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THE NICKEL INDUSTRY: WITH SPECIAL REFERENCE
TO THE SUDBURY REGION, ONTARIO

BY

A. P. Coleman, Ph, D.

INTRODUCTION

In accordance with the instructions of Dr. Eugene Haanel, Director
of Mines, the work of revising the map of the Sudbury Nickel Region,
and of obtaining materials for the preparation of a monograph on the sub-
ject of nickel, was undertaken in the summer of 1911, During the two pre-
vious summers the writer had studied and mapped the geology of several
important working mines for the Canadian Copper Company; and, owing
to the generosity of that company, the materials thus obtained were made
available for the purposes of the present monograph. Every mine which
has been worked along the nickel ranges was visited and examined, as far
as possible, and most of the prospects where ore or gossan occur were also
visited during a succession of journeys coveringthe greater part of the bound-
ary of the norite with which all the ore deposits are connected. In this
work the map of the region prepared by the present writer for the Bureau
of Mines of Ontario in 1904, and various maps made at about the same time
by Dr. Barlow, served as a foundation, to be modified or added to.

It gives me great pleasure to acknowledge the cheerful assistance
rendered by every one interested in nickel mining, to whom application
was made, without which the monograph would be much less complete.
All the companies working in the district aided in this respect: the largest
of them—the Canadian Copper Company—being naturally of the greatest
importance; and I wish to thank the President and officers of the Company
for the assistance given, particularly Mr. David II. Browne, who is not
only a skilful and experienced metallurgist, but a man of science interested
in all the problems of the region, and well acquainted with its hiztory.
With the permission of Mr. A. P. Turner, President of the Company, Mr.
Browne, Superintendent John Lawson, and others of the staff have supplied
me with much useful information.

In connexion with the Mond Company, Mr. C. V. Corliss, Manager,
and Mr. O. Hall, Mines Superintendent, rendered valuable aid, s far az
the policy of their company permitted. Mr. J. A. Holmes, General Manager
of the Dominion Nickel Copper Company, assisted personally in the field
work, and in various other ways: especially in regard to the Eastern and
Northern Ranges; and Mr. Kirby Thomas—then in the employ of the
Nickel Alloys Co., of New York—assisted greatly in the examination of
the Trillabelle locations at the southwest end of the ranges.

To all these gentlemen, and many others, thanks are due.

In addition, acknowledgment should be made of the skilful services

of the late Mr. M. T. Culbert, and of Dr. E. S. Moore, who were my chief
field assistants during the earlier work, and aided in the preparation of the
first detailed geological map of the nickel region, which served as 2 basis
for the map accompanying the present monograph. Great assistance
was also rendered by the Ontario Bureau of Mines, in the way of necessary
information furnished directly, or obtained indirectly from their reports.
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The compiling of the accompanying maps and plans has been the
work of Mr. R. R. Rose, who has had much experience in field work and
mapping in the Sudbury ‘district.

Position and Means of Communication.

Sudbur y—flom which the mining region takes its name—is in Lat. 46
30’, W. Long. 81°, and lies about 35 miles north of Georgian bay, the north-
- castern part of Lake Huron. It may be reached from Montreal by a journey
of 439 miles westward on the main line of the Canadian Pacific railway,
*or from Toronto by a journey of 260 miles north on a branch of the Canadian
Pacific railway, or the Canadlan Northern railway. Sudbury itself—the
lavgest town in the region—is a little southeast of the most important
nickel range, the nearest mines bemg two miles to the north and three miles
to the west.

The nickel 1eg10n has sharply defined boundaries of a geologlcal
nature; since all the ore deposits are connected with a single great sheet
of eluptwe rock, roughly boat-shaped, with a blunt bow to the southwest
and a square stern to the northeast, conforming to the general strike of
the Archaean rocks of the district. Only the upturned edges of the sheet
are exposed, since it is basin-shaped and has its interior filled with sediment-
ary rocks. The basin is 36 miles long, from southwest to northeast, and

" 16 miles wide, and the known ore deposits are all either along the edge of
the sheet or less than four miles away from it on projections or “offsets.

. The nickel region is served by six lines of railway. The main line of
‘the Canadian Pacific railway crosses the basin diagonally from qoutheaat
to northwest, and the ‘‘Soo’’ branch runs southwest from Sudbury; parallel
toits southeln edge and touching the Worthington mine on one of the offsets.
The Algoma, Central runs west from Sudbury to Victoria Mines touching a
number of important mines, and the Canadian Northern crosses the basin
from north to south toward the east end, sending a branch to Galslqn mine
and connecting with the Nickel Range railway, which runs to the 'Whistle-
mine at the northeast corner of the basin. In addition the Canadlan(
Copper Company has private lines to some of its mines and is now bulldmg
a line four miles long to connect Copper Cliff with the Frood or No. 3 mine
to the northeast. Every mine which has produced more than a few thou-
sand tons of ore has had railway connexions, though a few of tLese branch
lines cl{lave been removed on the shutting down of the mines which they
serve

In early days the nickel deposits were gr ouped in two ranges, a main-
or southern range and a northern range, but, since it was proved that the
ores are all connected with the edges of a smgle sheet of eruptive rock, one
might think of them all as belonging to a single oval range. It isfound,
however, that the important deposits are not distributed uniformly 1‘ound
the basin but that there are rich portions separated by barren portions.
It is probable that in the future a third or eastern range will be recognized,
and possibly a fourth or western range, though thus far the ore deposits at
that end are not known to be of much importance.

At present the main nickel range may be defined as running from the
Sultana mine six miles southeast to Victoria mine, then turning northeast
for 23 miles to the Sheppard mine, and finally east for four miles to the
Garson mine. Thereis, however, a gap of about five miles toward the south-
east between the Crean Hill and Gertrude mines where no ore has been
found. Along this somewhat irregular line of 33 miles on the southern
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margin of the nickel-bearing eruptive seventeen mines have produced ore,
and within two or three miles to the south of it ten other mines have
been worked.

Practically all the ore hitherto mined and smelted in the region must
be credited to the main or southern range. The northern range is not so
continuous as the southern but is generally reckoned as extending from cer-
tain deposits in Levack township to the Whistle mine at the northeast
corner of the basin, a distance of 25 miles. There are, however, two gaps
of six miles each within this extent, one between Levack and the southwest
corner of Bowell township, and the other extending from the middie of
Wisner township to the Whistle mine in Norman township; so that on the
northern range there are only 13 milez of the margin of the nickel eruptive
which are ore bearing. In addition, however, some ore has been found for
3ix miles west along an offset beginning about the middle of Bowell township
and ending at about the middle of Foy.

In reality it would conform better to the known arrangement of the
ore deposits to detach the Whistle mine from the northern range, which
would then extend for only about 18 miles, and make it the north end of an
eastern range extending for 131 miles south to the Falconbridge properties.

The threeranges are at very unequal stages of development, the southern
range being followed for almost its whole length by railways to transport
its ores, while only one other mine, the Whistle at the north end of the
eastern range, has rail connexions.

The outlying properties of the southern range can almost all be reached
by roads, some well, built and used by automobiles, others rough lumber
roads with bridges and corduroy falling into decay. .Much of the northern
range is best reached on foot or by water, and the eastern range is almost
a3 inaccessible. The small western range can be visited by a lumber road
on the south, but the northern outcrops are best approached by canoe.

The central valley of the nickel basin consists largely of agricultural
land, now divided into farms and well settled. It i3 crossed by the main
line of the Canadian Pacific railway, and the northern branch as well as
the main line of the Canadian Northern railway, so that it is well provided
with méans of communication. On the other hand it is cut off by rugged
ranges of hills from the nickel mines to the north and south, the natural
markets for its produce.

. The whole nickel basin includes an area of 550 square miles, divided
among twenty-four townships of the regular size and shape. Mining has
taken place in eight of these townships, while important ore deposits are
known to exist in several others.

Omitting the villages connected with the farming region of the interior
basin, the nickel mining industry supports two towns, Sudbury and Copper
Cliff, and four villages, all told with a population of perhaps 10,000 people.

Physiography of the Nickel Region.

The physiography of the region is very closely bound up with the
geology of the nickel-bearing eruptive and often serves as a guide to the
position of ore deposits. The lower Huronian and Laurentian rocks
enclosing the basin present the usual irregular Archaean surface, with hard
granites or gabbros or quartzites standing up as rugged hills or short ridges
without any definite order except for a general strike of the structures in a
direction of N. 60° or 70° E. The nickel eruptive sheet, on the other hand,
expresses itself with surprising uniformity. Its outer (and lower) edge con-



4 .

sists of the easily weathered rock norite, often more vulnerable because
charged with sulphides, while its inner (and upper) portion is formed of
micropegmatite, a strong,. rvesistant rock, which commonly stands up as
high hills. . Just within this belt of granite hills come conglomerate and tuff,
the lowest members of the series of sediments occupying the basin; and these
vocks have been metamorphosed and thus greatly stremgthened by the
action of the eruptive rock beneath, thus forming a band of even more rugged
hills than the micropegmatite. The interior of the basin is floored with
soft sediments, tuff and slate, with some low anticlinal hills of arkose or
sandstone toward the centre. ‘ o '

The, resulting land forms are characteristic. All round the outside of
the basin vise the tumultuous hills of older Archaean rock, followed by a
valley representing the basic, .easily decomposed, edge of the nickel erup-
tive, wide on the southern side where the norite is wide; but velatively
narrow on the northern and eastern sides. Frequently the basic margin
has been eaten into hollows, now filled with drift or muskegs or small lakes,
hiding the actual edge of the norite and making the exploration for ore
deposits more difficult. Patches of ore are commonly found on the slopes
of harder rocks swrrounding this belt of low ground. -

Besides the narrow lakes ‘of the basic margin there are many larger
bodies of water entangled among the hills of the granitic or acid edge of
the eruptive. A glance at the map shows how frequently lakes have this
position, often furnishing the only convenient gateways between: the flat
interior of the basin and the narrow valley of the basic edge. Parts of the
northern nickel range ave best reached, after leaving the end of the wagon
roads of the interior basin, by boats on a lake or by winter roads on the ice.

Many of the lakes along the basic edge of the nickel eruptive on the
northern range are so small that they have not received names. . Thirteen
of them have been noted -on the map but many ponds are almost too small
to appear on the scale employed. - On the eastern range-these:marginal
lakes are larger and include from north to south Lake Selwyn, Lgke Wad-
dell, ‘Blla lake, Clear lake, Blue lake and Pyrrhotite lake, besidg several
small unnamed ponds. ' ‘ .

The southern nickel range with its wider band of norite has gompara-
tively few lakes; but in all there canunot be less than 30 small hodies of
water along the basic edge of the norite, often with ore bodies dipping
under them from the slope of country rock behind. Occasionally these
lakes have been taken up as nickel locations.

The lakes belounging to the acid portion of the nickel eruptive are
generally larger than those of the basic edge, and include Cameron, Fair-
bank, Whitewater, Whitson, and Garson lakes on the south side; and
Joes lake, Trout lake and Moose lake on the north range; while Windy
lake extends almost across the nickel eruptive. These lakes are of conse-
quence to the nickel miners, partly as indicating points where ore has been
deeply attacked, and partly as a water supply for mining camps or smelters.

The nickel basin is drained almost entirely by Vermilion river and its -

“tributaries; Rapid river, Nelson river, Sand Cherry creek and Onaping
river coming in from the north and west; Cameron creek from the south-
west; Levy river and Whitson creek from the east. The whole system of
lakes and rivers is controlled by the basin shape of the nickel eruptive and

. the relative hardness or softness of the sediments deposited within it.
Vermilion river enters the basin by a low pass near the northeast corner
and leaves it by a still lower pass near the southwest end. On entering
the interior of the basin it expands to Onwatin lake at the east end, and



just before passing out it widens to Vermilion lake at the west end. The
rest of the interior basin is-almost free from lakes, making a strong contrast
with the nickel-bearing eruptive which encloses it.

Outline of the General Geology of the Sudbury Region.

The Sudbury region includes rocks belonging probably to all the sub-
divisions of the Pre-Cambrian as recognized in America, but the nearest
fossiliferous sedimentary rocks are nearly 40 miles away on Manitoulin
island in Lake Huron, and no direct relationship can be followed up in
the intervening rocks.. While the solid formations of the region end pro-
bably with the Pre-Cambrian, much of the surface is covered with glacial
and old lake deposits of the Pleistocene.

The ore deposits are often very closely bound up with the structures
of the older rocks, which have greatly affected their size, shape and position.

. The accepted classification of the Pre-Cambrian of the Upper Lakes
regiou is as follows:—
Keweenawan.
Upper Huronian or Animikie.
Middle Huronian.
Lower Huronian.
Keewatin.
Laurentian.

In this system the Laurentian is looked upon as entirely eruptive,
always later in age than the Keewatin, and sometimes later than lower
Huronian.

There are rocks belonging to all of the sub-divisions given above in
the region mapped, except the middle Huronian, and also probably rocks
representing the Grenville series of southeastern Ontario. The latter are dis
tinctly older than the Laurentian, but whether they are the equivalents
of the Keewatin is not quite certain.

The! rocks underlying the sheet of nickel eruptive may be divided
broadly into a crystalline group mainly eruptive, including the Keewatin,
Grenville series, and Laurentian, and a mainly sedimentary group con-
sisting of the lower Huronian, and a newly defined Sudbury series, now
tilted at high angles and penetrated by various eruptives. The rocks
above the nickel eruptive sheet make a third group, almost wholly. sedi-
mentary, though partly pyroclastic, and bent into a syncline, but not
steeply inclined. The norite-micropegmatite sheet is later than any of
them, and probably of Keweenawan age, while certain dykes which cut
all the other rocks are perhaps Palacozoic in age.

In this brief account of the geology the different formations will be
described as nearly as may be in the order of their age.

THE KEEWATIN.

In this distriet the Keewatin includes greenstones and green schistz
and in its upper part small amounts of the iron formation. The green-
stone was probably once gabbro, but it and thé green schists are now
largely changed to hornblende. Many bands and irregular areas of green-
stone are included ih the part mapped as Laurentian, since on the scale
of the map it would be impossible to separate them in detail. TFrequently
they form the foot-wall of ore bodies and a breccia of their fragments is
often cemented with norite and ore.




The iron formation included in the region mapped consists of small
outcrops of quartzitic silica interbanded with magnetite near Clear lake in
Wisner township and a pond to the south. It is enclozed in Laurentian
gneiss and has no practical value, though the Hutton township deposits
of a similar kind a few miles north are of considerable importance.

GRENVILLE SERIES,

Hitherto the Grenville series has not been recognized in the Sudbury
region; but cer tain rocks in the township of Dill associated with a quartz
mine worked thele by the Canadian Copper Company have all the char-
acteristics 'of that Series, as found 60 miles to the southeast in the township
of \/[lllb and extending south for more than 40 miles to Parry Sound. The
rocks in' Dill township, which it is proposed to call Grenville, include the
coarse white quartzite which is mined, and also fine grained grey gneiss
and schist. having in part a distinct g t,1anula1 structure in thin sections.
Less than two'miles to the north there is a small band of crystalline lime-
stone containing rounded grains of green serpentine, emctly like the crys-
tallihe limestones of Parry Sound.

The grey gneiss is not unlike ‘the Couchiching of Western Ontario,
but the limestones of the Huronian in that region are entirely unlike the
Dill outerop and are far more modern in appeaiance. .

SUDBURY SERIES.

Later in age than the Grenville and Xeewatin, but earlier than the
Laurentian, is a great series of sediments, chiefly quartzite, but including
also arkose, greywacke, ‘slate, and some thin sheets of conglome-

rate. These are steeply tﬂted and sometimes folded, and have been
penetrated and partly metamorphosed by acid and bmsm eruptives. They
have hitherto been called lower Huronian, but they  differ solmuch in
attitude and relationship from the typical lower Huronian not far to the
west that they probably belong to an earlier period, equivalent perhaps
to the Timiskaming series, described by Dr. Miller and other geologists
in the Cobalt region as lower than the Hmonlan It is ploposed to call
them the Sudbury series.

. Theé Timiskaming series and the rocks here referred to are not to be
looked upon as .a ‘‘Lowest Huronian,” beneath the usually 1ecog111zed
bottom of that series, but as a new division of the Archaean’ equal inrank .
to-the Huronian and "Keewatin.

If these rocks are put in the position suggested it will imply also
that the conglomeraté near Ramsay lake, hitherto called middle Huronian,
- must be lowered one stage and be named lower Huronian. ‘The Ramsay
Lake conglomerate is more like the Cobalt and Echo Lake conglomerates
of the lower Huroman regions hitherto carefully studied than are the sedi-
mentzuy rocks underlying, giving support to the suggested change.

These rocks form a band 10 or 12 miles wide, extending all across
the district, just to the southeast of the main nickel range; generally separ-
ated fr om the norite, however, by a very irregular belt of basic and acid
erupiive rocks of various klnds somewhat later in age, but, for the present,
meluded with them. The southeastern side of the band of sediments
consists mainly of quartzite, more or less metamorphosed, but still retain-
ing a very distinet bedding and often cross beddmg, and having 111 the






main a tilt of 45° degrees to the southeast, with many local variations,
including one indistinet anticline on Ramsay lake. The beds of quartzite
are often parted by thin sheets of slate or greywacke; and several bosses or
bands of greenstoné penetrate them and interfere with the regalarity of
their structure.

These quartzites have a width of from 3% to 6 miles, and if they have
not been reduplicated by faulting, of which there is no evidence, have a
maximum thickness of 15,000 or 20,000 feet, making them one of the
greatest well defined sedimentary formations in Ontario.

Apparently beneath the quartzites there is a thinner, but still important
band of greywacke and slate, also well stratified and showing its original
structures when not too much affected by adjoining eruptives. It has a
width of two miles or more and a thickness of several thousand feet, and,
in various places it comes in contact with offset ore deposits but scarcely
touches the main nickel range.

A third, and probably lower division of the sediments is more enig-
matic, since it has undergone much greater changes, largely obliterating its
origina] structure. This consists of quartzite or arkose, pink in colour and
greatly recrystallized, running northeast and southwest as a band of hills
not more than half a mile wide from near Frood mine to a point southeast
of Creighton. This rock touches Copper Cliff mine and was described
earlier as felsite.

The three sedimentary formations may have a total thickness or 30,000
feet. In places they are of economic importance as supplying quartz for
the smelters and building stone used in Sudbury and at other points.

BASIC ERUPTIVES OF THE SUDBURY SERIES.

In many places greenstones and coarse hornblende porphyrites of
indeterminate origin rise through the sedimentary rocks mentioned above;
and there are also two belts of better defined basic eruptives of considerable
continuity, one the Sudbury laccolithic belt, beginning at a group of hills
east of the town and stretching southwest for nine miles to the lower end
of Kelley lake, and the other following with interruptions the basic edge of
the southern nickel range from its east end to Little Stobie mine. This is
separated at intervals from the norite by a band of granites as far as a point
a mile east of Crean Hill mine, after which if follows the basic edge of the
norite to its end near Sultana mine.

These basic eruptives are of great variety. The Sudbury chain of
laccolithic hills consists of gabbro which pushed up the greywacke on each
side, and which contains along its irregular summit ridge a number of
quartz deposits, segregations or inclusions of quartzite, one of which has
been mined for flux. A little nickeliferous pyrrhotite has been found at
two or three points in these hills, and the gabbro is probably an earlier
segregation from the nickel bearing magma than the great norite sheet.

The long irregular band of greenstones following the southern nickel
range consists of rocks of extraordinary variety, the least modified being
lava streams showing pillow and amygdaloidal structures. They are often
formed of perfectly fresh norite, much more basic than the nickeliferous
rock, seamed with ribs of green hornblende, and passing into porphyrites
of several kinds that are sometimes very like those found in the quartzites
to the south. All of these rocks have carried off masses of greywacke or
quartzite, which are commonly more or less transformed into gneiss or
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schist, while the adjoining greywacke has developed immense numbers of
staurolite crystals as a result of contact metamorphism.

. The ‘‘older norite” lava streams seem to have supplied a plane of.
‘weakness followed later by the nickel-bearing eruptive, and it is frequently
the foot-wall for ore bodies on the southern range.

ACID ERUPTIVES OF THI SUDBURY SERIES.

" Later than the ‘‘older norite” lava streams came eruptions of deep
seated acid rocks, coarse graunite, syenite, and granitoid gneiss, generally
flesh” coloured, and frequently carrying off fragments of the greenstones
just mentioned and also of greywacke, and sending dykes into these rocks.
The most important area of granite runs from Copper Cliff southwest to
neai Crean Hill, as a band from one to two and a half miles wide, forming
the country 1'ock of the nickel range for more than half of this d'lstance,

“whiech includes-the famous Creighton mine. These rocks are of various
textuves and ages; some being undoubtedly older than the nickel eruptive
and others younger, since the ore sometimes cooled against them as a foot-
wall and was sometimes cut by dykes of the later granite, which is usually
finer grained than the earlier eruptions.

THE LAURENTIAN.

The southeastern edge of the lower Huronian is bounded by granitoid
gneiss and hornblende schist, ete., later in age, but generally called Lau-
rentian; and the whole wes tun, nolthwesteln, and northern parts of the
region are occupied by similar rocks, usually coarse granitoid gneisses
‘streaked with-dark green stripes and lenses, no doubt rolled out greenstones
of Keewatin age. The schistose structure of these rocks commonly has
the usual strike of the region, 60° to 80° east of north, and a vertical or
steeply inclined dip. They are' monotonous and of mo great practical
importance except as the country rock supplying the foot-wall for many.
of the ore deposits.of the northern range. -The norite and ore often seem
plastered up against the slopes of these Laurentian hills, remmnants left
when the greater part of the deposit has been eroded and removed.

Except along the breceiated edges of the ore deposits at the basic
edge of the norite; the Laurentian has been little studied; but its gneisses
and granites appear to be younger than the Timiskaming or lower Huron-
ian sediments, though perhaps of about the same age as the bulk of the
lower Hmonlan eruptives, from which they are nezuly always separated
in the field.

They are, however, far older than the nickel er uptive and the sediments
-that overlie 1t for the Laurentian gneisses and hornblende schists, as well
as all the othe1 rocks thus far described, had been consolidated, tl11ust
into mountain folds, and eroded to a peneplam before the upper Huronian
sediments were laid down. The gap in time must have been enormous.

THE LOWER HURONIAN.

What was described as the middle Huronian in previous reports,
now considered lower Huronian, is developed in only one small part of
the immediate Sudbury region, just north of Ramsay lake, where a peculiar.
boulder conglomerate extends for about two miles and a half, with a greatest






width of about half a mile. This rock has a dark grey ground mass
of greywacke with no visible stratification, in which are imbedded pebbles
and boulders of the older rocks, especially granite and quartzite. The
boulders are angular or subangular or well rounded, and of all sizes up
to tons in weight; and the whole appearance suggests an ancient tillite
or boulder clay, though no striated stones have been found. Rocks of
the same kind but covering a much larger area are found in the Wana-
pitel region to the east.

As the boulders of quartzite are like the quartzite of the Timiska-
ming or lower Huronian to the southeast it is inferred that these rocks
are of later age. Since there is scarcely a suggestion of stratification to
be found, their attitude with reference to the lower rocks is not always very
certain, though at one point on the north shore of Ramsay lake a basal
conglomerate may be seen resting uncomformably upon the quartzite
here referred to as older.

If this conglomerate is transferred to the lower Huronian, the middle
Huronian seems to drop out altogether, since the next series of rocks has
in general the characters of the upper Huronian or Animikie.

THE UPPER HURONIAN OR ANIMIKIE.

Much later than the Timiskaming or lower Huronian and the Lau-
rentian there was deposited on their planed down surface a second great
series of sediments, whose exact age is not certain, owing to the absence
of fossiliferous rocks, though they resemble in many respects the western
Animikie, now referred to the upper Huronian, and may, at least pro-
visionally, be placed in that position.

In the Sudbury region these rocks occupy a basin in the nickel eruptive,
and have been found nowhere else; they are therefore not at present in
contact with the lower Huronian and Laurentian, since the nickel eruptive
came in as a later sheet, separating the younger from the older rocks.

These rocks form a well defined series beginning with a basal conglom-
erate and passing on to tuff, slate and sandstone, and they have been
giverﬁ separate formational names taken from characteristic localities,
as follows:—

Chelmsford sandstone ...........o.ovriivroire e 800—1, 500 feet
Onwatinslate ............. i 3,700
Onaping tuff......... ... 3,800
Trout Lake conglomerate...............oovvrviiinnenennennins 450

8,750—9,450

The Trout Lake conglomerate makes a continuous band round the
basin immediately overlying the acid side of the nickel eruptive, but it
varies greatly in width, in one case being a mile across, in most others a
few hundred feet, and in a few instances sinking to less than 100 feet.
The rock is found in its least changed form, as a boulder conglomerate
with a matrix of dark green, fine grained rock, north of Sultana mine,
where the micropegmatite is at its narrowest, and the thin edge of the
eruptive had comparatively little power of metamorphism. Along other
parts of the acid edge the conglomerate is greatly changed and in some
places has been squeezed or sheared into schist conglomerate.

The Onaping tuff is mainly formed of tiny glass fragments rained
down as volecanic ash, but includes a good deal of ordinary sediment also,
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such as granite and quartzite pebbles. It also forms a continuous band,
in most places rising as steep hills, round the interior basin. The Onwatin
slate is a mud rock charged with carbon enough to give it a dark colour,
and as it is the softest rock of the series it is generally buried under drift
deposits taken up as farms, though it occaalonally fonns low hills: In
it the curious veins of anthraxolite oceur.

Finally, the Chelmstord sandstone runs as a disjointed range of low
hills down the centre of the basin. Though it was originally named sand-
stone it might almost be called arkose or even greywacke, since the quartz
grains are mixed with a good deal of other matter. The whole series of
sediments is now bent into a synclinal basin with an average dip inwards
of about 30°; while the Chelmsford sandstone in the middle has been
forced into small dome-shaped anticlines in the process.’

As shown in a table on an earlier page the upper Huronian sedimeunts
are of cousiderable thickness, and their general relationships, such as
dip, and width, are more completely known than those of the older for- .
mations and ]ustlfy a more exact statement. Their great thickness of
nearly 10,000 feet probably had an important bearing on the segregation
of the ore bodies, since that process must have demanded a lengthened
period of fluidity of the mnickel bearing magma; and this huge blanket of
sediments must have greatly retarded the rate of cooling.

THE NORITE-MICROPEGMATITE SHEET.

After the succession of sedimients just mentioned had been deposited
the vast mass of molten rock of. the nickel eruptive ascended, mostly
from beneath an avea near the middle of the southern range, as will be
shown later. As the molten magma welled up fromn below, the crystalline
rocks forming the roof of the great crucible gr rLdually collapsed as a block
12 or 15 miles long and sever al miles b1 oad, giving rise to extensive faulting
and fissuring.

The flood of molten material found an opportunity to spread out
between the ancient surface of the older rocks and the basal conglomerate
of the sediments; producing a laccolithic sheet having an area of over
500 square miles. Since thousands of feet of rock have been eroded from
the region in later times, the original area of the sheet must have been -
much greater than that. An’ extension of one mile in all directions would
add about 100 square miles to the area and probably more than a mile
has been removed from the rim since Cambrian times. The eruptive
sheet cooled extremely slowly, partly because of the great bulk of molten
material and partly because of the thick mantle of sedimentary rocks
above; and during the cooling much of the ore sank to the bottom, though
its upper part remained mixed with norite, which finally blended into
micropegmatite or granite on top, the thlee mateuals arranging them-
selves according to their specific gravitiss

The collapse of the foundations of older rock caused the cooling sheet -
of magma to settle into a basin shape, and the once nearly flat sediments
above it took the same form, cradled in the plastic micropegmatite, which
ate into and greatly metamorphosed the Trout Lake connlome1ate just
above.

The norite-micropegmatite sheet is one of the largest laccohthlc
sheets known, containing not less than 600 cubic miles at the present time,
and probably having had a much greater bulk in the beginning.

Just when this tremendous mass of molten material reached its present
position is uncertain, though the event probably took place during Keeween-
awan times.
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LATER DYKES.

After the norite and ore had completely cooled, the region was cut by
long fissures, and dykes of diabase penetrated impartially all the rocks
mentioned above. Dozens of these dykes are known, especially in and
near the large ore bodies where the geology has been most carefully worked
out; and some of them are 100 or more yards in width and as much as
seven miles in length, so that the total amount of diabase is by no means
insignificant. This last eruption probably took place somewhere in
Palaeozoic times; and except for cutting across the ore and so causing
more or less trouble to the miner, the dykes have had no appreciable effect
on the mines. Some little dykes of granite cut the diabase itself and so are
the latest rock in the region.

The history just outlined is one of the most complex on record, includ-
ing almost all the Pre-Cambrian formations and a long succession of erup-
tive rocks of the most varied kinds and of all ages up to the Palaeozoic.
From that time till the Pleistocene destructive forces were active, removing
thousands of cubic miles of the solid rock. During the Pleistocene import-
ant beds of morainic material, boulder clay, and lake deposits were laid
down, covering considerable areas of the surface.

Historical Sketch of the Development of
the Sudbury Nickel Region.

A large literature has sprung up in regard to the Sudbury nickel mines
and their associations, but the earlier history of the region may be found
summed up in two reports, that of Dr. Barlow on the ‘“Nickel and Copper
Deposits of the Sudbury Mining District,”” ! and the final report on ““The
Sudbury Nickel Field” by the present writer.?

Dr. Barlow’s report gives in much detail the various stages in the
development up to 1903, describing unsuccessful as well as successful
ventures in mining and smelting the ores; and many of the less important
features referred to may be omitted from the present monograph. Since
1905 perhaps the most important contribution to the subject has been an
account of “The Nickel-Copper Industry of Ontario’”, by Alex. Gray,®
which however is confined to the development of the Canadian Copper
Company’s mines and smelters, much the most important of the region,
but not the only ones. Even more important from the practical side than
the written reports on the region have been the successive geological maps
prepared by the Survey at Ottawa and the Bureau of Mines of Ontario,
embodying the advances in our knowledge of the field relations of the ore
bodies. In connexion with the Geological Survey Report of 1890, four
years after real mining had begun, a map prepared by Dr. Bell with the
assistance of Dr. Barlow and others showed the geological relations of
parts of the southern and northern nickel ranges, indicating belts of diorite
which accompanied the ore deposits. This map, though on the small
scale of four miles to an inch, proved very useful; and was republished by
the Bureau of Mines in 1902 with few changes, but on the scale of two miles
to the inch.

1Geol. Sur. Can. Part H, Vol. XIV, 1904.
zBureau of Mines, Ont., Vol. X1V, Part III, 1905.
3Mining World, Vol. XX XII, Nos. 20, 21 and 22, 1910.
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In 1904 the Bureau of Mines published on the same scale a map pre-
pared by the present writer showing the northern Nickel Range and indic-.
at'ng the continuous character of the nickel eruptive, now known to be
norite, its outerop extending as an ellipse round the area of sedimentary
rocks placed between the two nickel ranges on Dr. Bell’s map. The nickel-
bearing sheet of eruptive rock had been proved to form a synclinal basin.
The map showed also the inner or acid edge of the differentiated eruptive,
and brought out the important facts that ore deposits were connected
chiefly with bay-like projections or narrow offsets from the basic edge of the
eruptive and were most frequent and important where the width of the
outerop of norite and micropegmatite was greatest. -

- In the same year Dr. Barlow published two map sheets on the scale of

one mile to an inch covering the Copper Chff and Victoria Mines areas; and
two other maps, of Copper Cliff and Murray mine, on the scale of 400 feet
to the inch. The Victoria Mines sheet was defective in not separating the
nickel-bearing norite :rom the adjoining greenstones, but the other maps
are excellent. -
. In 1905 the first fairly complete map of the geology of the region was
published by the Bureau of Mines on a scale of one and a -half miles to the
inch. This map has been of great: service, but requires numerous small
corrections and is now almost out of print,

Nickel was first reported from the Sudbury region by Murray in
1856.1 The iell known land surveyor, Salter, had found a disturbance
of the compass on a meridian line north of Whitefish lake, and suggested
that Murray should examine the place. He found ‘“‘an immense mass of
magnetic trap,”’ specimens of which were sent to Sterry Hunt for analysis.
Maguetic pyrites was found disseminated through the rock and the analysis
showed the presence of some nickel and copper. Salter’s line is now the
boundary between Creighton and Suider townships and the rock with
pyrrhotite was obtained a little west of the famous Creighton mine, the

. greatest nickel mine in the world. However, the discovery attracted

hittle attention, since at that time the metal nickel was a rarity of little
. practical importance and the region was a wilderness without roads, where
canoes were the only practicable means of travel.

In 1883 the Canadian Pacific railway reached the Sudbury region,
and the stretch of flat plain- in the interion of the nickel bazin attracted
the railway eungineers, who brought the line by a steep grade up from
Sudbury to what later became the Mwray mine, from which the rail-
way descends to Azilda between hills belonging to the acid edge of the
eruptive. It is said that at this time Dr. Howie discovered on the summit
of the pass a low hill of pyrrhotite with some chalcopyrite.? Specimens
shown to Dr. Selwyn, then Director of the Geological Survey, were pro-
nounced valueless, since pyrrhotite from Canadian .localities had not
hitherto been found to contain more than a fraction of a per eent of nickel.

Barly in 1884 the railway reached this deposit and a cutting disclosed
copper pyrites at whas was afterwards known as the Murray mine: Other
discoveries soon followed at what became the Lady Macdonald, Evans,
Copper Cliff, Stobie, and Blezard mines; all taken up for copper, the presence
of nickel being at first overlooked. The Creighton mine was rediscovered
not long after by another land surveyor, John MecAree, who surveyed
an adjoining township, though the mine was not opened up till several
years later owing to its difficulty of access. '

'G.8.C., 1853-6, pp. 180-181.
2Dr. Barlow, G.S.C., Vol. XIV, Part H, pp. 23-24.
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Prospectors swarmed over the region searching everywhere for the
gossan which showed the presence of ore, and men like Thomas Frood,
Henry Ranger, William MecVittie, A. McCharles, and others quickly
learned that gossan and ore accompanied only one kind of rock, then
called diorite, but now known to be norite. In a short time almost all
the main deposits had been located, and two ranges, a southern or main
range, and a northern, began to be distinguished.

The first important mining was done in 1886 at the Copper Cliff,
where an open cut was made against the side of a steep gossan covered
hill, the work being carried on by the newly formed Canadian Copper
Company, which soon opened up also the Stobie and Evans mines. The
first ore mined was supposed to be simply copper ore, as the name of the
mine and company suggest; and until 3000 tons were shipped to Constable
Hook for treatment, the presence of nickel was not suspected. There,
however, difficulties were met in smelting the ore, and assays showed
that nickel was the disturbing element. The first ore mined is reported
to have been unusually high in copper, running from 15 to 20 per cent,
probably because enriched above water level. Later the tenor of the
ore was lower, but it still averaged higher in copper than in nickel. This
has been true also of another mine, the Crean Hill.

The history of mining and smelting in the Sudbury region is so closely
bound up with the Canadian Copper Company that its progress may be
followed first, and other, later formed companies may be taken up after-
wards.

THE CANADIAN COPPER COMPANY.

In 1888 Dr. Peters was put in charge of smelting operations at Copper
Cliff, roast beds were got under way, and near the end of the year a Herres-
hoff water jacket furnace was blown in to produce copper-nickel matte,
50 as to reduce freight expenses.

For ten years the same three mines produced most of the ore that
was smelted at Copper Cliff; but in 1899 the Evans closed down and in
1901 the Stobie ceased working, after producing more than 400,000 tons
of ore, low in grade but high in sulphides and supplying a useful fluxing
mixture with the rocky ore from Copper Cliff mine.

New mines were being developed in the mean time, No. 1, south-
west of Copper Cliff mine and No. 2 north of it, beginning in 1898; the
former proving to be a small but rich deposit, while the latter is large,
though of average grade. In addition No. 4 and No. 5 mines, northwest
of No. 2, yielded some ore in 1899; and in 1900 the I'rood mine, since called
No. 3, a mile southwest of the Stobie, began operations, and the ore {rom
the two was shipped by rail 1o Copper Cliff where it was mixed with ore
from other mines on the roast beds.

The great Creighton mine, six miles west of Copper ClLff, was one
of the last to be opened up, for lack of railway connexions; but in 1900
stripping was commenced upon it, and in the following year it began to
ship ore by the Algoma Central railway to Copper Cliff. As the deposit
is immense and the ore of higher grade than that of most other large mines,
and mixed with little rock, the Creighton mine for some years supplied
most of the ore smelted by the Canadian Copper Company, and their
other mines were closed down one after another in consequence, the Copper
Cliff after reaching the 14th level at a depth of 1052 feet.

Since its opening the Creighton mine with its great supplies of rich
sulphices has dominated the situation, but it was found advisible to have
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~ a supply of rockier ore with a larger percentage of copper to mix with it
for fluxing purposes and to give a convenient proportion for the separ ation
of the metals, nickel and copper. On this account Crean Hill mine, eight
or nine miles southwest of Creighton, and about 14 miles from Copper
" Cliff, was opened up in 1905, and in 1906 began to ship ore to Copper Cliff
over the “Soo” br anch of the Canadian Pscific railway. Ifor some years
these two mines supphed the whole of the ore for the company; but the
demand for nickel was increasing, and in 1910 No. 2 mine, which had been
closed  since 1902, once more began operations. At this time the rich
little Vermilion mine, a mile southwest of Crean Hill, also supplied 1200
tons of ore almost ag high in nickel and copper-as some grades of matte.

To provide for a future increase in the output of nickel No. 3 mine,

sometimes called the Frood, was carefully explored ‘with the diamond
" drill, showing reserves of 01_e estimated by Mr. Alex. Gray at 30,000,000
or 35,000,000_ of tons,' and ‘in 1911 work was begun in sinking a shaft to
tap this great body of ore, and a railway four miles long was commenced
to conuect it directly with Copper Cliff. -

As Creighton mine has been proved by drilling to contain 5,000,000
tons of ore, 1t will be seen that it and No. 3, without reference to several
other deposits which are by no means exhausted, contain a supply of ore
sufficient for many years to come even 1f the 1abe of production 1s con-
siderably increased.

The first smelting \VOlkS at Copper Cliff was erected in 1888 under
the direction of Dr. Peters, well known as a metallurgist of copper, Mr.
James McArthur and Mr. J. D. Evauns being his assistants. This was
the East smelter whmh began to ship matte the following year. The
plant was added to in a rather haphazard way as years went on and
the need for accommodation increased, and.in 1891 and 1892 a bessemer
plant was provided. In 1890 Dr. Pete1s severed his connexion with the
company -and Mr. Woodbury ‘became manager for three months, when
he was succeeded by Mr. Mvans, who occupied the position till 1893.
Mr. McArthur then took charge of the works and remained manager
-till 1902. During his regime o new West smelter was pubt up in 1899,
near No. 2 1111110, aud three years-later the Fast smelter suspended opera-
tions; and some time after was burned.

In 1900 a new method of procducing high grade matte from standard
matte was introduced by the Orford Copper Company, which put up the -
Ontario Smelting Works a half mile southwest of Copper Cliff mine. Here
. the standard or furnace matte was roasted in, Brown calciners, and then
smelted 2 second time in a water jacket furnace, thus changing matte
containing about 30 per cent of mickel and copper into matte averaging
75 per cent of the two metals, corresponding nearly to the former bessemer
matte.

- In April 1902 the whole mgamza’olon of the Company was changed
and the Canadian Copper Company became subsidiary to the Inserna-
tional Nickel Company, which had been formed to combine a number
of companies interested in the mining, smelting and refining of nickel
and copper. In connexion with this change Mr. A. P. Turner was made
president of the Canadian Copper Company, and Mr. John Lawson general
superintendent.

In its second Ammual Report the Internatiomal Nickel Compa. - s
described as a consolidation of mines and smelters in the United States,
Canada, Great Britain, and New Caledonia, including the Canadian Copper

—_—
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Company, Orford Copper Company, Anglo-American Iron Company,
Vermilion Mining Company, American Nickel Works, Nickel Corporation,
Limited, and the Société Miniere Caledonienne.; According to its state-
ment of capital aceount in 1904, ““ the total assets of the Company were
$30,896,167, divided as follows: Property of counstituent companies,
$26,864,275; Ray Copper Mine, $40,000; advances to New Caledonia
companies, $348,363; inventories, $2,827,774: cash and accounts, $815,755;
total assets, $30,896,167; common stock, $8,912,626; preferred stock,
$8,912,626; stock of constituent companies, §55,643; first mortgage 5 per
cent bonds, $10,221,836; loans, accounts, etc., $1,617,476; depreciation
fund, $412,709; surplus account, $763,251; total, $30,896,167. The
income account for the year shows the following receipts: Earnings from
constituent companier, $936,471; other income, $29,754. Charges were:
For general expenses, $112,185; interest, $512,938; total, $625,123. The
net balance earried to surplus account amounted to $341,102.”

Following the combination just mentioned many changes took place
in the work of the company. Mining was gradually limited to the Creigh-
ton mine, and experlments were made in regard to new methods of treating
the ore, such ag pyritic smelting in place of roasting the ore before smelting.
Many improvements were made in the town of Copper Cliff, and the
removal of most of the roast beds from the vicinity of the town to a swamp
behind the hills to the north permitted to some extent the growth of vege-
tation, so that the town was onece more in sight of grass and green trees.

It was decided to build a new smelter on much improved and extended
plans half a mile to the east of the West smelter, and the work was brought
to completion in the fall of 1904. Meantime both the Outario Smelting
Works and the West smelter were burned, hampering operations for the
time. After this the low grade matte was shipped to Vietoria Mines,
whose smelter had been leased for six months from the Mond company,
and there bessemerized, pending the completion of the converter plant
of the new smelter. An account of the new smelter is given in the section
on smelting so that no description of it is required here.

Since 1904 the most important advances have been the introduction
of a few large basic converters instead of numerous small quartz lined
acid converters, and the erection of a reverberatory plant to treat fines
and flue dust.

The cost of fuel for power purposes is very high in the Sudbury region
and the Canadian Copper Company acquired rights for the development of
power at High Falls on Spanish river, 23 miles west of Copper Cliff, in
1904; and since then from a head of 85 feet electric power has been genera-
ted not only for the needs of the smelter but also for the mines of the com-
pany. This effects a mogt important saving in expense.

In its early years the Canadian Copper Company had an uphill struggle
with the difficulties that always beset a new and complicated enterprise
until the best methods of treatment have been devised. Fortunately
the company owned some extremely large and valuable mines, so that
the problem of an ore supply has not greatly troubled them. With a
reserve of ore sufficient for 60 years and a smelting plant probably second
to none in America for completeness and efficiency the prospects of the
company are bright.

In 1909, according to Mr. Gray’s account of the company, the ore
mined averaged $5 or $6 per ton in value of nickel and copper, allowing
on a conservative (if unauthorized) estimate a profit of $1.50 to $2.00

IMineral Industry, 1903, p. 276.
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per-ton mined, which “would mean a yearly profit of $522,900 or $697,200.”
“The" 13,000,000 lbs. of nickel disposed of in 1909, it is claimed, brought
a profit of 7% cents per pound spread over mining, smeliing and refining
charges,” which implies a ‘“total profit of $1,027,000.”” o

On the same basis for 1910, Mr. Gibson in the Bureau of Mines Report
estimates the profit on the ore smelted at from $726,253 or $968,338,
and on the nickel marketed of $2,377,100.% : .

In its 6th Annual Report the company states that a dividend of 6 per
cent was paid on its preferred stock and 7 on its common stock, after
an extra dividend of 25 per cent on .the common stock. The value of
its investments and plant is put at $27,262,138, and the statement is made
that the demand for th: Company’s products i the greatest in its history,
largely because of the development of the motor vehicle industry.?

It is evident ‘that this pioneer company, after a number of years of
little or no returns for the capital invested, has in recent years been very
prosperous; and since for a long time it was the mainstay of mining in
the Province of Ontario under depressing conditions, its present good
fortune seems well deserved. ' .

JH. H. VIVIAN AND COMPANY.

The next company to operate a mine and smelter in the Sudbury
region was that of the Vivians from Swansea, Wales, celebrated for their
great metallurgical plant. They acquired the Murray mine, the first
discovered in the district, and began to develop it in 1889, continuing
operations with one or two short. interruptions until 1894. In 1890 the
first blast furnace was blown in, and the ore was treated in the usual way,
by roasting in heaps, smelting in water jacketed furnaces to a low grade
matte, and bessemerising this to a high grade matte. “The Manhés coun-
verter was first used in the concentration of nickel matte at the Murray
smelter. The low grade matte is said to have contained ounly 9-4 per -
cent of nickel and 4-7 per cent of copper, giving cleaner slags than by the
Copper Cliff method, which produced matte containing about 30 or 35
per cent of the two metals. The bessemer matte at the Murray reached
nearly the same grade as that of the Copper Cliff, running from 70 to 75
per cent of the two metals. This was shipped to Swansea for final treat-
ment. Since 1894 the mine has remained closed down, but 5,000 or 6,000
tons of roasted ore were simelted in 1896, the matte being sent to the Whar-
tons of New Jersey.

The ore is said to have contained 35 per cent of iron, 23 per cent of
sulphur, 2 per cent of nickel, 0-8 per cent of copper, and about 40 per cent
of matrix. The pure sulphides averaged 3-6 to 3:75 of nickel and nearly
half as much copper. ‘ ’ .

In 1912 it was purchased by the Dominion Nickel Copper Co., and
- it is said that at least 4,000,000 tons of ore have been disclosed by their
diamond drilling operations. ' ' - A

Though the Murray mine was not one of the richest, it is probable
that competent local management would have given better results than -
were attained by direction from England. The failure of this venture
made by so famous a company for some year. exerted a depressing effect
on the development of the nickel industry.*

1Mining World, Vol. XXXIT, 1910, pp. 1022-3. Should this not be $975, 000?
2Bureau of Mines, Vol. XX, Part I, 1911, p. 28:

S[.M.J., Vol. 92, July- De., 1911, p. 458.

1Bur. Mines, Vol. XIV, ePart 111, pp.141-2.
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DOMINION MINING COMPANY,

The Blezard mine, a mile north of Stobie, in lot 4, con. II of the town-
ship of the same name, and the Worthington mine 25 miles west of Sudbury
on the ““Soo” line, were worked for some time by the Dominion Mining
Company, who opened the former mine in 1889 and the latter in 1890.
A smelter constructed at Blezard mine served to treat the ore from both
the mines, producing in Herreshoff furnaces a matte averaging 27 per
cent of nickel and 12% per cent of copper, which was marketed without
bessemerising. Some of the Worthington ore is said to have been rich
enough for shipment without smelting. The Blezard mine was shut down
in 1893, and the Worthington in the year following. Mr. Robert McBride,
who was in charge of the Blezard mine in 1892, states that about 100,000
tons of ore came from it in all, averaging from 5 to 7 per cent of nickel and
copper, the nickel being more than double the copper in amount; so that
the ore resembled that from Creighton in value, and much surpassed that
of Murray mine.

The ore from Worthington is reported at only about 25,000 tons, but
it was the richest mined in the region, with the exception of that from the
still smaller Vermilion mine, and is said to have carried from 8 per cent
upwards of nickel and copper.

Except for some diamond drilling and the unwatering of the mines for
examination little has been done on these properties since the closing down
of the smelter ; though a few carloads of ore were obtained from the Worth-
ington in 1908 and sent to the Victoria Mines smelter three miles to the
east.

THE MOND NICKEL COMPANY.

The carbon monoxide process of refining nickel, by which a volatile
compound of nickel could be produced and afterwards decomposed, thus
depositing the metal, was discovered by Dr. Carl Langer while working on
other problems in the laboratory of Dr. Mond. Having found a method
of refining the metal Dr. Mond naturally looked for a deposit of nickel ore
and in 1899 bought what was then called the McConnell mine, on the
north half of lot 8, con. IV, of Denison township, about 3 miles north-
east of Worthington.

" Smelting works were established beside the “Soo’” branch of the Can-
adian Pacific railway two miles south of the Victoria mine, as the deposit
was named, and a cable tramway was constructed to transport the ore 11,000
feet from the mine to the smelter. In 1900 the Mond Nickel Company
was formed with a capital of £600,000, to take over the mine and smelter,
and in the following year bessemer matie was being produced under the ma-~
nagement of Mr. Hiram W. Hixon, who had obtained experience as a cop-
per smelter in the Western States.

The roast yards were at first near the smelter and village but after a
fire at the landing station of the ore, necessitating more ov less reconstruc-
tion, the roast beds were removed to a flat half way between the mine and
the smelier.

Trouble with the refining works at Clydach, near Swansea, Wales,
caused delays on this side of the water also, but ultimately the Mond pro-
cess was brought into good working order, and the company began to look
for new sources of ore, since Victoria mine is not a very large deposit.

1G.S.C., Vol. XIV, Part H. pp. 40-43.
25873—31
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After testing some small deposits, such as the North Star and the
Little Stobie, in 1907 a larger ove was purchased toward the east end of
the maiu nickel range and named the Garson mine, from the township in
whicht it occurs, on lot 5, ‘con. III. Mr. C. V. Corliss, who had been mine
superintendent, became manager on the resignation of Mr. Hixon in 1908,
and Mr. O. B; Hall was made mine superintendent. During this year the
Garson mine began shipping ore to Victoria Mines, by the Canadian
Northern railway to Sudbury, and then by the “Soo” branch of the Can-
adian Pacific to the smelter. By this time Victoria mive and smelber
were- equipped with electric power, from Wabageshik falls on Vermilion
river nine miles to the southwest; and Garson mine was operated with
current from Wanapitel river. . . .

In 1910 diamond drilling was done to test the Cochrane and McVittie
property, which covers a corner of the great Frood deposit, and this was
purchased to furnish an additional supply of ore. Also plans were made to
build a new smelter at Coniston, where 3,700 acres were secured as a site at
a poiat much nearer to their chief mines, the Garson and Frood extension.

The Mond Company has the distinction of working the deepest
mine in Ontario, and in spite of rather small ore deposits the Company is
prospering, so that it is planning not alone to build much larger smelting
works in Canada but to double its refinery in Clydach. -

The following statement has recently been made as to the financial
conditions of the company:— e . < ‘

The original capital of the company was £600,000, divided into £250,-
000 7 per cent cumulative preference £5 shares, £300,000 ordinary, and
£50,000 deferred shares of £1 each, without debentures or other prior
charges. The ordinary sharves carried a preferential dividend of 7 per cent,
thereafter sharing with the deferred shares in surplus earnings. In 1908
the capital was increased to £850,000 by the creation of 50,000 cumulative
preference shares, of which 30,000 were issued,raising the preference share
capital to £400,000. Tt was not until 1905 that the profits of the company
“provided any return to the ordinary shareholders, since when they have
gone up by constant increases, and the returns for the past three yeats
have ‘been:— B '

YEAR TO APRIL 30.

1909. 1910. 1911.
: _ £ £ £
Nt PIOfibirr it e teeeeeeii et 111,320 | 114,107 | 140,803

22,716 | - 26,367 | 26,367
42,751 49,375 | 45,900
15 15 1634

Pref. div. 7 p.c.....
Ord. dividend......
Ord. rate p.c.......

+ Deferred div....... 22,800 22,600 | 26,131
Def. rate PeCe it 48 48 5514
Balance of Yoar.......oivueeeeereeiieineeniannn. 23,053 | 29,765 | 42,309

- Brought in...:...... et 20,023 | . 32,076 | 20,741
TFor reserve, ete........ e e 52,976 55,741 | 63,140
T T YN 20,000 35,000 | 35,000

Carried forward..... B 32,076 20.741 | 28,140
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analysis of a very small fragment from the crystal gave 2-3 per cent of
nickel”’. This unique specimen is in the mineralogical collection of the
University of Toronto.

‘While crystals are always lacking, one finds at 1+ number of localities
distinet platy cleavage, probably basal, as in Levack township, and at the
Crean Hill mine, examples from Levack showing cleavage surfaces two
inches wide. Some good authorities believe that the coarse textured platy
ore is richer than the finer grained varieties, but it is doubtful if this rule
holds everywhere in the region, since at most of the mines, even when the
ore is rich, this basal cleavage can hardly be noticed. On fresh surfaces
the ore is bright steel grey with a touch of bronze, but it quickly weathers
to a distinet bronze colour.

The Sudbury pyrrhotite seems to vary greatly in magnetism, some
examples being feebly magnetic, scarcely affecting a compass needle, while
certain specimens from near Blue lake on the eastern range show distinet
polarity and attract iron filings. Generally small pieces of the pyrrhotite
affect a compass needle only at very short distances. The cause of this
variation has not been determined, but it 15 possible that finely disseminated
magnetite plays a part in the most strongly magnetic varieties. Ocecasion-
ally considerable quancities of magnetite are found mixed with the pyrrho-
tite, and the difference in the strength of the magnetism of the two minerals
makes it possible to separate them magnetically by careful adjustment.

As pure pyrrhotite contains 60 per cent of iron, it surpasses in percent-
age many workable ores of that metal and might naturally be looked on as-
a possible source of iron as well as nickel. The only attempt thus far made
to use it so proved a failure, however. Ore from the Gertrude mine in its
earlier days was unusually free from copper pyrites, and was smelted on a
small scale for ferro-nickel by the Lake Superior Power Co., after it had been
roasted sweet and the SO. used in the plant for sulphite pulp. However, it
was found that copper pyrites increased so much in amount as the mine
was developed that the process was given up. A small amount of copper
is no longer looked upon as specially injutious in steel, and it may be that
deposits will yet be found low enough in copper to be used in this way.
The ore from one of the northern range properties is thought to be suitable
for such uses. It certainly seems unfortunate that a metal destined to be
combined with iron should first have all the iron with which it naturally
oceurs carefully slagged off from it by expensive processes.

If the chalcopyrite found with pyrrhotite were not so intimately mixed -
as it is in most cases, the two minerals might be separated magnetically.

As the Sudbury pyrrhotite always contains small amounts of rock
or of rock-forming minerals, even when ecarefully selected, probably 40
or 45 per cent of iron ig all that could be hoped for from any of the mines
worked on a large seale; but this is equal to many iron ores which are
now mined and smelted in other parts of the world.

PYRITE.

Iron pyrites, Fe S;, is found at many of the mines, its hardness, resis-
tance to weathering and pale brassy yellow colour making it readily dis-
tinguishable from pyrrhotite. It may be more widely spread than is
supposed, disseminated through the pyrrhotite. At Blue lake and some
other localities well formed octahedra of pyrite are found embedded in
the pyrrhotite; but in most cases it occurs in separate masses, often as
part of the filling of veins cross ng the ore deposits and therefore later
in age. In the latter case it appears to carry no nickel, as was shown,
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for example, by an assay of cubical pyrite found with quartz and calcite
at Elsie mine; but the pyrite associated with pyrrhotite and of the same
age appears to be nickeliferous. Prof. T. L. Walker found 4:34 per cent
of nickel, 3970 of iron, and 49-31 per cent of sulphur, with 5-76 per cent
of insoluble matter in pyute from Murray mine; and expresses the opinion
that the nickel replaces part of the iron in the pyrite, since the amount
of sulphur present is too great for any other compound of nickel than .
Ni 8,0 Dana also states that nickel and cobalt sometimes replace part
of the iron in pyrite or else oceur as mixtures. -

' Pyrite is rather common in rusty Huronian greywacke and schist
to the south of the nickel eruptive, but is mot known to contain nickel,
though some of these fahlbands have been taken up as locations, Wlth
the idea that they were connected with offsets from the range.

Pyrite -from later veins crossing nickel ore bodies is frequently . well
crystallized and often’ shows faces of the cube and pentagonal dodeca-
hedron; but pyrite originally forming part of the nickel ore seems, as a
rule, to be octahedral, or else, like the pyrrhotite, to show no erystal forms.

MARCASITE.

The rhombic species, marcasite, occurs at a number of the
mines, sometimes largely 1epla01ng pynhotlte, as along parts of the Worth-
ington offset to the northeast of Worthington mine. Though no crystals
have been found here, the whitish colour and general appearance of the
mineral show that it is not ordinary pyrite. An assay made by Prof.
T. L. Walker showed it to contain 4:5 per cent of mickel; and a more
complete analysis by Dr. Hildebrand of the U. S. Geological Survey gave:

The rest of the contents of the ore were mainly insoluble except
for two per cent of calcite. The suggestion is made that a little poly-
dymlte is mixed with the mar C(‘lblte to account for the vickel, though there
is no proof of this.?

While crystals are not found near Worthington, Prof. Walker reports -
good crystals of marcasite from a narrow vein crossing ore at Muray
mine. This contained no nickel, however, and was no doubt of later origin
than the nickel ore proper, havmg a relation similar to tlnt of the crystals
of pyrite mentioned above..

One would hardly expect to find pentlandlte or polydymite, with their
low proportions of sulphur, intimately mixed with an iron compound
containing two atoms of sulphur to one of iron; so that probably the
nickel found in pyrite and marcasite really replaces iron in these mmel als
in the form of Ni 8,, as suggested by Prof. Walkel ‘

PENTLANDITE.

By all means the most important mineral in the Sudbury deposits
is pentlandite (Fe Ni) 8, since in the great majority of cases this is con-
sidered to be the real nickel-bearing mineral; nevertheless it is rather
1alely seen in the ores and has not been found in quite a-number of mines.

1Am Jour. Se., 8rd Series, Vol. }xLVII, pp. 312-14.
2G.S.C., 1890 91, p. 116 SS.



If carefully looked over, the Crean Hill and Creighton ores often show it,
and the old Evans and Worthington mines furnished it also. The pent-
landite of the Sudbury region is without erystal forms but has a character-
istic octahedral cleavage which distinguishes it from the enclosing pyrrhotite;
which generally has no definite cleavage planes. On fresh surfaces the two
minerals are almost the same in colour, and the pentlandite is hard to recog-
nize unless ones eye is well trained; but it soon weathers to a brassy yellow
easily picked out from the bronzy background of pyrrhotite. Cleavage
surfaces are sometimes an inch or more in diameter though this is by no
means common.

The proportions of iron to nickel in pentlandite are quite variable,
the mineral as first deseribed by Scheerer having only 18-35 per cent of
nickel, while some Sudbury examples contain nearly 40 per cent of the
metal, as may be seen from the following analyses:

23

—_ { L ’ II. . | Iv. V. I VI | VIL
Nivorerioriinnn, ( 1835 2107 | 3423 | 34-82 | 33.70 | 34-08 | 39.85
Cornieiiin, I ................ 0-85| 08| 078 0.8 | traces
Fwerivrennninns, 4270 | 40-21 | 30-25 | 30.00 20-17 | 30-04 | 25:81
S, 36-45 | 36.64 | 33-42 | 32-00 | 32-30 | 83.30 | 34.35
CUovrivieiain, 116 178 [ Lo,
Gangue.............[........ z ........ (VX 7/ Y P l ................

| 98-66‘ 99~7o’ 9942 | 98-56 95,95I 99-17 | 100-15

The first two are from Lillehammer, analysed by Scheerer; III is
from Sudbury, analysed by J. K. Mackenzie (Dana, 6th Ed., p. 65);
IV by Prof. Penfield; V, VI, and VII by Dr. Dickson.!

. Pentlandite was first recognized in Sudbury ores in 1891, by Prof.
Walker, thén chemist at Murray mine, who named a specimen sent to him
from Worthington by Dr. Barlow Eisen nickel kies, the German term for
the mineral.?

As pentlandite is practically non-magnetic and pyrrhotite is usually
decidedly attracted by the magnet it was natural to think that the two
minerals ecould be separated magnetically, and elaborate attempts at
such a separation were made by Browne, Barlow, Dickson and others;
but it has been found that the minerals are too intimately mixed to permit
of a complete separation except by methods too costly to be of practical
value. Reference will be made later to work of this kind.

Some of the analyses show that -78 to -85 per cent of cobalt oceurs
in the pentlandite, accounting probably for the cobalt contents of the stan-
dard matte of the region. The three closely related metals, iron, nickel,
and cobalt, replace one another more or less in their compounds.

POLYDYMITE.

Polydymite, Ni, S;, according to Dana, as described from Griinau,
Westphalia, is a sulphide of nickel with a small amount of iron and a very
small amount of cobalt replacing part of the nickel.? The examples ana-

- 1Trans. Am. Inst. Min, Eng., 1903,
2(3.S.C., Vol. XIV, Part H, p. 13.
3Dana, 6th Ed., p. 75.
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lysed from the Sudbury region contain from 15 to 18 per cent of iron, but as
they agree in other respects with the properties of the original mmelal
they may be includsd also under the- name. The proportions of nickel
and iron to sulphur approach those found for iron and silphur in pyrrho-
tite, bus while pyrrhotite crystallizes in hexagonil forms, polydymite, like
pentlandite, is isometric. No crystils have been reported, bus thore is a
well marked cubic cleavage making the system of crystallization certaia.

Polydymite from our region is dark iron grey in colour with. good
metallic lustre on fresh surfaces, but it very quickly tarnishes and soon
falls to powder in the weather.

The only place Whele it has been found with celtalnty is abt the Ver-
milion mine, where it is associated with copper pyrites, often intimately
_intergrown, though large masses may somebimes be found neatly free from .

it.  The tollowing analyses show its composition:

_ . I 1I. I | IV.

1 SR 53-51 | 53-13 | 41-96 | 36-85
T ettt et e e 3-84 | 412 ] 1557 1817
L7 7 (12 O PO N
S F OO UEPUI 40-27 | 39.20 | 40-80 | 38-43
] PPN 0-57 | 115 |oeoivii]ennnn.n,
AS 104 | 230 o],
Clivteeeeieee e o e 0-62 4-47
TR o RPN OO RRURORRRUPPTRRURR OO e 102 |........

99-78 | 99-90 l 9997 ‘ 98-45

Nos. I and IT are rom Griinau, by Laspeyres, as quoted by Dana, No.
ITI'from Clark and Catlett,! and No IV from Dawd Browne?.

It is possible that polydylmte instead of pentlandite supplies the
nickel in some of the mines where the latter nineral has not been
found. TFrom its relations of metal to sulphur it would more naturally
accompany pyrrhotite than pentlandite would; and if finely disseminated
it would easily escape notice in pynho’mte

It would be surprising if this mineral should occur to the amount of
hundreds of tons at one mine and not at all in any of the other ore deposits
of the region.

MILLERITE.

Millerite, Ni S, is the richest in nickel of all the ores, containing when
pure 64-6 per cent. It was thought, in the earlier development of the
region, to be disseminated through the pyrrhotite and so to form the real
nickel carrier; but the discovery of pentlandite in several of the mines
makes this quite improbable. Millerite has been reported from the Copper

l\m Jour. Se¢. Vol. XXX VII, 1889, pp. 372-4.
2Engincering and Mining Jomnul Vol LVI, p. 566.
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Cliff mine by Dr. Peters and Dr. Dickson, the latter considering it second-
ary after pentlandite. It has been reported also from the Sheppard mine,
lot, 1, con. 3, of Blezard township, and Prof. Walker and the writer
found a few small blade-like crystals of it on the dump of Vermilion mine
some years ago; but it is evidently quite unimportant as a source of
nickel.

GERSDORFFITE.

All the minerals referred to thus far are compounds of the same ele-
ents, nickel, cobalt, and iron with sulphur, but in varying proportions and
with very different physical characters. In muny other regions where
sulphicles are prominent there are found also some arsenic mineralz; but so
far as known these are almost entirely absent in the Sudbury district,
except at a few unimportant outerops along the Worthington offset south-
west of Victoria mines. One of these minerals, gersdorffite, Ni 8 As,
contains both sulphur and arsenic. It is a white or steel grey, highly
metallic looking mineral, containing when pure 35-4 per cent of mnickel,
and occurs especially northeast of Worthington where it is more or less
mixed with nickelite. A prospect has been named the Gersdorffite mine
from its presence.

NICKELITE OR NICCOLITE.

Nickelite, the German Kupfer nickel, Ni As, contains 439 per cent of
the metal, and was the earliest source of nickel. - Its pale copper colour
and high metallic lustre make it a very handsome mineral. It is found in
the Sudbury region only on the Worthington offsec, mainly assoeciated
with gersdorffite, but has no practical importance as a source of the metal.

CHALCOPYRITE.

