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To HOBERT BELL, 1\I.D., LL.D., D.Sc. (C.1NTAB), F.H..S., I.S.O. 

Acting Director, Geological Survey of Canada. 

Srn,-I beg to transmit, herewith, my report on the Origin, Geological 
Relations and Composition of the Nickel and Copper Deposits of 
Sudbury, Ontario. The report also includes brief references to the 
character and extent of all the more important nickel deposits of the 
world, with a general statement of their production and methods of 
smelting and refining. Details of the mining, smelting and refining 
operations of the Sudbury ores are furnished, as well as complete 
statistical tables of production, prices, uses and composition of the 
nickel of commerce. It is believed that the report will serve to bring 
together in one volume, all of the more valuable and critical original 
investigations in regard to these immense and apparently inexhaustible 
deposits. 

Canada has at last realized the true importance and value of these 
mines and has, within the last year, taken her position, from which 
she will not rPcede, of being the largest producer of nickel in the 
world. Hoping the present report will satisfy the demand which has 
existed for some time, for detailed and accurate information in regard 
to these ore bodies, 

I have the honour to be, Sir, 

·GEOLOGICVL SURVEY OFEICE, 
OTTAWA, JULY 4th 1904. 

Your obedient servant, 

ALFRED ERNEST BARLOW. 



THE NICKEL AND COPPER DEPOSITS OF 
SUDBURY, ONTARlO. 

BY 

ALFHED ERNES'l' BARLOW, !\I.A:, D. S1 

INTRODUCTION 

Ten years having elapsed since the appearance of the first official R easons ~or 

and detailed account of these famous ore bodies, (1 ) coupled with the ~~~5~~:~~~~k. 
fact of a renewed and even increased interest and activity in the min-
ing of nickel, marked the time as most opportune, when another attempt 
should be made to arrive at a more accurate and complete understand-
ing of the true nature and extent of these deposits which have proved 
such a valuable asset to Oanad!L. Besides, the first edition of the map 
of the Sudbury Mining District, published in 1891, to accomp:rny a 
report by Dr. Robert Bell on the geology of this area ( 2 ) had nearly 
all been distributed, and this in spite of the fact that the Bureau of 
Mines of Ontario had on several occasions issued special editions of 
practically the same geological map, to accompany the Annual Reports 
of their department, as, for instance, in the years 1892 and 1900. In 
addition, it was felt that although the general accuracy and usefulness 
of this map had never been questioned, it was lacking in certain details 
which are now known to be of the first importance and which are 
most essential for a proper interpretation and judgment of these depo- Coi:itinuity of 
. Th h fi th . t . . l h" h th Oh" main mass of sits. us, on t e rst map, e in rusive mass wit 1 w ic e i- norite. 

cago and Victoria Mines occur, is entirely separated from a band of 
similar rock along the southern borders of which the Gertrude, Creigh-
ton and North Star deposits are situatRd, whereas, it has now been 
ascertained that all of these properties are developed along the south-
ern boundary of one large and continuous band, constituting the south-
ern or principal belt of the nickel bearing eruptive. Again, on this 
first map, no distinction is drawn between the masses or belts of nickel" 
bearing norite, and certain older hornblende porphyrites, diorites and 
green schists, which, although closely related to, and often resembling 

(1) Ann. R ep. Geol. Sur. Can., Vol. V, part S, 11-190-91, pp. 122-138. 

(2) Ann. Rep. Geol. Sur. Can., Vol. V, part F, 1890·91, pp. 1-95. 
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the norite, are altogether barren of deposits of the valuable sulphide 
mater~al. This resemblance is particularly striking when, as is fre
quently the case, both have undergone more or less pronounced meta-

T.he. norite a morphism. It is, therefore, not surprising that in the first instance 
d1stmct geolo-
gical unit. they were confounded and mapped together. .Jloreover, the presence 

Limit of new 
work. 

Victoria 
Mines and 
Sudbury 
maps. 

Minor band 
of norite. 

of the norite as a distinct geological unit was not suspected until long 
after this first work was completed, the associated greenstones being 
considered as portions of the norite, which had been metamorphosed 
by the intrusion of the younger granite masses. Even the Burea.u of 
Mines' map of 1902, which should have furnished the latest informa
tion in regard to this area, made no attempt whatever, either to correct 
the more glaring inaccuracies in the geological boundaries, or to trace 
out the important line of separation between the nickel bearing erup
tive proper and the closely related, though barren greenstones. 

In undertaking this new work, it was felt that by confining opera
tions as closely as possible to the area characterized by the presence 
of the sulphide bearing norite and other kindred eruptives, a mor.e 
accurate knowledge would be obtained of the mineralogical composi-

. tion, structure and age relations of the various rock masees, while at 
the same time the boundaries between the several formations could be 
drawn with a much greater degree of precision. 

Two map sheets have been prepared to accompany this report, called 
re~pectively the "Victoria Mines" and "Sudbury" maps, each on a scale 
of one mile to an inch. The former covers an area of 220 and the 
latter 210 square miles, making a total of 430 square miles. The prin_ 
cipal new work on the Victoria mines map has been the outlining of 
the two smaller bands of norite south of the Canadian Pacific Rail
way. One of these, crossing the sout.heast corner of Drury, extends 
completely across the southern part of the township of Denison. 
This band, which comes to an end east of the Vermilion rivei', con
tains the Worthington, l\1itcbene.r and Totten mines. The first 
mentioned of these mines is famous as having produced the richest 
nickel ore in the district. On the other band, which forms the promin
ent ridge to the south of McOharles and Simon lakes on the White
fish Indian Reserve, no deposit of any economic importance has been 
found. The boundaries of the intrusive mass of younger granite 
which extends across the northern and central parts of Graham town
ship, aud thence int0 Snider and Waters townships, have also been out
lined with considerable care. It is to be regretted that time did 
not permit the separation of the norite and the older greenstones and 
schists, but the geological work done in l 901 was intended to cover the. 
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whole of the southern belt in one season, and at the time it was consi
dered more important to 1tscertain definitely the continuity or other
wise of the southern or main nickel range. The main mass of the 
norite, therefore, which runs northea~t from the Victoria mines, was 
followed through the northern part of the township of Denison, and 
thence across the Vermilion river into the sou them part of the town
ship of Creighton, thus making connection with the other mass of 
similar basic intrusive rocks, which had~been shown on geological maps 
previously issued. With the exception of a somewhat critical examin
ation of some of the outcrops of the peculiar differentiation product, 
or "micropegmatite" phase of the norite, exposed on the shores of Skill 
and Fairbank lakes, no new work has been done in the northwestern 
and western parts of this area; and the outlines of the formations are 
reproduced from the old geological map. 

The geology of the region comprised in the Sudbury map sheet, has Revision of 

all been revised, with special attention to tracing out the boundaries of ~~~~~~Yo~rea. 
the various masses of norite and separating this nickel bearing erup-
tive from the older greenstones. This map will serve to show in a 
very emphaLic manner, theintimateassociation of this peculiar eruptive, 
and the various nl.ckel deposits, and the invariable development of the 
latter along the line of junction between thi~ and the neighboring 
rocks. In uddition to these two map sheets, which exhibit on an 
adequate scale not only the general geological features, but also the Minin~ geolo

relative posit.ion of all the more important mines, there are three other gwal Pans. 

mups, each on a scale of 400 feet to an inch, which may be refereed to 
as mining geological plans. These have been prepared with more care, 
and all details of topography, buildings, openings, etc., have been laid 
down us accurately as possible from surveys made by means of the 
transit and chain. They are expected to be of especial value to the 
individual companies whose pr9perties they represent, but at the same 
time, they will illustrate in detail many of the characteristic features 
of association, which most of these deposits possess in comm~n with 
one another. The two sheets showing the district in the vicinity of Area of . 

the International Nickel Company's mines at Copper Oliff, and extend- ~~~~~r Chff 

ing from Kelley lake on the south to the Lady Violet mine on the 
north, cover an area of about 9 square miles. The third map sheet, 
which shows the geology in the neighbourhood of the Murray and Elsie 
Mines as . well as the position of the various mining buildings, covers 
an area of nearly two square miles. The following bulletin is based Mu.rray. and 

. . Els1emmes 
marnly on the field work earned on during the seasons of 1901 and m"P· 

1902. A short account of what was accomplished each year bus 
already appeared in the 8ummary Reports of the Geological Survey 
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Department, (1) In addition to this and other information which has 
appeared from time to time in the official publications of the Geologi
cal Survey Department and the Bureau of Mines of Ontario, certain 
details of original investigation, which throw much additional light on 
the origin and association of these deposits, have appeared in various 
scientific periodicals, many of which are not very easy of access to the 

Other inform- ordinary reader. It has been the purpose of the writer, in the prepara
f~~l~ded. tion of the foliowing report, io bring together and make use of much of 

this widely scattered inform~tion, and by thus supplementing his own, 
render the present publication of wider application and greater service 
to the public. 

In carrying out the field work, the author was materially aided 
by Dr. Ludwig Mond of London, England, under an agreement by 
which he was partially relieved from his dut ies on the Survey, during 
the six months from July 1 to December 31, 1901. 

W ork of Mr. Much of the accuracy which the accompanying maps are believed to 
J ames White. possess, is <lue to the efforts of 1\Ir. J arnes White, Dominion Geographer, 

who kindly undertook the direction of the surveys necessary for a 
detailed mapping on a large scale of the aren, examined. This included 
in 1901, a traverse by means of tran~it and steel band chain, of the 
main line of theCanadian Pacific Rail way, from Wanapitei station to 
the northe rn boundary of the township of Dowlir..g, a short distance 
north west of Onaping station. The ''Sault" branch was similarly 
surveyed from Sudbury Junction as far west as Worthington station. 
Connection was made with the observatory at Rayside, occupied by 
Astronomer 0. J. Klotz. The position of this temporary observatory, 

Work ~(:'·s t. in the township of Rayside is stated by l\Ir. Klotz to be 606 feet west 
O. J. 1'- otz. of the line between lots 2 and 3, in con. 1, and 441 feet north of the 

centre line of the Can~dian Pacific Rail way. Its astronomical position, 
as determined by }fr. Klotz is Long. 81 °, 05', 38" W. and Lat. 46°, 
32 ', 47" N . This position was accepted and the projection of the map 
framed in accordance therewith. In 1902, lW r. White carried on 
similar detailed surveying necessary for the p1·eparation of the two large 
scale map sheets of the area in the vicinity of the International Nickel 
Company's mines at Copper Cliff. 

Work by 0. 
E. Leroy. 

In the whole of this work, the author had the advantage of the zealous 
and able assistance of Mr. 0 . E. Leroy, M. A. Sc., formerly Demons
trator in Geology at :McGill University, Montreal, and this oppor
tunity is taken to express his keen appreciation of Mr. Leroy's untiring 
effo1·ts to promote in every way, the objects of the work. 

(1) Sum. Rep. Geol. Sur. Can. (lnOl) pp. Hl-145, (1902) pp. 252-267. 
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By kind permission of Dr. J.B. Porter, and with the approval of the Work by W. 

U . 't th . . I . t' f I . d i\l. Ogih·ie. m vers1 ·Y au ont1es, t 1e magnetic separa 10n o t 1ese ores was carne 
·On in the mining hiboratories of McGill University by l\lr. W. M. 
Ogilvie, B.A. Sc. 

Most of the assays (l,nd analyses are the work of Mr. Donald Locke, \Vork by Do· 

a O'raduate of the School of Mines Freibera Germany who for a short nald Locke. 
0 ' b' ' 

·time was attached to this department as inetallurgist and assayer. 

The (l.uthor desires to express thanks for information and assistance 
to Dr. Ludwig nfond, Dr. Bernhard Muhr and other officials of the l\fond Aclmowledg· 

Nickel Company; to President A. P. Turner, Captain Lawson and rnents. 

other officers of the International Nickel Company, resident at Copper 
Cliff, Ont.; to the representatives of the Lake Superior Power Compa-
ny, Great Lakes Copper Company and H. H. Vivian and Company, 

' who were stationed in the district. It would be difficult to mention 
by name, all those who, either with information or otherwise, have 
assisted in the object of these ·investigations, but the author would like 
in this connection to express his deep gratitude to the residents of' 
Sudbury, Copper Oliff and Victoria Mines, who showed him the great
est kindness and consideration during his sojourn in their midst. 

PREVIOUS EXAMINATIONS AND DESCRIPTIONS. 

The literature in regard to the nickel an<l copper deposits 0£ the Deposits of 

-Sudbury minin.,. district has already reached such larO'e proportions, scientific and 
0 

' 
0 econon110 

·that it seems advisable in pas~ing to make brief mention 0£ some of the interest. 

principal publications, which show evidence of original research, the 
results of which have added materially to our knowledge of the 
nature of the occurrences of these immense ore bodies. These deposits 
of pyrrhotite, with their unusually high content of nickel,'.and intimat-
ely associn.ted chalcopyrite, are of importance, not only from the econo-
mic standpoint., but also from the point of view of science, as having 
furnished such strong presurnpti ve evidence for regarding these, and 
simila1· ly related deposits as of igneous origin, aud due to processes of 
differentiation in the original magma, from which they and the asso-

·ciated eruptive .rocks have solidified. 

The disco1'ery of nickel at the Wallace mine rn 1846, (1) although Discovery of 

creating some excitement at the time, was soon forgotten, as well 11s nichl at 

d . . h' h h . b l 'fi d I d 'Vallace the pre 1ct10n w ic as smce een amp y ven e , t mt eposits mine. 

of both nickel and cobalt of economic importance would yet be located 

(1) Rep. of. Progress, Geol. Sur. C.in., l318·19, pp. Gl G3; Geol. of Can.1863, p. 5G6. 
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in this region. Attention was again drawn to the subject by the finding 
in 1856 (1) of nickel and copper on Salter's meridian line, a little over 
six miles north of Whitefish lake, and le~s than half a mile south west 
of the main pit of the present celebrated Creighton mine, probably the 

Early disco· largest deposit of nickeliferous pyrrhotite in the world. This was 
very of nickel · 1 · h f h d" "d d f · near Creigh- agam ost s1g t o or t e 1scovery cons1 ere o no importance, per-
ton mine. haps because of the meagre information in regard to its occurrence, 

but more likely on account of the wild and inaccessible nature of the 
Inaccessible district, in which the deposit had been found. The opening of the 
nature of 0 d" p "fi R ·1 . kl h cl h cl" . l . country before aua mn ac1 c a1 way qu1c y c ange t ese con 1t1ons, anc 111 

~1a~1P~tR~. less than ten years from the first opening of this means of access to the 
district, all the mines which are at present working had been located. 

First statis
tics. 

Descriptions 
by .T. R. 
Collins. 

The first statistics concerning these deposits which were published, 
related to the export of copper ore in 1886, amounting to 3,307 tons, 
with a declared customs value of:$16, 404 e). In 1887, this quantity 
had decreased to 567 tons, valued at $3,416 (3). The discovery of 
nickel in the ore about this time, decided the Canadian Copper Com
pany to instal the necessary plant for the production of nickel and 
copper matte, and in the preparation for.this and other mining cleYelop
ment work, no exports are recorded from this district in 1888. 

In October, 1887, Mr. J. H. Collins visited the Sudbury region to 
examine into the extent and economic possibilities cf the so-called 
copper mines. On June 6th, 1888, he read a paper before the Geolo
gical Society of London, 'On the Sudbury Copper Deposits,' in which 
he embodied the results of these examinations, which, however, seem 
to have been restricted mainly to the area in the immediate vicinity of 
the Copper Cliff and Stobie mines. An abstract of this pap -r, was after 
wards published,( 1 ) accomp1nied by two cross sections of the mines 
above mentione<l, showing the geological association and position of 
these deposits. The author cousiders the main ore bodies to have been. 
the result of secondary action, the sulphides occupying fissures along 
certain line 1 of weakness, produced by the intrusion of igneous material. 

J\Ir . ~ttwood's In the discussion that followed, Mr. Attwood stated his conviction 
ornmon. that the diorites had brought up the metal•, At the end of the paper, 

a note is added bearing the date of October 22nd 1888, that the ore 
of the Evans mine contains Copper 3 /o, Nickel 3.5%, Iron 40%,
Sulphur 24%, Rock 29.5 %· 

(1) Rep. of Progre s, Geol. Sur. Can., 1853-56, pµ. 180-181. 

(2) Ann. Rep. Geo. Sur. Can. 1886, Part S. p. '.?5. 

(3) 1887-88, Part S, p. 21. 

(.J.) Qnart. Jour. Geol. Soc. L on., Vol. XLIV, 1888, pp. 834-838. 
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In October, 1888, }fr. Francis L. Sperry, then chemist to the Discovery of 
C d . C C · f h d sperrylite by ana ian opper ompany, sent a small quantity o w at seeme a F. L . Sperry. 
remarkable mineral to Professor H. L. vVells, of the Sheffield Scien-
tific School 11t New H11ven, Conn. A few tests sufficed to show that 
the substance was essentially an arsenide of platinum. Several ounces 
of this mineral had been obtained in milling certain loose material 
( go3san), asmciated with the sulphides at the Vermilion mine in the D~scription of 
' nnneralby 
township of Denison. A complete statement of facts relative to its Profs. Wells 

composition, physical characters and crystallographic behaviour, was and Penfield. 

prepared by Profs. Wells and Penfield, who proposed the name 'sperry-
lite' for this new mineral in honour of its cl iscovel'er. (1) 

A bout the same time, Profs. Clarke and Catlett ( 2 ) of Washington, Discovery of 
obtained throu

0
crh two different channels, certain samples of nickel ores l'polyfdy0m1

itekby 
ro s. ar e 

taken from tl1e Vermilion mine, belonging to the Canadian Copper and Catlett. 
Company. From one source, they obtained two masses of sulphides to 
be examineJ for nickel and copper, from the other came similar sul-
phides, together with a series of soil and gravel-like material (goss11n), 
seven sa·np 1es in a ll. In the latter case, an examination for platinum 
was requested, and in five of the samples above mentioned, it was found 
the gravel yielded 7 4·85 ozs. of metals of the platinum group to the 
ton of 2,000 lbs. The sulphide ores were all of a similar character. 
They consisted of mixer] m11sses, in which a gray, readily tarnishing 
substance was predominant, with some chalcopyrite, possibly some 
pyrite, and a very little quartz. An analysis of carefully selected 
material of the nickel mineral, showed its formula to conform in gene-
ral with that of polydymite, which had previously been described by 
Laspey res from Gri.i.nau, Westph11lia, of which it is evidently a ferri-
fernus variety. 

At the Buffalo meeting of the Ameri.can Institute of Mining Paper by w. 
Engineers, W. H. Merritt, Toronto, contributed a paper on 'The H. ::\Ierritt. 
Minerals of Ontario and their Development', in which he inc~udes a 
brief description of the Sudbury deposits. ( 3 ) 

In the Summary Report of the Geological Survey for 1888, Dr. Examinations 
Bell ( 4 ) mentions that 'the modes of occurrence and the geological ti~~sdb~CJu;.: 
relations of the economic minerals of the districts examined (between Bell in 1888. 

Lake Huron and Montreal river) were carefully studied. The metals 

(1) Amer. Jour. Sc., Vol. XXXVII, 1889, pp. Gi-73; also Zeit. flir Kryst. Vol. XV, 
pp. 285 and 290-291. 

(2) Amer. Jour. Sc. Vol. XXXVII, 1889, pp. 372-374. 

(3)Trans. Amer. Inst. Min. Eng., Vol. XVII, 1888-89, pp. 293-300. 

(4) Ann. Rep. Geol. Sur. Can. 1887-88, p. 79 A. 
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which give most promise are the copper ancl nickel deposits which have 
been worke<l for the last three years ne::i,r Sudbury'. Again, in the 
report for 1889, Dr. Bell, ( 1 ) after a brief sketch of the geology of the 
area included in the Sudbury map sheet., gives a few notes on the cha
racter and mode of occurrence of these deposit~, as also the progress of 
the mining and metallurgy which were then in vigorous operation. He 
viewed the pyrrhotite a sr true nickeliferous variety, in which some of 
the iron is replaced by nickel. The deposits are described as 'stock
works' in which the vein structure is very obscure. The ore bodies 
are regarded as usually occurring in some form of diorite, the concen
tration of the ore being perhaps connected in some way with certain 
diabase dykes which were in some cases seen near the deposits. 

At the Ottawa meeting of the American Institute of :!\lining En
gineers, held in~October, 188!l, Dr. E . D. Peters, who.had charge of 
the operatiom at the Canadian Copper Company's mines near Sudbury, 
read a paper 'Ou the Sudbury Ore Deposits'. (2) He opens with a 
short and very general statement of the geological conditions, makes a 
passing mention of the two principal sulphides which constitute these 
deposits, and devotes the re~t of his paper to a description of the equip
ment and m ·thods of mining and metallurgy pursued by the company 
of which he was t.he manager. 

In 1890, as one of the Royal Commissioners to inquire into the 
mineral resources of Ontario, Dr. Robert Bell of the Geological Survey 
of Canada, in the treating of the " Geology of Ontario with special 
reference to economic minerals,'' devotes some attention to the nickel 
and copper deposits of the area in the vicinity of Sudbury. (3 ) 

In 1891 ( 4 ), Dr. Bell described in greater detail the nature and 
extent of these deposits and also their geological relations, giving the 
l'esults of the field work of the Geological Sun•ey in this area during 
the three years 1888-90. Accompaying the same volume, the first 
geological map of the district appeared, showing in this graphic way, 
the limits of the d iffet·ent formations or subdivisions of these old rocks, 
o>el' an area of 3456 square miles. This map, although faulty and 
inaccurate in places, has been the basis of all subsequent geological 
"ork undertaken in this district, although it is now superseded in 

(1) Ann. Rep. Geol. Surv. Can. 1888-89, pp. W-32 A. 

(2) 'l' rans. Am. Inst. Min. Eng., Vol. XVIII (188!J) pp. 278-289. 

(3) Min. Res. of Ont. 1890, p. 24 ; also pp. 438-435, also Ann. R ep. Bur. of Mines, 
Ont. 1891. pp. 88-!lO. 

(4) Ann. Rep. Geoj. Sur. Can., Vol. V, 1890-91, Part F, pp. l-95; also Bull. Geo. 
Soc. Am., Vol. II, 1801, pp. 125-137. 
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certain areas, by the maps lately p ublished by the Bureau of Mines 
of Ontal'io, and those issued to accompany the present bulletin. The 
imr erfections of these latest maps will also in turn liecome app:uent as 
the region is clea.recl and opened up a.nd more detailed information in 
regard to the distribution of Lhe various rock masses is thus possible. 

On March nth, 1891, (1 ) the author of the present bulletin read a . 
Descnpt1011 

paper before the Logan Club of Ottawa 'On the Nickel and Copper by A. 1, . 

Deposits of 8udbury,' which was published in June of the same year, Barlow. 

in which appears a very definite statement affirming an igneous origin 
( 2 ) for these masses of sulphide material, in the following words : 

' The ores and the associated diabase, were, therefore, in all proba-
bility simultaneously introduced in a molten condition, the particles of bOrdiirin of ore 

o 1es. 
pyritous matter aggregating themselves together in obedience to the 
law of mutual attraction.' In the same paper, the author makes the 
following significant statement which has since been proved by means Nitckel 

1
doe& 

no rPp nee 
of the magnetic separation of the ore : ' The nickel is usually spoken iron . 

of as replacing an equal quantity of iron in the pyrrhotite, but the 
discovery of undoubteJ crystals of millerite or sulphide of nickel, 150 
feet below the surface at Copper Cliff mine, as well as the more recent 
recognition of polydymite, a ferriferous sulphide of nickel at the Ver-
milion mine, in the township of Denison, seem to justify the assump-
tion that in the more highly nickeliferous deposits of the region at 
least, the nickel is also present as a sulphide, disseminated through the 
ore masses like the iron and copper.' In 1891, Mr. T. L. ·walker, then 
chemist at the Murray mine, obbained 30 per cent of nickel in some Fi~·st recc-

b · h l bl f f · 1 h" h d · h f f grntion of rig t c eava e ragments o a mmera w ic occurre m t e orm o pentlanditP_ 

more or less rounded patches in the ordinary nickeliferous pyrrhotite 
at the Worthington mine. The writer, who had provided Mr. Walker 
with these samples, suggested the advisability of a l:Omplete analysis 
of as pure material as could be selected. It is to be regretted for 
Walker's sake, so far as priority in the first recognition of pentlandite 
in this district is concerned, that the present writer, in publishing the 
results of this first analysis ( 3 ), merely stated his own belief, that these 
p eculiar nodular masses probably represented a mixture in which mil-
l erite was the most prominent constituent, omitting to make mention 
of the fact that, the chemist had stated his belief, that the material 
was almost pure "Eisennickelkies " the German synonym for pentlan-
dite. At this time, it was considered of more importance to empha-

(1) Ottawa Naturalist, June 18!Jl, pp. 1-20; also Ann. Rep. Geol. Sur. Can., Vol. 
V, Part S, lSfJ0-91, pp. 122-138. 

(2) Sf'e also a paper by Dr. Robert Bell on ' The Nickel and Copper Deposits of 
Sudbury District, Cannda.' Bull. Geol. Socy. of Am., Vol. II, 1891. page 135-36. 

(3) Ann. Rep. Geol. Sur. Can. 18!JO-!Jl, Part Sf:i, pp. 116-117. 
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zi,;e ihe fact which had grown beyond a c01niction, that the nickel was 
undoubtedly present in these ore bo:lies aa a distinct sulphide, mecha
nically intermixed and probably separable and not as replacing a por
tiou of the iron in the pyrrhotite. It was even considered probable 
that several nickel sulphides, and not one alone, contributed to the 
unusual enrichment of these ores. 

The report of the Di \'ision of Mineral Statistics and Mines of the 
Geological Survey for 1890, although not published until the following 
year, contained the first Rtatistics showing "the production and export 
of nickel and copper matte from the Sudbury district. Thi.; was like
wise accompanied by a somewhat.detailed description of the deposits, 
to which attention has already been drawn (1 ). Previous to this, however, 
in thp, report( 2 ) of the same department for;l889, mention is made of the 
production of nickel in Canada, but the figures of production then 
supplied wore only ustid in the summary of production. This course 
was necessa1·y at the time, as the figures then available represented the 
production of only one company, who gave the figures on the unde1·
standing that they were only to be used in the compilation of totals. 

In the first r&port of the Ontario Burei.u of Mines for 1891, then 
just organized, considerable space is devoted not only to the statistics 
of production of nickel and copper mat' e, but also to various details 
regarding the geological relationship of the ores, the methods of 
mining and metallurgy, as well as the use and value of nickel. It also 
contains the first of tha !l.nnual reports of the inspector of mines, which 
each year since has contained an epitomized statement of the progress 
or mining and smelting in this area. 

In 1891, Mons. J. Garnier,(:3) who had become famous as the discoverer 
of the New Caledonia nickel deposits, visited Canada, and on his return 
to Paris, furnished an account of his examination in a paper entitled, 

'.Mines de Nickel, Cuivre et Platine du District de Sudbury, Canada. 

In 1892, Dr. S. H. Emmens of Youngwood, Penn., and President' 
of the Emmens Metal Company, announced the discovery of three new 
nickel minerals from the S .id bury district, for which he proposad the 
names FolgeriLe, Blueite and Whartonite. ('") The substances thus 
named, were stated to be sulphides of iron and nickel, the proportion 
of the latter metal varying from 3·76 per cent in blueite to 35·20 

(1) Ann. Rep. Gevl. Surv. Can. , 1890-91, Part. S, pp. 121-143. 

(2) Ann. Rep. GPol. Surv. Can., 1888-89, Part. S, 1889, pp. 5 and 123. 

(3) l\Iem. Soc. des Ing. Civils, Paris, 1891. 

{-!) Jour. Am. Chem. Soc., Vol. XIV, No. 7; also Aun. R ep. Bur. of .\Iines, Ont., 
1892, pp. 167-170. 
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per cent in folgerite. All authorities are, however, agreed that none 
of these are definite mineral species, being mixtures of different sulphi-
des. Tnus folgerite is regarded as impure pentlandite, blueite is a Fohlgerite 

w artornte 
nickeliferous pyrite, and whartonite a mixture. A persual of Dr. and blueite 
E , tl d f l . d h . b · 1 · t f l . lt not true Ill i ne mmens ll.ie 10 s o ana ys1s, an t e vana 1 1 y o ns resu s are ral si:itcies. 
sufficient proofs, that none of these names which he proposes, should 
receive a place in mineralogical literature. About the same time, 
Dr. Emmens conducted some rather crude and evidently hurried 
experiments in regard to the separation of the components of the 
pyrrhotite by means of magnetism, but the results. are far from satis-
factory. ( 1 ) The material on which the trials were made came from 
both the Gap mine, Pa., and Sudbury, Out. 

In 1892 Mons. David Levat, formerly Director-General of the Societe l\[Pmoir on 
le Nick .. ], prepared a memoir on the production and uses of nickel and Rl~;,~~ kdd 
its alloys, entitle 1 'Progres de la Metallurgie du Nickel,' (2 ) an Lenit. 
ab>;trac t from which is translated and printed in the report of the 
Bureau of Mines of Ontario. (3) Besides a description of the metallur-
gical treatment of the Sudbury ores, be institutes a comparison between 
these and the New Caledonia ores, giving all necessary details in regard 
to t.hese latter, their composition, metallurgy, transportation, mining 
operations, and concludes with certain particulars relating to the com-
position of the nickel of commerce, its alloys and statistics of produc-
tion. 

During the summer of 1890, the late Baron von Foullon of the Work by 
G 1 · l S f A · f k · h d' . d' Baron von 7eo og1ca llrl'ey o u~tna, spent a ew wee s m t e !Strict, irect- Foullon. 
ing his attention chiefly to the determination of the relative ages of 
the different rocks. His collection of rocks for future study, contained J'.irst rec?gni-

. b . d f f th d h d bl k f . 1 h' 1 t1on of mckel a specimen o tame rJm one o e etac e oc so materia, w 1c 1 b~aring 

had been blasted out to make room for the the foundations of the eruptive. 
smelter at the Murray mines. Examination of thin sections of this 
specimen under the micro~cope, revealed for the first time the identity 
of what waa evidently a typical and unaltered representative of the 
nickel bearing eruptive, showing it to contain besides the plagioclase, 
strnngly pleochroic hypidiomorphic individuals of hypersthene, together 
with a smaller amount of diallage, both these last mentioned minerals 
being often bordered with hornblende. The rock thus evidently belonged 
to the general type of g ibbros, which by the abundance of the hypers-

(1) Jour. Am. Chem. Soc., Vol. XIV, No. 10; also Aun. Rep. Bur. of l\Iines, Ont., 
1892, pp. 163-166. 

(2) Ann. des Mines, Paris, 1892, pp. 141-224. 

(3) Ann. Rep. Bur. of Mines, Ont., 1392, pp. 14!J-1G2. 



16 GEOLOGICAL SURVEY OF C-~NADA 

thene is related to the norites. (\) This was the first recognition of the
Description of true character of the eruptive with which the nickel deposits are so 
f{~~-u1?~n~." intimately associated, although the late Professor G. H. Williams had 

in 1891 described ( 3 )a very similar rock from the vicinity of the Blezard 
mine, but which in the description of the field relations furnished him, 
ha:l been reported as occurring in a later dyke. In 1893, Dr. A. P. 

Cole~a1?'s Coleman,(3) showed tlrnt the country rock of the nickel deposits south of 
deacnpt10n of Cl L k h N · bb · · b norite and ear a e, on t e J.: orthern Nickel Range, was a ga ro contarnmg oth 

frelateN~ roc
1
ks diallage and enstatite. In the rnme publication, he 

0
aive>i a description 

rom ort 1 

Nicke!Range. of the petrographicn.I ch1tracters of the peculiar type of rock to which 
1-Villiams first gave the name "micropegmatite, " and which occurs 
here as elsewhere, throughout the district, in intimate association with 
the sulphide bearing eruptive. 

Recognition In 1893, Pt'Of. 8. L. Penfield, recognized and described for the first 
of pentlandi'e t' th . 1 1 d' f h S db d' t . f d. by Prof. 1me, e nnnera pent an 1te, rom t e u ury 1s net, oun m some 
P Pnfield. sulphide material sent to him some years previously by Mr. F. L. 

Magnetic 
separation by 
David H. 
Browne. 

Exammat1011 
of sperrylite. 
byT. L. 
Walker. 

Sperry. ( 4
) Immediately following this article, in the same publica

tion, he criticizes rather severely the methods of analysis, adopted by 
Dr. Emmens, in his attempt to establish the claims of folgerite, blueite 
and whartonite, to be recognized as new mineral species ( 5). 

In the same year David H. Browne, (G) chemist of the Canadian 
Copper Company, challenged the accurncy of Dr. Emmens' magnetic 
work, as also the conchrnions based thereon, so far at least as the 
material from Sudbury is concerned. At the same timll, he published 
the details of certain personal experiments in connection with the 
magnetic separation of the ores from the Copper Cliff, Evans and 
Stobie mines. The ore was first handpicked and then crushed to 
various degrees of fineness. By means of these trials, he succeeded 
in dividing the material thus prepared into a magnetic and non
magnetic product, the analysis of the latter showing a close resem-
blance to the pentlanditc described by Penfield. 

In June 1893, T. L. "\Valker (7) visited the Vermilion mine and 
procured some additional material similar to that in which Wells and 

(l) '' Ueber einige Nickelerzrnrkommen, " Jahr. d. k-k. geol. Reichsanstalt, Vol.. 
XLII, pp. 223-310, Vienna, 1892. 

(2) Ann. Rep. GeoL Snrv. Can., 1890-91, Part F, p. 77. 

(3) "The Rocks of Clear Lake near Sudbury, " Can. Ree. Sc., Vol. V, 1892-93, 
pp. 343-346. 

(4) Am. Jonr. Sc., Vol. XLV, 1893, pp. 493-494. 
(5) pp. 40-1-497. 

(6) Eng. & Min. J our., Dec. 2nd, 1893, Vol. L VI, pp. 565-566. 

(7) Am. Jour. Sc., VoL I, 1896, pp. 110-112. 
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Penfield had first discovered sperrylite. The evidence of these new 
specimens of this comparatively rare mineral, enabled him to publish 
further details in regard to its cryi>tallographic behaviour. A fter 
critical examination of the associated sulphides, he concludes that this 
sperrylite is associated with the chalcopyrite, and not with the pyr
rhotite, and that accordingly nickel mattes from mines low in copper 
contain very little platinum, while those richer in copper afford a 
matte proportionately richer in platinum. Re menLions the fact, 
however, that the polydymite of Clarke and Catlett c0ntains from 
0 ·006 per cent to 0·024 per cent of platinum (1). 

In April, 1893, Prof. W . L. Goodwin ( 2 ) announced th discovery Discovery of 
of a highly nickeliferous pyrite, occurring at the Murray mine, and ~~cr:~~ite;ous 
published an analysis of this somewhat unusual association. The Prof. W. L. 

· I h l · h h . . d d Good win and materia, owever, on w uc t e exammat10n was con ucte , was mas_ T. L. Walke 
sive and somewhat decomposed. A little latter, however, T. L. Walker 
secured several specimens showing druses of small bright cubic crystals. 

• These were found associated with marcasite, (containing no nickel or 
cobalt) magnetite, galena, chalcopyrite and nickeliferous pyrrhotite. 
An analysis of this new and fresh material was made, and the conclu
sion reached that the specimens represented true nickeliferous pyrite. 
in which the isomorph us elements, iron and nickel, replaced each other 
in varying proportions. ( 3) 

During the summer and fall of 1893, E . Renshaw Bush, while pur- Description 
· f · 1 k · · d £ h · d · by E Rensuing pro ess10na wor , v1s1te some o t e more important epos1ts, shaw· Bush. 

afterwards publishing his ohservations in a paper call11d 'The Sudbury 
Nickel Region.' ( 4 ) 

On December 4th, 1893, Philip Argall of Denver, Col. , presented a PaP.er by 
paper to the Colorado Scientific Society, on ' Nickel, the Occurrence, Philip Argall. 

Geological Distribution and Genesis of its Ore Deposits.' This author 
gives a short but rather complete statement of the character, composi-
t.ion and distribution of the three groups of the ores of nickel-arse-
nides, sulphides and silicates-and makes special mention of the main 
features and importance of the Sudbury Ore Deposits. ( 5 ) 

On January 12th, 1894, Dr. Frank D. Adams of Montreal, submit- Opinions by 
ted a paper to the General Mining Association of the Province of DArd. F . D. ams. 

(1) Bull. U . S. G. S., No. 64, p. 21. 

(2.) Ca.n. Ree. Sc. Vol. V, 1892-93, pp. 346·347. 

(3.) Am. Jour. Sc. Vol. XLVII, April, 1894, pp. 312-314. 

(4.) Eng. & Min. Jour., March 17, 1894, Vol. LVII, pp. 245-246. 

(5.) Proc. Col. Sc. Soc., Vol. IV, 1891-92-93, pp. 395.421. 
2 
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Quebec, ' On the Igneous Origin of certain Ore Deposits.' In this 
paper, he gives a synopsis of the main conclusions reached by Prof. J. 
H. L. Vogt of Christiania, from his examinations and study of the 
nickeliferous sulphides of Norway, and agreeably with these,Dr. Adams 
claims an igneous origin for the various Sudbury occurrences, the con
centration of the ore being the direct result of magmatic differentiation 
of the peculiar type of eruptive with which the deposits of both coun
t ries are always associated. (1) 

In 1895, Prof. J . F. ,Kemp of Columbia University, New York, 
gives 'An Outline of the Views held today on the Origin of Ores.' 
offering an explanation, based on the laws of thermo-chemistry, to 
explain the concentrntion of these sulphides of iron, copper and 
nickel. ( 2 ) 

In 1897, Dr. T. L. ·walker presented his inaugural dissertation to 
obtain the degree of Doct.or of Philosophy, to the University of Leip 
zig, taking as his subject 'Geological and Petrographical Studies of 
the Sudbury Nickel District, Canada.' This thesis was af terwards 
communicated to the Geological Society of London, by Prof. J. J. H. 
Teall and subsequently published in an abridged form. (3) This public
ation contains an epitome of Dr. "'Walker's studies of the rocks which 
are most intimately associated with the nickel deposits. The author is 
in full agreement with Vogt, Adams and others, regarding these ore 
bodies as of igneous origin, owing their present position and dimensions 
to magmatic differentiation. He furnishes very complete details of the 

Dr. W alker petrographical character, not only of the nickel bearing eruptive, but 
first to recog- d d h 1 f h H nize the mi- also of the associate greenstones an t e c astic rocks o t e uro-
cro1dJ'.'grnati~e nian, making brief mention of the mineralogical composition of thfl 
as ifferent1a-
te of norite. Laurentian gneisses exposed near W anapitei station. Dr. Walker 

P aper PY J. 
W. Bain. 

was the first to recognize that the ' micropegmatite ', classed on pre
vious geological maps, as belonging to the Laurentian, which it resem. 
bles, is really a differentiation phase of the prevailing norite. The later 
dykes of olivine diabase are also described in considerable detail. The 
whole publication may be characterized, in brief, as the most complete 
statement in regard to the geology and petrography of the district, 
which had yet appeared. 

In 1900, J. Watson Bain prepared 'A Sketch of the .Nickel Indus
try,' which treats of the source and production of nickel ores, the me-

(1.) Can. Min. R eview, February, 189-t 

(2.) Min. Industry, Vol. IV, 1895, pp. 755-·766. 

(3) Quart. J our. Geol. Soc. Lon., Vol. L VIII, (1897) pp. 40-66. 
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tallurgy of both the New Caledonia and Sudbury products, concluding 
with a brief statement of the composition and uses of nickel. ( 1 ) 

In 1901, Dr. A. P. Coleman gives certain petrographical details of :::>escription 
h . k 1 b . . d h . d t . . th . 1 by Dr- Cole-t e me e eanng eruptive an t e associate greens ones, .w1 spec1a man in 1901. 

reference to occurrences of these rocks, between the Stobie and Nickel 
fountain mines. He also furnishes an account of the mineralogical 

composition and character, as revealed by the microscope,· of some of 
the sedimentary rocks classified as Huronian in this district. (11) 

In 1901, (3) and again in 1902, (4) the writer gives certain pre- Work by A· 
1. . . f . . d h 1 d h f E. Barlow m immary rn ormat10n m regar to t e geo ogy an petrograp y o 1901and1902. 
the Sudbury district. 

In the summer of 1902, Profs. Victor Goldschmidt and William Sperrylite by 
. Goldschmidt 

Nicol prepared a very complete statement of the cry,,;tallography of and Nicol. 
sperrylite, the material being obtained from the original locality at the 
Vermilion mine. ( 5) 

In 1902, C. W. Dickson, (1851 Exhibition Scholar from Queen's Separation of 
U . . K ' d d . d 1 h S h 1 f sperrylite 111vers1ty, mgston, an 01ng post-gra uate wor { at t e c oo o from chalco-
~fines, Columbia Univer~ity, New York) succeeded in separating PY:ri1te by Die cson. 
sperryli te from the unaltered chalcopyrite, obtained at the Victoria 
mines, and thus proved definitely that the platinum was associated with 
the copper sulphide. ( 6 ) This is in agrebment with the results obtained 
by Walker, some years previously, to which reference has already been 
made, and also accords with the views of Prof. Vogt, from analyses of 
the various ores from the Norwegian nickeliferous pyrrhotite de-
posits. (7) 

At the meeting of the American Institute of Mining Engineers, held p.,per. by C. 
in Albany in February, 1903, Mr. Chas. W. Dickson, to whom refe- W. Dickson. 

rence has already been made, submitted a paper entitled ' The Ore 
Deposits of Sudbury, Ontario.' The information thus published was 
also presented in the form of a thesis, to obtain the degree of Pb. D. at 
Columbia University, New York city. ( 8 ) 

(1) Ann. Rep. Bur. of Mines, Ont., l!lOO, pp. 213-224. 
(2) Ann. Rep. Bur. of Mines, Ont., 1901, pp. 206-208. 
(3) Sum. Rep. Geol. Surv. Can., 1901, pp. 141-145. 
(4) 1902, pp. 252-267. 
(5) Am~r. Jour. Sc., Vol. XV, 1903, pp. 450-458. 
(6) 137-139. 
(7) Zeit ftir Prak. Geol. Aug., 1903, pp. 258-260. 
{8) Trans. Am. Inet. Min. Eng. (Albany Melting) February, 1903, 65 pp. 

2; 
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New methods This publication marks a decidedly new departure, not only in the 
of research. methods of research adopted, but also in the results sought to be 

obtained, and if the conclusions reached, seem new and startling, and 
at variance with many of the preconceived notions entertained in 
regard to the composition and origin of these ore bodies, the author 
must be given the credit for having weighed all the evidence and 
exhausted every means to prove the validity o~ his conclusions. 

Mr. Dickson mentions that one of the purposes of his investigation 
has been to ascertain whether the nickel and cobalt replace the iron 
isornorphously in the Sudbury pyrrhotite. Another purpose has been 
to try to find a definite formula for the sulphide of this district, with 
the idea of comparing it with similar minerals from other localities. 
The thesis is divided into two main portions, as follows : I. The rela
tion of nickel to pyrrhotite and II. Genesis of the Sudbury ores. 

Analyses of The first of these two parts of Mr. Dickson's paper deals, in the first 
~u;~~:ii'o~it~~- place, with a general statement of the Sudbury nickel region. This 

is followed by a summary of the composition and origin of pyrrhotite, 
to which is added a table, showing the percentage of nickel and cobalt, 
in this mineral. Then succeeds a brief description of the Sudbury 
pyrrhotit?s, with tables indicating the percentages of nickel, cobalt and 
copper, not only in the ore of the principal mines, but also the average 
composition of some of the resulting mattes. 

Magnetic 
separation of 
pyrrhotite. 

Nickel does 
not replace 
iron in pyr
rhotite. 

Mr. Dickson then discusses the methods pursued, and the results of 
his investigation into the magnetic separation of the pyrrhotite, and as 
a result of these experiments, he concludes that all of the nickel, in the 
Sudbury ores at least, occurs aR a separate mineral, and, that in this 
district there does not exist a true nickeliferous pyrrhotite, in the sense 
that the nickel isomorphously replaces part of the iron in that mineral. 
In the second part of the paper, he adduces strong evidence in support 
of his opinion that all of the Sudbury ore deposits are of essentially 
and predominantly secondary origin. The evidence adduced, is derived 
not only from a study of the larger field occurrences of the deposits 
and associated rocks, but also finds abundant support in the relations 
between the ores and rock minerals, as seen under the microscope. 

Comparisons. A comparison is made of these Sudbury deposits with those of Ross-
land, B. 0., and Ducktown, Tenn., which are stated to show many 
remarkable and essential points of ~imilarity, and concerning whose 
secondary origin, there can be no doubt. 

Dr. Coleman's In 1903, Dr. A. P. Coleman published his account of 'The Sudbury 
:~aa:~;\~ns Nickel Deposits', (1) giving the results of the field operations under
tions in 1903. (1) Ann. R ep. Bur. of Mines, Ont., 1903, pp. 235-299. 
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taken at the instance of the Bureau of .Mines of Ontario, in the summer 
of 1902. This is, doubtless, the most comprehensive and satisfactory 
description of these deposits which has yet appeared. This work is 
copiously illustratecl with photographs of the different mines and 
buildings, together with several small maps showing the progress of the 
surface work, and the disposition of the various openings and mining 
buildings. It is also accompanied by two coloured geological maps, Geological 

representative of the area in the vicinity of the Copper Cliff and maps of Oop-

s b. · I · 'd d . h' . per Oliff and to ie mines. t is not cons1 ere necessary in t is connection, to Rtobie mines. 

summarize the results of this work, as the publication is of such recent 
date, and readily available to any one who desires to take ad vantage 
of this information ; and no one interested in the geological and 
petrographical problems involved, should be without it. In 1903, 
Dr. Coleman continued this work, directing his attention to the map-
ping out in detail of the outline of the northern nickel range, in order 
to determine its connection or otherwise with the Southern or Main 
Range. 

It is proposed, that during the coming season, Dr. Coleman will again Fmther 

continue this work, with the intention of ultimately publishing a mono- dbetaDilecl0 "1'
0 rk 

y r. o e-
graph. which will contain, in ~uccinct form, all essential information_in man. 

regard to these deposits, which have figured so largely in the mining 
industrial development of Canada. 

HISTORY OF DEVELOPMENT. 

The presence of large deposits of nickel and copper, in the vicinity Public atten

of the town of Sudbury, and close to the boundary between the Dis- tion attracted 

d N . . . . N h O . h f to these tricts of Algoma an 1p1ssmg, rn ort ern ntano, as, or many nickel and 

Years attrac:ted world wide attention, in the first place, on account of cdoppe:t 
' epos1 s. 

their immense aud :apparently inexhaustible character, but latterly, 
because of the much more extended use of nickel, especially as an alloy 
with steel, to improve the qualities of the latter. The recent agitation 
for the imposition of an export duty on nickel ore and matte, has, at 
least, resulted in drawing public attention to the fact, that Canada has 
for some time past, been one of the two great sources of nickel in the 
world, and at the present day, produces more than half of the world's 
consumption of this metal. The history of the development of nickel 
mining in t·his region is inseparably bound up with that of copper, for 
the two minerals are always present in such intimate association with 
one another, that, in abstracting their metallic c0ntents, they are sub-
jected to the same metallurgical processes. 
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K1:10wledge of The existence of workable deposits of copper in this region, was a 
existence of fact that had long been known, and as far back as 1770, a company copper in ~ 

1770. had been formed and attempts made to mine this metal, but the 

Work started 
at Bruce 
Mines. 

Mining work 
at Wallace 
mine. 

Murray's 
description of 
south western 

, extension 
of Creighton 
mine in 1856. 

difficulty of proeuring and maintaining miners, at so great a distance 
from any centre of civilization, the remoteness of any market for the 
ore, as well as the absence of facilities for transportation, were in 
themselves amply sufficient causes, if none other existed, to render 
these first attempts abortive. However, in 1846, owing to the activity 
in prospecting and locating mineral lands, on the southern shore of 
Lake Superior, and a favourab!e report by Mr. W. E. Logan, then 
newly appointed Provincial Geologist, some enterprising Canadians 
banded themselves together into two associations called 'The Mont
real Mining ,Company', and 'The Upper Canada Mining Company." 
The former company purchased, amongst others, what was then 
known as 'The Bruce Mines Location', and, on account of the ap
p'trent richness of the deposit, decided to commence active work at 
this locality, while the Upper Canada Company proceeded to develop 
and work what was known as the 'Wallace Mine', near the mouth of 
the Whitefish river, on Lake Huron. The Wallace mine was the choice 
of a number of locations, ownerl by the same company, on the not th 
shore of Lake Huron, and was selected on account of its promising 
character and proximity to civilization. It is chiefly remarkable as 
having been the first place in Canada, in which the presence of nickel 
was detected. After sinking a shaft to the depth of between 60 
and 90· feet, and the opening up of a few pits to test the size of the 
deposit, all work was abandoned, and has not been resumed since, as 
the quantity of ore encountered in these operations did not seem to 
warrant any further expenditure. 

In his report for 1856, Mr. Alex.. M.urray/( 1 ) thus refers to certain 
outcrops of sulphide bearing rocks, which were long afterwards shown 
to be the southwestern extension of the now famous Creighton 
Nickel mine. ' At the fifth mile a dingy green magnetic trap, with a 
large amount of iron pyrites, forms a ridge, and that rock with syenite, 
continues in a succession of ridges to the seventh mile, beyond which 
the country becomes low and marshy. Previous to my visit to White
fish lake, I had been informed by Mr. Salter that local attraction of 
the magnet had been observed by himself; while he was engaged in 
running the meridian line, and he expressed it to be his opinion that 
the presence of a large body of iron ore was the immediate cause. 
When, therefore, I came to the part indicated by Mr. Salter, I made 

(1) Rep. Geol. Surv. Can. 1853-56, pp. 180-181. 
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a very careful examination, not only in the direction of the meridian 
line, but for a considerable distance on each side of it, and the result 
of my examination was that the local attraction, which I found 
exactly as described by Mr. Salter, was owing to the presence of an 
immense mass of magnetic trap. 

The compass was found while traversing these trap ridges, to be Variation of 

deflected from its true bearing upwards of ten degrees at several parts, cumpa sdand suppose 
and in one place it showed a variation of fifteen degrees west of the canse. 

true meridian, or about twelve degrees from the true magnetic north. 
Specimens of this trnp have been given to Mr Hunt for analysis, and 
the result of his investi~ations shows that it contains magnetic iron ore 
and magnetic iron pyrites, generally disseminated through the rock, 
the former in very small grains ; titaniferous iron was found in asso
ciation with the magnetic ore, and a small quantity of nickel and cop-
per with the pyrites. It was remarked that notwithstanding the 
powerful influence of this magnetic mass in causing a general local 
attraction, the contact of fragments of it with the compass, although 
producing a slight effect, rarely occasioned any remarkable agitation 
of the needle.' 

The line referred to in the above description, was what was once "Position of 

known as 'Salter's 'Meridian line', and the exact position of these.out- deposit. 

crops of mineralized ' trnp ', on the line, is in the first concession, on 
the boundary between Snider and Creighton townships. It can thus 
be seen, that even at this early period of its history, the officers of the 
Geological Survey were aware of the exi~tence of nickel in this region, 
an·] had pointed out the probability, that workable deposits would be 
found. ( 1 ) 

Yeat's pas;;ed by, and the inaccessible nature of the country deterred Inaccessible 

prospectors from making any very detailed exploration or examination, nature obf f 
country e ore 

so that it was not until 1883, when the Canadian Pacific Railway was passage of 

in course of construction, that the first discoveries of any consequence C. P. Ry. 

were made, since which time, the whole belt characterized by the pre-
sence of the Huronian rocks in the Sudbury district, has been overrun 
with eager prospectors and miners. 

A not infrequent accident in newly settled districts, led to the first Discevery of 

important discovery. Judge McNaughton, late Stipendiary Magis- Murray mine 
S d l db 1 

. h d byDr.Howey. 
trate at u bury, m een ost rn t e woo s to the west of the town, 
and a diligent search was at once instit.uted for him. A party, consis-
ting of Dr. Howey and two others, found the judge seated on the 

(1.) Rep. Geo. Sur. Can. 1848-49, p. G3. 
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small eminence which then marked the site of what is now known as 
the Murray mine. Dr. Howey's natural curiosity and geological turn 
of mind are well known to all his friends, and it is not surprising, there
fore, that having overcome his anxiety on the Judge's account, he 
should turn his attention to the neighbouring rocks. Looking down 
at the knoll, which had served as a resting place for the tired wanderer, 
he noticed that the rock composing it contained abundant impregna
tions of what appeared to be a valuable ore of copper. More critical 
examination still , convinced him, t hat he had discovered a mine and 
hastily securrng some representative samples, he exhibited them t.o Drs. 
Girdwood and Selwyn, who happened to be in the neighbourhood, and 
either of whom he considered fully competent to pronounce with autho
rity as to the economic value or possibilities of his find. Dr. Gird wood, 
it may be remarked, was, at the time, one of the chief medical advisers 
of the Canadian Pacific Railway, and a well known authority on che
mistry and mineralogy. Dr. Selwyn, then Director of the Geological 

Opinions by Survey, accompanied Dr. Gird wood, in order to obtain the necessary 
Drs Selwyn · f ·1 · · bl · h' t k 1 · 1 · andGirdwocxl. transportat10n ac1 ities, ena mg im o ma e a geo og1ca reconnais-

Dr. Howey's 
disappoint· 
ment. 

sance of the area in the vicinity of the railway. To Dr. Howey's 
surprise, they informed him that the pyrrhotite which formed such a 
large proportion of his samples, was practically valueless, that the only 
metal of importance which might be present in such a mineral was 
nickel, and that past experience with similar ores in Canada and else· 
where, had taught them, that this was al ways present in such small 
amount as not to permit of its profitable extraction. Turning their 
attention to the chalcopyrite, which was also represented in his samples, 
both these gentlemen agreed, that although it was a valuable ore of 
copper, the mineral was not present in sufficient quantity to pay for 
working. Thoroughly convinced of the soundness of their advice, but 
disappointed at the unexpected result, Dr. Howey took no further 
action in the matter, ridirmling in a quiet way the earnest and per
sistent efforts of others to interest capital in the immense economic 
possibilities of this and similar deposits afterwards found. One can 
imagine his chagrin, therefore, and sympathize with his mortification, 
when subsequent development demonstrated that both these gentle
men, whose scientific attainments could not be called in question, had 
been rather hasty in their judgment, although from a wide experience 
with the composition of pyrrhoLites in general, they had been right in 
thus expressing their opinion. 

Discovery of E arly in 1884, the Canadian Pacific Railway made a cutting for 
Murray mine their main line through this small hill (Murray mine), about 3t miles 

north west of Sudbury, and on July 12th of the same year, Dr. Selwyn 
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made a careful examination of the location, and, stated to the writer, 
some years afterwards, that be bad pronounced the lode to be one of Di:. Selwyn's 

opmwn. 
the most promising he had yet seen in Canada. No such opinion, 
however, was ever published, although it is quite possible that the 
greater facility of examination caused by the cutting for the rail way, 
and the massiveness of the deposit thus exposed, reversed his previous 
j udgment of the ore body in question. ( 1 ) 

Other discoveries soon followed, and the McConnell, Lady Macdonald, Other mines 

Stobie, Blezard, Copper Cliff and Evans mines were all located. At found. 

first, the wildest notions were entel'tained as to the extent of these 
deposits, and the most exaggerated reports circulated as to their value. 
It was even confidently asserted that these were immensely important 
discoveries, and would revolutionize the whole copper trade, and render First reports 

other mines then in operation quite unremunerative. Rounded hills of greatly 
exaggerated. 

gossan, indicating the presence of the more solid and unaltered ore 
beneath, occur at intervals for miles in a south westerly direction, con-
forming rudely to the strike of the stratified or foliated rocks, in the 
vicinity. This circumstance i'1 a ll that seems to have justified the early 
discoverers in describing tbe deposits as veritable mountains of solid 
ore, many miles in extent and hundreds of feet thick. During the 
interval which has elapsed since the first discovery was made, pros-
pectors ha Ye not been idle, and their efforts have been rewarded by the 
lo0a,tion of three large belts or masses of the sulphide bearing norite. 
Until lately, these have been considered as entirely separate and Form of 

d . . f th b t b 1 t 1 . 1 k . t d. nickel bear-1stmcG rom one ano er, u t e a er geo og1ca wor is en mg to ing eruptirn. 

prove their connection as one continuous ellipsoidal band, the central 
portion of which is now occupied by tufaceous slates and sandstones, 
coloured provisionally as of Cambrian age. 

The history of the development of mining in the Sudbury district History of 

is, in the main, that of the Canadian Copper Company, for it was the development. 

1. A specimen collected at the titne by Dr. Selwyn from the cutting on the rail· 
way at the :Murray mine, was examined by Dr. Hoffmann, who says' It consisted of 
magnetic·pyrites and nopper-pyrites, in association with a dark gray fine-grained 
diorite and a grayish green chloritic schist; a few of the fragm@ts were in parts, 
coated with hydrated peroxide of iron. Some specimens of the magnetic-pyrites 
from this deposit contained numerous flakes of molybdenite. It was found to contain 
afte( drying at 100° C., (Hygroscopic water= 0 · 085 per cent. ) 

Iron . .......... . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . .. . . . .. . 27·35 
Copper . ... . .. .. . . . . . .. . . . .. .. . . . . .. . .. . . .. . . . . .. . . . . . . 9·os 
Sulphur........ .. .. . .. .. . .. .. . .. .. .. . .. .. .. . .. . .. . .. .. 1s ·oo 
In oluble matter (gangue)..... .. .. . .. .. .. .. . .. .. . .. .. . .. 36'63 
Gold . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . mere traces. 
s;Iver .................. . . . . . . . . ........ 2·137 oz. to the ton of 2,000!bs. 

(Ann. Rep. Geol. Surv. Can. Vol. I, 1885, Part M, pp. 19-21. 
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first combination of capital which seriously undertook the business of 
mining in this area, while, at the same time, having the distincti0n of 
being the only corporation, which has continued its operations without . 
serious interruption, from the commencement until the present time. 

The McAllister mine, later called the L'ldy Macdonald mine, (now 
No. 4 mine of the Canadian Copper Company's group), situated on 
the north side of the lake of the same name, on lot I, con. III., of the 
township of Snider, was the first property on which any work was 
done in the summer of 1885, although later in the fall, the Evans 
mine, about two and a half miles farther south in the same township, 
was opened up and some preliminary tests made. On January 5, 1886, 
the Canadian Copper Company was formed, with a subscribed and paid 
up capital of $2,000,000, which was afterwards increased to $2,500,000, 
to operate the Copper Cliff, Stobie and Ernns mines. 

On May lst, 18~6, work was sta rted in earnest at the Copper Oliff 
mine, near the north end of lot l '.l, con. II., of Mc Kirn township, and 
the first shipments of ore made from the district, were obtained from 
the surface openings of the original Copper Oliff mine. Later on in 
the same year, both the Stobie and Evans mines were opened up, and 
the;;e three mines together produced all the ore treated in the smelters 
at Copper Oliff, until the year 1898. The first blast furnace installed 
at the old or East Smelter was blown in on December 24, 1888, this 
being augmented under the same roof by a second blast furnace, 
which was started on September 4, 1889. During 1896, and 1897, 
diamond drill exploratory work was undertaken in connection with 
the deposits afterwards known as the No. 1 and No. 2 mines with 
their extensions, and in 1898, many of these openings produced a con
siderable quantity of high grade ore, but, with the exception of the 
deposit at No. 2, there was apparently no very large or continuous 
body encountered, for they were soon abandoned and are now com
pletely dismantled. ALout the same time, what is now the largest 
open pit of the whole group of the Copper Cliff mines (No. 2), was 
started in earnest, soon supplying a very large quantity of o~·e, which, 
however, contains a considerable admixture of rocky matter. The 
Evans mine, although with some rather serious interruptions, con. 
tinued to furnish ore until late in the fall of 1899, when it closed down, 
and to all appearances has been permanently abandoned. The engines, 
boilers and other machinery have been removed, and the rails of the 
spur connecting the mines with the main line of railway, have all been 
torn up and carried off to be used elsewhere. In the fall of 1899, pre
parations were made for opening up the Frood mine (No. 3), situated 
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a little over a mile south west of the Stobie mine, on lot 6, con. VI., Frood rr,ine 

of the township of McKim, and early in 1900, this was added to the opened. 

liHt of producing mines. During 1899, and succeeding seasons, many 
of the openings north west of No. 2 mine, as well as some of the pits 
and shafts known as the Clarabelle group of mines, were being oper- Clarabelle 

ated at one time or another, and added materially to the reserves of mmes. 

ore, but all of these were shut down in the spring of 1902, when the 
business of the company was being curtailed, pending reorganization 
and consolidation of the various interests. In July, 1900, the work 
of stripping at the Creighton mine was begun, and in August of the Opening of 

. . ~~~ 
followmg year, ore was shipped for the first time to the roast yards at mine. 

Copper Cliff. The Creighton mine is undoubtedly the largest mine 
in the district of which we at present have knowledge, and from the 
very beginning of operations, has produced very large quantities of the 
almost pure sulphides, with little or no rocky admixture. It is espe-
cially valuable as carrying a high percentage of nickel, with a very 
much smaller proportion of copper. The mine is situated on the north 
half of lot 10, concession I., of the township of Snider, about six miles 
in a straight line west of Copper Cliff station. The ore, when mined, 
is carried on cars over the Manitoulin and :North Shore Railway, on 
the north side of which the mine is located, to Clarabelle junction 
wherfl connection is made with the railway owned by the Canadian 
Copper Company. Before the opening of the Creighton mine, the Stobie mine. 
Stobie had the distinctirm of having supplied the largest quantity of 
ore of all the Canadian Copper Company's mines, and with the excep-
tion of some minor stoppages, this mine was in continuous operation 
from the date of its opening in 1886, until November, 190:, when it Closed down 

closed down and has remained so ever since. The reason for this ces- in 1901. 

sation of operations does not appear to be that the end of the deposit 
has been reached, but because the quality of ore which it supplies is 
not needed in the present smelting operations. The Creighton mine Very large 
· t t th · f 1 d h' · · h · · supply of ore is a presen e roam source o supp y, an t is mme wit its equip- from Creigh-

ment allows for a production of between 500 and 600 tons of ore per ton mine. 

day, and Dr. Coleman is authority for the statement that for some 
time in 1902, the output from this mine alone reached 17,000 tons per 
month. The old or original Copper Oliff still continues to supply about 
1,000 tons of ore per month, obtained mainly from the l 3th and 14th 
levels, the latter workings being 1,052 feet below the surface; but 
even at this depth the ore body shows no serious diminution, either in 
size or richness. No. 2 mine and the Frood (No. 3), complete the list 
of mines from which at present the supply of ore is drawn. The mines 
of this company, not in use at present, must not all be considered as 
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having been permanently abandoned, but the openings now utilized 
produce an ample supply of the sulphide material of the various gradiis 
suitable for smelting. 

This activity in mining at Copper Oliff, and the steady increase in 
the production of ore, necessitated constant additions to the smelting 
equipment, as well as the erection of new and suitable buildings for 
the accommodation of the new blast furnaces . We thus find, that, be
sides the enlargement of the old or East Smelter, where three new fur
naces were installed in addition to the two already mentioned, an en
tirely new structure known as the West Smelter, was built in 1899. 
At first, this building had room for only 4 furnaces, but this was quick
ly enlarged, and the furnace capacity doubled. The site chosen for 
this new building, was on the slope of the hill about 300 feet south
east of the No. 2 mine rock house, the deep valley to the south pro
viding a convenient and ample dumping ground for the slag. 

Since the inauguration of this smelter, the one at the east end of 
the works is being gradually abandoned, and much of the old plant has 
already been removed to the site of the new building. The work done 
at this place, since the suspension of operations in the beginning of 
1902, has been rather spasmodic, and has consisted mainly in the pro
duction of a low grade matte known as 'spilt matte.' 

Thus, several of the furnaces at this smelter were being employed in 
producing this matte from June, 1902, until the end of the year. In 
addition, two of the furnaces have been engaged from time to time, 
making experiments in the way of smelting the ore pyritically. It is 
hoped, by this method, to reduce the coke to 3 or 4 per cent of the 
charge, by using a hot blast and an oxidizing atmosphere in the blast 
furnace, and utilizing the heat developed by the burning of the sulphur 
and iron of the ore, for the smelting. In the fall of 1900, the plant of 

Install:i.tion of the Ontario Smelting Works was installed by the Orford Copper Com
~,'~t~,~~~~elt- pany, an organization closely related to the Canadian Copper Campa
in 1900. ny. The works, as completed, are designed to further refine the first 

Formation of 
International 
Kickel Co. 

or lower grade matte, produced by the blast furnaces of the Canadian 
Copper Company, using as a flux, the silicious ore from the Massey 
Copper mine. 

Perhaps, the most important event in the development of the nickel 
industry, either in this district or elsewhere, occurred in April, 1902, 
when after negotiations, covering a period of several months, the Inter
national Nickel Company was organized under t.he laws of the State 
of New Jersey, to consolidate and control the nickel production of the 
world. The following properties were included in the new organiza-
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tion :-The Canadian Copper Company; the Orford Copper Company, 
with reduction works at Bayonne, N.J.; the Anglo-American Iron 
Company, and the Vermilion Mining Company, in Canada; the Ame
rican Nickel Works, in Camden, N.J.; the Nickel Corporation, Limit
ed, and the Societe Miniere Caledonienne, in New Caledonia. Dur
ing 1902, and 1903, mining operntions were considerably curtailed, ex
cept in the case of the Creighton mine, where the production has been 
brisk ever since it was first opened. This has permitted certain very Minin~ 
necessary explorations of many of the ore deposits, by diamond drilling ~~~~:A~f.8 

and testing shafts. The results of these experiments, have added very 
largely to the detailed knowledge, not only in regard to the size and 
shape of the deposits already known, but has succeeded in revealing 
the presence of considerable bodies of ore, whose presence had not been 
suspected. 

Such, in brief, is the record of the principal events in the develop- Business-like 

f h · · d 11 · 1 t' f h' · metho1s of ment o t e mmmg an meta urg1ca opera ions o t is pioneer corn_ Canadian 

pany, in the nickel industry in Canada. From the start, their work has Copµer Co. 

always been characterized by energetic and business-like methods, and 
if at the present time, they seem to have gained control of more than 
their fair share of the available nickel bearing area, which likewise 
includes many of the mines producing the largest supplies of high gr11.de 
nickel ore, the result must not be attributed to chance or a series of 
fortunate circumstances, but is rather the strongest evidence of the 
keen business foresight of the originators of the enterprise, and an 
abiding faith in the permanence of the nickel mining in this district. 

It must not, however, be assumed that all of the available or even All important 

important deposits of nickd-copper sulphides, have passed under the depot bsit
1
s dot 

no e ong o 
control of the International Nickel Company, for besides the Victoria International 

. f th M d N' k 1 C h' 1 'll . 1 Nickel Co. mmes o e on ic e ompany, w ic l st1 con tarn a very arge 
reserve of high grade ore, there are many others throughout the dis-
trict which are capable of economic development as more or less per-
manent mines. Suspension of operations, so often recorded in the his- Reasons for 

tory of the mining development of the district, does not in all or i:iven ~~~~i~~~. of 

a majority of cases, imply a failure in the ore supply, but is oftener to 
be attributed to a waste of capital, owing to lack of business judgment, 
and the need of a technical knowledge of the difficulties to be encoun-
tered in both the mining and smelting departments. Moreover, many 
of the deposits have been condemned, because they failed to give a pro- Necessity for 

Per return for the capital invested, when all that was available of the lafrge reserves o ore. 
latter was utilized in costly experiments, to discover new methods of 
smelting or refining. Past experience in this district has shown that 



Important 
deposits on 
Levackand 
North Nickel 
Range. 

30 GEOLOGICAL SURVEY OF CANADA 

success and permanency in the mining and smelLing operations of any 
company, can only be secured by the possession of large reserves of ore, 
preferably obtained from different mines or deposits. In this way, not 
only is a constant supply of ore assured, but diveri,ity in composition is 
possible thus enabling a judicious selection of the different grades, 
whose mixture in the proper proportions, promotes successful and 
economic smelting. 

In addition to the deposits which are still available along the South
ern Range, most of which are in vario¥s stages of development, there 
are other apparently very large and important ore bodies, situated 
along the Middle range (in Levack township); and others again on the 
Northern Nickel Range which are certainly worthy of close attention 
and which seem destined, in the near future, to be worked as mines. 
The lack of transportation facilities has, up to the present, prevented 
any deep mining work being done, but the surface indications and geo
logical conditions are entirely favourable to the existence of large ore 
bodies, which, although perhaps not attaining the phenomenal dimen
sions of the Creighton mine, will nevertheless prove of sufficient magni
tude to forni valuable mines. 

Henry II. Vivian & Co. 

Beginning of The incidents attending the discovery of the deposit which was 
oMperations.at afterwards known as the Murray mine, have already been related, as 

urray mme. 
also the fact that it was located over a year previous to either the 
Copper Cliff or Stobie mines. In spite of this circumstance, however, 
and its advantage0us situation on the main line of the Canadian Pacific 
Railway, no mining of any importance was done in connection with 
this property until early in the year 1889. During the whole of this 
season, however, it was prospected under bond by H. H. Vivian & Co., 
of Swansea, Wales, and in October, of the same year, it was sold 
outright to this company br the original owners. The mine is 
situated on the north half of lot 11, con. V., of McKim township. 
All the necessary machinery, buildings and other adjuncts were 
installed, and prepar<.ttions made for carrying on the business of ·mining 
on an extensive scale. 

Smelting at The first blast furnace at the Murray mine was blown in about the 
Murray mine. end of September, 1890, and put to work on some ore which had bef'n 

previously roasted. The general practice followed by this company in 
their smelting operations, consisted in the production of a comparati
vely low grade blast furnace matte (averaging 9.4 per cent nickel and 
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4.7 per cent copper), thus pr9venting an undue loss of the metals in 
the slag, anci subsequently bessemerizing this into a second or higher 
grade matte (averaging nearly 75 per cent of the combined metals or 
about 49 per cent nickel and 26 per cent copper). For this second 
concentration of the metallic contents, the Vivians were the first to 
make use of the Manhes furnace or converter in 1891. Mining and Cesoat!on of 

. . . d l h h . h . . t operat10ns. smelting operat10ns were contrnue , at oug wit some mmor rn er-
ruptions, from 1889 until 1894, when the works were finally closed 
down. Between August, 1896, and January, 1897, however, the 
smelter was engaged in producing matte from about 6,000 tons of ore 
which had been roasted by the Vivians. This product was shipped to 
Mr. Joseph Wharton, of Camden, N. J., to whom it had been sold. 

The purchase of the Murray mine by this old established and well Purchase of 
. . :Murray rnme 

known firm of Welsh smelters, was regarded by all as markmg a dis- by Vivians of 

tinct epoch in the history of nickel mining in Canada. Their wide f~e,~~g{0omise 
experience in all branches of metallurgical industry, seemed to augur district. 

well for the success, not only of their own individual enterprise, but 
their presence in the district, promised to be of immense assistance to 
otheri; similarly engaged in the mining and smelting of these nickel 
and copper sulphides. The difficulties which always attend the initia-
tion of a new undertaking, were in evidence from the very beginning 
of the business of nickel mining, and were of that nature, which 
required the exercise of just such ripe technical knowledge as the 
Vivians were sure to possess. Moreover, such a significant acknowledg-
ment of the success and permanence of nickel mining in Canada, on 
the part of a firm whose sphere of activity in mining and smelting had 
extended to all parts of the known world, could not fail to have a most 
marked influence on all subsequent mining operations in the district. 
It was, the1·efore, to say the least, bitterly disappointing, that from the Cl!'use of 

t .. . 1 k £ d f f d" b . failure. very ou se,,, a seemmg ac o energy, an o ten even o or mary us1-
ness ability, on the part of those who had control of the work, was a 
subject of common remark, being in marked contrast to the alert 
methods characterizing the operat.ions of the rival corporation, the 
Canadian Copper Company. This was evident in almost every depart-
ment of the work, and the apparent lack of technical knowledge and 
business capacity on the part of this firm, from whom so much had 
been expected, could not be very well understood by the ordinary Apathy of 

observer. On the other hand, the management entrusted with the management. 

conduct of affairs at the mine, complained of want of interest and 
attention on the part of the authorities in England, but, whatever the 
real cause or combination of causes, the enterprise was not attended 
with the success anticipated, and which should have been reasonably 
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expected. The final decision of the company to close down and with
draw from the business of mining in Canada, came as a distinct shock 
to all those who were interested in seeing the perma.nency of the nickel 

Ore ~till pre- mining established. The failure of these operations must not, there-
sen t m lower . . . . . 
levels of mine. fore, be attributed, as some have supposed, to the d1mmut10n m depth of 

the ore body or to abundant rocky admixture, although these, no 
doubt, contributed to a certain extent to bring about the undesirable 
result. It seems altogether reasonable to suppose that a considerable 
quantity of ore is still present, both in the lower levels of the mine, 
as well as below these workings at depths which have not yet been 
reached by the mining explorations so far undertaken, which could 
be profitably mined in conjunction with other deposits. In this 

N e'?essity for respect, the Vivians were at a manifest desadvantage as compared 
var10usgrades •th h 0 i· 0 0 h . d . . d h of ore. w1 t e anac ian opper ompany, t e vane compos1t10n an c a-

racter of the ores from whose different mines permitted, and even 
favoured, the mixtures which are seemingly so essential for the suc
cessful and economical smelting of these sulphide ores. In addition 

L ady Violet to the Murray mine, the Vivians owned the nickel and copper deposit 
mjne. 

known as the Lady Violet mine, situated on the north half of Lot 1, 
con. IV., of the township of Snider, about 1 ~ miles south west of the 
Murray mine. The mining, however, undertaken at this locality con
sisted chiefly of stripping, the sinking of trial shafts, and other preli
minary development work. A blacksmith's shop and some temporary 
residences were the only buildings erected. 

Diamond drill Some rather extensive diamond drill exploration work was subse
exploration at quently undertaken by order of the Board of Directors in En"land at 
M~~~ b • 

L~dy Violet both the Murray and Lady Violet mines, but unfortunately, the diffe-
mmes. rent sites for the drill, as well as the angles of inclination and direc-

Cost of 
diamond 
drilling. 

tion of the bore holes, were determined by some of these sr.me direc
tors in England, whose only means of guidance in this selection, seems 
to have been maps of the two properties in question, but without any 
very extended personal knowledge of the actual geological conditions 
prevailing at these places. As might have been expected, from opera
tions carried on under such adverse conditions, no important ore bo
dies were encountered, nor was any information of material value ob
tained, which might be of assistance either to the owners or to any 
prospective buyer. The diamond drill used belonged to the Ontario 
government, and was loaned to the Vivians under the usual conditions 
of working in 1898. Boring was begun on the 2nd of December, 1898, 
and the work continued until the 16th of June, 1899, the number of 
days of actual boring being 212, of 10 hours each. In all, eight holes 
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were put down, having an aggregate depth of 1,146 feet, which cost 
on an average $2.65 per foot. (1) 

'Since the abandonment of active mining, the property has been under Caretaker at 
the charge of Mr. G. H. Behenna, who has been continuously employ- Murray mine. 
ed looking after the various buildings and machinery, while a pump 
has kept most of the levels comparatively free from water. 

Dominion Mineral Company. 

The Dominion Mineral Company commenced mining operations in Location of 
the summer of 1889, on a deposit of nickel and copper ore known as Blezard mine. 
the Bleza rd mine, occurring on lot 4, con. II., of Blezard township, 
about ll miles north of the Stobie mine, at the southern edge of the 
]\fain or Southern Range of norite, which here comes in contact with the 
older diorites and hornblende schists. A smelter was soon built, with 
a furnace capacity of 120 to 150 tons daily. Four shafts were sunk Erection of 
at this mine, the deepest of which seems to have reached a point 172 smelter. 
feet below the surface. Most of the ore aecured, however, was by 
meaM of a series of large open pits which are at present filled with Composition 
water. The "kies" or metallic portion of the ore thus obtained is of ore. 
said to have averaged about 4 per cent nickel and 2 per cent copper. 
For rea5ons which have been differently stated, mining operations were 
discontinued in the summer of 1893, and have not been resumed since. Cessation of 
The smelter, however, at this mine, was kept running until July, 1895, opeu.tions. 
on ore brought chiefly from the Worthington mine. The total pro_ Production. 
duction of ore cannot be accurately given, but the figure of 100,000 
tons is certainly somewhat below the actual output. The Worthing-
ton mine, also worked by the same company, is situated at a station Discovery and 
of the same name, on the Sault branch of the Canadian Pacific rail- \v~;~hin~~on 
way, twenty-five miles west of i::ludbury. The mine itself, consisti~g mine. 
of two shafts, lies close to the line between lots 1 and 2, con. II., of 
the township of Drury. It was discovered at the time of the cons-
truction of this branch by Mr. James W ortbington, one of the rail way 
contractors. Actual mining was started on this property in the sum-
mer of 1890, and continued w,ithout much interruption until the mid-
dle of September, 1894, when operations ceased, and with the excep· 
tion of a short time in 1902, when the mine was pumped out for pur- Depth of 
poses of inspection, no work of any consequence has since been done. mining. 
From the two shafts, one of which reached a depth of 100 feet, and 
the other 175 feet below the surface, as well as from two adjoining 

(1) Ann. Rep. Bur. of Mines, Ont., 1901, pp. 53 & 56. 
3 
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Production of stopes and connecting levels, a considerable amount of unusually high 
Worthmgton d b . d h" h h b . d b D C 1 mine. gra e ore was o tame , w ic as een estimate y r. o eman at 

25,000 tons. The pyrrhotite occurring at this mine is often pheno
menally high in nickel, chiefly owing to abundantly disseminated pen
tlandite, and the first recognition of this mineral in the district was 

Characte! and by Dr. T. L. Walker, in the ore procured from this mine by the 
~T~fe0:~tion writer in 1891, and to which reference has already been made. 
W:orthington The analysis of this pentlandite by Walker showed 30 per cent nickel, 
mme. 

but an examination of some large masses of ore obtained at a depth of 

Work :tt 
Cameron 
mine. 

