide and similar processes with 
a dilute solution of sulphuric acid and the resulting solu­
tion decanted and the Te~idue freed from zinc sulphate 
solution by washing and filter-pressing. The rMultiug 
solution should be slightly acid and consiste of a dilute 
solution of zinc sulphata, together with sulphate. of the 
following metals :-iron, manganese, arsenic, silver, anti­
monX, tin, bismuth, nickel , copper, cadmium, and cobalt, 
if the original ore contained. any of these metals. It is 
necessary to eliminate all of these metals except mangan­
ese, as they all seriously interfere with the electrolytic 
operations. The solution is then paseed on to the purify. 
jng tanks. In the firM. of these, powdered limestone 18 

added to precipitate arsenic, antimony, bismuth , tin, and 
iron , which fall as a basic precipitate from a neutral solu· 
tion . If cobalt is present, zinc oxide is added at this stage, 
and the temperature raised, as under these conditions, in 
the presence of arsenic, cobalt is precipitated. In place 
of adding powdered limestone at this ~tage the same metalR 
are precipitated by bringing about the neutral condition of 
the solution by the leaching of the roasted ore in stages, so 
that the nearly neutral solution comes in contact with fresh 
ore, thus being completely neutralised. In this way the 
basic precipitate forms under the neutral conditions exist­
ing in the last leaching vat, and zinc oxide can be added 
at thi!' stage also if nec&JS8ry . 

r n either case the partially-purified solutions are freed 
from tbe precipitate by filter-pressing, and }>assed on to the 
next purifying tanks. IIere zinc dust is added, which pre­
cipitates 8ilver, copper , cadmium, and nickel. These are 
also removed by filter·pressing. and the resulting purifieri 
solutions passed on to the electrolytic cells. 

It is only during the last four or five years that the prob­
lem of the precipitation of solid zinc plates by electroly­
sis has been 5uccessful1y solved. In previous a.ttempts, 
spongy zinc was invariably produced , which is too bulky 
to allow of continuous operation of the cells. andJ in addi­
tion , is very largely oxidised during the '3ubsequent smelt· 
jug into zinc ingots. There were many other technical 
difficulties, such as the growth of zinc " flowers" on the 
zinc sheet in the electrolytic cell, which, if not prevented, 
caused cross-circuiting between the cathode and anode. 
All these difficulties have now been overcome by the puri 
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fication of the solutions and the using of certain current 
densities , &c., aud large plants are now in continuous 
operation, producing solid ziuc sheets averaging one-tenth 
of an inch in thickness. The process is a continuous one. 
the solutions flowing through the electrolytic department 
from one cell to the next. It is e",s811tial that the solu­
tions should consist of a so lution of zinc sulphate with a 
little manganese as the sole impurity. Aluminium 
cathodes and lead anodes are used . Zinc is deposited on 
the aluminium sheets, and sulphuric acid is reg£-nerated . 
The rate of the passage of the solutions through the electro­
lytic department is so regulated that 50 per cent. of t.he 
zinc is deposited , the other 50 per cent. remRining in the 
solutions which are returned to the leaching plant The 
circuit is therefore a closed one. The zinc sheets are 
stripped about once a week from the aluminium cathodes 
and melted into ingots in an ordinary melting furnace. 
The resulting zinc or spelter is very pure, contaIning over 
99·95 per cent. meLallic zinc. 

The residues remaining from the leaching process will 
vary in character according to the original composition of 
the ore which is being treated. III the case- of n zinc con· 
centrate, it will contain equal quantities of lead and zinc, 
and is, therefore, unsuited for lead smelters. It cau, Low­
ever, be treated in special furnaces, in order to volatilise 
the lead and zinc as oxides, which can be collected in con· 
densing chambers or bag houses, and u!'Ied a~ paillt 
material. If the ore being treated is crude zinc-lead suI 
pbide. tbe residue will contain all of the lead , silver, lI.nd 
gold, a.nd most of the iroll, and its dispoS81 will depend 
on tbe lead-content, and also on the proximity of a lead 
smelter. 

These processes are at the present time successfully treat· 
iog zinc-lead sulphide ores from P ark City and Leadville 
and also at Anacouda Montana. 011 <:; ucb ores it is a 
definitely-established and very succes~fu l process. It is in 
9uccessful operat ion at Risdon, Tasmania. on zinc conc~n 
trates from Broken Hill, and the present capacity of 100 
tons of electrolytic zinc per week is to be increased to ten 
times that figure. They have certainly solved the ques­
tion of the treatment of zinc· lead sulphides, and threa~n 
to displace to a very large extent the recovery of zinc from 
zinc oonoentrates by roasting and retoN,jug. Their exist.. 
elice, however, is wholly dependent upon the availability 
of cheap electrical power. Their application to the Read ­
Rosebcry ores bas been thoroughly tested by laboratory 
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trials, and a. large-scale working test of a. lOO-ton parcel 
at Anaconda. Montana, and found to be very successful. 
From 80 to 85 per cent. of the zinc can be recovered as 
pure electrolytic zinc, and a lead-iron product obtained car­
rying all of the lead. silver, and gold, together with most 
of, the iron, the metals being in the form of sulphates and 
oxides . The disposal of this residue is discussed in a sub­
sequent portion of this chapter. The tests are being con­
tinued on a considerable scale in the trial plant erected at 
the research laboratory of the Mt. Lyell Company. at 
Queenstown. 

" 
E. - OUTLINE OF THE COMPLETE TREATMENT METHODS IN 

USE AT THE VARlOU~ZINC-LEAD SULPHIDE DEPOSITS . 

1. ~l1i8souri and lVisco1tsin. 

