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Pr'eféce
ThlS description of the Nmkel Deposits of the World has been reprinted from
the Report of the Royal Ontario Nickel Commission,.Chapter IV, in the hope that

_as a separate it will be in handier form for those readers who are especially inter- -
-ested in geology and ore dep051ts The Report itself, with appendlx consists of

* _ over 800 pages.

* A much fuller descmptlon is given of the geology and ore deposits of Sudbury
" than of those of any other country, owing to the fact that this district contains
- the greatest nickel mines of the world, a few at least being among the most valuable-
ore bodies of any kind known. Moreover, the Sudbury district is in the Province
of Onta.rlo and, therefore, would naturally receive more attention from the Com- -
missioners. :
During the last year one of us vmted nickeliferous iron-ore- depomts in Guba- A
and the famous nickel deposits of New Caledonia, together with the small oceur-
' -rences in-Tasmania. Another member of the Commission visited Norway. Des-.
criptions are giver of the deposits of a few-countries concerning which little has yet
been published; the information has been furnished by individuals or companies
- that have had private reports made. Fuller descriptions are given of deposits that
~ have been worked, oi‘that have attracted attention, during recent years than of those-
which are of little more than historic interest and of little importance as com-
petitors with those of Ontario. Owing to the desire to conserve space the geologlcal
-descriptions are in some cases brief. Instead of trying to symmarize the views of
vauous authors quotations are given wherever possible.

"A paper entitled “ Lateritic Ore Deposits ? was presented by W. G. Miller at =

the meeting of the Royal Society.of Canada, May, 1917, in which attention is drawn
to certain features of the New Caledonia deposits that are not specifically discussed
id following pages. As usually described, laterites are materials that contain a
low percentage of combined silica, in distinction from clays which are the normal
produets of weathering of many rocks in temperate climates. The New Caledonia .
ores, compared with those of Cuba and elsewhere, contain & high percentage of
“silica, combined with magnesia and other substances, and a comparatively low
~ percentage of alumina., They thus differ radically in composition from both clays
and laterites as usually defined. Their character leads to the suggestion that the
definition of laterite should be modified. In the paper the importance of ores of
lateritic origin as a class, mclu&mg certam of those of mckel cobalt; 1r011, alu—
minum, manganese and others, is emphasmed

Although so much has been published on the Sudbury deposﬂ:s ]udgmg from
the followmg quotatmn from a recent standald work on ore deposits, information

- ix
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" s stlll required: “If is indeed striking that nickel, in spite of its more or less

considerable distribution in the basic rocks, never, or very seldom, forms important -

22

deposits.
tonnages of millions. A fuller description of the size and character of these de-
- posits than has yet appeared is given in the following pages.

The world’s production of nickel, in metric tons, from 1896 to 1918, was .-

approximately as follows:—

Year.... ° 1896 1897 1898 ‘1899 1900 1901 1902 1903 . 1904

" Tons.... . 4,407 4,758 6,898 .7.855. 7,526 8,900 8,700 9,900 12,000
Year.... 1905 1906 907 . 1908 1909  1970. 1911 - 1912 1918
Tons.... = 12,500 14,300 14,100 - 14,600 .17,800 20,100 24,600 28,500 - 30,000

40,000 E
] ]
. I :
30,000
G [ I
7
(] .
% L 20,000
O Ji
T | i
S H
Q[+
. ? X f
g 10,000
N ] :m
izt L | AYF/] " B
=4l 0 s
58 25 & 3 0

Diagram showing growth in production o
nickel and copper from 1887 to the end
of 1916, Sudbury, Ontario.

The accompanying d1agram shows the growth that has taken place. in the

As shown on following pages'the Sudbury deposits are measured in .

" production of nickel and copper from the Sudbury ores. These ores are also an -

“important source of platinum, palladium and other metals whose value has 1eceaﬂy'

- 40 mpldly mcreased
s p T Witter G. MILLER,
¢ ’ e ' S “Cyrin’ W, KwieuT., .
" Provineial Gedlogist’s, Office, o : .y
Toronto, May, 1917.



Nickel Dep031ts of the World

- lNTRODUCTlON

While, mckel is w1dely distributed in-nature, occunmg ‘as am essential or as’

an accessory constituent of numerous minerals, and ha,vmg been found even in the
ashes of certain marine plants, known workable deposits of the metal aré confined
to - fewer localities than- are those of the more common metals.. - The. deposits of
two countries, the Province:of Ontario and the French 1sland COlOIl_‘)’ of New
Caledonia, as has been; shown on precedmg pages, contlol the market -for .the”
metal e '
Nlckel is found native, alloyed w1th iron, in meteontes and:in & few teérrestrial
mmelals, but this form of the element, while of scientific interest, is'of no economic’
_importance. It has béen detected in mimerous igneous rocks,.especially magnesmﬂ
varieties, where it probably occurs most frequently as’a ‘constituent of the silicate,

olivine, - According to F. W. Clarke, in 262, analyses of igneous rocks made in

the laboratory of the United States Geological Survey an average of 0.0274 per
cent. of nickel oxide was found. Had it been sought for in all cases, this’ ﬁgure»'
mlght have been slightly réduced, but perhaps not materially.’

: As a -constituent of° the solid crust of the earth nickel occuis ‘in ’greatel’
quantity than copper; a fact that would scarcely be credited from a conmderatlon
of: the much " wider digtribution- of workable deposits of the latter and the

_pmductlon of the two metals.” In a discussion of the relative abundance of the.
elements, Clarke shows that the igneous rocks contain iron and nickel in the
porportions; approximately, of’ 4.56 of the former to 0.020 of the latter;® the pro- |
portion of copper is probably about 0.010, while. the . pxopmtmns of two other
common metals, zinc and lead, are still less. It cin thus be said that nickel is less-
amenable to concentration by the agencies that tend to produce Workable depos1ts
than ave the other metals mentioned. -

A ‘small percentage of ‘nickel usually, it not alwa.ys, oceurs in eertam iron .
ores, espema]ly in the titaniferous variety and in those of a residual nature derived
from the weathering of basic igneous rocks. Ores of the former class that oceur
in Ontario universally contain small percentages of the metal, varying from 0.08
to-.0.80.° Nlckehfm ous iron ores of Iemdua,l 011g1n W111 be described on later
pages. : . . = -

- Basic igneous rockq in various parts of the, world cont&m nickel in quantltles :
sufficient to show that, while it occurs in’ few countries in deposits that ‘are of

economice 1mp01tance, sfill the metal is often p1esent in one-tenth or more of the -

“l‘he Data of Geoehem]st:y, p. 691 3rd L‘éhtmn, Bull 616 USGS 2II:m'E p. 27.

*W, G. Miller, Rept. British Ass. Ad. Sei,, 1897, p. 660, and Ont. Bureau Mines, Vol VII,
p. 230, and F. J. Pope, ALME, Vol. XXTX, 1899, pp.-397 et: al.

- [98]
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quantity that is of (;oﬁmierciai value. For instance, a trap dike that outcrops. at
the edge of the Rideau canal in southeastern Ontario, was found to contain as =

‘much as 0.612 per cent. of nickel.

- Few analysts have taken the trouble to determine thé percentage of nickel
. in rocks. In analyses available of Canadian rocks the preserce or absence of.

nickel is rarely mentioned. It will be seen' that this statement applies even to-

most of the analyses- of the Sudbury norite that are quotéd from’ various

_ authors in this volume. Analyses of Canadian-rocks have not: ‘heen collected and

-

published in readily- available form, as have those of the U:?lited States, but the
content of NiO in a. few may be given. . “The serpentines of the altered Silurian
rocks in Rastern Canada [Quebee]. often form vast masses, almost without
admixture. . .. . The almost constant presence.of small portions:of oxides
of ehrome and nickel is to be remarked in the analyses, not only of these serpentines
but :of. the ‘other magnesian rocks of the region.”” In.two specimens of serpentine

-from Orford, Que., the pércentages of NiO are given as 0.26 and 0.15. respectively.
A peridotite (dunose) from the junction of Eagle creck and Tulameen river, .

British Columbia, was. found to contain 0.10 per eent.,_of Ni0:® )
Doubtless- if it .is looked for, NiO will be found in similar percentages in
numerous - othet Canadian ‘rocks. .Analyses showing a lower percentage are
available from"a number of localities. . . B o '
In the chemical laboratory-of the United States Geological Survey many
detailed analyses of iocks have been made. The following list giving the per-

centage of NiO in rocks from widely separated localities serves to illustrate the :

stafement that nickel is widely distributed.! In the analyses selected the percent-

percentage might be given. Similar nickeliferous rocks ‘are found in various
parts of the world, but in many analyses the percentages of the metal have not been
determined. " ' _ _ ‘ T
' Nickeliferous Rocks

LT (A) Massaehusetts, serpentiné.from seven localities, 0.17, 6.21, 0.45, 0.53, 0.40, '0.47, 0.33.
(B) Connecticut, hornblends norité 0.9. (0) New York, -peridotite 0.9. (D) Pennsylvania,

pyroxenite 0.5. (E) North Carolina, pyroxenmite- 0.11. (F) Xentucky, peridotite 0.10..

(@) Missouri, granite 0.20, porphyry 0.15. (H) Texas, nepheline basalt 0.06. (I) Michigan,
peridotite 0.21, diabase 0.10. (J) Minnesota; hypersthene gabbro 0.06, olivine gabbro 0.16.
(K) Yecllowstone National Park, Rlectric Peak, pyroxene.mica diorite 0.09, quartz-pyroxene-
mies, diorite 0.05, augite-andesite porphyry 0.06, Absaroka range, monzonite 0.10, quartz diorite
porphyry 0.19, quartz-mica diorite porphyry 0.17, banakite "dike '0.14. (L) Montana, horn-
blende pierite 0.09, pyroxenite 0.11, peridotite 0.16, shonkinite 0.07. (M) Idaho, diorite 0.12.
() Colorado, perofskite-magnetite rock 0.05. (O) Arizona, mica basalt 0.08. (P) Nevada,
andesitic perlite 0.07, (Q) Oalifornia, quartz diorite 0.05, altered peridotite 0.09, diorite 0.05,
pseudo-diabase (ornose) 0.10, andesite 0.20, basalt 0.41, black serpentine 0.33, pyroxenite 0.07,
gabbro 0,06, serpentine. (pyroxenite) 0.11.- (R) Oregon, peridotite (saxonite), the matrix of
the silicate nickel ores, 0.10, olivine separated from the same 0.26, hypersthene-augite andesite

_ 0.05, serpentine 013, (8) Hawaiian Islands, pieritic basalt 0.09, plagioclase basalt 0.05,

porphyritic gabbro 0.12, olivine basalt 0.08, olivine separated from latter 0.34. . »

_ *Ont, Bureau Mines, Vol. VII, p. 231,
“*(eology of Candda; 1868, p. 472.°. « - - LT
* Geol. Sur, Can,, Memoir 26, p. 53, and U.8.G.8. Bull. 501, p. 210. - -
*Bull. 591, U.S.G.8 '

~age of NiO is in all cases 0.05. or. more: - Numerous' analysés- showing a lower -
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Nickel Mmerals

_Among the numerous compouuds in whieh mickel oceurs in nature, thé -

followmg, from the ecomomic point “of v1ew, may be sald to. be.” the most
1mportant -— - -

* Pentlandite....... oo (Fe, Ni) 8. Gersdorfiite.

......... Ni As S
Millerite.. ... ..o.u.. Nisg Breithauptite . . REREEE Nis8b ,7
Niceolite..vvvvennnn Ni As, - . Annabergite...... Nl,-, A3305+8 H,0
Chloanthite........ +.Ni As, _.° Garnierite.

“Pentlandite, which contains varying percentages of nickel and iron, is Delieved .
to be the source of mearly all the nickel produced from the pyrrhotite-chalcopyrite
ores of the Sudbury area. In the ores of gertain ines, such as the Worthmgton,
the mmelal can be readily- distinguished .in hrand specimens. TUsually, however,
it is identified only on polished or gtchgd surfaces. Deta.ﬂs cpncei:ning, the

" Polished and etehed surface of ore, showing Pentléﬁdité--
in veins cutting pyrrhotite; magnified 50 diameters;
Goppe1 Ohﬁ mme, Sudbmy area, Ontario.

Photomwrogmpk by Wm. Cwm@bell

' occumences of the mineral with' the_ ores of Sudbuly are glven in the 1eports of
‘Barlow Coleman and other writers and need not be.repeated here.’ Illushatmns
".of the miodes of occurrence of the mmeml will be found in followirg. pages.
Gersdorfiite and millerite ha,ve been obsetved only occasionally in-the Sudbury
ores. It may be added that polydymite, N14S or Ni,FeS;, occurs af the Verniilion
mine and doubtless in other Sudbury deposits. .
Niceolite, chloanthlte breithauptite and annabergite are of ‘common occur-
rence in the veins of the Cobalt atea. - The first mentioned minersl .has been

found in,small quantities in two or. three of the Sudbury deposits.
7 n® :
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Polished suifaces of sulphides and norite, Creighton mine, S_udb-ury area, Ontario.
'+ The white areds are the sulphides—pyrrhotite, chaleopyrite-and pentlandite; the
-dark areas arve norite. Magnified 70 diameters.

Photovm'aragr'aphs Yy W, Campbell.
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" Linneite, a sulphide of cobalt, Cogz S,, in which the cobalt is replaced by nickel,
and to some extent by iron and copper in varying proportions, occurs at Mine La

) ‘Motte, Missouri, which has been a small producer of nickel and cobalt.

Garnierite is second only to pentlandite as a source of nickel. It is'essentially .
a hydrated silicate of nickel and magnesium, but is of somewhat indefinite chemieal .

‘ composition. Dana says its formula is “perhaps H, (NiMg) 8i 0, + aq,, but I

very variable-in. compomtmn, particularly as regards the mutual 1ep1acemel1t of
nickel and magnesium, and not always a homogeneous mineral. TLiversidge has
attempted td" distinguish two varieties, one of ‘which is dark green and’ mlctuous
noumezte, the other rarer, pale’ green and adhesive to the tongue, gor nierite.”

There are other hydrous nickel-magnesium silicates, more or less related to
garnierite, such ag genthite, pimelite and schuchardite. 'Garnierite is an’ altera-

tion. product. of serpentine, derived from peridotite, and is the essential ' source of -

the mickel in the ores of New Caledonia and elsewhere, although other compounds

- of the metal, the products of weathering, occur in association with it.

‘ “. Classes of Ores _ A '

_The ores that are worked primarily as sources of niclkel fall'na.ttua.lly into
three clakssesﬁ(a) Sulphides, represented especially by the pyrrhotite-chalcopy-
rite ores of Sudbury and. Norway Ores of this class havée been.mined to. a much'
smaller extent in Pennsylvania, Tagmania,-Sweden,. Italy, South Africa and else-
where. The sulphides of iron and copper that are-associated with the lead ores
of southeast Missouri should also be mentioned as they have been worked for cobalt

‘and nickel, "(b) Silicates or oxidized ores, of which the chief occurrences are those

of New Caledonia. Similar ores occur in Greece, Madagascar, North Carolina,

" Otegon and in other countries. (c¢) Arsemical ores, usually containing both nickel

and cobalt, the principal working mines heing those of .Cobalt, Ont. Oxrées of this

* nature have been worked in Saxony, Bohemia, France ‘and elsewhere.

Other sources of nickel are. () blister copper, which contains nickel aﬁd other

~m_etals -(8)" manganese ores of the earthy class known as wad, sometlmes rich

in cobalt and to a lesser extent in mickel, (f) nickeliferous iron orés, such as
those "of Cuba, the nickel forming a valuable ingredient in the iron or steel

. produced from such ores, but not being separable, commercia]ly,-from the iron.’

- By=!’10ducts of Nickel Ores

Nlckel in commereial quantltles in pymhotlte chaleopyrlte ores may be said
‘l:o be an accessmy constituent, sinice many deposits of this class -do mnot confain
the metal in- workable quantities. In addition to nickel and copper these ores that

* dre worked contain gold, silver, platinum, pa]ladlum and other metals as by pro-

ducts. ¢ These are discussed in the section devoted to precious metdls. At Sudbury,
as is shown on other pages,no use has yet been made of the sulphur or the iron in
the ores. “The platinum in the Sudbuly ores is known to occur essentially as the, .
arsenide, sperrylite, but the form in which palladium occurs has not heen deter-
mined. Discovery of compounds of the latter metal would be of great mtelesb
'both from fhe scientific and the economie pomt of view.

?Descnptlve Mmeralogy, 6th Ed, P 677, :
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" The. silicate ores of nickel have been tleated essent1ally f01 the one metal

although attempts have been made. to utilize the iron by smelting to a nickel-
iferous pig. Txcepting- these two. metals the -silicate ores contain no con-

> stltuents of value. .
The cobalt-nickel ‘ores  of Cobalt contam several constltuents in commerelal
quantities. The-chief of these is silver. Then there are cobalt, nickel and arsenic. -

. _Gel_-tain -of these ores also contam an 1mporte,nt quantlty of mercury.

r

-+ Historical Notes on Niclkel Mining:

'l‘he lusfmy of niclkel mining may be conveniently divided.into two- periods,

na.mely, that preceding the working of the New Caledonia. deposits and that
which hag followed. During the last 30 or 40 years the production has increased
enormously and New Caledonia and Sudbury have dominated the market. ‘

- Although the metal nickel was discovered by Cronstedt in 1751, in niccolite B
from a cobalt mine in Sweden, an alloy, containing copper, zine and nickel, had

been in use in China for thousands of years.. Coins, found in Persia, dating
from prior to 200 B.C,, contain percentages of copper and nickel similar to-those

in coins made at the present time. Tt is interesting to note that use was also -

" made; in early ages, of the closely related metal cobalt, glass coloured with this

metal having been found in the ruing of Tloy and in the.graves of the ancient-

" BEgyptians.

meg to the hardness of nickel and the temperature reqmred to melt it,
there is little likelihood that any use was made of the metal except in alloys until
modern times. In considering the use by the ancients of nickel- alloys, it may be
pointed out that tin had-a similar history. Bronze, an alloy of copper and tin, was
used for ages before the latter metal was employed in the unalloyed state.

Tt was some time after Cronstedt’s discovery that pure nickel was prepared

Bergman extracting it in 1775. The first vefining of the metal for commercial

purposes appears’to have been done at Schneeberg, which had long been the site
of the cobalt industry. TFor some years the ores of nickel treated were those that
occur ‘in the cobalt deposits, especially of Saxony and Bohemia. "In 1838 it was

' found that the pyithotite ores of Sweden contained mickel, &nd a refining plant i

was erected.” Nickel ores were also discovered in Norway and.several plants. were
erected in. that country which became the largest producer of the metal. Norway

~continued her lead until 1877, when.she was eclipsed by New Caledonia, export of -

ores from this country beginning in 1875. TImmediately prior to the advent of

' New Geledoma as a producer, the world’s  output of nickel’ appears to have been

about 500 metric tons a year. Norway’s gleates{. annual output is said to have
-been 360 tons in 1876. . - :
. In the penod plecedmg the begmnmg of mmmc in New Ge,leduma, several
. countries, in addition to’ Scandinavia, Genuany and Austria, were producers of
. nickel ore. Mines in Piedmont, Italy; were operated between 1860 and 1870, the
ore produced being similar to the Norwegian, but the deposits were of. smaller
size. The United States had .one important mine, that at Lancaster Gap, Penn.
Although its total production is given as only about~2,000 tons, its annual output
at-one time represented about one-sixth that of thé world, ~This mirie is said to
\ :

“/
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-Blézard Mine.

'/

Blezard Mine, . : Creighton Mine. -

The three specimens from the Blezard mine, Sudbury area, Ontario, are polished
sulphides - (white), and norite (dark). Magnified 70 diameters. The polished
specimen from the Creighton mine shows a veinlet of pentlandite, with good:
cleavage, in pyrrhotite (white). Magnified 70 diameters. ‘

e ~ Photomierographs by Wm. Canipbell.
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have heen worked for copper prior to 177@, and subsequently at various periods
without much success. "It was not until 1853 that the ore was found fo contain
nickel, Ten years laterthe mine became a nickel producer. Owing to competition .

" from New Caledonia and Sudbury, the mine was finally closed in 1891. It may

be added that the ores from Lancaster Gap contain pyrrhotite and chalcopyrite and
in this respect resemble those of Sudbury, Scandinavia and Ttaly. In’this earlier -
period of nickel production the copper and iron sulphides that occur in certain of

" the lead deposits of southeast Missouri received some attention. Small shipments

were made to -England with the object of extracting the mickel which the ores
contain. ’ ; ; . ’
Reference should also be made to the fact that mickel was produced from
Canadian ores before the discovery of the Sudbury deposits. These .0res came
from the Silver Islet mine, Lake Superior, discovered in 1868, and contained
nickel and cobalt, in addition to being very rich in silver. Prior to'1873 and
later nickel was. extra_;cf;e& from the matte produced from these ores at the-

- Wyandotte, Mich., smelting works.

Nickel ores were refined at an early _.'daﬁ;e in England. Johnson of Hatton

 Garden- introduced nickel refining algout' 1830. The plant of Henry Wiggin

& Co., Litd., near Birmingham, was established, under the -narme of Hvans &

" .Askin, in 1832, for the treatment of cobalt-nickel ores A process-for the separa-

tion of mickel from cobalt on a commercial scale was developed at this plant about
the year 1836. These were the first works to refine nickel, by a wet process, in ,
England. Argenical nickel ores were treated almost exclusively until mining began :
in New Caledonia in 1875, The arsenical ores came partly from Hungary and

" partly from South America and elsewhere. After the New Caledonia ores came on

the market another company erected a plant to treat them at Erdington, near
Birmingham. Both plants are still in operation, as is also the Vivian plant, now
known as the Anglo-French, in Swansea. This Vivian plant was- also a pioneer
in.the treatment of cobalt and nickel ores. ' ' '

Since the coming.of the New (Caledonia ores on the market, 1875, and later

~ those of Sudbury, 1888, other sources of supply have played only an insignificant

part. The difference between the price of refined mnickel and the cost of production
has enabled the Norwegian mines to operate, and small quantities of gre from
othér countries, valuable for its nickel content, have heen sold from time to time.
Moreover, there will always be a small production of nickel as a by-produet: in the
refining of copper, cobalt and other ores. '

Nickel Déposits of Variqus Countries -

_ The geology, ore deposits and mining methods of Sudbury are described
on pages 103 fo 227, and Alexo mine, 228 to 232, Then- follow descriptions of the
nickel resources of New 'Caledonia, pages 234 to 263, Norway, 264 to 265, and

other countries in alphabetical order, 266 to 286.

T ‘Birminghé.m Handbook, Brit. Ass. Ad. Science, 1913.
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GEOLOGY OF SUDBURY AREA*

The surface -geology of the Sudbury nickeluéopp_er -area,.:.has/ been '_desc_r_ibed
- in considerable detail by various authors, The present report deals especially with

the size, structure and character of the ore bodies and their r@lationé to adjacent
_rocks. i t : . : .
While this report will be confined mainly to a study of the ore bodies, it may be

" helpful to give a brief outline of the geological history of the area. The reader

who  desires to obtain more details regarding the general geqlogy' may do so by
consulting the reports referred to in the bibliography on following pages of this
Report: - T S

‘the oldest formations being shown at the bottom of the-columm. "This classification
.differs somewhat from those employed by other authors. i

TABLE SHOWING THE ROCK GROUPS IN THE SUDBURY NICKEL-GO]?PER ARBA.

. PRE-CAMBRIAN

(Olivine Diabase Dikes

Trap Dikes

Keweenawan Series® { Granites- -
. Norite-mieropegmatite

Gabbros -

Intrusive Contact.