In addition to the sulphides containing nickel and iron there is one
very important ore of copper almost invariably present, chalcopyrite or
copper pyrites, Cu Fe S,.  Unlike most of the nickel minerals mentioned
above chalcopyrite is practically. constant in composition, containing
when pure 34-5 per cent of copper, 305 per cent of iron, and 35 per cent
of sulphur. Chalcopyrite comes next in amount to pyrrhotite and pent-
landite and is always a more’ conspicuous component of the ore than the
latter mineral because of its striking greemish brassy hue and its liability
to tarnish with irridescent colours. Good crystals of the minerals appear
to be lacking. Copper pyrites may either be intimately mixed with the
pyrrhotite or form considerable masses by itself. It appears to be more
easily dissolved and redeposited than pyrrhotite and so is more frequently
found in fissures in the country rock; and it is especially common near the
wall§ of ore bodies or associated with masses of rock enclosed in the sul-
phides, so that as a rule rocky ore contains a higher percentage of copper
than ore rich in sulphides. In two important mines, the Copper Cliff and
the Crean Hill, copper is present in larger amounts than nickel, and at
Garson and Victoria mines it about equals the nickel; but all the other
mines contain more nickel than copper. As the percentage of copper in
chalcopyrite is about equal to the percentage of nickel in pentlandite, we
may assume according to the usual theory, that pentlandite occursin larger
quantities than copper pyrites in most ores, though it is so rarely seen.

25873—4
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OTHER COPPER MINERALS.

Bornite and-chalcocite were reported from the Vermilion mine in
earlier days, but neither was to be seen when the mine was freshly opened
up on a large scale in 1910; so that probably they were secondary minerals
formed by surface waters and did not reach very deep. . Malachite too

_ occurs as green stains at many of the mines, but is, of course, entirely

superficial and due to the weathering of copper pyrites.

Native copper has been found rather frequently at the Vermilion
mine, and has been obtained at depths.of probably fifteen feet; but it is
mostly in thin films too fragile to preserve. It has no doubt been pre-
cipitated from the sulphate solution by some reducing agent, probably
organic matter carried by descending waters. The same may be true also
of the native copper reported from Copper Cliff mine; though this was
found a thousand feet below the surface, which makes its origin doubtful.

"All these copper minerals are of secondaly origin, derived from the primary

coppe1 pyrites.
. MAGNETITE.

Though the sulphides greatly preponderate among the Sudbury
minerals, oxides occur also, particularly magnetite, FesOq; which is some-
times seen’ as-scattered crystals in- the pyrrhotite, and occasionally forms
masses of ore even tons in weight, as at Clarabelle mine north of Copper.
Cliff. Tt is highly magnetlc and not the titaniferous variety. The crystals,
where distinguishable in the pyrrhotite, have octahedral and other forms,
polished and a little rounded, as if the sheup edges had been somewhat
dissolved away. In ore from one outcrop in Levack township the magnetic
crystals make up about ten per cent of the whole; and diamond dill
cores from parts of the Northern rauge show enough magnetite to have
importance as an iron ore if the deposits are of large enough dimensions.

TITAN Ii‘EROUS MAGNETITE.

The titaniterous variety of magnesite is almost always found in basic
igneous rocks and is ol frequeunt occurrence in tho nickel—bearing norite,
as shown by a whitish rim of leucoxene round the crystals in thin sections.
Prof. Walker has found. titaniferous iron ore in small quantities in she
pyrrhotite from Murray mine, but it seems much less common in the ore
than the more magnetic variety mentioned above.

CASSITERITE.

Cassiterite, the oxide of tin, is-the only other oxide of interest in the
nickel ores, but occurs in quite insignificant amounts, and has been
reported only from Vermilion mine, where Messrs. Penﬁeld and Wells
found it along with sperrylite. ‘ .

LATER METALLIC MINERALS.

With the exception of millerite and copper ores other than chal-
copyrite, all the minerals mentioned above seem to be original parts of
the deposits in which they are found. The more important of them,
pyrrhotite, pyrite, marcasite, peutlandite, and chalcopyrite, appear to
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have been regular constituents of the norite-micropegmatite magma which
slowly settled to the bottom of the molten mass, somewhat as matte sepa-
rates from slag in smelting furnaces. They are in a sense rock-forming
minerals associated with the magnetite and silicates of the norite at its
lower or basic edge, and reached their present position before the eruptive
sheet finally cooled. There has been some rearrangement since, especially
in offset deposits, but the materials dissolved, transported, and redeposited
were obtained from the norite itself and were not shifted far from their
source. They are not associated with water formed minerals such as
quartz and calcite. There are, however, on the other hand, in most of
the ore deposits later veins of characteristic aqueous formation, including
quartz, carbonates, and a few metallic sulphides other than those deseribed
above.

Pyrite or ma-easite, galena, zine blende and molybdenite are found
in such veins at several of the mines, especially on offsets. They are
known from Creighton, Crean Hill, Copper Cliff and Garson mines, and
would probably be found at others if looked for.

These veins, usually very narrrow, cut right across both norite and
ore and were evidently formed under totally different conditions from the
typical minerals of the ore. Their source may have been the overlying
or underlying rocks; since the same sulphides and gangue minerals have
been found in the underlying Huronian slate and greywacke, and also in
the sedimentary rocks of the basin above the acid phase of the nickel
eruptive.

Zinc blende, brownish black in colour and coarse textured, is rathec
often found at Crean Hill, and is known at one or two other points. It
is the only known compound of zinc.

Galena is somewhat more common aud oceurs in considerable amounts
at Garson iine, a vein several inches wide cutting the ore body. Here
it is very coarsely crystalline. It is found too at Copper Cliff and Creigh-
ton in very small quantities, always apparently of later deposit than the
ore. It has been suggested that the galena present in some of the ores
might account for the small quantity of silver always to be found in the
matte, but galena is too infrequent and too irregularly distributed to be
of importance in this respect, particularly sinee specimens assayed prove
very low in silver,

Molybdenite has been reported only once, from the Worthington
offset, which has a greater variety of minerals than any other part of the
region.

NATURAL GAS.

In the Copper Cliff mine at the lower levels an odorless combustible
gas was observed, but no careful examination seems to have been made
of it. This suggests a reducing agent capable of producing the native
copper found on the 12th level of the mine.

A little graphite has been picked up on the dump at the Lady Mac-
donald mine, north of Copper Cliff. The source of the carbon and hydro-
carbons is unknown, unless it could have been derived in some way from
the once bituminous slate overlying the nickel eruptive.

THE GOSSAN MINERALS.
Pyrrhotite ‘s readily attacked by the processes of weathering, and

chalcopyrite also soon tarnishes and yields to surface act'on; so that
25873—4%
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a number of iron, nickel and copper compounds are formed, mostly of
a fugitive kind. Everyome familiar with the nickel region remembers
the peculiar copperas smell of the nickel depos1ts, especially after damp
weather.

The first stage in the process is the formation of hydrous sulphates
of the three metals, which may often be seen as crusts or short icicle-like
forms where there are projecting or overhanging masses of ore. The
sulphates are bluish green when completely hydrated, but turn white
"by loss of moisture. These sulphates are quite evanescent compounds,
scarcely deserving the name of minerals. They are very soluble and give
their peculiar bluish green colour to the water of pools on the ore or filling
the open.pits of abandoned mines. The chief sulphate is, of course, that
of iron, FeSO, 7H,0, (melanterite or copperas); bubt that of copper,
CuS0; 5H,0 (clnlcanthlte), of nickel, NiSOy 7H.O (morenosite), and
probably also of cobalt, CoSO, 7H.0, (bieberite) must occur also.

The next stage is the formation of limonite, the hydrated sesqui-
oxide of irom, which is the typical gossan product of the region. What
becomes of the sulphates of nickel and copper is unknown, though occasion-
ally a film of green malachite may be found where the ore is rich in copper.
A permanent secouda,ry compound of nickel has 1ot been reported from
the region.

The brownish red gossan is the most characterlstlc sign of nickel
deposifs on the ranges, and where the gossan is widespread and thick there
is almost certainly ore of importance benea‘th it. The limonite is a very
stable mineral and often stands up as mounds or hills, but a very few
years are sufficient to transform pyrrhocite ore on the mine dumps into
a crumbling mass of rusty fmgments from which most of the copper and
nickel has beeun leached away. It is therefore unwise to open up deposits
on a large scale before the ore is required for qmeltmg unless it can be
stored under cover.

Probably millions of tons of nickel and copper have been dissolved
and carried away by the drainage of the region since its first exposure
to the weather in Palaeozoic times; and this age long wastage seems
nowhere to have resulted in the conceutration of the metals in workable
secondary deposits. They have probably passed in solution to the sea
and are lost to man forever.

MINERALS OF THE PRECIOUS METALS.

All of the Sudbury ores contain small amounts of the precious metals,
but these are seldom found in recognizable minerals. Native gold was
early found in the gossan of the Vermilion mine, which was first taken up
as a'gold mine; and coon after it was obtained from Vietoria mine a mile
or two west. A little was found also at Crean Hill when the mine was
discovered. Of the other precious metals, silver, platinum, and palladium,
the source of only one is kuown, the platinum.

¢

SPERRYLITE.

‘Sperrylite, Pt As,, the arsenide of platimum, was first obtained from
the gossan of Vermilion mine, and later from the Victoria mine, then called
the McConnell property. The name was given by the Messrs. Wells and
Penfield in honour of Mr. F. L. Sperry, chemist of the Canadian Copper Co.,
who had sent it to them for examination, The mineral was found during
the crushing and washing of the material for gold in a miniature stamp
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mill, where it collected with the gold on a blanket over which the pulp
was passed. Its brilliant silvery colour and lustre naturally surprised the
gold miners.

It erystallizes in tiny cubes and octahedra with a few other forms of -

the isometric system, and is very hard (from 6 to 7) and resists weather-
ing perfectly. As its specific gravity is 10-6 it is concentrated along with
the gold in the gossany debris above ore deposits. The mean of two ana-
lyses by Wells and Penfield give the following composition:

ATSCNIC. . e e v e e e e e 40-98
Antimony.. ... ... 0-50
Platinum.. . ..... .ot 52-57
Rhodium.. ... 0-72
Palladium. . ... trace.
5 3o WA 0.07
Cassitérite (SnO,).........oo i 4-62

Total........................... 99-46

The sperrylite of the ores is mainly contained in copper pyrites, and
may be obtained from it by dissclving the latter mineral with acid, as shown
by Mr. Mickle and later by Dr. Dickson, but it occurs more sparingly in
the other sulphides, such as polydymite. This mineral has not been found
at the other mines, though the platinum obtained from matte made from
their ores suggests that it is really present.

It is known that palladium occurs in the Sudbury ores in larger amounts
than platinum; but no palladium compound has yet been discovered.
The silver, also, is not accountec for unless contained in the copper pyrites.

The Source of the Ores.

From the foregoing description it is evident that in most of the Sud-
bury mines the ores are very few in number and very monotonous in char-
acter, pyrrhotite, pentlandite, and chalcopyrite making up most of them
almost exclusively; and even these three minerals practically never show
crystal forms. TFurther we know that they are invariably associated with a
single rock, norite, which is almost as monotonous in itshabit asthe sulphides,
and mixes with them in every gradation. The association is so impressive
to the field geologist that he ineviiably looks for a causal connexion
between them; and it may be added that all geologists who have studied the
relationships in the field are convinced that the causal connexion is mag-
matic segregation. The molten mass of eruptive rock was charged with
the sulphides of iron, nickel and copper, which separated out before cooling
was complete.

Tt is, however, interesting to find that certain metallurgists and others
who have studied the ores chiefly in the laboratory or with the microscope
hold a totally different view, believing that the ores have been hrought in
by water, replacing the rock-forming minerals.

The first to state this opinion in a decided way was Dr. C. W. Dickson,!
who studied sections of rock and ore; but the work of Messrs, Wm.
Campbell and C. W. Knight, illustrated by beautifu] microphotographs
of polished sections, is perhaps the more important’. They have

UI'rans. Am. Inst. Min, Eng., 1904, p. 36.
2Eeon, Geol., Vol. II, No. 4, 1907, p. 350-366.
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shown conclusively from the study of specimens of ore from several
of the Sudbury mines, as well as from Norway and other regions,
that a definite order of succession can be recognized among the sulphides,
pyrrhotite being oldest, pentlandite next, and chalcopyrite last. Where
rock forming minerals are present also, the order is, magnetite, silicates,
_pyrrhotite, pentlandite, and chalcopyrite.

- These  results may be accepted without opposition = by those
who hold the magmatic theory, since the study of polished sections shows
simply the final dlsposmon of the minerals. It can throw no light on the

- origin of these minerals beyond affirming that a certain amount of fractur-
“ing of pyrrhotite allowed pentlandite or chalcopyrite to migrate into the
_ fissures; but where the later minerals came from is still an unsolved problem.
The maomatlc segregation theory provides for all the ores as separating
more or Tess completely from the molten rock; but does not deny that there
may have been later rearrangements among them so that the two theories
are in reality complementary and harmonious. .

The numerous lines of evidence in favor of the maomatlc theory are
" well given by Dr. Barlow!, who seems to have been the ﬁlst to reach such
& conclusion, though a number of others, including Von Foullon, Vogt,
" Adams, Browne, Walker, Kemp, and the present writer, have zugued in
‘its favour.

‘The evidence for the magmatic theory hardly needs to be repeated
here, since most geologists and mining engineers interested in the Sudbury
deposits are already satisfied of its correctness. In the course of ‘the fol-
lowing account of the region the soundness of the theory will become clear
without any formal summing up of the ar guments

Rocks Associated with the Ore.

The Sudbury pyirrhotites always contain small amounts of ordinary
rock fonning minerals, such as pyroxene and plagioclase feldspar, and these
may increase until the silicates equal the sulphides in amount, when the
mixture may be called pyuhotlte-nm ite. Such intermediate rocks are found
at every ore deposit, so far as known, and form a transition towards
ordinary norite. In fresh examples soine blebs or specks of the sulphides, .
pyrrhotite, and in less amount chalcopyrite, are seen disseminated through
the usual grey rock. When weathered the sulphides are dissolved or
turned to iron oxide, and the brownish surface of the rock is spotted with
limonite or has -many rusty holes from which the sulphides have been:
removed. This ‘pock marked’ surface is characteristic of the norite near
ore bodies. A few blebs of ore or tiny rusty cavities are.often found in the
rock hundreds of yards away, and occasionally even a mile or two from
the basic edge of the norite. This often serves as a guide in field work,
since no other rock in the region has the same peculiar ity. For this and
other reasons the pyrrhotite, almost always associated with some copper
pyrites, may be looked on as itself a part of the succession of differentiation
products of the great laccolithic sheet mentioned earlier.

The norite of the basic edge accompanying the ore varies gr eatly in -
freshness and in appearance, so that the prospector or mining engineer
requires to have a certain range of experience in order to recognize it in
different localities. The typical norite of the southern range is a rather
coarse, dark grey massive rock in which one can distinguish a litile brown
biotite and also bluish quartz in seattered blebs, though the bulk of the rock

1G.S.C., Vol. XIV.,, Part H, pp. 124, ete.
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is clearly made up of grey feldspar and a darker grey or green mineral in
smaller amounts. The darker mineral often has the character of horn-
blende, so that the name diorite was applied to the rock in the beginning,
and most prospectors still use the term. Fresh examples however prove
to contain two varieties of pyroxene, ordinary augite and hypersthene;
the latter usually in large amounts; so that the hornblende is evidently
.of secondary origin. That the fresh rock is norite and not diorite or gabbro
was proved first by Baron von Foullon' who visited Murray mine in 1891;
and was confirmed by Dr. T. L. Walker two years later from the same mine
and from Blezard mine’. This was of much interest as bringing the
Sudbury deposits in line with those of Norway previously investigated by
Prof. Vogt.

Through the work of Dr. Barlow and the present writer the presence
of fresh norite has been shown at many other places, including the great
Creighton mine, and the rock forming minerals are often found unchanged
in contact with disseminated masses of the ore.

In thin sections of the pyrrhotite-norite the ore itself, when unaffected
by later changes, is grouped with the more basic minerals as might be
expected. It is often close beside magnetite, the two opaque minerals
making a :ingle mass, or it may enclose magnetite, or be enclosed by it.
It is frequently found alongzide of hypersthene or augite crystals and also
beside or imbedded in mica. It may, however, lie between the dark coloured
minerals and the feldspars. ‘

Where the rock is least changed the outlines of the ore masses are as
sharp and apparently undisturbed as those of the other minerals, and the
inference is natural that the pyrrhotite assumed its position in the same way
- as the other rock forming minerals. All are strikingly fresh, even the hyper-
sthenes, which are usually among the first of the silicates to be attacked
and rearranged.

When hypersthenc hag begun to change into fibrous hornblende,
however, the pyrrhotite and chalcopyrite usually show signs of disturbance,
penetrating cracks in the adjoining perticlly decomposed minerals. To
one anacquainted with the general geological associations this might be
interpreted as replacement, though it is not really so, and implies only a
raarrangement of materials already present in the rock, and not a transport
of materials from a distance to take the place of ingredients which had
heen dissolved.

Even in the greatly weathered specimens of the rock where the pyrox-
enes are transformed to uralite the ore blebs are found completely enclosed,
often far apart from one another, and the microscope shows no channels
through which solutions might circulate from a distance. That there has
heen a certain amount of solution and redeposition in many of the ore
deposits 13 admitted by all, but this was of the na.ure of a reirrangement
of the minerals of the rock, and not due to the introduction of new materials.
It is therefore quite counsistent with the accepted theory of magmatic
segregation. -

Admitting this theory, and admitting also that gravity played a pre-
ponderating part in the separation of ore from rock, as it does of matte
from slag in metallurgical practice, conclusions of great practical import-
ance may be drawn. The chief ore bodies will be found where there are
large depressions in the floor on which the molten norite rested, so az to
concentrate the ore in one place instead of allowing it to spread out thinly
on an even bottom. In addition, where the thickness of molten magma

tJahrbuch der K. K. Geol. Reichsanstalt, Vienna, 1892, pp. 223-310.
2Quar. Journ. Geol. Soc. Vol. LIII, pp. 40-46.
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was greatest there will be the largest accumulation of ore, .upposing that
it was evenly dissolvad in the original magma. Both points have been con-
clusively proved by the field work. '

On the other hand no ore need be looked for on upward or inward bends:
of the floor, sinece the molten sulphides would séttle down into the hollows
ou each side. This too is confirmed by the results of the field work. . It
is evidens then that the careful working out of the boundary of the norite
and ot the thickness of different parts of the nonte—mlcmpegmablte sheet
is of fundamental importance in determining the position and size of .the
accumulations of ore. _

It has been proved that nickel ore is always accomp.nied by norite
for the good reason that.it formed a part of the common magma. Though
there is no ore without norite, the reverse is not true, since there are wide
stretches of norite with little or no ore, in accordance with the arrangement
of the underlying ¢ountry rock, as shown before.

The typical coarse grey norite with a little mica and blue quartz
described above oceurs along the most productive part of the main nickel
range, frcm Vietoria mine to Blezard mine; but along other parts of the
basic edge the rock changes somewhat in appearance, being lighter ini colour
and showing less of the two accessory minerals. Iu some places, as near
Garson mine, it has been sheared or squeezed into a rather pale grey schist
which contains none of the original norite. minerals and would never be
recognized as belonging to that rock if the contact had not been followed
up without a break from the typieal 1eg10n to the southwest. .Oun the
northern and eastern ranges the norite is ahout as coarse grained but paler
in colour.

The basic edge of the norite and the marginal ore bodies everywhere
dip inwards toward the central axis of the syneline and vest unconformably
on the truncated edges of the older 1ocks, which may be ot any deseription
without affecting the ore degosits. ~Oun the northern range the country.
rock is chiefly greyizh or pinkish granitoid gneiss with bands of green schist
and dykes o1 pegmatite—the characteristic Laurentian gneiss of the Cana-
dian Archaean. On bthe eastern range the underlying rock is chiefly green
schist or greenstone with dykss of granite, probably of Keewatin age..
The country rocks.of the southern range present the greatest variety.
Beginning at the southwest corner of the syncline there are greemstones
and granites intermixed, perhaps Laurentian, or perhaps of later age.
At the Chicago mine the greenstones are largely replaced by pale grey or
white anorthosite, followed by greenstones at Vietoria mine and Crean
Hill. To the east of this a later granite makes the boundary for a mile or
two, followed by greenstone penetrated by granite. At Gertrude mine a
band of confused voleanie rocks, including an oldec norite, extends nearly
to Creighton, where coarse-graaitoid gneiss lies beneath the norite and ore.
Coarse and fine granitoid rocks extend from this to the Copper Chff region;
after which there are more voleanies, including the older norite and pillow
lava. Then come two or three miles of 4 medium grained granite probably
later than the norite, succeeded at Little Stobie by older norites and lava
flows, which reach to the Blezird mine. After this the country rock is
mainly g eenstone with some greywacke or quartzite. -

The norite and ore along different parts of the boundary rest upon at
lea t a dozen types of rock as foot wall, mostly eruptives, but varying in
composition frem acid grauite to a very basic norite or greenstone with not
more than 50 per cent of silica. These rocks arve partly coarse plutonics
which cooled at great depths, and partly lava streams. At certain points
the ore comes against sediments also. None of these rocks has the slightest



effect on the norite or ore except as a solid foundation with an irregular
surface on which both ore and rock might sclidify. The magma of che
nickel eruptive was the parent of the ore, and the country rock beyond
and below was a purely accidental thing influencing the formation of the
ore bodies only by its shape and other physical features, not by its compo-
sition or chemical properties.

In various places, as at Murray and Creighton mines, both ore and
norite become finer grained against the country rock beneath, showing that
it was then cold and chilled the molten materials where they came in
contact with it.

TRANSITION FROM NORITE TO MICROPEGMATITE.

As mentioned before there is no break between the norite of the basie
edge of the nickel-bearing eruptive and the micropegmatite of its acid edge.
It one crosses it at one of the widest parts, for instance, near Murray mine
or Creighton, one passes from ore to pyrrhotite-norite in one or two hundred
feet, and within a few hundred yards reaches cypical norite, the coarse grey
rock with a few rusty spots where round blebs of ore have weathered ouf,
which has been mentioned before. For one and a half or two miles there
is little change in the appearance of the rock except chat thore are fow, it
any, blebs of ore in it, and for this distance it weathers somewhat rapidly
in rounded masses enclosed in coarse sand and gravel resulting from its
own decomposition. The microscope shows no great change in the rock
up to this, exceps an increase in the quartz intergrown with th feldspars;
but beyond this the eruptive becomes reddish on weathered surfaces and
looks like a dark syenite, though the microscope shows mainly plagioclase
as the feldspar, with a considerable amcunt of micropegmatite between the
ecystals.  There iz little orthoclase to be seen, though analyses prove that
this phase of the rock contains almost as much potash as soda.

The coarse reddish variety seldom continues to the actual acid edge,
where the rock usually become. finer grained, grey or greenish in colour and
often somewhat schistose, so that it has been mapped as gneiss or Huronian
schist. The feldspar crystals are seen, under the microscope, to be andesine
as well as orthoclase, generally having platy shapes suggesting the trachitic
structure. The micropegmatite has inereased in amouat, and crystals of
andesine are apt to be enclosed in a wide border of plumy intergrowths of
quartz and fzldspar which can hardly be resolved even with high powers
of che microscope. Analyses show little change in the chemical ecmpo-
sition except a slight increase of silica.

Types of Ore Deposits in the Sudbury Region.

‘When the Sudbary ores first attracted attention magmatic segregations
were scarcely recognized as ore deposits and the terms used for the Sudbury
ore bodies were naturally those applying to the better known deposits
formed by circulating waters. They were spoken of as “veins’ or ‘“stock-
works’’ or “lensss’ since the forms in which they occur sometimes suggest
these terms. It was supposed by some, however, that they might be
“replacements’’ or ‘“contact deposits’’; and there are points which might
be thought favorable to such a view. Oeccasionally the deposit: have
definite walls and a somewhat vein-like form, as near the Orford works,
Copper Cliff; and most of the ore bodies have parts that resemble stock-
works, where the ore reticulates about fragments of country rock; but in
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. both cases the ore penetrated the small ﬁssures whlle molten, under pres-
sure irom the magma above. The fissures themselves and the crush
breccias m which the ore plays the part of matrix were due to the faulting
and smashing of the underlying rock owing to she motions of the nickel-
bearing magma in reaching its present position.

Again the ore bodies sometimes have a rude lenticular shape, though
they are not symmetrical as they should be in typical lenses.- The side
. toward the country rock may be fairly well defined, but the side toward

the norite has no definite boundaly :

Where secondary action: of circulating waters is plonounced the ores
have to some extent the appearancs of materials deposited by replacement;
although this is' deceptive, since the ores have not beea introduced from
without, and have me1ely been rearranged in practically the place where
they ongmated

The ore bodies often have the look of contact deposits, lying as they
commonly do, between country rock, such as granite or greenstone, and the
never failing norite; but they are not contact deposits iathe usual sease,
implying that the country rock has been a necessary reagent causing the
prempltamon of the ore.

It is evident that none of the foregomg terms, drawn from studies of -
ore deposits made by circulating waters, will apply properly to masses ot

“ore having an origin so essentially different as magmatic segregation.

To meet this difficulty the two main varieties ot ore bodies in the region
were distinguished by the present writer as “marginal’” and ‘‘offset’”’
deposits, terms having no connexion with those used for water formed
deposits.t

MARGINAL DEPOSITS.

Many of the more important nickel deposms' occur at the. basic margin
of the norite, lying between it and the adjoining country rock. They are
commonly megulzu sheets of ore occupying the lowest parts of the country
rock, penetrating all its fissures and enclosing blocks of it of all shapes and
sizes, T hey may, however, have a very distinet foot wall where the country
1ock was not shattered by the influx of ore and norite or where faulting
has brought a smooth surface of country rock against the ore.

After a varying thickness of pure ore contalnmg very little of the rock
minerals the blending of rock and ore called pyrrhotite-norite occurs,
passing finally into norite with a few blebs of ore. Thz inaer and uppel
margin is very indefinite, being fixed in mining simply where the amount
of rock matter present istoo great to be profitably worked. The thickness
of workable ore may vary from a few feet to 100 feet or more as in the
Creighton mine. The length is equally variable, ranging from one or two
hundred to seven hundred feet, but is usually several times the thickuness.
Often the ends thin out without ceasing entirely, and a very rusty rock
may connect one deposit with another, as happens with the Elsie and
Murray mines, so that more or less ore continues for half a mile or more.

The depth to which marginal deposits go is unknown. The Creighton
has been found by mining 700 feet below the surface and is known by the
results of diamond drilling to extend to at least 900 feet. Theoretically
there i3 no reason why these ore bodies should not go down indefinitely
provided the depression in the underlying country rock continues.

1 Bur. Mines, Ont., Vol. XIV, 1905, pp. 19, ete.
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Marginal ore bodies usually dip at moderate angles inwards toward
the axis of the syncline, the inclinations commonly observed running from
20° to 65°, with an average of 30° or 35°. At the Creighton mine vhe dip
of the foot-wall is 34° in the upper part and flattens to 32° in the lower levels.

Since there are marginal deposits on all sides of the nickel basin, there
are ore bodies inclined in every direction, those of the southern range dip-
ping northward or northwestward, and those of the northern dipping south-
eastward; those on the east end dipping west, and vice versa. Occasionally
faulting interferes with the regularity of the arrangement, but in general
the deposits conform surprisingly well with the outline just given.

These ore bodies may be symmetrical to a vertical plane at right
angles to the dip, but they are never symmetrical as to their upper and
lower sides, since the lower side is generally well defined, while the upper
merges into the general body of norite. There is usually a good foot-wall
but no defiaite hanging wall.

FAULTED MARGINAL DEPOSITS.

Since the former survey of the region was made two very interesting
deposits have been opened up, disclosing features quite different from those

of ordinary marginal deposits, yet so closely bound up with the norite edge .
as to be marginal in position. These are the Crean Hill and Garson mines. "

In each case the deposit was formed, or at least begun, as the usuaal
marginal type, occupying a hollow in the underlying country rock; but
later faults of various kinds have carried masses of country rock over or
into the basic edge of the norite, greatly confusing the relations and giving
rise to ore much richer in copper than that of the regular marginal mines.

During the faulting the country rock was more or less crushed and
split into small and large blocks, and the ore wandered into the fissures
between the blocks, either at the time as molten sulphides, or later through
water transport. As chalcopyrite i3 everywhere the more transferable of
the sulphides, it has entered the fissures more largely than the pyrrhotite.
Unusually large amounts of quartz, carbonates, and zulphides of zinc or
leyd are found in these two mines as a result of circulyting waters, and these
later processes have played a larger part than in most other ore bodies of
the region whether marginal or offset.

OFFSET DEPOSITS.

The term ‘‘offset’” was introduced to inclade ore bodies connected
with dyke-like projections from the basic edge of the norite, or more or less
separate masses of ore and norite not visibly connected with the main body
of rock, but almost certainly having underground connexions. Dr.
Barlow prefers to separate the isolated ore bodies as a third type, and there
is something to be said for this view,! but the general character of the two
is so much alike that they may be discussed together.

The marginal deposits occupy depressions in the country rock below
the norite, but often these bays or depressions end funnel-like in a projec-
tion somewhat resembling a dyke, though usually more irregular in shape
and boundaries. Because of this irregularity and alio because of the
lrequent interruptions in these bands of norite and ore it seems preferable
to use the word offset rather than dyke for descriptive purposes.

One must think of the underlying country rock as having been broken
and shattered in many places by collapse during the removal of the molten

1G.8.C., Part H, Vol. XTIV, p. 120.
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rock from beneath, and also by the mechanical action of the laccolithic
sheet spreading out above. The fissures and devious chanunels between
the blocks would be flooded by the highly fluid norite and ore acting under
- the pressure of three miles of overlying magma and solid rock. The bobtom
norite highly charged with sulphides entered and filled every existing channel
and forced its way in places through belts of shattered and Weakencf,d rock,
enclosing many fragments torn off-on the way. Doubtless there was much
grinding of one surface upon another in the process, accounting for the
+ many rounded boulderdike rock fragments enclosed in the ore.

Offsets may sometimes extend continuously from the basic edge of
the norite for a distance of a mile or two, as at Copper CIliff; first as a
funnel irregularly narrowing,then in a dyke-like manner with a width of:
only 100 or 200 feet. At length it ceases abruptly. More or less ore
appears along the funnel-shaped part, resembling in its arrangement the
marginal deposits meuntioned above; while along the narrow projection
from the funuel the norite is highly charged with ove, and small bodies of
solid ore occur, but usually not of great importance. When the band of
pyrrhotite-norite ends; however, there is apt to be a large and important
ore body, a typical offset dep051t as at No. 2 mine, Copper Cliff. It is

as though advance was arrvested and the sulphides could accumulate.’
‘ After a longer or shorter interruption of barren country rock, norite
and ore appear again, sometimes as small isolated bodies, at othels a3
elongated outcrops with mosc of the ore at the outer end.

These separate outcrops may be very definitely aligned, as in the
Worthington offset, or may be scattered quite irregularly, as at Copper
Cliff; since the arrangement was due to the accidents of the conduits
into which the ore and magma were forced. The relationship has been
aptly expressed by Dr. Peters as ““‘like sausages on a string, but with a
long bit cf string between the sausages.’”?

The word offset is used for the whole serics of outerops, which may
be short, with only a single ore deposit, or long, including as many as foar
or five distinet. ore bodies, and containing in all hundreds of thousands of
tons of orve.

As might be expected, when a depression béyond the basic edge euds
in an offset, theie are no important marginal deposits, most of the ore
having DELSSGd on to halt hefore various obstructions as offset deposits.

COLUMNAR OFFSET DEPOSITS.

In form typical offset deposits differ completely from the marginal
deposits described on an earlier page.. They may be fairly synunetrical
a3 they appear on the surface, and have usually a longer diameter in the
direction of the offset, and a shorter one across it. ~Occasionally ore may fill
almost the whole width between the walls of country reck, though there is al-
ways more or less norite spetted with ore associated withit.  When followed
down in mining operaticns they prove to be among the most extraordinary
ore deposits in the world, and may be looked upon as quite unique-in
the lght of recent developments.

In the last report on the micksl region the Copper Cliff deporit was
known to go down for 1,000 feet without interruption as a rude oval pipe
with diameters varying from 50 to 200 feet, and a dip.of 773° to the
northeast.

Since that time the two ore bodleb of Vi choua mine, though smaller
in diameter, have been followed to the depth of 1,400 feet with no indica-

Mineral Resources of Ontario, p. 104.
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tion that they may not contfinue indefinitely. These two small cylinders
ot ore, more than 1,400 feet in length and close together, but never meesing,
are not at all easy to account for on any other theory than the magmatic
one, and this continuance to 0 great a depth was not anticipated in earlier
studies of the region.

The much larger eylinder of No. 2 mine at Copper Cliff is known to
reach a.depth of 700 feet, descending nearly veriically. In shape and
attitude these curious deposits remind one sromewhat of che Souch African
diamond pipes, though with much smaller diameters and with a filling
that was much mors fluid than ths voleinic materials of the diamond
fields. .

The contents of these pipe-like bodies differ considerably from those
of marginal deposits, being more rocky, as might be expected, and con-
taining usually more copper ore, as well as more of the precious metals,
gold, silver, platinum, ind palladium. The rock matter is mainly spotted
norite, but includes also fragments of the adjoining country rocks, often
pretty well rounded. There is usually more evidence of water action than
in the marginal mines, and often a certain amount of quartz and of rusty
weathering carbonates is mixed with the ore, probably as later effects of
magmatic waters.

The mode by which these relatively narrow aud not far from vertical
columns of ore reached their present position must have been completely
different from that suggested for the marginal deposits, where the ore set-
tled by gravity as pools in the hollows of the country rock below. It is
probable that after such a gravitational geparation the lower aud more
fluid part of the magma was, in a sense, injected into every available
opening by the hydraulic pressure of the molten mass ibove weighted
still further by the thick overlying sediments of the basin.

It would be mnatural to sappose that the heavier and more fluid
sulphides sank from above in.o the opeasings presented in the couuntry
rock, in which case the separate columns of ore might have been fed by
overhead conduits now removed by the tremendous erosicn to which the
region has been subjected. On the other hind, however, it is possible tht
the most fluid part or the magma, the pyrrhorite-norite, eutering all the
" fissures produced by the collapse of the underlying rock, rose fromn beneath
under hydraulic pressure and was able, in a seuse, to drill holes up through
the crushed zones of rock above.

The latter explanation is the one that seems to fit best, chough our
knowledge is not yet complete enough to settle the matter finally. What-
ever their cause, these nearly vertical columns of ore must be distinguished
from all others as a well-marked type, which may be called ““Columnar
Offsets.”

The word “pipe”” would have been more appropriate and descriptive
than “column,” but its prior use in “diamond pipes’ with a definite
signification of quite a different sort, made it unadvisable.

PARALLEL OFFSETS.

Another type of offset, with very different features from the columnar
type, should be set apart for the greatest mass of nickel ore in the district
and in the world—the Frood-Stobie offset. In this case there is uo
observable communication with the basic norite edge; so far as can be seen
on the surface, the band of ore is entirely unconnected with the main
nickel range.

25873—5%
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The Frood-Stobie offset runs uearly parallel ic the basic edge, but
at a distance of from 2 of a mile to 11 miles to the southeast. The ore
more nearly resembles that of a marginal deposit than that of the ordinary
offsets; and the ore body dips at an angle of 60° toward the basic edge.
It.is a long irregular sheet enclosing much rock, and its connexion with
the edge of the norite is probably at a considerable depth below the sur-
face. The margin of the norite parallel to it shows comparatively little
ore, the sulphides belonging to it having been drained off through a com-

plex- set of fissures to the Frood-Stobie deposit. The ore is known by

diamond drilling to extend northwest beneath the country rocks to a depth

of more than 1,000 feet, and at che lower points it distinetly flattens

toward the basic edge of the norite. No other deposit of this type-has so

far been discovered; but the Frood-Stobie belt of ore is so important and

so very distinet from the other types that it deserves a plice by itself.
The various types of deposits may be summarized as follows:

/

TYPES OF SUDBURY ORE DEPOSITS.

" Marginal—a. Dipping teward the axis of the basin—ores with compara- _

tively little rock and moré than twice as much uickel as copper.

b. Faulted marginal—irregular in shape and character—usually
mixed with much rock and carryiag as much copper as nickel, or
sometimes more. ‘ R .

Offsets—a. Columnar offsets, roughly cylindrical bodies nearly vertical
and going to great depths. °Ore usually rich in copper and the precious
metals. ’ ' ‘ :

© . b. Parallel offsets—not columnar, but sheet-like, dipping inward

toward the basic edge. Ore like that of the usual marginal deposits.

Individual Deposits of the Sudbury Nickel Region.

Having discussed the general relations of the Sudbury laccolithic

sheet to the bodies of nickel copper ore associated with it, and having
defined the more important classes of ore bodies found in the district the
~ individual deposits may now be taken up in detail. As they are so closely
bound up with the outer or basic edge of the norite.it will be desirable
to follow this edge from point to point along the margin of the boat-shaped
syncline, referring not only to deposits already worked or thought to be
of workable extent, but also to other features of ‘interest, some of them
not of economic importance, but having a bearing on the history aund
structure of the region. N

For this purpose the different ranges will be taken up not in the order

of their importance but in such a way as to give a connected treatment -

* of the whole circumference of the basic edge of the norite. As prospecting
and the development of ore bodies are closely bound up with certain features
of the geology, these will be described briefly along those parts of the
margin where no bodies of ore are known. The survey will begin at the
southwest end of the syncline and follow its edge east and northeast along
the Southern or Main nickel range; then north along the Eastern range;
then west and southwest along the Northern rvange, finally arriving at
the starting point at the southwest end of the syncline.






39

THE SULTANA MINE.

At the southwest end of the syncline unusual conditions exist, since
the norite feathers out upon hills of older rocks, so that the boundary of the
two is almost impossible to fix exactly. The basic edge has, therefore,
a much more irregular outline than in most other parts of the nickel
region. On the earlier map this portion of the margin was swept in with
very little detail, as its importance did not seem to be great and the wooded
character of the country exposed comparatively few outerops. Since
then fire and the lumberman have removed most of the woods, and last
summer the work could be done in much greater detail.

The coun.ry rock on the southwest boundary consists of mixed green-
stones, probably Keewatin in age, penetrated by granite, perhaps Lauren-
tian, rising as hills just to the southwest and west of a swampy valley
in which a few hills of norite occur. The sides of the bills are here and
there plustered with patches of ore in the hollows, and some fine grained
norite ocecurs in patches on the face of the hills, partly as a matrix
enclosing masses of thegreenstone. Someof thesenorite patchesarehundreds
of feet west of the gossan covered ore bodies. Evidently the underlying
rock was greatly crushed as the norite and ore pushed outwards above
it, so that solid and molten materials were mixed in puzzling ways.

Southeast of the outerops of ore, an iron post marks the boundary
between lots 7 and 8 in con. VI of Drury township, and most of the
ore is in lot 8, con. I of the township of Trill. The workings were chained
out from this point in a former examination of the property, and it was
found that three small shafts had been sunk about 100 yards east of the
line between lots 7 and 8, at distances of 13, 19 and 223 chains north o1 the
boundary between Drury and Trill townships. The deepest shaft is
reported to go down 110 or 120 feet, and there is a considerable quintity
of ore on the dump beside it. A drill hole sunk to the eat of the list snaft
showed 30 feet of clay and sand, then nerite followed by some ore, and
finally greenstone with more or less ore.

In addition to the small ore bodies opened up by the shafts on tne
side of the hill there are thin bands of ore on the upper slopes, running up 9
chains from a point a little north of the corner post and reaching a height of
117 feet above the valley. Ore occurs at one or two points along the hillside
to the south of the concession line, in the tcwnship of Drury, alse, though
not in important amounts; so that gossan or ore extends for 30 chains
(three-eighths of a mile) from north to south along the hillside.

The thin irregular sheets of ore dip eastwards at angles running from
12° to 35° or 40° the latter dips being found toward the foot of the hill.

None of the ore bodies exposed by stripping or in the small shafts
seem large, but there is 1 possibility that more may occur below the swamp
which extends eastwards from the foot of the hill. The fact that the
norite projects as a considerable bay into the country rock is favourable,
but the total width, and therefore the probable thickness of the eruptive
at this point, is not very great, which may be looked on as an unfavorable
feature. As may be seen from the map, the acid edge of the eruptive runs
westward from Cameron lake, giving a width of only about a mile and
three-quarters for the whole eruptive, so that the probable thickness of
magma from which the ore could settle is much less than in most other
parts of the basin.

The Sultana mine is separated from the Sultana East mine by a broad
swamp from which a hill of norite projects. Half a mile east of the workings
just described a similar hill of mixed greenstones rises steeply from the



40

muskeg, facing northwest and north, with small patches and sheets of
gossan and ore along its flanks and at its foot -dipping 35° or 40° under
.the swamp. Some stripping has been done here and there along its slope
for about 230 yards. This outcrop is just within the township of Trill,
in lots 7 and 6; but the edge of the norite presently bends to the soutli
in lot 6, entelmg the towuship of Drurvy, still showmg a few gossan stains
but no ore.

On the top of the high hills extending as a promontory northwards
into the swamp there are many basal patches of norite, as on the hill west
of the main Sultana mine, showing that the nickel-bearing eruptive once
covered the whole region, probably to a depth of nearly a mile, as esti-

mated from the dip and width of the outcrop at the Sultana FEast.
- This with whatever ore it may have contained has been completely
removed by erosion except in the patches mentioned:

The ore at the Sultana, so far as can be seen on the badly weathered
dump,‘was chiefly pyrrhotite, very little chalcopyrite occurring. The
houses built when the work was done at the main Sultana have been burnt
with the excépt-ion of one, now in ruins, but the road out to the railway
at Worthington, six miles southeast, has been kept in tolerable repair
by fihe lumber companies working 111 Trill and other townships to the
north

Leaving Sultana East the basic edge of the norite can be tr aced w1th
many small irregularities, for about half a mile to the boutheast "when
mdesplead swamps and drift plains hide it from view.

THE CHICAGO MINE.

The boundary of the norite against Laurentian looking granite and
gneiss is once more exposed a mile and a quarter southeast, not far from
the Chicago, or Travers, or Inez mine, on lot 3, coun. 'V of Drury town-
ship. Here, along the road north from Worthington station to Fairbank
lake, a low mound of the older rocks rises above the drift, with coarse grey
norite, showing some rusty patches, leaning against it. The mine is
just beside the road about a third of a mile to the south of the margin.
The granitoid gneiss between is largely mixed with greenstone, forming
a crush breccia, and the ore bodies occur in the latter rock. As 10 con-.
nexion has been traced between the mine zmd the edge of the noute, it
- is evidently a small offset.

To the south and for some distance eabt and west the gleenstone
changes to very coarse gabbro, often white and feldspathic enough to be
called anmthoslte, and mixed with schistose and porphyritic varieties.
The workings include a small pit west of the road and an open cut and a
shaft said to reach a depth of 160 feet a little to the east. Close by are
the small roast beds and just to the northwest is the smelter in which the
roasted ore‘was reduced to matte. The boarding house and office stand
near the basic edge of the norite to the north.

The coke and other supplies for the mine and smelter were brought
in and the matte shipped out by a mono rail tramway of timber and strap
iron, on which a horse could haul cars swung. beneath the rail; but the
tramway has long ago fallen and is now almost lost beneath the bushes
along the road to Worthington, four or five miles to the southeast.

According to Dr. Barlow mining began in 1891, and most of the ore
was got from open cuts, one of which was 60 feet long and 30 feet wide
and deep, and another 80 by 40 feet with a depth of 30 feet. 3,500 tons
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of ore had been mined and smelted when the mine closed down in 1892, but
in the following year also some ore was raised and turned into matte,
before the plant was once more shut down. It was finally reopened in
1896, by the Trill Nickel Mining and Manufacturing Company, under the
new name of the Inez mine, only to close again before August 1897.

The ore deposit appears to have been too small to justify a complete
mining and smelting plant, probably because the basic edge of the nickel
eruptive is here nearly straight with no funnel-shaped depression to accu-
mulate a large body of ore.

FROM CHICAGO MINE TO VICTORIA MINE.

For three quarters of a mile to the southeast of the Chicago mine the
norite edge is lost beneath swamps and drift, though hills of the grey, coarse
grained rock rise a quarter of a mile to the northeast. The boundary
seems to follow the foot of a very steep ridge of greenstones of varied kinds,
and near the southeast corner of lot 2, con. V of Drury, norite with some
rusty spots once more shows itself, rising as a fairly high hill. Near the
line between concessions 4 and 5 the hill slopes south to low ground and
the norite becomes mixed with blocks of greenstone. On this hillside there
are considerable stretches of gossan, and some stripping has been done.

As the edge of the norite here turns from southeast to nearly east and
the band of eruptive is wide, the conditions favor a deposit of ore, and one
would expect a larger one than anything disclosed by the stripping and
small pits, which extend for 200 or 300 yards. From this point the basic
edge runs nearly east to the line between Drury and Denison townships,
which it crosses a few paces south of concession V, but beyond this it
is lost for half a mile beneath the drift.

In lot 12, con. IV of Denison a sharp ridge of greywacke with a ver-
tical dip and a strike of 60° east of north may be followed for nearly a
mile, while norite is found a short distance north, but the two cannot be
seen in contact. About a quarter of a mile west of the line between lots
12 and 11, and an eighth of a mile south of con. V the edge of the norite
shows against some low lying greenstone as a gossan covered ridge, where
ore has been disclosed in several pits on the southward dip of the hill, as
in the Ilast case.

In the next lot to the east, near the north end of concession IV
and not far from the steep northern end of the ridge of greywacke, there
is a larger display of gossan and ore, where half a dozen pits and strippings
have been made on a deposit dipping 30° or 35° to the north. Here the
arrangement is the normal one, the norite and ore occupying the lower
ground and leaning up against the hill of country rock, which is formed of
greywacke with greenstone to the east. This mine was worked to a small
extent in earlier years, and two large pits were opened up quite extensively,
but the ore is a good deal mixed with rock matter, such as greenstones
and green schist, with some actinolite and a little quartz.

The coarse norite to the north is in places crushed and sheared into a
conglemerate with a schistose matrix; and a quartz vein 10 or 15 feet wide
in green schist to the south was mined years ago to furnish quartz for
converter linings at Victoria Mines smelter; but a supply for this purpose
was obtained later not far from the village, and this mine, a mile and a half
west and reached only by a rough road, was abandoned.

The body of ore described above occurs in a small southward bay of
the norite, where the boundary bends northeastwards, so that it conforms
to the usual rule in the nickel region.



42

Beyond this point the edge of the norite bends to the northeast, but is
largely concealed by swamps, while the rocks to the south, as shown along
the wagon road to” Victoria mine, are mainly greenstones and greywacke,
often intricately mixed. At a point about half a mile north of con. IV
on the line between lots 10 and 9 the norite boundary turns southeast, but
is once more largely hidden by-swamps and drift. “Along this inward bend
of the contact, as might be expected, no ore has been found, but as
one advances southeast toward Victoria mine, gossan shows itself where the
norite edge meets the neighbouring greenstones. . :

VICTORIA MIND.

.About a third of a mile northwest of Victoria mine toward the south-
ern end of lot 9, con. V,-a good deal of ore outcrops and No. 3 shaft has
been sunk; and another outcrop of ore on which some work has been done
oceurs on the line between lots 9 and 8 to the east of shaft No.-3. In both
. cases greenstone has been crushed beneath the eruptive, and ore extends

fifty feet or more into the fissures beyond the characteristic norite, which
dips awdy from the older rocks; so that a band of gossan covers part of the
country rock. Beyond the second gossany -surface the-edge of the norite
swings southeast toward Victoria mine, though the exact boundary is
“covered by marshy ground enclosing a small lake to the northeast.

~ Across the marsh and lake a ridge of very rusty rock, mostly green-
stone, rises 20 or-30 feet, running northeastwards from Victoria mine, and
.a number of strippings and pits show very similayrélations to those men-
tioned above for a distance of a quarter of g mile, when low ground covers -
the margin of the norite once more. To-the north: of the marsh and pond
one finds- typical grey, coarse grained norite and this continues with no.
perceptible change for a. mile or two. ;

- "On cach side of the basin just mentioned we find norite with a fringe
of ore dipping inwards on a floor of shattered greenstone, the two bands of
gossan converging as a funnel at a point just north of the open pits of Vie-
toria mine. Low ground -prevents the tracing of the two sides of -the
funnel quite to the mine, and it appears to be separated from the main
body of morite by a small extent of country rock. This open pit and a
smaller one to the southeast of the rock dump represent two small offset
deposits, evidently due to the accwnulation of ore in the norite funnel to
the north. . :

* - The rocks enclosing the mine to the west, south, and east are green-
stones "of various- kinds, having the appearance of diorite, hornblende
‘porphyrite, and green schist, followed to the south by slate or greywacke
with thick bands of quartzite, the latter rocks being well stratified. On
the rock dump at-Victoria mine there are fragments of all these rocks, as
well as fine grained norite and actinolite probably resulting from its alter-
ation, and it is stated that small diabase dykes cut the castern ore body
between the 8th and 10th levels. : ' : ‘

The ore masses on the two sides of the funnel to the northeast and
northwest dip at about 45° into the swamp, and are small but character-
istic marginal deposits, while the two ore bodies at the mine are equally
typical -offset deposits, sinking as steeply inclined columns of somewhat
irregular shape to a depth, it is said of more than 1600 feet. They are
about 169 feet apart and dip uniformly to the east at an angle of about 70°,
according to the report of the mine inspector.

- The.open pits are followed toward the soutlieast by two small gossan-
covered hills reaching for a quarter of a mile, and one of them, where a shaft
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has been sunk and a considerable amount of ore obtained, is connected by
a tramway with the main shaft house. Whether this offset sweeps a.curve
to the southwest and continues as the row of deposits near Worthington
is not certain though probable. It may also be joined with the Vermilion
mine a mile and a half to the southeast, and some of the local prospectors
believe that the Worthington row of deposits is connected with Vermilion
and Crean Hill mines rather than Victoria mine, though the interval
between them is long and without any surface indication of an underground
connexion.

The nickel eruptive has a width of a little more than 43 miles at Vie-
toria mine, which is not surpassed at any other part of the laccolithic sheet,
but though the ore of the offset is rich, the amount appears much smaller
than the thickness of the eruptive would suggest.

Victoria mine, like most other offset mines, shows evidence of later
circulating waters in the presence of quartz and carbonates with the ore;
and Mr. H. W, Hixon, former manager of the mine, is firmly convinced
that the deposit is entirely due to aqueous action; and, in fact, objects to
the theory of magmatic segregation as accounting for any of the nickel
ore deposits of the region. The geological evidence in its favour is so over-
whelming, however, that all geologists who have studied the district are
convinced of its correctness. .

The Victoria mine was first developed by Mr. Rinaldo McConnell,

by means of strippings and test pits opening up the gossan-covered areas
mentioned above, so that the property became known as the McConnell
mine.
. In 1897 it was oue of the properties visited by the geological section
of the British Association after their Toronto meeting; and great interest
was aroused by the panning of gold and sperrylite from the gossan. Sperry-
lite had been found previously at the neighbouring Vermilion mine, so
that this was the second locality for the mineral, but the McConnell mine
was the first distinctively nickel mine in which gold and platinum had been
found, since the Vermilion mine was taken up for gold and not for nickel
_and copper.

During the same year, Mr. G. R. Mickle made an examination of the
MecConnell mine and demonstrated that gold and sperrylite occurred not
only in the gossan, but, as might be expected, in the unweathered sulphides
as well. His assays showed that the platinum is mainly associated with
the copper pyrites, though the pyrrhotite contains some also. The aver-
age of six samples of solid ore gave a little over 3 dwt. of platinum and a
trace of gold, while pyrrhotite with little chalcopyrite gave considerably
less than the average, and one sample of ore with much chalcopyrite gave
7 dwt. 12 gr. of platinum and a trace of gold. His highest assay showed
1 0z. 3 dwt. of platinum and 3 dwt. of gold, from decomposed ore resting
on the solid ore.!

In 1899 the property was purchased by Dr. Mond and was named the
Victoria mine; and in 1901 the mine and smelter came into operation
under the management of Mr. Hixon.

The smelter was placed on Fairbank creek, two miles south of the
mine, near the “Soo’’ railway; and the ore was transported to the roast
beds near the smelter by a cable tramway 11,000 feet long. Later the
roast beds were removed to a flat of old lake deposits half way between
mine and smelter; and the surroundings of the village which had grown

1Bureau of Mines, Vol. XIV, Part III, p. 161.



44

up at the railway station began to recover from the desolation caused by

the sulphur fumes.

-The Algoma Central Jallway now passes between the mine and the
roast beds, and before long the old smelter and the cable tramway will
be abandoned and the ore will be taken by rail to the new smelter at
Coniston.

A little north of the present smeltel a mine or quarry has been opened
up for quartzite as a flux and for lining the bessemer converters.

VERMILION MINE.

A mile and a half southeast of Victoria mine, in lbt 6, con. IV of the.

township of Denison, is Vermilion mine, close to the short railway con-
necting the “Soo” branch at Victoria mines with Crean Hill, and about
two miles northeast of the village. The deposit is a small offset more
than a mile from the nearest part of the norite, but the character of its
ore suggests that it is, or was, probably connected in some way with
Victoria mine. A small patch of norite spotted with sulphides rises on a

hill made up of a crushed mixture of ancient lava (now greenstone with -

pillow and amygdaloidal structure), a little felsite, and some greywacke,
and these materials have been ground and rolled togethel into bouldéry
forms with the norite and ore squeezing up between them.

* The Vermilion was first taken up as a gold mine in 1887, and a shaft
was sunk by Messrs. Tough and Stobie on a small quartz vein the following
year, on the low ground 930 feet north of the present mine and just beyond

the C_rezm Hill railway, the name coming from Vermilion river, which flows .
2 or 3 miles to the southeast. A shaft was sunk 40 feet on the quartz vein

and some very rich ore (wire gold) was found on the surface and also to
some extent in the wall rock. Mr. B. Charlton, president of the Vermilion
Gold Mining Co., states that several thousand dollars worth of gold was

obtained by means of a three stamp prospecting mill while smkmg the

shaft. -

The rich ore presently ran out and then gold was found in the gossan
on the hill at the present mine, which was put through the little mill.
The men in charge were puzzled to find the carpet used to collect the
coarse gold whitened by shining grains of a tin white mineral, afterwards
named sperrylite, as already described on a previous page. Since the
owners were in search of gold, and not platmum, the mine was sold in 1890
to the Canadian Copper Co.

It was presently found that the gossan contained palladlum, as well
as platinum and gold, and the Canadian Copper Company made attempts
to dispose of the mineral to various firms dealing in the rare metals, such
as Balbach & Co., and Johnson, Matthey & Co. In 1896 the two firms
mentioned reported that the ore comtained from 6 to 9 ozs. of platinum
and from 8 to 14 ozs. of palladium. In 1897 a consignment of 14 casks
(5 tons) of platinum sand was made to Johnson, Matthey & Co., who
found its treatiment a matter of extreme difficulty, “as the ore could not
be levigated nor treated successfully by any acid process, and in smelting
the palladium contents are sacrificed. The platinum contents could only
be recovered by smelting with a large proportion of silver ore, involving
considerable cost in its subsequent separation.” In 1899 they paid for

the ore at the rate of £8 per ton, and after deducting various charges, the

net return from the consignment was at the rate of $22 per ton. An offer
was made to buy the ore at the rate of £9 5s. per ton if quantities of 100
tons or more were shipped; but no more seems to have been sent to them,
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probably because the price was so low for ore running on the average
7 ozs. of platinum and 11 ozs. of palladiym per ton. Platinum was worth
about $16 per oz. at the time. :

Negotiations were carried on in 1899 and 1900 with a French company
on the basis of 35 per cent of the value of the two metals, palladium to
be taken as equal to platinum in value, but apparently without result.

In 1902 a small amount of platinum sand was sent to the Orford works
at Bayonne, and in September, according to Mr. A. Wadhams, experiments
were carried on under the direction of Mr. Hybinette for the separation
of the precious metals. They seem not to have been very successful, and
finally the material was turned in with the ordinary nickel-copper matte,
so that only a small percentage of the platinum metals was recovered.

In October, 1903, 155:65 tons of “platinum dirt”’ were shipped to
the Orford works, according to official records at Copper Cliff, and Mr.
Browne states that 90 barrels of gossan were removed in 1903, containing
8.88 per cent copper, and 2-91 per cent of nickel, with 6:5 ozs. of pal-
ladium, 4-1 ozs. of platinum, 4-3 ozs. of silver, and 0:28 oz. of gold per
ton.

Since sperrylite and gold are very easily separated from the gossan
by panning, there is no doubt that most of the platinum and gold could
have been saved by sluices or cradles, and it is surprising to find Johnson,
Matthey & Co. stating that the ore could not be “levigated.” The source
of the palladium is not known, since analyses of sperrylite show only traces
of that metal.

In 1902 the Canadian Copper Company began taking out unwe ithered
ore, sinking the main shaft to about 50 feet and drifting in various direc-
tions to follow the ore underground, and there is a record of 198-28 touns
having been shipped in February, 1905. This was very rich in nickel and
copper, averaging 20 to 25 per cent of the combined metals. Assays made,
apparently in 1903, show that the ore contained 4 ozs. of silver, 4 ozs. of
palladium, 1-5 ozs. of platinum, and % oz. of gold per ton.

An assay of clean chalcopyrite, made by Mr. Waern in the labor-
atory of the Canadian Copper Co., in September, 1909, showed a trace of
gold, 0:79 oz. platinum, 3:62 ozs. of palladium,and 3:78 ozs. of silver—a
total of 8-13 ozs. per ton of the precious metals.

Assays of its ores gave the following results to the same chemist:

Average Ore | Average Ore .
—_— Sept. 6-11 Sept. 12-18. Polydymite.
]
10-65 11-70 Cu 0-50
8:80 15-15 Co. 0.50
18-30 20-70 Ni 42-35
19-80 23-10 TFe 12-45
28-45 16-60 S 3875
.............. lBulunce Insoluble.. 04-55

Within the last three years the mine on the hill has yielded a con-
siderable amount of ore containing much polydymite and running from
two to four times as high in nickel and copper as that of most other mines.
This ore has in part been smelted separately to avoid loss, but there are
difficulties in the way of recovering and separating the precious metals
it contains, since the gold and platinum could be saved by ordinary stamp
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‘mill methods, but the palladium has not been found associated with any

definite compound, like sperrylite, and so would be lost.

The finding 'of gold and sperrylite in both the Victoria and Vermilion
mines affords evidence of a relation between them, though there is no
surface indication of this, and there is no positive evidence as to the mode
by which the small amount of norite and ore reached its position. However
this came about, the ore was greatly enriched in the pre ecious metals before
reaching V ermilion’ mine.

The Vermilion ore is so rich in nickel and copper as to equal some gr ades
of matte, and much of the product of the mine has been sent directly to
the conveltels without a preliminary smelting in a water-jacket furnace.
The Bureau of Mines of Ontario reports that 1,229 tons of ore were
obtained from thls mine in 1910.

THE WORTHINGTON OFFSET.

Small outerops of ore occur at Vietoria mine about 600 yards south-
east of the pits near the shaft, and it was believed by the late Mr. M. T.
Culbert, my assistant when the region was first surveyed for the Bureau
of Mines, that a curved line of gossan atains could be traced up from
point to point to the Worthington offset. -

The first mining development on the offset is found in lot 10, con. III
of. Denison township, where two pits have been sunk on ore mixed with
spotted norite. A quarter of a mile southwest, just within lot 11, and 50
yards south. of a meandering creek, there is.a lar ger pit at the McIntyle
mine, where the ore and norite enclose numerous rounded masses of coun-
try rock, mostly greenstone, near the foot of a high hill to the south, con-
sisting of greenstone and diabase. Much o1 the surrounding country i8
drift covered, but hills and ridges of greenstoune, green schist and grey-
wacke frequeuntly rise above the general level.  Irom the high hilltop

" 50 paces south oi the-opening one gets a good view of the offset, several

gossan-covered hills standing nearly in line with the rockhouse at Wor-
thington, two miles to the southwest.

The next outerops of ore are at the Gersdorffite and Robinson mines,
beyond the northwest end-of a small lake; and just past the line between
the townships of Denison and Drury, near the north end of con. 11, is
the Howland mine, where a pit displays an- interesting crush conglomelate :
with greenstone bouldels two or three feet through, enclosed in ore. A
small diabase dyke cuts the ore body steeply, runming northwest and
southeast.

Irom the Howland mine to the Worthington, a dlstance of a mlle
there is a succession of gossan-stained hills, interrupted-in one place by
an irregular band of later diabase.

This row of small ore outcrops is marked by an interesting set of
minerals, including much marcasite, and a little gersdorffite and nickelite,
probably deposited by circulating water and accompanied by quartz as a
gangue mineral. No sperrylite is known from the offset, but the arsenical
nickel minerals with quartz show, perhaps, a further separ atlon of mater-
ials, in which heated waters played a large part. '

At the Worthington mine, which is much the most important ore
body on the offset Wthh takes 1t> name, a low but steep ridge of gossan-
covered greenstone rises just to the north of the station on the Q00"
line. The mine, which was discovered during the construction of the rail-
way, like a number of other mines in northern Ontario, became the property
of the Dominion Mineral Co., and mining was stalted according to Dr.
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Barlow, in 1890, and continued till September 1894, two shafts being sunk,
one to the depth of 175 feet and the other to 100 feet. It is stated that
about 25,000 tons of very rich ore were obtained, and were sent to Blezard
smelter for treatment.

When the mine was opened up for examination some years later, the
lower workings were found filled with ice, which had to be blasted out
before it could he removed.

It was in ore from the Worthington mine that Dr. Walker first recog-
nized pentlandite, the only important nickel mineral in the Sudbury
region; and its ore has been surpassed in richness only by the much smaller
deposit at Vermilion mine. In 1891 a shipment of 123 tons contained
10 per cent nickel and 3 per cent copper; and manager Attwood has
stated that a considerable quantity of selected copper pyrites was shipped,
‘assaying 18 per cent copper and 2-5 per cent nickel.

As gersdorflite and nickelite, as well as pentlandite, occur at the
Worthington, it has the greatest variety of nickel ores known in the region.
The rock dump includes very little spotted norite, but a considerable .
amount of actinolite rock, probably a product of the re-arrangement of
norite or some other bhasic rock, owing to the crushing and shearing which
is so pronounced along the offset.

Continuing southwest across the railway from Worthington mine, a
shaft 60 feet deep has been sunk on a gossan-covered hill a few hundred
yards away, and a good deal of work has been done on the Totten mine,
about half a mile away, both in lot 2, con. I of Drury township. Here
the pyrrhotite, as in so many other cases, forms the matrix of a crush
conglomerate. A quarter of a mile to the southwest the gossan-stained
ridge of the Totten mine sinks into a swamp followed by a small lake.
On the other side of the lake rusty stains may be followed into the town-
ship of Lorne, and these have been traced for perhaps a mile beyond
Totten mine, but no ore bodies of any account have been found on this
extension.

The country rocks southwest of Worthington vary greatly, including
greenstone, greywacke, slate and quartzite; all of which occur as rounded
fragments or boulders along a narrow helt of shearing, with fine grained
norite and ore as a matrix. This offset has heen traced for fully four
miles in nearly a straight line, and represents one of the main zones of dis-
locatioun at the time the nickel eruptive reached its present position.

Except from the Worthington mine comparatively little ore has been
produced from this row of deposits. A few hundred tons have beeo
taken from the Totten mine and used for experimental purposes in two
plants west of Worthington station, one of which, on the steep hillside
north of the railway, was extensive, but neither process proved satis-
factory.

In addition to the ore bodies along the offset a number of small
outerops are known at various other points near by, and several of these
on the northern side of lots 5 and 6, con. III of Drury, were visited under
the guidance of Mr. Hermann, who gave much assistance also in looking
up the properties along the offset. There are about eight showings of
ore, small patches of pyrrhotite and chalecopyrite running roughly east
and west along a group of high hills of greenstone and greywacke with
some diorite. Some pits have been sunk in the ore, and in one case a
small shaft; but the amount of ore seen was not important.