The separation of the lead and zinc ores is commenced 
in the mines, where a certain amount of the ore consists 
of galena or zinc-blende exclusively. The mixed ores are 
sent to wet concentration mills, which produce clean galena 
concentra~, assaying 77 to 79 per cent. lead, and a zinc­
iron concentrate assaying from 35 to 59 per cent., accord­
ing to the amouut of marcasite and pyrite present. The 
Wisconsin zinc concentrates have the latter figure, and 
the Missouri the former. Where the pyrite and marcasite 
is in excet'S, the zinc concentr ate is sent to electro-magnetic 
separator plants, where it is given a magnetising roa~t, and 
the iron removed as a magnetic product. The zinc concen­
trate is thus enriched. The slimes are :now being treated 
by differential flotation, with the production of lead con­
centrates and zinc concentrates. 

The lead concen-trates are sent to lead smelters and the 
zinc concent.rates to zinc smelters, where metallic lead and 
zinc are respectively produced by roasting and !:tmelting 
in the ordinary way. 

2. Aoe/ull and U ppel' Sile.~i(l. 

The oxidised ores are mined separately from the sul ­
phides and smelted direct. The mixed sulphides are hand­
picked on sorting belts, and clean galena or zinc-blende 
picked out. The remaining mixed sulphides are sent to 
wert: concentration mills, where lead concentrates with a 
little zinc, and zinc concentrates with a little lead. are 
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obtained. The fanner are roa&ted and smelted in blast 
furnacee, with the production of lead bullion and a 
zinciferous slag, which is dezinoed by the Schmidt, and De 
Graz or the Oker pr00eBBe8. The zinc oonoentrate& are 
roasted, and the zinc distilled in retort. in the ordinary 
way, and the reaidue is sent to the lead furnaces fQr 
recovery of its lead oollltent. 

3. Park City and Leadvilll!. 

The Ofes from the Qxidised portion of the ore-bodies are 
mined. separately as lead or zinc are. The sulphides are 
sent to wet concentrating mills, where lead concentrates' are 
produced, which are sent to lead smelter'3, together with 
a zinc concentrate, which, however, is only derived from the 
coarser end of the mi11ing~ At the same time, there is pro­
duced from the finer portions of the milling operations a 
zinc middli'lgs product, which is subjected to flotation 
when a zinc concentrate is obtained. The slimes up to 
quite recent};.r have been dumped, but are now being 
treated by differential flotation, producing lead concen­
trates (which are sintered by the Dwight-LI(lyd process and 
sent to the smelters) and a zinc concentrate. 

The zinc concentrate from all these operations go partly 
to zinc smelters, where they are roasted and retorted in the 
ordinary way, and partly' to the electrolytic zinc works 
which have sprung up during the last four years, and which 
are producing electrolytic zinc and a relatively s,mall qual! 
tity of zinc oxide for paint. 

During the last four years also have appeared the plants 
which are treating the more intimately intergrown zinc­
lead sulphides, less answerable to wet concentration than 
the coarser-grained ores by hydro-metallurgical and electro­
lytic processes. 

These plants produce electrolytic zinc and a lead-bearing 
residue, which is sent to lead smelters, and are, in fact, 
exactly the sallie in design and working as those treating 
zinc concentrates only. 

4. Ramrnelsbtrg. 

The ore is separated during mining, and subseonelll 
lmnd-picking on moving belts, into the five c1as.Qes of are 
described in Chapter IV. (p. 41). The" copper ore," 
'j'm'ixed are," and ,I pyritic are," with an average con-

, 
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tent of 5 pel" cent. copper, are sent to smelters, where they 
are roasted to such a degree as to leave enough sulphur 
to form a copper matte. They are then smelted in a blast 
or reverbatory furnace, a.nd lead bullion and copper matte 
produced , together with a slag carrying considerable zinc 
values. The lead bullion and copper matte are separated 
within the furnace by intermittent and selective tapping. 
or in forehearths. The lead bullion is refined for pure 
lead and silver, while the copper matte is converted to 
blister copper, which is subsequently refined to pure copper. 
and the sil ver and gold content recovered. The zinciferous 
slags are treated by the Oker process, and the zinc recov­
ered as zinc oxide. 

The H grey ore" and" brown are," collectively known 
as " lead ore," which co"'iitains, approximately, 10 p,ef cent. 
of lead and 18 per cent. zinc", is :ooent to a separate treat­
ment works. Here the zinc is extracted by a hydro-metal­
lurgical method, using dilute sulphuric acid as a solvent, 
and the zinc is obtained. as crystallised zinc sulphate. The 
insoluble residue is completely roasted and smelted, the 
products being lead bullion (which is purified) and a zinc­
iferolls slag . which is dezinced by the Oker process. 

5. Bawdwin. 

The ore as mined is crushed by breaker , rolls, and tube 
mills to pass a lOO-mesh screen. -The slimes thus produced 
are treated by differential flotation, with the production of 
a zinc concentrate, which is sold to zinc smelters, and a 
lead-iron concentrate, which is roasted and sintered, and 
smeltered in blast furnaces. with the production of lead 
bu1lion. which is wId as such. 

6. Bruko. Hill . 

The ore is 'ient . as mined. W wet cncentratioll mill s. 
These produce-(l) lead concentrates, which go to the lead 
smelters at Port Pirie and Cockle Creek, or are sold as 
such; (2) zinc middlings or tailings, which go to flotation 
concentration plants, which produce zinc concentrates. 
which mayor may not be subsequently r&-treated by wet 
concentration for the elimination of most of the galena 
cont.ents i (3) slimes which are treated in special differential 
flotation plants. with the production of lead concentrateB­
and zinc concentrates. The metal contents of these various 
products are .hown in Chapter IV. (p. 55). 
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At Port Pirie the lead bullion produced is refined to pure 
lead and pure silver. Cockle Creek produoes lead bullion . 
The zinc concentrates go partly to Port Pirie and Cockle 
Creek, where spelter is produced by roasting and rE'torting . 
partly to Rif3don, Tasmania , where electrolytic zinc is pro· 
duced by hydro-metallurgical and electrolytic proces.~es. 
and partly to America . Japan. &c., as zinc concentrates. 