Reasons for 
cessation of 
mining. 

Work bv 
Algoma· 
Nickel Co. 

85 feet below th~ surface, and consisting of pyrrhotite with a conside
rable proportion of pentlandite, which could be readily discerned, showed 
17·48 per cent of nickel. In 1891, a shipment of raw ore was made 
from this mine of 123 tons, which contained 10 per cent nickel and 3 
per cent copper. Large masses of practically pure chalcopyrite were 
also obtained, and a considerable quantity of such ore is stated by 
Manager Attwood to have been shipped, assaying 18 per cent copper 
and 2·5 per cent nickel. 

In the fall of 1895, some development work was done by this same 
company, at the Cameron mine, on lot 7, con. 1, of Blezard township, 
nearly two miles southwest of the Blezard mine. A shaft was sunk a 
distance of 65 feet with a drift 66 feet in length. The real reason for 
the cessation of work at both the Worthington and Blezard mines is 
very difficult to ascertain, but bad business management was responsi-
ble in large part for many of their difficulties during tbese mining 
operations. Individual members of the company state that the pre
sent idleness of these properties is because no decision satisfactory 
to all parties can be reached by the board of directors, so that work
ing under these conditions is impossible, and they would be inclined 
to sell. 

Some of the other companies who carried on mmmg and in some 
cases smelting operations for a time, shortly after the recognition of 
this area as a mining district deserve a passing mention in this connec
tion. 

One of these, the Algoma Nickel Company, in 1891, under an option 
secured from the owners of the property, sank four shafts varying in 
depths from 12 to 35 feet and aggregating 84 feet in all, besides some 
smaller openings or test pits on lot 11, con. V., ot the township of 
Lorne. No large body of ore was, however, met with as a result of 
this development work, the sulphides apparently occurring as unusually 
rich impregnations, which, if continuous, Il!ight prove an economic pos
sibility. These sulphides occur in connection with what is seemingly 
the southwestern extension of the same mass or band of norite On 
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which the Worthington and Mitchener mine.s are situated. Work 
was abandoned, leaving ore piles aggregating about 500 tons in weight. 
Assays of an average sample in the laboratory of the Survey showed 
l ·95 per cent nickel, with trace~ of cobalt. 

The Drury Nickel Company purchased the deposit known as the Drury Nickel 
Chicago or Travers mine in 1890, anrl began active mining in February, Company. 
1891. This mine is situated on lot 3, con. V, of the township of Drury, 
about 5 miles north of Worthington station, on the Sault branch of 
the Canadian Pacific ~ail way. Most of the ore was mined by means :Mining at 
of open cuts, one of which had a depth of 30 feet, length 60 feet and ~~~~~~~ ~ine. 
width 30 feet, from the bottom of which a ~haft 8 by 12 feet was 
sunk to a depth of 60 feet. Another open pit measured 40 feet in 
length, 80 feet in width and 30 feet in depth. From these openings 
3,500 tons of ore were obtained, and reduced to matte in a water- Smelting. 
jacketed furnace capable of treating 60 tom in 24 hour~. A roast-
yard was prepared, suitable buildings erected, and the plant installed 
necessary for permanent mining, but in spite of all this, the mine 
closed down in 1892. In 1893, after lying idle for nearly a year, some 
additional mining and smelting was undertaken, but this was also soon 
abandoned. On May 20, 1896, work was again resumed, the company Trill Nickel 
b . . d d h f h T ·11 N' k l M' . d M Mining and erng reorgamze un er t e name o t e n ic e rnmg an a- Man'fg. Co. 
nufacturing Company, and the deposit itself was rechristened the Inez 
mine. An elevated tramway, 4t miles long, was built from Wor- Inez mine. 
thington station, for conveying supplies to the mine, and the product 
of the mine, in turn, to the station. It was possible, by means of this 
tramway, for a single horse to haul two cars, each containing two tons, 
and to make two round trips, each way, daily. Mining and smelting con-
tinued briskly again, for a while, but before August, 1897, work was 
again stopped, and has not since been resumed. 

From time to time, mention is made of the ' Big Levack proper- Levack mines. 
ties,' thus referring to certain deposits of nickeliferous pyrrhotite, 
which were discovered early in the history of the district in the town-
ship of Levack, but none of which have been sufficiently developed to 
be dignified by the name of "mine." From time to time, however, 
considerable work has been done and examinations made, with a view 
to possible purchase, but for various reasons, the properties are at pre-
sent lying idle and without any present prospect of being opened up in 
the near future. The deposits in question are situated along the Wind.Y lake 
northern junction of what ha9 sometimes been called the Windy lake eruptive. 
eruptive or Middle Belt of the nickel-bearing norite, although it is pos-
sible that this is a portion of the huge ellipsoidal band, and the south-

3! 
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Surface indi- western continuation of the Northern Nickel Range. The surface indi
~h!i::ti~ong cations are undoubtedly among the· best in the district, and the deve
the district. lopment work so far under taken has exposed a very large amount of 

almost pure nickeliferous pyrrhotite, with little or no rocky admixture. 
Character of The ore-body has the additional advantage that chalcopyrite forms 
ore body. only a comparatively small proportion of the whole. The first, and pro-

bably the most extensive mining exploration work in connection with 
Examination these properties, was undertaken in 1891, and a report made by Mr. A. 
and wo~kI by :M:erry, of H. H . Vivian and Company, for the owners of the property. 
Alfred " erry. 

This work consisted of extensive stripping, and the removal of portions. 
of the overlying drift material, t he opening up of numerous cross cuts, 
trenches and test pits. The average assay of a number of typical sam-

Composition ples, made by Mr. Merry, showed the presence of 3.86 per cent of nickel 
of Levack in the pyrrhotite, with 0.81 per cent of copper. Assays made in the 
ores. 

Exploration 
by Mond 
Nickel Co. 

Diamond 
drilling not 
al ways satis
factory. 

laboratory of the Survey show the nickel to vary from 1. 96 to 4.13 
per cent, the lower figure containing considerable gangue, while the 
higher results were obtained from the solid, coarse-grained pyrrhotite. 
Early in 1901, some of these locations were examined by means of dia
mond drill exploration, under option by the Mond Nickel Company, 
but to the disappointment of all who were concerned in the welfare of 
the district, this company decided to abandon their option, and the 
property was again thrown on the market. It is manifestly unwise, 
as a rule, to condemn as worthless the testimony afforded by diamond 
drill exploration, especially when such work is under the superinten
dence of men thoroughly experienced in t he mode of occurrence of the 
class of deposit to be tested, but an inspection of t he work performed 
at this time, seems thoroughly convincing, that much of what was done 
added very little, if any, information to what we already possessed in 
regard to these deposits, or than can be secured without such costly 
assistance. We are, therefore, atill in the dark as to whether or not 
there are any large or .::ontinuous bodies of ore at these places, and if 
the former, as to their most likely disposition. All geologists who have 
visited these deposits, and especially those who have had wide expe-

Probability of rience in the district, are agreed that large and valuable ore-bodies are 
lbardge orn likely to occur at this place. The rock is the usual norite, with which 

o ies m 
L evack. all the other mines of the district are associated, while the contact 

is well and sharply defined, and the differentiation pronounced. The 
area covered by the nickel-bearing norite is very large, and no other 
deposits have been found in connection with this eruptive. The angle 
of dip to the southeast is unusually low for the district, and this fact 
has to a large extent prevented its successful exploration. The deve
lopment work, as well as the borings undertaken by the diamond drill, 
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seem to incline the casual observer to the conclusion that the deposit Suggestions 
f .. 

is a 'pancake ' and has no great depth or permanence. A careful 0~~~~~~1!n 
study of the attitude of the outcrops of rock, as well as their surface work. 

outline in the immediate vicinity of the sites chosen for drilling pur-
poses, is convincing that no deep deposit need be expected in their vici-
nity, while on the othe1· hand, it seems reasonable that the main body 
of the sulphides is concealed beneath the drift, at the base of the hill, 
where no trials whatever have been made. A shaft sunk here and 
continued with the granite-gneiss as a foot-wall, with drifts outward 
towards the main mass of the norite, would show definitely and finally 
not only if any large and continuous ore body is present along this 
line of junction, but at the same time would secure a considerable 
amount of ore, which could afterwards be used. 

In 1891, a shaft was started on the Davis property, known as the Location and 

Sheppard or Beatrice mine. This deposit is situated alon
0
rr the north- wBorlt< ~t ... ea rice or 

east.ern extension of the same line of junction as the Blezard mine, bet- S~eppard 

ween the norite and greenstone. It is on lot 1, con. III., of Blezard mme. 

Township, nearly two miles north-east of the Blezard mine, with which 
it is connected by wagon road. The shaft, 10 by 12 feet, was sunk to 
the depth of 100 feet, with three small drifts, aggregating 34 feet. Work, 
however, was not continued after April, 1893. 

In the same year, (1891 ), a shaft was sunk and considerable develop- Operations by 

ment work done by the Emmens Metal Company, on the property after- i:r~~ic~. at 

wards known as the Macdonell or Gersdorffi.te mine, situated in the Gersclorffi te or 
. . Macdonell 

sciutheast corner of lot 12, con. III., of the township of Demson, and mine. 

about one mile and a half northeast of Wor:thington station. This lo· 
cality is remarkable as having furnished the first specimens of the rich 
nickel minerals, niccolite and gersdorffi.te in the district, but as no large 
body of ore was discovered, mining operations soon came to an end. 

In 1894, the deposit known as the Trillabelle mine was opened, and Trillabelle 

a shaft 60 feet in depth sunk on the deposit. This mine is situated on mine. 

lots 10 and 11, con. III., of the township of Trill, and is connected 
by wagon road, by way of the Inez or Tr'1.vers mine, with Worthing-
ton station, which is about 13 miles distant. 

In 1898, the deposit which was named the Kirkwood mine, situated Mining at 

on lot 8, con. III., of the township of Garson, at the southern edge of K~rkwood 
mine. 

the main or southern belt of norite, along the same line of junction as 
the Blezard and Beatrice mines, was opened. Three shafts were sunk, 
the deepest of which was rather less than 50 feet. A substantial rock 
house and other suitable mining buildings were erected, but for lack 
of sufficient capital the work has not proceeded further. 
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Great Lakes On October 5, 1899, the Great Lakes Copper Company was or
~iJ'c.t':fs:~f ganized, and purchased the property known as the Mount Nickel mine, 
aMnd wotrNk.atk 

1 
comprising lots 5 and 6, con, II., of the township of Blezard. They oun 1c ?e 

mine. also purchased what was known as the " Trill Property," consisting of 

Equipment 
and smelting 
at Mount 
Nickel. 

lots 9 and 10, in cons. III., and IV., of the township of Trill in the 
district of A.lgoma. The Mount Nickel mine was chosen as the scene 
of the first mining operations, and this deposit was developed by means 
of two open cuts and a shaft, which eventually reached a depth uf 
about 165 feet, with certain levels and drifts, from all of which 
considerable ore was obtained. It is also stated that diamond drill 
explorations subsequently undertaken revealed the presence of a good 
supply of ore. The mine was equipped with all the machinery and 
other appliances for carrying on extensive mining operations. The 
smelting works were built from original designs, by Anton Graf, of 
Vienna, and it was proposed to produce high grade matte at one 
operation, from ores which had received no previous roasting. This 
method of smelting failed, and in May, 1901, all operations ceased, and 
have not been resumed since. 

Work by In the latter part of 1899, it was announced that a strong company, 
i[:fi~f~;rco. under the title of the Hoepfner Refining Company, with a capital of 
and the $10,000,000, had been formed in Hamilton, to refine nickel-copper 
Nickel Copper . 
Co. mattes and zmc ores. These metals were to be recovered by ele0tro-

lytic methods discovered by Dr. Carl Hoepfner. The Nickel Copper 
Company, of Hamilton, also organized about the same time, were to 
furnish the necessary supply of nickel-copper matte. Unfortunately, 
however, Dr. Hoepfner was unable to so perfect his methods as to 
permit of its economic application on a large scale, and the Nickel 
Copper Company took the matter of experimenting into their own 
hands. The services of Mr. Hans A.. Frasch were obtained, who 
devised what is known as the "Frasch Process." This mE\thod like
wise, although possible under ordinary conditions of laboratory prac
tice, as was demonstrated at a public exhibition held on September 3, 
1900, was not capable of commercial application. The operations of 

Operations the Nickel Copper Company came to an end in 1901, owing to the 
ceased in i 9oi. complete faiiure of the new self roasting plant erected near Worthing. 

ton station. 

LAKE SUPERIOR POWER COMPANY. 

Proposals for For some time after the opening of the pulp mills at Sault Ste. 
work \>Y Lake Marie, the Lake Superior Power Company were content to manu
~~~;:000. facture mechanical pulp, but discovering that there was a large and 
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growing demand for sulphite pulp, it was decided to at once enter 
upon its manufacture. The proximity of the sulphide deposits at 
Sudbury, suggested that the sulphur whirh was necessary for the pro
duction of this pulp might be most profitably extracted from these 
ores, and at the same time yield a by· product of very great value. The 
preliminary experiments with the nickeliferous pyrrhotite were con
vincing that sufficient sulphur dioxide could be procured from this 
mineral by roasting, while at the same time the roasted ore or residue, 
consisting essentially of a mixture of iron and nickel with only a corn- Manufacture 

paratively small percentage of sulphur, could be mixed with lime and ~{c~~J.o
charcoal and smelted in electric furnaces to ferro-nickel. It was 
intended at the time to employ this alloy in the production of steel 
rails, which it was proposed to manufactme in large quantities. An 
inspection of all the available deposits of nickeliferous pyrrhotite 
seemed to indicate that the property afterwards known as the Ger- Purchase 

t d · l" ] d d h · · f th and beginning ru e mme was pecu iar y a apte to meet t e necess1t1es o e case of operations 

in hand. In 1899, therefore, the Lake Superior Power Company at. Gertrude 
mme. 

purc:hased this mine, and immediately proceeded to develop the defosits 
which were situated on the S. ! of lots 3, 4 and 5, of concession I, of 
the township of Creighton, a little over twelve miles west of Sudbury, 
The preliminary examinations and first development work showed an 
unusual predominance of a high grade nickeliferous pyrrhotite, with 
comparatively little of the objectionable copper in the form of inter
mixed chalcopyrite. As mining operations proceeded, however, more 
chalcopyrite was encountered, and the deposit gradually assumed the 
usual characteristics of those elsewhere in the district, and the copper Large experi

contents assumed too large a proportion to permit of the successful n;iSna~l~~. 
carrying on of the first proposal. Repeated experiments were made 
with many car loads of raw material shipped to the works at the Sault 
for this purpose, but it was finally decided to adopt the ordinary pro- Ordin.ary 

f 1 . . 1 h h h h d. t . t d . smel tmg cesses o sme tmg m use e sew ere t roug out t e 1s nc , pro ucmg methods 

a blast furnace matte averaging about 29 per cent of the combined adopted. 

metals, the proportion of nickel being about double that of the copper· 

In 1900, the development of the Gertrude mine was continued, but Mining 

the necessity of transportation facilities greatly hampered these devGelopmdent 
:i.t ertru e 

operations. Two shafts were sunk, one attaining a depth of 120 feet, mine. 

and the other of 80 feet, with several levels and drifts. In the spring 
of 1901, the Manitoulin and North Shore railway reached this mine, 
and work was conducted much more energetically. Roast yards 
were prepared, and the erection of a smelter commenced. In July Opening of 

of th~t ) ear, the Elsie mine on the S. t of lot 12, concession V., of J<;lsie mme. 

McKim, and about half a mile south west of the Murray mine, was open-

• 
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ed up. The ore was shipped in 50 ton steel cars to the roast yards at the 
Gertrude mine, and the first shipment of ore wa8 made to this place on 
the 26th of October, 1901, on the completion of the switch, which con
nects the deposit with the main line of the Manitoulin and North Shore 
rail way. The smelter at the Gertrude mine was finished in June, 1902, 
and afterwards ran steadily throughout the year, converting 100 to 
160 tons daily into standard matte. In November, 1902, all work 
was suspended at the Elsie mine. to permit of the needed removal of 
some of the mining buildings, whose safety was threatened, by a con
tinuance of the mining work. Later, in 1903, the whole of the mining 
operations in the Sudbury district shared the same fate in common 
with the other industries, operated by the same company, at the time 
of their failure. 

MoND NICKEL CoMPANY. 

In 1889, Dr. Ludwig Mond, F. R. S., in collaboration with Dr. 
Carl Langer, while carrying on certain experiments for determining a 
suitable method for eliminating the carbon monoxide gases containing 
hydrogen, made certain observations, which eventually resulted in the 
discovery of what has since been known as the Mond or carbon
monoxide procesf:I, for separating metallic nickel from copper, etc. In 
this process, there were many technical difficulties to be overcome, so 
that although a patent was applied for on the 12th of August, 1890, 
it was some years before it had reached such a stage as demonstrated 
its possibilities of commercial success. In 1892, an experimental plant, 
on a large scale, was erected at Smethwick, near Birmingb.am, England, 
and after several years of patient work, during which time the plant 
had to be several times remodelled, in order to meet all the requirements 
of this somewhat delicate process, it gradually assumed its present 
shape. In 1898, it had reached such a state of perfection, as to afford 
the most convincing proof, that the process was able, not only to com
pete successfully in regard to co.;t of operation, but at the same time, 
the metallic nickel produced, showed on analysis, a higher degree of 
purity than had yet been possible by any other known process. 

The success of the method being thus assured, Dr. :r.fond began at 
once to make inquiries, with a view to obtaining an unfailing supply 
of nickel ore. Experiments conducted on the nickel and copper 
sulphide ores, seemed convincing, that such were peculiarly suited to 
treatment by the Mond process, so that it was decided to buy one or 

P1;1rch~se o.f more of the best le>cations which were then available in the Sudbury 
V1ctoriamrne. ,,,,.. · n· t · t At th' t• d f · 1 · • m.mmg is nc . is ime, 11.n or some years prev10us y, it was a 

• 
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matter of common gossip throughout this area, that the McConnell 
mine or property, in the township of Denison, was one of the largest 
deposits of high grade ore which had yet been found, and attention 
was, therefore, directed to it with a view to possible purchase. After 
some negotiations, and a thorough investigation of the merits of these 
deposits, Dr. Mond decided to acquire these properties, and accordingly, 
in the summer of 1899, the necessary transfer was made. These mining Diamon~ drill 
1 · h d b d d 1 f · b th · f exploration. ocat10ns a een un er eve opment or some time y e1r ormer 
owner, Mr. Rinaldo McConnell, and at the time they were sold to Dr. 
Mond, explorations were being carried on by means of the Ontario 
government diamond drill, wi'Gh a view to determining more definitely 
the position and extent of the various ore-bodies. The change in 
ownership, however, did not affect the progress of the work, which 
began on July 10, and finished on November 21, 1899. In thisCostof 
time, seven holes were bored, the aggregate number of feet being 994, ~~tJli~~~ 
at an average cost of $1. 75 per foot. In addition, two other drills 
owned by Dr. Mond were engaged more or less continuously during 
this and the two succeeding years, investigating these and other mining 
locations, in which Dr. Mond was interested. The main shaft and Location of 
mining buildings of what was henceforth to be known as the Victoria minletand ._, sme er. 
mines, are situated on the north half of lot 8, con. IV., of the township 
of Denison, while the smelter, offices and official residences, were built 
on the north half of lot 8, con. II., of the same township, close to the 
"Sault" branch of the Canadian Pacific railway, and a little over two 
miles south of the main openings. 

Beginning in 1899, the work of opening up these deposits proceeded Opening_ up 
'dl · t "tt d E · · · f h of deposits. as rap1 y as c1rcums ances perm1 e . xtens1ve stnpprng o t e 

deposits and other preliminary development work was undertaken ; 
roads were opened up ; a roast yard was levelled and otherwise pre
pared, and the necessary timbers secured for t he numerous extensive 
structures contemplated. 

During 1900, this work was continued, special attention being given Erection of 
to equipping the mines and smelter, the site of the latter being chosen smelter. 
close to Fairbank creek, on the Sault branch, 22 miles west of Sudbury. 
An aerial tramway, 11,000 feet in length, was installed by the Trenton Aerial 
Iron Co., of Trenton, N. J., to convey the ore from t.he rock house at tramway. 
the mines to the roast yard, which was first located close to the smelter. 

On the 16th of October, 1900, the Mond Nickel Company, Limited, Incorporation 
of London, Eng., was authorized, by license of the Lieutenant-Gover- oNf _Mkoul d0 I IC e O. 

nor, to carry on business in Ontario. The incorporation of this com-
Pi;tny, with a capital of £600,000, was for the purpose of acquiring all 
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the above property, plants, patents, and smelters belonging to Dr. 
Ludwig l\1ond in the Sudbury district. 

Plant of the most modern type, for roasting, smelting, and bessemer
izing the ore, was erected at Victoria .Mines, under the direction of Mr. 
Hiram W. Hixon, formerly of the Anaconda Company, this equip
ment being the most complete and conveniently arranged, which had, 
up to that time, been installed in the district. In addition, substan
tial offices and tasteful dwellings, with all modern conveniences, such 
as water and electric light, have been erected for the accommodation 
of the staff and their families, and the site 'Jf pre-existing swamps and 
rocky hummocks wa~ quickly filled in, levelled and transformed into 
an important village and business centre. 

Early in 1901, the mine was in complete working order, and begin -
ing with February, ore was regularly raised and transported by means 
of the aerial tramway, to the roast yard. The smelter shortly after
wards commenced to turn out matte, by the Bessemer process, this pro
duct averaging about 80 per cent of combined nickel and copper, the 
former metal being usually present a little in excess. On lst July, 
1901, the head house or landing station at the roast yard was struck 
by lightning, and before adequate assistance could arrive, was burned 
to the ground. This temporary breakdown of the cable system, 
although greatly retarding mining operations at the time, was really a 
blessing in disguise, as it resulted in a decision to abandon this roast 
yard, the position of which on the immediate outskirts of the village, 
had been a source of annoyance and inconvenience to the residents, 
who during certain conditions of wind and weather, suffered greatly 
from the sulphurous fumes given off by the burning piles. The new 
site chosen, consisted of a flat about half way between the smelter and 
the mine, which could be easily levelled, drained and otherwise pre
pared, this location being much more spacious and suitable in every 
way, than the roast yard it was proposed to abandon. 

Temporary During the winter of 1901and1902, the operations of this company, 
curtaithnent of at the Victoria mines, were greatly curtailed, but the completion of opera ions. ~ 

Operations a t 
North Star 
and Little 
Stobie mines. 

the refining works in England, and the beginning of operations c n a 
large scale at these works in April, 1902, gave a fresh impetus to all 
departments of mining activity. During the summer of 1902, the 
North Star mine, situated on lot 9, cons. II and III., of the township 
of Snider, and the Little Stobie mine, on the north half of lot 6, con. 
I., of the township of Blezard, were worked by this company. The ore, 
amounting to 4,724 tons, obtained from the North Star, and 1,584 tons 
from the Little Stobie, was shipped to the Victoria mines for treat-
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ruent. The bessemerized matte, as quickly as produced by the smelt
ing works at Victoria mines, was shipped to Clydach, near Swansea, in 
vVales, where extensive works had been built for its treatment, calcu- Cafipacity tof re nery a 
lated for an annual production of from 1,000 to 1,500 tons of metallic Clydacb, 

nickel, and 4,000 to 6,000 tons of copper sulphate. These works have W ales. 

been so designed as to render future extension easy and economical. 
The property at Clydach, including about 33 acres, on which the works 
are erected, has a frontage on the Swansea Valley canal, giving easy Location of 

access to the port of 8wansea, and i~ connected Ly a siding to the refinery. 

Midland railway. After a year's steady production from both mines 
and smelter, all aut-ivity ceased inDecernber, 1902, and although most 
of the higher officials were retained in office, no mining work of any 
consequence was undertaken until early in the spring of 1903, when 
work was again resumed and continued until November of the same C 

auses of 
year, when operations were agq,in discontinued. It is currently re. cessation of 

ported that the real reason for these frequent interruptions in the min- mining. 

ing operations, was due to certain defects in the plant at the Clydach 
refining works, and it is also rumored that after a recent breakdown in 
the plant, there were over twenty cases of poisoning from the escaping 
gas, which resulted in several fatalities. It is confidently expected 
that a remedy will soon be found for this serious .condition of affairs, 
and that the necessary alterations in the pla.nt will again permit of its 
operation on an extensive scale, thus insuring a resumption of work at 
the Victoria mines. 

The history of the development of mining in the Sudbury district, History of 

has not, therefore, been an unbroken record of brilliant successes, but ~~~~~~ri::tcf 
often quite the reverse has been the rule, and as may be noticed in successes. 

the ,preceding pages, the number of companies who for different 
lengths of time have operated in this area, already constitute a for-
midable list. These failures, and the causes which have operated to CCredidt.to 

ana 1an 
bring about this untoward result, serve however to bring into strong Copper Co. 

relief, the gallant and successful struggles of the only company, which 
has been able to surmount the various difficulties to which the other 
organizations have successively succumbed; at the same time, 
Strengthening the belief, that the crisis has been passed, and the 
industry has at last been established on a firm and permanent basis. 
It is true that certain details in regard to the extraction of the nickel 
are still in the experimental stage in order to determine, if possible, a 
more economical method, but there is no doubt whatever, that the 
business of the mining and smelting of nickel, is not only in a satis- St~dbury Dis-

f t d · · b h h d h h I d. . h trict greatest ac ory con it10n, ut as reac e sue p enomena imens10ns, t at producer of 

operations in other countries have, in consequence, been either greatly ~~:id~ in the 
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curtailed, or have ceased altogether, so that at the present time the 
supremacy of t he Sudbury mining district as the world's greatest 
producer of nickel is unquestioned. 

It may be well, in passing, to state some of the reasons which have 
contributed to the failures, which have been so frequently recorded in 
connection with the e5tablishment of the Sudbury nickel industry. 
For some time after the beginning of mining work in this region, the 
world's annual consumption of nickel did not exceed 700 or 800 tons 
of the pure metal, which amount could readily be produced by any 
one of the three companies, then operating in the district. The demand 
for nickel was, therefore, so small and uncertain, that before the 
discovery was made of its advantageous employment as an alloy with 
steel, especially in the manufacture of armour plate, no great future 
seemed assured for the nickel industry, and even with this distinction 
in its favour, no very marked increase in the demand for nickel could 
be noticed, and it took a number of years more before the consumption 
had increased to 1500 tons per annum. By the time, however, this 
latter figure had been reached, i t was certain that a constant and ever 
increasing demand for nickel was assured, on account of its general 
use in all kinds of steel, where strength combined with lightness, were 
the important factors. At the. present time the consumption of nickel 
exceeds 10,000 tons per annum, and exhaustive experiments now being 
undertaken under the auspices of the International Nickel Company, 
are stated on the best authority, to give strong evidence of the superior-e 
ity of nickel steel in bridge building, so that a much larger demand 
for nickel can be looked for in the immediate future. In addition, the 

Contract for d · · f h p I · ·1 · k 1 t l "l nickel steel recent ec1s10n o t e ennsy vama ra1 way, to use nic e s ee rat s, 
rails awarded. and the award of a contract for 9000 tons of the same to carry 3·50 per 

Deposi ts 
practically 
unlimited. 

New deposits 
likely to be 
found. 

cent nickel, by this vast and prog ressive corporation, will no doubt 
give a fresh stimulus to the demand. The only anxiety which now 
exists, and which has often been urged against any large employment 
of ni~kel steel, relates to the sources of supply, and to the possible 
exhaustion of the nickel deposits now known to exist. All authorities 
are, however, in substantial agreement, that the supply of high grade 
nickel ore, contained in the Canadian deposits is practically unlimited, 
and at least amply sufficient for many years to come, to supply the 
requirements of even much more exten~i ve smelting operations than are 
now carried on in the Sudbury district. Besides, a demand for larger 
quantities of nickel will stimulate prospecting, not only in this region, 
but also in areas of similar crystalline rocks, to be opened up in a very 
short time by the Grand Trunk Pacific and its branches, as well as by 
the Temiscaming and .Northern Ontario railway, with the probable 
result that. many more new deposits will be discovered. 
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Another fact, which has contributed to a considerable extent to The assump-

b - b h f ·1 f f h S db . . tion that all rmg a out t e ai ure o some o t e u ury mmmg concerns, was mines possess 

the assumption . by interested parties, that each individual deposit, nnlim
1
_itedf 

supp ies o ore 
of which they had the good fortune to obtain possession, was another 

. . bl f d . d 1- . d 1 f reason for a mme, capa e o pro ucmg a permanent an un imite supp y o failures. 

nickel ore of the desired grade, the :ore-body extending to unknown 
depths, and increasing both in quality and quantity with its downward 
extension. With such confidence in the size, permanency and 
suitability for smelting operations of the ore-bodies, it is not surprising 
that very often no special effort was made to obtain control of other 
available sources of supply, which were sure to be needed when 
extensive and long continued refining operations were in progress. 

A third cause, which perhaps assisted more than any other to bring The n.eed of 

b h f t 
. . . . d l . . techmcal 

a out t e requen suspens10n m m1mng an sme tmg operat10ns experience 

already recorded, was the lack of the necessary technical knowledge and has ct·afus.e
1
d 

~ mos ai ures. 
experience on the part of those who had the management of many of 
the organizations. The strong necessity of such information, in every 
department of mining and smelting, needs no special explanation or 
emphasis, but it was more than ever required for the successful treat-
ment of these particular sulphide ores. Thu~, some of the companies 
engaged in mining in the vicinity of Sudbury, succeeded in reaching 
the stage of producing matte, but even these were obliged to sell this 
unfinished product to the various refiners, at prices which usually came 
far from realizing their expectations in this respect. The refiners were Refiners said 

accused of reaping all the profits, which should have been shared with ~ ~h:Pp~flt~. 
the producers, so that very early in the history of the region, it was 
patent to everyone, that to share in the full benefits of the industry, 
the same individuals or company must control the whole of t he opera-
tions necessary to manufacture the finished product. Acting on this 
knowledge, t herefore, many of ths corporations engaged what was con-
sidered the most expert metallurgical advice, and numerous experi- Companies 

d k t d t - fii · d . should produ-ments were un erta en, o e ermme an e ective an economic pro- ce finished 

cess, by which the nickel and copper could be extracted from these ores, article to 
. enjoy the full 

and afterwards separated from one another. In this manner, the too benefit. 

often very limited resources of these companies, were taxed to the 
utmost, and any failure, even in the preliminary trials, to yield the 
decisive and satisfactory results looked for, often resulted in the closing 
down and practical abandonment of the mines and works concerned. Unsound busi-

F . 11 · h · h b f d b . ness judj("ffient ina y, in more t an one instance, t e a sence o soun usiness me- caused some 

thods, assisted very materially to bring about some of the disastrous failures. 

failures, which have been recorded in the foregoing pages. 
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GENERAL PHYSICAL FEATURES. 

The expression" Sudbury Mining District,'' was applied as a term of 
convenient reference, soon a.fter the discovery of these valuable mine
ral deposits, to designate that particular tract of country, immediately 
surrounding, and tributary to the town of Sudbury. It must not, 
therefore, be confounded with other areas in Northern Ontario, to 
which the term "district" has been applied, and which h!tve been 
thus set apart, with definite boundaries, for electoral and other pur
poses. Roughly speaking, it may be described as extending from 
W anapitei lake and river on the east, to Ona ping and Worthington 
stations on the west. On the north, it may be considered as embracing 
the recently discovered iron deposits in Hutton township, while south
ward, the commencement of the Laurentian gneiss, is believed to limit 
important mineral discoveries in that direction. 

The town of Sudbury is a creation of the Canadian Pacific railway, 
coming into existence, at t.he time of its construction in 1882, and in
creasing in importance, by reason of its being chosen as the junction 
point for the branch line to Sault Ste. Marie. It is dist1mt on the main 
or transcontinental line of this railway, 442. 7 miles from Montreal, 
and 322.4 miles from Ottawa, the capital of the Dominion of Canada. 

Outlines of The area in which workable deposits of nickel and copper are now 
b~~~jn°: nickel known to occur, extends from the southeast corner of Snider township 
eruptive. (Evans mine), northwest to the central part of the township of Levack, 

a distance of about 20 miles; in a northeasterly direction, it reaches 
from the township of Drury, to W anapitei lake, a distance of about 
40 miles. Th'e mines which have actually produced ore for smelting 
or shipping purposes are, with the exception of the Worthington 
mine, all connected with that portion of the main mass or belt of norite, 
which stretches from the old Inez or Chicago mine, in the township 
of Drury, to the Blezard mine, a distance of abut 26 miles. 

The area contained in the two accompanying map-sheets (Victoria 
mines and Sudbury), and comprising portions of the district of Algoma 
and Nipissing, has all been subdivided into t ownships and lots of the 
more recent form adopted by the Crown Lands Department of Ontario. 

D escription of With few exceptions, each of these townships measures six miles square, 
~~fu~~i~tnd the area thus em braced being thirty-six square miles. Each township is 
survey aJ?d divided into six concessions, by east and west lines, run astronomically, 
sub-d1v1s10n. h' h d . d b h R 1 h d f b . w ic are es1gnate y t e oman numera s, t e or er o num ermg 

being from south to north; while the concessions themselves are sub
divided into twelve lots, by true north and south lines, which carry the 
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ordinary Arabic figures, numbered from east to west. Each lot, therefore, 
measures one mile from north to south, and half a mile from east to 
west, thus containing an area of 320 acres. Only every alternate lot 
line is cut out through the woods, the intervening boundary being 
marked by posts on the concession lines. The lines are all sup- Lines not 

. . al ways astro-
posed to be run astronomically, although m some cases, no allowance nomical. 
having been made for the convergence of meridians, considerable 
error and confusion have resulted. Sometimes the surveys of these 
townships have not been done as carefully or accurately as might be Careless 

surveymg. 
desired, and in more than one instance, two, or even more approxim-
ately parallel lines were found, within short distances of one another, 
evidently intended for a single boundary, each connecting with separate 
posts, designed to mark the same point. Over the larger part of the Destruction 
district, repeated forest fires have destroyed all traces of many of these b~ ~~~~~fi~'.=~· 
lines, and the limiting posts, except where an occasional one happened to 
be located in a swamp, have been burnt, so that it is usually exceed-
ingly difficult, and sometimes impossible, to locate these original bound-
aries. 

The general character of the country may, perhaps, be best described ~eneral phy-

th t f d l . k l . 'th tl l sJCal features an a o an uneven or un u atmg roe y p am, w1 a gen e s ope of district. 
towads the south and south west. In detail, the smface of the plain 
is far from uniform, consisting of a rapid succession of more or less 
parallel and disconnected rocky ridges, with a prevailing northeast and 
southwest trend, the intervening valleys being usually occupied by 
swamps, lakes or river courses. The aver::.ge general elevation of the Avera~e 
district as a whole, varies from 800 to 1, 100 feet above the sea. The elevation. 
present topography has been the result of prolong9d denudation and 
erosion, assisted to a considerable extent by subsequent glacial action, 
which removed the softer decomposed material from the higher levels, 
to be deposited elsewhere in the neighbouring valleys, or in areas consi-
derably removed to the south west. The scouring action of the vast Glncial action. 
glacier is everywhere apparent, in the smooth well-rounded hills, while 
ill most cases, the exposed rock surfaces still preserve the:fglacial 
grooves and strire. Although the country is exceedingly rocky and 

No very 
uneven, there are no very prominent hill features, the highest seldom h~·onounced 
attaining a greater alti.tude than 150 feet above the neighbouring 111 features. 
valleys, while elevations of 25 to 100 feet are far more common. The Location of 
h . h 1 d . h d' t . t . t . . . 'd h f 3 highe•t land. 1g est an m t e is ric comprises as rip varymg m w1 t rom 
to 5 miles, and extending in a northeasterly direction from Denison to 
Garson townships, a distance of over 30 miles. This is underlaid for Chdara

1
cter of un er ymg 

the most part by the nickel-bearing and associated eruptives, although rock. 
some areas of highly altered quartzites contribute to this unusual 
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elevation. One of the highest hills in this rocky belt is situated imme
diately south of the Elsie mine. Barometrical observation correlated 
with the known elevation at the intersection of the Elsie mine branch 
with the M. & N. S. railway, show this to have an altitude of l, l 20 
feet above the sea. Starting from Sudbury, which has an elerntion of 
850 feet, the Canadian Pacific railway ascends a series of steep grades 
for a distance of 3~ miles before the summit is reached, at an 
altitude of 992 feet; while an equal distance funher, at Azilda station, 
this elevation is decreased to 881 feet above the sea. The Manitoulin 
and North Shore Railway Company, on the other hand, have built a por
tion of this road, a little over twelve miles in length, and have located it 
to Victoria mines and beyond, the line running through this hilly district 
for the whole distance. Starting from Sudbury, which as stated, has an 
elevation of 850 feet, the grade rises to 919 feet at Clarabelle junction, 
and further to 959 feet at Elsie junction. The summit is reached about 
8 miles west of Sudbury, where the level of the rail is 986 feet, falling 
again to 965 feet aoove the sea, at the end of the profile 12·7 miles 
from Sudbury, close to the Gertrude mine. To the northwest of this 
hilly tmct, the land becomes tolerably level, forming a plain with an 

Fht belt of average elevation of nearly 880 feet above the sea. This flat belt of 
~~~::.~fn country has an general width of about six miles, and stretches from 
Vermil~on. and the vicinity of Vermilion lake in Fairbank township almost to W a-
\Vanap1te1 ' ' 
lakes. napitei lake, a distance of over 30 miles. The whole of this area is 

Character of 
drift of the 
Chelmsford 
flat. 

Another 
irregular flat. 

evidently underlaid by the slates and felspathic sandstones coloured 
provisionally as of possible Cambrian age, but this rocky floor is largely 
concealed by a thick mantle of drift, through which protrude occasional 
low, rounded hummocks, which alone give evidence of the underlying 
material. 

This drift is composed of a well stratified gray clay, unencumbered 
for the most part by boulders, and is seemingly well adapted fqr all 
purposes of agriculture. Roads have been opened, and large clearances 
made over most of this level district, the various barns and building~ 
erected, giving strong evidence of the prosperity of this farming com
munity. 

To the south, and southeast of the hilly stretch already mentioned, 
a somewhat irregular shaped, and comparatively narrow valley, extends 
from the vicinity of the Worthington mine, almost to W anapitei 
bke, where it connects to the north and west with the extensive plain 

I 

just described. The continuity of this comparatiYely level tract of 
country is broken, at certain intervals, as for instance, near the cross
ing of the Whitefish river, but the whole flat may be considered as 
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belonging to one valley, with a gentle though perceptible slope towards 
the south wes1'. In the township of McKim, this flat has an average Flat in the 

general elevation of about 845 feet above the sea. From Sudbury, in ~r~-Ki~~J of 

a southwesterly direction, this comparatively level belt has been 
utilized in the location of the 'Sault Branch' of the Canadian Pacific 
rail way, while, in addition, ad rnntage has been taken of the even sur-
face in erecting most of the buildings included in the towns of Sudbury 
and Copper Cliff. In the township of 1\IcKim, thfl surface of this flat li'arming good 

is sometimes broken by small rocky hills, and the considerable areas, in places. 

that are available, have been r,leared, and are now under cultivation, 
with gratifying results, especially dut'ing those years when the roast-
ing of the ores at the mines is not proceeding too bri8kly. 

Throughout 1\foKim, and the area to the south west of this towr.ship 
the soil is a fine silty clay, well stratified; but to the north we-t, in the 
township of Garson and beyond the limits of the Sudbury sheet, in the J<'lat north-

1 . f F 1 b 'd h' . l d b 11 d east of Sucl-towns 11p o •a con rI ge, t lS ls rep ace y a coarse ye ow san , bury. 

with gravel in certain places, the whole forming a light and rather 
poor soil, although some portions of it are now being used for forming 
purposes. 

To the east and southeast of Sudbury, the district is, for the most Rough area 

part, exceedingly rough and hilly, this area being characterized by the =~~ih~~~t of 

presence of quartzite, with large and irregular intrusive masses of Sudbury. 

norile and diorite, and only occasional limited flats are available for 
agriculture. 

Perhaps one of the most interesting physical features presented by Valleyscaused 

this district, is the narrow valley formed by the weathering of the b
1
:1'. E'.rosion of 

o iv1ne-
large diabase dyke, near the Murray minf'. This dyke, which is ab:iut diabase dykes. 

150 feet wide at this point, and intruded through a mass of granite, 
has been decomposed and considerably eroded, leaving a valley the 
whole width of the dyke, with perpendicular walls of granite. This 
very conspicuous feature in the landscape has been used in locating 
the wagon road between Sudbury and Azilda (formerly Rayside). 

The influence exerted by the underlying rock on the general contour Influence of 

of the ground ia everywhere well exemplified throughout this district. underlying 
rocks on 

The harder igneous and quartzite rocks, owing to their greater resis- surface 

f h · d · f l h' h 'd contour tance to processes o weat ermg an erosion, orm tie lg er n ges, · 
while the more fragile slates, sandstones and schists, make up most of 
the intervening lower ground, occupied chiefly by the river valleys, 
swamps and lake basins. The area covered by the main mass or belt of 
norite is likewise one of low relief, in contrast with the other igneous 



50 GEOLOGICAL SURVEY OF CANADA 

District not rocks with very small gently rounded hills, this variety of rock evidently 
so abundantly ffi · er I · d · · Th d' t · t supplied with o ermg no very euectua resistance to ecompos1t10n. e is r1c , as 
lAakehs as other a whole, is not as abundantly supplied with lakes as many other areas 

re rean 
areas. of similar Archrean rocks, but several fairly large and beautiful lakes 

occur, and nearly all are supplied with good clea1· water. The shores 
and islands of Ramsay or Lost lake, are occupied by the sum
mer residences of many of the inhabitants of Sudbury, while its 

Elevations of pure clear water is used to supply the large water tank, erected for the 
lakes. water works, on one of the rocky hills east of the town. The highest 

lake in the area is Garson lake, which is 923 feet above the sea; while 
the lowest is lHcOharlas lake, an e::rpansion of the Vermilion river, 
which has an altitude above the sea of 760 feet. 

'I'he draina€\e The drainage of this district is effected through three important and 
of the district 
by Wana- well known streams, the Wanapitei, Spanish and Vermilion rivers, 
pitei, Spani.sh the whole of the water eventually reaching Georoian bay and Lake 
and Vermthon o 
.rivers. Huron through these channels. The Vermilion river with its tributaries 

the Whitefish branch, Levey river, and "Whitson and Fairbank creeks 
empties the water of nearly the whole of the area included in the two 
map sheets. The Vermilion river is itself a branch of the Spanish river, 
joining this stream neat' the boundary between Merritt and Foster 
townships, about 10 miles southeast of thb corner of the Victoria mines 
map. A portion of the .:lpanish river, known as the 'Great Bend', 
crosses the corner of this map sheet, receiving in this distance, the 
whole of the drainage of the township of Drury, and the western part 
of Denison township. The branches of the \Vanapitei river are 
limited to the eastern parts of Garson and N eelou townships. 