Chelmsford Sandstone -
Onwatin Slate
Animikie Series Onaping Tuff oo
e . Trout Lake Conglomerate, Ramsay
- Lake Conglomerate ’

s

Unconformity.
' Greenstohes, including Sudburite?’ i
- “Indrusive Contact.
‘Wanapitei Qua,rtzitla

Timiskaming Series ® {MGKUH Greywacké
: g‘ . Copper Cliff Arkose

Unaonformﬂyf‘. s

. L Crystalling Limestone, Quartzite,
Grenville Series Various Schists and Gneisses. .

# Mr, Cyril W. Knight, }xésisf;ant Provincial Géologist of _Ontario-,', v.\'rho _.]_ias spelgf some

‘“months; during each of-the years 1915 and 1916, in a study of the Sudbury nickel-copper
deposits, has kindly furnigshed the -Commissioners with the following déseriptions of the .

geology and of the ore bodies, together with his views on the origin of the latter.”

Some of the intrusives here grouped with thé Keweenawan are possibly of later age. o,
2hege rocks have not been observed in contact with the Animikie series, but they are

believed by some obiservers to be older than the Animikie. They may be Keweenawan in age.
sTn this area these rocks are given the name of Sudbury series by some authors.

*The unconformity has not heen seen in the Sudbury area, but is known elsewhere in

Ontario, g g o

The rocks have been divided into the groups indicated in the following table, °

'~/
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(h enville beries

The oldest 1ocks in the area are named the Grenville series. They consisted
originally of sediments which have now been changed fo various schists . and
gneisses. In addition to the schists and- gneisses there are also quartzites and, very
- rarely, crystalline limestone. The Grenville series has not yet been found in actual

contact with.the Timiskaming series, but it is thought to be older than this series
because it is more highly altered, of metamorphosed. The formations on which
the Grenville series rested originally are unknown. In southeastern Ontario,
“however, about 200 miles to the southeast, the series rests on pillow lavas and
green schists called the Keewatin series’. Certain green schists associated with
iron formation, in the township of Hutfon, a few miles north of the Sudbury
_ area, may be of Keewatin age. In the Sudbury area Coleman has mapped an

extent of the Grenville rocks to the south of the Mond Nickel Company’s smelter
at Coniston, about eight miles from the mines’ It may be added that Robert Bell
omgma,lly described the -Grenville rocks in the Sudbury area.’ e

’

Timiskaming Series

Thé next youngest group of rocks is the ’I‘nmskammg series, the Sudbury -
series of certain authors. It consists of quartzites, greywackés, arkoses, slates and
conglomerates. The series is supposed to have a total thickness of 29,000 feet’.
The rocks were no doubt laid down under the ocean in horizontal beds. They
have since been subjected to' mountain-building forces which have offen- tilted
the beds into steeply inclined positions,” Fig. 2, the greywackés and slates some-

times being changed to .schists and gneisses. The Timiskaming. series, between .

Worthington- mine and Victoria mine station on the Canadian Pacific railway,
contdins coarse boulder conglomerates. There are boulders of granite and granite
gneiss two or three feet in diameter. The presence of the granite fragments shows
that there wvas a granite formation older than the conglomerate. This old granite
floor has not heen discovered in the Sudbury area, although it has been found else-
where in the Canadian shield. It may be added that every granite yet found in
contact- with the Timiskaming series in. the Sudbury nickel-copper area is younger -
than these sediments. °

(ireenstonés, Including Sudburite

Associated with the Timiskaming series there are some greenstones _whose
age is not definitely ascertained. They are evidently younger than the Tim-
iskaming series, but whether they are pre-Animikie in age or Keweenawan is
not certainly known. The greenstones are basic rocks, sometimes having pillow
.structures and amygdaloidal textures. when they are called sudburite, Tig 59, or
“older™ norite”. They are often altered to schists. They occur mainly on the

* Miller & Knight, Ont. Bur. Mines, Vol. 22, Part II, pp 3,9, 11 34, 35, 45, 50 88.
*Ont. Bur. Mines, Vol. 23, Part I, p. 204.

® Geol. Sur. Can.,' Vol 9, 1896, pp. 9-11, T.

* Ont. Bur, Mines, Vol. 23, Paxt I, p. 214,

8 Ibid., p.. 215,
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‘southern nickel range immedi;a,tely' adjacent to or near the norite. Sudburite is-

found at the Murray and Gertrude mines, and é]sewhe:ge.

* The Animikie Series

The Anlnllkie series consmts of sandstones, slates, puffs and conglomela.tes,
having an estimated thickness of about 9,500 feet’. "At Ramsa,y lake the chn-
glomerate rests unconformably on the Timiskaming series. The Animikie rotks
are found for the most part in a remarkable depression known as the Sudbury
basin. The latter is surrounded by prominent hills of the Animikie conglomerate
and the acid part of the norite-micropegmatite. The conglomerate.contains pebbles
and boulders of quartzite, granlte, and other, rocks, and is regﬁuded as an ordmaly
basal congIOmerate :

These ‘Animikie rocks at Sudbury are believed to ‘be of the same age as the .

Cobalt series ai, Cobalt, Gowganda and elsewhere.

The Keweenawan Series

. The Keweenawan series is the most important group of rocks from an -

' economic point of view. During this period, the nickel-copper ores wére formed.
-~ In other parts of the pre-Cambrian region, notably at Cobalt and on Keweenaw

point on the south shore of Lake Superior, the Keweenawan period was also a

time during which valuable minerals were deposited, e.g, the silver, cobalt, nickel

and arsenic ores at Cobalt; and the native copper deposits at Keweenaw point.”
At Cobalt and Sudbury the Keiveenawan sevies consists entnely of igneous

_rocks, but at Keweenaw point the series is made up of a stupendous pile of mter-

bedded lavas and sediments.

In the Sudbury area there appem to be igneous rocks of the Keweenawan
series, of several ages, as shown on the’ table on page 105. The oldest. group
consists of gabbros which are medium to coarse-grained rocks resembling some-’

- what the norite of the area. A prominent intrusion of the gabbro stretches

from the town of Sudbury southwest to Kelley lake. Galbbros are also met with
at Murray, Mount Nickel and Frood mines, and elsewhere. The age of the
gabbros has not been definitely ascertained. It is known that théy are younger
than the rocks of the Timiskaming series, since they have been intruded into this
gseries. On the other hand, they have not been observed in- contact with the
Animikie rocks in the Sudbiry basin, and therefore it is not possible -to state
definitely” whether they.are older ‘or younger. than the Amnukle It may be; of

course, that the gabbros are not all of the same age.

The next youngest rock of this series is the nor 1te—mlcropegmat1te which oceurs
in such large volume. It is younger than the gabbro at Murray and- Mount Nickel

.mines, at hoth of which places it has caught up fragments of the gabbro. The form
..and composition of the norite-micropegmatite are deseribed on pages 115-121.

. The granites appear to be the next youngest rocks. There is, however, some -
difference of opinion regarding the age of these rocks, but this matter is discussed
more fully elsewhere in the report, pages 122-125. It is certain that some of the

- *The Nickel Industry, Dept. of Mines, Canada, 1913, p. 9.
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granites are younger than the. norite-micropegmatite ‘since they are enclosed
wholly by it and have evidently bee‘n erupte_d through it. These granites have:
come to be spoken of as “later,” or. “’younger,” granites, g B
The formation of the mckd COppel ore bodies probably closely followed the
intrusion and consolidation of the granites.
After the formation of the ore bodies theré followed intrusions of ﬁne—gramed

trap dikes, now having the compomtmn of uralitic dmbase- These traps are
~ met with at Creighton, Crean Hill and Worthington mines. Then age 1elat10nsh1ps

weré determined by C. H. Hitcheock. ;
The last important event in the geologlcal history of thé area was ushered

- in by the formation of great cracks or fissures and by the eruption into them of

olivine diabase dikes. Certain ‘of these dikes-are several miles long and two or

- three hundred feet wide, and they intersect every Tock in the ared, including the
Animikie sahdstone in the Sudbury basin and the nickel-copper ore bodies. They

are widespread throughout pre-Cambrian areas not Only at Sudbury but at Cobalt,
Gowganda, Porcupine and elsewhere.

While the eruption of the olivine diabase dikes constltuted the last nnporta,nt
event in pre-Cambrian times, of which there is record in the Sudbury area, it may
be added that these dikes are cut by small veinlets of granitic material’.

Granite and Granite=Gneiss

. In addition to the rocks briefly deseribed in prededing pages there is a great,

Delt-of granite and granite- gﬂelSS immediately north of the norite-micropegmatite,

on the northern nickel range. This granite and granite-gneiss are older, in so far
as known, than the nonte—mwmpegmatlte, but their age relations to the Timiskam-

" ing and Animikie rocks have not been ascertained. Another Jelt of granite and .
. granite-gneiss is found from 6 to 10 miles southeast of the southem mckel range;
_these granites are mtruswe into the Tismiskaming series.

I‘opography, Sudbury Area

A word may be said regarding the character of the topography The countly ‘
has an average elevation of about 1,000 feet above sea level, the highest hills not

. being much more than- 1,400 feet above the sed. ; The main line of the Canadian

Pacific railway-crosses the area; so that a cross- sectmn Fig. 8, along the railway-
track gives a fair idea of the topography. It.will be understood, of course; that
there are some hills which rise 200 or 300 feet above the railway track. - It is hardly
necessary to point out that ‘the well- known characteristic feature of the area consists’

.of a distinet, oval-shaped basin, often as level as a plain, while, in striking contrast,
" hills as high ‘as 600 feet encircle the basin. . The latter, where crossed by the Cana-

dian Pacific railway, has an average elevation of 900 feet above the sea. The nature’

. of the rocks which underlie the basin partly accounts for.its shape, since the central

pa1t cons1sts of soft sedlmentary formations, whlle the encnehng hills consmt of;

-3 Ont, Bur, Mines, Vol. 14, Part IIT, p. 185, .o =~ “
*'The entire sulfaee of the rocks in the Provinece of Onta,no has been glaciated during

"the Glacial period. Muecli of the surface, including that at Sudbury, is covered with super- .

ﬁclal depos1ts of sand, gravel, clay and houldels

i
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haréler, igneoﬁs or sedimentary rocks. Beyond the basin the ‘country consists of
rugged: hills, 100 or 200 feet high. The drift-covered va]leys between these hills
sometlmes have farm lands of tolerable fertility. .
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Flg 3—Section from Romford .Tu_uctmn, near Sudbmy, Ontmlo, to Wmdy lake,
along the main line of the Canadian Pacific Railway. This section crosses the
Sudbury basin and shows the elevations.above sea level along the railway track.
Horizontal seale 8 miles equals 1 mch vertmal scale 1, 600 feet equals 1 mch

Ci-ush=Conglomerates and Crush-Breccias

Crush-conglomerates and crush-breccias, Figs. 4 and 5, are rocks which have °

been formed by disturbances resulting in crushing and brécciation. The rocks may
occur in:all the formations of the. Sudbury avea, they having been met with in
quartzites, greywaclés, slates, greenstones, gla,mtes norite, -and other rocks. The
-fragments composing the rocks ave generally rounded, this variety being known as
crush-conglomerate. When; on the other hand, the fragments are angular, the rock’
is lmown as a crush-bréccia. The matrix Whlch cements the fragments’ fogether
consists of the more finely crushed material of the rock which has been disturbed.
Sometimes the fragments in the crush-conglomérates and crush-breceias are 10 or
15 feet or more in diameter. An example of the rock in greywacké or quartzite may
be seen on the hill immediately to the south of the Canadian Pacific railway station
at Sudbury, Fig. 5. Here thé crushed zone evidently formed a pathway for the
circulation of sulphldenhearmg Watels for the rock is “spotted” with blebs of
sulphides.

The crush-conglomerates and crush-breccias referred to in the preceding para-
graph differ only in one respect from the crush-conglomerates and crush-breccias
which: constitute the commercial ore bodies. In the case of the ore bodies it is the
sulphides which largely form the. cementing material for the rock fragments, Tigs.
6, 14, while iri the case of the non-mineralized crush-conglomerates and breceias it
is the finely ground-up rock which. forms the matrix.

Commercial Ore Bodies Made up of Crush=C0ng[omérates and Crush=Breccia§

As already said crush-conglomerates and crush-breccias may oceur in any
of the rocks, but they are most commonly found along the rocks adjacent
to the morite and along the so-called offsets. They furnished convenient zones

'
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for the circulation of hot mineral-bearing waters, and consequently where “they
occur near the edge- of the norite or in offsets they have been heavily mineralized

"with sulphides, thus forming the commercial ore bodies. The fragments and

blocks . are cemented together by the sulphides. The sulphides also
impregnate or replace the rock fragments, occurring in veinlets, in irregularly
shaped masses, and in disseminated grains—“spots” or “blebs.”

Fig. 4—Crush-conglomerate and ecrush-breccia, Copper CIliff, Suc'iblln'y
area, Ontario. Width of facé is 2 feet 6 inches. The rock has been
formed by crushing and. brecciation; the more finely crushed material
constitutes the matrix for the larger fragments. The commercial ore
bodies consist largely of these crushed rocks, but in the ease of the
ore bodies the matrix consists mainly of sulphides instead 6f the more
finely crushed rock fragments, the more finely crushed lock having
been par tly or wholly replaced by ore.

The “conglomerate”—like character of the mekel—eopper ores was noted
by one of the earliesh observers, Robert Bell, who described the ore more than
a quarter of a century ago in the following words':

1 Geol. Sur. Can., 189091, ‘Vol. V, Part ¥, p. 48,
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In each case the ore-mass consists of a brecciated or agglomerated m1xtu1£; of the
pyrrhotite and chaleopyrite along with the ‘country. rock. The included fragments of the

‘. latter ave bYoth rounded and angula,r, and vary in size from that of pebbles to large boulders, -

but the average is a few mc,hes in dlametm Tmmense blocks. or “horses’ also oceur in the
midst of the ore.

" The geologlsts Who Worked in the field aiter Bell have also noted the ¢ con{ ’
glomerate”—lﬂ:e nature of the ore, but 11ttle emphasm has been laid on it, except by

- . W. Dickson.*

Fig, 5—Crush-conglomerate and erush-breceia on hill immediately south of,
Canadian Pacific Railway station, Sudbury, Ontario. The rock was
.'formed by criishing and breceiation, and may occur in any rock such .
as quartzite, slate, greemstone,, nonte, ete. The length of the rock
surface represented in the dlawmg 15 12 feet. 5

Oc,currences of the Ore Bodles

1 " Marginal’ Ore Bodies
The ore deposﬂ;s occur for the most part along the outer, basm, contact of the

" norite-micropegmatite; but the commercial ore bodies are rarely found in the norite.

On.the contrary, they occur largely in the rocks adjacent to the norite, there bemg
a comparatively small quan’mty of commercial ore met with in this rock. Hxamples
of ore bodies which oceut wholly or mainly in the rocks adjacent to the hasic edge
of the norite are the Crean Hill,- Creighton, Levack, and Whistle. The Creighton
is found about at'the contact, Fig. 21, while the Lievack ore body is wholly in the
underlying ‘grafiite gneiss' ab.an average distance.of about 175 feet from .the contact

- of the norite measured at right angles to the dip of the -contact, Fig. 40. - While it

is true that littlé commercial ore occurs in’the norite, there is at times light, non-
commercial mineralization in this rock, impregnating or replacing large masses, the
sulphides ‘often being found in the form of blebs about the size of peas, giving rise

“Trans, "Ami. Inst. Min. Eng., Vol 34 pp. 1-67. The brecciated ox conglomerate-
like nature of the ore bodies is again and agam reférred to by Dwkson, see pages 37, 43,
45, 46, 47, 48, 49, 50, 51, 54, 55, 59 of Dickson’s report.

*The mine wmkmgs of. the nickel-copper deposits at Sudbury ha.ve proved that the ore
bodles, as they are found to-day, have neither bieen enriched moi impoverished by the action
of surface -waters. . There-has been formed on the surface. of the ore bodies, however, ‘a little
gossan, caused by the Wes.thering and ~-decomposition of the ore, where the deposits are not
protected by a covering of clay, gravel or other'‘materials. Before glaciation took place, the

" upper part of ‘the ‘deposityno doubt eontained.a comparatively thicle zone of weathering and

impoverishment due to the action of surfacé waters. But the glaciers have long sinee scoured
away this zone, ’
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“to what has been calléd “spotted ” norite. The notable example of this non-coms-
mercial variety of mineralization is met with at the Creighton, where a zone three-
quarters of a mile long and about 600 yards wide is thus mineralized. It may be
repeated, however, that the commercial ore bodies are found almost wholly in the
rocks adjacent to the norite—mnot in the norite. =

The deposits descnbed in the preceding paragraph are known as “ marginal ”’

deposﬂ:s . '
2. Offset Ore Bodies

The second class of deposits has been called “ offset ” deposits. The offsets are .
mineralized dikes. There are four main occurrences of the. offsets, namely,”
_ Worthington, Copper Cliff, Frood and Foy. In the case of the first three it may
be pointed out that they cannot be traced dirvectly into the norite or so-called
nickel eruptive, although they are believed by many to be of the same age as- this
.eruptive.” This relationship has not been proved nor disproved. The offsets have
a maximum length of six miles and a width of from a few feet to 700 or 800 feet.

The marginal and offset deposits occur along extensive and well-defined lines
that have either a northwest-southeast or northeast-southwest direction. These
. directions constitute lines of crushing, brecciation and shearing. It has so hap-
pened, in the case. of the marginal deposits, that the lines of disturbance occur
along the contact of the basic edge of the morite-micropegmatite - -and adjacent
rocks, largely : 111 the latter, thus accounting for the occurrences of the ore bodies in
'thls position. 'The disturbances referred to have broken the rocks along their path
into crush-conglomerates and crush-breccias. The ore occupies or fills the spaces
between the rock fragments composing these disturbed zones. The ore also 1mp1eg~ )
:nates or replaces the rocks in- the form of u‘regulsu veinlets, masses, and 111
disseminated glams b

. The origin of the ores will probably Temain a contloversw,l subJect for many
years. All that can be said with cerfainty is that the sulphides were introduced
after the nonte—mmmpegmatlte had solidified. This is ‘proved beyond doubt, even
if ‘there were mo other eviderice, by the presence in ‘the ore bodies, which occur
exactly at the contact of the norite, of both round and angular fragments of the
- norite cemented together by pure sulphides. . )

It appears, indeed, to be a common experience to find that ore” deposition is
later than the igneous rock. with: which an ore body may be associated. The
remarks of J. E. Spurr are of interest in, this respect: “ Where ore bodies oceur in,-
near, or following the contact of igneons rocks,” writes Spurr, “there is evidence
in every case that I have seen. (with the exception of certain’ pegma’ulf:e veins and
pegmatitic- quartz veins), that _ore-deposition was distinctly subsequent, to 1ock '

consohdatlon and hence that the ore was denved from some. deeper honzon
' gla.phs ’ S T S S )
h A word may be added- 1egaldmg the smface outclops of the ore bodles Some

of the deposits outerop in valleys, while others outcrop on hills. - For instance, the-
Trood, Victoria,- Crean' Hill, and Garson occur on hills, while the Worthington,.
Creighton, and particularly the Levack, are examples of . deposfﬂs which occupy

_pmnounced valleys . :

! BEconomic Geology, Vaol. I, No, 8, December, 1907, p. 794,
8 N* : £ o
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. The Shape of the Ore Bodies

" The shape of the commermal ore bodies is for the most pa.lt rudely lenticular,
-the COreighton, Murray, Garson, Levack, and’ numerous other deposits “having
lenticular outlines. Other commercial ore bodies, like the Victoria and Copper
Cliff, have the form of Jrregular cylinders or tubes. Some ore bodies are distinet’
veins. ‘ .
Character of the Sudbury Nickel=C0pper Ores

The character of the Sudbury nickei—coppen ores may be described as being
more or less “rocky.’” That is to say, the ore is always accompanied by .rock,

_generally in the form of fragments, Figs. 6, 19. These frigments vary from

microscopic specks to great blocks 5, 10, 15 feet or more in diameter, and they
consist of granite, greenstone, norite, quartzite, greywacké, schist, or the individual
minerals. constltutmg thesé rocks. The rocky nature of the ore bodies makes it

Fig. 6.—Character of ore at Creighton mine, Sud‘omy area,
‘Ontario, ninth- level, 15 feet from footwall. Green-
stone boulders and fragments enclosed in sulpludes
(shaded area). Width of face 8 feet.

necessary to hand -pick from the ore from 10 to 60 per cent. of rock, and even ﬂns

hand-picked product contains 14 to 85 per cent. or more of silica. The cleanest ore

" in the whole field is that which is mined from the Creighton deposit, but even from

* this ore there'is hand-picked from 10 to 16 per cent. of rock., This hand-picked

* product still contains 18 to 21 per cent. of gilica. The character of the ores from
important mines is shown.in the following table: :

i : o Per Cent. of Silica
Name of Mine. Per Pc.el’it'dog .RoekOHand; Remaining in Hand-
. HEERS I S 2 Picked Ore.

Croatt HIll ovii i svivenvsivve o o 50 @ 28-35

Creighton ..... i T i e e 1016 . . 18-21
GATSOI L. iiiieieii i 25 : 24%

Victoria: ..0u . vuis i isivs wganes v v as s 25 14

Levack ...... FRRE G -33 ! 14

‘Worthington ..... 3 VAR b b 60 261

# Imeluding Kirkwood mine. " ot Including Worthington No. 2.

The ore consists almost wholly of three minerls; namely, pyrrhotite, chal-
copyrite a,nd pentlandlte Several other minerals occur but these are found In com-



1817 . . (EOLOGY OF SUDBURY AREA. | 115

paratively insignificant quantities. Coleman® and Barlow® have described the
minerals in gredt detail. Pentlandite is the nickel bearing mineral, and it contains-
22 per cent. of this metal. Chaleopyrite is the copper bearing mineral, containing
- as it does 34.5 per cent. of copper.
The Nor1te=Micr0pegmat1te, its Form and Composition, and its Relat;on
- . to the Nipissing Diabase

The norite»n}icropegmatlte.has ‘been mapped by Coleman as an oval area sur-
rounding a basin composed of conglomerates, sandstones, tuffs and slates, Fig. 1.
The average width of the intrusive on the southern nickel range is 3.1 miles and
on the northern range 1.9 miles. The length of the area is about 36 miles and

_its width, including the sedimentary basin, 16 miles.