F .- STATEMENT OF THE PRESENT POSITION IN REGARD TO 

THE TREATMENT OF THE READ-ROS EDERY ORES. 

In the preceding pages there have beeu studied the 
physicaJ and chemical "MtaractrilJtica of the zinc-lead sul­
phides of the Read-Rosehery District in their relationship 
with the other zinc- lead sulphide ore~ of the world . There 
have also been presented the metallurgical processes which 
have been, or are being, used in treating zinc-lead sulphides 
throughout the world. and the relation between these pro­
oeeses and the physical and chemical charaoi.en of the ore 
are discu"lsed. Their applicability or otherwise to the 
Read-Rosebery or~ has been "Iearly indicated. It is there­
fore possible now to present a summary of the treatment 
problem of the Read-Rosebery ores as it exists at present. 
using the above information as to the bearing of the physi 
cal and chemical character on the success of the processel' 
actually ill use in the various cases, as an indicatiofi of the 
type of process that is to solve the problem. 

Specific gravity concentration is impossible, and so is 
electro-magnetic separation. ' 

The application of flotation concentration is restricted to 
the treatment of the" low-gra.de dis'Jemil1ated deposit~" 
for the production of a high-grade zinc-lead ~t11phide COI1 -

centrate . 
Differential tiotation has been successful on the zinc-lead 

8ulphide Ofe, especially that process known as the Brad · 
ford process. From 80 to 85 per cent. of the zinc is recov­
ered in the form of a zinc concentrate RSSaying 55 per 
cent. zinc and 2 per cent.. lead . with a little silver. The 
remainder of the sulphides are contained in the lead-iron 

. concentrate. which assays, a.pproximately , 18 oz. ~nver per 
ton , 15 per cent. lead, and 6 per cent. zinc. 

Direcl smelting, with dezincing of the zinciferous 81age 
by the Oker proceos, has heen a technical success ; but 
under the conditions existing on the west Coast of Tas-

.. 
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mania, is economically a failure, and therefore impossible 
of application. 

The electrolytic type of the hydro-metallurigcal processes 
has been proved by large-scale trials to be applicable to the 
Read-Rosebery ores. An extraction of from 80 to 85 per 
cent. of the zinc, in the form of electrolytic zinc, is assured 
The remaining components of the ore remain in the lead­
iron residues. 

The choice of a process, therefore , lies between two types, 
namely, differential flotation and electrolytic hydro-metal­
lurgy, both of which have already been proved to give 
results which are commercially profitable when considered 
in conjunction with the existence of large resources of cheap 
hydro-electric power in the vicinity of the field. Before 
a final choice be made, iIowever, it is desirable to ascertain 
which process will give the greater profit, and which shows 
most chance of being improved. These are the considera­
tions which are now being gone into. In the first place, 
the hydro-metallurgical. processes have the advantage over 
differential flotation in that the amount of grinding neces­
sary is to pass 60-mesh in the former case, and 200-mesh 
in the latter process--figures which make a considerable 
difference in power coats. In differential flotation, the 
zinc conceutrate obtained would have to be roasted and 
leached, and electrolytic zinc deposited from the resulting 
solutions, but the lead.-iron residue is more difficult of 
utilisation. If a lead smelter were operating in the vicin­
ity , it could be roasted and smelted, but that would neces­
sitate the addition of clean galena ores, as there is not 
enough lead in it alone for a lead furnace charge. Expen­
ments are now being conducted, however, with the object 
of effecting a differential Botation of the galena from the 
pyrite, and already, have met with some measure of success. 
. The electrolytic type of hydro-metallurgical proCf"ss give}. 
the same extraction of 80 to 85 per cent. of zinc, but, 
whereas differential flotation produces a zinc concentrate, 
this process produces chemically pure zinc, so that to com­
pete on this point the subsequent treatment of the flota · 
tion zinc concentrate would have to give an extractIOn of 
toO per cent., a result which is manifestly impossible. The 
leachiug process also has . the advantage over Botation , in 
that the lead-iron residue is already;n the roastea form, and 
it is doubtful whether the roasting of the two products of 
differential flotation separately, as described above, could 
be as economically effected as by roasting the original are. 
In view of the wonderful advances made in hydro-



metallurgy during the last five years it seems very probable 
that this roasted lead-iron residue will be treated by some 
such method as the dissolving of the lead by a sodium 
chloride solution and the silver by cyanide or hypo solu­
tions, and subsequent precipitation, rather than by smelt. 
iog. If this eventually happens. the electrolytic process is 
the one to adopt for the original ore, as it provides an 
already completely roasted product. 

The hydro-metallurgical process also has the adv811tage 
over differential flotation, in that there is not the loss of 
lead and silver with the zinc, although these go into solu­
tion to a small extent, yet they are precipitated and 
returned to the insoluble residue. Against this is the fact 
that if the treatment of the zinc concentrates is being car. 
ried OUt by the producer!h>f it the lead content is uJtimately 
recovered as lead oxide or sulphate for paint purposes. 

It wiJI be seen, therefore, that the present position is 
ODe of rivalry between the two successful processes, and the 
deliberations are taking the form of minute calculation!l­
and estimaltes of workjn~ 0081:8 and poesibilities of improve­
ments , which are all helDg investigated by trials in speci­
ally-collstructed research apparatus and in plants to be 
operated 011 a commercial scale by skilled and eXperienced 
metallurgists. The final decision will be awaited with 
interest, but in the meantime there is not the shadow of 
a doubt that the successful treatment of the Read.Rofle­
bery zinc-lead sulphides has been accomp1ished a.t last. 

• 



Vll.-'fHE EXTENT AND POTENTIALITIES OF 
THE READ-ROSEBERY ZINC-LEAD SULPHIDE 
BELT. 