District The whole area was once covered with a dense forest, but repeated 
~~~!red by a fires have destroyed nearly the whole of this original growth, and 
clense forest. even the tall rampikes which often alone rem!l.ined as the silent wit

Havoc 
wrought by 
fire. 

nesses of the havoc wrought by the fire fiend, have themselves been 
gradually cut down to aid in kindling the heaps of roasted ore. 
Occasional small areas, as for instance, in the northern part of Garson, 
the western part of Snider and Creighton townships, are still covered 
by green bush, but the lumberman's axe is quickly clearing out a.II the 
valuable timber that remains, while the constant demand for cord wood 
as fuel for the roast heaps, will still further limit the forest o.rea. 

'Character of Hardwood is scarce, and can only be found in valleys, chiefly in the 
.fores t growth. vicinity of certo.in streams. Occasional dwarf oaks were noticed in 

some of the hollows between the higher ridges. The second growth 
usually consists of poplar and birch, these small trees being 
so closely packed together in some of the valleys as to form almost 
impenetrable thickets. 
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~ \,""> 
The district, as a whole, cannot be said to be suit le for ~~c~~e, Dis rict as a 
d t I f · 1 · · h d All,~ f ;.~~vh le not an mus re y or its u tiruate importance .on t evo""pm~ o _....,.., su· ed to 

mineral resources. The proximity of the mines f 0 nishes ~~d ~et, riculture. 

so that every flat is being utilized for purposes o fa<\~g . .. ::Sf:i 
\.:~,.'> 

Geology. 

The rocks of the Sudbury Mining District, arranged in the probable Geological 

order of their geological age, may be stated as follows, in ascending sub:livision of 

d 
rocks. 

or er. 

l. Lower Huronian. No rocks of this age are at present known in General cha

the nickel bearing area, but this period is represented, in part-, by the 1L·acter of 
ow er 

banded silicious magnetites and associated rocks of the townships of Huroman. 

Hutton and \;vissner. 

2. Upper Huronian. (A) Diorites, hornblendfl-porphyrites and green SubcliYisions 

schiste, (B) Conglomerates, greywackes and quartzites (G) norite and oHfUpp.er 
uron1 an. 

diorite (Worthington mine belt, and areas southeast of Evans mine 
and east of Sudbury). 

3. Laurentian. Granite and diorite-gneiss near Wanapitei station. L riuren t ian 
gnei ~::;. 

4. Upper Huronian 1 Tuffs, felspathic sandstones and slates classified Character of 

P rovisionally on previous 2'eological maps as of Cambrian a
0
ae. Upper Huro-

0 ....... 11 1an or 

5 P t er . A G 't B 1'T' I 1 b . t' f tl Cambrian . . os a uronian. . ram es. . .l' ic rn eanng erup i ve o 16 Post Huro-

main belt (quartz-hypersthene-gabbro or norite, diorite, with their ui n.11 eruptive. 

peculiar differentiation product, micropegmatite). G. Dykes of olivine 
diabase. 

6. Pleistocene. Clays and sands. Pleiotoce1w. 

The geological history of the nickel mining area proper, or that por- General 

tion of the Sudbury district which is included in the accompanying ~i~li~)i c~f 
map sheets, began in very ancient times, and most of the rocks now district. 

exposed are regarded as representative of what is known as the Huro_ 
nian period, being thus the oldest with which geologists are at present 
familiar. The detailed examination and study _ of these rocks have Abundant 

furnished abundant evidence of the almost unexampled volcanic actL evicle11 ce 
1
of

1 . . . . . . unexamp f'C 

v1ty then prevailmg, caused largely, no doubt, by the mstabihty of the volcanic 
earth's crust at this early period of its history. These rocks are esssen- act1V1ty. 

tially of pyroclastic origin, consisting mainly of tuffs of both acid and 
basic types, intimately associated with more or Jess altered basic erupt-
ives, some of which still retain much of their original massive character, 
.although by far the larger proportion have undergone such profound 

4~ 
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deformation and metamorphism, that it is exceedingly difficult, 
if not impo~sible, even with the assistance of the microscope, to 

General types make any very definite or accurate statement in regard to their origi-
of ekruptive nal composition and structure. Some of these eruptives are, however roe s. , 

1!'i1·;t elastic 
rocks formed . 

Volcanic 
interruption". 

p1·obably of laccolitic origin, and intruded along the planes of bedding 
of the enclosing elastic rocks, while many of the porphyrites and obs
curely amygdaloidal forms, doubtless represent surface flows of lava 
which have been very much altered and decomposed. 

With the establishment of conditions of more stable equilibrium, 
came a time when the higher elevations were being subjected to the usual 
processes of degradation and erosion, with the transportation of the 
material thus detached to be deposited at the lower levels, forming the 
conglomerates, felspathic sandstonea an• I quartzites, included in the 
above tflble as Upper Huronian. Even this period of comparative 
quiet was probably interrupted at intervals by a return of the rnlcanic 
activity, and some of the breccia-like material, and certain of the inter
bedcled greywackes, may be the direct results of explosive action. 
Subsequent to the formation of these rocks, the huge Lathyliths of 
granite and diorite-gneiss classified as Laurentian, and occurring in the 
vicinity of 'Vanapitei station, were intruded into the highest or 

Correlation in quartzite member of the Upper H uronian. Later than these quartzite~, 
age. of the 

1 
and possibly also later than the Laurentian gneiss, certain mas· es of various roe < 

masses. norite and diorite, among which may be mentioned the belt on which the 

Age of so
called Cam
brian, still a 
matter of 
doubt. 

Worthington mine is located, we:e intruded. This 'Vorthington mine 
band of norite, as may be seen by a reference to the map, extends 
a.::ross the southern part of the township of Denison, forming a c0n
spicuous range of bills, a short distance south of the Canadian Pacific 

railway. The band of similar igneous material, which forms the high 
lands to the south of McCharles lake, is of the same age, as also its 
probable continuation, in the large belt of norile and diorite, which 
crosses the country to the soutbeast of the Evans mine. This same 
band of intrusive rock continues with unbroken continuity northeast, 
forming a considerable area of exceedingly rough country east of 
Sudbury, and north of the Canadian Pacific railway, besides covering 
a considerable po1 tion of the northern aml central parts of Neelon 
township. 

The age of the tuffs, felspathic sandstones and slates hitherto clas
sified provisionally as of Cambrian age, and so coloured on all previous 
geological maps, is still a matter of considerable doubt, and much 
more detailed work and critical examination of the area, characterized 
by the presence of these rocks, will be necessary, before this can be 
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satisfactorily settled. They apparently form a synclinal basin, resting 
against the micropegmatite phase oft.he nickel bearing eruptive, and a 
study of several of the localities where the junction between these 
rocks is exposed, lends some support to the belief that the micropeg
matite is intrusive thr0ugh the tuft' or breccia. On the other hand, it 
seems reasonable to suppose, that all of these rocks are very intimately 
associated in regard to their timP. and manner of genesis. 

The granites, usually referred to as 'younger', are decidedly so, in Age of 
gramtes. 

r.Jforence to the older diorites, porphyrites and green schists and 
a rock which may be called a breccia, formed by an exceedingly 
itJtricate intrusion of dykes and masses of grani-tic material through 
the>e ba~ic rocks, covers considerable areas throughout this district; 
while even the main mass of the granite bathylith, frequenLly contains 
e nbedded fragments and masses of all sizes and shapes of these older 
greenstones. 

The nickel bearing eruptive, which in its fresh condition is now Relative age 

referred to as a quartz-hypersthene-gabbro or norite, is decidedly later obf nidcel 
. . . . . . earmg 

than, and mtrus1ve through, the green sch1sts and associated d10ntes. eruptive. 

The relations between the so -called "younger" granite is much more 
complex and anomalous. For the most part, the nickel bearing erup-
tive, has cooled against the granite, as may be seen at the junction Anomalous 

b<Jtween these two rocks, on the west side of the large pit known bfehaviotr 
o nor1 e. 

as the No 2 mine at Copper Oliff. Here, the norite is distinctly 
finer in grain at the immediate point of contact, this rock growing 
visibly coarser farther away from the line of junction. This cooling 
of the norite against the granite, and the production of a finer grained 
or chilled selvage, is especially well seen in the vicinity of the open
ings made by the Vivians on lot 9, concession VI., of McKim township. 
On the other hand, in some localities, certain dykes or apophyses of 
the granite, seem to penetrate the norite, as may be noticed along the 
line of junction to the northwest of No. 2 mine, at Copper Oliff; while 
the intrusive nature of the granite, and its apparently later age in Intrusive 

relation to the norit.e, is quite marked to the north of Olar!lbelle lake, nat ttiretof h 
con ac nort 

where the line of junction between the two rocks is well exposed for a of Olarabelle 

considerable distance. Besides, near the Creighton mine, the granite lake. 

d "d di b · · l · . . f l . d Character of becomes ec1 e y more as1c in t le v1cm1ty o tie nonte, an a contact near 

certain zone or belt is formed by the comminglinbcr of the material Creighton 
........ 1nu1P. 

of both rocks, as a result of actual fusion. It has been suggested that 
the granite and norite may have been differentiates of the same 
magma, but a more reasonable explanation would seem to be that their 
periods of intrusion were so closely synchronous, that they overlapped 
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in their tinH' of crystallization, and that the later secretions from 
the slower cooling granite magma, forced or ate their way into the 
norite in certain places. 

The olivine-diabase dykes cut through, and are, therefore, !at.er than 
all the rocks with which they have been noticed in contact. Their 
mineralogical composition is essentially the same as the dykes of 
diabase-porphyrite in the Lake Superior district, which latter have 
been regarded as the channels by which the Keweenawan lavas 
reached the surface. 

(2.) UPPER HuRONIA~. 

(A.) GREENSTONE SCIIISTS. 

1 t has been the general practi::e in previous reports of this 
and other Archrean areas, to employ the somewhat vague and 
indefinit.e term ' greenstone ', the common field name for certain 
_basic eruptive rocks, often more or less altered and deformed. In 
the present report, this term has been retained as the most appro
priate and convenient designation for certain very ancient basic in-
trusives, presenting every possible phase of metamorphism and 
deformation. Under the general heading, 'greenstone schists,' are 
included several varieties of diorite, porphyrite, hornblende and 
chlorite schists. They are undoubtedly the oldest rocks with which 
we have at prernnt any acquaintance in the district. Their usual 
occurrence in intimate association with the more massive and uniform 

Early mis- norite, in addition to their general lithological appearance and be-
conceptiom. 

haviour, especially the more massive types, were the main reasons 
for grouping these rocks together, under the same colour designation, 
on all the earlier geological maps. In these first examinations, such 

Greenstones rocks were regarded as the sheared and altered representatives of the 
nottdeformfed more massive norites, the latter, by some fortunate circumstance or por ions o 
nickel bearing series of circumstances, having escaped this extreme of deformation 
nonte. d h' L · · h h l d h an metamorp ism. ater exammat10ns ave, owever, revea e t e 

Mapping of 
lines of 
junction of 
norite very 
important 

fact, that in most cases, at least, these more or less foliated and 
schistose basic eruptive rocks, are distinctly older in age, and were 
upturned, faulted, folded and considP.rably metamorphosed, at some 
time prior to the intrusion of the nickel bearing eruptive proper· 
Careful and detailed work never fails to reveal the presence of a 
di-tinct line of separation between these two clas&es of igneous rocks, 
and the importance of accurately tracing out and mapping such a 
boundary, from an economic point of view, is especially emphasized, 
when it is remembered that all the deposits of nickel and copper 
ores, which are commercially valuable, are located either in the imme 
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diate neighbourhood, or at various points directly on the line of 
junction between the norite and the associated rocks. 

The least altered representatives of these older diorites, or more Character and' 

massive varieties of the older greenstones, can with difficulty be dis- ~kl!;aJf~rit~~ 
tinguished from the prevailing type of diorite (altered norite), with :md green

which the nickel and copper deposits occur, and it is impossible stones. 

to resi st the conclusion that both rocks have originated from precisely 
similar types. Their difference in age, however, is quite evident from 
their field relations, and although both pyrrhotite and chalcopyrite 
occur in these earlier basic rocks, no deposits of economic importance No cleposits

have been found iu association with them at any great distance from ?f economic 
importance 

the line of junction wit.h the younger norite or diorite. in older 
greenstCJnes. 

Most of the hand specimens examined of the more massive types of Colom of 

these older rocks, are considerably finer grained than the neighbouring otlder green 
s ones. 

norite, and in contrast to this rock, are decidedly greenish rather than 
greyish or blackish in color. Most of the outcrops may be referred to 
as 'gabbro diorite ', a name proposed by the late Prof. G. H. Williams, 
for a diorite which gives unmistakea~le evidence in the hornblende, of 
its derivation from pyroxene, originally present. Some exposures Gabbro

exhibit the ophitic or interlacing structure characteristic of diabase, diorit~ or. 

f d · · bl · h h 'd d . h h uralttic drnba-w hich is o ten iscerm e e1t er to t e una1 e eye, or wit t e se tLe prevail-

assistance of an ordinary pocket lens ,and the rock in which the ~;ie~assive 
structure is developed would be referred to as a uralitic diabase. 

Mineralogically, as represented by the thin sections, examined under Petrographi

the microscope, the rock is now composed essentially of plagioclase ea! characters 
. . . of older 

and hornblende, and no port10n of the or1gmal pyroxene has yet been cliorite. 

detected. The plagioclase, in all cases where the rock is sufficiently 
fresh for its identification, is labradorite, and in those specimens, which 
have suffered least from metamorphism, this mineral occasionally has 
a pale brownish tint, the colouring matter (presumably very finely 
disseminated ilmenite), being rather unevenly distributed through the 
various individuals, with cloud-like effect. Pressure and advancing 
decomposition, however, seem to quickly destroy or remove all traces 
of this colouring matter, so that, with few exceptions, the felspar is 
nearly, if not quite, colourless. As a rule, the plagioclase has under- Alterntiou of 

gone more or less advanced saussuritization, but some individuals are plagioclase. 

still sufficiently fresh to permit of their recognition by means of the 
extinction angles. All stages in this characteristic alteration of the 
basic plagioclase are represented in the specimens collected and 
examined, but this has been so fully described in previous publications, 
that only a brief mention is necessary in this connection. The firat 



General 
characters of 
saussuritie 
and its com
posing 
minerals. 

56 GEOLOGICAL SURVEY OF CANADA 

step in the decomposition of the original felspar, consists in the 
development of minute scales of sericite, and fine needle-like forms of 
epidote and zoisite, in the midst of the plagioclase substance. Another, 
and very frequent form 'of development of these secondary minerals, 
consists of grape-like bunches of finely granular saussuritic material, 
chiefly zoisite or epidote, whose coalescence ultimately produces a single 
larger individual, or aggregate of several individuals of these min'lrals. 
One of the more advanced stages in this process of decomposition of 
the felspar, consists in the complete obliteration of the twinning 
lamellre, and the replacement, either wholly or in part, of the plagioclase 
substance, by a brilliantly polarizing aggregate, made up chiefly of 
sericite, epidote and zoisile. In occasional instances, the place of the 
felspar is taken by a colourless or pale yellowish saussurite, which 
polarizes in dull bluish tints. This substance is usually so fine-grained 
that it cannot with certainty be resolved into its component minerais, 
even with the assistance of the higher powers of the microscope. Some 
of the coarser port.ions of this substance were examined rather 
critically, with the result that zoisite, sericite, a little calcite and a 
secondary plagioclase, possibly ~!bite, were recognized as contributing 

Another form to the aggregate. Still another form of alteration of the original 
of alteration f 1 d f · h l · · t' · e spar, an one o ten accompanyrng t e more usua saussunt1za ion, 

Microscopic 
character of 
bisilicate 
minerals. 

H omblende. 

Biotite. 

'Bleaching ' 
of biotite. 

consists in the replacement of part of the original felspar by a fine 
interlocking mosa.ic of a clear, sharply ext:nguishing, secondary felspRL' 
(albite) and quartz. 

The hornblende, is as a rule, the usual deep green, strongly pleochroic, 
compact variety, occurring in long, imperfectly developed, prismatic 
forms. Occasionally the fibrous or actinolitic variety is represented, 
much paler in colour, and with less pronounced pleochroism. Many 
of the individuals of this mineral show the pale coloured, more or less 
non-pleochroic interiors, with deep coloured, much more compact, and 
strongly absorptive borders characteristic of uralite. Portions of 
occasional crystals show a brownish colour, but even these have a 
decided greenish tinge. Biotite is almost invariably present, and 
usually in large amount. It is of the usual deep brown colour, showing 
strong differences in the absorption of light when rotated between 
crossed nicols. It occurs in platf>s and scales, frequently embedded 
in, and sometimes forming intricate parallel intergrowths with the 
hornblende. It has often undergone considerable 'bleaching ', and 
is then somewhat palel' in colour than usual, besides showing brilliant 
chromatic polarization between crossed nicols. In spite of the 
elimination of a considerable portion of the iron, the pleochroism as 
stated is still very pronounced. It often contains irregular grains of 
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magnetite. Both the hornblende and biotite show frequent decompo- D ecomposi-

sition to chlorite 'Pleochroic halos' surroundina eru bedded Rm all tion of horn-. ' ' o ' hlende and 
grains or crystals, chiefly of sphene, are frequent in both the hornblende liiotite. 

and biotite, as well as in the chlorite derived from them. Comparat-
ively large and sharply defined crystals of epidote and zoisite occur, Ei):?ote and 

s )file of which may be of primary origin, although by far the larger zo1S1te. 

p:-oportion are undoubtedly the seconda:y products of decomposition. 
Quartz is almost invariably present, occasionally forming the 
c'1aracteristic granophyric intergrowth with the felspar. In most cases Q':'artz, a 
. . f d . . b . ] f h primary It 1s not o Recon ary origm, utan mtegra part o t e same magma constituent. 

01t of which the other minerals have been formed. It was as usual 
t'rn last mineral to form, filling up the irregular interspaces left by 
t'1e crystallization of the other constituents. Ilmenite and highly Ilmenite and 
· · f · I ·1 · · d h titaniferous t1 tam erous magnetite are tie preva1 mg iron ores, an t ese are m; gnetite. · 

present often in comparati \•el y large amount. Mo: t of the individuals 
a re surrounded by opaque grayish leucoxene, or the more normal 
sphenr, resulting from the alteration of the titaniferous iron ore. 
Apatite is usually present in small amount, occurring in the character- Apatite. 

i~ tic long, acicular, pri~matic forms, which pierce all the other consti-
bents of the rock. Pyrrhotite, chalcopyrite and pyrite, frequently 
oJcur disseminated through the rock, and under the microscope are Sulphides. 

s :ien to form curious irregular skeleton or sponge-like masses, intima-
t 3Jy associated with, and frequently embedded in the coloured consti-
tuents. 

• AltPred 
These diorites occur in all stages of decomposition, while still retain- diorite. 

ing much of their original massive character. A type illustrative of 
perhaps the extreme of this alteration is well represented by a hand 
specimen obtained from the tunnel in 'Lake Hill', lot 8, con. IY., of D ecorr"!posed 

D · Th' k · fi · d · ] ]' l · I drnbas10 rock emson. IS roe - 1s a ne-grame , comparative y 1g it green1s 1-gray, frmn "Lake 

diabasic rock, with occasional fine disseminations of pyrrhotite and HDill." 
en1 son. 

cbalcopyrite. The thin section shows that a'l of" the hornblende and 
part of the biotite have been altered into green chlorite, which retains 
much of the strong pleochroism characteristic of the original minerals J\lineralogical 

from which it has been deriYed. The ilmenite has been almo~t wholly composition. 

converted to sphene, which occurs in irregular grains and crystals. 
Calcite is very a.bundant, and portions of the slide are made up of a 
rather coarse mosaic of quartz and calcite, with a smaller proportion P orphyritic 

of chlorite. As a rule, these old diorites are comparatively uniform in d iori te of 
. b 1 . . . t' d d 1 f h. b roast yard gram, ut porp 1ynt,1c Yarie 1es occur, an a goo examp e o t IS p ase, at Vic toria 

was coliected fr~m certain small rounded hummocks, on the west side minP. 

of the upper or new roast yard of the Victoria m1ues, (N. n lot 
8, Con. III, Denison). The hand specimen, shows, a comparatively 
coarse-grained rock, made up of indefinite or i rregu Jar phenocrysts of 
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dark green, almost black hornblende, embedded in a proportionately 
smaller amount of a comparatively fine-grained matrix, which is rather
paler in:co~our. The microscope shows the rock to be a porphyritic 
diorite, made up very largely of a green, feebly pleochroic hornblende .. 
Much of the hornblende is compact, but in the finer-grained portions 
of the rock, as well as in the terminations of the larger crystals, the 
mineral shows a marked tendency to assume the actinolite habit. The 
interspaces between the larger porphyritic individuals are made up of 
saussuritized plagioclase, actinolite and ilmenite, the latter mineral in 
Yarious stages of alteration to leucoxene. Occasional small scales of 
biotite may be noticed embedded in the hornblende. 

Another closely related rock is that which is usually referred to as 
'hornblende-porphyrite.' This type of rock is perhaps best illustraLed 
by outcrops occu'rring to the southeast of the Elsie mine, while the 
steep and prominent hill southeast of the office at the .Murray mine, 
is almost wholly made up of this material. The groundmass is much 
finer in grain than in the porphyritic diorite just dernribed, but the 
phenocrysts are usually considerably larger and more conspicuous, their 
deep green, almost black colour, with glistening cleavage planes, con
trasting well with the fine-grained and lighter coloured matrix made 
up largely of hypersthene with some felspar. Still anoLher closely related 
form, and one which may be included in the general class of the older 
and more massive greenstones, may perhaps be best descrihed as a 
'diorite-porphyrite '. The best examples of this type of rock were 
obtained from exposures outcropping a little north of the boundary 
between Graham and Creighton townships, on lot 2, con. I of 
Creighton township. The hand specimen shows a dark-green, rather 
sci:.istose, dioritic rock, with ill-defined phenocrysts of plagioclase, some 
portions of which are of a paler yellowish-green colour, while other 
parts of the same crystal are reddish. Under the microscope, the thin 

Mim-:ra!o~ical section shows that these large irregular phenocrysts are labradorite, 
coml)os1t10nof h. h h d 1 d d 1 · t 't diorite. w ic ave un ergone more or ess a vance a terat10n o s'lussun e 
porphyrite. or huronite, with the development of zoisite, epidote and sericite. The 

reddish portions of the crystals are comparatively unaltered and still 
show the twinning lamellre. The finer interstitial matter is made up 
essentially of green hornblende and plagioclase. Some of these indi
viduals show the pale interiors and comparatively dnrk-green borders 
usually considered as characteristic of uralite. Most of the plagioclase 
has undergone more or less advanced saussuritization. The iron ore 
present is mainly, at least·, ilmenite, for it may be seen· undergoing alte
ration to leucoxene. A little quartz is present, and also an occasional 
scale of biotite. 
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Very frequently these more massive types .pass into foliated schis- Formation of 

to e varieties the structures beina the direct result of pressure and differenttypes 
' o of greenstone 

stretching, and all gradations may frequently be observed in the same schists. 

rock exposure, from the massive gabbro-diorite, through diorite schist, 
hornblende schist or amphibolite, to actinolite and chlorite schist.. The 
prevailing type of hornblende &chist or amphibolite, is a dark-green to 
almost black, usually glistening and very fissile rock. It is made up Mineralogical 

larrrely of slender prisms of the common areen hornblende usually composition of 
o . 0 ' . ampbibolite. 

compact; and strongly pleochro1c, but sometimes actinolit.ic, a varymg 
but usually small amount of plagioclase and quartz occupying inter-
spaces between the rudely parallel individuals. In the less altered 
varieties the original plagioclase still remains, although usually more 
or less saussurit;ized, but some specimens examined are seen to have 
undergone more or less complete recrystallization, with the formation of 
an interlocking mosaic of water-clear, usually unstriated plagioclase 
(albite 7) and quartz. Biotite is almost invariably present, and the iron 
ore is sometimes ilmenite, or highly titaniferous magnetite, i:;he grains 
of this mineral being bordered with sphene. In other instances, the 
iron ore is simply magnetite, showing no traces of alteration and this 
mineral is often present in large quantity. Pyrrhotite, chalcopyrite 
and pyrite, are sometimes disseminated through the rock in small grains, 
and in the vicinity of the ore bodies, these sulphides are often abun-
dani:;ly present in this type of rock. Some exposures of these rocks 
are made up almost entirely of hornblende. The thin section of a spe- Amphibolite 

cimen, secured from Cryderman mine, (lot 5, ccn. III., Garson) showed ~~~~ :;;u;~er
this rock to be made up of hornblende individuals closely compacted 
together, with no intervening felspar or quartz. Magnetite is abundant, 
while pyrrhotite and chalcopyrite are thickly disseminated through the 
rock. Some phases of these hornblende schists are sometimes so badly 
decomposed that only occasional cores of the hornblende crystals have 
survived, the remainder having been converted into chlorite. The Decomposi-

1 . l d . th k f . d. t • . b bi tion of p ag10c ase an quartz present m ese roe s, are o ten m is mgms a e amphibolite. 

from one another, the former being the clear, often unstriated variety 
(albite), so characteristic of t.hese recrystallized eruptives. Biotite is 
present in much smaller 'lmount, and has likewise contributed by its 
alteration to the formation of the abundant chlorite. Epidote and cal-
cite are also present in comparatively large amount, as secondary pro-
ducts of decomposition. Magnetite is plentiful, and much of it is 
undoubtedly of secondary origin. These rocks are usually much paler 
in cJ!our than the prevailing and less decomposed varieties of amphi-
bolite. 
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In certain localities these hornblende schists were noticed to contain 
numerous small, irregularly owal, light-coloured patches or 'augen ', 
sometimes made up almost entirely of plagioclase, or this mineral in 
association with an equal or even greater quantity of quartz, while in 
certain instances, quartz alone is presen t. These are of various sizes 
and shapes, but they are usually less than a quarter of an inch in 
diameter, and most of them are about the size of an ordinary pea. In 
certain instances, some of the larger of these areas seemed to be made 
up of a single imperfect phenocryst of plagioclase, but a study of the 
slides usually shows, a mo'mic made of several distinct interlocking 
grains of this mineral, together with a varying am:mnt of quarlz. The 
rock, at first sight, suggest.;, an amygdaloid, with the amygdules or vesi
cles filled with this quartzo-fel spathic material, but a more reasonable 
explanation suggests their probaule origin as small, more or less conti-
nuous vein8, of pegmatite wliich have become thus deformed and separ
ated as a result of stretching. The structure is of rather frequent 
occurrence and characte::ristic of comparatively large areas of the 
amphibolite. Similar rocks have been noticed by Dr. Coleman as 
occurring in the vicinity of the Frood mine, while in the central part 
of the township of Graham, the writer has collected several specimens 
from the N. ! lot 8, con. III., and the N. t lot 1, con. IV., of thi~ town
ship. The matrix in which these small eye-like forms are developed, 
shows a fin e-grained hornblmde schist made up, in great part, of com
pact, dark-green, strongly pleochroic hornblende, together witl1 a little 
biotite. In the specimen from the N. t lot 1, con. IV., of Graham, 
the quartz and felspar of many of the 'augen ' contain small scattered 
individuals of hornblende, zoisite and biotite. 

Biotite schist Another type of rock, which was noticed at two widely separated 
from Denison. localities, intimately associi.ted with these amphibolitf's, is a dark-gray, 

almost black, faintly glistening schistose rock. The thin Sf'dion of a 
specimen obtained neat' the openings on lot 12, con. IV., of Denison, 
shows a fine-grained aggregate of pale-coloured or 'bleached' biotite, 
with a much smaller amount of plagioclase. Small grains of sphene 
:ire abundant, and also irregular fragments of calcite. 

Biotite schist Another variety of the same rock is represented by a specimen 
from Graham. b - d h C C - l N 1- I 4 IV o tame near t e entury opper mrne, wt t Je ·il' ot , con. ., of 

Graham. It contains frequent disseminations of pyrrhotite, pyrite and 
chalcopyritP, 'and in addition to the plagioclase, contains a considerable 
amount of quartz. The biotite, which is in fairly large plates, is 
'bleached ' with frequent pleochroic halos, ~urrounding certain of the 
smaller inclusions, which are abundant, and include sphene, epidote 
and zoisite. 
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Occasional! y these arnphibolites contain garnet, which is sometimes Garn~tife.rous 
b d d f . 1 ·11 d fi d d l 1 Th amph1Lolite a un ant, an o ten m arge, 1 - e ne or roun ec crysta s. e most from Vermi-

striking example of such a rock is, doubtle~s, that occmring in the vici- lion mine. 

nity of the Vermilion mine, (lots 5 and 6, con. IV., of Denison). The 
matrix shows the prevailing fine-grained, dark-green rnhist, in which 
rounded crystals of reddish garnet, sometimes two inches in diameter, 
are developed. The matrix is made up principally of hornblende and Micros?oPi?al 

. . . d d 1. h l determmat1on quartz. The garnet 1s quite normal, but 1s much cracke an s 1g t y of minerals. 

seamed with green chlorite, which has resulted from its incipient altera-
tion. It was also noticed to contain inclusions of magnetite 11.nd quartz. 

There can be little doubt in regard to the origin of most of these older Origin of 
greens tone~. 

greenstone~, that they represent greatly decomposed, sheared, and, at 
times, completely recrystallized, basic eruptives, but there is still consi-
derable doubt regarding the exact conditions attending the genesis of 
certain other types of rocks, which are intimately associated with, and Deformecl 

usually included in these greenstones. Some of these show, though some- emptive~. 

w ha,t indistinctly, the ellipsoidal and amygdaloitlal structures, character- Squeezed 
. . f 1 fi I · 1 h . 1 . 1 f 1 . lava flows. 1st1c o ava ows, w 11 e ot ers, agam, are a most certarn yo a pyioc ast1c 
nature, representing consolidated beds of volcanic ashes and fine agglo- Al

1
tere? 

1 vo can1c as 1 
merates, but all of these have been so greatly squeezed and stretchEd rocks. 

that theie precise identification_ i~ extremely difficult, if not impossible. 
Some portions of the sedimentary rocks, chiefly quartzites and grey-
wackes, are included in these areas of greenstones. In some instancer, Altered 

h 1 · k h" h h b 1 h . h elastic rocks t ese c ast1c roe -s, w 1c ave een t rns caug t up Ill t e greenstonP, included with 

are sufficiently large to permit of being separated on the map, but, for greenstone. 

the most part, they are comparatively small, aud have been included 
under the same colour as the green tone. All of these elastic rocks 
are greatly metamorphosed. The tuffs or greywackes are now made up 
chiefly of clear felspar, with a smaller proportion of quartz, the former 
mineral being largely altered to sericite; biotile, chlorite and magnetite 
or ilmenite, are the most n.bund:i,nt minerals represented. Often recrys-
tallization has been so advanced that no traces of their detrital origin 
rema.in. The quartzites are of the usual felspathic variety, the compo-
nent grains only occasionally revealing traces of water action, the 
structure, for the most part, being eminently interlocking. 

(2.) UPPEH HuRONIAN. 

B. CONG LO:UERATFS, FELSPATHIC SANDSTONES AND QUARTZ!TES. 

General 
Although a large proportion of the rocks included as Huronian, in the characters 

S db D. . h d' l f . . of rocks of u ury istn (;t, are t e irect resu to igneous act10n, considerable Upper 
Huronian. 
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areas are underlaid by others of undoubtedly sedimentary origin. While, 
however, the various types of these rocks have been studied in consi
derable detail, so that their precise mineralogical composition is well 
understood, their stratigraphical position has not been determined as 
satisfactorily as might be desired, as only a comparatively limited 
time could be spared from the work of examining and delimiting the 
more important eruptives, directly associated with the ore bodies. The 
geological succession therefore, advocated in this report, is not based 
on an extended or critical study of the field relations of these rocks, 
and much more exhausti,·e work will be necessary before a final and 
authoritative utterance is possible on this point. Some difficulties 
which presented themselves during even the preliminary investiga_ 
tions undertaken by the writer, may be mentioned briefly. In the 
first place all the rocks of the district have been greatly disturbed, so 
that, the originally horizontal strata are now tilted at very high 
angles, in some instances, having assumed a vertical attitude, and 

Rocks greatly occasionally, have even been overturned as a result of the mechanical 
-disturbed and stresses, to which they have been subjected. In aome cases, and over 
altered. 

ext ended areas, the rocks have been so metamorphosed, that the planes 

Schistose 
structures 
mistaken for 
bedding. 

Succession 
interrupted 
and compli· 
cated by 
intrusive 
masses. 

of original sedimentation are more or less completely mas~rnd, or even 
destroyed altogether, thus rendering it very difficult, if not impossible 
to interpret the true structure or sucnession. In addition, the situa-
tion is further complicated, and a satisfactory explanation delayed, by 
reason of the frequent development of certain secondary structures 
due to intense and prolonged pressure and stretching. The foliated, 
schistose or slaty structures, thus induced, are frequently mistaken for 
bedding planes, although usually forming considerable angles with 
them. Besides the continuity of the areas of the elastic rocks is fre
quently broken by the intrusion of irregular masses of igneous mate
rial which not only greatly disturbed and obscured the original order 
of deposition, but divide these sedimentaries into a number of sepa
rate basins, whose satisfactory correlation can only be unravelled by 
much more. detailed study than the present opportunity afforded 
the writer. At this stage, therefore, the succession favoured in 
this report, is not offered without a certain degree of hesitation, 
although it is without doubt, a much more complete and satisfactory 

Present classification than any which has yet been attempted. With the ex-
scheme offered . f . . · d '"" · · I · 1 with some cept10n o one or two mmor pomts, it w ers m no essentia part1cu ar 
hesita~ion bnt from the :;cheme offered by Dr. Coleman in his last report (1) and we 
essen tmlly ' 
the same as both agree, in advancing the opinion, that the intrusion of the nickel 
Dr. Cole· b . . k ] h 1 d h f 1 d man's. eanng nor1te, too pace at a muc ater ate, t an armer y suppose . 

(1). Ann . Rep. Bur. of Mines, Ont. 1!)03, p. 208. 
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It is confidently expected, however, that Dr, Coleman, as a result of Expected 
. d . . h d' . .11 d 'd Dr. Coleman's the later work he is now con uctmg m t e istnct, w1 ec1 e many bt<>r work 

of the questions which are still a matter of opinion and conjecture 't'·ill det~rmine 
' rue succes

and the appearance of his monograph is accordingly awaited, with the sion 

expectation that this question, of succession especially, will receive full 
and satisfactory treatment. 

The oldest elastic rocks exposed in the vicinity cf Sudbury, are cer- Oldestclastic 

tain felspathic sandstones or greywackes, frequently interbedded with, s~~~~t~·~. 
and passing by insensible gradations, into felspathic quartzites or arko-
ses, the latter, for the most part, being the later rocks, and usually 
forming the summit of the series. These rocks are evidently closely 
related, the main point of difference noticed, consisting in the rela.tively 
coarse grain and large amount of quartz in the quartzites, with less of l\Iinernlogi: 

d . . . l . I h' b . d f ea! compos1 the finer-grnine mterst1t1a matena, t is emg ma e up, or the most tion of 

part, of the lighter coloured decomposition product sericite, while in the grt>ywacke 

greywacke, the texture is finer, and :felspar, not quartz is the pre-
<lominant constituent. Chlorite, with innumerable fine, disseminated 
particles of opaque matter, gives the prevailing dark colour to the rock. 
The quartzite.s,Jor the most part, occur in thick, mas~ive beds, which are 
Yery uniform in mineralogical composition, while the greywackes are 
much more distinctly and evenly 8tratified, and certai11 shales and slates 
exposed in the district, are'evidently thinly bedded varieties of this 
rock. All intermediate stages, both in composition and structure, may Transition 

b · b l f k h' l h betwt>en grey-e noticed etween t iese two types o roe , w 1c 1 at t e two extremes, wacke and 

are quitr:i distinct and recognizable. Comparatively large areas are quartzite. 

chiLracterized by the prevalence of one or other of these rocks. 

Some of the greywackes are evidently of the nature of muddy sedi Origin of 

d · d · l' f d' d' . f - greywacke. ments, epos1te m water, as a resu "o or mary con 1t10ns o degrada_ 
tion and deposition, but tuffs constitute, by far, the larger part, repre-
senting the consolidation of what was originally volca.nic ashes, being one 
of the results of the explosive action to which is due the presence, at the 
surface, of the great belts of greenstone. These have, in most cases, been 
sorted and re-arranged by the action of water, but, in other instances, 
little or no trace of rounJing action can be detected in the component lliicroscopic 

&trnctnres. 
grains, even in those types which have suffered little or_ no alteration. of greywacke. 

These rocks are usually of a dark-gray, purplish-brown, or grcenish-grny 
colour. They are often evenly and very distinctly banded, in vary-
ing shades of gray. Jointing is frequent and also slaty cleavage. 
They are often faulted and shattered, and in the >icinity of the 
various greenstone masses, are penetrated and altered by irregular 
tongues and masses of the basic igneous material. They are fr!'quently 
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Porphyritic porphyritic, and usually the phenocrysts are small, very thickly disse-
greywacke or · t d d f l · l h ' · h l F h' •rice rock.' mma e , an o a very pa e-gray1s 1 or w 1t1s co our. or t 1s reason, 

the rock has been referred to, in the field, as 'rice rock.' These phe
nocrysts were probably andalusite or staurolite, but the skeleton-forms 

Phenocrysts are now occupied by a confused aggregate of minute sericite scales and 
of andalusite quartz. Other exposures show small yellowish-brown spots made up 
otaurohte and 
hornblende. of rutile, while others again, exhibit irregular phenocrysts of hornblende, 

now wholly replaced by chlorite. Thin sections, examined under the 
microscope, reveal a rock which has undergone rather extensi·:e decorn

Composition position. It is usually made up very largely of felspar, with a smaller 
of greywacke. proportion of quartz, in small, angular Ot' slightly rounded fragments. 

These are surrounded by a net-work of sericite and chlorite scales, 
together with a considerable amount of opaque iron ore. The larger 
individuals, at least, have evidently been ilmenite, but are now almost 
completely altered to leucoxene. The darker bands are made up of 

Alteration of m.ore thickly disseminated, dust-like particles of iron ore, much of which 
greywacke. at least, is ilmenite. In the vicinity of the various eruptive masse~, as 

well as in those masses which have been caught up in the greens tone, these 
rocks are very much altered, the various types havirig been described 

Quartzites as wica schists, felsites and pbyllites. The rocks referred to as quartz
ites are massi \'e, though usually disLinctly stratitied, of a pale-grny 
reddish, yellowish-gray, or greenish-grny colour. They are intimately 
associated and often interbedded with t he tuft's or greywackes, so that 
it is frequently impossible to separate the t wo for purposes of mapping. 

Mineralogical U nde1· the microscope the thin section exhibits a rock made up chiefly of 
composition of quartz with a somewhat smaller proportion of felspar most of which is 
quartzite. ' ' 

Microscopical 
structure. 

Altered 
quartzite 
band north
west of 
Sudbury. 

unstriated, and therefore presumably orthoclase. Occasional grains of 
microcline were noticed, showing the ,·arious stages in the development 
of the characteristic fine, cross-hatched, twinning structure. Much of 
the fel~par is det:omposed into a hydrous form of muscovite (sericite), 
occurring in irregular, pale-yellowish or colourless scales and plates , 
which together with fragments of undecomposed felspar, make up a 
ground mass, in which the larger indi vitluals of quartz, and more rarely 
of felspar, are embedded. 

The structure of the rock is for the most part interlocking, but some 
specimens show distinctly elastic structurE', while, in most, the resem
blance to well authenticated, recrystallized elastics is such as can hardly 
b~ mistaken. 

A little over a mile north'>' est of Sudbury, the Canadian Pacific 
railway crosses a belt of very highly altered felspathic quartzite, the 
outcrops of this rock, forming a series of comparatively high and con-
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spicuous ri<lges. Thi8 band averages about half a mile in width, and 
extends with unbroken continuity, from the vicinity of the Frood mine 
to Copper Cliff. Here, denudation has removed a considerable portion 
of these rocks, leaving only small area3 such a8 that which outcrops 
immediately north of the old Copper Cliff mine. These rocks are again 
exposed to the west of the Ontario Smelting Works at Copper Cliff 
forming the high ridges, which with some minor breaks, extend in a Altered 

southeasterly direction, a little beyond the boundary between Waters quar.tzite in 
Denison, 

and Graham townships. Areas of very similar rocks are shown on the Graham and 
. . h t h" f D . h l t Waters map, as occurring m t e owns Ip o emson, t e arges mass cover- townships. 

ing a considerable tract north of the Vermilion mine. The microsco-
pical examination of most of the thin sections, representative of this 
rock, throws little or no light on its origin, and the exposures might 
very readiiy be mapped as belonging to a biotite or hornblende granite, 
while the presence of a breccia of autoclastic character at the junction Autoclastic 

between this and the greywackes to the southeast, might, easily be rocks. 

interpreted as indicating the intrusion of a granitic rock through the 
greywacke. 

These small, usually parallel, and seemingly dyke-like forms of quart
zo-felspathic material, are in reality thin beds of arkose material, 
which, originally continuous, have been drawn out, broken and sepa
rated during the processes of stretching, whiie the enclosing rocks, 
having yielded more readily to deformation, give no evidence of auto-
clastic action, This quartzite is frequently ' blotched ' in the vicinity 'Blotc~ed' 

f 1. h bl h f 1 dd" h . k" h quartzite o the railway me, t e spots or otc es o a pa e-re is or pm IS north west of 

colour, being embedded in a network of grayish material, without how- Sudbury. 

ever, any sharp or well-defined boundary between these two portions 
of the rock. It is made up principally of quartz, felspar, biotite, mus-
covite and sometimes hornblPnde, the last mentioned mineral being 
especially conspicuous in those exposures of the rock crossed by the 
railway and wagon road to Azilda. This mineral occurs usually in 
long, slender prisms, of a dark green colour, disposed at various angles 
to one another, and very evidently the product of secondary action. 

The component minerals possess the irregular, interlockmg outlines, Mineralogical 

with usually no sugt'estion of the rounding action of water and at first coltmpcdsition of .._. a ere 
sight, has every resemblance to a granite or gneiss. An examination quartzite, 

of the field occurrences of this rock is, however, much more satisfactory 
than that of the thin section under the microscope. At times, a series 
of beds can be traced out, differing considerably in composition and 
texture, t he whole occurring in the form of a synclinal basin, resting 
upon the greywackes. This quartzite represents the most advanced 

5 
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type of a recrystallized arkose for which the term 'regenerated granite' 
has been proposed (1 ). In the Huronian, there are no very large areas 
of conglomerate, and the exact position of these rocks is still a matter 
of doubt, but it i« hoped that future investigation will, at an early date, 
en'lb!e a precise statement of their stratigraphical position to be made. 
From the investigations undertaken by the writer, these conglomerates 
would appear to lie at the base of a series, which pasEing upwards into 
darker coloured felpathic sandstones or greywackes, are in turn over-
laid by felspathic quartzites ur arkoses which cover the larger portion 
oft.he southeastern part of the Sudbury map. 

Character of Such rocks are, as a ru!P, of a dark-gray colour, wiLh disseminated, 
conglomerates angular, subangular, or rounded fragments, chiefly of quartz, granite, 
Mineralogical diorite, etc. Thin sections exhibit a rock made up of fragments, chiefly 
~r~cfn;\~~~- of quartz, but also of orthoclase, plagioclase and microperthite. The 
rates. most abundant composite fragments are granitite, composed mainly of 

microperthite and quartz, together with a little biotite. All of the 
larger individuals are embedded in a matrix, made up of much finer 
pirces of quartz and felspar, together with biotite, sericite and a pale-

Ramsay lake green chlorite. Occasional grains of pyrite and also some of ilmenite 
conglomerate. occur. Excellent exposures of the last mentioned conglomerate may be 

seen along the line of the Canadian Pacific railway, immediately east 
of Sudbury, and in the vicinity of the north shore of Ramsay lake· 
A s usual, these conglomerates are extremely local in their development, 
covering no very large extent of country, and the area to the east of 
Sudbury is, by far, the largest covered by such coarse, detrital rocks. 

Conglomerate Exposures of a very similar rock occur on lot 7, con. I., of the township 
in Denison. of Denison, to the souLh of a small Jake, the conglomerate at this place 

underlying the quart.zite. 

Conglomerate 
near Stobie 
mine. 

Probable 
unconformity 
in Huronian. 

Dr. Coleman mentions that, 'the most typic<:tl conglomerate in the 
region, however, extends as a much broken band from northea~t to 
southwest, near Stobie mine, showing crowded pebbles and small 
boulders of more than half a dozen kinds, including granite, quartzite 
and several sorts of green schist, as well as greenstone.' (2) The occurr
ence of these conglomerates and the character of their pebbles, indicate 
a probable lack of conformity in the Huronian, and it is quite possible 
that there is a lower and a.n upper series, the former made up of green
stones, schists, greywackes and highly altered quartzites (regenerated 
granites), overlaid unconformably by the conglomerates just mentioned, 
together with the overlying greywackes and felspathic sandstones 

(1.) Quart. Journ. Geol. Lon. Vol. LIU (1897) p. 44. 

(2) Ann. Rep. Bur. of Mines Ont., l!l03, pp. 239 and 200. 
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exposed in the southern part of the Victoria mines map, and the south-
eastern part of the Sudbury map. Besides these coarse detrital rocks, ~l~~~~~~~:~r 
which are evidently consolidated shore deposits, there are certain autoclastic 

rocks. 
pseudo-conglomerates or autoclastic rocks, formed, as already stated, as 
.a result of pressure and deformation. These ' crush' conglomerates 
are especially abundant where the harder and more brittle quartzites 
come in contact with the schistose greywackes. Certain portions of 
the green schists, penetrated by granitic material, have likewise become Autoclastic 

. . . . greenstone 
autoclastrc, through the stretchmg and rolling out of the rocks, while and granite 

large portions of the greywackes themselves, have been broken, the breccia. 

fragments separated and recemented together, by similar, though some_ 
what coarser material. 

(2.) UPPER HURONIAN 1 

( 0.) OLDER 1 NORITES AND DIORITES. 

C f bb d · · h h · d · t" d" "t Peculiarties ertain areas o ga ro an norrte, wit t e1r err va 1 ve ion e, of older norite 

-Occur, which have no direct or visible connection with the main mass and diorite. 

of the nickel bearing norite. Most of these intrusive masses exhibit 
certain peculiarities of composition and structure, which all seem to 
possess in common, and by means of which, they may usually be 
distinguished from the ordinary norite. The possession of these 
.characteristics, as well as their prevailingly greate!" alteration, suggests 
a probable difference in age, and the position assigned to them in th'e 
table of the geological formations exposed in this district, is believed to 
be a very close approximation to the truth. Most of these masses at Older norites 

' are younger 
least, are distinctly younger than any of the elastic rocks with which than elastic 

they come in contact, as they pierce and alter the highest beds of the rocks . 

.quartzites, which occur in the region covered by the southern and south-
eastern portions of both the accompanying map sheets. Their age, with 

d t th ., · f "t · k h Relation with regar o e gram"e or main mass o non e, is not nown, as t ey main mass of 

nowhere occur in conjunction with these rocks. They are, however, norite . 

ld h h 1. . d" b f d l f h" k uncertam. o er t an t e o ivme- 1a ase, or y ms o t is latest roc in the area, 
are seen to cut them in many places. 

With the exception of t.he Worthington mine, no large or econo- \\'.orthington 
. 11 I bi d . f . k 1 h . mme only mica y va ua e epos1ts o mc ·e or copper ave been found m largA deposit 

connection with them, although the Mitchener and Totten mines of oltder 
' nor1 e. 

-situated in the township of Drury, we1e opened on masses of these 
minerals which were directly connected with the ·w orthington mine 
intrusive. Other deposits of these sulphides are known to occur at Other. 

several points, as for instance on lot 12 con. III., of Neelon township, depos,ts. 

where the pyrrhotite was found to contain 3.10 per cent of nickel, 
.and on the north half of lot 4, con. VI., of Neelon township, but, so 

51 
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far as known, none of these are of sufficient dimensions to form work
ing mines under present conditions. 

One of these belts of norite starts in the township of Drury, to the 
south of the Canadian Pacific railway, and extends across the southern 
part of the township of Denison, ending a short distance east of the 
Vermilion river. The SD"all are.as shown on the map, as occurring on 
lot 12, con. II and III., of Denison, are of the same rock. Another 
band forms the high land between Trout, Clear and Whit fish lakes on 
the southeast, and McCharles and Simon lakes on the northwest. 
The highest portion of the ridge rises 220 feet abo,·e l\IcCharles 
lake. The probable continuation of this band forms the higher hills 
north west of Kelley lake, and with some minor breaks, the ridges form ed 
by the outcropping of these hard rocks, extends to the eastern end of 
Ramsay lake. To the north of the Canadian Pacific rail way, and to 
the east of the town of Sudbury, the rock forms a series of exceedingly 
rugged and comparatively high hills, the highest of which rises over 
1000 feet above the sea. This mass of norite and diorite cover;; an area 
of about four square miles in this part of McKim and Neelon town
ships, sending off a long narrow arm, which crosses the sixth concession 
of the township of Neelon. The large irregular mass of similar igneous 
material, occurring in the eastern part of Neelon, and shown on the map 
as covering portions of the third, fourth and fifth concessions, is known 
to be directly connected with the same mass. With the exception oi 
the smaller separated masses, with which the Frood and Stobie minrs 
are connected, and which undoubtedly belong to the main mass of the 

Smaller areas norite, all of the smaller areas of massive, basic, igneous rocks, shown 
of older nonte. on the map, are made up of this or a closely related type of rock. In 

addition to these, considerable areas of massive diorite occur in intimate 

Older norite 
in Denison. 

Older norite 
in Graham. 

Field cha
racter of 
older norite. 

association with, and probably intrusive through, the older greenstones 
and tuft's, which make up the larger portion of the area conred by the 
third and fourth concessions of Denison. The>e rocks are quite 
distinct from that which forms the main mass of norite, and are 
seemingly more closely related to this older norite intrusive. Similar 
areas of diorite rocks occur in the belt of older hornblende and tufa
ceous rocks, which crosses the third and fourth concessions of Graham, 
to the south of the granite mass. Deposits of pyrrhot ite, chalcopyrite, 
pyrite and cobaltiferous arsenopyrite are known to occur in connection 
with these rocks, but they are not at present of economic importance. 

In the field, outcrops of these older norites, are pale-greenish, in 
contra.at to the dark-grayish or black tones of the main mass of norite. 
They are, as a. rule, finer in grain, eminently diabasic in texture and 
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frequently show considerable masses of diorite pegmatite, or malchite, 
in this last respect, differing from the ordinary norite, which is 
remarkably uniform in grain over the whole area. Under the 
microscope, they contain less quartz, and the hornblende is always 
actinolite, and not the compact variety common in the diorite derived 
from t.he norite of the main mass. 

Fresh representatives of this apparently older no rite are comparatively Fresh repre

rare, and the writer's specimens, selected with e' ery c11,re, at widely ~!a!~t~~~it~! 
separated localities, contain only two specimens in which the pyroxenes very rare. 

are sufficiently fresh to permit of their identification, and even in the 
slides from these specimens, by far the greater portion of the original 
ferromagnesian constituents, are represented by the usual secondary 
serpentine 11,nd 11,ctinolite. 

One of the hand specimens of the least altered phase of the diorite, Fresh norite 

collected near t.lie eastern extremity of the band of areenstone between from between 
o ' Wh1tefish 

\Vhitefish and Simon lakes, is a pale greenish, medium-textured, mas- and Simon 

sive greenstone, with little or no evidence of having been subjected to lakes. 

dynamic metamorphism. 

The thin section shows a hypersthene-gabbro or norite, the greater l\Iicroscopical 

portion of which h11,s undergone advanced chemical alteration or decom- character of 
· · F h · · d f l . l d older norite. pos1t10n. or t e most part it is now ma e up o p ag1oc ase an a 

serpentine closely related, if not identical with bastite. The latter 
mineral is very evidently secondary, and occupies very approximately 
the same position as the original bisilicate material, from whose altera- ::'.Iineralogical 

tion it has resulted. Occasionally, limited areas show the original composition. 

pyroxenic minerals, in various stages of the bastitic alteration. A 
faintly pleochroic hypersthene or enst11,tite and diallage are both 
present, and some of the individuals or grains of these minerals are, 
with difficulty, distinguishable from one another. Both minerals are Enscatite and 

very nearly colourless, but the double refraction of the hypersthene is cliallage. 

weak, while the diallage, on the contrary, shows brilliant chromatic 
polarization. Both pyroxenes show a faint, though distinct pleoch-
roism, that possessed by the bypersthene being more decided. The 
index of refraction of the hypersthene is somewhat higher than that 
.of the d iallage, while the latter mineral shows frequent polysynthetic 
twinning. Both pyroxenes, however, decompose to the srnea pale Decomposi

greenish, usually fibrous, but occasionally scaly bastite, often exhibit- ~;~0~~nes. 
ing brilliant polarization colours. In places, this bastite is being 
converted into a pale greenish, feebly pleochroic, fibrous hornblende 
or actinolite, this uralitization being especially pronounced in the Bastite. 

vicinity of the margins of the individuals. These bastitic areas contain 
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very numerous, small, irregular scales and plates of a pale brownish, 
apparently secondary biotite, and, in places, are crowded with small 
grains of secondari magnetite. The plagioclase, which judging from 
the extinction angles is labradorite, has a marked poikilitic develop
ment, this mineral extinguishing simultaneously over large areas, which 
in the thin section, are separated either partially or wholly by inter
vening bisilicate material. This poikilitic effect is likewise noticeable 
in the hand specimen, owing to the uniform reflection of light from the 
plagioclase individuals. Comparatively large, irregular grains of 
magnetite probably titaniferous, are also distributed through the rock, 
while quartz occurs, filling up occasional interspaces between the 
tabular forms of felspar. 

Another specimen, representing a very fresh variety of this rock, was 
obtained from a small hill, west of a lumber road, on lot 11, con. V., 
of Neel on. Dr. Coleman mentions the fact that a specimen of this 
rock from the hill top east of the town of Sudbury, is 'a typical norit.e 
made up essentially of faintly pleochroic enstatite or hypersthene and 
plagioclase, the latter somewhat lath-shaped.' ( 1 ) 

Mineralogical A thin section from a specimen obtained from the large mass of this 
co
1
dmpositi.on of rock, occurring to the southeast of the Evans mine, shows a greatly 

o er norite 
southeast. of altered variety of this norite. The original pyroxene minerals are 
E vanc mme. wholly converted into an aggregate of pale greenish, brilliantly polar-

izing scales and fibres of serpentine, this, in turn, being converted, in 
certain instances, to actinolite. Pale coloured biotite is abundant. A 
small amount of greenish-brown, compact hornblende is also present. 
The plagioclase, with the pale brownish tints so common in these rocks, 
occurs in rather broad, lath-shaped or tabular, well-twinned crystals, 
which are, as a rule, quite fresh. Quartz is not very abundant, and 
some grains are intergrown with plagioclase, forming the characteristic 
granophyre. The iron ore is ilmenite, with borders of sphene. Apatite 
is abundant, in the usual slender, prismatic forms. 

Description of Another thin section, taken from a specimen obtained on the north 
~~;:eif]~itte half of lot 10, con. V., of Neelon, is still more decomposed, the pyrox-
10, con.-V., ene being replaced by a very pale yellowish-green serpentine and acti
Neelon. 

nolite. All the intermediate stages in the conversion of serpentine to 
actinolite may be studied. Much of the felspar is quite fresh and clear, 
with a pale brownish colour, but the areas of this mineral have been 
invaded, to a considerable extent, by small fibres and crystals of actino
lite. A little compact, brownish hornblende is also present. A large 

(l) Ann. Rep. Bur. of JI.lines, Ont. 1903, p. 296. 
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amount of zoisite occur:; as a secondary product of decomposition. 
Ilmenite, largely altered to sphene, and occasional grains of pyrrhotite 
and chalcopyrite are also present, while quartz occasionally occupies 
the irregular interspaces between the plagioclase laths. Another spe
cimen, from the nol'th half of lot 4, con. VI., of Neelon, was also exam-
ined under the microscope. The rock may be referred to, a~ present, as l\Iinera~o.gical 

. . . compos1t1on of 
a uraht1c quartz-diabase. The original pyroxene is now represented altered norite 

by p1le greenish, feebly pleochroic bastite and act.inolite, much of the fromVN~ lot:4, con. f., 
plagioclase is rather clear and fresh, but some has undergone considerable Neelon. 

saussuritiz!l.tion. A little brownish hornblende is present. Sphene, in 
irregular grains, with black opaque cores of ilmenite, epidote and 
zoisite, are the principal other minerals noticed. 

The actinolite diorite and schist, with which the deposits at the Other altered 

Worthington, Mitchener, Totten and Macdonell or Gersdorffite mines ~W~~t~~~~. 
are associated, are evidently highly altered forms of this norite. These 
deposits possess certain peculiarities in common with one another, which 
distinguish them from the other ore bodies, connected with the main 
mass of the norite. Some of the rock, collected at the Vermilion mine 
is po>sibly of the same type and age, but this was not definitely ascer-
tained. As is evident frJm the foregoing, it is manifestly difficult, if Difficult iu all 

not impossible, in all cases, to decide the question of the identity of cii:~i:i~ish 
every individual specimen of altered norite, or even the various separ- norites. 

ated masses, but in a broad way, these two norites are distinct and 
separate from one another, and the criteria already mentioned for dis-
tinguishing them will usually be found sufficient. 

(3.) LAURENTIAN GRANITE AND DIORITE-GNEISSES. 

The rocks usually classified as Laurentian, comprise a series of fol- Laurentian 

iated, eruptive rocks, mainly of granitic and dioritic composition, cross_ rocks, where 

ing the southeastern corner of the Sudbury map, in the townships of located. 

Dill and Neelon, in the vicinity of the Wanapitei river. These rocks 
possess a well-marked foliation, this structure being determined not G.eneral 

only by the alternation of lighter and darker coloured bands, but also description. 

by the parallel disposition and alignment of the component minerals. 
The lighter coloured bands are usually of the prevailing flesh-red tint, Character of 

and are made up largely of quartz with orthoclase, microline and mi- foliation. 

croperthite as the felspathic constituents, and these minerals, together 
with biotite in varying amount, make up the bulk of the rock. The Mineralogical 

darker coloured bands contain less quartz and very abundant mica, composition. 

with oligoclase as the principal felspar. The bioiite is often altered to 
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chlorite. Muscovite and zircon are often present in small amount. 
Garnet is very abundant, of the prevailing almandine variety, and 
usually more or less rounded, but some of the well formed individuals 
show the faces of the rhombic dodecahedron and icositetrahedron. 
Perhaps the most interesting mineral is cyanite, which is abundant in 
certain portions of the rock, occurring both in the micaceous and 
felspathic bands. This mineral occurs in flat, blade-like crystals, with 
the prevailing bluish and whitish colours. In the micaceous bands, the 
colour is especially deep, and of a beautiful azure tint, somewhat 
unevenly distributed or cloud-like in its effect, the colour being often 
deepest in the centre of the crystals, gradually becoming colourless 
towards the margin. These crystals are arranged, for the most part, 

Sillimanite on parallel to the foliation, but some individuals are disposed at con
h!~~~~g siderable angles to this structure. Sillimanite or fibrolite is also occa-

Gneisses of 
emptive 
origin. 

Location of 
Upper Huro
nian rocks. 

sionally present, especially on slickensided or jointing planes, and 
shows abundant evidence of pressure and stretching. These gneisses are 
distinctly of eruptive origin, and their intrusion through the quartzites 
and other elastic rocks is everywhere apparent, where the line of junc
tion is so exposed, that the relationship between the two may be 
examined and studied. 

4. UPPER HURONIAN (1) CLASTIC ROCKS. 

The rocks, thus classified, occupy the large oval area situated 
immediately northwest of the main belt of the nickel bearing and 
kindred eruptives, and underlying the extensive clay plain, which has 
already been described as so eminently suitable for agricultural 

Rocks purposes. As a result of the first geological examination, these rocks 
j)~aJ31eif a~Y were regarded by Dr. Bell as probably of Cambrian age, and ha Ye 
probably of thus been coloured on all subsequent geological maps. Their precise 
Cambrian age. l . l . .11 f d b b geo og1ca age is st1 a matter o ou t, ut the later work seems to 
Probable indicate a close relatiornihip both in origin and age, with the main relative age. 

Synclinal 
trough 
overlying 
110rite. 

masses of norite and micropegmatite. If, as seems probable, from the 
work already accomplished, these several separate ranges of nickel 
bearing norite are, in reality, the exposed portions of one continuous 
laccolite, with occasional minor irregularities or offsets, then, as 
illustrated by DI'. Coleman ( 1 ), these youngest elastic rocks of the 
district will, no doubt, be shown to occupy a synclinal trough, overlying 
this deep platter-shaped sheet of intrusive rock. 

(1) Ann. Rep. Bur. of Mines, Ont. 1903, (illustration 52) pp. 288·289. 
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These rocks extend from the southeastern part of the township of 
Trill, to within a few miles of W anapitei lake, the area being thus 
nearly thirty-five miles in length, with an extreme width of a little 
over eight miles. 

They comprise, at the base, certaih breccias and agglomerates, most Succ~ssion of 
f h · h t l f 1 · · · th k · ct" elastic rocks. o w 10 , a east, are o pyroc ast10 ongm, ese roe s passmg upwar 

into black bituminous shales, while they are, in turn, overlaid by a 
comparatively coarse greywacke or felspathic sandstone. 

The identification of the breccia at the base of this series, as a con- Identification 
l.d d · f . . l d. d of breccia as so 1 ate volcamc ash, was the result o m10roscop1ca stu ies un er- volcanic glass 

taken by the late Prof. G. H. Williams, of material furnished him by Pbrecfcia by ro essor 
Dr. Bell. The important fact of the occurrence, in these ancient rocks, Williams. 
of a volcanic glass breccia, the various minute details of structure 
being so exceptionally preserved through silicification, as to permit of 
its positive recognition, has always been a matter of general interest 
and comment, especially amongst those geologists, who regarded these 
earlier periods of the earth's history as characterized by exceptional 
and prolonged explosive volcanic activity. 

A description of this comparatively rare type of rock, was carefully Descript!on 
prepared by Prof. Williams, and communicated to a meeting of the ~~:<l1:1· 
Geological Society of America, held on December 3lst, 1890. These G8 e~lotgicafl ocie yo 
details were embodied in an appendix to Dr. Bell's paper on the nickel America. 
and copper <ieposits of this di~trict, which was also read a-t this 
meeting ( 1 ). 

The material subruitted for examination, consisted of two small hand Specimens 
specimens, collected at the lowest falls on the Ona ping ri ver, in the from Onaping 
township of Dowling. Prof. Williams' description ( 2) is so complete river. 
and satisfactory, that it may be quoted in this connection. 

'In a hand specimen, thi~ rock presents a nearly black felsitic ma- General 
trix in which are embedded sharply an"'ular or sl ightly rounded frag- descri1~tion of ' . o volcamc 
ments, varying from l ! cm. in diameter, downwards to ultra·microsco- breccia. 
pie dimensions. These fragments are lighter in color than the matrix. 
but differ considerably among themselves in their tint, structure and 
composition. The majority resemble chalcedony in appearance, others 
are greenish, while some of the largest fragments are now replaced by a 
single calcite individual. Occasional small grains of clear vitreous 
quartz may also be detected, while sp<'lcks of pyrrhotite are everywhere 
abundant. Many of the angular fragments show distinctly under the Jl.Ia~1y angular 

ves1culear 
frauments. 

(1) Bull. Geol. Soc. Am. Vol. II. 1891, pp. 125-137. 0 

(2) Ann. Rep. Geol. Surv. Can. Vol. V. 1890-91, Part F, pp. 74-76. 
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lens a flow or vesicular structure, which is still more apparent in a thin 
section of the rock when seen under the microscope. The fragments. 
even down to those of the smallest dimensions, have the angular form 
characteristic of glass sherds produced by explosive eruptions, with 

Flow struc- more or less coarsely vesicular structure. The flow structure is as 
tu re. 

perfectly marked by sinuous lines of globulites and microlites which 
terminate abruptly against the broken edge of the glass particle, as in 
the most recent vitrophyre. Minute spots of pyrrhotite are scattered 

Character of throughout the section. The groundmass is of a dark colour, owing to 
groundmass. 

the massing in it of minute black globulites, to whose nature the high-
est magnifying power gives no clue. Between crossed nicols it is seen 
to be made up largely of chalcedonic quartz, which has changed ths 

Arrangement easily destructible glass into a sort of jasper. Chlorite is also abundant, 
of chlorite. frequently arranged as a border of radiating scales around the edges 

of the fragments, so as to coat them green in the hand specimen. The 
larger grains are al ways a fine mosaic of interlocking quartz, hut some 

Quartz, calcite of the smaller ones are composed of a unit individual of clear vitreous 
and felspar. quartz. The only other minerals which could be identified in the 1:<ec

tion are calcite and a few grains of a glassy striated felspar. The 
presence of this latter mineral is very noteworthy, as we should 
expect it to have disappeared during the vicissitudes through which 
this rock has passed.' 

Co1nposite 
fragments 
also occur. 

In other localities, this breccia shows a greater diversity in the cha
racter of the larger fragments, and composite rocks made up largely of 
quartz and felspar, either granite or recrystallized quartzite, frequently 
occur. Plagioclase and quartz, usually in angular or subangular pieces, 
are very often represented, while epidote and hornblende, also men
tioned by Dr. Coleman, are likewise present in the thin sections 

. exa1nined by the writer. 

Silica deter- No complete chemical analysis has yet been made of the individual 
D~~'ii~fi,;[1111 specimens examined by Prof. Williams, but Dr. Hoffmann made a 

Chemical 
analysis by 
Dr. Walker. 

silica determination, showing it to contain 60.23 per cent. Dr. T. L. 
Walker however, has made an analysis of a specimen of this breccia, 
obtained from the north shore of Whitson lake, with the following 
results : ( 1 ). 

Si 02 59·93 Na 2 0 3-80 
Al 2 0 3 12-12 K 2 0 0·97 
Fe 0 10·56 Loss by ignition 1·57 
Mn 0 trace 
Ca 0 4·49 Total. ..... . . 98·63 
Mg 0 5·1 9 

(1) Quart. Jour. Geol. Soc. Lon. Vol. LIII, 1897 p. 45. 
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Various sulphides, chiefly pyrite, but sometimes also pyrrhotite and Abun.dance of 

chalcopyrite, are often abundantly disseminated through this rock, and sulpludes. 

not a few mining locations have been surveyed, intended to cover such 
deposits, which were regarded as possible mines. One of the most pro-
mising of these, visited by Ml'. Leroy, was situated on the south half of Deposits 

lot 8, con. IV., of the township of Dowling, and the specimens secured ~I~.tL~1?;;, . 
were handed to Dr. Hoffmann for assay. The hand specimen shows 
a massive pyrrhotite, with which is associated a little chalcopyrite and 
a somewhat larger proportion of gangue. The pyrrhotite, when freed Assay of 

from the chalcopyrite and gangue, was found by Mr. F . G. ·wait (1 ) if'.r(f.0,~~~Y 
to contain 0.26 per cent, of nickel with a trace of cobalt. Resting upon 
this breccia or agglomerate, are certain black bituminous shales, often 
with well developed slaty cleavages. This rock is made up principally Presence of 

f · f f · h · t · I f hi · d bituminous o mmute ragments o quartz, wit m ervemng sea es o c onte an matter in 

sericite, and abundantly disseminated, black, opaque particles of shales. 

carbonaceous or bituminous matter. These slates sometimes contain Anthraxolite. 

fissures o.::cupied by anthraxolite or vein anthracite, and a large 
outcropping of such material in the township of Balfour, occasioned 
considerable excitement some years ago. Samples of the surrounding Amount of 

rock, analyzed by Dr. Ellis, showed 6.8per cent of carbon in the shale. ( 2 ) carbon in 

h . . d d h l shale. The highest rocks in t is series are certam gray san stones an s a es, 
the former frequenLly containing concretions, which weather more 
rapidly than the matrix in which they are enclosed. Composite Composition 

fragments can often be recognized with the naked eye, and the rock of sandstones 

h h h f . I . d . ll and shales. t en assumes t e c aracter o a coarse grit. t is ma e up, prmcipa y 
of angular and subangular grains of quartz, embedded in a finer-grained 
base, compo3ed of felspar, quartz, chlorite and mica. ~ircon and 
tourmaline are also sometimes present. The dark colour of the rock 
is due to disseminations of innumerable, fine particles of opaque 
material, especially abundant in the felspar, and which are probably 
ilmenite. 

(5.) PosT HuRoNIAN. 

(A.) GRANIT~. 

It has been customary, of late years, to speak of certain areas Younger 

of acid intrusives, occurring in intimate association with the nic· granites. 

kel bearing eruptive, as the 'younger granites.' Reference has Relation 
. . between 

already been made to their strange and anomalous behaviour granite and 

with regard to the sulphide bearing norite, for wherever the line norite. 

of junction, between these two classes of rock, has been examined, it 

(1) Aun. Rep. Geol. Surv. Can. Vol. XIII Part R, p. 35. 

(2) Ann. Rep. Bur. of :Mines, Ont. 1896 pp. 159-lGG. 
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presents a series of apparently conflicting phenomena, which, in the pre
sent state of our knowledge, cannot be sati~factorily interpreted or 
explained. The larger proportion of the evidence, so far available, seems 
decidedly in favour of regarding these granite rocks as of earlier gene-
ration than the norite or gabbro, and even in the vicinity of the 
Creighton mine, where the immediate junction is charact.erized by the 
presence of a narrow belt of intermediate composition between the 
granite or norite, Dr. Coleman states that 'on the whole, however, the 
impression is formed tha t the granitoid gneiss is older than the gabbro, 
the latter sometimes growing finer grained at the edge of the gneiss ' 
(1 ). A reasonable explanation of the contradictory phenomena wit
ne<Jsed, seems to be closely connected with the manner and rate of cool
ing of the granite bathylith. 'l'his immense body of acid eruptive, as 
at present exposed at the surface by denudation, has not evidently re
sulted from the consolidation of a body of magma, the product of one 
simple act of plutonic activity, but is rather the result, locally at least., 
of several successive fusions and re-cementations, before the whole mass 
reached its final or present condition. The evidence of such succes
si\'e periods of intrusion, is furnished by P, study of the granite mass 

Evidence of itself, for although over the larger part of the area, the granite is re-
successi ve h periods of markably uniform in structure and composition, certain localities s ow 
intrusion. rather sudden changes in these respects, with occasionally a sharp di

viding line, thus indicating an apparent difference in age. All attempts, 
however, to trace out this apparent line of subdivision in detail, over 
any extent of country, proved futile, and the conclusion \Vas reached, 
that the whole mass is very closely synchronous, and that no appreci
able lapse of Lime in a geological sense, has occurred between the seve-

Difference in ral dates, represented by these different phases of the granite. The 
rateofcooling. rate of coolino- moreover was extremely slow much more so in fact 

0' ' ' 

Two tnain 
types of 
granite. 

than the norite, so that it is possible that, in certain instances, some 
portions may have been sufficiently co11solidated to permit of the cool
ing against it of the norite, while in areas not far distant, some of the 
latest acid secretions of the granite penetrated and altered the 110rite 
or gabbro. There are two main types of these granites, the difference 
between the two being essentially one of structure, and although inter
mediate varieties between the two extremes are known to occur, such 
phases are relatively unimportant and may be ignored for purposes of 

Approximate- general description. These two varieties are at present believed to be 
lyof sameage. very approximately, at least, of the same age. One type of rock which 

occupies by far the largest area of any of these acid eruptives, is a very 
decided ' augen' or porphyritic granitite-gneiss. In places, this seems 

(1) Anu. Rep. Bur. of l\Iines, Ont., 1903, p. 245. 



POST HURONIAN-GRANI'l'E 77 

to pass into a finer-grained and more massive type, with ill-defined or Transition 

f l . . I bl" h d . t h t f l . h between the no o iat10n, t ms resem mg t e secon vane y, t e ype o w uc , two types of 

however, forms two smaller and separated bathyliths occurring to the granite. 

northeast of the main mass. 

The coarser or 'augen' type presents such a strong resemblance, in Resemblance 
f ' ' every respect, to certain gneissoid rocks, occurring in the Laurentian, ~YP:~~en 

that it was indicated as part of this formation in the first geological Lanrantian. 

map. It; constitutes a well marked bathylith, intrusive through the 
older green schists and diorites, which it has greatly disturbed and 
altered, forming a belt to the south of the main mass of the sulphide 
bearing norite, and extending from the second lot in the township of Outline of 

Denison, to a point a little e9.st of the boundary between Snider and ~:Jhe:lith. 
McKim townships, near the Copper Cliff mine. The mass is thus about 
thirteen miles in length, with an average width varying from one to two 
miles. It forms a very striking and beautiful rock, eminently suitable Suitable for 

for building or ornamental purposes. It has been used in the building ~~~~~~~~~ld 
of the main office at Copper Cliff, as also for mantles in the manager's purposes. 

house at Victoria Mines. 

Under the microscope, the thin s0 ction shows the rock to be made i\Iicroscopical 

up chiefly of microcline, orthoclase, albite, oligoclase, biotite and dfetermina
1
tion 

o mmera s. 
quartz, with epidote, sphene and apatite as accessory minerals, an<l 
calcite, epidote, zoisite, sericite and chlorite as secondary products of 
decomposition. The orthoclase and microcline sometimes occur free, 
but, for the most part, are intergrown with the albite, forming both 
microcline-and orthoclase-microperthite. The quartz is the usua1 
granitic variety, frequently showiDg intense strain shadows and some_ 
times granulated into a fine interlocking mosaic. The felspars of the 

.,.rock, although like the quartz, often much cracked, broken and 
granulated, are comparatively- fresh. Reddish-brown iron oxide has 
spread through the cracks, giving a cloudy or stained appearance to 
many of the grains. Much of the oligoclase has undergone considerable 
saussuritization, the resulting products being epidote, zoisite and 
sericite. It is usually stained a deep reddish-brown colour. The biotite 
iS usually 'bleached ' and has often undergone more or less complete 
chloritization. Sphene and epidote are often embedded in the biotite. 
Apatite is frequently present in the usual acicular prisms, while 
occasionally, a little calcite was noticed in thin sections. 

The 'augen' are usually made up of a comparatively coarse-grained Composition 

aggregate of microperthite or microcline, together with a much smaller of 'augen' 

proportion of quartz. More rarely, it is a single crystal of felspar, often 
a Carlsbad twin, rarely, however, with sharp or well defined boundaries. 
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In the vii::inity of the Creighton mine, the granite of the main 
bathylith comes in immediate juxtaposition with the nickel bearing 
norite, while to the south west in the vicinity of theGertrudemine, as well 
as to the north east from the North Star mine and beyond, considerable 
areas of the peculiar granite and greenstone breccia intervene between 
the two rocks. As bas been stated, there is the clea!'est evidence at 
the Creighton mi!le, of considerable react.ion between the grnnite and 
norite, the former being often impregnated for a considerable distance 
from the contact with the nickel and copper bearing sulphides, while, 
in addition, certain portions of granite are unusually basic, presenting 
a rock of intermediate composition between the granite and norite, 
with deep flesh-red porphyritic individuals, often Carlsbad twins of 
orthoclase, microcline or microperthite, embedded in a groundmass 
made up principally of biotite, hornblende, epidote and sphene, the 
latter containing black opaque cores, presumably of ilmenite. 

The finer grained variety of granite is characteristic of two areas. 
The smaller one is situated immediately east of the Lady Violet mine, 
and extands a little north of the Manitoulin and North Shore rail way, 
on the boundary between ~IcKim and Snider townships. It covers a 
considerable portion of lot 1., Con. IV., of the township of Snider. 

The other and larger area, extends from the main line of the Canadian 
Pacific rail way, a little southeast of the Murray mini\ northeast to 
within a quarter of a mile of the Little Stobie mine. It thus constitutes 
an oval area, measuring about three miles in length, and averaging 
about three quarters of a mile in width. A microscopical examination 
of the thin section. shows an aggregate of quartz, orthoclase, plagio_ 
clase, biotite, hornblende, magnetite and zircon. The rock has evidently 
been subjected to great crushing. The structure iB by no means uniform, 
but larger fragments are embedded in a finer graineci mosaic, which 
has resulted, in great part, from their peripheral granulation. The 
magnetite is highly titaniferous, as it is often surrounded by borders 
of leucoxene or the more normal sphene. Besides these, a very small 

Small area <?f and irregularly shaped area crosses the Manitoulin and North Shore 
~~~~8):.!~a;ite railway, immediately east of Pump lake, on lot 1, con 1 V., of Snider 
lake. township. It has a general resemblance to the coarse 'augen ' variety. 

This small mass measures about 850 feet long and from 150 to 500 
feet wide. 

Small intru- About two miles west of the Murray mine, Walker mentions that 
si.ons of gra- t the nickel bearin

0
cr eruptive is cut by two separate intrusions of fine

mte northwes 
of Murray grained, pinkish, biotile-granite, which send off apophyses into the 
Jnine. surrounding greenstone. The wider of the intrusions is about 100 
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yards broad, while the smaller is less than 60 yards. The microscope 
shows that quartz, orthoclase, plagioclase and biotite, are the chief 
constituents. Considerable areas, in the vicinity of the line of junction 
between these granites and the oldei· greensiones, are characterized by 
the presence of a breccia, made up of an extremely intricate intrusion Breccia of 

or penetration of the greenish schistose rocks by dykes and irregular greden sch.ist 
an gramte. 

masses of granitic material. The chief alteration noticed in connec· 
tion with the greenstone, is the development of biotite at the expense 
of the original hornbl1>nde, and the replacement of the plagioclase by a 
fine mosaic of second Lry plagiocl:i.se, quartz and epidote, the rock being 
thus a well formed mica or biotite schist. Subsequent differential 
movements have occasioned very considerable deformation, and some 
portions of the result,int rock mass represent very perfect and charac-
teristic pseudo-conglomerates. Areas of these breccias are often big Location of 

h b h f d. .1 ] l Th mt\111 masses enoug to e s own on maps o or many arge sea e. ey are espe- ofbreccia. 

tially noticeable east and southeast of the Gertrude mine, and between 
this and the Creighton mine, and some of the cuttings of the Manitou. 
lin and North Shore railway, between these two mines, have been made 
through hills of this breccia. It seems to occupy a lenticular area, in· 
tervening between the norite and the granite, the widest part being a 
little over three quarters of a mile, while the length from northeast to 
south west is about three miles. To the northeast, in the vicinity of 
the North Star mine and beyond, as far as Clara belle lake, consider- Breccia at 

able areas are underlaid by this breccia, while in the neighbourhood ~~;:;Oh~ 
of the Murray mine, they are especially noticeable and well developed. mines. 

The manager's house at Copper Cliff, is located on a rocky knoll, made 
up of this breccia, and a comparatively narrow band of this rock ex-
tends for a short distance in a southwesterly direction. 

In addition, the main mass of the granite bathy lith contains frequent Inclusion uf 

inclusions often of large size of these older areenstones and schists greei~stone in 
' ' b ' granite. 

the reason for their presence and occasional abundance being readily 
explained by Dr. Daly as due to ' stoping,' as he terms the pheno- R eason for 

f th d h. f . f h . . l . l l . presence of menon o e etac mg o po1·t10ns o t e ongma matena over ymg greenstone 

or enclosing a bathylith, and the inclusion of such fragments in the fragments. 

mass of the original magma. (1) 

(1) Arner. J our. Sc. V ol. XVI, 1903, p. 10 . 
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(5.) POST HURONIAN. 

(B.) NICKEL BEARING ERUPTIVE. 

Soon after the discovery of these nickel and copper deposits, 
it was remarked that all of the rich and extensive ore bodies 

b!' tw£;en basic occurred in intimate connection with certain basic eruptive rocks, 
erupt1ves and f d. d h. h f . f d . t• ·1 sulphid e o me mm texture, an w ic or convemence o escrip 10n, ano 
deposits. in the absence of more precise information, were usually referred 

First micro
scopical 
deseriptions. 

to under the. names of greenstone and diorite. The first published 
microscopical descriptions were all in substantial agreement, in 
regarding the prevailing type of the nickel bearing eruptive as 
made up essentially of plagioclase and hornblende, with a smaller pro
portion of biotite and quartz, while ilmenite and apatite, with variable 
quantities of pyrrhotite and chalcopyrite, were the usual accessory 
constitutents. The ro :·k was therefore regarded as an intrusive gabbro 
or diabase, which, owing to subsequent metamorphism, had it.s pyroxenic 
components changed to secondary hornblende or uralite. Rocks quite 
like these had been studied in many regions, where they could be 

P 
. . traced with certainty into basic eruptives of normal character, and it 

red1ct10n of . . . 
recognition of was confidently predicted by the late Prof. G. H. Williams, who was 
~'?~,.~~~ivr: the first to make any detailed petrographical examination of these 

rocks, that 'specimens might be collected at some of these localities 
which would establish positively both the original form, and the 
course of alteration of the present specimens.' ( 1) 

Included in the same suite of specimens as the foregoing, all of which 
had been sent by Dr. Bell to Prof. Willia.ms for identification and 

Dominion d · · h" h h d b l" t d th D · · · mine eruptive escnpt10n, was one, w lC a een co lee e near e om1mon mine, 
first described in the township of Blezard but which in the hurry of a first examina-
as dyke. ' ' 

Prospector's 
uame of 
diorite 
justified. 

tion, was regarded as occurring in the form of a dyke. This rock, 
the exceptional character of which was noted at the time by Prof. 
Williams, and which wa-i described as a' quartz-hypersthene-gabbro with 
accessory biotite' (2), was in reality a practically unaltered representa
tive of the nickel bearing eruptive, although its ident.ity &s such, was 
not suspected until some years afterwards. 

All of these first microscopical determinations, therefore, showed a 
normal type of gre1:mstone, differing in no essential particular from 
others similarly altered, and with no apparent reason for the develop
ment of such unusually large and rich deposits of sulphide material. 
At the same time, the field and prospectors term of diorite was justi
fied, as also the names proposed after more detailed microscopical 
examination, such as uralitic or gabbro-diorite, uralitic diabase, etc. 

(1) Ann. R ep. Geol. Surv. Can. Vol. V. 1890-Vl, P art F., pp. GO & 62. 
(2) Ann. R ep. Geol. Surv. Cau. V ol. V. 1890-91, P art F. pp. 77-78. 
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It is to be regretted, therefore, th'l.t although great care was exercised In spite of 
. h 11 . f h fi . t" d. t d great care m t e co ect10n o t ese rst or type specimens, atten ion was irec e . exercised first 

chiefly, to the selection of material in immediate association with the specim
1 

ens all 
great y 

ore bodies, and the rocks thus obtained, were in such advance·i stages altered. 

of decomposition, that no very definite or precise information was possi-
ble in regard to their original composition or true affinities. As a 
conseqence of this, the opinion prevails that the whole of the eruptive 
in the vicinity of these nickel deposits, is completely altered, whereas Many fresh 

the very opposite appears to be the case, and most of the writer's col- l~t~c:~e~~~ecl 
lection of fresh and unaltered material was obtained in the immediate frfom_ vicinfity 

o mmes o ten 
vicinity of the various mines. In this connection it may be remarked containing 

l f h h d . . . h f " t much sul-t 1at some o t ese an specimens, contammg as muc as rom u o pbide 

10 per cent of the sulphides, have undergone so little metamorphism, material. 

as to permit of the positive identifici1tion of all the prevailing minerals, 
including hypersthene, enstatite, diallage, olivine and labradorite. 

In 1892, the late Baron von Foullon published the first determina- Descriptions 

tion of the nickel bearing eruptive, occurring: in the vicinity of the of noF;ite11hy 
....... von ou on 

Murray mine, showing it to be a gabbro, closely related to the norites, and Coleman. 

his descriptions being prepared after a study of material collected at 
this locality, in the summer of 1890. In 1893, Dr. A. P. Coleman 
identified the eruptive of the Northern Nickel Range as a gabbro con-
taining both diallage and hypersthene. 

The true 3igni£cance of these discoveries and isolated descriptions, :Fuller 

was not., however, fully appreciated, until the appearance of Dr. Wal- ~~s.g;~\W~Iker 
ker's results, t)le issuing of this publication marking a very signal 
advance in our knowledge, regarding the origin and relationship of these 
sulphide deposits and thefr associated rocks. 

The nickel bearing eruptive, characteristic of the three main belts or Two divisions 

ranges, may, for purposes of description, be considered under two divi- bof ni_ckel 
ear mg 

s1ons. eruptive. 

l. A basic portion :-Including certain gabbroid rocks, chiefly, at 
least, of the norite facies, with their derivative diorites, with which the 
nickel and copper bearing sulphides are immediately associated. 

II. An acidic portion :-Comprising large areas of rock of granitic 
type, with well marked gneissoid structure, the prevalence and abund
ance of the graphic intergrowth of the quartz and felspar, known as 
granophyre or micropegmatite, having suggested the name 'micropegma
tite,' by which this rock is now generally known. 

The least altered phase of the basic portion of the eruptive is repre- Name for 

sented by what may be referred to as 'norite '. The rock is some- nickel bearing 
eruptive. 

6 
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times called a ' quartz-hypersthene-gabbro ', but for general purpo~es 
the former name is preferred. 

The microscopical examination shows the rock to be an eruptive of 
rather exceptional character and interest. It belongs to the general 
famil? of gabbros, but with distinct traces, and, at times, well marked 
diabasic or ophitic structure. The prevalence and usual preponderance 
of hypersthene or enstatite, show its close affinity with the norites, while 
it contains, what is very exceptional for such a rock type, an abund 
ance of original quartz. In fact, many specimens could be secured, 
which contain nearly as much quartz as an ordinary hornblende gra
nite. In some instances, noticeably at the Copper Cliff mines, a large 
quantity of micropegmatite or granophyre is present, the felspathic con
stituent of this graphic intergrowth being usually plagioclase. Exposures 
show a massive, medium to coarse-grained, dark-grayish, greenish-gray 
or brownish rock, which is often almost black in color on freshly broken 
SUt·faces. Scales of deep brown biotite are usually conspicuous, 
while the quartz is perhaps equally so, in very characteristic sapphire
blue or purplish grains, the color which is often seen in the phenocrysts 
of quartz-porphyries. 

Norite dP.com- These rocks do not offer any very effectual resistance to processes of 
poses readily. decomposition and erosion, and, as a consequence, the area characterized 

by their presence is, generally, one of low relief. 

Spheroidal 
weathering. 

Development 
of hypers
thene. and 
enstatite. 

Alteration of 
rhombic 
pyroxene. 

Spheroidal weathering is characteristic, but not so pronounced as in 
the case of the later dyk'3s of the olivine-diabase. 

The orthorhombic pyroxene, either· hypersthene or enstatite, shows a 
distinct approach to perfection of crystallographic outline, and, in many 
cases was the first of the essential minerals to form. In occasional 
instance~, the hypersthene is unaccompanied by a monoclinic pyroxene, 
as in some of the specimens collected in the vicinity of the Blezard 
mine. It is often, by far, the most abund~nt of the coloured constL 
tuents, as at the Murray mine, where the diallage is only occasionally 
represented, while almost the whole rock mass is made up of bypers
thene, in various stages of decomposition, the small and infrequent 
interspaces being occupied by plagioclase. The hypersthene ii;, as a rule, 
rather faintly pleocbroic, although specimens from the vicinity of the 
Blezard mirni, and from a railway cutting about one mile and a half north_ 
west of the Murray mine, are very strongly pleochroic, rose red to pale 
yellow fiish-green. The enslatite is also colourless in thin section, and, in 
contradistinction to the hypersthene, exhibits little or no pleochroism. 
Both the hypersthene and the enstatite are very liable to decomposition, 
so that, in most cases, areas of this mineral, are replaced by an aggregate 
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of light-green, non-pleochroic, brilliantly polarizing, fibrous or scaly ser-
pentine (bastite). This alteration is often accompanied by the separation 
of minute grains of magnetite. Iu most cases, even the fresh individuals 
of hypersthene a.re bordered by a compact, strongly pleochroic, green 
hornblende which is doubtless an original constituent. This primary Presence of 

hornblende, likewise, forms borders on areas showing the complete bodth prirndary an secon ary 
bastitic alteration. In addition to this, there is undoubted secondary hornblende. 

hornblende resulting from the alteration, first, of the bastite into 
actinolite, and this in turn, to the ordinary type of green hornblende. 

The monoclinic pyroxene, which is usually present in subordinate Diallage. 

amount, is likewise frequently bordered by primary hornblende, and 
thus, the individuals of these two pyroxenes cannot be distinguished 
from one another, in specimens which have undergone any advanced 
decomposition. Sometimes, both pyroxenes show the p1·esence of the 
characteristic, mi.nute, tabular interpositions or schillerization products 
but, as a rule, these are absent. 

The diallage is distinguished from the orthorhombic pyroxene chiefly Means of 

by the absence of pleochroism, its inclined extinction, and frequent dhistinguishing 
t e two 

polysynthetic twinning, while it usually shows a lower index of pyroxenes 

refraction with higher double refraction. Olivine is present in small Olivine rareiy 

amount in the norite obtained from the Little Stobie mine, but most present. 

of it is altered to an aggregate of deep coloured scaly serpentine, talc 
and magnetite. Biotite is an almost invariable consituent and is 
usually rather abundant, in large plates and is undoubtedly of prirr:ary 
origin. The plagioclase is usually in broadly twinned, stout, lath-shaped 
or tabular crystals, whose frequent interlacing arrangement produces 
the characteristic, rude, ophitic structure. Separations by means of Separations 

Thoulet's heavy solution, as well as the extinction angles, show that ~fo:.eavy solu

this plagioclase is labradorite. The presence of innumerable, brown, 
dust like inclusions, presumably of ilmenite, gives to the felspar its 
prevailing dark colour. 

Quartz and occasionally granophyre fills most of the irregular Quartz and 

interspaces between the other constituents, although, in the norite granophyre. 

from the Creighton mine, microcline almost invariably accompanies Microcline at 

this interstitial quartz. Apatite, magnetite, which is usually highly C~eighton 

titaniferous, zircon and grains of pyrite, pyrrhotite and chalcopyrite rnme. 

are almost always present. These sulphides are distinctly of primary Primary 

origin, and were among the earliest of the minerals to crystallize from 0 " 1'gihndof su p i es. 
the original magma, antedating even the magnetite, in some cases, for 
grains of pynhotite were noticed completely enclosed by the iron ore. 
The sulphides occur, for the most part, intimately associated with, and 

6! 



Sulphides 
intimately 
associated 
with one 
another. 

Sulphides 
occur in 
unaltered 
forms of 
norite. 

Altered 
varieties of 
norite more 
abundant. 

Pyroxenes 
mainly 
decomposed. 

84 GEOLOGICAL SURVEY OF CANADA 

frequently embedded in the coloured constituents, in much the same 
way as the magnetite, from which they can only be distinguished by 
the difference in colour in reflected light. The pyrrhotite and 
chalcopyrite are often very intimately associated, so that they are 
extremely difficult of separation, even the smallest grains showing 
intimate intergrowths of these minerals with one another. These 
sulphides frequently occur in those portions of the norite which have 
suffered so little from dynamic metamorphism, that only an occasional 
dislocation of a plagioclase crystal is noticed, while the same exposures 
have been so little affected by hydrochemical agencies, that such readily 
altemble minerals as hypersthene, enstatite, olivine and diallage are 
still plainly recognizable in such specimens. The sulphide material, in 
such cases, is often not subordinate in amount, but is so abundantly 
disseminated as to characterize the rock, and justify the name of 
'pyrrhotite-norite' which is sometimes applied to it. 

Although a considerable number of specimens were secur<:Jd, repre
sentative of the comparatively unaltered norite, by far the larger 
proportion of the material collected consisted of a massive, usually 
coarse gabbro-diorite in various stages of alteration. Very few of these 
show even traces of dynamic metamorphism, and, as a rule, the ophitic 
structure, produced mainly by the interlacing arrangement. of the. 
plagioclase crystals, is quite undisturbed. The alteration is mainly due 
to hydrochemical agencies, and affects the pyroxenic minerals, decom
posing these to a pale, yellowish-green serpentine, sometimes of the 
ordinary type, but usually of the bastite variety. Actinolite also results 
from the alteration of the pyroxenes. The compact borders of primary 
hornblende often surrounding the original pyroxenes, are evidently 
made up of much more stable material, not having been affected by 
any of these changes. The areas formerly occupied by the pyroxene 
are, therefore, replaced by bastite or actinolite, the hornblende borders 

Probable remaining unaffected, the individuals thus decomposed being referred 
identity of 1. 1'T d' · · b d b · h" h decomposition to as ura 1te. .L' o 1Stmct10n can e rawn fltween grams w 1c 

b
prohduct of represent hypersthene or diallage, as both of these minerals apparently 
ot pyrox-

enes. decompose to closely related, if not identical material. The labradorite 

Plagioclase 
usually quite 
fresh. 

Character of 
other mineral 
constituents. 

iS usually quite fresh, in tabular or broad blade-like forms, with a 
brownish colour of varying shades, which is so prevalent in the norites. 
Occasionally it shows incipient decomposition to the usual saussuritic 
products, mainly sericite, but also epidote and zoisite. Biotite is always 
present and conspicuous in large plates with strong pleochroism. It is 
sometimes intergrown with the hornblende and has also undergone 
considerable 'bleaching'. It usually contains comparatively large, 
irregular grains of magnetite. -Quartz is alw~ys present, and sometimes 
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abundant, filling up th·~ irregular interspaces between the other consti
tuents, Highly titaniferous magnetite and apatite are also always 
present, but in small amount, while the pyrrhotite and chalcopyrite 
vary in amount, from occasionally disseminated grains, to such quantities 
as ensure the use of the mass as an ore of nickel and copper. 

In addition to the norite and diorite, a more acid rock of granitic Acid portion 
composition and prevailing gneissoid structure occurs, which cannot be obf ni.ckel 

. . . . . earmg 
separated genetically from the more basic portion with which the eruptive 
sulphides are more directly associated. This rock has usually been 
referred to as 'micropegmatite' a name first suggested by the late Prof. Micropegma
G. H. Williams. ( ) There is no sharp line of demarcation be.tween tite. 
the acidic and basic portions of the nickel bearing emptive, but the 
change, though grad ual, is usually sharp en.ough to enable a boundary Absence of 
to be placed between these two types, with tolerable accuracy. Out- sha~l? line of 

f l . k 1 b d d f 1· d . h d' . 'k d1v1s1on. crops o t us roe are even y an e or o iate , wit a 1stmct stri e 
and dip, usually porphyritic, weather a pale reddish or grayish colour General 
and are frequently intersected by irregular and often intricate vein- ch.aracters of 
like, masses of quartz, evidently of pegmatitic origin. On freshly exposed :~~i~~Pg
surfaces, the ro(!k is usually dark coloured, with abundantly disse-
minated, small, reddish or yellowis~ phenocrysts of felspar. Orthoclase Microscopical 
is often present in considerable amount, and, towards the outer dete~mination 

. . of mmeral 
edge of the mass, is the predominant felspathic constituent, but plag10- constituents. 
clase (oligoclase or oligoclase-andesine) is usually more or less abundant. 
Microperthite and microcline are also often present, but in subordinate 
amount. 1\1 uch of the felspar is somewhat turbid owing to decomposi-
tion. Biotite is the prevailing ferromagnesian mineral and much 
of it is 'bleached' and altered to chlorite. It is usually in small 
irregular, tattered scales and plates, arranged in narrow, approximately 
parallel banrl.s, gently curving around and among the larger pheno-
crysts of felspar. The abundance of the biotite, and its frequent 
alteration to chlorite, give the prevailing dark colour to the rock on Transition 
fresh surfaces. The transition type between the micropegmatite and ty.pe between 

. . . . . m1cropegma-
the nonte, shows a varymg proportion of hornblende, which mmeral, as tite and 

l 1 d · · · l · t · · t d f h norite. a genera ru e, 1mm1s ms in amoun in passmg ou war rom t e 
norite, although certain bands of relatively greater basicity show an 
appreciable amount of this mineral, even at a conRiderable distance 
from the line of junction. One of the most noteworthy points, in con-
nection with this gneissoid rock, is the prevalence and abundant deve- Prevalence 
lopment of micropegmatite or granophyre, and also the fact that and. character 

. nst1cs of 
plagioclase and quartz are most frequently the component mmerals granophyre. 

(1) Ann. Rep. Geol. Surv. Can. Vol. V, 1800-91, Part. F. p. 78. 
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forming this graphic intergrowth. The micropegmatite, together with 
the bisilicate material, chiefly biotite or chlorite, and sometimes horn
blende and accessory epidote, ilmenite and sphene, form a groundmass, 
in which the comparatively large phenocrysts of felspar, chiefly plagio
clase, but sometimes also orthoclase and microperthite, are embedded, 
The granophyre or micropegmatite very often stretches out, in various 
directions from a central portion or body, made up of well twinned 
and rather sharply bounded crystals of plagioclase. The effect of 
pressure is very noticeable in all the thin sections, not only in the 
strain:shadows, but also in the dislocation of the felspar individuals, 
and the abundant development of the fine interstitial quartz and 
felspar. 

On the first geological map, this micropegmatite was included with, 
and coloured as, a part of the Laurentian, the reddish colour, gneissic 
structure, and general behaviour, being the main factors which deter
mined this classification. 

Chemie?>!. The variation in the chemical composition, marking the transition 
compositwn off th "t t th · t" · 11 "11 d b · f transitional rom e non e o e m1cropegma ite, is we i ustrate y a series o 
ty_Pes between analyses made by Dr. T. L. Walker (1) from specimens obtained along 
m1cropevma- . . . 
tite and 110rite the Rlezard mIDe crossIDg. The specimens range from south to north, 
by Walker. from I to V. Analysis No. IV is by Mr. C. B. Fox, M. A. 

Norite is one 
continuous 
band and not 
separate belts 
as formerly 
supposed. 

I II III IV v 
Si02 . .. . 49·90 51· 02 G·1 ·S5 69 ·27 G7·'."G 
Ti0 2 1 ·47 1 ·39 0 ·1s 0"46 
P2 O, .... 0 17 o· 10 0 ·24 0 ·06 0 ·19 
Al2 03 .•• rn ·:12 1!) · 77 11 ·44 12 ·5c; u ·oo 
Fe 2 03 •• • 0·47 2·94 2·s9 
Fe O . .. . 13·M 6 "77 G·O:J 4· ;;1 5·1s 
Ca o .... (i•58 8 • l(j 3 ·49 1 "44 .i·2s 
Mg 0 . .. . G·22 6"49 l ·GO 0 ·91 l ·oo 
Mn O trace trace trace trace trace 
K 2 0 . . . . 2·25 0·10 3 02 3 ·05 i ·rn 

& 2 0 i ·s2 2·f>G 3· 92 3 12 5· 22 
H 2 O ... . 0· 7G t ·GS 0 ·78 o·rn 1 ·01 

Totals ... . 99 ·03 99·71 98 "30 99 ·35 100 •29 
Specific gravity .. . . 3· 026 2·832 2·1ss 2 ·124 2· 109 

According to the present state of our knowledge, there are three 
:::nain belts of norite, with which workable deposits of the various sul
phides carrying nickel and copper occur. Until recently, these were 
believed to be entirely distinct and separated, but the later, more 
detailed geological examinations are tending to prove that these are 

(1) Quart. Jour. Geol. Soc. Lon. Vol. LIII, February, 1897, p. 56. 
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all portions of a geological unit, and all referable to one continuous 
mass. They have always been regarded as essentially the same in 
origin and mineralogical composition and approximately, at least, of 
the same geological age. Two of these belts are not included on the 
accompanying map sheets and so far, none of the depo~its occurring in 
association with them, have ever been operated as mines, producing ore 
for shipping and smelting purposes. 

The most northerly of these bands known as the ' Northern Outlines of 

Nickel Range' starts from the old Ross mine (W. R. 5), near the NNorkth
1
eRrn 

1c e ange. 
line, between lots 5 and 6, on the line between con's. I U and IV., of 
the township of Foy, and extends in an east-southeast direction 
through the township of Bowell, where on lot 6, con. II., it branches. 
One offset runs southeast, into the townships of Lumsden and Morgan, 
where its limits have not been defini tely ascertained. The main band, 
however, runs to the east, cutting across the township of Wissner, and 
crosses the Vermilion river, immediately north of Bronson lake. 
Trending still more to the north, it connects with the large area of 
basic rocks, occurring to the west of Wanapitei lake. This mass 
extends, for the most part, in a southerly direction, and, as far as at pre-
sent ascertained, is buried beneath the sand and gravel plains of the 
eastern part of Garson and the western portion of Falconbridge. It is, Probability of 

as yet, a matter of conJ· ecture, whether this mass is continuous with conttinubity ofth nor1 ll enea 
the southern or main belt of the norite, which to the east of lot 3, in the drift cast 

con. III., of Garson, is likewise covered up by the heavy mantle of of Garson. 

drift. It is probable, however, that this main belt is continuous 
beneath the drift, as far, at least, as the outcrops of norite occurring on 
cons. IV and V., of Falcon bridge. It may be possible, with the assis-
tance of delicate magnetic instruments, to trace out this connection, 
but this work will be difficult and tedious, on account of the great Difficulties of 

accumulation of drift material, which is sometimes over 100 feet in tracing belt. 

depth. 

A second important band of norite occupies an approximately inter- Levack 

mediate position between the other two, and so may be referred to as Nickel Range. 

the 'Middle Nickel Range,' although it is likewise known as the 
'Levack Nickel Range, ' while Walker refers to it under the name of 
the 'Windy lake eruptive.' According to present information, this 
band starts about lot 12, con. III., of the township of Trill, extends Outlines. 

north and northeast through this township into Cascaden, and crossing 
under Windy lake, goes on uninterruptedly through the northwest 
corner of Dowling, to lot 2, con. IV., of Levack township. Little in
formation is available in regard to the geology of the intervening 
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stretch of country, between this point and the Ross mine, and it is pos
sible that this gap may be filled in, by extending this norite range still 
further to the northeast. The area to the east and southeast is known 
to be occupied by the acid differentiate of the norite, (micropegmatite) 
so that a connection between the Levack and the Northern Nickel 
Range, is well within the limits of possibility. To the southwest, the 
Levack Range reached within two miles of the old Sultana and Trilla
belle nickel mines, so that, in this direction also, a connection may be 

Probable made with the southern or main belt of the norite. The celebrated 
connection L · d · d 1 d l h h · with Main evack mckel epos1ts n.re eve ope a ong t e nort ern contact of 
Nickel Range. this band with the grnnititc-gneiss included as Laurentian. 

Outlines of 
]\fain Nickel 
Range. 

Width of 
main niass of 
norite . 

Copper Oliff 
mines offset. 

Location of 
mines on thi s 
offset. 

By far the largest and most important band of norite, however is 
what is known as the 'Southern or ::\fain Nickel Range', a portion of 
which has been described by Dr. Walker under the name of the 'Whit
son lake eruptive'. Its southeastern limit, in all probability, consists 
of a comparatively narrow band of basic eruptive material, crossing the 
southern portion of Trill, and extending thence into the northeastern 
part of Drury township. Its possible connection in this direction with 
the l\liddle or Levack Nickel Range, has already been discussed. From 
Drury, the band of norite extends eastward, crossing the southern 
half of lot 12, con. V., of Denison. From tbis point, it has been traced 
continuously, in a northeast direction, for a distance of about thirty-five 
miles, as far as lot 3, con. III., of Garson, where the exposures pass 
under the ex'tensive accumulation of drift material. At the Victoria 
mines, the basic portion of the intrusive is rather less than a mile in 
width, but at the crossing of the Vermilion river, this width is increased 
to one mile and three quarters, while in the vicinity of the Creighton 
mine, the norite is a little over two miles wide. Through the townships 
of Snider, McKim and Blezard, the width of thA norite is fairly uni
form, averaging about one mile and a half gradually becoming narrower 
until Garson township is reached, where the basic portion of the nickel 
bearing eruptive, is scarcely half a mile in width. 

On lot 2, con. IV., of the township of Snider, this main belt of 
r10rite sends off a narrow, dyke-like extension or offset, in a south
easterly direction, on which are situated most of the mines of the 
Can<tdian Copper Company, at Copper Oliff. This band runs across 
the northeast end of Clarabelle lake, and crossing Lady Macdonald 
lake, it runs with unbroken continuity as far as No. 2 mine, where 
its further extension southward is covered up with drift. Mine No. 
2, with its extensions to the north, mines N os. 4, 5 and 6, are all 
Immediately associated with this narrow, dyke-like form, while the 
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Lady Violet mine is located at the eastern junction of the norite with 
the granite, a short distance northeast of the point where it joins the 
main mass. 

It is unnecessary to furnish similar details of the distribution of the Unneceosary 
· · ·d · f h · k l b · · b t h to give details mteropegmatite or aci portion o t e me e eanng eruptive, u t e of d'istribution 

area underlaid by this rock, is considerably in excess of the basic po~- of rf!i cropeg
rnat1te 

tion, as shown on the map. 

The famous old Copper Cliff mine is a veritable chimney of ore, Character and 
. . . . th . l d k f . h. ] location of occurrmg m connection wi an iso ate stoc - o nonte, w ic 1 comes Copper Cliff 

in contact with felspathic quartzites and green schist. The openings mine. 

in the vicinity of the Ontario Smelting vVorks belong to three sepa-
rate masses of norite, which are surrounded by banded tuffs and 
quartzite. It is difficult to obtain ;;pecimens from the small area 
of norite on which the Evans mine is situated, sufficiently free from 
the sulphide material, for purposes of examination. 

The Little Stobie mine, Dominion, Davis property, Kirkwood and General 

Cryderman mines are .situated on the borders of the main belt of association of 
' the various 

norite with green schist. The Stobie and Frood mines occur in con- mines. 

junction with comparatively small stocks or areas of norite, which are 
separated from one another. The Elsie mine occurs at the junction 
between norite, on the one hand, and green schist and hornblende por-
phyrite, on the other. The Murray mine occurs at the junction bet-
ween the granite and greenstone breccias and green schists on the 
one hand, and the main band of norite on the other; while the old 
Cameron mine, farther to the northeast, is found at the junction bet-
ween the granite and the riorite. The North Star and Creighton 
mines occur at the junction between the granite and the norite. 

_ The various openings known as the Gertrude mine, are located along 
the junct.ion between the main band of norite, and a breccia made up 
of the granite intrusive through the older greenstone and schists. The 
main shaft of the Victoria mines is at the end of a small offset, con- All deposits at 

d . h h . t th . t" b t th .t d h or near the necte wit t e roam mass a e JUUC ion e ween e non e an t e line of contact 

older green schists. Without exception, all of these immense bodies of of the norite 
and older 

sulphide material, a'e situated at the immediate contact between the rocks. 

intrusive norite and the older rocks, in such a way as to indicate in 
the clearest manner, their common origin. 
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(c.) LATER DYKES OF OLIVINE DIABASE. 

The rock usually designated olivine diabase, and characteristic of 
what has been called the later dykes, is very uniform in mineral
ogical composition and structure. Hand specimens show a rock which 
is dark-gray, greenish-gray, to almost black, with spheroidal rusty 
weathering, which is very characteristic. In many instances, expo
sures exhibit a rude basaltic structure and are frequently porphyritic, 
with phenocrysts of yellowish or greenish labradorite, often an inch, or 
eYen more in diameter. The alteration of these phenocrysts produces 
the mineral 'huronite ', so named by Thomson. These dykes possess 
well marked selvages of fine-grained, occasionally glassy material 
(tachylite), and present every gradation between basalt and diabase. 
The thin section of the fairly coarse rock shows a remarkably fresh oli-
vine-diabast, made up chiefly of plagioclase, augite and olivine. The 
plagioclase is the principal constituent and is generally quite fresh 
and glassy, although occasionally somewhat turbid, as a result of 
incipient decomposition. Being the earliest constituent to crystallize, 
it is in idiomorphic, well twinned, tabular or lath-shaped crystals, 
which have a marked ophitic arrangement. The extinction angles 
cle;;,rly indicate labradorite. The twinning is according to the albite 
law, but a combination of the albite and pericline law, is very com
mon. Occasional individuals exhibit twinning according to the rarer
baveno law. The augite shows a very irregular or jagged outline, with 
characteristic imperfect or interrupted cleavages. It is reddish-brown 
to violet in colour, and very distinctly pleochroic. The olivine occurs 
in more or less rounded, pale yellow grains, and sometimes fills in the 
spaces between the felspar crystals. It is remarkably fresh, but occa
sionn.lly shows decomposition to a deep green, compact serpentine (an
tigorite). 

Order of gene- Apatite is very abundant, in the usual acicular prismatic forms, and 
:f~~~a~f the opaque constituent is probably ilmenite. Some of the thin sec
constituents. tions are very instructive, especially as regards the order of crystalli-

zation of the various mineral constituents. Apatite was certainly the 
first to crystallize, as it occurs in sharp, well defined, elongated prisuc s 
which are embedded in, or pierce the other constituents. The labra
dorit,e has, in most cases, at least, crystallized before the augite, but 
its relation to the olivine is not quite so distinct. In some cases, the 
olivine has the rounded outline it usually assumes when its crystalli
zation is not interfered with, but often it may be found occupying 
the triangular interspaces between the felspar laths, or sharply mould
ed upon them. It appears therefore, that the period of the crystalli-
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zation of the olivine, certainly overlapped that of the labradorite, 
albhough in general, the olivine is distinctly earlier. Most of the ilme
nite, likewise, is earlier than the plagioclase, but occasional individuals 
contain crystals of olivine and plagioclase, showing that some of the 
ilmenite formed after the olivine and plagioclase. 

A quantitative analysis of a specimen from the big dyke near l\lur- Chemical 

ray mine, gave Dr. Walker ( 1 ) the following results : ~ft~1~~1•6 of 

Si0 2 

Al 2 0 3 

Fe 2 0 3 

FeO 

diabase of 
4 7 ·22 :Hurray mine 

MnO 
C1tO 
l\IgO 
R~O 
Na 2 0 
Ti0 2 

P20s 
Bao 
OuO 
NiO 

OoO 
Loss by ignition 

16·59 bv Dr. 
~ Walker. 

3·32 
12·40 
0·0! 
9·61 
3·33 
0·67 
3·40 
3 62 
0·33 
O·Ol 

tr<1ce 
0·0275 
0·0055 
0·30 

Total. .. , . . . . . . 100·803 
Specific gravity.. 3·01 

These dykes of olivine.diabase are distinctly later in age than the Relative age 

rest of the associated rocks. They cut the greenstones and associated of dykes. 

micropegmatite, as well as the ore bodies themselves. They likewise cut 
the tuffs, breccias and quartzites, although one dyke was noticed, which 
did not reach the summit of the quartzites, but was cooled against the 
upper beds. 