This great mass of igneous rock has been shown by the workings of the various
mines-and by diamond drilling to have sometimes a gigantic dike-like form, TFig. v,
and sometimes a sheet-like form, Fig. 8. On the’southern nickel range,.where
most of the mines occur, more is known about the dip of the basic edge of the
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Fig, 7—Cross- sechons illustrating dike Jike character of the contact of the basic edge of the

norite- mmmpegmatlte (the so-called nickel eruptive) on the southern nickel range,

Sudbury, Ontario. These diagrams show- that the- norite-micropegmatite has partly a

dike-like form. *
intrusive than is known éIsgwhere. Tt has been found that the basic edge of. the
intrusive has a dikelike contact at.Crean Hill, Gertiude, North Star, Garson, on
the E. J. Longyear Company’s property, Falconbridge township, and on part of the
eastern nickel range. At Crean Hill the intrusive in the shaft section dips at an
angle of 50° to 60° to the southwest, under the greenstones, to about the sixth level,
_'below which it is more or less vertical, Fig. 18. Generally speaking, the contact of
the intrusive at Crean Hill may be said to be more or less vertical; i.e., dike-like.
The intrusive at the. Gertrude dips at 55° to 67° to the north. At the North Star
mine the dip of the intrusive is 75° to 80° to the northwest—also a dike-like,
oceurrence. The dip of the intrusive at the “ northwest” ore body of Garson mine
1580° to 90° to the southwest. The.main ore body at the Garson dips at angles of
53 to 60 degrees to the southeast; if. the ore body here follows the dip of the_
intrusive, then the latter is plunging to the southeast below the adjacent-rocks for
at least 1,800 feet, not to_the northwest, as it should do if it had a sill-like form.
Three niiles east .of the Grmson, on the E. J. Longyear Company’s propelty, the

1The Nickel Industry, 1913, Dept of Mines, Canada.
# Geol Sur. Can Report.on the Nickel and Copper Deposits of Sudbury, 1907.
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dip of the intrusive is- from '?0 t0 90° to the north in one instance 85° t the south.
On the eastern nickel range there is little definitely known about the contact.of the

intrusive, but I am informed by C. H. Hitcheock that there ave places proved by -

.diamond drilling, at which the intrusive dips towards the east—under the green-
stones. In addition to the above localities, where it has been p1oved that the intru-

~‘sive has .a dike-like contact with adjacent rocks, the Victoria ore body may be men-

tioned. The ore body has a vertical dip, with a piteh of 70° to the southeast. If
‘the intrusive has the same dip as the ore body, then here also it has a dike-like form.
The -Kirkwood ore body, a mile and a half west of the Garson mine, has also a

. vertical dip; 1f. the 111t1u$1ve has a similar dlp it will likewise have a dike-like:

contact. ’ 3
Some of the various dips of the outer edge of the intrusive on the southern

nickel ratige rveferred to in the preceding paragraph, are illustrated in Fig. 'Y

which shows the dike-liké nature of the norite-micropegmatite.
. The sill-like nature of the norite-micropegmatite, on the southem 1ange, has
: been proved at. the following localities: Lot 2 ‘in the fifth concession of Denison

township, Creighton mine, Elsie mine,” Murray mine, Mount Nickel mine and

Blezard mine. The contacts at these localities dip at angles of 45°, 45°, 29°, 36°,
30° and 50° respectively to the nmthwestwald Some of these mclmatlons are
: -111ustrateéi in Fig. 8.
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Tig, 8—Cross-seetions illustrating sill-like character of the basic édge of the noxite- -
micropegmatite (the so-called nickel eruptive) on the southern nickel range,
Sudbury, -Ontario. These diagrams show that the 11011te lmcmpegma,tlte has

~ partly a sill-like foxm .
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On the northern mckel range the dip of the intrusive, so fai as known, is
inwards, towards the basin. The dip at Tevack miné has been proved. to be 45°
_to the southeast; and on lot 4 in the fourth concession of Levack township the dip
is 45°to 50° to the southeast.

All of the dips so far mentioned refer wholly to the ‘basm (outer) edge of the
intrusive. Nothing is definitely known concetning the dip of the acid (inner) edge,
since no work or diamond drilling has been done ox the inner edge. However, some
of the sediments in the basin near the inner part of the intrusive dip inwards, and
it has been inferred hy certain writers that the d1p of the contact of the intrusive
follows the inward dip of these sediments. It is prudent, however, to consider
that the inward dip of the sediments may have been caused by the faultmg down
of the basin in one great block. -If this happened it would naturally result in

" tipping the beds so.that they dipped inwards. The intrusion of - the norite from
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beIow around the faulted block, would mtens1fy thls mwmd dip of the beds. The
character and origin of the Sudbury basin is more fully discussed elsewhere in the
Report. . ’
The mineralogical and chemical composﬂ:lon of the norite-micropegmatite

may now be briefly discussed. It has been shown by Walker, Coleman; and ’

others that the rock has been subjected to magmatic differentiation as it cooled
and solidified. The more basic minerals are said to .have segregated towards the

outer edge, while the more acid minerals segregated towards the iner edge. The

hasic portion consists of norite, gabbro, diorite and dlabase 'These rocks appear to
grade, through syenite, into granitic rocks, known as mlmopegmatlte at the inner
edge.’ The micropegmatite -contains a,bundant graphic intergrowths of qumtz ‘and
feldspar.- According to Barlow: “There i is no sharp line of demarcation between the
acidic and basic portions of the nickel bearing eruptive, but the, change though
‘gradual, is usually sharp enough to enable a boundary to be placed between these
two types, with tolerable accuracy.”’ :
Analyses of the rock are given in the following table:

Table Showing Chemical Composition of the Norite-Micropegmatite in the Sudbury Area.

—_ No.1 | No. 2 |-No. 8 | No. 4 | No. 5 | No. 6 | No. 7 | No.,8 | No. 9 | No. 10
B0 woamssraians ... 49:90| 51.52| 56.89( 60.15| 68.48| 64.85| 61.93| 68.95| 69.27| 67.76
ALOs vuvvnvveeneten..| 16,82 19.77| 19.39| 18.23| 12.70| 11.44| 13.08| 12.74| 12.56| 14.00
e A7 .88) 1.61| 2.41 2.94] - .50 .46 2.89(......
TAO, 0 scu sowars sonws i swiosns 13.64| 6.77| 7.11| 6.04| 4.50| 6.02| 8.00{ b5.15| 4.51| 5.18
MEQ cvcvvarsmmnsoem v 6,22 6.49| 2.11 3.22| .74| 1.60| .1.76| 1.57| * .91] 1.00 -
Ca0 crvereennnrononsns 6.58| 8.16| 8.11 4.01| 1.41| 38.49( .4.02| 1.72| 1.44[ 4.28
- Na,0 ivueee vese.eoe..| 1.82] 2,66) B8.31| 1.28{ 3.72| 8.92| 3.18| 38.80| 8.12| 5.22
KO vviveieinianeanasd 2,250 700 1.04] 1.68{ 3.36| 3.02| 2.80| 3.28/ 8.08| 1.19
HOU J.,o00ins vevveeeas| .76 1.68| 1.35| .55| 1.13| .78 1.95| 1.60| .76/ 1.01
T saroavee eedeeeeeed 1470 1.39) .43 1.34| .61f...... - .84 .43 .78 .46
P05 ..... Ceeeeeeenened WJA70 10f .11 .23 .20p .24 .32] .20 .06 .19
MO oo s ani .| trace | trace |- .30 .29] .05| frace 18| 13| trace | trace’ -
BaO s ciem ok ais vrewie wwia] e T I ) trace |trace [v..oiuifaiunes
Lio LU e e e
NiO vovefines PRI (SIS [ R o [y ; W— P S povwoms famiia
6 N e e | AT (RN PR I L] IR W Y R B
B anae o T | e Bl [ [z
. Totals.............| 99.03| 99.71/100.53| 99.79| 99.31| 98,30| 98.76| 99.93| 99.85/100.29
- Specific gravity. ....... +|'3.026| 2.832|.2.834......| 2.673| 2.788| 2.757| 2.694| 2.724| 2.709

Nos. 1 and 2—Basic edge on the southern range near Blezard mine, Amnalyst, T. L. Walker.
* No. 3—Near the basic edge on the northern range at Onaping. Amnalyst, E. G. R. Ardagh.
‘No, 4—Basic edge near Creighton mine. -Analyst, M. T. Culbert. . :

No. b—Middle of Onaping section. Analyst, T\ L. Walker.

No. 6—Middle'of the Blezard-Whitson lake section. Ana.lyst T. L. Wa.lker

No. 7—Acid edge on the Onaping section. Analyst, . G. R. Ardagh.

No. 8—Near acid edge on the north shore of Fairhank lake. Analyst E. G R. Ardagh

Nos. 9 and 10—Near the acid edge of the Bleza,rd ‘Whitson lake section, . B, Tox, analyst

of No. 9; T. L. Walkel, of No. 10.

! Regarding magmatie dlfferentlatwn in the noute-mmopegmatlte Alfred Harker gays:
‘T found mo indicafion of a regular ‘composition gradient’ in either norite or granophyre,
considered separately, while the transitional zone between them has all the characters of a
hybrid roek’’ (Jour. Geol., Vol. 24, 1916, p. 555). This view is at variance with the views
of Coleman, Barlow and Walker. - ’

2 Geol. Sur. Can., Report of the Nickel and Copper Depomts of Sudbury, 1907, p. 85.

o Lo
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Four of the analyses are from the basic edge, two are flom the middle of the
intrusive, and four are at or near the acid edge of the intrusive. The analyses,’
in so far-as they go, appear to demonstrite that the rock is more basic at the
outer -edge than at-the inner -edge, but they also demonstrate, at the same time,
that the middle portion of the intrusive is even more acid than part of the inner
edgé?itself. Judging wholly, then, from the analyses, one is not able to say
that there is a gradual transition.from basic to amd rock as one goes from the
~outer to the inner edge. -

It is ‘desirable, indeed, that more chemical analyses be.made to ascertain
the precise character of the magmatic differentiation which has taken place in
the infrusive. Its general nature is already known. -To obtain more information
at least six complete sections could he made across the intrusive af strategic points
on the northern and southern ranges, specimens being collected at desirable intervals
.and rock analyses made. Perhaps it might be found, as a result of this work, that
the character of -the magmatic differentiation is not as regular as it has been
considered to be. _

This investigation has already been begun in a small way for the Ontario
Nickel. Commission, the Creighton and Murray mines having been selected for
the purpose. Af the Creighton mine seven samples of the intrusive were collected
at the following distances respectively to the northwest of the Greig}hton open
pit:——140, 200, 800, 750, 1,200, 2,000 and 3,250 feet. The analyses of these
samples, shown in the ‘table below, demonstrate that practically no differentiation
has taken place in the intrusive for about two-thirds of a mile from its outer edge.

Table, Showing Chemical Composition of Norite at Creighton Mine.

-— No.1 | No. 2 No.8 | No.4 | No.5 | No.6 | No.7
Bi0; vovvivviiiviiiaiivad 55,58 | 51.84-| 51.80 | Bb.24 | H4.12 | 53.26 | 54.84
B e e o i wasaeel e 20,18 | 17.40 |..vvuu.s.
Pei0y cvvvacnimsmvnmms v 2.82 2.51 2.80 | '1.42 2.6b 3.36 1.42
FeO ...... Pereiebasaaanaay 8.03 | -8.19 7.92 7.07 5.80 5.72 5.67
CRO). won o) 050505 55 40 tisee cisress 7.20 | 7.40 | .6.72|. 6.72 6.72 8.00 7.26
MO o i wgs o3 0% o e 0.69 3.9 3.36 1.18 3.81 6.62 1.56
N0 wvecsvpamen sees v 2.56 2,18 1.84 2.74 3.17 2.64 2.88
O 0.98 0.80 0.62 1.04 1.52 1.27 1.38
60 0.21 0.32 0.39 0,22 |.0.40|. 0.31 0.33
HO i iiiiiie i 2.5¢ 1 0.78 3.59 1.04 1.74 1.71 1.72
Totals wewevsomii e ey o 7 IR OIS | 100.11 | 100.28 [ivev.nis

I_\To.. l—Nonte, Glelghton mine, 140 feet. northwest of open p‘it.

No. 2— ol 200 ¢¢
No, 83— ¢¢ T3 ‘¢ © 800 ¢¢ u‘ ITET:
No, d— ¢ 1] ¢ 750 ¢¢ ( T
No, 5— ¢« Y] 0« -1,200 ¢¢ T ITET;
No. 6— ¢ T 1T 2,000 ¢ ‘e ¢ e e

. No. 7— ¢ 11 (. goasp c [T T

The result of the chemical analyses at Murray mine also proves that mno
magmatic differentiation took place in the intrusive for at-least 1,900 feet to the
northwest of the basic edge. Seven samples of the rock were selected at-this
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mine at the following distances respectively from the edge of the intrusive: 30, 150,

'i‘able, Showing Chemical Comﬁoaition of Norite at the Murray Mine.

300, 600, 900, 1,400, 1,900 feet. The analyses are shown in the following table.

o No.1 | No.2 | No.8 | No.4 | No.5 | No.6 | No. 7
B10; cevvniiiiiiiiiiiiiae .. 54,84 | 54.81 | 55.96 [ 56,10 | 51.78 | 54.08 | 53.08
ALO; cvuarenns g SR ‘| 15.82 | 16.98 | 21.84 | 18.72{ 20.90 | 16.72 | 18.54
Fe0p .00t S IR v T 3.36 1.82 2.84 242 1.82 | 4.90 2:26.
FaD wcvvmmnvesearresamieniainn s 7.02 6.67 5.55 | 6.78 [ 6.5 5.88 | . 5.28
Cal .ivviiiiiiiii i 4 5.T1 6.96 6.62°| -6.67 7.52 7.53 7.51
MgO ........ Teraeas uatn, suore 6.02 6.07 1.48 5.08 [ B.77"| 5.23 6.18
Na0 wussvemvermvansssmssvis] 887 2,99 2.58 2.25 2.82 1 2.79 3.35
L O veeses| 2.81( 2.8 1.79 1.96 1.84 1.55 2.41
COzuvuiinnnnnannn M 0.17 | trace 0.22 | trace | . 0.42 | trace
i £ T CCTR— ' 1 27 1.87 1.19 1.29 1.81 1.08 1.41
Totald vowvesnvs seyes 100.22 | 100.52 | 99.75 | 100.49 | 100.30 | 100.18 | 100,02
, . No. 1—Nnr1te, Murra.y m_me, 30 feet northwest of basm edge
No. 2— ‘o 150 “« ‘e ’
No. 83— ¢ o . 300 ¢¢ o o
NO. 4:__ (&} (41 141 600 (23 0f L1
No., 5b— ¢¢ 11 11} 900 ‘¢ N1 15
i No. 6— (X1 ‘o o - 1,400 ¢¢ 23 i
1:900 (¢ (43 L1

No. 7— o It

In addition to the analyses given above several others were made in order
to ascertain the chemical composition of the intiusive at other pomts These
analyses are shown in the followmg table,

Table Showing- Ohemxcal Composition of Norite or Diorite at Camemn, Dvans, G‘reltrude and

o, * Whistle Mines.

s No. 1 No. 2 No. 3 No. &
OO S - " 51.20 59.82 58. 86
AL, -21.62 17.32 16.46 19.54
0 P e s +2.82 5.04 2.52 0.28
T 55, o 1 e 4 S BRI  RESRRE 15 T 5.29 0.06 |  5.04 5.76
LD wywsmrsss s siend e SRS 6.28 6.76 6.24 6.54
MO, 50 mwengremansgass g o g 1.33 4.14 4.12 1101
N2 +eeneneineenriennanenneeenens 2.81 2.32 8.11 2:91
K0 tenrrnernenes e 1.95 2.14 1.99, 2.48
2 Sy R S 0.85 2.15 1.04 2.10
0L £ #5555 7 SREI RS 15 54 0.29 0.25 0.12 0.22

T 5 x5 sy R 100.10 100.38 99.96 99.70
., T

No. 1—Norite at Cameron mine..
" No. 2—Evans n';Line.

~ No. 3—Norite at Gertrude mine.
- No. 4—Norite at Whistle mine.

.

It is of interest to compare the norite-micropegmatite with. a similar rock,
known as the Nipissing diabase, which occupies comparatively large areas at Cobalt,

South TLorrain, Timagami, Gowganda, and elsewhere.
few miles to &0 miles or more heyond the norite-micropegmatite.

These localities are from ‘a

The rocks prob-
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-« Tig. 9—A residential part'of the town of Sudbury, Ojnt'a._riq, October 26th, 1916.

i

Tig. 10—Showing rugged nature of country near Murray mine, Sudbury area, Ontario.

o

s
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ably both belong to the Keweenawan series and resemble each other in many strik-
ing respects. It is not unlikely that they were intruded at, the same time and will

be proved some day to be one and the same rock. At Cobalt the Nipissing diabase
" has. the form of a sﬂl while at Sudbury the norite-micropegmatite has a dike-like
_and sill-like form. Some years ago Miller and Knight ecompared the two rocks, the
following quotation being extracted from their paper.*

These eruptives both show ‘differentiation, or ingensible gradations, from such basic
rocks as diabase, gabbro and morite to acid rocks with the composition of granité, The
differentiation appears to have taken place on a larger scale at Sudbury than at Cobalt ‘and
the surrounding region. Although the basic portion (morite) of the nickel eruptive is eoarser.
in grain than the Nipissing diabase, it nevertheless resembles petrographically the latter
rock, For instance, in the deseriptions by A. Pr Coleman and A. B. Barlow, it is brought
out that the nickel eruptive sometimes shows ¢ distinet traces and, at times, well marked
diabasie or ophitic texture.’”. Furthermore, the basic facies of each contain quartz, usually
intergrown in mmlographm fashion with an acid plagioclase. ~'When this mierographic
intergrowth increases in quantity until it finally becomes the pledomman{; constituent, a roclc
with the. chemical composition of granite vesults, which is commonly ca.lled mmwpegmaﬁte,
g1anophyle or aplite. : ;

The Sudbury Basin—Its Origm

‘The Sudbury basin, originally referred to by Robert Be]l’ Iorms ‘the central
part of the Sudbury nickel-copper field. It cousists of a very distinet basin about

. 1NMorthwest E * . Southeast

Levack Mine Chelmsford Sar\dstone

. . Scale of Miles
T ¥ 4 9 ‘5.1 9 s 18 L

Fig. 11.—Theoretical cross-section through the Sudbury area, illustrating A.-P. Coleman’s
conception of the shape of the norite-micropegmatite, the so-called ‘‘nickel eruptive.’’
It is seen that the intrusive is supposed to have the form of a sill. In other parts of the
Sudbury area, however, the norite-micropegmatite has a dike-like fmm this is true at
Crean Hill, Garson, Longyeal and other properties. Seé Tig. 7, page 115 '

g 36 miles in length and some 16 miles wide. Most of it is covered with clay, sand .

and gravel. Where the rocks are exposed they comsist of sandstones, slates, tuff,
and conglomerates of the Animilie series. The basin is often perfectly flat for
‘miles, although it is relieved here and there by gentle undulations in the strata Its
edges are surrounded by rugged hills of conglomerates of the Animikie series, while -
immediately beyond are somewhat lower hills consisting of the acid -edge of the
norite- mlcropegmatlte 'I‘he latter entuely sulrounds the basm Fig 1.

‘Eng ‘and Min, Jour,, June 7th, 1913, pp. 1129-1132,
? Geol. Sut. Can., Vol. V_ -Part I 1890-91, p. 11F.
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There is. one remarkable feature concerning the basin which requires ex-
planatmn Its inner edge .is surrounded by the continuous belt of coarse con-
_glonierate already mentioned. - Beyond this is the encircling mass of the norite-
micropegmatite which completely cuts off the conglomerate. Why this conglom-
erate does not occur immediately along and beyond the basic edge of the morite- .
micropegmatite is a. question which has occupied the mmds of those who have
studied the physiography of the basin.

It has been suggested by -A. P. Coleman that the nonte—mwropegmatlte
was intruded in the form of a sill or sheet which forced its way along the
contact ‘between the Animikie series and the underlying older rocks, lifting the
former bodily upwards. “The collapse of the foundations of the older rocks,”
writes Coleman, “caused the cooling sheet bf magma to settle into a basin shape,
and the nearly flat sediments above it took the same form.”* Fig. 11. If this
solution of the origin of the basin is the true one, then it is an extraordinary thing
that not a-trace of the conglomerate, not a flagment not even a pebble has been .
found below the intrusive. This means that every vestige of the Animikie series
‘was broken off and raised from the uneven surface of ‘the rocks on which the
series rested, and that the intrusive was injected precisely along this contact.

As an alfernative explanation to Coleman’s the following origin of the basin is
" suggested. This explanation is ‘given because mining operations have shown that
the norite- mlcropegmatlte has a gigantic dike-like form as well as a sill-like form,
Tigs. ¥ and 8. .

The alternative explanation suggests' that the preliminary stage in the
formation of the basin may have.begun by a great block of the earth’s crust
gradually faulting down-for several thousand feet, carrying’ with it Animikie
sediments. It may be further supposed that the nor ite-micropegmatite then forced
its way upwards and avound the faulted block. After the consolidation of the
intrusive there followed a prolonged period of erosion, and the rocks were denuded
to their present level. The conglomerates, tuffs, slates and sandstones of the
Animikie, which extended beyond the outer ‘edge of the intrusive, were thus every-
where carried away by erosive agencies, except the Ramsay lake conglomerate and
similar rocks in :Falconbridge township. The immense block of these sediments in
the basin, however, was preserved from annihilation by the depth to which it had
been carried down by faulting. : S

“Later » Granites

There are several areas of granites which have come to be spoken of as “later,”

r “younger,” granites, meaning that they are.later in age than the norite-micro--
pegmaﬁté.- The later granites were originally referred to by Adams’, and after-"
wards by- Walker”.. Some of these intrusive masses occur within the norite-miero-
pegmatite itself, as, for example, those about $wo miles northwest of the Murray
amine and those near Whitson lake, There are other granites which are met with

. -
* The Nickel Industry, Canada Dept. of Mines, 1913, p. 10.
* Jour. Gen. Mining Association of Quobec, 1894-95, p. 49,
® Quart. Jour. Geol. Soe., London, Vol. 53, 1897, pp. 40-66.
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Fig. 12—Coarse-grained granite dikes cutting norite, lot 2, concession IV, Snider

township; north of the town of Copper Cliff, Ontario;: Many of these granite
_dikes intersect the norite between Crean Hill mine and Copper Cliff, apparently
. showing that the main mass of the granite is younger than the main mass of

the norite:



:
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af the contact of the norite. Omne of these occurs to the east of the Murray mine.
Tt has a length of three miles and a width of about a mile, and is believed by
Coleman to be “ distinctly younger * than the norite- micropegmatite.! The evidence
for believing that this  granite is younger is that the gramte sends dikes into the
norite. - £ L
’I‘he age relations of the granite masses referle(l to in the p1eced1ng paragraph
are probably as outlined above. -There is a larger mass of granite, however, whose
age relations to the norite are not agreed upon. This mass is-13 miles long and
from one to two and a half miles wide. It occms as a contintious belt between
Copper Cliff and Crean Hill No 2 and forms the footwall of the Ole1ghton mine.
To the writer-this granite appears to be younger than the norite because it sends-
coarse and fine-grained dikes.into that rock, Fig. 12. Tt is only fair to add that -
Barlow and Coleman have not arrived at a definite decision regarding its age. The

- importarice of knowing its age relation to the novite is great because of the hearing

it'has on the origin of the ores, pages 181, 151. TIf, for example, the granite footwall
at Creighton mine is younger than the nonte, “then it ‘was mamfestly impossible for
the sulphides to’ ha.ve settled from. the nonte by gravity on this. ‘granite.

The views of Barlow-and COIeman on the subject of the later gran:tes may
be quotec“t Barlow’s opinions are sunnned up in the followmg palaglaph

" The mc,kel -bearing eruptive, which, in its fresh condition is now referred to as a
quartz-hypersthene-gabbro or morite, is decidedly later than, and intrusive through, the green

_.sc]usts and associated diorites. The relations between the so-called ‘younger’ granite are

much more complex and anomalous. For the most part, the nickel-bearing eruptive has cooled .
against the granite, as may be seen at the junction between these. two rocks, on the west
side of the large pit Jmown as the No. 2 mine at Copper Cliff.. Here the norite is distinetly -
finer in grain at the immediate point of contact, this rock growing visibly coarser farther away
from the line of junction: This coolmg of the morite against the granite, ‘and the produetion
of a finer-grained or chilled selvage, is espeemlly well seen in the vieinity of the openmgs
made by the Vivians on lot 9, concession VI, of MeKim township. On the other hand, in
some louahtles, certain dikes or apophyses of tlie granite seem to penetlate the norite, as may
‘he noticed along the line of junection to the northwest of No. 2 mme, at Copper Cliff; while
the intrusive nature of the granite, and its apparently later age’in velation to the nomte, is
quite mharked to the morth of Clarabelle lake, where the-line '0f junetion between the two
roeks is well exposed for a considerable distance. Besides, near the Creighton mine, the
gramte becomes decidedly more basic in the vicinity of the norite, and -a certain zone or

* belt is formed by the commingling of the material of both rocks, as a result of actual

fusion. It has been suggested that the granite and norite may have been differentiates of
the same magma, but a more reasonable explanation would seem to be that their -periods” of
intrusion were so _closely synchronous, that they overlapped.in their time of crystallization,
and that the later secretions from the s’iowel cao]mg granite magma, forced or ate their way

_ into the noute in eertmn places.