To obtain a correct conception of the potentialities and 
extent of the zinc-lead sulphide deposits of the Read-Rose­
bery District, it is necessary to refer to Plate V. of Part I. 
and Plate IX. of Part II. of this series of publications. 
These are on the same scale, and if they are joined 
together, using the RQsebery-Williamsford-road and' the 
northern boundary of the Jupiter consolidated lease as 
registering points, the whole Read-Rosebery zinc-lead sul­
phide belt will be seen in plan on a scale of, approximately. 
530 feet to an inch. With this plan, should be studied 
Plate VIII. of Part I., and Plate XII. of Part II., which 
are vertical sections in a general north-south direction. 
Plate VII. of Part I. and Plate X. of Part n., should be 
next referred to, as giving vertical sections in a west-east 
direction. 

The zinc-lead sulphide deposits are thus seen in the piau 
to occur at intervals along a belt 7 miles in length in a 
general north-south direction, .the mines in which zinc-lean. 
sulphide ore-bodies have already been located being from 
south to Ilorth- Dunne's Blocks, Mt. Read Mine, South 
Hercules, Hercules, Ring P.A., JuplLcr, Koonya, Dal­
meny, Primrose, Tasmanian Copper, and North Tasmanian 
Copper-a total of 11 mine~. 

The longitudinal vertical sections in the north-south 
. direction show the ore-bearing horizon to be undulating 

continuously along the whole length of the 7-mile belt . 
The vertical cross sections similarly show the ore-bearing 

JlOrizon to be undulat.ing from west to east, being in places 
denuded and completely miS6iug. but existing as undu-
1ations below the surface for definitely proved widths. 
varying from 7000 feet as a maximum, down to 800 feet 
as a minimum, and extending to an unknown distance eE,e.t­
ward of this. 

The portions of the ore-bearing horizon over this area 
of occurrence which actually carry zinc-lead sulphide 

• 
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deposits have only been located in the instances cited above, 
where the mine workings have_ penetrated them, but a~ 
fully discussed asd explained in Part II., there is every 
reason to believe that the greater part of it will carry zinc­
lead sulphide ore-bodies. The chancee which the~ boring 
operations, carried out on the lines of the diamond·drillillg 
scheme indicated in Parts I. a.nd II., will actually have 
of locating ore are in direct ratio to their nearness to a 
zinc· lead sulpbide ore-body alrealy located. 

The production of zinc· lead .ore from the mines operal­
ing on the belt has been, approximately, 296,000 ton!:> . 
made up as shown in the following table, which also indi . 
cates the actual receipts for the ore as sold: -

~ 

Output. 

Mint'. 
Zinc.lead ! 

Value. 

0088ao. 
Cl)pper Total. 

Sulphide. \ 0 .... 

TIlDe. I ,'ulI£ Ton~. j Tons. £ 
10'0,70' 16,316 346 . 181,4:!6 tfW,,316 Hereule~ ...... ..... .. 

Turnanlan Copper .. . 60.8'16 541,826 47,600 
Priml"OM .... .. ... ... . . ~l <0,>464 50,000 
MOIiDt Kead .. .. . . 80.;9 AO.')I} BOOO 
JQJliter ........•..... ..•. 7000 •• 702:;! 7000 
R;og P.A .............. . :l,'lf() 234O 6000 
North Tumlloian 

Copper ........... . . . . 200 200 100 

Tobl18 ........ . .... .... ! itJ5,i:11 .£383,416 

In indicating the amount of ore reserves, it is necessary 
to include If proved ore," or that which has been definitely 
established by mining or boring as actually existing, being 
exposed on three or four sides ; and n probable ore," which 
is definitely located on ODe or two Bid.. In addition, it, is 
necessary to g'ive some information 88 to the " prospective 
ore," or that which, while not actually located, yet, from 

. the geological evidence and its proximity to ore already 
penetrated, seems reasonably possible. 

The amount of "proved ore" in the Read·Rosebery 
zinc· lead sulphide belt has been indicated in previous page\i. 

• 
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-of this publication, and are summarised III the following 
table :.!.... 

Mine. A!l88)' 

Golft. SlIvtll'. Anwun'. 
(Tonl'.) (Ou. pt!!' (Ozo. pel" 

Lead 
0/0 

Zinc. 
0/0 

too.) ton. ) 

. . 1 Ro,e-
Ta.~Ill.man Copper bt'ry 1,060,000 0-118 10'0 
Pl'IlIl I'OStI .. . ... , f Mioe 
Hen~ule8 ... ............ 530,('00 0'143 8-2 
Mount Read ltK.I,UOU wIlD 9'0 

:'3 :10'3 
7'0 V2 ' O 

TotaL .•......... . .. ! 1,680,1101.1 U')27 7" 27'3 

The amount of "probable ore " is more difficult to 
satisfactorily expres~ in figures. In the following table , 
however, the approximate amounts of " probable ore" in 
the various mines are indicated: -. 

Mine. 

Tallmanian CoPl)!>)" ... 
Prim rOle 
Herc ·,)elS ..... . 

} R088bery Mine 

MOllnt ttead ... . .. ......... . . .. .... . .. . .......... . ... . 
North Tas!llanian Copper 
South He."cule .. .. . ......... . 

Total ... . . .. .. ... . ...... . ... ••. ••• 

Probabltl Ore (Amoullt 
in 1'0118 ). 

720.000 

156,000 
''' ,l'VO 
10,000 
5,uoo 

OLo,OOO tong 

The amount of " prospective ore " cannot of course be 
expressed in figures , but at the following specific localities 
of the zinc· lead sulphide belt, there is every justification 
on ~he geological evidence for the expectation that appre~ 
ciable bodies of ore may be locau,d by exploratory wone 
carried out on the lines indicated in this series of publica-
tions. -

(1) To the east of and below the present workings of 
the Mt. Read Mine . 
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(2) To the east, both north and south of the Houl!, 
Hercules shaft and below the South Hercules 
eastern adit. 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 
(10) 

( 11) 

( 12) 

(13) 

The southern end of the 1/ C " ore-body at No. 4 
level, Hercules. 