Many other small outerops of pyrrhotite are known from the town-
ships of Lorne and Nairn to the southwest, and one might think of the
norite and ore of the offset as having been squeezed through a number of

25873—6%
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small channels among the dislocated blocks of country rock, channels too
nlarrow to allow any large quantity of the magma to accumulate at one
place. : 4

In a general way the direction of the offset corresponds to the strike
of the sedimentary and schistose rocks adjoining, and no doubt the plane
of fracture and faulting has been much influenced by the structures of the
rocks beneath. ’

THE CREAN HILL REGION.

Beyond the funnel-shaped southward bend of the norite edge at Vie-
toria mine the basic margin continues for about a mile northeastwards,
and then bends to the east to Crean Hill (or Krean Hill) mine on the'south’
half of lot 5, con. V of Denison township. Between the two points the
country rocks are greenstone, green schist and small amounts of intermixed
. quartzite. The norite is of the grey, coarse grained variety usual on the
southern range, and is sometimes pitted with spots where pyrrhotite has
weathered out, though no ore of importance is known along this part of the
basic edge. . , . : :

In lot 6 there is a group of high hills which deflect the Algoma Central
- railway to the south; but these fall away in lot 5 so that the railway sweeps
north near the western edge of the lot and then turns east to Crean Hill
mine, which is near the other side of the lot. The line in this part follows
the edge of the norite and continues in this relation for a few hundred yards
into'lot 4. .

The Creau Hill mine has the situation corresponding to a marginal
nickel deposit, and its western part conforms to the usual characteristics
of such deposits. Its southeastern end, however, has features suggesting
an offset deposit and presents some very interesting problems. According
to the classification of ore deposits given in a former chapter it is a “faulted
marginal deposit”. '

Approaching the deposit from the west one comes upon gossany sur- -
faces of norite against greenstone just beyond i small stream and ravine
to the north of the bend in the Algoma Central railway. Here a consider-
able amount of ore was obtained from an open pit in the early days of the
mine and near by is a quartz vein in which free gold was found in smali
amounts. Beyond this on the southward slopes of a hill sinking into
swampy ground, rusty greenstone and norite-with strippings and one fairly
large pit extend to the main workings of the mine on a separate gossan-
covered hill. For this distance, about 1,400 feet, the arrangement is that
of a normal marginal deposit. '

The eastern hill,where the important part of the mine is found, though
gossan-covered and with much ore, consists almost entirely of greenstone
and other country rocks; while the norite rising to the north of a small
ravine, though somewhat spotted with gossan, contains no ore. The
opening up of the mine in depth by the Canadian Copper Co. has provided
a solution of the puzzle, which with their kind permission will be given.

Though discovered fairly early in the history of the nickel region,
- before 1906 it was opened up only by stripping and the sinking of test pits.
In February of 1906 the first ore was shipped on sleighs to the “Soo’” line
and thence by rail to Copper Cliff, but soon after a branch railway was
built to connect it with the “Soo’ line three miles southwest. In 1910 the
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Algoma Central railway reached it from Creighton and gave a shorter
haul to Copper Cliff, when the branch to Victoria} Mines village was dis-
continued.
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Though the mine was worked first as open pits, not long afterward
underground levels were begun, and the shaft has now reached the 7th
level, about, 600 feet below the surface.
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The hill itself sinks on all sides with rather steep slopes to lower
ground, the top consisting mainly of greenstone and green schist with some
bauds of greywacke and quartzite, all broken into smsll or large blocks
and often rolled and mashed against.one another, with ore surrounding the
blocks.” Toward the uorth the crushing has been more complete than
toward the south, and northward there is a steep cliff facing a narrow ravine
- with a gentler slope of norite beyond. In the open pits only the green-
stones and the surrounding ore are disclosed, but in the rock dump spotted
norite is found also, showing that at greater depths this universal accompaii-
ment of ores in the region is not wanting. The norite.is found in place, as
shown by Mr. Bedford, at-various points on the 4th and 5th levels.

From the geological point of view, as well as from that of the miner,
one of the most interesting features of the mine is the occurrence or two
zones of. crushing about twenty feet apart, indicated by clay slips sloping
diagonally upward through the mine, where the rock has been ground into
small fragments mixed with clay. These clay slips begin in the shaft 35
feet below the 3rd level and after cutting that level reach the 2nd level,
toward the northeast side, rising at the rate of 23° 40’ in that direction.
The upper of these planes of slipping comes to the surface in the narrow
valley northeast of the gossan-covered hill; and the valley evidently shows
the Ime of weakness where this zone of crushing and slipping separates the
mixed greenstones of the hill from the norite sloping up towards the north.

The clay slips no doubt represent fault planes having an unusually low
angle with the horizon; and it is probable that the many examples of slips
and slickensides in other parts of the mine indicate less regular fault planes.
It is estimated that the horizontal throw of the fault is not less than 200
feet, and it may be very much more.

- When the greenstones and sediments making up the hill were thrust
bodily northwards over the edge of the norite there must have been tre-
mendous crushing and grinding among the blocks toward the lower part
where there was friction against the norite below; accounting for the
brecciated character of the hill. —

The presence of the slip planes referred to above caused great difficulty
and danger in mining operations because of looseness of the rock, until the
workings got below this zone of weakness. i

i Evidences. of the effects of the faulting process just mentioned are
found on the rock dump, where there are all gradations from fairly sound
and: fresh rocks to actinolite and talc representing materials completely
rearranged during the squeezing and shearing due to the thrust of the faults.
The shaft was still in greenstone at the 6th level and had not reached norite,
though this may be expected at greater depths. How deep the crushing
and faulting extends has not yet been determined.

Apparently the latest geological event recorded in the bed rocks of the
region was the welling up of a great dyke of diabase through all the other
rocks, along the southwest side of the hill containing the main ore body.
This dyke, 50 or 60 feet wide, and dipping 80° to the southwest, runs nearly
due southeast through the norite, jogs a little to the south at the open pit,
and pursues an irregular course beyond this. It came into position later
than the fault and seems to have been somewhat disturbed in its direction
by the confusion resulting from the faulting. '

ORES OF CREAN HILL MINE.
There is more variety in the minerals at Crean Hill mine than in most

nickel mines of the region, though pyrrhotite and chalcopyrite are more
cominon thaun other sulphides. The pyrrhotite is often in very platy forms,
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sometimes having cleavage surfaces an inch across; and the chalcopyrite
is present in much larger amounts than in any other large mine in the
region except the Copper Cliff. Pentlandite occurs in excellent specimens,
and a little gersdorffite has been found; but polydymite, so important at
Vermilion mine a mile to the southwest, seems wanting.

Among other metallic minerals marcasite is plentiful where water
could circulate, as near the clay slips; zinc blende occurs in smaller quan-
tities, and magnetite has turned up in large masses. As gangue minerals
quartz and calcite or ankerite are quite common; but often the ore is dis-
seminated among the blades of actinolite so characteristic of the sheared
zones between the less changed rock masses. Tourmaline occurs mixed
with ore in one specimen, and there has evidently been a large amount of
secondary action in this ore body.

Panning of the gossan at several points on the hill disclosed a few fine
particles of sperrylite and still fewer and finer colours of gold; but the mine
is much poorer in this respect than the Victoria or Vermilion mines to the
west and south.

The Crean Hill mine has been a larger producer of copper than of
nickel, reversing the proportions of the two metals at Creighton mine,
which are about 2 per cent of copper to 5 per cent of nickel. In 1907
Crean Hill ore averaged 4-84 per cent of copper and 2-35 per cent of
nickel. Since chalcopyrite contains 34 per cent of copper while the ordinary
sulphides of the region average only from 3 to 5 per cent of nickel, it 1s
evident that Crean Hill ore with the above amount of copper will
contain far more rock, and hence be leaner in appearance than that,
for instance, of the Creighton mine. It may be three-fourths rock and
yet run 5 per cent of copper and 2 per cent of nickel.

There is much less regularity in the distribution of the ore at Crean
Hill than at most of the mines of the region, and there are not many stopes
where more than a few feet of solid ore can be seen. Generally the copper
pyrites is more greatly mixed with rock matter than the pyrrhotite. and
fragments of various rocks may be enclosed in it, the ore forming a matrix
for angular or rounded pebbles and boulders of all sizes. In some stopes
well rounded masses of greenstone or hornblende porphyrite three or
four feet in diameter may be seen surrounded by narrow belts of sulphides,
often making the winning of the ore a serious problem, and rounded pebbles
completely encrusted with ore sometimes pazzle the rock pickers when
sorting the ore.

The common rule of the region that copper pyrites is present in largest
amounts near the country rock is speciuly well exemplified at Crean Hill
since rich masses of copper ore are found on all the levels in the angle
between the foot-wall and the barren rock to the southeast, as may be
seen from the diagram of the 4th level. The arrangement is roughly that
of a right angled triangle with rich copper ore at the apex, gradually passing
into pyrrhotite toward the hypothenuse of the triangle. The body of
rich ore dips about 60° to the east, so that in the lower levels it is 100 feet
or more e ist of the open pit where the ore body was first opened up. The
nickel ore is generally associated with norite, and the copper ore with
greenstones and other rocks; and the boundaries of the richer copper
ore are pretty well defined to the south and west, but the limits of the
nickel ore toward the north and east are much less definite, patches
extending to the northeist side of the hill as shown by the strippings.

Though the Crean Hill mine has many of the characters of an offset
deposit, it is of an unusual kind, since the movement of ore seems to have
been upwards from the underlying norite margin some hundreds or perhaps
thousands of feet below, instead of outwards from the basic edge of the
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norite. In the offset deposits thus far described the norite and ore pushed
laterally or downwards through irregular fissures leading off from bay-

like projections of the norite into the country rock. Here there is scavcely
any visible bay of the norite though there probably is one underground,
and the ore ascended to its present position, at least in the upper parts
of the miue, unaccompanied by norite,-the only instance of the kind known.

Whether it came up molten into the fissures between the blocks or was
carried upwards later by hot circulating waters is not certain, but that

water played a large part is shown by the presence of quartz and carbonates

and of hydrous secondeuy minerals like. talc.

As a general rule in offset deposits the longer and more difficult the

route followed by the ore in reaching its.final position the larger the per-
centage of copper, since chalcopyrite seems more easily transported than
pyrrhotite. Here the distance upwards was probably not very long,
but heated waters ascending from the basic edge of the norite below may-
* have effected an unusua.lly complete separation of the copper from the
nickel ore. If this is the case one might expect the percentage of nickel
to copper in-the ore to increase with depth until at length ore rich in nickel
as in ordinary marginal deposits is reached. Down to the 6th level, how-
ever, there is little indication of such a -change.

' Up to July 1909 Crean Hill had produced more than 250, 000 tons
of ore and in 1910 it added 89,211 tons, so that it must be coualdeled
one of the great mines of the 1‘egion. A large part of the copper produced
in Ontario, as shown in the statistics of the Bureau of Mines of recent
years, must-have come from this mine, which has supplied probably 15,000
tons of metal. Of late the proportion of copper to nickel and also the
grade of the ore have been falling off somewhat, since in 1909 the per-
centage of copper was 397 and of nickel 2-30. : v

FROM CREAN HILL TO GERTRUDE MINE.

Beyond Crean IHill the margin of the eruptive remains gossany for
some distance and turns northeast, with quartzite as a country rock to
- the south. About two-thirds of the way across lot 4 it twrns southeast
and at its edge or in the quartzite close by patches of gossan and ore occur,
the occasion for several small test pits in. the latter rock to the north of
the railway. About on the line between lots 4 and 3, midway in con. V,
the .basic edge crosses the railway southeastwards and is then concealed
for nearly half a mile by a muskeg. Rising above the swamp toward
the cast as one follows the railway, norite spotted with ore is encountered
and about a sixth of a mile south gossan-covered hills can be seen.

The highest hill represents a turning point in the basic edge, having
greenstone to the south and granite to the east, the latter enclosing a small
lake 200 yards from the slope of the hill. This lake is cut nearly midway
by the line between lots 2 and 1 toward the south side of com. V. A -
considerable amount of-stripping has-been done on the hills and apparently
there is a respectable volume of ore, but it is said to be low: grade, and
therefore has not been developed by its [owWners, the Canadian Copper
Company.

From this point the boundary of the norlte turns northeast with granite
as country rock, and no evidence of ore is to be seen for some distance,
but in lot 1 of Denison, 400 yards northeast of a sharp southward bend
of the railway, gossan surfaces occur and continue eastwards for about
400 yards, passing into lot 12 of Graham township, where some work was
done years ago by Mr. Wm. McVittie.
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Beyond this the margin of the norite runs somewhat north of east
to the low drift-covered ground near Vermilion river and no ore nor gossan
was observed along this part of its course. The granite to the south
becomes coarse and red and markedly porphyritic as one approaches the
river, dewnd is probably older than the norite, though this is not positively

roved.
P Crossing the Vermilion, granite and swamp extend about 650 paces
north of the railway before coarse grey norite of the normal type is found,
and along this part of the margin a few spots of gossan occur but no con-
tinuous areas. The boundary has minor irregularities but runs on the
whole nearly straight to the northeast corner of lot §, in concession VI
of Graham township, when it passes into Creighton township, still follow-
ing about the same course of 60° east of north. The rocks to the south-
east consist of greenstone much cut up by dykes and masses of red granite.

GERTRUDE MINE,

At a small creek on lot 5, con. I of Creighton township the first sug-
gestion of the Gertrude ore bodies shows itself in a small tunnel run into
the side of the valley. The norite varies from coarse to fine grained, form-
ing an irregular mixture, and the ore lies against greenstone and pene-
trates fissures in the latter rock. From this point eastward there is more
or less gossan along the norite edge until the main shaft isreached, about
on the line between lots 4 and 3, and less than a quarter of a mile north
of the boundary of Creighton township.

There are three shafts and several open pits along this line of gossan
which extends from west to east for about three-fifths of a mile, and the
diamond drill shows that at least one other deposit exists to the north of
the main shaft, where in a drill hole reaching a depth of 120 feet, 15 feet of
mixed ore and 20 feet of solid ore were found with a dip of from 55° to 67°
to the north. The relationships of the two ore bodies are probably due to
faulting.

South of the nickel-bearing norite at Gertrude one encounters for the
first time a narrow fringe of older, finer grained and more basic norite,
apparently an carlier eruption from the same magma, which reached the
surface as lava streams instead of cooling at great depths. Henceforth
this is found from point to point along the southern range, often in the
neighbourhood of important ore bodies, and seems to have opened up the
way for the more important laccolithic sheet which brought the ore; though
the earlier norite itself seems devoid of ore. Still farther to the south
there are hills of greenstone much cut by granite, and in less than a mile
granite becomes the predominant rock.

The Gertrude mine was purchased by the Lake Superior Power Co.
of Sault Ste. Marie in 1899, and two shafts were sunk, one to the depth ot
120 feet and the other to 80. In the spring of 1901 the Manitoulin and
North Shore railway, now generally called the Algoma Central railway,
reached the mine, making further development possible, so that roast
beds could be arranged and a smelter erected, and ore from the Elsie mine,
some miles farther to the east, was treated along with that from Gertrude.
After a few months run the mine and smelter closed down in 1902, and in
the following year the parent company collapsed for the time, putting a
final stop tc operations at Gertrude!. Some of the buildings in the village
have been burned, but several of them, including the smelter, are still

1G.8.C., Vol. XIV, pp. 39-40.
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standing. It is said that the Gertrude ore was very rich in nickel, some of
it containing over 6 per cent of that metal and less than 1.of copper.

Just east of the line between lots 3 and 2 the edge of the norite turns
north, and then curves easc and southeast toward a small lake at the west
end of the Creighton hill. Where the northward bend takes place there is
a small offset to the south on which some ore has been disclosed by stripping, .
but along the bend to the nerth no ore and little gossan are o be seen.
The rock filling the space to the south of the bend is mainly a fine grained

variety of the “older norite” mixed with greenstone, but there ‘are also
- some granite and re-crystallised arkose.

Near the small lake from which the water supply of Creighton is
pumped the swroundings ave mostly swamp, though weathered norite
crops up at one place, and at another northeast of the lake it is seen in
contact with gneissoid rocks dipping under the swamp. '

THE CREIGHTON MINE.

Soon after the morite margin turns eastwards a rusty slope of hill
rises northeast of the small lake, the beginning of the Creighton outcrop of
gossan and ore. The steep hill slopes southeast and becomes more com-
pletely gossan-covered as one advances toward the mine itself. Beyond
the great open pit of the mine the boundary of the norite turns sharply
a little west of north for half a mile, and then bends off to the northeast.

A glance at the map shows an unusual combinatioun of circumstances.
The mexel eruptive is here about at its widest, stretching for 43 miles
northwest of the mine, and the mine occupies the best defined bay of the
norite, without an outlet into an offset, along the whole southern nickel

range. This bay lies between the two largest offsets, those of Victoria mine
and of Copper Cliff, and is nearer to the larger of the two, Copper Cliff.

We have here all the conditions for a great body of orve, and find as a
result the greatest nickel mine in the Sudbury region or in the world.
_ The great thickness of molten magma provided a large amount of sulphides,
and the deep and wide mouthed depression in the country rock furnished
a capaclous basin into which the ore. could settle; while no important
fissure in the rocks beneath gave an exit for the melted orve.

The Creighton mine is properly. regarded as the typical marginal
deposit. The mine is near the west side of lot 10, con: I of the township
of Snider, but the band of gossan and pr obably the ore beneath extend into
lot 1 of concession I of Creighton, giving some justification for the
name. The mine is about 1midway between the “Soo’” branch and the main
line of the Canadian Pagcific railway, but is separated from both by rugged,
hilly country, so that its only outlets are by the Algoma Central railway,
running eleven miles east to Sudbury, or by a wagon road eight miles long
to Copper Cliff. The ore is shipped by the Algoma Central to Clarabelle
Junction, from which it goes south to the roast beds or the smelter at
Copper CLff. : .

. The Creighton, though the earliest found of the nickel deposits, was
one of the latest to be developed, owing to its inaccessibility before the

railway reached it. It became the property of the Canadian Copper Co.
in 1890, but it was ten years later before it was so far opened up as to ship -
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it begins to show the round rusty spots indicating blebs of ore, and these
increase as the ore body is approached, though not in a very regular way:
Near the edge of the steep slope of the hill towards the low ground with
its swamps and pond where the great pit was opened, there is a marked -
tendency for the .gossan to occur in several bands parallel to the brow of
the hill; as if there were irregular sheets of the rock heavily charged and
others less heavily charged with ore blebs.

Near the open pit in earlier days the gossan was thick and continuous
except where drift’ deposits covered the rock. When -the somewhat
sandy boulder clay was being removed north of.the pit in 1904 beautifully
polished and striated surfaces of perfectly fresh pyrrhotite were exposed,
but these have now been all mined away. The large pit while being opened .
presented a wall of almost pure sulphides 60 feet high on the north side, -
a most Impressive spectacle when the sun shone upon it. -

This great outcrop of ore came sharply against a foot-wall of coarse
granitoid gneiss to-the northeast and southeast, and a huge block of the
same rock was enclosed in ore and pyrrhotite norite on the northeast side
of the deposit, probably having slipped in while the materials were still
molten, unless it reached its place by faulting at a later time.

Through the granitoid gneiss, the ore and the norite, impartially, a
number of diabase dykes made their way at a later time, when all was
cold and solid. The diabase, which is beautifully fresh and often por-
phyritic, cooled very rapidly against the ore, causing a glassy selvage, but
less rapidly against gneiss and norite, showing that the solid ore was a
better conductor than the rock. The dykes were from a foot or two to
twenty feet wide, but often sent off apophyses only a few inches in width,
and occasionally curious wen-like or boulder-like projections extended into
the ore, having the same chilled surface as the dyke they were attached to.
Most of these dykes have now been removed in mining operations. In
one case two intersecting dykes completely walled off a large body of ore
fr0ﬁa the main- deposit, but this was obtained by breaking through the
walls.

Within the past year or two a large northeast and southwest dyke,-
formerly hidden by gossan, has been encountered on the north side of the
much enlarged open pit. Mr. Hambly, the manager of the mine, states
that it descends vertically to the 4th level, and then bends off at an angle
of 45° or 50° toward the north. o

This tangle of dykes cutting the ore body might be expected to influence
it in some way, but there is no evidence to show that this was the case
"beyond a small amount of faulting and readjustment at the time the dykes
made their way in. There seem to be far fewer dykes at other points,
perhaps because the angle between the two walls of country rock and the
great sheet of ore provided a region of weakness more ecasily fractured
than others.

The general arrangement of norite merging into ore to the southeast,
enclosed on two sides by granitoid gneiss, and ¢ut by a tangle of later
diabase dykes, was readily observed during the earliest study of the mine,
and seemed fairly simple;* but during later years as the surroundings
were opened up and mining and diamond drilling progressed, the arrange-
n%en};i has been found to be somewhat more complex than was believed
h 1st. '

The norite near the ore body contains large bands or blocks of fine
grained greenstone and green schist, one which was pierced by the diamond

1Bur. Mines, Ont., Vol. XIV, part III, pp. 33-34.
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drill having a thickness of 500 feet; and the granitoid gneiss varies in
character from granite to syenite or diorite, all cut by later granite redder
in colour and finer grained. Part of the foot-wall of the ore consists of a
dark green, fine grained rock, which turns out to be ‘“older norite”, and
must have reached its place and become solid long before the ore arrived.
This may be seen at one place on the 1lst level near No. 1 shaft house,
and the ore encloses blocks of this older norite and of the granitoid rocks
to a considerable extent near the foot-wall and penetrates the rock beneath
as narrow veinlets.

On the hill southeast of the mine the older rocks are found to be tre-
mendously crushed and mixed up, the coarse flesh coloured gneiss being mixed
with masses of greenstone and cut by finer grained syenite or gneiss. There
was clearly some faulting and much readjustment among the underlying
rocks when the ore and norite pushed their way outward from the centre
of eruption toward the edges; but no channel of escape seems to have
been opened for the floods of molten materials to distribute themselves
along an offset.

THE CREIGHTON ORE BODY. -

The minerals of the Creighton ore body are few in number and monot-
onous in character, including as important constituents only pyrrhotite,
pentlandite, and chalcopyrite, pyrrhotite making the bulk of the ore with
the other two minerals disseminated through it. On fresh surfaces the
pentlandite so much resembles pyrrhotite in colour as to be easily over-
looked, while the greenish yellow of the chalcopyrite is readily spotted,
but in reality, pentlandite makes up about 15 per cent of the ore and
chalcopyrite only 6 per cent. A small amount of magnetite as tiny
octahedra rounded on the edges occurs also, and there are everywhere,
even in the purest sulphides, particles or crystals of the rock-forming
minerals of the norite, especially plagioclase and the pyroxenes. In
addition there are insignificant amounts of later, water-borne minerals,
galena, pyrite, quartz, and carbonates.

Beside distinct minerals there are always smaller or larger fragments
of rock, granite or older norite from the foot-wall or portions of spotted
norite from the parent rock in the ore; and near the foot-wall a trifling
amount of graphic granite has been found, due to the interaction of norite
and granite, and, as a rarety, fluorite. The copper pyrites is present in
largest amounts against the foot-wall and as small seams penetrating the
country rock, and sometimes considerable masses of it are found in this
position.

The ores, like the norite, grow finer grained against the foot-wall and
evidently cooled in their present position; and it is important to note in
this connexion that perfectly fresh norite, the freshestin the neighbourhood,
is found in the open pit beside the ore and spotted with blebs of ore. There
has, however, been a little secondary rearrangement by water as shown
by the water-borne minerals mentioned above and by the films of chalcopy-
rite, and less often pyrrhotite, in tiny fissures in the diabase dykes. These
sulphides must have migrated into the minute fissures after the dykes
had cooled and shrunken a little.

The Creighton ore up to September, 1910, contained on the average
5-08 per cent of nickel and 1-63 of copper with a total for the two metals of
671 per cent, making it the richest of the large mines with the exception
of Copper Cliff. Crean Hill ore approaches it, but with the proportions
of the two metals about reversed. It is also the richest in sulphides of all

25873—7%
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the large mines, or, in other words, contains less rock matter than the others,
75 or 80 per cent of the ore being sulphides. It has shown a slight falling
off in grade since the earlier years, since more rock is now included with
the ore, but the sulphides seem to be.very uniform in their average
contents of nickel and copper. In 1891 when the open pit was begun and
almost pure sulphides were mined the percentages were nickel 5-11 and
copper 2-19.

If 25.per cent of rock mattér be deducted from the ore, the sulphldes'
contain the three metals in about the: followmg proportions:—

Fe—56-44
* Ni— 677
Cu— 2-17

and the sulphides are present to the extent of about 80 per cent pyrrhotite,
20 per cent pentlandite, and less than 10 per cent chalcopyrite.

GENERAL SHAPE OF THE ORE BODY

Like other mar ‘ginal nickel deposits the Cr elghton ore body is unsym-
metuical, having quite different features on the foot-wall from those of the
hanging "wall. It is not a vein deposit nor a replacement, and though it
occurs between two different rocks, norite and granitoid gueiss, it is not a
coutact deposit in the ordimary semse.

On the surface the ore body appeared as a somewhat pear-shaped
mass with its broad end toward the northeast. The present opeun pit has
a length of 570 feet from mortheast to southwest and a greatest breadth
along' the plane of No. 1 shaft, of 355 feet, with an average breadth of
about 300 feet. Deducting the pmt of the hfmgmg wall 1emoved in mining
operations, the original surface of the ore body must have had about two-
thirds of these "dimensions, about 380 by 240 feet. Allowing for the
dip ‘of the ore body, the width of 240 feet means a thickness of -about 180
feet. The pear-shaped cross section shiown.by the present open pit does
not, however, give a very correct idea of the shape or area of the ore body
as it appeared in the edrly workings. The pit down to the 1st and 2nd
levels shows a somewhat rregular but quite definite foot-wall of granite
with & dip of 42° to the west, while the hanging wall was indefinite, belng
simply the limit where the mlxtule of ore and norite proved too low in
grade to mine profitably. In the lower levels the dip of the foot-wall has
changed to about 34° and the thickness of ore has diminished to about
50 or 60 feet. Below the mine.workings the only means of determining
the inclination of the foot-wall and ore body are several diamond duill
holes, reaching a depth in omne case of 672 feet. These data indicate
that the dip of the deposit flattens to about 32°, and that the thickness
diminishes somewhat, varying from 36 to 52 feet, while the diamond drill
work has proved that the ore extends at least 1250 feet in a nearly west~
ward direction. It appears that the ore body thins rapidly in the upper
part,-and then remains of nearly the same thickness so far as it has been
followed by the drill, while the width seems to be increasing at greater
depths. It is of interest to find that a new ore body of considerable dimen-
sions has recently been opened up by mining operations at a short distance
southwest of the main workings, showing that some deposits have not
reached the surface at all.

Since its diminution at the bottom of the open pit, the Creighton
deposit has continued so uniformly anc regularly, as shown by mining
and the d’'amond drill, that one naturally expects it to extend far beyond
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the present known limits, and theoretically there is no reason why it should
not go on indefinitely so long as the furrow in the country rock in which it
collected continues.

Mr. McCaulley of the engineers department at Copper Cliff makes
the interesting suggestion that the remarkable thickening of the ore body
at the surface represents a sort of spilling over of the molten ore. It is
probable, however, that the ore once extended much higher than the present
surface of the country, and that many millions of tons of it have been
removed during the ages that have elapsed since weathering removed
the edge of the nickel eruptive.

The Creighton has of late years been by far the most productive
nickel mine in the world, with its annual output of more than 200,000
tons of ore containing on the average 4-68 per cent of nickel and 1-65 of
copper. The total production up to the end of 1910 was 2,088,531 tons,
and mining at the regular rate has gone on steadily since that time. The
annual production of nickel from this mine has probably surpassed that of
all the other nickel mines in the world.

In the month of July, 1909, 32,348 tons of ore were raised, and the
cost of production was only 34'4 cents per ton, the output per man
employed at the mine being 6% tons. There are probably few mines that
surpass these results for economy of labour and costs.

The Creighton was worked first as an open pit, No. 1 shaft being
sunk later on an incline of 59° in the country rock to the southeast to
handle the ore. The second and third levels were presently opened up
to the first, and the fourth is now opened to the bottom of the pit, which
is about 260 feet deep. In order to keep pace with the required output -
No. 2 shaft was sunk 330 feet to the southwest on an incline of 47°, and
most of the third level and the parts below it require underground work,
owing to the dip of the ore body mentioned above.

NORTH STAR MINI.

The basic edge of the norite, after turning a little west of north beyond
the Creighton open pit, bends northeastward for a mile and a half through
swamps and low ground before reaching the North Star mine in the south
half of lot 9, con. III, Snider township. The rock to the southeast is
mainly coarse granite or syenite, flesh red to grey in colour, and often por-
phyritic and gneissoid, though there are patches of greenstone, and as
one approaches the mine there is some crush conglomerate including
blocks of greenstone and an irregular strip of ““older norite’’ like that found
near Gertrude and Creighton. The edge of the norite becomes rustier
as the structures of the mine come into view. The coarse granitic rocks
are older than the norite, since the latter grows finer grained against them,
but a dyke of fine grained granite a foot wide can be followed for some
distance through the norite, showing that there were later granite erup-
tions.

The North Star mine was opened in 1902 by the Mond Company,
first as a narrow open pit, and later (in 1904) by a shaft 170 feet deep.
The deposit has a dip of 75° or 80° toward the northwest, the steepest
known in the marginal mines of the region. As reported by Mr. Corliss,
then in charge of the mine, the ore is fairly solid and sharply defined against
the steep foot-wall, though it contains rounded boulders and angular
masses of granite and greenstone; but toward the norite it fades out in
the usual way. Asthefoot-wall is unusually clean cut, and is slickensided,
it may be that the steep dip is due to faulting.
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The North Star ore when free from rock matter is unusually rich,
and it is worthy of note that the great Creighton mine with its rich ore
is flanked on each side by smaller deposits, the Gertrude and the North
Star, having ore of similar grade; the smaller deposits occupying only
slight embayments-of the norite edge, while the great ore body was accu-
mulated in a deep depression of the norite into the Archaean substratum.

The North Star which had not been worked for some time, has been
reopened in 1912 by the Mond Company. .

For a mile beyond North Star the branch and the méin line of the
-railway follow approximately the norite edge, which runs northeastwards
and is more or less rusty but shows no ore bodies. The rock to the south
is mainly granite, though there are patches of greenstone mixed with it.
In lot 8, con. ITI of Snider township the edge of the norite goes south
of the railway and turns to the east; and after a drift-covered stretch ore
shows on a hillside of granite, in lot 7. .Upon this a test pit was sunk
years ago, and apparently abandoned, since it was restaked in 1911 by
Messrs. Kirby Thomas and H. L. Czupentel Not far beyond this a large

pateh of granite is included in the norite, near its edge; and the country ~
is much more hilly than between Creighton and North Star.

Inlot 6, con. III the basic edge once more turns northeast and the
amount of. gleenstone in the country rock surpasses that of the granite.
At the shallow bay where the northeastward bend occurs thiere are several
small outcrops of ore on which test pits have been sunk, and a little “older

“norite” occurs just to the southeast. :

The edge now turns nearly east for half a mile, and not far from the
line between lots 6 and 5, but probably within the latter lot, there is another
northeastward bend w1Lh a small. outmop of ore on whlch test pits have
been sunk.

From this point to a small lake near the southern end of’ lot 5, con.
IV, the northeast trend of the norite margin continues, with gleenstone
as country rock, and no ore in sight. Beyond the lake the niargin follows
the same direction, crossing.the railway and reaching its most northern -
point nearly on the line between lots 4 and 3, and about a quarter of a

. mile south of con. V o' the township of Snider.. The boundary then
turns southeast, crosses the railway in a swamp near mile 5, bends east-
~wzlud for a short distance, and then south and southeast toward Clarabelle
lake A
At its northern point this promontory of granite and gneiss is less
than 2% miles from the acid edge of the nickel eruptive, whichisherenarrower
than anywhele else on the southern range, except near Whitson lake,
some miles to the northeast. The almost complete absence of ore or
gossan along this part of the basi¢ edge conforms to the rule observed
elsewhere. The norite is coarse textured but grows finer grained towards
the edge, where it is more or less mixed with fragments of the country
~ rock, mostly coarse porphyritic granite or granitoid gneiss, so that it is
~ evidently the later rock of the two. The granitoid gneiss rises as a group of
steep hills in the re-entrant angle of the norite edge, but occasionally at
the very edge, the norite forms a hilltop with the granite dipping under it,
relations which are well seen near a small lake south of the railway oun
the line between lots 2 and 3, con. IV of Snider.  Southeast-of- this pond
the basic edge may be looked on as merging into the Copper Cliff offset.
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THE COPPER CLIFF OFFSET,

The basic edge of the norite curves southeast from the ha ren region
just described, and by walking half a mile eastward along the railway
and just to the south of Pump lake one reaches the other side of the norite
of the offset, which half encloses a small area of red granite, sending a
tongue northeast from the Lady Violet mine. From this mine the margin
runs south to No. 6 or Clarabelle mine, close to the north side of the lake
of the same name, where the offset is only about 600 feet wide; but just
to the southeast it expands again to a width of nearly half a mile, then
narrows rapidly once more towards Lady Macdonald lake, where it is
not more than 100 feet wide. It sinks beneath theshallow lake, reappears
at the east end of Nickel island, is covered by water again for about 1000
feet, and then runs somewhat east of south for half a mile as a narrow
irregular band to No. 2 mine.

A gap of about 1500 feet follows in which only drift and a few out-
crops of greenstone and greywacke can be seen, after which a small patch
of rusty norite appears near a small creek; and then, about 200 feet farther
south, the rusty hill of Copper Cliff rises sharply from the drift, runs
southward for 400 feet and then bends to the southeast.at the mine itself.
A wide drift-filled valley separates this mine from the next outcrop 2000
feet to the southwest, after which the rusty norite rises upon a hillside
and may be followed with few interruptions for 1900 feet, in a direction
somewhat west of south. The southern end of the outcrop sinks beneath
bog and old lake deposits once more for 4000 feet, when a low hill of norite
mixed with other rocks and gossan-covered, rises at Evans mine, some
distance south of the ‘““Soo’ railway. Beyond this point no outcrops
of the nickel-bearing norite are known.

As the Copper Cliff offset is much the most important known on the
circumference ot the laccolithic sheet, as far as amount and grade of ore
are concerned, it is desirable to describe its features in detail.

From the account just given it will be seen that the band of norite-
micropegmatite is almost at its greatest breadth to the north of the offset,
where it gradually curves outward on both sides to form a funnel, a mile
wide at the beginning, but narrowing to about 600 feet at Clarabelle lake,
then widening and sending a prong to the northeast, before finally shrinking
to a width of about 100 feet at Lady Macdonald lake. Beyond this it is
seldom more than 200 feet in width and in several places is interrupted, so
far as one can see at the surface, by stretches of country rock showing no
trace of norite or ore.

It will be noted from the map that after it narrows up the norite of the
offset springs from point to point in. what seems an erratic manner. The
band runs pretty continuously to No. 2 mine, but is next found quite to
the west of its former direction, at Copper Cliff mine, and still farther to
the west at No. 1 mine. The apparent gaps in the continuity may not be
so extensive as they seem, since there may he connecting links beneath the
drift, but in some cases the breaks are certainly real, the country rock which
interrupts the offset being well exposed. In such cases one naturally
supposes underground channels of connexion, though it is possible that
the conduit was through overlying rocks, afterwards denuded away. Pro-
bably several thousand feet have been removed from the region since
Cambrian times when the norite is supposed to have reached its present
position.

The length of the offset, measuring from the beginning of the narrow
portion at Lady Macdonald lake, is 14,400 feet, of which less than 5,000
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feet can be followed on the surface, but perhaps much more is concealed
" under the lake or the drift deposits. Wherever the band of norite can be
followed it is heavily charged with ore. If the offset is assumed to begin
where the funnel narrows toward the southeast its length is increased by
fully a mile, amounting to nearly four miles in all. :

ORE'DEPOSITS TO THE NORTHWEST OF LADY MACDONALD LAKE.

On the southwestern side of the funnel where the norite. rises against
the granitoid gneiss referred to before, ore and gossan seem to be absent;
but on the eastern side two ore bodies have been more or less opened up,
and there is a large amount of gossan. The difference may be due to the
marked widening of the eruptive toward the northeast as compared with
the southwest. The first ore body is encountered at Lady Violet mine, to
the south of Pump lake in the north half of lot 1, con. III, wherein early
days the Vivians of Swansea opened two pits at the contact of the norite
with greenstone. The deposit is marginal, with coarse. glalned norite to
the west and no suggestions of offsét relationships.

Half a mile to the south near the north shore of Clarabelle lake there is
another large extent of gossan with two pits, called the Clarabelle, or No.
6 mine. T'or the distance between the two mines granite forms the countl'y
rock in the main, but the gossan-covered hill at Clarabelle is of shattered
greenstone merging into-chloritic and hornblendic schists. The rock dump,
in addition to spotted norite and phases of the country rocks, contains
quartz,. calcite, dolomite, and actinolite in blades several inches long, indi-
cating considerable secondary action by circulating waters.

During mining operations a mass of about five tons of magnetite was
found completely enclosed in the ore at Clarabelle, the magnétite being
slightly mixed with sulphides and green silicates, and seeming to be closely
related to the regular ores, oxygen replacing sulphur.

Clarabelle mine was for.a time connected by rail with Copper Chﬁ
and supplied 4,000 tons of ore containing about 2 per cent of nlckel and
1-68 of copper; but for some years it lias not been worked, and‘the rails
have been 1e1noved and the mine dismantled. Much of the 11011“56 to the
southwest of Clarabelle is very rusty, suggestmg that more ore may be
found when needed.

© At the southwestern contact the norite meets granitoid gneiss nearly
- vertically and grows finer at the edge and is more or less mingled with the
granite, penetrating all the fissures in the older rock.

The contact along the railway to the southeast of Clarabelle mine shows

patchy norite containing many fragments of a finer grained older norite
and of greenstone or green schist, the neighbouring rocks.. Beyond this it
bends northeast on a steep hill rising about 100 feet above the lake. The
hilltop is partly of brecciated rusty greenstone, and on its southward slope
beside a tongue of norite theré are the large open pits and workings of No. ..
4 mine. The size of the workings indicates an oré body of considerable
- dimensions; and years ago the mine supplied 43,500 tons of fair ore con-
taining 3 per cent of nickel and 1-25 per cent of copper, about the normal
ratio for a marginal mine. No. 4 is a quarter of a mile east of Clarabelle
mine at a point where the offset has widened to ‘mbout half a-mile from.
northeast to southwest.

On the south side of this expansion of norite there is mainly coarse,
porphyritic granitoid gneiss of the Laurentian type; but to the west near
© Clarabelle lake the granite is intimately mixed with greenstone, and is
clearly the later rock. Toward the north there are rugged hills consisting;
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of a mixture of rocks, ineluding hornblende porphyrite with large cleavages
of the mineral, hornblende schist, diorite, and portions of a sedimentary
rock, greywacke or quartzite all greatly disturbed. It appears that this
large bay of norite pushed itself wedge-like along the contact between the
granite and the greenstone, which was evidently a zone of weakness.

Where the offset narrows to a point om the northwest shore of Lady
Macdonald lake another ore deposit oceurs named Lady Maedonald or No.
5 mine, the first of the series of mines on the Copper Cliff offset to be worked.
The development consists mainly of an open pit elose to the lake at the mar-
gin of the norite against a erush breceia of greenstones and granitoid gneiss.
The norite and ore at this mine seem to be cut by a later dyke of pegmafite,
but the exposure is not satisfactory emough to make this quite certain.
The rock dump contains fragments of pegmatite, hornblende porphyrite,
hornblende schist and arkose, and a few scales of graphite were found in
one mass of gneissoid rock. The mine was at one time connected by a
switeh with the railway from No. 4 to Copper Cliff, and is reported to have
supplied 8,000 tons of ore of moderate grade, containing 2-83 per cent of
nickel and 1-06 of copper.

The proportions of the two metals are those commonly found in mar-
ginal mines, so that one may assume that the four deposits thus far described
belong to the marginal type and therefore that the offset proper begins to
the south of this point. Just why all the ore should he on the east side of
the bay of norite is not apparent.

THE COPPER CLIFF OFFSET TO NO. 2 MINE.

Lady Macdonald lake has been dammed to provide a water supply,
and so hides the relations of the rocks to some extent; but a small island
in the northern part of the lake shows gossan-covered norite in contact with
granite to the southwest; while rusty norite rises above a bay to the south-
east with a width of about 100 feet, broadening to 180 feet a little to the
south. Tor the first 450 feet the band of norite lies between green schist
interbanded with greywacke to the east and coarse granitoid gneiss to the
west; but from this point on it has both walls of gneiss until No. 2 mine is
reached, where greenstone touches it once more.

The whole surface of the band of norite is either pitted with rusty
spots where ore has weathered out or covered with gossan, and a succession
of open pits, now filled with water, show where small bodies of ore were
mined and taken by a short tramway to the rockhouse of No. 2 mine.

The norite here is fine grained and of the offset variety, and it grows
still finer grained against the granitoid gneiss, showing its later age. At
one point, however, about midway between the bay and the open pit of
No. 2, a granite dyke 10 feet wide runs diagonally across the norite, so that
there were granites of two ages, one older and the other younger than the
norite. The later granite is grey and much finer grained than the other.
The granitoid gneiss beside the norite has been greatly crushed and sheared
and often forms a giant breccia in which the schistose strueture is differently
oriented in different blocks, while the matrix between the blocks is fine
grained and appears to be merely ground up granite of the same kind as
the blocks.

Just north of the open pit of No. 2 mine a sheet of drift covers the band
of norite and the relations are obscured, but a dyke of greatly weathered
diabase about 30 feet wide seems to cut it from east to west.
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The large open pit of the mine occupies nearly the whole width of the
offset, showing that ore accumulated here, near the end of a straight band
of norite, in much larger amounts than at points with an unobstructed flow
from the funnel to the northwest. There is only a small amount of norite
spotted with ore left between the pit and the granitoid gneiss.

The pit is about 230 feet long, following the direction of the offset, and
about half as broad, but it is not quite oval in shape, since a projection of
norite bulges out from the southwest side. The pit is 278 feet deep, and
lower down the ridge of norite dies out, the pipe of ore grows more regular
in form, and there are underground levels reaching a depth of about 400
feet.

The ore of No. 2 encloses a good many fragments and rounded masses
of rock and is of moderate grade, containing 2-70 per cent of nickel and
1-94 of copper, the proportions of the metals being of the offset type,
showing more copper than would be found in a marginal deposit.

No. 2 mine was opened in 1898 and produced ore till 1903, when the
large output from Creighton mine made it unnecessary to work mines
lower in grade of ore, and it was closed down. It is one of the great mines
of the region, having furnished 399,000 tons of fair ore during the time it
was operated. The mine still contains large amounts of ore, and to meet
the increased demand for nickel the Canadian Copper Company began to
work it once more in 1911.

COPPER CLITF MINE.

The small steep hill covered with gossan rising in the midst of the
town of Copper Cliff from a wide flat of stratified clay immediately attracts
attention, and it is not surprising that so striking a feature was early dis-
covered even in what was then a thickly wooded region. Though not the
first nickel deposit found it was the first to be mined on a large scale, and
except the Creighton, which was opened up much later, it has been the most
important mine in the Sudbury distriet. It is situated near the north—
west corner of lot 12, con. IT of McKim township, close to the boundary
of Snider township.

The Copper Cliff hill or ridge rises about 400 yards to the westward of
the normal extension of the norite band running from Lady Maecdonald
lake to No. 2; but the trend of the ridge is nearly parallel to its extension.
It may be that in a region of so much disturbance they have been separated
by faulting on a large scale, so that a great block including the mine has
been shifted for a quarter of a mile in a direction a few degrees west of
south. It is perhaps more probable, however, that some subterranean
channel really connects the norite and ore of the two mines.

The hill of rusty norite 600 feet long and 200 feet wide is enclosed on
three sides by drift, but on the east joins a higher hill of sedimentary rock,
greywacke conglomerate toward the north and arkose toward the south,
both much fractured by the faulting and erushing which prepared the way
for the advent of the norite and ore.

The arkose, which is fine grained and flesh coloured, has been so much
recrystallized as to look like an eruptive rock, and consequently was at
first taken for syenite or felsite; but its relation to undoubted sediments
prove that it too is sedimentary. Two small dykes of diabase cut the
spotted norite of the hill, and in the arkose just to the east there are two
dykes of reddish, grey, medium grained granite, six or eight feet wide, which
cannot be traced far owing to the gossan covering of the norite contact.
The granite of the dykes is like that of the dyke north of No. 2 mine.
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On the rock dump southeast of the mive examples of all of these rocks
aay be found, and in addition diabase from & dyke, black and fine grained
and sometimes twenty-five feet wide, which was followed from the 3rd to
the 13th level during mining operations. Diamond drill cores from below

-the 13th level show spotted norite and ore, diabase, and a dyke of mediumn
grained biotite granite like that cutting the arkose. Beside these rocks,
which. appear in characteristic forms at the surface, the dump discloses
‘blocks of norite passing into red granite and also forming coarse varieties
~with large grey cleavage surfaces of plagioclose and coarse grained masses

+ -of biotite and hornblende, apparently segregation products of a pegmatitic

-character. Some of the blocks might be described as anorthosite, when the
‘plagioclase is almost unmixed with darker minerals. - While no examples
-of such differentiation are known from the surface of the offset, very similar
:occurrences may be seen at-Elsie and Murray mines to the north. There
1s no evidence that either the dykes or the differentiation products have any
special relationship to the ore and the. dykes weré certainly much later in
.age. - o o L )

In addition.to the pyrrhotite and chalcopyrite of the ore, several other
‘minerals are found on the dump, such as quartz and calcite or ankerite;
and along one side of the dyke followed by the mine workings there was a
seam of quartz with some ore, and on theother amarginof calcite. Evidently
‘the contact of the'dyke with the norite provided fissures in which water

-could circulate depositing secondary. minerals such as quartz, carbonates -
.and galeria, but these deposits were formed long after the ore had reached -

its position in company with the parent norite magma. The  circulating
- waters, so far as the evidence goes; brought in little new material, but
rearranged to some extent the minerals of the already existing ore body.

It was largely the study of such later rearrangements of the ores and
-other minerals from Copper Cliff and neighbouring offset mines which led
-+ Messrs. Dickson, Campbell and Kuight to consider the nickel ore bodies
‘water-formed deposits due to replacement of the rock minerals by sulphides.

The cross sections of Copper Cliff mine and the plans of the different

levels, provided by the kinduess of Captain Lawsol, show that the ore
body is a rude eylinder, narrowing and widening from level to level, and

forking about 500 feet below the surface. Itslongest diameter varies from
* 75 to more than 200 feet, following the direction of the hill, and the shorter
-one runs from 50 to 90 feet. . As shown in the vertical section through the

shaft, the somewhat flattened cylinder dips very uniformly at an angle of °

773° towards the east, and reaches a greater depth than 1,000 feet.. The

-earlier shaft following the apparent dip of the outerop, soon diverged too *
‘much from the ore body, and a new shaft was beguu at the 3rd level having -

the dip just mientioned. .

In the working of the Copper ClLiff mine it was soon observed that when
the ore body widened it became richer in nickel, while the narrower parts
were especially rich in copper, the first instance of the general rule that the
-copper ores accumulated near the country rock and the nickel ores farther
~ from it. -
The Copper Cliff, as its name suggests, was begun as a copper mine,

‘the nickel contents of the ore being a later discovery. In reality it remained

in one sense & copper mine to the end, since out of the 9-53 per cent of the
-combined metals in its ore, on the average, 5-63 per cent was copper and
only 3'90 nickel. In value the nickel was more important, but in amount
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three-fifths of the output of metal was copper. In this respect it has been
paralleled only by the Crean Hill mine, whose ore was, however, much lower

in grade.
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During its history from 1886 till it closed down th> mine produced
369,000 tons of ore, very rich but containing a good deal of rock, and in its
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When the mine was closed there was ‘still some very rich ore in sight,
though the size of the deposit has diminished considerably. In 1910 the
rockhouse was torn down, and now little is to be seen at this famous mine
except a small open pit and the rock dump. At a few other points on the
gossan hill to the north small pockets of ore have been mined and seams of
copper pyrites may still be seen in some places.

" No. 1 MINE,

2,000 feet to the southwest of the. Copper Cliff mine ore-bearing norite
rvises above stratified clay on the flanks of a high hill formed mainly of
sedimentary rocks, greywacke to the east and arkose to the west. -There
are three or four small outcrops of ore and rusty norite extending somewhat
west of south for nearly.1,900 feet, following pretty nearly the contact of
the greywacke with the arkose probably because this was a plane of weak-
ness along which faulting and fissuring took place when the norite was
irrupted. ‘ : o .

Tive pits have been opened on this row of small deposits, No. 1 mine
being the most important, but all are now filled with water so that little
can be seen except the country rock. The norite and ore in some places
ramify between blocks of, greywacke, as on the Worthington offset. At
the southern pit a small band of dark green hornblende porphyrite shows

_itself, probably older than the norite; and three dykesof diabase cut both
the norite and the country rocks on each side. This part of the offset is
parrower than most others and at one or two points the ore occupies almost
the whole space between the walls of country rock, much as an ordinary
vein might do, and at the southern end it narrows to a width of only tev
feet. . '
For a time No. 1 and its extensions produced high grade ore, the total
output reported heing 23,000 tons, containing on an average 6-98 per cent
of nickel and copper in about equal proportions (Ni 3-56, Cu 3-42). These
openings were worked for only a short time about 1898: .

EVANS MINE.

Except for a few low projections of greywacke, no rock is to be seen
till one reaches the last outcrop of norite, two-thirds of a mile to the south
of the one just deseribed, at the Evans mine, where a small aud low gossan-
covered mound rises above the old lake deposits. Here there are visible
only two open pits, filled with water and the rock dumps, showing little
that is of geological interest.

The ore mus¢ have been somewhat rocky, from the size of the dumps; . -

and one finds norite, partly spotted with ore, actinolite due to thew eather-
ing of some basic rock like norite, diabase, probably from dykes, and grey-
wacke. There is much evidence of shearing and slickensiding in the
rocks on the dump. : :

The Evans mine was worked by open pits to a depth .of 160 feet.
and afterwards by underground levels to a depth in all of about 250 feet.
It was one of the first'mines opened in the region, work having begun upon
it in 1886, soon after the Copper Clff mine was started; and, with some
interruptions, it continued to furnish ore tili the end of 1899. Its mas-
sively framed rockhouse was a landmark to the south of the raiiway
until a few years ago, when it was torn down. The Evans mine is reported
to have produced 234,000 tons of ore containing 3 per cent of nickel and
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2-66 of copper; so that it is one of the important mines of the region,
both as to amount and grade of the ore.

A fourth of a mile to the south of the Evans outerop a hill of gabbro
rises through the greywacke, and in my earlier study of the region—before
the true relationships of the Sudbury laccolithic sheet of norite had been
fully worked out—the question was considered whether it was not really
connected with this eruptive mass rather than the much more distant
basic edge of the norite. However, the marked difference hetween the
ore-spotted norite at the mine and the pale bluish-green gabbro, devoid
of ore, to the south, seemed sufficient to connect it with the offset two-
thirds of a mile to the north.

The Copper CIliff offset is much the most important known, with its
three great mines—No. 2, Copper Cliff and Evans—not to mention the
numerous smaller ore bodies which have been worked. It has produced
more than 1,000,000 tons of ore, much of which was unusually high in
grade, containing about 35,500 tons of copper and 33,000 tons of nickel;
and there is every reason to believe that at least one of the mines, No. 2,
will continue to supply ore for a long time to come.

One naturally compares the Copper Cliff offset with the Victoria mine-
Worthington offset fifteen miles to the southwest. The latter is quite as
long as the former, but is not known to contain any ore bodies of the first
rank.

It will be noticed on the geological map that both leave the basic
margin of the norite at points where the nickel eruptive has an unusually wide
outerop, with a change of direction of both the acid and bhasic edges.
Both offsets follow directions of great faulting, crushing, and shearing in
the country rocks, as if there had been extensive shifting; and this is
probably due to the partial collapse and settling down of a great block of
the underlying rock as the liquid norite rose from beneath to spread out
between the overlying sediments and the more ancient rocks.

If this block lost the support of the molten magma once imprisoned
beneath, there must have been important movements at each end, before
things were once more adjusted. At Creighton mine there were no such
openings provided and the ore was unable to escape.

ELSIE MINE.

Return'ng to the hasic edge of the main range, the contact can be fol-
lowed northwest from Lady Violet mine, passing to the southeast of Pump
lake and then turning east towards Klsie mine., The norite is of the usual
coarse grey variety with bluish blebs of quartz and brown spots of biotite,
and near Pump lake the adjoining rock is granite, but to the east there is
a steep hill of various greenstones and “older norite.” The contrast
between this rugged mass of the older rocks and the low and nearly flat
surface of the norite is very striking, and in the burnt regions to the north
one observes how much more rapidly the norite is attacked by the weather
than the older rocks to the south. It is being transformed into rounded
bouldery masses, partly buried in the coarse sandy materials resulting
from the decay of the enclosing rock, the destruction beginning at the
joints which permit the water to enter.

The rocks to the south are largely lavas, still showmg n places the
“pillow” structure and amygdaloids produced where a lava stream has
poured into the sea. Parts, however, have been changed from fresh “older
nor.te” into greenstone, hornblende porphyrite and plagioclase porphyrite.
With the volecanic rocks were caught up many small and large fragments
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of greywacke or quartzite, and all of the varieties of rock mentioned
appear, mo:.e or less gossan- cover ed, at the southem edge of the ore body,
or even enclosed in the-ore.

The fresher parts of the “older noute” consist of labradorite with
much hypersthene and magnetlte, so that the rock is much more basic
than the nickel-bearing norite. Just at the Elsie mine the basic edge
turns towards the northeast, so that it occupies a small bay, as so often
occurs in marginal mines, and the open pit at the mine shows a foot-wall
of greenstone and greywacke sloping northwest at an angle of 29°. Twenty
feet of clean ore have been stoped out in most places, but the hanging wall
of pyrrhotite-norite is very indefinite, and sometimes 40 feet of the mixed
rock was thought rich enough to be removed. There has been a good deal
of slipping along the foot-wall, and slickensided surfaces could be seen
while the mine was working; but everything is now hidden by water,
which has filled the underground workings as well as the open pit.

The Elsie mine was opened up in July, 1901, by the. Lake Supenm
Power Co., and ore was shipped to the Gertrude Yoast yard and smelter
for treatment towards the close of the year, a switch curving round the
west side of the steep hill to the south of. the mine, connecting it with the
main line of the Algoma Central raiiway. The mine closed down, on the
finanecial collapse of the parent company, after shipping 25,700 tons of
rather low grade ore.

MURRAY MINE.

The gossan-covered edge of the norite against the greenstones at
Elsie mine continues with scarcely a break for about half a mile to the
northwest to the Muray mine, the first deposit found in the region and
one of the earliest worked. Its geological relationships have been studied
by several good geologists, beginning with Baron Von Foullon, who proved
the rock accompanying the ore to be norite, and not diorite, as it had been
named. Later, Dr. T L. Walker worked out the geology of the mine
and its surr oundlngs in considerable detail while acting as chemist for
the Vivian Company?; and still later Dr. Barlow studied the region and pre-

pared a map of the geology on the scale of 400 feet to the inch?. It -
will therefore not be necessary to take up details, particularly since the mine
has not been worked for a long time and no fresh exposures are to be seen;
while the mine itself is full of water, making it impossible to examine it. .

In 1893 Captain Richards stated to the Inspector of Mines that ‘“the
ore body, which possesses an average thickness of 70 feet,. strikes in the
direction northeast and southwest and dips northwesterly 45° from the
horizontal. This agglomerated mass of nickeliferous pyrrhotite and
diorite is contained. by diorite walls. The foot-wall at -certain points, as
proved by mining operations, presents the appearance of a true fissured
plane, upon which at some time or other the ore body has moved, as
evidenced by the coarse flucan or attrited matter which separates the ore -
from the wall. In some places through the occurrence there exist large
inclusions, horses or intrusions of diorite containing fragments of granite.”

This description would apply to a number of the marginal nickel
deposits as now known except that for diorite we should'put norite to the
northwest and holnblende porphyrite variously cut by later granite to
the southeast. .

lQum Journ. Geol. Soc., Vol. LIII, pp. 40-46.
G.8.C., An. Rep., Vol \IV Part, EL.
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In addition to the description given above it may be mentioned that
acid segregations a few inches or feet in width occur in the norite, in which
giant erystals of hornblende and plagioclase oceur, often with quartz in the
centre. It may be that fragments of quartzite, which occurs with the
greenstones near by, have been digested to produce these curious masses
in the norite.

Dr. Barlow has shown that the greenstones to the southeast have been
greatly shattered and penetrated by a later granite forming a breccia;
and he has mapped two great dykes of olivine diabase having a strike of
about 120°, cutting the norite and country rock at right angles to the con-
tact. The diabase is very fresh and is much later than the ore body.

The Murray mine was operated by the Vivians of Swansea, Wales,
from 1889 to 1894, the smelter having begun work in 1890, but the opera-
tions seem to have been carried on at aloss. In 1896 and 1897 the smelter
was put to use again in working up about 6,000 tons of roasted ore left by
the Vivians, the matte being shipped to Camden, N.J., for the production
of niekel.2

Dr. H. Winters of Ottawa kindly gives from memory the following
information obtained when he was accountant at the mine seventeen years
ago. The greatest depth reached in the mine was 225 feet, with drifts of
about the same length.in each direction at the 100 foot level, and a drift of
about 100 feet southwestward at the 200 foot level.

About 200 tons of ore were mined per day of ten hours, but the mine
was usually closed for three or four months in the winter as the production
of ore was considered more expensive then.

Though the oré was said to contain 2% per cent of nickel they were
not able to obtain more than 11 per cent from the cupola. About 40 tons of
matte, averaging 40 per cent of nickel and 20 per cent of copper, were
produced per month, as was impressed on Dr. Winter’s memory by the fact
that the cash received for payment of wages was dependent on a carload of
matte going forward each month, and that there were times when it was
difficult to get the carload away. Dr. Winters does not venture to give
an estimate of the total amount of ore produced by the mine.

FROM MURRAY MINE TO MOUNT NICKEL.

The gossan belt of the Elsie and Murray mines continues without a
break, though in less amount, for a long distance northeast, and at various
points test pits have been sunk disclosing more or less ore, but the deposits
seem too small to be of importance. For nearly two miles of fairly straight
margn one finds small ore bodies or pyrrhotite-norite with enough ore to
cause gossan, and the total amount of ore in this distance must be great,
but there was no marked depression in the floor into which it might flow
so as to form a large deposit such as one might expect where the nickel
" eruptive shows a very wide outecrop.

Tor more than three-quarters of a mile northeast of Murray mine the
country rock is greenstone or weathered phases of the older norite, often
more or less brecciated and pierced by granite; but beyond this in nearly
the same direction the country rock changes to granite, flesh coloured and
of medium grain, rising as rather sharp hills. Along the granite there is
comparatively little ore to be seen until the Cameron mine is reached in
lot 7, con. VI of McKim township, though three or four small test pits
oceur half a mile to the southwest.

1 Thid, pp. 30-31.
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At the. Camel on mine thele isa small bay of the 11011te, and a shaft and
some sbtripp ngs prove that ore exists. The relations along this part of the
boundary are obscured by drift, though there are outerops enough to show
that for about two miles glamte is the country rock; but whether ‘it is
earlier or later than the norite.is not quite certain: The fact thatthe norite
with ore leans-up against it suggests that the granite is e‘uhel, but in
several cases there is a little greenstone or ‘“older norite” immediately
beside the small patches of ore; and it is conceivable that the or'ginal
country rock was greenstone, and that the granite is later than the norite,
having come up nearly along the old contact. .

The relative age of this range of granite hills and the norite is of great
- practical importance in relation to the probable extent of the ore deposfts
~ of the Frood-Stobie .offset to the southeast. If the glamte is older the_
Frood deposit may extend much farther to the northwest; whereas, if it is
later, the ore and norite are probably cut off from the main range, and the
WIdth of the deposit to the northwest will be fixed by the granite mass.
~Beyond: Cameron mine’ the basic edge bénds somewhat t6 the east
for half a mile to Little Stobie mine, granite rising to the south or southeast
for most of the distance. At the Little Stobie, greenstone, green schist and
older noritebegin;but this part of the region alsois a good deal drift-covered,
© s0 that’ lelmtlonshlps are not always clear. The open pit shows horn- ,
blende porphyrité and green schist, but the nor ite near by is so crowded in
places with small fragments of ¢ ‘older norite” as to look like a conglomerate
or breccia. The Little Stobie was worked for a short time in 1902 by the
‘Mond Company, 1,584 tons of ore being sent to Victoria mine for treatment,
but at present things are largely hidden by a second growth of bushes. ‘
" About a mile northwest of Little Stobie in lot 8, con. II of Blezard
township, a small pocket of ore was found some years ago by the dip needle,
and a test pit and a diamond drill hole were sunk by a party sent out by M.
Edison to explore for nickel ore, without success, however, as no ore was
found below the test pit. The drill core showed 11011te, weathel ed or fresh,
1o the depth of 1,030 feet, but interrupted by a band of schist at about 260
feet, and by a cons1de1 able thickness of fine grained granite between 900
and 950 feet.

) At this distance from the basm edge, if the dip is about 30°, it would
. probably be necessary to sink 1,500 or 2,000 feet toreach the contact of the
norite with the underlying rock Wwhere ore might be expected to oceur, and
the ¢hances would be strongly against finding a remunerative body of ore.

~ From Little Stobie the comtact runs northeast to the morth corner-
of lots 5 and 6, con. I of Blezard, and then east as a small embayment to
Mount Nickel mine. Here there has been a considerable amount of
development work, including the opening of two cuts and the sinking of a shaft
to a depth of 165 feet, some drifting having been done also at the 75 foot
level.- In these oper atlons an ore dump of respectable size and quality
was formed, now largely turned to gossan by weathering. A good deal of
diamond drilling has been carried out in addltlou some of it in 1911 under
the management of Mr. Kirby Thomas; and it is stated that the ore body
is fairly large and dips at'an angle of about 30° toward the north. In the
open cuts one sees first spotted norite with some ore, then & rude breccia
of greenstone with ore penetrating all the fissures and serving as a matrix
to the rock fragments, the section suggesting that molten pyrrhotite and
chalcopyrite were injezted into all the openings of the country rock.
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THE FROOD-STOBIE OFFSET.

Though the nickel eruptive is wide between Murray mine and Mount
Nickel, comparatively little ore is found along this part of the basic edge
of the norite, partly, no doubt, because the margin bends slightly inwards
instead of outwards. This lack of ore along the edge of the norite is atoned
for by the immense deposits existing in the Frood-Stobie offset, which runs
for nearly two miles somewhat parallel to it about a mile to the south-
east, but separated from the main range by the granite hills previously
mentioned, extending from south of Murray mine to Little Stobie mine.
The Frood-Stobie offset is not quite parallel to the edge of the norite,
since its southwestern end is a mile and a quarter from it, and its north-
eastern end only three-quarters of a mile.

The band of ore-bearing rock may be referred to as a parallel offset,
differing so much from other deposits in the region that it should be placed
in a class by itself, since there is no surface connexion to be found leading
up to the basic edge, and no bay of the norite reaching out towards it,
as in most offsets.

It may be assumed that there is, or was, an underground conunexion
between these two great deposits of nickel ore and the main range to the
northwest, so that the ore settling from the great thickness of norite-
micropegmatite found its way out through a broad but somewhat inter-
mittent channel or set of intercommunicating channels to its present
position, as shown in a diagram illustrating parallel offsets on a former
page. This was suggested in my earlier work in the region and has been
confirmed by the results of diamond drilling in later years, showing that
the ore body dips toward the main range at angles which grow flatter
with depth. It is possible, however, that the range of granite hills is
laler than the norite and has severed a connexion which existed before
its eruption. :

The general character of the two ore bcdies shows an intermingling
of the features of offset and marginal deposits, since the ore contains
a larger percentage of nickel as compared with copper than in offsets
elsewhere, but is more mixed with rock than in a typical marginal deposit.
The angle of dip is not far from what would be expected in a marginal
mine, and the ore bodies are much longer than broad, both unusual features
in an offset mine.