Coleman’s views on ‘the sub;ect of the later glamtes are gwen in the fo]low—

.ing quotations:® -

As explained befom, the nickel- bemmg eruptive is youugm than the “series of sedi-
ments which rest upon it, but it is by no means the latest eruptive of the district. Pene-

" . trating its edge near Mur_xay mine and Goppe; Cliff there are flesh coloured to grey, medium

1 Ont, Bur. Mines, Vol. XIV, Part III, pp. 83, 14, 15, 82, 123, 124,
2 Geol. Sur. Can., Vol. XTIV, Part H, pp. 53, 54.
. *Ont. Bur. Mines, Vol. XIV, Part III, p. 14.
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grained grarites, and within the eruptive north of Murray mine and near Whitson lake, as
well as in other places, there are pale or flesh-coloured granitic rpcks, probably ldter dikes

-or irregular bosses; so that the main laccolithic -sheet was followed by more acid flows of a '
-somewhat later age, but perhaps before the sheet had.completely lost its heat. ’ ’

o

Besides the granite and granitoid gneiss of the Laurentian, which are much older than
the sheet of nickel.eruptive and underlie it, there are-coarse and medium‘grained granite
and granitoid gneiss, probably not very different in age from the nickel eruptive, hut some-
times a little older and sometimes younger. As they occur in hands parallel to the southern .
nickel range and.at no great distance from it, they may be supposed to have some con” -
nection with the nickel rock in origin, perhaps having ségregated from the same magma -

" before ‘or after the magma of the laccolithic sheet reached its present position. The coarse

textured granitoid gneiss, often porphyritic, is, in my opinion, generally older than the nickel
Tock.? : 2 - )

e Y.

While the coarse granitic rocks ave generally older than the norite, there is 'a medium
grained flesh-red granite covering considerable .aveas fiom near Flsio to Litfle Stobie, which
is undoubtedly later in age, since it penetrates ‘the edge of the norite at Mwrray mine.?

Later than the ‘‘older morite’’ lava sfreams came eruptions of deep-seated aeid rocks, . .

- . coarse granite, syenite and granitoid gneiss, ‘generally flesh-coloured, and frequently carrying’

off ' fragments of the greenstones just mentioned and also of greywacks, and sending dikes
into these rocks. The most important area .of granite runs from Copper Cliff southwest to
near Orean Hill, as a band from one to two and a half miles wide, forming the country rock
of the nickel range for more than half of this distance, which includes the famous Creighton
mine. These rocks are of various textures and ages, some being undoubtedly older than the -
nickel eruptive and others younger? Co s Y5 s - :
The granite to the south [near the Vermilion river] becomes coarse amd ved and
markedly porphyritic as one approaches the river, and is probably older than the norite, though

- this-is nob positively proved.* =~ .

The preceding quotations show that the age relation of the granite, between
Crean Hill and Copper Cliff, to the norite-micropegmatite is not positively proved
according to Barlow and Coleman. If it can be demonstrated that the Copper-Clift
offset (dike) is part of the norite-micropegmatite then a pdrtion at least of the -
granite is older than the norite-micropegmatite, since the Copper Cliff offset is

- undoubtedly younger thans the granite. This offset, however, is separated by a lake . -
-from.the main mass of the norite. - : : :

Tt may be added that at many places between Copper CLff arid the Crean

/Hill No. 2 there are irregular, elongated. masses of greenstone intervening hetween _

the granite ‘and the horite-micropegmatite. These greenstones may have acted as
a buffer, so that the norite was protected from the metamorphosing effect of the
intrusive grgﬁiteﬁ It is otherwise difficult to explain why -the norite has been so
littlé altered by the granite,'éxcépt- -fo_r a'zone several feet more or-less in width -
along the contact. ' SR S ) . ' . 5
On_ the northern?lickél range, at the Levack and Strathcona miﬂe's,ftln* example,
there are granites and granite gneisses which are undoubtedly older ‘than the norite- -
micropegmatite. . T "3 '

w

* 2Ont. Bur. Mines, Vol. XTIV, Part IIT, p. 123."

©:2Tbid, p. 124, - . - :

3 The Nickel Tndustry, Department of Mines, Canada, 1918, p. 8.
*Ibid, p: 53. : : ' :
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" THE ORIGIN OF THE SUDBURY NICKELnLOPPER ORES

It has been Temalked that in_the case of many ore deposits thmughout the
world which- have beén closely studied no agreement has yet been reached regarding
the source of the. ores, or the manner in which they arrived at their present posi-
tions. Certain authontles, for example, consider that the Rio Tinto pyritie deposits
in Spain, among the largest and oldest known of copper occurrences, are sediments,
-*while others believe they dre magmatic segregations—two widely d1fte11ng theories.

Then there- are, evén yet, different opinions as to the origin of the famous Rand
gold deposits. The great Sudbury nickel-copper deposits have likewise proved; from .
the timé they were first discovéred, a source of controversy regarding their origin,
~and it is likely that many years will elapse before unanimity will be reached in
1espect of their manner of formation.

" Two main theories haye been proposed-to account fo1 the origin of the Sudhmy

- dep_os;ts One suggests that the nickel, copper and.iron sulphides cooled and segre- L

gated from ‘a molten condition like igneous rocks.. This is known ‘as the igneous
or magmatic seglegation theory; it is, indeed, what may be called the fashionable
theory of the day, in so far as it'concerns the Sudbury ores. The other théory
~accounts for- the origin of the deposits by supposing that the ores have been formed -
by heated waters circulating through' crushed, brecciated, fissured and sheared zones.
The waters carriéd:-in solution the components of nickel, copper and iron sulphides.
These two theories regarding the origin of mineral deposits in gemeral were the
cause of controversies throughout Dmope long before the Sudbuly deposits were
worked. . '

The theory that certain ore deposits cooled and solidified :E10m a molten con-
dition like igneous rocks is a very old one indeed. It was proposed by Fournet and
others sometime prior to 1838. The language used in explaining the theory was
clear and unmistakable. Veins “were formed similarly to the igneous rocks, by
means of an igneous fluid injection”; and, again, “the material has been intro-
duced by an igneous fluid injection and has then solidified in the fissures.”*

This is not only a very old theory, but it was at one time a very .commonly
.accepted one. Von Cotta has remarked that when the igneous origin of- many
rocks which occur as dikes had once been recognized, many persons were inclined,
dulmg the first half of the nineteenth: centuly, to consider all lodes as igneous fluid
injections.” ; ) ) . <
' The theory that ore dep0s1ts were formed by heated cir culatmg waters is also
a 'very old. one—older than the theory of igneous origin. It appears to have first
been clearly defined by Lasius in 1789, The waters were believed by Blie de
Begumont to have.been derived from volcanic exhalations.” This re_markabl'e_ state-
ment was made in 1846, - -~ 0

*Von Cntta’s [Treatise on Ore Deposﬂ:s, Prime’s Tlanslatmn 1870, pp. 71, 75, 76.
* Ibid, p. 75. " -
* Bulletin de la’ Société Geolog. de France, 2nd Series, Vol. 4, p. 1349 Von Cotta’s

" Tleatlse on Ore Deposits, p. 73.

b
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Igneous or Magmatic Segregation Theory e

The igreous origin of the Sudbury ores has.-beej'l advocated by Bell, Walker,
Barlow, Coleman, and many others. Coleman has published more information
regarding the character and origin of the deposits than has any other worker, and

 his views may therefore be given rather fully, especially as his suggestions have met

with much ‘recognition. He believed. that: )

.. . . 'the ‘ove bodies form" part of the edge .of a'great eruptive  sheet hﬁvmg a
length of 36 miles, a breadth of 16 miles, and a thickness of a mile and a quarter. ‘While
cooling, this molten sheet underwent magmatic segregation in which gravitation played a large

part, so that the heaviest ingredients, the ofes, sank to the lowest points, merging upwards °

into morite, the next heaviest rock, which passes upwards into granite, the lightest rock of

the sheet) [Tig. 11.] -

This conception of the formation: of ore bodies of igneous origin was fore-

~ shadowed in a crude but remarkable manner by D. C. Davies prior to 1888. . Speak- .
~ ing generally of ore bodies of this type, although not referring specifically to Sud-

bury, Davies wrote:

- The eruptive mags would also be- itself -charged with whatever metals prevailed in it
" ag it lay quiescent in the furnace below: In the process of cooling, especially if this were

slow, this heavy metallic matter would 'sink to the hottom of thé overflowing mass and
gravitate towards hollows in the underlying rock. This affords an illustration of the way
in which a contact deposit lying underneath an eruptive rock may have.been produced.’

.- The éoncepit_ion of the settling of sulphides by gravity was also advanced many
years ago in connection with the Meinkjar nickel mine in Norway.” Bell likewise
suggested this idea regarding the Sudbury ores.! - “If the diorite,” Bell wrote,

“flowed out originally upon the nearly horizontal surface of the other rocks, the

constituents of the ore which it contained may have sought the lower portion of

tHe mass.” The theory was later applied hy (Coleman, as shown in the abové_ quota-

tion, to explain the formation of the Sudbury ores.

‘While Coleman believed that the theory of magmatic segregation accorded best
with the facts, he considered that there had been some subsequent rearrangement of
the ores by solution and redeposition in all the deposits.”  Indeed, he went so far
as to say that a few deposits, such as the Worthington and Vermilion mines, may
have been formed principally through the action of heated water circulating along

fissures at distances, sometimes miles, away from the edge of what he called the- °

great eruptive sheet or sill’

Qoleimini divided the deposits into the fgliowing types:

1 Jour. Geol., Vol. 15, 1907, pp- 759-782; Ont. Buy. Mines, Vol. 12, 1903, pi}._.?-.‘T(i-ES]:.
* A treatise on Metalliferous Minerals' and Mining, D. C. Davies, 4th ed., 1888, p. 30.

sQOre Deposits, by Beyschlag, Vogt and Krush, 1914, Truscott’s translation,” Vol. T,

p. 292. ' . )
4 Bull. Geol. Soc. Am., Vol 2, 1890, pp. 125-137. .
& Ont. Bur. Mines, Vol. 14, 1904, Part TIT, p. 17.
s Thid., p. 19. P -
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Margindl— X . E - _
a. ¢ Dipping toward the axis of the basin—ores with comparatively little rock and moro
‘than twice as much nickel as copper.’’ Examples: Creighton, Blsie, Murray,
* _b. “ Faulted marginal—irregular in shape and character—usually mixed with much rock -

and carrying as much copper as nickel, or sometimes more.’” Examples: Crean’
Hill, Garson. ) : Y :

. Offsets (dikes)— = C

a. ‘¢ Columnar offsets, ‘roughly eylindrical bodies ilearly vertical and going to great
depths. Ore usually rich in copper and the precious metals.”” TExamples: Coppor
Cliff, No, 2. : . e ; R

* b, ¢¢ Parallel offsets—not_columnar, but she.!ebh'ké,‘ dippitig inward toward the basic edge. .
" Ore like that of the usual marginal deposits.’’ Examples: Frood, Stobie.

. ‘H_e ladva.nced the foliowing arguments to plfové that the ore bodies were formed .
by magmatic segregation:’ ' : :

A Kz Thé. ores are eye‘rywhew‘.as‘soeiatéd.- with the norité of a éi.ugle eruptive sheet, _N’o

ore peeurs without norite. No long stretch of the lower edge of the morite or’ its’

dikeé-like offsets is entirely devoid.of ore. T . o

B. ‘¢ Norite and ore are mixed in every degree from rock’ enclosing scattered particles of .

. .ore, to-pyrrhotite-norite in which ore-and rock aro in equal amounts, and finally"to
-almost pure ore with a few rock-forming minerals seattered. through it. This
relationship is found at eévery mine. Norite gspotted twith ore is sometimes found in

binds a long distance from the nearest ore body .and separated from the hasic edge .

by rock free from ore. . ) :

C. ‘¢ The adjoining rock,. granite, gneiss, greenstone or greywacké, is never spotted with
" ore, and separated bodies of ore are never enclosed in it, but veinlets of ore may
. penetrate the country rock, and almost-always ‘blocks of it are enplosed in the ore.
The shattering and erushing of the country rock took -place when the mickel eruptive -
forced its way between the upper sediments and the lower crystalline rocks, and
" the heavier and probably more fluid sulphides’ filled all the spaces thus opened.
" There are often clean walls of country xock against-large bodies of pure ore.

D. ¢¢ The freshest norite is generally close to the ore bodies and i§ often shotted with ore. -
* The best preserved hypersthenes at the Murray, Creighton and Gertrude mines are .
in sections containing sulphides and not in spegimens free from sulphides at a.'dis-
. tance from the mines. No considerable amount of rearrangement caused by.water
could have taken place without changing so susceptible a mineral as hypersthene
into secondary minerals. , e 7 ¢ gy plE

. ‘¢ The marginal ore bodies show hardly a trace of hydrothermsl or pneumatolytic-action,
Tliere are seldom any of the minerals usual in deposits formed by water exeept very
small quantities of quartz and calcite, and these are often in seams cutting the ore

. and .evidently  of later formation. There is no banding such as one finds whera .
cavities are filled with minerals deposited from: solution; mor are-there concentric
structures about the rock fragments enclosed.in. the ore, B ow e

W

R The deposits are ‘extremely uniform, as shown By Dx; Barlow, a fact hard fo account.

for in mines scattered along a length of 35 miles with entirely different counfiy
rocks on one side, unless they have had a single source, the norite, which" is as;
- monotonpus as the ores themselves. o .

G. f The largest ore hodies are where bays of the norite project into the country rock or.
. on offsets from such funnel-like bays; there i3 seldom a’ deposit of iniportance
*along a straight margin; and no ores are found on parts of ‘the margin which
project inwards instead of outwards. - This is intelligible if the oré settled into {he
hollows: under the molten sheet, but quite undecountable if it was brought in
solution: from elsewhere along thé channels furnished by the contact.’’ . &

[

“- *Thid, pp: 18, 19,
. 9 nN®
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- There are some objeétions to the theory of magmatic segregatioﬁ. . Before - . .

giving these objections, however, it'may be pointed out that all observers agree there

is some connection between the origin of, the ores and the norite, just as there is, .
- for instance, between the cobalt-silver ores and the dlabase of Cobalt and the sur- - -
- rounding region.

Tn argument B it i§ si'ated that-ore and nonte are mixed in every degree from
rock enclosing pa.rtmles of ore, to pyrrhotite-norite, in which ore and rock are in
equal .amounts, and, finally, to a,lmosﬁ pure ore with a few rock- fcnmmg mmerals '
While it is true that norite and ore are “mixed,” as Coleman points out, it is also
tive that granite and ore, gleenstone and ore, and quartzite and ore are also -
“mixed ” in the same manner. Nevertheless in margmaI deposits it has been found -
that thé commercial ore bodies occur almost wholly in the rocks adjacent to the -
norite, not in the norite. The contact between commercial ore and -norite is
genelally a comparatively abrupt one. This is pa.rtmﬂa.rly true at the Greighton

" mine where the massive sulphides occur inore or less’ sharply defined against, the
-lean

. spotted » norite.! Indeed, at this mine it may be said that as soon as the

norite hanging-wall is encountered the commercial ore body. ends.

.'In the case of argument ¢ it may be said it has since been found that granite,
gnelss greenstone, greywackeé, schist, quartzite, .anid other rocks are “spotted * with

- The “ spotted *? granite at _COreighton mine is quite fresh. Tt has, further, been
pomted out in-the preceding paragraph that the commercial ore bodies do oceur
almost wholly in the adjoining rock, the conspicuous example beéing the Levack
occurrence. The Levack ore body occurs entirely in the granite gneigs, and is
sepavated from the morite by 40 to.220 feet of granite gneiss, Fig. 40.

- It is urged in argument D that the norite is too fresh to have “allowed tha

- jsulphldes to have been introduced by solutions. The norite is very-fresh at most‘
* . deposits, but at such occurrences as the- Garson and Victoria mine it is often
s0 badly decomposed and altered to a schist that it is difficult to distinguish it from

other altered rocks. At deposits where it has remained fresh, the expla,na,tlon seems

to be that the rocks generally were but slightly affected by the introduction’ of
" sulphides, as the granite at the Creighton, for instance, is as fresh as the norite.

Probably at the time when argument E was brought forward it was not known
that, at such’ deposits as the Garson, Victoria and Crean Hill, quartz and calcite, '
particularly the former, are present in such quantities as to suggest that the ores
were - deposited- from solutions. " At the Garson mine, for example; some 35,000

* tons of quartz have been mined and shlpped and there still 1ema1n in the ore body
~ many thousands of tons of this mineral.

In the case of ar gument I it is agreed by those who supp01t the theory of -
deposition from heated waters that the norite, or the reservoir from which it was,

“intruded, was the source of the ores and of the heated waters. L

Tinally, it may be pointed out, in the case of argument G, that thele are too
many notable exceptions to the statement that the ldrgest ore bqdies are found
“where bays of the norite project into the country rock.” Omne of the largest
ore bodies in the entire area, the Levack deposit, does not occur in a “bay ” in the

norite. This is also true of -the Crean Hill mine, the second largest producer in _ N

1918, belongmg to the Canadian Goppe1 Company. -

‘Sea pages 146, 147,
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_ Tn addition to ‘the objections abové outlined, there are other reasons which
make it difficult to accept the theory of magmatic segregation—particularly that
-variety of segregation in which gravity is thought to have played an important
part. It-has, for example, been found that in many deposits fragments and blocks
of norite are found cemented f;ogether'by sulphides; Figs 24, 25. It is, therefore,
. ‘évident that the norite had solidified -before the sulphides weré. introduced.
' ~Microscopic studies alsobear out the fact that the sulphides had mystallmed later
“than the rock-forming minerals of the norite. This Dbeing true, it is not casy to -
- accept ‘the- statement that the sulphides settled through a molten’ norite magma, '
- In another part of this report, pages 128-125, it is shown that,the granite foot- '
" " wall at the Creighton mine is younger than the norite hanging-wall.” This_age -
relatlonshlp between the granite and norite also presents an obstaclé to a, hehef n
© gravity segregation. . )
.. . Little or no macrmatm differentiation has taken place in the norite at’ Grelgh-
, f;on or-Muwrray mines. Chemical -analyses of the norite at these two mines show
" that the rock is remarkably uniform along the basic edge. At the Creighton, for .
. example, for a distance of 3, 250 feet from the contact there is scarcely any change
“in its composition. :
Fven the most ardent behevers in magmatlc segaegatmn declare that heated .
" waters may have play(,d the principal role in the’ formatlon of some deposits—the
Wmthmgton Vermilion, and perhaps the Crean Hill.' There appears to be, how-

. ‘ever, no essentlal dlﬁerence between such ore podies aé the Worthington and - -

* Crean H111 on the one liand, and deposits like the Creighton and Garson on the

other.. It wogld seem that an explanation of the formation .of one class would also

. aiccount for the .origin of ’the other. All of the commercial ore bodies are of the -
.same monotonous ‘character; that is to say, they consist largely of rock fragments

- .cemented togéther by sulphuies “ Spotted.” rocks, ie., ‘those with “ spots %= gnd

2 blebs ' sélphldes about the size of peds, oceur at a,ll the deposﬂ:s

Theory of Depositwn of 01 es from Heated Waters

" The difficulties confronting a belief in magmatic segregation seem to make 11,
necessary to turn fo an alternative explanation a8 to the-for matmn of the ores: That
explanatlon is the one which suggests that the ore bodles were formed by the -cir-
¢ulation, of heated, mineral-bearing waters thlough openings and lines of disturb-
ances—crushed, brecciated, fissured and sheared zones.: The-heated waters con-
" fained i in solution the components of nickel, copper and iron sulphldes, and prob-

ably to a minor extent lime, magnesm silica, and other matenals The mckel

copper and iron were precipitated mamly as pentlandlte chalcopynte and
pyrrhotite. Regaldmg this explanation of the origin of the ores Kemp,? although'
-3 believer in magmatic segregation, has remarked: this theory is a time-honoured
one; it involves nothing unreasonable, and has the support of some of the ablest
' mvestlgatom

*10nt. Bur, Mmes, Vol 14, Palt III, p. 19, and The Nickel Industly, Mines ‘Branch,

. Walker,

"Ottawa, 1913, p. 52, A P. Coleman Bconomm Geologv, Sept.-Oct., 1915, pp. 536- 542 ST L

* Ore Deplomts of the Umte& States and Canada, J. B Kemp, 1903 P, 61 62
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It suggests that the Iocks have been. crushed blecma.ted fissired and sheared or .
“othérwise disturbed: In marginal deposits, these disturbances:took ‘place mainly in g
the rocks ad;acent to the norite and-only to a minor extent in the norite itgelf. - Tn " el
offset” deposits (dikes) the crushmg did take place largely in the dikes. There is- -
ample proof of these dlstur‘bancea, singe the ore bodies consist mainly of fragments s
and blocks of rocks of all sizes, cernented together by sulphIdes, Tigs'14, R0. These »
fragments possess great variety -in ‘shape, and _they consist of granite, gleenstone, A

norite; gabbro, quartsite, greywacké, and other rocks. They may bé almost wholly
replaeed or impregnated by sulphldes .the process of replacement is pmtmulaﬂy

. - well seen at the Creighton mine, where all gradations ave found between coarse-

grained granite fragments that are slightly replaced by pynhotlte chalcopyrite of. "
pentlandite, to ore in which only a few specks of granite rémain, Replacement or
:mpregnatlon lras also taken-place in fragments of norite at Cr elghton, e

Tig. 14—~Charactel of ore at Levack mine, third level,
: Sudbury area, Ontario. Black represents sulphldes,
" white represents granite-gneiss. Width of face 4 feet.

. The walls of the marginal and offset ore bodies are also universally replaced.

or mplegnated by ore whether they consist of norite, granite, greenstone, or any '

“other rock. Usually- this process of 1eplaeement or impregnation is accompanied
by little ox no alteration of the rocks, this being particularly noticeable in the case.
of norite and granite at C1e1ghton The walls of ore hodies such as the Garson and
Victoria, however, have usually suffered great alteration. Norite and greenstone
a.t these two deposits ¢ are often entirely altered to schists and gneiss,

_ Tn the case of offset deposits (mmemhzed dikes) the process-of -crushing and
brecciation has also taken place. . The Wor thington and Howland ore bodies are
examples of this type of deposit. The sulphides have been introduced thmugh

) the crushed: offsets, the labter being partly replaced or impregnated by the ore. * -

‘There is ot lacking direct evidence to show that the sulphides were introduced
by heated, waters. Such minerals as quartz and calcite are of common occurrence,
. s prevmusly -mentioned, at the Garson, Olean Hill, Victoria and Chicago mines.
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" Quarts is found. in large quantities at the Garson. Quartz and calcite are com-

. " 'monly formed by deposition from circulating waters. - In the majority of deposits, -
-however, these two minerals constitute a very unimportant part of the ore bodies.

To'the ques\tion *“ Where did the heated, circulating waters, which formed the

- ore bodies, come from ?” it must be replied that it is not possiblé to give a definite

anstwer. -1t may be-pointed out, however, that, prior to the formation of the-ore -
bodies, igneous activity, ie., the .eruption of masses of igneous rocks, took place-on ..

- a stupendous scale in the Sudbury area. -One of the earliest eruptions -appears-to

have been'the greehétpne_ (sudburite): This was followed by intrusions of gabbro,
after which the norite-micropegmatite was injected into the crust of the earth.

“Then came the intrusions of “later” granites. Thus theré were ab least four
" “distinot eruptions of igneous rocks prior to the formation of the-ore bodies. With-

out: doubt each one of these eruptions gave off heated waters. during and after-its.