The ground between the main crosscut and N o. 
4 tunnel at No.4 level , Hercules, which con . 
tains the southern continuation of the " E ., 
ore-body with its Beta fold (see Plate VIII .. 
Part I.). 

The corresponding ground south of the No. 3 tun ­
nel , Hercules. 

The ground to the south of the ·3A crosscut at t he 
" E " ore-bQdy, Hercules . 

To the east of Noo. 8 , 11 , 23 , and 24 bores, H er ­
cules. 

To the east of and below Sligo's tunnel, in the 
Ring P.A. 

To the east of and below the No.3 level, Jupiter . 
To the north and south of and below the No , 2 

level , Koonya. 
To the east, both to north and south of the D.r! . 

many ~haft. 

Between the Primrose open-cute and the IlflW dis­
covery on the Stitt River. above the r c>ad 
bridge. 

To the east and north of the bores on t,he Rose­
bery Mines, including the North Tasmania 
Copper. 

In addition , there is every justificat ion of the expecta­
tion that zinc-lead sulphide ore-bodies will be discovered 
by the diamond'-drilling scheme outlined in Parts 1. and 
II, at any part of the zinc-lead sulphide belt in the undula­
tions of the ore-bearing horizon over a meridional direction 
of 7 miles, and a width known to vary from 800 to 7000 
feet , and to an indefinite distance eastwards of this, 

In addition to the ore referred to up to this point. 
which includes only those ore-bodies which con sist of the 
typical solid zinc-lead' sulphide, there exist throughout the 
field large quantities of lower grade ore, which have been 
described in Part. I. and II ., but which have not been 
included in any estimate of ore reserves. They have been 
referred to in these publications as " low-grade dissemin­
ated deposits," and consist of pyrites, zinc-blende, galena ,. 

• 

• 

• 
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and chalcopyrite disseminated in schist , the metallic values 

being approximately ;-

GQid ...... . .. ..•... . . 
Silver ... . 
Lead 
Zinc 
Copper 

0'03 (\z . per ton 
1'5 .. 
0-5 per ceni. 
6·5 .. 
0·1 

As pointed out in the chapter dealiug with the met.al ­
lurgy of the zinc-lead sulphides, these deposita 3I;e ulti­
mately destined to supply considerable quantities of zinc­
lead sulphide concentrates as the result of their treatment 
by fiotatioD concentration. When the metal contents of 
these disseminated deposits are compared with those of the 
Wisconsin and Mi880uri deposits , which possess lower metal­
lic contents, but wh~ are amongst the most important 
zinc and lead producers in the United States their potential 
value will at once be apparent. 

Taking the figures given in this chapter in conjunction 
with those in Chapter V., it is seen that, taking oogni8&nce 
of the size of the ore-bodies. metal contents, extent of the 
ore-bearing zone, and the amount of ore reserves con­
sidered in relation to the relatively small amount of 
systematic mining carried out in spite of the 28 years ' 
opportunity, tho Read-Rooebery zinc-lead sulphide 
deposits can be placed high in the list of the potential 
ODUrees of the zinc and lead supplies of the world . 



VIlI.- THE 
DELAY 
FIELD. 

CAUSES 
IN THE 

RESPONSIBLE FOR THE 
DEVELOPMENT OF THE 

On studying the last tahle given in Chapter V., which 
presents the output and ore reserves, and the Dumber of 
years since the discovery and first working of the various 
zinc-lead sulphide deposits of the world, it becomes appar 
ent that the Read-Rosebery field is markedly backward in 
its dev~opment as compared with other fields which have 
been known for , approximately, the same number of years; 
and, in addition , it has had DO Bnnual output since 1913. 
It is the object of this chapter to inquire into the reason~ 
for this. and to state thenl-'in a clear and concise maDner 

The best method of approach to this Question seems to 
be that of an inquiry as to whether the causes of this delay 
lie--(a) in the location and position of the field as a whole. 
(b) within the ore-deposits themselves; or (c) in the policie!­
adopted by the groups of individuals in control of opera­
tions in the field. 

An examination of the first factor certainly demon ­
strates that the difficulties of acc~s in the very ~arly days 
of the discovery of the field were a hindrance to ita develop 
ment; but this drawback was removed, and therefore 
ceased to operate at the end of the year 1899-six yean 
after the first discovery of zinc-lead sulphide ore- by thf' 
completion of direct railway communication with the ports 
of Burnie and Strahan. With the advent of railway com· 
munication, the geographical situation actually became an 
advantage, as the field was thus placed in easy communi 
cation with the lead smelters, which the occurrence of 
clean galena ores at Zeehan had brought into existence 
Zinc-lead sulphide as high in lead and silver as could be 
selectively mined was sold to these smelters , but the zinc 
was not paid for or recovered, but went; for the mO'lt part, 
into the slag. It was when an investigation was made 
as to the applicability of the Oker process in recovering thf> 
zinc from th ... slags that the geographical position wa, 
realised to be a serious hindrance to development, in that 
the Read-Ro.ebery zinc-lead sulphide belt, in common with 
the whole West Coast of Tasmania, is 80 far removed from 
a ' 80urce of chear. metallurgical coke and coal as to make 
any process invo ving their use financially imp068ible. Tt 
was this factor that finally caused' the smelte ... til close in 
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1913, and tbis was undoubtedly a great setback to the field. 
Recent developments, however, are demonstrating that thi!i 
geograpbical position, wbicb waa .tated and believed by 

. many to be an insuperable obstacle to progres'3, is the very 
factor that will make possible the development of tbe field 
and the utilisation of the ores, situated, as they are, in 
close proximity to tbe sourC68 of tbe great bydro-electric 
power of the Central Plateau and the West Coast mountain 
range. The availability of this cheap power i~ one of t.he 
great economic adv&Dt&ges of the RelLd·Rosebery field, and 
there is no doubt that if the development and harnessing of 
this power had already taken place, the field would have. 
been furtber ahead to-day tban it is. 