The outerop rises from swamps and low ground on each side as a
very striking ridge of rusty rock on which some pines and other trees grow
sparsely, and the highest points reach about 100 feet above the general
level, with slopes toward the swamp so steep astobe clifflike. The gossan
formed by the decay of the ore is a very resistant material and has largely
protected the rocks which it covered from further attacks of the
weather.

The band of rusty rock varies greatly in width and the norite is cut
completely across at two points, while to the north there are three gaps
of from 300 feet to 700 feet before reaching Stobie mine. The widest
part of the band of norite and gossan is 900 feet across, a little to the south
of Frood mine; and the whole gossan-covered area far suipasses any other
in the nickel region, being probably four times as large as the gossan sur-
face at Creighton or Whistle mines, which come next to it. It was an
axiom of the early prospectors that a large area of gossan meant an im-
portant ore body, and in this case at least their belief was justified.

The ridge rising above the swamps does not consist wholly of norite
and ore but includes considerable areas of other rocks, especially grey-
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. wacke, gr eenstone, and a gabblo chffenng COllSldel ably from the ore-bearing
norite.

’ The granite separating the offset from the basic edge of the main
nickel range nowhere comes in contact with the gossan-covered ridge,
more than 800 feet of greywacke and greenstone intervening where swamp
does not hide the rock. Most of the adjoining rocks have schistose or
bedding structures which run .parallel to the norite ridge, and the dip: of
the sediments is high, generally toward the northwest. The norite seems
to have risen through an irregular belt of weakness in the older rocks,
- especially where the structure permitted an easy separation: between the
beds of greywacke or of greywacke from bands of greenstone.

As diamond drill corves prove a considerable dip of the ore and norite
to the northwest, flattening at the lowest points reached, we must suppose

- either that the" eluptlve cuts across tlie stiuctures in depth or that the
_strucbural planes of greywacke and sclust bend rapidly -to the northwest
below the surface.

It was thought at ﬁlst that this offset might be connected Twith the
main range near Blezard mine two miles to the north, -the comnexion
following perhaps a series of mmshes, but later study of the region opposes
this, sinice greenstone and olde1 norite” are continuous in low outm ops
across the supposed connexion. ~

FROOD OR NO. 3 MINE.

- The southwestern ore deposit is generally spoken of as the Frood
mine, so named for an early prospector, though the Canadian Copper
Compfmy, which owns most of it, refers to it as No.3mine. The gossan
surface begins nearly on the line between cons. V and VI of McKim town-
ship, 1,800 feet west of the boundary between lots 7 and 6, the norite
spleadmg irregularly on a ridge of greywacke and schist, the greywacke
sometimes contmnmg large pseudomorphs after :taulohte The norite.
extends- 1,500 feetin a 1101theastelly direction, with a width of. about 200
feet; but at this point there is a narrow depression across the ridge, when
gr eywacke reaches from side to side cutting off the ore-bearing rock. It
is interesting to note that the diamond drill has shown that this surface
Jinterruption only goes down a short distance, suggesting that the nonte
extends as a continuous sheet at lower levels.

Rising again rapidly the ridge of norite broadens to beout 400 feet
with a steep slope of greywacke to the southeast, and a belt of brecciated
rock to the 1101'1',11“"6313, consisting mostly of angular blocks of greywacke,
with some ore coming out between them at many points. Beyond the
breccia, to the northwest, low knolls of gr eenstone rise from the swamp
and still beyond are the hlgh granite hills. ‘

After 700 feet of continuous norite one reaches the broadest and highest
pa:t of the gossan ridge, where an older gabbro is the principal 1ock, per-
haps an earlier effusion from the nickel-bearing magma. It resembles
the true norite in many ways and is sometimes charged with fine particles
of sulphides, but thin sections show little or no hypersthene.

This older eruptive rock seems to have been shattered so that the
later norite with its sulphides could penetrate in all directions, but the
masses of ore pushing through it are only small, though the whole hill-
top is gozsan-covered to a width of 900 feet It was found impossible
to separate the two rocks in mapping These two eruptives make the
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whole width of the ridge at this point and the greywacke disappears on
each side, though some mounds of coarse greenstone or porphyrite show
to the northwest.

O Hewe

)

%-_\ AV

/ ", / Nor Cormieren
/\{ < —\
AEAPIA

CCCo
N3 MINE
D .D. SECcT/on

) Seate
so o s pe

LEcEND
AP 777
GRSt

i

Grsaro

T1a. 5.

While the top of the ridge shows only small masses of ore in the test
pits which have been sunk for exploration, the northeast side was in early
days the most productive part of the deposit and two large pits show
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wheré ‘thousands of tons of ore were mined. The edges.-of -the pits are
paitly formed of gabbro, but there is also much norite spotted with ore.

Later the m'ne was worked by a shaft, and since the ore was much
. mixed with rock, the large rock dump extendmg toward the swamp gives
an idea of ‘the fresher materials obtained in mining. - One finds mainly
spotted norite and greywacke, but some blocks of actmolite and tale show
that these have been secondary changes resulting from shearing and solu-
tion. There are also angular and rounded masses of rock enclosed in
the ove, some large, others only pebbles; and these may be so well rounded -
as to suggest water action. One pebble found was of white quartzite
like an outerop about a mile away, but it is probable that these fragments
were due to crushing and that they have been rounded by rolling between

faulted surfaces.

To the northeast of the open pits the norite sinks suddenly and is
nearly cut off by greenstone, but it presently widens and rises again, show-
ing ore in a number of test pits. It may be followed for 2,400 feet north-
west of the large pit, with some crush breccia on.cach 51de, and is then cut -
off by greenstone, though small patches of norite rise a little beyond.

. The ihole length of the Frood portion of the offset is 6,500 feet, and
the gossany surface (somewhat wider than the norite) is "estimated at
an average width of 300 feet, giving an area of gossan not far from 35
acres: More-or less ore exists almost everywhere on this surface, though
most of it, no doubt, is too much dlssemnnted through the rock to be
workable.

Though No. 3- mine was found early in the history of the region, it
was not worked, beyond some stripping and the sinking of pits, until
1899. TIu the followmg year a railway switch from the Stobie mine gave
an outlet for ore from the mine, but four years later in 1903 the mine was
closed down after 107,942 tons of ore had been sent to the Copper Cliff
smelter. The ore ran.2- 66 per cent of nickel and 1-39 per cent copper,
the two metals making up 4:05 per cent, so that it was consider ably richer
than its neighbour, the Stobie mine.

The results of systematic diamond drilling across the ore deposit by .
the Canadian Copper Company have since proved the amount of ore of a
similar grade to be enormous, certainly 35,000,000 tons. The ore body
dips in its upper part about 65° to the 1101thwest as shown by drill holes
reaching about 1,000 feet; while later holes, deeper and farther toward the
northwest, show that it continues in unimpaired volume but with a flatter
dip, so that the amount of ore within reach by shafts of reasonable depth
is very great, perhaps greater than the known reserves of ore in all the other
mines of the Sudbury district.

Almost the whole of the Frood ridge is the pr operty of the Canadian
Copper Company, but a small corner of it is included in the north half of
. lot 7, con. VI, formerly the property of Messrs. Cochrane and MecVittie.
Four drill holes were put down near the southeast corner of this property
by the Mond Company, who were satisfied as to the amount of ore avail-
able and purchased the property. In order to work it a shaft is now being
sunk to a depth of 800 or 900 feet: The Canadian Copper Company also -
is sinking a three compartment shaft to a depth of 500 feet and building -
a direct railway to Copper Cliff, giving 2 much shorter counexion thian the
former roundabout route past Stobie and Sudbury. It may be expected
“that this greatest of known nickel deposits will soon: be sending ore to the
smelters of the two pr oducmg companies, and adding gr eatly to the avail-
able supply of the region. ,
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STOBIE MINE,

From the end of the nearly continuous band of norite and gossan of
the Frood or No. 3 mine most of the distance to Stobie mine is swamp or
drift-covered, though patches of rusty norite show themselves from point
to point among greenstones and crushed greywacke. The mine is on lot
5, con. I of Blezard township, just to the north of a steep and high hill of
greenstone sloping down to the open pits. The stretch of gossan rises
steeply just west of the pits, showing comparatively little norite, since
most of the surface consists of a confused mixture of rocks, green schist,
hornblende porphyrite and greywacke, all more or less brecciated, with a
small patch of granite also on the south side. Through the spaces between
the masses of older rocks norite and ore have been squeezed from beneath
as if through a colander. The extent of gossan is about 1,000 feet from
east to west with half that width, but the numerous test pits on the hill
itself show no large bodies of ore, so that in many respects it is like the
corresponding gossany hill at Frood.

To the north there is swamp and to the west greywacke, to the south
the higher hill of green schist and hornblende porphyrite, and to the east
the mine openings, rock dumps and rockhouse, concealing most of the
surface; though on the low ground there are outcrops of hornblende por-
phyrite, and also of greywacke containing a band of pebbles, evidently
water-formed, since the pebbles are well rounded and are of several different
kinds of rock. The dump shows spotted norite, gabbro, greywacke, and
quartzite. The magnitude of the openings at this mine is impressive and
plans of the mine show large irregular ore bodies having a dip of 65° toward
the west, somewhat asin No. 3 mine. The earlier mining was by open pits,
though later work was done in underground levels reaching a depth of
about 250 feet.

The Stobie mine, which was one of the earliest discovered, began to
produce in 1887 and was closed down in 1901, after supplying 418,991 tons
of ore, the largest amount obtained from any mine in the region except the
Creighton. The ore contained 213 per cent of nickel and 1-58 of copper,
or 3-71 per cent of the combined metals, so that it was of comparatively
low grade; but it was rich in sulphides and made a good fluxing mixture
with the high grade but rocky ore of Copper Cliff mine, which was then
producing largely.

The mine was closed because that class of ore was not required after
the Creighton mine began to work on a large scale, and it is stated that the
ore is far from exhausted. Occurring in such a similar way to the Frood
and along the same strike, it is probable that this ore body also will be
found to extend with a flatter dip toward the northwest. The Frood
and Stobie together have provided 535,933 tons of ore, an amount surpassed
only by the total from the Copper Cliff offset and the Creighton.

The rocks in the neighbourhood of Stobie show the greatest variety
found in the Sudbury district, including both eruptives and sedimentaries.
To the north beside the greenstone and hornblende porphyrites mentioned
above there are rugged hills made up of “older norite”, orbicular diorites,
pillow lavas, and what seems to be hornblende schist erowded with bean-
shaped patches of white quartzite perhaps once an amygdaloid.

The sedimentary rocks are mostly greywacke and its modifications,
sometimes very well preserved and displaying lamination and cross-bedding
on weathered surfaces, at others modified into schistose forms or even fine
grained gneiss by the effects of adjoining eruptives. Often they are crowded
with pale staurolite crystals of all sizes up to four or five inches in length,

25873—9



4

which are found under the mieroscope to, be pseudomorphs consisting of
sericite and quartz. One variety of greywacke is studded with masses of
‘quartzite from the size.of a.pea to diameters of three or four inches, the larger
.ones usually suggesting an eye and eyebrow, as if a crescent-shaped shell had
split- off and separated. itself a half inch from the oval mass. In addition
there are bands of conglomelate and a few small outcrops of grey or white
‘quartzite.- . .

~ All of these tocks 'Lnd\also the bands of eluptlves penetrating them
have the regular strike.of from.40° to 55° east of noith and usually.high dips,
nearly vertical or steeply inclined t0 the northwest. . They run parallel to
the norite offset just described and probably forced their direction ‘upon |
it when the norite and. ore made their subterranean escape from the margin
of the main nickel range.

BLEZARD MINE.

Returning to the niain nickel range at Mt. Nickel, the basic edge bends
gently towar d the northeast for three-quarters of a mlle to Blezard mine in
Tot 4 con. II of the township of the same name. The actual edge is largely
drift-covered and for some distance the outerops of rock are few and low,
the norite forming a plain a mile or two wide with only gentle ridgés rising
above the drift. . There are also swamps along the branches of a sluggish
creek Towing northward into Whitson (or Blezard) lake, which cuts across
the acfld edge of the. eluptlve two miles and a half to the northwest. The
basic edge at. Blezard is of the typical sort for the sonthern range, dark giey
norite with bluish qualtz and soine plates of biotite, and part ot it is very
" fresh and supplied to Prof. Walker some of the earliest specimens of un-
doubted norite found in the region.

‘At the mine the country ‘rock rises as rough 11dges of greenstone. and
. quartzite to. the southeast, but owing to the dumps and gossan the sur-
roundings are greatly hidden. The pit-seems almost entnely enclosed in
country rock and is now full of water, so that Dr. Bell’s account of the
deposxt as seen in.early days may be quoted
"~ "“The ore counsists of a body of ,mixed clmlcopyllte and nickeliferous
pyrrhotite mingled with more or less rock matter, giving the whole the
appearance of a conglomer ate.. - The general strike of the country rocks. is
here as elsewhete in the vicinity about northeast and southwest.. The
ore-bearing belt, which.is associated with .a dark quartz-diorite, is about
100 foet wide and: dips nplthwest at an angle of 65°; It is overlaid by a
massive bed of ash-coloured greywagke, the weathered surfaces of which
present raised reticulating. lines, Immediately to the northwest of the
shafts there is a dyke from 30 to 50 feet wide, of dark brownish grey crystal-
line diabase, weathering at the surface mto rounded bouldel—hke masses,
Whlch scale off concentllcally ” The“dark quartz-diorite” is norite, and the

“ash-colored greywacke’’ with ‘‘raised reticulating lines” is, no doubt, “older
norite”’, which occurs f10m pount to pomt along almost the whole of this
part of the basic edge.”

. It is said that the pit is 60 feet deep and that the lower w01kmgs of
the mine reach a depth of 172 feet. A short distance west of the mine and
connected with it by a tramway is the smelter with its roast beds and a.
platform made by dumping slag. "As reported by Dr. Barlow the Dominion
Mineral Company commenced operations here in 1889 with a capacity of
120 to 150 tons d'uly, and mining operations ceased in 1893, though. the
smelter was kept running till July, 1895, chleﬂy on ore from the W01thlng~
ton mine, owned by the same company. .
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The total production of ore from Blezard mine is reported to be at
least 100,000 tons and the sulphides of the ore ran about 4 per cent of nickel
and 2 per cent of copper.® It is probable, however, that the ore as smelted
contained a good deal of rock and would run considerably below this.

The Blezard is the last mine of the southern range that has been worked
on a large scale until Garson mine is reached five miles and a half to the
east.

FROM BLEZARD MINE TO GARSON MINE,

The basic edge is lost to sight in the low ground along the creek for
about half a mile northeast of Blezard mine, and when it reappears there are
few indications of ore until one reaches the Sheppard mine in the south
half of lot 1 con. III of Blezard township. The road which leads from
Blezard to this property is now hard to follow from the growth of bushes.
There is perhaps a small southeastward bay opposite the end of a little
lake along the road, but no ore was seen at this point.

The Sheppard, or Beatrix, or Davis mine has been somewhat care-
fully prospected and a shaft was sunk in early days, as I am informed by
Mr. Kirby Thomas, to a depth of 110 feet, where two drifts were run.
THere is a considerable area of gossan, and a dyke of diabase ten feet wide
cuts diagonally across the contact. The shaft seems to have been sunk in
greenstone a little south of the basic edge, and “older norite” occurs near
by. According to Mr. Kirby Thomas seven carloads of the ore shipped out
by sleighs in March and April of 1892, amounting to about 125 tons, aver-
aged 5-75 per cent nickel, and of two other carloads one contained 5-50
per cent of nickel and 0-32 per cent of copper, and the second 5-60 per cent
of nickel and 0-38 of copper. At the time of my first visit to the mine in
1904 the sulphides were in general not yet greatly weathered but included
a rapidly attacked mineral which was thought to be polydymite. If poly-
dymite i1s present it may account for the high percentage of nickel as com-
pared with copper in thé ore as shown by the average assays meuntioned
above. At present the mine is difficult of access owing to the burning of a
bridge across the creek, and the sulphides are too deeply weathered to afford
much information.

Beyond the Sheppard mine the basic edge passes into the township of
Garson, becomes schistose and contains fragments of the adjacent green
eruptives sheared out into short narrow bands. Evidently pressure at
right angles to the edge or faulting with a horizontal throw have ocecurred
to cause the structure. In Garson the edge turns east and presently a little
south of east, and at the crossing of the Canadian Northern railway it is
of the normal kind, unsheared and containing a few blebs of ore, the actual
contact being concealed by drift, though greenstone rises a little to the
south, showing its approximate position. The nickel eruptive is unusually
narrow where it passes into Garson township, having a width of only 2
miles, but from this point eastward the width gradually increases until
Garson mine is reached.

East of the railway and just beyond the line between lots 11 and 10,
some gossan and ore occur at a point one-third of a mile north of con. II,
where a test pit has been sunk by Malbeuf and Martin. To the south of
the pit well stratified greywacke forms low hills rising through clay soil
taken up as farms. The norite from this outerop eastwards is pale grey
in colour and, but for its continuity with the typical norite near Blezard

1Dr. Barlow, G.8.C., Vol. XIV, Part H, p. 33.
2, 873—91
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mine, might not be recognized as the nickel- bearing rock. No further ore
or gossan was encountered until the Kirkwood mine was reached in lot 8,

but the margin was mostly concealed under drift, so that the low norite
hills to the north were often widely separated from the greenstones to the-
south. The latter sometimes display the pillow structure and amygdalmds
characteristic of ancient lavas, and are in part “older norite”.

At the Kirkwood mine, toward the southeast corner of lot 8, con.
III a good deal of work was done in earlier times, including the smklng of
two shafts about sin eighth of a mile apart, and a considerable amouunt of
stfuppil}ng, but fire has destroyed the mine buildings and the shafts are full
of water

The western shaft is on a low gossan-covered hill of greenstoue, the:
norite appemmg at the foot of the hill fourteen paces north, while the-
eastern shaft is just at the margin. The norite here is gleatly ciushed
and sheared and of the pale grey colour found in this part of the region.
The rocks to the south include greenstone, greywacke and quartzite, often
crushed to a breccia or conglomel ate; and at one point half a mile to the:

southeast a small patch of rusty norite is seen o1 & hill near the northeast.
corner of lot 7, con. IT and is sometimes called the McConuell mine.
Here a shaft full of water is said to be 60 feet deep, and a small rock dump-
«contains rusty norite spotted with ore. The hill rising to the west shows.
.greywacke interbanded with quartzite and water-formed conglomerate,
having a strike of 100° and a vertical dip. These sedimentary rocks have:
been more or less crushed and faulted; but their strike runs parallel to-
the edge of the norite an eighth of a mile to the north.  This small deposit.
is evidently an offset, but a drift covering to the north hides any connecting,
links there may be with the basic edge, which here forms a shallow bay.

Farther toward the east the norite edge is lost under drift and swamp-
until the Garson mine is reached, while the norite itself rises out of the low
ground as fairly high hills to the north of the boundary, though for nearly
a mile no rock is visible to the south. This is a complete reversal of the
arrangement farther west, where the norite usually forms the low ground
and the country rock to the south rises as hills. A partial explanation of
this difference is probably to be found in the sheaiing and alteration of the
norite in this eastern section of the range into a rock containing a secondary
hornblende instead of the easily attacked hypersthene, thus increasing its
power of resistance to weathering,

GARSON MINE.

The Garson mine, formerly called the Cryderman mine, toward the
southern end of lots 5 and 4, con. ITT of the township of Garson, is muich
the most important known deposm of the southern range west of Blezard
mine, and likewise one of the most interesting of the Sudbury mines fron
its complex geological relationships.

When it was visited in 1904 and described under the name of the Cry-
derman mine the large showing of gossan was noted, but little work had
been done beyond stripping and the sinking of test plts Since that timé
it has been acquired by the Mond Company, who have cleared the
adjoining land and established a neat village on the sand deposits to the
south. A branch of the Canadian Northern railway, leaving the main
line a mile north of Sudbury Junction, has been built nmtheqst for about
3% miles to tlie mine, to transport the ore to Victoria mine at the present
ime, and to Coniston whenthe new smelter is constructed there.
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The norite to the north is of the grey variety customary iv this part
of ihe range, rather coarse and here and there spotted with sulphides, and
rising as hills in contrast with the country rock to the south, whicn is
largely hidden by sard plains. On the hill a quarter of a mile north of the
mine a few dykes of grey, fine grained granite cut the norite from east to
west, but no diabase or other dykes were noticed at the mine, a rather
unusual circumstance in the region.

The mine itself is on a small hill projecting southwards into the sand
plain, dipping steeply down to the west with a gossan-covered slope, and to
the east more gently to a narrow pond and stream valley running west of
south. The rockhouse stands near the western side of the hill, and the
railway embankment and a large rock dump hides much of the rock.

The gossan-covered surface is peculiarly shaped, forming a rough
quarter of a circle sweeping from south to northeast and finally east, with
a broad projection northwestwards from the center of the curve. Just to
the north of the gossan, after a short downward dip of the norite of the hill
beyond, there is a band of highly schistose rock grey and fine grained with
nearly vertical dip so far as can be seen. This runs from a small ravine oun
the west for a hundred yards eastwards, after which it is drift-covered and
blends into the norite to the north without a break. It is evidently a
sheared portion of that rock similar to schistose phases of the norite edge
which have been noticed in a number of places along this part of the range.

To the south of the schistose band there is a very rusty surface, mainly
of greenstone, but a good deal mixed with norite, extending, where not
hidden by drift, 350 yards eastward, i.e., as far as the ore is known to exist.
The eastern extension of the gossan and greenstone has been opened up by
four test pits, while just to the north a band of quartz may be followed for
some distance in the narrow valley mentioned before. South of the small
gossan-covered ridge spotted norite appears again and extends down the
hill slopes for a hundred yards till lost under drift beside a pond. This is
the only known instance of a considerable stretch of norite beyond an ore
body, and naturally aroused doubts in regard to the origin of the deposit.

The band of gossan running out toward the northwest covers norite,
partly schistose, mixed with greenstone, passing toward the southwest into
greenstone and green schist reaching down the slope till lost under drift.
The curve of norite and gossan to the west of the rockhouse ends against
greenstone containing blocks of greywacke, and is no doubt the actual
margin of the norite.

In mining operations the ore has been found to enclose great masses of
country rock, chiefly greenstone, in a way suggesting that the rock was
shattered into large blocks which were shifted so that the ore could ramify
into the fissures and spaces between. Along the north side of the ore body
a large band of quartz occurs, about in the plane which is occupied by the
schistose norite and quartz in the narrow valley between the gossan and
the norite on the surface. The same band of quartz, but even broader,
appears in the first level of the mine with a length of forty feet or more,
and a continuation of the mineralized quartz reaches to the third level, 300
feet below the surface. The quartz is in large enough quantities to be used
as converter linings at the Victoria Mines smelter.

There are several quite unique features displayed in this ore deposit.
As has been mentioned, much of the ore occurs to the north of a large
extent of norite, the only instance of the sort known on the southern range;
while the mine workings and diamond drilling have proved that the ore
body dips southeastward under this area of norite beyond the mine. This
and the peculiar curved shape of the deposit with its projection to the north-
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west are unplecedented featules in the nlckel 1eg10n It may be added
that the ore-has entirely the character of that from an offset -deposit, though
Garson mine occurs partly at the margin of the noute and partly enclosed
by ‘norite on both sides. -

: These anomalies appear to be explalned by éxtensive faulting in whlch
cither the norite on the north side, beyond the zone of schist and: quartz,
has .moved horizontally eastwards;.or the norite to the south of the ore
. hag. shifted westwards,. the latter being.perhaps the more probable sup-
>p051t1011 The amount of horizontal thrust must have been at least’ 750
feet, since the band of greenstone and ore extends to that distance eastward
between the norite to. the north.and that to the south, and the plane of
faultmg must have been inclined . considerably to the south.

. In this process the blocks of. greenstone now. arranged roughly as a
quzu'l'.el of & circle must have been dragged out of position and more or
less rotated: Omne may imagine that in. the beginning the greenstone bound-
ary of the ore body now found.west of the rockhouse was 750 feet farther
east and. continuous ‘with' the greenstone. and ore at the east end of the
deposm the whole makmg an outward curve or bay, as so often happens in -

marginal deposits. It is probable-that at a considerable depth an ordinary
marginal deposit underlies the whole faulted section and that according to
the regular rule workings of a sufficient depth will encountér ore nchel in
nickel than in. copper.
~ .« It.is unfortunate that everything to the south of the mine is drift-
covered so that the margin of the norite cannot be seen. The deepest drill
hole, sunk on’'an incline, shows that ore extends for several hundred feet to
the southeast of the outerop of norite, and Mr. A. L. Sharp, manager of
the mine, states that under the village there is quicksand to a depth of 80
feet, so that the final solution of these problems must’ await the results of
mining operations.

On the whole the sﬁ;uatlon suggests that of the Clean Hill mine,
described on a former page, though inthat case the place of faulting was
flatly inclined and the motion such asto drive thé greenstone northwards
over the norite; while here part.of the norite edge was thrust sidewise
beyond the.ore and gleenstone ‘The large horses of greenstone enclosed
in sulphides, resulting in a very rocky type of ore unusually rich in copper,
are found in both mines, showing that they have much in common.

Tt is only fair to say that Mr. Hall, who has general chaige of the min-
ing operations of the Mond Company, does not accept the interpretation
of the complex relationships of the Garson mine, given above; but a study
of the Crean Hill mine, a somewhat less comphcated eyunple of & similar
type; makes the explanation probable. It is, of course, not advanced as
a final solution of a very difficult problem, but Tather as a working hypothe-
sis to help in explaining the facts. :

The Garson mine has been worked to the 7th level, the levels bemg of
100 feet each, and a diamond drill hole shows ore to 1 300 feet, dipping to
the southeast under the village. As a result of the faultlng descr ibed above
there are many seams of clay and of quartz in the mine and a few veins of

galena apparently without silver.” The working of this mine with its
" compar atlvely narrow bands of ore encircling great horses of rock, the whole
arranged in a rude quarter circle, with a dip to the southeast on its eastern
prong, but more to the east on its southern bend, has presented great
dlfﬁcultles, which have been skilfully met. The anangement of the mine
workings is made beautifully clear in the office by plans of the different
levels, prepared on sheets of glass so suppmted as to bring out the dip of
the ore body. \
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At the time of my visit the mihe was producmg 350 tons of ore a day,
and was raising about twice as much ore as Victoria mine, on which the
company depended for its chief 'supply in former years. The Bureau of
Mines reports that 93,542 tons were mined during the year 1910 as compared
with 42,488 tons from the older mine. - -

TFor three- -quarters of a mile to the east of Garson mine the basic edge
of the norite is hidden by the widespread sand plains of an old glacial lake,
and the actual margin is first found against greenstone in lot 3, nearly a
quarter of a mile north of the most southern point of norite to be seen near
the mine. There is evidently a very pronounced bay of the norite here, and
this with the greater width of the nickel eruptive at this point, probably
accounts for the much larger amount of ore at Garson mine than at any
other known deposit within the township. Low hills of coarse greenstone
may be followed somewhat north of east for a quarter of a mile, about to
the line between lots 3 and 2 of Garson; while norite of the pale erey,
squeezed variety, with few suggestions of ore, uses as much higher hills ot
the north.

Less than a mile east of Garson a road Tuns northwards, following
the grade of an old railway made by the Emeéry Lumber Company, giving
a section of the nickel eruptive; and a branch of the road may be followed
to Wanapitei lake, making another section across the whole width of the
eruptive, but with comparatively few outerops of rock.

Beyond the line between lots 3 and 2 swamp and rolling surfaces of
drift hide the basic edge for nearly three miles, though there are several
outerops of norite along a lumber road turning eastwards toward some old
workings in the township of Falconbridge. This fact and the -continuous
stretch of the acid edge on the north side of the belt of eruptive show that
the outerop of the laccolithic sheet is unbroken here as elsewhere. Not
far to the south of the probable basic edge there are exposures of Huronian
quartzite, which resists weathering better than the greenstone, rising -as
hills in a few places, above the wide spread sand plains.

In all there are about three miles of the basic edge on the east side
of Garson township and the west half of Falconbridge where the actual
edge of the norite is concealed, but it may be that exploration through
the Pleistocene beds along this supposedly barren stretch will in the future
disclose Valuable ore bodies.

The Eastern Nickel Range.

About on the line between lots 8 and 7 and nearly half a mile north
of con. ITI of Falconbridge a hill of greenstone rises to the southeast, but
separated from outcrops of norite to the north and northwest by swampy
ground, so that the contact is not seen. It is evident that here the boundary
makﬁs a sharp turn from nearly east to a direction somewhat east of
north,

From this outerop of greenstone the bush road turns about 30° east
of north, mostly over drift deposits for half a mile, when rock shows
once more with a thick coat of gossan near the line between concessions
IV and V and half way across lot 7. TFrom this point for half a mile north-
wards ore and gossan are frequently found and several claims were taken.
up in early years: The most important showing of ore is where the north-
easterly trend of the norite edge changes to nearly due north, forming
the bay necessary for a marginal deposit of ore, on the west half of the
north half of lot 7, con IV. Several of these properties have been
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acquired by the Dominion Nickel Copper Compa 1y, of which Messys. J. R.
‘Booth and M. J. O’Brien of Ottawa are prominent shareholders, and I am
much indebted to their manager, Mr. J. A. Holmes, for aid in visiting
them and for useful information regarding. the region. This is the most
easterly point of the norite-micropegmatite sheet.
. The norite is of the rather pale variety commonly found east of Blezard
mine and the edge is generally against greenstone mixed with some grani-
toid and gneissold rocks, though in one place a small area of quartzite
shows beside the norite.

On the southern outcmps the former owners did a good deal of stnp-
ping and.sank a small shaft, but the Dominion Nickel Copper Company
are.now testing the proper»tiesvwil;h the diamond drill. The ore is a good
deal mixed with brecciated, fine grained, greenstone, and blends eastward
in the usual way into pyrrhotite-norite: The drill holes show that in.
at least one place the ore goes down nearly vertically for 800 feet so that
the ore body has not the inward dip usual in marginal ore bodies, probably
because of faulting.  The evidence for a large body of ore at this south-
eastward bay of the norite is strong, conforming to the general rule in
the region and balancing the large Whistle ore body at the northeast
corner of the basin. .

.Beside the. series of. stnppmgs and test plts extending for more than
200 yards near the co cession line between IV and V, there is an interesting
outerop a half mile to the north, beyond marshy low ground, recently
opened up by stripping and test pits by Mr. Cryderman. The associa-
tions are the usual ones of norite against greenstone, with some bands of
ore ramifying between the crushed blocks of country rock. It is stated
that in this part of the eastern range coarse grained platy looking ore is
richer than fine grained ore; and though the minerals to be seen on the
dumps are the usual pyrrhotite and chalcopyrite, some of the ore is rich
in nickel, showing that pentlandite also must be present.

To th_e north of Cryderman’s prospect for nearly three miles no ore’
has been. found by prospectors, and the basic edge is lost under the thick -
deposits of drift covering most of the region. That there is no break in
the nickel eruptive is proved, however, by outcrops toward the west where
the micropegmatite makes an nlegulal Dband of pale pinkish grey hills..

The next known deposit of ore is at Boland’s claims just southwest
of Massey bay of Lake Wanapitei, on an area of gossan not known during
our earlier examination of the region, showing that discoveries are still
being made. The stripping has been done mainly on lot 8, con. II of
Maclennan township, 20 chains south of the corner post and 100 yards
west of the line between lots 8 and 7; and the outerop is near the top of
a steep hillside sloping toward the bay, in greenstone with green schist
enclosing a little arkose or quartzite. The actual edge of the norite may
" be on top of the hill Whele drift covers everything for nearly half a mile
to the west, though it is possible that the ore belongs to an offset. The
ore in sight consists of fine grained pyrrhotite with some chalcopyvite,
either in solid seams or ramifying into the rock; and the amount exposed
is not very large.

THE BLUE LAKE REGION.

Beyond Boland’s the drift once more hides the margin for a mile,
after which the superficial beds thin out and the country consists of rocky
hills separated by sarrow valleys often filled with a lake. The basic
edge in this part trends about northwest for six miles; and this stretch
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may be called the Blue Lakeregion. Owing to the good rock exposures this
belt was early taken up as a series of claims, which run without a break
for the whole distance. They are at present rather inaccessible, since
the only road that exists is in very bad condition anditstopsentirely at Blue
Lake; beyond which travel must be on foot over very rugged country,
or by a chain of lakes very poorly connected by portage paths, at least
during low water seasons, such as the summer of 1911.

In the earlier survey this part of the nickel range was worked out by
my assistant the late Mr. M. T. Culbert; and during the examination
made in 1911 it was not found necessary to make any changes in his mapping,
except in the way of minor details.! There has been little advance in-
conditions since 1905, no work having been done later on any of the proper-
ties; and the weathering of the ore and rock dumps has proceeded so far
that fresh specimens can only be obtained by breaking large masses. Most
of these properties belong to the Lake Superior Corporation or to Cochrane
and MecVittie.

The wagon road from Sudbury to Blue lake branches off from the road
described as going north across the nickel eruptive not far from Garson
mine, and turning northeast crosses Massey creek, which flows ultimately
into Massey bay near Boland’s. At this point the road approaches the
margin of the norite after passing for two or three miles over sand plains,
and it presently goes down into a narrow valley followed by a small tribu-
tary of Massey creek. This tributary stream with the ponds and
marshes into which it expands marks almost exactly the basic edge of
the norite, and for at least a mile and a half the road, which follows the
creek; is scarcely a hundred yards from the edge. The norite has
weathered much more rapidly than the granite and greenstone to the
northeast and also than the intermediate rock and the micropegmatite of
the acid edge to the southwest, so that a trough perhaps a quarter of a
mile wide has been opened up all along its outerop. _

The first four claims, WD4, WD6, WD3, and I8 show no large bodies
of ore, though the norite is nearly everywhere spotted with gossan where
it touches the fine grained greenstone or Laurentian granite which forms
the country rock.

F7 and F6 were taken up on the east shore of a small lake running
north and south, and WD7, an unusually large location, covers its west
side. This small body of water was called Moose lake by the early pros-
pectors, but as there are already two other Moose lakes in the district,
it has been named Pyrrhotite lake on the present map. The name is
appropriate, since almost its whole eastern side is covered with gossan,
and a number of large test pits, as well as two or three small shafts, show
sulphides, mainly pyrrhotite.

Most of the pits are near the shore, which rises rather steeply for
20 or 30 feet, but others extend for about 100 paces farther up the hill.
The workings are all old and the sulphides of the faces of the pits and on
the dumps have largely changed to gossan, but in several places there are
thicknesses of five or six feet of solid ore to be seen. Generally, however,
the ore :s a good deal mixed with rock, partly spotted norite, but more
often a crush conglomerate of greenstone, which makes the country rock.
There has been a vast amount of crushing and shearing of this greenstone
and occasionally also of granite, which has penetrated the older rock as
dykes. The foot-wall of rusty greenstone has a very uneven surface, from
which much of the ore and norite have been weathered, leaving rounded

1Byr, Mines, Vol. XIV, Part III, pp. 73-4.
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mounds and hollows, the whole dipping westward under the water of
Pyrrhotite lake at angles varying from 15° to 45° o _
This dippingof the gossan and ore into the lake suggest that there may
be considerable deposits under its bed, especially since very little norite
can be seen above or mingled with the ore in the pits. The norite observed
is dark grey, medium to fine grained, with small crystals of biotite and looks
very like the norite of Creighton mine, and thin sections under the micro-
scope show that the composition is the same, except for the change of
hypersthene into horublende. This dark grey norite seems coufined
to the immediate vicinity of the ore, and a quarter of a mile to the west, -
on the other side of Pyrrhotite lake; the rock has the usual pale grey of
the eastern norite: Microscope sections of this norite show a little more
quartz and no biotite. , ' , ' ‘
~The nickel eruptive is unusually narrow here, the width being only
- a mile and a half, of which about a third may be counsidered norite and the
.rest quartz diorite or a dioritic syenite with micropegmatitic quartz.
Not far to the south the eruptive lias a width of about a mile and a
quarter and ohe would not expect a very large body of ore to segregate
from so modérate a thickness of magma; nevertheless the gossan and ore.

at Pyrrhotite lake extend for 1,200 feet, following the shore, and for 760 - -

feet in a straight line, with a breadth in places of 200 feet, so that surface
indications are favourable, and the ore is unusually coarse grained and rich.

- Beyond - the lake towards the northeast in location F5 several. pits
and a small shaft on a steep hill beside a pond display a good deal of gossan,
though not much ore can be seen; and beyond this. is a steep hill rising
from the shore of Blue lake with gossan on its slope and two curious deposits
on top. The larger one, 75 feet long from north to south and 35 feet wide,
is completely enclosed in greeustone and seems -to be a columnar offset:
deposit, though only a short distance from the edge of the mnorite; the
other one is a few yards to the southeast. " Seven years ago the Lake:
_ Superior Power Company did some diamond drilling on Blue lake, proving
the existence of a considerable body of-ore, but the lack of railway conuex-
ions prevented themr from working the mine.

Blue lake consists of two parts joined by a narrow strait, and the ore
deposits just mentioned. occur to the east of the strait and south of the
northeastern part of the lake, the southwestern expansion being wholly .
within the nickel eruptivé. Across the northeast expansion a small out-
crop of ore occurs about opposite those just described in location W 1:
Irom this point the edge of the norite runs northwest to the eastern side
of Clear lake, in W 2 and W 3, where there are strippings and small pits
showing ore, mostly close to the water’s edge, but sometimes 100 or 150
yards up the hillside. The country rock northeast -of Clear lake rises
with very steep slopes. to a rather narrow ridge of greenstone and crush
conglomerate running northwest and sountheast parallel to the lake, which
is about a mile long and less than a quarter of a mile ,wide. - The lake
basin was evidently formed by the weathering out -of' the basic norite
with its fringe of ore. . U ' o

The outlet of Clear lake is over morainic materials, and the solid rock
is covered to Emma lake, the next little lake or pond, so that the position
of the norite margin is doubtful. A short distance north of Emma lake
there are hills of coarse granitoid gneiss, so that the basic edge evidently
continues northeast under the drift towards a bay of Ela lake. = Like
Blue lake, Ella lake is double; with northeast and southwest expansions
having a narrows between; but most of the northeastern shoreis of granite
or greenstone mixed with grauite, and in location WR 11, noorewasobserved.
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Just northeast of the outlet of the lake in WR 10 where a small stream
flows north toward West bay of Waunapitei lake, a considerable pateh of
gossan is seen and a large test pit has been sunk showing ore mixed with
Tock, and gossan with norite and ore oceurs in a ravine northeast of the
end of the lake in WR 2. 'WR 9 and WR 2 are within the township of
Norman. ) ]

Between this point and Waddell lake there is much difficulty in placing
the edge of the norite, since the hill seems to be the plane of contact of
norite and ore against the uunderlying greenstone. The whole surface
is a crush conglomerate and here and there scattered over it are gossany
spots and small pateches of norite spotted with ore. Mr. Culbert mapped
the norite edge as bending northeast toward a bay ou the east side of WR 2,
and there are undoubtedly rusty portions of norite extending as far as
that, but they seem to be only remnauts projecting a little deeper into the
foot-wall rock than usual, and hence of no importance as indications of
an ore deposit. On this account it has seemed better to carry the boundary
nearly straight north to Waddell lake. Along its shore much the same
difficulty is met, since granite oceurs at its southeast corner in WR 23,
followed by greenstone farther north, partly covered by a fringe of norite
and gossan running up into WR 7, where a small outcrop of ore occurs
northeast of the end of the lake, probably a short offset, since older rocks
oceupy the northeast shores beyond this.

THE WHISTLE MINE.

The Whistle mine has long heen looked upon as the most important
ore deposit on the eastern side of the nickel basin because of the great
extent of gossan displayed and also since ore was disclosed in numerous
test pits sunk in earlier years. At the time of the former mapping of the
region it was not easily accessible except by a canoe route following the
chain of lakes referred to as leading northwest from Blue lake, but at present
it is reached by the Nickel Range railway, running three and a half miles
east from Nickelton Junetion on the Canadian Northern.

The mine is mainly on lot 6, con. IV of the towuship of Norman, but
the deposit extends a little way into lot 6, con. V, just to the north, and
beyond it the mining village of Nickelton is rising on a plain of old lake
deposits. It belongs to the Dominion Nickel Copper Company and is,
so far as known at preseut, the most important in tonnage of ore of their
numerous properties on the eastern and northern ranges. '

Coming up from the south there is a fringe of barren norite along the
east shore of Selwyn lake, cut by its eastern bay, and running with a very
irregular edge along low hills at the outlet of the lake into Post creek.
A few hundred yards down Post creek a tributary comes in from the
northwest in a broad marshy tract which hides the boundary for a short
distance. To the north of the junction of the two streams near a road
leading northwestward to the mine, gossan is seen extending up the hillside
t0 the east, on what is called the Wildeap deposit. With few interruptions
gossan and ore can be followed irregularly along the steep hillside or on top
of the hill to the point where the main workings have been carried on near
the shaft house, a distance of more than a third of a mile. Here the boun-
dary suddenly turns westward, crossing the railway an eighth of a mile
northwest of the roclkhouse, which is about 180 yards southwest of the
shaft house.

From end to end the gossany edge of the norite and ore extends for
half a mile, with a width of 250 yards where widest, and lying up against a
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steep -hill which rises 230 feet above the valley, the rusty surface is most

mpressive. Ore or gossan extends quite to the top of the hill and may be
followed down the slope to a small tract of swamp at the bottom. Many
test pits were sunk from point to point in early days showing shallow or
deep ore deposits at the Whistle mine, and since passing into the hands of
its present owners a large amount of diamond drilling has been done on a
systematic plan, so as to explore the property more thoroughly. A drift
has been run into the hillside half way up, cutting a body of ore for 432 feet
and resulting in the incidental production of several thousands of tons of -
ore. In one drill hole in the swamp below the hill ore was found at a depth
of 893 feet; showmg that the hillside does not display all the ore in the
deposit.

The Whistle mine is a typical marginal deposit, formed where the norite
edge makes a sharp bend from north to west, so that it follows the general law
in the district, of a large ore body where there is a pronounced bay -of the
norite extendmg into-the country rock. The shape of the deposit is very .
complex; since the floor of granite and greenstone is uneven with projec-
tions and also hollows into which the ore could settle. A distinct rise of the
Archaean floor separates the Whistle from the Wildeat to the south, and the
Whistle itself is divided into almost separate deposits by projections of
the rock beneath, one mass dipping at 45° toward the west, and another
passing into the flat at the southwest. ,

Except close to the ore the norite near the Whistle mine is coarse:
grained and unusually pale grey in colour, as may be seen where it rises as a.
steep-walled hill a little to the west of the rockhouse. The norite close to
the ore, however, is very fine grained and is sometimes mixed with fragments
of other rock, gleenstone and granite or gneiss as a crush conglomerate,
an arragement found at many other nickel mines. It is probable that.
this long known mine will be producing ore on a large scale mthln a year
or two.

To the west of Whistle mine the boundary of the norite, with its

gossan, is lost in the creek valley, and for a quarter of a mite the contact.
has not been seen, since the hill which it crosses is largely covered with
drift and forest.. Half a mile to the west, following the railway, small
pits on a gossan-covered surface show some ore a hundred paces. south
of the track, and less than a quarter of a mile beyond gossan is seen, a
little to the north of the railway.
" Broad lake deposits hide the basic edge for some distance beyond this,
but here and there norite with little evidence of ore rises against hills of
granite enclosing some green schist. About two and a half miles west of
the mine, following the railway, a path leads a quarter of a mile northwest
to a ravine between a steep hill of norite toward the southwest and of .
Laurentian toward the northeast. On the flanks of the latter hill there
is ore to be seen at a small shaft, whose dump consists mainly of crushed
conglomerate mixed with ore. Beyond this to Vermilion river no out-
crops of gossan or ore are known.

The Northern Range.

The edge of the norite at Vermiliou river is largely drift-covered, and
no actual contact was observed near the river nor along the Canadian
Northern railway at Nickelton Junction; the coarse, rather pale, grey
norite found for a quarter of a inile-north of the junction passing out of
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sight several hundred feet before the reddish Laurentian gneiss rises in a
rock cut.” From this point southwest for two tilés kames and morainic
deposits deeply cover the bed rock i in most places, but the norite edge can
be seen vising as hills against the Laurentian near a small lake at the
corner of lots 2 and 3, cons. III and IV of Wisner township. There is no
ore nor gossan to be seen and prospectors have taken up no claims until
lot 4 is reached in the third concession. A well beaten path leads from
Nickelton Junction over the hills just mentioned, and then follows the
chain of claims running westward across four miles of the width of the
township, in places widened or replaced by a lumber road.

The basic edge from lot 4 to Joe’s lake follows mainly a creek valley
with swampy margins, where the actual contact of the norite with the
older rocks to the north is usually hidden, and no gossan nor ore was
observed, though prospectors have taken up half a dozen claims along this
part of the range. The edge bends inward here, so that ore in quantity
would hardly be looked for; but toward the west side of location WR 14,
northwest of Joe’s lake, and adjoining part of WD 16 to the west there
is a promising outward bend, mainly within the latter claim. Here the
norite boundary is gossany against crushed greenstone, and in WD 16
test pits and diamond drill holes show the presence of a considerable amount
of ore.

The boundary curves southwest in this location, and then west once
more in WD 13, where some gossan and ore are seen in test pits. Ore has
been found in WD 15 also, where the norite turns a little south of west
hefore passing out of Wisner township.

In Bowell township the basic edge extends diagonally from con. III
on the east side to the southwest corner, just north of the township of
Lumsden. Ore may be seen on WD 13 and on WD 208, but the most
promising deposits are near the middle of the towuship, where a long
offset extends toward the west. Gossan begins to show itself against granite
hills near the northeast corner of location WD 35, but is found in much
larger amounts -on a hill slope in WD 155, which may be taken as the
beginning of the offset.

THE FOY OFFSET.

The Foy offset, as it may be called, runs past Nickel lake in a north-
westerly direction, then turns west, passing another small lake, and ends
just north of a pond almost exactly in the middle of Foy township. It
18 six miles long and fairly continuous, though the norite varrows and widens
and is not always easy to distinguish from certain grey basic rocks rising
here and there in the Laurentian. The rock is heavily charged with ore
for the first mile, and there is a distinet ore body in location WR 5, often
called the Ross mine, at the western end, but the stretch between shows
little gossan, though its whole length has been taken up by prospectors.

Gossan is widespread on the locations near Nickel lake, and test pits
and drill holes show that ore occurs at a number of points on WD 155,
where the adjoining rock in some places is so largely made up of white
plagioclase crystals that it might he called anorthosite, and there are
small seams of magnetite as well as sulphides. Similar relations con-
tinue to the northwest, in WD 150. Beyond Nickel lake the bhand of
norite narrows and becomes greatly mixed with boulders and angular frag-
meuts of a coarser grained norite and of the country rocks, which are grey
gneiss, greenstone, and a white rock with porphyritic feldspars not unlike
the anorthosite mentioned above. The whole conglomerate is more or less
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gossan-covered, and quite similar conditions are seen near the next little
lake, where gossan and the band of crushed rock rise above the water.

The Laurentian along this part of the offset is coarse red granite,
something unusual in the region, where it commonly consists of grey gneiss
with streaks or patches of greenstone. Little gossan or ore is to be seen
beyond this aloug the offset; until the Ross mine is reached, where two out-
crops rise from the muskeg borders of a small lake against the usual hillside
of Laurentain gneiss; but even here the amount of ore to be seen is not
large. It is reported to assay only 2-75 per cent of nickel, so that it is
not high grade.* _ _

The crushed and brecciated character of the rock along-this offset -
resembles that on the two other long offsets, at Copper Cliff and Worth-
ington, and may be accounted for as in the other cases by collapse and
faulting during the advent of the nickel eruptive. This offset is, however,
more continuous than the others, scarcely showing any interruptions,
though its width varies from 20 feet to 500 feet in different places. Except
in the earlier part, near Nickel lake, there is no reason to expect any large
body of ore on this northern offset, and the low content of nickel at the
Ross mine is not specially attractive.

Beyond the Foy offset the boundary of the norite follows the south
shore of Roland lake and then turns southwest to another narrow lake
which lies between the norite and hills of Laurentian to the north. The.
next point of interest is in location WD 238, where a small offset projects
northward from the edge, running up a narrow valley in location WD 37
and showing gossan aund ore as exposed by strippings. Gossan is found
at several points to the southwest, and a few test pits show ore on locations
WD 231, WD 241 and WD 251, the last being at the southwest corner of
the township. The country rock along this part of the basic edge is
gneissic Laurentian rising often as very steep ridges or hills, with the ore
generally toward the bottom of the slope. At several points, however,
the margin is in low ground and covered with drift and swamp.

Taking the northern range as a whole, the number of ore bodies of
promise is not great, though at least two portioms, northwest of Joe’s
lake and at the beginuning of the Foy offset, are known to contain deposits
of importance. The ore is not usually high grade and differs considerably
from that of the southern range in containing less copper and more mag-
netite. In one location there is only 0-15 per cent of copper with 50-57
per cent of iron.  About 10 per cent of this ore is magnetite, and sulphur
is present to the extent of ouly 30 to 32 per cent, so that by simple roasting
an excellent ore of iron could be prepared containing all the nickel. The
amount of copper present is so small that apparently the roasted ore could
be used directly in the production of nickel steel, the plan proposed years
ago by the Lake Superior Corporation for the ore from the Gertrude miue.

BASIC EDGE IN MORGAN AND LEVACK.

The basic edge of the norite, more or less ore-bearing as it runs dia-
gonally to the southwest corner of Bowell township, loses its ore almost
immediately after entering Morgan township, South of a small lake at
this point there are two patches of gossan on which a little stripping has
been done, while to the north of the lake there is Laurentian granitoid
gneiss. The edge of the nickel eruptive shows neither gossan nor ore from

1G.8.C., 1890, Part R, pp. 434.
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this lake to the boundary”of Levack township, at the north end of con-
cession IV, so far as our researches go, and no locations have been taken
up by prospectors, whose keen eyes never fail to discover an outerop of
gossan. The reason for this is probably to be found in the fact that
the eruptive is here at its narrowest, having a width of only three-
quarters of a mile in lot 2, concessions V and VI, and not exceeding a mile
and a half till the margin bends westward toward the Levack ore deposits.

In accord with this narrowing of the eruptive is the petrographic
character of its outer edge, which is pale reddish grey, with the compo-
sition of syenite rather than norite. Comparison of specimens from the
two edges shows very little difference, and one may fairly conclude that the
basic, or norite, part of the eruptive is wanting here, the acid or micro-
pegmatite phase making the whole width, so that. under these circum-
stances the lack of ore for six miles is not surprising.

The country rock, where examined at every half-mile or oftener
across the township, is coarse granitoid gneiss of the Laurentian type with
many bands and masses of hornblende schist or greenstone enclosed in it.
The gneiss strikes about east and west and usually has a vertical dip,
and the boundary of the eruptive always shows a crushing and brecciation
of the Laurentian beneath.

Owing to its barren character, it does not seem necessary to describe
in detail the margin of the eruptive in this part.

The northern part of Morgan township is almost devoid of roads and
has been left in a very rough condition by the lumbermen; but it may
be reached by canoe on Moose and Trout lakes and by a lumber road over
sand. and gravel plains to an old camp near the forks of Sandcherry creek.

THE LEVACK AND STRATHCONA MINES.

As the nickel eruptive widens north of Moose lake, near the eastern
boundary of Levack township, its outer edge once more becomes grey,
though not of a deep tone, and may be called norite again. The widening
continues through the first two lots of Levack township and reaches nearly
two and a half miles opposite the Strathcona and Big Levack mines. Near
the north end of lot 1, con. IV of Levack, 150 yards west of a small lake,
gossan and ore are to be seen in some small test pits, and 100 yards farther
west stripping shows a considerable extent of gossany surface, the latter
probably in lot 2. The country rock is of granite or of granitoid gneiss
and a hill of these rocks projects south, separating the stripping just men-
tioned from the much larger exposure of ore and gossan commonly called
the Big Levack mine. Here the margin of the norite and ore is very
irregular and is spread out over a length of 130 yards from north to south
and a breadth of 70 yards. The underlying surface of granite is hummocky
with depressions and projections, so that the ore sometimes reaches down
several feet, as shown by test pits, while in other places the bare rusty
surface of granite intervenes. The dip of the basic edge is, therefore, very
variable, averaging about 20° or somewhat more.

It appears that most of the norite and ore has been weathered away,
leaving only what was protected in the hollows of the harder rock beneath.
It may be, however, that the swamp at the foot of the gentle slope hides
the thicker parts of the ore body.

A swamp-covered gap separates the Big Levack property from the
Strathcona mine in lot 3, where the norite edge projects a short distance
to the west. Here, as on the Big Levack, the ore and norite are widely
but very i}}regula‘rly spread, as seen in numerous test pits. Mr. Ernest A.

25873—10
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Sjostedt,; who-examined- the property some years ago, when the workings
were fresh, reports on it as follows:
. “The mineral zone.runs diagonally N. E.'and S.W. across the north
half of lot 3 and south half of lot 4, in the fourth .concession of Levack
,tOWIlShlp, and is bounded-to .the nolthwest by a range of syenitic gr amte :
with which it forms a direct contact; and to the southeast by a mdemnge ’
of norite, which usually forms one side of the miner alized zone throughout
the.Sudbury district. The largest body of ore is shown at the northeast
-end of lot-3;. although” the line of -magnetic aftraction is practically con-
tinuous across both lots, and ore is shown.at various points of lot 4 as. well.
Near the northeast end ‘of lot 3 the principal prospecting work has been
‘done, a space of 3 or 4 acres having been . clear ed of timber and underbrush,
and in places the formation stripped, exposing the capping and gossan,
which generally reaches a depth of 2 to 8 feet. . Part of the ore body is
‘here shown up by a number of cuts and pits, also by two shafts, of which
No. 1 shaft is 45 feet deep,- passing 8 feet through barren cap 1ock, then.
through 25 feet of mixed ore, then thlough 12 feet of solid pyrrhotite,
and a 10 foot hole having.been drilled in the bottom of the shaft, showing
clean ore the entire distance. No. 2 shaft (250 feet north of shaft No. 1)
is 30 feet deep, 6'feet being in cap rock and 24 in solid pyrrhotite.

Pit A (320 feet north of shaft No. 1) and pit D (40 feet north of pit
A) show ore within 2 feet of the swface, and trench C along a low hillside
about ‘midway ‘between pit A and shaft "No. 2, shows a face of ore 50 feét
long, in the centre of which a pit was sunk thlough 12 feet of solid ove

From the data furnished by the above-mentioned pits and shafts
covering an area of about 600 feet in length and width, the amount of
ore in sight on lot 3 is some 60,000 tons, but this includes an area of less
than a tenth of the ground coveled by equally promising surface indica-~
tions; consequently there is every reason to expect a much larger body.
The ore exists mainly in solid masses within: 4 zZone of 200 to 600 feet wide
and some 1,400 feet long.

Followmg are a number of analyses of samples taken fr om, the above-
'mentloned workings, which w.ll show, the chfu acter of the ore.”

Sample from . . - Sampler. Insol. Fe. | Cu. | Ni,
‘Shaft No. 1,1 foot from bottom . C. Schuler. ... 2.78
“ ° “picee from dump........ ' A Sjvstedt....|. 355
“ ¢ 2 from dump............ D. C. Schuler..... 385
s« 95 feet depth..... .. 3.54
o plece from- dump B, A Sigstedt. 4-65
PltA surface.. ..{D. C. Schuler.. 2:24
¢ B, surface.. . . . 2-02
“ B bottom. . u« 3.37
“ C, e “ 2.40
“C, treneli. oo « 3.27
O, 1B pib “ 272
D low ground..,.........v..... “ 3.91
Dmmond drill hole, near A, 26 it..|A. B. Wilmott..., 3-80
Diamond drill holc, near A, 40 ft.. “ Y 2-60
Shafts, all over dumps............. R. H: Aiken...... ’ 3.15
Near norite wall........ PN €. 1-68
Near noutc wallo oo M 170
AVEIREC. . et it et 2.97
~Sumplcs taken by Messrs. Cohen and -
Bradley, experts f01 J. De- ) ’ ’
Lamru NY. e e 1.99] 2.67
Total average..........oofevvvnn. PO I e 1'70‘ 282
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The ore is evidently widely spread in these two mines, which are
really one series of -deposits, but a very large part of it has been removed
during the lapse of time, so that only remnants now remain on the exposed
surfaces. What may still be preserved beneath the swamps and drift to
the southeast remains to be proved.

The ore as shown in-Mr. Sjostedt’s table averages lower in grade
than that of the- southern nickel range as a whole, though it equals that
of two or three large mines which have been worked profitably. Rather
pale grey norite rises as hills to the south of the chain of ponds and swamps
representing the basic edge of the norite.

At the Levack mine a wagon road begins, following the basic edge
rather closely southwestwards to the crossing of Onaping river, in lot 9,
on the southern side of Levack township. Beyond this the road keeps
to the west side of the river, which here runs south, to the Canadian
Pacific railway at Levack, a distance of a-little over ﬁve miles along the
nickel range, followed by about two miles southwards across the more
acid phases of the eruptive.

The basic edge runs for two miles southwest from Strathcona mine,
then bends south for two-thirds of a mile past a small lake in lot 6 on
the boundary between concessions II and III. No ore has been found
at the northwestward bend, where one might have expected it, but gossan
shows on a hillside sloping steeply down to the lake at-its southern end.
It may be that the boggy floor of the valley to the north conceals ore which
does not show itself on the rocks which rise above it, and no doubt with
the idea that an ore deposit may exist below the marsh and lake, a claim
has been staked by Mr. Black-at its outlet.

The test pits near by show very platy pyrrhotite enclosing small
crystals or rounded blebs of rock matter, and the same is true of a large
deposit, generally called the Tough and Stobie property, two-thirds of a
mile to.the southeast, where the road passes over the gossan close to the
foot of a high hill, on which several test pits have been sunk.

The Laurentian background of granite, gneiss and fine grained green-
stone, has been very little brecciated at this point and dips fairly uni-
formly at an angle of 33° to the southeast, under the usual swamp; while
hills of grey norite rise across the creek a quarter of a mile away. All of
the Levack properties suggest remnants of once important sheets of ore
leaning up against the Laurentian gneiss, with a possibility that the original
thickness of the deposit may yet be found preserved heneath the drift or
swamp that regularly covers the base of the bills.

To the southwest of this point plains of sand and gravel begin to
spread out along the river valley and the basic edge is mostly hidden for
the next two or three miles.

The short stretch of the basic edge included in the township o Dow-
ling between Onaping river and Windy lake, is largely drift-covered and
no ore is known to exist along it. Near the Canadian Pacific railway
on the northeast shore of Windy lake grey dioritic norite is seen, but the
precise boundary between it and the Laurentian is under the drift. The
Laurentian beyond is gneiss with darker schistose inclusions.

Windy lake itself cuts out two miles of the basic edge, the only example
of a large body of water occurring on the circumference of the basin. A
promontory stretching out from its northwestern shore is crossed by the
norite margin, but here it is obscured by moraines and esker ridges and
a small bay pushing north from the end of the lake forms another inter-
ruption, followed by wide swamps to the southwest in the direction of
Mink lake. The shore of Minlk lake is entirely Laurentian, and the por-

25873—10%



‘94

~tage path between it and Mosquito lake to the southwest crosses only

coarse granitoid gneiss and drift. On the southeast side of the small stream
drainng Mink lake into an arm of Mosquito lake norite rises as a steep
wall of rock, which continues along the shore of this northeast arm and
- also borders the main.body of the lake. A narrow southern arm of the
lsltke probably marks the boundary there, but no rock was seén on its
-shore. . ,
A point projecting from the southwest side of the main lake consists
of spotted norite against Laurentian and it is stated that ore was found
in two pits a little lower down on the point and on a small island off shore;
but at present a damn at-the outlet of Mosquito lake has so far raised the
water as to cover all of the openings. The work was done many years
ago by Messrs. McConnell and Tough, and the small ore dumnp visible
is turned to gossan. Mr. W. Stephens, a trapper well acquainted with
the region, says that a narrow band of rusty rock with some ore is found
also on the shore of a long southeastern arm of Ministique lake (locally
called Mistic lake), but for lack of a canoe at the proper time this was
not visited. The small deposits on Mosquito and Ministique lakes seem -
to be parts of an.offset. . : )

The southern end of Mosquito lake passes into the township of Trill

and a portage leads west, mostly over drift, to the northeast end of Arm-
strong lake in that township. Including the water stretch of Windy lake
there is a gap of about nine miles between the last outcrops of ore in Levack
and the one just referred to in Cascaden, the longest blank known on the
basic margin of the nickel eruptive. The next longest blank is in Morgan
township to the northeast, where the eruptive is narrower than anywhere
else. The Windy lake pa:t of the eruptive is not unusually narrow, so
that some different explanation must be looked for in this case; and it
may simply be that ore bodies exist but are under the water of the lake
or are covered by the widespread drift and swamp which hide the solid
rocks over much of the region.

THE . NICKEL RANGE IN TRILL.

For about two miles south of the last norite seen on Mosquito lake
the basic edge appears 'to be lost under drift deposits, though a cliff of
norite was found at about the middle of the south side of lot 9 in con, V.
The boundary apparently runs near the west side of a small unnamed
lake, where granite hills rise just to the west, but the first actual contact
was found inlot 10, con. V, 200 or 300 yards south of the lake just nentioned,
on a hill sloping east, where a little norite occurs in patches on the Lauren-
tian. The boundary can be traced, with drift-covered interruptions,
for half a mile southwest on the same hillside. About a quarter of a nile
south of con. V, on the line between lots 10 and 11, the slope of the hill
becomes steeper and turns -west, and on its south side gossan appears
in considerable amounts and some test pits show more or less ore. Beyond
this the boundary is once more vague, spots of norite ocecurring in the brec-
ciated gneiss for some distance up the hill beyond the solid eruptive, and
presently the basic edge bends to the south for three-quarters of a mile,
and then southeast. There is much drift over this portion so that the
precise boundary is not certain, and a little north of the only house left
standing there is a small inlier of Laurentian, apparently a mound rising
island-like through the surrounding norite.

The contact of norite and the mixed granite and greenstone of the
Laurentian is unusually flat in this great westward bay, often having a
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dip of not more than 5° or 10°, and many scattered shreds of norite, very
fine grained and sometimes spotted with ore, are found as outliers upon
the older rocks, even hundreds of yards beyond the edge of the solid norite.
At the corner post between lots 10 and 11 and concessions IIT and IV
a hill of greenstone rises steeply facing northeast and along its flanks ore,
occurs in several places at the Trillabelle or Gillespie mine, where in former
years a considerable amount of work was done in stripping, opening pits
and sinking shafts. The old buildings have all disappeared and saplings
are growing up among their foundations, but the gossan-covered dumps
of rock and ore may still be studied.

The rocky hillside consists largely of the crush conglomerate so often
found beneath the norite, with fine grained norite and ore as the matrix
of the large and small fragments of greenstone; and the dip of the contact
is from 35° to 45° to the northeast, instrong contrast with the gentle dip
of the country rock a little way to the northwest. It seems that the steep
slopes beneath the norite, here and also three-quarters of a mile to the
north, halted the molten mass and allowed the ore to separate, while the
easier slope between these two points permitted an unobstructed motion.

" A quarter of a mile farther southeast there is an isolated pit with ore,
and 200 yards south of it another pit of considerable size. Beyond this
to the south the margin of the norite is generally drift-covered and no
more ore nor gossan was observed, though in several places granite with
patches of greenstone, or greenstone free from granite can be found to the
west, and norite to the east of the valley followed by the road to Worthing-
tlc;n. At two points there are outliers of norite with Laurentian all round
them.

A bald ridge of pale grey norite rises as a landmark on the line
between. lots 9 and 10 near the south end of concession ITI, just to the west
of the marshy valley of Cameron creek and sinks out of sight a quarter
of a mile farther south. After a half mile of swamp norite again rises
on the hillsides west of the creek near its eastward bend and .continues
to the middle of lot 9, con. I, the farthest point toward the southwest
reached by the nickel eruptive. No ore nor gossan was observed along
this belt of norite, probably because the actual edge is everywhere drift-
covered, though in such a bay-like projection ore might have been expected.