" injection. Inasmuch as the ore.bodies are more closely. associated with the

_norite than with any other rock; it would appear;that the heated waters given off

. “later™ granites.

by that immense. mass of ignesus material, ‘or from ‘its -deeper 'seate(‘i, moltem.
reservoir of rock, may have played an important part.in the formation-of the ores.

inally, in speculating as to the origin of the ore-bearing waters which formed

the Sudbury deposits, there is. the possibility that these solutions may have

emanated directly from the same deep-seated veservoir of igneous material which
gave off the successive intrusions of gréenstone, gabbro, norite-micropegmatite, and

" In the preceding paragraphs the discussion on the origin of the oi*es_ has been - -

E gi-w_rgn in order to bring out bioth sides of the question, and to show that unanimity
" - of opinion has not.yet been reached.* - - * :

_*The most recent publication on’the’ Sudbury deposits, and similar occurrences in

. Norway, Sweden, South’ Africa, California and elsewhere,-is by C. It Tolman, Jr., and

Austin T. Rogers. -This publication was reeeived while the Report of the Ontario ‘Nickel
Commission was going through the press. Tolman and Rogers do mot appear to have visited

‘- the Sudbury area in order to-study the deposits in the field.” Their work was doné in the
"laboratory: Nevertheless the writer is in -enfire agreement with their statement that the

ore bodies were not formed by the sinking of the sulphides-in the molten: magma: Objections
to the theory of gravity segregation were pointed out by the writer in the Engineering and
Mining ‘Journal for May 6th and September 23rd, 1916, Tolman and Rogers concluded
that oves of this.class throughout the world have been introduced at a late magmatic stage

. as a result of mineralizers, and that the ore-minerals replace the silicates. They regard

sulphuf as a mineralizer of importance. They believe that a sulphide melt, similar fo that
in -the ‘reverberatory furnace, does mot exist after the final consolidation of the silicates of

- the magma.. They believe that the ‘‘molten’’ .condition of the sulphides must be due to’

_mineralizers in such amounts that the characteristics of the mixtures are those of a high-

temperature solution and not a melt. They find no support whatever for the idea that the

“sulphides separated as molten mixtures and solidified later.. -Regarding the Sudbury ores in

particular these authors state that the ore bodies were not formed by the sinking of ‘the ores
in -the molten magma, Summing up their, conclusions in- respeet of” the Sudbury ores .
Tolman and Rogers say: ‘¢ Although the orés are believed.to be magmatie they have been .
formed at the end of the magmatic period by the replacement of the silicates.”’ (Leland
Sulphide Ores:’’ Eng. and Min, Jour., Feb. 3rd, 1917, pp. 226-29.) - &

*

. Stanford Junior University Publications, University series, 1916, ‘¢ A Study of the Magmatic
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" DESCRIPTION OF SUDBURY ORE BODIES . Y

During the 1atter palf: of the summer of 19]_6 elght mines were producmg in
the Sudbury area, namely, the Crean Hill, Creighton, No. 2 and Vermilion of: the .

Canadian Ooppe1 Company, and: the Garson,-Levack, Victoria and Worthington ‘of ‘

the Mond Nickel Company. Development work was heing done on-the Muriay
mine of the British America Nickel Corporation. -The Mond Company pumped out -
the Blezard mine and were testing it by means of diamond drills. Important -
diamond-drilling operations ‘were also being carried on by the Longyear syndlca,te
in the township of Talconbridge. It may be- added "that, in- addition to the ore-
obtained from the mines mentioned, the Mond Nickel OOmpany wag-purchasing a

comparatively small qluntlty of ore from the Alexo mine, Whlch lies beyond the
boundanes of the Sudbury area. : . :

i Descrlpfnons of the deposits at the propertles mentioned, Whele ore was bemg -
- produced, in the summer of 1916, will be given under the heading of " Working

Mines. Afterwards descmptlons will be given of the deposits that were lying idle.

An estimate of the tonnage of ore deveioped in the Sudbury area is glven
on a preceding page.

WORKING MINES
The Crean Hill Ore Body

. The Crean Hﬂl mine is located on lots 4 and 5 in the ﬁfth concession of
Denison tpwnshlp. It is served by the Algoma - Rastern railway, and is distant from
the town of Sudbury about 18 miles. The ore reserves at the end of 1916 amounted

. to about 2,000,000 tons..

The oldest rocks in the vicinity of the deposit are qﬁartzites and greywackés

- " ‘belonging to the Timiskaming or Sudbury series. They constitute a relatively

siall part of the formations and appear to be mainly inclusions in the greenstone.
The greenstone, which is younger than the quartzites and greywackés, is a fine or
medium-grained rock of about the composition of diorite or other ‘closely related

- type. -It is the most important rock in conmection with the Crean Hill mine -

because the ore occurs largely in it. After the gleenstone there followed
the intrusion of the norite, and, when it sohdlﬂed breceiation, crushing and shear-
ing took place.along the contact, but mainly in the adjacent greenstone. Then

‘followed the introduction of the sulphides along this crushed and disturbed zone,

forming the ore body. When the formation of the deposit was complete, it was
figsured, and a dike of trap rock was 111;]ectec1 through it and the adjacent green-

‘stone and norite. Finally, as is often the case in the depomts throughout the area,

fissures were again formed and dikes of olivine diabase were injected, mtelsectmg
the tmp dike, ore body, norite, greenstone and quartzite.
In addition to the rocks above mentioned there are ‘dikes and irregular in-
trusions of granite intersecting the.greenstone and nolite )
The shape and size ‘off the main ore body are shown in the compo&nte plan, .

. facing page 134, which gives the outlines on the surface and on various levels down

to the ninth.. The main’ ore body has been worked to a vertical depth of about 750

-
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feet (the ninth. level) below the collm of the shaft. On. the surface it has a mam-:"'
mum dimension in a north and south direction of more than'- 300. feet, but with~

depth it appears to become smaller, the Wldth bemg about 100 feet: on the ninth
level. ,'On the fifth level, Whleh is, about 300 feet veltlcally below the collar of the

shaft, another ore body is helng worked .at a distance of about 500, feet. westward )

from the main deposit. This ore body is smaller than-the mam deposit. - There is
a third deposit about 1, 600 feet westward from ‘the main ore body.. It has been -

worked by an open ‘pit, the.lattei having a length of 150 feet, a width of 45 feet .

and a depth of 25 feét. No wo1k was bemg done here in the summer of 1916

&

Fzg 16—Cleau Hill rock house and shaft, Novembm 24th, 1916, Sudbmy area,
Onta,uo .

_~ The main ore body occurs lalgély in the greenstone. Down to about the
fourth level the ore oceurs wholly in greenstone, but at thls level norite forms the.
mnorth wall of the deposit, and at lower levels some ore does oceur in-the norite,
The second ore body, which is being developed on the fifth level some 500 feet west
-of the main ore body, occurs about at the contact of greenstone and norite, some-
" commercial ‘ore being found in the norite, but mostly in the greenstone and to a
certain extent in quartzite. The third ore body oceurs at the contact of norlte'
- and greenstone, mainly in the Iafter.”
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The mineralized zone in which the ore bodies described above occur has a
length of about two-thirds of a mile or more and a maximum twidth of 500 or 600
“feet.. It occurs at the contact of norite and greenstone, but mainly in the green-
* .stone. "The ore bodies consist largely of crush-conglomerates and crush-breccias of ~

. . greenstoné, The fragments and blocks of these crush-conglomerates and .crush-

bleccms are cemented together by sulphldes The sulphides also occur in vemlets_
and in disseminated grains.

_ The contact between the norite and greenstone hzvs been encountered at
. various places in the workings, and its angle of dip has been determined. In the

. Fig. 1’(~—Showmg character of ore at Crean
Hill m.me, second level, Sudbury area,
o, st tey . _ Ontario.. White" 1@resents greenstone;
‘ ' . black represents -ore. The width of the -
' face mdma.ted in drawmg is 15 feet.

shaft section, for example, I‘lg 18 the norite dips to the southward under the
‘greenstone at an angle of 50:0r 60 degrees to about the sixth level, helow which it
becomes about vertical. Some 500 feet westward from, the main ore body the.
angle of dip is 80 degrees, ambre or less, to the northward. -In the pit 1, 6(}0 feet
westward, from the main ore body the contact appears to be vertical,

" In several parts of the mine well defined faults have been encountered. They
'consmt of crushed .zones averaging 2 or 3 feet in thickness, the fragments
being made up of brecciated rock d@nd ore and much soft, clay-liké material. Two
-of these faults, Fig. 18 intersect the shaft between the thnd and fourth levels
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Tig. 18—Cross:section A B, see Fig. 15, through Crean Hill ore body along the shaft section,
Sudbuty area, Ontario. The upper portion of the deposit oceurs entirely in the green-
+ stone, while the lower portion oceurs at-the contact of greenstone and norite, partly in
the greenstone, partly in the norite. There appears to have been little or no displacement
of the oré body along the faults in the upper part of the deposit. From ecross-section

by the Canadian Copper Company.,
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‘They rise towards the northeast at an angle of about 20 or 25 degrees, and appear *
cn the second level in the great open pit. It is evident that these two faults were
formed long -after the deposition of the ore body. No trouble has been
experienced in following the ore on opposite sides of both faults. The throw, if
" appreciable, has .not been determined. At no place in the mine have these two
faults, or any others, been found in contact with the olivine diabase dike at the west
. side of the open pit. It would appear, however, that the faults were formed after

- the dike had solidified.” - The reason for believing this is that the material in the

faults is recent-looking, soft, and loosely cemented together, and it would seem that,
if the faults were older than the dike, molten material from the latter would almost
cerfainly have found its way through this loosely cemented material. It may be

I‘1g 19—Shcmmg character of ore at
Crean Hill mine, fifth level, Sudbury
area, Ontario. “White- represents

" greenstone; black represents ore.
The width of the face represented in
the drawing is 2 feet..

added tha,t similar dikes and faults occur at.the thona mine less tha,n two miles
distant. Here the faults are younger than the' dikes. g
. The sulphldes which form the ore bodies at Crean Hill appear t0 have had an
origin similar fo those in other deposits in‘the Sudbwry.area. They have probably
been deposited from heated, mineral-bearing waters which circulated through the
.crushed and disturbed zone along or nesr the norite-greenstone -contact. The -
presence of noticeable quantities of quartz and calcite in the ore gives confirmation -
to this opinion; and the fact.that the g1eenstone is completely altered- at tlmes
-to a schist is additional evidence.
_ The Crean H111 ore is very rocky, and it is necessary -to hand-pick from it
- 'b0 per cent. of rock. "The hand-picked product still contains 28 to 85 per cent. of
silica ; it carries 2.14 per cent. of nickel and 2.91 per cent. of copper.
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The Crexghton Ore Body

The Grelghton ore body is the lar gest n1cke1 mine which is bemg worked in the - :

, world, and, at tlie same time, one of the greatest metalhferous mines of any kind.
Although the Frood mine is a larger deposit, and proha.bly has four times the
quantlty of ore blocked -out, it is of lower grade and more 1ocky, and for these
_ reasons is not being worked at the present time. Probably the gleat importance of.

the Glelghton mine justifies a more detailed descuptlon than is given to other . - )

properties.
Thete are said to be 10,000,000 tons of .ore in the mine, estimated by actual
workings and diamond drill.

The mine is located at the southwest corner of Snider township, on lot 10 in -
the first concession, about 11 miles by wagon road west of Sudbury. A colored .
- geological map on a scale of 200 feet to the inch accompanies the Report The’
Algoma Eastern railway passes within a stone’s- -throw of the shafts.

Cieologwal History

- The history of the 1ocks a.mi their relation to the ore body are outhned in the
_legend ‘below, the “older rocks being shown at the bottom of the table and the
younger at the top. It may be fepeated that these rocks are all of pre-Cambrian

age. . o : :

‘Olivine diabase dikés

Trap dikes

Ore body

Granite

Norite

(Greenstone

The oldest rock in the vicinity of the Creighton is.what has' been called .
greenstone. It is generally coarse-grained and looks like a gabbro or diorite; there -
“are-also fine-grained facies of the rock. The coarse-grained greenstone resembles
soméwhat the norite, but it appears to be more decomposed than the nonte and Jhas
- a'greener shade, the norite having' a grey tint. -

The eruption of the greenstone was followed by the great norite intrusion, -
That the norite is younger than the greenstone is shown by the fact that it has
chilled against the latter. It also holds inclusions of the greenstone, one of these
larger masses being shown on the map about 1,000 feet to the north of the open pit. |

- The character of the. norite has been described elsewhere in’ the Report, but it may
be repeated that, mineralogically and chemically, the composition of the rock is
very uniform for a distance of at least 3, 250 feet northwestward flom the 01elghton
pit.

After the norite had sohdlﬁed the granite mass, whlch occupies parts of
Graham, Waters and Snider townshlps, was intruded. It broke, its way through the
crust of the earth along the norite-greenstone contact. The age relationship of the
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grani{e is shownin an outerop about 800 feet north of the Creighton open pit, where A
the contacts are well exposed. Here the somewhat schistose norite is breceiated for
about 10 feet from the contact into angular blocks from a few inches to 2 or 3

“feet in diameter. These fragments of norite are.cemented together by the coarse- o

grained granite; ory put in other words, dikes of the granite penetrate the’ norite. .

'through this brecciated zone. It is- clear from this-and other evidence that the .

granite is younger than the novite. The age relation is well shown at the east side
of a small lake on lot 2 in the fourth concession of Snider township, where dikes of:

the coarse-grained granite may be.traced into the novite. Hundreds of gramte

chkes penetrate 4he norite’ e,long the. contact between Copper Cliff and Crean Hill
mine.

I‘1g ZO—Gharactel of ore at Clelghton mine, Sudbury. |
. area, Ontariv, eighth level, 10 feet from hanging
wall. 'White . represents mck b]ack 1epresents
- sulphides. Wldth of face 5 feet

The next event, and the one Whlch unmedutely preceded the formation of the

; Clelghton ore body, was that which was represented by a period of tremendous ,

crushing and brecciation a.long the norite-granite contact. A great crush-breceia
and c1ush—conglomerate, of granite, greenstone and norite fragments, were formed."
: A period of ore deposition closely followed the crushing and brecciation ; and
magmatic soluhons carrying sulphides, circulated upwards. through the crushed

. rocks and deposited nickel, copper and iron sulphides in the spaces between the

rock fragments, replacmg the latter to some extent. ’I‘hus was the Creighton ore-
body formed. 5 : _
After the formation of the ore body fissures were fonned in-all of the rocks in .
the vicinity of the deposit, including the deposit itself, and dikes of trap were in«
truded into greenstone, morite, gramte, and the ore body. Ore deposition had.

-+ practically ceased before this.took place, for the" trap dikes are free from ore except '
« for small veinlets along the edges. The dikes do not cut entirely across “the ore. -
~ body, but appear to have penetrated it only a relatively short distance :



14 ' REpORT OF THE ONTARIO: NICKEL COMMISSION - No. 62

- The final chapter in the history of this marvellous ore body was closed by.the
formation of another serjes of fissures through which were eruptéd -coarse-gr: ained"
olivine diabase dikes. These dikes cut the ore body and the trap dikes described in’
" the previous paragraph. Their relationship to the trap dikes is beautifully shown .
_about 1,100 feet northwest of the open pit. Here a coarse, olivine. ‘digbdse dike

cuts gacross the. trap. Actual contacts are exposed. which show the olivine diabase '~

o have cooled and chilled against the ttap dike. The same relat1onsh1p may be

" - 'seen about 3,000 feet north of the pit. - The width- of the trap and diabase dikes

-varies from about 20 to 75 feet or more. It may be added that C. H. Hitchcock,
of the, Canadian’ Copper Company, fivst recognized these trap dikes as distinet in
age from the later olivine diabase dikes. . On the map- of the Creighton mine in
the office of the company the diabase dikes are shown intersecting the trap dikeg,'t _

’ ] Shape and Size of Ore Body

The shape of, the Ore1ghton ore hody is shown by a model, facing page 142,
constluoted by oﬂ':icuﬂs of the Canadian Copper ComEany The white, horizontal
hnes represent thé! various levels, and the altitude of these levels above or below sea
level are noted.. Fl B is a- photograph of the model looking at the west side of the
ore body; Fig. C isia photograph looking’ at the south end and I‘lg A looking at
the north end of tﬁe ore body o N

The upper palt of the model was constructed flom information . obtamed
_ mainly from actual wo1kmgs, while the lower part. was outlined by mébans of .
* information derived from diamond-drill cores. In July, 19186, thére ‘were but two
- crosscuts and no stopes in the ore. body on the.twelfth level. Three months later
there were .five crosscuts on this level and stoping had already begun. On the
* tenth and higher levels, however, the shape and extent of the deposit had been -
asceltamed mostly from kamgs which consisted of crosscuts, drifts, and stopes.

From the model it is seen that the central part of the deposit is lenticular;
that is to say, its length is much gleatel than' its. width, so that the ends “ pinech”
or taper out gradually. The upper and lower parts, on the other hand, are roughly
oval in outline. It may be stated that its known depth is about twice its maximum
length. Of eoﬁrge it is not possible to say how much of the deposit has been eroded
during past geological ages. And it may also be noted that the depth to which the
deposit goes has not yet been ascertained.

. The ore body has a knowi. depth of about 2,000 feet measured along 1ts-
average dip of 45°, but the ‘model .only shows the ore body to a depth of about
1,600 feet measured along-its dip.. Dianiond drilling ceased at about 2,000 feet, but
the last drill cores still showed the presence of ore. ‘The maximum length is
about 1,000 feet. The width on the surface is about 180 feet.. Between: the fifth
and sixth levels its width. becomes abruptly less, so that on the sixth and eighth
levels it has only a width of about 50 feet. Beléw the eighth level, however, it
again becomes wider, and on the tenth it has increased to about 130 feet. Below
this the diamond-drill cores show it to be even w1del, in fact wider than in the
great open pit on the  surface.

Lt
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There is-a small ‘isolated :ore body, near the surface, southward from the main
one. Its relative size and position are shown by the model. ; :
~ More precise information, than is given in the preceding paragraplis regarding .
the length and width of the deposit may be obtained by consulting the composite
plan facing page 144. The plan shows the horizontal outlines of the ore body on the -
third, fourth, fifth, sixth, eighth and tenth levels. The outlines have been obtained °
largely from actual workings. Since the plans areé horizontal sections, it is

- necessary to allow for the average dip of thﬁa ore body in ascertaining the actual
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Fig. 21—Tdeal evoss-section through Creighton ore body, from the surface to the
proposed eighteenth level, showing the nature of.the deposit. Black repre-
sents ore. The norite is-*‘spotted’’ with-‘‘blebs’’ of ore, about the size of -
peas, for 2,000 feet heyond the ove body. This ‘‘spotted’’ morite is mot"
indicated in the drawing except along the edges. The granite is also
“‘spotted’’ with ore, but to & much less extent than” tlie norite, While the
commercial ore body oecurs about at.the contact of the norite and granite,
‘nevertheless the commercial ore body is found largely in the granite footwall
—mot in the mnorite. . T

width at any point, For instance, if the plan shows the deposit to have a horizontal
width of 100 feet, then the actual width, allowing for the dip, is about 70 feet.

Nature of the Ore Body

The ore 'body occurs about at the contact between granite and norite,. the
latter forming the hanging-wall, the ‘granite the footwall. It has been named a
marginal deposit. The ore body, however, is found largely in the granite foot-
wall, and it may be said that the limit of the commercial ore is met with when
the norite hanging-wall is encountered. Sometimes, indeed, the commercial ore
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.ends befme the norite is met Wl‘th in which case massive granite forms, not only- :
the footwall but the hangmg-wall The strike of the ore body is about north -

and south—really a few degrees east- of north. The exdct strike on the third,
fourth, fifth, sixth, eighth and tenth levels may be seen by consulting the composﬂ:e
~ plan faemg page 144. The dip of the ore body is about 45° to the Westwerd and
there appears to be no-change on the lowest parts of the deposit.

"An examination of the stopes, crosseuts, drifts and -other. workings has’ shown v

" that the ore body -consists of a ‘mass of rock fragments cemented together- by

’ Vsplphld__es Diamond-drill cores from.the lower _part of the deposit have also

-demonstrated this feature. Therefore; when the model of the ore body is looked at,

it miust not.be thought of as consisting of pure sulphides. "The “rocky ” nature of
the ore is  demonstrated by the fact that from. 10 to 16 per cent. of rock is hand-
~ picked from the ore, and there still remains from 18 to 21 per cent. of silica in this .

I‘lg 22—Character of ore at 0ra1ghton mme Sudbmy area,
Ontario, ninth level, near hanging wall ‘White repre-
gents greenstone houlde1s, blaek represents sulphides.
‘Width of face 414 feet.

hand«picked product. Of course the number of rock fragments in the deposit
_ varies greatly in different parts of the mine. At and near the footwall and hanging-
~wall, and at: the north and south ends the rock fragments are most numerous: and,
on the whole, largest. Here they may occur in such numbers as to make the ore
too rocky to be of commercial value at present. Sometimes, on the eighth level,
for instance;,"many blocks of rock of large size—5, 10, or 15 feet in diameter—
occur in the centre and all parts of the ore body. However, it may be said that,
generally speaking, the ore body is less 1ocky in the central peltlons than on the
sides or ends. -
- The size of these rock fragments varies from great blocks 100 feet Iong down
to specks which are visible only under the nneroscope
The’ ha,nd~plcked ore contams 444 per ‘cent. of mekel and 1.56 per’ cent.
of eoppe1 ' : - . .o
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_ . ?robébly the average size of the fragments on the haﬁging—ivall and footwall -
and the ends of the deposit varies from 5 or 6 inches," and-less, to 2 or 3 feef.

- This rocky variety of ore on the hanging-wall and footwall may at times -extend

into the central parts of the deposit for as many as 30 feet before the fragments
become - smaller and ' less numerous, thus forming the purer or massive ore.
But even in this massive type of ore it is rare to find sulphides in which tiny
specks of Tock do not occur, 2 ' o
The shape of the fragments is infinite in. variety, varying from round or oval . .
to sharply angular. Sketches showing their outlines are illustrated in' Figs. 6, -

©. 20,22 and 2b.

The. rock fragments 6qnsist of granite, greenstone and norite, or, whete they
are very small, of the various minerals which constitute these rocks, 4.e., feldspar,

Tig. 23—Polished surface of ore, showing veinlets of sulphides (white)

replacing or impregnating rock; magnified 88 diameters; Creighton

- mine, Sudbury area, Ontario. The sulphides replace or impregnate

all the rocks at Creighton mine, whether they conmsist of norite,
granite or greemstone. Photomicrograph by Wm. Campbell.

_quartz, hornblende, pyroxene, and other minerals. The presence of the greenstone
fragments is to be accounted for by the fact that frequently the granite footwall
holds. immense inclusions of greenstone. The diarfiond-drill cores, indeed, show
that in the deeper part of the deposit the greenstone forms the footwall. The
granite and greenstone fragments are most numerous, and are found in all parts of
the ore body. They extend across the deposit to the norite hanging-wall. ‘The
norite fragments, on the other hand, appear to be confined largely to the proximity
of the hanging-wall. Of course some of the norite fragments may have been so

* tiuch altered that it may be difficult to. distinguish them from the greenstone.

" The contacts of many of the fragments with the sulphides are sharp and knife-
like. ~ As contrasted with this, there is frequently a transition between the frag-
10 n* ' . :

et B
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ments and sulphides, as if the outer parts had been replaced and replacement had-
ceased before it had extended into the central parts. . Sometimes, however, the
replacement has continued until a particular fragment has been almost. wholly
replaced. - Often veinlets of sulphides ramify irregularly through the fragments,
and if the latter-are schistose, as is frequently the case with the greenstone, the
veinlets of sulphides follow along the schistose planes. Sometimes it is found, too,
that “blebs * of sulphides about the size of peas occur in the fragments, whether
they consist of ‘granite, greenstone or norite. When the “blebs” occur in the
norite, the latter has been called “ spotted ” norite.

It is common to find veins of sulphides extending from the .ore body and

_penetrating the granite footwall and norite hanging-wall for 25 or 50 feet.