The investigation of the question as to bo ..... rar the rea­
son for the delay lies within the ore-depogit~ them .. elves 
lead':! us to a comphison betweeu the Read-Rosebery 
deposits and similar deposits in other parts of the world. 
This is fully presented in Chapter V., where the :.imilarities 
and divergencies of the various deposits are discussed. A '$. 
regards the general character of the deposits , it is noticed 
that the Read-Roaebery occurrences dillel" from all of the 
other zinc-lead sulphide deposits deg<:ribed ill Chapter IV. 
in posse~~ing oul), a. relatively lIegligilJI 'O' ~ uantity of oxid­
ised ore. It was the existence of these rich carbonate and 
oxide ores, carrying high silver values, which wa.q respon­
sible for t.he early, and, in most cases, rapid development 
of the well known zinc-lead sulphide deposits of the worM . 

The oxidised ores were rich and easily treated , and so 
the development of the various fields was rapid and pro- .. 
fit&ble until the unoxidised ores were encountered. By 
this time there had been accumulated sufficient reserve 
funds, or there still remained sufficie~tly large quantities 
of the oxidised ores to permit of the experimentation and 
research as to the best method of treatment of the prim-
ary zinc-lead sulpbide ore. Tbeoe conditioD8 did not obtain 
in the Read-Rosebery field. and after the excavation of the 
only few tons of " gossan .. available, the question of the 
treatment of the zinc-lead sulphide forced itself under 
notice as the one outstanding problem, the satisfactory 
solution of which was absolutely essential to the develop­
ment of the field. 

In regard to the character of the zinc-lead sulphide itself, 
it is clearly shown in Chapter V. that again tbe Rpad-Roee­
bery ore differa from all the othe .... described in Cbapter 
IV., in that·the grain size of the constituent sulphide min­
erals is very much ~m811er, and the degree of intprgro ..... th 
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much greater. The .... ult of thi. i. that the ore mu.t he 
pund to paoa • ~-m .. h "" ..... D before .ny mechanical 
pr0e8'J8 of separatioD would haT' a ohance of IUCOIIIB. It 
"'AI impoooible, therefore, to apply the pl"OO88ll of ....... r­
concentr.tion, which h.d pr ..... ed at 1_ partially 0"_­
luI on the other zinc-lead fieldo, whe .. the ma"imum grind­
Inr needed .... to p ... a 60-meoh _n. Eapeci.lly .... 
this 90 becau .. 01 the pr."'ioally negligible proportion of 
gangue preoent, the object to be attained heing a separa­
tion of the 8ulphidM from one anotheor. rather than that 
of the separation of the 8ulphides from gangue, which was 
the problem more or less 8ucee98fully solved in most of the 
other fields. This question of metallurgical treatment is 
lully discu888d in Chapter VI. , and there ia no need to 
further dilate upon the matter here. Suffice it to .. y that 
the Read-Rosebe., zinc-iliad 8ulphideprooentedmoot e" .. p­
tional difficulties to treatment, and did not p_ the 
characteri~tiC15 which in the other :dnc· lead sulphide 
deposits of the world enahled a partial .ucceas to he 
attained which was sufficient to keep the mines operating 
at a profit. 

In discussing the proportion of the responsibility for 
the delay attributable to the effect of the policies pursued 
by thoee directing operations on the field we are on more 
debatable ~rouDd, but there are certain fact .. in this con· 
nection whlch were 80 obviously contributing factors to the 
lack of progr668 that it is deemed advisable to indicate 
them. In the tint place, this field, in common with 
many other mining fields the world over, b8J' suBered from 
those whose operations are solely directed towards the 
making of money hy dealings in scrip, and to whom it is 
a matter of very little moment whether the mining indu~· 
try beneSts or .uBers. The total amount expended on the 
mining ventures on the Read·Rosebery zinc·lead sulphide 
beth iB, .pproximately, £6110,000. What proportion of thi. 
has been spent in the actual development of the propert.iee 
is uncertain, but t.bere is no doubt that the amount spent 
outside the field on expen ... other than thoee of metallurgi­
cal research has been disproportionately great. The Mt. 
"Read Company '8Oms to have been the greateot offender in 
this reapect, for up to the end of 1913 the tot.aI expenditure 
of the compeny had been £20,87.. Of this amount, the 
_sum of £12,278 had been spent in Tasmani., and £8596 
in London. The latter figure did Dot include ODe penny 
for metallurgical research. Obviously the -property did 
not get fair treatment by such a policy . Even the sum 
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expended in Tasmania was not spent to the best advan­
tage, a& is pointed out in Part I. The following figures, 
taken from the balanCe-sheet for the two years up to 30th 
.June, 1905, show the apportionment of the expenditure: -

Expenditure in TlllLmania. Expenditure in 1.0ndoo. 

Rent~ and fee. ........ . 
CIlbIOl( ................... . 
Oea ..... npe_ ..... . 
Prdgbt .............. . 
War- and Moree ....•• 
s.lariea ................ . . 

un lundry fee.elpts .. 

£ 1'. d. 
IAn)9 6 Oner.} exPftDSf"II ...... 

:; II 0 I Dtreetol"8' fee •.......•. 
1«, 8 1 ~ Stationery and print-1781< 8\ i.g ................... . 

iZ670 16 n Audit fee . ", ...• 
648 0 0 Office rent, aec~tary'8 
____ ea1arv, and clerical 

£ •. d. 
128 11 6 

1360 (j 0 

27 0 • 
52 10 0 

600 0 U 

:H68 1 10 

37~~ ~ 'I .,8;slance ......... . 