As a rule, most of these dykes are remarkably fresh and unaltered As a rule, rock 

and all of those mapped as occurring in the vicinity of the Murray £~:J:r:-~ly 
mine, are of this description. On the ot.her hand, with the single ex- nMltered. 

ception of the large dyke which runs in a north west direction near the 
Ontario Smelting vVorks, all of the others are much altered and decom-
posed, and thin sections prepared from these, canno~ be distinguished 
from the finer grained and more basic, altered facies of the norite. The 

(1) Quart. Jour. Geol. Soc. Lon., February, 1897, p. 63. 
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boundaries between the bisilicates and plagioclase are not well defined, 
t.he latter containing scattered shreds and grains of hornblende and 
biotite. The plagioclase shows the same cloud-like arrangement 
of sub-microscopic inclusions, presumably of ilmenite. The hornblende 
is in small, strongly pleochroic individuals, and is very abundant. Bio
tite is also abundant, while the ilmenite is largely represented by 
sphene. The ophitic structure still remains, but is not so pronounced. 
Most of the plagioclase is quite fresh, but some of it is altered to a saus-
suritic aggregate. Quartz is fairly abundant, filling in small, irregular 
interspaces between the other constituents. Small grains of sulphide 
material are also disseminated through the rock. The occurrence of 
such a rock in dyke-like form, with the same mineralogical composition 
of the norite, indicates that these dykes at least, are lp.ter and differen-
tiated portions of the norite, r6presenting the dying efforts of the very 
pronounced and long continued vulcanisrn. The occasional presence 
of olivine in the norite of the Little Stobie mine, and the recogni
tion of quartz in some of these later dykes, have supplied the 
links hitherto missing and necessary for a proper understanding of 
the relationship existing between these two rocks. As shown by 
Walker, in the analysis quoted of a fresh type, this olivine-diabase con
tains small quantities of copper, nickel, and cobalt, which the same 
author regards as original constituents of the olivine-diabase magma. 
The relations of these dykes to the vn,rious ore bodies through which 
they are intruded, show distinctly, that these latter had already attain
ed their present dimensions, at some time previous to the intrusion of 
the dykes. For the most part, they have a fairly constant direction, 

Mode of but preJ>ent frequent broad curves and occasional faults. Two of the 
occurrence of 1 d k . h . .d h f i -o 900 f d diabasedyk~s. argest, y es met wit , vary rn wi t rom 0 to ~ eet, an were 

traced with practically unbroken conti"uity, from the north west corner 
of McKim township, southeast to Ramsay lake. There is no local enrich-

No local ment whatever of the ore bodies, in the vicinity of the dykes, as has 
enrichment of f 1 b · d Th · fl · d b \ · ore bodies in requent y een surmise . e m uence occasione y t 1eir passage 
vicinity of through these ore bodies is extremely local and very insignificant. In the 
these dykes. . . 

· vicinity of the Copper Oliff and Murray mmes aud the area intervening, 
many of these dykes have been encountered, and it has been found possi
ble over this limited area, to accurately determine and map their dimen

No constant sions and direction, and although the prevailing direction is perhaps 
direction. northwest anci southeast, many of them occupy fissures with courses 

very widely divergent. 
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PYRRHOTITE AND CHALCOPYRITE. 
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The ore bodies, with which the nickel and copper are immedia- Ore bodies 

tely associated, consist essentially of pyrrhotite (Fe 8 8 9 ) which is ~~~~ ~~m
by far the most predominant constituent, and chalcopyrite (Cu Fe pyrrhotiteand 

. . chalcopynte. 
8 2 ) usually m much smaller amount, and a varymg proportion of 
gangue, consisting mainly of the associated eruptive or its con-
stituent silicates. The nickel present in the ore bodies is not, as so 
many have supposed, an essential constituent of the pyrrhotite, isomor-
phously replacing an equivalent amount of iron, but is mainly present, 
at least, as a distinct and magnetically separable nickel-iron-sulphide 
known as pentlandite. This mineral is, as a rule, very intimately asso- Nickel always 
. t d . h h h . b t . l 1 d . f h present as c1a e wit t e pyrr otit~, u occas10na 1an specimens rom t e pentlandite. 

lower levels of the old Uopper Cliff mine, show a rather intimate asso-
ciation of nearly pure pentlandite and chalcopyrite. The pyrrhotite 
and chalcopyrite will be described more fully in that portion of the 
bulletin, dealing with the composition of the ore bodies. 

PENTLANDITE. 

This mineral is usually very intimately associated with the pyrrho- Pentlandite 

tite, and is so finely disseminated through the maHs of this mineral, fi~~j~1Yai's~i" 
that a separation can only be effected by very fine grinding. Though minat<"d 

tl d . . lf . f bl . d . fi 1 d d " . through pen an ite itse is ee y magnetic, an m ne y pow ere torm is pyrrhotite. 

attracted by an ordinary h11nd magnet, advantage is taken of the great 
difference in the magnetism of these two minerals, to effect their sepa-
ration. It requires repeated trials to eleminate the last traces of the 
pyrrhotite, but this has been successfully done by Penfield, Browne and 
Dickson, and their analyses which are quoted give all necessary details Successfully 

of the chemical composition of this mineral, showing it to be very uni- :fa~~ti~,,lly 
form over the whole distrirJt. It. is essentially the same as the original by ~enfield 

l d . ( · · k lk" ) l d b S l b . Browne and pent an ite e1senmc e ies , ana yze y c 1eerer, ut con tarns more Dickson. 

nickel, and less iron and sulphur. Sometimes a~ at the Worthington 
mine, it occurs in tolerably large pif'ces, which can be readily distingui-
shed from the enclosing pyrrhotite, but even these contain a conside- Pentlanclite 

bl fd . · d h · h · 1 h d inlargeancl ra e amount o ISsemmale pyrr otite, so t at matena t us secure , rather pure 

rarely assays over 30 per cent of nickel. The mineral is very abundant fwragmhe.nts at 
. . . . . ort mgton 

at the Crn1ghton mme, and can be readily recogmzed on account of its and Creighton 

perfectly developed, octahedral parting. It is somewhat paler in co- mines. 
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lour than the pyrl'hotite, varying from steel-gray to silver-white, and 
almost invariably breaks with flat surfaces, which are planes of parting, 
parallel to the octahedron. The mineral, however, in freshly broken 
material, cannot readily be distinguished from the;equally fresh pyrrho
tite, especially if the planes of parting are imperfectly developed. Ex
posure to the weather bringa about a rapid change in colour to a pecu
liar pale bronze, yellow, which is very characteristic and quite distinct 
from the pyrrhotite. 

The material obtained by Penfield ( 1) was crushed and sifted to a 
grain of from 1-2 mm. in diameter, and the pyrrhotite was extracted 
by means of an ordinary magnet. The pentlandite, for analysis, was 
further carefully selected by hand-picking. 

Similar, preliminary, careful preparation of material was used by Mr. 
C. W. Dickson (2). The following are the analyses :-No. 1 (Penfield); 
2-4, (Dickson); 5-9, (Browne) (3). Analyses 5-7 inclusive, are stated to 
contain some pyrrhotite, as fine dust. Analyses 10 and 11, are by 
Scheerer ( 4 ) of the pentlandite from Lillehammer. Analysis No. 2, is 
from Creighton mine ; No. 3, Worthington mine ; No. 4, Frood mine ; 
No. 5, Copper Cliff mine; No. 6, Stobie mine; No. 7, Evans mine; 
No. 8, Copper Cliff mine (hand-picked); No. 9, Evans mine (hand
picked). 

1 2 3 4 5 6 7 8 10 11 

Ni ..... . . . ... 34·23 34'82 33·70 34·fJS 35·05 34·70 34 ·12 35·00 34·90 1s·35 21·07 
Co.. ........ . 0 ·35 0·34 0 ·73 o·85 ....................................... .. 
Fe ....... .... 30·25 30·00 29·17 30·04 29·80 29·90 29·95 30'30 29 60 42 ·70 40·21 
S ............ 33 ·42 32·90 32·30 33·30 34·35 33·90 35·43 33·50 33·55 30·45 36 ·64 
Cu ................ . ................................................. 1·16 1 ·73 
Gaugue. 0 '67 .. ...... .... ..... ... ... .... ... ................ .... . ....... . 

oo ·nw·ww·woo ·v oo·ww · Mw·MwMw·oow·~w-~ 

Ratios of The ratios in Prof. Penfield's analysis are S: (Fe+ Ni)= l ·OH: l ·047, 
constituents almost 1 : 1, or that of a normal sulphide (Ni+ Fe) S. The ratio of the 
of pentland1te. . . 

Fe: Ni is 1 : l ·32, while in that from Lilleh>tmmer, 1t 1s about 2: 1. 
Dickson remarks that the ratio of the (Ni & Fe) : S varies from 
10·91: 10 to 11 ·07 : 10, and points out that this ratio 11 : 10 is not 
accidental, but constant for all analyses of pure material. He therefore 
suggests, that the formula for this mineral be written (Fe + Ni) 11 

S 10 which seems rather clumsy and an unnecessary refinement of 
expression of material, which, even when every precaution is taken, is 

(1) Amer. J our. Sc. (3rd Series) Vol. XL V , 1893, pp. 493-494. 
(2) Trans. Amer. Inst. Min. Eng., Albany Meeting, ·February, Hl03. 
(3) Eng. & Miu. Jour., December, 2nd 1893, Vol. LVI, p. 566. 
(4) Dana, System of Mineralogy, 6th Ed. 1892, p. 65. 
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still not absolutely pure. The formula of the Lillehammer pentlandite 
is given as 2 Fe s+ Ni S. The ratio of nickel to cobalt in the Sudbury 
pentlandite varies, running from 40 to 42 : 1, is worthy of remark, 
as this proportion is almost identical with that found in the ore bodies. 

A magnetic separation of the nearly pure sulphides, forming the ore 
from the Creighton mine, was made, by means of the Wetherill 
separator, the material thus used being crushed to different degrees of 
fineness, and graded by means of sieves. The original product showed Codmposition 

. an magnetic 
an assay value of 1.20 per cent of copper, and 4.87 per cent of mckel, s.:paration of 

with 2.49 per cent of insoluble matter. The very fine material gave the f~~~~~:igh
cleanest separation, and some of that which passed through a 100- ton mine. 

mesh sieve, was divided into three products which may be distinguished 
from one another as strongly magnetic, feebly-magnetic and non-
magnetic. The feebly magnetic product showed the presence of 30.41 
per cent of nickel, and tlie non-magnetic 30.36 per cent of nickel. A 
complete analysis, and an adjustment of the various constituents, 
showed that the feebly magnetic portion consisted of chalcopyrite and 
pentlandite, in the proportion of 1 : 21, whlle the non-magnetic product 
showed these same minerals present, in the proportion of 1 : 7. 

PYRITE. 

A sulphide which presents all the ordinary physical characters of 
pyrite, such as hardness, specific gravity, colour, lustre, and magnetism, 
is by no means uncommon in most of these deposits, and can generally Pyrite at 

be found when a special search is made for this mineral. Large cubical Elsie mine. 

crystals of pyrite, are mentioned by Dr. Coleman, ( 1 ) as occurring in 
fissures, with quartz and calcite, at the Elsie mine, but the assay of one 
of these showed no nickel. Dickson mentions the fact that a number Nickel 

of his samples from the Copper Cliff mine, were associated with ~~~i!~gat 
J:Jec•:mdary quartz, calcite and millerite. Pyrite was also noticed U<;>pper Cliff 

occurring with pyrrhotite, chalcopyrite and danaite, at the Century mme. 

Copper mine on the north half of lot 4, con. IV., of the township of Nickel

Graham. A determination by :Mr. F. G. Wait of the Geolocrical Survey bearing pyrite 
o ' from Century 

showed 0.49 per cent of nickel, with a trace of cobalt. Dr. ·walker (2) Copper mine. 

found what he regards as a true nickeliferous variety at the Murray Chemical 

mine, and has published a full description and analysis of the specimen. analys.iskof
1
. 

true me e 1-

The following is the analysis under 1, and if the mineral be con- ferous pyrite 
.d d . . l . h t f th . . 1 d . h 1 from Murray s1 ere as pynte, m w 11c par o e iron 1s rep ace lSOmorp ous y mine by Dr. 

by nickel, the explanation is given under II and III. Walker. 

(1) Ann. R ep. Bur. of Mines, Ont. UJ03 p. 281. 
(2) Amer. Jour. Sc. Vol. XLVII, 3rd Series, April 1894, pp. 312-314. 
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J II III 

Nickel 4·34 Nickel 4· 34} NiS 2 9·12 
{ 4·78 Iron 39·70 Sulphur 49 · 31 44 . 53 } 

{ 38. 96 FeS 2 83·49 
Sulphur 49·31 Iron 39 · 70 . 74 
Moisture · 10 Oxygen (calculated). · 28 } Fe 3 0 4 1·02 

Copper traces Water .. .. ................... ·10 
Insoluble 5·76 Insoluble. ..... .......... ... .... 5·76 
Arsenic none 

Total .. , ........... 99 · 49 
Nickel 
bearin_g pyrite A peculiar, grayish-green, bronze-coloured, non-magnetic mineral, 
from Gertrude . . . 
mine. was found by Mr. Mc V1ttie on the locat10n where the Gertrude mine 

Chemical 
analysis of 
nickeliferous 
pyrite from 
Gertrude 
mine by 
Mickle. 

now is. The mineral occurred massfre, with small crystals of magne
tite, and specks of chalcopyrite disseminated through it ,in a streak 
about six inches wide, adjoining the granite. An analysis of the 
mineral, after removing the magnetite, gave Mr.Mickle ( 1 ) the following 
results under I, while under II, is given the proportions, omitting the 
insoluble matter and recalculating to 100. 

I II 
Iron ?.7·28 41 ·48 
Sulphur 46·54 57·79 
Nickel 5·95 6·62 
Copper O· 10 O·ll 
Insol. 9·66 

Total. .... 99 · 53 100·00 

Mr. Mickle regards this as an agregate made up of pyrite, millerite 
and chalcopyrite, the composition, as given above, practically agreeing 
with such a mixture. A very similar compound is found at the old 
Beatrice mine (Davis property), on lot 1, con, III., of the township of 

Whartonite Blezard. After an analysis of this material, Dr. Emmens ( 2 ) decided, 
not a mineral 
species but a that the mineral was a new nickel-iron-sulphide, and proposed for it 
nic~el bearing the name ' Whartonite '. The mineral is not homoeteneous and is very 
~n~ . b 

evidently a mixture. It has a peculiar bronze-yellow colour, is ceL 
lular, the cavities being lined with minute cubical crys' als, with an 
intermediate, finely, granular material. It was usually referred to by 

(1) Ann. Rep. Bur. of l\Iines, Ont., 1903, p. 282. 

(2 )Ann. Rep. Bur. of l\Iines, Ont., 1892, p. 170. 
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the mmers as 'matte', on account of the resemblance to this artificial 
product. The chemical analysis by Emmens showed it to contain ( 1 )· 

Nickel 5 · 40 
Iron 42 · 90 
Sulphur 45 · 00 
Insoluble 4 · 80 

Total 98 · 10 

MARCASITE. 

The mineral thus designated, is distinguished from pyrite, chief:ly by pistinguish-
't '! h' 1 h' h h · l d 1. h l rng characters 1 s s1 ver w ite co our, w ic even weat enng on y eepens s ig t y of marcasite. 

to a very pale, bronze-yellow. Samples of such material, submitted to 
Prof. Penfield, by Mr. C. W. Dickson, were considered by him as mas-
sive marcasite. The analyses conform to the formula, FeS 2 and show 
the presence of from 2 to 4 per cent of nickel, probably as pentlandite. Dr. Matrl·castite. 

1 1 • \Vl lOU DIC i:e 
Walker mentions the occurrence of marcasite, in the midst of the usual at Murray 

sulphides at the Murray mine, but assays of this material failed to mine. 

show the presence of any nickel. Perhaps the most n-oted specimens 
which may be included under this name, are those for which the name 
' blueite ' was proposed by Dr. S. H. Emmens ( 1 ). The mineral has Blueite o~ 

11. h 'lk 1 h'l h 1 . 1 l ' Emmens is a meta ic, somew at s1 y ustre, w i e t e co our is pa e o ive-gray nickeliferons 

inclining to bronze. The type specimens came from t.he Gersdorffite marcasite. 

mine (lot 12, con. III., Denison), which, at the time, was worked under 
option, by the Emmens Metal Company. The mineral also occurs on 
the lot to the south (lot 12, con. II.,) as, well as at the Totten mine 
(lot l, con. II., Drury), and at the Worthington mine (lot 2, con II., Chemic:il. ,;j-.,\ 

Drury). Dr. EmmMs' analysis showed the presence of 3·5 per cent of ~£'b1':i~~.on' 
nickel with 38·8 per cent of iron, and 5 ·4 per cent of insoluble matter, 
but the sulphur 52·3 per cent, calculated by difference, is evidently too 
high. At the Gersdorflite mine, the nickeliferous marcasite occurs in 
association with niccolite, gersdorffite, pyrrhotite and chalcopyrite, in 
a small quartz vein, cutting a hornblende schist. 

At the Worthington and t.he Totten mines this very white nickel 
ore occurs in the form of circular or oval patches, which are very con
spicuous, embedded in the pyrrhotite, chalcopyrite, and associated with 
rocky matter. An assay of a specimen from the Worthington mine, Chemi~l 

. analysis of 
by T. L. Walker, showed the presence of 4·5 per cent of mckel. A nickeliferous 

specimen was also sent to Prof. F. W. Clarke, chief chemist of the ]):.1B:fit!i.r~d 

(1) Ann. Rep. Bur. of Mines, Ont., 1892, p. 170; also Jour. Am. Chem. Soc. Vol. 
XIV. 'o. 7. 

(1) Jour. Am. Chem. Soc., Vol. XIV., No. 7; also Ann. Rep. Bur. of Mines, Ont., 
1892, p. 168 

7 
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U.S., Geological Survey, and an analysis of this ore was made by Dr. 
W. F. Hillebrand, his results being reported as follows ( 1 ) 

Iron 38 · 36 
Nickel 4 · 57 
Manganese 0· 10 
Sulphur 45 · 11 
Sulphuric acid 0 · 95 
Carbonic acid l · 49t 
Calcium oxide 1·91 
Magnesia 0 · 41 
Insoluble 4 · 80 
Waterat 100° C. 0.55 
Water combined ~ 

L?SS and oxygen 

Total. ... 98. 25 

P!·obtable f A consideration of the above analysis, shows that it avrees very 
m1x ure o ~ ' 

manasite and closely with the assumption that the nickel is present in the form of 
pentlandite. tl d't d' · d th h h · P f Cl k · I · 

Millerite 
probable 
source of 
some of the 
nickel. 

Millerite at 
Copper Cliff 
and Beatrice 
mines. 

pen an l e, 1Ssem1nate roug t e roarcas1te. ro . ar e, in ns 
letter, states. 'It seems to me that the material is a mixture, not a 
definite species. Your Sudbury minerals deserve an exhausive study, 
and the work would be weil repaid.' 

l\lrLLERITE. 

The simple or normal sulphide of nickel is occasionally met with in 
some of the mines, and may be the source of some of the nickel of 
these deposits. Agreeably with its formula NiS, this mineral should 
contain, when pure, 35.3 per cent of sulphur and 64.7 per cent of nickel. 
Undoubted slender crystals of millerite were found at the Copper Oliff 
mine, in workings 150 feet below the surface. Another specimen 
containing this mineral, associat11d with pyrrhotite, was obtained at the 
Beatrice mine, on lot 1, con. III., of Blezard township. Dickson 
mentions having found 'small bunches of hair-like cry;:;tals of this min
eral, in the cavities of some radiating pyrite, mixed with calcite'. He 
regards the millerite as undoubtedly secondary, and probably derived 
from preexisting pentlandite. 

(1) Ann. R ep. Geol. Surv. Can. , Vol. V., 1890-91.. Part S.S., p. 116. 

+ Ualulated on the supposition that all the calcium exists as carbonate. 
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POLYDYMITE. 

This mineral occurs in association with chalcopyrite, chalcocite, Association of 

pyrrhotite and pyrite at the Vermilion mine, lots 5 and 6, con IV., of \?~~1~11io~~e at 

the township of Denison. It is steel-gray, massive, and exceedingly mine. 

alterable in the air. It has a specific gravity of 4.5. An analysis of 
carefully selected maLerial,gave Clarke and Catlett the results under I, Chemical 

(1) A good sample of the Vermilion ore, analyzed by Mr. Browne, composit!on of 

after deducting 1.5 per cent of silica, gave the results under II, evi- polydymite. 

dently impure polydymite. (2) 
I Il 

Nickel 41·96 36·85 
Tron 15·57 18·70 
Sulphur 40·80 38·43 
Copper 0·62 4·47 
Silica 1 ·02 

Totals. 99·97 98·45 

These figures give approximately the formula Ni 3 FeS 5 • Neither 
cobalt nor arsenic could be detected. If we deduct silica, together Folrndrnla.otf 

po y ymt e. 
with the copper reckoned as admixed chalcopyrite, and recalculate the 
remainder of the analysis under I, to 100, we get the following figures 

Nickel 43·18 
Iron 15·47 
Sulphur 41·35 

Total. .. 100 · 00 

In short, the mineral has the composition of Ni 4 S 5 with about one 
quarter of the nickel replaced by the iron, which agrees with Laspeyres, 
polydymite, of which it is doubtless a ferriferous variety. The polydy
mite from which the above was selected, came from a mass in which an 
average of 35.39 per cent of nickel and 5.20 per cent of copper had 
previously been found. 

A specimen of the so-called polydymite, was presented to the writer 
by Mr. F. L . Sperry, at one time chemist; of the Canadian Copper Co. 
The mineral at the time was known to be impure, but was the best 
Rample which could be secured for the museum. The material was 
mainly polydymite, in a gangue composed of diorite and small quanti-
ties of quartz. Carefully selected material-which however it was An

1
adlysis. 0t f 

po y ym1 e 
------------------------------and associated 

(1) Amer. Jom. Sc., Vol. XXXVII, 1889, p. 372-374. 

(2) Eng. and l\-lin. J our., Dec. 2, 1893. Vol. LVI, p. 566, 

7! 
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found still contained a little intermixed gangue and chalcopyrite-was 
found, by Mr. R. A. A. Johnston to contain 40·80 per cent of nickel 
with no cobalt. 

SPERRYLITE. 

Sperrylite was first found at the Vermilion mine in the gossan or 
loose material, and was named aHer Mr. Franl'!is L. Sperrry of the C. 
·c. Co. by Profs. Horace L. Wells and S. L. Penfield, of the Sheffield 
Scientific School, who examined and described this new species( 1 ) . The 
material as received, consist~d of a heay, brilliant sand, composed 
largely of the sperrylite, but intermixed with this, a considerable 
number of fragments of chalcopyrite, pyrrhotite and some silicates 
could be seen. After the material was purified, it was found to contain 
some transparent grains which proved on examination, to be oxide of 
tin or cassiterite (Sn 0 2). 

· Sperrylite is isometric, simple cubes are common, octahedrons are 
exceptional, while the majority of the crystals are combinations of the 
cube and octahedron. HardneRs is between six and seven, as it scrat
ches felspar, but not quartz. The specific gravity is 10,602. The crys
tals have no distinct cleavage, but are very brittle, and break with an 
irregular, probably conchoidal fracture. The chemical composition, 
according to the mean of two analyses, was as follows :-

Arsenic 40·98 
Antimony 0·50 
Platinum 52·57 
Rhodium 0·72 
Palladium trace 
I ron 0·07 
Cassiterite or oxide of t in 4·62 

Total. ... . . . 99·46 

The composition is therefore represented by the formula PtAs 2 , 

a small portion of the platinum and arsenic being replaced respective
ly by rhodium and antimony. The colour of the mineral was nearly 
tin-white, or about the same as metallic platinum. The fine powder is 
black. Nearly all the grains showed extremely brilliant, crystal faces, 
though most of the crystals were fragmentary in size, usually -lo to· 

. . -rt0 th of an inch in diameter. 
Size of grams. 0 

No iridium 
present. 

The presence of an appreciable amount of iridium was expected by 
Professor Wells, but careful search failed to reveal even traces of this. 
element. 

(1) Amer. J our. Sc. Vol. XXXVII, 1889, pp. G7-63 
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Sperrylite is regarded as the source of the metals of the platinum Sou~ce of . 
. · platmum 1 n 

group, which are invariably present in appreciable amounts in the the matte. 

bessemer matte, assays of the Copper Cliff and Victoria mines mattes 
showing from 0·4-0·5 oz. per ton. Wherever occurrences of this mi-
neral have been examined, it is directly and intimately associated with 
the chalcopyrite, so that, mattes rich in copper, contain a large amount 
of platinum, while those containing very little copper, show a corres-
pondingly small amount of pfo.tinum. In Dr. Walker's ( 1 ) analysis of 
the bessemer matte from the Murray mine, the presence of iridium and 
osmium is noted in almost equal amounts, but in Prof. Wells' analysis, 
as noted above, these metals were not detecte-1. Baron von Foullon Irid!um and 

osmmm 
concludes from the absence of these elements, that there is another sometimes 

mineral present, which contains the iridium, but although this is ~Tf!ii~~. 
possible, Dr. Walker considers that a more likely explanation is that, 
in some cases, part of the plat,inum in sperrylite, is replaced by the 
elements iridium and osmium. 

NICCOLITE. 

This mineral, in intimate association with gersdorffite and with Geological 

va riable quantities of intermixed pyrrhotite, chalcopyrite and pyrite, a~som1· ~ttions of 
IllCCO I e. 

has been found in connection with the occurrence of two small 'stocks' 
or intrusions of quartz-mica-diorite (altered norite), in the township of 
Denison. This diorite forms two small hills, which rise above the Localities 

d . t h" h . d 1 'd b th 1 t . f h where found. surroun mg coun ry, w ic is un er a1 y e s a y vanety o t e 
tuffs or greywackes, these rocks surrounding the diorite on all sides. 
One of these masses, known as the Macdonell or Gersdorffite mine is 
situated in the southeastern corner of lot 12, con. III., of Denison 
while the other, constituting what is known as the Hiram Robinson 
property, is on the northeastern corner of the west half of lot 12, con. Mine; al 

II f h h. Th k . h . d. . . . constituents ., o t e same towns ip. e country roe , m t e imme rate vw1mty, of associated 

is usually a more or less schistose diorite or hornblende schist, pro- rocks. 

duced by the shearing of the more massive diorite, of which most of 
the hill is composed. The rock is made up, chiefly, of irregular crystals 
of hornblende, closely aggregated together, the few and small remain-
ing interspaces being occupied by quartz and plagioclase. At the 
Gersdorffite mine, from which the first and finest specimens of this 
mineral, and the associated gersdorffite were obtained, they occur in a 
small vein, interfoliated with a chloritic actinolite schist, at the north 
side of the small area of diorite, shown on the map. The vein consists Constituents 

mainly of quartz, with a very small amount of felspar and calcite, with ~!i;i~~ ~fc~~-
------------------------ - ---- - lite. 

(1 ). Amer. J our. Sc., Vol. 1, 1896, p. 112. 
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grains and small disseminated masses of the sulphides already men
tioned, the most abundant and conspicuous being the niccolite and 
especially the gersdorffite. No analysis of the niccolite was made. 

Composition This, when pure, is represented by the formula Ni As= arsenic 56·1, 
of niccolite. 

nickel 43·9 = 100·0. It usually contains a little iron and cobalt, also 
sulphur, while sometimes part of the arsenic is replaced by antimony. 

Analysis of The mineral occurs massive, and the peculiar pale, copper red is quite 
~~~~d~;lii~~ty distinctive. A sample containing niccolite and gersdorffite was 
Mr. Walker. submitted by the writer to Mr. T. L . Walker who found them too 

First rocogni
tion of 
gers<lorffite. 

Physical 
characters of 
gersdorffi te. 

intimately associated to separate for analysis. He therefore made an 
analysis of the two minerals together, which resulted as follows: ( 1 ) 

Nickel 20·87 
Cobalt 0·64 
Copper 
Iron 
Sulphur 
Arsenic 
Silica 
Alumina 

Magnesia } 
Lime 
Soda 

trace. 
2·43 

10·60 
26·04 
26·70 

5·43 

7·29 

Total . . . . . 100·00 

GERSDORFFITE. 

This mineral was first recognized in a small sample brought to tbe 
Geological ~Iuseum, in 1891, by Mr. E11gleson, who had obtained the 
specimen from Mr. Dan. O'Connor, of Sudbury, the owner of the Gers
dorffite mine, where it had been found. The p1Lrticulars of the associa
tion of the mineral have already been described under niccolite. When 
pure, the mineral is essentially -a sulph-arsenide of nickel, with the for
mula NiAs8 or NiS 2 , NiAs 2 = sulphur 19·~, arsenic 45·3, nickel 35·4 
= 100·0. Iron replaces the nickel, often to considerable amount, also 
sometimes cobalt. The following is the description of the specimen 
collected by the writer in 189L prepared by Dr. Hoffmann and Mr. R. 
A. A. Johnston. (2) 

Structure, for the most part lamellar, but occasionally granular, a 
few minute, fairly well developed crystals exhibiting the forms of the 

(1) Ann. Rep. Geol, Surv, of Can., Vol. V. 1890-Dl, Part SS. p. 118. 
(2). Ann. Rep. Geol. Surv. Can., Vol. V, 1890-91, Part R, p. 22. 
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octahedron and cubo-octahedron, with the faces of the octahedron pre
dominating, were also observed. Colour, steel-gray, here and there 
tarnished blackish. Specific gravity (after correction for a little 
included quartz) at 15·5°C., 6·231. 

The material upon which the analysis was conducted, although 
selected with all possible care, and, so far as could be seen, apparently 
pure, nevertheless contained, it was subsequently found, a very appre-
ciable amount of qua,rtz. Its analysis afforded Mr. R. A. A. Johnston Chemical 

h l · d I D d · h ( ·1· ) d l analysis of t e resu ts given un er . e uct1ng t e gangue s1 ica , an reca - gersdorlfite by 

culating the remaining constituents to one hundred parts, we obtain J ohuston. 

the figures given under II. 

I II 

Arsenic 40·31 46 · 96 
Sulphur 14·34 16 ·71 
Nickel 22·50 26·32 
Iron 6·78 7·90 
Cobalt 1·73 2·01 
Copper 0·09 0 10 
Gangue (quartz) 13·55 

Total .......... 99 · 39 100 ·00 

This mineral had not previously been identified as occurring in Can
ada. 

MORENOSI'l'K 

This mineral, which is also known as "Nickel vitriol" is a hydrous, C .. 
. . . . . ompos1t1on 

mckel sulphate (.r l 80 4 + 7 H 2 0) =sulphur tnox1de 28·5, mckel ofmorenosit<'. 

protoxide 26·6, water 44·9 = 100·0. 'It occurs as a greenish-whit.e 
and pale apple green incrustation on associated gersdorffite, niccolite, 
chalcopyrite and pyrrhotite at the °M:'1cdonell or Gersdorffite mine (lot Localities 

12, con. III, of Denison); also but more sparsely as a greenish-white ;~~~~~osite is 

incrustation on some of the nickeliferous ore of the Worthington mine found. 

(Lot 2, con II., Drury)'. (1 ) It has also been noticed at the Wallace 
mine on Lake Huron. 

ANNABERGITE. 

Some specimens of gersdorffite, which had been in the drawers of a 
mineral cabinet for about a couple of years, were found to have under
gone a partial decomposition, with the formation of hydrous nickel ar-

(1) Ann. Rep. Geol. Sur. Can., Vol. VI, 1892-9:1, Part R, p. 27. 
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senate. The material which came from the Gersdorffite mine, (lot 12, 
con. III., Denison), consisted of gersdorffite, with a few scattered par
ticles of chalcopyrite. The nickel arsenate, which occurred both lining 
and filling cavities in the gersdorffite was, in the former case, in the 
form of botry0idal, globular, or mammillary crusts of a greenish-yellow 
colour, pale grass-green, and honey-yellow to brownish colours, and 
exteriorly of a sub-vitreous to vitreous lustre, whilst that filling the 
cavities was compact and amorphous, texture colloid, of a greenish
yellow colour and waxy lustre, also occasionally, but more rarely, 
earthy, chalk-like and dull. ( 1 ) 

DANAI'L'E, (coBALTIFEROUS ARSENOPYRITE). 

This mineral is a sulph-arsenide of iron (Fe As S), with part of the 
iron replaced by cobalt. Agreeable with the formula given above, it 
should contain, theoretically, arsenic 46·0, sulphur 19·7, iron 34·3 = 
100·0. It is not abundant in the Sudbury district, and has only been 
recognized as occurring in two localities, and in both of these places it 
is found in association with the older diorites and hornblende schists. 
The first place in which it was found is on the north half of lot 6, 
con III., of the township of Graham, this lot forming a portion of what 
is known as the ~ussell location or property. 

The mineral is massive, with a steel-gray colour. Intermixed with 
it, were small quantities of white, translucent quartz, some pyrrhotite, 
a little galena and a trifling amount of chalcopyrite. The specific gra
vity at 15·5° 0 . = 5·988. 

An analysis by R. A. A. Johnston ( 2 ) , of carefully selected material, 
is given under I . Deducting the gangue or silica, and recalculating to 
,100 yre obtain the results under II. 

I II 
Arsenic 40·16 42 ·22 
Sulphur 17·92 18·84 
Iron 31 ·69 33·32 
Cobalt 3·89 4·09 
Nickel 0 ·88 0·93 
Antimony 0·57 0·60 
Gold trace. trace. 
Gangue (quartz) 4·77 

Totals ....... . . 99·88 100·00 

(1) Ann. Rep. Geol. Sur. Can., V ol. VI, 1892-93, P art R , p. 27. 
(2) Ann. R ep. Geol. Snr. Can., Vol. V, 1890-91, Part R, p. 19. 
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This mineral also occurs in considerable quantity on the N. i lot Danaite of 

4, con. IV., of the township of Graham, at a deposit which was being g~~1~~Y mine. 

worked for copper, and known as the Century Copper mine. It is 
present in intimate association with pyrrhotite, chalcopyrite and 
pyrite, abundantly disseminated thrnugh a hornblende and biotite 
schist, and also through a pale grayish quartzite, which is embedded in 
the hornblende schist. 

SMALTITE. 

This mineral so far as known, is rare in the Sudbury district., although R ecognition 

it occurs in large masses in the Temagami region, to the northeast. ~:o~~~~~im 
It is a cobalt diarsenide, CoAs2=arsenic 71 ·8, cobalt 28·2=100 ·0. by Kenrick. 

This mineral was observed by Mr. E. B. Kenrick, of the Geological 
8urvey of Canada, in the form of minute crystals, with well marked 
octahedral cleavage, in association with chalcopyrite, from the township 
of McKim. ( 1) 

GALENA. 

This mineral has been found at all the mines, wherever search was Galenaalways 

made for it. Itis the common sulphide of lead PbS=sulphur 13·4, lead ~:~~~~i~n -
86 ·6,= l 00.0; usually contains a little silver. It generally occurs in thin with Stfdbury 

. . ore bodies. 
seams penetratmg the other sulphides. It may be the source of much 
of the silver found in all the mattes produced from the Sudbury 
ores. It shows the usually bright lead-gray colour, with distinct 
cubical cleavage. No analysis was made of this mineral in immediate 
association with the ore bodies. 

CHALCOCITE. 

This mineral, also known as copper glance, ha~ only been described Cbalcocite in 

as occurring at the Vermilion mine, in Denison township. Its occur- as.stohciati
1
·ond 

WI pO y Y· 
ence at this place is noticed by Mr. Johnston, in a specimen which mite a:t. · 

. h . b l\" F L S Th" . . t d Verm1hon was given to t e wnter y :ir. . . perry. is specimen consis e mine, 

of chalcocite and chalcopyrite, through which was disseminated some 
polydymite. · Some of the fragments were coated with green carbonate 
of copper. Mr. Johnson found that the specimen contained 9 ·40 per 
cent of nickel with no cobalt. No chemical analysis of the chalcocite 
was made. 

(1) Ann. Rep. Geol. Sur. Can., 1886, Part I, p. 13. 
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BOHNITE. 

~orm1't1 e occa- This mineral is mentioned as occasionally seen by Mr. 0. W. Dick-
s10na y occurs 
accordmg to son. Some of the chalcopyrite, obtained at the Vermilion mine, which 
Dickson. was greatly weathered, has a general resemblance tu this mineral. No 

undoubted bornite was, however, noticed by the writer. 

)l'AGNETITE. 

Titaniferous Th's mineral is an invariable constituent of the norite, and is always 
ma!>netite l · 'f I · 11 d' · t d · · t an mvariable more or ess t1tam erous. t is genera y 1sse!ll1na e in m1nu e 
coustit1~ent of grains through the ore bodies, but, as a rnle, in very subordinate 
the nonte. O . ll ll f . 'f . amounts. ccas10na y, sma m>1.sses o t1tam erous magnetite are 
Magnetite.of associated with the pyrrhotite, and an analysis of such a mass, from 
Murray mme · the l\Iurray mine, gave Dr. 'Valker, ( 1 ) 18 ·34, per cent of titanic acid. 

Mass of 
magnetite 
weigbing 
5 tons found 
at Clarabelle 
mine. 

Cassi teri te 
occurs asso
ciated with 
sperry Ii te. 

The iargest mass yet noticed was recovered from the workings of the 
Clarabelle mine, where, according to Capt. McArthur, about five tons 
were found enclosed in the sulphides. This magnetite is readily 
attracted by the magnet, and contains grains of pyrrhotite and chal
cupyrite, as well as small portions of a green silicate. ( 2 ) 

CASSITEHITE. 

The purified material from which the analysis of sperrylite was 
made by Professor Wells, of Yale University, contained as stated, 4.62 
per cent of oxide of tin, in the form of minute tram.parent grains. 
These were carefully examined and pronounced to belong to the species 
cassiteri te. 

NATIVE COPPER. 

Nati ve copper Deodritic or leaf-like forms, are occasionally met with, as at the 

V
found. a

1
.t d Y ermilion mine, where a few specimens of chloritic schist were obtained, 

erm1 10uan 
C'?pper Oliff showing native copper, developed along the planes of cleavage. L.P. 
mmes. Silver b'l.s a specimen of the diorite, obtained from 1,he twelfth level of 

the Copper Oliff mine, showing a gocd deposit of leaf copper, which he 
considers must have been formed, by the reduction of the chalcopyrite, 
by reducing solutions leaching through the rock ( 3 ). 

(1) Quart. Jour. Geol. Soc. Lon., Vol. LUI, Feby., 1897, p. 52. 

(2) Aun. R ep. Bur. of Mines, Ont., 1903, p. 281. 

(3) Jour. Can. Min. Inst., Vol. V, 1902, p. 536. 
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NATIVE GOLD, 
• 

Samples of the ore obtained from the Vermilion mine contain Native gold at 

appreciable quantities of native gold, and specimens may be obtained Vermilion 
mine. 

from this mine, showing abundantly disseminated grains and strings of 
gold, often of large size. All of the mattes produced from the Sudbury All tl;e mattes 

contam 
ores contain golrl, the percent~ges of this metal, varying in the bessemer appre~i'!'ble 
m:i.tte, from strong traces to 0.3 oz. per ton. The average amount ~{'~~~~.ies 
would be about 0.15 oz. of gold per ton, although Silver ( 1 ) reports 
having found 0. 75 oz. of gold, in a matte which contained 39. 64 per 
cent of nickel anrl coba:t, and 42.75 per cent of copper. 

GRAPHITE. 

Dr. Coleman ( 2 ) reports having found a few scales of graphite, in Graphite 

the country rock, occurring on the dump at the Lady Macdonald mine. n
0
°t

1
ice by Dr. ' 

o eman. 

CUBAN IT E. 

D1wid H. Browne(~) for some time chemist to the CanaJian Copper Cubanite, one 

Co, at Copper Cliff, found this mineral, which is represented by the a~,~~: g{o
formula Cu Fe 2 8 4 = sulphur 35.4, copper 23.3, iron 41.3 = 100.0, in roa~ting 
h h b . f h d f l cl . h _ noticed by t e roast eaps, emg one o t e pr9 uct!'< ormec unng t e roastrng. Browne. 

Tn addition to the above mineral varieties mention may be made of 
the fact that quartz, calcite, dolomite and ankerite are found in as~ocia
tion with the massive sulphide>i, but these minerals are relatively very 
unimportant, and even at such deposits as the Victoria mines consider
able quartz has to be added to the furnace charges on account of the 
basicity of the associated rocks. Nearly all of the gangue occurs as 
intermixed norite or diorite. 

Composition of the 01·e-bodies. 

The ore bodies, with which the nickel and copper are immediately Ore bodies 

aEsociated, consist essentially of a mixture of sulphides, in which pyrrho- made.up
11 pr111c1pa y 

tite (Fe 8 S 9 ) , is, by far, the predominant constituent; chalcopyrrite is of pyrrbotite 

1 . . bi l II . 'd bi 1 h h and ehalco-a most mvana y present, anc usua y m cons1 era e amount, a t oug pyrite. 

proportionately much less than the pyrrhotite. It has been conclu- Proved 

sively proved by means of the magnetic i::eparations carried on by Browne, ctlontcltthisivi;l!k 
1 la e n1L e 

(1) Jour. Can. Min. Inst., Vol. V, 1902, p. 53.f. 

(2) Ann. Rep. Bur. of :Mines, Ont., l!J03, p. 284. 

(3) Ann. R ep. Bur. of l\Iines, Ont., 1903, p. 28.f. 

occurs in the 
form of pen
tlandite. 
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Dickson and the writer, that the nickel prese~ in these ores is all 
contained in the pentlandite, although the first rnf\ntioned authority is 
still inclined to the belief, that the small amount retained by the mal?
netic portion or pyrrhotite proper, occurs in part, at least, as an essen-
tial constituent of the pyrrhotite. This pentlandite is usually very 
finely and uniformly distribute:! throughout the whole mass, although 
in certain mines as the Creighton, Oopper Cliff, Evans and very 
noticeably the Worthington mine, it occurs in spots and patches, often 
as much as half an inch to an inch, or even more, in diameter, of fairly 
pure material. The relative abundance of this nickel-iron-sulphide, 
determines the richness, or otherwise, of the containing deposit. Pyrite 

Nickel bear- also contributes to the formation of these depcsits, and much of it is 
ing pyrite. nil keliferous. Present opinion varies somewhat in regard to the form 
Walker's in which the nickel is present in thi~ compound, Dr. Walket"s re-
belief that the' . . . 
nickel in searches tendmg to prove, that this element replaces isomorphously an 
pybrite

1 
isomor- equivalent amount of iron in chemical combination, while others regard 

p ous y 
replaces iron. intermixed pentlandite as the source of the nickel. Certain other 

Other sulphi. 
des occur but 
relati ,·ely 
unimportant. 

Presence and 
abundance of 
rocky ad
mixture or 
gangue. 

sulphides of nickel already mentioned and described, also contribute to 
the unusual richness of these deposits, ·but these are relatively much less 
important, and many of the occurrences, where such minerals are present, 
are, so far as known, of no commercial importance. A varying amount of 
gangue, usually of the associated eruptive, but occasionally also of the 
older green schists, greywackes and even quartzite, is always present. 
The percentage of such intermixed rocky matter is sometimes unusually 
large, asin_certain portions of the Elsie and Murray mines, where 
material has been used in large amount., which consists of sulphides and 
rock in about equal proportion, while, in other instances, as at the 
Creighton and Victoria mines, the sulphides are so pure and massive 
that large quantities of associated 110rite have to be added to the furnace 
charge to act as a flux. Magnetite, and certain of the silicates, peculiar 

Other impuri- to the norite, usually more or less decomposed, such as hornblende, acti-
t1es present m l' t' l 1 · 1 1 A · 1 ore bodies. no ite, serpen me or c i onte are a most a ways present. comparative y 

R elation of 
sulphides to 
one another. 

Sorting by 
hand not 
practicable. 

small amount of quartz, calcite, dolomite and very occasionally crys
tals of tourmaline molybdenite and apatite are also found. 

The pyrrhotite and chalcopyrite, are not, as a rule, so intimately 
commingled as to form a homogeneous mass, but each may be described 
as occurring in pockets, spots, bunches or threads, in the other. The 
chalcopyrite is not so closely intermixed with the pyrrhotite but tends 
to isolate itself rather in patches or spots, usually enclosing, but occa
sionally enclosed by the pyrrhotite. 1 t is sometimes possible to separate 
considerable masses of chalcopyrite, assaying over 30 per cent of copper, 
or pyrrhotite, that will only show tracesofthatmetal. In practice, how
ever, careful examination and trial have proved that the two minerals 
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are too intimately associated, to make sorting by hand, at all practicable. 
Although the chalcopyrite seldom occurs free from the pyrrhotite, 
large and massive deposits of the latter occur comparatively free from 
copper. The first ore shipped from the . Gertrude mine, was so free Masses ?f 
f h . d .1. . f h d t' f pyrrhot1te rom copper, t at it was propose to uti ize it or t e pro uc IOU o occur compar-
ferro-nickel, and this deposit was purchased by the Ll'l.ke Superior aftivelyhfr

1
ee 

ro1n c a co-
Power Company, with this object in view. Analyses made of a large pyrite. 
mass of the Creighton mine ore obtained near the surface, show the 
nickel to vary from 4.87 per cent to 5.31 per cent, with 0. 72 per cent to 
l.20of copper. The prevailing intimacy of association, however, of the Partial 

h . d h l . 'l h b b . d b an11lyses of pyrr ot1te an c a copynte, wi 1 per aps e etter appreciate y men- the ores from 
tion of the fact that hand-picked specimens from the E vans, Stobie and sm_ne _of t

1
he prmc1pa 

Copper Oliff mines, collected and analyzed by Mr. Browne (1 ) , showed mines. 
the presence of from 13.86 to 15.71 per cent of copper with a sufficient 
quantity of intermixed pyrrhotite and pentlandite in the same, to assay 
from 1.28 to 2.47 per cent of nickel. On the other hand, selected nickel 
ore from Copper Oliff mine, with 8.12 per cent of nickel, contained only 
0.80 per cent of copper, while similarly picked ore from the Evans mine 
containing 5.36 per cent of nickel showed the presence of only 0.49 per Nickel and 

t f I t · f l d · t f · t th · copper nearly cen o copper. n cer am o tie eposi s, as or rnstance, a e marn equal in 
shaft of the Victoria mines, the nickel and copper are almost identical amount at 

. . . V1ctona 
in quantity, assays of a large number of samples, neglect mg the msolu- mines. 
ble matter, showing the presence of 3.66 per cent of each metal. At the 
Dominion, Murray and Elsie mines, the nickel is usually nearly double Nickel nearly 

double the 
that of the copper. Thus, Mr. George ALtwood, M. E., ( 2 ), at one time copper at 
manager of the Dominion Mineral Company, under date ofjMarch l 8th, ~~i~i~~J1 • 
1891, stated that the 'kies ' or metallic portion of theBlezard mine, aver. M.nrray 
aged 4 per cent ofnickel and 2 per cent of copper this result being the ~:::;~ of 
average of a large number of assays, as also of the practical working of ' ki<'s.' ?f 

• Dom11110n 
the mine. About the same date, Mr. F. R. W. Daw, then manager at mine. 
the Murray mine, stated that an avernge of the ore smelted at this mine, Assays of ore 
contained 1.5 per cent' of nickel and 0. 75 per cent of copper. Other assays from Murray 

• in1ne. 
of an average sample of ore from this minf.', show 0. 9 per cent of cop-
per, with 1.5 per cent of nickel and 46 per cent of insoluble, or the equi-
valent of 1.66 per cent of copper and 2. 76 per cent of nickel, in the pure Preponcleran
sulphide materiul. ce of nickel in 

Gertrude and 
The Gertrude and the Orei:ghton mines, and especially the latter are Crnighton 

deposits in which the nickel is often present in the ore in the propor- mmes. 
tion of 3 or 4 to 1. In the first years of the development of the mines Copper. 

. . gre11tly m 
of the Canadian Copper Company, the copper was greatly m excess of excess in first 
the nickel, and assays of specimens of raw ore, taken without selection yte.ars off oper-. a~o 

(1). Eng. and Min. J our. Dec. 2nd. 1893, Vol. L VI, p. 566. 
(2). Ann. Rep. Geol. Surv. Can., Vol. V, 1890-91, Part F., p. 52. 

Copp<'r Cliff 
min~. 
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from these mines, showed a range in copper from 4·03- 9·98 pe1· cent, 
with an average of 6·44 per cent, while the nickel, in the same speci
mens, varied from l ·12 per cent to 4·21 per cent, with an average of 
2·38 per cent. This preponderance of the copper was maintained for 
some time, for an average of two samples of the blast furnace matte, 
taken 2 2nd February, 1889, and the 2nd March, of the same year, 
showed cupper 26·91 per cent and nickel 14·14 per cent. About the same 
time, the Dominion Mineral Company produced mattes, containing from 
18 to 20 per "ent copper and 24 to 26 per cent nickel. At the present time, 
however, this condition of affairs is reversed, and two specimens of 
this matte, analyzed by.Mr. Donald Locke, of this Department·, showed 
14·53 per cent and 14·69 per cent of copper with nickel 26·34 per cent 
and 28·17 per cent, respectively. 

The nickel present in tho pyrrhotite of the Sudbury District, varies 
usually from 2·25 per cent to 5·50 per cent, the lower figure being 
characteristic of such deposits as the Stobie, Murray a11d Elsie mines, 
while the latter is approached, und at t.imes, exceeded by the ore of the 
Creighton, Victoria, Blezard, Copper Cliff and Evans mines. Small 
specimens are occasionally met with which contain as high as 30 per 
cent of nickel, as at the Worthington mine, but such material is only 
obtainable by careful hand-picking, at either the Worthington or 
Creighton mines. These ores contain appreciable quantities of cobalt, 
gold, silver, and metals of the platinum group. Cobalt is almost 
invariably present, but in most of the assays of the ores, which have 
been made, it is included with the nickel. The cobalt i~ usually very 
uniform in amount, in the proportion of 1 to 40 or 50 of the nickel 
present. The amounts of the rarer elements such as gold, silver and 
platinum are, usually so small, that the proportions of these can be best 
deterh1ined by analyses of the bessemer or higher grade maLtes. Anal
yses of this product, which are available, containing about tO per cent 
of combined nickel and copper, contain from 0 10 to 0·20 oz. of gold with 

an average of probably about 0·15 oz. io the ton of 2,000 lbs., although 
L. P. Silver ( 1 ) obtained as high as 0·75 oz. of gold, in the high grade 
matte, of the Orford Copper Company, containing 39·64percent of nickel 
and cobalt and 42·15 per cent of copper. Locke, of t.he Geological 
Survey, shows that in this same m 1tte, containing 40·37 per cent of 
nickel and 24·95 per cent of copper, only 0·10 oz. of gold p<'r ton is 
present.. In the matle produced by the ll-'fond ickel Company, con
taining 41 ·88 per cent of nichl and 37 ·37 per cent of copper, this same 
chemist found i 5 of an oz. of gold. 

The silver in the ore is still more variable, as Locke found 2·5 oz. 
to the ton, in the Orford Copper Company's matte, and 4·87 oz. to t.he 

(1) Jour. Can. Min. Inst., Vol. V, 1002, p. 534. 
(2) Ann. Rep. Bm. of Mines Ont., 1900, p. 218. 
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ton, in the matte produced by the Mond Nickel Company. J. W. 
Bain's (2) analysis shows 5·1 oz. to be present in the Orford Copper 
Company's matte. L. P. Rilver shows that 5·30 oz. are present in each 
ton, while Ulke states that 7 oz. of silver are prese~t in this same 
matte. The platinum, as already mentioned, is directly associated with Pcw>naage of 

the chalcopyrite, and therefore, should be found in mattes which are ~:~~~~m in 

relatively richer in copper. Locke found that the Orford matte 
contains, 0·44 oz. per ton of metals of the platinum group, while the 
Mond Nickel Company's matte, contains 0·4 oz. per ton of these same 
metals. Ulke mentions that the platinum and palladium, in about 
equal amounts, together made up about 0·50 oz. per ton, while L. P. 
Sih·er has secured the same result. 

Nickel and Copper in Sudbury Ores. 

1 Copper Cliff, Ev .. nR & Stobie mines 
la Copper Cliff mine, aYerage 1890 .. 
2 Copper Cliff mine (mixed ore) ..... 
3 " (picked nickel ore) 
4 II II 

5 II II 

6 " (picked copper ore) 
7 II II 

8 Evans mine (mixed ore) . ....... . 
Sa Evans mine, average 1890 ...... . 
9 Evans mine (picked nickel ore).. . 

10 II II 

11 " (picked copper ore) .... . 
12 Stobie mine (mixed ore) ....... . . . 
12a Stobie mine, average 1890 ....... . 
13 Stobie mine (picked nickel ore) . . . . 
14 " ,, 
15 " (picked copper ore) ... . . . 
16 II II 

17 No. 2 mine (pickl3d nickel ore) ... . 
18 " (picked copp~r ore) .. . . 
19 Xo. 2 Exten"ion (pickr>d ni. ore) .. . 
20 No. 3 mine (Frood mine) (picked 

nickel 0t•e). . . . . . .. .... ... ... . 
21 Xo. 4 mine .......... ............ . 
22 " . ....•...... 
23 Creighton mine... . . . . . . . . . . . .. . 
21 " .......•..... . 
25 " .... . ........ . . 
26 Victor mine .... . .............. . 
27 " ....... ..... ...... . 
28 ,, .. .. .... .. .. . .... . 
29 " ....... . .... . ..... . 
30 \Vorthington mine.. . .... . 

Total 
Nickel. Copper. Nickel 

% 
2·38 
3•69 
4·75 
s·12 
9·25 

11·00 
2·74 
1·25 
4·00 
3•62 
5·3(; 
9·02 
i·34 
2 28 
2·00 
2·75 
2·9J 
1·28 
O·G4 
4·70 
1·s1 
4·32 

4·35 
4·33 
4·15 
7·03 
4·s1 
5·31 
3·00 
3·05 
2·(;7 
:1·21 
3·00 

% 
6•44 
6·24 
5•6() 
o·so 
0 ·51 
o·oo 

14°13 
23·7s 
2·60 
2·s.,1 
0 ·4!) 
o·oo 

13•86 
2·21 
UHl 
o·oo 
0·37 

15·71 
24·23 
0·3s 

13·7G 
0·3.5 

& Copper. 

% 
s·s2 
9·93 

JO ·H 
s·92 
9•76 

11 ·oo 
16•87 
25·o::i 
6 60 
6•46 
[» 85 
9·02 

15·20 
4·4() 
3·99 
·no 
3 ·36 

1G 90 
2.i·s1 
5·os 

15•63 
4•67 

5·27 
5·72 
G·G4 
s·s.,1 
G·o7 
G·03 
s·oo 
G·25 
5·4s 
5·G2 
G·oo 

Authority. 

Can. Copper Co. 

" Geol.Surv. Dept. 

" !\Iond Nickel Co. 

" 
" C. W. Dickson. 

Nickel and 
copper in 
Sud Lury ores. 

31 " (picked ni. ore). 
32 Blezard mine (metallic portion) ... . 
33 Murray n1ine ........ . ...... . .. . 

11·18 
4·00 
1 •50 

o·-12 
1 ·39 
2·49 
l·s1 
1·20 
0·72 
4·50 
3·03 
2·s1 
2·41 
3·00 
o·oo 
2·00 
0 ·75 

17·4tj 
G·oo 
2 25 

T. L. Walker. 
Dom. Min. Co. 
H.H.Vivian&Co 
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EXPLANATIONS. 

1. Average of nine analyses, made by F. L. Sperry, of raw ore taken 
without selection, from the Copper Cliff, Evans and Stobie mines, of the 
Canadian Coppe1· Co., in November, 1888. la. Average of Copper 
Cliff mine ore, for year 1890. (Ann. Rep. Geol. Surv. Can. Vol. V, 
1890-91, Part F, p. 51.) 

Analyses by Analyses, 2, 3, 5, 6, 8, 9, 10, 11, 12, 13, 15, are by David H. Browne, 
D.H. Browne. h . h C d' 

Analyses by 
Canadian 
Copper Co. 

Analyses by 
C. W. Vick· 
son. 

c em1st to t e ana 1an Copper Company. (Eng. and Min. J our. 
Dec. 2nd 1893, p. 566). 

Analysis Sa. Average of Evans mine ore for the year 1890. (Ann. 
Rep. Geol. Surv. Can. Vol. V, 1890-91, Part F, p. 51.) 

Analyses, 4, 7, 14, 16, 17, 18, 19, 20, 21, 22, 23, 26, are from the 
catalogue of the mineral exhibit of Ontario, at the Pan-American 
Exposition of lDOl. pp. 33 and 35. 

Analysis 12a. Average of Stobie mine, for the year 1890. (Ann. 
Rep. Geol. Surv. Can. Vol. V, 1890-91, Part F, p. 51.) 

Analysis 30, is the result of a number of analyses of average samples, 
by Mr. C. W. Dickson, (Trans. Am. Inst. Min. Eng., Albany meeting, 
Feby., 1903). 

Ann,lyses by Analyses 24 and 25, are by Mr. Donald Locke, of the Geological 
DonaldLocke. Survey Department, Ottawa, of material obtained within a few feet of 

Analyse• by 
T. M. Paris. 

the surface. 

Analysis 27, is the result of an average of a large number of assays 
o1 samples of raw ore, from the Victoria mines, as supplied to the smel
ter, hy T. M. Paris, the chemist. The insoluble amounted to an aver
age of 16·81 per cent. 

Analysis 28, is the average of the raw ore, for July, 1902, by T. M. 
Paris, chemist to the Mond Nickel Company. Insoluble, 17·2 percent. 

Analysis 29, is the average of the raw ore for September 1902 by 
T. M. Paris, chemist to the Mond Nickel Company. Insoluble, 13·9 
per cent. 

Analysis by .Analysis 30, is the result of an analysis of the pyrrhotite, from the 
T. L. Walker. Worthington mine, which contained a large amount of pentlandite, by 

T. L. Walker. (Ann. Rep. Geol. Surv. Can., Vol. V, 1890-91, Part 

SS, p. 117.) 

Analys~s by 
Dominion 
Mineral Co. 

Analysis 32, according to Mr. George Attwood, manager for the 
Dominion Mineral Company, is the average of the results of many 
hundreds of assays of the " kies" or metallic portion of the ore of the 
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Blezard mine, <!,]so the practical working of the mine on a large scale. 
(Ann. Rep. Geol. Surv, Can. Vol. V, 1890-91, Part F, p. 52.) 

Analysis 33, is the average percentage of the ore smelted at the Anj][ses .b.\' 

Murray mine, according to Mr. F . R. W. D11.w, the manager for Messrs r·co.' VIVlan 

H. H. Vivian & Co. The "kies" or metallic portion of the Murray 
mine ore contains on an average of about 2·75 per cent of nickel and 
l ·65 per cent of copper. 

NICKEL AND COBALT IN ORES FROM SUDBURY DISTRICT. 

Loca.Jity. In sol. Cu. Ni. Co. Authority. 

% % % % % 
1.- Location \V. 7, 

(W. side L :ikc• 
Wan:ipitei) ... . 

2.-Boucher's mine,, 
N.E. side L ake 
\Vanapitei . .... 

3.-Neelon Town-

40 
. I I 

Snrnllquant1ty2·oo~one. 3·33R. A. A. Johnston. 

25 .Present. 1 ·57 2·09 

ship, Lot 12, Con. 
Ul.. .... ..... .. Small quantity 3'10,Trace. 3·10 

4.-Boundary Ii n e 
bet. Districts of 
Algoma & Nipis
sing, 2 mik•s N. of 
Lumsden Tp .. . ........ .. .. ... .......... 2·70 None. 2·70 F. G.~Wait. 

5.-Lorne Town· 
ship, Lot 11, Cou. 
V..... . ........ Small pru -

portion. Trifling 

sh ip 33 Small amount. 1·57 
7.-N;i~~T~~~~h ip 

G. - Lorne Town - amount. t · fl5

1 

" .... R. A. A. Johnston. 
2·34 

Lots 1 & 2, Con. 
III . . . . . . . . .... Small pro· 

8.-Drnry T ow n 
ship, Lot 3, Con. 

portion. None. 1·95
1
Trace. 

III ............. Trifling 

!!.-Deni.an Town· 
ship, Lot 6, Con. 
II ............ .. 

10.-Levack Town· 
ship, Lot 7, Con. 
II . . ........ .. 

11.- Levack Town
ship, Lot 7, Con. 
II ........ 

12. --Levack Town· 
ship, Lot 3, Con. 
IV ... 

13.- Ross mine, \V. 
R., 5, North Nic
kel Range. 

8 

amount. 

12·5 

22 

None. 

18'5 

16 »'i 

Little. 

None. 

I 
12· 0\ ., 
11·55 None. 1·77 

12.3G Trace. 3·02 

I 
4·13 \' Xone. 4·13 

Very small ! 
:imount. 11 ·!J6ITrnce. \2"40

1 
Small :imount.12'7i\N"one. 3'2!)[ 

" . 
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E :r.planations. 

1. Association of a somewhat coarse granular pyrrhotite, with a 
small quantity of chalcopyrite, in greenstone. 

2. An intimate association of chalcopyrite and pyrrhotite, in a 
gangue of greenstone. 

3. A somewhat coarse granular pyrrhotite, associated, with small 
quantities of chalcopyrite, from what was then known as the McCor 
mick mine. 

4. Pyrrhotite, in as~ociation with smt•ll quantities of dark-coloured 
greens tone. 

5. Pyrrhotite, with a trifling amount of chalcopyrite, with greenstone. 

6. Pyrrhotite, with a little chalcopyrite, with greenstone. 

7. Pyrrhotite, with a small proportion of greenstone. 

8. Pyri·hotite, with a little chalcopyrite, through which was dissemi
nated a trifling amount of a quartzose gangue. 

9. A somewhat coarse granular pyrrhotite, through which was 
disseminated a small amount of quartz. 

10. A somewhat coaroe granular pyrrhotite, through which was 
disseminated a quartzose gangue. 

11. A very coarse granular pyrrhotite, free from gangue. 

12. A somewhat c0arse granular pyrrhotite, with a very small amount 
of chalcopyrite, in association with greenstone. 

13. A coarse granular pyrrhotite, with a small amount of chalcopyrite. 
The gangue was readily discernible. 

These analyses, 1 to 13, were <lone in the chemical laboratory of the 
Geological Survey Department, by ::\Iessrs R. A. A. Johmton and F. G. 
"\Vait, assistants to Dr. G. C. Hoffmann. (Ann. Rep. Geol. Surv. Can. 
Yol. "\. 1890;91, Part R, pp. 41-44 (Nos 7 to 19). 

Trrn SuDIJURY PnmnoTITE. 

The composition of pyrrhotitc, as shown by a large number of analyses, 
is not constant, and although repeated trials ha,·e been made by 
various chemists and mineralogists, to obtain a formula which would 
be satisfactory, and representative of this mineral, their attempts so far 
have been attended with only a fair amount of success. 
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It has, therefore, been the custom to express the composition of Formul:,i. for 
. · . ll d pyrrhot1te. pyrrhotite, by the formula Fe0 S11 + 1 the available analyses, co ecte . 

by Lindstrom in 1875, and by Habermehl in 1879, showing a variation 
of l!'e: S = 1: l., 1902, corresponding to Fe 5 S 6 , to 1: 1.0610 which 
agrees with the formnla Fe16 S 17 . Habermehl, from a mean of 14 
determinations, ten of which were essentially identical, showed that 
the Bodenmais pyrrhotite contains 60. 57 per cent of iron, thus con-
forming closely to the formula Fe 7 8 8 , the theoretical composition of 
which would require 60.40 per cent of iron. This material was obtained 
on portions separated successively from the fine powder, suspended in 
water by, a strong magnet. Doelter, by artifical means, produced a 
compound closely resembling, if not identical with the natural pyrr-
hotite, the analysis of which agreed with the formula Fe11 S 1 2 • 

This variation in composition has suggested the possibility, that Variation in 
pyrrhotite is not really a definite species, in a mineralogical sense but cofmposhitito.nt o pyrr o 1 e 
rather, a mixture in varying proportions, of perhaps several closely sugg:ests a 

. possibly 
related compounds. Such a view was regarded as also supported by mixture. 

the wide range in the specific gravity of the mineral, (3.98 to 4.80) as 
well as, observed differences in the possession of ·certain physical 
properties, especially noticeable in regard to its magnetism. Some 
specimens exhibit this property in such a feeble manner, that only the 
finer powder is attracted by the magnet, while others are so intensly 
magnetic, as even to exhibit the phenomenon of polarity. 

Careful consideration of all the facts available, suggest, that much, Discrepancies 

at least, of the di8crepancies in composition, can perhaps be better ~~,:·~lts 
explained, on o:her grounds. Thus, although it is known that, a con- explained on 
·a bl b f h l J d . 1 h" h othergrounds. s1 era e num er o t ese ana yses, were connucte on matena w 1c 

had been selected with great care, and using every known precaution 
to ensure a, pure and ho1:uogeneous product, by far the larger number of 
determinations were of impure, often intermixed material. Besides, 
the methods of analysis were not always above reproach, so that errors 
constantly occurred, not only in the determination of the sulphur, but 
also of the iron. In addition, even with the possession of the requisite 
knowledge of analytical methods, as well as skill in their manipulation Difficulty of 

it is usually extremely difficult, if not impossible, in all cases, to obtain o
1 
btaining 

. . . . io1nog-eneous 
sufficiently homogeneous material, on wl11ch to base a formula, which material. 

would be thoroughly reliable and representative. If we regard pyrr-
hotite as a sulphide, intermediate in chemical composition between the 
normal sulphide FeS and the disulphide FeS 2 it is possible to obtain 
every gradation of material showing a range in th., iron content, from 
63·6 l per cent, to 46·60 per cent, while Lhe sulphur to correspond, 

8! 
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would show a gradual increase from 36·39 per cent, to 53·40 per cent. 
There is, however, a wide gap between Fe 7 8 8 with iron 60·40 per cent 
and su lphur 39 ·60 per cent, and Fe 8 2 with iron 46·60 per cent and 
sulphur 53.40 per cent. Those analyses, however, which have evidently 
been conducted wi th the greatest care, show a variation in formula 
from Fe11 S 1 z with iron 61.60 per cent and sulphur 38.40 per cent, to 
Fe 7 8 8 with iron 60.40 per cent and sulphur 39·60 per cent. These 
determinations are as uniform a nd accu rate as could be expected, 
from material so manifestly impure as pyrrhotite. 

Difficulties of A satisfactory and reliable analysis of Sudbury pyrrhotite is, per
~~r:t1:ng a haps more than usually difficult to obtain, owing to the very intimate 
ann.lysis of association of various closely related sulphides. In the first place, it 
Sudbury pyrr- . . 
hotite. was the generally accepted view, that the mckel really replaced 

.l:'resence and 
means of 
separation of 
pentlandite 

Presence of 
cbalcopyrite. 

Magnetite 
which is 
always pre
sent the chief 
difficulty. 

isomorphously, an equivalent amount of iron, and was thus an essential 
constituent of the pyrrhotite, whereas, it is now a well ascertained fact, 
that by far the greater proportion of the nickel, at least, occurs as a 
distinct and separable nickel-iron sulphide. Many, however, still 
cling to the belief, that a small portion of the nickel may exist in a 
state of chemical combination, but such persons can find little support 
for this view, in the fact, that, by repeated use of a magnetic separator 
and with material sufficently comminuted, it is possible to remove 
almost the last trace of nickel, from a compound, which originally con-
tained from 2 to 5 per cent of this element, while the isolated 
nickel-iron-sulphide or pentlandite, is usually pure enough for analyti
cal purposes. The process is, however, tedious and repeated trials are 
necetlsary, before the pyrrhotite or pentlandite is obtained of the degree 
of purity desired. · 

In addition, other sulphides, mainly chalcopyrite, but sometimes also 
pyrite are present, the former aimost invariably accompanying the 
pyrrhotitc>, and all of these are so intermixed with one another, that 
very fine grinding, and the assistance of magnetism is necessary, before 
a satiRfactory and complete separat.ion can be effected . Such a dis
sociation, however, may be conducted at the same time a,s the trials 
for the elimination of the pentlandite are proceeding, while this l&.tter 
mineral, which is itself fee lily magnetic, can, in turn, be separated from 
the copper and iron pyrites, which do not possess the property of 
magnetism, in ttny sensible degree. The chief difficulty, however, 
encountered in the purification of the pyrrhotite, arises from the fact 
that a small quantity of magnetite (Fe 3 0 4 ), often amounting to not 
less than 1 per cPnt of the whole, is almost invariably present. C. W. 
Dickson, after a number of experiment'>, found, that by treating the 
sample with dilute (10 per cenL) solution of nitric acid, the pylThotite 
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could be largely removed, while the magnetite was but little affected . 
The separated sulphur was removed by means of bromine and carbon- lYf:I:ethods 

1 
f or remova o 

bisulpbide; and after several treatments, the residue of magnetite was ir.agnetite. 
obtained pure, and the iron was estimated by titration, The nature 
of these operations, as he remarks, involves the possibility of some 
loss, especially as the amount of magnetite is comparatively small, but, 
on the whole, the method answered very well. The greater number of Formula for 
the analy~es indicated that the pyrrhotite could be represented by the ~~~r~~'Jte. 
formula Fe 8 S 9 , while two or three others worked out to Fe 7 S 8 and 
Fe 9 S 10 • The first mentioned formula may be regarded as the most 
probable for the pynhotite from the Sudbury District. He likewise Formula for 
mentions the interesting fact, that a trial of a specimen from Ross- Rosshlant~t pyrr o le. 
land, B.O., showed it to be represented by the same formula (Fe 8 S 9 ). 

The pyrrhotite is al ways massive and amorphous, showing all grada. Physica 
tions of texture from very finely to very coarsely granular, the coarser propert~es of 

. wrr~hl& 
varieties possessmg well marked cleavages in two directions. As may · 
be seen by a reference to the analyses, there is little or no foundation 
for the popular belief, that the coarsely crystalline varieties are rela-
tively poorer in nickel, than those which are finer grained. Good 
crystals are extremely rare, and although occasional fragments are 
found which a.re a.pparently bounded hy crystal faces, such planes are 
really the direct result ,of cleavage. Perhaps the only authenticated 
crystal of pyrrhotite, was obtained by Mr. G. R. Mickle, from a man 
working in the Worthington mine. Mr. Mickle thus describes it: 
'The crystal is evidently a hexagonal prism showing strongly marked Description 
basal cleavage ; two of the sides are intact and portions of two others of Mickle's 

. . . . . crystal of 
remam. The dimensions are 1-fir mches, or 32mm., by ~ mch, or pyrrhotite. 
13mm.; the weight 27·4 grains; and an analysis of a very small 
fragment from the crystal gave 2·3 per cent of nickel.' 

The colour of the pyrrhotite is a bright steel·gray on fresh fracture, 
quickly weathering to a deep bronze-yellow, often, however, tarnished Colour. 
or iridescent. 

CIIALCOPYHITE. 

The copper contained in the ore is all obtained from chalcopyrite, Theoretical 
the common sulphide of copper and iron, (OuFeS2 sulphur 35·0 per composition 
cent, copper 34·5 per cent, iron :10·5 per cent= 100·0). It is al ways ~~~~:~co
massive, with the usual deep brass or yt-llow colour. As usual, this Co!oui·. 
mineral is very subject to tarnish, and beautiful irides~ent speci-
mE'ns can be obtained from the ore heaps, or scattered around the 
works. The composition of the ore varies grea.t.ly, as may be seen by 
a reference to the analyses, and according to the preponderance of 
either the pyrrhotite or chalcopyrite, the resulting furnace product or 
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matte is relatively richer or poorer in nickel or copper. The mines of 
the Canadian Copper Company, as the name implies, were first oper
ated for their copper contents and it was not until considerable work 
had been done that nickel was discovered to be present in the ore. A 
large shipment of ore had been made to New York, and a chemist 
there who was making a volumetric determination of the copper con_ 
tents, by the potassium cyanide process, was struck by the great 
variation in his results, which led him to make a more minute 
examination of the ore, when he found that nickel was present. The 
ore has now become of more value on account of its nickel, than its 
copper contents, and Dr. Peters himself, greatly doubted, if the mines 
would pay to work for copper alone. 

NICKEL AND COBAL'r IN SUDBURY PYRRIIOTITES. 

L ocality. Insol. Cu. Ni. Co. S. Iron. Ni in pure. 
Pyrrhotite. 

-------- -;1--;--;-;-;-; ·----
Determin- 1. Elsie mine (a) ....... . 
ations of 2· 11 11 (b) .. · · .. .. 

2·00 Trace. 
3·45 

2·40 
2 ·35 
3·00 
2·05 
2·35 
2·34 
3·00 

o·oa . .. .. 
0 ·05 .... . 

2•46 
2·4..i 
3·05 
2·15 
2·40 
2·43 
3•0{) 

n'ck 1 3. Stobie mine (a) ..... . 
c~b~it' &~'.J1i~r, 4. II " (b) ... .. 
Sudbury 5. No. 3 mine (a) .... . . 
pyrrhotites. G. " 3 11 (b). · · · · · · 

7. illount NickPI. ....... . 

1·50 
4·00 
0 ·40 
5·00 
2·20 

o·os 
0·05 ... .. 
0·05 .. .. 
0·06 .... . 
0·07 

8. Copper Cliff No. 4 mine 
(a) . . . . . . . . . . . . 1·10 

9. Copper Cliff No. 2 mine 
(b) .. .. .. . . .. . 5·00 3·70 o·os ...... 

10. Copper Cliff No. 5 I 
mine (c)......... .. . 0·50 3·47 o·os . .... . 

11. Creighton mine (a).. 3·25 3'84 0·10 .. . 
12. II 11 (b}... 0·50 2·26 0·06., . .. • 
13. Gertrude mine (a).... 5·00 3·83 0·11 ..... . 
14. II II (b) .. , 6 00 3'61 1 0·09 .. . ., , .. ,, .. 

3·24 0 06 ...... 

16. (b).. .. 0·40 " 3·14 0 08 ... ...... .. 

3 ·30 

4·00 

3·30 
4·00 
2·32 
4·05 
4·00 
3·40 
3·20 

15. Victoria mine (a)... . . 0 · 50 3 · 3.61 0 07 ...... [.. .. . 

~r~~~~~~o:o::~:~:)·: ~ r~ Tr;~: nL::;. : 1' ·::::: 1 :~5:00 ....... ~:~f .. 
20. " " (b).. . 2·4!) 1'20 4·37 ..... 3'1'62 . .. . .. . ........ .. 
21. Copper Cliff {7th level} 

22. ba21~i:i~~·c1iiI.(iti,·i~~~1i...... o·oo n ·oo 38 o1 50 40 n·oo 
(b) ...................... o·oo 4·62 ...... 33·5s 55·10 1 4·62 

23. Stobie mine (a.). o·ool 2·75 ...... 35·35 5S·oo 2·75 
24. ,, ,, (b).... ... o·oo 2·15 36·10 57·00 2· 1:.; 
25. Evans mine (a)...... Trace. !J·02 . .. . 39'28 51·50 !J·02 
26. ,, ,, (b)... . o·oo 3·82 40·18 56·oo 3·s2 
27. Copper Cliff ~ine ... ·1 7·75 Trace. 3·40 0·175 ............ Co=0·2, Ni 3·98 

29. Cochrane mine... . 11·10 0·10 3·52 0'146 ...... Co=0·16, ~i3·96 
28. Cryderman mme..... 2·96 " 4'461 0·174 ...... Co=O·lS, Ni4·60 

30. Little :S'bobie mine . . . 2·70 Trace. 4'06 0 '1G5 . .. ... ,Co=0·17, Xi4·17 
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EXPLANATIONS. 

Analyses 1-18 inclusive, with the exception of 16a., were made by .Mr. 
C. W. Dickson, (Trans. Amer. Inst . .Min., Eng., Albany meeting, Feb. 
1903) in duplicate or triplicate, to insure the greatest possible accuracy. 
These were made to ascertain as accurately as possible, the average nickel 
and cobalt contents, of the general run of the pyrrhotite, from the whole ~Iethods 
region. The pyrrhotite was coarsely crushed, and the mineral picked eibntp~o:red for 

- o ammg 
out as pu1e as possible, under a lens, when necessary. From the mas- sample~ . 

si ve varieties, guod samples were easily obtained, but, in other cases, the 
pyrrhotite was so intimtttely mixed with chalcopyrite and rock, that it 
was very difficult to obtain satisfactory samples, some rock always 
adhering to the sulphide. The results obtained, show, that the percen-
tage is fairly constant over a wide area. The pyrrhotite includes 
both fine and coarse-grained. In the case of the coarse grained varie-
ties, where the nickel m'neral pentlandite can often be recognized, this Explanation 

f 11 . I f 'bi B h d'flj lt f of var1:it1on was care u y reJ ectec, as ar as poss1 e. ut t e 1 cu y o separa- in results. 

tion accounts for the fact, that some of these varieties show less nickel 
than the finer grained ones, although the former are usually conside-
rably richer. Had the coarse-grained samples been treated in their 
original condition, the results would have been more uniform. These 
analyses, therefore, represent the nickel which is most intimately 
associated with the pyrrhotite, and does not appear as particles of pent-
landite. 

1. Coarse pyrrhotite, with a small amount of chalcopyrite and rock; Description of 

2. Compact fine-grained pyrrhotite, wilh a small amount of rock; 3. spec
1
imei

1
is 

ana yzec . 
Massive, fine-grained pyrrhotite; 4. Pyrrhotite and chalcopyrite, in 
diorite; 5. Pure, coarse pyrrhotite ; 6. Fine-grained pyrrhotite; 7. 
Massive pyrrhotite ; 8. Coarse pyrrhouite ; 9. ~Iassive, fine-grained 
pyrrhotite; 10. Massive, fine-grained pyrrhotite j 11. i\fa~sive, fine
grained pyrrhotite; 12. Coarse pyrrhotite ; 13 . .Massive pyrrhotite j 
14. Massive pyrrhotite ; 15. Massive, fine-grained pyrrhotite; 16. 
Coarser than No. 15, but with more chalcopy rite ; l 6a. Analysis of 
ore by Mond Nickel Company; 17 . .Massive pyrrhotite (Tough and 
8tobie's property); 18. Coarse, massive pyrrhotite, from the Nor: hern 
Nickel Range; 19 and 20 are analyses by Mr. Donald Locke. Analyses 
21 to 26 inclusive, are of ore selected for purposes of magnetic concen
tration, by Mr. David H. Browne. Analyses 27 to 30 inclusive are 
by Mr. lVI. F. Connor of this Department, and were of hand-picked 
ore, as free as possible from chalcopyrite and gangue. All of the speci
mens were of pyrrhotite, of medium-grain, with the exception of that 
from the Little Stobie mine, which was a very coarse cleavable variety. 
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l\IODE OF OCCURRENCE OF 'l'HE SUDBURY NICKEL DEPOSITS. 

Most geologists, at least, who have examined these deposits in detail, 
are agreed, that they are not true fissure veins, and although, at times 
certain sloping surfaces are obtained, which seem to have a uniform 
inclination and limit the distribution of ore in their direction, yet, it 
seems certain, that there are no regular walls, in the miner's sense of 
the term, and at both sides of the deposit, the enclosing rock is impreg
nated, more of less, with pyritous matter. Although mining is thus 
rendered somewhat diflbnlt and uacertain, on account of the absence 

~fde~~;ib~i~on of the walls, and irregularity in the distribution of the ure, so that 
of ore. there is very little means of knowing in what direction to drive the 

Shape of 
ore bodies. 

Three main 
types of 

levels, this uncertainty is usually more than compensated by the 
extent and massiveness of the deposits, when found. 

The ore bodies are of irregular, oval or pod-shaped outline, and all 
agree in having their longer alleS to correspond very closely with the 
direction of the foliation of the enclosing rocks. The shapes and 
dimensions of the ore bodies of the International Nickel Company's 
mines at Copper Oliff, are accurately shown on the acc:ompanying large 
scale maps. There are three main types of these ore deposits in the 
Sudbury Mining District. 

l. Those which occur at the southern border of the immense body of 
occurrence. hypersthene-gabbro, or norite, which reaches without interruption, from 

Marginal 
deposits. 

Offset 
deposits. 

Drury to Gn.rson townships. Under this division, are included thf\ Ger 
tl'llde, Creighton, North Stai·, Tam O'Shanter, Lady Violet, Elsie, Mur
ray, Cameron, Little St.ohie, Mount Nickel, Blezard, Beatrice, Kirk. 
wood and Cryderman mines. 

2. Those which are developed in connection with offsets or dyke-
like forms of the no rite, extending south ward from the main mass, and 
which are intruded into the older rocks, almost at right angles to the 
planes of foliation and bedding. This would embrace such mines as 
the Victoria, Olarabelle (No. 6), No. 4, Lady Maedonald (No. 5) and 
No. 2, and the extensions of No. 2 mine. 

J?eposi.t occur- 3. Those which n.re associated wit,h smaller, and at present, completely 
~~~1)i~~lated isolated bodies of norite. These separate masses of the nickel bearing 
ma~ses of erupti1'e, are so closely identical, in mineralogical composition, structure 
nonte. . b b 

and behaviour to the parent eruptive, that they are pro a ly connected 
with it, in some way, at a distance below the surface. 