Fig. 24— ¢Diagrammatic drawing illustrating the character of the contact between
massive sulphides  (black) and norite (white),’’ Creighton mine, Sudbury -
area, Ontario. Drawing by E. Howe. The face represented in the drawing
has a length of 20 feet. The. drawing illustrates the fact that the ore was
introduced after the norite had solidified. ‘ .

Contact Betweén Ore Body and Norite Hanging=Wall

The character of the confact between the ore body and the norite hanging-wall
has given rise to discussion. It has been stated that there is a gradual transition

. between the pure sulphides and the norite, but this statement does mnot agree -

with more recent observations, including those of B. Howe. The contact between
the ore body and hanging-wall of norite is,.comparatively speaking, abrupt. It may
be three or four feet, sometimes more, sometimes less. In places it is a few inches,
the commercial ore body ending abruptly against norite which-is slightly impreg-
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nated with sulphides. Probably the relationships have.been described best by Howe _
in. the two following paragraphs:®

Aside from the impressive size of the Creighton ove hody, its most striking feature is
the character of its econfact with the norite of the hanging-wall. At a number of places in
the open pit and in stopes at lower levels the change from ore to rock ‘with no sharp Jine
.of separation is well shown. The transition may take place within a space of three or four
feet, or may extend over as many yards. The character of this gradation of rock into ore
calls for special consideration, as it constitutes ome of the criteria upon which is based the
théory of gravity segregation of thé sulphides from the magma. - According to most of the-
descriptions one expects to find the mearly pure sulphides pass by imperceptible inerease in

- the quantity of associated silicates into a rock in-which sulphides are sparingly present as
. accessories or altogether absent. While there is undoubtedly a gradual change from ore to
rock, it would appear to be due to a mechanical mixture of sulphides and norite in the
trazsition zone and not to a graduation in a mineralogical sense. y :
In all places where transition from ore to rack is supposed to exist, the norite has

- - been extensively shattered in the neighbourhood of the ore, and ‘the sulphides appear to have

penetrated the norite along the eracks and fissures so formed, while angular fragments of

Fig., 256—Shows relation of sulphides to norite hanging. wall.
* White Tepresents mnorite; black represents sulphides.
2 " - Bighth level, Creighton mine, Sudbury éarea; Ontario. -
. ‘Width of faee 15 inches, The drawing illustrates
the faet that the sulphides were introduced after the
norite had solidified. . ’ .

norite are included in the sulphides close to the rock, Fig., 24. The veinlets of sulphides die
out gradually in the norite away from the massive ore, while the rock fragments included in
“ the sulphides become less numerous and smaller in size as their distance from the hanging-
wall increases. There is thus a transition from ore to rock in a mechanical sense, and, from
a mining standpoint, the expression is justifiable. Neither megascopically nor with the aid
of the microscope could the writer recognize a petrographical graduation. ’

* @enerally the norite for several feet from the contact of ore body or granite’
becomes finer in grain. The explanation of this appears to be that it originally
chilled against the greenstone. At 'a later time the granite was intruded at the
contact between the greenstone and norite.

_ . Contact Between Ore Body and Granite Footwall
The contact between the granite footwall and the ore body is much the same

. “ag that bétween the ore body and the norite. There is, however, a’ slight

" preponderance of chalcopyrite in. the ore body at its contact with the granite.
The contact is more irregular along the granite footwall than along-the norite

* Beonomie Geology, Vol.. IX, September, 1914, p. 514.
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*_hanging-wall.” To illustrate this, crosscuts Nos. 9 and 10 on the iﬁelftﬁ_level_ may
be cited. The contact of-the ore body and massive, barren granite in No. 9 crosscut’ .. -

is sharp, comparatively- speaking, the transitional material having a width of only .-
two feet. On the other hand, in No. 10, the adjacent crosseut to the 1101th the.-
transitional_materlal has a width of about-50 feet or more. Here vems of sulphldes
6 to 15 inches in width are found intersecting the granite. They Increase in size
until blocks of granite several feet in diameter are enclosed in sulphides. The
granite blocks become smaller and.smaller’ as the ore-body is _approached, until, '

* finally, more massive ore is found.

.. Mineralization of Hanging= Wall and Footwall - ) S,

"The ha,ngmg—wa,ll is mineralized for a distance of about 2,000 feet to the west
of the ore body. This mineralized area extends.in a northeastward and south-
westward direction for about three-quarters of a mile. The general outlines of

‘. this “ gossan,” as it is called, are shown on the large scale map. of the*Creighton
.. mine which accompanies- this Report. Considerable drift: covers the gossan, and it
.t dlfﬁcult to obtain-the outlines accurately, so. that the boundaries as shown are

“to be considered applomma.te :

The mineralization is most intense nedr the ore, hody, and its intensity -
decreases irregularly ad” the distance from the ore body increases. Some of the
mineralized norite near the c'leposﬂ; contains from 114 to PEVA per cent. of nickel and

. copper combined, but ‘it ‘does not at the present time constitute commercial ore.

Part of the mineralized norite- 18 fresh-looking, and it has been stated by
Coleman and Barlow that undecomposed hypersthene is found closely assoclated_

. with: the sulphldes However, it is .equally true that much, it is difficult to say

what per cent., of the mineralized norite is slightly sheared or brecciated and

altered. It often contains great numbers of angular and round inclusions of dther . .,

rocks, mcludmg greenstones. It would seem that there has been encugh shearing

- and brecciation to have allowed sulphide-bearing solutions to-circulate. through and

penetrate the rock; thus accounting for its mineralization. &

The - trap and olivine diabase dikes, described elsewhere, cut sharply across
the mineralized norite and ore body, showing that the period of ore deposition
took place before the dikes were intruded. They are practically barren of sul-
phides. In places the trap dikes have chilled against certain well-defined -shear
zomes in the norite, proving, further, that somie of the shearing of the norite ook
place before the dikes were intruded: '

The mineralization of the granite footwall is s much less intense tha,n that of’

~ the hanging-wall. It extends into the granite a maximum distance of about 100

feet, but for the most part it is much less, probably 25 or 50 feet. Dulmg'the
process of impregnation the sulphides sometimes formed “blebs” about the size.
of peas in the granite, resulting in what may be called “ spotted ¥ granite, I‘lg

26, which is analogous to the “ spotted  norite of certain writers. The remarkable

" point about the. granite, which has been partly replaced or impregnated- by sul-

phides, is the freshness of the minerals which'constitute it. The feldspar retains
" its pink colour and bright, shining, cleavage faces. Evidently the solutmns did
not decompose the granite to any appreciable “degree.
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. Paults

~ In many parts of the mme, particularly between the s1xth and ’centh levels, a
fault or slip has been encountered. It has not been proved to be continuous, and
occurs about at the contact of the ore body and the norite hanging-wall. Fre-

" quently mining operations are carried to the fault, but rarely beyond, so that-the -

* fault often constitutes the limit to which the commercial ore body may be mined.
-~ It has not been ascertained if.any great movement has taken place along this fault;
. which is two or three inches wide, or more, and often has clay-like material-

in it. . The rocks on each side have sometimes been rendered schistose.  The
failt was evidently formed after the ore body, but a little deposition of ore has
taken place after the fault was formed, for some sulphides occur'in it, and frag-

Fig. 26—“Spotted” gramte, actual size. Black represents su.lph.uies ; white represents’

~granite. The sulphides 1ep1ace or impregnate the rock. Creighton mine, Sudbury
a1ea., Ontario.

" ments of the schistose rock from the mdes of the fault have been found cemented

together by sulphides..
Less frequently a somewhat similar fault is found in the footwall, between the
glamte and ore hody. Othe1 faults occur elsewhele in the mine.

o

Dikes lntel sectmg Ore Body

There are two series of basic dikes which intersect the ore. body The older
set is the trap dikes referred lo elsewhere. The. map of the Clelghton mine shows
-one of these ‘dikes at the northwest side of the. open pit. On the third level
of the open pit what is probably this same trap is found on the hangmg—wall at the
northwest- end of the plt The workings show that 1t extends down to about the
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-sixth level. ‘A similar trap has heen observed on the tenth level and ﬁt other lparts '

of the mine. These dikes are barren of ore, though sometimes they haye been
shghtly brecciated, thus allowmg stringers of ‘sulphides a few inches in width to

“ramify through- them, particularly along their edges. The deposition of these

sulphides along the edges of the dikes must have taken place long after the forma-
tion of the ore body. The traps are intersected by numerous jointing planes which
are often slickensided. The presence of the joints sometimes causes ftrouble in .
mining operations when the dikes are met with, the rock having a tendency to fall. -

.The dikes consist essentially of plagioclase and hornblende, with an ophitic texture.

They are properly named uralitic diabase, but have been called trap in this Report
in mder to avoid confusing them with the olivine diabase dikes.

" The younger series of dikes is the olivine diabase. One of these occurs on the
surface at the northwest end of the open pit, and it may be traced to the southeast
across the ore body., It is well exposed on the first level of the open pit, where its
fine-grained, chilled edges are seen in actual contact with the sulphides. Before’

. reaching the granite footwall it breaks up into four or more smaller dikes. Hven

in the case of these diabase intrusions there has been a small amount of mineral--
ization after they solidified, for, small veinlets of sulphides cut them, at and near
the edges. = The formation of the ore body and the mineralization of the hangmg—
wall and footwall .were plactlca]ly completed before the mtrusmn of the trap and

"diabase dikes.

© An analysm of the trap dike is gwen in the table below:

a

Tab]é showing- Chemieal Composition of Tm.p Dike in the Open Pit, at Gre1ghton Mme, on

. the Eangmg-Wall of the Third Level at the No1th End.

L=

Bi0; ceivrsnioeianiassrrvsrirasnian Fesssanngns 52,.54
ALy i i e s T R R 16.10
Fei0f osiai soim SV ST s ST S A 5.88
TaD st o i S5 i A R R s 9.94
G0« cuveshas oe o o o6 STV ERTE T PRV sRnT T v 7.35
MO g s 6l EvEY B¥ Frips SHBET VRS 5 1.66
Nl vvpvisamvimmevasai v e i EEmet s isewa e 3.02
e L S T A2 1.58
= 10 e SO 1.84
OO; s e e §0 SR TR AT AR Trace

I L ST SR 99.91

Origin of the Ore Body

From what has been said in prece(hng paragraphs it is evident that the forma.- _

“tion of the Creighton ore body was preceded by a period of tremendous brecciation

and crushing along the contact of granite and morite. That this crushing took
place largely in the footwall is shown by the fact that most of the rock fragments
in the ore consist of granite and greenstone, while the norite fragments are con-
fined mostly to the vicinity of the hanging-wall. In other words, the commercial
ore body occurs in the granite footwall—mot in the noritex Sometimes indeed
the granite actually forms the hangmg—wall as well as the: footwall Generally
speaking, it may be stated that, when the norite hangmg-wall is me’c with, the
commercial ore comes more or less abruptly to an end.
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In searching for an explanation of the origin of the Creighton ore body: an
observer is soon ¢onfronted Wlth the fact that the gravity segregation theory does
not appear to be a suitable one. That theory supposes that while the norite was -
still molten the sulphides settled to the hottom of the norite, largely. by meang of
gravity, and rested on the granite footwall. Now it has been shown elsewhere that
the granite footwall is younger than the norite hanging-wall. Thus it is clear tha

" the sulphides could not have settled on'the granite, since the latter otk was not

intruded until the norite solidified. While the Glexghton -ore body is not referred
to, nevertheless this objection to magmatic segregation was pointed out many
years ago by Frank D. Adams;* and later by L. P, Silver.?

A second point which presents an obstacle to a belief in gravity segregation is
found in the character of the norite hanging-wall. The norite at its contact twith
the ore body is brecciated into fragments for a distance of from 3 to 12 feet
or more, Figs. 21, 24. . The sulphides cement these blocks and fragments together.
It is evident, therefore, that the sulphides were introduced after the norite had
solidified. This being so, it is apparent that gravity seglegatmn cannot he accepted
as an explanation of the origin of the ore.

It would.seem that it is necessary to fall back on “the time-honoured theory
of depoqmon from heated solutions. This theory requires little explanation. The

_-crushed nature of the granite footwall and of part of the norite hanging-wall

presented an ideal zone for the circulation of heated aqueous solutions, These °

' solutions possibly carried little else than sulphides. If is supposed that they came

from great depths, and nearer the surface the sulphides were precipitated, ﬁlhng
the spaces between the fragments in the crush-breccia and crush-conglomerate. * As
might "be, expected, the hanging-wall and footwall and the fragments composing
the crush-breccias and erush~conglome1ates are more or less replaced or impreg- -

"nated by sulphides. Since the ore body dips at an angle of 45°, it is obvious that .

the solutions in rising along the contact would also tend to.rise vertically and

. - penetrate into all the cracks and crevices of the norite hanging-wall. “This appears -
to be exactly what took place, for the mnorite is impregnated or replaced by-
‘sulphides for as much as 2,000 feet or more from the granite.. The impregnation .
‘is naturally greatest near the contact, and it becomes gradually less as the distance - -

from the contact increases. It may be added that, under present economie con-

-ditions, there appears to be little commercial oré in the norite.” The .granite foot-

wall is mineralized only for a maximum distance of about 100 feet beyond the ore
body

"An examination of the mmerahzed portion of the norite for 1; 000 feet from
the ore body shows that a minor ‘amount of crushing, shearing and brecciation has-
taken place. This was accompanied by‘some alteration of the rock. At the same
time it is true that much of the norite in this mineralized zone is perfectly fresh,
even when heavily impregnated with sulphides. Tt is also true that the granite
where it has been replaced by sulphides remains fresh, the feldspars retaining their
colour and lustre. The immense stopes of the Creighton mine demonsirate that

_there are ‘all' gradations ‘between granite slightly replaced. or impregnated with

* Jour, Gen. Min, Ass. Province Quebec, 1894-95, p. 49.
?Jour, Can, Min. Inst., Vol. 5, 1902, pp. 536-542,
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'sulphides and ‘granite which is almost wholly replaced. In the 1a,tte1 case the

remaining specks of feldspar still retain their fresh appearance. '

It is evldent, even to those who favor magmatle seglegatmn as an ex'planatmn
of the ongm of the deposit, that some of the sulphides were deposited from hot .
waters. The sulphides, for instance, which  occur along the. brecciated edges of the
trap and diabase dikes were unquestionably deposited from hot waters long after
the norite solidified. . There appear to be no special chaiacteristics which dis-

* tinguish thesé sulphldes in the trap or diabase dikes from the sulphldes in the

ore body.

It may be added, in connection with the origin of the ore body, that the
suggestion hag been made by B. Howe® that the sulphides were injected in a

~molten state as a later intrusive after the morite had solidified. The wiiter is

in entire agreement with Howe’s statement that’ the sulph1des came ‘in after the
‘norite had solidified, but whether they were ‘infroduced in a molten condition
or-by means of hot magmatic waters may be a debatable question.

No. 2 Oré Body, Canadian Copper Company

The mine belongmg to the.Canadian Copper Conipany, known as No. 2, is on

“.the northern outskirts of the town of Copper Cliff:

The deposit occurs in.a dike of diorite or gabbm,'which is considered by some
writers to be connected with the norite about a mile to the north. The
dike, which is from 100 to 180 feet in width, intersects coarse- gramed granite and
greenstone. . The youngest rocks in the vmmlty of the mme are diabase dlkes which
cut all the yocks mentioned.-

"The shape and size of the ore body on the various levels are shown on the-
composite plan, Fig. R9.

- The character of the ore body does not dlﬁm from that of other deposits in
the avea. The ore consists of fragments of the diovite dike cemented together by
sulphides; and of stringers and irregular masses of sulphides which replace or
impregnate the dike. Much of the diorite is spotted ¥ with blebs of ore. The:
mineralization appears to be confined wholly to the dike. The fact that fragments
of the diorite dike are enclosed in the sulphides shows that the sulphides were

'fn_trodu‘ced after the dike had solidified.

A fault intersects the dike of diorite in which the ore body occurs. The
plane of this fault dips about 48° to the northwest, Fig. 27. The hmizonta.l”dis-
placement, or throw, has been proved by workings to be about 350 feet, but the
vertical movement has not heen ascertained. "The fault completely cut off the ore
body, and although the dike itself, spotted with ore, has been found 350 feet to the

. southwest, Fig 28, the commercial ore body has not yet been located, in spite of a
" vigorous campaign of diamond drilling. It has not heen determined whether the

fault-is normal or reversed. If it is normal in character and the throw is great,
thousands of feet; it may be that No. 2 mine. is simply the faulted-down portion
of Copper Cliff mine, which is about half & mile to the south. If the throw-is

1]3001101111& Geology, Septembel , 1914
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Fig. 29—Composite plan showing outlines of ore body on the surface, and the fourth, fifth,
gixth, seventh, eighth and ninth levels,’ No. 2 mine, Canadian Copper Company, Copper
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of the Canadian Copper Company. '
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" less than this and also normal, it may be that the lost ore body occurs: below the

drift. at some point between Copper Cliff mine and No, 2 mine, in which case

ot mlght be ‘advisable to run an exploration drift, following the dike,” from the

uuderground workmgs of Copper Cliff mine to No. 2 mine. :
“Very little oré was being broken in the - fall' of 1916, but ore was still’ bemg

ralsed from the stopes. Unless the continuation of the ore body on the other side -
of the, fault’ can be located, the main ore body of the mine is wmked out. It‘

has been one of the 1mp01tant mines of the area.

Thele is ore along the- dike to the northward of No 2 mine as far ag Lady
; Macdonald Lake, a Jew plts having been opened here and there. '

~ The Vermilion Ore Body. .

The Vermilion was the- smallest deposit in the area which was being worked in

".the year 1916. It is of valie on account of the presence of the precious metals,
- . gold,. silver, pla,tmum and palladium. Were it not for these metals it would -

not pay to operdte-the property for the nickel and copper contents alone The

" mine is situated on Iot 6. in the fourth ¢oncéssion of Denison townshlp, -about a
. -mile south. of Crean, i,

. The deposat consists of a number of small-veins or 1rregu1a1 bodles of ore flom

! few inches to about 15 feet in diameter. 'I‘he largest ore shoot yet encountered

is only 38 feet long by about 15 feet wide. These ore hodies occur in an irregular

fashion in the rocks, makmg it difficult to discover new ‘ones. The ore is found in '

greenstone, quartzite and norite.- It is evident that the rocks were fractured and

. that the ore was introduced into the irtegular fissures and crdcks so produced. Ore .

shoots have been found to a depth of . 115 feet, but exploratwn W01k has been'

carrled to-about 150 feet in depth :
' The deposit: contains-an unisual number of mmerals, mcludmg pyuhotlte,

chalcopyrite, bornite, chalcocite, native- coppel, cassatente, native gold, sperrylite,
mlllente polydymite, and quartz, :

It is- generally agreed by all observers that the ore was 1ntroduced by hot-
water, circulating through the cracks and irregular fissures in the rocks.

Aside from its interest ds a producer of precious and rare metals, the Vermilion

is noteworthy on account of the fact that the mineral sperrylite, PtAs,, was dis- "
covered at the propaty Spenyhte was afterwards shown by G. R. Mickle * to occur- -
. mostly in chalcopyrite. It was found by F. L. Sperry, after whom it was named. -

.'Speny forwarded the matenal to Messrs Wells and Penfield, who made the deter-

mmatmn

- Thé Garson- Ore Body

' " The Garson ore body is located about 10 miles northeast of Sudbury, on lots
. 4 and 5 in the thlrd concession of the townsh1p of Garson. It'is connected with.

the main line of the Canadian Northern railway between Toronto and Winnipeg by
a bmneh line. ' ' '

-

1A, P, Coleman, Ont. Bur Mines, 1905, Vol. X1V, Part IIT; P 161
The Nickel Indmtly, 1913, p. 29, A. P. Coleman,

~7
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"The mine occurs. on a hill at the north edge of a great sand and gravel plaln,

_.these deposits of sand and gravel have covered much of the contact between the

norite and adjacent rocks and also much- of .the ore bodies, Fig. 81. The drift
and the. schistose and mineralized character.of the rocks have obscured the age
rélationships of the formations. Judgmg, however, from genera.i geological con-
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Flg 31—Greologmal map of Garson mine, showmg outline of ore hoéhes on first Ievel, and
) " location of crosssection A'B G, Sudbuly area, Ontario. -

hornblende ete. " Pillow structure: and amygdaloidal fextufés'wefé ﬁoted in the

- gleenstone in one instance about a mile to the east of thie mine, but these appear

t6 be rare.” Following the gleenstone the great norite intrusion then broke into

" the crust of the earth. . This rock in thie vicinity of the mine for 200 or 300 feet

- from the contacthay been partly altered by shea,ung and other stresses to a schist
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- ditions elsewhere in the Sudbury area, the oldest rocks at the Garson mine appear .
* to be schistose quar taites and greywackés of the Timiskaming series. Probably the
- .vock- nmext in’ age is greenstoné. = The latter is ‘generally fine-grained, some-
“what schistose. at-'ti‘rnes,-;consi@s_ting almost altogether of dark green minerals,

praBcy

or gnelss, and is .much- decomposed, resembling in these respects’ the norite bt .

thorla, mine. It is intersected by dikes of medium-grained gra.nlte as wide as

30 feet which” contam only -small amotnts of colouled mmerals, %.6.,, mica or
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hornblende. The, relation of these d1kes which are plobably aph’ces, to the ‘ore
pody has not been observed. After the shearing of the norite and adjacent rocks ‘
took place the ore body was formed. This is evident from the fact that fragments.
of the schistose norite are found embedded in the sulphides, and stringers of
sulphides often cut actoss the schistose planes of the norite. Finally, all the rocks

previously mentioned, and the orve body as well, are cut by fresh diabase dlkes- o
which resemble in texture and freshriess the olivine diabase dikes’ Whmh are of - -

common occurrence elsewheré in the area. One of these dikes, having a width of.
17 feet, cuts the ore body on the ‘sixth level, and ‘another is found on the surface
about a quarter of a mile northeast of the shaft.” A’ strmgel from thie lattel dike
intersects one of: the granite dikes referred to above. ;
The Garson ore body is pr obably the Tost complex, in respect of its form, of any .
of the deposits which were being worked:in the summer of 1916. It has been
referred to by other writers as a faulted marginal deposit. Mining has been czuned' -
on to a depth of 600 feet vertically, but exploration by- diamond drill has demon-"
strated that the deposit continues to at least a depth of 1 800 feet measured -along -
the dip of the main ore body.
.The occurrence . really consists of three ore bodies; t.e., (1) the main ore
body, (2) the northwest ove body, and (3) No. 16. The outlines of these ore
- bodies on the first, second, third, fourth and sixth levels are shown by the comp031te
plan, facing page 158. :
© The(niain ore body has a genelal nmtheast-southwest strﬂ{e and a dxp of
53 to 60 degrees to the somtheast..- Tt will be seen from the composite plan that -
it is lenticular in shape, and forms, roughly speakmg, an arc of a circle, the
northeast part bending easterly,. and -the southwest part bendmg southerly.. Of
the marginal deposits, i.., those which occur at or near the contact of norite and
'ad]a.cent rocks, the main ore body. at the Garson is-unusual in respect of its-dip -
to the southeastward, most of the other marginal dep031ts along the southern
range dipping Veltlcaﬂy or to the northwestward. The main ore body has a length. .
.of about 1,000 feet, or more, and, in places, a width of 100 feet, or more. It

has been mined to the sixth level, about 600 feet vertically, but diamond-drill cores. - - =

-show that it.extends to at least 1 800 feet in depth measired along 1ts dip. _

The northwest ore body, as its name implies, strikes to the novthwest. It lias
a steep dip of 80° or 90° to the southwest. The deposit, consists of three lenses
which pitch towards the southeast. = Little mmmg hag been done on the, northwest '
ore body below the fourth level. ’ '

The ore body, known: on the surface as No. 16 is a narrow vein-like deposit
which strikes to the southwest and dips at about the same angle as the main ore
” hody; .e., 53° to 60° to the southeast.. = g, 2

" The three ore bodies have probably been formed along lines of fissuring, the" '
ﬁssmmg havmg been accompanied by shearing and brecciation.” The shearing has
often beexri so intense that the wall rocks have been altered to schists, making it '
difficult to detennme what kind of rocks these 'schists were originally, whether
~ norite, greenstone or greywacké. The schistose character of the wall rocks is in
strong contrast to the wall rocks of such ore bodies as "COreighton, Murray, Worth-
ington, ete., where the rocks usually 1etam their massive chalactel

v S

4



1917 DESORIPTION OF SUDBURY Orz BopiEs — 159

The main ore body occurs near the contact of norite and adjacent rocks, the
latter consisting of greenstone, greywacké or quartzite. The ore appears to oceur -
for the most part in-the adjacent rocks, although some is found in the mnorite.’
However, the schistose character of the wall rocks, including norite, makes it
difficult to always ascertain whether the ore bodies do oceur in the norite or the
other mentioned rocks. The problem is sometimes complicated also by the occur-
rence in the norite of great numbers of quartzite or other inclusions, as may be -
seen on the surface at the southwest end of the main ore body. When the norite
with these inclusions has heen rendered schistose, the difficulty of ascertaining the
character of the rock, particularly-below the surface, is readily appreciated. On
the sixth level, however, the ore body appears to occur. mainly in schistose grey-
“wacké and quartzite. -k T ' '

Narthwest Orebody
Main Orebody

T+ . - FEan B
oRE S | wome : > | eReEnsTONE

. Tig. _32——.Diagramma.tic drawing along lhie: A B_C, see Fig 31, showing ore bodies at

“Garson mine and their relation to the norite and greenstone. .