£37110 ~ ~ L ..... nd,y .-.eeip ..... £_,-06<_-114_ -_-:==: 

There is no need to further comment on these figures. 
In not one instance do the annual reports of the vari­

ous companies up to the year 1913 show all expenditure 
in regard to metallurgical research. This. in view of the 
early realisation of the metallurgical difficulties, clearl~' 
shows that the development of the field was not in the 
hands of the type of individual best qualified to bring it 
about. The solution of a metallurgical problem is not 
furthered by the policy of waiting and hoping for '.!UCCesR­

ful processes to turn up·. There was nothing done even 
in the matter of the investigation of the question as to 
whether the zinc-lead sulp,hide was a chemical compound 
or a mechanical mixture, which was the first step in decid­
ing what general process was necessary. The action, how­
ever, of that group of directors responsible for the initia­
tion of the Tasmanian Metals Extraction Company's pro­
ces'3 at Rosebery is to be commended, and they are cer­
tainly not to blame th"t the process has not as yet proved 
a success on the field. 

The policy adopted in regard to the field has , in fact. 
been characterised by the attitude of regarding the min ­
ing industry as a means of getting rich quickly with the 
outlay of little capital, and not as a legitimate enterprise 
demanding systematic and scientific handling, and an 
investment of the nature of a sound business. The trao-
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sition of the risks of the average mining venture into the 
essential elements of a sound business enterprise calls fOT 

the application of modern scientific knowledge and methods 
which cannot be obtained except for adequate remunera. 
tioD. It is the failure of those directing so many mining 
operations in Tasmania to fully realise this fact, and their 
unwillingness to pay the salaries necessary to secure the 
services of men best qualified to solve the particular prob­
lems, which has been largely responsible for the failure 
or the unduly delayed development of 80 many Tasmanian 
mining fields, the ,Read-RosebeQ' being, perhaps, the DlO!;t 
notorious. 

These, then, aTe the main causes of the delay in the 
development of the Read-Rosebery zinc-lead sulphide 
belt:-The ,absence of luge quantities of oxidised ores; 
the extremely intimate intergrowth of the constituent 
minerals of the zinc-lead sulphide ore; the 'failure of those 
directing operations on the field to undertake at an early 
stage a systematic investigation of the metallurgical treat­
ment of the ore; and the dilatoriness of the State of Tas­
mania in developing its resources of hydro-electric power . 

• 



IX.-THE PROCEDURE ESSENTIAL TO THE SUC­
CESSFUL DEVELOPMENT OF THE FIELD. 

Since the advent of the Mt. Lyell Company into the 
field, under the title of the Mt. Read and Rosebery Mines 
Limited, and the taking by them of an active part in 
its development, the whole complexion of matters hM 
altered, for they have introduced the very elements which 
were so sadly lacking beforek 

They have carried out exploratory work by drilling, and 
have initiated the systematic opening up of several of the 
mining properties which they control (Hercules, Sout-It 
Hercule9, Tasmanian~opper, and Primrose mines), with 
the result, as indicated in Chapter II., that tonnages of 
ore have been proved and made available for immediate 
extraction, sufficient to justify operations being under­
taken on a considerable scale. 

In addition, they have undertaken the systematic 
investigation of the metallurgical treatment of the are, 
based on modern scientific methods and principles. The 
general manager of the company was sent to the United 
States to there investigate the developments in the treat 
ment of zinc-lead sulphide ores , and a parcel of 110 tons 
of Read-Rosebery ore sent there for trial treatment by the 
processes which were being successfully used on similar ores. 
Two metallurgists were a.ppointed , each of whom was emin­
ent in the branches of metallurgy respectively of hydro­
metallurgy and electrolylliB of ziltc and differential flotation, 
and provi~ed with metallurgical research laboratories. The 
result of these researches is indicated in Chapter VI. 

The amalgamation of interests, in so far as this has been 
accomplished by the absorption of three of the principal 
mines (Hercules, Tasmanian Copper, and Primrose), 
together with 17 other properties. along the belt, under the 
one organisation known as the Mt. Read and Rosehery 
Mines Limited; the initiation of a complete scheme of 
development and exploratory work ; and the appointment 
of metallurgists of ability and experience to investigate 
the treatment of the ores in a scientific and practical man­
ner-- al1 these are in accordance with the procedure laid 
down in the preliminary report by the writer on the Mt. 
Read District (Geological Survey Report No.3: Prelimin ­
ary Report on the Zinc-Lead Sulphide Deposita of Mt. 
Read) as essential to the sUcceB8ful development of the field. 
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As this procedure has been adopted, and success seemR 
assured, there no longer exists the necessity to indicate 
and discu~ it , except to state that any additional organi­
sation should proceed on the same general lines. At the 
same t.i me, however, there are certain pointe in connection 
wit h the present situation that are deserving of special 
mention. 

. As fully described in Chapter VI ., The Tasmanian 
Metals Extraction Company has adapted its bisulphite 
pro~ to electrolytic precipitation of zinc, and after suc­
cessfully running at Swansea, Wales, is to be tried out on 
a large scaJ.e at Rosebery. Concurrently, litigation is 
threatening be-tween this company and the Tasmanian 
Copper Company in regard to contract8 for the delivery 
of zinc-lead sulphide, the ~rmer cOmpany being now faced 
with the poseibility of being short of ore if thei, process 
proves successful in operation at Rosebery. At the same 
time, the stage reached in the researches by the metallur­
gists mentioned above is that in which economic considera· 
tions constitute the main factor governing the decision 
... to which of two ,ueeesaful types of processes shall be 
adopted. In view of the probable success of a third pro· 
cess, it. seems very desirable to await the demonstration of 
its degree of success and economic factors (provided it jB 
not too long delayed) before finally deciding on the pro­
ee88 to be adopted . If it 80 eventuate. that the Tasmanian 
Metals Extraction Company's process proves to be the most 

. desirable one, then a further amalgamation of interests 
shouldJ take plaoe. In this way litigation can be avoided, 
and the money which wODld go to the lawyers could be 
much more efficiently employed in developing the Read­
Rosebery field. 