Around the bend of Cameron creek everything is lost under dead
water and swamps owing to a dam just beyond; and here a puzzling
problem arose. From the last undoubted norite to the nearest ore deposit
of Sultana mine is less than a mile in a direction a little south of east;
but all trace of the norite seemed to be lost in the space between. To
the north of the creek beyond the dam a reddish somewhat schistose rock
rose as hills and to the south an even steeper group of hills consisted of
greenstone. By careful following up of the nickel eruptive from Sultana
mine, so as to make sure there was no break in the continuity, it was proved
that the basic part of the eruptive is wanting here and that the reddish
schistose rock passes directly into the acid phase of the eruptive. It
has, however, been sheared or squeezed against the greenstone across the
creek and perhaps cut off by faulting. Owing to the covering of drift to
the southwest the relations in that direction could not be seen, but it seems
certain that the southwest end of the boat-shaped syncline is partly split
open by a mass of greenstone half a mile long and a quarter of a mile wide.

In the former mapping of this part of the region the township of
Trill was covered with heavy timber, and outerops of rock were not easy
to find, so that the norite boundary was made too regular. Since that
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time the splendid pine has- been cut-off by the lumberman and ‘the region
has been mostly burnt over very effectually, so that the following of the
rock boundaries has been comparatively easy except where swamps or
stony morainic ridges hide every’nhmg ‘The present map, -therefore,
shows much more irregularity in the: basic edge than the former one at
-the extreme west of the nickel basin. :

In the work around- Trillabelle mine much assistance was 1'ece1ved
from Mr. Kirby Thomas, who was exmmnmg the pr ope1ty as a mining
engineer.

In order to give a more eomp]ete 1dea of the mckel -copper contents
of the ores from various parts of the ranges not-well representéd in the
averages quoted the following assays are appended. The-samples were
taken as fair specimens of the ore in each case, but it will be-understood,
of course, that they are individual samples and ' may not replesent the
average ore from the deposits mentloned ‘

h . . "IN PURE SULPHIDES.
No. i Locality. .| Insol. Cu. - Ni.-| Co. —
' o ol ow | M| =
1 |{Sultanw miine. ;o oo o] 10020 | 026 | 2468+ ... 0-20] 299
2 [Mt. Nickelmine....5...ooo| 7262 | 031 80T | 1033 | . 333
-3 {Whistle mine.....o.oovee. alaeieo | 010 |l 276 ... ... 0-11' 2.96.]"
tf Chlcaﬂo (Travers) mine... . =k 980 024 250 ........ 0-26 2.77
b Levaqk NG, v ire e irennn 1-50 084 476 ..0;85 4.83
‘6 |W. D. 150, Northern i'aﬂge of| - T ERER o o . ) A
Bowell tp.......... s v952 | 010 | 281 fr, 0-11.| . 2.77
7 |Worthington mine....0.0.. . 1700 0-'5l6: 645 ........ 067 A
8 Totfen ‘r.nine, Worthinéton R . . B Co.
OFFSEt .. vvvrvierneens e 20-52 | 008 | 41| 307 01| 0:00) 435
0 [Blozard miie. ... ... oo 1349 |- 242 | 890 |oeo.... 2-80 | 450
10 |Victoria mine... ;oo ieie.| 002 | 00 | A0s 070 | 8:00
11 [North Star mine....... sl 1000 [ 0-26| 486 || 020 507
12’ Elsio mine........ cedioaverss |8 126 | 496 | 185
13 [Little Stobie- mllle...:."..;:.:.~.. ‘ ":6:3..‘-2 o 20 1-58 |. 0-21 | 1.69
14 (W, D. 155, Nolthem mnge pf " NE 1 - s )
S| Boywellgp. e S e e 747 " 0.2 BT 0:3¢| 386
15,'Gemude nii. R 875 .'0-14 |' 3.88= R RESLIRERT

The Aad Edge of the Nlckel Eruptlve. RO A

When it was dlscove1ed by Professor T. L. Walker that the morite. con-
neeted with the nickel ‘oré at Murray.m'ne merged into.a more acid rock,.
micropegmatite, toward:the north, and that the norite near Wmdy lakei‘

passed into a similar rock toward the southeast, a clue was given toward
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the explanation of the whole problem of the nickel ranges and their rela~
tionships Under the instructions of the Director of the Bureau of Mines
of Ontario the work of mapping the nickel ranges as fully as possible was
undertaken by myself and my assistants, including Messrs. Culbert and
Moore. In following up the different nickel ranges there were numerous
and sometimes wide gaps where no ore had been found by prospectors.
Often these gaps proved to be caused by swamps or drift deposits; in other
cases the norite could be followed unbroken but with an inward curvature
that did not permit the ore to collect.

To avoid the uncertainty occasioned by these gaps, it was decided to
map the acid edge of the nickel eruptive also, though in a rougher way; and
from time to time as occasion allowed the inner margin of the micropeg-
matite was traced. This boundary was touched as far as possible at every
half mile, and often much more frequently, so that its posmon as given on
the map is believed to be reasomably accurate, though it has not been
worked out in great detail.

The results of this work have given greater certainty in regard to
the contlnmty of the nickel ranges, especially in tying together loose ends,
for example near Sultana mine to the -west and Falconbridge to the east.
As the work progressed it was recognized that another valuable result was
obtained. It was found that great width of the eruptive was accompanied
by large ore bodies, and medium width by smaller ore bodies, while the na -
rowest parts of the eruptive had no ore bodies on their basic edge.

The basic edge of the eruptive had usually been found to carry ore at
outward bays, which was explained by supposing that the heavier sulphides
settled by gravity into the hollows. Omn this theory no ore wasto be expected
-on the acid or upper margin of the eruptive, and actually no nickel ore and
very little copper ore has been found on this margin, though there are a
.cons derable number of small ore deposits of another kind either at the
acid edge or in the overlying sediments which have been more or less
metamorphosed by it. Up to the present none of these deposits have
‘proved large enough for development as mines, though it is possible that
‘more important ones may be found when the acid edge has been as care-
fully scanned by prospectors as the basic edge.

In mapping the acid edge unexpected difficulties were encountered.
It was found that the edge was often overrum, even for a hundred yards
.or more, because of the great resemblance of the micropegmatite to the
overlying Trout lake conglomerate, Which was often so completely meta-
morphosed by hot fluids emanating from the eruptive as to be itself largely
transformed into micropegmatite of a somewhat ruder sort, near the erup-
tive margin. Only the larger granite pebbles and boulders of the con-
glomerate resisted this process and remained as cloudy patches of coarser
or redder granitoid material.

Another difficulty was encountered in the variety of phases presented
by the micropegmatite itself, which was sometimes rather coarse, red and
granitic or syenitic looking, while at others it was gneissoid in appearance,
and at still others it formed-a fine’grained cleavable green schist. In the
field the one variety was traced into the other, but hand specimens of the
extreme types would never be recognized as: the same rock. Thin sections
.under the microscope, “however, always showed- the characteristic inter-
. g;rowth of quartz and feldspar called mlcropegmatlte

ACID EDGE OF THE SOUTHDRN RANGE

“The inner édge of the nickel eruptive on the southern range begins
‘loward the southwest ‘n a sharp bexd on lot 7, con. II, of Trill township,
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the prow of the boat-shaped syncline, from which it may-be followed east-
ward to Cameron lake and beyond that to the north bay of Fairbank lake.
In this part of its course it is fine grained, schistose and dark greenish in
- ‘colour and does not suggest syemte or granite in the slightest degree, though
its chemical composition and its micropegmatite structure, as seen under
the microscope, show that it is.the equivalent of these rocks. A little to
the south it passes into hills of reddish syenite which is unmistakeable.

After continuing a mile and a half eastwards the acid edge bends north-~.
east to Gordon lake, whose south side it follows and then turns suddenly
southwards for a mile, before turning to the northeastward direction. Its
boundary against.the conglomerate is as indefinite here as that of the
norite against the Laurentian in Trill, and for a similar reason; since the
dip of the micropegmatite beneath the sediment is. very gentle and the
edge of the conglomerate feathezs out irregularly upon the surface of the
eruptive.

There is another featule of 1nte1 est nezu this great bay of conglomerate;
the pebbles are more or less rol ed out in a schistose way and the cleavage
of both micropegmatite and schist conglomerate bas a strike of 65° or 70°,
i.e. not parallel to the direction of the eruptive contact, while the dip is
about 45° to the southeast This does not correspond to the bedding,
which is shown by vague layers having few or many pebbles to dip 25° or
30° toward the northwest.

It is probable that these features are to be connected with the long
Worthington offset of the nickel range, which begins four or five miles fo
the southwest. The flattening and widening of the conglomerate, the direc~
tion of the schistose structure and its dip to the southeast, as well as the
complex lines of brecciation along the offset, may all be accounted for by
supposing that a great block of- the Archaean supports slipped down
beneath the molten shéet of norite-micropegmnatite, the plane of faulting
and shearing running from southwest toward northeast.

After the remarkable southward bend of the acid edge, it once more.
assumes the normal northeasterly direction, crossing Vermilion river and
reaching Lake Emma about in the middle. From this it follows Levey
creek rather closely to its exit from Whitewater lake 'The canoe route
is seldom more than a quarter of a mile from the edge, and it is evident
that the contact of the acid eruptive with the overlying sedimentary rocks
furnished a plane of weakness i in which the valley could be cut, though the
actual course of the streamn is generally a little 1101th of the Trout lake
conglomerate in the Onaping tuff. The acid edge is still schistose with
syenitic looking hills rising immediately to' the south and trends about 80
east of north. ~ Just’ beyond -the edge the nmthwest quarter of lot 4, con.
V has been taken up as a zine claim.

Whitewater lake makes an interruption of three mlles in the outcrop:
of micropegmatite, which somewhere beneath its waters bends more to the
north than along Levey creek. A promontory on the north side of the lake:
consists of quite schistose conglomerate, having a strike of 60° or 70° parallel
to the average direction of the nickel eruptive, “and the clezwage dips 45%
in the dirvection soutlieast. SN

Old lake clays hide the solid rock for half a mile north of Whitewater
lake near Azilda, but syenitic looking rocks rise toward its east end and
there is a rocky hill a half mile northwest of the station just north of the
railway, which displays the.acid eruptive in contact with the conglomerate..
Both are pale redd sh and decidedly schistose, the cleavage having a strike
of 15° and a dip of from 15° to 30° to the east, though the boundmy between.
the two rocks runs 30° ast of nor th and West of south.
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There is evidently a well marked bend of the acid edge from 75° or
80° to 30° east of north, though the point where the change of direction
begins is under the lake; and it will be noted that the bend takes place
just opposite the bay of norite leading into the great Copper Cliff offset,
a coincidence which is almost certainly not accidental.

This is in fact the opposite end of the great block of underlying rock
which slipped down during the advent of the nickel eruptive and which was
referred to in connexion with the sharp southward curve of the acid edge
opposite the Worthington offset. It is an impressive fact that this settling
down of a block of the earth’s erust 104 miles long on the acid edge and 15°
miles long on the basic side should begin and end with important offsets
of norite and ore pushing into crushed and faulted regions of the older rocks,
and that it should include the great Creighton ore deposit.

The acid edge in Rayside township runs northeast across its southeast
corner, and in lot 2, con. III is accompanied by several small deposits of
galena and zine blende which have been taken up as a mining location.
The ores are associated with pyrite, quartz, and ankerite and occur in irregu-
lar fissure veins which have been stripped and opened up by test pits.
The veins are in the somewhat schistose micropegmatite or the adjoining
schistose conglomerate and tuff. The cleavage of the sedimentary rocks
has astrike of 80° east of north, conforming to the changing direction of
the nickel eruptive, and a dip of 57° to the south.

Passing into Blezard township the acid edge turns nearly east and the
whole eruptive narrows considerably from its widest part, opposite the
Frood-Stobie offset. It is no longer schistose after passing the crisis of the
fault plane, but granitic or syenitic in appearance, and this character con-
tinues to Whitson lake toward the east side of the township.

Beyond Whitson lake the acid edge runs in a direction 80° east of
north through Garson township near its north side and finallybendssuddenly
north at the southwest corner of Maclennan township. In part the
micropegmatite with the adjo ning conglomerate and tuff rises as steep
east and west hills, in other parts the edge is hidden by swamps or small
lakes. About half way across Garson the eruptive rises as a red cliff,
felsitic in texture and penetrated by many small quartz veins, but on lot
4 it is greyish and schistose, the cleavage having a strike of 125°, much
more to the southeast than the general trend of the eruptive itself.

It is worthy of note that at a certain distance on each side of the fault
planes bounding the central block supposed to have slipped down the slaty
or schistose structures turn southwards, on the west side toward the south-
west, on the east side toward the southeast, the whole region having been
subjected to strains and shearing, resulting in structures with this roughly
semicircular curve.

The various types of rock displayed in this part of the acid edge were
formerly mapped as Laurentian by the Geological Survey, and {requently
their field characters would justify this if one were not aware that they
pass by insensible gradations into the norite of the nickel range toward the
south and southeast.

ACID EDGE OF THE EASTERN AND NORTHERN RANGES.

The acid edge of the Eastern range was studied mostly by my assis-
tant, Mr. Culbert, who found that the micropegmatite phase begins within
a short distance of the basic side of the eruptive, as might be expected where
the whole is unusually narrow. He deseribes it in general as flesh coloured
and rather coarse grained, but where examined by myself, in lot 1, con. ITI
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of Capreol township it is rather fine grained and faintly reddish grey, pale
on the weathered surface and darker on fresh surfaces. It shows none of the
schistose structure so-common on the southern. band.
~ The acid edge of the eastern - range curves gently to the’ west
“near the southwest corner of Norman township, and where crossed by the
Canadian Northern railway is rather fine grained and more like diorite
than syenite or granite in appearance. It runs across Wisner township in
a nearly westerly. direction and its contact with the conglomerateis beauti-
fully exposed near the shore of the south end of Joe’s lake, where a wave
‘and ice worn surface provides an ideal section. The acid phase of the erup-
tive is granitic looking and sends irregular projections into the conglomerate
“with quite vague edges, so that it is by no means easy to fix the boundary.
The micropegmatite blends with the conglomerate as if it were continuous
with its matrix, though patches of redder coarser granite represent boulders
not completely d]oested About 400 feet south of the edge tuff 1eplaces
the conglomerate.

One.of the most mtelestmg contacts of the two 1ocks 18 found on the
south shore of Trout lake (in Bowell township) where some islets and a
small peninsula show an even better section, the granitic phase penetrating
the conglomerate for 100 yards or more. ‘

Eagt of the southeast bay of Trout lake a small test pit sunk in da1 k
green rock, probably a variety of the conglomerate or tuff, shows a little
ore, and near the southwest bay in location WD 252 a cerbain amount of
mining has-been done on.a larger deposit in conglomerate with dark green
matrix. Here there are distinet veins containing zinc blende, ga.lena, and a
little copper pyrites with quartz asgangue, the latter occurring partly as
well formed crystals projecting into the ore, which was evidently deposited
later. - A small shaft has been sunk but the amount of ore to be.seen does
not. seem ‘very encouraging. These deposits at the two ends of the lake
are both in the Trout lake conglomerate a httle south of the greatly altel ed-
contact phase described above. '

The acid edge beyond Trout lake passes southwest across a corner of
Lumsden township, with relationships like those described. Near Nelson
river it is covered by drift for some distance, but on a small unnamed lake
to the west it-is a grey green rock more like a variety seen on the southern
range, though not schistose. .About midway -across Morgan township
the eruptive is narrowest with a breadth of a little less than a mile, and the
acid phase seems to extend right a,moss so that specnnens from the two
sides look much alike. - :

At the southeast point of. Moose lake the amd edge-is ﬁesh coloured
and granitic looking with small veins of green epidote, and. similar roundish
patches of green epidote with a little flesh coloured feldspar occur in the
matrix of the conglomerate not far off. On the railway near Onaping river:

_ the edge is greenish grey and fine grained, with platy development of the
- feldspars, while not far to the northwest railway cuttings show coarse red-
dish syenite. .. Southwest of Windy lake the acid phase is flesh coloured and
granitic or gnelssmd looking while the conglomerate at the contact looks:
like a coarse variety of Laulentlan gneiss 111 places and was S0 mapped in
the earlier surveys of the region.. -~

Beyond this the acid edge bends more to the south cr08°1ng tlie ends of
Ross lake and an unnamed lake in Jot 7, con. III of Trill township, its
character remaining much the same along the whole southwestward portion
of the margin. The acid part of the eruptive is liere much wider than the
basic partj rises-as hills of rather coarse-grained syenitic looking rock, and
at the: edge.against: the: conglomerate becomes ifiner grainied ‘and: usually
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grey rather than flesh coloured; but it is seldom schistose, having evidently
undergone much less squeezing and shearing than on the southern range.
There seems o have been no great collapsing of the older rocks beneath the
eruptive on the north range to correspond to the arrangement between
Victoria mine and Copper Cliff on the south..

It is probable that a good deal of the overlying conglomerate has been
stoped down and absorbed in some places, bringing the upper edge of the
eruptive almost in contact with the base of the next formation, the Onaping
tuff and at such points the colour of the acid edge is darker and greenish,
as if it had digested some of the more basic material. Where the conglo-
merate band is wide the colour of the acid edge is generally paler and with
a tinge of pink.

Economic Minerals of the Interior Basin.

Ores of zine and lead with more or less pyrite and chalcopyrite have
been mentioned at a few points on or close to the acid margin of the n’ckel
eruptive and others have been reported by prospectors, but were not
visited owing to their unimportance economically. There are similar
deposits, usual y with more pyrite in the rocks of the interior basin at a
greater distance from the micropegmatite and yet probably to be brought
in connexion with it. As the geological work undertaken in the region
had especial y the nickel ores and their associations in view, other deposits
were visited only incidentally.

The one which has attracted most attention is the Creighton gold
mine in lot 11 of the fourth and fifth concessions of Creighton township,
where in 1892 to 1895 Mr. J. R. Gordon attempted to work a large
quartz vein in the tuff. A company with a capital of $1,000,000 was
formed, a shaft was sunk 200 feet and the quartz was explored by a good
deal of drifting and diamond drilling. It is said that free gold was occasion-
ally found in the quartz, but it was on the whole of much too low grade
to pay for working, and after a short run of the small Crawford mill which
had been erected, the mine closed down.!

A similar deposit was prospected on lot 2, con. IV of Fairbank town-
ship about two miles to the west, but in this case much less work was done?
and small quartz veins like this have been found at several places, but
~ have not attracted much attention and need not be mentioned in detail.

At Stobie Falls, on Vermilion river, in lot 10, con. VI of Creighton
township, a considerable deposit of zinc blende with pyrite occurs in the
-gnvifatin slate, and has been opened up on a small scale near the river

ank.

It will be observed that all of these deposits lie along an extension
of the zone of shearing and faulting on the west side of the block, which
slipped down during the incoming of the nickel eruptive, as described on
former pages.

Small deposits of pyrite and pyrrhotite (almost free from nickel) are
found.at other places in the slate, e.g. north of the Canadian Pacific rail-
way a mile or two west of Larchwood and at the east end of Lake Onwatin,
the latter having been taken up as a nickel property, though it contains
only traces of the metal. Mr. R. R. Rose informs me that test- pits have

1Buyr. Mines, Ont.; Vol. II, p. 236, Vol. III, pp. 47 and 7; Vol. I'V. p. 233 and Vol. V, p. 261.
2Ibid, Vol. III, p. 47.
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been sunk on a deposit of galena, sphalerite, and pyrite with much
quartz, on lot 9, com. V of Balfour township. ,

The most interesting deposits in the Onwatin slate are, however, the
veins of anthraxolite which cross it at various points, giving rise to reported
finds of coal, the best known of these being the one on lot 10, con. I of
Balfour township, not far north of Stobie Falls. and along the same belt
of faulting. It has been reported on by the present writer and by Dr.
W. H. Ellis,! and may be described briefly as originally a vein of bitumen,
derived from the enclosing black slate, which contains from 6-8 to 10 per
cent of carbon, as determined by Dr. Ellis. The material has, however,
now lost almost the whole of its hydrocarbons and oxygen and has much
the composition of anthracite. Samples anaslyed by Dr. Ellis show the
- following composition: : .

e Average. | Selected.

MOISHUIE. . oo ee e SRR 4.00 4:00
Volatlematter. ...t 1-30 180
Tixed carbOm ... ettt e 7420 {9010
Ashoooieii R UT TSR 9050 |- 410 .

100-00 . 10000

As the ash is quartz, which occupies the shrinkage spaces due to the
loss of volatile matter, itis possible to obtain small shining cubical masses
of the anthraxolite with still less ash. Such a specimen gave the\follpwing

results on ultimate analysis: _ S B
Car oM. e e e Lol 91992
Hydrogen............o.ovvvivn. e e R SN 0-52
B 0TS | P A 1-04
F1015) 1R N 0-31
A e e e 1.52
L85 T 1-69

+100-00

Subtracting ash in both éases, Dr. Ellis compares the Balfour town-
ship anthraxolite with Pennsylvania anthracite, as follows: .

. Volatile | Fixed
matter, Carbon.
. 4 |
" Anthraxolite. .. .. .. PR e P, ; 1:-98 97:02
Anthracite ......... ... o 7-83 92:17

showing that the loss of volatile constituents has gone farther in the
anthraxolite than in the anthracite. '

- The finding of the Balfour anthraxolite naturally roused hopes of an
important coal region a few miles north of the nickel mines, and so-called
experts on Pennsylvania hard coal declared the rocks similar and prophesied

1Thid, Vol. VI, pp. 159-166.
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the development of valuable coal deposits. The original mine was soon
.abandoned, since the anthraxolite in it is mixed with 20 or 30, or even more,
per cent of quartz and considerable pyrite, and all the anthraxolite in
sight would not amount to more than a few thousand tons, at most.

Coal has been sought for at several other points in the same general
region, and a company was formed to exploit a recent find on lot 4, con. IT
of Balfour township, which has been opened up within the last two years.
The pure anthraxolite is a concentrated carbon, which would make a
strong but slow burning fuel if it could be obtained free from the inter-
mixed quartz and pyrite. It is decidedly improbable that it will be found
free from these impurities, however, owing to its origin by the volatization
of hydrocarbons, leaving contraction spaces to be filled later by circulating
water.

It is likely that the Onwatin slate was highly charged with bitumin-
ous matter in the beginning, like the oil shales of Scotland and other places,
and that the heat of the nickel eruptive when it spread out beneath, first
drove part of the petroleum or pitch into fissures in the slate and then
volatilised the hydrocarbons, leaving only the fixed carbon.

Quartz Mines.

The smelting processes employed on the Sudbury ore require quartz
and sometimes limestone as a flux, under certain conditions, and also
quartz for lining converters, so that fairly pure silica is necessary. This
has been mined at various points by the companies which have smelted
the ores to matte. The Mond Company first used quartz from a large
vein a little south of a nickel ore deposit two miles west of Victoria mine,
but of late they have provided their quartz from a bed of quartzite north
of the present smelter. The quartzite beds stand nearly vertical with a
strike of about 110°, and the supply of material, averaging 88 per cent of
siliea, is inexhaustible.

The Canadian Copper Company has operated several mines, the
earliest one conveniently placed about a mile south of Copper Cliff on the
top of a range of gabbro hills along the north shore of Kelley lake. It
had the appearance of a gigantic segregation out of the gabbro, since the
pure and glassy quartz was mixed at its edges with an intergrowth of white
feldspar, forming ‘“graphic granite.”” Around this came a coarse rock
consisting of the white feldspar and green crystals of hornblende and finally
the green-grey gabbro.

There are a number of large white masses of the same sort along the
crest of the hill, but apparently none so large as the one worked, from which
for a time a daily output of 100 tons was obtained. It is possible, and
perhaps probable, that these¢ quartz masses, with their rim of pegmatitic-
looking acid rock, were originally great blocks of quartzite, ““roof pendants”
when the laccolithic gabbro pushed its way up, and in that case the feld-
spathic rock enclosing them is in reality a ‘““reaction rim.”

When this supply became exhausted, another quartz mine was opened
in the Huronian on lot 8, con. IV of the township of Waters, about one
and a half miles northeast of Naughton station on the “Soo’’ branch from
which 150 tons of quartz per diem were produced in 1907.

In 1910 a new quartz deposit was opened up in the township of Dill,
near the station of the Canadian Northern railway named Quartz, and
about ten miles south of the Canadian Pacific. This deposit is in a region
always mapped as Laurentian, though its immediate associations suggest
the Grenville series rather than the ordinary gneisses of the Laurentian.
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Somewhat to the west of. the mine there is a hill of coarse, reddish
gneiss,. much . crumpled and characteristically Laurentian, with a strike
of 60° to 80° and a vertical dip; but after crossing a. creek near the railway
fine grained grey gneiss rises as a low ridge well stratified and looking like
the Grenville gneisses, with a strike of 150° and a dip of 45° or 50° to the
east. Apparently the two are separated by a fault in the drift-covéred
bed of the creek.: With the grey sedimentary rock there are some beds
of green hornblende schist cut by small dylkes of granite, and in a cutting:
-of the railway to the east there is a band of coarse and crystalline quartzite,
followed by some coarse grey gneiss, with a strike of 20° and dip of 45
o ‘the west.. , : R . o .

" Beyond the railway to the east is -the open pit of the mine, with
coarsely granular quartzite parted by some narrow sheets of mica schist,
striking 150° and dipping 45% to the east. The structure seems to be
anticlinal, but the relationships are too much disturbed to be easily
interpreted. To the east of the wide band of quartzite of the mine a steep-
ridge of coarse pegmatite, of later age than the quartzite, since it has car-
ried off blocks of it, runs north and south, and beyond it there is quartsite
again-dipping 45° to the east. Five hundred feet east of the hill there is.
a parallel band of grey gneiss.

The age of these bands of quartzite is not certain, but they are much
more crystalline and: metamorphosed than the Huronian or Temiscaming
quartzites a few miles to _the north. They are distinctly older than'the

pegmatite which cuts them, and their association with gneisses like the-

Grenville and the presence of some crystalline limestone not far to the
north make it probable that the whole series of sedimentary rocks here
is more ancient than the Huronian. - The Dill quartz mine bids fair to
last longer than the others and furnishes pure silica to the extent of 300
tons a day. o . o -
Limestone for fluxing purposes is brought in from a distance. The
crystalline limestone oceurring in Laurentain amphibolites about two miles
north of the quartz mine, -in a ‘cutting on the- Toronto branch of the

Canadian Pacific railway, is not extensive, and an analysis shows only

76-87 per cent of CaCO;, so that it is too impure to replace the flux now

in use. This comparatively small outcrop is the only limestone in the

Sudbury region, and if larger and purer deposits could be found they would
meet with a considerable local demand. . ) . o

Composition of the Sudbury Nickel EruptiVé. ‘

In a former section it was shown that the nickel-bearing eruptive
consists of micropegmatite on its inner, or acid edge, passing gradually
into norite on its outer, or basic edge, the more basic part having settled
-to the bottom of the basin, where in bays or offsets it becomes mixed with
ore as pyrrhotite-norite and ends with solid masses of ore containing only
a few crystals or fragments of the rock-forming silicates. '

. Itis of interest to trace the transition, and for this purpose the follow-
ing analyses, largely made by Prof. T. L. Walker,* but partly taken from
a Bureau of Mines Report, * may be quoted. - _ :

.. IQuar, Journ. Geol. Soe. Lon., Vol. LIII, p. 56. . R
*The Sudbury Nickel Fie_ld, Vol.l XIV, Part III, pp. 116 and 117.



No. 1. No. 4. No. 6. No. 8. No. 9.
10-10 56-89 68-48 61-93 68-95
6-85 19-39 12-70 13-03 12.74
\ ! -38 2-41 5 -46
J‘(Fe) 44-68
L 7-11 4-50 8-00 5-15
1-40 211 74 1.76, 1-57
1-19! 8-11 1-41 4-02 1.72
............ 3.31 3-72 3.18 3-80 3-
............ 1-04 3-36 2-80 3-28 3-
............ 1-35 1-13 1-95 1-50
............ -43 -61 -84 43
............ -11 20 -32 -20
............ +30 -05 <18 -13
................................ trace trace
(N 562 eeeeeeeee|oveiaiioeind ot IT e
4 P TR e I L] P B R EREE R
Q748 ] R L £ PR
98-99 100-53 99-31 98-76 99-93
............ 2-834 2-673 2.757 2-694
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In the above table of analyses No. 1is of ore from the Creighton mine,
on the authority of Mr. David H. Browne.! Nos.'2 and 3 are from the
basic edge of the southern range near Blezard mine, analyst, Dr. T. L.
- Walker. -No.4isfrom near the basic edge of the northern range at Onaping,

 analyst Mr. E. G. R. Ardagh, Chem. Dept. University of Toronto. No. 5
is from the basic edge near the Creighton mine, analyst Mr. M. T. Culbert.
No. 6 is a syenitic looking specimen taken from the middle of the Onaping
section, analyst Dr. Walker. No. 7 is from the middle of the Blezard-'
Whitson lake section, analyst Dr. Walker. No. 8 is from the acid edge of
the Onaping section, the rock being greenish grey, analyst Mry. Ardagh.
No. 9 is from near the acid edge on the north shore of Fairbank lake, the
rock being dark greenish grey and somewhat schistose, analyst Mr. Ardagh.
No. 10 and No. 11 are from points near the acid edge of the Blezard-Whitson
lake section, Mr. C. B. Fox, chemist of the Hamilton Iron and Steel Com-
pany being the analyst of No. 10 and Dr. Walker-of No. 11.

The analyses are so arranged as to give first the most basic material,
the ore, next the norite (Nos. 2-5), then the micropegmatite at various
stages to the acid edge. In the table No. 5 from the basic edge near Creigh-
ton mine, is not typical, since it appears to have absorbed some of the ad-
jacent granite and contains some micropegmatite and microcline, while thin
sections of other specimens close to the ore are almost free from this mineral.

In the cases of No. 6 and No. 8 also, there is an anomaly, since the
so called acid edge (No. 8) contaius less silica than the middle of the eruptive
(No. 6); the relations being accounted for probably by the absorption of
basic material from the overlying tuff in No. 8, giving rise to its greenish
colour as compared with the red syenitic looking specimen from the middle
of the eruptive. ' '

Omitting analyses No. 5 and No. 8 we have Nos. 2, 3 and 4 representing
the basic side of the eruptive and Nos. 6, 7, 9, 10 and 11 belonging to the
acid side. It is of some interest to get the average composition of the norite
and micropegmatite, which works out as follows: ' '

—_— Basic Acid Average
average. average. composition

52770 67-862. 62-831
18-493 12688 - 14:623

0-283 1.740 1.254 -
9-140 5-072 6-428
4.040 1.164 2423
7-617 2.468 | . 4.184
2.597 3-956 3-503
1-330 2.780 2.207
1-263 1-050 1.121
1-097 0-456 0670
0-130 0-178 0-162
........... 0-036 0-024
. 99-760 99.450 99.520
Specific Gravity.....cooiiviiiiiiin i, E 2-897 2718 oot

Along the southern range the basic portion (norite) extends over about
a half of -the width, but on the eastern and northern ranges it makes up
less than a quarter of the whole. On this account in computing the average

1Economic Geology, Vol. I, p. 471.
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composition of the eruptive, the acid (micropegmatite) portion was con-
sidered to have twice the contents of the basic portion, Wlth the results
given in the third column.

It will be observed that silica and the alkalies are present in smaller
amounts on the hasic side of the eruptive than on the acid side, while iron,
magnesium, and cal¢ium have increased in amount. It would be easy to
continue the series beyond the average Creighton ore into pure pyrrhotite,
where the iron might make 60 per cent of the whole. Every gradation
could be obtained from a rock with 69 per cent of silica and 4 per cent of
iron, to ore, which may be looked upon as the most basic phase of the rock,
WIth 60 per cent of iron and no silica.

Along with the concentration of the sulphide of iron in the hollows
beneath the norite went the concentration of nickel, cobalt and copper
sulphides, and also of the precious metals, gold, sﬂver, platinum, and pal-
ladium, and in a general way the longer the distance travérsed by the mate-
rials the more complete the separation, so that offset deposits are much
richer in the precious metals than marginal deposits. The segregation
has not alone separated micropegmatite from norite and norite from ore,
but has tended to concentrate the heaviest materials of all in the offsets.

Though the ore is only the heaviest constituent of the magma, and so
is in reality an ultra basic phase of the rock, its total amount, so far as
known, is relatively insignificant. If it were once more m1xcd with the
barren rock it would be almost imperceptible.

The total amount of ore mined in the region up to the present is roughly
5,500,000 toms, of which probably 4,000,000 were actually sulphides,
containing perhaps 2,400,000 tons of iron and its associated metals, nickel
itself amounting to only about 133,000 tons. The greater part of this ore
has come from open pits 200 feet or so in depth. If evenly distributed
along the 40 miles of the southern range it would mean 100,000 tons of
sulphides per mile. This is of course far below the real amount, since only
the better grades of ore are worked and the vast amount of sulphides in
the pyrrhotite-norite have not been touched. More than half the total
has come from the few hundred feet of margin at the Creighton mine, so
that things are very unequally distributed.

Including the great Frood-Stobie offset there are certainly 30,000,000
of tons of workable ore still to be mined on the southern range above a
depth of 1000 feet, and very probably much more. All told it is not
unreasonable to assume that thereare 100,000,000 tons of sulphides, workable
and unworkable, along the whole range, which amounts to about 2,500,000
tons per mile.

The average width of the nickel eruptive in the southern range is a
little over 3 miles and the average dip of the foot-wall 30° giving a thickness
of the eruptive of 10,000 feet to provide the amount of ore estimated above.
Assuming this thickness of magma, and a 1,000 feet of base, each mile of
the sheet would contain about 52,800,000,000 cubic feet -of rock, or
4,400,000,000 tons, and the 2,500,000 tons of ore per mile works out to
0-057 per cent. The probable amount of ore in the southern nickel range
formed then a quite negligible part of the whole sheet of molten matter as
far as percentage goes, though an extremely important part from the point
of view of the miner. There is far more iron combined with silica in the
pyroxenes of the rock or with oxygen in its magnetite than with sulphur
in the ores, since the analyses show from 5 to 13% per cent of iron, and the
sulphides so far as known amount to only 0-057 per cent, of which less than
60 per cent is iron. This minute proportion of sulphides seems, however,

25873—11 L.
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to have concentrated in itself most of the valuable metals as if in a mini-
mum of matte from an ovelwhelmmg amount of Slag

PROPOR’PIONS OI‘ METALS IN THE SUDBURY ORES.

It has been shown that the known amount of sulphides-in the original
magma was very small so far as percentage is concerned though of great
practical  importance” when concentrated in ore deposits. - In these ore
deposits themselves under the present conditions of smelting by which the
iron is entirely sacrificed, the amounts of the valuable metals recovered
represent only a small fraction of the whole, as appears from the table of
statistics given above. The nickel reported averages 2-69 per cent and
the copper 1:85 to which should be added the amount of loss in roasting
and smelting, variously estimated at from 10 to 20 per cent of the metals
contained in the ore. If 15 per cent of loss is assumed the proportions of
metals in the ores will be 3-09 of nickel and 212 of copper, with a total of
5-21 per cent. .

Iron is present then in much the largest amount in the sulphides and
probably avérages not far from ‘45 per cent in the ores as mined, followed
by 3-09 per cent of nickel and 2- 12 per cent of copper. - Next comes cobalt,
which is present in all the ores, though scarcely represented in the statis
tics, since it makes only a fmctlon of a per cent of the ore and is so readily
slagged off as to appear only seldom in analyses of matte. The few analyses
recording its presence show from 1-40 to 1-133 as much as cobalt as nickel.

The A.Precious Metals.

The precious metals occur in still smaller quantities, bessemer matte
containing 2% to 7 ozs. of silver per ton, 0-17 to 0-5 ozs. of the platinum
metals and 0 02 to 0-3 ozs. of gold per-ton.

MATTE ANALYSES.

The results of the most complete analyses of bessemer or other hlgh—
gr wde mattes avzulable are given in the following table:

R — I I 111 v v VI
p.Cc p.c p.c . pC p.C
Nickeloooovovviiiiiinaiann, 41.58] 40-37 41-88
Cobaltu... oo 48821 .7yl o.ygly 41+18) 399G p.33
[670)3) 1 U 25.921  24.99) 24.95]" 44.87) 43.36; 37.37
TOMetns v one e’ snvnnnsooesann 2.04 9.82 9.64 0-94 0-30 1.07
Sulphur.......cocoovineinnn., 2250f. .. o e 11-62]  13.67!........
0%, 0z 0z. 0z. 0z. 0z
[€70) 1 N 0.02 0-15 0-10 0.30| © 0-1 0-66
to 0.2
Silver..o oo XY A, 2~BOI 5+10 7:0 4-87
Platinum.......oo.oooiinen, 0-13]  0-50] -0.44........ 0-25 -40
Iridium....ooveveivinneannn, 0:02 . ... e
Osmium......cooovvenennnn. 0.02........ OIS O TSI PPN
Rhodium.......coovvvenenn. trace Lo oo e
Palladium.......ooovninenen, trace , ........................................
1
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I'is by T. L. Walker, of Murray mine bessemer matte.!

II and III are by Donald Locke, of Ontario Smelting Works matte?
mainly from Creighton ore.

IVis by J. W. Bain, of Copper Cliff matte in 1899, from Stobie, Copper
Cliff and Evans mine ore.’

V is by Titus Ulke, in 1894, of Copper Cliff and Evans ore, probably
with some ore from Stobie.*

VI is by Donald Locke, of Victoria Mines bessemer matte.?

Analyses I, II and III are of matte whose ore came chiefly from large
marginal deposits, the Murray and Creighton mines. IV and V are partly
of ore from mines of the Copper Cliff offset (Copper Cliff and Evans) but
partly from Stobie mine. VI is from an offset mine but very close to the
margin of the nickel-bearing eruptive, Victoria mine.

It will be noticed that the precious metals increase when there is more
copper in the matte, and that offset deposits, which always contain more
copper than marginal deposits, are also much richer in gold, silver and the
platinum metals. The latter increase, however, in a much greater ratio
than the copper, as if the lighter metals were more or less left behind in
the wanderings through devious ways from the norite edge to the offset
deposits.

Reckoning back the amount of the precious metals in a ton of matte,
to the corresponding amount of sulphides required to furnish the matte,
the following results are obtained:

R — Silver. Gold. Pnlrla:égilsm
oz. 0z. oz.
I s 7 0-13 0-0009 0-007
II and III. Creighton mine, ete.................. 0.21 0-0083 0-037
IV. Copper Cliff, Stobie, ete..................... 0-28 0-0166 {..........
V. Copper Cliff, Evans, ete...................... 0-583 0-0125 0-0146

Nos. II and IIT included some ore from the offset mines of the
Canadian Copper Company, and do not represent the Creighton alone.t

It will be noted that in the analyses of matte given above only one
shows palladium and then only a trace. It came therefore as a surprise
to learn that for several years more palladium than platinum was recovered
from the Canadian Copper Company’s matte during the process of refin-
ing it at Constable Hook. In 1902 no less than 2,375 ozs. of platinum and
4,411 ozs. of palladium were recovered doubtless partly belonging to ore
mined in previous years. If it all came from the ore mined in 1902 there
were 00102 ozs. of platinum and 0-0189 ozs. of palladium or 0-0291 of the
combined metals, per ton of ore. In 1903 the amounts were 0-0077 of
platinum and 0-0144 of palladium, and in 1904 0-0052 ozs. of platinum and

1Am. Journ. Sc. Vol. 1, 4th Series, 1896, p. 112,
2Dy, Barlow, p. 206.

3Bur. Mines, 1900, p. 218.

1Min. Industry, Vol. II1, p. 460.

sDr, Barlow, p. 206.

6Bur. Mines, Vol. XIV, Part ITI, p. 153.

25873—11%
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0-0093 ozs. of palladium; showing a rapid falling off, due probably to the
fact that Creighton ore (malglnal) had largely 1eplaced the ores from the -
Copper Cliff offset.!

Since 1904 no platinum or palladlum has been reported, though the:
recent working of the Vermilion mine, so very rich in speuyhte must hzwe
. provided- a counsiderable -amount of platinum at-least.

It has been shown in a-former chapter that the Vermilion ore may
contain as much as 8-13 ozs. of precious metals per ton, consisting of gold
a trace, of platinum 0-79 ozs. , Palladium 3 -62 ozs., and silver 3-78 0zs. It is
wor thy of note that the V ermilion mine is the smallest offset. deposit yet
worked and that it is far from the norite edge and: Wlth no suggestion of a
direct connexion with it.

Sinee the Victoria mine in early days contained so much spenyhte
and gold that they could be panned {rom its gossan it is probable that the:
Clydach refinery in which its bessemer matte is treated must separate im--
portant amounts of gold and platinum and also .of palladium, though
there is no published account of the production of the metals. ‘

: One naturally compares our ores with the similar ones of Norway,

but in comparing the ratios of the metals in the two countries it must be

kept in mind that their deposits correspond o our marginal ones and not.

to our offset deposits. Prof. Vogt gives the composmon of two N01 weglan
bessemer 1mattes as follows: .

. Ringerike| Ivie
— per cent. | per cent.

Nickel. oot e 51-16 41-50

COBALE. .+t e T e 18| 007
" COPPET... . een. .. e 16-40 23-00
B e 10-87 | (13)
Sulphul......‘...........,..‘.‘.‘....‘..' .................. 19-58 (20)
’ o , oz. per tonloz. per ton
Gold............l e e O 0-0145 0-029
SIVET. .ottt SUTTR N 406
Platinum............ S 0.075 | 0-09
Iridium :'1' ) .
jabout .......................... N 0-003 [..........
Osmium : cl

From the table of analyses of Sudbury mattes given on a previous
page, it will be seen that the proportions are quite like those of analyses I,
" 1T and III, from marginal ore deposits, but that the other three show hlghel
per cenmges of the rare metals. It will be noticed, too, that the per centage
of copper in the three offset deposits is mueh gr eater than in the Nor wegian
‘mattes. Palladium has not, so far as T am aware, been reported from the
Norwegian nickel ores.
Prof. Vogt states that in Nor way the proportions of the metals are one
part of gold to 120-of silver, one of platinum to 30 of silver, one of silver

11bid, Part I, pp. 5-8.
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to 5,000 of nickel.! In our ores it would be more natural to compare
the precious metals with copper than nickel since their percentage increases
with that of copper, though somewhat more rapidly.

Other Canadian Nickel Deposits.

The only nickel deposits worked in Canada belong to the Sudbury
laceolithic sheet, but numerous occurrences of pyrrhotite containing more
or less nickel are known from other parts of the Dominion, especially in
Ontario. The townships adjoining the nickel rarges have naturally been
carefully scanned by prospectors, and small low grade outcrops. of ore
have heen found in a number of places, especially beyond the east and west
ends-of the known areas of norite. Near Nairn Centre, 8 or 10 miles south-
west of Worthington, several small deposits occur, perhaps distantly con-
nected with that offset; and a little stripping has been done upon some of
them'but withoutimportant results. Ore containing 1-95 per cent of nickel
is reported from lots 1 and 2, con. IIT of Nairn township, and a little is
known to occur in Lorne township, southwest of Worthington.

To the east of the nickel eruptive, northeast of Lake Wanapitei,
several locations were taken up for nickel years ago, and ore from Boucher’s
mine gave 1-57 per cent of nickel, or 2-1 per cent, if pyrrhotite free from
gangue be taken. Similar small bodies of pyrrhotite occur south of Ramsay
lake.

All of these deposits have a possible connexion with the main nickel
eruptive, since they occur within a few miles of it in rocks which have been
a good deal disturbed and faulted.

A number of deposits of low grade nickel ore have been reported from
more distant localities in Ontario and also from other provinces. Dr.
Barlow gives a sufficiently complete account of them, as far as known up to
1904;* but since most of those mentioned by him have been proved to
have no economic importance it will not be necessary to describe them here.
The deposits at St. Stephen, N.B., are associated with a weathered basic
eruptive, probably gabbro, and resemble those of the Sudbury region, but
contain much less nickel, assays of two samples of ore showing the following
contents:

a— 1. II
NicKel. . ..ottt e 1-72 1-82
Cobalt, .. 016 017
(0703 ) Y3 P N 0-31 0-33

For further particulars Dr. Barlow’s discussion of the subject may be
consulted. ,

Since his report was issued the famous Cobalt silver region has risen
to its climax, furnishing as a by product a considerable amount of nickel ore,
and an interesting nickel deposit has been found in an area of serpentine in
Dundonald township in northern Ontario. These two possible sources of

1Zeitschr. fir prakt. Geol. Year 1902, pp. 258-60.
2G.S.C., Vol. XIV, 1904, Part H, pp. 147-166.
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nickel may be briefly referred to, though up to the present,. nelther has
proved of great 1mp01tance._

NICKEL ORES OF THE COBALT SILVER REGION.

. One of the earliest minerals found in the Cobalt region was nickelite
(NiAs), and chloanthite (NiAs,) also occurs, as well as millerite (NiS),
and the gossan mineral annabergite  (NizAs,Os+8H,0) is . frequent. !
Nickelite was one of the earhest mmerals deposmed in the silver veins, and
the total amount occurring in the mines is very comsiderable. For a full
account of the geology and mineralogy of the region Dr. Miller’s excellent
report should be consulted. Mr. T. W. Gibson, Deputy Minister of Mines,
estimates that in 1910 the 34,282 tons of ore and concentrates shipped
from Cobalt contained on the average 1-47 per cent of nickel. The year’s
output of the metal is estlmated at 604 tons and the total output at 2,601
tons. ’

Plobably a portion of this was recovered in various metallurgical
plants after.the sitver had been separated, but there is no record available
as to the amount, since the nickel in the ore is not paid for. Itmay be
mentioned that the three Canadian smelting companies at Copper Cliff,
Deloro and Thorold, up to.the end of 1910 had treated 28,013 tons of the
ore. It may be added that .cobalt, usually so much rarer a metal,
was present to the extent of 6-76 per'cent

The Cobalt ores in their small narrow and very 11'1'egular veins form
a very striking contrast with the huge masses of solid ore at Sudbury and
in origin the two are equally different, the Cobalt ores being derived from
_ cnculatmg waters and the Sudbury ores from magmatic segregation.. The

nickel is found combined with .arsenic in the Cobalt ores as compared
with the sulphides almost free from arsenic in the Sudbury ores.

THE ALEXO MINE.

" The most promising recent find of nickel ore in Canada, aside from
the Sudbury deposits, 1s the Alexo mine in Dundonald township, near
Matheson in northern Ontario, where pyrrhotite with chalcopyrite is
associated with serpentine, origmally peridodite, in exactly the same way
as the sulphides are with norite in the Sudbury region. The serpentine
with its margin of ore leans against a face of older rock, apparantly
andesite, though it is too badly weathered tomalke entirely sure ofits original
composition?; and dips at angles of from 45° to 60° to the north, as shown
by .diamond drilling, just as marginal deposits do near Sudbury.

There is every gradation from mnearly pure ore, through intimate
mixtures of ore and serpentine, to pure serpentine; and sharply formed
crystals of olivine,  now transformed to serpemtine and magnetite, are
seen in thin sections completely surrounded by ore with no hintof secondary
attacks upon the enclosed pseudomorphs. Beyond the narrow outcrop
at the foot of the hill of andesite drift deposits cover the serpentine, and

1Bur. Mines, Ont., 1905, Part I1.

. 2Mr, Uglowin Bul Mmes, Vol. XX, 1911, Part I, pp. 34-38, calls the selpentme the oldest rock
in;the district and speaks.of the hill to the south as 111y011te, however the serpentine seems to cut
th¢other rock in a le\e like way and the freshest specimens of the rock from the hill consist of lath-
shaped plaglochse feldspars and hornblende, w1th no quartz, so that the roek comes nearest in miner-
alogical composition to ande ite.
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Nickel Deposits in the United States.

- The Gap mine in Lancaster county, Pennsylvania, was begun, like
the Copper Cliff mine of Sudbury, as a copper mine; but met with little
success, until in 1852 it was discovered that. nickel was present in the
ore. It was fot, however, until 1862 that work on the mine began in
earnest, when it had passed into “the hands of David Wharton. "It

became the largest uickel producer of its day and remained active for -

many years until it was finally ‘closed in 1891 because of the increasing.
competition of New Caledonia.

The associations are closely like those of Sudbury, the visible ores
consisting of pyrrhotite and chalcopyrite connected with a lens-shaped
mass of amphibolite, once, no doubt, gabbro; and the ore occurs only at
the edges of the eruptive mass against the country rock of mica schist.

As compared with the more important Sudbury deposits it was quite
insignificant but yet supplied the demand for nickel in the United States
. for a number of years. The ore body worked was nearly vertical and
was followed to a depth of 250 feet, with a greatest width of 30 feet, and
the ore contained 1-3 per ceut of nickel,0-25 to 075 per cent of copper
and 0-05 to 0-15 per cent of cobalt.! Its total production is given as
2,000 tons, but its importance as introducing the use of mickel and as
arding to develop the methods of treatment of these difficult ores of nickel
and copper, has been considerable. . ' .

Sulphide ores associated with basic rocks have been found at other
" places in the United States, as at the Key West mine in Nevada, where
diabase intrusive into crystalline schists contains sulphides ruuning 3-5
per cent of copper, 2-5 per cent of nickel, 1 to 3 ozs. of silver and 0-25 to
0-30 ozs. of platinum per ton. The ore occurs in lenses 10 to 50 feet thick
and 50 to 600 feet long, and one deposit is estimated to contain 150,000
tons; but up to the present mo nickel has been smelted from these
deposits?. ' ' Co _ o

Somewhat similar deposits, though of lower grade ore, are reported
from Floyd and Roanoke counties in Virginia, where the United Chemical

" and Nickel Corporation is developing pyrrhotite ores said to-contain 1-75

per cent of nickel, less than 1 per cent of copper, and less thdan 0-4 per cent.
of cobalt.® It is doubtful if ores as poor as this can compete with those
of Sudbury. o ' _

: Most of the other mickel deposits of the United States are of a quite
difféerent kind, being formed by the weathering of slightly uickeliferous
peridotite or serpentine, thus forming superficial residual sheets or pockets,
like those of New Caledonia. Of these the Webster mine, Jackson county,
North Carolina, is a good example, known for a number of years and
described by Dr. Barlow!. :

The ore is genthite, much like the New Caledonia garnierite, a
hydrous silicate of nickel and magnesia of a pale green or apple green
colour, resulting from the weathering of dunite; but it is reported not to
contain more than 2 per cent of nickel; so that its only possible utility
will be in the direct production of nickel steel. In 1909 it was reported
that it was being smelted in an electric furnace in lumyp form with about

Barlow, G.S.C., Vol. XIV, Part H, pp. 174-5, and Kemp, Ore Deposits of U.S. and Can.,.
11T Bd., pp. 432-4. . . .
2Eng. Min. Journ., Vol. 86, July-Dec. 1908, p. 73.
3bid, Vol. 92, 1012, p. 884; also Trans. Am. Inst. Min. Eng..Vol. XXXVIII, 1708, pp. 683-697.
4G.8.C., Vol. XIV, Part H, p. 176: also Journ. Can. Min. Inst.. Vol. IX p. 3 3. etc. .
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10 per cent of coke to produce a silicate of nickel and iron, which was
afterwards to be reduced to nickel steel.!

Similar ore has been known for many years in southern Oregon, having
been discovered in 1864, but as the deposits have not yet produced any
large amount of ore, it may be concluded that they are not likely to com-
pete seriously with New Caledonia or Sudbury.?

Practically all the nickel obtained from native ore in the United
States since the closing of the Gap mine has come as a by product in the
mining and smelting of lead ores in Missouri, first from Mine la Motte,
which produced in 1899, 22,500 lbs., but gradually fell off to 5,748 lbs.
in 19123, In 1905 the North American Lead Company of Fredericktown,
Mo., began to supply, as an accompaniment of its lead ore, 50 tons per
day concentrated sulphides averaging 5 per cent of copper and 3 per cent
each of nickel and cobalt. In 1906 it was reported that a special smelting
and electrolytic refining plant had been erected; and in the following year
a first shipment of 10,000 1bs. of nickel, 98 per cent pure, was made. In
1908 and 1909 its output was estimated at 500,000 lbs., for each year;
but in 1910 it passed into the receiver’s hands and was sold to the Domin-
on Nickel Copper Company of Ottawa, mentioned earlier in this report
%s developing mines on the northern and eastern nickel ranges at Sud-

ury*.

“he process of separating and refining the nickel-copper ore is that
patented by Mr. Hybinette and successfully used on matte from Norwegian
ores at Kristiansand; and it is expected that the mine will soon be produc-
ing lead, nickel, and copper again under the new management.

A small quantity of nickel is obtained also from complex western ores
coming from Omaha, which sends blister copper to the American Smelting
and Refining Co. of Perth Amboy, near Baltimore, for final treatment;
but taken all together the total amount of nickel produced from ores of
the United States is insignificant as compared with that prepared from
Sudbury matte.

Nickeliferous Iron Ore in Cuba.

One other country in the Western Hemisphere may prove to be of
importance in the production of nickel steel, since the vast iron ore deposits
of the eastern end of Cuba are believed to carry enough of that metal to
add to the value of the steel produced from its ores. As reported by Mur.
Dwight E. Woodbridge’, the deposits are of the nature of laterites, brown
ores high in moisture and alumina and low in silica and phosphorus, with
an average of 0-8 per cent of nickel, the extremes being 0-44 and 1-28 per
cent. A typical analysis of these ores dried at 212° Fahr. is about as fol-
lows:

3-37
4367
13-07
CRIOMUUIN. o\ et et e e e e e e 1-745
Nickel and cobaltu. . ......oriiit i 0-8025
Phosphorus . 0-008
SUIPhUr. o 0-107
Combined Water... .. ..o. e e 11.59

Mineral Industry, Vol. XVIII, 1909, pp. 544-5.

2(3.8.C., Vol. XIV, Part H, p. 178.

3Ibid, p. 179.

4Min. Industry, 1905, p. 461; 1906, p. 589; 1907, p. 735; 1908, p. 663, 1909, p. 545; and 1910, p. 501.

5Can. Mining Journal, Vol. XXXII, 1911, pp. 738-741, also from Iron Ore Resources of the
World, Vol. 11, p. 795.
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It will be seen that these deposits will not furnish nickel ore in'the strict.
sense, but that the small amount of nickel present would represent 1-86.
per cent if included in thie 43 per cent of iron. The ores exist as a soil in
comparatively thin, widespread sheets and from the presence of nickel and.
chromium it is naturally inferred that they arise from the decay of a basic
eruptive rock, probably peridotite, since some 'serpentine is found with. -
the deposits, and so may be compared with the New Caledonian ores. =~ -

Nickel Ores in Eﬁrope.

Nickel has long been obtained from Furopean deposits, which were-
naturally the first sources of the metal to become known to the scientific
world, though nickel alloys had beén used by the Chinese long before. The:
~ first recognition of the metal was by Cronstedt in ores containing nickelite

associated with cobalt minerals from Helsingland, Sweden; and a small.
amount of the metal has'since been obtained in Sweden, though much less.
than in the neighbouring country, Norway. oo .
~The European deposits hitherto worked on any important scale are:
in Scandinavia and are associated with norite, thus resembling the Sud-
bury mines; and those of Norway may be taken as typical. . '
i These deposits were examined and described by Prof. J. H. L. Vogt
of Christiana long before the Sudbury mines had attracted much attention,
and his working out of the magmatic theory of their origin was of great.
assistance in the study of the Sudbury region by Canadian geologists. A.
statement of his results may be found in various numbers of the Zeitschrift
fiir Praktische Geologie!, including brief accounts of most of the Norwegian.
mines, as well as references to other Furopean localities where the same:
type of deposit.is found and to Sudbury, New Caledonia, etc. .

There are no less than 40 outcrops of nickel ore known in Norway,
scattered over different parts of the country, mostly in Archaean schists.
but always accompanying areas of norite or of a gabbro too much weathered
to make sure of its original constitution. '

He describes the ore bodies in the best mines as not reaching a greater

‘length than 200 metres, and as being usually not more than 120 to 150:
metres long, with a greatest thickness of 15 metres and an average thickness.
of 3 metres (about 10 feet). The ore averages 1-5 to 25 per cent of nickel,.
though the pure sulphides often run considerably higher than this. '

Vogt discusses interestingly the relations between the size of the ore
bodies and the areas of norite with which they are connected, reaching the-
conclusion that large ore bodies are generally in large areas of the eruptive
rock and vice versa, though there is no strict relation between the two...
This may be compared with the results of mapping in the Sudbury region,.
where the largest deposits are at bays of the norite, where the width of the-
nickel-bearing eruptive is greatest.

The Flaad mine in Saetersdal, sometimes called the Evje inine, from.
the village three miles to the south where the sielter stands, is the only
nickel mine working in Norway, or in Furope, and was visited in June,

- 1911, for the sake of comparison with the deposits of Ontario. -

The mine is situated on a steep hill rising several hundred feet above:
the valley and was opened in the beginning as a copper mine, like Copper-
Cliff, and was- only later discovered to contain nickel.

The ore is at the edge of a mass of norite six miles long now weathered.
so that no hypersthene remains in thin sections and greatly resembling:

Wol. I, 1893, pp. 125, 257, and Vol. II, pp. 41, 134, and 173.
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coarse weathered norite from the southern nickel range at Sudbury. The
country rock is hornblendic gneiss or amphibolite penetrated by coarse
and fine grained granites. The norite close to the ore body is thickly
shotted with spots of ore, a true pyrrhotite-norite, merging into ore on tle
one side and norite free from ore on the other. The sulphide minerals
collected are pyrrhotite and chalcopyrite, the latter tending, as at Sudbury,
to follow the crushed edges of the country rock. Some magnetite was
observed in the wall of the shaft, an unusual mineral in the Sudbury mines,
but every feature of the deposit and its surroundings could be matched at
some point in our nickel region.

Dykes of aplite from a few inches to a foot wide penetrate the country
rock and also the ore, and a dyke of pegmatite 30 feet wide cuts the norite
but some ore penetrates the aplite in thin seams, as happens in the diabase
dykes cutting the ore at Creighton mine.

The ore deposit, which has been followed down on an incline of 45° to
a depth of 530 feet, began on the surface with a length of only 67 feet, but
in depth it has increased to 330 feet. The ore often encloses rock matter
as small or large masses, sometimes angular and someti 1es rounded.

Selected ore, at the time of my visit, ran 4+6 per cent nickel and 1-5
per cent copper, but the average was stated to be 2-3 per cent nickel and
1-2 per cent copper, much above the results reported from year to year in
the Mineral Industry; e.g. in 1909, when 6,600 tons of ore were mined,
resulting in 168 tons of matte and 70 tons of nickel. 115 tons of ore were
mined per day and were sent down by cable tramway to the smelter at
Evije, 4-8 kilometers to the south, the ten horse power needed for this work
being generated from a fall in Otra river at the smelter. ,

The ore dump at the smelter was very rocky and looked no richer in
sulphides than some rock dumps near Sudbury; but costs of mining and
smelting are so low in Norway that the ore appears to be worked at a profit.

I am indebted to Mr. B. Thorkildsen, M.E., of Evje, for guidance about
the mine and for much valuable information.

The Flaad mine is small when judged by Canadian standards, having
produced altogether only 35,000 tons of ore up to 1893, as reported by Vogt,
while its largest annual output as reported in the Engineering and Mining
Journal has been 6,600 tons, in 1909, as mentioned above!.

The nickel deposits of Sweden and Finland appear to be all of the same
type as those referred to in Norway, and as they have been less productive
and none of the mines are now working, it will not be necessary to mention
them specially.

A number of other European deposits connected with basic eruptive
rocks and probably formed by segregation like those of Sudbury have been
described, such as the deposit of Varallo in Piedmont, and others near
Horbach and Totmoos in the Grand Duchy of Baden, where pyrrhotite
containing 12 per cent of nickel is reported, but as they are not now of
economic importance it will not be necessary to mention them further; nor
are the Russian or Spanish deposits now producing ore in any quantity,?
though the one near Bilbao in Spain is reported to carry ore containing 6
per cent of nickel, 7 per cent of copper and 3 of cobalt.

One of the most interesting nickel deposits in Europe, on the Grecian
island of Locris, east of Athens, is at present attracting attention and may
prove to be of value in the future. This was not visited by the writer
owing to lack of time; and there appears to be no description of it in print.

1EB.M.J., Vol. 89, p. 1271.
C., Vol, XIV, Part H, pp. 171-3.
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‘Through the kindness of Dr. Mohr, of London and Mr. V. Hybinette of -
Kristiansand, Norway, brief accounts of the mine were given me, as well as
specimens of the ore. The mine was opened for hematite and has been-
worked as an iron mine; but-below the iron ore a somewhat rich ore of
nickel is found, dull brownish and earthy in appearance; but with some
bands or spots of apple green material suggesting genthite or garnierite.

A complete analysis made for the Kristiansand nickel refinery shows

'the followmg composition: N
<00
-81 '
37 (Fe=19'86 per cent)
85 (Mn—l 92 per cent.)
-39
91
06
<15
07, (Cu=0'06 per cent.)
\17 (Ni=7.22 per cent.)
ces
09
50
1-37
99.74

From its appearance the ore suggests the weathering of a basic erup-
tive rock, such as peridotite or serpentine, with the accumulation of the
nickel toward the bottom of the products of weathering, and so may be
compared with the New Caledonian deposits, though with much-less of
the green nickel magnesia silicate, garnierite.

This ore deposit has been examined by the Mond Company and the
Norwegian Company, and the latter have made use of-a shipload of the ore,
some of which is still to be seen at the Evje smelter. A portion of the nickel
produced at the Kristiansand refinery-is therefore not from Norwegian,
but from Grecian ore.

So far as known at present none of the European mckel deposits are
of sufficient magnitude or of sufficiently high grade to be serious rivals of -
the Canadian and New Caledonian mines; and much the largest part of
the nickel refined in Europe comes from these two regions.

Nickel Ores of New Caledonia.

Next to the Sudbury region the French penal colony of New Caledonia,
000 miles east of Australia, in lat. 22°, is far the most important source of
nickel in the world. Nickel was discovered there in 1865 by M. Jules
Garnier, and it was through his exertions that the nickel mining industry
sprang up: Many accounts of the region have been given in IFrench and
English, the most complete being the description of the mines and their
conditions by M. E. Glasser who reported on them for the Fiemch
government!; though good accounts of the nickel region are given by Dr.
Barlow?, Mr. G. M. Colvocoresses® and others. The following acecount
is mainly drawn from Mr. Glasser’s report, as translated f01 the Bureau of
Mines of Ontario, by the present writert.
. The island consists of ancient schists and Mesozom sedlmenbs, pene-
etrated by numerous eruptives, of which the most important is a very

IAnnales des Mines, 15 Series, Tome 1V, 1903, pp. 299-392 and 397-536.
*2G.8.C., Vol. X1V, Part H, pp. 180-6.

SEng. Min. Journ., Vol. 84, 1907 pp. 582-5.

iVol. X1V, Part 111, 1905, pp. 147-150. .
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basie rock, peridotite, consisting of olivine and enstatite, now more or less
transformed into serpentine. Deposits of nickel, cobalt and chromium
are asssociated with the serpentine. The original peridotite is no doubt
the source of the ore, and analyses show that the fresh rock contains small
percentages of nickel and cobalt. A specimen of olivine from one of the
mines contains 0-11 per cent of nickel and cobalt oxide while the enstatite
associated with it in less amount contains 0-4 per cent. Examples of
peridotite are said to have been found containing as much as 2% per cent
nickel. The peridotites cover most of the southeast end of the island and
form a discontinuous chain of outerops running nearly to the northwest
.- end, as a mountain range, rising in places to 5,500 feet. In most cases

~ serpentization has advanced far, and at many points the serpentine has

changed into a red clayey material, which is associated with nickel ore.

The ores are all hydrated silicates in which nickel has replaced mag-
nesia to a greater or less extent. The richest silicates, which are green
and soft, may contain even 48-6 per cent of nickel oxide, and are called
garnierite and noumeaite, the two varieties seeming to blend into one
another. Their composition varies greatly, but their nickel content
averages higher than that of the genthite referred to as oceurring in Oregon
and North Carolina. '

The green minerals occur as small veins in the serpentine or peridotite,
as a scaly covering of fragments of the rock, or as concretionary masses.
The colour varies from pale to deep green or almost black, and the garnierite
is associated with a chocolate brown mineral which was at first rejected,
but is now known to be a similar nickel ore coloured with iron oxide, and
forms the larger part of the ore mined. There are also siliceous masses
of a green colour, containing, however, only 9 to 10 per cent of nickel.