At the northeast end of the main ore body the rocks on the surface are massive
and non-schistose, their character and relation to the ore being shown in a pit and
winze near the northeast end. The sulphides here are found: along the brecciated
contact of greenstone and norite, angular fragments of both rocks being cemnented
together by the sulphides, while veinlets of ore penetrate into cracks in the norite

- and greenstone. R R o - :
" Although the relation of the main ore body to the wall rocks may not always be

" clear, for thée reasons given above, the relation of the northwest ore body, on the

other hand, to thé wall rocks seems quite olear. The northwest ore body oceurs’ .

at the contact. of the norite and greenstone or grey\‘v:idké, mainly the greenstone.

The ore body, while following the contact, occtrs nevertheless almost wholly in the
.-greenstone, Figs. 31 and 32. ' :

" The telation of the third ore body, that one known as No. 16, is also simple.

Tt oceurs wholly .in the greenstone, and is undoubtedly a fissure vein in which the

wall rocks are impregnated or replaced with sulphides. ‘

.
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. A diagrammatic cross-section: through the three ore hodies is shown in Fig. 82,
and it illustrates the relation of the ore bodies to the enclosing rocks. ‘
The walls of the ore bodies are for the most part commercial, that is to say;'
mining ceases when the amount of sulphides in the rocks becomes too small to pay..-
-~ . Rarely are sharp contacts between the sulphides and wall rocks found. - Mineral-
ization has followed along:the fissures-and brecciated zones and has penetrated -
every crack and crevice. The ore bodies, like the other deposits in the Sudbury '
area, contain great numbers of fragments of-the ‘adjacent, rocks: norite, gieenstone,

' ek 4aiLs =
; / 7 //f/
/ I/// "y
/// |
Lo /, /
P/ Wy - - ;

. Fig. 33—Diagrammatic sketch showing ore body and schistose
‘rock on hanging-wall,- Garson mine, - Sudbury area,
Ontario, sixth level. Black represents sulphides ‘Width
of face 12 feet.

‘greywacké and quartzite, or their schistose equivalents. The rocky nature of the .
" ore is shown by the fact that 25 per cent. of rock is hand-picked from the ore, and "

this hand-picked product still contains about 24 per cent. of silica. Like other
-ore bodies the large stopes often confain great masses of . rock, too low-grade to - -
work, surrouﬁded by richer material. The ore contains 2.4 per cent. of mickel’
“and 1.7 per cent. of copper: o '

. Ope.. Quartz vein

-,
Y : _ Norite

‘Tig, 34—Diagrammatic sketch showing quartz vein
on foot-wall of main ore body, Garson mine,
Sudbury area; Ontario. 'Bhe width of the cross-
section represented in the sketch is 20 feet.

The Garson.ore bodies are replacement or impregnation deposits formed along,
fissured, brecciated and shearéd zones. The sulphides are found impregnating or
replacing the rocks, Wﬁetherl they " consist of .norite; greenstone, greywacké or
quartzite. They occur in' almost pure masses, or in.irregular veinlets, or in
dissgn_ﬁnate& grains. That they were infroduced after the norite had solidified
and even after it was rendered schistose, is proven by the fact that blocks of the
massive and schistose norite are cemented together by the sulphides. Where the
norite-is schistose, veinlets often cut ‘across the schistose planes. '
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A markéd feature in the main ore body is the unusual amount of quartz.
associated with the sulphides. Between the surface and the fourth level the quartz

" gceurs in the form of -a vein cutting the norite; the vein constitutes the footwall

of the ore body for a few hundred feet in length and-down to the fourth level.

‘This quartz vein averages about 6 feet in width, but the width is variable, being

from a few feet to 12 or 14 feet. The contact between it'and the sulphides is not a

“sharp one, Fig. 34, the sulphides ramifying into the ‘quartz in veinlets. as if -

they had been -deposited a little later than the quartsz. This .assumption is

.+ strengthened by the presence of well rounded fragments of quarts embedded in,the

sulphides. About 85,000 tons of the quartz have been mined, demonstrating the

“large amount of the material. which is present. There still remain in the mine
‘many thousand tons.” Apart ‘from this quartz.vein on the footwall of the main

_ore body; the ore bodies contain an unusual amount of quartz, so closely inter-

mingled with the. sulphides t_hat"it is impossible to escape the conclusion that the
two wore deposited during the same period of mineralization. In addition to the

" quartz there i§ a lesser amiount of calcite, also closely intermingled with the ore,
Tig. 35. <, : : ’ :

Tig. 35—Veinlet of caleite and quartz containing also
sulphides, Gaitson mine, sixth level, Sudbury area,
Ontario.  Cross-hatchéd avea represents caleite and
“quartz, with some sulphides; Black: represents sulphides;
white represents.rock. Width of face 12 inches. The -
caleite, “quartz -and sulphides “appear to have been
deposited during the same period of mineralization. '

Veinlets, an inch or so wide, of calcite and gal_éna, occasionally intersect the ore

lLodiés. -

A .well-defined” fault occurs on. the sixth l'evel'igo feet southeast of the-

shaft. Tt strikes north and- south and dips at an angle of:about 30° to the east.

The extent of the movement along the fault has not been ascertainied, but it does

_not appear to have disturbed the ore body to any appreciable degree. Along the

fault the rocks and ore body have heen crushed and the rocks altered in part to .

clay-like material. . Sligkensided surfaces are common.. Thigefault appears to have,

formed long after the deposition of the ore bodies. Tt ig sitnilty?in character to the
‘well-defined faults at Crean Hill and elsewhete, R e T
i - :
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Tig. 36—Sixth level,  Garson mine, Sudbury
- area, Ontario, showing manner in which
the sulphides replace the schistose rocks.
Width of face 3 feet: Black represents . .
sulphides; white,, rock, . T

Tig. 87—Character of ore at Garsonr mine, Sudbury area,

Ontario, sixth level. White represents rock fragments,

_ some of which are schists; black represents sulphides.
"Width of face 5 feet. : :



|

1917 Desorrperon oF Supsury Ore Bobiks | ' _'163

The origin of the Garson ore bodies seems reasonably clear. The schistose and

" altered character of the wall rocks, their replaéed and impregnated condition, the
" presence of large amounts of-quartz, and to a less degree of calcite, and the vein-like

nature of some of the ore bodies appear to indicate that ‘the deposit was formed by.

“deposition of:' the sulphldes, the quartz and the calcite from hot mrcula{:mg
. waters. © -,

. % gaitam
Tig. SS—Fragment of sehist in.gulphides, sixth level, Garson
mire, Sudbury area, Ontao.. The majority of rock
-fragments in’ the ore at Garsou +mine are sehists or
schistose roeks. Wldt.h of face 15 mches

g_. T
!J

e T

The Levack Ore Body,

The Levack mine is situated on-lots 6 a,ncl 7in ﬁle second concession of Levack

. township. It is about four miles to the northeast of Levack station, which is on
. the main line of the Canadian Pacifi¢ 1allway A blanch line of the rallway has

been built to the mine. ;
The geology of theé .deposit appears to be compalatwely s1mple, the 1ocks in

- the vicinity consisting chiefly of gmmte-gnelss and the norite-micropegmatite.

The granite-gneiss contains many fine . to ‘medium-grained greenstone

_inclusions, - Somietimes these are drawn out into long schistose or gneissoid lenses,

in which veinlets. of granite have been injected parallel to the schistose or

‘gneissoid planes, “This has produced a banded gneiss. At other times the gTeen-

stone inclusions are brecciated into round or .mgula,r fragments, and the granitic

‘magma has “been: mchted into the spaces between ~the f1ag}ments These basic
‘greenstones, which now constitute a part of the granite-gneiss- complex, appear
“to have been, described as sudburite by C. Brackenbmy Cutting .this complex

there afe several ﬁne grained basic dikes near the mine. These have not been
seen in contact with. the. ore hody or the norite, so .that their age relation to the
deposit and to the notite was nof ascertdined. The norite at-its contact with the

 gneiss strikes to the northeastivard ; and the Workmgs and the diamond-drill cores .

show that the ‘Gontact, dips to the southedst -at an average angle of 45°,. The:
contact between ‘granite-gneigs and norite, is 1ot .exposed: in ‘the vicinity of the
fnine. About 4 miles to the ‘northeast, however, ‘at the Big Levaek a good.contact

-is met with, and it is seen that the norite is younger than the granite-gneiss.- The

norite comes sharply against. the gram’ce -gneiss, there being no transition zone
between the two rocks.

’Ont Bur. Mines, Vol. 23, Part I, pp. 194-201. An excellent petrogmphm descnphcn

* of the xrocks at Levack mine is given by M. Blackenbmy
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. Althoﬁgh the Levack ore body occurs near the norite, it nevertheless is found
wholly in the granite-gneiss, this rock forming both footwall and -hanging-wall,

‘Tig. 40. Thé norite occurs from 40 to 220. feet, or-an average of about 175 feet
from the ore body, measured at right angles to the strike and dip of the norite.

No. commercial ore oceurs in the norite, but this rock is lightly -* spotted
with sulphides near the contact. # - :

" In AUgust'191(‘3"minin§-; was being done on the first, second and third leveis,
the depths: of Jwhich ‘were 150, 250 and 350 feet respectively. An irregularly
shaped ore body occurs on the first and second levelsy about 30_0 feet sou:th'west'of

z -
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Tig. 40—Levack ore body, Sudbury area, Ontario, showing how the deposit
’ qcenrs in the\gmuite-gneiss. :

% -

the shaff; On tl{e third level this ore body becomes larger. and -assumes a. some-

what lenticular form, having a length of 500 feet or more, and a maximum width,

measured horizontally, of 150 -feet. On this level, about 160 feet northeast of
the shaft; there is a triangular-shaped ore body which projects into the grapite-

-gneiss footwall about 840 feet, These two ore bodies do not seem to be connected

on this level. ‘Below the third level no development work had heen accomplished

at the time referred to, but diamond-drill cores showed that the ore body extends-

to a depth of nearly 1,300 feet measured along the dip.

The Levack ore body is a-replacement or impregnation deposit in granite-

- gneiss, It is evident that the granite-gneiss was fractured and brecciated, so that
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the mtroductlon of the sulphides was readlly accomphshed <The sulphﬂes oceur h
_in irvegular masses, in veinlets, and in disseminated grains. The larger, irregular . - -

masses of sulphides may be several feet in diameter and be made up of almost
-pure ore, with only specks of rock fragments enclosed.  Sometimes these large
masses of sulphides enclose fboul_d_ers of rock of various shapes and sizes, Fig. 41. -
These boulders in the ore body are not, however, as common and characteristic as
they are at Creighton, Worthington and elsewhere. The sulphides occur for the
most part disseminated through the gneiss in a very irvégular fashion, Fig. 42.
All gradations are found between gneiss which is but slightly replaced or im- -
pregnated with ore, and gneiss which has been almost who]ly replaced Granite-
gneiss “ spotted ¥ with sulphides often oceurs. -

There are 16 sharp walls on either the hanging- Wa]l or footwall _Minéra,li~
.zation gradually becomes less intense as the walls are approached. Mining ceases

Fg 41—Character of ore at Levack mine, Su(lbuly area,
_Ontario, first level. Black represents sulphides; white
repiesents granite- gnelss ‘Width of face 3 feet. ke

when the grade of ore becomes ‘too low to pay. Asis to be expected- the com-
mercial ore body contains many masses of almost barren rock.

Above the commercial ore body the hanging-wall is impregnated with ore
for 50 to 350 feet measured at right anglés to the dip and strike of the deposit.
The mineralization becomes less and-less intense as the distance from the ore
body increases. The norite itself is “spotted” with ore for 25 to 250 feet from
the contact with the granite-gneiss, measured at’ 11ght angles fo the dip and strike

. of the contact. The footwall below the ore body, on the other hand, appears to
be mineralized 'only for 50 or 60 feet beyond the limits of the commercial ore body.

About 33 per cent. of rock is hand-picked from the ores, but the hand- -picked

~ ore still containg 14 per cent. of silica.
The sulphides were probably introduced by means of hot aqueous

solutions which circulated .throngh the brecciated granite-gneiss and deposited
the sulphides in every crack and crevice, replacing and impregnating the granite
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gneiss.  The feldspar of ‘the granité—gneiss retains its fresh appearance; in other
words, the introduction of -the sulphides appeats to have produced little or mo
alteration in the-granite-gneiss or, indeed, in the norite.

Pig.” 42—Character of ore at Levack mine, - third level,
Sudbury arvea, Ontario. Black represents sulphides;
white vepresents granite-gneiss. Width of face 1 foot.
The_ sulphides replace or impregnate the granite-gneiss.

) The Victor}é Olre Boa-ies ’

The Victoria mine, is no’qéble_ QI:LQa(':t_‘;,c;P_nt of the fact that it has been worked
to a greater depth than has any other nitkel-copper deposit in the Sudbury field, .
and, in fact, to a greater depth, than _@gy_other mine in the Province of Ontario.
Although the deposit is:not; relativ J7

“gpeaking, a large one, it is nevertheless a

‘persistent and important one. Thie maift ‘ghaft is. located ofr the north part of

lot 8 in the fourth eoncession of'Denﬁséﬁv.thvnship, and the mine is served by the
Algoma Hastern railway. s R '
The oldest rocks in the vicinity :of the mine are schistose. quartzites, grey- -

"+ wackés and slates of the Timiskaming series. “These have been intruded by green-

stones, fine to mediﬁm in grain, In rare cases the greenstones have amygdaloidal
textures and pillow structures showing that some' were formed at or near the.
surface of ‘the earth. The norite intrusion then followed. It was invaded by
granite dikes a few feet in width.” The formation of the ore bodies then took °
‘place. Finally, the geological history of the -area, in so far as it treats of pre-
Cambrian rocks, was closed by the intrusion of olivine dibase dikes which have not
yet been found on the surface, but which intersect the ore bodies in the lower
levels of the mine. ‘ ‘ ‘ -

The morite, like ‘that at the Grson, if somewhat metamorphosed, with the.

_ ‘vesult that it has often been altered to a gnéiss or schist. On the whole it has
a more ancient and altered appearance than the norite at the Creighton or
Murray mines. There are no workings which show the nature and dip of the

contact between the main mass of the norite and the adjacent rocks. However,
along the contact of the norite hetween Victoria and Crean Hill mines, a distance
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© of about two miles, the rock adjacent to the morite is sometimes quartzite or greyav

wacké. . The bedding of these sediments at the contact is more or less vertical, so
that, if the norite follows the bedding planes in-its downward extension, it will
possess a more or less. vertical dip. ‘The workings at Crean Hill prove that the
contact is more or less vertical. o T

The ore bodies occur shout af the intersection of a northwest-southeast and a

northeast-southwest zone of shearing, crushing and mineralization. The- main
* ore bodies of the Victoria mine are found on the northwest-southeast zone of dis-
turbance ; in addition to the main deposits which are being worked there are several -

gmaller deposits on this zone to the morthwest and southeast of the ghaft which
have been prospected to a minor extent by shafts and other workings. _
The northwest-southeast zone of shearing, crushing and mineralization is the

more important one in comnection with the Victoria mine. Crush-conglomerates

and crush-hreccias are found along it at various points, and the mireralized zone
has ‘a length of more than three-quarters of a mile. It follows the contact of the
norite and adjacent greenstone for half a mile to the northwest of the shaft, along

"~ which part both of these rocks, norite and greenstone, are often altered to schist

or gneiss at the contact, so that it'may be -difficult at times to decide where one
rock begins and the other ends. In this part northwest of the shaft the mineralized
and sheared zone has a width of as much as 300 feet in places. To the southeast

of the shaft the mineralized zone ieave_s the norite contact and passes into the green- .

stones, extending for about one-third of a mile or more to the southeast. In this
part of the mineralized sone. theére are two- or more small, irregular intrusions’of a
rock which looks like norite but which appears to have no surface connection with
{he main mass-of the norite to the north. g

Along the éntire‘len_gth of this mineralized zone the rocks, whether they are

.-"1}01'ite or greenstone, have been. impregnated or repléced by sulphides and to a

less degree by-calcite and quartz. The sulphides in the nop-economic portion are

© present in’disseminated grains, in ramifying veinlets, of irregularly shaped

masses. The extensive workings, to a depth of 2,312 feet, have shown that thie
zone has a vertical dip. The shaft has a depth of 2,618 feet.’
The economic pait of the zone consists of two' distinct ore bodies which have

been named the west ore bé_ﬂy and the edst ore body. They are found about the'

‘centre of the mineralized zone. The west ore body ‘has been.mined to a delﬂth of

about 2,312 feet, the sixteenth level, the east ore body to a depth of about 1,200

feet. The. workings at these. depths are still in ore. These ore bodies are from

80 to 185 feet apart, Fig. 44. The length of the west ore body varies from 60 to -
150 feet. The east ore body is smaller,.its length being from 65 to 100 feet. . The

two ore bodies ‘do mot appear to have any regilar strike, but they pitch' to the

8 southeast at an angle of about 70°, Fig. 44. Both ore bodies occur in fine-grained
greenstone and quartzite, or schistose rocks which have resulted from the shearing

of the greenstone and qua,rtzité. The west ore body is about 200 feet or more
south of the main mass of the norite, while the east ore body is found still farther
from the main mass. The crosscuts from the shaft to the ore bodies intersect an
intrusion. of a rock resembling the norite. This intrusion is on the footwall side of
the ore bodies, sometimes removed from them a distance-of 300 fect, Tig. 44.

° .

*
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Tn addition to the above economic ore bodies, .there is another smaller
economic deposit to the southeast. Several thousand tons of ore are blocked out
‘here, but it is not being worled ‘at present. Beyond this, to the southeast, there
is a hill which contains economic ore, but which is also not being worked. The
rock ‘on this hill is greenstone, and the sulphides are found in disseminated grains

" ... and in vein-like occurrences along sheared zones:

Scale of Feet:
ll'i\ﬂ 2?0 =3

Fig. 45—Composi£e plan showing size of west ore body on the fifth to sixteenth levels,'
inclusive, Vietoria mine, Sudbury area; Ontario.

The shapes of the west and east ore hodies in the various levels are shown
in the composite plans, Figs. 45 and 46. Tt is to be remembered, however, that these
outlines are of commercial ore, and that mineralization, like the mineralization at
COreighton, Worthington and other. deposits,occurs beyond the limits of the com-

- mercial ore bodies. The structure of the two ore bodies is often .vein—ﬁke,

Scale of Feet
0o, 50 ) 100 200

Tig. 46,—Comﬁésite plan showing size of east ore body’ on the fifth to eleventh'_levels,
‘ inclusive, Vietoria mine, Sudbury area, Ontario.

Tig: 47, the sulphide coming sharply against the wall rock. On the other hand,
the wall rock is often replaced and impregnated with sulphides in the clearest
manner. Wheré the wall rock is schistose the sulphides may follow the schistose
planes in the process of replacement or impregnation. As a general rule the rocks
adjaée‘n’p to the ore bodies are schistose. Veinlets of ore from the main ore bodies

v
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often ramify in all directions into the wall rock.. Like other commercial deposits

in the Sudbury field, the west and east ore bodies of -the Victoria mine contain

grl,at fumbers of boulders and fr agments of the cowntry rock, the presence of which - s
. constitutes proof of the crushing and hrecciation which took place before the intro-

ductlon of the sulphides. These inclusions are of all shapes. Their size varies from
nllCIOSCOplC dust to masses several feet in diameter, Spmetnnes, of comse,- the
massive ore is practically free from these. inclusions. R

- To the mortheast of the two ore bodies descnbed above there is 4 u:'ushed .
sheated and mineralized zone extendmg for a few lnmdred yards. It occurs in the

. main mass of the novite -at the contact with adjacent rocks. Fine emmples of

cmsh—conglomemte and crush-breceia are found along this northeast-southwest '

zone. It may be added that commercial ore has not yet been discovered here.

" On the 2,812-foot level the west ore body is.infersected by-a dike of fresh =

ohvme diabase which has a width of about 30 feet measured at right angles to the

walls of the dike, Fig..44. It strikes northwestward.and dips at an angle of about
65° to the northeast. In a raise some 80 feet above the level the fine- gramed edge

o

of thé dike may be seen to have chilled against the ore body, proving that it was.

intruded after the formation of the. deposit. - While. the edges of the dike are deémse

and fine-grained, the central palts are coarse-grained. On the north side. of the dike '

o well-defined crushed zone, or fmnlt about- two feet ox more Wlde, containing

much soft, clay-like material, follows the contact of dike and wall ‘rock, but the -

crushed material is inside the dike about 8-feet from the edge. Rvidently some

movement took place along this -crushed zome, but its extent and direction were -
\- b

not determined. Similar faults are met with at Crean IHill and -elsewhere. " The
dike is readily distinguished.from the wall- Tocks by its freshness 'md by, the
absence in it of seams of ealcite or quartz. At the time of examination in August
1916, the shaft was timbered down to the 2,312 foot level, so that it was not
possible to_sear h for the dike in the shaft. - It is said, however, to have been met
with in the shaft about 260 feet above this level and about 700 feet to the. north-
west of where it intersected the ore body. The dike has not been found on the

surface, although its probable outcrop may be along a horthwest-southeast valley.
which occurs three or four hundred yards south of the shaft house. This valley
is drift-covered, and follows the course- .0f a small creek. In addition to the main .
" dike there are small dikes 1 or 2 feet wide intersecting the ore body on the 2,312- .
_foot level and elsewhere in the mine. They are dense and fine-grained, and no-

doubt divectly connected with the main dike. The latter appears to be of the

same age and character as the olivine diabase dikes '11: the Murmy, Creighton and
- other mines. )

The Victoria ore bodies, and the northwest—southeast zone of mushmn

shearing and mineralization on’ which they occur, furnish what appears to be a

clear example ‘of sulphides which have been deposited from solutions c1rculat1110'

along crushed ‘and sheared zones. While the commercial parts of the west and -
.east -ore hodies are indeed sometimes pipe-like, sometimes vein-like, they are’

nevertheless -simply a part .of the mineralized-zone which extends half a mile
to the northwest and about one-third of a mile to the southeast of the main ore

bodies The sulphides replace and impregnate. the rocks ,aioi_ag this zone whether,

I
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they are norite, greénstqne or quartzite, pi their schistose equivalents. Some
favourable. combination of circumstances tended to produce workable - deposits

, along this zohe, resulting in the formation. of the west and .east ore bodies. The ! '

cecurience of guartz and calcite, or dolomite, in the main. deposits and along the

" impregnated zone furnishes evidence for believing in the theory that the ores

ivere deposited from soluf:ion, although it may be added that some of the quartz
and calcite may have been deposited earlier than the sulphides. The"drifts and
other workings in the country rock, for instance, have shown that the rocks contain

§ C‘d/_cr;ce

Fig. 47—Character of ove body at Vietoria mine at narrow
end: of a lens, eleventh Jlevel. Black represents
sulphides; white represents greenstone. ‘Width of face
192, inches., The caleite, quartz and sulphides appear .
to have been. deposited during the 'same period of ’
mineralization, ’ A (

" many veinlets of quartz o1 calcite about a quarter or-half an inch in width. O.n_-_

the other hand, quarts, calcite and sulphides are often so closely intermingled inthe

- ore - bodies and’ mineralized zone that it seems reasonable to suppose they were

‘deposited during the same period of mineralization. - : : .
*" The ore in the uppet levels of the west and east ore bodies contained 3 to-

" " 4 per cent. mickel 'and 2 per cent. copper. As depth was obtained the amount of

nickel- decreased and the copper increased, until on the “lower levels the ofe- -
“contained 1.5 to 2.5 per cent. nickel and 3 per cent; copper. There-is handpicked
from the ore about 25 per cent. of rock, and this handpicked product still contains
about 14 per-cent. of silica. " : ‘ : co
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Between the Victoria- mine and the Canadian Pacifi¢ railway, about two miles
to the south, there are half a dozen or more fahlbands. They have a width of-five
~to as many as 200 feet, and one of them has a length of about two miles. The
fahlbands occur in fine-grained schistose rocks which were or1gmally qualtzltes,

greywackés or slates, but are now more or less altered to schists which, however,’
" -gtill retain’ their bedding planes Sulphides -are finely disseminated through

these .rocks, and the teathered surface assumes the . characteristic brown colour

due to,the formation of iron oxides which result from the decomposition of the . :

. Slﬂphldes 0Of the latter, pyrrhotite and chalcopyrlte have been recognized in a

small pit about 250 yards southeast of Mond station’ on the Algoms .Eastern .

railway. The pit in question is about 50 feet south of the waggon road.