The original Copper Oliff, No. 1 and its extensions, Evans, Frood 
{No. 3) and Stobie mines are all examples of this last mentioned class. 

The first mentioned di vision of deposits, are all situated at the imme
diate contact between thii:i huge mass and the older rocks, into which 
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it is intruded. The intrusive nature of this contact is well shown, the Deocription of 

impregnation of the older green schists consistin!!", for the most part, of mfadrginalttype 
u o epos1 . 

small, dyke-like forms, or veins of sulphide material, injected along the 
planes of schistosity, while, on the other side, the line of separation 
between the ore-body aud the uorite is even more uncertain, the sul-
phide material gradually fading out, until it is only represented by 
occasional disseminations. To the northwest, this basic rock shows a Difforentia

gradual differentiation or passage into the peculiar and characteristic f~~~~fc1;~~~:
type of gneissic granite, usually referred to as 'micropegmatite '. On rnatite. 

the Levack or Middle Hauge (Windy lake eruptive), this condition of 
affairs, is reversed, and we find the deposits at the north western margiu 
of the norite, while its differentiate, the micropegm;i,tite !its to the 
soutneast. This same condition of affairs obtains on the Northern 
Nickel Range where the norite comes in contact with the older granites 
and green schists on the north side, while the m{cropegmatite under-
lies the area to the south. 

The '¥orthington and the Vermilion mines are the only deposits Worthington 

which have been developed, having no visible connection with the an.dVermilion 
m1n'3s not con

main mass of norite already noticed. As has been shown on a previous nected with 

h W h. t - · 1 f 1,· 1· main body of page, t e ort rng on mme occurs on a narrow nee r o ac rno 1te norite. 

diorite, which is, without doubt, the altered representiitive of the older 
norite. To the southwest and east, this norite is directly connected 
with a much larger mass of basic eruptive material. As far as can be 
learned, no large deposit of ore was encountered at the Vermilion mine, 
and the small amount -of norite found, resembles very closely, the 
decomposed variety of the older type of this rock. 

Rounded hills of gossan, indicating the presence of the more or less Significanceof 

pure and unaltered ore beneath, extend with almost unbroken conti- occurrence of 

nuity, for miles along the line of junction, while by far the larger por- gossan. 

tions of the offsets and isolated masses, with which the ore-bodies are 
associated, are also of a prevailing brownish colour, from the decom-
position of the abundantly disseminated sulphides. This gossan Explanation 

has resulted, as usual, from the alteration of the pyrrhotite and cbal- ~i ~~;~~~~~on 
copyrite, and the formation of hydrous oxide of iron, which gives a 
prevailing brownish colour to the uppe1· portions of the deposits. This 
covering of iron oxide is sometimes as much as six feet in depth, 
although usually it. is only two or three feet, gradually merging into 
the unaltered ore beneath. The depth to which this gossan extends Depth of 

depends largely, of course, on the length of time the deposit~ have been gossan. 

uncovered, and thus exposed to processes of weathering. Some, from 
which the green forest and overlying soil have but lately been removed, 
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show little or no iron oxide, while others like the Murray mine which 
have been exp0sed to the action of the weather for years, exhibit an 
extensive covering of this characteristic decomposition product. From 
the Elsie mine, in a northeasterly direction, past the Murray mine as 
far as the boundary between McKim and Blezard townships, a consider
able belt of rock occurs at the immediate margin of the norite, so 
heavily charged with sulphides, th11,t its weathered outcrop at the sur-

Gos•an at. face is covered with this gossau. At the old Copper Cliff mine, as well 
Copper Chff t h C · ht · tl · l · · 'd d and Creighton as a t e re1g on mme, us over ymg gossan is very w1 e sprea 
mines. and deeply impressive. 

Brncc'lation of 
ore body. 

Explanation 
of brecciated 
strncture. 

In most cases, these ore-bodies show a breccia.ted character, large 
angular or partially rounded blocks, of almost barrell rock being 
mingled with the ore. Some of these horses, as they have been called, are 
made up of the material derived from the wall rock, against which the 
pyritous matter cooled. Their presence, in this connection, is no 
doubt due to the shattering of the invaded formation, at their contact 
with the plutonic magma. In fact., they form an illustration, on a 
small scale, of the phenomenon of ' overhead stoping ', so fully des-
cribed and explained by Dr. R. A· Daly.( 1 ) In other instances, 
howcve.r, this comparatively barren material is of norite but such 
inclusions are seldom sharply defined from the sulphide, exposures 
showing a gradual transition from one to the other, while the blocks 
themselves are generally more or less plentifully impregnated with the 
prevailing sulphide. 

No great No great depth has yet been reached hy the workings of any of 
depth reached h . f h . l t f l . Th d f h h f by marginal t e mme~ o t e margma ype o c epos1Ls. e eepest o t e s a ts 
deposit work- is at the Blezard mine, which has only been sunk a distance of 172 feet 
rngs. , 

Open pit at 
Creighton 
mine. 

while those of the Murray and Gertrude are 160 and 120 feet deep 
respectively. On the other hand,·the diamond drilling undertaken at 
the Creighton, is stated to have proved the existence of this phenom
enally large body of nickel ore, to a depth of at least 400 feet. This 
wonderful deposit of pyrrhotite has been worked, mainly, as a large 
open pit, measuring 150 by '.!00 feet, and ntending to a depth of 62 
feet. All of these deposits dip to the north and north west at an angle 
varying from 30° to 70°. 

Depth of Of the mines belonging to the second group of those developed along 
offsetdeposits. the offsets, the two most important are the Victoria mine and the 

No. 2 mine, of the International Nickel Co., at Copper Cliff. The 
Victoria mine, of the Ylond Nickel Company, with seven levels and 
extensive slopes, has reached a depth of 557 feet. The No. 2 mine has 

(1) Arner .. Joor. Sc. Vol. XVI., l!J03, p. 108. 
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afforded a large amount of ore, being worked, for the most part as a 
large open pit, measuring about 250 feet in length, by 100 to 150 feet 
in width, and with a dept h of 217 feet. 

The original and famous Copper Cliff mine has often been, referred to Description of 

as a chimney of ore, averaging in width from 50 to l 00 feet in the cross Copperlr Cliff 
. ore bo y. 

section, through the shaft, while at right angles to this direction, it va-
ries from 30 to 210 feet. The first or old shaft, now in la rge part aban-
doned, except for pumping purposes was sunk to a depth of over 500 
feet, on an incline of 40°, while shafb No. 2, or the new shaft to take its 
place, starts from the third level, at a distance of 150 feet from the sur- Depth reached 

face, and continues at an angle of 77 °30'' or approximately parallel to cli~0,;,1~~. 
the ore body, to the 14th level (depth 1,056 feet.) 

The ore body of the Stobie mine, developed in connection with a Depth of 

small isolated mass of norite, has an inclination of 65°, an<l, although, Stobie minP. 

the workings have only reached a vertical depth of 250 feet, it has 
yielded a larger amount of ore than any other mine in the district 
(41~,000 tons). 

ORIGIN OF THE ORE DEPOSITS. 

The question, as to how these abnormally large masses of sulphide Origin a mat

material, acquired their present posit ion and dimensions, has furnished ter of m1;1ch 

f . f l . f 1 . d d' . . h . fi d' speculat10n a rutt u topw or specu at10n an 1scuss10n, ever since t en· rst is- and disctis-

covery. Fortunately, however, only two theories, with some minor mo- sion. 

dification~. have been advanced, in explanation of the manner of their Two principal 

f . d l . h b . d f 11 theones. ormat10n, an w uc may e summarize as o ows :-

1. That the sulphides are directly of igneous origin, the products of Igneous 

the differentiation of a gab bro or norite magma, being segregated along origin. 

its margin in obedience to Soret's principle, the order of formation of 
the minerals being in accordance with Fournet's series. 

2. That these ore bodies are altogether of secondary and aqueous Seconrlary or 

origin, occurring as replacements along crushed and faulted zone~. aqueous 
origin. 

The extreme advocates of either theory, seek to ignore the share of E>.treme 

th h · f · h d 't th · t t Th advocatesof e ot er m ormmg t ese epoRI s, as ey ex1s · at presen . us, both theories 

those who originally held that these ores were the immediate product ig1;ore certain 

f . . f .1 d . l h . h evidence. o magmatrn segregat10n, a1 e to ment10n, or at east emp as1ze t e 
possibility, that those deposits, were, in any way, influenced by the pre. 
sence of these he:i,ted soluLions, which to a certain extent accompany, 
and in all case$ immediately follow all plutonic action. On the other 
hand, those, who cons der these deposits as of secondary origin, in seek-
ing to explain the source of the metals, although they acknowledge as 
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a fact, 'that the universal association of these ores with essentially 
similar rocks is also striking ' and again 'that the norite, (or gab bro) 
has an intimate connection with the dcvelopruent of the ores cannot 
be doubted, but in just what way they are related is not clear', still 
at the same time, they nullify any effect which might be produced by 
such information. by a statement, to the effect, that 'an appeal must be 
made to a more dista nt source of the metals, probably minutely dis
SP.minated in the roch through which the depositing solution passed.' (1 ) 

First state- The writer, who was one of the first to affirm a direct igneous origin 
mentinregard f th S db · · · · d d · · 1 to origin of or ese u ury ores, givrng m epen ent express10n to precise y 
tdhese ~ulphide similar views, which about the same time were stated, in much more 
~posits. 

detail, by Professor J. H. L. Vogt, of Ohristiania, ~or way, realizes the 
fact that, in the first endeavour to fix definitely, the n~sponsibility for 
these unusual occurrences, too much emphasis was perhaps given to the 
idea of magmatic differentiation, as in itself, giving an adequate 

Magmatic explanation of all the phenomena witnessed. This can only be excused 
~{~{~~~~ii~ion on the ground that, this doctrine as applied to ore deposits, was an en
the main the tire innovat on, and its strongest affirmation, was at first, very necess1l.ry 
true explana- . d t .IX! • • • • I · d h h · tion is not the rn or er o e11ect its recogmt10n as a prev10us y ignore , t oug impor-
obnlt)! <'ontri- taut factor, in the de\•elopment of ore deposits. :'.\fore recent. and de-

u 111!" cause 
t? the forma- tailed examination of the Yarious ore bodies, has shown that while the 
t1on of these fi h th . f . f h l l 'd d. 1 f h ore deposits. rst ypo es1s o a segregat10n o t ese su p 11 es, irect y rom t c 

Prof. Kemp 
regards 
igneous rocks 
as original 
source of ore. 

magma, is in the main, the true explanation of their present position, 
other agencies, which are usually grouped together under the name of 
secondary action, have contributed rather largely, to bring about their 
unusual dimensions. 

As Professor Kemp remarks, ( ~) 'increasing experience lead;; us to 
look with especial favour on the igneous rocks as the original source of 
the ore, whose widely disseminated, although, when considered in com
parison with their mass, whose small percentages of all the metals, ex-
cept the invariably abundant iron, suggest to us original stores for lea
ching. vVe are also at.tracted to them, as a source, because without 
doubt, all other rocks must be asc1·ibed to them in the last amtlysis ; 
because they are so often in close association with ores as mined, and 
because, above all, they are the natural stimulators of those heated so
lutions, to which we can, with most reason, c1.ttribute the results.' 

At the present day, fused magmas are regarded as more or less com-
Present plex solutions, which, by reason of their high temperatures, obey the 
opinion in 
regard to same laws in the order and methorl of their solidification, as those 
fusedmagmas. h h 11' · f d 1 whic govern t e crysta izat1on rom or inary so utions, of a simi-

(1) 'frans. Amer. Inst. Min. Eng., Albany Meeting, li'eb., 1903. 
(2) Min. Industry, Vol. IV, 1895, pp. 756-757. 



ORIGIN OF TIIE SUDBURY ORE DEPOSITS 125 

larly heterogeneous composition. A study of thin sections of igneous 
rocks, under the microscope, reveals the fact, that a certain definite 
order in the generation of the component minerals is always observed, 
which is closely follow ed , in the cooling of any body of magma. Thus, Order o.f 

. generat10n of 
in a gabbro or nonte magma., the oxides of iron and titanium, the component 

sulphides of iron, nickel and copper, zircon and apatite are the first to d~~~·~1~:J by 

crystallize. These are follow ed by the ferromagnesian silicates, olivine, microscope. 

hypersthene, biotite and diallage. The plagioclase may antedate, accom-
pany or immediately follow the crystallization of one, or more of the 
coloured constituents, depending on its basicity, while quartz is inva-
riably the last to form, filling up all the irregular interspaces remainiug. 
One of the main laws, governing the crystallization from a solution, or L aws gov~rn

an igneous magma, is known as Soret's principle, according to which, the ;;~~ti~1s;~1-
dissolved matter is concentrated in the coolest part -of the solution. magmas. 

Gravity, temperature and pressure are also important factors, but these 
have not yet been deeply investigated. 

Perhaps one of the most significant deYelopments of modern petro
graphic geology, has been the recognition of the fact, that an originally 
homogeneous molten mass, tends to so separate or split itself, upon cool-
ing, as to ultimately produce rocks of varying composition. This fact, Definition of 

b · · · } h · f · k h d th magmatic dif-earmg so mt1ma.te y on t e genesis o igneous roe i;., as cause e ferentiation. 

formulation of the hypothesis known as magmatic differentiation. The 
hypothesis may be briefly desc r~bed as the division or differentiation of 
a more or less viscous magma, or fused mass of rock, into chemically and 
mineralogically diverse parts, which on cooling, yield correspondingly 
different types of rocks. It would be manift:stly unwise in this con- Unnecessary 

nection, to enter into a ny detailed explanation of this very generally fi~i!~h~:is at 

accep ted hypothesis, as the condit ions attending the consolidation of a length . 

large body of magma, are now believed to be much more complex than 
at first supposed. Moreover, our knowledge regarding these conditions, Our know-

d h l 1 · h d bt · 1 l · d ledge still an t e severa processes w 1tc are no ou uivo vec , I S so vague an incomplete. 

incomplete, that no full or satisfactory expla nation can yet be offered 
of this phenomenon. All geologists of repute are, however, agreed on 
the main fact, that magmatic differentiation fu , nishes the only reason All geologists 

able explanation of most of the observations made in connection with agrced
1
on 

genera 
any extended exposu re of igneous rocks. hypothesis. 

Applyin<>' these principles to t he geological relations of the S ud bury 8 lb o .._, ...... ur ury ore 
gabbro or norite, an<l the associated sul phide deposits, the subjoined bodies mainly 

. ~ . segrega ttons 
facts seem to furnrnh unans werable proof tnat the hypotliesis of a from magma. 

sPgregation of these ore bodies, directly fr,,m the magma, io., in the 
main, the t rue explan•Ltion of their position. 



Deposits all 
occur at the 
margin of the 
norite. 

Sulphides 
more sharply 
defined 
against the 
walls of the 
intrusion. 

Deposits 
always found 
in intimate 
connection 
with norite. 

:Fahlbrtnds 
quite clistrnct 
in odgin and 
nickel 
contents. 

Sulphides in 
older g-reen 
schists and 
tuff" contain 
mnch smaller 
amounts of 
nickel. 

126 GEOLOGICAL SURVEY OF CANADA 

1. The deposits, without exception, all occur at the margin of the 
gabbro or norite, the rock itself in immediate association with the ore 
being finer in texture and relatively much more basic in composition, 
than portions further removed from the contact. There is a very gradual 
increase in the basicity of the gabbro, outward from the micropegma
tite, although a rather abrupt transition takes place in the immediate 
miighborhood of the contact. The sulphides are also finer grained 
near the contact, while further away, they becornecoar~er grained. ( 1 ) 

2. The sulphidas are always much more sharply defined against the 
walls of the intrusion, than on the inner side towards the main mass 
of the gabbro, the transition in this direction s~owing a more gradual 
decrease in the amount of ore in the rock, as the contacts are left 
This phenomenon, as bas been mentioned, is explained by the fact, 
that the sulphides in obedience to Soret's principle, become concentrated 
towards the cooling surface of the mass. 

3. These d('posit~ are al ways found in such intimate association with 
the norite or hypersthene-gahbro, that we are forced to the conclusion, 
that the ore bodies stand in some genetic relation to this plutonic 
igneous rock. This is not only true in regard to the Sudbury District, 
but is a lso the invnriable association of prr.cisely similar deposits, found 
in Norway, Sweden, Lombardy and Pennsylvania. The importance. 
of geological studie~, in connection with ore deposits, is emphasized by 
the fact, mentioned by Adams, ( 2 ) that ahhougb , in these several wirlely 
separated countries, the pyrrhotite deposit~, associated in the manner 
described, with the gabbru. , are so rich in nickel, the celebrated Fab !
bands of Norway, which are bedded or apparently bedded deposits, 
consisting of !wavy impregnations of pyrrhotite, pyrite, chalcopyrite, 
etc., but occurring in gneisses and schists of various kinds, contain 
hardly any nick,.], hundreds of analyses showing the nickel and cobalt 
contents, to range from O·l to 0·5 per cent, and what is still more 
remarkablP, the same is true of the similar Fahl band~, associated with 
our Laurentian in Canada, so far as these have been examined. In 
these, ibe pyrrhotite and pyrite is present in large amount, and is often 
a~sociated with coppe, pyrites, but only a very small quantiLy of nickel 
and cobalt, ranging from faint trace.3 to 0· 16 per cent, occurs in the pure 
i:.ulphide material. In addition, pyrrhotite, chalcopyrite and pyrite occur 
sometimes, in promising qmmtities, in the older green schi sts and tuffs 
of the Sudbury District, but even the richest of these deposits, we1·e 
shown by analyses, to ccntain a much smaller amount of nickel, ranging 
from 0·45 to O·!JG per cent, in the pure pyrrhotite. 

~~~~~~~~~ 

(1) Quart. Jour. Geol. Soc. Lon., Vol. LUI, 18!17, p. 52. 
(2) 'On the Igneons Origin of Certain Ore Deposits,' ::IIontreal, 189..!. p. 17 ; 

also, Ann. Rep. Geol. Smv. Can ., Vol. VI, 1892-93, part J. 
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4. Pyrrhotite, chalcopyrite and pyrites are all ordinary constituent Sulphides 

minerals of the normal no rite, and are, at times, comparatively abundant ~~?n~~~~~nary 
even in exposures situated some distance from the contact. We may constituents 

d"l b . f 1 . . l . I 1 . b" of norite. rea 1 y o tarn, at any o t rn mmes, spe<:unens w u c 1 ex 11 it every 
gradation in the amount of these sulphides present in the rock, from 
the ordinary type of norite, with occasional disseminated grains of the 
pyritous matter, to what has been referred t.o by Vogt., a<> 'pyrrhutite-
gabbro or norite' with from 5 per cent to 50 per cent, or even 80 per Occurrence of 

cent of pyrrhotite, while portions of some of the deposits, are made of 'PY.'t·rh?tite-
non e. 

practically pure pyrrhotite and chalcopyrite, with little or no gangue 
matter. 

5. The sulphides are, undoubtedly, of primary origin, and are among Sulphides 

h I. t f th . l 11· t f I . . 1 undoubtRclly t e ear ies o e m1nera s to crysta. ize ou rom t 1e ongma magma, of primuy 

sometimes even antedating the iron ore, in which they are occasionally origin. 

completely enclosed. They occur in very much the same way as the Similarity of 
. b dd d . . 1 . d. . . . f h . mode of iron ore, em e e in, or in tie imme iate ncunty o t e var10us occurrence of 

coloured constituents. In fact, individual <> rains can only be dis- ~ulµhides and 
o non ore. 

tinguished from one another by their colour in refl ected light. This 
intimate association between the iron ore, not only occurs in the 
normal norite, but even the ore bodies themselves, especially those of the 
North Hange, which alm0st invariably contain titaniferous magneLite 
often in app1·eciable quantities. Occasionally, considerable masses of Occurrence of 

magnetite, sometimes several tons in weight, are encountered in the lafrge ma~~ts 
o magnet1 e. 

working of the mines, which are completely enclosell in the sulphide 
material, while this iron ore itself contains dissewinated grains of the 
pyrites, in addition to certain decomposed si licates belonging to the 
norite. The relations which obtain between the sulphides and the Re•cmblance 

· j I l d · t f · . . to iron ore nonte, are c ose y ana ogous to epos1 so magnetiLe, occurrmg m con- deposits of 

nection with certain basic igneous rocks in central Ontario. In these c
0
·entra.l 

ntano. 
deposits, the magnetite is the abun·hnt ore, while the sulphides are 
usually present in subordinate amount. The enclosing rock, usually 
shows much more alteration, than in the case of the i10rite associated 
with the Sudbury sulphide t~eposits. 

6. The trnnsitional type between the normal norite and the richer ]~vidence that 

forms of the pyrrhotite-norite furnishes unmistakeable evidence that sulphides were 
' ' formed during 

in these cases, at least, the sulphides were formed during the cooling cooling of 

d t 11 . · f h · d 1 I ]' l nor1temagma. an crys a 1zat1on o t e nonte magma, an t 1at t my were 1'ery 1tt e 
affected by any secondary action. The only effe ts of pneumatolytic 
or vein acLion noticed, consisted in the more or less complete alteration 
of the pyroxene minerals, while much of the plagiodase is surprisingly 
fresh and glassy. AlLl1ough, most of Lhe rock matter a~sociated with 
the ore bodies is more or les& deC'omposed, the alteration is not of the 
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Alteration extreme type, which would be expected if the whole of the deposits 
not of extreme lt d f d · Th · ' II · f k type. resu e rom secon ary action. e writers co ect1on o roe s con-
Occurrence of tains specimenJ of the pyrrhotite-norite, sometimes containing as high 
freshrepresen- 10 t f th I h.d f t f h . . I . l. I tatives with as per cen o e su p i es, rom mos o t e prmc1pa rmnes, w nc 1 

bfigh
1
cohl'!tdent are so free from alteration, as to permit of the precise identification of 

o sup ' es. . 
both the orthorhombic and monoclinic pyroxenes. The rocks in the 

Least altered 
varieties of
ten found in 
vicinity of 
mines. 

Fournet's 
series. 

Explanation 
of order of 
formation of 
sulphides. 

Percentages 
of nickel, 
cobalt and 
copper in 
nickeliferous 
rocks of 
Norway. 

immediate vicinity of the ore bodies are not, therefore, as generally 
described, so made up of secondary minerals, as to thoroughly obscure 
their original composition and structure, but, on the contrary, the least 
altered representatives of the norite, may readily be obtained at, or in 
the immediate vicinity of any of the mines. 

7. Fournet has shown, that sulphur, when dissolved in a molten mag
ma of silicates, shows affinity for the metals in the following order : 
copper, nickel, cobalt, iron, tin, zinc, lead, silver, antimony and arsenic. 
The small percentages of copper, nickel and 0obalt, present in the ori
ginal 111agma, unite with the sulphur, and thus become concentrated 
in any sulphide of iron which separates, while any tin, zinc, lead, silver, 
antimony or arsenic, present in the magma, is not so concentrated. 

8. Vogt ( 1) mentions, that if we were to distribute the whole metal
lic content::; of the ore deposits, through their respective mother rocks, 
in Norway, these would have the following percentages: nickel, 0·03 
per cent to 0·12 per cent; cobalt 0·005 per cent to 0·017 per cent; 
and copper 0·015 per cent to 0·05 per cent. No attempt has been 
made to calculate these percentages, with regard to the Sudbury Dis
trict, but the above results are just ~bout what would be expected 
from our knowledge of the nickel contents, generally, in the basic sili
cates of rocks. 

9. One difficulty which has often been urged against the direct deve
opment of these deposits from a state of igneous fusion is, that it would 
be impossible to obtain such large and comparatively pure concentra

Browne has tions of the sulphides. 1\fr. David Browne ( 2 ) has shown by numerous 
shown that 
differPntiation analyses and diagrams, that in a pot of matte the nickel tends to con-
Takes place d th I ·1 th · h · h t h in p<Jt of centrate towar s e centre, w 11 e e copper is muc nc er a t P. 

matte. o n 1J1n1 gim. This is exactly the experience in mining. 'These obser 
\'ations ', Prof. Kemp remarks, 'are extremely important, showing as 
they do the migration of metallic matter even in so viscous and quickly 
chilling a mass as a pot of matte.' 

Proofs of 
solution of 
sulphides in 
eruptive 
magmas. 

l O. Vogt believes that eruptive magmns may keep dissolved even 
very considerable quantities of sulphides, supporting his belief by the 

(1) Min. Industry, Vol. IV, 18!J5, p. HS. 
(2) School of Mines Quarterly, Colnmbia College, July 18()5, p. 297 ; also Min. 
IndtlRtry Vol. IV., 1805, p. 762. 
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fact, that basic bla8t furnace slags usually hold from 3 to 5 per cent of 
sulphides, especially CaS and MnS; likewise, the basic ferriferous slags 
from copper, nickel and lead smelting may contain from 4 to 6 per cent 
FeS and the ba~ic zinc slags even 6 to 8 per cent ZnS. Sandberger sepa
rated the dark silicates of many rocks and provetl them to contain 
copper, nickel, cobalt, lead, tin, antimony, arsenic, bismuth and silver. 

11. Galeua, zinc blende, and compounds of arsenic and bismuth are Compounds . 
· h 1 I · · · · · fi t t of lead arsemc e1t er compete y wantmg or present m very ms1gm can amoun . and bismuth 

. rare. 
12. The remarkable scarcity of boracic and fluoric minerals and Secondary 

other secondary products which usually attend any pronounced or long ~~~~~~~ls 
continued vein action. 

13. Secondary quartz, calcit.e and dolomite are occasionally present, Quartz, calcite 
· · bi b h .1. . f . . l and dolomite in apprecia e amounts, ut t e preva1 mg scarcity o tnese mmera s, at by no means 
mo!lt of the deposits, bas always been a subject of remark, and the first abundant. 
mentionetl mineral has often been brought from considerable distances, 
not only to line the converters, but also to add to the furnace charges, 
even at such mines as the Victoria, where secondary quartz is relative-
ly perhaps more abundant than at any other deposit in the district. 

14. Platinum, usually, at least, in the form of sperrylite, is found in Occurrence of 
small quantities, at all of the deposits. Such an occurrence seems to be pl~titnutm also 

porn s o 
closely related to the uative platinum and o~miridium metals, in the ig~1e?us 
altered basic olivine rocks of the Urals and elsewhere. origm. 

15. The deposits arfl singularly uniform in chemical and mineral- Uniformity in 
ogical compo~ition, and their monotonous character, in this respect, has cdompC?tsRitionof 

epOSl • 
been frequently commented upon. A careful study of the analyses 
will serve to further emphasize this fact. This peculiarity holds good, 
not only with regard to the Sudbury deposits, but applies with equal 
force to those of Norway and else'"here, wherever full details of com-
position are available. The characteristic minerals of this 'world Occurrence 

, . h b 11 d . h h p h . . h of ' world group, as it as een ea e , is everyw ere t e same. yrr ot1te, wit group' of 
generally from 2 to 4 per cent of nickel and cobalt, although occa- snlphid

1
e 

m1nera s. 
sionally reaching as high as 10 to 11 per cent of nickel, pyrite (in Nor-
way relatively ri-.:h in cobalt), pentlandite, togPther with some chalco-
pyrite, and some of titaniferous magnetite are always present in the 
norite or gabbro. The nickel minerals polydymite, millerite, etc., are 
also often present, but only in very subordinate amounts. 

16. Brecciation, which is so frequently characteristic of these deposits, Brecciation, 
is an almost constant feature of eruptive contacts resultincr from the characteristic 

' 
0 feature of 

detaching of material from the containing walls. The frequent angular eruptive 

9 
contacts. 
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character of these blocks is due to their imperfect assimilation by the 
fused ha.sic magma, in which they have been floated off. 

l\[any of these These are some of the main points, which may be urged in support 
views pre- f th h th · f t" d"ff · · 1 f h viously stated. o e ypo es1s o magma ic I eren t1at10n, as exp anatory o t e 

origin of these Sudbury ore deposits. Many of them are not new, and 
ha.ve been stated in more detail by Vogt, Adams, Kemp and others. 

Trednd of some They are introduced, in the present instance, as the trend of some of 
mo ern work 
seeks to ignore the more recent examinations seek"l to ignore the full "lignificance of 
full signifi- th · t" t t " 1 · h" h" h · b h · d cance of e m una e gene 1c re at10ns 1p w ic exists etween t e nonte an 
association. the ore bodies, affirming that secondary causes or replacement are 

alone and directly responsible for the present position and dimensions 
of these deposits. 

Classific_ation Vogt, (f) in his classification of eruptive ore deposits, divides them 
of erupt1veore . t t h" f 1 D · f d b · d""" · deposits by rn o wo c ie groups. . epos1ts orme y ' magmatic 1uercnt1a-
Vogt. tion '; that is by the concentration of some metallic parts within the 

Transition 
between 
Vo~t's sub
divisions. 

Researches of 
Fonque and 
Michel-Levy. 

still fluid eruptive magma. 2. Deposits formed by proceEses subsequent 
to the eruption or 'afoer actions' as they have been sometimes 
called ;-that is by pneumatolysis, fumarole action, hydrntbermal 
agents and the like, directly consequent on the eruption. 

The trend of modern geological investigation, seems to emphasize, 
more and more, the fact that no really sharp division exists, as indicated 
by Vogt's sub-divisions but that processes, which at the two extremes 
are manifestly very widely divergent in their effects, are so intimately 
associated, in time and manner of operation in nature, that the resultant 
product cannot, with any degree of propriety, be attributed wholly to 
either group of processes. 

Thus, although the researches of M. Fouque and Michel-Levy, have 
clearly shown that diabase and kindred basic eruptive rocks may be 
artificially reproduced from a simple state of dry fusi :m, it is equally 
certain, that no extended intrusive process, produced by natural causes, 
is ever unaccompanied by a greater or less abundance of superheated 

Fused watera and vapours, as an integral portion of the fused mass. As a 
~~~~:~ccom- general rule, these heated solutions are relatively much more abundant 
panied .and in the case of the acidic magmas than those of more basic composition. 
immediately 
followed by It is thus obvious, that all igneous action is both accompanied and, in 
superheated d d · d" 1 f 11 d b 1 waters smd a more exten e manner, imme 1ate y o owe y more or ess pro-
vapours. nounced vein or pneumatolytic action (secondary causes), and certain 

rocks and mineral occurrences may be representative of the various 

(1) Zeit for Prak. Geol., 1893, pp. 4-11; 125-143; 257-284; also 1895, pp. 145-156; 
367-370 ; 444-459 ; 465-484. 
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transitions between what has been termed aqueo-igneous fusion and 
igneo-aqueous solution. The abnormally large amount of original or Significance 
primary quartz, so uniformly dir;t ributed throui!'hout the Sudbury norite off occnrdrence 

~ o abun ant 
or gabbro, has been repeatedly mentioned and commented upon by the primary 
various geologists, who have examined these rocks in detail under the quartz. 
microscope. It thus naturally follows, that the agencies grouped 
together under the name of secondary action, would be much more 
actively effective in connection with the ore bodies and other segrega-
tions resulting from the er~ption of such a rock, than with the 
ordinarily less quartzose or basic vadelies of such rocks. The manner Manner of 

f f · f h b d · h · d · d · h l formation of o ormat10n o t ese ore o ies, as t us m icate , is muc more comp ex ore bodies 
than was at first supposed. There can be no doubt, however, that much much

1
motrhe comp ex &n 

-0f the sulphide material was introduced simultaneously, as an integral at first sup· 
portion of the same magma, along with the other minerals of which the posed. 
norite or hypersthene-gabbro is composed. There can, moreover, be 
little doubt of the abundant presence of heated solutions and vapours, 
which were capable of dissolving out, and under certain conditions, of 
redepositing these sulphides. Such agencies certainly began their 
work before the whole magma had cooled, bearing their heavy burdens 
-of sulphide material, most of which was obtained from the magma in 
the immediate vicinity, to occupy the various cavities and fissures as 
fast as these were formed. The whole of this action was practica.lly Concentration 
completed before the intrusion of the later dykes of the olivine-diabase ~~e~~dcbcl~re 
which are now regarded by the writer as the end product of the intrusion of 

' diabase dykes. 
vulcanism to which the norite masses owe their intrusion. In certain 
of the deposits, the various hydrochemical agencies accompanying 
dynamic action have been more active than in others, as at the Victoria 
mine, and some of the Copper Cliff mines, but in others, as for instance, 
the Creighton mine, magmatic differentiation has been the main and Magmatic 
almost sole principle determining and favourin"' the development of differe?tiation 

. '. . . . o . at Creighton 
this the largest and richest sulphide nickel mme m the world. The mine. 
enunciation, in the first place, of the simple doctrine of the direct 
igneous 01 igin of these ore bodies and thefr intimate relationship in 
this respect, to certain bands of norite or diorite, served an excellent 
practical purpose, in directing and controlling all the earlier prospect_ 
ing work. 

After all, however, the origin of these ore deposits is largely a matter 0 . . f 
r1~m o ore 

-of theory and opinion, and strong arguments may be adduced in bodies a 
. h f h . h th h d' l f t' matter of support elt er o t e view, t at ey are t e irect resu t o magma ic theory and 

segregation, or that the sulphides were brought up in a state of solution opinion. 
from considerable depths, to replace certain portions of the rock, or to 
fill up spaces caused by structural weakness. The real practical side 

9! 
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Outlining of of the geological investigation, consisted in the outlining of the immense 
~~~~ii,c:if1 great masses of intrusive no rite or gab bro, with which the nickel and .copper 
nnportance. deposits of the region are alone associated. 

Early separa
tion of pyrr
hotite by 
magnetism. 

l\Iagnetic 
trials by 
McTighe. 

Edison's 
description of 
constitution 
of pyrrbotite. 

Magnetic 
experiments 
by Dr. 
En1mens. 

MAGNETIC SEPARATION OF NICKR LIFEROUS PYRRDOTITE. 

The application of magnetism, either to free the pyrrhotite from im
purities, with which it is so frequently intermixed, in order to obtain a. 

homogeneous and pure product, for analytical purposes, as well aR to 
effect a separation of the nickel present in the pyrrhotite ores, is by no 
means a novel idea, and many experiments have already been under
taken with this end in view. In 1879, Habermehl succeeded in divid
ing the Bodenmais pyrrl10tite, into magnetic and non-magnetic por
tions respectively, using fine powder, suspended in water, by a strong 
magnet. The magnetic portion thus separated, by successive trials, 
furnished a product which was so homogeneous and uniform, that ten 
out of fourteen of the determinations for iron content were essentially 
identical. 

In 1890, T. J. McTighe (1) applied magnetic separation in the 
treatment of the nickeliferous pyrrhotite of Canada. 

In July, 1892, Mr.Thomas A. Edison, in applying fora United States 
patent, embodying the same principle, gave the following explanation 
in support of his claim. 'I have discovered that when magnetic 
pyrites, called " pyrrhotite,'' is nickeliferous, as it usually is, to a more 
or less extent, the nickel is distributed generally throughout the whole 
body of the pyrrhotite, but certain crystals are pure pyrrhotite or 
magnetic pyrites, while other crystals have some of the iron replaced by 
nickel and sometimes by cobalt, and that the crystals, containing the 
nickel or cobalt, are considerably less magnetic than the pure pyrrho
tite.' 

In the same year, (1892), Dr. S. H. Ernmens ( 2 ) carried on certain 
magnetic experiments on material obtained from the Gap mine, Penna, 
and Sudbury, Out. These we~e undertaken, not only for the purpose 
of testing the accuracy, or otherwise, of the the0ry of the replacement 
of a portion of the iron by nickel in pyrrhotite, but also to arrive at a 
more accurate expression of the composition of pyrrhotite, by means of 
a formula. The practical side of the question was not ignored , and a 

(1) Ann. Rep. Bur. of Mines, Ont., 1892, p. 164; also Jour. Am. Chem. Soc., Vol. 
XIV, No. 10. 

(2) Ann. Rep. Bur. of l\Iines, Ont., 1892, pp. 1G3-166; also Jour. Am. Chem. Soc., 
Vol. XIV, No. 10. 
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statement of the relative abundance of the separated portions is given, 
with their respective contents of nickel. 

Dr. Emmens mentions that he obtained his material from a mine Methods of 

near Sudbury, but does not specify the precise locality. He also neglects ::;;;r~i~\y 
to give necessary details of the compo8ition of the ore selected, except Dr. Emmens. 

that the gangue formed 10·7 per cent of the whole. In regard to the 
preparation of the material for purposes of separation, he states that 
the sample was very finely powdered, and carefully separated by means 
of a magnet into three grades, namely, 'magnetic', 'feebly magnetic' 
and 'non-magnetic'. The magnetic and non-magnetic grades were 
then submitted to analysis, resulting as follow~, after deduction of 
gangue. 

Non- Di vision of total nickel contents. 
Magne- Anttlysis. Feebly Magne- Analysis. tic. Magnetic. tic. -----------

JYfag:rntic Feebly Non-
portion. magnetic. magnetic. 

---- ---- ------------- - ------
{'i 1·30 

} 2'0!l% { 23'16 
} 58'01% !l2'95/0 Fe 58 27 4'96% 33 ·92 7 60% 34'39% 

s 40'43 42'92 

Composition 
of separated 
products. 

A short time after (1893), David H. Browne ( 1 ) contributed the most Magnetic 

valuable article on the quesLion of the magnetic separation of these ex1,eriments 

ores which had yet appeared, showing the existence of a rich nickel- Wr01;n~· 
iron-sulphide, almost identical in chemical comµosition with pentlan_ 
<lite, which formed the non-magnetic portion of the separation. In the 
same arLicle, Mr. Browne questions not only the validity of Dr. Emmens Browne's 

-conclusions, as 'hasty generalizii.tions from insufficient premises ', cDriticEism of , 
r. ~mmens 

but points out, that 'he has never yet found the non-magnetic residue results. 

of the analysis given by Dr. Emmens.' 

'The material selected for experimental purposes by 1\'Ir. Browne, Source of 

-consisted of carefully hand-picked nickeliferous pyrrhotitite, from the material 
separated by 

Copper Cliff, Stobie and Evans mines, altogether free from gangue, Browne . 

.and with no copper, or at the most, only traces of this metal. He 
mentions that the samples were crushed to pass a 60-mesh sieve, experi- Preparntionof 

ment having shown that a very fine powder did not yield such perfect bmaterial tod 
e separate . 

separations. 'The following tables show, in brief form, the results 
obtained:-

(1) "Engineering and Mining Journal", Dec. 2, 1893. page 566. 
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COPPER CLIFF MINE, (SEVENTH LEVEL.) PICKED NICKEL ORE. 

Analysis of total Non· Magnetic. Analysis. Analysis. ore. magnetic. 

---------- ------- ----

Cu . ... . ... O 00 

}78"6% 
{ o·oo 

}21'4% 
{ o·oo Ni . ... ...... 11 ·oo 4·G? 35 ·05 

Fe . ......... 50·40 I 55 -70 29 ' 80 
S ... .. ...... 38 ·01 38" 58 34·35 

STOBIE MINE, PICKED NICKEL ORE. 

Cu .. .... .. o·oo l 
r · i--N 1 ......... 2·1 0 

97
.
1 

__ % 
Fe ........ 53· 00 j' 10 

o 
S ......... . _35-35 

{ 

o· oo 
2 ·15 

57- 00 
36 "10 

} { 

o·oo 
. - o 34·70 

2 820% 29-90 
33 ·90 

EVANS MINE, PICKED NICKEL ORE. 

Cu ......... trace } 
Ni . .. . ..... "9 : 0~ 84"04% 
Fe ......... ol 50 
S .. .. ..... . 3H "28 

{ 

o ·oo 
3· s2 

5G·oo 
40"18 

J 3~·12 
l20 "95 

35·43 

Nickel in Nickel in 
magnetic non-

magnetic pyrrho- pent-tite. landite. 
- -----

}84 "00% GG· OO% 

ln -00% J 0 

64 "53% 

Magnetic In 1900, "Mr. J. N. Judson, of the Wetherill Separating Company, 

J
wor

1
k by J. N. carried on an extensive series of experimr.nts, an abstract of the results, 

uc son. 
accou.panying Mr. C. W. Dickson's paper, on 'The Ore Deposits of 
Sudbury, Ontn,rio '. (T) The material experimented with, consisted of 

Samples nearly pure pyrrhotite from Copper Oliff, containing by n,nalysis, nickel 
obtamed from 3 14 0 42 . 49 8 1. h _, "h . h Copper Cliff. · , copper · , iron ·7 per cent. The resu ts s oweu, t. at wit 

Percentages 
and composi
tion of the 
sepa-rated 
portions. 

a current strength of one ampere, on mn,terial cruEhed to 30-mesh, 90· l l 
per cent of the total samp~e was magnetic, and this contained 2·46 per 
cent of nickel or the equivalent of 70·58 per cent of the total nickel 
in the original pyrrhotite, and 0·22 per cent copper, or the equivalent 
of 4 7 ·48 per cent of the total amount of this metal in the original 
samplE.>. The remaining, non-magnetic portion, forming 9·89 per cent 
of the total sample, contained 9·33 per cent nickel and 2·21 per cent 
copper or 29·42 per cent and 52·52 per cent of the total of these 
metals, respectively, in the original sample. The other trials, with 

(1) Trans. Amer. Inst. Min. Eng. (Albany Meeting), 1903\ 
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samples of the same material, crusheJ to pass a 60-mesh, at i ampl~re, 
showed 86·22 per cent was magnetic and contained l ·92 per cent of 
nickel. The remaining 13·78 per cent or non-magnetic portion was a 
comparatively rich nickel ore, but the losses in the magnetic portion 
were so great, that he concluded that a commercial separation, by 
means of magnetism, was out of the question. 

During the winter sessions of 1901-1902, and 1902-1903, Mr. C. W. Magnetic 

Dickson, a post-graduate student at Columbia University, carried on a Q.l\V:J5l~k:o~ 
series of experiments, by means of magnetism, in order to determine, as 
near as possible, how much of the nickel occurs as a separate mineral, 
and how much, if any, replaces iron, and also to ascertain the compo-
sition of the nic'.,el mineral. 

A number of representative samples of pyrrhotite were ground to Preparation 

pass th1·ough 100 mesh, and the non-magnetic portion was removed, as of material. 

completely as possible, by repeated treatments with a small horseshoe 
magnet. The nickel present in the original samples, is given umder I, 
and that, of the magnetic concentrates, under II. 

In the second experiment, the original samples were coarsely crushed, Exhitustive 

and the magnetic portion was sized between 40 and 60-mesh, then !li~~i'n~te last 

freed, as well as possible, from non-magnetic material, crushed between t~ac1 es1 off 
nic (e rom 

60 and 80-mesh, and again concentrated By successive treatments, pyrrhotite. 

the mineral was finally reduced to fine powder. The ultimate product 
was then assayed for nic '.;el, and as shown under III, the nickel was 
much reduced in quantity, but not entirely eliminated. 

In the third experiment, to see if it was possible to still further re
duce the nickel contents, a number of samples were very carefully pre
pared. They were coarsely crushed, and the purest mineral selected. 

This was crushed to pass through 10 on 20-mesh, and the finest 
material rejected. A:l the non-magnetic portion was eliminated, and 
the concentrate was then crushed to 20 on 40-mesh, the finer part being 
again rej ected. The operations were repeated until the ore was finally Composition 

ground-in an agate mortar, the non-magnetic part being ve,.ry carefully ~!~~~fei~~~ 
removed each time. The nickel in the final concentrate is given under separated 

portions. IV. 

L ocation . I. IT. 
Ni&Co Ni. 

HI. IV. 
Ni. Ni. D escription of sample. 

-----------------------------
1. Elsie mine . _ .... .. ....... 2.44 2-22 0'98 Fine-grained pyrrhotite. 
2. Stobie mine ...... 3.05 '.l'l4 0.68 " 3. Frood 1nine . . . . . . . . . . . . 2 .40 2 ·07 1·05 0-55 Coarse 
4. Monnt Nickel mine. 3-00 2·14 0·75 0 -70 Medium " 5. Copper Cliff No. 2 mine._ -1-00 2-00 0-70 Coarse 
6. Copper Cliff No. 4 mine ... 3·30 2-32 o-83 
7 (a.) Creigbtomnine ..... . __ . 2-32 2·25 1 ·20 0-70 

" 7 (b.) Creighton mine . . . . _ . . - 4·15 0-45 Fine ,, t! 

8. Gertrude mine .. ... . .. . 4 ·00 2·30 1.10 Massive pyrrhotite. 
9. Victoria mine ..... 3-40 2'46 o-so Fine-i;rained pyrrhotite. 
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As stated by Mr. Dickson, the results show in the most conclusive 
manner, that even in the lower grades of pyrrhotite, the nickel is not 
present, as replacing part of the iron in the pyrrhotite, but exists as a 
separate mineral. The fact, that all the nickel could not be eliminated 
by the methods used, does not indicate, that even the small amount 
that remained was an essential part of the pyrrhotite, as several factors 
enter which render its complete removal practically impossible. In 
the first place, the nickel mineral is very intimately associated with 
the magneiic pyrrhotite and even a minute adhering fragment of 
the iatter, will cause it to be carried over with the magnetic por
tion. It must also be noted, that the nichl mineral itself is slightly 
magnetic and in the form of a fine powder, is attracted by even a 
small magnet. 

Magnetic The magnetic experiments, in connection with the present work, were 
work by ,V, d S 
M. Ogilvie carrie on by Mr. \V. :'11. Ogilvie, B. A. c., by means of a \Vetberill 
f
8
or GeolDogical magnetic separator of the ordinary type, in the mining laboratories of 
urvey ept. · 

Sel~ction and 
loc:ition of 
,iamplee. 

Strength of 
magnetic 
current. 

McGill University, the authorities, with the recommendation and ap-
proval of Dr. J. B. Porter, having kindly placed the machine at the 
disposal of tbe writer, for a considerable period, during the winter of 
1901-1902. The samples selected, consisted of the richer grades of ore 
in use at the different mines. Such samples were obtained from the 
Creighton, Victoria, Cryderman and Mount Nickel mines, the Tough and 
Stobie property, in Levack township, and the Cochrane property, near 
Blue lake, on the Northern Nickel Runge. It is to be regretted, that the 
chemical analyses could not be undertaken while the experiments 
were in progress, as otherwise much more important results could have 
been obtained. The voltage of the current employed was 110 and the 
strength of the current was varied according to the magnetic permea
bility of the different samples. The least magnetic of the material, 
was that obtained from t.he Creighton mine, and with such material, a 
current as high as 15 amperes was employed, while the pyrrhoti~e from 

Creighton the Cochrarte property, on the Northern Nickel Range, was so strongly 
:~~~~~fc~east magnetic, that much weaker currents had to be used, the greatest 

reaching a strength of only 1.5 amperes. 

Preparation In the case of the Crei• hton mine, the original sample weighing 36 
of mate.rial for pounds, was divided into "'two products, according to the size of grain separation ~ ., 

obtained by crushing. The first product was obtained by passing the 
powdered mineral through a 40-mesh sieve, and catching it on a 100-
mesh sieve, this part weighing 21 pounds. The second product, 15 
pounds, was made up of the finer material which passed through the 
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100-mesh sieve. The coarser pbase of the original sample gave the Composition 
following analysis, insoluble 2 28 copper 0·72 nickel 5·31 and of original · · ' ' samples of 
sulphur 34.28 per cent. The composition of the finer material was, C~eighton 
insoluble 2·49, copper l ·20, nickel 4·87 and sulphur 34·67. Each of mme ore. 

these two original samples, WM divided into three equal portions, and 
subj ected to magnetic currents of l ·5, 3·8 and 15 amperes respectively. 
By means of the magnetic current, each of these three portions was Percentle of 
again subdivided into three grades, which may be designated as sepadrate pro ucts. 
'magnetic'; 'feebly magnetic' and 'non-magnetic'. Tbe coarser 
material showed that the magnetic portion varied from 86·3 to 90·2 
per cent of the whole sample, with a loss of 2·4 to 9 ·7 per cent in 
handling, which loss, however, could be over come, while the feeb ly mag-
netic portion contained from 4·2 to 8·6 per cent, and the non-magnetic 
from l ·3 to 2·7 per cent. In the finer material, the magnetic port.ions 
varied from H·6 to 78·3 per cent, the feebly magnetic from 2·3 to 10·9 
per cent, while the non-magnetic varied from 4.1 to 8 per cent. The 
loss, in the case of the fines was very great, owing to the dust adhering 
to the belts, the percentages of such loss vary ing from 9 ·2 to 11 ·4 per 
cent. Assays of all the separate products from the Creighton mine Assays by 
were made by Mr. Donald Locke, who for a short time was attached LMr.kDonald oc e. 
to this Department as assayer and metallurgist, but certain unex-
plained discrepancies in the results, will prevent, at present, the 
publication of all the details of the chemical investigation. In this 
connection, however, it may be sufficent to 8tate that a very rich nickel 
ore was always obtained, the greater part of which was contained 
in the feebly magnetic portion, although a small proportion was carried 
over into the tailings or non-magnetic portion. The loss, however, in Loss in. 
the magnetic portion, amounting to from 40 to over 50 per cent of the ;0~~0~1~00 
total nickel present in the original ore, was too serious to be disregarded. seri

1
ous tdo be 

In addition to the nickel present, the magnetic part also contained 
neg ecte . 

from 28 to 48 per cent of the total amount of copper present in the Division of 
original ore, while from 16 to 18 per cent is contained in the feebly ~~Rf:~ts . 
magnetic part, and the remainder is carried over with a large propor-
tion of the gangue into the non-magnet-ic residue, which is really a 
very rich copper concentrate, some of the assays showing as high as 
28·38 per cent of this metal. The proportion of gangue present in the 8epamtion of 
non-magnetic residue, generally amounts to about one-third of the total gangue. 
product .. 

The best separation is effected on the fine material, although the Fine material 
presence of dust must be avoided, as this clings to and fouls the belts. f~ee frbomtdust gives es 
The stronger the current, the greater the proportion of nickel remaining separation. 
in the magnetic portion, while, at the same time, although the total 
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amount of nickel present in the feebly and non-magnetic portions is 
less, the assay value of such products is much higher, and some of 
these, which were examined in detail, consisted almost wholly of 
pentlandite, with intermixed chalcopyrite. Thus, the feebly magnetic 
product of the fine material, obtained by using a current of 3·9 amperes 
with only one trial. showed, on analysis, the following composition, 
insoluble 5·81, copper 1.52, iron 30·41, nickel 30·01, sulphur 33·56· . 
per cent. Knowing the composition of the pentlandite and chalcopy-
rite, and distributing the above constituents in their proper proportions 
in these minerals, we find that this product consists of chalcopyrite 

Proporti'?ns of and pentlandite in the ratio of 1 : 21. In the same way the non-
pentland1te . . . . 
and cbalcopy- magnetic product obtamed by usmg a current of l ·5 amperes on this fine 
rite. material and from which most of the gangue had been removed by 

Composition 
of non
magnetic 
portion. 

Percentages 
of separated 
pr.od nC;.ts in 
Victoria 
mine ore. 

means of hydraulic separntion, showed, by analysis, the following com
position, insoluble 2.66, copper 3·58, iron 30·01, nickel 30·36 and 
sulphur 33·77 per cent. This product is made up of chalcopyrite and 
pentlandite in the proportion of 1 : 7. 

In the Victoria mine's separation, the ore was much more strongly 
magnetic, and t.he currents employed were only 0 2 and 1.5 amperes. 
The magnetic portion varied from 86·4 to 90.6 per cent on the coarser 
material, while with the fine mat~rial, using a current of 0·2 and l ·2 
amperes, the magneLic part varied from 7 L ·4 to 86 ·7 per cent. The 
feebly magnetic part never exceeded 2·1 per cent and in one case was 
as low as 0·5 per cent. No assays of these products, however, have 
been made, as the results obtained in the case of the Creighton 
mine, although of great scientific and practical interest, demonstra
ted rather clearly that under present conditions, an economic and com
mercial separation of these ores is out of the question. 

Cryderman The Cryderman mine ore is also more magnetic than the Creighton 
mine or~ more mine althou()'h less so than the Victoria. The original sample on 
magnetic ' o , 
than that which the experiment was conducted weighed 30 pounds. This was 
g-~~~hton . divided into two portions, according to ~ize, one portion consisting of 

Preparation 
of material 
and methods 
of separation. 

P ercentages 
of separated 
products. 

crushed ore whieh passed through a 40-mesh and was caught on a 100-
mesh sieve and finer material consisting of ore which pas~ed through the 
100-mesh sieve. The current used had a strength of 0·2, l ·5and 4 ampe
res respectively. The magnetic portion of the coarser product varied 
from 75 to 85·6 per -::ent, the feeble magnetic from 2 to 7 ·7 per cent 
and the non ·magnetic from l ·9 to 2·3 per cent. There was no loss 
using the 0·2 and l ·5 amperes current but with the 4 amperes current 
the loss was 4·8 per cent. With the finer material t he magnetic part 
varied from 65·6 to 71 ·8 per cent, although the loss of 10·9 per cent 
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belongs very largely to the first mentioned amount. The feebly 
magnetic part varitld from l ·6 per cent to 17 ·2 per cent, the latter 
amount being obtained with the 4 amperes current, while the non
magnetic Yaried from 6·3 to 28·1 per cent. 

The magnetic separation of the ore from the Nickel Mountain mine Magnetic 

was effected by using currents haviug a strencrth of 1·5 3·8 and 13·5 separation 
o ' of N1Ckel 

amperes respectively. The original simple weighed 63 pounds. The lVfountain 

magni>tic part of the coarser product (through 40-mesh on 100-mesh), mme ore. 

varied from 91 ·2 to 92·5 per cent with losses of 0·9 and 2·5 per cent Percentages 

respectively the feebly macrnetic from 4·1 to 4·4 per cent and the of se_Parated 
• o ' port10ns. 

non-magnetic from l ·2 to 3·8 per cent. The losses varied from 4 to 5·7 
per cent and are accounted for by the fact that the fine material has 
a great tendency to stick to the belts. Also the cross belts were given 
their maximum velocity to effect the best separation. 

The original sample from the Levack property (Tough and Stobie's), Magnetic 
. . . separat10n of 

weighmg 24 pounds was crashed m the same way as the above, and of Levack ore. 

the magnetic currents used had a strength respectively of 0·2, l ·5 and 
3·8 amperes. The magnetic portion varied from 92·5 to 96.3 per cent, 
with losses belonging chiefly to this part of l ·9 to 2·5 per cent, the feebly P ercentages 

. . . of separated 
magnetic from 1. 3 to 3·8 per cent and the non-magnetic from l ·3 to 2·5 products. 

per cent. With the fine product, the magnetic portion varied from 
91·6 to 93·8, with a lo-;s in one instance of 1·9 per cent, the feebly 
magnetic from l ·l to 2·1 per cent, and the non-magnetic from 5·2 to 
6·3 per cent. 

The pyrrhotite from the Cochrane property on the Northern Nickel Magnetic 

R . . d h d h f separation of ange 1s very strongly magnetic and the current use a a strengt o pyrrhotite 

0·2 and l ·5 amperes. The macrnetic portion of the coarser product fr<?m North 
" Nickel Range. 

varied from 85 ·3 to 89 pet' cent, with a loss of l ·4 to 2·8 per cent, the 
feebly magnetic 1 to 4·8 per cent and the non-magnetic from 4·8 to 10.9 
per cent. With the finer material, the magnetic portion varied from 
77. 7 to 83 per cent, the feebly magnetic from 0·8 to 4· l per cent and 
the non-magnetic from 15·2 to 18·2 per cent. 

The various factors which enter into the construction of the Wetherill 

Wetherill magnetic stlparator suggested, at the the outset, that by its ~fil~i:i;t very 

employment, it might be possible to accomplish a separation on a com-
mercial basi8, which, at the same time, would be much more thorough 
and complete, than any previously recorded attempts, making use of 
different types of hand magnets. Thus, it was possible:on this machine, Various 

not only to vary at will the strength of the magnetic current, to be ~e~ii~w!.nts 
used, but also to make any required adjustment in the distance 
between the two magnets, while, at the same time, the speed of the 
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belts was under complete control. With these refinements or aids to 
efficient separation, it was hoped to make such a thorough division of 
the products, that the nickel present in the magnetic portion would 
constitute such a small proportion of the whole, as to render this pro
duct of no commercial value, and thus, at one simple operation, get rid 
of about 80 per cent of practically barren ore. At the same time, it 
was. believed that the feebly and non-magnetic portions would contain 
by far the larger proportion of both the nickel and copper. 

The preliminary trials of the Creighton mine ore, and assays of the 
separated products were disappointing, as they showed most conclusi. 
vely that an efficient and economical separation by thi~ method was 
impossible. It was, therefore, considered unwise to analyze the pro
ducts from the other mines,although the main facts in connection 
with these separations have been mentioned. 

About the same time, Mr. C. vV. Dickson published the results of 
his magnetic experiruents, which gave further emphasis to this conclu
sion. Mr. Dickson's final utterance on this subject, published in 1903, 
also contained a summary of Mr. J. N. Judson's results, to which refe
rence has already been made, all tending to show that the removal on 
a commercial scale of the nickel from the pyrrhotite, by magnetic 
methods, is, in the light of our present experience, an impossibility. On 
the other hand, the fact that all of the nickel cannot be eliminated 
from the pyrrhotitA, does not prove that even the portion remaining, 
occurs as a replacement of an equal am .unt of iron, in chemical combi-
nation. Examination under the microscope, reveals the fact that even 
the smallest grains of sulphide material, are often made up of intricate 
intergrowths of chalcopyrite and pyrrhotite, which minerals, moreover, 
can be distinguished from one another by the use of reflected light. 
Such an intimate relationship, doubtless, obtains in the case of the 
pyrrhotite and pentlandite, alLhough this could not be proved, as these 
minerals cannot be separa,tely recognized under the microscope. In 
addition, a la,rge proportion, at least, of the pentlandite, is itself feebly 
magnetic, and this i~ apt to remain with the pyrrhotite. 

Difficulties of The difficulty of obtaining an absolutely pure product, even of min
obtainingpure ernls of widely different magnetic permmibility, is well known to all 
product by h l . l . . · t" h · · magnetic w o mve carnec on expenments m magnetic separa wn, so t at it is 
methods. not surprising, that the magnetic portion of the separated sulphide, 

always contains an appreciable amount of nickel. In the light of 
our present. experience, it is safe to say that the nickel is doubt
less present as very minute grnins of pentlandite embedded in or 
adhering to the grains of pyrrhotite. The fact that material originally 
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containing 5·31 per cent of nickel, with the application of a current Proof that all 
of the nickel 

of 1.5 amperes on material crushed, to only pass through a 40-mesh is present as 

sieve can, at one operntion, be separated into a magnetic product pentlandite. 

containing only l ·48 per cent of nickel, while this, in turn, by successive 
grinding and magnetic treatment, can be ultimateiy forced to give a 
product which contains less than 0·50 per cent of nickel, is in itself 
sufficient proof, for regwding all the nickel in these Sudbury or s as 
occurring in the form of a distinct sulphide, chiefly pentlandite. With 
all of the foregoing results we may well pause and repeat with Dickson I s there a trne 

· I · · l 'f l · o ' nickeliferous the quest10n, ' s there such a thing as a true me cell erous pyrr iottte • pyrrhotite or 

and we might even extend it and ask, is there such a thing as a true pyrite? 

nickeliferous pyrite 1 The matter is still open for further investigation, 
although at the present stage, the ' onus probandi' rests with those 
chemists and mineralogists, who are still wedded to the old idea. A 
most convincing proof might be possible, by repeated magnetic 
treatment of some of the masses of pyrrhotite occuring in central Moro experi-

0 · h' h k · f 0 05 O 9. 3 t f m<ents needed ntano, w LC are nown to contain rom · to ·:o per cen o anrl su~ges· 

nickel. Any enrichment of the feebly magnetic 01· non-ma"netic pro- tions for .thefr 
o undertakmg. 

duct obtained from the separation of such material, would no doubt 
furnish the most ample proof, which even the most skeptical would be 
forced to accept. 

LOCATION OF PYRRII01'1TE DEPOSITS BY MAGNET011IE1.'RIC MEASUREMENTS. 

The magnetic permeability of pyrrhotite early suggested the employ- Early employ 

ment of magnetic instruruents, to determine the location of valuable mendtl of dip 
nee e to 

deposits of this nickel bearing sulphide in the Sudbury District. AU locate pyrrho-

the earlier measurements, however, were made by means of the ordinary f~ts~~~sri;s 
dip-needle and the observers were content to obtain such data as would Distt·ict. · 

enable them to form a rough judgrnent of the approximate area un-
derlaid by rocks containing more or less of the magnetic pyrrhotite, 
although this mineral might be so sparsely disseminated as to be of no 
economic importance. 

In 1901, however, it was decided by the Mond Nickel Company, to Extensive 

inaugurate a more extensive and elaborate system of magnetic survey- magnetic b 
survey111i; y 

ing, not only in examining the properties they had already purchased, Mond Nickel 

but also in determining the probable value of other nickel properties Company. 

which were known to be in th ·market.It was realized that such delicate 
instrumP.nts as the Thalen-Tiberg magnetometer, in the hands of ex- Employment. 

perts who had be1rn tra.ined in the Swedi8h m"thods, would yield data ?f Swedi•h 
rnstrnments 

in regard to the location and extent of workable deposits of pyrrhotite, and Pxperts. 
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which would enable a very close estimate to be formed of their com
mercial value.. Early in the spring of 1901, Messrs. Karl Kojer and 
Erik Nystrom, mining engineers of Stockholru, Sweden, and pupils of 
the well known Professor Nordenstrom were engaged. Mr. Kojer only 
stayed about a month, but Mr. Nystrom was employed for the greater 
portions of the two seasons of 190 l and 1902, in making detailed mag
netic surveys of various mining · locations and mines in this district. 
Most of the lots in the vicinity of the main shaft of the Victoria mines 
were thus minutely examined, and later, other properties such as the 
Murray, Lady Violet, Mount Nickel, Beat1·ice and Cryderman mines 
were also similarly treated. A magnetic survey was also made of the 
Cochrane property on the Northern Nickel Range. It is impossi
ble to get the details of the results of this work, as the maps which 
were prepared with great care, are the property of the Mond 
Nickel Company, the information being regarded as of a confidential 
nature. 

The value of such work, however, when properly undertaken, is 
beyond all doubt, although, considerably more care and expense is 
necessary, than is the case with magnetite. Speaking roughly the 
magnetic permeability of magnetite i& about five times as great as 
pyrrhotite although this latter mineral varies very greatly in this 
respect. It is, therefore, imperative, that the lines along which the 
magnetic observations are made, should be correspondingly closer 
together. In most of the detailed work undertaken by the Mond 
Nichl Company these lines were only separated by intervals of 20 feet, 
while, in some special cases, where fuller information was desired or 
necessary, a distance of only 10 feet, intervened between the various 
observation stations. For some time, commencing in 1902, Mr. Thomas 
A. Edison carried on rather extensive magnetic surveying in the area 
between Sudbury and Wanapitei lake, with a view of discovering new 
deposits of nickel ore. The efforts of the several parties engaged in 
this work, are stated to have met with a considerable degree of success, 
as on the strength of the information obtained, various mining locations 

Magnetic were applied for. Messrs. J , A. Robert and G. F. Kay, have also 
buRlbe~~~nd conducted magnetic surveys under the auspices of the Lake Superior 
TL ... y for Lake Power Company. The publication of Dr. Haanel's report ( 1 ) 'On the 
Super10r L . d E . t' £ 1\tr · O D · b ,.,,- · Power Co. ocat10n an xamma 10n o • ,_agnet1c re epos1ts y magnetometnc 

Measurements' should stimulate this method of inquiry, not only in 
Report by Dr. connection with these pyrrhotite deposits, but al8o as regards our 
Haanel. magnetic iron deposits. It is the only detailed account of the Swedish 

(1) Published by the Department of Interior, Ottawa, Canada . 
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method which has yet appeared in the English language. With the Use of . 
. f . b . . . h l . l . magnetic except10n o magnetic o servat10ns to assist m t e geo ogic<t mapprng, surveying by 

chiefly, of the iron formations and associated rocks of the Lake §1~~ftl~· L . 

Superior distr:ct, details of which are furnished by Prof. H. L. Smyth y 

(2), no very extensi vc use of magnetic instruments has been made 
in any other country outside of Sweden. The Swedish instruments 
may be obtained from J. Fr. Berg, instrument maker, Stockholm, and S\Vher.e 

wed1sh 
are the most perfect and suitable for the work, which have yet been instruments 

f d All d . . d · f · · d may be manu acture . necessary escript10ns an m ormat10n m regar purchased. 

to their operation may be obtained by consulting Dr. Haanel's work 
which he hopes may be of service to the mining profession. 

CLASSIFICATION AND GENESIS OF NICKEL ORES. 

Mineralogically, the ores of nickel may be divided into eight classes, ;\Iin~ralog:ical 
as follows : 1. Sulphides · 2. Arsenides and sulph-arsenides · 3. sulph- clas~ificatwn 

' ' of nickel ores. 
antimonides; 4. Sulpho-bismuthides; 5. Tellurides. 6. Silicates; 7. 
Oxides and Salts ; 8. Carbonates. 

Many of the nickel minerals, included under these divisions, are un- Vogt's classi

important in an economic sense, and V 0
0
crt ( 1 ) has shown that all of fi7aktio

1
n of 

me ·e ores 
those which are commercially valuable, fall naturally into three main into three 
groups. groups. 

1. Ores containing arsenic and antimony, with or without bismuth, Ores contain-

such as niccolite crersdorffite chloanthite &c. ing?-r•imicand 
' o ' ' antimony. 

2. Sulphide ores (without arsenic), as for example, nickeliferous Sulphide ores 

pyrrhotite and pyrite, pentlandite, polydymite, millerite, &c. 

3. Silicated nickel ores, such as genthite, garnierite, &c. Silicates of 

The arsenides and sulph-arsenides, belonging to the first group, o~cur ;i~::1ipal 
principally in veins, as for in8tance, the old and well known metalliferous localit1es 

lodes of Saxon and Hungary; Mine la Motte and Bonne Terre, in l\Iis- ~~~=~Ide ores 

souri; the Gem mine in F!·emont county, Colorado ; the Macdonell or are found. 

Gersdorffite mine, in the Sudbury District, Ont. ; and the recently dis-
covered deposits near Hailey bury on the west side of Lake Timiskaming, 
Ontario. 

By far the largest deposits, belonging to the second group, are the Chief locali

nickel-copper sulphide ores, of the Sudbury District, in Canada, which ti es "'.here 
. sulphide ores 

are the subJect of the presenc bulletin, but Norway hM, for many years, are found. 

operated, on a lftrge scale, precisely similar concentrations. Other 

(2) Trans. Amer. Inst. Miu. Eng. Vol. XXVI, pp . 640-7011. 
(1) Zeit fur Prak. Geol., 1893. 
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closely related ore bodies have al'o been worked as mines, as at Varallo, 
in Piedmont, Italy and a~ Lancaster Gap in Pennsylvania. The deposits 
which have been partially developed and worked, near St. Stephen, in 
the Province of New Brunswick, Canada, are also apparently of the 
same nature. The most celebrated and extensive of the deposits, 

wil.heit·e nickel representative of the third group, are those of New Caledonia. Impors tea es occur. 

Geological 
associations 
and origin of 
arsenides and 
sulph-arseni
des of nickel. 

tant bodies, however, of similar silicates, are known to occur, and 
have been developed, to some extent, ·near Riddle's, in Douglas 
county, Oregon, and near "Webster, the capital of Jackson county, 
in western ~ orth Carolina. 

The veins of the first group occur, either, penetrating, or in intimate 
connection with eruptive rocks of the peridotite or gabbro type, and 
are generally found in the more decomposed or altered portions. These 
basic igneous rocks, as is well known, contain appreciable quantities of 
nickel, as a normal constituent. The extremely rich nickel ore, con
tained in these veins, hM therefore, ev idently been derived from the 
leaching out of the nickel from the neighboring rock, during certain 
processes of alteration, to which it has been subjected. 

Sulphides, The method of formation of the sulphide deposits of the second group, 
direct result 
of magmatic typified by the Sudbury deposits, has already been discu8sed at length, 
diffe1 '.·fi~ndtabtion, and thfl conclusion reached, that they are the direct product of the dif
moc 1 e y 
some secon- ferentiation of a basic igneous magma, modified, to some extent, by pro-
dary action. cesses, which are usually grouped together under the designation of 

Geological 
associations 
of silicates 
of nickel. 

Mode of 
occurrence of 
silicates of 
nickel. 

Expbnation 
of occurrence 
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secondary action. 

The silicates of nickel are always confined to areas underlaid by in
trusive masses of non-felspathic basic magnesian rocks, of the perido
tite family, the several varietal forms of which are distinguished from 
one another by the names of dunite, saxonite, websterite and eherzolite 
These rocks are always more or less decomposed to a serpentinous ma
terial, so that the type of rock with which these deposits occur, is usu
ally described as serpentine. 

The ore rarely crops out at the surface, but is covrred with a thick 
mantle of decomposed mat,erial, from which most, if not all, of the nic
kel has been leached, to be concentrated in places a few feet lower Clown. 
This covering or soil is very highly ferruginous, with occasional large 
'chert' fragments lying about. These psP.udo-boulders of so-called 
chert, are considerPd a favourable sign, in prospecting for the ore bo-

. dies, for they invariably indicate the presence of the peridotite beneath. 
ThPy really represent residual portions of the peridotite, which escaped 
the wholesale decomposition, on account of their being held together 
by an intricate series of quartz veinlets, the inters~ices of which are 

• 
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occupied by only partially decomposed peridotite. The surface mantle 
or soil usual! y varies fro 11 nothing, up to a few feet, when it gives place, 
gradually, to a loose, brownish material, representing the decomposi-
tion of the peridotite 'in situ.' This usually shows abundant, but. Nic~el 
small and intricate veins and veinlets of the greenish silicate of nickel ~~~~~:~~ 
and magnesium, often with abundant scales of chrome mica. In pla-
ces, irregular fissures and cavities, often of considerable size, are occu-
pied by rather pure silicate material. This brownish, loose material 
gives place, in turn, to a brownish, soft, friable rock, filled with smaller 
but harder and rich veinlets of the nickel silicate, while this, again, is 
replaced further down, by the unaltered peridotite, which, it is believed, 
will contain little or none of the silicate concentrations. 

Analyses of the associated dunite or websterite, from the North Ca- J?etermina· 

1. h h d d k t . f 0 1- t1ons for ro ma occurrences, s ow t e un ecompose roe to con arn, rom · O nickel in 

to 0·35 per cent of nickel oxide, while the saxonite, in which the Oregon perkidotite 
roe s asso· 

occurrences are developed, contains, according to Diller, O· l 0 per cent c!a.ted with 

f . k l "d h"l l l" . . l' f h. h th k. . 1 s1hcated ores. o n1c e ox1 e, w i et rn o iv1ne itse ,, o w ic e roe is ma111 y com-
posed, contains 0·26 per cent of nickel oxide. This is a very usual occur-
rence, and the undecomposed peridotite of New Caledonia often con-
tains as high as 1 per cent of nickel oxide. Similar rocks, from the Eastern 
Townships of Canada, show the presence of 0·15 to 0·26 per cent of oxide 
of nickel, without cobalt while the associated chromic iron ore also 
contains 0·22 per cent of oxide of nickel, with distinct traces of cobalt. 
It is almost impossible to collect any of the brownish material, result-
ing from the decomposition of these peridotites, without finding an 
appr;;lciable amount of nickel present. It appears certain, therefore, qr.igin of 

h · d h d" s11icated ores t at the mckel has been leache out of t e surroun mg rock, and of nickel. 

redeposited along with silica and magnesia in all available cracks and 
intorspaces. The peridotite is always readily decomposed under ordi-
nary conditions of atmospheric decay, the magnesia being the first 
ingredient to be carried away in the form of a carbonate. This is 
followed by the silica and nickel, which is redeposited at lower levels 
and in suitable places. The result of such an origin, will be the Compara· 

t h l 1 1. . t• d f . l tively shallow occurrence, a t ese severa oca it1es men 10ne , o comparative y deposits. 

shallow deposits, their downward extension, depending almost entirely 
on the depth to ,vbich decomposition has proceeded. On the other 
hand, the ease with which many of these deposits may be mined, and Attractive 

the large amount of comparatively rich and desirable nickel ore, deposits. 

which may be thus secured, make them particularly attractive. 

10 



146 GEOLOGICAL SUltVEY OF CANADA 

DISTRIBU'rION OF NICKEL ORES. 

Ores of nickel Ores of nickel are much more evenly and abundantly distributed 
of world wide I I I Id h . II d b . I f distribution over tie w 10 e wor t an is genera y suppose , ut m on y a ew 
but rn,rely of countries are the deposits of such dimensions, as to warrant their 
econonnc 
importm1ce. dev13Jopment as working mines, and, at the present day, the mines of 

New Caledonia, and those of Sudbury produce almost the whole of the 
world's supply of nickel. 

V ein deposits Small quantities of the arsenides and sulph-ar:senides of nickel are 
of Sn,:<ony . . . . . . . 
and Hungary. found m association with ores of s1! ver, lead, bismuth and cobalt, m the 

well known veins of Saxony and Hungary. As a rule, however, this 
nickel may be regarded as a by-product obtained in the refining of 
these ores, and al the ugh valuable, it forms a comparatively small propor
tion in comparison with the other metals pre~ent. 

Nickel ores in Nickel also occurs in Sweden and Finland, and the famous deposits 

lSweddend, Fin- of Norway, for many years produced a com1)arativcly larbae proportion an an 
especially of the nickel of the "orld. Nickel is a.lso known to occur in Scotland 
Norway. 
Nickel in while the serpentines of the west of Ireland, and those of Cornwall, all 
Scotland, contain a little nickel associated with them. 
Ireland and 
'Vales. 
Nickel in 
Rnssia. 

Nickel in 
U.R.A. 

Nickel at 
l\Iine la 
l\Iotte. 
Tickel in 

Colorado. 

Nickel in 
California. 

Nickel in 
Connecticut. 

In Russia, nickel has been reported from Rewdinsk and Zanghesour. 
The most celebrated deposit of nickel in the United States is at the 
Gap mine, in Lancaster Co., Pennsylvania, but this mine suspended 
operations in 1891. The domestic production of nickel in the United 
States is, at present, all derived as a by-product, from the treatment of 
the lead ores, which are found in the mineralized portion of the sedi
mentary limestones at Mine la Motte, :Missouri. Very rich nickel ore 
bas been found in the 'Gem mine' in Fremont Co., Colorado. Nickel 
minerals are also known to occu1· at other localities in this state, as for 
example, in the bomblendic rock near Salida, associated with copper, 
and also in small quantities, in some of the ore::i from the Leaclville 
region. The occurrence of nickel bas also been reported from sernral 
places in Califoruia. At the KelHey mine, in Los Angeles county, nickel 
and cobalt are found in the form of arsenates, together with silver
glance and native silver, in a fissure vein, in close relation with a dyke 
rock, probably diorite. The associated ores contain 7 to 15 per cent 
cobalt, and 2 to 3 per cent nickel, and 1,000 to 1,400 ounces of silver 
per ton. ( 1) Nickel also occurs at the cobalt mims near Chatham, 
Connecticut. Some important bodies are known to exist in Nevada 
but these ham not been extensively developed. Nickel ores are also 

(1) Proc. Col. Sci. Soc. Vol. IV, 1891-93, pp. 419-20. 
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i·eported from Idaho, Arizona and New Mexico. Rich ores of nickel Nickel in 

1 . h d. . h f L k S . Th t Idaho, a so occur rn t e copper istnct sout o a e upenor. e mos Arizona, New 

important deposits of nickel ore at present known to exist in the United Mexico. 

States, are the silicates of North Carolina and Oregon, to which more 
detailed references will be made. 

In Canada, the distribution of the nickel deposits occurring at Sud
bury, have already been described, but important bodies of similar sul
phide material are also known to occur, and have undergone prelimina-

d 1 S S h N B . k O h Nickel ore ry eve opment at t. tep en, ew runsw1c . t er occurrences near St. 

are reported from British Columbia, and the Province of Quebec, but Stephen, N.B. 

these are at present of no economic importance. In Newfoundland, 
rich nickel ore has been found in considerable quantities at the Union 
mine, at Tilt cove, in Notre Dame bay. Australia, New Zealand, South New Caledo

Africa and Chili, all contain deposits of nickel ore, but New Caledonia ~~~s~bf~ rival 

is the only formidable rival with which Sudbury has at present to of Sudbury. 

deal. 

NICKEL IN CANADA. 

The Wallace mine, about a mile west of the mouth of the Whitefish Nickel first 

river, on ihe north shore of Lake Huron, is of historic interest, as being c~~~d~ ~~ 
the first place in which the presence of nickel was recognized in Canada. Wallace mine. 

It was first opened as a copper mine, in 1847. During the season of 
1848, this location was visited by Mr. Alex. Murray, Assistant Pro_ 
vincial Geologist, who reported on the geological associations and pro- Description of 

bable extent of the deposit. ( 1 ) This occurrence has also been described ~:~~~~eb;i2e 
by Mr. C. W. Dickson (2 ), as consisting of pyrrhotite, pyrite and chal- W. Dickson. 

copyrite, occurring at the junction of two small dykes of mica-diorite, 
which are intruded into the surrounding quartzites. The mining de. 
velopment work undertaken did not reveal any large body of ore, and No large body 

although a consideraLle amount of copper ore was encountered, in asso- of ore. 

tion with a rich arsenical ore of nickel, the occurrence of the latter in 
very small veins, adjacent to the southern wall of the mine, did not Mine 

encourage extensive mining operations, and the mine was accordingly abandoned. 

soon abandoned. The material, obtained by Murray, in 1848, was 
handed to Dr. Hunt for analysis. This specimen, weighing forty- Description 

fi . d 'b d b D H 1 . h by Hunt of ve ounces, is escn e y r. unt, as 'a stee grey arsemuret, t e specimens 

species of whic:h I have not yet determined, with iron pyrites and pro- cMollected. by 
urray 111 

1848. 
(1) Rep. of Pmgress, Geol. Surv. Ca,1., 1848·49, pp. 42·45; also pp. Hl-61; also Geol. 

of Canada, 1863, pp. 59-60, 506, 695, 737 ; also Min. Res. Ont., 1890, pp. 24, 67, 91 
and 97. 

(2) Trans. Amer. Inst. Min. Eng. 1903. 

10! 



148 GEOLOGICAL SURVEY OF CANADA 

bably some arsenical sulphuret of iron.' The aua.lysis of the whole 
mass, when powdered, gave the results under I. The first five substances 

Character and making 59·30 per cent of the ore, are separated, as corresponding to the. 
~~~~;~~10£0111 • metallic portion of the mass, although, it is probable, that a portion of 
or~ of Wallace the iron is derived from the gangue. The cobalt equals about three 
mme. parts in a thousand of the weight of the nickel. Removing the gangue, 

and re-calculating the remainder to 100, we get the results under II. 