As examples of the best garnierite the following analyses may be
given from M. Glasser’s report:

e I. II. III. IV. V. VI. VII.

p.c. p.c. p.c. p.C. p.C. p.C. p.c.
13310 7 S 42.61| 35-45| 44.40] 37-78/ 38-35| 37-49] 47-90
NOw..ooovivan. 21-91| 45-15| 38-61} 33-914 32.52] 29-72] 24.00
MgO..........ovnts 18-27 2.47 3.46) 10.66] 10-61;, 14-97] 12.51
Al203 Fex0s........ 0-89 0-50 1.68 1-57 0-55 0-11 3:00
1Y 6 B P P (121 DA [ D

CaO..ovvvmivevvnnlnencn oo 107 oo trace
B 16 N 15-40| 15.55| 10-34| 15.83| 17.97| 17.60[ 12:73
99-08| 99-12| 99-98| 99-75| 100-00] 99-89 100-14

There may be every gradation from specimens like these, which come
from different parts of the island, to silicate of magnesia with only a small
percentage of nickel, so that the ore has the composition of serpentine in
which a variable amount of nickel has replaced magnesia.

25873—12
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M. Glasser d1st111gu1shes four vauemes ‘of ore depos1ts, vein-like dep0s1ts
‘breceiated deposits, masses of alteled serpentine 1mpleg1mted Wlth nlckel
and nickeliferous ear ths

While the pure galnlel ite is very rich, most of the ore'is of very much
lower grade, and the miners mix rich and poor ore so as to adjust the out-
. .put to an average of 7 per cent of nickel, after drying at 100°C. This means

practically *that the hydrous ore, before dlylng, runs about 5% to 5% per
cent of nickel, since the percentage of water-is high.. The waste dumps may
contain 3 or 47 per cent of nickel:
_ The veins aré-seldom large; and are never worked to any 1mp01tant
depth, so that thele are few underground mines. Most of the deposits
form sheets covenng the sulf‘tce, nowhere more than 15 or 20 feet thick,
‘and ‘are worked as “opefi pits. The largest group of mines mentioned by
M. Glasser, on the plateau of Thio, had produced up to the time of his
report 250,000 tons; and during its greatest prosperity, in 1890-1894 had
‘reached a production of 25,000 or 30,000 tons per annum, which later
had fallen off to 10,000 tons. The tenor of the ore in early days was 10
"to 12 per cent, but latterly had fallen to 6% per cent of nickel. ~ A large
amhount of waste rock has now to be rejected and the’ group of mines is
approaching exhaustion.  ~

The deposits are always found on gentle slopes or basins on the flanks

‘of the mountains and lie between the red clay mentioned before and the
rock. They have resulted from the superficial weathering of the rock,
accompanied by a concentration of the.nickel as silicate by surface waters,
the nickel being precipitated more readily than the magnesia. Under
these conditions none of the deposits can be expected to cover continu-
ously a large surface. The largest of the bands of ore are not more than
about half a mile long and they are comparatively narrow. Many of
the deposits are already workeéd out, but a large number still furnish ore
~ and probably many new deposits will yet be found. If the grade of the
ore required were lowered to 5 per cent of nickel, the amount ‘which could
be furnished would greatly increase.

. As the ores generally occur high up on the mountains where roads
- are difficult to construct, transportation isg serious difficulty and cable
tramways have often to be provided. Another drawback is tle thickness
of red clay which has to be stripped from many of the deposits before they
can be worked by open quarrymng, whicl: is the usual method. The poor
character of the labour available, Kanakas, convicts, or sometimes Japanese,
is another drawback mentioned by M. Glasser, who adds that the long
ocean voyage and the remote situation of the island greatly hamper the
marketing of the ore at a profitable rate.

Though nickel was discovered by Garnier in 1865 scarcely any mining
was done until 1875 and the output did not rise to great importance till
1889, when 21,000 tons of ore were shipped. This amount had increased
to 103 908 tons in 1899 and to 128,653 tons in 1902, according to statis-
tics furnished by M. Glasser. In 1889 the contents of nickel in the ore
sentfrom New Caledonia roseto 1,680 tons, whilepreviouslyit had notreached
1,000. In 1902 the mickel contents were placed at 7,045 tons, though
M. Glasser doubts the correctness of the return.

The most productive mines are still the old onesin the neighbourhood
of Thio on the northeast side of the island near its southeast end, but
their.output is diminishing and the total is kept up by the wmklng of a
large number of small veins in différent parts of the island.
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M. Glasser discusses interestingly the formidable competition of
the Canadian nickel mines, though he states that ‘“thanks to a more or
less complete understanding between the producers, New Caledonia pre-
serves her rank; but it is none the less true that the nickel industry is develop-
ing in Canada and that the production of its mines has been rapidly
increasing of late years. Must one say that New Caledonia has much to
fear from this competition? We do not think so; for, so far as we can
judge from the documents at our disposal, the natural conditions of the
Canadian deposits are, in themselves, much less favourable than those of
our colony.” He goes on to show that the Sudbury ores are sulphides
of nickel and copper, variable in the percentage of the two metals and
requiring a complex method of refinement. Quoting the statistics of the
Bureau of Mines, he admits that the nickel resources of the region are
considerable, though the tenor of the ore seems to be diminishing. He
was influenced in his view by the absurdly high estimate of our ore reserves
given by an official report to the United States Secretary of Maring in
1890.

While M. Glasser thinks our prospects less bright than those of New
Caledonia, he admits certain advantages. “On the other hand the general
industrial situation of Canada appears to be very favourable and has per-
mitted in late years an important development in mining and treating
the ores, in consequence of which the production of nickel in Canada is
steadily increasing.’

The New Caledonia ore has one apparent advantage for pulposes
of treatment over ours, in the absence of sulphur, and another real
advantage in its freedom from copper. The first advantage is, however,
neutralized by the fact that the New Caledonian ore is smelted with coke,
which always contains sulphur. Owing to the great affinity of mickel
for sulphur, this is taken up by the metal, and must later be separated
from it. This fact interfered with Garnier’s original idea of direct smelting
of the mickel, and it is now smelted with sulphur compounds, such as
gypsum, and made into a matte which must afterwards be refined by methods
not very different from our own. The absence of copper makes its separa-
tion unnecessary, but the copper, when separated, is an element. in the
value of the Sudbury ores. .

Since 1903, when the above account was written, conditions have
somewhat changed in regard to the New Caledonian mines, and ores of
slightly lower grade, containing 6-5 per cent of nickel, are now being shipped
to Europe. One serious handicap for the New Caledonian ores is the length
of the voyage, half round the world, before they can be marketed and
hence the heavy freight rates which have to be met.

To diminish this expense it was natural to attempt the first smelting
to matte on the island, but early efforts in this direction. were unsuc-
cessful. In 1909, howevel a new electrolytic process was introduced and
in 1910 a furnace of this kind was at work, so that 769 tons of matte figure
in the export statistics, while two other furnaces were nearly ready for
operation. The output of ore has for some time been standing still at
80,000 to 120,000 tons, and it is suggested that a heavy tax be placed on
unworked nickel lands in the island, so as to force the owners, especially
the greatest owner, the ““Société le Nickel,” to work more actively the
mines leased from the government. How much result will flow from
these measures remains to be seen. '

The International Nickel Company is stated to own mickel mines
in New Caledonia, but at present works only its Sudbury mines, which
furnish nearly fhle whole nickel supply of America; while the New Cale-
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doniaoresare employed in France, Germany, and Scotland in -the numerous
small simelters and refineries operated by branches of the Société le Nickel.
The Mond Company uses Canadian matte, and the Scandinavian Company
uses mainly Norwegian ore.

It is interesting to note that the New Caledonian ores practically
never contain sulphur, the only instance of a nickel sulphide reported
by M. Glasser being a little millerite found in the Esperance chromium .
mine; so that these southern ores, due to the weathering and surface con-
centration of basic olivine rock, form an extreme contrast with the sulphide
ores segregated from norite, a much less basic rock, in the-Sudbury region.
The two types of ore deposit are about as opposite in character as could
be imagined, the latter being-formed directly from the molten mass, largely
separated by gravity; while the former results from two very slow pro-
cesses, the transformation of olivine into serpentine by hydration and the
weathering of serpentine into clay,-with the accumulation of the minute
quantity of nickel in the original rock as a secondary deposit of the hydrous.
silicate of nickel and .nagnesia called garnierite. .

Nickel ore has been reported from one or two points in Australia
also, the most interesting locality being at Trial Harbour, north of Mac~
quarie harbour in Tasmania, where sulphide ore was found in a mine opened
for asbestos, evidently in serpentine, so that the deposit is more like that
of Alexo mine in Ontario than the New Caledonian mines. It is reported
in 1904 that 136 tons of this ore, valued at £5654, were exported from this.
mine, but as no further references can be found to the deposit, it has prob-
ably not proved to be of importance.! ' ‘

Nickel Ores of Czipe Colony.

Nickel ores were found at Insizwa, Cape Colony, many years ago,
but have only recently attracted much attention.. As described by Mr.
Du Toit of the Cape Survey, they resemble rather closely the Sudbury
deposits, consisting mainly of pyrrhotite with chalcopyrite and pentlandite,
though a few other nickel and copper minerals occur also, as well as the
metal platinum. The ores accompany gabbro or norite which forms a basin-
like sheet as at Sudbury. The sheet is 2,000 or 3,000 feet thick.

Two trial shipments of the ore, of some five tons each, sent to Messrs.
Johnson, Mathey and Co. in England for examination, are reported to run
as follows:? i

[ 1. 2
L0} )11 AP S 3:40 per cent. 3+50 per cent.
Nickel and cobalt........coociiiiiiiini, 4-90 per cent. 5+25 per cent.
Gold (per ton)....... e 6 grains. 6 grains.
Platinum.e. oot ciiiii it N 2 dwt. 12 grs. 12 grains.
. Silver....... e e 10 dwts. 12 dwis.

If the ore sent represents the average of the deposits, they seem to
be of high grade, and if the ore is present in large amounts the region may
be of importance. - ‘ '

1Eng. Min, Journ. Vol. 78, 1904, pp. 95 and 382. .
2Dept. of Mines, 15th An. Rep. Geol. Com., Cape of Good Hope 1910, pp. 111-142.



STATISTICS OF NICKEL PRODUCTION, SUDBURY DISTRICT.

ORE. NICKEL. COPPER. CoBavrr.
Year.
Tons Tons Tons Ni. Value Tons Cu. Value Tons Co. Value.
raised. smelted. Ni. % S Cu. % $ Co. % $
100,000
130,278
85,790
72,34 61,924 2,082 3-36{ 590,902 1,936 3-19] 234,135 1 -0137 3,713
64,043 63,944 1,653 2-21 454,702 1,431 2-38 115,200 19 -0299 9,400
112,037 87,916 2,570% 2-92 612,724 2,748 3-14 195, 750 e -0037 1,500
75,439 86, 546 2,315% 2-67| 404,861 2,365% 273 160,913). oo e
109, 097 73,525 1,948% 2-67 357,000 1,868 2-54 130,660(. .o voeviii]iainiii e
93,155 96, 094 1,999 2.08 359,651( 2,750 2-86 200,067|. .. e el
123,920 121,924 2,783% 2-28| . 514,220 4,1863 3-43 268,080]. . ..cciii ]
203,118 171,230 2,872 1.67 526,104 2,834 1-68
216, 695 211,960 3,540 1-67 756,626 3,364 1-58
326,945 270,380 4,441 1-64| 1,859,970 4,197 1-55
269, 538 233,388 5,945 2-54} 2,210,961 4,066 1-74
152,940 220, 937 6,998 3-17| 2,499,068 4,005 1-81
203,388 102, 844 4,729 4-60{ 1,513, 280. 2,042 1-98
284,090 257,745 9,503 3-69| 3,354,934 4,524 1-76
343,814( . 340,159 10,776 3-17{ 3,839,419 5,260 1-55
351,916 359,076 10,602 2-95( 2,270,442 7,003 1-95
409, 551 360, 180 9,563 2-65| 1,866, 059 7,501 2-08 1,062,680]....ccooiifuiiiii e
451,892| 462,336 13,141 2-84} 2,790,798 7,873 1:61) 1,122,219] ..o ove i oot
1910, e e 652,392 628,947 18,636 2-96| 4,005,961 9,630 1-53| 1,374,103). oo oovi e e e
4,832,387 4,311,744 116,108%(.......... 30,787,682 79,5843 .. ..., 9,951,498i ..............................

€21
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\

The above statistics are taken from various reports of the Bureau of.
Mines of Ontario. In regaid to the amount of nickel produced in 1910, a

- table summing up the production since 1906 reads as given; but the general

statistics for 1910 show 19,140 tous of the metal, since 504 tons estimatedas
contained in Cobalt ores shlpped to various, smeltets are included. Probably
not much of this extra amount was actually refined, however..

Of the amount of ore mined in 1910, 391,575 tons came from the Creigh-" -
ton mine, 89,219 from the Crean Hill mine, 26,381 from No. 2 and 1,229
from.the Vermilion mine belonging to the Canadian Copper Company;
while-the Mond Company produced 93,542 tons from the Garson mine,
42,488 tons from Victoria No. 1, and 7,958 tons from Victoria-No. 4.1

It is probable that 15 per cent of the two metals is lost in roasting,
smelting and refining the ores, so that the original contents of the ores
were 15 per cent largel than the amounts given in the table.

NEW CALEDONIA.

Tons . | Smelted Tons Smelted

Year. | o on the | Value §. of on the
Ore. island., - - | Nickel. | island.
327|..... .| 65,400
. 3,406|...... 340,600
4,377 e 344,400
s 9,200
..... P R TYTY
4,009 } 5,058 169:500 ‘
9,025 6,292 - 324,800{ - .
6,881 6,768 . 248,000 620 615

10,888 7,904| 815,752 871 - 637

: 115 842) SN ‘

'Bur, Mines, Ont., Vol XX, Part 1, 1011, p. 26. - -
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In the table given above the statistics up to 1902 are taken from M.
Glasser’s report on New Caledonia’ and the later ones from the Mineral
Industry.? The value of the ore and its contents in nickel are not given in
the later years, but the average contents of the ore is stated to be 6% per
cent. In comparing these statistics with those of the Sudbury district an
uncertain amount of loss in smelting should be allowed.

The output of nickel from Norway and other countries has of late years
been nil or very small as compared with the two great producers of which
statistics are given ahove.

If the contents in nickel of the new Caledonia ores be put at 6% per
cent, its output of the metal in 1910 was 7,497 tons, from which possibly 15
per cent should be deducted for loss in smelting; so that Sudbury produced
21 times as much of the metal as its nearest rival.

Methods of Prospecting and Exploration.

The scour of glaciers during the Ice Age must have swept most of the
nickel deposits bare of gossan, leaving clean surfaces of unchanged sul-
phides; but after the retreat of the Labrador ice sheet some thousands of
years ago weathering processes became active again. Pyrrhotite is one
of the most easily attacked sulphides, and where unprotected, fresh sur-
faces quickly become rusty and within a few years the surface is changed
to limonite and little or none of the original ore is to be seen. Glacially
scoured surfaces may, however, be hermetically sealed by a sheet of boulder
clay left by the ice; and when this is stripped, as was the case some years
ago at Creighton, the clean surface of pyrrhotite and chalcopyrite with
distinet striae is found unchanged.

Probably in almost all cases there are parts of the ore body exposed to
weathering and gossan formation, and in the beginning prospectors naturally
looked for such gossan-covered surfaces. It was soon found that only
gossan connected with a particular rock, “diorite’” as it was then called,
indicated good ore. In only a few years after 1883, when the Murray mine
was discovered, every deposit known to be important had been found, so
alert had the prospectors become to the indications of ore.

In many cases the deposits rose as rusty hills or covered steep hill-
sides, so that they thrust themselves on the attention and could hardly be
missed in walking through the woods. Copper Cliff, Murray mine, Creigh-
ton, the Frood, and other deposits, which have since hecome famous, chal-
enged the eye with their rusty brown surfaces rising from the green of
swamps, and it required no great skill to locate them once the general
trend of the nickel ranges had been discovered so as to keep the work
within reasonable bounds. But a number of other outerops oceur in low
ground largely covered with drift or swamps, and here more patience was
required.

It may be that important deposits remain undiscovered beneath
such drift areas or muskegs where no gossany point rises above the conceal-
ing mantel, "Up to the present, however, there have been scarcely any
finds of this sort made in the region.

It was soon noticed by the prospectors that the compass is useless near
nickel deposits, since pyrrhotite (magnetic pyrites) causes local attraction;
and it was naturally thought that magnetic disturbances might help out

1An. des Mines, 10 Series, Tome IV, p. 512,
2Vol. XIX, 1910, p. 505.
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in the discovery of these ores. In a number of instances the dip needle was
used over swampy ground and in the case of Mr. Edison’s parties a wide
range of country was swept by such a magnetic survey, with little or no
reference to the geological relationships, and with no results of value, since
after months of work not a single ove deposit was located The method
was thereby unduly discredited.
A serious difficulty in the use of magnetic survey methods is found in the
variable amount of magnetism in pyrrhotite, which in some localities is
feeble and in others strong, though never so strong as that of magnetite.
Since its attractive force is usually not great the presence of a rock contain-
"ing a small amount of magnetite may affect the dip needle as strongly as a
clons1dem,ble body of ore, and stnpplug has sometimes proved this to be
the case
More careful methods, using the Thompson-Thalen magnetometer
were later introduced by Mr. Nystrom, a Swedish engineer who had received
his training in the old world, and have later been applied by other engineers
in the region. For a complete and scientific account of the method and
its underlying principles reference may be made to the ‘“Location zmd
Examination of Magnetic Ore Deposits by Magnetometric Measur ements
by Dr. Eugene Haanel. _
Although magnetometnc methods have dlstmct limitations they have
. proved of great service, not so much in discovering nickel deposits as in
defining the boundaries and giving an idea of the amount of ore in known
deposits. At least two of the compa.niés interested in the region systemat-
ically carry out such a survey before going on to more expensive methods;
and the regularly arranged pegs used for the purpose may be found blockmg
out the surface at most of the still unworled deposits.

USE OF THE DIAMQND DRILL..

The magnetometric survey is looked on as an inexpensive preliminary
method of examining a - -property, but before purchasing usually a more
thorough examination is made with the diamond drill; and diamond
drilling is used also to determine the reserves of ore in working mines and
to fix the most suitable position and inclination of shafts for exploiting the
deposit. In fact the extended use of the diamond drill is one of the most
striking features of modern methods in the nickel region. Formerly when
a drill was-used the positions and directions of the holes were decided on
rather at haphazard, but of late the work has been carefully systematized
by the more important companies, the holes being planned so as to come at
regular distances apart and along definite planes, giving more or less complete -
cross sections of the ore body, from which the amount of ore may be worked
out with a good deal of certainty. The drilling is now usually carried out
with careful reference to the geology, especially in marginal and parallel
offset, deposits, and thus more valuable results are obtained with fewer
barren holes. In earlier days holes were frequently put down in country
rock where no ore could be looked for, but the relations of norite to ore and
country rock are now better understood, and the drill holes put down give
far more effective information.

The Canadian Copper Company, for example, have developed a
complete system, not, only for the placing of holes, but also for the examin~
ation of the cores and the classification of the materials, with carefully
planned forms for entering the results so as to be available for immediate
reference. Cross sections of ore and country rock are easily prepared from
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- these records and give reliable results as to the amount and grade of the

ore present, so that mining can be carried on with almost complete certainty.

All the companies examining or operating mines in the region within

- the last few years have made great use of the diamond drill, and the two

most important companies have sunk many thousands of feet of drill holes

to determine the value of properties or to decide on the most efficient method
of developing them.

Methods of Mining.

Every variety of development is illustrated among the iines of the
Sudbury distriet from prospects on which a little stripping has been done,
to great and carefully planned mines, like the Creighton, raising and
shipping more than 1,000 tons of ore a day; and the methods employed
vary accordingly.

Many of the deposits have never got beyond the prospect stage in
which the superficial limits of the ore have been disclosed by trenching
or costean pits, and the presence of a certain amount of ore proved by
test pits of greater or less depth. This point has been reached by dozens
of properties, not only on the southern, but on the eastern and northern
ranges, from which no ore has been shipped, though in a few cases hundreds
or sometimes thousands of tons lie in the ore piles exposed to the weather
and rapidly changing to worthless gossan. In many cases also shafts
have been sunk from a few feet to 200 feet to show the extent of the ore
body or in preparation for mining operations which never materialized.
Sometimes hundreds of feet of drifting have been done at one or more
levels with the same object in view.

The number of mines which have actually produced ore on the com-
merical scale is, however, not large, scarcely exceeding 20; and only 9
appear to have supplied as much as 100,000 tons and so to have reached
the rank of important mines. On the other hand one mine has provided
more than 2,000,000 tons of ore. ,

Usually the mines have passed through two more or less distinct
stages requiring different mining methods, beginning as open pits and end-
ing with underground mining, with an intermediate stage of mixed methods
connecting them.

During the prospecting stage man-power or horse-power is employed,
often succeeded later by temporary steam hoisting plants and drills the
fuel frequently being wood from the ddjoining forest. When the mine
begins to supply ore a more elaborate steam plant is usually installed
for hoisting and air drills, the fuel being coal, which is very expensive
at Sudbury. Finally, in all the present important mines, the costly steam
plant is replaced by electricity supplied from water powers, which may
be as much as 25 miles away, and the steam plant is held in reserve in
case of accident to the turbines or transmission plant.

In the earliest stage of opening up a mine the work is practically
quarrying, but presently it becomes necessary to sink a shaft in the country
rock close by at a suitable angle to keep within easy distance of the ore
body. The ore quarried in the open pit is loaded by hand in cars which
run on narrow gauge moveable tracks radiating from the short tunnel
leading to the shaft, where the ore is dumped into skips and hoisted to
the rockhouse which stands just behind the shaft.

In the case of the Creighton mine No. 1 shaft with two hoisting com-
partments and a ladder way, was sunk on an incline of 59° in granitoid
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gneiss just southeast of the open pit, to the first level at a depth of 60 feet.

Later the shaft was extended to the second level at 140 feet and a drift
was run into the ore, which was then stoped out to the first level, making’
a great open pit of that depth with a length of 500 feet by a breadtly of
300. Meantime No. 2 shaft was being sunk 330 feet to the southwest
since the ore was dipping in that direction. Stoping-was carried on at the
third level from both shafts and the eastern part of the ore body was stoped
out to the floor of the second level, deepening the open pit to 190 feet;
the same method being continued at -the fourth level. Below this depth
the workings are underground. A brief general description of the mine
may be taken from an account by Mr..G. E. Sylvester.!

There ave two shafts in parallel planes about 330 feet apart. :

No. 1 shaft, inclined 59°, has two hoisting .compartments and ladder-
way. It is still served by the original timber framed rockhouse with
" the interior somewhat modified.

No. 2 shaft, inclined 47° has, besides the ladderway, three hoisting
compartments, one of which is intended more particularly for develop-
ment work and hoisting barren rock, leaving the other two for the ordinary
work of hoisting ore, without interference.

The rockhouse, 45 feet by 90 feet, is of 1emf01ced concrete up to
and including the bin bottoms. = The bms, which are in three rows, served
by three tracks running underneath, are 12 feet by 15 feet by 14 feet deep,
built up of 3 inch by 10 inch plank laid flat and lined with 2 inch plank. -
The structure above the bms is of heavy timber framing W1th double
wooden sheeting.

The ore is dumped on grizzlies.at a height of about 70 feet 'Lbove
surface level. Trom the foot of the grizzlies, it is carvied by massive
curved chutes directly into two 18 by 30 inch j jaw crushers, which are large
enough to take anything that can be handled into tramears underground.
These chutes are removable in case ore should be encountered which
- would require sorting on the crusher floor. The wearing plates of the
crushers are manganese steel. Each crusher dischaiges into a trommel
screen, 36 inches by 10 feet, fitted with manganese steel plates with one-
inch perforations thloughout as only two sizes of ore, fines and coarse,
are separated.

"The coarse ore from eéach screen falls upon a 36 inch rubber plckmg.
belt, 50 feet long between centres, in two sections. There is also a screen .
’ and picking belt under the grizzlies. From these belts the ore and rock
are distributed to their respective bins. The crushers, screens and belts
are operated by two 50 horse-power constant speed induction motors.
The rockhouse has a ‘capacity of about 1,200 tons in 24 hours. -The picking
floor is steam heated. A few steam coils in the fnes bins, covered with
a false lining of steel plate, effectually prevent the freezing and hanging
up of damyp fines. . :

The tracks under both rockhouses are on a grade, so that empty
cars ean be placed on the upper side, then dropped through by gravity,
and loaded. without any further attention from a locomotive.

In the mine the drilling is practically all done with 3% and 3% inch
standard typerock drills, and the blockholing by small hand air dr1lls of the
hammer type. The pressure at the drills runs about 95 pounds.

The tram cars are 18 inches gauge and 18 inches wheel base. The
front and back journal boxes on each side are rigidly connected in.a- single
steel casting, bolted under the side frame, ensuring a permanently true

’Journ Can. Min. Inst Vol XII, 1909, op- 220 etc.
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alignment of the axles. The wheels are 14 inches diameter, of manganese
steel, one fast and one loose on each axle. The cars weigh 2,000 pounds
and hold about three tons.

The skips are 46 inches gauge, and hold a full tram carload. The
wheels are of manganese steel 14 inches diameter, with broad treads on
the rear wheels for dumping. The track stringers are 8 by 10 inches,
shod with 3 by § inch steel straps. Guard timbers are 6 by 8 with 23 by &
inch straps.

The shafts and stations are lighted with incandescent lamps and
equipped with electric hoisting signals, but in the stopes large acetylene
torches are used, with individual lamps for drifts and confined spaces.

The mine pumps are of the vertical single acting, three cylinder,
cerank type, geared to 15 horse-power motors. ‘

The engine house is 93 feet by 39 feet, with brick walls on concrete
base. Steel columns built into the walls support a erane runway and steel
roof trusses. The roof covering is 3 by 3 dressed lumber with tarred felt.

A high tension switch tower of brick, 10 feet by 11 feet, adjoins the
building in one corner, and a transformer room 8 feet by 20 feet is walled
off inside. A 10 ton hand-power travelling crane runs the full length
of the engine room. The floor is of reinforced concrete surfaced with
-cement tiles.

The equipment is as follows:—

Two electric driven mine hoists, a two drum for No. 1 shaft, and a
three drum for No. 2 shaft. The drums are 60 inches in diameter, and
have a capacity of 1,000 feet of one inch ecable in one lap. The drums
are arranged to hoist singly or with any pair in balance. Iach hoist is
geared to a 150 horse-power variable speed induetion motor, the hoisting
speed being 600 to 800 feet per minute.

A 1,650 foot eross-compound compressor, direct connected to a 300

horse-power induction motor at 120 r.p.m. delivers air at 100 pounds
pressure. An after-cooler is provided as well as an extra large intercooler.
In addition to this, the condensed moisture is trapped in a special leg in the
air line in the shaft.

A 1,000 gallon, 6 inch, 4 stage turbine fire pump, direct connected
t0 a 150 horse-power induction motor, furnishes fire protection for all
‘the mine buildings; and a 250 gallon, 3 inch, single stage turbine, with
5 horse-power motor, circulates cooling water to the transformers and
COMpPressor.

The office and warehouse are in one building, 30 feet by 60 feet in
dimensions. The walls are of brick, on concrete base, with steel roof trusses
and roof covering of hollow book tile with tar and gravel. The floor
is of reinforced concrete. In the basement is situated the steam heating
plant for all the buildings.

The dry, or men’s change house, is 36 feet by 80 feet in size, of similar
.construction to the warehouse building. It is equipped with basins, shower
baths, hot and cold water, closets and urinals. There is a 12 by 16 open
ssteel sanitary locker for each man and a private room is provided for fore-
‘men. The building is thoroughly heated and lighted and has a caretaker
always in attendance.

The water for the various buildings and for fire protection is pumped
from a small lake about 3,000 feet distant, into a steel tank holding 60,000
gallons, situated just outside the engine room. The pump is a 250 gallon
4 inch, 2 stage turbine with 20 horse-power motor, in a small concrete
building.

The tank is connected directly with the suction of the fire pump,
.and furnishes a gravity supply for the buildings generally, .
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CREAN HILL MINE—METHOD.OF MINiNG.

" The mine, in the first stages, was developed with a view to removing
only the high grade copper ore along the foot-wall, which is fairly regular
and well defined, the presumption being that. the various patches of low

" copper.and hlghel nickel oré cut by the diamond drill holes in the hanging
wall side of the deposit could, probably, not be worked profitably. Sub-
sequent development work, hoWevei', showed the ore to be fairly continuous.
and that the enclosed rock occurred in masses, sometimes very large, and
usually not intimately mixed with the ore. ~ The question then arose—how
to win this nickel ore at an economically possible cost. It was evident
that a very large percentage of the ground broken would consist of rock,
which would necessarily require to be disposed of in. the stopes, quickly
and “cheaply. E

Following is a brief descnptlon of the method now employed —_

At each level the ground is blocked out by exploratory drifts, “which
are .carried to the boundary of the mineralized section. Whelevel an.
enrichment occurs, these drifts are widened and raised fo a helght of about
16 feet, and then carried as breast stopes.

' In breast stoping the richier portious only are 1emoved in order ‘to
avoid handling rock, but on the back stopes, where the 1ock can readily
be disposed of, pretty much all rock containing mineral is broken and
handled, eYcept the very large masses, which are left as. pillars, care being
aken to lay out the pillars where rock oceurs.

Until sufficient space has been provided in the b1 east stopes, all rock
as well as ore must be hoisted, but, as soon as practicable without hampei-
ing work at the breast stopes, the 1ock is piled up along the W‘LHS of the
stope.

Masons are then employed to bulld the dry stone wa,lls whlch take the
place of drift sets to maintain the tramways. The walls are bullt about 4 feet
thick and 7 feet high, veinforced at intervals with round timber." These
walls are stronger and less expensive than drift sets. In the walls are
built ore chutes and manways. The latter commence at the floor, of
rectangular form, and large emough to a,dnnt a tmmw’ty In them are
placed ladders and drill chutes.

The ore chutes are built up solid to the bottorns, which are founed of
wood lined with-steel or cast iron plates. The chutes are circular in forin,-

.above the roof of the dllfts, which, where manways and chutes occur,
are about 12 feet high. - The main tramways are double tracked, cover ed
with round tamarac_or pine lagging.

. No effort is made to fill to the top of the walls with rock from the
breast stopes, the déficit being supplied by returning through chutes pro-
vided for the purpose, waste rock from the surface, all rock hoisted direct
or. rejected in the ore house being returned o the mine. The first fill is
made to within 8 or 10 feet of the back and is carefully levelled off with
crushed rock from the surface to form a smooth floor.

Back stoping is commenced on top of the fill by slicing and raising
until the back has reached a height of 35 to 40 feet above the filled floor,
the stope being then carried as a breast stope, but having the- ‘Ldvmntmge
that the bottom is cut away. By this means maximum footage is attained
by the drillers and maximum tonnage from the drilling.

Drilling is performed on bars, on top of the muck, and tlie drill holes,
after the proper height has been attained, are nezulv all underhand or wet
holes (the latter a very important advantage in such hard ground). The
roof is easﬂy a,ccessﬂ)le for scaling, and but little delay occurs after blasting
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before the machine men ean again start to set up their machines. The
trammers also can begin work promptly at the beginning of the shift.
On a new fill considerable waste of fine ore is inevitable, but, by drop-
ping (fib slice 30 feet thick and handling it on one floor, this waste is mini-
mized. . :
Some careful engineering is required to provide convenient dumps for
the rock rejected on the back stopes. With this object in view the stopes
are carried one aliead of the other (i.e. one higher than the other) in the
form -of terraces, the stopes being advanced in opposite directions to the
fills, the reject of one stope forming filling for the succeeding one.

" The ore bearing rock is transferred from the chutes to the tramcars
by means of air operated gates. The gate is hung radially to the lip of the
chute, on a square shaft placed underneath the bottom of the lip, and held
in.position by means of arms which are integral parts of the gate. The -
bottom of the lip is about a foot above the side of the tramecar. When
. the gate is opened it swings under the lip. The stream of ore flows into
the car until it blocks. The car is filled to its full capacity and heaped up,
but not overflowing. The air is turned on and the gate cuts up through
the pile of coarse rock, separating the rock in the car from that in the chute.
No adjustment of the load is necessary, and no delay occurs, unless the
chute happeus to be blocked. Phe whole operation of loading usually
does not consume longer than one minute.

- Tramecars and skips have each a capacity of three tons.

CREIGHTON MINE.

In all levels of the mine below the 3rd, and all of the western part
of all levels, the method of mining is similar to that pursued at Crean Hill,
except that the walls and filling consist entirely of ore. By this means
a large reserve of broken ore is always available in case of a shortage of
-labour, or a'sudden demand for increased tonnage. -The latter emergency
was met last. winter by withdrawing filling from part of a stope in which
stoping has been completed. : . .

_ Treatment of the Sudbury Ores.

MECHANICAL.

The Sudbury ores include essentially only four ingredients, a mag
netic sulphide of irom,-which is practically free from nickel and- copper-
- a sulphide of nickel and iron, which is nonmagnetic; a sulphide containing
equal parts of iron and copper, which is nonmagnetic; and a variable
amount of rock matter which may be of several different. kinds, in the
main nonmagnetic, norite or the products of its weathering predominating.

The valuable constituents of the ore are nickel and copper, the former
being much more valuable than the latter; and these two metals must
be separated first from the useless materials and afterwards from ome
another. . _ o :

Some of the ores are low in copper and high in iron, and if these could
be selected so as to contain only a minimum of copper the large amount
of iron present in the ore could be utilized directly to form ferro-nickel,
-and the costly separation of the copper could be avoided. This would,
of ¢ ourse, be the ideal method to pursue, but the only attempt to put
it into practice on a large seale, by the Lake Superior Power Co.on Gertrude:
ore; proved a failure because of the presence of too much copper.
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The fact that the components of the ore include a mineral which is
magnetic, while the others are not, or only feebly so, suggests a natural
means of concentrating it, by erushing and passing the crushed ore through
a magnetic separator. This has appealed to a number of investigators

who have occupied themselves with these ores and their treatment, and”

a large amount of ingenious experimentation has been performed in search
of an economic method of magnetic separation, hitherto without success.
The fact that pyrrhotite varies greatly in the strength of its magnetism
adds to the difficulty of separation.

The question of magnetic separation is fully discussed by Dr. Barlow,
who gives fairly complete references to the literature of the subject as
well as an account of experiments carried out at MeGill University under
his direction for the purposes of his own report.! Careful work along
this line has been done by Mr. David Browne, the well known metallurgist,?
Dr. C. W. Dickson,® and Mr. W. M. Ogilvie,* the latter gentleman working
on ores provided by Dr. Barlow.

Mr. Browne gives the following table of the results which he obtained
from three important mines of the Canadian Copper Company, using
picked nickel ore:—

Correr CLirr MInE, 7TH LEVEL.

Nickel in | Nickel in
Analysis Nonmag- magnetic nonmag-
of total Magnetic. | Analysis. netic. Analysis. part, netie part,
ore. Pyrrhotite | Pentlandite
e 3 2%
i 1. . <05
Te 50-40 786 55.70 21.4 20-80 34-00 66-00
S 3801 38.58 34.35

Sronie Ming.

G 3| a8
i . . .
Te 5300 97-175 57.00 2-825 29.90 72:00 28-00
8 3535 36-10 33-90
Evans Mine.
{

%u ’craceoz t 0-0(2) { 2-00

i 9 3.8 34-12
Fe 5150 84.04 56.00 15-96 50.0% 35.47 64-53
8 3928 40-18 l 35-43

The results of Dr. Dickson’s experiments on representative examples
of pyrrhotite ground to pass through sieves of varying mesh are shown
in the following table, No. I giving the original contents of nickel; No.
IT that of the magnetic concentrate after passing through a 100 mesh

1G.8.C., Vol. X1V, Part H, p. 132, etc.
Eng. Min. Jour., 189'5,;) 566.

3Trans. Am. Inst. Min. Eng., 1903.
4Dr. Barlow, Rep., pp. 136-140.
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sieve; No. III the same samples crushed-first coarsely and then more
and more finely, with magnetic concentration in each case; and No. IV
the final concentraté after a similar suceession of crushings ending with
grinding in an agate mortar.

The table is of interest also as showing the nickel contents of approxi-

mately pure pyrrhotite plus pendlandite from . various mines.

1.
Mine. - Ni and II. I1I. IV. Deseription of sample.
Co Ni.
1. Elsie mine.........[. 2-44 2.92 0:98 |t Fine grained pyrrhotite.
2. Stobic mine....... 3.05 2.14 068 |[........ “ “ “
3. Frood mine........ 240 2.07 1.05 0-65 |Coarse “ ° «
4. Mt. Nickel mine... 3-00 2:14 0-75 .0-70 Medium “ “
5. No. 2 mine, Copper .
iff..,..... PO 400 2.00 070 {.vunnenn Coarse “ “
R 6. No. 4 mine, Copper R : .
Cliff............. 3:30 2.32 0:83 {........ “ “ “
7a. Creighton mine...; 232 2:25 | 1-20 0-70 “oo “
7b. Creighton mine...| 415 {........ .. ..... 0-45 |Fine-  “ . «
8. Gertrude mine..... 4.00 2-30 1410 [.....e Massive «
9. Victoria mine...... 340 246 0-80 j........ |Fine “

It will be seen that by successive magnetic separatious, in which
the materials are crushed finer and finer, the nonmagnetic portions being
removed, the amount of nickel in the magnetic portion is greatly reduced
" though not entirely lost even after very fine grinding.

The experiments carried out by Mr. Ogilvie in the mining laboratory
at MecGill University for Dr. Barlow’s report were more elaborate, and
_included ores from the Creighton, Victoria, Garson (Cryderman) and
Mt. Nickel mines, and from the Tough and Stobie property in Levack
township, and the Cochrane property near Blue lake. The ore came.
from widely distributed localities, maiuly from the southern range, but
some also from the eastern and northern ranges so as to represent the

marginal deposits of the region very fairly. The work was done with a ;

Wetherill magnetic separator which permitted various adjustments of
the strength of the current, of the distance between the two magnets, and
of the speed of the belts conveying the powdered ore. It was found that
the material varied much in magnetic properties, ore from the Creighton
being least magnetic and that from Blue lake being most magnetic. For
details of the process Dr. Barlow’s report may be consulted.

The work done resulted in the separation of three products, magnetic,
feebly magnetic, and nonmagnetic; and it was found, in the case of Creigh-
ton ore, that from 40 to over 50 per cent of the nickel remained in the
magnetic portion, which represented from 75 to 90 per cent of the whole

_sample, while the rest was contained chiefly in the feebly magnetic portion.
The copper also was found to be largely concentrated in the feebly magnetic
or nonmagnetic parts. The results from the other ores were similar,
showing that pentlandite is largely left behind in the magnetic separation,
but that too much of it is earried over with the pyrrhotite to make the
process a commercial success. :

A glance at the photomicrographs of polished surfaces of ore from
some of these mines, as illustrated by Campbell and Knight, shows clearly
why magnetic separation is so inecomplete, since pentlandite and also
chalcopyrite ramify through the pyrrhotite in the most minute and intri-

cate way.! It appears, therefore, that under present conditions magnetic

Your. Can. Min. Inst., Vol. X, 1907, pp. 274, cte.
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separation is out of"the question as an economic process for the ordinary
Sudbury ores. In any case this mode of separation would leave the rich
ores of nickel and copper mixed, so that the most difficult and costly
process would still have to be carried out. :

The other useless ingredient of the ore is the intermingled rock matter,
which could be removed by suitable concentrating mills, since the sul-
phides have a much higher specific gravity than plagioclase or pyroxene;
but up to the present this has not seemed necessary.

At most of the mines a certain amount of selection of the ore is carried
out by hand picking, either in the mine itself, or on travelling belts or
otherwise in the rockhouse, so that stony masses below a certain grade are
removed. Usually, however, the waste dwumps display a considerable
amount of ore, especially in the very rocky mines, like the Crean Hill,
where much of the ore is copper pyrites. In some cases there are on the
dumps hundreds of thousands of tons of waste rock which contains 15 or
even 2 or more per cent of the metals, mostly copper, deposited there
because a certain standard of ore is demanded for the smelter. Some of
these dumps run as high in copper as do ores worked on a large scale
in western mines, e. g. in the Boundary country in British Colunbia; and
it is to be expected that at some time these rocky low grade ores will be
put through concentrating mills so as to recover the large amount of sul-
phides contained in them. This may not take place, however, until there
is no longer a sufficient supply of ore from high grade mines like the Creigh-
ton.

Ore almost as rocky and low grade as the rock dumps of some of the
Sudbury mines is being smelted, apparently at a profit, in the Evje valley
in Southern Norway, as will be shown later.

The mechanical separation of the sulphides from the rock can never
be very complete because of the intimate mixture of the two in the pyrr-
hotite-norite, into which the solider ore usually passes. The crushing of
the tough rock fine enough to set free the enclosed ore must result in a
great amount of fines with such soft and brittle minerals as pyrrhotite,
pentlandite and chalcopyrite; and the later treatment of fines is trouble-
some.

Metallurgical Processes.

The usual metallurgy of the Sudbury ores includes four distinet pro-
cesses, (1) roasting to remove part of the sulphur, (2) smelting in water
jacket furnaces to produce furnace or standard matte, (3) resmelting the
standard matte in converters to make a matte of 75 or 80 per cent of nickel
and copper, and (4) the separation and refining of the nickel and copper. -

At least six companies in the Sudbury region have produced standard
matte, the Drury Nickel Company at the Chicago or Travers mine, the
Mond Nickel Company at Victoria mine, the Lake Superior Corporation
at Gertrude, the Canadian Copper Company at Copper Cliff, the Vivians
at Murray mine, and the Dominion Mining Company at Blazard mine.
In addition several plants have been formed for experimental purposes
without reaching the point of producing any large amount of matte or
metal. All of the companies which have used smelters have followed the
practice of heap roasting and smelting in a water-jacket furnace to matte,
the general methods employed not differing greatly in principle, though the
size and equipment of the various plants have differed immensely.
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Beyond this stage there have been é¢onsiderable variations in methods
of producing the high grade matte, Manhés furnaces having been used
by the Vivians, ordinary acid lined converters by the Mond Company
and formerly also by the Canadian Copper Company, while a reverber-
atory type of furnace was used for some years by the Orford Company to
raise the Copper Cliff. standard matte to high grade matte, . _

Within the past year the Canadian Copper Company has mtloduced
immense basic lined converters, which will be described later by Mr. David
Browne. In addition they are supplementing the usual furnaces with
reverberatory. furnaces to treat fines and flue dust, which have accumulated
to a considerable tonmage: :

The processes thus far mentioned are all carried on in the Sudbuly '
region itself, and the methods are well known, so that there is-no attempt
at secrecy in the smelters. The last set of operations, in which the metals, -
nickel and copper are reduced from the 80 per cent matte, and separated
from’ one another, are carried on in other countries by methods which
have been partly patented but are in part kept secret.

The divergences of method up to the stage of high grade matte are
unimportant, at least as regards the principle involved; but the final
separation and refining of the two metals are camed on by totally different
methods

Canadian matte from Copper Cliffistreated by special smelting methods
at Bayonne, N.J., by the International Nickel Company, while Canadian
matte from Victoria mine is treated by the Mond process at Clydach,
Wales, in which the reduced metals are acted on by carbon monoxide, and
the nickel removed from the copper as a volatile compound which is later
decomposed, setting free the nickel. Finally Norwegian matte, very
similar to the Canadian converter matte, is separated electrolytically
by the Hybinette process, at Kristiansand, Norway.

" There are, then, three ways of obtmnmg and separating nickel and
coppel from the high grade matte, each absolutely different from the
others, and not merely variations of a single method. All three processes
_ seem. to be commercially successful and able to compete with one another

and with the somewhat different process used in the treatment of New
Caledonian ores, In this respect nickel is umque ‘among the metals pro-
duced on a_fairly large scale.

ROASTING THE ORE.

All the Sudbmy nickel- -copper ores contam much more sulphur
than is required-in standard matte, so that a large part of this element
~ must be driven off before the matte is obtained. Up to the present, most

of the sulphur has been removed by the simplest possible method, heap
roasting. - Attempts have been made to introduce pyritic smelting by the
Canadian Copper Company, but with little success, so that the greater
part of their ore isstill roasted in heaps'. All theother companies which
have produced matte have roasted a large percentage of their orve. It
‘has often been suggested that a more scientific process of roasting should
be adopted, including the manufacture of sulphuric acid to prevent waste
of the sulphul and to preserve the adjoining country from the action of the

lel itic smelting of Sudbuly ores is discussed at length in the Engineering and Mlmng Journal
by Mr. G. T. Beardsley, who carried out experiments for the Canadian Copper Co. (Vol. 84, 1907,
pp. 343, cte. ); and Mr, Hixon (Ibid. p. 507); while others give their experience in the pyritic smelt-
ing of copper ores in the same volume (Ibid. pp. 601, 749 and 837).
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fumes of sulphur dioxide. However, there is little demand for sulphuric
acid in the Sudbury region and freight rates would be a serious item if so
cheap a product was shipped to a distance; and the country just around
the roast beds is usually of small value as farm land, so that the simpler
and cheaper method of disposing of the sulphur will probably continue
in use for some time to come.

For heap roasting a flat surface that canbedrained isprepared, swampy
tracts or old lake terraces being generally chosen for the purpose, though
some of the smaller plants have used flat surfaces of rock. The general
principle involved in the roasting is that the sulphur in the ore itself serves as
a fuel when ignited, so that it is simply necessary to provide wood enough
to start the fire, and then to make sure thatthe combustiongoes onuniformly
over the whole pile.

In preparation for a roast heap a layer of cordwood or of dead pine from
the neighbourhood islaid down to a depth of a foot or eighteen inches, the
spaces between the larger sticks being filled in with smaller pieces to make
a somewhat uniform level surface. Small channels filled with kindling
wood lead at intervals of eight or ten feet toward the center of the pile,
80 as to light the whole heap uniformly. On this bed coarse ore is placed,
either by barrows or by dumping from cars running on a rough trestle,
making up about two-thirds of the whole. This is followed by medium
sized ore and then all is covered with fines, the whole amounting in most
cases to 2,000 or 3,000 tons, arranged in a trim rectangular shape with a
nearly flat top and sides sloping at the angle of stability for the material.

The wood is set fire to, and according to Captain McArthur, burns
out in about 60 hours, after which the sulphur of the ore is well ignited
and will continue to burn.without further aid, though rapid combustion
at any given point is checked by covering it with fines. The usuallarge
heaps require 3 or 4 months to burn, when all but 10 or 11 per cent of the
sulphur has passed off and the iron is more or less completely oxidised,
so that the heap takes on a reddish colour.

In the earlier stages a good deal of sulphur is sublimed from the lower
part of the heap and condenses as a pale yellow coating on the cooler
upper part, but later this too is burnt away. The fumes of SO, are heavy
and do not rise readily, but condense moisture from the air forming a
cloud which drifts with the wind low along the ground, making a choking
atmosphere to breathe, though it is apparently not found unhealthy by
the men who work in the roast yards.

These regularly shaped heaps are built in parallel rows only a few '

feet apart, and north of Copper Cliff, for instance, one may study heaps
at every stage from the process of building to cold burnt out ones which
are being loaded on cars for the smelter.

During the roasting process, especially when rains come on, various
sulphites of iron, nickel and copper are formed as green stalactitic masses
in the cavities between the pieces of ore, and a not inconsiderable amount
of the metals may be leached out and lost. An old pick or shovel im-
mersed in the greenish water of some hollow or ditch is gradually replaced
by copper, giving ocular evidence of the loss due to this cause.

The roasted ore is usually somewhat sintered together and may be
fused into such solid masses as to need explosives to break them up. While
the surfaces of the bits of ore are well roasted and rusty looking, there
still remains a certain amount of unroasted sulphides within the blocks,

The effects of the sulphur fumes on the surrounding vegetation are
disasterous, especially to coniferous trees, so that soon after a roast yard
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is established the nearby cedar swamps show only bare trunks, and many
plants are killed even two or three miles away in the direction ‘of the pre-
valent winds. It is of interest to note that the maple stands the sulphur

fumes best of all the trees, so that small clumps may be seen springing
up on many of the bare hillsides near Copper Cliff since the roast yard has
"been removed a mile to the north behind a group of hills. Mr. Tumer,
President of the Canadian Copper Company, has tested a large number
of plants in his garden and finds that some flowers stand the effects of the
sulphur much better than others. If carefully looked after, grass forms
-a turf once more at Copper Cliff and a good field of indian corn thrives
just behind the hospital.

An interesting geological effect results from the roasting process,
since the destruction of the plant life covering the old lake beds in the
_vicinity exposes-the clay to rain erosion, which is going on very rapidly.

The roast beds send hundreds of tons of sulphur dioxide into the air
every twenty-four hours, and it is perhaps surprising thatthisactivereagent
does not accomplish more destruction than can be observed. . Fortunately -
there ‘is practically no arsenic in the ore, so that the gases, though some-
times distressing to breathe, are not poisonous.  Perhaps the most injurious
effect is on iron or steel, which are rapidly corroded, so that wire fences
and telegraph wires last only a short time within reach of the fumes.

NICKEL-COPPER SM'DLTING PLANT AT COPPER CLIFF,

Aftel heap roasting the next opelatlon is the smelting of the ore in
water-jacket furnaces to standard matte. A concise description of a smelter
and its equipment as used by the Canadian Copper Company at Copper

-Cliff was given by Mr. G. BE.- Sylvester, of that company, in 1909!;
and the present account is essentially lis, though modified to bring it
into. accord with modifications introduced since 1909. “Information as
to these changes has been furnished by the kindness of Mr. D. H Browne,
whose notes have been used in rewriting the earlier account.

The blast furnaces and the basic converters employed in the two
smelting processes used at Copper Cliff are in adjoining buildings and the
general arrangement is described first.

“The site of the present smelter was decided upon after a careful
contour survey covering all the available ground in the vicinity. The grade
of the receiving track, on top of the storage bins, having been fixed at 67
feet above the smelter yard grade, it was necessary to fit these two governing
levels into the topography in such a way as to give the easiest possible
railway connection to each, and at the same time to obtain a good. slag
dump, with sufficient area and depth to last for many years without eleva-
ting slag. These several conditions are all met in the present site as may
be seen from the accompanying drawing.

The storage bins, dust chamber, stack, sampling building, and labora-
tory are all built on solid rock, and the furnace building, steam power
house, and electrical substation almost entirely so. The other buildings
were. constructed later, on 15 or 20 feet of poured slag.

The storage bins are of massive timber construction with bents 6
feet centrés on masonry footings. They are 700 feet long, 30 feet wide
and 32 feet high, carrying two standard gauge tracks at 15 feet centres.
The bins are covered with a running shed having a continuous louvred

Jour. Can, Min. Inst., Vol. XII, 1909, pp. 218-239.
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ventilator, and sheeted and roofed with % inch asbestos lumber. The

total storage capacity is about 400,000 cubic feet.

Under the bins and
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on the same level as the furnace charge floor run two parallel tracks, 36

inch gauge, and 15 feet centres.

with discharge gates every 6 feet, directly over each of these tracks.

The bin bottoms are double hoppered

The

gates are of a patented type, convex on the under side and operated by

geared cranks.

At one end of the bins are three-ton suspended track scales on each
track, with the beams and weigh check houses between the tracks. Along-
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side are small- open bins for adjusting the components of the charge. Two
more of these:scales will: be: installed nearthe centre of the. bins to relieve.
the pressure on the present ones. '
_ The-centre line of the ore bins'is parallel to that of the furnace build-
ing and 200 feet distant from it. - The tracks under the bins are carried:
round in a semi-circle at each end and through the. furnace building, one
track on each side of the furnaces; thus forming a double track belt line, with
crossovers at convenient points.. These tracks are covered between
buildings . with a wooden shed, and for a_considerable distance along the
fur;mce slag track are carried on a trestle resting .on 14 foot masonry piers.-
This prevents danger of fire from slopping of hot slag from the cinder cars.
In this trestle, underthe charge tracks, are coal pockets with chutes which
discharge in front of ‘the boilers in the steam power house, described later.
There are also two cooling pockets for locomotives. The trestles mentioned
above are of wood but are ‘to be replaced by steel structures. - ‘
Around this belt line the five furnace charging trains are operated,
running always in the same direction. Each train consists of eight or nine
side dumping steel ore cars, weighing about 1,500 lbs. and holding about
3,000 lbs. of ore, hauled by a 5 ton electric locomotive with 1,200 lbs.
draw bar pull a4 6 miles per hour, equipped with overhead trolley and using
direct current at 250 volts. The tracks are 56 Ib. steel, copper bonded
throughout. ~The charge cars are 6 feet long over all, this being also the
length of the furnace charge doors, and the centre to céntre spacing of bin
gates. The charging trains also supply the coal pockets referred to above,
the coal being weighed in transit. : -
The furnace building is 370 feet long and 80 feet wide, with alean to
shec 30 feet wide and 280 feet long on one side. It is of steel construction
throughout, except one side wall of brick, with heavy pilasters,
which carry one track of the crane runway, and having 8 feet arched door-
ways every 20 feet. = The roof covering is reinforced tile. A section of . .
roof 12 feet wide in each space between furnaces is raised two feet above
the general level for ventilation. A monitor, enclosed with louvres, is
also carried up 8 feet above the main roof around each furnace. The lower.
part of the building is divided longitudinally into three portions or bays,
as follows:— ' ~ '
- a. The slag floor at the back, 33 feet wide, served by two standard
gauge through tracks. - -
b. The matte floor in front, 33 feet wide, served by a 50 ton and a 20 ton
electric ladle crane of 32 feet 10 inches span, and by arailway track run-
ning about 80 feet into one end of the building. :
¢. The furnace and settler floor in the centre, 20 feet wide and 10 feet
above the balance of the floor. The raised portion cousists of massive
masonry walls, and for the columns which carry the charge floor and
crane runway. These walls are filled in between and floored over with
concrete, which is carried out over the matte floor about 9 feet on steel
supports, forming a continuous tapping platform and furnace runway.
The charging: floor is 35 feet above the matte and slag floor, and 25 feet
above the furnace floor.. It is 30 feet wide, of reinforced concrete on heavy
steel framing, with sides sheeted up to the roof, forming a separate enclo-
sure. _ .
The blast furnaces, five in number, are of the rectangular water-
jacketed type, 50 by 204 inches inside at the tuyeres, 19 feet high from the
nearth plate to the charging level, and rated at 500 tons per day. They
are spaced in line, at 61 fe¢t 6 inches centres, with their longitudinal centre









141

line coincident with that of the building. The supporting frame is of
heavy steel construction, the charge deck of cast iron. The hood or super-
structure above the charge deck is of firebrick, with 18 inch walls, built
into a skeleton of very heavy structural steel. The end walls unite in a
catenary arch to form the roof, the top of the arch being 33 feet above the
charging level, making the total height of the fur ace 58 feet above the
tapping platform. The side walls are vertical and in one of them is the
down-take opening, with its centre 27 feet above the charge floor.

The down-take is 8 feet in diameter, lined with 4 inches of firebrick
for the first 20 feet. It inclines 30 degrees in a straight line from the furnace
to the dust chamber, passing over the slag tracks. The design of hood on
these furnaces has given great satisfaction in the way of perfect draft, and
almost absolute freedom from scale. The hearth plate is supported on jacks
on a concrete pedestal. There are two tiers of water jackets, the lower or
tuyere jackets 8 feet, and the upper 6 feet 4 inches high. Cast iron tuyere
jackets havebeen substituted in the lower tier for the ordinary steel platetype
formerly used; and they have water circulating pipes cast into an other-
wise solid slab, with stiffening flanges.

A new blast furnace, now in construction (1912), is of the same style
but somewhat larger, having diameter of 50 inches by 255, and tuyeres
arranged in the same way but 50 inches longer. All the tuyere jackets
used for the past 3 or 4 years are of cast iron with the circulating pipes for
water cast in, as mentioned above. The settling wells which were originally
round and 16 feet in diameter with a height of 5 feet 6 inches, and the set-
tlers, furnace hearth, and spout are lined with chrome brick. The present
type of settler is oval in shape and larger, having diameters of 16 feet by
19 feet 6 inches, with two top jackets for matte. The larger size settler gives
slag lower in copper and nickel by from 0-1 to 0-15 per cent of the metals;
and having two tap holes, if one becomes clogged the other may be used,
or can be repaired while the other is in use.

Water cooled cast iron slag spouts on the settlers discharge into 25
ton cinder cars, with sectional cast iron bowls, rack and worm geared, on
standard gauge trucks. Small catch pots, operated by compressed air
crawls, receive the slag streams during cinder car shunts.

The matte from the settlers is tapped into 7 ton steel plate ladles,
clay lined, which are placed by the travelling cranes on low transfer trucks
and hauled by a compressed air winch across into the converter building.

The water-jacket overflows into two continuous cast iron launders,
on either side of the furnaces, sloping both ways from the centre furnace,
and thence flows through 20 inch drains to an open cooling reservoir.

As the water supply is limited and the furnaces alone use about 1,000
imperial gallons per minute each, most of this is pumped back from the
reservoir and used over and over. For this service three pumps are installed,
two 8 inch, 1,500 gallons, and one 14 inch, furnishing 5,000 gallons. All
are single stage turbines direct connected to comstant speed induction
motors. These discharge through an 18 inch flanged cast iron pipe into a
reinforced concrete tank 25 feet in diameter and 32 feet high. Duplicate
cast iron mains connected with this tank run on either side of the furnaces
just under the charge floor. The tank is also connected with the smelter
supply main, the static head of the latter being just balanced in the tank.
This arrangement gives a very steady pressure on the furnaces, the head
being 28 feet above the jackets. )

The dust chamber is of f; steel plate of the balloon type, 20 feet
in diameter, 34 feet high and 500 feet long, supported on steel columns
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Awith expansion joints about every 60 feet. The only lining is in" a section -

about 12 feet square opposite every down-take opening. The bottom has.
hoppers and clean-out doors every 6 feet, discharging the flue dust directly
into ears on a.continuous track beneath. .

The stack is 210 feet high and 15 feet inside diameter at the top. The
upper 150 feet is circular, built of perforated radial stack brick; the base
is 24 feet square, of granite masonry, with a circular lining of firebrick.

" This stack accommodates also the steam power house boiler.

SMELTING IN THE BLAST FURNACES. .

The present blast furnace practice is deseribed by Mr. Browne as fol--
lows:—The ore when properly roasted contains about 10 or 11 per cent of
sulphur. It is lifted from thie roast heaps by a steam shovel and placed
in steel drop-bottom 50 ton cars and taken to the ore bins from which the
furnaces are supplied. o o 7

The five ore trains mentioned above as running on the oval track con-
necting the bins and furnaces include eight or nine side dumping steel ore
cars, the first three carvying the coke charge,which is adjusted at the scales
to a certain percentage of the weight of ore and flux, the amount varying .
from 10 to 12 per cent. The three cars behind the coke contain the ove,
usually about 9,000 or 10,000 Ibs. of roasted ore forming a charge. Another
cax carries 2,000 or 3,000 Ibs. of Crean Hill ore, which being low in sulphur
(12 to 14 per cent) does not require roasting. Sometimes if the ore is well
roasted 2,000 or 3,000 Ibs. of Creighton green ore can be used in the charge.
The furnace scrap, when used, is carried in a separate car, as is the quartz,
the amount of the latter used varying from nothing to 2,000 Ibs. per charge

" according to the silica in the ore.’

If the furnaces are choked by siliceous ore or fine ore, lime may be

" used for a few charges instead of quartz. The coke is dumped in the fur-

nace first, then the ore with its flux, and then the scrap or floor screenings.

The blast is normally 24,000 cubic feet of free air per furnace at about 25

to 35 ounces pressure. If the furnaces are choked by fine ore the blast will

form blow holes, throwing the heat to the top of the furnaces and forming

incrustations or blocks of half fused material. In this case the blast is.
reduced and a “clean-out’’ charge of green ore and lime is given. This

melts easily and carries the heat to the lower part of the furnace, under-

cutting the blocks, which are. then easily removed by barring. .

There is no regular rule for the operation of the furnaces, the charge
varying from day to day, often changing from hour to hour as the ore
changes in quality chemically or physically.

The five blast furnaces smelt from 40,000 to 45,000 tons of ore per
month, the amount of green ore varying with the condition of the roast ore.
The charge may be two parts roast ore to one part of green ore if much of the
Crean- Hill ore is used; or it may be four parts of roast ore to one of green
ore, if the Crean Hill ore is not received in sufficient quantity.

Green ore alone could be used in the ‘blast furnaces, but this would
make a very low grade of matte and would throw a great amount of work
on the converter department. - :

A comparison of the amount of work necessary to convert matte of
different grades into bessemer matte is interesting. To make 100 tons of
bessemer matte per day from a 10 per cent furnace matte would require 14
basic converters; from 15 per cent matte would require 7 converters; from
20 per cent matte, 5 converters; from 25 per cent matte 4 converters,

- and from 30 per cent matte 3 converters.
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The whole smelting operation requires very careful balancing. At
present five converters are being installed, which should allow the use of a
20 per cent furnace matte,

THE CONVERTER BUILDING.

This building is of steel construction throughout, extra braced on
account of the heavy travelling cranes. The main building is 552 feet long,
60 feet wide and 47 feet to the roof trusses, with lean to sheds 30 feet wide,
392 feet long on one side and 112 feet on the other. A monitor 24 feet
wide and 8 feet high, with louvres, runs the entire length except the end
bays. The roofing is of reinforced concrete tile and the sheeting of galvan-
ized corrugated iron, except 130 feet toward the southern end which is
covered with cement plaster on metal, giving greater protection against
frost. The building contains different departments; 280 feet in length
being provided for blowing, while the rest is used for drying and crushing
quartz, ete. IFormerly this was employed in drying, grinding and crushing
quartz and clay for relining the acid converters, and in the slow process of
relining them. The introduction of large basic converters, as described by
Mr. David Browne, has made great changes in this respect.

RECENT IMPROVEMENTS AND ADDITIONS TO THE SMELTING PLANT OF THE
CANADIAN COPPER CO.

(The following account is taken unchanged from a paper prepared by Mr.
Browne for the Canadian Mining Institute, 1912).

In the year 1910 the Canadian Copper Company had in operation ten
stands of acid converters. The shells were 84 inches by 126, and were
lined with the usual mixture of quartz and clay. In each shell were eight
tuyeres, one inch in diameter, and six inches apart. The center or mould,
around which the lining was rammed was oval in shape, 3 feet 4 inches high,
5 feet by 2 feet 6 inches at the top and 4 feet 6 inches by 2 feet at the
bottom. Each shell consumed about 3,000 cubic feet of free air per minute
at 9 to 11 lbs. pressure.

The production of matte from these shells depended largely on the
grade of furnace matte with which they were supplied. On a 36 per cent
furnace matte one lining lasted for about eight hours blowing time and
produced seven tons of finished bessemer matte, 80 per cent copper-nickel.
On a 380 per cent furnace matte one lining was good for about 5-3 tons
bessemer matte.

As the amount of metal lost in furnace slag depends very much on the
grade of furnace matte made, this pointed to the desirability of producing
lower grades of furnace matte with cleaner slags, throwing on the con-
verters every year an increasing burden. The converters received lower
grade furnace mattes, containing not only less copper-nickel but more iron
In a 40 per cent furnace matte one pound of copper-nickel is accompanied by
0-88 lbs. iron, in a 80 per cent matte by 1-28 lbs. iron, and in a 20 pe:
cent matte by 2-4 Ibs. iron.

As this iron is removed by oxidation and combination with silica to
form a slag, and as the amount of air passing into the converters is a fixed
factor, practically 3,000 cubic feet per minute, it is evident that lower grade
mattes take longer to blow than higher grades. When using a 36 per cent

urnace matte about one hour and five minutes blowing is required to
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produce a ton of .80 per cent bessemer matte, while with a 30 per cent
furnace matte an hour and fifty-five minutes 1s required. o ’

Jurthermore the sdmiount of* serap, or -material thrown out of the
mouth of the converter while blowing is a factor of the time of blowing.
The amount thrown out by the blast is about the same per hour. Therefore
‘as the furnace matte bécomes of lower and lower grade the production of
. the converters becomes less and less, first, because they have more iron to
remove and need longer time to do it, and second, because during this
longer time they slop out more and more material on the floor:

" These considerations decided the Canadian Copper Company to dis-
card this type of acid converters and to substitute basic converters, such-as
had been installed by Smith and Pierce at the Gazrfield plant of the Amer-
ican Swmelting and Refining Co. ‘ .