The decision to erect a 2oo-ton flotation plant at Rose­
bery is certainly sound, &8 even in the event of differential 
flotation not being the type of pro<-.... ultimately selected 
for the treatment of the zinc·lead sulphide, flotation con~ 
oentration will .till be needed for eliminating the gangue 
from the lower·grade and the low·grade disseminated 
deposits. In addition, invaluable data will be obtained 
durioj( its operation a. to the results of the proeees of dif­
ferential flotation and the amount of control attainable 
under large·scale working conditione. 

-It is esaential that the work of providing cheap hydro­
electric power for the field be immediately proceeded with. 
The Lake Marg .... et seheme can supply power for pre­
liminary operations, but large scale working will neoee-
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sitate much greater amounts of power, and a.., ohis can be 
supplied from the proposed King River scheme, which is ,..,.n 
designed to develop ...... horsepower, and which woultl 50, UVU 
necessitate the construction of only about 25 miles of trane-
mission line, it is obvious that it should be carried to com· 
pletion with all possible dispatch. If this is not done 
immediately, the development of the field will be still fur-
ther delayed. 

Finally, it remains to lay special stress on the point 
previously explained in this publication that all explora­
tory work should be carried out on the lines clearly indi­
cated in this publication and Parts I. and II., and in 
aecordan"ce with the conception of the structural features 
and mode of origin of the ore-deposits evolved in the pre­
paration of Parts I. anQ...11., and clearly expressed therein, 
and confirmed by the exploratory work since carried out. 
It must be realised by the mining industry of the State (and 
the sooner it is fully realised the better) that exploratory 
work in mining should be directed by a.n economic geologist. 
This has been already realised in other parts of the world. 
with the result that most mining companies employ a staff 

. of trained economic geologists, which is in charge of 
explorartory and developmental work. Just as the evolu­
)ution took place in mining from a " manager" (who car­
ried out all the technical work of the mine) to a II general 
manager" (who co-ordinated the work of the mine man­

-ager, metallurgist, m,ill superintendent, mechanical and 
electrical engineers), so the evolution has gone still fur­
ther, and now the work previously performed by the mine 
manager has been divided between the economic gologist 
(who is in complete charge of all exploratory work) and 
the mining engineer (who is responsible for all mining 
operations and the actual extraction of ore). The applica­
tion of this practice to the Read-Rosebery field and the 
other important mining field's of Tasmania is essential in 
the best interests of the mining industry. 
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X.-THE RELATION OF THE READ-ROSEBERY 
ZINC-LEAD SULPHIDE DEPOSITS TO THE 
SPELTER INDUSTRY OF THE COMMON­
WEALTH OF AUSTRALIA. 

The world 's output of spelter (the commercial term for 
zinc) is, approximately, 900,000 tons per annum . The 
annual production of the Commonwealth is , approximately . 
500,000 tons of concentrates, ~hich contain on an 8\<erage 
47 per cent. of zinc, giving an annual output of apelter of 
235,000 tons, or 26 per cent. of the world's output. 

When the Read-Rooebery field resumes production, 
it will supply a conside1'&ble amount of spelter, inaomuoh 
as the are has a high zino oontent of !n'3 per cent., 
and the output of the Commonwea1th will be con­
siderably increased. It is impossible at present to say 
to what extent this will take place . as this is inherently 
bound up with the cost of equipment. metallurgical plant , 
Ike" which are purely matters for the mining engineer ; 
but it is certainly justifiable to assume that in view of the 
existence of 1,680,000 tons of I' proved are," and the gen­
eral facilities for working, that an allnual output of 150,000 
tons of zinc-lead sulphide is aMured . This would mean an 
alllma1 output of 35 ,000 tons of spelter, bringing the Com ­
monwealth production up to 270.000 tons, or 30 per ceu:: 
of ~he world 's out.put. As previously discussed in ~hi~ 
volume , there is every justification for the belief that 
future development will disclose larger quantities of ore. 
and, therefore, that the possible annual production will 
beoome greater. The Commonwealth 's contribution to 
the worlrl 's output of spelter will thus be made to exceed 
30 per cent. , and thus Australia is destined to be oDe of 
the great control1in~ factors in the Zinc industry . 

An important pomt that should not be lost sight of in 
this connection is the fact that the output from the Read ­
Rosebery field wi1l be in the form of metallic zinc of excep 
tional purity (electrolytic zinc), 01' spelter, and is therefor~ 
immediately available to the metal market. Taking thi. , 
il1 conjullction with the inevitable development of the 
Electrolytic Zinc Work'] at Risdon , Deal' Hobart, which are 
·converting the Broken Hill concentrates to spelter, the 
Commonwealth of Australia will before very long be actu­
ally producing in the metallic form over 30 per cent. (, f 
the world 's output of zinc. 



XI.-CONCLUSION. 

There has thus been presented a full and complete 
description of the Zinc-lead Sulphide Deposits of the Read­
Rosebery District in all their various aspects. They 
undoubtedly constitute a most important asset to the 
State of Tasmania, and to Australia as a nation. . Their 
size and importance are too great to pennit of their con­
de& description in this chapter, and therefore it will not 
be attempted. To gain a true conception of their size and 
importance a study of this volume is essential, which it.eelf 
i. not possible without a otudy of Parts I. and II. Parts 
1., II., and III., of .t.h~ Read-Rosehery Bulletins are parts 
of a complete d"cflption of the Read-Rosehery Zlnc-lead 
aulphide deposits, and no one part is complete without the 
others, and, as such, the public are referred to them for 
the information they require. 

The investigation has been an arduous one, but as the 
results are destined to be of considerable service to the 
field, the labour will not have been in vain. 

LOFTUS HILLS, M.Sc. , 
Assistant Government Geologi5t. 

Launce.ton, 24th July, 1919. 
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