I 

Iron ...... . ............ . . 24·78 
Nickel (with a trace of cobalt) 8 · 26 
Arsenic (mean of two deter-

minations). . . . . . . . . . . . . 3 · 57 
Sulphur . . . . . . . . . . . . . . . . . 22 · 63 
Copper ....... . ..... . ..... 0·06 

Silica . . . . . . . . . ......... . , 28 · 40 
Uarbonatfl of lime. . . . . . . . . . ± · 00 
1Uagn11sia. . . . . . . . . . . . . . . . 4 · 40 
Alumina. . . . . . . . . . . . 3 · 21 

59·30 

40·01 

99·31 

IT 

41·79 
13·93 

6·02 
38· 16 
0· 10 

100·.00 

Description Two ores of nickel are described by Dr. Hunt, ( 1 ) as occurring 'in a 
and chen;iicalf vein, cutting a bed of amygdaloid, on :Michipicoten island, in Lake 
compos1t1on o 
niccolite and Superior. The first of these is a brittle, massive ore, associated with 
domeykiteof d h . b ·11· t 11" 1 d ] . f :.\Iichipicoten quartz an avmg a n 1ant me a 1c ustre an a co our varymg rorn 

island. tin-white to bronze-yellow. Its hardness is 5 and its specific gravity 
varies from 7 · 35 to 7 · 40. The mineral is variable in composition. 
The results of four analyses were as follows : 

I 

Arsenic . . . . . . . 37 · 36 
Copper . . ..... , 44 · 70 
Nickel ........ 17 .03 
Silver ... . 

Total .. _ . . . . . 99 · 09 

II 

44·67 
30·81 
24·55 
0·25 

100·28 

(1) Geol. of Can .. 1863, pp. 50G and 737. 

III 

27·60 
27·29 
0·21 

IV 

10·28 
36·39 
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The above variable results are due to the material analyzed, consist
ing of a mixture, in different proportions, of niccolite (nickel 44 · l per 
·cent and arsenic 55 · 9 per cent) and domeykite (copper 71 · 7 per cent 
and arsenic 28 · 3 per cent). 

The second ore, said to be from the same mine as the preceding, Description of 
h f . d . .1 h' h occurrence occurs as t e gangue o native copper an native s1 ver, w ic are and chemical 

scattered through it in grains. The material is amorphous, greeniRh- c?1~nposition of 
s1 icate of 

yellow or apple-green in colour, with a . waxy lustre and a conchoidal nickel of 
fracture. It is very soft, polishing under the nail, and falling to pieces ~~~~!~~iicoten 
when immersed in water. It is decomposed by acids, and is found to 
be essencially a hydrated silicate of nickel. Under I, is an analysis of 
one specimen dried at 212° F. Under II, is an analysis of another 
specimen dried at a higher temperatme. It contains, besides, traces 
of cobalt and copper, and appears to be identical with nickel-gymnite 
or genthite. Under III, is a partial analysis of a specimen, which 
-contained small disseminated grains of the native metals. 

I 

Silica. . . . . . . . . . . . . . . . . . 33 · 60 
Oxide of nickel. . . . . . . . . 30 · iW 
Protoxide of iron. . . . . . . . 2 · 25 
Lime .... . .. ..... .... . . 
Magnesia ....... . ..... . 
Alumina ............... . 
Water .............. . 
Cobalt ............... . 
Silver ..... . 
Copper .... . . 

4·09 
3·55 
8·40 

17 ·10 

99·39 

II 

35·80 
32·20 

12·20 
traces 

traces 

III 

20 ·85 

2·55 
18·51 

The arsenide of nickel (niccolite), has also been found at the 3 AN' 1.t . 
lCCO I em 

·mine, on lot 3 A, of the township of :McGregor, in the District of T1,mn?er Bay 
d B 0 h . . h l d l . D1stnct, Ont. Thun er ay, nt., w ere it occurs m somew at arge, no u ar grams 

.and.bunches, together with native silver, of a similar form, freely dis
simimited through a gangue of calc-spar, with some quartz. (1) 

Nickel is seldom or never absent from the magnesian rocks of the 
T l · · h o · f Q b d h . Nickel in Eastern owns ups, in t e .i: rovmce o ue ec, an t e various serpen- basic mague-

tines, steatites, diallages, actinolites, l:ltc., always contain small quan- spian !'0 cks off rovmce o 
tities of this metal, rarely, however, more than two or three thousandths. Quebec. 
It has never yet been found in any considerable quantities, although 

(1) Ann. Rep. Geol. Surv. Can. Vol. V, 1890-91, Part R, p. 47. 
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the chromic iron ore from Ham, gave, on analysis, 0 · 22 per cent of 
oxide of nickel. ( 1 ). Dr. H a rrington aho found a small amount of 
nickel, in the serpentine, brought by Dr. Bell, from Pigeon lake, on 
the Montreal river, Ontario. ( 2 ) 

Orford Nickel Mining for nickel was, at one time, carried on at lot 6, con. XII., of 
mine. the township of Orford, in the Province of Quebec, but operations had 

evidently been suspended for a considerable time, before the year 1883, 
when Mr. Willimott visited the locality. ( 3 ) The presence of nickel at 
this locality, had been known for a long time (4 ) but the deposit had 
not been opened up as a mine, until long after its discovery. The 

Description of location, known as the Orford Nickel mine, was developed by means 
deposit. of two small shafts, sunk on what appears to be a large calcite vein, 

enclosing small tran~parent green crystals of chromA garnet, and often 
penetrated by long filaments of pyroxene, of a greenish or yellowish 
colour. The chrome garnet also forms large granular masses, holding 

Occurrence of sparingly disseminated, small, bra:;s-like grains and crystals of millerite. 
millerite. The largest crystals, however, are generally found penetrating a 

beautiful cleavable variety of calcite, and often exceed three inches in 
length. The houses, mining buildings and smelting furnaces were 

l\Iine nban
doned before 
1883. 

Nickel from 
Joliette Co., 
Que. 

Nickel bear
ing pyrite at 
St. Jerome. 

abandoned in 1883, with t he exception of one house, which was 
occupied by a caretaker. 

A sample of iron pyrites, from the eleventh concession of the 
Seigniory of Daillebout, J oliette Co., in the Province of Quebec, yielded 
Dr. Hunt, 0·55 per cent of oxide of nickel ( = 0·43 per cent of nickel) 
mixed with cobalt. ( 5 ) 

A carefully picked sample of iron pyrites, occuring on lot 163 of the 
cadastrnl plan of St. Jerome, P.Q., was analyzed by Dr. H arrington 
and found to contain copper 0.05 per cent, cobalt 0.22 per cent and 
nickel 0.10 per cent. ( 6) 

Pyrite with Dr. Hunt mentions that a bronze-coloured, impalpable variety of 
nickel aad iron pyrites, in irregular, reniform or globular masses, which occurs 
cobalt at N. . h . . h t h ' f N h B 0 t h' Burgess, Ont, wit copper pyrites, m t e owns 1p o ort urgess, n ., gave 1m 

on analysis, 3.47 per cent of cobalt and 2.2 1 per cent of nickel. (7) 

(1) Rep. of Progress, Geol. Surv. Can. 1853-56, pp. 435-474; also Geol. of 
Can. 1863, pp. 507 and 614. 

(2) Ann. Rep. Geol. Surv. Can., 1876-77, p. 483. 

(3) Rep. of Progress Geol. Surv. Can. 1880-82, Part G.G. p. 5. 

(4) Geol. of Can., 1863, p. 738. 

(5) Geol. of Can., 1863, p. 506. 

(6) Rep. of Progress Geol. Surv. Can. 1876-77, p. 482. 

(i) }{ep. of Progress, Geol. Sur. Can. 1863-66, p. 217. 
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Dr. Adams ana:vzed a specimen of pyrrhotite, associated wit.h a Pyrrh~tite 
l . 1 l 1 · · d h · f . . l d \nth mckel at 1tt e c rn copynte an sp alente, with a small amount o mternnng e Pie island, 

chlorite, from Pie island, Lake Superior, and found it. to contain 0.562 ~~l~:rior. 
per cent of nickel and 0.138 per cent of cobalt. ( 1 ) 

Dr. Hoffmann analyzed a specimen of iron pyrites, from Londonderry, Pyrite with 

N.S., which he found to contain 0.144 per cent of nickel and 0.8131ti~~~~~erry, 
per cent of cobalt. ( 2 ) :N.S. 

Nickel has also been met with in British Columbia, at various 
localit.ies, associated with pyrrhotite and other sulphides. Gersdorffite Occurrence of 

has been observed, in the form of small octahedral crystals, di-;tributrd ~~~~1l~!l~id, 
through specimens which show an intimate association of massive B.C. 

pyrrhotite and chalcopyrite, from the Columbia-Kootanie property, Determina

one mile a.nd a quarter northea~t of the town of Rossland. The whole ;';~'k~{or 
sample which weighed 6 lbs. 10 ozs. was analyzed by Mr. F. G. \Vait 
(3) who found it to <'lOntain 0.65 per cent nickel, with traces of cobalt 

Considerable interest has been manifested in the deposits nickeli 
ferous pyrrhotite occurring near St. Stephen, N.B. These deposit St. Stephen 

were first visited and described by H.P. H. Brum ell. ( 4 ) Dr. R. W ddeposibetsdfibrst 
escn y 

Ells, who visited the localities, where these ore bodies occur during Brumell. 

the rnmmer of 1903, has furnished the followin!!; description. ( 5) 

The nickel bearing rocks of St. Stephen were speciaily examined, Description 

and found to consist of never intrusives, instead of the Lau entian of ni.ckel k 
bearmg roe s 

granites, as at one time supposed. The rocks are chiefly of the gabbro of St. Stephen, 

type, which have penetrated and altered a serie3 of black and gray ~i~:' byDr. 

slates, the age of which has also been a matter of much doubt. They 
were, at one time, supposed to be of Silurian age, but from the absence 
of fossils, this point has never been fully determined. As developed 
about the head of Oak bay, it was supposed, that here, they might be 
the equivalents of some portivn of the primordial of the St. John area, 
but this point also has never been determined by finding fossils. On A f . k 1 ~ ge o me ·e 
the geological map of the district, they are provisionally coloured bearing rocks 

C b S.l · Th 1 d l" f bi h d of St. Stephen. am ro- 1 unan. ey apparent y un er 1e, con orma y, t e san y 

(1) Ann. Rep. Geol. Surv. Can., 1880-82, Part H., p. 15. 

(2) Ann. Rep. Geol. Surv. Can., 1874-75, p. 14 and Vol. V, 1890-91, Part R. p. 48. 

(3) .Ann. R ep. Geol. Surv. Can., Vol. IX, 1896, Part R. p. 15, 16 and 38. 

(4) Ann. Rep. Geol. 'lurv. Can., Vol. IV, 1890-91, Part SS. pp. 112-114; also 
Vol. X, 1897 Part M. pp. 27 -30. 

(5) Summ. RPp. Geol. Surv. Can., 1903, pp. 156-159. 



152 GEOLOGICAL SURVEY OF CANADA 

slates, which are regarded as Devonian and which occupy the north
west portion o~ the county, and on this basis, their age might be 
Upper Silurian. 

Alteratiion ot They are extensively altered in many place', changing int.o mica. and 
~~~f,~'.ated chiastolite schists, but these alterations are purely local, and caused by 

intrusions of t;he gabbro masses. They resemble, in certain points, pre
Cambrian schists, but not as a series. Further detailed examinations 
for fossils, wiJI be required, to finally settle the question of their true 
horizon. 

Kickel occurs The nickel near St.· Stephen, occurs in pyrrhotite, as at Sudbury, 
in pyrrhotite b h · d k f d"cr t 1 · 1 h · atSt.Stephen, ut t e associate roe s are o a very weren geo og1ca or1zon 
-.B. from those of the latter di~trict. The pyrrhotite is found in gab bro 

masses, which cut a .series of slates, and have altered these extensively 
along the contacts. The mineral occurs, apparently, in pockety masses, 
which are probably quite local in character. The ore is found at a 
number of points, but attempts at mining for nickel have been made 
chiefly at two places, on what al'e known as the Rogers and Hall 

Todd and farrus. The former is usually styled the Todd mine, the latter the 
Carroll mines. Carroll mine. 

Mining 
de,·elopment 
work at 
Todd mine. 

Mining work 
undertaken 
at Carroll 
mine. 

Openings 
near edge of 
gabbro mass. 

On the Rogers farm, considerable work, mostly of an exploratory 
nature, has been done. A shaft, 12 x 12, has been sunk for 24 feet, 
and three trenches have been cut, with depths ranging from three to 
eight feet, the principal one being rather more than two chains in 
length, on a course of S. 54° W., magnetic. In this trench, the ore is 
exposed for a little more than 30 feet along the line of excavation, the 
rest of the cut showing partly mixed ore and partly rock. The width 
of the ore body was not ascertained, as sufficient development work has 
not been done to decide this point. 

On Hall's lot, (Carroll mine), several shafts have been sunk, one of 
77 feet, one of 14 feet and one of 12 feet. In addition, a bore-hole with 
a diamond drill, was carried down from the bottom of the deepest shaft, 
to a further depth of 163 feet. From information obtained from 
Mr. J Carroll, the firRt 40 feet of the main shaft was in ore, but from 
that point, to the bottom, the ore was mixed with rock. 

The formations at this place are practically the same as on the Todd 
area. The openings are apparently near the eastern edge of the gab
bro mass, since altered slates are seen in close proximity. 

An examination of the specimens collected from one of these depo· 
sits, about threP, miles north of St. Stephen, was conducted by Mr. R. 
A. A. Johnston, ( 1 ) who gives the following description. 

(1) Ann. Rep. Geol. Surv. Can., Vol. V ., 1890-91, P art R, p. 39. 



NICKEL IN CAN ADA 153 

'The material consisted of pyrrhotite, through which was dissemi- Descri1,tion 
nated a little copper pyrites and a very small amount of quartzose and P":rtial ' an11Ivs1s of 
gangue. ' A partial analysis gives the results under I, or calculated on ore from St. 
the material free from all gangue, under II. Stephen. 

I II 
Nickel l ·72% 1.82% 
Cobalt 0·16 / 0.17 % 
Copper 0·31 % 0·33% 

Pyrrhotit.e, in association with chalcopyrite, and a little magnetite, in Association of 
a gangue of greenish-gray serpentine, obtained from Thompson's farm, pydrrhotit·tel an par ia 
St. Stephen, was partially analyzed by Dr. F. D. Adams. (1 ) The ~~11lysis fr?m 

h . . d . l b f h b . h f Ihompson s pyrr otite constitute approxuuate y, a out one ourt , y weig t, o farm. 
the whole. The pyrrhotite, careblly freed from the associated mine-
rals, was found to contain, nickel 0·923 per cent, and cobalt 0·394 per 
<:ent. 

Partial analyses, by Mr. M:. F. Connor, of this Department, were 
made of specimens, selected by Mr. R. A. A. Johnston, from both the Analyses of 
Todd and the Carroll properties. The specimen from the Todd mine, oredfCron:i.T

1
od
1 

d 
an arro 

<:onsisting of nearly pure pyrrhotite, with a small proportion of inter- mines. 
mixed chalcopyrite, and with about 10 per cent of gangue, gave nickel 
l ·38 per cent, and cobalt 0·21 per cent. The specimen from the Carroll 
mine, which was almost pure pyrrhotite, with very little chalcopyrite, 
an<l less than 5 per cent of gangue, gave nickel l ·35 per cent and 
cobalt 0·21 per cent. St. Stephen ore of lower 

It will thus be seen, that the ore is of lower grade than that gene- fh~~~fthan 
rally met with and mined at Sudbury, so that, for the present, at any Sudbury. 
rate, unless large bodies are encountered, these deposits '~ill not be 
able to compete with the much laro-er and richer deposits of Sudbury. GeolC!gi?al 

0 association 
The rocks, at all these places appear, to be very similar in characte( of pyrrhotite. 

and consist, for the most part, of a gabbro, varying from fine to some 
what coarse-grained. The presence of the pyrrhotite, is indicated by No well defin
masses of gossan at the surface, and in places, the ore is largely mixed ed. contact or 

· Tl d b II d fi d vem structure. with rock. 1ere oes not appear to e any we e ne contact of 
the ore body with the adjacent rock, and but little indicat.ion of a 
vein structure is visible. Outside of the ground covered by the tren- 0 ccurrence 
ches and pits, the surface shows th ..i gossan cap at a number of points, of gossan. 
with a thicltness ranging from a few inches to several feet. From the 
fact that this capping sh?ws at several places, east of the main trench, 
on the Rogers farm, it is probable, that masses of pyrrhotite will be 
found over a considerable area, but probably, in many, cases, so mixed 

(1) Ann. R ep. Geol. Sun'. Can. 1880·82, Part H. p. 16. 
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with rock, that careful separation would be necessary after 1m111ng. 
The existence of these ore-bodies could be best proved by judicious 
boring with a diamond drill. The areas of gabbro are limited, and 
appear to rise, in dome-shaped masses, through the slate formation, at 
a number of places. In the present state of development of the 
district, but little information of a definite nature can be given as t<> 
future values. 

At the location near Moore's mill, while the gabbro is seen at 
different points, the pyrrhotite appears to be disseminated in a mass of 
altered schistose slates. The ore here is, apparently, also of a low grade, 
and the extent of the deposit not large. 

Another locality, where mining for nickel has been undertaken, is 
on lots 11 and 12, range IX., of the township of Ca,lumet (Calumet 
island), Pontiac county, in the Province of Quebec. ( 1 ) The ore is 
mostly a pyrrhotite, containing both nickel and cobalt. The associated 
rocks are diorites, that cut a series of grey an'J rusty gneisses ancl 
crystalline limestones. A large knoll of the diorite, risf>s to the south 
of the ore bed, which has a thickness of about twelve feet., and between 

Mode of it, and the diorite mass, is a band of crystalline limestone. The ore 
~~dn~~~l~~ical itself is associated with another band of diorite, that appare ritly tra
associations. verses grey gneiss, the latter being seen beneath, or to t,he north of the 

ore deposit. On the river, a short distance to the south of this mine, 
the formation is mostly a crystalline limestone, and the intrusions of 
diorite and granite, in this rock, can be readily seen. The band of 
pyrrhotite at the Cowen mine, dips to the south, at an angle of about 

Cowen mine 50°. A shaft has been sunk to a depth of about forty feet, and cross-
deposit. cuts have been made, to test the width of the deposit. 

Partial 
analysis of 
ore obtained 
from E. P. 
Cowen. 

Other nickel 
bearing 
sulphides at 
Calumet 
Island. 

A compact massive pyrrhotite, through which was disseminated 
small quantities of quartzose gangue, handed to Dr. G. C. Hoffmann by 
Mr. E. P. Cowen, was parti:•!ly analyzed by Mr. F. G. Wait, giving 
the results under I. The gangue constituted 4 · 30 per cent, by weight, 
of the whole ; so that, neglecting this, the pure sulphide would give the 
results under II. 

I 
Nickel. . . . . . . . . . . . . . . . . . . . . . . . . 3 · 88% 
Cobalt ..................... , . 0·32% 

II 
4·06% 
0 ·33% 

A quartz-amphibolite, carrying a somewhat large quantity of pyr
rhotite, some pyrite, a small quantity of chalcopyrite, and a very little 

zinc blende, was obtained from the southeast half of lot 6, range II, of 

(1) Ann. Rep. Geol. Surv. Can., Vol. XI., 1898, Part A p.119. 
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the township of Calumet. The pyrrhotite, freed from all gangue and 
associated minerals, was found, by Mr. F. G. \Vait, to contain nickel 
1·48 per cent, with no cobalt. (1 ). 

Cobaltiferous lollingit<.J (diarsenide of iron), occurs on lot 16, conces- CobaltifProus 
. XIV f th h. f G 1 Th . . d b li:illingite in s1on ~ , o e towns 1p o a way. e specimen was receive y Galway. Ont. 

Dr. H offmann, from the late Mr. J. B. Campbell, on July 21, 1888. e ). 
The mineral, which was associated with a small quantity of pyrrho- Association 

tite, and a little white transluce nt quartz, was massive and exhibited ~l~~r~~1£.:~i~~l 
only in par ts, and that but very indistinctly, any approach to crystal- !Ollingite. 
line structure. Colour, steel-grey; lustre, metallic ; brittle; fractul'e 
uneven; streak, greyish· black; specific gravity, after correction for a 

little included quartz at 15 · 5° C., 7 · 028. 

An analysis by Mr. R. A. A.Johnston, of carefully selected material, Chemical 
afforded the results under I. Deducting the gangue (silica), and re-cal-

1
an1a1,IYs.es obf 
o mg1te y 

culating the remaining constituents to 100, we obtain the resulLs under .T)hnston. 
II. 

Arsenic .. . .. . 
Sulphur ............ . .. .... . 
Iron . .. .. ......... .. .. .. . 
Cobalt .. ... ..... _ . . . .... · .. 
:Nickel .. .. ..... . . . . .. . . .... . ... . 

I 
70 · ll 
0·80 

24·41 
2·85 
0·78 

Gangue (quartz). . . . . . . . . . . . . . . . . . l · 69 

Totals . .............. . 100 · 64 

II 
70· 85 

!) ·81 
2-1·67 
2·88 
O· 79 

100 ·00 

This mineral had not previously been identified in Canada, and, if 
found in quantity, would be of economic importance. 

The disc )very of cobalt, nickel, arsenic and silver ores, on the west Cob It · ·k 1 a , n1c e ,. 
side of Lake Timiskaming, Ontario, was made public in November, aTsenic and 
1903 Th d . d. d d . h b .1d. f h T. . silver ores . e epos1ts were 1Scovere urmg t e m mg o t, e im1s· appear. 
kaming and Northern Ontario Ry., the road bed of this new govern-
ment railway running almost over the top of the first of the deposits 
discovered. The deposits lie five miles south of the village of Hailey- Lake Temis· 
bury, which is 106 miles north of North Bay, and 333 miles north cd~ming 

. . , . . 1scovery of 
of Toronto. At the time of Prof. Millers ( 3 ) vlSlt, from whose des- deposits. 
cription the present information is obtained, four veins or deposits Examination 
had been located, in the vicinity of a small body of water, known as ~~ d:P~iNv. 

(1) Ann. Rep. Geol. Surv. Can., Vol. XI, 1898, Part R p. 3!l. 
(2) Ann. Rep. Geol. Surv. Can. Vol. VI, 1892-93, Part R p. 19 and 43. 
(3) Eng. and l\Iin. J our., Vol. LXXVI, Dec 10, 1903, pp. 888-889: also Canadian 

)lining Review, Dec. 31st, 1903. 

G. Miller. 
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Long lake, lying about half a mile south of the southern boundary 
of lots 8 and 9, con. I., of the township of Bucke. All of the 
veins cut through the slate and slate conglomerate, of the Upper 
Huronia.n. The presence of dykes or sheets of the darker coloured 
eruptives was suspected, but they were not definitely recognized. 

Presence of The slate and slate conglomerate have a slight dip, and the veins 
basisbruptives referred to cut them almost vertically. The Rtrike of the veins N os 
suspected but ' < ' • 

not recog· 1 and 3, is approximately northeast and south west, that of 4, is east 
1nzed. 
Strike of and west, that of 2, northwest and southeast. 
,-eins. 
L ocation and 
association of 
vein No. 1. 

Ores consist 
principally of 
niccolite and 
smaltite with 
much native 
silver. 

Presence of 
<innabergite 
.and genthite. 
J\Iode of 
occurrence 
of natiYe 
siJl'er. 

Order of 
genPration of 
component 
minerals. 

Vein Ko. 1 
made up of 
ilmaltite and 
niccolite. 

Compoaition 
of ore. 

Vein No. l lies east of the rail way track, at the edge of a swamp, 
~bout a quarter of a mile north of the end of Long lake. It has been 
uncovered at three points, which are within a few yards of one another. 
Medium-grained, dark-coloured conglomerate, is found on one wall. At 
the widest opening, the deposit has a width of over 6 feet, but the vein 
matter is more or less mixed with rock. The ore consists of niccolite 
or the arsenide of nickel, and smaltitfl, the diarsenide of cobalt, toge
ther with much native silver. On weathered surfaces, the vein matter 
is coated with the beautiful decomposition product, erythrite (cobalt 
bloom). The green nickel stain (annabergite 1) is also seen on some 
surfaces, but is usually masked by that of the cobalt. Nickel silicate 
(genthite) may also be present. The secondary mineral arsenolite 
(As 20 3 ) also occurs. Native silver, in leaves, films and fine threads, and 
moss-like forms, is intimately associated with the nickel and cobalt 
minerals especially with the niccolite, as well as in cracks in the rock 
and in the calcite veinstone. In weathered portions of the ores, the 
silver shows distinctly. One sheet, composed chiefly of silver, had a 
thickness of nearly 0.375 of an in. and a diameter of about one foot. 
The silver appears to have crystallized earlier than the niccolite, which 
has been deposited around it. The smaltite has formed still later than 
the niccolite. 

On location No. 2, which lies about half a mile south west of No. 1, the 
ore body is distinctly vein-like in form. The ore is a mixture of smal
tite, and probably some closely related arsenide, such as saftlorite (Co
As2 ), and niccolite. It was found to have the following composition : 

Cobalt 
Nickel 
Iron 
Arsenic } 
Sulphur 
Insoluble 
Water 

I. II. III. IV. 

16·8 16·76 19·80} 21·70 
7·0 6·24 4·56 
6·3 6·20 8·89 

69·0 

0·9 
{ 

66·60 
3·57 

60·30 63·55 
4·09 5·38 
2·40 0·60 
2·00 
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Analysis I. was made by 0. S. James; II. and ITI. are of average 
samples collected by vV. G. Miller, the former from the uppermost 
opening, the latter from the middle or main opening the analyst 
being A. G. Burrows. It was evident that III. was somewhat 
weathered, as it showed considerable cobalt bloom. Analysis IV. is 
by Dr. J. Waddell. It represents a specimen collected by Prof. Nicol 
This specimen was not taken likP II. and III., with the object of 
determinlng the average composition of the vein. Prof. Nicol states 
that a qualitat.ive analysis showed the presence of small amounts of 
copper and lead, and the absence of antimony, bismuth and zinc. 

This ore body, unlike the others examined, carries no silver, in 
the parts so far discovered. Three openings have been made in the 
vein, over a length of 300 feet. The massive ore has a width of 14 Mode of 

inches but VU"S in the wall rock 2 feet or more from the vein are occurrence of 
' b ' ' vem No. 2. 

filled with cobalt bloom. The walls, which are well defined, are of slate, 
and the vein i8 almost perpendicular, lying on the hillside, about 70 
feet above the level of Long lake, and a few hundred yards east. 

Ore body No. 3, lies at the southern edge of Long lake, about half Character of 

a mile southwest of No. 2. It is very similar to No. 1, consisting of No. 3 vein. 

native silver, smaltite, erythrite, and, in all probability, niccolite. 

\T ein No. 4, is about half a mile southeast of No. 3. The vein, :.\Ioele of 

averaging not more than 8 inches, cuts a perpendicular bare cliff, facin!l'. occ
1
un

1
·ence 

_, a.nc c iaracter 
the west, nearly 70 feet high. The vein is weathered away, leaving a of vein No. 4. 

crack in the face. of the cliff, in some places, 4 or 5 feet in depth. Thin 
leaves of silver, up to 2 inches in diameter, were lying on t.he ledges, and 
the decomposed matter was cemented together by the metal. It was 
found impossible to get a fresh sample of the ore, with the hammer, the 
vein being so much decomposed. The weathered specimens, however, Ore body 

in addition to the native silver, contained erythrite, and the unaltered madlet.ttip of 
sma le, 

ore will be found in all probability to consist of smaltite and niccolite, nic~oliu; with 
· dd' · th ·1 A d. f S . I d' . natll'e stlYer. in a it10n to e s1 ver. crosR a 1stance o 10c ms, a 1stmct 
banded structure was noticed, and there were 12 or 14 layers of ore, Composition 

lying parallel to the walls. A sample of the much weathered ore of ore bodies. 

from vein No. 4, which appeared to contain less silver than most of 
the samples collected, was found by Mr. A. G. Burrows to have the 
following percentage composition: Silver 16·60, cobalt 3·91, nickel 
l ·42, arsenic 16 ·79, gold none. This ore is brownish to yellowish in 
colour, and has an earthy appearancfl. Its colour is due to the presence 
of several decomposition products, the oxides of iron, cobalt and nickel. 
A ~mall amount of cobalt bloom is present. At the bottom of the 
cliff, the vein cuts thin banded, dark grey or greenish, at times, almost 
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black slate, which has a slight dip. The slate passes gradually, as 
far as cuuld be discovered, from the steep character of the cliff, into a 
coarse breccia-conglomerate, in the upper part. The fragments in the 
conglomerate, consist of quartz, slate, granite and other rocks. 

On some of the native silver specimens, there are small, black, 
speroidal masses, with little lustre. These appear to be the hydrated 
oxide of cobalt (heterogenite). Some of the deposits, on the silver, 
resemble asbolite. The carbonates of cobalt and nickel are also pro
bably present. 

Recognition Prof Nicol, of the Kingston School of Mines, who afterwards 
of dyscrasite d d and chloan- examined the material collected, recognized the silver antimoni e, ys-
~~.ite1by Prof. crasite, in association with the native silver of No. 1. He has also 
I '1CO. 

Occurrence of 
smaltite and 
erythrite 
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definitely deterrnined the presence of chloanthite, (arsenide of nickel). 
It is associated with the niccolite, and also occurs rather free from 
cobalt, in some of the nodular masses. 

Smaltite and erythrite, have also been met with in small quantities, 
associated with the basic igneous roch, to the west of Rabbit lake, so 
that the whole area, where such rocks occur in the Timiskaming and 
Temagami districts, should be carefully prospected. Although the 
width and extent of these veins, may not be very great, the character 
of the ore is such as to m1ke them a distant economic possibility, at 
the present ruling prices of the metals contained in them. 

OTIIER ASSAYS For NICKEL OF TIIE SULPHIDE ORES I:N CANADA. 

Since the discoveries of the highly nickeliferous pyrrhotite of the 
Sudbury Mining District, there has been very active prospecting for 
similar sulphide material. Numerous specimens, from all parts of 
the Dominion, have come to the laboratory of the Geological Survey 
Department, for assay. The material, thus submitted, has been exam
ined, and partial analyses have appeared, from time to time, in the reports 
of the Section of Chemistry and Mineralogy, which, besides, appearing 
as separates, are included in the various annual volumes. It has been 
thought advisable to tabulate these results, arranging them according 
to provinces. All of the analyses have been conducted by Messrs. R. 
A. A. Johnston and F. G. Wait, assistants to Dr. G. C. Hoffmann, 
the chemist and mineralogist to the Geological Survey. These analyses 
are in addition to tho~e which have been already quoted, on previous 
pages of this bulleti~. 
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PARTI AL ANALYSES OF NICKEL ORES I N CANADA. 

ONTARIO. 

=========================--=-=-=--~~========= 

I ~§ 
Ko. Locality. Gangne. Cu. Ni, Co . 1 -~i,,: Analpt. 

- .- ··--·---1--l--(3
·E ___ _ 

1 Clarendon, Fronte-
nac Co..... . . . . . . GO ·OO .... . ... Trace. 0·20 

2 Lot 10, con. TV., 
Creighton, Algoroa 16'00 . ....... None. None. 

3 Schreiber, (2 miles 
west of) Thunder 
Bay Dist......... None. . ...... . o·o;~ 1'ract. 

4 Same locality. . . . . . 10·00 . . ...... Trace. Trace. 
5 Darl ington Bay, L. 

uftheWoods ...... 20·00 
6 E. ~lot 18, con. III., 

Dalhousie, Lauark 
Co... .. . . .. . . .. 20·50 

7 Lot 15, con. A. An-
o·oo 

. g 1
0
es. e.a., .. A. ·d·d· i·n·g· t·o·n· C 37 · S!l Present. 0·10 

8 Lot 12,cun. lTI., Gal-
way, Peterborough 
Co ........ . 

9 LotlS, con . IV., Gal-
way, Peterborough 
Co.. .... . . . . . . . . . 17·25 

10 Lot lG, con. XIV., 
Galway, l'Pterbo-

o·rn 

0· 10 

rough Co. .. ..... . . . . ... . . Present. 0·10 
11 8. end lot lG, con. 

XIV., Galway, Pe
terborough Co .... 

12 Lot 16, con. XV., 
Galway, Peterbo-
rough Co.... . ..... 38·4G 

13 Galway, Peterbo-
rough Co . . . ...... . 

14 Lot 1, con. XI, Som-
erville, Victoria 

0 05 

faint 
traces 

. ...... . 0·04 Trace. 

Co . ...... . . 62·36 ........ fai. tr . . ... . 
15 Somerville, Victo-

R A. A . Johnston. 

R . A. A. Johnston. 

R. A . A. Johnston. 
R. A. A. Johnston. 

R. A. A. Johnston. 

o·n F. G. Wait. 

o·rn F. G. Wait. 

F. G. Wait. 

0 ·12 R. A. A. Johnston. 

..... . F . G. Wait. 

R. A. A. Johnston. 

.. R. A. A. ,J obi1ston. 

l<'. G. Wait. 

R. A. A. Johnston. 

ria Co . .. . . . . . . . . 48·!)7 
16 N. part of V ictoria 

0·06 T race. 0·12 F. G. Wait. 

Co ....... . ...... . 
17 S. E. shore Vermi

lion lake, Nipiss-
ing Dist . .. .... , 

18 Lot 6, con. I., Hyman, 
Ale-oma Di,;t.. . ... 

10 English River, 0miles 
N. of C. P. Ry., 
District of Rainy 
River ........... . . 10 ·50 

20 l'i ear J ackfish sta-

0· 15 . F. G. W ait. 

0·05 Pres't. F. G. W ait. 

..... None. 1 ·55 RA. A. Johmton. 

0 ·12 None. 0· 13 ]~.G. \Yait, 

. . . . . . . . Trace. . .. F. G. W ait . 
t ion, C. P. Ry., 
Thunder Bay Dist. 

21 Twehe MilP Jake, 
l\Ii nden, Halibur-
ton Co .. . ...... . 6'92 ........ 10·13 Trace. 0·14 F. G. Wait. 

Partial 
analy~es of 
nickel ores 
from Ontario. 
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' ' 

No. Locality. C~angue. I Cu. Xi. Co . . ~!.; . Analyst. 

Z3·~ 
- ----- - - --- ---· -----------
22 , Lots 32 and 33, con. 

XL , Sebas top o 1, 
R enfrew Co...... . ...... PreHent ....... None. 0 ·10 F. G. ·wait. 

23 E. ~ lot 18, con. III., 
Dalhousie, Lanark 
Co.... ........... 29·3r, o·J65 Trace. O 23 F. G. Wait. 

24 Matawatchan, Ren-
frew Co .. . . . . . . .. .. .. .. 0·29 F . G. Wait. 

25 Cutting on .. Whitney 
and Opeongo Ry., 
7;]: miles from junc
tion with C. A. Ry. , 
Sproule, Nipissing 
District........ . . . . . .... Pre ent. o ·UJ ...... F. G. 'Vait. 

26 Lot 17,con. II, W est-
meath, Renfrew Co . . . . . . . . fai. tr. N vne. . . R. A. A. Johnston. 

27 N. ~lot 4, con. lV., 
G!·ah'.'m, Algoma 
D1str1ct .. .. .. .. . 1·04 0·4!J Trace. 0·49 F. G. 'Vait. 

28 S. ~ lot 8, con. IV., 
Dowling, Algoma 
District ..... . ..... . .. .... Present. 0·26 F. G. Wait. 

20 W. ~ lot 10, con. IV., 
Olden, Frontcnac 
Co.. ... .. ... .. . .. 3·32 o·9S 1·02 l~. G. Wait. 

EXPLANATIONS. -

Explanation 1. A grayish-white, gneissoid rock, through which was disseminated 
and descrip- . . . 
tion of a somewhat large amount of pyrrhot1te. The metallic port10n of the 
!~~]~':d'~rom ore contained, 0·5% of cobalt. 2. Coarse, granul<tr pyrrhotite, in asso
the Prov_ince ciation with zinc blende, through which was disseminated a somewhat 
of Ontano. ll f d k h' d · 3 p sma amount o a ar gray, sc istose rock an white quartz. . yrr-

hotite, from an exten&ive deposit. Examined for l\lr. Thomas Marks. 
4. A fair sample of the pyrrhotite, from the same locality. Collected by 
Dt'. Selwyn. A fine, granular, massive pyrrhotite, through which was 
disseminated a little quartzose gangue. 5. Pyrrhotite, with a dark gray 
gneissoid rock. Examined for l\Ir. Mather. 6. Pyrrhotite, with a 
little pyrite, in quartz-mica-diorite. Examined for Mr. IV. C. Caldwell. 
7. A dark gray gneissoid rock, through which was disseminated a fair
ly large amount of pyrrhotite, and a trifling quantity of chalcopyrite, 
8. A compact, massive pyrrhotite. Examined for Mr. E. D. Orde. 9. 
A massive pyrrhotite, in association with Yery small quantities of pyrite 
in quartz. Collected by Dr. F. D. Adams. 10. A compact, massive 
pyrrhotite, with a little pyrite, and trifling amounts of chalcopyrite 
and quartz. Examined for Mr. R. H. G. Chapman. 11. Massive 
pyrrhotite, with very small quantities of chalcopyrite, quartz and fel
spar. Collected by Dr. F. D. Adams. 12. Quart.z ,carrying some pyrr· 
hotite, and a small quantity of pyrite. 13. Lot and concession not 
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communicated. Mas9ive pyrrhotite, with a very trifling amount of 
calcite. 14. Quartz, a little fclspar, and a very little garnet, carrying Brref descrip
a small quantity of pyrite and pyrrhotite. Collected by Dr. F. D. ::~~'iu~~ns 
Adams. 15. Pyrrhotite, with quartz, and a little garnet. Number of examined . 

. . . from Provmce 
lot and concession not commumcated. 16. A compact, massive pyrr- of Ontario. 
hotite. 17. From E. V. Wright's claim, north of Northeast Arm of 
L<ike Temagami. A very fine, crystalline, massive pyrite, in a gangue of 
quartz-diorite. Collected by Mr.A. E. Barlow. 18. Pyrrhotite, with mica 
and but little visible quartz. Collected by Mr.W. Mclnnes. 20. A very 
fine, granular pyrite with small quantities of pyrrhotite.2 1. Compact 
massive pyrrhotite, with a little pyrite, an.cl a small quantity of quartz. 
22. Compact, massive pyrrhotite, with small quantities of chalcopyrite 
and pyrite, in a gangue of calcite, pyroxene, some hornblende, felspar 
and a little garnet. Examined for Mr. L. Meany. 23. Quartz, with a 
little hornblende, carrying large quantities of pyrite and pyrrhotite. 
Examined for Mr. T. B. Caldwell. :l4. Compact, massive pyrrhotite, 
with a small quantity of quartz and hornblende-gneiss. 25. Compact, 
massive pyrrhotite, with a few particles of chalcopyrite, and a small 
quantity of gangue, mainly quartz and felspar, with a very little gar-
net. Bxamined for Mr. A. H. N. Bruce. 26. Pyrrhotite, with a little 
chalcopyrite, apatite and hornblende. 27. Massive pyrite, associated 
with pyrrhotite, chalcopyrite and danaite, ( cobaltiferous arsenopyrite). 
28. A massive pyrrhotite, with which was associated a little chalcopy-
rite and a somewhat large proportion of gangue (vitrophyre-tuff). 29. 
Granular, mal'sive pyn-hotite, with a very little chalcopyrite, with a 
little ga.ngue of felspar, quartz and hornblende. Examined for M.r. J. 
Bawden. 

Results of 
partial 

=========:;:============::::;N;;:i=. :;:i
1
=
1 
======= analyses of 

metal· sulphides 

QUEBEC. 

from the 
lie Analyst. Province of 

li~~- Quebec. 
No. Locality. Gaugue. Co. Cu. Ni. 

30 Lake Mistassini ..... 27·00 Di st. Di.t . . ..... R. A. A. ,Johnston. 
31 Lot 24, R. 18, Potton, Small traces traces 

Brome Uo . . amount Small ... .. R. A. A. Johnston. 
32 Lot 24, R. 7, Claren- amt. 

don, Pontia,c Co ... None 1·50 'rrace. 1·50 R. A. A. Johnston. 
33 Lot 2, R. 8, Eardley, 

Ottawa Co ........ 0·13 None. . R. A. A. Johnston. 
34 Lot 14, R. 6, Aylwin, . 

Ottawa Co ... . .... 1'68 F. G. Wait. 
35 Lot 14, R. 5, Mash· 

am, Ottawa Co . . . . . . . . . . . Present. Alitt. ..... Co.Ni F. G. Wait. 
3G Lot 14, R. 5, Mash · 0·23 

am, Ottawa Co .... 0·11 None. F. G. Wait. 
37 Same localit.y. ....... ........ 0·10 . .... F. G. Wait. 

11 
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EXPLANATIONS. 

30. Pyrrhotite, in gangue of hornblende schist. Collected by Mr. Wal
ter McOuat (Survey) in 1872. 31. Pyrrhotite, chalcopyrite and pyrite, 
with small amount of gangue. One specimen contained a very small 
amount, and the other, a trace of nickel. 32. Pyrrhotite, but the ma
terial does not., so far as is known, occur in quantity. 33. A massive 
pyrrhotite. Examined for Mr. W. A. Allan. 34. Pyrrhotite, almost 
pure, or with quartz, felspar, mica, hornblende and calcite. 35. Massive 
pyrite, with a few particles of chalcopyrite, and a somewhat larger pro
portion of granite. 36. Massive pyrrhotite, with a very little quart.z. 
37. Taken from a different part of the deposit. Pyrrhotite, a little 
pyrite and a very small amount of gangue oi black garnet and pyroxene, 
and a very little quartz. Nos. 36 and 37, were examined for Mr. W. L. 
Marler. 

BRITISII COLUMBIA. 

I 
Ni. m 
metal

lic 
No. Locality. IGangue. Cu. Ni. Co. ~r- Analyst. 

t1on. 
-- ------------- --- --- --- --- ---------

38 Near head of Barclay 
sound, VancouYer 
I . . . . . . . . . . . . . . .. ..... Trace. Trace ....... R. A. A. Johnston. 

39. Monashee mine, near 
head of Cherry 
creek . . . . . . . . . . . . ....... Present. 

40 Illecillewaet dist. . . . 16 ·75 Present. 
41 Creek flowing into 

Downie creek, 20 
miles aboYe fork 
with Columbia R., w: e s t Kootenay 
district .......... . .. . : .. . 

Trifl'g 
None. Am't. . ... . R. A. A. Johnston. 
0·12 Trace. 0·14 F. G. i''ait. 

Faint 
traces .... R. A. A. Johnston. 

42 Crawford bay, Koot-
enay lake. . ..... .. .. . . .. Present. Trace. . . . . . . ..... F. G. ·wait. 

43 Same locality.. .. .. 10·70 Present. o·048 None. 0·053 F. G. Wait. 
44 A few miles N. of 

Savona station, C. 
P .R. , Yale clist... 10 "17 Present. 0 ·031 

45 Between N. Thomp-
son and Clearwater 

0·034 F. G. Wait. 

riverH. . . ...... Present. Trace . ........... . F. G. \Vair.. 
46 Mission City claims, 

townships 17 and 
18, \Vestm in st er 
clist. . . . . . . ... . 

47 Jarvis inlet ....... . . 
48 King Solomon mine, 

Kaslo-Slocan min-
ing camp, West 
Kootenay dist ..... 

36"50 P1·esent. 0·055 Trace. 0·09 F. G. Wait. 
14·80 Present. 0·2,i Ti;ace. 0 ·28 F. G. Wait. 

0"36 . . o· 15 Trace. 
49 E. side, Upper Arrow 1 

lake, about 12 miles 
from its head, W. 
Kootenay dist .... ...... ... Present. . . . . . None. 

.. . . F. G. Wait. 

0·12 !:F. G. Wait. 



No. 

--

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 
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BRITISII COLUMBIA.--Cont. 

Ni. in 
metal-

Locality. Gangue. On. N' 1. Co. lie. Analyst. por-
tion. 

---------- ---- ---- -- -- ·-- ---------. 
l\Ionte Cristo clain1,. 

Trail creek, Colum-
bia river ......... .... ... Present. ...... Strong 0·13 F. G. W ait. 

Iron Colt claim, Trail 
Creek, Columbia 

trace. 

river .. . .. ... 14'50 Present. 0·20 Strong 0·234 F. G. Wait. 
Bunlmry claim, near trace. 

Lac le Bois, Inte-
rior Plateau R egion 17'83 ....... 0'065 Trace. o·os F. G. Wait. 

Hu111phrey c 1 aim, 
Lac le Bois. Inte-
rior Plateau Re-
gion . . .. . . . . ..... 59·20 · - · ····· 0·04 Trace. 0·10 F. G. Wait. 

Quartz creek (Sal-
mon R.), 20 miles 
south of N elson ... ········ . . . . . . . . . ... . .... . Trace. F. G. Wait. 

Kootenay-Colum bi a 
proi;>erty, 1! miles 

29 ' 03 Present. o·65 Trace. 0·92 F. G. Wait. I N.E. of Rosslanrl . 
Queen Victoria 

claim, 8 miles \V. 
of Nelson ........ 37·15 Present. 0·43 Trace. 0'68 F. G. Wait. 

Evening Star mine, 
E. slope Mt. Monte 
Cristo, 1 n:ile N. of 

Ni.0'67 F. G. Wait. Rossland. 62·73 Present. 0 25 0·59 
Leviathan Group of 

claims, Campbell 
creek, E. side of 

Co.1·58 

Kootenay lake .. 61 '84 Present. 0·06 None. 0'16 F. G. Wait. 
R. & K. claim, 1 mile 
~. of Argenta, 
W. Koot e nay 

F. G. Wait. <list .. ... .. . . ....... Present. 0 ·05 " ...... 
Kennedy lake, \V. 

coast, Vancouver 
island 7·50 " 0·15 Trace. o·rn F. G. Wait. 

Two Siste·r~-S:,;a Crow 
Claim, Deer creek, 
Clayoquot, Van -
conver island ..... 41·00 Present. 0'69 Trace. 1·70 F. G. Wait. 

N.E. &,Section,Block 
I., \ . side of Tex-
ada island .. ....... . ...... Faint ··· ··· . .... . R. A. A. Johnston. 

Near KrUVnot, w. trace. 
coast ancouver 
island ..... . ....... Present. Trace. . .. . . F. G. Wait. 

Mt, \V. of Ice river, 
6 mi}es from forks 
with Beaverfoot 
R., East Kootenay 
district . .... ...... 0·20 ········ 0·12 None. 0·12 F. G. Wait. 

N. bank of the 
Thompson, about 5 
miles above Lyt-
ton, Yale district. 17·;2 Present. 0·08 Trace. 0·097 F. G. Wait. 

Shuswap lake . . ... .. 15'75 Present. Trace. None. ... . F. G. Wait. 

R esults of 
assays for 
nickel and 
cobalt of 
sulphides 
from the 
Province of 
British 
Columbia. 
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.: 

EXPLANATIONS. 

38. A massive pyrrhotite. Examined for Capt. J. Jaques. 39. An 
association of white tmnslucent quartz and dark green diorite, 
carrying large quantities of pyrrhotite, and a little chalcopyrite. 40. 
Pyrrhotite, with a little chalcopyrite, and a small quantity of a dark 
green rock. 41. Quartzo-felspathic rock, with a large amount of 
pyrrhotite. Examined for Mr. J. D. Boyd. 42. Pyrrhotite, with a very 
small amount of chalcopyrite, in quartz. 43. Pyrrhotite, with ~mall 
quantities of chalcopyrite and graphite, quartz, felspar and mica. 
These two last were examined fot· Cockle Bros. 44. Massive pyrrhotite, 
with a few specks of chalcopyrite, and a small quantity of quartz. 
Examined for Mr. J. Dickenson. 45. Pyrrhotite, with small quantities 
of chalcopyrite. 46. Fine, granular pyrrhotite, with small quantities 
of pyrite and chalcopyrite, and a somewhat large prnportion of gangue. 
Examined for Mr. D. Elliott. 47. Pyrrhotite, with some chalcopyrite, 
and a little galena, with a small proportion of gangue, composed of 
quartz and fine-grained diorite. 48. Compact, massive pyrrhotite, 
through which was dissem: nated very small quantities of quartz. 
Examined for Mr. H. E. Porter. 49. Quartz, with ·a little chlorite 
and mica, carrying small quantities of a compact massive pyrrhotite, a 
little pyrite and a few specks of chalcopyrite. Examined for Mr. R. 
Sanderson. 50. Pyrrhotite, with a lit.tle chalcopyrite, and small quan
tities of a quartzose gangue. 51. Exceedingly fine-grained pyrrhotite, 
with a little ch·1lcopyrite, and small quantities of a quartzose gangue. 
52. A felspathic rock, carrying small quantities of pyrrhotite. 53. 
Quartzo-felspatbic rock, carrying small quantities of pyrrbotite. 54. 
Pyrrhotite and pyrite, with small quantities of calcite and felspar. 55 . 
Pyrrhotite and chalcopyrite, with a little gersdorffite, in a somewhat 
calcareous gangue. 56. Pyrite and chalcopyrite, with some pyrrhotite, 
in a gangue of andradite, quartz, and a few scales of mica. 57. 
Arsenopyrite and cbalcopyrite, in a gangue of hornblende and calcite. 
Danaite or cobaltiferous arsenopy1 ite, carrying 3.05 per cent cobalt, 
also occurs at this mine (Ann. Rep. Geol. Surv. Can., Vol. VIII, 1895, 
Part R p. 13). 58. Quartz, with a little felspar, hornblende and graphite, 
with a smaU quantity of pyrrhotite, and a very little chaleopyrite. 
Exan1ined for l\Ir. F. W. Pettit. 59. Massive pyrrhotite, with a very 
little chalcopyrite, and a trifling amount of quartz and felspar. 
Examined for Mr. J. Turner. 60. Massive pyrrhotite, with a few 
particles of chalcopyrite, and a small quantity of gangue, made up 
mainly of garnet and calcite, with a little quartz and hornblende. 61. 
Chalcopyrite, with some pyrrhotite, and a small quantity of quartz. 
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Examined for M.r. F. Jacobsen. 62. Very fine, granular, massive 
pyrrhotite. Examined for Mr. Alfred Raper. 63. Granular, massive 
pyrrhotite, with a very little chalcopyrite. Examined for Mr. G. H. 
Franklin. 64. Compact, massive pyrrhotite, with a little quartz. 
Examined for Mr. James Walker. 65. Fine, granular, massive pyrr
hotite, with some pyrite, and very little chalcopyrite, with a gangue 
mainly of hornblende 11nd quartz. Ex11mined for Mr. Geo. de Wolf. 
66. Compact, massive pyrrhotite, with a little chalcopyrite, and a some
what large quantity of quartz. Examined for Mr. J. T. Edwards. 

NEW BRUNSWICK. 

~::: 

~·B 
Et; Analyst. 

No. 

Assay, for 
nickel and 
cobalt, of Xi. Co. ~ o. 

'": .~ pyrrhotite 
;.... ...... from New 

Locality. Gangue. Cu. 

__ --------- _____________ -~- ________ Brunswick. 

67. L 'Etete, Charlotte Co ... .... present . present. . .... R. A. A. Johnston. 

EXPLANATION. 

67. Pyrrhotite, like that from St. Stephen, with a little chalcopyrite 
in a gangue of diorite. 

NOV A SCOTIA. 

~ s:: .., 0 
Cl)'.;.; 

No. Locality. Gangue. Cu. J' Co. 
Ss 

Analyst. 1. ~ p,, 

·-" 
~~ 

- ------- ---- ----------------
68. Barrachois harbour, 

Cafe Breton Co .. . ........ ........ trace .. none . trace .. R. A . .A. J olrnston. 
69. Lute 10 creek, Cape 

Breton Co ... . .... 25'40 ··· ··· .. 0·75 trace .. 1 ·00 F.G. Wait. 
70. Boularderie Centre, 

Victoria Co ...... . 12·41 preaent. 0·07 trace .. o·os F. G. Wait. 

Description 
of association. 

Determina
tions of nickel 
and copper, 
of snlph1des 
from Nova 
Scotia. 
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EXPLANATIONS. 

68 Pyrrhotite. Examined for Mr. Alex. McLeod. 69. Pyrrhotite, 
with a somewhat large amount of silicious gangue, from the land of 
MP~. O'Hanley, on the rear of George river. Examined for Mr. Alex. 
McLeod. 70. Massive pyrrhotite, with a few particles of chalcopyrite, 
and a little hornblende and quartz. Examined fot· Mr. "William 
Haggerty. 

No. Locality. 

MISCELLANEO US. 

I I t~ s"' 
Gangue. Cu. Ni. Co. ::.~ Analyst. 

z~ 

---_--_-1--1- -- '---,---
71 Deer n v&r,(tr1\mta17 I 

of Churchill R., N. I 
W.T)..... 42·20.. o·oGITrace. 0·101". G. Wait. 

72 Island, off ,V. point · 
ofKogaluk R.,East 
coast, Hudson ba~', l're-
U ngarn district. 48·oo

1

.. .... .. o·os
1 

sent.. 0·1,3 R. A . A"Tohnston. 

EXPLANA1'IONS. 

71. Pyrrhotite in a gangue of quartz, felspar, and a little mica and 
graphite. Collected by Mr. D. B. Dowling. 72. Massive pyrrhotite, with 
a large amount of quartz. 

THE NICKEL DEPOSITS OF SCAN DIN A VIA. 

The nickel deposits of Norway and Sweden are of especial interest 
to us, since they resemble, in all essential particulars, the larger and 
richer deposits of the Sudbury District. It would be impossible, with
in the scope of the present bulletin, to give a full, or even satisfactory 
account of these occurrences, and the various phenomena attendant on 
their geological associations, and the reader is referred for such details, 
to the elaborate and epoch-making work of Prof. J. H. L. Vogt, of Ohri
stiania, Norway. (1

) 

(1) V ogt, J. H. L., 'Nikkel forekomster og Nikkelproduktion.' Geol. Soc. Nor· 
way, Christiania, 1892. 'Sulphidische Ausscheidungen von Nickelsulphiderzt>n. ' Zeit. 
fi.ir. Prak. Geol., 1893, also 1894, 1895, 1900 and 1901. 'U eber die BiJrlung von Erz
lagerstatten durch Differentiationprocesse in Eruptivmagmaten.' International 
Geol. Congress, Zurich, 1894. ''rhe Formation of Eruptive Ore Deposits.' M:in. 
Ind. Vol. IV, 1895. 'Problems in the Geology of Ore D eposits.' Trans. Am. Tnst. 
M:in Eng. Richmond, UJOl. 'Platingehalt in norwegischen Nickelerz.' Zeit. flir 
Prak. Geol. , Aug. 1902. 
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All of the Scandinavian nickel deposits are intimately related to All Scandina

masses of gab bro or norite. In Norway, there are about 40 of these ~~:~c~~fctsits 
masses, with which deposits of nickeliferous pyrrhotite are associated, with g.abbro 

l b · h 1 · k 1 d · · E or nor1te. t 1ese emg t e argest me e eposiLs m urope. 

These masses, which are undoubtedly of igneous origin, are either Mineralogical 

composed of gabbro, which is essentially an admixture of pla
0
crioclase cofmpostition 

o nor1 P. . 

felspar and augite, or of norite, a closely related rock, made up princi-
p:i.lly of plagioclase felspar and hypersthene (rhombic pyroxene)· 
The~e masses of gabbroic material, occur in the Archrean hornblendi:i ~orite intru

schists and gneisses, generally intruded parallel to their foliation or t~1'.~an 
lam 'nation but often cutting across them. The norite of all these mas- schi.sts and 

gneisses. 
ses, shows a remarkable tendency to differentiation, ~o that the same 
mass, in different parts of its extent, will vary greatly in the relative 
proportion3 of the constituent minerJ.l~. The principal types of such Differentia:-

d 'ff · f d' · · h d bb l" · bb d t1011 of nonte 1 erent1at':ls, are o ten 1stmgu1s e as ga ro, o ivme ga ro, an · 
pyrrhotite g;tbbro and norite, olivine norite and pyrrhotite nurite, while 
the decomposed representative is distinguished as uralite-gabbro. 

The ore is chiefly pyrrhotite, containing, when pure, from 2·5 to 5 AYerage 
. . . percentage of 

per cent of mckel and cobalt, but a~ mnch as 7 per cent is sometimes nickel and 

found. These m~tals are usually present in the proportion of one c
8
obaldt.in . 
can inav1an 

part of cobalt, to from seven to twelve parts of nickel. Associated pyrrhotite. 

with the pyrrhotite (Fe 8 S 9 ) are pyrite (FeS 2 ), chalcopyrite (CuFeS 2 ), General 

d · 1 "[ · · 'f t't Oh 1 · · character an , m som3 paces, i memte or t1tam erous magne i e. a copynte of ore . 

. is never present in large amount. The pyrite usually contains more 
cobalt than nickel. In the nickel ore, in a few places, the mineral 
pentlandite (eisennickelkie<>), is distinctly discernible, and, ma single Occurrence of 

pentlandite. 
case, the mineral cobaltite. 

The pyrrhotite, chalcopyrite and pyrite, are regular constituents Sulphides are 

of the gabbro or norite, occurring in small quantities, all through the ~~';;~ii[uents 
various masses, but, like the other constituent.s of the rock, are found of norite. 

more abundantly in certain places, and a gradual trnnsitition can often 
be ob3erved, from the normal gab bro to pyrrhotite·gabbro, and to masses 
of pure pyrrhotite, with little or no rocky or silicate admixture. Occa-
sionally, t.he ore occurs in masses, sharply aeparated from the norite, as 
at the Ertelien mine. These segregations of ore, are, in the great qrte btoddies 

s1 ua e near 
majority of cases, situated either directly at, or near the edge of the edge of norite 

igneous masses, and Vogt regards these concentrations as distinctly mass. 

bl h b · b d d · f b d b Ore bodies compara e to t e asic or ers or e ges, so o ten o serve , a out regarded by 

granites and other igneous rocks, in which the basic borders are s·ome- Vogt as 
. . . . analogous to 

times marked by similae gradual passages, and, m some cases, by rather ord inary basic 

b t t 't' edges of a rup ransi ions. igneous 
masses. 
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.Ratio of Prof. Vogt draws attention to the fact, that the average proportion 
copkpe

1
r_and of nickel to coppe1· in the Norwegian ores is about 100 to 40 or 50 

me em 
Scandina· and that in the Varallo (Piedmont, Italy) occurrence about the same 
vian Italian · h ld d 1 "l · O d h th · d · and 'Canadian proport10n o s goo , w u e rn ana a, w ere e associate igneous 
occurrences. rocks are more acid in composition, there is sometimes relatively 

Amount of 
gold, silver, 
platinum, 
iridium and 
osmium in 
Scandinavian 
mattes. 

Analyses of 
mattes from 
Ringerike 
and Evje 
nickel 
smelters. 

more copper, 100 parts nickel to 100 or 150 parts of copper being 
found in some of the deposits. 

Ratio of Nickel to Copper in some of the most important of the 
Scandinavian mines. 

Name of Mine. 

Content of 
Copper corres
ponding to 100 
parts of nickel. 

Percentages of 
r:ickel and cobalt 
in the pure pyr

rhotite. 

Gragalten mine ... .. . 75-80 about 2·50 

Klefva mine ......... 55 about 2 · 75-3 · 00 

Ertelien mine . ... . 45- 50 about 3·00 

Bamle district. 35-40 about 3 · 50-4 · 00 

Flaad miue ..... 37 about 4·50 

Senjen mine ... 35-40 (about) about 3 · 50-4 · 00 

Dyrhaug mine. 30-35 about 3'80-4 '20 

Beiern mine ... 20-25 (about) about 7'00 

The Scandinavian ores also contain small quantities of silver, gold, 
and metals of the platinum group, including platinum, iridium and 
osmium. The amount of these metals is shown by the following 
analyses of the matte, from the Ringerike and Evje nickel smelters. (1) 

Rin!l;erike Evje 
% % 

Nickel. . . .. .. . . 51·16 41 '50 
Cobalt......... 1·98 0·97 
Copper. .. .. . 16 · 41 23 ·GO 
Iron.. .. .. .. . J 10 · 87 (13) 
Sulphur. . . . . . . 19 · 58 (20) 

g. per t. g. per t. 
Silver .. ....... 

1 

85 140 
Gold. . .. . . . . 0 5 1 labout) 
Platinum .... · 1 2·6 3 about) 

~:::: .. · . : : .. 1}0·1(about) :::::::. 

I 
(1) Zeit. fiir Prak. Geol., Aug., 1902, p. 259. 
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The mineral!associations of the precious metals, is shown by the fol
lowing table (1 ) of analyses of the ore from the Flaad mine at Evje. 

Analyses of 
Xi &·Co. Cu. Insoluble. _Ag. Au. Pt. N orwegian 

ore showing 
mineralogical 

------ ------ - - - -- - -------- associations 
of the pre-

% % % cious meta,ls. 

P yrrhotite (mainly)... . ... . .. . . { 

Cha,lcopyrite and pynhotite ... 

Chalcopyrite.. . . . . . . . . . . 

0 35 
o· <;o 
0·21 
0"67 ! 

3· 00 
13-33 

9 · 02 4 Trace. 
rn·oo Trace. O . . ..•. 
20·6!l G 
17 ··Hi T race. 0 .. . .•. 

18 · 90 44 'frac~ . 
14 ·40 48 T race. 

37 
80 T race. 

Mining for nickel began in Sweden between 1838 and 1840, at History of 

Klefva (Smaland), and in Norway, between 1847-50 at Especial and fi~c~~ed~~ing 
Ringerike. In 1838, Berzelius showed that the pyrrhotite from the and N orway. 

Klefva mine, in Smaland, in southern Sweden, contained nickel. Before 
that time, this mine had been worked for copper. When the fact was 
announced that the ore contained about 3 per cent nickel, it was decided Discovery of 

t 1 . l f . k I h" b . h ld . k 1 1 nickel in o erect a sme tmg p ant or me e , t is emg t e o est me e sme t- Scandinavian 

ing plant in Scandinavia. In the beginning of 1840, Th. Scheerer, the ores. 

professor of metallurgy in the University of Ohristiania (who had been 
born in Saxony, and was manager of the Modums works), described the 
new mineral eisennicke\kies (with 22 per cent of nickel), from E spedalen 
(Gausdal). Scheerer also announced that nearly all the Norwegian E.rectiou of 

pyrrhotite and pyrite contained nickel and cobalt. The publication of ~~!J.~~rs. 
these results, was really the cause of the erection of the nickel plant 
at Espedalen, which was in operation, on a large scale, between 1840 
and 1850, with a staff of 200 men. This smelter, however, was closed 
down about 1855. In 1837, Scheerer analyzed the pyrrhotite from 
Modums, and found it to contain 2·80 per cent of nickel. This pyrrho-
tite had been obtained from the Ertelien mine, which, later on, proved 
to be the chief mine supplying the Ringerike nickel smelter. About 
1700, these works had been used for copper, and had, in the first half 
of the last century, a small plant for the production of vitriol and red R easons for 

paint. Scheerer supplied information to his friend, A. Roscher, (who ~rts~;~~~~~~t 
is described as being descended from a mining engineer), as to where yian nickel 

rndustry. 

(1) Zeit. fiir Prak. Geol. , Aug., 1902, p. 258. 
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he had found the pyrrhotite. This man had also been working in 
connection with the paint plant at Modums and Snarums. All of 
these facts combined, helped to bring about the establishment of the 
nickel industry in Scandinavia. 

Kra00ero 
nick~] 
smelter. 

Between 1850 and 1860, and towards the latter end of this decade, 
tl-_e nickel mines in connection with the Kragero nickel smelter, were 
started by D. Forbes and the two brothers J. and T. Dahll. During 

Many refine- the nickel boom about 1870, there were several nickel refineries located 
ries erected in . . . . 
1870. m Norway, while, at the same time, the plants of Sweden, Austria· 

Curtailment 
of operations 
owing to 
abundance of 
NewCaledo-
nin. ores. 

Hungary, and Italy, supplied a large quantity of nickel, but Norway, 
during this period, was the largest producer of nickel in the world. 
After the discovery of the nickel in New Caledonia, and its ad vent on 
the market, between 1876 and 1878, the price of nickel fell to such a 
degree, that most of the European nickel smelters closed down, or 
decreased their production, and from 1877-80, up to 1!388-89, New 
Caledonia produced fr0m two thirds to three fourths of all the nickel 

Supcemacy of in the market. Quite recently, the pl'oduction of nickel from New 
Canadian Caledonia, has, in turn, been exceeded by th~it of Canada. ores. 

From 1848 to 1892, about 330,000 metric tons of nickel ore were 
mined in Norway. The maximum yearly output was in 1876, when 
42,500 tons were mined. From that time, till 1892, from 5,000 to 7,000 

Production of tons per annum, we~e produced. The average nickel contents of the 
~~~~l\~ ore per annum have been as follows; 1851-1860, 20 tons; 1861-
Nomay. 1872, 45 tons; 1873-1876, 245 tons; 1876, 360 tons; 1877-1880, 100 

tons; 1881-1885, 125 tons; 1886-1892, 105 tons. 

T,tble of 
production 
of ore and 
nickel in 
N orway from 
1893 to 1900. 

Since 1892, the production of Norwegian nickel ore and nickel, have 
been as follows. 

~ickel Ore Value. Metallic Nickel. Value. 
metric tons. metric tons. s 

1893 2397 6,480 113 70,605 
1894 2355 5,400 103 63,450 
1895 494 1,080 17 10,530 
1896 315 16 8,100 
1897 nil nil 
1898 nil nil 
1899 220 810 5 2,700 
1900 1888 12,690 13 9,720 

Production of In 1901, the Mineral Industry states that 27 tons of nickel were 
nickel from produced from Norwegian ores, but this is included in the Uni ted 
Norwegian 
ores in 1901. States production from imported ores. 
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In some of the mines, small bodies of rich ore have been found, as for Rich nickel 

example, at Beiern, where ore was encountered with an average of 7 ore at Beiern. 

pP.r cent nickel (nickel-bearing pyrite and pyrrhotite); and, in other 
places with an average of about 5·5 per cent. In the better mines, Average 

. percentage of 
first class smeltmg ore can often be sorted out, but the grade of the nickel in 

bulk of the ore is much lower. In 1870, miners were satisfied with a Norwegian 
• ores. 

yield of 0·8 to l ·3 per cent of nickel from the smelting ore, the actual 
assays of which were from 0·9 to l ·5 per cent. In later years, when 
only the richer mines have been operated, and hand sorting has been 
practiced, with more care, the yield has increased from l ·4 to l ·5 per 
cent, almost to 2·5 per cent, with an average of 2 per cent. In the C?s~ of 

mines, the cost of producing one ton of ore, assaying about 2 per cent mmrng. 

nickel, varies from $1. 67 to $3.09, averaging $2.38. (1 ) 

From 1861 to 1891, Sweden producP-d nearly 80,000 tons of ore. Productionof 

From 1866 to 1875 the nickel contained in the Swedish ores averaaed nickel.ore and 
0 metallic 

from 65 to 70 tons per annum; 1876-80, 50 tons; 1881-85, 30-40 tons. nickel in 

Since 1886, however, the nickel contained in these ores, has only Sweden. 

averaged from 10 to 15 tons per annum. The last year in which there 
was any production of Swedish nickel ore was in 1891, when 483 tons 
were mined. None of the Norwegian mines are at present in operation, ~o Nm·we-

. . . . . gmn mmes 
although attempts are bemg made to revive the mckel mdustry mat present 

that country. The keen rivalry of Canada and New Caledonia will, ~~i~~~11fo 
however, prevent any extensive operations, at least, for many years to abund.ance of 

material from 
come. . Canada 

anrl New 
Caledonia. 

NICKEL IN EUROPE. 

Nickel was first produced at Schneeburg, on the suggestion of Dr. Nichl fir;;t 

Geitner, who erected a plant fort.he manufacture of the alloy known ~~ll~~~b~r~~ 
as 'new silver'. They used, as their raw material, the dumps from 
the cobalt works. These dumps were soon exhausted, and it Lecame 
necessary to prospect for nickel ore. Early in the last century, several 
small nickel deposits were discovered, in Germany and Austria-Hun- Discoyery of 

f . "D'll b . N h' h 'd d . h depos1t8 m gary, as or instance, aG 1 en urg, in assau, w IC was prov1 c wit Germany and 

a smelting plant in 1843, Dobschau, in Hungary, etc. A
11

ustria-
ungary. 

The nickel deposits of Varallo, in Piedmont, Italy, are very closely Deposit of 

h N . b h b d' h nickel at analogous to t e orwegian occurrences, ut t e ore o les are muc Varnllo, Italy. 

smaller in size. The mines, which are at Cevia and Sella Bassa, were 
worked and the ore smelted between the years 1800 and 1870, the 
smelter being operated by the same company as the Schneeburg works Production 

' of mckel from 
~------------------------------ Italian ores. 

(1) Zeit. flir. Prak. Geol., 1893, p. 143. 
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in Saxony. Badoureau gives the production as about 54 ton~ of 
metallic nickel a year. ( 1) 

In Spain, in 1875, they mined 440 tons of ore, but the ore bodies were 
not operated aHer 1877 or 1878. The mines which were situated in the 
province of l\1alaga, were on small deposits of nickel silicate (pimelite) 
with 3·96 per cent of nickel. 

At Rewdinsk, in RusBia, attempts have been made several times, to 
mine the deposits of the nickel-magnesia-silicates (rewdinskite) with 
4·8 to 19·2 per cent of nickel oxide, but the deposit is small. In 

Production 1873, 47·4 tons of ore were mined, and in 1887, 4·9 tons of metallic 
of nickel from . . 
Russian ores. mckel were produced m the first three months, from which they cal-

Nickel in 
Wales. 

Nickel 
refining in 
Great 
Britain. 

Nickel 
1·efiuing in 
France. 

Nickel at 
Paris 
Exlubition. 

culated the yearly production at 40·9 tons of nickel. 

In Wales, in 1882, 38 tons and in 1883, 49 tons of ore were, mined 
containing l ·4 per cent of cobalt and 0·7 per cent of nickel. 

Nickel refining is quite an important indust.ry in Great Britain, 
where a large amount of foreign nickel ore is refined at the various 
works. The most important of these nickel refineries are at 
Kirkintilloch (near Glasgow), in Scotland, and at Erdington (near 
Birmingham) in England. Both of these belong to 'Le Nickel,' of 
New Caledonia, and are principally using gamierite as ore. Vivian 
and Sons' old and well known copper and nickel refinery at Swansea, 
Wales, the Mond Nickel Co's. refineries at Clydach (near Swansea) 
and Smethwick (near Birmingham), as well as the Wiggin's refinery in 
Birmingham, are,. for the most part, working with foreign' nickel sul
phide material. 

In France, no nickel ore has been mined, but, after the discovery of 
the New Caledonia ore, several refineries were erected, the first one 
being at Septemes, near Marseilles, where, from 1876 to 1882, experi
ments were conducted on a large ~cale, for producing ferro·nickel. 
Christofle's well known works at St. Denis, near Paris, between 1870 
and 181'0 produced about 120 tons of metallic nickel yearly. Later on 
the 'Le Nickel' plant at Havre was erected. The copper plant at 
Eguilles (Vancluse, near Lyons) has several times conducted expPri
ments in the refining of nickel, and at the Paris exhibition of 1889, 
several samples were shown produced by bessemerizing according to 
the Manhes process, which contained from 91 to 95 per cent of pure 
nickel. ( 2 ) 

(1) Annales des Mines, 1877. 

(2) J. H. L. Vogt., 'Nikkelforekomster og Nikkelproduktion' Nor. Geol. Soc., 
Cltristiana, 1892, pp, 38-40. 
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Lately, however, the Martha and Benno mines in Silesia, Austria, :\J arth t and 
h l d I . . l B(nno mines 

ave proc uce ore. n 1899, according to the Mmeral Industry, on yin Austria. 
80 tons of nickel ore were mined, but this rose to 3,896 tons in moo, 
and during the half year ending June 30th, 1902, when there were Location of 
1,036 laborers employed at the mines and works, the quantity·of ore mrnes. 

treated was 5,689 tons, which yielded 108 tons of nickel. The mines 
are situated at Kosemitz, Ziisenclorf and Glasendorf, a short distance 
north of Frankenstein. They are described by Illner. (1 ) The ore, 
which contains from 0·5 to 3 per cent of nickel, fills fissures in serpen- Character 
tine. Occasionally, these veins carry from 4 to 18 per cent of nickel. of ore. 
Only the two mines, already mentioned are operated, the Martha 
having two shaft furnaces, capable of treating 50 tons of ore d>1ily. 
The composition of the ore ranges as follows : SiO 2 60-65·4 per cent; Composition 
iligO 8·5-12 per cent; Fe 2 0 3 and Al 2 0 3 G-8 per cent; Ni 2·3-3'5 of ore. 
per cent, and loss on igniLion 8-15 per cent. Before smelting, the 
ore is first mixed with gypsum or with calcium sulphite and limestone, 
crushed to l 2mm. size and pressed into bricks. The shaft furnace is Smelting of 
5m. high, and is charged with the bricks and coke in the proportion of Austrian ores 
180 kg. of the former, to 50 kg. of the latter. A very fluid slag is pro-
duced, containing 0·3 per cent of nickel, wh;ch is used in making slag 
bricks. The matte composed of about 31 ·4 per cent of nickel, 49·7 per Composition 
cent of iron and 14 ·5 per cent of sulphur, is crushed and subjected to of mattes. 
an oxidizing roast, in a two stage reverberatory furnace, which is 6· 13m 
wide, and has a capacity of 300 kg. in eight hours. There are four 
furnaces of this typP, at the works. The roasted matte, containing 
approximately 65 per cent of nickel 15 per cent of iron and 20 per cent 
of sulphur is run into a bessemP.r converter with sufficient sand to slag 
the iron oxide and is blown for 45 minutes, thus rasing the tenor in 
nickel to 77·8 per cent. This fine matte is pulverized and treated 
to a ciead roast in the reveberatory, which converts it into a greyish 
green nickel oxide, containing 77 ·6 per cent of nickel. This oxide 
is pulverized, moistened, cut into small cubes, dried and charged 
with charcoal into fire brick muffles, that are heated in a regenerative 
gas furnace. After three hours treatment in this furnace, the metal 
contains 99 per cent of nickel, and 0·3 per cent of iron. The sulphur 

dioxide, from the roasting, is caught in water and the solution neu- Production 
tralized with lime the resulting calcium 8ulphide beina used as a flux o~ metallic 
. ' 

0 mckel, 
m the shaft furnace. 