A basic converter is simply a cylinder lined with maguesite brick.
The function of the converter is exactly the same as in the acid converters.
Air blown in through the tuyeres passes through melted matte and oxidizes
iron. The.oxide of iron combines with silica and forms a slag. The
difference lies in the fact that in the acid converters the siliceous material is -
rammed in to form the lining of the converter. . The iron attacks this
. lining and melts it off to get at the silica, so that after a few hours blowing
the lining is all cut away and the shell must be relined. In the basic con-
verter the lining consists of basic bricks and the quartz or other siliceous.
material is dumped into the converter on top of the matte from time to
time as the converter requires it. The magnesite bricks which form the
'lining are very slowly worn away above the tuyeres, but a basic conver-
ter will make three or four thousand tons of bessemer matte before it
requires repair, while an acid converter requires relining after making six
or seven tons. i ‘

. In March 1911 the first basic-converter was blown in. During the
remainder of the year the acid stands were taken out and basic converters
put in their place. At present all the acid converters have been removed _
and their place taken by five basics. . .

- These basic converters are 37 feet 2 inches long by 10 inches in diam-
eter, outside measurement. - They run on four tread rings 12 feet in diam-
eter.” The stack oropening in the roof for the escape of gas, is in the centre
of the cylinder instead of at the end, as in the Garfield plant. There are
44 tuyeres, 1% inches in-diameter and 7 inches apart. There are no tuy-
eres directly under the stack. Theléngth inside the lining is 33 feet 3 inches.
-The bottom is 2 ft. thick, the back ot tuyere wall is 18 inches and the front
15 inches thick. The roof is a 12 inech arch. The. brick directly around
the tuyeres is 24 inches thick..

These converters have two openings or spouts in the front wall oppo-
site to but above the tuyere line. The shell is turned down to pour slag
and matte from these openings or turned back to blow by means of two
wire ropes which surround the shell oneitherside of the central stack. These
ropes are fastened to a hydraulic piston. working in a horizontal cylinder,
having a stroke of nine feet. . ~° | . _

As the usual hydraulic equipment would not be suitable to the climate
of- Northern ‘Ontario, oil is used instead of water, since oil remains fluid
at low temperatures. ‘

This is moved in the cylinders by air pressure. Two tanks are pro-
vided, one for regular use, one for emergency. These tanks ave of 2 inch
steel 4 ft. diameter by 15 ft. high. Into these tanks a small- amount of oil
is pumped, and the space above the oil is filled with air at 75 Ibs.. pressure.
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An electrically driven pressure pump now forces more oil into the cylinders,
compressing the air to 300 Ibs. pressure. At this pressure the pump auto-
maftically stops. When it is desired to turn down the converter a valve is
opened on the converter platform, allowing the oil to pass to one side or
the other of the hydraulic cylinder, moving the piston and so by means of
the rope tackle turning the converter as desired. In this operation the air
in the tank above the oil expands and loses pressure. When the pressure
in the tank falls to 200 lbs. the oil pump starts automatically pumping
oil into the tank till the pressure rises to 300 lbs.

As the entire equipment of the plant is electrically driven it is mani-
fest that if for any reason the power went off the line the converter blower
would stop blowing air into the tuyeres. The matte would then run back
through the tuyeres, as the mechanism for turning the converter down,
being also electrically driven, would be useless. To avoid this a spare
tank always contains oil under 300 lbs. pressure. This spare tank is
connected to the hydraulic eylinder by a valve which is held closed by a
solenoid brake. The fly wheel of the converter blower is of sufficient
size to keep the engine turning over and delivering air for perhaps 15 to 20
seconds after the power goes off. The solenoid brake is actuated by the
electric power, and the moment the power goes off the solenoid brake drops,
opening the valve, and admitting oil to the proper side of the cylinder to
turn the converter down.

It sometimes happens that a thunder storm twenty-five miles from
Copper Cliff will cut off the current on the power line. The safety device
above described, being absolutely automatic and entirely separate from the
regularly used turning device, has proved quite satisfactory.

The basic converter takes an initial charge of about 60 tons of furnace
matte. About 10 per cent of quartz rock, previously dried is dumped into the
converter, and the blast is turned on. Blowing is done entirely by the clock.
The charge is blown from one-half to three-quarters of an hour and is then
turned down to skim slag. While the slag is being poured off, 5 or 6
tons of furnace matte are poured into the converter. After the slag is

- poured about 3 tons of quartz or siliceous ore and quartz are added and
the shell is blown for another fixed time. The length of the blow, the
amount of slag removed, the weight of matte added after each skim, and
the per cent of flux required are all factors of the grade of matte and have
to be determined by experience.

The blowing and the addition of matte is kept up until there remains
in the converter 70 or 80 +tons of finished produet. This may
require from 300 to 400 tons of furnace matte and from 30 to 50 hours blow-
ing time depending on the matte grade. The finished matte is then cast
into moulds, and the eycle of operations re-commences.

The basic converter has several advantages over the acid converter.
The units are very much targer. This simplifies the problem of dealing
with large quantities of matte. There is practically no material slopped
out of the converter during the blow, hence less furnace matte is required
to produce a ton of bessemer matte. The slag made is lower in silica which
means economy of flux. The converter slag contains less copper-nickel
than the acid converter slag, but since all the converter slag has to be
re-treated, this of itself, is not material. As a whole the operation of con-
verting has been much simplified by the change.
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THE REVERBERATORY FURNACE.

During the last few years about fifty thousand tons of flue dust have
been recovered from the blast furnace dust chambers. Several attempts
have been made to briquette or sinter this flue dust so as to make it useful
as a blast furnace charge, but these have proved ineffectual, either by
failure of the method or by extravagant cost. The flue dust has therefore
been set aside in piles to await the building of reverberatory furnaces. -
There has been.a similar accumulation of green ore fines from the mines,
material under % inch diameter which is too small for the blast furnaces.

In the year 1911 the Canadian Copper Company commenced the
erection of two large reverberatory furnaces. The first of these was blown
in at the end of December, 1911.

These reverberatory furnaces are 1nteles131ng as being the first
designed to burn pulverized coal. . Experiments in the use of pulverized
coal have been previously made by Chas. Shelby at Cananea, and by S. 8.
Sorensen at the Highland Boy smelter, but while these experiments proved
that this method of coal firing could be used, local conditions prevented
its adoptlon <In neither case were the fumaces specially designed to meet
the requirements of this fuel.

' The furnaces built at Copper Chff are 112 feet by 19 feet hearth area.
The sidé walls ave 27 inches thick. The roof is 20 inches thick for the first
35 feet near the coal burners and 15 inches thick for the rest of the way.
The extreme height inside is 6 feet. The bottom is ‘an inverted arch of
magnesite brick with a spllng of 12 inches, * The spring of the roof arch
is 19 inches, one inch rise to the foot. '

" The foundation of these furnaces was made by building a trestle about '
14 feet high, and pouring furnace slag from this, to build up within the
outer walls a solid block of slag ten feet high above the yard level. On
this foundation the side walls of the reverberatory furnaces were built.
Slag was poured inside these walls to form a hearth-or furnace bottom
about two feet thick. By this means a solid mass of slag about 12 ft.
thick was formed under the furnace. Between the furnace openings were
formed by concrete retaining walls, so as to leave tunnels entering the slag
foundation at the yard level, at either side-of each furnace. Through
these tunnels the melted converter slag is brought to the reverberatory
and matte is taken back.

The hearth of the furnace is formed by levelling up the poured slag
bottom with concrete so as to provide an inverted arch of the same curve
as the magnes1te brick lining. On this form one layer of firebrick was laid
flat, 2§ inches thick. Over this 2inches of ground chrome ore was laid,and on
this the final bottom of 9 inches of magnesite brick was laid. This brick
hearth was laid in a mixture of ground magnesite and linseed oil. Expan-
sion strips of wood were placed between every six courses. The expansion
allowed is % inch to the foot.

The s1de wall is of silica brick 18 1nches thick. On this the roof rests.
Inside this wall a flash wall of magnesite 9 inches thick is built. This
does not support, but is brought close up to the roof. ‘The tap hole is so
placed as to retain 12 inches of matte in the hearth, 'so that the bottom is
always protected by ‘a pool of matte.

Slag is removed, not at the front of the furnace as is usually the case,
but at either side where the side walls commence to narrow in, about 11 feet
Hom the front of the furnace. The space at the front usually occupied
by the slag door, slopes up gr adually from tlie hearth to form a straight
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outlet for the products of combustion. The area of the throat is about 27
square feet. The gases meet no obstacles whatever, but pass straight into
a cross flue 6 feet by 9 feet, which is covered by cramps. This flue is 70
feet long, and leads to the main or dust chamber flue. The main flue is 15
feet by 19 feet by 200 feet, and connects with the stack. The stackis 17 feet
2 inches in diameter at the bottom, 15 feet 4 inches in diameter at the top,
and 200 feet high.

At the fire end of the furnace two sets of charging bins are provided.
These are used to drop flue dust, ore fines and other pulverized material
into the furnace. Each bin has five hoppers, discharging by slide gates
through the roof.

The most interesting part about the reverberatory is the method of
firing. Coal is dropped from the trestle into storage bins. Out of these
bins it passes through a coal cracker on to a conveyer belt. This coal
% inch in size, and under, is carried by this conveyer belt tothe coal grinding
room. and dropped into a bin. From this bin it is fed by a screw conveyer
to a Ruggles Coles dryer. The dry coal is elevated into bins from which
it drops into two Raymond impact pulverizers, which grind the coal to
the finest powder, most of it passing a 200 mesh screen. The pulverized
coal is sucked up by a fan into a separator on top of this building, passed
by screw conveyers into the reverberatory building, and dropped into
bins at the end of the furnaces. From these bins it is taken by five vari-
able speed screw conveyers 4 inches in diameter which deliver the coal
into five burners, dropping it in front of nozzles which carry air from a fan.
The air blast sends the coal into the furnace in the form of a cloud or spray
of dust which burns just like fuel oil. Each burner can be run independ-
ently and the amount of coal or air can be varied at will.

The converter slag from the building is brought to the reverberatory
furnace in ten ton pots by a locomotive, which enters the tunnels between
the furnaces. Through openings in the roofs of these tunnels the rever-
beratory cranes pick up the slag pots, and pour the slag through an opening
in the roof into the furnace. The slag skull being left in the pot, the pot is
set back on its truck in the tunnel, and reverberatory matte is tapped into
it, and taken back by the locomotive to the converter building to be charged
into the basic converters.

The reverberatory building was put in operation before the bins were
completed. At present flue dust and green ore fines are charged through
the side doors by hand and as the charge is wet and frozen the amount
charged is at present low. The coal firing system however is quite satis-
factory and no difficulty is experienced from coal ash. A small amount
of ash settles in the flue near the end of the furnace, and is removed through
doors about twice a week.

As the plant has been in operation only a few weeks and under abnor-
mal conditions, no comparisons can be made with western practise. It
may be stated however that the system of firing is quite satisfactory, and
that with the charge put in through the bins it is expected that this method
of firing will prove much cheaper than burning coal on a grate. There
is no loss of fuel efficiency, since all the carbon in the coal is consumed.
The ash offers no difficulty and theheat of the furnace is maintained uniform.

After the furnace has been in operation a few months under normal
conditions some comparisons may be instituted. Present indications are
that these comparisons will show that this system of firing has many advan-
tages over the grate firing of coal which has heretofore been the customary
practise.
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The Power Plant of the Canadian Copper Co.!

~ When the present smelter was blown in, the construction of a hycho-
electric plaut had not been considered. The various mines and shops, ete.,
had their individual steam equipments, and for the firsttwo yearsthesmelter
was operated by steam generated pewer.

The steam power house is 100 feet by '160-feet. The Walls are brick
with masonry- foundations. Steel trusses support a roof of hollow book
tile covered with plastic slate. - A longitudinal brick fire wall runs through
the centre of the building and divides the engine room from the boiler room:
The floors are of reinforced concrete. .

There are two pairs of 400 horse-power water tube boilers furnishing
superheated steam at 160 pounds pressure;. and the necessary feed pumps,
feed water heaters,” hot well pump, dry vacuum pump, and a 24 iuch
barometeric condenser. In the boiler room are also a 1,000 gallon under-
writer pumyp; 700 gallon duplex furnace feed pump, aud a Cross- compound

18 X 11 X 18 compressor. :
’ As all the water used at the plfmt coutams from 15 to 20 parts per
million of acid, it was necessary to install a punfymg plfmt This supplies
also the locomotwe water tank. ' A

In the engine room is the following equipment:—

Two furnace blowing engines, cross-compound Corliss sbewm, 13 >< 25
X 42, duplex air, 57 X 42, giving a pressure of 60 oz. Cmpamty 20, 000 feet
per mmute at 85 r.p.m.

One converter blowing engiue, c1oss—compouud sbmm, 15 X 30 >< 42,
duplex air, 40 X 42, giving blast pressure up to 15 lbs. Capacity 10, 000
feet per mmute at 8 rpm. .

“Two ‘generator sets, each consisting of 350 horse-power tandem
compound Corliss engine, 13 X 26 X 24, 200 r.p.m. direct connected to
200 k.w. 600 v. 3 phase, 25 cycle generator, with 11 k.w. belt driven exciter.

One 30 k.w. motor generator set, delivering direct currént at 250 volts.

All this equipment is kept as a reserve in case of serious accident to
the hydro-electric plant. One boiler 1skeptu11de1 steam, banked in summer
. and supplying steam heat bo the various bulldmos in the vieinity in
winter.

TFor lack of room in the electncwl sub-station, there is installed in the
_steam power house also- one 300 foot rotary furnace blower, rope driven

by two 225 hOlSG—pO\Vel induetion motors. .There are three speeds, the
maximum giving 30,000 cubic feet per minute.

The water power referred to above was developed by a subsidiary
company, formed for this and other purposes, known as the ‘‘Huromian
“Company’’. The site is at High Falls on the Spanish viver in the town-
ship of Hym‘m, about 4 miles from the “Soo’’ line of the Canadian Pacific

railway, at a point about 23 miles west of Copper Cliff station. It is
" connected with the railway by a spur line from Turbine station.
' Work was begun on this spur ling in the spring.of 1904, and on fhe
power development proper in the following September. Power was turned
on at Copper Cliff in February, 1906. The power house is situated on the
lower point of an island in the river, across which the water is carried.
The natural head was 67 feet, which has been raised by the dams to 85 feet.
The effective watershed is upruds of 2,000 square miles, practically all
unimproved, containing a large area of lakes.

The dams are all of concrete construction on solid roek. This work
was carried on continuously throughout the winter of 1904-05. Log slides .

ICangdian Mining Institute, Vol. XII, 1909, pp. 231-239.
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and booms had to be provided, to handle the very large cut of timber
which is annually driven down the Spanish river.

From the bulkhead wall, three 9 foot steel penstocks for the generators,
and one of 3 feet for the exciters, are carried down the slope to the power-
house, which is of brick on a concrete substructure, with steel roof
trusses.

The roof covering is 2 X 4 lumber on edge, sheeted with galvanized
iron. The building is 106 feet long by 71 feet wide, with an annex 33 X 30
at one end for workshop and heating boiler. The blow system of heating
is used.

 The generator room is 55 feet wide, leaving 16 feet along one side for
the transformer rooms and switch tower, which are separated from it by fire-
proof brick walls and steel doors.

There is space for four generating units, three of which are installed.
Each unit consists of a 2,000 k.w. generator, 3 phase, 25 cycle, 2,400 volts,
direct connected to the shaft of a 3,550 horse-power turbine, on which are
mounted two 34 inch bronze runners in a single case.

The head is 85 feet and the speed 375 r.p.m.

There are two exciters of 200 k.w. each, either of which can furnish
excitation for four generators. Each exciter is driven by a small turbine,
direct connected.

Three sets of transformers, of three each, step up the voltage from
2,400 to 35,000, at which it is transmitted.

The operators’ bench board occupies a central elevated position in
front of the switch tower, giving a full view of the generator room, and
the switching operationsin the tower. All switches are distantly controlled,
and there is nothing higher than 125 volts on the board.

A small motor driven air compressor is installed for cleaning purposes,
and for handling oil by air pressure.

Tor fire protection there is a 500 gallon 2 stage turbine pump, direct-
connected to a 50 horse-power d.c. motor, operated from the exciter. The
pump suction is connected to the penstocks.

No trouble has been encountered in this plant from frazil, there being
no rapids upstream for six miles. The penstocks, bulkhead gates, and
screens are housed, and the use of a small amount of current at critical
points effectively prevents the building up of ice in the tubes.

Transmission Line:—The main transmission line is about 30 miles
long, from the power house at High Falls to the sub-station at Copper
Cliff, for the most part on its own right-of-way, 100 feet wide, all cleared.
It is of double cedar pole construction, with poles at 8 feet centres, bolted
t0 a common crossarm, the pole stands being placed 120 feet apart.

There are two independent 3 phase circuits of No. 1 wire, arranged
in two equilateral triangles, 4 feet apart, and 4 feet to a side. One circuit
is transposed and the other straight.

Branch lines of single pole, single circuit construction, run from the
main line to Crean Hill mine and Creighton mine, each being about 3%
miles in length. These are both connected to the same main circuit with
aerial switches.

Lightning arresters, of the horn type, are provided outside the power
house and the sub-stations at Copper Cliff, Creighton, and Crean Hill.

A telephone line runs direct between the switchboards in the power
house and smelter sub-station, along the transmission line. It is carried
on a short crossarm, 6 feet below the main crossarm, with wires transposed
every fifth pole. It gives perfect service.
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A second telephone line, carried for the most.part on the poles of the
Canadian Pacific Railway’s telegrapl, connects the terminal stations
" with the Copper Cliff central, and also with Cl ean Hill and other pomts
between.

Smelter Sub-Station —Th1s is the main distributing statlon of the
system, and supplies motors in the building itself, and elsewhere, having
a total capacity of over 7,700 horse-power, besides are and incandescent
lighting for the smelter, shops ete., and the town of Copper Cliff.  Most -
of the eircuits in the furnace and converter bulldlngs are placed undel-
- ground in fibre: conduits, laid in cement. . -

The building is 92 feet wide, by 194 feet in length. The foundatlons,
walls and floot are of concrete. Steel roof trusses are cariied on a central
row and two outer rows of steel columns, the latter being builtinto the con-
crete walls. Two ten ton hand-power cranes-are carried on two parallel
runways extending from end to end of the building. The roof is of hollow
book tile, covered with tar and gravel. o

The' transformer rooms and high tension sw1tch tower are arranged
along one side, separated by fireproof walls.

The following equipment is housed in this building:—

Two banks of transformers, three each, 667 k.w., 35,000 to 2,400 volts.

Three transformers, 175 k. each, 2400 to 575 volts.

Most of the motors outside this bmldlng ope1 ate at 550 volts

Tifteen panel switehboard.

Storage battery for contr olling switches. .

Tour furnace blowing engines, duplex, radial valve, 70 X 42 capamty
“about 24,000 cubic feet of air per minute, delivered at 50 oz. pressure with
75 r.p.m.,- These are driven with fomteen 1% inch ropes, English system,
two by 600 horse-power-and two by 500 hor Se—pOWcl motors. The motors
have special pole changing contlollels giving three speeds.

Each of these blowing engines is connected to one or more furnaces
by a 48 inch blast pipe, carried on steel tr estles.. Two of these blast pipes
are carried through, past the furnaces, to the steam power-house where they
-are connected to the rotary blower, and the two steam blowing engines pre-
viously referred to.  Each. blast pipe is equipped with a 22 inch- multiple
spring blow-off; and each engine with automatic gr awty oiling system,"
revolution countel, recording pressure gauge, ete.

One converter blowmg engine, duplex, Corliss valve, 40 X 36,.capacity
10,200 cubic feet of air: per minute at 12 lbs., 100 r.p.m., supplymg four
converter stands, driven by 500 hor se-power mot01 with smteen 1% inchropes.

One conver fer. blowing engine, duplex, Corliss valve, 60 X 48, capacity
20, 700 cubic feet per minute at 12 Ibs., 70 r.p.m., supplymg 8 converter
stands drive 1 by 1,200 horse-power mot01 with forty-two 13 inch ropes.

“An addmon‘ll blowmg engine of the same kind has been installed for the
new Dbasic converter. :

These two engines are each eqmpped with automatic. unloadmg devme, :
gravity oiling system, recording gauge, etc. They both discharge into
a common receiver, from which a 36 inch blast plpe is carried on a steel
trestle to the conveltel building,.

One cross-compound 100 1b. air compressor, 15 X 24 X 24, capaecity
1,500 cubic feet per minute, direct connected to a 300 1101se—pOWe1 motor
at 120 1. p.ni.  The air from this machine is piped all over the plant, and -
is used for various purposes, such as blowing out motors, tamping converter
linings, shell drying, operating air lifts on furnace doors and elsewhere,
driving air winches and hoists, air tools of various kinds, forges, cte.
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One 1,000 gallon 6 inch 4 stage turbine fire pump, direct connected
to a 225 horse-power motor. This pump, as also the underwriter pump
in the steam power house, is connected to a series of dry fire lines, which
are laid around the smelter buildings, with hydrants and hose houses at
frequent intervals. A closed circuit electric fire alarm system is in service.

One 100 k.w. motor generator set, 575 a.c. to 250 d.c., operating
the electric locomotives for furnace charging. This is the only direct
current used anywhere in the system.

One 75 k.w. frequency changer, delivering 60 cycle alternating current
for arc lighting. About 50 enclosed arc lamps are used for lighting the
furnace and converter buildings, and the smelter yard, and 25 are supplied
to the town of Copper Cliff for street lighting.

The building is heated by air, blown over coils by a motor-driven
fan and distributed through ducts and floor registers. With the blowing
engines removing usually over 100,000 cubic feet of air per minute, any
ordinary means of heating would be futile, were it not so arranged that
the engines receive their air direct from outside the building, through
a large cold air duct in the basement, to which all the intake valves are
cnnnected.

A complete system of electric signals, with gongs and coloured lights,
for the operation of the various blowing engines, connects this building
with the furnace floor and the converter pulpits.

This sub-station, in addition to serving the smelter, is also the dis-
tributing point for No. 2 mine, for the shops, for municipal and domestic
lighting, and for the cobalt smelter, which plant does not come within
the scope of this paper.

The sampling plant is a three storey building, 30 X 48 feet. The
upper floor is on a level with the furnace charging tracks, to which it is
connected by a track carried on a trestle and forming a tangent to the
curve at one end of the belt line. There are 24 bins, into which samples
can be dumped direct from cars brought in by electric locomotive. These
bins discharge into small tramears on the crusher floor below. Two small
jaw crushers are used, with ‘“Duplex’’ samplers. Two laboratory crushers
with riffle samplers form the next step, from which the material goes to
various grinders and pulverizers for final division.

All the diseard goes to a common bin at the bottom of the building
from which it is hoisted in regular furnace charging cars by an electric
elevator at the end of the building. This serves also to hoist to the crusher
floor, samples which originate on the lower yard level.

: The crushers and elevator are operated by a 15 horse-power motor,
and the smaller machines by a 5 horse-power motor.

The laboratory is 34 feet by 79 feet, of concrete, brick and steel
construetion, with book tile roof. Care was taken to make it fireproof,
as two laboratories had previously been destroyed by fire.

The building consists of one storey, with 9 foot basement. The main
floor contains an analysis room, 32 X 40, and four smaller rooms, each 13 X
18, w hich are the head chemist’s office, the balance room, the H,S room,
an; the bacteriological analysis room, which also contains an assay furnace.
AI1 partitions are brick. The large room is open to the roof, and in each
ga'ble is a bull’s eye window with an electric ventilating fan.

The hood is of down draft construction, with top light. It is made
of concrete, iron and glass, and is ventilated by a suction fan in the base-
ment. FEleetric hot plates are used, with the temperature controlled
by plugs. Acetylene gas is used for the Bunsen burners.

25873—17
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In the basement, which has a separate outside entrance, are the stor®

rooms, lavatory, puvate research room, photoglaphlc dark room, and th®
heating system, which is similar to that in the sub-station.
' Warchouse:—A central warehouse building has been constructed
.at the smelter, which serves as the main distributing point for supplies for
the various plants and mines. The building is 60 feet by 150 feet, two
storeys and basement, built of concrete, steel and brick, with concrete
tile.roof. The floors are of reinforced concrete, designed for 300 and 150
pounds per square foot. There is an unloading platform. 20 feet wide the
© full length of the building, and a three ton electric elevator serving all three
floors. In this building are also the purchasing oﬂice and the electrical
repair shop.

The Shops:—These include machine, locomotlve blacksmith, boiler,
car, carpenter, and pattern shops; foundry and p&tteln storage. These
buﬂdings are at present rather inbonveniehtly situated, and quite inade-
~ quate for the machines installed, and the volume of work done. As

mentioned above, lar ger ones of modern construction are to be built. Most
of the ordinary repairs and renewals for all the plants are executed here,
including. car and locomotive work.

- Water Supply:—The. general water supply is obtzuned by gravity
from two small lakes. A heavy concrete dam has been constructed at
their outlet, forming a very considerable reservoir, from which a 16 inch
* cast iron main leads directly to the smelter. Other mains supply the shops,
ete., and the town of Copper CIiff.

Transportation:—To furnish efficient tnnspmtatmn service to.the
various departments, considerable equipment and organization is necessary.
There are .about 25 miles of tracks i in service, mostly laid with 80 pound
steel. Two standard hundred ton track scales are installed, one at the
‘roast yard, and the other in the main yard near the shops. Both are
property housed, the latier containing also the transportation offices.

The motive power consists of nine locomotives.” Four of these are
117 ton, six wheel switching engines. Two others are about 90 tons each,
and three about 60 tons. There are also a 15 ton capacity locomotive
crane, and two gasoline motor cars. The rolling stock includes twelve
50 ton dump cars, 125 flat cars, and 125 five ton dump cars, besides test
car, wrecking tool car, and flanger.

For housing the motive power there is provided a six stall round house
of steel, brick and concrete construction, with concrete floor and pits.
This is served by a standard 70 foot, half deck steel turntable, w1th conerete
foundations.

A complete telephone system, with twenty-four hour service, connects
the general office with all departments, including the outlying mines and,
the power plant.

For the physical well being of the employes, there is a thoroughly
equipped modern hospital, with a staff of physicians and nurses. There
is also an accident 1nsumnce fund admmlstemd by a committee of the
employes:

From the assurance of emlnent author 1tles f1 om almost every countly
who have visited this plant, the Canadian Copper Company feel justified
in believing that, after the completion of the new shops, they will have,
while not the largest, at least, all things considered, one of the best smelting
plants in the - world.”
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. The Orford Process of Separating Nickel and Copper.

The bessemer matte produced in the basic converters at Copper CIiff
is shipped to the Orford Copper Company’s works at Bayonne, New Jersey,
for final treatment. The method used is that of smelting the matte with
coke and an alkaline sulphate, usually sodium sulphate, which dissolves
the sulphides of iron and copper, allowing the heavier sulphide of nickel to
go to the bottom. The different layers of molten materials may be tapped
off at different levels; but the process is not complete at one melting, and
must be repeated until the nickel sulphide is satisfactorily freed from the
iron and copper.

As the Orford company do not permit an examination of their works, no
detailed account of their methods is possible beyond the statements in-
cluded in their patent, a copy of which is printed at the end of this volume,
as appendix.

THE MOND PROCESS.

The bessemer matte produced by the Mond Company at Victoria
Mines is shipped to Clydach, a suburb of Swansea, Wales, for final treat-
ment by one of the most ingenious processes imaginable. It was discovered
in 1889 by Dr. Carl Langer, working in conjunction with Dr. Ludwig Mond,
that carbon monoxide, passed at a temperature not exceeding 80° centi-
grade over finely divided nickel, combined with the metal to produce a gas,
nickel carbonyl, which could be decomposed again at a temperature of
180° C., thus depositing the nickel. The process was patented and an
experimental plant was erected in 1892 at Smethwick, near Birmingham,
to test it.  As described by Roberts-Austen in 1899, the process was
developed during some years of patient work, in which the plant had sev-
eral times to be reconstructed to make it a practical success.!

Essentially five operations are required in order to produce the nickel,
(1) dead roasting to drive out as much of the sulphur as possible; (2) the
extraction of about two-thirds of the copper by sulphuric acid, the resulting
sulphate of copper being sold in that form; (3) the reduction of the nickel
and remaining copper to the metallic state by water gas or producer gas
rich in hydrogen in an apparatus called a “reducer”, the temperature
of which is under perfect control, so that 400° C is never exceeded; (4) from
this apparatus the substance, now reduced to the metallic state, is taken
through air-tight conveyers and elevators into another apparatus called
a‘“volatilizer’in which itis subjected to the action of carbon monoxide gas at
a temperature not exceeding 80°C; (5) the nickel carbonyl thus pro-
duced passes into the ‘“decomposer’, a tower or horizontal retort heated
to 180°C so as to release the nickel in the metallic state.

The process is not complete in one passage through the five stages,
however, and the materials are made to circulate for a period varying from
7 to 15 days between stages (3) and (4) until about 60 per cent of the nickel
has been removed as carbonyl. The residue from this operation, amount-
ing to about a third of the original calecined matte and not differing much
from it in composition, is returned to the first operation and follows the
same course as before.

In operation (5) the carbon monoxide is released and is returned
to the volatilizer to take up a fresh charge of nickel. When the operations
are in progress the carbon monoxide gas and the partially reduced oxides
of nickel and copper are continually revolving in two separate circuits

Minutes of the Proceedings of the Institution of Civil Engineers, Vol, CXXXYV, pp. 29, ctc.
25873—17%
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which join and cross each other in the volatilizer (4). The nickel is depos-
ited on granules of ordinary commercial nickel which are automatically
removed after reaching a certain size; and the product contains between
994 per cent and 99-8 per cent of nickel,
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Roberts-Austen describes the process as he observed it at Smethwick
as follows:— .

“The material under treatment during the author’s visit was of
Canadian origin, and had been received as calcined bessemer matte
containing 35 -4 per cent of nickel, 41-8 per cent of copper, and about 2 per
cent of iron. This material was first passed through a ball mill and
dresser with a sixty mesh riddle, and was then treated in quantities of
3 cwt. in a small lead lined mixer with 200 Ibs. of ordinary sulphuri¢ acid
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which had previously been diluted with about 20 cubic feet of mother
liquor from previous operations. These appliances are shown in the right-
hand portion of the plan and elevation, Fig. 10. The temperature of the
mixture soon rises by the action between the copper oxide and the sulphuric
acid, and is kept, by means of a steam jet, at a temperature of about 85° C,
for half an hour. From this mixer, the chargeis run out into a centrifugal
hydro-extractor, provided with a filtering cloth, in which the solution of
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Fia. 10. Vertical sections through the decomposer: Mond process.

copper sulphate is separated from the solid residue containing the nickel.
After the filtration of the charge is finished, the speed of the hydro-extrac-
tor is increased, and the residue is thus rendered sufficiently free from the
liquor.

d The solution containing the extracted copper runs from the hydro-
extractor into a well, from which it is pumped into the crystallizing vats
shown on Fig. 11. After a period of about 8 days to 10 days, the crystals
of copper sulphate are taken out of the vats and the mother liquor is mixed
with fresh acid and is again used for the extraction of copper. As already
mentioned, a small amount of nickel and a little iron are also dissolved
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in the sulphuric acid during the copper extraction, so that the mother
- liquor from which the copper sulphate has crystallized becomes gradually
contaminated with these two metals. It is therefore necessary to replace
some of the mother liquor from time to time by fresh water, and to recover
the nickel from the solution. The simplest method is to évaporate the
solution to dryness and to roast the nickel and copper sulphates so obtained..
The oxidized material is again introduced into the main process. The
copper sulphate crystals from the crystallizing vats are charged into -a
second hydro-extractor, where they are washed with a little clean water to
remove all acidity; they are then dried and are ready for packing: The
copper sulphate thus obtained is sufficiently pure for market, as it contains
only 0-05 per cent of nickel and 0-048 per cent of iron.

The residue from the copper extraction is taken flom the hydro-
extractor and stored in a bin until a sufficient quantity has been collected
to make up a charge of 5 tons to 6 tons for the nickel extracting plant.
It now contains 52-5 per cent of nickel, 20-6 per cent of copper, and 2-6
per centofiron. The material is charged by hand at the rate of half a ton per
hour into a feeding hopper, described as the matte inlet in the lower part
" of the plan, Fig. 11, which communicates, through a rotary valve, with the
conveyer, consisting of a tube enclosing a revolving spiral, which transports -
the material to an elevator. This lifts the material to the top of the redu-
cing tower, and discharges it through another rotary Valve into this redu-
cing tower.

The reducer and the volatilizer (shown in the centre of Figs. 12 and 13)
in which the treatment with carbon-monoxide takes place, are fully des-
cribed in Dr. Mond’s patent (No. 23,665 of December 10th, 1895). The
reducer consists of a vertical tower about 25 feet high, containing a series
of shelves, which are hollow so as to admit of their being raised to a tempe-
rature of 250°C by producer gas. The roasted matte falling on these
shelves from above is stirred and made to descend from one shelf to that
below it by rabbles actuated by a central vertical shaft. Water-gas passes
up the tower to effect the reduction of the material. There are about
fourteen of these shelves or trays in the tower. The five lower shelves ave
not heated by producer gas, but are cooled by a stream of water in order
to reduce the temperature of the roasted and reduced matte to the tempera-
ture at which the volatilizer is worked.

The volatilizing tower resembles the reducer, but the shelves are not
hollow, as there is no necessity to heat them. The reduced nickel requires
a temperature of only 50°C, to enable it to combine with carbon monoxide
. and form a volatile compound, and the matte and gas are sufficiently hot
to maintain this temperature. In the plant at Smethwick the volatilizer
was 11lnftde the same size as the reducer, but in the new plant it is somewhat
smaller

The decomposer has been devised with much care, and has, in its
present form, only recently been patented. The nickel is deposited in it, -
from its gaseous compound with carbon-monoxide, on granules of or dlnmy
commercial metal. The arrangements by which this is effected are very
ingenious, and may be described almost in the words of Dr. Mond’s latest
patent. The object is to obtain metallic nickel from nickel carbonyl
in the form of pellets, which are specially suitable for the production of
nickel alloys. Ior this purpose gases containing nickel carbonyl are passed
through - granulated nickel, which is kept at the temperature required
for the deconlp051t10n of the carbonyl, about 200°C. The nickel which
thus separates from the carbonyl becomes deposited on the granulated
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The gases finally escape through the outlets, L, into the gas exit pipe M.
In order to prevent the granules from cohéring, they are kept slowly moving
by continuously withdrawing some of the granules from the bottom of the
cylindrical vessel, A, by means of a right and left-handed worm conveyer,
U, which delivers the granules into two sifting diums, N. The smaller
gmnules fall on to the inclined plane, W, and collect at the base of the
elevator, E, which conveys them again to the top of the cylinder, A, and
feeds them thlough the feeding-hole, X. In order to avoid the deposmon
of nickel from the nickel carbonyl in the central tube, C, it is kept cool by
" causing water to circulate .down. the tube, I, and up t1110u0h passages,
I, formed in the central tube, to the. water outlet IM. The cylindrical
vessel A, is surrounded by a wrought iron éasing, Q, which forms heating-
spaces, H communicating with heat flues, P, Whlch are so arranged that
_ the tempel ature of each cylinder can be sepzuately regulated by dampers,

- 80 as to maintain the tempelatme of the granules of 111ckel contained in
the vessel, A, at about 200°C, at which temperature the nickel cmbonyl
is decomposed With a view to ascertain whether the cylinder, A, is full’
of granules, a rod, R, is fixed to the spindle of an external handle which
.can be turned partly round, so that if the operator feels 1'esistance to the
motion of the R, it is certain that the granules extend to that height.
The appliance used for depos1tmg the nickel originally consisted of a
series of retorts lined with tin steel sheets, on which the nickel was deposi-
ted in layers. It was found, however, that the metal so obtained was very
difficult to cut, and the apparatus above described was accordingly devised.

A magmﬁed section of a granule of nickel, shows a core of nickel
with a crystalline and convoluted structure suuouuded by concentric
layers. The central core is ordinary comunercial nickel, and the layers
are nickel deposited from its carbonyl. In some cases granules of deposited
nickel are found without any central core. "These have grown from minute
fragments of deposited nickel which have become detached during the
course of deposition.

The water gas used in the reducer is generated in gas producers,
three of which are shown on the left of the plan, Fig. 11. Anthracite is
used to decompose the steam, and the water gas is collected in a gas holder,
whence it is taken to the 1educmg tower, to which reference has just beeh
made. This gas contains on enteung the reducer, about 60 per cent of
hydrogen. )

The 1educlng opemtlon Is so 1egulated that only a small quantity of
hydrogen remains in the escaping gas, as a rule not more than 5 per cent to
10 per cent. This waste gas is subjected to the action of a fine water spray
which condenses the steam generated by the combustion of the hydrogen
in the water gas. Part of this waste gas is used for making the 0a1b0n~
monoxide required in the volatilizer, by passmg it through the CO retort
charged with incandescent chalcoal Fig. 11, which reduces the carbon-
dioxide contained in the waste gas, and this i 11101 eases the amount of carbon-
monoxide in it. The gas 1ssu1ng from this retort contains about 80 per
cent of carbon-monoxide, and is stored in another gasholder, which com-
municates with the main circuit of the carbon-monoxide gas. This main
circuit of the carbon-monoxide passes through the volatilizer already
veferred to, where the nickel is taken up. The carbon-monoxide, now
charged with nickel, passes through a filter to separate the fine particles of
matte-dust from the gases, then through an apparatus called the decom-
poser, and so described in the figure. In this decomposer the nickel taken
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up in the volatilizer is deposited. The gas now deprived of its nickel passes
to the CO blower, Fig.11, which sends the carbon-monoxide to the volatilizer
in order that it may take up a fresh charge of mckel '

The solid material from which the nickel is being extracted is kept,
circulating through the reducer and volatilizer for a period- varying
between 7 days and 15 days, during which time the oxides are gradually
reduced to the metallic state and the nickel volatilized. When the material
originally charged in has had the bulk of its nickel extracted it is run out
through a rotary calciner roaster, Fig. 11, which converts the metals into
oxides, so that they may be treated for the second time with sulphuric acid
and carbon-monoxide. The ratio between the nickel and copper in the
residues from the nickel extraction is practically the same as in the calcined
bessemer matte, with which the operations were started, but the amount
of iron has increased by the removal of the copper and nickel, as the follow-
ing figures show:—Original matte contains, nickel 35:27 per cent, copper
41-87 per cent, iron 2-13 per-cent. After the first treatment of copper and
nickel extraction, the quantitieés are, nickel 35-48 per cent, copper 38-63
per cent, iron 4-58 per cent; and after the second copper and nickel extrac-
tion, nickel 35- 83 per cent, coppe1 3556 per cent, and iron 7:82 per cent.
The amount of nickel extracted in these two cases was, after the first treat-
ment, 61 per cent, and after the second treatment 80 per cent of the mckel
pr esenb in the original matte. It must be remembered, however, that in -
the second treatment only one-third of the original amount remains to be
treated, while the final residue is only one-tenth. To avoid the formation
of iron cmbonyl the temperature in the reducer has to be kept very low,
and if this is done, the nickel extracted from a matte originally containing
as much as between 6 per cent and 10 per cent of iron will not contain more
than 0-5 per cent of iron. If the amount of i iron in the residues rises above
this percentage, the extraction of the nickel is very much delayed, on
account of the low temperature which must be maintained in the reducer.
It is necessary, in such a case, to re-smelt the residues before proceeding
with the extraction of the mckel and. copper. . The following are analyses
of the deposited nickel:— .

—— I. II
' p.C. 'p.c;
Nickel...c....ovveeeen... TN PR TR 09-82 | 09-43
Tron and (Ala0s) .. ver ittt s 0-10 0-43
Slllpllul‘............................... ............. s 0-0068! 0-0099
Carbon. co.v o T S 0-07 | 0-087
Insoluble residue.............. ORI IOTTR TR U RO | 0-026

The experimental plant at Smethwick has been working for some
time, and about 80 tons of nickel have already been extracted in it from
different kinds of matte. The results obtained were quite satisfactory,
and they point to the conclusion that the process is fully able to compete
with any other process at present in use for the production of metallic -
nickel:
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into the volatilizer is stopped. The material then passes on through the
conveyer into the. next volatilizer. The two gases, carbon-monoxide in
. the volatilizers and water gas in the reducers, are kept separate by rotary
valves of the same construction as in the small plant. The water gas
connexions are so arranged that each reducer receives fresh gas from the
main, with the exception of the first large reducer, through which the waste
gas of all the other reducers is passed, so as to burn completely all the
hydrogen inthe water gas. Thecarbon-monoxide passes throughthe volati-
ilizers from a common main, and is collected, after it has passed through the
filters, in- a main leading to the blower. From.the blower the carbon-
-monoxide charged with nickel passes thr ough a set of decomposers, and again
into the main which feeds the volatilizers.’

The works at Clydach are equipped in the way described by Roberts-
Austen but-with many more units, so as to produce 1,700 tons of nickel,
7,000 tons of copper sulphate, and 800 tons.of nickel sulphate including a
little nickel ammonium sulphate. Dr. Langer states that the nickel now
produced is 99-98 per cent pure and is sold in the shot form to the Armstrong
Co. for armour plate and to smaller firms of steel workers and producers of
German silver and nickel plate. Some is sold also to Arthur Krupp, and
to a pure nickel goods company at Berndorf near Vienna. '

The works show none of the roughness and disorder of the usual metal-
lurgical plant, but are as clean and scientifically managed as a laboratory,
everything being accurately adjusted, and the temperatures of the different
parts being frequently taken and recorded.

The gases employed in the process are very poisonous but so much care
is taken as to joints and fittings tlnt for eight years there have been no

cases of p()lsonmg

The plant is run contmuously except for a stop of three weeks in the
year to clean flues and repair machinery; and the demand for nickel has
increased so much that plans are made to double the present works.

-Clydach, being in the midst of the Welsh anthracite and steam coal
fields, supplies at a minimum of expense the varieties of coal needed for the
" production of carbon-mounoxide and for other purposes in the running of
- the plant, as explained by Dr. Langer, and also gives a convenient dls—
tributing point for the sulphate of copper and other ploducts resulting from
the process.

I am under great obhgatlons to the Mond Company for permission to
visit the Clydach works, and to Dr. Langer for his courtesy in taking me
thlough them :

-Methods' of :Treatment»at Evje and Kris_tiansand.

Although no szadl'm ore or matte is used in thc works at, Evje and
Kristiansand, in Southern Norway, their ores so tlosely resemble those of
Sudbury that their methods might, no doubt, be used also in Ontario. The
Flaad mine, three miles north of -Evje in the Saetersdal valley, sends its
ore by.a cable tramway some\vhat like that of Victoria Mines to the smelter

- beside Otra river. The ore is not subjected to heap roasting, partly, no
doubt, because it is comparatively rocky in character, but goes directly
into small water-jacketed furnaces. It averages 2-3 per cent of nickel
and 1-2 per cent of copper, according to Mr. Henricksen, who was in charge
of the smelter. The ore requires no flux but is mixed with from 7 to 10
per cent of coke from Westphalia, and a low grade matte is produced which
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may contain from 8 to 15 per cent of nickel and copper, but usually not
more than 8 to 10 per cent.

An example of ordinary matte contained 5-3 per cent of nickel and 3-15
of copper, while the slag ran 0-21 of nickel, 0:-10 of copper, 26 -2 of iron,
and 38-6 of silica. Another example of matte from the larger of their two
furnaces contained 5-25 of nickel and 3-30 of copper, with a slag running
0-30 per cent of nickel, 0-12 of copper, 23-4 of iron, and 39-4 of silica. A
special grade of matte is sometimes produced containing 8-9 of nickel and
535 of copper; but apparently the standard of 30 per cent of the two metals
usual at Sudbury is not aimed at, since the lower grade matte implies a
smaller loss of nickel and copper in the slags.

Connected with the building containing the two water-jacket furnaces
are sheds open on one side in which a number of small furnaces are used in
making high grade matte with 70 or 80 per cent of the two metals, corre-
sponding to our bessemer matte. These furnaces are open, almost like a
blacksmith’s forge, beneath a hood to carry off fumes, and are worked in
what seems a most primitive way by two men who get the required result
by a kind of instinet.

In this second smelting most of the sulphur is got rid of and 13 tons
of silica to 1 ton of the resulting high grade matte are required to flux off
the iron, while to produce the necessary heat a ton of coke is needed. Mr.
Borthen, one of the engineers of the works, informed me that high grade
matte contained:

Nickel. ovvvuo e, 50—60 per cent
Copper.. ..o 30—20 ¢
Tron......... oo i 1—2
Sulphur............................. 20 ¢

and that the slag from the process contained one or two per cent of nickel
and was sent to the water-jacket furnace with the ore. An estimate of the
composition of the high grade matte supplied by Mr. Henriksen runs,
however, somewhat lower.

Nickel.........coviiii i 40—53 per cent
[70]] 1) 27—22  «
Iron............ oo 8— 1 “

An assay of a particular sample ran as follows:—

Nickel........oovoiii i 55-44 per cent
COPPeL. . oo 22.88  «
Tron........c 204 “

Apparently the somewhat crude and rough method employed gives
rise to considerable variations in the composition of the high grade matte.
Mr. Hybinette states that the cost of mining the Evje ore is $1.25 per ton,
and that the smelting to low grade matte amounts to about as muech; but.
that the second smelting costs about $20 per ton of high grade matte. One
hundred men are employed at the mine and as many at the smelter.

The little establishment at Evje is interesting as a contrast with.the
great smelting plants at Copper Cliff and Coniston; and it is rather sur-
prising to find so modest a plant with such simple methods able to compete
successfully with these large, costly, and highly organized enterprises.
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- The high grade matte is shipped by narrow gauge railway to Kristian--

sand, the seaport at the end of the valley, to the refining plant which is-
undel the charge of Mr. V. Hybinette. The works, which are a little west
of the city, have been in operation for over a year a,ud have been so.success-
ful that plans are under way for a large increase in the plant. I am under
obligations- to Mr. Hybinette for taking me through the works and
explaining the process, which isin accordance with U.S. patents No. 805,550
and No. 805,969, taken out in 1895, and first used in the plant in the South-
ern States now owned by the DOIn_llllOD Nickel Copper Company. As.
this electrolytic process is described in the patents, it will be unnecessary -
to refer to its features in detail at this point.

At the time of my visit—June, 1911, about one ton of mckel was

produced a day having a composmon as follows

Nickel. . ..o, . 9870 per cent
Copper..... e P 0.07
Tvon....... ..o o s.o.. 063«
“oSulphur..oo oo 0-02 «
Arsenic............ e 0-005 «
Cobalt.................... e - 090

_ In a general way it may be said that the matte is roasted to convert
the metals into oxides, then leached with weak sulphuric acid," which
extracts principally the copper. The residue is heated with sulphunc acld
to a temperature at which hydrous sulphates do not exist, and is again
leached with weak sulphuric acid to extract copper. "The residue is then
heated with hydrochloric acid to a temperature sufﬁclently high for partial
decomposition of the anhydrous chlorides and again leached with weak
acid, the heatings being repeated if necessary, in orvder to obtain a 1es1due
of 1110kel oxide su1table for fu1the1 tr eatment

Treatment of New Caledonian Ores.

Garnierite, the chief nickel ore of New Caledonia, is free from sulphur
and copper and theoretically might be looked upon 4s a source of iron as
well as of nickel; .so that Garnier suggested that it be smelted direct to
ferro-nickel. For this purpose two ‘blast furnaces were built at Noumea:
- in New Caledonia, and a refinery near Marseilles, in France. It was found,
-however, that there was sulphur enough in the fuel to rob this process of
its V'Llue, since nickel has a high affinity for sulphur.

The method adopted therefore was to produce matté by adding fluxes
* and sulphur or some compound containing sulphur, in the smeltmg opera-
tions. The resulting matte, as described by M. Levat contained 60-55
per cent of mickel, 25-30 per cent of iron, and 16-18 per cent of sulphur,
which was tlemted with quartz sand in a reverberatory furnace to flux off
the iron, or in a bessemer convelte1

The usual source of sulphur is gypsum, though pyrite, Norwegian

pyrrhotite, and native sulphur have been used, gypsum mppfuently being
used most frequently.?

It is stated that a similar method is still employed but the pohcy of
the Société Anonyme Le Nickel of refusing information or access to its
smelters makes it difficult to get exact information. Mr. G. A. Boeddiker,

1Bur. Mines, Vol. 11, 1892, pp. 151-3.
2Prof. J. W. Bain, Ibid., Vol. IX, 1900, p. 215.
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of Henry Wiggin and Co., Birmingham, has kindly supplied the information
that their refineries are in Scotland, France, Belgium, and Germany, and
that formerly nickel ore from New Caledonia was treated also at Birming-
ham. He states that the method used in Birmingham was to smelt to a
nickel-iron-sulphide or matte by mixing the ore with gypsum and coal or
coke dust. The matte was crushed, calcined, melted in a cupola and
tapped into a small bessemer converter and blown till free from iron. This
matte was treated in the usual way by calcining to remove the sulphur,
producing a pure oxide which was used for reduction into nickel.

Uses of Nickel.

An alloy of copper, nickel and zine, called packfong, has been known
to the Chinese since time immemorial, and it is stated that an alloy con-
taining 77-58 per cent of copper, 2004 per cent of nickel and 1-72 per cent
of impurities was used for coinage by Ethydemos, who reigned over Bactria
about 235 B.C.; so that alloys of nickel were used long before the pure
metal had been separated from its ores. It is interesting to note that the
Bactrian alloy is closely like that now used for subsidiary coins in the
United States.

Pure nickel is employed in small amounts for a number of purposes
because of its strength and durability and its white colour, which resists
tarnishing. For these reasons several nations have introduced it for coin-
age, e.g. France, Switzerland and Turkey, and its cleanness and hardness
contrast very favourably with copper or bronze on the one hand and silver
on the other. It is rather surprising that Canada, which produces two-
thirds of the nickel of the world, should still retain its ugly bronze cents
and troublesomely small silver five cent pieces. These and the ten cent
piece should certainly be replaced by pure nickel coins.

One might expect also that iron kitchen utensils, which constantly
grow black and rusty, might well be made of the clean and white, and
untarnishable metal nickel. For many purposes steel is now plated with
nickel to preserve it from rusting.

Though the importance of pure nickel is likely to grow, the chief use
of the metal is in the production of alloys, particularly nickel steel, in which
the greater part of the nickel now refined is employed.

The alloy of nickel with iron is no novelty, since all native iron of
terrestrial as well as meteoric origin contains nickel. The telluric iron
from Ovifak and elsewhere in Greenland contains, according to Dana,
from 0-34 to 6-50 per cent of nickel, with an average of 2-11 per cent; and
meteoric iron from various sources runs much higher, containing, according
to the same authority, from 3:81 to 59-69 per cent. In Greenland such
iron was long ago utilized by the Esquimo, who used to hammer off flakes
of it from the large masses left on the surface by the weathering of the parent
basalt, making from them knives and spear points. Peary with his supplies
of modern steel tools and weapons put an end to this industry, at least for
the present, and removed the largest masses of telluric iron to the United
States.

Steel containing from 2% to 33 per cent of nickel has certain of its pro-
perties greatly improved, so that for many purposes it is replacing ordinary
structural steel. Its value for armour plate has long been known, and the
rivalry of the great maritime nations in the building of Dreadnoughts is

1See Bur. Mines, Vol, XIV, Part III, pp. 165-6.
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" one of the causes for the recent increased demand for nickel. It is stated
by Mr. Monell, President of the International Nickel Company, that the
growth of the motor vehicle business is important in this respect also; and
its value for bridge building is shown by the selection of nickel steel for the’
rebuilding of the Quebec bridge, which fell so disasterously some years ago..

By the kindness of Dean Galbraith of the Applied Science Departinent
of the University of Toronto, and.of Mr. C. R. Young, the following data
bearing on this use of the alloy may be given:

COMPARISON OF CARBON AND NICKEL STRUCTUI-‘\.',AL STEELS.

Based upon Average Present Practice (1912).

Medium Medinm
—_— Carbon Nickel .
Steel _ Steel

Percentage of (0750 1703 | PN .0:20 0-38
Percentage of Ni..... e e e 0 3:50
Blastic limit (1bs. per sq. in) ... 30,000 (Min,) | 60,000 (Min.)
Ultimate tensile strength (Ibs. per sq. in)... ...... 60,000 (Min.) [105,008 (Min.)
Modulus of elasticity............ ..ol 29,000, 000 30,000, 000
. Bafe working stress in tension (1bs. per sq. in).. .... 16,000 28,000

APPROXIMATE SAVING IN WEIGHT AND COST OF BRIDGES EFTFECTED BY USE
OF NICKEL STL‘DL

Mixed Nickel and-Carbon Steel—
Saving in weight up to 25 per cent.
Saving in cost up to 17 per cent.
Nickel Steel throughout—
Saving in weight 10 to 30 per cent. . ‘
Saving in cost up to 12 per cent. ~

Alloys much higher in nickel are employed for special purposes, such
as Invar, steel with 36 per cent of nickel, which has the property of varying
very little in length with change of temperature, making it of great value
for tapes to be used in the accurate chaining necessary in geodetic surveys.

MONEL METAL.

Next to nickel steel the most important alloy is monel metal, so named
for Mr. Ambrose Monell of the International Nickel Company, consisting
of 68 to 72 per cent of nickel with the balance copper, except for trifling
impurities (0-5 to 15 per cent of iron, 0-073 to 0-15 per cent of carbon,
and 0:014 per cent of sulphur). The proportions of nickel to copper are
those of the ores now worked by the Canadian Copper’Company, so that
the alloy may be produced directly from the matte, at a cost not much
greater than that of copper. The alloy is silver white and takes a brilliant
polish, which slowly turns greyish on exposure. It melts at 1350° C., has
the same specific gravity as copper and can be cast or rolled and treated
in various ways like copper or steel, but is distinetly stronger than ordinary
steel or than manganese bronze. Thé Orford Copper Company in a cir-
cular to the trade makes the following statements as to strength, ete.:
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1 1ncH

CASTINGS. . RODS.

- 4 inch
Rolled, | plates.
annealed
Grade C.|Grade D.| and cold

drawn.

Tensile strength (lbs. persq.in.)...... -70, 000 85,000 | 110,000 90,000

Elastic limit (Ibs. per sq. in.)......... 27,000 | 40,000 [ 80,000 45,000
Elongation in 2 in, (per cent).......... 30 25 25 30
Reduction in area (per cent)........... 35 25 50 60

They are prepared to furnish ingots, sheets, rods, bars, castings, tubes,
and wire of this alloy; and it is stated that the sheets are as flexible and mal-
leable as copper, and that wire may be drawn of all sizes down to 0-004 i n.,
the finest being as soft and pliable as silk thread.

It is not alone strong but resists corrosion, and so may be used for many
purposes for which steel is unfitted, such as propellers, boilers, and roofs

exposed to acid fumes. During 1908 about 300,000 square feet of monel .-

metal sheets were used to roof the Pennsylvama tunnel station in New
York city.!

Because of its great colouring power nickel has long been alloyed with
copper, zinc, etc. to produce a white metal imitating silver, and called by
various names such as German silver, Brittania metal, or argentan. These
alloys are familiar from their use in household articles, such as spoons,
forks, etc., which are generally plated with silver.

IMineral Industry, Vol. XVII, p. 671.
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APPENDIX 1.

METHOD OF SEPARATING NICKEL AND COPPER SULFIDS.

UNITED STATES PATENT OFFICE.

AmBrosE MonEeLL, or NEw York, N. Y.

‘No. 802,012, Specification of Letters Patent. Patented Oct. 17, 1905.
Application filed January 19, 1903. Serial No. 139,630.

To all whom it may concern:

Be it known that I, AMBrosE MonELL, of New York, in the county
and State of New York, have invented a new and useful Method of Sepa-
rating Nickel and Copper Sulfids, of which the following is a full, clear, and
exact description.

In the reduction of ores containing nickel and copper where a matte is
produced containing sulfids of nickel, copper, and iron, a process has been
devised in which a separation of the nickel sulfid is effected by the use of
sodium sulfid, advantage being taken of its power of dissolving the sulfid
of copper and iron freely and forming a solution of less specific gravity than
the nickel sulfid. The matte mixed with coke and sulfate of sodium has
been charged into a cupola-furnace. When this charge is smelted, the sod-
ium sulfate is reduced by the coke to sodium sulfid and, forming a solution
with part of the copper sulfid and iron sulfid, flows with the undissolved
and melted sulfids of nickel, copper, &c., through the tap-hole, which is
kept constantly open, into molds, where the molten constituents separate
in-accordance with their specific gravity, the sodium sulfid containing the
dissolved copper and iron sulfids floating on the surface and the undissolved
sulfids settling to the bottom. When the contents of the mold have solidi-
fied, the parts are separated by fracture and the tops containing the copper
and iron are recharged into a smelting-furnace, where the sodium sulfid is
fluxed off in an iron slag, being then lost. The bottoms contain most of
the nickel sulfid of the original matte; but owing to the imperfection of
the separation they also contain so much copper sulfid and iron sulfid that
it is necessary to resmelt them with fresh additions of coke and sodium
sulfate, and thus to repeat the smelting and separation to the fourth or
fifth time before the bottoms are brought to sufficient degree of freedom
from iron and copper to enable the resultant nickel sulfid to be economically
subjected to the succeeding steps of the refining process. The process as
thus carried on is slow and wasteful and because of the cost of materials and
the amount of labor and handling required adds greatly to the expense of
the nickel or nickel oxid, which is the final product. I have discovered
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-that these difficulties can be overcome and the separation rendered quick
and inexpensive by the following process. _

Instead of smelting the compound matte, as heretofore, in a cupola-
furnace and running the product continuously into molds I so smelt the
matte that when melted it will remain in a molten state subject to the high
temperature of a furnace for a considerable period of time, during whieh I
find that the copper and iron sulfids will be thoroughly dissolved by the
sodium sulfid, and in one melting a good separation can be effected, and by
two such treatments results are obtained equal or superior to the results of
the four or five meltings which have been employed heretofore. © For this
purpose I employ as the smelting-furnace an open-hearth reverberatory
furnace lined with magnesite brick, as I find that silica-lined furnaces are
quickly destroyed by fluxing with the sodium sulfid. Intosuch furnacesI
introduce a charge of nickel-copper-iron matte, either solid or molten,
together with coke and sodium sulfate, the latter being preferably present

" in the proportion of sixty per cent of the weight of. the matte and the coke in
the proportion of fifteen per cent of the matte. The sulfate is preferably
added in the form of commercial niter-cake. Where, for example, a fifty-
ton charge of matte is treated containing, say forty-five per cent of nickel
sulfid and thirty-five per cent of copper sulfid, it is, melted in the furnace
" and retained subject to the heat for some time—say four to five hours after
fusion has occurred—during which time it is preferably ““poled’—that is
to -say, treated by immersing beneath its surface poles of green wood,
which evolve hydrocarbon gases and vapors, and thus aid in the reduction
of the sulfate and produce an agitation of the material, which facilitates and
renders more thorough the solution of the sulfids to be removed.  Nearly
complete solution of the copper and iron sulfids in the sodium sulfid reduced .
from the niter-cake is thus effected, and the molten charge may be tapped
from the furnace and allowed to separate in molds; but to get the best
results I tap the different strata from the furnace separately, tapping first
the solution of copper and iron sulfids floating on the surface of the bath
and finally tapping the undissolved nickel sulfid, or the order of tapping
may be reversed, the lower stratum of mickel sulfid being removed first.
The great proportion of the iron and copper is.thus separated the nickel
sulfid obtained being mearly pure. Where greater purity is desired, the
nickel sulfid may be recharged into the furnace and treated again in like
nanner. : ‘ ' .

. The skilled metallurgist, will be able to modify the apparatus and also
0 use other solvent materials. Tor example, sodium sulfid may be charged-
into the furnace instead of sodium sulfate, in which case, as no reduction is
required, the coke may be omitted or a less quantity of it employed, and
even when sodium sulfate is used deoxidation may be performed by the
operation of poling without the use of coke or with only a little coke.
- - Instead of sodium sulfid I may employ the sulfids of other alkaline
metals or sulfid of maganese. '

I claim— : -

1. The method herein described of separating metallic sulfids, which
consists n adding to a matte containing such sulfids, a material which is -

. -solvent for some of the sulfids therein, heating the mixture to the point of
fusion of said solvent, maintaining the mass in fusion until substantially
all of the soluble sulfids have been dissolved, and allowing the undissolved
sulfid to settle and separating it from the dissolved sulfid or sulfids.

2. The method herein described of separating metallic sulfids, which
consists in adding to a matte containing such sulfids, a material which is a
solvent for some of the sulfids therein, heating the mixture to the point of
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fusion of said solvent, agitating the mass and maintaining it in fusion until
substantially all of the soluble sulfids have been dissolved and allowing the
undissolved sulfid to settle and separating it from the dissolved sulfid or
sulfids.

3. The method herein described of separating metallic sulfids, which
consists in adding to a matte containing such sulfids, a material which is a
solvent for some of the sulfids therein, heating the mixture to the point of
fusion of said solvent, maintaining the mass in fusion until substantially
all of the soluble sulfids have been dissolved, and allowing the undissolved
sulfid to settle and withdrawing the molten strata separately.

4. The method herein described of separating metallic sulfids, which
consists in adding to a matte containing such sulfids, in an open-hearth
furnace, a material which is a solvent for some of the sulfids therein, heating
the mixture to the point of fusion of said solvent, agitating the mass and
maintaining it in fusion until substantially all of the soluble sulfids have been
dissolved, and allowing the undissolved sulfid to settle and separating it
from the dissolved sulfid or sulfids.

5. The method herein described of separating metallic sulfids, which
consists in adding to a matte containing such sulfids, in an open-hearth
furnace, a material which is a solvent for some of the sulfids therein, heating
the mixture to the point of fusion of said solvent, agitating the mass and
maintaining it in fusion until substantially all of the soluble sulfids have
been dissolved, and allowing the undissolved sulfid to settle and with-
drawing the molten strata separately.

6. The method herein described of separating metallic sulfids, which
consists in adding to a matte containing such sulfids sodium sulfate and a
reducing agent for the sulfate, heating the mixture to the point of fusion of
the resultant solvent, maintaining the mass in fusion until substantially
all of the soluble sulfids have been dissolved, and allowing the undissolved
sulfid to settle and separating it from the dissolved sulfid or sulfids.

7. The method herein described of separating metallic sulfids, which
consists in adding to a matte containing such sulfids, a material which is a
solvent for some of the sulfids therein, heating the mixture to the point of
fusion of said solvent, poling the mass and maintaining it in fusion until
substantially all of the soluble sulfids have been dissolved, and allowing
thlcﬁlcllndissolved sulfid to settle and separating it from the dissolved sulfid or
sulfids.

8. Themethod of separating metallic sulfids, which consists in adding to
a matte containing such sulfids, in. an open-hearth furnace, a material which
is a solvent for some of the sulfids therein, poling the mass, and maintaining
it in fusion until substantially all of the soluble sulfids have been dissolved
and allowing the undissolved sulfid to settle and separating it from the dis-
solved sulfid or sulfids.

9. The method of separating metallic sulfids, which consists in adding
to a matte containing such sulfids, in an open-hearth furnace, a material
which is a solvent for some of the sulfids therein, poling the mass, and main-
taining it in fusion until substantially all of the soluble sulfids have been
dissolved, and allowing the undissolved sulfid to settle and withdrawing the
molten strata separately.

In testimony whereof I have hereunto set my hand.

Witnesses: AMBROSE MONELL.
Ervu F. Woon,
Beno B. GATTELL.
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APPENDIX II.
PROCESS FOR REFINING COPPER-NICKEL MATTE.