Nickel ore is known to occur in Greece, Switzerland and Sardinia, Nickel occurs 
but in none of the~e countries, are the deposits lar0ue enou0ah to permit 's.? Gtreec1e, d 

wt zer an 
.of them being mined at a profit. and Sardinia. 

(1) Zeitfiirdas Berg-Hutten·und Salinenweseu, No. IV., 1802 p. 81G; also Mineral 
Industry, Vol. X. 1901, pp. 485-486, and Vol. XT, 1902, p. 486 
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NICKEL IN THE UNI1'ED STA'rES. 

Discovery of The existence of nickel in the Uniteu States was probably first made 
nickel m 1 · 1818 I S h H d d . United States rnown m , w rnn et unt opene up the cobalt epos1t, near 

Various 
attempts to 
open up 
mines near 
Chatham, 
Conn. 

Location of 
Gap mine. 

Discovery of 
Gap mine. 

Formation 
of Gap 
Mining Co. 

Chatham, Conn. This important announcement was made as the 
result of an analysis of a trial shipment of this ore to England. ( 1 ) 

These mines were at first opened for their supposed silver con~ents 
as far back as 1661. They were not, however, very remunerative
to their successive owners, who in turn tried to operate them. In 17 62, 
they were again tried, and in 1770, several parties associated them
selves together for the purpose of operating them for their cobalt 
contents. In 1787, a quantity of the cobalt was shipped to China. 
In 18b3, a creditable exhibit was made by the Chatham Cobalt Min
in~ Co. of the ore from their mines and its products. 

Perhaps the best known nickel deposit in the United States, is that 
situated at Lancaster Gap, in Pennsylvania, about three miles south 
of the main line of the Pennsylvania railroad, and a little over 50 
miles west of Philadelphia. 

According to authentic history, the Gap mines had been worked 
for their copper prior to the year 17 44, and tradition, in the neigh
borhood, states that they were discovered about the year 1718. For 
eighty or ninety years, they proved unremunerative to the fout· or five 
different companies who tried to operate them, but in 1849, after they 
bad been lying idle for 30 or 40 years, the Gap Mining Company was 
formed, to again op1>n them up for copper. This company obtained 
considerable supplies of copper, about enough to pay for running 
expenses, selling their product to copper smelters in Boston and Bal

Millerite and timore. In all of these earlier operations, the millerite and pyrrhotite 
f!~~~d'!~t~s of were cast aside as useless, being regarded by the miners as ordinary 
no value. 'mundic' or pyrite. In the beginning of 1852, however, Capt. Dobie, 

Discovery of 
nickel by 
Dr. Genth. 

who had come to the work, first as a miner, but who, subsequently, 
became superintendent, was convinced that the material on the dump 
wa-.; not ordinary sulphid'1 of iron, but some other mineral. Analyses 
of specimens, sent to so-called experts in Boston and Baltimore, were 
unsatisfactory, so that, in the latter part of 1852, or the beginning of 
1853, a sample was sent to Prof. F. A. Genth, who, after analysis, 
pronounced it to be a nickel ore, at the same time giving the per
centage of pure nickel present. The mines, which bad hitherto been 
known as the Gap Copper mines, changed to the 'Gap Nickel mines', 

(1) Whitney. 'The Metallic Wealth of the United States', 1854, p. 407; also 
Proc. Col. Sc. Soc., Vol. IV., 1891-93, p. 381. 
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but the expenses of mining the ore, and especially the difficulties of 
the smelting operations, rendered the enterprise too costly, so that the 
whole of the works were closed down in 18GO. (1) 

In November 1862, Joseph Wharton acquired possession of the Purchase of 
'Gap mine, ' and the deposit became a nickel producer in May, 1863, Y:s~i~hine by 

the ore obtained being treated at the refinery, built by ·Wharton, at Wharton. 
Camden, opposite Philadelphia. The development of the new Cale-
donia mines had, in 1882, reached such a stage, that the world's con-
sumption of metallic nickel, which had heretofore been about 800 tons 
per annum, was exceeded by several hundred tons. On account of 
this over production, prices immediately fell in the forced sales, and 
Wharton's Camden refinery was obliged to close down about the end 
of this year. The ad vent., in large quantities, into the market, of the Closing d?wn 
S db . k 1 d f 1 d' b' f 1 . . h of Gap mme. u ury me e , prove a urt 1er istur rng eatul'e, resu trng rn t e 
final closing of the 'Gap mine ' in 1891. 

The dark, basic rock, with which the ore body at the Gap mine is Character and 
associated forms a lenticular mass or stock, extending about 1,500 feet :~~~~\~f~~al 
east and west and 500 feet north and south, and lying in the midst of o! rock ";Sso-

. h' f h G . f F Th k . mated with mica sc ists, o t e eorgetown senes, o razer. e roe consists nickel di>posit 
mostly of green secondary hornblende, and although the change is at Gap mine. 
very thorough, recognizable remains of orthorhombic pyroxene and of 
olivine were revealed, after careful search through a number of micros-
copic slides. Reddish-brown biotite is present, and, in some instances 
considerable plagioclase appears, with occasional accessory titanite. The 
ore consists of pyrrhotite and chalcopyrite in largest amount, but 
pyrite is not lacking. Crusts of secondary millerite are also encount- Occurrence of 
ered, and often this mineral furnished a not unimportant portion of millerite. 
the nickel contents. Although some ore has been found in bunches Situation of 
within the lens-shaped mass of rock, the productive ground lies near ore body. 
the walls. The ore bedy is nearly, if not quite vertical, and the depth Extent of 
reached by mining was 250 feet, while, at times, the workings were as mining. 
much as 30 feet wide. As mined, the ore contains from l ·3 per cent 
of nickel, 0·2ii-0 ·75 per cent of copper, and 0·05 to 0·15 per cent of 
cobalt. The ore is believed by Prof. Kemp, (from whose description Composition 
the foregoing information bas been obtained) to be the direct result of ore. 
of igneous action, the ore bodies being concentrated, as such, by reason 
of magmatic difierentiation, (2) in this respect resembling the Cana-
dian, Norwegian and Italian occurrences. 

(1) 2nd Geol. Surv. Penn., 'The Geology of Lancaster Co.' CCC., 1880, pp. 163-
176. 

(2) Trans. Am. Inst. Min. Eng., Vol. XXIV., 1894, pp. 622-631. 
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The 'Gap mine' at one time produced one sixth of the world's 
supply of nickel, although its total production is only given as 2,000 
tons. 

The nickel deposits, associated with the peridotites of the south
eastern Appalachians, have, from time to time, claimed public attention 
and several attempts have been made, not only to ascertain their true 
economic value and extent, but also to develop them to the stage of 
producing mines. Probably the largest and best known of these 
occurrences is eituated in the vicinity of the town of Webster, the 
capital of Jackson county, in western North Carolina. The deposits 
in question, underlie a strip of land, running approximately north and 
south a distance of about 7,000 feet, and east and west nearly 1,500 
feet. The north end of the deposit immediately a<ljoins, to the east, 
the town of Webster. The nearest rail way stat.ion is Dillsboro, on 
the Murphy branch or di vision of the Southern Railway, this 
i;tation being 48·9 miles southwest of Asheville. A wagon road con
nects Dillsboro and Webster, the distance being about 3·5 miles. The 
ore is very closely allied to the celebrated garnierite or noumeaite 
from New Caledonia. It is a hydrous silicate of magnesium aud 
nickel, but very variable in composition, particularly as regards the 
mutual replacement of nickel and magnesium. It is, therefore, not a 
homogeneous compound. It is amorphous, filling certain cracks with 
encrusting, delicate, hemispheric·al, or stalactitic forms, usually soft 
and friable, falling to pieces in water, unctuous to the touch, and 
adhering slightly to the tongue. It varies, in colour, from pale yellow
ish-green to rather deep apple-green, and depth of colour usually 
accompanies an increase in the nickel contents. 

Analyses of Genthite (nickel-gymnite), from Webster, N.O . 

I. Il 
% % 

Silica 49 ·89 55·38 
Nickel oxide 16·60 17·84 
Magnesia 22·35 15·62 
·water 12·36 10·77 
Alumina 

Fe20 3 } Iron 0·56 
FeO Oxide 0·06 
Cobalt oxide 

-------
'l'otal 101·26 100·17 
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Explanation.-1. Analysis of genthite, from "'Webster, N.O., by Authorities 
D · (01 11.c 9. 9 0 8 d D S f .,..1. for ana!ykeR. unnmgton 1 • ..c' ews, ~5, ~ 7 , 1 7 2, an ana, ystem o "' inera-
logy, 6th Ed., 1892, p. 676). II. Analysis by P. H. Walker, (Am. 
Chern. J our., 10, 44, 1888, also Dana System of ;\lineralogy, 6th Ed., 
1892, p. 681). 

Although, as shown, some of the ore contains from 16 to 18 per cent No large 
of nickel oxidP, no very lar

0
cre amount of similarly rich material could amoun.t

1
of \'ery nc 1 ore. 

be secured in mining, and most of the rich nickel seams are occupied by 
greenish nickel silicate, which will assay fr0m 5 to 7 per cent of nickel 
oxide. .Much of this secondary vein matter is mixed with compara-
tively barren, partially decomposed peridotitP, so that it would be 
impossible to effect a separation, on u,n economic basis, and the bulk of ::\"ickel and 
th t . ] h' h Id b d Id f l -o cotalt con-e ma ena , w ic cou e secure as ore, wou assay rom D per tents of oie. 
cent to 3 per cent of nickel oxide. The ore assaying from 2 to 8 per 
cent of nickel, contains, in addition, 0·02-0·10 per cent cobalt oxide. 
These nickel deposits are found in intimate association with a mass of Geoll!gi~al 

'd . d . . 11 f t . . 1 . h :1 btl ""oet<Lhuns of pen otite, ma e up prmc1pa y o wo varieties, w nc are, r ou es~, Wel.J"ter 
differentiates of the same magma, viz. : dunite, made up almost entirely deposits. 
of olivine and chromite, and websterite, compose<l essentially of bright 
green diopside, and pa.le brown bronzite. The mode of occurrence and 
origin of these deposits, are precisely analogous to those occurring in 
New Caledonia, Oregon and elsewhere. The development work under- Deposits 
taken, consists of a series of parallel trenches or ditches, which are ~j~~~~a~/xew 
excavated, in some cases, simply to tbe solid rock beneath, and, in others, Caledonia, &c. 
to a uniform depth, in no case exceeding 30 feet. These trenches are 
designrd to give an idea of the l'elative abundance and disposition of 
the veins of silicate material. A shaft was sunk, but to what depth Extent of 
has not been learned, while considerable prospecting by diamond drill 11

1
1ini

1
ng t 

c eve op1nen . 
has also been undertaken. 

Nickel has, for many years, been known to exist in consicierable quan- Nickel in 
tities in southern Oregon, and some of the deposit.> are regarded as of Oregon. 
commercial importance. The mineral josephrnite, a nickel-iron com-

pound (Ni. 60·45; Fe. 23·22), has been described by W. H. Melville Occumnce of 
as occurring in the form of pebbles and smooth boulders, in the placel' josephinite. 
grnvels of a stream in Josephine county, Oregon, which are supposed 
to have been derived from some dyke of ultra-basic l'Ock, whose location 
has not yet been discovered.( 1 ) 

Nickeliferous pyrrhotite has also been noticed in both Jackson Nickeliferous 
and Douglas counties, but the nickel silicates of Douglas county are pyrrhotite in 

. . l . . .Jackson and 
the only ores which appear to be worthy of ot ler than a pagsmg notice. Douglas 

(l) Amer .. four. Sc. Vol. XL III, 1892, pp. 509-515. 
12 

counties. 
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The deposits occur near the small village of Riddles, in the southern 
part of Douglas county, a station on the Oregon and California rail way, 
226 miles from Portland, and 547 miles from San Francisco. The 
nickel mines are situated on Piney mountain, about 3 miles west of 
Riddles, and are connected with this village by an excellent wagon road 
of easy grades. This mountain, as its name implies, is thickly covered 
by fores t, rising to a height of about 3,400 feet above sea level, occur
ring as an isolated ridge in a sea of other mountains. It is, approxim
ately, l~ miles long by 1 mile wide, thus embracing an area of l~ square 
miles, in which nickel deposits might be expected to occur. The rocks, 
underlying this area, is a peridotite or 'saxonite ', composed essentially 
of olivine and enstatite, with a small quantity of accessory chromite 
and magnetite. The olivine predominates, forming more than two
thirds of the mass of the rock. The ore is a silicate of nickel and 
magnesium, and, as usual, ~ery variable in composition. The mode of 
occurrence and origin of ores of this class, have already been discussed 
in detail, and the Oregon occurrence presents no unusual features which 
are worthy of special oi: flxtended reference. The following analyses, 
of carefully selected material, well illustrate the chemical composition 
of the pure nickel mineral, but the bulk of the ore which could he 
economically secured and utilized, would, of course, be much lower in 
nickel contents. 

I. II. III. 
Loss at 110° C. 8·87 6.63 7·00 
Loss on ignition 6·99 
Al 2 0 3 & Fe 2 0 3 I-18 1·38 1-33 
SiO~ 44-73 48·21 40·55 
l\TgO 10·56 19·90 21-70 
NiO 27·57 23·88 29·66 

Total. ..... !J9·90 100·00 100·24 

Explanation.-Analysis I, is by F. W. Clarke, (Am. Jour. Sc., 
Vol. XXXV, pp. 468-487; Nos. II and III are by Dr. Hood, (Min. 
Res. U. S., 1883, p. 404.) 

The first discovery of these deposits was in 1864-, and, in the fall of 
1881, Mr. W. Q. Brown secured control of what appeared to be the most 
valuable portion, transferring his interest to an incorporated company, 
known as the 'Oregon Nickel Mines '. It is stated that about 
$30,000 was expended in development work. In 1891, some of the 
nickel bearing area was secured by a Chicago corporation, called the 
'International Nickel Mining Co,' which is said to have expended 
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about $60,000 on development work. Extensive preparations were Mining 
. . . development 

made to mme and smelt this ore, but much of the smeltmg and other work. 

machinery purchased, was never even set in position. The Anglo-
American Nickel Co., incorporated in 1893, arid the Oregon Nickel 
Mining Co., also own property in this neighbourhood. The amount of 
development work done, in connection with these deposits, is hardly 
sufficient to test their commercial capabilities. Numerous open cuts, E:-:t!lnt odf 

muung eve· 
short tunnels and shallow shafts from 20-40 feet deep, have been made, lopment work. 

but nowhere has a vertical depth of over 50 feet been reached. ( 1 ) 

The Gem mine, in Fremont county, Colorado, may be mentioned at Nickel in 

1 h · h. · · · · .1 · . l . l Colorado. some engt , m t is connect10n, as it is very s1mi ar, m mmera og1ca 
composition, to the Haileybury occurrences discovered last autumn in Si~ilarity to 

N h 0 . l'l . t h G . . . h bl d Haileybury ort ern ntano. le vein a t e em mine IS in orn en e occurrences. 

schist, and the ores were principally copper, but nickel soon inade 
its appearance, and at a depth of 15-20 feet became quite promi- ~~;;~t~f 
nent. From the surface, down to a depth of 75 feet, the vein has 
an average width of 3·5-4 feet. At this point, it pinched out, and, with 
the exception of a narrow streak of ore, which may be its continuation, 
and which contained the same cobalt and nickel minerals, no further Character 

ore was encountered lower down. The nickel-cobalt minerals of of ore. 

this mine are accompanied by native silver, some of the mineral 
specimens being occasionally so permeated by fine wire silver as to be 
broken with difficulty. In 1882, 12 tons of ore, containing 12 per Production of 

cent of nickel, and 2-2·5 per cent of cobalt, with considerable chalcocite, oGre from 
e1u 1n1ne. 

were shipped. Later, about half a ton of selected ore, containing 34 
per cent of nickel and 3-4 per cent of cobalt, were sent to Swansea, Eng-
land. The mine, however, was involved in litigation, and the ore body R ea.sons for 

· ] t ]] f t d d · · · ( 2 ) closmg down. was seemmg y oo sma or any ex en e mmmg operat10ns. 

Since the closing down of the Lanca,ster Gap mine, the entire United Nickel now 

S d t . f · k l f d · h b d · d f produced in tates pro uc 10n o rnc e , roru omest1c ores, as een enve rom U.S. all from 

Mine la )fotte, Mo., the metal being secured as a by-product in the ores of. l\Iine 
la Motte. 

treatment of lead ores. In 1899, this production amounted to 22,500 lbs., 
but in 1901, it had decreased to 6,700 lbs., while in 1902, the 20 tons 
of matte, containing nickel and cobftlt, which were refined at the 
works of the l\line la Motte Lead and Smelting Co., yielded 5, 7 48 Prnduction 

Pounds of me.tallic nickel. (3) of nickel from 
Mine la Motte. 

(1) Dr. \V. L. Austin. 'The Nickel Deposits near Riddle>' Oregon'. Proc. 
Col. Sc. Soc., Vol. V., 1894-96, pp. 173-196. 

(2) Thomas Clnrlton, Proc. Col. Sc. Soc., Vol. IV., lS!ll-93, pp. 420-421. 

(3) Min. Reo. U.S., 1902, pp. 265,2G6. 

12! 
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NICKEL IN NEW CALEDONIA. 

The nickel deposits of New Caledonia have, for many years, enjoyed 
an enviable reputation, not only for the large and continuous supply of 
ore they have produced, but also for the high grade they have been 
able to furnish for purposes of export. Frnm about the year 1880, to 
1888, these mines produced from two-thirds to three-fourths of all the 
nickel in the market. From the latter year, however, the mines of 
Canada have been gradually· increasing their output, and, in spite of 
many adverse circumstances, it is believed that, at the present time, 
the amount of nickel secured from C<tnadian sulphide ore, is considera
bly in excess of that produced from the New Caledonia silicates. 

General The only nickel ore that occurs in New Caledonia is a hydrated sili-
character and 
mineralogical cate of nickel, in which more or le's of the nickel oxide is replaced by 
associations of ma"nesia ferric oxide and alumina. The ore is associated with chal-
New Caledo- 0 

' 

nia silicatPs. cedony, a 1.nagnesian silicate resembling meerschaum or sepiolite, limo-
nite or bog iron ore and serpentine. In addition to these, there are 
usually small quantities of chromite and asbolite. The mineral is en-

l~arly mis- tirely free from sulphur, arsenic or copper, and, although, in the first 
conceptions. 

Discovery of 
garnierite in 
1865. 

instance the deposits were regarded as the gossan-like material pro-
duced by the sub-aerial decay of nickeliferous sulphides, the extensive 
workings already undertaken have failed to reveaI any traces of such 
material even in the deepest workings. 

The mineral garnierite or noumeaite, characteristic of these deposits, 
was discovered by M. Jules Garnier, in 1865, and was noticed by him 
in 1867, ( 1 ) and was described by Liversidge in 1874 ( 2 ). The mine
ral is closely related to the nickel-gymnite, described by Genth, in 1851, 
and for which the name genbhite was proposed by Dana, in 1867. 

Chemical As the following analyses will show, it is very variable in chemical 
mrnl:yse.s of composition. The material analyzed was selected with great care, and 
garmente and .11 . d .d f h · · f h · · f related w1 give a goo I ea o t e compos1t10n o t e purest varieties o gar-
silicates. nierite as well as its intimate connection with sepiolite, or silicate of 

magnesia, with which it is associated, anfl into which it passes by insen
sible gradations. 

(1) Bull. Soc. Geol. de France, Vol. XXIV, p. 438, Paris, 1867. 
(2) Jour. Chem. Soc., Vol. XII, p. 613, .July, 1874. 
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Explanation. 1. Analysis by Dann (Ber. Nied. Ges., Jan. 7,187.::l). II. 
Analysis by Garnier (Comptes Rendus, 86,684, 1878). III. Analy
sis by Kiepenheuer (Ber. Nied. Gest., July, 14, 1879). IV. Analysis 
of dark green garnierite, from N akety, by Liversidge (Minerals of New 
South Wales). V. and VI. Analyses by Garnier (Soc. des lngrs. Ci
vils, 1887). VII. Analysis of a translucent, pale green variety, from 
Oi.iaillon, by Liversidge. VIII. Analysis of similar mineral from same 
locality, by Liversidge. IX. A very pale-green variety from Bel Air 
mine, Kanala, by I.iversidge. X . Another similar specimen from same 
locality. XL Analysis by Garnier of white veins, in the green mine
ral (garnierite), resembling sepiolite. 

At first, when mining operations were started, it was stipulated that 
the ore should contain from 12 to 15 per cent nickel, but now, the mini
mum has been reduced to 7 pe,. cent and it is stated to be difficult to se
cure more than 60,000 to 70,000 tons per annum of such a grade of ore, 
although, if the European smelters would lower their limit to 5·5 per 
cent, the production could be more than doubled. From 1875 to 1884, 
R. Flechner bas calculated that 8·3 per cent of nickel was the aver
age contained in the ore, while Du Peloux states that in 1884, 850 
tons of metal were produced, from 12,000 tons of ore, thus giving an 
average of 7·1 per cent. Croissille states that between 1880-85, 28,933 
tons of ore were produced with an average of 10·5 per cent nickel. In 
the first years, a large amount of ore, containing from 3 to 11 per cent 
nickel, was discarded as valueless for purposes of export but lately, these 
dumps have been overhauled and some of the material shipped. The 
largest New Caledonia company 'Le Nickel ' in its catalogue, issued 
at Pari~, in 1889, stated that the various grades of their ore 
contained 8, 10 and 12 per cent of nickel. From 1876 to the present 
time, the ore has varied in composition, as shown under I ; under II, is 
given the composition of the ore, which was being shipped to Europe 
in 1876; under III, the average composition of New Caledonia smelt
ing ore, (according to Levat); under IV, is given the average com
position· of th nickel ore, as it was shipped in 1899, according to E. A . 
Wineberg (:\iin. Industry, Vol. VIII, 1900, p. 435. 

I. II. III. IV. 

% % % % 
Nickel oxide 9 to 17 18·00 7 to 8 10·00 
Silica 41 to 46 38·00 45 to 50 42 ·00 
Iron oxide 
Alumina 
:Magnesia 
Water 
Lime 

5 to 14 7·00 14to16 
1 to 7 
6 to 9 
8 to 16 

15·00 
22·00 

3 to 5 
10 to 12 
14·00 

10·50 
2·50 

22·00 
12·00 

1·00 
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The nickel contents of the New Caledonia garnierite, lately 1:1melted, <\verage 

h d b 7 f . k l b h d" · mckel con· as average a out per cent o me e, ut eac succee mg year sees ttnts of New 

a poorer p : oduct handled and shipped. Caledonia ore 
at present 

The ore is intimately associated with a peridotite, and its various shipped. 

d · · d d h d h f Mode of ecompos1t10n pro ucts, groupe toget er un er t e name o serpen- occurrence 

tine. Fresh, undecomposed pieces of this rock, made up chiefly of of . ew Cal~-
. . dorna deposits. 

oh vme, are said to contain as high as 1 per cent of nickel. These serpen-
tines, which cover the larger portion of the area of the island, rise into 
a series of hills, which are from 400 to 4,000 feet above the sea, the Altitude 

general elevation being about 2,000 feet,. The deposits generally occur ~!h~~~sd~~osits 
on the tops of t.hese mountains, so that transportation of the ore, occur. 

mining materials and supplies is very tedious and difficult, and in many 
cases, expensive roads and aerial rope-ways have been constructed to Transporta-

d · h" h · f f l" · · tion d1tlicnlt. epus1ts w ic , m some cases, came ar rom rea 1zmg expectat10ns as 
to extent and richness. The· ore bodies occur as veritable 'stock-
works ', cutting the decomposed peridotite in all directions. Invariably, Character of 

where the nickel occurs, the surface is covered with a highly ferrugi- on· bodies. 

nous soil, in which pisolitic iron ore is very abundant. Although this Secondary 

decomposed remnant of the peridotite contains a little nickel, most of the 0~1·igintof nickel 
s1 1ca es. 

nickel has been leached out, to be deposited in secondary veins of nickel 
silicate, in locations at various depths below, favourable places for such 
concentrations being in the vicinity of faulting an<l jointing planes. 
The veins vary in size, from a few inches to as much as thirty feet, but Irregularity 

they are exceedingly irregular in this respect, at one time becoming vf deposits. 

gradually narrow, while, in other cases, large deposit~ end abruptly 
against barren rock. These veins or deposits are comparatively shal-
low. It is true, that one fissure was follower1 down about GOO feet in Depos'ts are 

depth but crenerally the veins give out from 75 to 100 feet below the C'omparati vely 
' n shallow. 

surface. Without reference to the surface mantle or covering, from which 
most if not all of the nickel has been removed by leaching, the richest 
deposits are those nearest the surface', while the higher pans of any 
deposit are richer than those lower down. The comparative shallow- Deposits 

ness of the deposits is, however, compensated by the large areas they ~over a large 
.wea. 

cover, and some of the mines have yielded from 30,000 to 100,000 tons 
of ore, and are still in operation. The mining is carried on by means l\fot~ods of 

of open cut work, the ore being secured by means of a series of hen- nunmg. 

ches. The pick and shovel are usually sufficient to loos.en and remove 
the ore, but occasional blasting is sometimes necessary. The ore, when 'l'ransporta

properly mixed, is carried, by means of aerial rope-ways to ground tram- tion. 

lines, from which it is transported by lighters to the ships. 

Various methods, for the extraction of nickel from these ores have ~:~ho:ciss of 

been attempted. Garnier, whose name has been associated with these extracting 
mckel. 
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deposits from the date of their discovery, tried to smelt the ore directly 
to a nickeliferous pig iron, which was afterwards to be refined in a 
reverbern.tory furnace to ferro-nickel. The first part of the process 
proved satisfactory, and the nickel-iron pig, obtained from the richer 
lumps contained from 65-68 per cent of nickel, 23-29·5 per cent of 
iron, l ·5-2·5 per cent uf sulphur, 3·5-5·5 per cent of silic11. and 
carbon occurring as graphite and from l ·5 to 2·5 per cent of other 
impurities, and amongst th3m, phosphorus. It was found impossible 
to economically handle or to refine thi~ product owing to the presence 
of sulphur, which has a strong affinity for nickel. Various wet methods 
were then employed, which followed, on a large scale, the different ope
rations used in making chemical analyses. The ore was first dissolved 
in acid and the metals removed by the use of lime or bleaching powder, 
and finally a solution, cont11.ining nickel alone, was obtained. From 
such a condition it is easy to produce the nickel, by fu<>ing with char
coal the dried nickel salt. 

Later methods Later on, however, they adopted a dry method, in the preliminary 
for refining stages. In the first years, they smelted it with the addition of a 
nickel ore". 

special Norwegian pyrrhotite, conbining nickel and copper. In order 

Explanation 
of reactions. 
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nickel-iron 
matte. 

Methods of 
producing 
nickel 
oxide and 
m,.tallic 
nickel. 

to remove the excess of iron and copper, they now smelt t.he ore in low 
water-jacketed blast furnaces, with materials containing sulphur 
(calcium sulphide obtained in the manufacture of soda by the Le 
Blanc process), or with gypsum. The gyp<>um, which is made up of 
both lime and sulphur, is reduced, the sulphur uniting with the nickel 
by reason of its greater affinity for this metal, while a portion of it is 
taken up by part of the iron, the rest of it combining with the silica, 
magnesia and lime, and the rest of the iron to form a slag. This slag 
contR.ins about 48 per cent of silica, 12-13 per cent. of iron and not 
more than 0·40 to 0·45 per cent of nickel. The nickel-iron matte contains 
about 50-55 per cent of nickel, 25-30 per cent of iron and 16-18 per cent 
of sulphur. This matte, by reason of its greater specific gravity sinks 
to the bottom, permitting the lighter slag to be drawn off. This matte 
is, in turn, roasted and a portion of the sulphur thus removed. It is 
re-smelted with s·md, and the nickel will again combine with by far 
the larger share of the sulphut·, leaving a comparatively small propor
tion for the icon, while the remainder of the iron combines with the 
silica or sand to form a slag. By a repetition of these, or similar 
methods, the iron is finally removed, leaving a compound made up 
essentially of nickel and sulphur, which is roa<>ted with nitrate of soda 
to produce nickel oxide. This is then mixed with charcoal, and 
reduced, by the application of intense heat, t o metallic nickel. 
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Attempts have been made, from time to time, to partially refine these Refineries 
· N C ] d · d bi f d d · first erected ores 1n ew a e oma, an ast urnaces were erecte an in opera- in New 

tion, both at N oumea and Thio, as well as at Newcastle, in New South Caledonia. 

Wale~, but the difficulties of procuring coke, sui.table flux and litbour 
i1ave hindered their pl'ogress aud most of the ore at least is now export~ 
ed for smelting and refining purposes. 1\'f ost of this ore is refined in 
France, where 'Le Nickel' company have extensive refineries at Or~ now 

rPfined m 
Havre, but a large proportion is also refined at Kirkintilloch (near Europe. 

Glasgow), in Scotiand, Erdington (near Birmingham), in England and 
at Iserlolm (Westphalia), inPrussia. The Engineering and Mining 
Journal of May 20, 1899, notes that a cargo of 3,000 tons of New 
Caledonia ore, is being sampled for the Orford Copper Co., the ore 
aveniging 7 per cent nickel. The merging of the Nickel Corporation, 

0
Homc N~w 

. . . . aledoma or<· 
Lumted, and the Societe 1\'Iiniere Caleclomenne, of New Caledoma, as refined in 

part of the International Nickel Co., . will result in the smelting, by United States 

this company, of a considerable amount of N cw Caledoni<i ore, at their 
refinery at Constable Hook, N.J. 

Although these deposi ts were discovered in 1865, it was not until Fir,;~ acti1·e 

1873 that active mining operations were undertaken. In 1880, the ~~:-i~t7011,_ 
Societe le Nickel acquired the celebrated mines at Thio, but did not 
commence mining until 1887. 

The following figures represent the production of ore and nickel 
from the New Caledonia mines. 

PRODUCTION OF ORJO; AND NICKEL FlWM NEW CALEDONIA. 

Year. 

1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 

--(-

Ore mined. I 
Ore 

exported. 

Tons. 
I 

Tons. 

327 ... . .... 
3, 406 .... . .. . 
4,377 . . . . . . . . 

155 .... . ... 
........ 

2,528 . . . . . . . . 
4,070 
9,025 
6,881 . ....... 

10,838 
5,2281 ........ 

920 . . ...... 
8,602 .. . . . .. ' 

Nickel 
contents. 

Tons. 

... . .. ·I 
.. .. ..• ·1 
..... . .. 

210 
388 
749 
561 
904 
850 
1501 

1,350 1 

Nickel 
contents. 

Tons. 

Production 
of ore and 

- nickel from 
New Cale· 
donin. 1nine~ 
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PRODUCTION OF ORE AND NICKHL FROM NEW CALEDONIA.-Con. 

Year. Ore mined. Ore Nickel Nickel 
exported. contents. contents. 

-- - ------ ----- ----------
T ons. Tons. Tons. Tons. 

jl888 6,616 . .... .. j 900 7 
11889 19,741 ..... 

I 
1,381 

1890 22,690 .. ' .. ' 1,633 
11891 35,000 ... .... 

I 
2,44.9 

1892 ...... . . l ,2H 
1893 69,614 45,614 2,493 
11894 61,243 40,089 2,422 
1895 29,_62:s

1 

38,976 2,548* (2,548) 
1896 6,417 37,467 2,972* (2, 707) 
1897 26,46.J. 57,4:39 1 2,858* (2,858) 
1898 53,200 74,G 14 3,G08:i< ( 4, 205) 
1899 103,908 103,908 3,845* (4,205) 
1900 . .... 100,319 4,676* (4,526) 
190 1 . .... 132,8U 6,~02* (5,210) 
1902 ..... . . . . . . . . . . . . . . . . (3,(120) 
I 

* Nickel contents of ore refined in Europe, according to Mineral 
Industry. The figures in brackets, are production of nickel from New 
Caledonia ores, in France, Germany and England (according to Metall
gesellschaft and Metallurgische GeEellschaJt, August 1903, p. 23.) 

ME'l'IIODS OF MI~ING A1' SUDBURY. 

The methods usually employed throughout the Sudbury District for 
obtaining the requisite supply of ore, consist, partly, in the sinking of 
shafts and the opening up of the ore body, by means of underground 
levels, drifts and stopes, the whole of such mining operations being car
ried on under a solid roof. For this work, very little timbering is requir

Occasional 
accidents ed, although, in some case8, serious accidents, invo! ving the loss of one 
owing to or more human lives, have resulted from neglecting to provide even the 
imperfect 
timbering. small amount of timbering necessary, where occasional slips, faults or 

E 
slickensides occur. As a rule, however, the walls and roof are very 

very reason- . . 
able precau- solid, and, at the present time, every reasonable precaution lS taken to 
t~i~;~~~en gu11rd against such accidents, by frequent, careful and systematic 
to ensure scaling, removing all loose or menacing portions of rock or ore. The 
safety to 1 f h h . d b b' . f h' miners. arger part o . t e ote, owever, lS secure y a corn mat10n o t lS 

method and a system of open cast work. This, which, in reality, is a 
species of deep quarrying, is a very cheap and effective method of 
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obtaining large supplies of ore, and these considerations, no doubt, Mining 
contributed to its adoption in the first place. On the other hand, these b~i~~~n~~~:t 
open pits being exposed to the weather, work is, at times, carried on work o~· deep-. quarry mg. 
only with extreme discomfort to the men, or is even seriously inter_ 
rupted during periods of extreme cold or otherwise inclement weather. Drawbacks 
At th . . . h . b' . h . · h to use of e same time, it is open to t e serious o JeCt10n, t at it is rnuc opeu pits. 
more dangerous to the men, and, in spite of the most careful inspection 
and frequent scaling, large bodies of .rock and ore are liable to be 
detached by the action of frost, gravity or other agencies. Lately 
a disposition has gradually developed, to abandon in large measure: Lately '!'~re · 

. . usual mmmg· 
much of the open mmmg, and to remove the ore by means of levels methods 
and &topes at regular intervals, beneath these pit floors, cross-cutting adopted. 
the ore body frequently by a series of drifts. Finally, after breaking 
away overhead, and providing an arched roof, the whole is st.oped 
away to the level below, and the ore hoisted from thence by means of 
shafts. Only such pillars and supports, as are necessary will remain 
st.anding, and the intervening spaces will be filled by rock and ore too 
lean to be utilized, the whole being supplemented, when necessary, by 
material from the dumps. 

The system of open cast work, which has hitherto found most favour Explanation 
in the <listl'ict, consists, first, in the sinking of a shaft of the required of.open pit 

· · . . . . . . . n11n1ng 
dimensions, at varymg angles, this mchnat10n bemg governed, mamly, nwthuds. 

by the general dip and direction of the ore body. This shaft secures 
the necessary accommodation for the skipway for hoisting the ore, 
while, at the same t·ime, ii; provides a man way for ingress to or egresc 
from the underground workings, by means of ladders, with landings at 
frequent intervals. 

The largest pit in the district is at the Creighton mine, where on C . 1 t re1g 1 on 
the first of June last (1904), ore was being hoisted from an open cut mine is the 

. b 3-0 f 1 b 27- £ 'd d 69 f largl'st open or qu'lrry, measuring a out o eet ong, y o eet w1 e an :, eet pit in district. 
deep. The pit, known as No. 2 mine, of the Canadian Copper Com-
pany, at the end of January, 1903, was opened up on a chimney of 
ore, which, below the 200-foot level is growing larger. At the bottom 
of the open pit which has reached the third level at 217 feet below Dimensions 0 

' . ' pit at No. 2 
the surface, the average diameter is 120 feet. The new vertical shaft mine. 
had, at the same time, reached a depth of 390 feet, the fifth level being 
at 37 4 feet. At the Victoria mine, the main shaft has been sunk to a 
depth of 557 feet, with various levels, drifts and stopes. The west 

· h' · 0 b f f Size of pits a open pit at t is mme measures 7 y 125 eet at the sur ace, gradually Victoria mine. 
tapering to 50 by 100 feet at the first level. 

Each mine is provided with a rock house, as soon as its permanency 
is established, and a double skiproad leading to it from the mine. The 
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Equipment of steel skips having a capacity of l~ tons each, are hoisted to the top of 
rock houses. the rockliouse, dumping automatically, on a largfl inclined 'grizzly' 

sizing-screen, which separates the fine from the coarse ore. Most of the 
ore is sledged to a proper size for th _ rusher in the mine, although, 
sometimes, this operation takes place on the floor of the r.ock house 

Ore sledged tc The coarse ore falls near the mouth of the 15 x 9 Blake crusher, set 
proper size for t b 1 ~ · h ] · 1 h · f b 20 l ( crusher. o a out 4 me es, w 11c 1 as a capacity o a out tons per 1our, or 

400 tons for the usual two shiPts, of 10 hours each). Occasionally, as 
Use and 
capacity of at the Creighton mine, there are two of these Blake crushers, but usu-
Blake cn;sher. ally one is considered sufficient. The ore is then passed into the upper 

Use of trmu
mel screen 
and oscillat
ing tableH in 
~d:-:ing ore. 

Different 
size,; fall into 
separate 
bins. 

Number and 
extent of 
Copper Cliff 
roast yards. 

Main roast 
yard near 
Clara belle 
junction. 

Size and 
capacity of 
main roast 
yard. 

end of a slightly inclined revolving trommHl screen, where it is sized 
into three classes, for the succeeding operation of roasting. The fines 
pass through i; inch mesh holes in the trammel screen, the medium or 
ragging, through lt inch holes, while the coarse is discharged at the 
lower end of the screen and is caught on an oscillating sorting table, 
also slightly inclined lengthwise. The jerking motion of this t!l.ble pro
vides such a rate of travel of the pieces of ore, as enables a certain 
number of boys, stationed along the side, to pick out, and castaside,a con
siderable proportion of barren rock or very lean ore, at the same time 
permitting the purer and higher grades to continue their journey to 
the ore bins. Each of these sizes falls into a separate series of bins, 
from which ore of the required class is automatically loaded, by means 
of inclined ste ,1 chutes, into &tandard gauge cars, and hauled by loco
motives to the roasting yard8. At the time the surveys for the 
Copper Cliff mines area were being carried on, there were three 
roasting yards. The old one, which was graded by Dr. E. D. 
Peters, is situated immediately west of the old or East Smelter, and 
measures roughly 2000 feet long and 125 feet wide. This still remains 
in use, and by the removal of the East Smelter buildings, which is 
about accomplished, this will be increased to 3000 feet. For some 
years, a small roast yard, was utilized about midway between the ori
ginal Copper Cliff mine and the Ontario Smelting Works. The site of 
this, which measured about 1000 feet by 125 feet, is shown on the 
large scale maps, but it has now been abandoned, as its situation so 
close to the works and residences, at times occasioned great discom
fort to the workmen and inhabitants. The main roast yard which is 
in use at present, and which is capable of much greater expansion, is 
bcated to the norLheast of the West Smelter towards the Manitoulin 
and North Shore railway. At the time the surveys were made, it was 
about 2700 feet, long by 150 feet wide, and it could be very readily 
extended to measure 4000 feet. It will thus be seen, that without any 
great effort, roasting ground, with a capacity of from 250,000 to 300,-
000 tons, is already available. Many of the mines situated at Copper 
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Cliff, are, of course, handy to the roast yards, but most of the ore at 
present being utilized by the Canadian Copper Company, is brought Creighton 

from the Creighton mine, coming over the Manitoulin and North Shore nhiine 01b·e 
as to e 

rail way, a distance of about 7 ~ miles to Clarabelle Junction, about a h~ule; rl about 

mile northeast of the main roast yard. The ore from the Stobie 82 nules. 

mine ha~ to he brought by a branch railway to Sudbury, a distance of Ore from the 

about 3} miles and then clown the 'Sault' branch of the Canadian ~~~~~I ~:i~es 
Pacific rail way to the southern roast yard at Copper Cliff, a further i~ hauled con-· 

. . . stderable 
distance of about 4 miles. The ore from tbe Frood, or No. 3 mme, distance•. 

has to be hauled first to the Stobie mine, by a spur about l ·25 miles 
long, and thence, by the same route from the Stobie mine to Copper 
Cliff. Neither of these minrs are, however, in op~ration, tis an abund-
ant supply of very high grade ore, is more easily procurable at the 
Creighton mine. At the Victoria mines, of the Mond Nickel Comp-
any, an aerial tramway carries the ore from Uie mine to the roast yard, 
and thence to the smelter. 

:\IETALLURGY. 

In t·he production of nickel and copper fr0m a sulphide ore, the 
following operations have to be considered. 

Operations 
1. Treatment of the ores, for low crrade copper-nickel matte. necP,s.1ry for 

o the product10n 
2. Treatment of the copper-nickel matte for concentrated copper- ofnicl~el exide 

' and nickel. 
nickel matte. 

3. Treatment of this matte, for copper-nickel alloys. 

4. Treatment of the concentrated copper-nickel matte, for nickel 
matte. 

5. Treatment. of the nickel matte, for nickel oxide and metallic nickel. 
The first two of these operations are carried out at the smelting 

works in the Sudbury District. 

IWAS'rING. 

The metallurgical treatment of this ore commences at the roast yard, Roasting first 

h . h · · d f i., · d b · ·1 d · · t step Ill w it er it is conveye rom t .. e mmes, an emg pi e in convenien metallurgical 

heaps, on previously laid cord wood, is exposed at high temperatures, treatment. 

without fusion, or at most, incipient fusion, to the action of currents of 
air. The object of this roasting, is to bring about the oxidation of 
the iron, and incidentally of the sulphur, as complete as is possible Objects of 

. h . 1 . d 1 f t I . h 1 f th f 11 . the roaating. wit out mvo vmg an un ue oss o me a , m t e s ags o e o owmg 
smelting, and second, the expulsion of arsenic, if any should happen to 



·with rare 
exceptions 
no arsenic ju 
Sudbury ores. 
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be pre3ent. ·with the possible exception of the Worthington mine, 
and some other deposits in that vicinity, none of the ore of the Sudbury 
District contains any appreciable amount of arsenic or antimony. If 
the oxidation be very imperfect, the resulting matte will contain so 

C I t 
much iron, that its brin

0
oing forward will be unduly costly, while if 

a.re ms o 
!Je ex~rci~ed the oxidation be too thorough, an undue loss will occur on smelting 
rn ox1d1zmg I d A C Cl.ff' d y· . . h C d' the ore and in t ie roaste ore. t opper i an at ictona mrnes, t e ana ian 
building d Copper Company and Mond Nickel Company, have spared neither 
roast yar s. 

trouble nor expense in the construction and equipment of their roast 
yards. The sites selected, consisted of flats or swamps, which have been 

L 11. d further graded or filled up, any natural roughness or unevenness being 
0\'C 1ng an ~ 

draining of cleared away and levelled, and the whole being given a gentle slope, 
surface. . h f 11 . d d . . f 

Precautions 
taken to 
prevPnt loss 
of nickel 
and copper. 

Proportion of 
lo.;s of metals 
not known. 

Analyses of 
copper-nickel 
stalactites. 

Water of 
marshes con
tains copper. 

wit care u y ma e rains, serves to remove, at once, any rain or sur ace 
water. These precautions have to be taken, to prevent loss of metal 
as soluble sulphates. It' has been frequently stated, that any great 
loss is thus fully guarded against, but, so far as known, no deliberate 
attempts have been made to determine what amount is thus actually 
carried off by rain and melting snow. After the heap has been fired, 
a crust rapidly forms, which is believed to give further assistance 
against loss, but during heavy or long continued wet and stormy 
weather, it is be~ieved an appreciable amount is thus removed. 
Whether the saving of this is a commercial possibility, is well within 
the range of experiment. Hollows in the burnt out heaps are filled 
with stalactites, an analysis of one of which gave Mr. Donald 
Locke, the following composition Cu 0, 8·42 per cent; Ni 0, 10·21 per 
cent; Fe 0, 7·18 per cent and S 0 3 27·53 per cent. The water too, of 
the marsh adjoining, has a decided bluish tinge, and an iron object 
immersed in it, i3 immediately covered with a thin coating of copper. 

Open air heap Open air heap roasting, as practised at Sudbury, is, with favourable 
roasting cheap weather conditions an old simple cheap and very effective method of 
n.nd effect1 ve. ' ' ' 

Sulphur 
cannot be 
t-conomically 
saved. 

Experiments 
to make use 
of pyrrhotite 
for the pro
duction of 
sulphurous 

treatment, for the elimination of the undesired surplus of sulphur, from 
low grade &ulphide ores. Experiments and trials have been made, io 
profitably sa.vfl this sulphur, by present methods, but the sulphur 
contents, averaging from 16 to 30 per cent, and, for the· mo~t part, 
approaching, in this respect, the tirst mentioned figure, with iron from 
33 to a little over 50 per cent, is, apparently, too low to permit of its 
economic winning. 

Titus Ulke ( 1 ) states that, 'during 1902, was demonstrated the com
mercial impracticability of cheaply roasting Sudbury pyrrhotite nickel 
ores, which do not average over 25 per cent of sulphur, in Herreshoff 
furnaces, in order to utilize the sulphurous acid gas thus obtained, to 

(1) Min. Industry, Vol. XI, 1003, p. 490. 
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make sulphite pulp or liquid acid. The use of the dead roasterl residue, afcid an_dk . 
erro-n1c ~e1 

in the making of ferro-nickel, was also found to be commercially un- not commer-

f I I · · d h 1 h' · · h H h ff c1ally success-success u . t is recogmze t 11.t, un ess t is roas tmg m t e erres o ful according 

furnace can be done mainly without the aid of extraneom; heat, the to Ulke. 

cost, compared with heap roasting, is prohibitive, and that, in any 
case, the average percentage of sulphurous acid in the gas produced, 
is too low to be economical for use in the manufacture of calcium 
bisulphite for making sulphite pulp.' On the other hand, Mr. E. A. 
Sjostedt ( 2 ) metallurgist to the Lake Superior Power Company, who Sjostedt holds 

initiated and carried on these trials, states that the process has been th~ ~evebrse d 
opm1on ase 

worked out in a satisfactory manner, the pyrrhotite being roasted on pr'.'ctical 

without extraneous heat, and yielding sulphurous acid in quantities experience. 

that more than repay the cost of converting the raw ore into briquettes. 
The results of operations for two weeks in 1903, showed an 

average recovery of 86·4 per cent of sulphur, and a total working cost 
of $1.86 per ton of ore. Such are the conflicting statements of experts, 
who have been concerned in the practical working out of the process, 
but the popular opinion seems general, that failure has followed these 
elaborate trials, which had the advantage of being conducted on a 
commercial basis, by skilled men, with every modern appliance to Adoption of 

ensure success. The fact that the Lake Superior Power Company, ordinary 

d · h · l · · h S db D' · h d · II smelting unng t e1r ater operat10ns w t e u ury istnct, a pract1ca y methods 

adopted the general system of heap roasting and smelting, seems to t'.!J~1~'f the 

lend support to the view expressed by Mr. Ulke. succe~s in 
ex penmen ts. 

The sulphurous fumes from the roast heaps, have destroyed most of Destruction of 

the vegetation, from within an area of between one and two miles of vegetation 
. . . . . by sulphur 

Copper Cliff, and have a very InJUnous effect on vegetat10n, a~d especi- fu1nes. 

ally young and tender trees and plants, as far as the town of Sudbury. 
In the immediate vicinity of Copper Cliff, the destruction wrought to Injury done 

all growing plants and trees is very complete, and a more desolate 0t1i~~pper 
scene can hardly be imagined, than the tine white clay or silt of the 
flats, through which protrude, at intervals, rough rocky hills, with no 
trees, or even a blade of grass, to break the monotony. Of late years, 
vegetation has, so to speak, become accusiomed to the sulphur, and gra- Vegetation 

dually, and as a result, the area affected by the fumes is becoming more becomtes d 
accus 01ne 

circumscribed. The maple seems to withstand the sulphur the best, and to sulphur. 

trees of this species may be found fairly green in the immediate Maple 

proximity of the roast yards. To add to this scene of desolation, the ~~!1£~~~~8 

houses are of wood, rarely painted, while most of the area is covered the best. 

with half-decayed logs, stumps and upturned roots, all of which have 
a peculiar brownish tinge, the result of the sulphur, which acts as an 

(2) Eng. & l\Iin. Jour., April, 25th, 1903. 
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excellent preservative. On the other hand, all the barbed-wire fences, 
telegraph lines and other iron objects tire 1 usted, and rapidly eaten 
away, requiring to be frequently replaced. The removal of one of the 
roast yards, has bad a most marked effect, and the beneficial resu Its 
which were sure to follow, are even now beginning to be apparent, 
for the two remaining are situated to the east and northeast of the 
town and thus the prevailing winds, which are from the southwest, 
will tend to carry the fumes away. ·with the persistent influence and 
guidance of the president and general manager, Mr. A. P. Turner, tree~ 
are beinµ; planted, certain areas graded and madFJ into lawns, roads 
opened up and culverts and bridges fixed, while the tortuous course 
of a small stream, running through the town, bas been str:iightened 
and deepened. It is hoped that these efforts at beautifying the place, 

8ulphur will meet with the success they deserve, and already the town bas 
fu~1e~ hn.ve no taken on a new appearance, due to these improvements. The fumes, 
lHJUl'lOUS 
effects on man which are free from arsenic, seem to have no injurious effect on man 
or b!'ast. b t t . h . ] ] d cl . d 
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fnnws. 
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or eas , excep on occasions, w en part1cu ar y ense an accompame 
by fog, when they produce a peculiar strangling or choking sensation, 
accompanied, on rare occasions, by bleeding at the noRe. The residents 
are all seemingly healthy, and suffer from no unusual complaints, 
while some even assert that the sulphur is a positive cure for catarrh, 
consumption, and kindred diseases. People, moreover, at first, com
plain of a strangling sensation, but this gradually disappears, and those, 
who have resided there for a time, miss the sulphur when removed to 
another place, and have even an ill defined. though rarely expressed 
longing for this seemingly heavy and satisfying atmosphere. 

At the Murray mine, a huge shed, with numerous large chimneys, 
was erected, for the purpose of roasting the ore during the winter, but 
it was not a success in any respect. No great thought or care, bas in 
the past, marked the efforts of some of the companies, in the selection 
of a site for the roast yard, an<l the ore has been placed in heaps, 
where the natural surface of the ground permitted, with scarcflly any 
previous preparation, such as grading and draining. The mechanical 
loss, alone, from such carelessness, must have been far from negligible. 
The main supply of fuel that can be secured and is used for the heap 
roasting, is dead or dry pine, often still standing as tall bare rampikes, 
the remains of extensive fires which swept over the area about thirty
five years ago. This during the first years of the operations, could be 
secured very readily and cheaply, but the extensive and continuous 
roasting has used up all available sources· of supply close at hand, and 
this wood has now to to be brought considerable distances by rail, and 
is now often mixed with ordinary cordwood. At the Victoria mines, 
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however, there is an abundant supply of this dry pine for years to Dry pine 

come and it is brought in by teams and sleighs during the winter Pv'entotif?l a~ 
' ' ic namme. 

from the area immediately adjoining. This dry pine is very efficient 
for this purpose, as it is readily kindled, and produces almost immerlL 
ately a short though fierce heat, which serves to ignite the pile Suitability of 

hl d h . d · b · f dry pme for thoroug y, an t IS, once starte , contmues urmng, on account o roasting . 

.,. its sulphur contents. 

The roast heaps are rectangular in shape, varying in size from 40 Construction 

by 60 feet, and 7 feet high, to 60 by 120 feet and 18 feet high, and and sihze of 
roast eaps. 

containing, in general, from 200 to over 3,000 tons of ore. The small Amount of 

heaps of 200 tons are of 'spilt matte,' of which mention will again be ohre in roast 
eaps. 

made. Ore heaps are not less than about 600 tons. Heaps of from 
800 to 1,000 tons should burn out in from 40 to 50 days, the larger 
heap taking, in general, from 3 to 4 months, while occasional heaps con- Duration of 

taining 4,000 tons, which are the largest yet attempted, and which roasting. 

were by no means a brilliant success, have been known to burn from 
6 to 7 months. The ore is piled on a bed of split wood, about one 
cord being used to twenty tons of ore. This wood serves to start the Amount of 

oxidation of the sulphur, iron, nickel and copper, the sulphur to suL fuel used. 

phurous acid, the iron to iron oxide, the nickel and copper chiefly to 
sulphates. The sulphur, which, in general, average~ about 25 per cent, R d . . 

e uct10n m 
is reduced to about 6 or 8 per cent, while the iron is, in large part, oxi- amount of 

dized to ferrous oxide, and the associated norite or gangue is rendered sulphur. 

more or less porous or disintegrated by the swelling and oxidation of 
the ore. An analysis of roast~d ore, in December, 1888, gave F. L. Analyses of 

Sperry b·40 per cent of copper, 2·43 per cent of nickel 7·92 per cent of roasted ore. 

sulphur and 25 per cent of iron and the rest gangue, chiefly norite or 
diorite. L. P. Silver (f) states that an average sample of the roasted 
ore gave 3·2'i per cent of copper, 2·16 per cent of nickel, 8.3<! per cent 
of sulphur, 25·61 per cent of iron and the rest gangue. 

Donald Locke says, that the roasted ore, in 1902, being used by the Average of 
. Copper Chff 

Canadian Copper Company, assayed about 1. 5 per cent of copper, 2.5 roasted ore 

per cent of nickel, 6 per cent of sulphur and 26 per cent of iron. At in 1902· 

the Mond Nickel Company, no assays of the roasted ore are made, as No assays 

it is so variable in -::omposition and difficult to obtain representative Vm!'de <?f . 1ctoriammes 
material, and one tenth is added to the assays of the raw ore, to enaule roasted ore. 

the furnace manager to make up a charge for smelting. 

When an abunaance of ore fines is in stock, over and above the Ore fines 

usual requirements for coverin!! and finishin!! the heaps, the ex~ss is userl to make 
~ ~ bed for r0ast 

1. Jonr. Can. Min. Inst. Vol. Y., 1902, p. 544. 
14-H-13 

heaps. 
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generally used to cover the ground on which the roast heap is to be 
built, to a depth of about six inches. The material is thus ' caked ' 
together, in the roasting, and after having served for several roastings, 
is broken up and used as coarse ore, as it has only enjoyed an incipient 
oxidation. These roast piles are built up as follows : the place 
selected, may or may not be covered with the 'fines', as already menDisposition 

of fuel. tioned, as occasion demands. Sticks of cord wood, of nearly uni-

Chimneys at 
first used to 
help kindle 
the pile. 

Number and 
method of 
building 
chimneys. 

Canals are 
sufficient for 
draught 
purposes. 

Incipient 
fusion to be 
guarded 
against. 

form size, should be placed side by side, across both sides and • 
ends of the rectangular area. The whole interior of this may be 
filled in with old stumps, roots, ties or cordwood, as material 
comes to hand, but, in such a way, as to form a level and solid 
bed, on which the ore is to rest. Over this, is placed small wood 
and chips, to fill up all the larger interstices, care being taken to 
provide small canals, filled with kindlings, at intervals of 8 to 10 
feet, leading from the outer air to the center of the heap. As first 
practised, these canals connected with 'chimneys', along the centre 
which were specially designed to rapidly and certainly kindle the whole 
heap. These chimneys were usually built of four sticks or old boards, 
so fixed together as to leave an opening, communicating below with the 
draught passages. Five or six such chimneys sufficed for each pile, and 
they were made to project two feet above the upper surface of the 
heap, so that no pieces of ore could fall into the flue opening. Such 
precautions, to insure certain kindling, are, however, not needed, and 
the canals are amply sufficient for this purpose; besides, it was found 
that they induced undue local heating in their immediate vicinity, thus 
tending to incipient fusing or macting of the ore, which is to be specially 
guarded. against. The bed of cord wood varies from 9 to 18 inches in 
depth, according to the size of the pile. This bed of fuel being completed, 
the coarse ore to the extent of about 65 per cent of the whole heap, is 

U f 
transferred by wheel barrows, from the cars, over a narrow and roughly 

~e o tem-
porar,y kestles constructed trestle platform, running the whole length of the heap. 
h~:~~'.ldmg TLis plan is sometimes adopted by the Mond Nickel Company, at the 

Victoria mines, although, in some instances, the tram cars are deflected, 
by means of a spur or branch line, from the aerial tramway, running 
over the roast bed8. The car is then lowered, and the ore dumped 

. . . directly at any place desired. The medium sized ore or ' ragging', 
D1spos1 t10n of . . 
coarse, about the size of nut coal, 1s then carefully spread over the coarse ore, 
£::~~:.and and lastly, the whole heap is covered up with fines, till a height of from 

6 to 18 feet ii:; reached, according to the size of the pile. The whole 
structure should then form a shapely rectangular pile, with sharp cor_ 
ners, and as steeply sloping sides as the ore will naturally lie on with
out rolling (about 45°). 
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The heap is now finished, and only those openings, connecting with Igniting the 

the canals around the base of the pile are left exposed. Kindlings or roast heap. 

cotton waste, saturated with oil, are applied to these openings, and these 
are simultaneously ignited. These openings are themselves covered over 
with 'fines', as soon as the cord wood ia burning freely. In spite of 
this ample covering, the whole of this fuel, as stated by Mr. James McAr-
thur, (1 ) is burned out in about 60 hours after lighting up. 'A complete R oasti11g is 

oxidizing roasting process then begins, and continues until the end, ~~~~!~.izing 
namely, until the sulphur contents are so far reduced and burned off, 
that there is not sufficient left to promote further combustion. The Only from 6 

remaining portion of the sulphur (6 to 8 per cent) is enclosed and sealed ~1~l':.i~f 
up in non-porous portions of ore or matte, the semi-fused covering of remains. 

which would require to be re-broken, in order to expose fresh faces under 
heat and thus liberate the remaining sulphur. This could only be done 
by turning over and re-roasting the ore, after the first roast was finished, Remaining 

but it is not at all neces~ary, as the remaining sulphur is essential in sulph~r 1 essent1a to 
the smelting of the ore, in order to produce a clean slag'. About produce a 

twelve hours after firing, the whole heap should be pouring forth dense clean slag. 

pale yellow fumes of sulphurous acid. Great attention is paid to the 
pile for the first few days, to prevent. excessive local heating, which G t 

reat at en-
frequently causes partial fusion of the ore, this tending to prevent sue- tion given to 

cessful roasting. The heap is carefully and systematically watched ~~::: i:i~~,for 
day and night, and all holes or fissures, caused chiefly by settlement first few days. 

due to the burning out of the fuel, are at once covered with 'fines' of 
raw ore. After the first few days are over, t1le pile may be left to 
itself, until cold enough to remove to the storage bins or furnace. After 
the period of roasting is over, and the pile is cold enough to be handled, 
h · f · 11 d . fi d Th' . Outer cover-t e outer covermg o part1a y roaste ore is rst remove . is is ing first 

more abundant along the sides and base, and the precaution is some- removed. 

times taken to cover up these portions of the pile, with old iron sheet-
ing, which materially assists in preserving the heat, thus aiding 
the roasting. The longer the period of roasting, the less the matting, 
and of course the larger the heap, the smaller quantity of the outside 
covering or margin is left only partially roasted. When this outer 
covering is removed to be re-roasted, the remainder af t,he heap is con- Different 

veyed in wheel-barrows a few yards, in one case, to a sunken railroad, methods of 

which runs alongside of the roast yards. At the Mond Nickel Com- ~~:s~~~g~re. 
pany, it is loaded into cars, which are hauled up an inclined tramway, 
to an elevated series of storage bins at the roast yard, from whence it 
is loaded, as required, into the aerial tramcars, and thus conveyed to 
the smelter. 

1. Ann. Report, Bur. of Mines, Ont., 1903, p. 300. 
14-H-13~ 
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Appearance The ore, when roasted, is aggregated together, in large clinker-like 
of roasted ore. masses. These are loosened, and broken up into suitable pieces for 

smelting, usually by pick and shovel, but often the assistance of explo
sives are needed to help in the removal. This r ... asted ore is loaded 

Removal of 
ore to stock 
bins. 

Smelting in 
Sudbury 
district. 

on large side-dumping cars, and hauled by locomotives to the stock 
bin~ at the furnaces. An experienced workman, knows the difference 
in the quality of roasted ores at sight, and is able to mix them roughly, 
as they are loaded into the cars at the heaps, to be taken to the smelter 
and dumped into separate bin~. Here it is sampled, and again mixed 
by the furnace men, and made into smelting charges and fed into the 
furnaces. 

SMELTING. 

Tbe copper nickel ores of the Sudbury District are, at present, (June, 
190+,) being treated by only one corporation, the Canadian Copper 
Company, but during the progress of our work in 1901 and 1902, bot.h 
the Mond Nickel Company and the Lake Superior Power Company 
were also conducting smelting operations. The Mond Company pro
duced both the blast furnace or standard matte, and the bessemer or 
converter matte, while the last mentioned corporation restri cted their 
refining process to obtaining the lower grade or blast furnace matte. 
The smelter of the Lake Superior Power Company, situated at +.he 
Gertrude mines, was completed early in June, 190~, and for some time 

Production of was treating from l 00 to 160 tons of ore daily. The matte, resulting 
matte by . from these operations, ·steadily accumulated at the works, until the sus
Lake Superior . f 11 . f h' . 1903 d d . h" . d Power Co. pens10n o a operations o t is concern rn , an , unng t 1e peno 

Ore selected 
for manufac
ture of ferro· 
nickel. 

about 2,000 tons of the standard !llatte were produced. This ma,tte 
is stated to have contained 29 per cent of nickel and copper combined, 
the proportion of the nickel to the copper being as 2 to 1. It was pro po. 
sed to further refine this product at a converter plant, being erected at 
Sault Ste. Marie, or to ship it elsewhere to be refinPd. In ad 1iti .)n, 
about 20 tons of ore, daily, om; of a total production of 200 tons, were 
picked out as free as possible from chalcopyrite, which quantity was 
laid aside, to be shipped to Sault Ste. Marie, for the manufacture of 
ferro-nickel. 

From 1889 to 1893, the Murray mine conducted rather extensive 
Smelting at . . . , 
Murray mine. smeltmg operat10ns, makrng both standard and bessemer matte. The 

average of the lower grade product was 8·5 per cent of nickel and 4 
per cent of copper, while Walker's analysis of the latter, showed it to 

S It
. t contain 48 ·82 per cent of nickel and cobalt and 25·92 per cent of copper. 

me mg a 
Blezard mine. The Dominion Mineral Company, during the same period, produced only 

standard or blast furnace matte, containing from 18 to 20 per cent of 
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copper and 24 to 26 per cent of nickel. About 1893, and later in D:ury 
1896 and 1898, the Drury Nickel Company and the same corpora- Nickel Co. 

tion reorganized under the name of the Trill Mining Company, 
smelted and sold about 420 tons of blast furnace matte. During 
the early '90's, the Canadian Copper Company produced a considerable Bessemer 
amount of high grade matte by the bessemer process, but the refiners duact:a {;;0 · 

seeming to prefer the standard or blast furnace matte, the manufac- CCanadiaCn 
. opper o. 

ture of this product was abandoned, and the bessemer plant, consisting 
of a cupola, and 3 ronverters, located at the East Smelter, has been 
left idle for the greater part of the time since. In the fall of 1 !JOO, Erection of 
the plant of the Ontario Smelting Works was installed by the Orford ~,';,~'!tl~g 
Copper Company, an organization closely related to the Canadian Cop- Works. 
per Company, both of which, in April, 1902, were included in the 
amalgamation of these and kindred corporations, under the name of the 
International Nickel Company. These works were designed to further 
refine the low grade or blast fur~ace matte of the Canadian Copper 
Company. 

Before the erection of the new smelter, which will be described and 
figured later, the Canadian Copper Company had smelting plants in-
stalled in two separate buildings, known respectively as the East and . 

Th h l . d Equipment at 
vV est Smelters. e processes at t e two sme ters were ahke, an they the East and 
differed only in the number of their blast furnaces. At the West Smel- WeJJst smelters 

. . at opper 
ter there were eight, and at the East Smelter five blast fuanaces, m Cliff. 
addition to the bessemer plant. Lately, the East Smelter has been 
dismantled, and in a short time it is stated to be the intention of the 
Company to pull down the West Smelter also, and concentrate all re-
fining operations under one roof. At the time of writing, no smelting 
is carried on at Copper Oliff, but the Company have leased the Mond 
Smelter at Victoria Mines, for a period of six months, this lease expir- Canadian 
ing about the l st of August next, and all refining operations going on Copper Co's. 

· d h · l lease of at present are carne on at t is p ace. Victoria 

The smelting or blast furnaces have the form of a flattened ellipse, ~~~l:er. 
are 9 feet in height to the charging door, and measure 9 feet by 5 feet 

d 8 f 5 · h b 4 f 4 · h h f Description of at the top, an eet me es y eet me es at t e tuyeres, o blast furnace. 
which there are 25 (2 inch), arranged in two rows. They are made of 
rolled steel, with a water space of two inches, between the outer and 
inner plates, and have for a bottom a cast iron plate, ] ! inches thick, 
protected by fire-brick, the whole supported by four strong cast iron 
legs. A light dome of plate steel, brick-lined at the top and sides, 
covers the furnace, and in one side of this dome, on a level with the ore 
bins, is the feed door. The furnace gases pass to the stacks, (one to 
each pair of furnaces),through brick chambers, with trough-shaped sheet 
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iron bottoms. Here the flue dust, ha.ving an opportunity to be preci
pitated, is taken periodically from these chambers and added to the 
blast furnace charges. The smelters are situated at or near the 

L ocation of ground level, and ore, coke and flux are brought into the building on 
blastfurnaces. 1 d k d d d · h b" h f d fl 1 1 an e evate trac , an umpe mto t e ms on t e ee oor eve . 

The well, forehearth or sflttling pot, is built of cast iron water-jackets 
in four sections, with a water space of six inches, and rests upon four 

Description of wheels, for convenience of moving it whenever repairs are necessary, a. 
forehearth. second well standing ready to be put in its place. When the fore

hearth is in position, a square opening on one side, is fitted by fire-clay, 
to a corresponding opening in the furnace, and the molten slag and 
matte flow into the forehearth, when the furnace is in blast. The 
feeding of the furnace i3 continued, at frequent and stated intervals, 
and as the molten mass gathers at the base of the furnace, it flows 

Matte or 
metallic por
tion sinks to 
the bottom. 