UNITED STATES PATENT OFFICE
-NbAK Vicror I‘iYBINETTE,'OF .WESTFiELD, Nrw Jerszy.
No. 805,555. Speciﬁcation of Letters ?atent. Patented Nov. 28, 1905.
' . Application filed November 25, 1904. Serial No. 234,160.

To all whom it may concern:

Be it known that I, Noax Vicror HyBINETTE, a citizen of the United
States of America, and a resident of Westfield, county -of Union, and State
of New Jersey, have invented certain new and useful Improvements in
Processes for Refining Copper-Nickel Matte, of which the following is
a specification. - ’ : .

The raw material for my process is a copper-nickel sulfid produced b
roasting and smelting of ordinary copper-nickel ores. This raw material
generally called ‘‘concentrated matte’”, contains about twenty-five per .
cent sulfur and one-half per cent to five per cent iron,the remainder being
copper and nickel in differing proportions, generally about thirty-five to
forty per cent of each metal. : '

The first step in my process is now to grind and roast the matte.
The roasted material is leached with sulfuric acid until the material will
no longer neutralize the acid. This step in my process is not new in itself.
- and is well known to those conversant with the metallurgy of nickel.
I prefer to grind the matte to a size passing through a screen with thirty
meshes to the inch. The roasting is starting at a low" teinperature and
gradually increased until the sulfur contents are brought down to about
one per cent. More or less copper and nickel will be changed into sulfates;
but such sulfur as is present as sulfates is not detrimental; but after the
material is leached with water there may still be allowed to remain about
one per cent sulfur. When the material is being leached with sulfuric -
acid, I take the precaution to use only dilute acid, so that the amount of
free acid in my solution will at no time be more than five to ten per cent.
In this way it is possible to remove the bulk of the copper without at the
 same time dissolving much nickel. My solution. will contain one part
nickel to about ten parts of copper. - If I do the leaching with stronger-acid,
the proportion of nickel will be greater. The solution so prepared is crystal-
* lized and boiled down and again crystallized, and at each repeated crys-
tallization I receive crystals of commercially pure copper sulfate. The
mother-liquor from such crystallization contains copper and nickel in

about equal parts. I concentrate it and boil it down to a solid mass of .

copper-nickel sulfates. The material that has been leached contains
about fifty-five to sixty per cent nickel and twelve to eighteen per cent
copper and is subjected to the second operation in my process. I mix the -
material with sulfuric acid of about sixty per cent free acid in such
quantity that there will be sufficient acid to form sulfate of copper with all
the copper that is present. The mass is then slowly brought up to a low
red heat and roasted at that temperature for ashort time. The reaction .
that takes place is that the free acid becomes combined with copper and
nickel to sulfates of these metals; but sulfate of copper is preferably formed.
When the material reaclies a temperature of about 800° centigrade, the
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sulfates begin to decompose; but the sulfate of copper is not affected in
the same way as the sulfate of nickel, and the consequence is that when
the sulfates are completely decomposed, or nearly so, and the material
drawn from the furnace and leached with weak sulfurie acid I again obtain
a solution with about ten parts of copper to one part of nickel and which
upon crystallization will yield commercially pure sulfate of copper. The
mother-liquor from this second leaching is of the same nature as that above
referred to and is boiled down, giving more salts of about equal parts of
copper and nickel. This heating with sulfuric acid may be repeated, and
after one or more such treatments I have a residue after leaching which
contains about seventy per cent nickel and three to five per cent copper.
The next step in my process is to mix this residue with hydrochloric acid
or a mixture of common salt or chlorid of sodium and sulfuric acid. The
material is again heated to a low red heat, and chlorids of nickel and copper
are formed. As, however, chlorid of nickel is far more readily decomposed
by heat than chlorid of copper, I can continue my roasting operation to a
point where a maximum of copper and a maximum of nickel are present
as chlorids. I then draw the material from the furnace and leach it with
water and weak acid, whereby I obtain a residue of practically pure nickel
oxid with about one-half per cent copper still present. The treatment
with hydrochloric acid may be repeated, in which case a still more pure
nickel oxid is obtained, assaying about seventy-seven per cent nickel and
one-tenth per cent copper. This chloridizing roasting of nickel oxid
for the sake of removing small percentages of copper is not unlike the
ordinary Henderson process for the extraction of copper from ores and is
well known to those conversant with metallurgy of nickel. The reactions
that take place in my sulfuric acid process are probably not corresponding
to or congruent with those of the chloridizing roasting. In the latter
case chlorid of nickel is first formed and is decomposed as the roasting goes
on, and more and more chlorid of copper is formed at the same time.
By careful roasting copper can be extracted in this way down to mere
traces. In the sulfuric acid treatment there is no decomposition of nickel
sulfate with simultaneous formation of copper sulfate. In the leaching
of the mixed oxid of nickel with weak sulfuric acid the copper is dissolved
as long as the oxid of nickel in the mixed oxids is not in such excess as to
protects the oxid of copper from the action of the acid. This point is
reached when the copper percentage is down to twelve to fifteen per cent.
It is lower the more copper was contained in the original material and the
Jlower the temperature of roasting. After this point no separation of copper
by leaching is possible, and such material has heretofore been handled
in the very expensive way of completely dissolving the whole mass in
hydrochloric acid and precipitating the metals separately fromsuch solution.
I have now found that if the material is heated in a furnace with concentra-
ted sulfuric acid large quantities of hoth copper and nickel form sulfates,
but always so that a greater proportion of copper than mnickel is made
soluble. This proportion is more favorable the higher the copper contents
are in the material. If, therefore, the percentage of copper is as high
as, say, eighteen per cent, I can draw the material from the furnace at
a point below red heat, where only the free acid is driven off, and the
solution with water will then contain copper and nickel in about equal
quantities. When however, the copper is down to twelve per cent or
below, I find that an undue proportion of nickel is made soluble, and I
do therefore raise the heat to a point where all or nearly all nickel sulfate
is decomposed. At this point the copper is also made insoluble in water,

25873—19
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but not in the sume. way as the nickel, because it is again made soluble
by very weak acid, and the solution so obtained contains very little
nickel. I have no theoretical explanation to offer for this process; but
it is a fact that each time the material is heated with sulfuric acid I can .
afterward extract a portion of the copper withi acid so weak that it would

'ha,ve no influence on the material before said heating. ThlS rifckel oxid

is refined to metallic nickel in one of the several ways now in use and well

“known.to those conversant with the art. Preferably I may smelt the oxid

to metallic nickel anodes containing about ninety-five per cent nickel.
‘Such anodes are. suitable for refining by ordinary electrolytic processes.

‘This last leaching of chlorids leaves a solution from which no pure salts

can be separated. It contains nickel and copper in about equal parts.

' ‘Each one of the three steps in my process has left a solution of mixed

copper and nickel salts. I prefer to heat these salts to a strong red heat,

whereby all the nickel sulfate and chlorid are changed in oxid. Tlus

residue is leached with water and weak sulfuric acid, whereby copper

sulfate is again obtained, and the residue. from the leaching is nickel oxid

of about the same purity as that produced by the regular process. '

It is evident that mstead of heating with acid I may useits chemical
equivalent, such as sodium bisulfate, which upon heating will ‘give off
sulfuric acid, and instead of using hydrochloric acid I may use sodium
bisulfate and sodlum ‘chlorid, which upon heating wﬂl produce hydlo—
chlorie acid.

The treatment which I have called the “second step”’ is naturally
more expensive than the first, and there is no call for its use until the

‘copper contents are reduced to about twelve per cént, at which point
‘the operation called the ‘‘first step” refuses to work sa,tlsfactonly This
.second step give less favorable results the lower the copper contents are
and has to be substituted by the treatment with hydrochloric acid
.when the percentage of copper is brought down to five to three per cent.
This third step is not practical when the copper . contents are above three
to five per cent.; but by combining the three steps I can successfully
treat all grades of material.

" I do not .intend to ma,ke any claim to the first and third steps in
themselves. They have long been known to be well suitable for the sepa-
ration .of copper; but as the first step becomes impractical when the
copper contents ave been by ought down to twelve per cent and the third
‘step cannot very well be used until the copper is as low as three to five
per.cént it has been impossible fo combine the two in a practical process.

. I have now invented tlie process of separating copper .from nickel by
‘heating with ‘sulfuric acid and leaching with ieak acid, a process which
Jis well suited to handle the material after the first step is no longer - useful
and leave a product which can be couvenlent,ly treated by chlolldlzmg
_roasting.

There are many electmlytlc copper 1eﬁ11eues which treat nickel-
bearing copper. These factories made as a by-product a mixed sulfate
of about equal portions of nickel and copper. = With former processes
‘this salt has to go through a long and expensive separating process;
but according to my invention these salts may be handled as the
mother-liquor from crystallization of sulfate of copper, as hel ein descnbed

What I claim as'my invention is—

"1, The process of separating copper .from nickel in copper-nickel
matte, consisting in first roasting the matte to oxids, then leaching with
wealk. sulfuric acid, thereby extracting principally sulfate of copper, then
‘heating with sulfuric acid at least to a temperature where hydrous sulfateg
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do not exist, leaching with weak sulfuric acid, thereby extracting princi-
pally sulfate of copper, then heating with hydrechloric acid to a tempera-
ture enough for partial decomposition of the anhydrous chlorids, leaching
with weak acid and repeating the said heatings when necessary thereby
obtaining a nickel oxid, suitable for refining by ordinary means.

2. The process of separating oxids of copper and nickel by heating
with sulfurie acid at least to a temperature where hydrous sulfates do
not exist, leaching with weak sulfuric acid, thereby extracting principally
sulfate of copper, then heating with hydrochloric acid to a temperature
high enough for partial decomposition of the anhydrous chlorids, leaching
with weak acid and repeating the said heatings when necessary thereby
obtaining a nickel oxide, suitable for refining by ordinary means.

3. In the process of separating oxids by heating with sulfuric acid
and leaching with weak acid, the method of heating the material to at
least partial decomposition of the anhydrous sulfates and leaching with
weak acid, thereby extracting copper oxid formed in said decomposition
without extracting the nickel oxid formed at the same time. )

Signed at New York this 22nd day of November, 1904.
NOAK VICTOR HYBINETTE.
Witnesses:

C. SEpGWICK,
J. M. HowARp.

25873—19%
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APPENDIX IIT.

HYBINDTTE PROCESS FOR 'I‘HE ECONO\IIC SEPARATION OF ALLOYS INTO .
'I‘HDIR CONSTITUDNTS, BY DLDCTROLYSIS

UNITDD STATES PATENT OFI‘ICE

NOAK VICTOR HYBINDTTD OF WDSTI‘IDLD, New JDRSDY

No. 805 069. Specification of Letters Patent. Pa,tented Nov. 28,1905
Apphcatlon filed Novembe1 25 1904. Serial No. 234,159. '

To all Whom it may concern:

Be it known that I, Noax Vicror HyYBINETTE, a citizen of the United
States of America, and a resident of Westfield, in the county of Union and
State of New Jersey, have invented certain new and useful Improvements
in the Separation of Metals, of which the following is a specification.

I have discovered a process for the economical separation of alloys
into their constituents by electrolysis. It has been designed specially for
the separation of nickel and copper from alloys of these metals, which are
generally also associated with iron; but it may be employed for the treat-
ment of other alloys.

The fundamental principles on which the process is built are as follows:

First. If copper-nickel alloy is electrolyzed, the nickel will dissolve
more rapidly from the anode and the result will be that the anode-slimes
falling to the bottom of the tank will consist mainly of copper compounds.
If at the samne time sulfur is present in the anode, sulfid of copper is separ-
ated as anode-slime. This reaction is one of the means used in my process
for separating copper from nickel. I find in practice that about one-half
of the copper which I take into the process is recovered as such slimes.

Second. There are at present in use several well-known processes for
removing large proportions of copper from copper-nickel mattes. For
instance, if a copper-nickel matte is roasted and leached with sulfuric acid,
practically only copper is removed until the residue contains nickel and
- copper in the proportion of three to one. I have therefore in my power to
produce an anode containing three parts of mickel and one part copper,
and by the selective action of the electric current I have’ only to handle one
part of copper to every six parts of nickel through my electrolytic solu-
tion.

Third. By this combination of p1ocesses I therefore come down to
" such proportions between copper and nickel that it becomes commercially
possible to eliminate the copper by allowing it to pass off as an impurity
through a solution of nickel, which is regenerated or purified as soon as the
copper has accumulated in the solution to such an extent as to make the
nickel deposit contain more copper than is allowed in the market.

Fourth. To be able to circulate a nickel solution in the way now men-
tioned, it has been necessary to invent a ready way to purify the same.
wthout in the least disturbing its plating qualities and return it in its
ougnnl condition. Several electrolytic nickel processes have been proposed
in the past; but all of them have had to make up new solution from time to
time by an outside and independent process. Not all nickel-plating
solutions would be suitable for such a process of constant regeneration; but
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I have now found a solution which will lend itself to my purpose in a weak
neutral solution of nickel sulfate to which a weak acid—such as phosphoric,
borie, acetic, or lactic acid is added. That nickel can be plated in such solu-
tion is not new; but it has never been used for this purpose before.

Fifth. Means by which such solution can be purified from copper will
readily suggest themselves to the trained metallurgist; but for the best
results commercially I want to make use of one particular way—namely,
cementation—and in this connection I have discovered certain. conditions
under which the cementation of copper on nickel and even on copper-nickel
alloy will take place as readily as to make the reaction available for com-
mercial purposes, as will be further described below. With this system of
circulation and purification the quality of the nickel produced to a certain
extent will only be a question of how fast the solution is circulated; but
the process would not be so economical had I not introduced means by which
a pure nickel could be produced at the same time, as the solution passing
from the plating-tanks contains a considerable quantity of copper.

Sixth. I accomplish this end by separating anode from cathode in a
novel way. It is done by inserting between the two poles a filtering-dia~
phragm directing the current of solution perpendicularly from the surface
of the cathode to that of the anode. Such diaphragms have been used
before, but never for the purpose of separating metals from an alloy con-
stituting the anode. I believe also that I am the first one to use such
diaphragm in a case where the least decomposition of the solution would
prevent the plating of the metal on the cathode. Furthermore, I donot
know that anybody has succeeded in giving to such diaphragm a mechan-~
ical construction which will allow of its being used in an ordinary electrolytic
plating-tank where the anode and cathode are hung vertically.

After now having given an outline of the different means which I
employ for obtaining my results I will give a more detailed account of the
different steps which constitute the process.

Referring to the drawings, Figure 1 is a vertical section of the apparatus
which I use, and Fig. 2 is a plan view.

A is the tank in which the electrolysis is carried out. It is preferably
a wooden tank with or without lead lining. It has the overflow G, which
always keeps the level of the solution at I and contains a filtering-bag D.
The filtering-bag is made up of the wooden frame K and the two thicknesses
of cotton cloth D, separated by the wooden frame XK.

C is the cathode—plate with the wooden rib E, which is shown in the
drawings to extend over the bottom edge of the cathode, but it may for
still better protection extend all around the plate.

B represents the anodes.

F is-the inflow, which is regulated in such a way that the solution in
the bag stands at the level H, which is about one inch above the level I.

. };l‘he rib I& prevents the cathode from warping and making contact with
the bag.

In separating copper and nickel I preferably employ as electrolyte a
dilute solution of sulfate of nickel with a small proportion of weak acid—
such as phosphoric acid, boric acid, lactic acid or .other organic acid well
known to those conversant with the trade—and I particularly prefer a
solution of nickel sulfate and weak acid so diluted that it will not crystallize
at ordinary temperature. Other solutions—such as a very concentrated
solution of sulfate or chlorid of nickel with.or without inactive salts, such
as sulfate or chlorid of aluminium or magnesium, used at comparatively
high temperature and with high current density as means of making a
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The first step of my invention consists in placing in the electrolytic
solution an anode composed of the alloy to be separated and a cathode-
plate upon which the metal is to be deposited and separating the electrodes
by a pervious diaphragm, such as filter-cloth or filter-paper. This is done,
preferably, by inclosing one of the electrodes, preferably the cathode, in a
bag of such cloth or paper. In that it has a decided filtering capacity my
diaphragm is of a different nature from those porous diaphragms ordinarily
employed in electrolytic processes, which diaphragms allow one reaction
to take place on one side and a different reaction on the other side. My
diaphragm is so porous that if it were alone relied upon to separate the anode
side from the cathode side the solutions would mix and become homogeneous
in a short time. Its action istherefore supplemented by keeping the solu-
tion in motion, causing it to flow from the cathode to the anode through
the porous material, and thus preventing the metal which has been dis-
solved at the anode from coming into contact with the cathode. The
diaphragm-bag is, in other words, only a convenient mechanical device for
directing the circulation of the liquid in a direction from cathode to anode.

The anode may consist either of a pure alloy of copper and nickel,
containing, say, equal parts of these metals or containing them in other
proportions, or it may contain considerable proportions of sulfur, iron,
carbon, silicon, oxygen, ete., its composition in this regard being determined
by the conditions prevailing at the works where the process is employed.
‘When the copper contents are high, I prefer to remove part of it by some
well-known process before making my anode. I have also found that an
anode containing less than one per cent of sulfur is preferable on account of
the smaller percentage of scrap which remains after the solution of the
anode. On the other hand, a higher percentage of sulfur will leave more
copper in the anode-slimes. I have also found that it is best to have not
more than three or four per cent of iron in the anode, as it is cheaper to
remove iron by furnace treatment when it is in excess of that amount.

The cathodes preferably consist of copper plates, which should be
greased or otherwise treated, so as to prevent the deposited nickel from ad-
hering thereto, and each cathode made of heavy metal—say -10 te 15
inch thick—is held by a non-conducting, preferably wooden, frame. These
thick metal plates when held in the frame will not warp and come into
contact with the bags, which would interfere with the process. To make
the bags more reliable, I prefer to employ two thicknesses of cloth at a
distance from each other of about one-half inch, and this improvement I
consider most important. The anodes described above are placed in the
bath with the cloth-incased cathodes in vertical position. A solution of
the metal desired to be plated on the cathode is caused to flow into the
bag and through the filter-cloth at right angles to the surfaces of the elec-
trodes to the anode side of the tank.

By causing the solution to flow in a regular stream into the cathode-bag
it may be made to stand therein at a level of, say, about one inch above the
level of the solution outside the bag, thus imparting to the entire body of
the solution within the cathode-bag a uniform hydrostatic pressure of one
inch of liquid, causing it to flow outwardly through the pores of the entire
bag in a direction perpendicular to the surfaces of the electrodes and at a
uniform rate. The rate of flow is easily regulated by maintaining a desired
difference of level between inside and outside the bag—for example, by
having an overflow at a proper level outside the bag and an inlet-pipe
admitting the sulfate-of-nickel solution in a regulated stream inside the
bag. I can thus maintain such a flow of the solution as will prevent
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any of the ions dissolved at the anode from penetl ating the bag to the cat-
hode side. After the bag has been in-use some time the pores become filled -
up with slimes of basic salts. This feature, far from being harmful, is a
very desirable one. The eléctrical resistance of the diaphragm or ba,g is-
insignificant and the plating process goes on apparently as if no diaphragm
were employed. There is, however, this important dlffelence—n'unely,
that an equivalent of nickel is deposited on the cathode within the bag and
an ion of sulfuric acid is left free.  This ion decomposes the molecule nearest
to it, and so-on throughout the bath, so that the final exchange will cause
an ion of sulfurie acid to be liberated at the andde and at the same moment
an ion of nickel to be deposited-at the cathode. The ion of sulfuric at the
anode immediately causes an ion of copper or nickel to be dissolved in the
solution. - As the exchange of ions goes on the newly-dissolved atoms of
copper and nickel are traveling in a direction toward the cathode; but this
movement is counteracted by the current through the porous bag, and the
dissolved ions cannot pass to the cathode. Thus if I introduce into the
cathode bag a solution of nickel sulfate containing forty grams of nickel per
liter the reaction will leave in the solution outside of the bag on the anode
side of the tank, say, thirty-nine grams of nickel and one gram of copper-
per liter, the atomic weight of copper and. nickel being approximately the
same. A constant flow of the nickel sulfate is supplied to the cathode-bag-
and although plating is going on the solution standing in the bag does not
become deprived of its nickel, and thereby acidulated, but it contains at all
times the same forty grams of nickel per liter. This process does therefore
illustrate the theory for the wandering of the ions in a way that to my
knowledge has never been done before. The operation thus goes on contin-
ually, nickel being deposited at the cathode until a sufficiently thick plating
has been made, when the cathode-plates are removed and the nickel stripped
therefrom, and there is a corresponding simultaneous solution of the copper
nickel, and iron at the anode until the anodeis dissolved, when it isreplaced
by a fresh anode of impure alloy. The insoluble constituents of the anode—
such as platinum, palladium, gold, ete., together with considerable copper—
are deposited as a slime on the bottom of the tank. Copper, and specially
sulfid of copper, is thus deposited as a slime, because the nickel of the,

- . anode, being more electropositive, is dissolved at a more rapid rate.

If desired, the anodes may be set in the porous bags and the solution
drawn off from inside the bags. I prefer -Jhowever, to employ the arrange-
ment above described.

It is evident from what I have said above that the process can be
worked under the claims without the porous diaphragm and that still by
far the greater part of the copper ‘cait be separated, partly as slime and:
partly through the regeneration of the solution; but nickel produced in.
such a way wﬂl always be very impure and can cither be sold as such f01
special purposes or else will have to be refined. .. ‘

‘The second step of the operation is to remove the dissolved i iron zmd‘
copper from the liquid which flows from the electrolytic tank. I may do
this in various ways—for instance, by electrodeposition; but I derive
great advanmges by cementing the copper on nickel -or -an alloy of nickel
and copper. = Copper has been cemented heretofore on metallic nickel, -
but the reaction has always been slow, and complete cemetation has only
been obtained by applying the nickel in the form of a fine-powder, fresh
portions of which are added to the solution from time to time. Or dinar Yy
nickel in the form of grains, shots, or sheets, such as are obtainable in the
market, has been so slow in its cementing action that it is practically impos-
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sible to use it whenit is desired to free the solution substantially from copper.
I have discovered that the slowness of the cementing action which has
attended such use of nickel is due to the fact that it has contained a small
percentage of carbonm, silicon, or sulfur. If these impurities are removed,
there is no trouble in cementing all the copper out of a solution, especially
when it is kept at a boiling temperature, and it is a remarkable fact that
complete separation takes place even when the nickel, which is conveniently
cast in slabs, becomes covered by a hard layer of cemented copper as much
as an inch in thickness. I have also discovered that I can not only use
pure-nickel slabs in this process of cementation, but I may employ efficiently
slabs of copper and nickel alloy containing as much as thirty per cent of
copper, the alloy being free from sulfur, silicon, and carbon, as above
explained. This novel use for such alloy is a very important step in my
process, inasmuch as the metal can be produced cheaply by roasting and
smelting of copper-nickel matte. Therefore after drawing the solution
from the electrolytic tank I first heat it and then regenerate it with nickel
by passing it into a vessel in which it is maintained at a boiling temperature
and is brought into contact with suspended slabs of nickel and copper alloy
containing, say, thirty per cent of copper. In this tank copper is very
largely cemented out of the solution upon the slabs, its place in the solution
being taken by an equivalent of nickel dissolved from the slabs, so that if
on entering it contains thirty-nine grams nickel and one gram copper per
liter it will contain after cementation, say, 39-9 grams nickel and 0-1 gram
of copper, together with some iron dissolved from the anodes. I then
prefer to complete the cementation by transferring the solution into a
second tank, where it is also maintained at a boiling temperature in contact
with pure nickel slabs, which, being more efficient in cementing action than
the copper-nickel alloy, will more rapidly remove every trace of copper,
leaving the solution containing forty grams nickel per liter, as it originally
did, minus the iron dissolved from the anodes, as well as from the slabs of
nickel and copper alloy. The nickel slabs should be free from the impurities
above stated.

The next step of the process is to remove the iron. This I do, prefer-
ably, by passing the solution through an electrolytic tank containing
insoluble anodes of platinum, lead, or carbon, by which the iron compound
is converted by oxidation from FeOSO; to Fe;0;330;. The solution is
then passed into a tank where nickel carbonate is added to it in excess.
This precipitates the iron as iron carbonate, and it is then removed from the
solution by filtering. The solution which then contains the original forty
grams per liter of nickel as sulfate is delivered into a tank or reservoir from
which it i1s supplied to the porous cathode-bags, as explained above. The
process is therefore a continuous one, the nickel electrolyte being supplied
to the porous bags in a continuous stream, so as to maintain an outward
current from the cathode, the equivalent of copper, nickel, and iron being
dissolved in the liquid on the anode side. The liquid thus treated is regen-
erated by cementation on slabs or plates of nickel or nickel-copper free from
carbon, silicon, and sulfur. The iron is then extracted from the solution,
preferably by oxidation and precipitation, and the liquid thus regenerated
and purified is again supplied to the electrolytic tank. -

I have found that a current density at the cathode of ten amperes per
square foot is suitable; but my invention is not limited in this respect.

My invention may be employed for the separation of other metals.
For example, in separating an alloy of copper, zinc, and lead I introduce a
pure solution of zine-salt into the cathode-bags and regenerate the solution
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when- drawn from the anode side of the bags by cementing it ‘on zine or
zinc alloy. My invention lessens very greatly the cost of separating the
constituents of alloys of thisnature and it enables me to effect great economy .
in the treatment of complex ores which hitherto have been separated by -
furnace treatinent at very much greater expense. Insome cases the expense .
has been so great as to be prohibitive, and- as a consequence large bodies of -
such ores remain undeveloped. . » .
- The various steps of the process may be modified and the individual
steps covered in the claims may be employed separately or in other com-
binations. . . :

The process of circulation by means of the porous bag, particularly in
combination with cementation, is applicable to the separation of alloys in
general. - The particular cementation of copper on nickel and copper-nickel
~ alloy is of great value in all processes of electrolytic refining of nickel and -
also in those cases where electrolysis is not used. .

What I claim as my invention is— . _

1. The process of separating nickel from copper consisting in electroly-
zing an anode containing substantially an alloy of copper and nickel in &
solution consisting of nickel sulfate and a weak acid, regenerating the solu-
tion and returning-the same. = .

- 2. The process of separating nickel from copper consisting in electroty-
zing an-anode containing substantially an alloy of copper and nickel in a
solution consisting of nickel sulfate and a weak acid, removing the copper
partly at least from such solution by cementation on a metal containingnickel
and returning the regenerated solution. : __ o

. 8. The process of separating nickel from copper consisting in electroly-
zing an anode containing substantially an alloy of copper and nickel in a solu-
tion consisting of nickel sulfate and a weak acid, removing the copper partly .
at least from such solution by cementation on a metal containing copper-
nickel alloy- and returning the regenerated solution. ) . ‘

4. The process of separating nickel from copper consisting in electroly-
zing an anode containing substantially an alloy of copper and nickel in a
solution consisting of nickel sulfate and a weak acid, circulating such solu-
tion in a direction from cathode to anode, regenerating the solution and
returning the same to the cathode. . - ' _

5. The process of separating metals consisting in electrolyzing an alloy,
circulating the solution from cathode to anode, causing the solution sur-
rounding the cathode to contain only oneof themetals constituting theanode,
regenerating the solution partly at least by cementation on the metal .
produced in the electrolytic bath. . : .

6. The process -of separating metals consisting in electrolyzing an .
alloy, circulating the solution from cathode to anode, causing the solu--
tion surrounding the cathode to contain only one of the metals consti-
tuting the anode, regenerating the solution partly at least by cementation
'%ntim alloy consisting mainly of the metal produced in the electrolytic

ath.

. 7. The process of separating nickel from copper consisting in electro-
lyzing an alloy and removing the copper from the solution partly at least -
by cementation on slabs of metal consisting mainly of nickel and refined
at lezést t0 a point at which carbon, silicon, and sulfur are practically elimi-
nated. - .

. 8. The process of separating nickel from copper consisting in electro-
lyzing an alloy and removing the copper from the solution partly at least
by cementation on slabs of metal consisting mainly of copper-nickel alloy -



185

refined at least to a point at which carbon, silicon, and sulfur are practically
eliminated.

9. The process of separating nickel from copper consisting in electro-
lyzing an alloy circulating the solution from cathode to anode, causing
the solution surrounding the cathode to contain nickel only, and removing
the copper from the solution partly at least by cementation on slabs of
metal consisting mainly of nickel and refined at least to a point at which
carbon, silicon, and sulfur are practically eliminated.

-10. The process of separating nickel from copper consisting in elec-
trolyzing an alloy, circulating the solution from cathode to anode, causing
the solution surrounding the cathode to contain nickel only, and removing
the copper from the solution partly at least by cementation on slabs of
copper-nickel alloy refined at least to a point at which carbon, silicon, and
sulfur are practically eliminated.

11. The process of separating nickel from copper consisting in elec-
trolyzing an alloy, circulating the solution from cathode to anode through
a porous diaphragm, causing the solution surrounding the cathode to
contain nickel only, the solution on the other side of the diaphragm and
surrounding the anode containing copper and nickel, preventing the passing
of the copper through the diaphragm by maintaining a pressure on the
cathode side of said diaphragm and by circulating the solution from cathode
to anode, regenerating the anode solution by substituting nickel for copper
and returning said regenerated solution to the cathode-compartment.

12. The process of separating metals, consisting in electrolyzing an
alloy, circulating the solution from cathode to anode through a porous
diaphragm, causing the solution surrounding the cathode to contain only
one of the metals constituting the alloy, and the solution surrounding the
anode containing all the metals dissolved from the anode, preventing the
passage of the metals contained in the anode solution into the cathode-
compartment by maintaining a pressure on the cathode side, and circula~
ting the solution through said diaphragm.

13. The process of separating nickel from copper by electrolysis
of an alloyin an electrolyte of nickel sulfate and a weak acid, circulating the
solution from cathode to anode through a porous diaphragm and maintain-
ing a pressure on the éathode side and regenerating the solution partly
at least by cementation on nickel.

14. The process of separating nickel from copper by electrolysis of an
alloy in a solution of nickel sulfate and a weak acid, circulating the solution
from cathode to anode through a porous diaphragm, maintaining a pressure
on the cathode side and regenerating the solution partly at least by cement-
ation on copper-nickel alloy.

Signed at New York, this 22nd day of November, 1904.

NOAK VICTOR HYBINETTE.
Witnesses:
C. Sepewick,
J. M. HowaRrb.
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APPDNDIX Iv.

PROCESS FOR TREATING NICKEL AND COPPER CONTAINING \IAGNDTIC
PYRITDS, AND THE SDPARATION OF THE NICKDL AND COPPER.
) CONTAINED IN SUCH ORES.

_UNITED STATES PATENT‘ OFFICE.

EMiL GUNTHER AND RUDOLF FRANKE, oF EISLEBEN, GERMANY.

' Nq. 879,633. . Specification of Letters Patent. Patented Feb. 18, 1908.
~ Application filed June 18, 1907. Serial No. 379,535. '

To all whom it may concern:

Be it known that we, Emin GUNTHDR and RUDOLI‘ FRANKE, cmzens
of the German Empire, ‘and residents of Eisleben, Germany, have nvented
an Imploved Process of Treating Metallic Ores or Mattes, of which the
following is a full, clezu, and -complete specification.

The invention is directed more particularly to the tr eatment of mckel
and copper-containing magnetic pyrites and the separating of nickel and.
of copper contained in such ores. It is known that the metals contained.
in the said ores can be concentrated by converting the ores into matte or*
. copper-nickel-regulus which may be done by treating the ores in suitable
furnaces. However till-now there exists no satisfactory process for obtain=
ing the metals themselves from said coppel—mckel regulus.

- The object of this invention now consists in a process of tr eq,tlng the

a,ld copper-nickel-regulus and of separ a,tlng the metals from same in an
economical manner.

~ Our new invention consists broadly in bungmg the coppel-mckel—
regulus to reaction with chlorin either in the form of gas or in stalu nascendi
with the effect that chlorids of copper and nickel are formed and in processes.
of separating the pure metals from said combinations with chlorin.

’ The steps for carrying our invention into practical operation are
différent- depending from the form in which the chlorin is br ought to reac-
tion with the copper-nickel-vegulus. If the chlorin is used in the form of
gas we prefer to proceed as follows: The ground regulus is intr oduced into-
a closed drumr together with the sotution of a chlorid, such as sodium
chlorid, calcium chlorid, ma,gnesmm chlorid, subchlorid of copper and so
on and treated with chlonn ‘gas.. The reaction which takes place if the
temperature is not too much raised may be represented by the following
equation: .

aNiS+-bCuzS+-eleS+-dCl+e¢NaCl=
aiNICla+-bi CuCla(CusCla) 4-a1FeCls(FeClz) + (ast-bat-e2)S+eNaCl.

From this equation it can be seen that the sulfids of the lllet‘IIS are
converted into the corresponding chlorids or subchlorids, while at the same
time sulfur is set free. Under practical conditions a more or less part of
the sulfur contained in the copper-nickel-regulus is not obtained in chemical
pure condition, but in the form of sulfuric acid. In order to reduce the
quantity of sulfuric acid 113 is necessary to take care that the temperature
is permanently kept at an 1nvru iable point.

The metals contained in the copper-nickel-regulus being converted
into the fonn of chlorids, the solid particles are separated from the solution
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and the solution is freed from sulfurie acid and other impurities so that,
technically speaking, a pure nickel-copper-solution' is obtained. This
nickel-copper-solution is electrolyzed with insoluble anodes. Copper is
deposited at the cathode while at the anode chlorin is developed. The
chlorin may be used for treating new portions of copper-nickel-regulus.
The electrolyte becoming poorer in copper during the electrolyzing process,
fresh copper-nickel-solution is added continuously or intermittently till the
contents of the bath in nickel is raised to certain desired concentration.
Now the bath is freed from copper preferably by electrolysis and by preci-
pitating the last traces of the copper by chemical reagents, for instance by
metallie nickel. The bath solution purified from copper and forming then
a solution of subchlorid of nickel is likewise electrolyzed after purification
with insoluble anodes. In this electrolyzing process chlorin is again set
free and may be used for treating fresh portions of the copper-nickel-regulus.
The nickel is deposited at the cathode in the same way as in the former
electrolyzing process the copper.

The solid mass separated from the solution at the end of the chlorin
treatment substantially consists of sulfur and small portions of sulfids.
The sulfur may be extracted by suitable solvents whereas the sulfids are
added to fresh portions of copper-nickel-regulus and again treated with
chlorin.

In a modified method of carrying the invention into practical operation
we make additions containing gold, silver or other precious metals to the
copper-and-nickel-containing ores or to the copper-nickel-regulus. If
copper-nickel-regulus into which precious metals have been incorporated
in the said way is treated with chlorin gas, as above stated, the precious
metals remain in the solid residue if excess of chlorin is avoided and may
easily be obtained therefrom if chlorin in excess is admitted gold may go
into solution forming chlorid of gold which is precipitated on later cleaning
of the solution.

The process may also be used for producing nickel free from copper
from the so-called concentration nickel-regulus with about 759 nickel and
about 0-29%, copper. In this instance the regulus is digested in the above
manner with chlorin, whereupon the nickel-solution is ehemiecally purified
and electrolyzed with insoluble solutions.

If it is intended to use the chlorin in statu nascends for treating the
copper-nickel-regulus we proceed as follows: The copper-nickel-regulus is
used as anode in an electrolyzing process in which the electrolyte is formed
of a hydrochloric solution of copper-chlorid in mixture with an alkali-—or
earthy alkali-chlorid, whereas the cathode is formed of a sheet of copper.
In such electrolyzing process at the anode chlorin is produced which con-
verts the sulfids of the metals into the corresponding chlorids liberating at
the same time sulfur. The effect of the chlorin in statu nascends therefore
is quite analogous to the effect in the previously deseribed process of treating
the copper-nickel-regulus with chlorin in the form of gas. The chlorin
which is developed by the electrolytic decomposition of the bath solution
is entirely used for bringing metal into solution. At the cathode copper is
deposited. In view of the fact that at the cathode more copper is deposited
than is dissolved at the anode, it is necessary to introduce continuously
or intermittently copper salt into the bath which may be produced in the
manner hereafter described. In the bath solution nickel accumulates,
whereas the contents in copper is kept at an invariable suitable concentra-
tion. If after a certain time the concentration of the bath solution in
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nickel, iron, and other salts is raised to a point that it interferes with the
depositing of the copper, the bath solution is drawn off and electrolyzed in
other vats with insoluble anodes in order to free it as far as possible from
copper and finally the last portions of copper are chemically deposited. -In
this'way a chemical pure nickel-subechlorid-solution is obtained and elec-
trolyzed with insoluble anodes. Inr this way pure nickel is deposited at the
cathode, whereas at.the anode chlorin is developed which is just sufficient.
for treating copper ores containing oxygen or sulfur combinations of copper
with the effect of producing the copper salt which is necessary in order o
carry out the electrolyzing process of the copper-nickel-regulus after treat-
ing with chlorin in statu nascendi. PR

The above process may also be used for treating concentrated nickel-
regulus and for producing nickel free from copper from such regulus.

. We are aware that it has already been proposed to treat ores and matte
with chlorin. However in this instance the products of reaction were after-
wards treated with hydrochloric acid or with other reagents or the metal
chlorids were converted into sulfates, whereas in our process the products
of conversion which are obtained after treating the copper-nickel-regulus
with chlorin are directly used for depositing the metals contained therein.
Also the Browne process in which copper-nickel-matte is-at first roasted
" offers disadvantages which are avoided in our process, such disadvantages
consisting especially in the difficulty of completely absorbing the roasting
gases. ‘ : o A :
We wish to be understood that in the following claims the term.copper-
nickel-regulus .is intended to cover all kinds of matte containing copper
and nickel even if one of these two metals is only present in very small pro-
portions. Turthermore the term alkali is used in a broad semse so as to
c(l)vei' not only the alkalies properly spoken but also the so-called earthy
alkalies. : : .

Having now described our invention, what we claim and desire to secure
by Letters Patent is: . T :

1. In extracting metallic ores and matte the method of producing
nickel salt solution for electrolytic deposition of nickel consisting in sub-
jecting copper and nickel containing concentrated regulus to electrolytic
action as anode in a-bath of chlorid of copper with addition of chlorid of
alkali in presence of free hydrochloric acid, introducing:copper salt into
the bath during the electrolytic process separating the solution when rich
in nickel from the solid residue of the anode and eliminating the contents in
copper from the solution. o _

“ 9. The method of obtaining pure metallic copper and nickel from
copper and nickel containing regulus consisting in subjecting the copper-
nickel-regulus to electrolytic ‘dction as anode in a bath containing chlorid
of copper with addition of chlorid of alkali in the presence of free hydro-
chloric acid with the effect of electro depositingmetallic copperatthe cathode,
introducing chlorid of copper into the bath during the electrolytic
process, separating the solution when rich in nickel from the solid residue
of the anode, electrolyzing the drawn off solution with insoluble anodes
for electrolytically depositing the main portion of copper contained therein,
chemically precipitating the rest of the copper out of the bath, electrolyzing
the niclel salt solution obtained in this way with insoluble anodes with the
effect of electrodepositing pure metallic nickel, using the chlorin formed at
the anode for producing chlorid of copper from suitable copper ores, and
using such. chlorid of copper as electrolyte when subjecting. fresh charges of
copper-nickel-regulus, as anode, to electrolytic action. :
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In witness whereof we have hereunto set our hands in the presence of
two witnesses.

EMIL GUNTHER.
RUDOLF FRANKE.
Witnesses:
Virma FRANKE,
RuporrH FRICKE.
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. Great Landslide at Frank, Alta. Report on—by R. G. McConnell and R. W. Brock, M.A.,

1903. (Out of print.)

. Investigation of the different electro-thermic processes for the smelting of iron ores, and the

making of steel, in operation in Furope. Report of Speeial Commission—by Dr. Haanel,
1904, (Out of plmt)

. Rapport de la Commission nommée pour étudier les divers proeédés électro-thermiques pour

la réduction des minerais de fer et la fabrication de I’acier employés en Europe—by Dr.
Haanel. (Irench Editon), 1905. (Out of print).

. On the location and examination of magnetic ore deposits by magnetometric measurements—

by Dr. Haanel, 1904,

. Limestones, and the Lime Industry of Manitoba. Preliminary Report on—by J. W. Wells,

1905, (Out of print).

. Clays and Shales of Manitoba: Their Industrial Value. Preliminary Report on—by J. W.

Wells, 1905. (Out of print).

. Hydraulic Cements (Raw Materials) in Manitoba: Manufacture and Uses of. Preliminary

Report on—hby J. W. Wells, 1905.  (Out of print).

Miea: IIETS Occu)rlenec, Exploitation, and Uses—by Fritz Cirkel, M.IS., 1905. (Out of print:
see No

Asblsstos:)lts Oceuwrrence, Exploitation, and Uses—by TFritz Cirkel, 1905. (Out of print: see
0. 69). .

Zine Resourees of British Columbia and the Conditions affeeting their Exploitation. Report
of the Commission appointed to investigate—by W. R. Ingalls, 1905. (Out of print).

*Experiments made at Sault Ste. Marie, under Government auspices, in the smelting of Cana~
dian iron ores by the clectro-thermie process. Final Report on—by Dr. Haanel, 1907.
(Out of print). .

Mines of the Silver-Cobalt Ores of the Cobalt distriet: Their Present and Prospective Output.
Report on—by Dr. Haanel, 1907. (Out of print).

Graphitg: Its Properties, Oceurrence, Refining, and Uses—by Fritz Cirket, 1907. (Out of ¢
print,

Peat and Lignite: Their Manufacture and Uses in Europe—by Erik Nystrém, M.IE., 1908.
(Out of print).

Iron Ore Deposits of Nova Scotia. Report on (Part I)—by Dr. J. E. Woodman,

#*A few copies of the preliminary Report, 1906, arc still available.
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21. .Summary report of Mines Branch, 1907-8.
92, Tron Ore Deposits of Thunder Bay and Rainy River districts. Report on—by F. Hille, M.E.

23. Iron Ore Deposits, along the Ottawa (Quebec side) and Gatineau rivers. Report on—by
Tritz Cirkel. (Out of print).

24. General Report on the Mining and Metallurgical Industries of Canada, 1907-8.
25. The Tungsten Q1~es of Canada. Report on—by Dr. T. L. Walker.
26. The Mineral Production of Canada, 1906. Annual Report on—by John McLeish, B.A.

26a. Frl?cﬁ 1;1':11nslation: The Mineral production of Canada, 1906. Annual report on—by John
cLeish.

27. The Mineral Production of Canada, 1907. Preliminary Report on—by John McLeish,

27a. Thqi Mine;al production of Canada, 1908. Preliminary report on—by John McLeish. (Out
of pring). .

28. Summary Report of Mines Branch, 1908.- (Out of print).
29, Chrome Iron Ore Deposits of the Eastern Townships. Monograph on—by Fritz Cirkel
%Suppl()zmentzuy Section: L‘\perlments with Chromite at McGill Umvelsxty—by Dr.J.B
orter’

30. Investigation of the Peat Bogs and Peat Fuel Industry of Canada, 1908. Bulletin No. 1———by
Erik Nystrém, and A. Anrep, Peat Expert.

31. Production of Cement in Canada, 1908, Bulletin on—by John McLeish.
32.

»o

Investigation of Electric Shaft Furnace, Sweden. Report on—by Dr. Haanel.

42. Production of Iron and Steel in Cnnnda during the calendar years 1907 and 1908. Bulletin
on—by John MecLeish.

43, I’mductlon of Chromite in Canada during the calendar years 1907 and 1908. Bulletin on—
+ by John McLeish. )

44, Production of Asbestos in Canada during the calendar years 1907 and 1908. Bulletin on—
by John McLeish.

45, P1oducb10n of Coal Coke, and Peat in Cmmda. during the calendar yezus 1907 and 1908. Bulle-
tin on—by John McLeish.

46, Production of Natural Gas and Petroleum in Ca.nada during the calendar years 1907 and 1908,
Bulletin on—by John Mc¢Leish.

47, Tron Ore Deposits of Vancouver and Texada islands. Report on—by Einar Lindeman.

55. Report on the Bitumninous, or Oil-shales of New Brunswick and Nova Sco* ia; also on the Oil-
shale Industry of Scotland—by Dr. R. W. Ells.

58. The Mineral Ploduction of Canada, 1907 and 1908. Annual Report on—by John McLeish.
50.

=]

Chemical Analyses of Special Economic Importance made in the Laboratories of the Depart-
ment of Mines, 1906-7-8. Report on—by F. G. Wait, M.A., F.C.S. (With Appendix on
glie %o)mmel cial Methods and Apparatus for the Annlysis of Oil-slmles—by H. A. Leverin,

1. E.).

Schedule of Charges for Chemical Analyses and Assays.

62. Mineral Production of Canada, 1909. P}'elilnijlnry'Rep01't on—by John M¢Leish.

63. Summaly Report of Mines Branch, 1909.

67. Iron Ore Dep051ts of the Bristol Mine, Pontinc county, Quebeo‘ Bulletin No. 2—by Einar
Lindeman, and Geo. C. Mackenme, B.Se.

. 68. Recent Advances in the Construction of Electric Furnaces for the Production of Pig Iron,
Steel, and Zine. Bulletin No. 3—by Dr. Haanel. (Out of print).

69.

(=

Chrysotile-Asbestos: Its Occurrence, Exploitation, Milling, and Uses. Report on—by Fritz
Cirkel, M.E. (Sccond Edition, enlarged).

71. Investigation of the Peat Bogs, and Peat Industry of Canada, 1909-10; to which is appended
Mr, Alf. Larson’s Paper on Dr. M. Ekenberg’s Wet-Cmbomzmg Process: from Teknisk
Tldskuft No. 12, December 26, 1908—translation by Mr. A. Anrep, Jr.; also a translation
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80.

81,

82.
83.

84.

85.

88.
89.

90.
92.

93.
100.
102.
103.
104.

110.

111.

114,

115.

116.

117.

118.

142.
143.
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of Lieut. Ekelund’s Pamphlet entitled ‘A Solution of the Peat Problem,’ 1909, describing
the Ekelund Process for the Manufacture of Peat Powder, by Harold A. Leverin, Ch.E.
Bulletin No. 4—by A. Anrep (Second Edition, enlarged). (Out of print).

Proilducfiqnhof Iron and Steel in Canada during the calendar year 1903. Bulletin on—by John
cLeish.

Production of Coal and Coke in Canada during the calendar year 1909. Bulletin on—by
John MecLeish.

French Translation: Chrysotile-Asbestos, Its Occurrence, Exploitation, Milling, and Uses.
Report on—by Fritz Cirkel.

Magnetic Concentration Experiments. Bulletin No. 5—by Geo. C. Mackenzie,

An investigation of the Coals of Canada with reference to their Economic Qualities: as con-
dueted at MeGill University under the authority of the Dominion Government. Report
on—by J. B. Porter, E.M., D.Se., R. J. Durley, Ma.E., and others—

Vol. I—Coal Washing and Coking Tests.
Vol. II—Boiler and Gas Producer Tests.
Vol IT1I—
Appendix I
Coal Washing Tests and Diagrams, by J. B, Porter.
Vol. IV—
Appendix IT
Boiler Tests and Diagrams, by R. J. Durley.

Gypsum Deposits of the Maritime Provinces of Canada—including the Magdalen islands.
Report on—by W. T. Jennison, M.E. (Out of print). ’

Production of Cement, Lime, Clay Produets, Stone, and other Structural Materials during
the calendar year, 1909. Bulletin on—by John McLeish.

The Mineral Production of Canada, 1909. Annual Report on—by John McLeish.

Reprint of Presidential address delivered before the American Peat Society at Ottawa, July
25, 1910. By Dr. Haanel.

Proceedings of Conference on Explosives.

Investigation of the Explosives Industry in the Dominion of Canada, 1910. Report on—by
Capt. Arthur Desborough. (Second XKdition).

Molybdenum Ores of Canada. Report on—by Dr. T. L. Walker.

The Building and Ornamental Stones of Canada. Report on—by Prof. W. A. Parks.
Mineral Production of Canada, 1910. Preliminary Report on—by John McLeish.
Summary Report of Mines Branch, 1910. (Out of print.)

Catalogue of Publications of Mines Branch, from 1902 to 1911; containing Tables of Contents
and List of Maps, ete. :

Western Portion of Torbrook Iron Ore Deposits, Annapolis county, N.S., Bulletin No. 7—
by Howells Fréchette, M.Se.

Diamond Drilling at Point Mamainse, Ont. Bulletin No. 6—by A. C. Lane, Ph.D., with
Introductory by A. W. G. Wilson, Ph.D.

Production of Cement, Lime, Clay Products, Stone, and otherStructural Materials in Canada,
1910. Bulletin on—by John MecLeish.

Production of Iron and Steel in Canada during the calendar year 1910. Bulletin on—by John
MeLeish.

Prol\(}lu%iqnhof Coal and Colke in Canada during the calendar year 1910, Bulletin on—by John
cLeish.

General Summary of the Mineral Production in Canada during the calendar year 1910. Bulle-

tin on—by John MeLeish.

Mica: Its Occurrence, Exploitation, and Uses. Report on—by Hugh 8. de Schmid, M.E.
(Second Edition).

Summary Report of Mines Branch, 1911,
The Mineral Production of Canada, 1910. Annual Report on—by John McLeish,
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150.

" 151,

154.
167.
170.

181.

‘182,

183.
199.

200.

83.

156.

196.

197,
198.

201.
202.

203
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Ma,flgnetlc Tron Sands of Nat'lshkwan, Saguenay county, Que. Report on—by Geo. C. Mac-
kenzie, . :
The Mineral Production of Canada, 1911, Preliminary Report on—by John McLeish,

Illvfftlg&tlgll of the Peat Bogs and Peat Industry of Canada; 1910-11, Bulletin No. 8—A.
nrep, Jr

The Utilization of Peat Fuel for the Production of Power, bemg a record of etpenments con-
ducted at the Fuel Testing Station, Ottawa, 1910-11.- Repolt on—by B. F. Haauel, B.Sc.

Pylgei‘ui Canada: Its Occurrence, Exploitation, Dressing, a,nd Uses. Report on—b& AW,
Vilson. .

The Nickel Industry: with Specml Reference to the Sudbury region, Ont. Report on—by
Prof. A. P. Coleman, Ph.D °

Production of Cement, Lime, Clay beducts,' Stone, and other Structural Materials in Canada,
during the calendar year 1911. Bulletin on—Dby John McLeish.

Pml(\i{[uclt.lonh of Iron and Steel in Canada during the calendar year 1911 Bulletin on—Dby John
cLeis

General Summary of the Mineral Production in Canada dunng the calendar year 1911, Bulle-
tin on—~Dby Jolin McLeish, .

Production of Copper, Gold, Lead, Nickel, Silver, Zine, and Other Metals of Canada, du.ring
the calendar year 1911; Bulletin on—Dby John McLeish:

The Production of Coal and Coke in Canada during the calendar year 1911, Bulletin on—by
John MecLeish.

Nore.—*"Lists of manufacturers of clay pwducts, stone quarry operators, and o perators of

limekilns, are prepared ammally by the Diwvision of Mineral Resources and Stalistics, and copies
may be had on application.”
IN THE PRESS,

An Investigation of the Coals of Canada with reference to their Beonomie Qualities: as con-
ducted at McGill University under the authority of the Dominion Government. Report
on—Dby J. B. Porter, R. J. Dwley, and others—

Vol. V—.
Appendix ITI
Producer Tests and Diagrams, by R.J. Dutley.
Vol. VI— ‘
Appeudix IV "
Coking Tests, by Edgar Stausfield and J. B. P01 ter. -
Appendu vV
Chemical Tests, by Edgar Stansfield.

French Tl‘ﬂllsl&f}i()n: The Tungsten Ores of Canada. Report on—by Dr. T. L. Walker.

Trench translation: Investigation-of the Peat Bogs and Peat Industry of Canada, 1909-10;
to which is appended My. Alf. Lavson’s paper on Dr, Bkenbwrg's Wet-Caxbonizing Pmcess:
from Teknisk Tidslkrift; No. 12, December 26, 1908—translation by Mr. A. Aunrep; also
a tvanslation of Lieut. Ekelund’s Pamphlet entitled “A Solution of the Peat Problem,”
1909, describing the Ekehmd Process for the Manufacture of Peat Powder, by Harold A.
chenu ClL.E. Bulletin No. 4—Dby A. Anrep. (Secoud Edition enhrged)

TFrench translation: Molybdcnum Ores of Canada. Report on—by Dr. T. L. Walker.

French translation: Peat and ngmte Their Mmmfuetum and Uses in Ewope—by Erik
Nystlom M.E., 1908.

The Mineral Production of Canada dmmg the caleudfu year 1911 Annual Report on—by
John McLeish.

I‘1ench translation: Graphite: Its I’zopeltles, Oceurrence, Reﬁmng, a,nd Uses——by Tyitz

Cirkel, 1907, .

Bu1ldmg Stones of Canada—Vol. II: Bmldmg and Ornamental Stoues of the \Iautlme PlOV-
inces. Report on—bW. A. Park

.
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MAPS.

16. Magnetometric Survey, Vertical Intensity: Calabogie Mine, Bagot township, Renfrew county,
Ontario—by BE. Nystrom, 1904,

+14. Magnetometric Survey of the Wilbur mine, Lavant township, Lanark county, Ontario—hy B.
17, Haanel, 1905. .

183, Magnetometric Survey, Vertieal Intensity: Lot 1, Coneession VI, Mayo township, Hastings
county, Ontario—by Howells Fréchette, 1909,

184. Magnetometric Survey, Vertical Intensity: Lots 2 and 3, Coneession VI, Mayo township,
Hastings county, Ontario—by Howells T'réchette, 1909.

135, Magnetometric Survey, Vertical Intensity: Lots 10, 11, and 12, Coneession IX, and Lots 11
zlxgd 12, Coneession VIII, Mayo township, Hastings county, Ontario—by Howells Frechette,
09,

#36, Survey of Mer Bleue Peat Bog, Gloucester township, Carleton county, and Cumberland
township, Russell county, Ontario—by Erik Nystrom, and A. Anrep.

#37. Survey of Alfred Peat Bog, Alfred and Caledonia townships, Prescott county, Ontario—by
Frik Nystrém, and A. Anrep.

*38. Survey of Welland Peat Bog, Wainfleet and Humberstone townships, Welland county, Ontario
—by Brik Nystrém, and A. Anrep.

#39, Survey of Newington Peat Bog, Osnabrook, Roxborough, and Cornwall townships, Stormont
county, Ontario—by Erik Nystrém, and A. Anrep.

*40. Survey of Perth Peat Bog, Drummond township, Lanark county, Ontario—hy Erik Nystrom,
and A, Anrep.

*41, Survey of Victoria Road Peat Bog, Bexley and Carden townships, Victoria county, Ontario—
by Brik Nystrom and A. Anrep.

48. Magnetometric Map of Iron Crown claim at Klaanch river, Vancouver island, B.C.—by
Einar Lindeman. .

49. Magnctometric Map of Western Steel Iron claim, at Sechart, Vancouver island, B.C.—by
Einar Lindeman.

50. Vancouver island, B.C.—by Einar Lindeman.
51, Iron Mines, Texada island, B.C.—by E. H. Shepherd, C.E.
52. Sketch Map of Bog Iron Ore Deposits, West Arm, Quatsino sound, Vancouver island, B.C.

*53. IronC 'OerIOecurrcnces, Ottawa and Pontiac counties, Quebec, 1908—by J. White, and TFritz
irkel.

154. Tron Ore Qccurrences, Argenteuil county, Quebee, 1908—by T'ritz Cirkel.

157. The Produetive Chrome Iron Ore District of Quebee—by Tritz Cirkel.

160. Magnetometric Survey of the Bristol mine, Pontiac county, Quebee—by Einar Lindeman.
61. Topographical Map of Bristol mine, Pontiac county, Quebee—by Einar Lindeman.

164. Index Map of Nova Secotia: Gypsum—by W. F. Jennison, M.E.

765. Index Map of New Brunswick: Gypsum—by W. I. Jennison,

166. Map of Magdalen istands: Gypsum—by W. I. Jennison.

70. Magnetometric Survey of Northeast Arm Iron Range, Lake Timagami, Nipissing district,
Ontario—by Einar Lindeman.

172, Brunner Peat Bog, Ontario—by A. Anrep.
T7;?'; Komoka Peat Bog, Ontario—by A. Anrep.
‘174, Brockville Peat Bog, Ontario—by A. Anrep.
175. Rondeau Peat Bog, Ontario—by A. Anrep.
Nore.—1. Maps marked thus * are out of print.

2. Maps marked thus { have been printed independently of reports, henee can be procured
separately by applicants.

I |



204

176, Alfred Peat Bog, Ontario—.by A. Anrep. .
177. Alfred Peat Bog, Ontario: Main Ditch profile—by A. Anrep,
178. Map of Asbestos Region, Provinee of QueBec, 1910—by Fritz Cirkel.
94, Map showing Cobalt, Gouganda, Shiningtree, and Porcupine diétricts—by L. H. Cole, B.Sec.

95. Genlgml L'gap of Canada showing Coal Tields. (Accompanying report No. 83—by Df. J. B,
orter),

96. General Map of Coal Fields of Nova Scotia and New Brunswick. (Accompanying Report
No. 83—by Dr. J. B. Porter).

97. General Map showing Coal Fields in Alberta, Saskatehewan, and Manitoba. (Accompanying
Report No. 83—by Dr. J. B. Porter), . :

98. General Map of Coal Fields-in British Columbia. ~ (Accompanying Report No. 83—by Dr.
J. B. Porter).

99. Gerigmé M)ap of Coal Field in Yukon Territory. (Accompanying Report No.83—by Dr.J. B.
orter). .

1106. Geological map of Austin Brook Iron Bearing distriet, Bathurst township, Gloucester
county, N.B.—by E. Lipdeman. '

1107, Magnetometric Survey, Vertical Intensity: Austin Brook Iron Bearing District—by E. Linde-
man,

1108. Index Map showiﬁg Iron Bearing Area at Austiin brook—by E Lindeman.
112, Sketch plan "silo“'ing Geology of Point Mamainse, Ont.—by. Prof. A, C. Lane,
1113. Holland Peat, Bog, Ontario—by A. Anrep. .

119-137. Mica: Township maps, Ontario and Quebec—by Hugh 8. de Schmid.

1138. Mica: Showing Location of Principal Mines and Oceurrences in the Quebec Mica Area—by
Hugh S. de Schmid. ‘

1139, Mica: SIlowing Location of Principal Mines and Occurrences in the Ontarvio Mica Arca—by
Hugh S. de Schmid. '

1140. Mica: Showing Distribution of the Principal Mica Occurrences in the Dominion of Canada—
by Hugh S. de Schmid. -

1141. Torbrook Iron Bearing District, Annapolis county, N.8.—by Howells Fréchette, M. Sc.

146. Distribution of Iron Ore Sands of theIron Ore Deposits on the North Shore of the River and
- Gulf of St. Lawrence, Canada—by Geo. C. Mackenzie.

1147, Magnetic Tron Sand Deposits in Relation to Natashlwan harbour and Great Natashkwan
river, Que. (Index Map)—by Geo. C. Mackenzie.

1148. Natashlewan Magnetic ITron Sand Deposits, Saguenay county, Que.—b 7 Geo. C. Mackenzie.
1152. Map Showing the Location of Peat Bogé investigated in Ontario—by A. Anrep.
1153. Map Showing the Location of Peat Bogs investigated in Man toba—by A. Anrep.
157. Lac du Bonnet Peat Bog, Ontario—by A. Anrep.
158. Transmission Peat Bog, Manitoba—by A. Anrep.
1159. Corduroy Peat Bog, Manitoba—by A. Anvep.
1160. Boggy Creck Peat Bog, Manitoba—by A. Anrep.
1161. Rice Lake Peat Bog, Manitoba—by A. Anrep.
$162. Mud Lake Peat Bog, Manitoba—by A. Anrep. . ‘
1163. Litter Peat Bog, Manitoba—by A. Anrep.
Nore.—1. Maps marked thus * are out of print.

2. Maps marked thus { have been printed independently of reports, hence can be procured
separately by applieants:
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1164. Julius Peat Litter Bog, Manitoba—by A. Anrep.

1165, Fort Francis Peat Bog, Ontario—by A. Anrep.

166. Magnetometric Map of No. 8 mine, Lot 7, Conecssions V and VI, McKim township, Sudbury

district, Ont.—by E. Lindeman. (Accompanying summary report, 1911.)

+168. Map showing Pyrites Mines and Prospects in Eastern Canada, and their relation to the United

States’ Market—by A. W. G. Wilson.

1171, Geological Map of Sudbury Nickel region, Ont.—by Prof. A. P. Coleman.

1172,
173.
. 1174,
t175.

1176.
1177.
1178.

1185.
1185a.

1186.

11864.

1187.
1187a4.
1188.
1188a.
1189.
1190.
11904.
1191.
LA,
1192.

1192a.

« “  Vietoria mine—by Prof. A. P. Coleman.

“ “  Crean Hill mine—by Prof. A. P. Coleman.

“ “  Creighton mine—by Prof. A. P. Coleman.

“ “  showing Contact of Norite and Laurentian in vicinity of Creighton mine—

by Prof. A. P. Coleman.
“ “  of Copper Cliff offset—by Prof. A. P. Coleman,
“ “  No. 3 mine—by Prof. A. P. Coleman.
“ “  showing vicinity of Stobie and No. 3 mines—by Prof. A. P. Coleman.

IN THE PRESS,

Magnetometric Survey, Vertical Intensity: Blairton iron mine, Belmont township, Peter-
borough county, Ontaric—by E. Lindeman, 1911.

Geological Map, Blairton iron mine, Belmont township, Peterborough county, Ontario—by
E. Lindeman, 1911,

Magnetometric Survey, Belmont iron mine, Belmont township, Peterborough county,
Ontario—by E. Lindeman, 1911.

Geological Map, Belmont iron mine, Belmont township, Peterborough county, Ontario
—by E. Lindeman, 1911,

Magnetometric Survey, Vertical Intensity, St. Charles mine, Tudor township, Hastings
county, Ontario—by E. Lindeman, 1911,

Geological Map, St. Charles mine, Tudor township, Hastings county, Ontario—by E.
Lindeman, 1911,

Magnetometric Survey, Vertical Intensity, Baker mine, Tudor township, Hastings county,
Ontario—by E. Lindeman, 1911,

Geololggilclal Map, Baker mine, Tudor township, Hastings county, Ontario—by E. Lindeman,
Magnetometric Survey, Vertical Intensity, Ridge iron ore deposits, Wollaston township,
Hastings county, Ontario—by E. Lindeman, 1911,

Magnetometric Survey, Vertical Intensity, Coehill and Jenkins mines, Wollaston township,
Hastings county, Ontario—by E. Lindeman, 1911.

Geological Map, Cochill and Jenkins mines, Wollaston township, Hastings county, Ontario
—by E. Lindeman, 1911.

Magnetometric Survey, Vertical Intensity, Bessemer iron ore deposits, Mayo township,
Hastings county, Ontario—by E. Lindeman, 1911,

Geological Map, Bessemer iron ore deposits, Mayo township, Hastings county, Ontario—
by E. Lindeman, 1911.

Magnetometric Survey, Vertical Intensity, Rankin, Childs, and Stevens mines, Mayo
township, Hastings county, Ontario—by E. Lindeman, 1911.

Geological map, Rankin, Childs, and Stevens mines, Mayo township, Hastings county,
Ontario—by E. Lindeman, 1911.

Nore.—1. Maps marked thus * are out of print.

2. Maps marked thus 1 have been printed independently of reports, hence can be procured
separately by applicants.
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1193. Magnetometuc Survey, Vertical Intensity, Kennedy plopelty, Carlow townslup, Hastmgs
~ county, Ontario—by E. Lindeman, 1911.

]‘193‘\ Geological Map, Kennedy property, Carlow township, Hastings county, Ontmm-—by
. B Lmdeman, 1911

a

1194. Magnetometuc Survey, Vel tical Intensmy, Bow Lake iron ore occurrences, I‘amday towu-
L slup, Hastmgs county, Ontano—by In. Lmdemtm, 1911 . .
1204. Inde\ll\’[ap, M'lgnetlte occurrences aloug the Centml Ontario leway—by I, Llndem'm.

205. Magnetometne Mn,p of Moose Mountmu uon—bemm" dlstnct—by D Lmdeman. )

Nore.—1. Maps marked thus * are out of print.
Maps marked thus 1 have been printed mdependently of reports, hence can be procured
separately by appllcauts

