Use of 
Mc Arthur 
granulating 
trough. 

through the discharge hole, into the forehearth, where the heavier or 
metallic portion (matte), sinks to the bottom, while the lighter slag 
rises to the surface, to flow out in a continuous stream from a water 
cooled, phosphor-bronze slag spout, to a McArthur granulating trough
where it comes in quiet contact with a stream of water, that has 
already done duty in the water-jackets of the furnace, and flowing in 
the same direction as the stream of mo:ten slag. This granulated 

Disposition 
of granulated slag is carried by the water, which gradually filters away into the 
slag. dump or into the slag wells, out of which the Rlag is elevated, by means 

U f I 
of a bucket elevator, into high waste heaps. From these immense 

se o granu -
ated slag for dumps, road makers, and especially the Canadian Pacific and Mani-
~~~~s~t and toulin and North Shore railways, . help themselves, loading this slag 

Tapping of 
matte. 

Matte is 
allowed to 
settle in pots . 

on cars, by means of steam shovels, for use as ballast, for which it is 
excellently adapted. It is much heavier than ordinary ballast, and 
does not retain water, and, therefore, is not so liable to wash-outs, 
or to freeze in winter and heave up the trat.:ks, as does the ordinary 
sandy or silt ballast often used in the district. 

The matte is drawn off periodically, the tap-hole for this purpose 
being situatf\d at a lower level, which is opened with a pointed iron 
rod, and afterwards closed with a. plug of fire-clay. This process is 
usually attended with a display of fireworks, but, as the men engaged 
at it becorue very expert, the stream of liquid · matte is very quickly 
and effectively stopped. The matte is then allowed to remain in the 
cast iron pots or moulds, into which it has been tapped, until cool, 
when it is dumped out, broken by means of sledge-hammers, weighed, 
loaded on cars, and shipped to the Ontario Smelting Works for 
further treatment. 
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The blast is furnished by No. 7 Connersville blowers, discharging use and 

67 oubic feet of air blast per revolution, and making from 90 to 130 b~~~~.gth of 

revolutions per minute, each blower being driven by an engine of 50 
H. P. The blaat is delivered at the tuyeres at a pressure of about 
fourteen to sixteen ounces per square inch. 

The roasted ore, with which the furnace is principally charged, is a Description 
. t f 'd 1 h t d 1 h'd f . k 1 d . of roasted ore. mix ure o ox1 es, su p a es an su p 1 es o mo e , copper an iron, 

together with a certain amount of the basic silicate of the gangue. 
The process of smelting is very economical, the ore furnishing in itself 
the exact ingredients for fluxing. By the smelting of the ore, with a 
small quantity of quartz, in the blast furnace, using from 15 to 17 per Proportion of 

f C 11 11 k h . . l . fl d d f . d coke used. cent o onne svi e co e, t e iron is cue y re uce to errous ox1 e 
and forms a slag with the gangue and quartz. 

Under I and II, are analyses of this slag by Mr. Donald Locke, late A 1 f na yses o 
assayer of this Department. Under III, is an average analysis, blast furnace 

published by M. John He~dt, ( 1) while under IV, is an analysis by slag. 

Mr. J. W. Bain. (2). 

I II III IV 
8ilica ...... . 34-16 32·58 38·00 26 ·67 
Ferrous oxide ..... 41 ·24 44·37 43·00 50·82 
Ferrous sulphide ... . . . . 3·52 
Lime . .. .. ..... . .. 8·23 6·62 4·50 3·38 
Magnesia ..... .... 3·44 2·77 2·00 2·95 
Copper . .. . .. . . . 0·25 0·13 0·40 0·20 
Nickel. . ... . . .... 0·23 0·23 0·45 0·10 
Alumina ...... .. . . 9·03 10·41 10·00 12·88 
Sulphur ...... ... . 0·91 

Totals ...... 97·49 97·11 100·85 100·52 

The nickel and copper, and some of the iron, unite with the sulphur Authorities 
for analyses. 

tv form a mat.te. Under I and II, are analyses of this blast furnace 
or standard matte, the results obtaineci by Mr. Donald Loc:.: e, in 
November, 1902; under III, is an analysis, by Mr. J. W Bain, (1()00) ; 
under IV, is the mean of two analyses of matte, which were made by 
Mr. F. L. Sperry, on the 22nd February, and the 2nd of March, 1889. 
TJ nder V, is the copper and nickel determination for this matte, in Ab

1
nalyfses of 
ast urnace 

February, 1891, while under VI, are determinations for these same matte. 

metals, by Mr. L. P. Silver (1902). 

(1) "Les Mines de Nickel du District de Sudbury (Ontario). " R ep. Cham. de 
Commerce, Montreal, 1892, p. 39. 

(2) Ann. Rep. Bur. of Mines, Ont., 1900, p. 217. 
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I II III IV v VI 

Cooper. ... 14·69 14·53 19·87 26·910 17.24 20.35 

Nickel .... 28·17 26·34 16·75 14-140 21·44 16·48 

Ir.on ...... 31 ·89 34'15 43·90 31 ·235 
Sulphur . . .. 24·96 24.93 18·72 26·950 

Cobalt ....... .'. 0·63 0·235 

Slag ........... 0·05 0·935 

Totals ... 99·71 99·85 99·92 100·405 

Each furnace, of which there were 13 installed, puts through about 
130 tons every 24 hours, the total capacity being about. 1800 tons per 
day. 

Mr. Donald Locke gives the following average for a day's work of a 
furnace. In a day of 23 hours, using 12 oz. blast pressure, there were 
smelted 264,000 lbs. of roasted ore, assaying :-

Copper . . . . . . . . . . . . . . . l ·43 per cent. 
Nickel . . . . . . . . . . . . . . . 2 56 " 
Silica . ............ . .. , 26·00 " 
Sulphur. . .... . . . . .. . . . . 5 ·57 " 

copper con- To this was added 3,600 lbs. of quartz, with 98 per cent of ailics, 
tents of matte . 
produced. mmg 45,300 lbs. coke (17 per cent). There were produced 26,318 l bs. 

of matte, containing:-

Copper. . . . . . . . . . . . . . . . 11 ·90 per cent. 
Nickel ...... .. M. . 22·10 " 

Composition 
of slag. and 207,425 lbs. of slag, containing:-

Description 
of extraor
dinary run. 

Copper ....... , .... . .. . 0·27 per cent. 
Nickel... . .. . . . . .. . . . 0·40 " 
Silica . . ......... .. .... . 32·00 " 
Iron ~ .. , . .. . . . . . . . . . . . . 40·00 '' 

An extraordinarily good run was as follows : - With a 16 oz. blast, 
there were smelted in 24 hours:-

Ore . . ................... 510,000 lbs. 
Quartz. . . . . . . . . . . . . . . . . . 2,250 '' 
Using coke.............. 87,200 " 

There were produced :-

Matte .. . ... , , . . . 44,231 lbs. 
Slag. . . . . . . . . . . . . . . . . . . . 439,233 " 
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The furnace gases pass to the stacks (one to each pair of furnaces), Formation of 

through brick chambers, with trough-shaped sheet iron bottoms. Here flue dust. 

the tlue dust, having an opportunity to be precipitated, is taken perio-
dically from these chambers, n,nd added to the blast furnace charges. Nickel and 

Four samples, assayed by Mr. Locke, in 1902, resulted as follows:- ~~~fs0~tfi~;e 

I. 
Copper. . . . . . . . . . 1 ·45 
Nickel. . . . .. ..... 3·28 

II. 
l ·49 
3·84 

III. 
1-55 

3·79 

IV. 
l ·39 
3·62 

An assay of a typical sample, by Mr. L. P. Silver, ( 1 ) gave copper 4, 
25 per cent and nickel 3·37 per cent. 

In the roasting of the ore, a large proportion is badly roasted, or, 

dust. 

owing to the heat in the pile being too intense, the ore melts to matte, rro.du,ction of 

d · d T · spilt matte. an is not roaste at all. bis should be re-roasted, and is so, to a cer-
tain extent, but when large orders are on hand, this unroasted and 
partly roasted ore, is smelted in the blast furnac:e, and the resulting low 
grade matte is 'split,' that is, pour d out on the ground in layers of 
about hn.lf an inch in thickness, and broken up. Two assays of this 
'spilt ' ma.tte, collected in November, 1902, gave Mr. Locke the fol
lowing results :-

Nickel . . . . . 2·30 per cent. 
Copper .. .... · 3·26 " 
Iron . . . . . . . . 63 ·08 " 

3·43 per cent. 
3·56 

61 ·18 
" 
" 

This matte usually contains from 7 to 15 per cent of the metals and a 

Composition 
of 'spilt ' 
matte in 
Nov. 1902. 

typical sample, analyzed by Mr. L. P. Silver, (op. cit.), contained, nickel Other assays 

6·01 per cent and copper 7 ·45 per cent of 'spilt' 
· matte. 

This 'spilt matte' is broken up and taken to the roast-yard, where 
it is roasted in sma.11 heaps (about 200 tons). After the necessary Roastingof 

oxidation, the roasting usually lasting about 30 days, it is re-smelted 'spilt' matte. 

being added to the blast furnace charge, in place of some of the ore, 
the matte thus produced being thereby much richer in metallic con-
tents. 

Previous to the installation of the plant at the Ontario Smelting 
Works, the Canadian Copper Company still further refined their own Bessemerizing 

blast furnace or standard matte, by the 'Bessemer Process.' In these h
0

y Canad
0

ian 
opper o. 

earlier years, about 1893, this was done on rather an extensive scale, 
but during the later '90's, there was no very constant or large demand 
for this higher grade of matte, and this method of concentration was 
only practised as occasion demn,nded. The converter used was of the 
Manhes type, with a capacity of one and a half tons, with a new lin-
ing, and three tons with an old lining. 

(1) Jour. Can. Min. Inst., Vol. V, 1902, p. 546. 
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Dimensions of The process is very similar to that followed in bessemerizing iron. 
converters. The Manhes converters are cylindrical shaped vessels, with convex ends 

measuring usually about eight feet in length, with a diameter of about 
four feet. They are made of boiler plate, and lined with a thick layer 
of clay mixed with quartz. 

Employment In the first years, much of the quartz used, and especially a~ the Mur
of quartz. from ray mine was obtained from the Bruce Mines, where great quantities 
Bruce Mmes. f k. . ' . 1 . f b . . . f h f h . 

Silica used 
now comes 
from near 
K elley lake. 

Description 
of converter. 

Motions of 
converter. 

Gradual 
application 
of pressure. 

o 's 1mpmgs exist, resu tmg rom t e Jiggmg o t e ore rom t at mme 
during its operation in past years. This material consi>its of the crushed 
quartzose gangue, cleaned of all but a small proportion of the sul
phideg of copper, constituting the ore. It carries but a small propor
tion of felspar. The silica, now to be used, is obtained from a large 
vein of massive quartz, situated on the high range of norite hills near 
the shores of Kelley lake, a little over a mile south of the large new 
smelter. 

The converter rests, with its axis horizontal, on a carriage running 
on a track. It is provided, on its upper side, with a moutb. or throat 
through which it can be charged. The dimensions are: length 7 feet, 
3 inches; diameter 5 feet, 8 inches. The blast is driven through the 
charge from two parallel ~eries of small tuyere holes, piercing the 
lining, along either side, below and along the length of the vessel. 
Opposite each of these tuyere boles, corresponding holes are pierced 
through the tubes, which run along the outside of the converter, to 
Supply them with blast. These holes are closed with wooden plugs, 
removable to admit an iron bar, which, being poked through them 
successively during the process of blowing, keeps the tuyeres clear and 
the charge stirred. 

A gearing enables the converter to be rotated on the car about its 
horizontal axis, and the throat having been thus lowered, a charge of 
low grade matte, from the well or forehearth of the cupola, is run into 
it by means of a trough. It is then rotated back, till the mouth is 
again vertical, and run around underneath a large hood, connected 
with a stack, in another part of the smelter house where it is connected 
with the blower. 

At first, a pressure, starting at 5 lbs. of an air blast, is blown through 
the mass of metal, when a violent agitation takes place, and on raising 
the pressure to 7 lbs., white fumes appear. As there are none of the 
usual flame reactions, the point at which to stop the blast, after the 
iron has been removed, and before the nickel has also begun to slag, 
in undue amount, requires special experience and judgment. The end 
of the operation is determined mainly, by a perceptible decrease in the 
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temperature of the mass, as shown by the flame, but also of the Criteria for 

f h judging when 
ragments splashed or blown out of the converter, as well as by t e end of process 

size and appearance of the particles, which gradually become larger is reached. 

and more frothy, at the last issuing in pieces about the size of a man's 
hand. The duration of the blowing operation depends on the size of 
the charge, and the displacement of the converter spaces for the silicious 
lining is gradually appropriated by the iron in the charge. Each 
charge is, therefore, greater than thA preceding one, until the sil(th or 
seventh charge is blown, when the converter is laid to one side for re- Charge of 

1. . A 1 f h. h . f h bl 11 converter mmg. s 11. resu t o t is, t e contmuance o t e ast genera y dependent 

varies from 20 to 80 minutes, averaging about 50 minutes. on use. 

During this bessemerizing process, the iron is almost entirely Objects of 

removed, the sulphur lowered to from 10 to 15 per cent, and the copper bessemerizing. 

and nickel combined to from 80 to 85 per cent. The iron unites with 
the silicious linin~, to form a very fluid slag which is ~pilled off the top· 
The amount of nickel, lost by oxidation, is very trifling, cobalt is 
perfectly scorified, zinc, arsenic and antimony are completely driven 
off, while bismuth, silver, gold and platinum are entirely concentrated 
in this matte. 

The following are analyses of this bessemer matte :-

Nickel. .. { 
Cobalt .. . 
Copper .. . . 
Iron . . ... . 
Sulphur ... . 

Gold .. .. { 

Silver ..... . 
Platinum . 
Iridium ... . 
Osmium .. _. 
Rhodium .. 

I. 

39·96 

43·36 
0·30 

13·76 
O· l to 
0 · 2 oz. 
7 oz. 
O· 25 oz. 

Palladium . 0 · 25 oz. 

II. 

40 · 93 

45·71 
0 ·40 

III. 

31·35 

48·86 
0 81 

IV. 

41·18 

44·87 
0·94 

11 ·62 

0 ·3 oz. 
5 · l oz. 

v. 

39·64 

4.2·75 
l · 03 

14 ·05 

VI. 

48·82 

25 · 92 
2-94 

22·50 

0 . i 5 oz. ·00007 5 
5 . 30 oz. ·001775 
0. 50 ·000430 

·000056 
·000057 
Trace. 
Trace. 

Analyses of 
bessemer 
matte. 

E 1 · A 1 · I · b T't Ulk~ d · l d f . Authorities xp anat1ons.- na ys1s , is y I us " an 1s sty e ' a air for analyses. 

average analysis of the Canadian Copper Company's bessemer matte.' 
(Min. Industry, Vol. III., 1890, p . 460); II. and III., are by Roberts-
Austen, (Min. Proc. Inst. Civ. Eng., Vol. CXX'XV, p. 30); IV., is 
an analysis, by J. W. Bain, (Ann. Rep. Bur. of Mines, Ont., 1900, p. 
218); V., is an analysis by L. P. Silver, (Jour. Can. Min. Inst., Vol. 
V, 1902, p. 534); VI., an analysis by Dr. T. L. Walker, of the besse-
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mer matte, from the Murray mine, (Amer. J our. Sc., Vol. I., 4th Se
ries, 1896, p. 112 ; also Ann. Rep. Bur. of Mines, Ont., 1903, pp. 283-
284). 

Under Norway, on a preceding page, analyses of similar concentrat
ed matte, obtained from the Norwegian pyrrhotite, are also quoted. 
These show the presence also of gold, silver and platinum in appreci
able quantities. Speaking roughly, the silver is only from ! to i of 
that present in the Sudbury matte, the gold about the same as that in 
the Murray min11 mat.te, which is only about i of that present in the 
mattes from the Copper Cliff and Victoria mines, while the metals of 
the platinum group occur in about half the amount of that present in 
the Murray mine, this matt.e itself only containing less than half that 
usually present in the mattes produced from the Coppe~ Cliff and Vic
toria mines. 

Prof. Vogt, also gives the interesting information, that the propor
tion of these metals present in the Norwegian ores and mattes, is one 
part of gold to 20 of silver, one of platinum to 30 of silver, one of 
silver to 5,000 of nickel and one of platinum to 150,000 of nickel. 

The following are analyses of the converter or bassemer slag. All 
convertel' slags are returned to the furnaces for re-smelting, as they 
are so high in nickel. 

I. II. III. 
Ferrous Iron . ' . ' , . . . . . . 66·6 67'1 67·6 
Silica . ... . . . . . ..... . ... 28 ·5 27·9 27·5 
Nickel . ..... . . . . . . . . . . . ' 1'9 l ·6 l ·4 
Copper .. . . . . . ... . . ...... 1'l 0·8 l ·2 
Sulphur . . . . . . . . • ¥ •• - •••• 0·5 0·4 0·5 

I and II., are analyses by Edwards, (Eng. & Min. Jour., Ma.y 2nd, 
1896); III., is an analysis by L. P. Silver, (Jour. Can. Min. Inst., 
Vol. V., 190:2, p. 549). 

From about the beginning of November, 1900, until the destruction 
of the plant early in the spring of 1904, the blast furnace matte pro

C0anadia0n , duced bv the Canadian Copper Company, was further refined at the 
opper o s • 

mattes r o;fined Ontario Smelting Works, built and operated by the Orford CoppeI' 
s~~ut~~o Company, at Copper Cliff. This company was a closely allied corpora
Works from tion, and both were consolidated in 1902, under the management of 
i9oo . d' c . c . lf b .d. . . the Cana lan opper ompany, itse a su s1 1ary orgamzat10n of the 

Preparation of 
matte at 
Ontario 
Smelting 
Works. 

International Nickel Company. 

The standard matte is brought from the Canadian Copper Compa
ny'e: works on cars, and put through a Blake crusher. It passes from 
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that directly into a Krupp ball mill, where it is reduced to a fine pow
der. From the ball mill, it runs on a belt conveyer, which raises it 
to a storage bin, and from this storage bin, it is conveyed still further, 
as required, on belt conveyers, to the feed hoppers of the roasting fur
nace. 

The matte is roasted in two Brown, straight-line, automatic rever- Des.cription of 
. . ~~~~ 

beratory calcmers, each with a hearth area of 140 feet by 10 feet. Ontario 

Later, these furnaces were enlarged to 200 feet, and a third one of ~~~~~g 
similar dimensions was also built. One furnace has six sets of ploughs, 
and the other seven. The ploughs make one complete trip in 6! mi-
nutes. 1:he plough carriage, on passing the automatic feeder, causes 
a certain amount of the powdered matte to fall into the furnacP,. Each Capacity of 

. reverberatory 
furnace puts through 45 tons of matte m 24 hours, and reduces calciners. 

the sulphur from 25 to 30 per cent down to 5 to 8 per cent, using 4~ 
cords of wood per furnace per day. 

The roasted matte is discharged from the furnaces, into the trough 
of a screw conveyer, which takes it to the feeding floor of the blast 
furnace. 

The furnaces are of brick usually known as the 'Orford' furnace Diruensions of 

1 d . h . f h b . l . . . ' ' Orford ' coo e 10 t e region o t e tuyeres, y water circu atmg m pipes, furnace. 

embedded in the brickwork. The furnace measures ,50 inches by 128 
inches at the tuyeres, of which there are seven. 

The blast is furnished by two No. 9 Sturtevant, centrifugal blowers. Blast. 

The furnaces are fed by hand, the charge consisting of roasted matte, 
fed in powder form, with quartz tailings and some roasted ore. 

Owing to the large amount of fines in the charge, great quantities Formation of 

of flue dust are formed-40 tons a week being a usual figure, and lafrge aidno~tnt 
. o flue us . 

often as high as 80 tons a week being produced. This flue dust, assay-
ing about 11 per cent of copper, and 18 per cent of nickel, is put 
through the furnace again. 

The matte and slag flow from the furnace continuously, into an Description of 

Orford siphon-tap forehearth. This consists of a rectangular box 'Orford' 

about 4 feet long, 2 feet 6 inches wide and 18 inches high, formed of forehearth. 

cast iron plates strongly bolted together at the corners and lined with 
a 6-inch brick wall. It is divided into two parts, in the ratio of about 
2 to 3, by a 9-inch division wall, with a slot on the level of the floor of 
the fornhearth, through which the matte can flow from the larger to 
the smaller compartment. The whole forehearth is supported on 
wheels. The matte and slag flow from the furnace into the larger corn- Settlement 0 f 

matte. 
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partment, the forehearth fills, the slag, being lighter, floats, and only 
the mattP, is able to find its way to the smaller compartment, through 
the slot at the bottom of the division wall. 

When the forehearth is full, matte and slag are discharged in separate 
and continuous streams, the former being receiver! in cast iron pots. 
This refined product is shipped to the Orford Copper Company, New 
York, for the S"paration of copper and nickel. Two samples of this 
high grade matte, assayed by Mr. Donald Locke, contained as fol
lows:-

Nickel. .... ... 41 ·58 
Cobalt .. .. ... . 0·71 
Copper .. . . ... 24·99 
Iron ..... . ... 9·82 

40·37 
0·78 

24·95 
9·64 

Silver . ... ...... .. . 
Gold . . . . . . . . . . 0·15 oz. per ton. 
Platinum . . . . . . 0 ·50 " " 

2·50 oz. per ton. 
0 ·10 oz. per ton. 
0·44 " " 

Two samples of the slag collected at the same time, analyzed by 
Mr. Donald Locke, gave the following results :-

Silica ................. 31 ·03 
Fe11rous oxide ...... _ ... , 64·3 l 
Lime .... .. . ... ... ... 0·22 
Magnesia ... . 
Nickel . ..... . 
Copper . .. . 

0·08 
2·57 
0·56 

Alumina. . . . . . . . . . . . . . . 0·54 
Sulphur. . . . . . . 0·49 

Totals.. . . . ..... . 99 ·80 

26·62 
66·72 

0·24 
0·09 
2·68 
0 77 
0·54 
0·30 

97·96 

This slag is taken to the Canadian Copper Company's works, and 
put through the blast furnace, to recover the metal contents, which are 
too high to be neglected. 

PYRITIC SMELTING. 

Mr. J arnes M cArthur is authority for the following statement : ( 1 ) 

'Cold blast pyritic Rmelting of sulphide ores bas been carried on in 
Canada, off and on, and for long periods at a time, since 1879 ; not as 

(1) Ann. R ep. Bur. of Mines Ont., 1903, pp. 302 & 303. 
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an experiment but as a process. Thousands of tons of copper sulphide 
fines have been smelted with cold blast, and later on in recent years D escription 

at Copper Cliff with cold and also with very moderately hot bla8t (the of process. 

latter about 400°F. ), making in these recent operations some 18,000 
to 20,000 tons of matte product. The coke consumption was about 5 
per cent for both temperatures of the blast, the grade of matte product 
being almost identical, With a bla~t temperature sufficiently high,-
not less than 1200° F.-to counteract gumming at tuyeres, the sulphur 
contents of the ore, which should be the only fuel used apart from a 
small percentage of the iron, can be kept in ignition, and with a higher 
pressure of the blast we should get sufficiently rapid oxidation action, Average 

even in a large and fast smelting furnace, to produce a direct 30 per- mettallitc f 
~ con en so 

cent matte, or over seven into one, from a raw 4 per cent ore as it comes matte. 

from the mines, because if WE. can dispense with all carbonaceous 
fuel in first smelting and can use the sulphur contents of charge in 
its stead, we stop all reducing action, and in lieu thereof introtluce a 
complete oxidizing action, oxidizing the iron and consuming the sul-
phur in the operation.' 

Just to what extent green ore will be employed, in place of roasted 
ore, under the new conditions which will obtain at the new smelter, 
which is about to be described, and where the pressure will be 40 ozs. 
instead of 14 ozs., cannot be foretold, but it is expected that a very 
large amount 0£ raw ore will be added to the furnace charge. 

The drawings, accompanying this bulletin, are plan and sectional Ext_ei;it of 
. , . pynt1c smelt-

elevat10ns of a 1000-ton smelter designea by the Engineering Company mg to be 

of New York. (1) These were submitted to the Canadian Copper Com- ~~!11?{ai~'. 
pany, who, after their approval and adoption, proceeded to instal this P t· f repara 1011 o 
new smelting and power plant, in which are assembled the latest and plans for 

b t · d · f f h k I smelter for es improvements an convemences or every part o t e wor . t Canadian 

is confidently expected that this smelter will be in operation early in Copper Co. 

July (1904). ( 2 ) 

In the erection of this smelter, there were several objects that had Objects to be 

to be borne in mind, among them the cheap handling of a large abtt.a1di~ed in 
m mg 

tonnage of ore, the storage during the winter months of materials, new smelter. 

such as coke and coal, which can be received by boat during summer; 
the elimination of all needless manual labor, and the thorough efficiency 
of the power department. The plant was designed to be erected on 
two levels ; the large amount of slag produced had to be taken into D . .t. ispos1 ion 
consideration and the disposition of this slag was an important factor of slag. 

(1) The blocks for the drawings reproduced in this report were kindly loaned by the 
Enyineeriug and Mfoing Journal of New York. 

(2) Eng. Min. Jour. Vol. LXXVI. Dec. 3lst, pp. 1003- 1009. 
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in determining the site. The plant, as it now stands, was built along 
the face of a cliff, on the northern side of the flat, on which the town 
of Copper Cliff stands. 

On the upper edge of the cliff, a system of bins has been constructed 
for storage purposes. The smelter building proper, is situated parallel 
to these bins, with the power-house at the northeastern end. A 
trestle was built on the grade level of the bottom of the bins, which 
is also the grade level of the charging floor connecting the charging 
:tlooor with the bins and also with the power-house, making a circular 
track. running on both sides of the furnacP.s, and passing the coal 
chute in front of the power-house. After roasting, the ore is loaded 
into 50-ton hopper-bottom cars, and drawn up to the top of the bins 
by 70-ton locomotives. The track leading to the trestle is on an easy 
grade all the way, and is also connected with the main line, leading 
to the Canadian Pacific railway. 

All ore, flux, coke, coal, etc., is handled on these tracks, and dumped 
directly into the bins. Running on the circular track underneath 
the bins, and into the smelter building, and past the power-house, is an 
electric railroad, with side-dumping cars drawn by electric locomotives. 
The ore, coke, etc. is loaded into these cars, and weighed on the end 
of the trestle. The furnace charge is dumped direct into the furnaces, 
and the coal into the pockets next the power-house. 

As shown by the sectional elevations, the site consists of tw:> levels, 
with a difference of 35 feet in elevation. The upper level is the same 
elevation as the feed -floor, and is occupied by a double-track pocket 
trestle, 35 x 35 x 600 feet. 

On the lower level, are located the power-house, 156 by 102 feet; 
the blast furnace building, 84 by 283 feet; the foundation for the 
trestle carrying Lhe electric tramway, connecting the storage pockets 
with the feed-floor; the coal-bins of the boiler room; the dust-chamber, 
16 feet wide, 18 feet high and 444 feet long; the stack, 15 feet inside 
diameter, 210 feet high; togeth,. r with the necessary slag tracks, sunken 
tracks for loading metal for shipment, tracks to store -house, etc. 

The power-house is equipped with two Nordberg Manufacturing 
Company's horizontal, cross-compound, condensing, blowing engines, 
with Rteam cylinders, 13 inches and 24 inches by 42 inches and air 
cylinders 57 inches and 57 inches by 42 inches. When operating, 
under usual working conditions, these engines will deliver 20,000 cu. 
ft. of free air per minute, agaiuqt a pressure of 40 ozs., for use in the 
blast furnaces. One Nordberg Manufacturing Company's horizontal 
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cross-compound, condensing, blowing engine, with steam cylinders 15 
inches and 30 inches by 42 inches and air cylinders 40 inches and 40 
inches by 42 inches, will deliver 10,000 cubic feet of free air per 
minute, against a pressure of 15 lbs., for use in the converters. Two 
13 in. and 26 in. by 20 in. horizontal, compound, condensing engines, 
built by the Robb Engineering Company, to each of which is directly 
connected one 200 kw. 600-volt, 3-phase alternating current generator, 
built by the Canadian General Electric Company, each generator· Ele?trical 

h . - . f 11 k . b I d . f eqmpment. avmg its own exciter o w. capacity, et riven rom generator 
shaft. Tile electrical energy thus generated, is used for hoisting in and 
pumping at the mines, operating the electric tramway for charging 
cars, turning the converters, and operating the travelling crnne in the 
furnace building. The station is also equipi:;ed with one 25 kw. motoi· 
driven generator set, for furnishing direct current to the electric loco-
motives. A travelling crane of ample capacity is installed in the engine-
room for handling all t,his apparatus. A gravity oiling and oil filtra-
tion system is installed on all engines. 

In the boiler room, the present installation of boilers consists of four Description 

400-H. P., 150-lb. pressure, horizontal water-tube boilers, built by the obf J
1
llan

1
t in 

· 01 er 10use. 
Aultman & Taylor Machinery Company, of Mansfield, Ohio, and space 
is provided for two more boilers of the same size. The boilers are 
equipped with Potte1· Super-heaters and Tread-Kill shaking grates. 
The ashes are removed from the boiler ash-pit by opening a grate in 
the bottom, which permits them to fall into a bucket resting on a 
small flat car, which runs on a track in the ash-tunnel under the 
boilers. The car is then run outside of the building and a hoist lifts 
the bucket and dumps the ashes into an ash-bin, from which it runs 
into cinder cars. 

Coal is brought to the power plant by the electric locomotive train, Movement 

above referred to, and dumped into bins built in the trestle along the of coaL 

west side of the building. Then it runs through coal chutes to one-half 
ton coal cars in the boiler room, from which cars it is shovelled into 
boiler furnaces. 

The only available water for boiler use, contains considerable sul- Treatment of 

h · 'd d 1 f · l d l" - h h water before p uric aci an sea e- ormmg e ements, an , to e mnnate t ese, t e use in boilers_ 

water is subjected to a chemical treatment and precipitation, in a water 
purifying system, built by the Industrial Water Company, of New 
York. In this way, the acid is neutralized, and the scale-forming 
material is removed, before the water enters the boilers. The condenser 
is of the elevated barometric shape, built by the Alberger Condenser 
Company, of New York. 

14-H-14 
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The blast furnace building contains two sectional, rectangular, water 
jacketted, Holthoff, copper blast furnaces, three stands for Holthoff 
converters; one 40-ton electric crane; the necessary matte-settlers, 
clay mills, silica and clay storage bins, etc. Room is provided for 
expansion. 

In operation, the ore, coke and flux for the blast furnaces, silica and 
clay for lining the converters, and coal for the boilers, are delivered into 
the top of the trestle pockets, by standard-gauge cars-Ingoldsby drop_ 
bottom in the case of the ore, and drawn from the bottom of the pockets 
into trains of six 2-ton, 36-in. gauge, side-dump, Koppel cars, which are 
hauled to the blast furnace, silica and clay storage bins, or coal bins, by 
25 H. P. Canadian General Electric Company electric locomotives. 

Disposition of The slag and matte run from the blast furnace into 16-in. settlers, 
~~~t:~d the slag overflowing into 30-ton Pollock cinder cars, which are hauled 

to the dump by standard gauge locomotives. The matte is tapped into 
10-ton cast-steel ladles and taken to the converter by a 40-ton Case 
Manufacturing Company's .electric crane. The same crane removes the 
converter shells for re-lining, and takes care of the converter slag and 
white metal, pouring them into moulds for return into the pocket tres
tle, or for shipment to the refinery. The coal bins at the boilers, and 
the silica and clay bins at the clay mills, are kept full by six-car train. 
loads of material. 

Removal of 
flue dust. 

Operation of 
electric 
tramways. 

The flue dust is drawn from the dust chamber into a standard gauge 
bottom-dump gondola, especially fitted for the service, and this car is 
hauled to the top of the pocket trestle on the upper level, and the dust 
dru.wn into a pocket fitted for the purpose, whence it is drawn to a 
briquetting machine, pressed into briquettes and added to the charge. 

The electric tramway consists of two parallel 36-in. gauge tracks, 
running under two lines of grates under the pocket trestle, then over 
suspension scales to opposite sides of the furnaces on the feed-floor 
level, passing over the top of the boiler room, coal bins and converter 
lining house, silica and clay bins. The two tracks have cross-over 
connectiom, but, under normal working conditions, each track carries 
a train entirely independent of the other. 

Dimensions of The blast furnaces are 50 in. by 204 in. at the tuyeres; 14 feet 9 
blast furnaces. inches from centre of tuyeres to the feed-floor, and have, on each side, 

four lower jacketl!, each 51 in. wide and 8 feet 6 inches high, and two 
upper jackets, 8 feet 6 inches wide and 6 feet high. Each lower side
jacket carries four 6 in. tuyeres. Both ends of the furn'l.ce are· made 
alike, so that either end can be used for removing matte and slag. 
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There is no brick work under the deck beams. The converters are 84 Size of 
. b 126 . d ·1 d b . f d d . conrnrters. 1.n. y m., an are t1 te y a train o gears an a worm, riven 
by the electric motor. 

The water for the plant is supplied by a 16·in. pipe, running from a Water supply. 

<lam, situated about 5,000 feet from thP. plant itself. The wate1· is 
run by gravity into the jackets and when drawn out, is pumped into a 
tank above the smelting plant, for fire purposes, or into the reservoir, 
which is near the foot of the plant, and the hot water is also used in 
the boilers in order to economize at that point. 

The Mond Nickel Company refine the ore from their own deposits Location of 

.at Victoria Mines, a station on the ' Sault branch ' of the Canadian rl~k~l Uo's 

Pacific railway, 22 miles west of Sudbury. Their smelter, before smelter. 

the erection of the new one, now about completed, at Copper Cliff, 
was the most modern and best equipped in the district. It not only 
produces standard or blast furnace matte, but further bessemer· Mo~ern 
. h' . d . . b 80 f eqmpment. 1zes t is mto a concentrate matte, contammg a out per cent o 
nickel and copper, these two metals being present in about equal 
.amounts, 18 per cent of sulphur, about 0·75 per cent of iron, and 0·25 per Averaget. 

compos1 ion 
cent of silica. This is sent to England, to be treated there, by the Mond of bessemer 

process, for copper and nickel. Difficulties, in connection with the matte. 

operation of their refining at Clydach, Wales, have, for the time being, ~~\\r~1~~i¥6rcl 
caused a suspension in their mining and metallurgical operations in refining. 

the Sudbury District, while their smelter has been operated by the Lease of 

C d. C "' d . h' 1 h' h . ]\fond Co's. ana ian oppe1· vumpany un er a six mont s ease, w ic expires smelter to 

about August lst next (1904). It is authoratively stated, however, C0anadia0n 
opper o. 

that these difficulties have now been successfully overcome, and that 
their refinery, greatly enlarged and with all the necessary changes, is 
ready to go to work. It is confidently expected that immediately on Expectation. 

the expiry of the Canadian Copper Company's lease the smelter will th_at l\Ioncl Co. 
' will resume 

again resume operations, under the former management, on even a larger operations. 

scale than before. The North Star mine, on the Manitoulin and North Mining at 

Shore railway, is, at present, being developed under option by this ~i~!~' Star 

company, under the direction of Mr. C. V. Corless, and the ore secured 
is shipped to Victoria Mines for treatment. 

The roasting of the ore is carried on as at the Canadian Copper Roasted ore 

Company's works, The roasted ore is brought to the smelter, by means car~ied by 

f d h. h b .1 aerial of an aerial team way, rom the roast yar s, w ic are a out one mi e tramway. 

distant. 

The smelter is erected on a sloping hillside, and has three levels, Location and 
general 

those of the feed floor, the furnace floor and the converter floor. The description 

roasted ore is brought into the smelter to a platform, above the third of smelter. 

14-n-14! 
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level, where the tubs are received by a boy, after having been auto
matically unhitched from the haulage rope. The boy runs the tubs 
to the bins, tips them and hitches them, again empty, to the outgoing 
rope. The ore bins are situated above and behind the feed floors, so 
that the roasted ore can easily be discharged, through chutes, into the 
dump cars on the feed floor. 

Assays of the roasted ore are not made, owing to the difficulty of 
selecting samples, and without careful sampling widely different results 
are sure to be obtained. For the purpose of deciding the proper 
proportions of ore, to be inc}uded in the furnace charges, one-tenth is 
added to the assays of the raw ore. The averages of the daily as11ays 

_A,verage d of raw ore for July and September, Hl02, made by Mr. T. M. Paris, 
mckel an 
copper con- chemist to the Mond Nickel Company, are given under I and II res-
tents of ore t ' 1 h'l d III . . f l h from Victoria pee ive y, w i e, un er , is given an average o severa mont s 
nring. 

Description 
and dimen
sions of blast 
fumace. 

Character of 
average 
furnace 
charge. 

assays. 

I. 
Nickel ......... 2.67 
Copper.. . . . . . . 2.81 
Insoluble ..... 17.20 

II. 
3.21 
2.41 

13.90 

III. 
3.05 
3.05 

17.01 

The ore is smelted in rectangular, steel, water-jacketed furna::es, 12 
ft. high, 42 in. by 120 ir .. at the tuyeres, and increasing slightly 
towards the top. The two furnaces (only one runs at a time) have each 
16 tuyeres, 8 on each side, a cast iron water-cooled tap jacket and Hixon 
slag spout. This consists of a coil of 1 in. piping, cast around with 
cast iron so as to form a channel some four feet Jong, through which 
the matte and slag flow continuously into the forehearth. The spout is 
fully described in Hixon's 'Lead and Copper Smelting,' pp. 28-30. 
One furnace puts through about 170 tons a day, made up (for example) 
as follows :-120 charges each containing:-

Flue dust ... . 
Tailings . . . . . 
Converter slag .. . ...... . 
North Star ore .... ..... . 
Roasted ore ............ . 
Coke ................ . 

A. 
200 lbs. 
200 " 
500 " 
300 " 

1,600 
300 

" 
" 

B. 

250 lbs. 
500 " 
250 " 

1,800 
300 

" 
" 

Tailings from The tailings are practically pure quartz, with a small percentage of 
Bruce Mine~. f h B M' copper, rom t e ruce mes. 

Use of North 
Star ore. 

The North Star ore (obtained from the North Star mine) is not 
roasted, and the quantity used is varied according to the amount of 
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sulphur in the roasted ore. The charges are dumped directly from the 
dump-cars into the furnace, through the open top, alternate charges 
being fed to the sides, by means of a simple device, consisting of a Simple d_evice 

h · · b 8 · · d" for chargmg wroug t iron pipe, a out m. m 1ameter, through the length of the furnace. 

furnace opening, and let down about three feet into the furnace. On 
this the charge falls and is deflected towards the sides. The blast Use of blast. 

for each furnace is furnished by a No. 6 Green blower. The fore-
hearth is of boiler iron, 10 feet in diameter, with 6 in. lining Description 

of fire clay and quartz In this, the matte and the sla" have and size of 
· o forebeartb. 

every opportunity for a complete separation, and, owing to its large 
size, the converter foreman can al ways be assured of having sufficient 
matte ready for him, when he requires it. When the hearth fills, the 
slag spout is at first kept stopped up, so that the bath rises right to 
the top of the hearth, and a stiff slag crust forms, which is covered F . 

ormat1on 
with a layer of non-conducting coke. This forms the hearth cover. and disposi-

After the formation of the cover, the slag spout is opened and t,he slag ;i~d :;;a~~~~ 
overflows, and is granulated by falling into a powerful stream of water, 
and is carried to the slag dump by means of a large cast iron pipe. 

Under I, is given the average of the blast furnace slag assays for Average 

September, 1902; II, is the average for several months in the same :;:,~\~1~\~ of 

year, by Mr. T. M. Paris, of the Mond Nickel Company, while, under bfa st urnac , 

III, IV and V, are similar assays, by Mr. Donald Locke of this Depart-
8 

ag. 

ment. 

I. II. III. IV. v. 
Nickel. . .... .... , 0·30 0·34 0·31 0·25 0·28 
Copper ...... ..... 0·36 0·35 0·33 0·28 0·29 
Silica ... ....... .. 31 ·20 31 ·31 30 ·50 32·00 30·70 

The matte is tapped, periodically through the water-cooled tap-hole, R emoval and 

flowing through sheet iron channels, lined with clay, into the converters, ~;~d~~~ion 
which are situated on the lowest level of the smelter. About 20 to of matte. 

25 tons of matte are produced per day, by one furnace. 

Under I, is given the average of the metal contents of this blast 
furnace or standard matte for Septembe1', 1902. Under II, the average 
for several months, in the SA.me year, by Mr. T. M. Paris, while III, Average 

IV and V, are assays, by Mr. Donald Locke, of this Department. nickel and 
copper 

I. II. 
Nickel ...... 15·20 16·53 
Copper ..... , 13·14 16·22 

III. 
13·80 
12·10 

IV. 
15·00 
11·80 

v. 
15·50 
12·00 

In the converter department, are 6 Leghorn converters, only one of 
which is in use at a time, the others being repaired, lined or dried. 

contents of 
blast furnace 
matte. 
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The lining consists of a mixture of quartz and clay, the quartz being 
crushed and then ground in a Chilian mill, where it is also mixed with 
the clay and moistened. 

In lining a converter, the bottom is first put in and tamped firm; a 
tapering iron tub is then placed in the converter, and round this the 
lining is firmly tamped. When the lining is completed to the top of 
the tub, the tuyere holes are punched, the tub lifted out, and the top 
of the converter put on. This is then lined, and the converter moved 
to where a blast pipe can be connected. A wood fire is lighted and 
the blast turned on. The fire is kept up until the converter is wanted. 
The converters are moved, from place to pla~e, by means of a travelling 
electric crane, commanding the whole floor of the converter department. 

The first. charge of a newly lined converter is only about 1 ton, but 
as the lining is eaten away, the size of the charge increases, the aver
age charge being about 2 tons. A lining lasts from 11 to 12 hours, 
ab:mt 6 charges being blown in this time. A blast of 10 lbs. pressure 
is employed. 

During the blowing of a charge, the slag is twice poured off into 
slag pots, by tipping the converter, the blast being turned off during 
the pouring. The finished matte is poured into a clay-lined bucket, 
which is carried by the elecLric crane, and the matte tapped from it 
into flat, cast iron moulds. 

Analysis of The following is an analysis of a clean conYerter slag, by l\'lr. Donald 
bessemer slag. . 

Locke, of this Department. 

Silica .. , .. .... . 
Ferrous oxide . . . .. . 
Lime ...... ....... . 
Magnesia .... . ..... . 
Nickel , .... . ..... . 
Copper . .. .... . .... . 
Alumina . ........ . 
Sulphur. , ... , .... , 

33·40 
46·50 
0·93 
0·08 
0·55 
0·45 
4·60 
1-17 

The total amount of copper and nickel skimmed off, or poured from 
Average 
metallic the matte. during the converting, is, of course, much larger than this, 
~~;:1~~~ ~:iag. as the last skimming contains much pasty, half fused substance, con-

taining matte, and being higher in nickel than the clean slag. The 
average, therefore, of the converter slag would be considerably higher 
in nickel, averaging about l ·5 per cent of copper and from l ·5 to 2 peI" 
cent of nickel. 
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The bessemer or converter matte contains as follows, according 
two analyses, by Mr. Donald I.ocke, of this Department : 

to Analyses of 
Lessemer 
matte. 

Nickel. ....... 41 ·88 41'23 
Cobalt .. . , . . . . 0·33 0·52 
Copper .. ... .. . 
Iron .... .. .. . 
Gold ..... .. . . 
Silver . ... .. ... . 

37·37 
1·07 

37·83 
0·77 

!'5 of an oz. to a ton of 2,000 lbs. 
4·87 oz. " " 

Platinum . . . . . . 0·40 oz. " " 
The slag is broken as soon as it sets, loaded into small cars, and Slag returned 

raised to the feed floor, to be put through the blast furnace on an }~r~:~!. 
inclined elevator, on the west side of the smelter. 

The matte, when cold, is crushed in a Blake crusher, and packed in Removal and 

b b E d f f h shipment of arrels, to e sent to nglan , or urt er treatment. matte. 

A railway track passes the lowest level of the smelter, to take away Location 

finished products, etc., and a track enters the upper level, to bring of railways. 

coke, raw ore, quartz, etc. 

The engine house, situated to the west of the smelter, contains the Equipment 

Riedler blowing engine for the converter, the blowers for the blast ~~~~tne 
furnaces, a pump to furnish the hydraulic power for turning the con-
verters, two dynamos-one '';orkiog by day and one by night-which 
supply light and power for the crane, for the two crushers-one for 
matte, the other for the quartz for the conve1·ters-for the Chilian 
mill, and for the aerial tramway. Power is furnished by 5 horizontal 
tubular boilers. 

REFINING OF NICKEL. 

The subject of nickel has not, until quite recently, received from 1". e~lect of 

truly scientific men, that proper share of attention and inquiry which m~ etl.fiby 
sc1en 1 c men. 

the known, desirable, physical properties of the metal demanded, 
these giving ample promise of its possible, wide, in:lustrial application. 
Several reasons might be assigned, for this apparently unwarranted 
apathy in regard to such a hopeful field of inquiry, but, doubtless, the 
most important influence, related directly to the apparently limited 
distribution and supply of ores containing this metal, and the great, 
and for a long time, insuperable difficulties, encountered in all attempts 
at refining the ores, so as to obtain an absolutely pure and uniform 
product. From 1840 to 1860, the production of nickel was less than Early produc-

200 tons annually, derived principally from the mines of Saxony and tion of nickel. 

Hungary, with much smaller quantities from Sweden and Norway. 
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Between Lhe latLer date, and the year 1876, the greatest proportion of 
the world's supply of nickel was obtained from the mines of Norway 
and Sweden, with much smaller quantities fron Saxony, Hungary and 
the United States. Careful examination of the occurrences of these nic
kel depoBits, in the countries mentioned, indicated their probable exhaus
tion at no distant date, especially, if called upon to maintain a large and 
steady outiput. The prospecting undertaken, resulted in no new dis
coveries of a startling nature, and everything pointed to a comparatively 
limited supply and demand. This state of affairs continued until 
about the year 1882, when the ores from the New Caledonia mines began 
to flood the market. A period of over production followed, with its 
accompanying losses and uncertainties. The discovery of the Sudbury 
ores, in 1883, proved a still further disturbing feature, although, at the 
same time, it prompted and stimulated that scientific inquiry, which 
had been so long delayed, resulting in the discovery of several pro
cesses, some of which, although far from realizing expectations in 
regard to simplicity, economy and ease of manipulation, have pro
duced metallic nickel, on a commercial basis, which contains as high 

Great purity as 99·70 to 99·82 per cent of fine nickel, the impurities bein!{ chiefly 
0~ commercial very small quantities of carbon iron and sulphur mckel. ' · 

Unwillingness Another influence, which has contributed, in no small measure, to 
r~f~~:ation retard the progress Of nickel metallurgy, and, DO doubt, prevented the 
on the part of wide industrial employment of nickel, is the secrecy which has always 
nickel miners 
and smelters. been maintained by most companies, who have been or are engaged in 

Lately all 
reasonable 
information 
cheerfully 
given by 
Sudbury 
companies. 

the mining and smelting of nickel. This indifference, and, at times, 
positive unwillingness, to impart information, which would be of value 
or profit to the general public, has probal:\ly received no greater 
emphasis than in the case of nickel. Various f\xcuses, more or less 
urgent or reasonable, are furnished by those in control, to account for 
their action in this respect, but gradually, this barrier of silence is 
being withdrawn, and, in the case of the Sudbury District, the managers 
of the two principal companies, have lately shown a commendable 
desire, to give all reasonable details in regard to the mining and 
smelting operations carrried on in Canada. 

Secrecy was This universal secrecy has, in the past, not only been maintained 
forJ?etr1.Y d . with regard to the exact location, extent and production of the indi . 
m:im ame m 
every depart- vidual mines themselves, but was especially extended to embrace the 
men t of the ll · I f h · h l' · f industry. meta urgwa treatment o t e ores, even m t e pre immary stages o 

roasting, matting and bessemerizing, while many of the small details, 
on which most of the success of the later refining methods depend, are 
still jealously repressed, or made known in such vague terms as to be 
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practically valueless. All of our text books seem in eymyathy with Text b.ooks 
th. 1 k f d . . . f . d . f tl f also fail to is ac o esire to impart m orrnat10n, an , in most o . iese, re er- !l'ive ade~uate 

ence to the subject of nickel, or accurate and detailed knowledge in information. 

regard to this metal, is conspicuous by its absence. This secrecy was, Possible 

no doubt, in the first place, prompted by the desire of deterring others ~~j;;~;.of 
from engaging either in the mining or refining of nickel, and if so, it 
has utterly failed in its purpose. It has permitted, and even greatly 
favored the spreading of the wildest and most exaggerated statements 
in regard to the enormous profits accruing to all engaged in this 
business. 

The public, and especially those who are interested in mining, are Secrecy 

being constanLly apprised of the location of nickel deposits, which not favothurs frabu1.as on e pu ic. 
-Only surpass all others in point of magnitude, but also in their pecu-
liar adaptability for refining purposes. Further investigation, by com-
petent individuals, (when such are available, or happily chosen), usually 
.discloses some well known prospect or abandoned mine. On the other 
hand, men who are poseessed of ample means, and are willing to devote 
a considerable portion to the promotion of some legitimate mining or 
smelting proposition, are often approached by so-called experts, with a Prevents 

, SUCC!'SS of 
supp03ed new and secret process, but which is already well known to a legitimate 

cert.ain few, favoured individuals, who have already expended large sums, ~~~:;,~~~ises. 
only to find that it is not a commercial possibility. Very few people 
have the necessary knowledge, or any means of verifying or refuting the 
statements of these interested individuals, and are thus often prompted 
to unusual and unwise expenditures, while, on the other hand, their ill 
success in these particulars prevents them from investing in some good, 
wholesome mining and metallurgical enterprise, when occasion offers, 
which, if full details were available and offered, would not be the case. 
Fling wide the gates of knowledge ; break down the barriers of silence ; E~cl!ange of 

and it is confidently predicted that the resulting free and wide exchange ~~~~~i~n~~~f 
of opinions and experience, will be of incalculable, benefit not only bthe "fi'idest 

ene t to all. 
to the smelters and refiners, who are engaged in the nickel industry, 
but will prompt, encourage and direct the inquiring students and in-
vestigators of nickel, with profit to the whole of mankind. 

Numerous processes, for the refining of nickel, have been suggested Numerous 

and published, and, in many cases, elaborate experiments have been r:.fi~i~~es for 

conducted, with varying degrees of success, to determine definitely their nickel. 

economic practicability. These could not be adequately or even satis-
factorily discussed or explained, within the scope of the present report, Scope of 

even if all the necessary details were available for publication, but ptres1ent.trepfort 
oo 1m1 ed or 

it may be well to refer, in general terms, to a few of those, which are discussion. 
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either, at present, producing nickel on a commercial basis, or seem to 
give promise of doing so in the near future . . 

All of these methods are based on certain well known and long esta· 
blished principles, which have, in some instances, been worked out in 
more or less detail, and which are embraced under the general :lescrip
tion of the so-called 'wet' and 'dry' processes. Certain minor 
changes and additions, chiefly in details, have made the latest refining 
of nickel much more readily and economically possible. Even with 
the present improvements, both are open to very serious and grave 
objections, as their adoption, in th ~ first place, necessitates a very large 
and expensive plant, which is liable to frequent renewal ar:d change, 
while the many complicated operations, which are still far from being 
fully understood, and the reactions appreciated, must entail a loss which 
is far from negligible. At the same time, however, the final product 
has, of late years, been all that could be desired from a commercial 
point of view. The 'wet' process, especially, which imitates, although 
on a large scale, the operations carried on in the chemical laboratory 
for the analysis of nickel, needs a very large and expensive plant, if 
any extensive output is contemplated. This must occupy a considera
ble area of ground, while a very long time must necessarily elapse, be
fore the ore is sufficiently refined, to permit of its being placed upon 
the market. In the case of the Gap mine, it has been stated that a 
year sometimes passed from the time the ore was taken from the mine, 
before the product was in marketable shape. 

ocombination The present methods of treatment make use of some of the more 
, f 'wet' and valuable features of both the 'wet' and the 'dry' processes, calling 
dry' pro- ~ 

cesses in use in the assistance of electrolysis in the final stages, and thus obtaining 
at present. 

the metal in very pure form. In the treatment of the concentrated 

Manufacture 
of german 
silver. 

Enumaration 
of principal 
processes. 

nickel-copper matte for the nickel-copper alloys, usually referred to 
under the general name of German silver, this bessemerized matte is 
first crushed to powder and roasted in a reverberatory furnace to remove 
all the sulphur, and the oxides are reduced directly to the alloy, either 
by smelting with charcoal or by reducing gases. 

In the treatment of the concentrated nickel-copper matte for nickel 
matte, nickel oxide and metallic nickel, the most important methods, 
for the separation of the nickel and copper, are the Orford or American 
process, the Mond process and some electrolytic processes. 

Location of Nearly the whole of the matte, produced by the Canadian Copper 
00r~ordfiCopper Co., is refined by the Orford Copper Co., at their works, at Constable 

o s re nery. 
Hook, N. J ., opposite Brighton, Staten Island, by what is known as 
the alkaline sulphide process. There is considerable dispute as to the 
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origin of this process, some holding the discovery to be of recent date, 
while others contend that the principle, upon which it is based, has not 
only long been known, but has been in successful operation for many D

1
i•covery of 

a kalme sul
years. Mr. Robert M. Thompson, in an account of the discovery of this phide process 
process, as far as the Orford Copper Co. is concerned, says that it was by Thompson. 

_the result of an accident, following a long series of unsatisfactory 
experiments, to discover some process, which would successfully and 
economically treat certain mattes, which had been sold to the United 
States Government, by the Canadian Copper Co. In visiting the works 
01:1e day, he noticed some pots of matte, which were cooling in front of 
the furnace, and which presented a somewhat unusual appearance. On 
calling attention to this fact, and failing to get satisfactory explanations 
from either the superintendent or foreman, he proceeded to investigate, 
the result being the discovery of the governing principle which effected 
the separation, and caused the yellow ' bottoms' and black ' tops.' 
After a long series of experiments, on a large scale, the process at 
present in operation, was gradually worked out. Mr. ,f. W. Bain, 1) in Repc;irted 

. . . previous use 
his ' Sketch of the Nickel Industry,' draws attent10n to the fact, that of alkaline 
in certain descriptions accompanyin!! applications for English patents sulphide 

~ ' process. 
dating as far back as September 5th, 1839, undoubted reference is made 
to this principle. Moreover in a letter published in the Engineering 
and Mining Journal, in August, 1893, an ex-employee of the Vivian 
Company, at Swansea, states that the method had been employed for 
a number of years at that company's works. At any rate, the appli· 
cation of the alkaline sulphide process, as a definite scheme, for the Process wodd 

t . f · k 1 d - f · f b . l t likely have separa 10n o me e an copper, was in a air way o elllg ost o been lost if 
metallurgy, or, at least, to be employed in a very restricted manner, if nbot

0
takfendup 

y r or Co. 
the Orford people had not, so to speak, re-discovered the principle upon 
which it is based. Great credit is also due to this company, for the 
thorough manner in which they ha.ve worked out the details, and made 
it a distinct economic success. 

In the Orford nickel process, the concentrated or bessemer matte is . . 
. . . Descnpt10n 

smelted ll1 a small blast furnace, with salt cake or crude sodmm sulphate, of Orford or 
a chemical which can be obtained readilv and cheaply. The sodium American - process. 
sulphate is reduced to sulphide, which forms, with the copper and iron 
sulphides, a very fluid matte, of lower specifie gravity than the nickel 
sulphide. On cooling, ' tops' and ' bottoms' are easily separated ; 
in the 'tops' being the bulk of the iron and copper as sulphides, Formation 
t th · h a· 1 h"d h"l h , b , . f and charactei-oge er wit so mm su p i e; w i e t e ottoms contalll most o of 'tops' and 
the nickel, with small quantities of iron and copper. On exposure to 'bottoms.' 

(1) Ann. Rep. Bur. of Mines, Out., 1900, p. 220. 
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the weather, the floda in the tops is gradually converted into the 
caustic condition. These tops are now mixed with fresh matte and 
re-smelted, whereby the caustic soda is converted into sulphide of soda 
at the expense of the nickel in the bottom, producing again a fluid 
mixture of iron, copper and sodium sulphides while the nickel, in a 
semi· metallic state, sinks to t.he botton once more. By properly balan
cing these operations, a pure sulphide of nickel is at last obtained, 
which is simply calcined, with a little sodium nitrate to the nickel oxide 

P.roducti<!n of of commerce. The oxide is either mixed with flour molasses etc. 
mckel ox 1de ' ' ' 
and metallic and pressed into cubes, or with charcoal, and reduced to metallic nickel 
nickel. · b d d f Th' d t · t · 1 l 

Ulke's 
diagram 
of American 
or Orford 
process. 

m cu e or pow ere orm. is pro uc is no strict y a 1omogenous 
metal, but a loose sponge of metallic particles, which retain all the im
purities contained in the oxide, with the addition of from 0. 5 to 2 per 

cent of carbon. To i:iroduce the solid metal, the oxide is melted direct 
with charcoal and a small quantity of flux, and cast into ingots. 

On the following page a diagramatic scheme, that accompanied a 
paper by Titus Ulke ( 1 ), is reproduced, which illustrates fully and 
briefly the various operations necessary in the Orford process: 

The Mondor carbon-monoxide process ( 2 ), is based on the fact, that if 
finely divided nickel, is exposed to a current of carbonic oxide, at a 
temperature below 150° 0., a nickel carbonyl is formed, with the formula 

Discovery and Ni (Oo) 4 , which is volatile at a t.emperature above 4:>0 0, and which is 
~£~J:~Jaient decomposed at a temperature of 180° 0, in to metallic nickel and carbonic 
process. oxide. Iron forms a similar ca1 bony!, but no other metal has been 

Description 
of Mond 
process. 

• 

Formation of 
sulphate of 
copper. 

found to do so. In the process, there were many technical difficulties 
to overcome, and it was not until 1898, that it was brought to that 
stage of development, that demonstrated its practical importance. 

The bessemerized Victoria Mines matte is first dead roasted, and for 
this purpose, any suitable furnace may be employed. After roasting, 
the matte averages about 35 per cent of nickel, 43 per cent of copper 
and about 2 per cent of iron. It is than treated with dilute sulphuric 
acid, for the extraction of part oE the copper, (about 66 per cent) and 
not above 2 per cent of the nickel. This copper is sold as crystallized 
sulphate of copper. The residue, after drying, from this operation, 
assays from 45 to 60 per cent of nickel, (averaging about 51 per 
cent) and 21 per cent of copper. The third operation, has for its 
object, the reduction of the nickel and, incidentally, the rcmain

Use of towers. ing copper, to the metallic state, without including the iron. For this 

(1) Eng. and ~fin. Jour., Vol. LXIV., (July 3), 1897, pp. 8 ~ 9. 

(2) Roberts-Austen 'Nickel Extraction by the Mond Process.' A paper read 
before the Institution of Oi vii Engineers, London, Eng., on the 8th N overnber, 1898. 
Also Ann. Rep. Bur. of Mines, Ont., Vol. VIII., 1899, pp. 106-120. 
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purpose, it is treated in a tower 7.5m. high, and containing 14 hollow 
shelves, which are heated with water gas, to not more than 300°0, and 
preferably 250°, when much iron is present. The ore is moved, from 
shelf to shelf, by means of rakes, operated by a vertical axle. The 
lowest shelves are cooled. The reduced charge is transferred to 
another similar tower, where voltatilization takes place, in which part of 
the nickel is taken away by carbon monoxide, and forms the compound 
nickel carbonyl, but the temperature must not exceed 100°0. The 
remainder, from this volatilizer, is returned to the reducing tower, and 
the charge continues to circulate, between the two towers, for a period 
of between 7 and 15 days, until about 60 per cent of the nickel has been 
removed as nickel carbonyl. The nickel carbonyl passes to the decom
poser, either a tower or a horizontal retort, which is heated to a tem
perature of 180°0, so as to decompose this compound, and release the 
nickel in a metallic state, preferably on granules of ordinary commer
cial metal. The carbon monoxide is also released, and is returned to 
the volatilizing tower, to obtain a fresh charge of nickel. The com
mercial product contains between 99.4 and 99.8 per cent of nickel. It 
has been stated, that Dr. Mond's process, although ingeniously and tho
roughly worked out, has dev.eloped certain weaknesse:;, such as imper
fect extraction of nickel, and the necessity of repeating certain of the 
operations several times before sati-;factory results are achieved, and 
the larger proportion of the nickel obtained. The danger of explosion 
and poison, from the carbon monoxide gas, have all, seemingly, com
bined to delay the successful operation of this process, on a large scale 
for any protracted period. 

THE HOEPFNER ELECTROLYTIC PROCESS. 

In this process, a chloride solution is obtained, which has been freed 
from other metals, either chemically or electrolytically. The solution 
is neutralized, and then accidulated with some weak oxygen acid, such 
as citric or phosphoric acid, and the electrolysis effected with insoluble 
anodes. The anodes are immersed in a chloride solution of some more 
electro-positive metal than nickel. The cathodes are rotating or vibra· 
ting metal plates. The chlorine evolved is collected. 

THE FRASCH ELECTROLYTIC PROCESS. 

Short descrip- This process depends on the reaction in the electrolytic decomposi
tion of tion of common salt. At the anode, chlorine is evolved, at the cathode, 
governing 
principles of sodium hydrate is formed by a secondary reaction. When applied to 
Frasch 
process. copper nickel matte, the anode consists of a. layer of carbonaceous 

material. This is covered with a layer of matte, and the matte 
with a layer of sand, which serves as a diaphragm, between the anode 
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and cathode sections. The chlorine evolved, dissolves the metals of 
the matte, forming chlorides. The solution is treated for the contained 
metals by electrolysis or chemically. From the solution of rndium 
hydrate at the cathode, caustic soda is obtained. 

BROWNE'S ELECTROLYTIC PROCESS, 

In this process (1 ) the copper is first deposited from a solution of Main facts in 
' regard to 

the mixed chlorides, using cathodes of pure copper and soluble anode8 Browne's 

of copper nickel alloy. The original percentage of metal chloride in process. 

the electrolyte, is maintained, partly, by the solution of the anode and 
partly, by passing the electrolyte through a tower filled with bessemer 
matte or alloy to be treated, in contact with the chlorine gas evolved 
at the anode by the nickel precipitation. 

When the electrolyte is rich in nickel, and nearly all the copper is 
deposited, the remaining copper is precipitated with hydrogen sulphide 
or a similar reagent, and the iron with ammonia. The nickel chloride 
solution is then electrolyzed, using cathodes of pure nickel and anodes 
of carbon, in water-sealed compartments, from which the chlorine is 
conducted to the regenerating tower. 

ULKE1S ELECROLYTIC PROCESS. 

In this process, (2) a sulphate solution of the metals is used, instead Use
1
of 

. . . ·. snip late 
of a chloride solut10n, aR m the three processes described above. solution. 

'With the Ulke process, it is most advantageous to use a material con- Gene~al. 

sisting of not over 20 per cent of nickel, and not less thaa 80 pe.r cent ~[ulifi·~on 
of copper, which is cast into anode plates. The electrolyte consists of continuofus 

process or 
a solution of copper and nickel sulphate, and contains an excess of free- separating 

1 h . 'd d th. th d f h t Th nickel and su p uric ac1 , an e ea o es are o pure s ee copper. e copper. 

electrolyte is heated and kept in circulation and from time to time 
portions of it are withdrawn from the electrolytic vats to be re .. stand
ardized. The electrolyte withdrawn is replaced with an equal volume 
of copper sulphate solution, containing an excess of free acid to re
standardize the electrolyte. A portion of this copper sulphate is 
obtained as a by-product in the extraction of the nickel, as is outlined 
later in the description. The copper is precipitated (from withdrawn Production of 

electrolyte) with hydrogen sulphide, and after filtering, the copper ~~!~b.~te. 
sulphide precipitate is treated with sulphuric acid and heat to recover 
the hydrogen sulphide and make the by-product copper sulphate. The 
nickel sulphate is made ammoniacal, and used hot as an electrolyte for 

(1.) Min. Industry, Vol. X, 1901, p. 497. 
(2.) Min. Industry Vol. X., 1901, pp. 497-493. 
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the precipitation of nickel using anodes of lead and cathodes of sheet 
nickel. To avoid impoverishment of this electrolyte, portions of it are 
periodically withdrawn, the ammonia recovered for re-use and the 
nickel sulphate added to the electrolyte as needed to preserve the 
proper strength. The process is economical and produces nickel of 
high quality continuously and cheaply.' 

Another process for the electrolytic winning of nickel, which is in 
successful operation, is the Balbach process, as carried on at the Bal
bach works, N. J. This process, however, is kept strictly secret. 

NICKEL. 

Nickel is a comparatively new metal, as fat• as our western civiliza 
tion is concerned, for it was discovered in 1751, by the Swedish metal
lurgi~t Cronstedt. It wa~, however, not until 1754, that Cronstedt 
definitely determined that it was a new element. Its name was given 
on account of its being a constituent of niccolite or ' kupfet·-nickel ' 
as it was then called. Cronstedt's discovery was made in examining 
the ore, obtained from the mines of He'singland. In 1776, Engstrom 
analyzed the material which had found its way to Europe, from China, 
under the name of 'Pachfong ',.finding it an alloy ruade up of variable 
quantities of copper, nickel and zinc, but usually present in the pro
portion of 40 per cent of copper, 15 per cent of nickel and 45 per 
cent of zinc. This alloy had been in use in China for thousands of 
years. Previous to this again, as noticed by Dr. Austen in his' Histor
ical Sketch of Nickel' the Bactrian King Euthydemos who reigned 
about 235 B.C., employed an alloy of nickel for coinage purposes, con
taining 77 ·58 per cent of copper, 20·04 per cent of nickel and l ·72 per 
cent of other impurities, such as iron, cobalt, tin, silver and sulphur. 
It is worthy of remark, that so long after this, the alloy at present in 
use for the manufacture of coins, is very similar in composition, con
taining about 75 per cent of copper and 25 per cent of nickel, which 
experience has taught us is the best proportion for such a purpose. 

Nickel, in its pure state, is silver-white in colour, hard, tough, fu~ible 
with difficulty, and is susceptible to magnetism, although not to the 
same extent as iron. It has the peculiar property of losing this mag
netism when heated, and regaining it when cooled, this peculiarity 
being taken adrnntage of, in the manufacture oi certain alloys for elec
trical purposes. Nickel has a specific gravity of 8·5 to 8·9. 

The purity of the nickel, which has been on the market, has steadily 
increased since its first manufacture. This wiil be evident from the 
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USES. 

Nickel first The first and chief demand for this metal, was for making nickel or 
G.":~ma,."n silver German silver, as a substitutP for the more precious metal, in the manu-

facture of spoons, forks and other ware in general, for which silver had 

Nickel in 
electro
plating. 
"Nickel
plated iron. 

been previously used. Its whitenf'SS, and the facility with which it 
received and held the silver, after the process of electro-plating was in
troduced, has caused it to be still more widely used. This use, how
ever, has been replaced, in a large degree, by plating iron with nickel, 
which gives a very similar effect to German silver. 

Use of nickel 
fer coins. 

Pure nick'.ll 
now used in 
place of 
alloys. 

Intense 
colouring 
properties of 
nickel. 

Importation 
into Europe 
of Packfong 
or China 
silver. 

Analyses of 
different 
varieties of 
'New Silver.' 

'Naw Silver' 
used for 
various 
purposes. 

Nickel is also used vAry extensively for coinitge purposes, both in 
Europe and America, these coins · generally consisting of an alloy of 
from 75 to 88 per cent of copper, and 12 to 25 per cent of nickel. 
Recently, both Austria and Switzerland have authorized the use of 
pure nickel in coins. 

Pure nickel is now used in making small articles, which formerly were 
only electroplated with nickel. An alloy, with 20 per cent of nickel 
and 80 per cent of copper, is used for casing bullets. This alloy has a 
higher degree of tenacity than the best brass, and a high co-efficient of 
elongation. 

Owing to the intense colouring properties of nickel, (it is greater 
than that of any other metal except tin), these alloys have almost the 
same colour as the pure nickel. 

T n far more general use are the nickel-copper-zinc alloys. These were 
first introduced into Europe from China, in the eighteenth century, 
under the name of Packfong or China ~ilver, and it was only later, that 
it was discovered that they consisted of nickel, copper and zinc. As 
European firms began to use these alloys, for manufacturing purposes, 
they gave them various names, such as german silver, argentan, etc. 

The following are analyses, from Ledebur's 'Technologie, ' of some of 
these alloys : 

Copper. Zinc. Nickel. Iron. 
English new silver 63.34 17.01 19.13 0.52 

Vienna " " 55.60 22.20 22.20 

French " " 50.00 31.25 18.75 

" " " 59.10 30.20 9.70 LOO 

" " " 6\1.90 5.60 19.80 4.70 

The chief uses of these alloys are for forks, spoons, etc., and various 
household goods to be silver-plated, and for many scientific instruments, 
where brass was formerly used. 
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A little magnesium, added to nickel when in a molten state increases Addition of 

its malleability, and this property has been utilized in the manufacture ~i~~~lsmm to 

of nickel into sheets, and also in making sheets composed of an iron inc
1
r
1
easbes

1
. 

ma ea 11ty. 
plate, with a nickel plate welded upon each side of the iron ; the mass 
then beconing capable of being rolled to any desired thickness. This 
rolleci nickel plate is an advance over ordinary tin plate, for culinary Rolled nickel 
and other utensils. plate. 

Nickel-plated zinc or ' nickeloid,' as it is called, is being used to a Nickeloid. 

considerable extent m the manufacture of reflectors, refrigerator 
linings, baths, etc. 

The most important and extended use of nickel, however, is in the Use of nickel 

manufacture of nickel steel, and, at present, we must look to its more in a
1
lloy with 

stee. 
general employment in this direction, as replacing carbon and man-
ganese steel, for the development of the nickel industry. The peculiar 
and desirable behaviour of nickel, in alloy with other metals, and Peculiar 

especially with iron and steel, ha8 often been remarked, the material n
1
a
1
ture of 

a oys. 
partaking more of a chemical combination than an ordinarily intimate 
mixture. All these alloys are remarkably homogeneous, and suscepti-
ble of a high polish, though rather difficult of manipulation. In Good qualities 

obtaining a correct idea of the usefulness or value of alloys of nickel of alloys. 

with i rou and steel, iL should be borne in mind that these mixtures con-
tain manganese, carbon, silicon, sulphur and phosphorus, whose 
influence must be carefully watched, requiring a. long series of experi- Impurities in 

A • f t 1 11 d . h 4 7 f . k 1 . d mckel steel. ments. ~"i companson o a ee a oye wit . per cent o me e , raise 
the ela,tic limit from 16 up to 28 tons, and the breaking strairJ. from 30 
up to 40 tons, without impairing the elongation or contraction of area Strength of 

to any appreciable extent. A further gradual increase of hardness was nickel steel. 

noticed until 20 per cent is reacheci, when a change takes place, and Physical 

successive additions of nickel tend to make the steel softer, and more chakra
1
..,tetrs

1
of 

n1c e s ee 
ductile. The alloys polish well, and the colour of the steel is lightened, alloys. 

as the proportion of nickel is i~creased. They do not corrode as 
readily as other steel. The one per cent nickel steel welds fairly well, 
but this property lessens with each addition of nickel. It may, there_ 
fore, be said that considerable ad vantage can be expected from theRe 
alloys, especially where the amount of nickel present is less th!l.n 5 per 

cent. Nickel steel is now being used for a variety of purposes, among Uses of nickel 

which may be mentioned rails for railways. These have been tried for a steel. 

number of years, at Cumberland Gap, in the United States, and have 
given very great satisfaction. The first cost is considerably higher, but 
they can be made much lighter, and will outlast three ordinary steel Nickel steel 

rails. Its most important use, however, is for armour plates and ra.ils. 



U •e of nickel 
steel in 
machine pa.rts 
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heavy ordnance. For machine parts, subjected to alternate stress and 
shock, and where increase of strength and decrease of weight are 
desired, it is unrivalled. On account of this marked quality, it has been 
used for engine and propeller shafts, and has proved so much superior 
to all other steels for this purpose, that it has no rival of importance. 

Use in pro- Owing to its resistance to 'fatigue' from persistent vibration and 
peller sba.fts, 
rock drills,&c. concussion, it is particularly valuable for steam hammer piston rods, 

rock drill piston rods, railway axles, or tank pins; also for light forged 
engine frames, bolts for extreme hydraulic pressure, bicycles, etc. It 
has also been recommended for the manufacture of dies and shoes, 
in stamp mills, and of wire rope. Nickel steel wire rope would be less 

Nickel steel corrosive, and have more tensile strength, than the ordinary steel wire 
wire rope. 

ropes, in use at present. 

Co-efficient of 
expansion of 
nickel steel. 

Composition 
of chrome· 
nickel. 

Tungsten
nickel. 

Composition 
of molybde
num-nickel. 

ThP ~ra of 
nickel steel 
has just been 
entered upon. 

The co-efficient of expansion of nickel steel with 36 per cent of nickel, 
is only 0.00000087, that of ordinary materials varying from 10 to 20 
times this flgure. This low co-efficient of expansion will likely be of 
great value for many purposes. Alloys with 42 to 46 per cent of nickel, 
nave the same co-efficients of expansion as various sorts of glass, which 
will make them valuable in replacing the more expensive platinum, in 
cases where metal and glass have to be welded together. 

Other alloys of nickel are mentioned in "The Mineral Industry " 
Vol. X. They are nickel-aluminium, with a tensile strength of 40,000 
lbs. per sq. in. and an elastic limit of 35,000 lbs. per sq. in. 

Chrome nickel, containing usually 73 per cent of chromium, 23 per 
cent of nickel, 2.5 per cent of iron, 1 per cent of carbon and 0.b per 
cent of silicon, is used in making steel for projectiles and armour plates, 
which is said to· be better than Harveyized steel armour plates. Tung
sten-nickel has a composition similar to chrome-nickel, tungsten tak
ing the place of chrome. 

Molybdenum-nickel with 4-5 to 75 per cent of molybdenum, 20 to 50 
per cent of nickel, 2 to 2.5 per cent of iron, 1 to l. ::i per cent of carbon 
and 0.25 to 0.50 per cent of sulphur is largely used in the manufacture 
of forgings, guns, wire, boiler-plate and shells. 

The era of nickel steel has only been entered upon, for it was not 
until 1888, that this desirable alloy was made, on any scale of commer
cial importance. Canada has the largest supply of the m0st desirable 
nickel ores in the world, and the quality of the m~tallic nick11l, as shown 
by the analyses quoted, is of a very high degree of purity. It is beyond 
the scope of the present report, to enter upon a discuRsion of the mani
fold merits of nickel steel, and the numerous benefltd to be derived from 
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its use. In 1899, Messrs. R. A. Hadfieln (1 ) and David H. Browne (2), P.apers on 

bl . h d t 1 t t "b · h. b. d th mckel·steel bv pu is e wo very comp e e con n ut10ns on t is su Ject, an e Hadfield and 

reader may have reference to these for more detailed information. Browne. 

Lately, Dr. Waddell has been employed, under the auspices of the 
International Nickel Company, in making an elaborate series of tests 
and experiments, with nickel steel, with special reference to its more lhperiments 

extended use in bridge building. The general public, and more parti- ii'~n~\~i~~~l 
cularly, that numerous soction of it in Canada, who ::i,re interested in Company by 

h . f . k 1 . d "111 k f - . h l Dr. Waddell. t e extens10n o the me e m ustry, w1 oo orward wit p easure 
to the appearance of Dr. Waddell's conclusions, which, it is hoped, will 
not be witheld, on the plea that the informa,tion is of a confidential 
nature. 

PRODUCTION OF NICKEL AND COPPER FROM 'l'HE SUDBURY DISTRICT. 

It is difficult to obtain the exacb production of the nickel and cop- F . f 
, uiures o 

per ores of the Sudbury District, during the first three years of mining early . . 

from 1886 to 1888, inclusive. Thu~, R. R. Maffett, Superintendent of ;,f~~.:lci~on of 

the Orford Copper company, at New Brighton, L. I., N. Y., under date DSudb~"tYd.ffi 
istr1c 1 -

of April 18, 1904, answering an inquiry addressed to President A. P. cult to obtain. 

Turner, of the Canadian Copper Company, at Copper Cliff, Ont., states, RAturns for 

that during 1886, 1,040 tons of ore, carrying 7.2 per cent of copper 1 86-87 by 
. . . Canadian 

and 3 per cent of nickel, were mmed at Copper Chff, and durrng 1887, Copper 

8,864 tons carrying 8.56 per cent of copper and 3.31 per cent of nickel, Company, 

were also raised from the the same mine. According to details, furni- Shipments of 

shed the Geological Survey Department, by the Customs Department, ?fore accord-

3,307 tons of copper ore were shipped from Sudbury, in 1886, with a cifs:~ms 
declared customs value of $16,404, and in 1887, 567 tons of similar ore Department. 

were also shipped, with a declared customs value of $3,416. A careful 
and conservative estimate, to arrive at the total production, would E . • f 

,st1mate o 
place the amount mined during these three years at 30,000 tons, production in 

. b 5 t f d 3 f . k l h" three first averagrng a out per cen o copper an per cent o me e, t is years. 

ore thus containing, approximately, 900 tons of nickel, and 1,500 tons 
of copper. Valuing the nickel, at the average price for the three years, 
at 62.12 cents per lb., the total ultimate value of the nickel in the ore, !~i~ls 0~rodu
would amount to $1, 118, 160, while the copper, at the average price of fi~~t d~1~:~~ 
12 cents per pound, would amount to $360,000. According to the yearly years. 

returns, furnished the Geological Survey Depart.ment and the Ontario 
Bureau of Mines, the total ore min~d in the district, including the esti-
mate as above given for the first three years, has amounted to 2,093,427 
tons. The total amout of nickel in matte, sold from 1889 to 1903, Matte sold 

both years inclusive, amounted to 39,827 tons, with a final value in New from 1889-
-------------·----------------- 1903 inclusive. 

(1) Proc. Inst. Civil Eng., London, Vol. CXXX., pp. 1- 167. 
(2) Trans. Am. Inst. Min. Eng., Vol. XXIX., (Sept.), 1899, pp. 569-648. 



Total amount 
and value of 
nick&! and 
copper 
produced. 

Estimate of 
cobalt 
contents of 
matte. 

Average 
contents of 
precious 
metals per 
ton of pure 
nickel. 

Values of 
precious 
metals. 

Values of total 
production. 
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York, a.t the lowest average prevailing price in the year in which it was 
placed upon the market, amounted to $35,603,272, while the copper 
present in the matte, in the same period, amounting to 37,429, tons 
valued at the average price of copper in the year sold, realized $9,-
799, 730. If we include the three first years, at the figures already 
given, we obtain a total amount of nickel sold of 40, 727 tons, with a 
value of $36, 721, 432; while the copper amounted to 38,929 tons, 
with a value of $10,159,739. 

This nickel and copper ore also contains cobalt, and an average of a 
large uumber of assays, would indicate that the proportion of nickel to 
cobalt as 50 to 1, is a conservative estimate. ·If all of this could have 
been saved, 815 tons of cobalt would have been thus produced, and this, 
at a price of $3.00 per lb., would have amounted to $4,890,000. In 
addition, these ores contain appreciable quantities of the precious metals, 
gold, silver and metals of the platinum group. The platinum metals 
average about 1.25 oz., the gold 0.375 of an ounce, while the silver has 
been calculated on the assumption that 7.5 oz. are present to the ton 
of nickel, which is certainly below the average. On this assumption, 
the value of the precious metals, at the average of the ruling New York 
price in the years produced, would be as follows : Gold $301),460; 
Silver, $195,286; Platinum, $805,429; Total, $1,306.175. The total 
ultimate value in New York, of the various metals conhined in these 
ores, would, therefore, be as follows : 

Nickel .......... . . 
Cobalt ....... . .... .. . . 
Copper .. .. . .... . 
Gold. , ... .. ... . 
Silver ... . ..... . 
Platinum .......... ... .... .. . 

$36,721.432 
4,P90.000 
9,799.739 

305.460 
105.286 
805,4:l9 

Total. ..... . . . . . $52,717.346 

Of the total production of ore, about four-fifths must be credited to 
the Canadian Copper Company. This company does not wish, at present, 
to give ths production .of each individual mine, but through the court-

'I
' t 

1 
esy of p, esident A. P. Turner of the Canadian Copper Company, I am o a pro-

duction of ore authorized to state that the three largest of their mineR, have produced 
from Cana- . fi f J 9 dian Copper the followmg amounts of ore, up to the rst o une, 1 04. 
Co'smines. 

Stobie Mine . ..... . ........ . ... . 
Copper Cliff Mine .............. . 
Creighton Mine. . . . . . . . . .... . . . 

419,000 tons 
366,UOO " 
310,000 " 
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Some of the other mines have also produced large quantities of ore, 
as the Evans mine, No. 2 n.nd No. 3 (Frood mine)mines all three of which 
have produced between 100,000 and 200,000 tons of ore. The Creigh- Creighton 

ton mine is, without doubt, the largest mine in the district, and is ~fi~~e~eserves 
regarded as capable of producing many millions of tons of high grade 
ore. The ore at present being mined averages about 5 per cent of nickel Larg:e pro-

. duct10n of 
and 2percentofcopper. During the month of \Jay last(l 904) 19,000 tons high grade 

of ore were mined, and, in June, it was expected that 22,000 tons would 0

0
re fro

1 
mt 

re1g 1 on 
be secured. It is proposed, in the near future to erect anoth~r rock mine. 

house, further west, on this same deposit, when the output will be nearly 
doubled. The old Blezard mine, belonging t~ the Dominion Mineral Productioi:i 

. from Domt-
Company, probably produced about 100,000 tons of ore, while 25,000 nion Mineral 

tons seems a reasonable estimate fur that produced by the Worthington Co's mines. 

mine. Tl1e Victoria mine, belonging to the Ylond Nickel Company, Production 

has produced about 80,000 tons of ore, while the same company, up to ~i~~~,.;~om 
the lst of June, 1904, had obtained about 13,000 tons from the North mine. 

Star mine. At the Murray mine, 62, 193 tons were produced, while ~i~~~ Star 

the Lake Superior Power Company obtained 33,835 tons from the Murray, 

Elsie Mine, and 18,000 tons fr?m the Gertrude mine, up to the end of ~i~~:1~::d 
1903., 

Tables of 
The following tables are reproduced from the annual reports of production 

the Division of Mineral Statistics and Mines, of the Geological Survey Kf~:j':"d by 

Department, and of the Bureau of Mines, of Ontario. Both have been McLeisb. 

prepared by Mr. J. McLeish, who has charge, under Mr. E. D. Ingall, 
of thi>J branch of the work. Tney will show, in a diagrammatic manner, 
the details of the mining operations, carried on in the district from 1889 
to 1903, both years inclusive. 
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234 GEOLOGICAL SURVEY OF CANADA 

THE WORLD'S PRODUCTION OF NICKEL. 

Early produc- From 1840 to 1860, the annual production of nickel scarcely aver-
tion of nickel. d lOO · d · · 1 d t' 

Early pro-
d uct1on of 
nickel from 
New Caledo-
nia. mines. 

age metric tons per annum, an m no ;;mg e year was a pro uc 10n 
of 200 metric tons exceerled. From 1860 to 1880, a very gradual, 
though distinct, increase was noticeable, up to 600 metric tons, al-
though, about the year 187 4, a little over 700 metric tons were pro
duced. In 1880, the product of the New Caladonia mines became a 
distinct factor on the market, at fu·st with a production of about 200 
metric tons per annum, but gradually increasing until the year 1884, 
when the pnduction was about 1,000 tons. In the year 1889, the 
product of the Sudbury mines was placed upon the market, but only 
432 tons were sold. In the year 1891, however, 2,018 tons (l,830 
metric tons) of nickel were sold which had been produced from the 
Sudbury ores, while, at the same time, the product of the New 
Caledonia mines, which had reached the figure of 2,494 metric 
tons, dropped to 1,696 metric tons in 1892. In 1893, the world's total 
production of niekel amounted to 4,412 metric tons, the amount of the 

Large increase Canadian product pln,ced on the market, aggregating 1,807 metric 
~l ~i~~~~tion tons; while Norway, in the same year, produced about 90 metric 

tons, and the United States 22·4 metric tons. 

Canada leads 
in production 
of nickel. 

Future of 
Canadian 
nickel. 

World's 
production 
of nickel. 

These figures showed a still further and rather rapid increase up to 
the year 1901, when a total of 9,381 metric tons were produced, the 
Canadian nickel amounting to 4,168 metric tons, and the New Cale
donia to 5,210 metric tor:s, while the United States produced only 3 
tons of nickel from domestic ores. 

In 1902, the total of the world's production, amounted to 8,473 
metric tons, but of this Canada's share was 4,850 tons, while the New 
Caledonia output showed a decre?-se to ' 3,620 tons. 

In 1903, the amount of Canadian nickel produced amounted to 
6,348 metric tons, while New Caledonia produced only 4,750 metric 
tons. 

The world's total production of nickel for 1903 as stated by the 
Metn,llgesellschaft amounted to 9,850 metric _tons. It is evident, 
howeve1-, that this is understated and that the actual production is 
considerably in excess of this amount, for the official returns for 
Canada and the United Stat.es, as reported to the Geological Survey and 
the Bureau of Mines of Ontario, give the production as 6,400 metric 
to~J.nstead of 5, 100 metric tons, as stated by this authority. Assuming 
the official figures as more nearly accurate and adding the production 
from New Caledonia as quoted by t,he Metallgesellschaft ( 4, 7 50 metric 
tons), a grand total of 11, 150 metric tons is obtained, as the aggregate 
of the wnrld's production for 1903. 
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These figures are full of hope for Canada, and with the gradually 
increasing knowledge of the true value and uses of nickel, by reason 
of its many desirable physical qualities, which is gradually becoming 
more general, the production of nickel should be doubled in the next 
five years. It is hoped and confidently expected, that Canada's share 
in this large output, will be fully three-fourths of the whole. 

The following table will show, at a glance, and in much greater
detail, the world's annual production of nickel, from 1889 to 1902-
The figures for the foreign production for 1903 are not yet available. 

These statistics are obtained mainly from the Metallgesellschaft and 
Metallurgische GesellschafL (Frahkfort on· the-Main), Aug., 1903, p. 23. 

The production of nickel from domestic ores in the United States Authorities 
. d f M' 1 R f h U . d S h'l th t f and references is quote rom mera c,sources o t e mte tates w i e a o for table of 

Canada is from the Division of Mineral Statistics and Mines, Geological wo
00
rld'st. 

pr UC IOD 
Survey of Canada, with the exception of 1903, which is from the Bu- of nickel. 

reau of Mines. The figures of Uanadian production, include nickel 
actually, sold while those of the Bureau of Mines, which are stated 
in a separate t.able, are of nickel produced, part of which remained in 
stock. 

The figures for Germany, 
Saxony also produces nickel, 
available. 

represent the production of Prussia. Details of 

but accurate details are not readily nichl pro
duction from. 

THE PRICE OF NICKEL. 

Saxony not 
availablf'. 

In 1876, the price of nickel per lb., amounted to $2.60. In 1877 it Largei:iric(;S. 

dropped to $1.60 per lb., and in !878, it showed a still further decline ;~·e;;~~~ng 
to $1.10 per lb. In 1879, it recovered slightly to ei. 12 per lb. but in 1880 
it again decreased to $1.10, which latter figure was maintained until 
1883, when the price steadily declined to about, 60 cents. At present, Gradual 

the price quoted by leading producers, varies from 40 to 4 7 cents per ~~~:.a e in 

lb., for large quantities down to ton lots, according to size and terms 
of order. The price for smaller Jots, according to quanLity runs as Pre•ent pric 

' of nickel. 
high as 60 cent.; per lb., in New York. 
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