The fahlbands, however, probably contain on the average only traces of nickel
“and copper. Theé mineralization follows the strike of ‘the bedding planes which are
_about northwestward. ‘Their-dip is moré or less vertical. Crushing has often
taken place along the fahlbands, as, for instance, that one which occurs at the

intersection of the waggon road to Victoria and Créan Hill mines on lot 7 in the -
third concession of Denison. "Crush- breccias and crush-conglomerates becur hele‘

. and there along this fahlband.
. The fahlbands were in all plobablhty fo1med by hot solutions circulating

~

-along beddmg planes, and depomtmg sulphides. The crushing no- doubt aided in:

- the circulation of the solutions. It seems evident that the fahlbands were formed

during the same period of mineralization as that in which the Vietoria ore bodies -

were deposited. Indeed, the northwest-southeast zone of mineralization, of which

the west and east ore bodies of the Victoria are a part, is really of the nature of

a fahlban.d.

The Worthington Ore Body

The Worﬁhington mine is situated about 25 miles west of the town of Sudbury,
o1 the Sault Ste. Marie branch of the Oanadiag Pacific railway. Like the Murray
mine, the railway cut was blasted into the ore hody, and the track was thus laid on

top of the deposit. The mine occupies part of lot 2 in the second concession

of Drury township.

The deposit is one of the smnplest in ‘the “Sudbury. area, it being merely n
minefalized dike, similar to No. 2 mine of the Canadian Copper Company. It has

been called an offset deposﬂ;

The geological .story may first be ‘related. The most ancient rocks in the

environs of the mine consist of beds of slate, quartzite, conglomerate and greywacké

of- the Timiskaming series. These sediments have been tilted info nearly vertical - '

positions, Tig. 49, until they now dip at an angle of about 72° fo the southeast,
their strike being about northeast and sduthwest The beds,, which were much

altered and more. or less schistose, were then. intruded by " greenstone, which

is also sometimes considerably altered but still retains its massive structure: The

" greenstone, for instance, about half a mile northeast of the mine, has been changed 3

to a Tock consisting largely of actinolite. Tt appears to have been, before alteration,

a, 'diorite or .other closely related rock. The intrusion of -the greenstone was
followed by the formation of a fissure which apparently followed in part the strike

1
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nnd dlp of. the sedimentary beds and, in palt mtersected the bedding planes. -It
“also cut through the greenstones. Along this great crack a dike, which has been

named norite by Coleman, ias empted The.dike is a fine-grained rock from 125 _
" to about 180 feet in width. - It is characterized by the amazing number of rock .
. fragments which it has caught up during its intrusion. These fragments consist
of various kinds of greenstone, together with hagments of the sedimentary rocks.
The most common inclusions are the actinolite rock, and, indéed, in that part of
the dike which constitutes the-ore body, these actinolite inclusions form 50 per cent.,
if not more, of the dike. The inclusions are round:or angular, and vary from small
. specks to great blocks 25 feet or more in diameter.

Below are given three analyses of the norite. Nos. 1 and 2 are f'rom various

workings of the Worthington mine, whilg No. 3 is from ‘the Totten mine, about
half a mile southwest of Worthmgton :

. Table showing Chenucal Compomtmn of ‘Norite’’ at Wor thmgton
¥ o -and 'Totten Mines.

; ¢ = . | No. 1. No. 2. | No. 3+
1o MU e nm e o e o i P s T — 5740 | 54.90 57.98
ALOs vvvvnnnes nmnzniorimatoneos s 5,050 O T .| 1561 | 19.02 .| 18.94
FeO cvevennn e eeeas cmamilns o TS e % 4T " Ve s, 5.00 2.24
O, o s pminiemms v i 28 s s sB.aE e A L 10.02° | 851 .693 :
Ca0 crrrer e U 545 .'5.90"| B5.71
BEHO e v Forims o moenmmsnapinen 50 508 B A TR o e A 4.49 1.68 1.84 *°
N%O'._ ....... S § bt T 1.5;9 2.01
Lelc Brerpa—r IR P e R T e 172 2.45
TLO ..., R SRR S A TN R R 1.81 0.98
o B0 evssensmns LR G B AT s B i B G Trace |- 0.52 .
100.53 99.60
3 J :

Analyms No, 1 in the above table is by the Mond Nickel 00mpany s analyses

‘Nos. 2.and 3 are by W. K. MeNeill. - - .

After the norite dike had solidified it was crushed: and brecciated along its
centml portlons, for a'width of 50 or 60 feet, the width of the ore body, and crush-
breccias and elush-conglomelates were formed. Norite and its greenstone in-
clusions were alike crushed and brecciated, but both rocks retained for the most '
part their non-schistose character., Then followed the introduction of the sulphides,
the latter cementing the fragments together and filling the eracks and other open-

: ]IIO‘S in the rocks, Fig. 49. This mineralization was accémpanied by some replace-
ment ‘and i impr egnation of the norite and its inclusions. Little o1>no mineraliza- . .
tion oceurs in the slates, quartzites and other Tocks of the Timiskaming series.

When ‘the period of mineralization ceaséd, or ‘about.ceased, the norvite dike and -
sedimentary rocks were fissured in'two places, and dikes of trap were intruded.
The larger of these occurs to the southwest of the shaft and beyond the commercial

* ore body; it may be seen a few feet south of the railway track: It has a width

of 17 feet or more at the widest point expobed but gradually becomes smaller in

about 15(} yards to the west, where it finally narrows down fo only a foot in .

— i
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width. It strikes about east and west and dips at -an angle of 66° to the south, in
<0 far as surface exposures indicate. If the dike continues in depth with this dip,
it will not intersect the ore body since the latter has a still deeper dip of 72°. The "
econd trap dike occurs ahout 125 feet south of the first.” It is only G or 8 .feeb

) Southe-ast i
«

“Northwest ’ . T o T

Scale of Feet ' .
: . Z
o, 5.0 R ap o a0

) ' C[FEe|oa . " r s+ Norite, with many large
L + 1 5. ; - . ~
) I Brahase d"kef - |55y inclusions of sctinolite ;

rock (altered diorite).

'MP. J?_ f % Quartzite, slate,

Tig. 49 Diagrammatic vertical cross-section, showing Worthington ore. | .
‘body, Sudbury avea, Ontario. The deposit oceurs in a dike which . . i
has been crushed into round fragments.  After the crushing the ore
“was introduced into the spaces between the rock fragments.

“wide and strikes about pai‘allel to the first. Tts dip, however, appéars to be steeper,

so_mé' 80° to the southward, judging. from surface indications only. These two

dikes have not yet been encountered in mining operations, showing that the larger

of the two, at any rate, dips dway from the ore body. The smaller of the dikes
12 N® . - .
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mﬁy be seen intersecting the slightly mineralized ﬁorite on the hill southwest of the
shaft about 500 feet. It has chilled against the norite and .against the sulphides,
which would indicate that it is younger than the ore. The larger of the trap dikes '

'is drift-covered where it crosses the norite dike, but-it is inferred from its re-

ée‘mbhncg to the second dike that it also is younger than the norite and ore.  These
trap dikes ave pighably of the same age as those at the Creighton mine. C. H:

. Hitcheock was the first observer to note their presence at the two mines in question.

-The traps at the Worthington. are fine-grained basic rocks with a dark greei -
éolour. A diabase texture was noted in one instance. The following is a partial
analysis by the Mond Nickel Company of the larger of the two dikes:

Composition of Trap Dike at. Worthington Mine.

After the intrusion of the trap dikes the rocks in the vicinity of the mine
were again fissured, and six or.more dikes of diabase, resembling il texture and

-appearance the-olivine diabase dikes at Murray, Oreighton, Garson, and other places,

were intruded. The diabase is a fresher rock than the trap -dikes. A diabase dike

" intersects. the Worthington ore body at its eastern end, having been encountered on

‘the first, second and third levels. It is about 35 feet wide and dips steeply to the
northeast, cutting the ore body -about at right angles. Another diabase dike strik-
ing to the southeast occurs some 450 feet southwest of the shaft. It is dipping at
about 45° to the northeast, and will, if it continues at that dip, intersect the ore
Dody in the underground Workigngs,nthough it had not been met with there in the
qutumn of 1916. A chemical analysis by the Mond Nickel Company of the first-
mentioned diabase dike, which -intersects the northeast end of the ore body, gave

13

Composition of Diabase Dike at Worthington Mine.

771 TV TP USRI NP S———— 49.05
| e B e i 1 pea s 14.91
BLO: oo Srommoemen s T 45 SRS HASERSED U§ 55 HS SRS X 16.96
B oo I T STy e gee e 7.75
S SRR il R TR, 5.27

Small dikes, emanating. from this diabase dike, intersect the second trap dike
described above. . ' ; o
The final chapter in the geological history of the ore body appears to be.closed -
by the formation of veins, containing calcite, galena, zinc blende and iron pyrites.

The veins are 1 to 6 inches wide. -That some of these veins were formed at a

very much later period than the ore body is shown by the fact that one of them
intersects the diabase dike on the first levél‘at the east end of the ore body.

Theré are numerous slips and crushed zones intersecting the ore body in
various parts of the mine. Many of them are at right angles to the strike of the
ore body, and dip to the southwest. 2 f” ;

A S
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The deposit has a length of about 700 feet and a width of 50 to 60 feet. ' It is-

being worked to a depth of 438 feet—the third-level—but diamond-drill cores have- P

demonstrated that the deposit extends to greater depth. Although the commercial
part of the deposit is about 700 feet long, non-commercial mineralization has
extended far to the northeast and southwest of the workable ore. The latter is con-

fined chiefly .to a central zone in the norite dike. ) :

From what has been said, it is probable that the 1e'1der alr ea.dy has glasped an
idea of thé nature of the deposit. The walls of the ore body are commercial, no
sharp lines being found between workable ore and wall rock. The ore consists of :

(1) .rock fragments cemented by sulphides, Fig. 49; (2) small veinlets -of ‘ore

ramifying through the rock; and (3) disseminated “Dblebs” or grains in the rock.
The rock fragments consist of norite and its greenstone inclusions, and it is evident .

. that both norite and greenstone were brecciated and crushed prior to the intro-
~ duction of the sulphides.. The disseminated b]ebs ” or grains are confined largely

to the norite.

The oré body is one of the most 1ocky in the Sudbury field, and, as a result
it is necessary to hand-pick G0 per cent. of rock from the ore. Kven this Thand-
picked material contains about 26 per cent. of silica. The hand-picked ore, how-

* ever, carries-a little less than 7 per cent. of copper and nickel in the proportion of

4 of copper to 3 of nickel, making it the richest ore produced from the mines
which were working in the summer of 1916. The unusually high percentage of
nickel is due to the large amount of pentlandite in. the ore, pentlandite containing
about 22 per cent. of nickel.

In addition to pentlmdite, ~gersdorflite and niccolite also occur in the ore

-fbody.‘ The ore-bearing minerals are associated with small amounts of quartz

which appear to- have beén deposited at the same time as ‘the sulphides. The
presence of quartz has a bearing on the origin of the ore, since quartz is often a
water-deposited mineral. ;

The origin of the deposit appears to be due to hot waters cuculatmg along fhe
crtished and brecciated norite dike. These solutions earried ‘sulphides, quartz and

-other minerals, and deposited their mineral contents in the cracks and spﬂces

between the crushed rocks.

The Murr'ay Ore Body

The Murr ay mine is on the main ling of the Canadian Pacific railway, about
three miles northwest of the town of Sudbmy, on lot 11 in the fifth concession of

‘McKim township. It is one of the important deposits of the-area, there hzmng '

been proved, by diamond-drill cores, some 9,000,000 tons of ore.

The oldest rocks in' the area consist of greenstones. There are two main =
‘varieties, of which the most abundant is a fine-grained type containing numberless
. veinlets of hornblende ramifying through it; this rock af the nearby Elsie mine -

has well-defined pillow structules and amygdaloidal textures, and has been named
sudburite.

, lg_ljgm,_Nickel Industiy, 1018, p. 47.
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. colour

A complete rock a11a1ys1s of ‘sudburite is shown in the table below T,he‘

’ nn‘llvsm s by J H. Horton.

Ta.ble Showmg Chemical CODIPDSIthll of Sudbunte from the Munay Mme

250 A 46.69
BT snsnrns Frsmonamsrinsnsnsiilmomsrsesnsors B ihostEncnsamsvzceredionse oraiussse s wsn w1y 458 HiaswrR s58 14,28
Yo N 12.82
3 0 2.00
O P, 13.32
1 L AP 815
PiOs e e vummsnemsassrammsinmssssimsmmrniostironsassnelbssassvin: sisinmainiasasese: sip e sosarasasmymaradl 0.19
, T M Bl i minen st s ins astimisonmes s spt st wsvse e s 1.28
B e R S, i e vors e oh i bonseimmsmsai s 0.98
B0 T S, 0.11
O R O IS DR 0.12
i o I N NN S * 0.08
- T 0007

The second variety of greenstone may be. called a gabbro or other closely
related rock. . It has a-green colour, and occurs as a belt between: the sudburite and. .

-the norite, having a maximum w1dth of -850 feet. The rock - resembles the -

.gabbro at Frood and Mount Nickel mines. It is of importance because the ore
‘body, in so far as may be judged from the excellent surface’ exposures, OCCHlS '
“-almost wholly in.it. The age relations between the. gabbro and greenstone are
obscure. There are, some contacts between the two rocks showing a sharp junction ;
‘other contacts are vaguely defined. In addition to the fine-grained greenstone and.
‘the gabb1o thete is a dike of green diabase, on the hill to the south of the mine, .
cutting the greenstone. . This- diabase appears to be oldér than the olivine diabase
dikes later to be mentioned; although the two varieties of diabase were not seen in
_actual contact. Finally, -there is- a coarse-grained  feldspar-porphyry which has
been encountered in the shaft and on the surface. Its relation to the fine-grained
_greenstone and gabbro was not definitely detenm_ued .although it appears to have
*a.dike-like form. It may be added that the greenstones contain inclusions of
greywacké or quartmte of the Timiskaming series; these inclusions are, of COUTSE,.
older than the greenstone or gabbro.

The next youngest rock in the area is the norlte That it is younger than
. the gabbro referred to in the preceding paragraph is proved by the fact that it has
caught up blocks of this rock. Good exposures showing the contact’ between the
two rocks may be seen a few hundred yards east of the Ganachan Pacific railway
" track. The gabbro, while resembling the norite, has a dlstmct characteristic gleen

“After the norite had solidified there was erupted a mass of granite about

3 miles long and a mile wide.-. It literally cuts to pieces the fine-grained greenstone

and’the gabbro with a network of dikes, some of Wth]‘L extend up to the noute-
and penetrate that rock for 100 or 200 feet.

" When the granite had solidified, the gabbro and in part the gleenstone along N
the edge of the norite were crushed, brecciated and bioken into a great crush-con-
glomerate and crush-breccia. The sulphides were introduced into the spaces between

these blocks of rocks, and cem\ented the fragments together, forming the ore.

*Ont. Bur. Mines, Vol. 23, Part I, p. 216,
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Fig. 51—Map showing. Murray. ore body, Sudbury area, Ontario. The shaded area denotes

. the known extent of the deposit below--the surface; the ore body dips to the north-

west at an angle of 36° as shown in Tig. 52. The small circles indicate diamond
drill holes. T'rom drawing by the. British America Nickel Corporation. E
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Tig. 52—Vertical cross-section through Murray hore body, Sudbury area, Ontario, showing-
depth of diamond drill holes. While the ore body oceurs about at the contact of the-

norite and footwall rocks (greenstone, granite and gabbro), nevertheless the Murray ore
body -is found in the footwall rocks—not in the norite. TFrom drawing by the British
 America Nickel Corporation. SR
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The ore body occurs almost wholly in the gabbro, but the norite is slightly impreg- |
nated with sulphides. Although gabbro and greenstone form the footwall of the
upper part of the ore body, drill cores shiow that granite forms, in part, the footwall
in its deéper portions.

The ore body stiikes about northeast and southwest and dips at an angle of
. 36 degrees to the northwest. The deposit extends to a depth of at least 2,000 feet
measured along the dip of the ore body. The mineralized zone has a length of
5,000 feet, not all of this being of commercial grade. The average thickness is
. £0 or 60 feet, measured at right angles to the strike and dip of the ore body. Tt is
. estimated that about 33 per cent. of rock will be hand-picked from the ore, and
that the hand-picked product will contain a,bout 3 per cent. mckel and copper
“combined.

Fig. 53—Mur1ay m_me, Sudbuly area, Ontario, Septemhm 2nd, 1916 A modern plant ’
and smelter are bemg erected at the Murray mine by the British America Nickel
Corporation, ;

" A shaft has been sunk to a depth of 700 feet in the footwall,.and is being suhk
to greater depth. The old wmkmgs, made: ma,ny years ago, were still full of water
in the fall of 1916.

" Thé Blezard Ore Body

After being closéd for aboﬁt twenty-three years the Biezard mi#‘e was pumped

l " out during July and August, 1916, and diamond drilling begun on the surface. ,

During the time that the property was idle, the smelter, mine and other buildings
were burned. The property is on ot 4 in the second econcession of Blezard
townshlp
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. The oldest rocks in the vicinity of the mine are quar tz1tes and greywackes of -
the Timiskaming series. In g1gaat_e1_ volume, and possibly younger .than the

‘quartzites or greywackés there are fine-grained greenstones Whiqh have been called
. sudburite. The greenstones are someétimes amygdoloidal. That they have under-
-gone a certain amount of metamorphism is shown Dby the development of red

garnets here and there. The very numerous veinlets, ffractmns of an mch wule,
whlch intersect the 1oeks, may be of a secondary nature, .

_ Iu the table below there is given a complete analysis’ of sudbuu{;e from the
Blezard by W. K. McNeill. :

Takble Showing Chemieal Composition of Sudburite from Blezard Mine.

S_— . 100.18 .

Tn addition to the quartzites; greywackés and greenstoneés, , there are irregular
areas of a very basic intrusive 50 to 300 feet in length consisting almost- wholly

- of hornblende or pyroxene Then age 1e1at1011 to the cr1eenstones appears to- be-
.obscure.

The- norlte is younger than any of {:he rocks above mentwned It wa& :Eound
however, that 4 sharp line of division does not occur between it and the fgleenstones
or basic intrusives. There exists betsween, the norite and the rocks mentloned what

~may be called a contact zone having a width of 10 to 130 feet. This contact. zone

consists of a curious intermingling of the novite and greenstones. There appears
to have been crusling along the contact zone after the norite had solidified, since
blocks of coarse-grained and fine-grained norite are found in i, It may be added
that, while an indefinite zone exists between the norite and greenstones, the contact,
however, between the norite and quartzite or greywacke is sharp. '

The ore hody, which is of the marginal ty'pe, occurs at the contact of the
norite and adjacent rocks, partly in the contact zone referred to above; _partly in

-the fine-grained greenstone and basic intrusive and partly in the norite. Little

commercial ore, however, oceurs in the norite, the sulphides being -sparsely dis-
geminated in grains through this rock, resulting in “spotted ” norite. The dip of
the mnorite-contact with adjacent rocks is about 50° degrees to the morthwest, this
representing also the dip of the ore body. < :

1 Ont. Bur. Mines, Vol. 23, Part I, p. 216.
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The commercial part of the ore body. consists of the usual fragments and,
Dlocks of rocks cemented together by sulphides. In this respect it in no way
differs from other malgmal deposﬂ:s Veinlets and dissemhmted graing of sulphides
also oceur.

* The ore, bo&y was worked by an open pit and two shafts. The open pit has a
length of 200 feet by a maximum width of 120 feet, and a depth of about 35 feet.
The mam shaft is near the southwest end of the bottom- of the pit. It is about
100 féet: aeep, measured from the ‘bottom of the pit. A small amount of stoping
was done from this shaft, a stope about 75 feet in length having been begun by the’
old miners. The second shaft is on the surface near the north end of the pit. It
has a depth of 120 feet, and was not connected with the plt by drifts or any other
Workmgs Two drifts about 30 feet in length occur at the hottom of the second

shaft."

In the.neighbourhood of 100 000 tons of ore are 1ep01teél to have been mined,
contammg 4 per cent. nickel and 2 per-cent. copper. 8
Although an exploration campaign by diamond drill was in progress dulmg '
the summer and fall of 1916, -no attempt was made to work the deposit.

Resu[ts of DriIling by the E. J. Longyear Company in the Townslnps of
Falconbrldg‘e and’ Garson Sudbury Nlckel-Copper Area, Ontarlo '

lntroductxon

The . J. Longyear Company, of Miﬂneapolis Minnesota, has conducted explo-
rations in the Sudbury area with five diamond drills during the year 1916. Holes
were drilled in the townshlps of Levack, Tnll Demson Blezard, Garson I‘alconu'
bridge and. MacLennan.

A body of nickel and copper ore was found in 10ts 10, 11 and 12, in the fourth
concession ‘of Falconbridge township. This propelty lies in the southeastem pmt :

~of the area, about three miles east of the Garson mine.

Local Geology in Falconbridge Township

Since a discussion of the geological features developed by the exploration is
now being prepared by H. M. Roberts and Robert D. Longyear, no attempt will be
made in this summary to discuss the mode of occurrence and genesis .of the ores..
The ore body under consideration occurs along the outer edge of the norite: at its -
contact with older rocks, in this instance, composed of greenstone; greywacké and

-quartzite. The contact is steep, the dip varying from vertical to 70 degrees north-

ward. In one cross-section the dip has been found to be 85-degreesto the south. The
ores are composed of the sulphides, pyrrhotite, chalcopyrite and pentlandite, with
varying admixtures of norite and footwall rocks.

The lands are covered with deep kettles and morainic hills, conmstmg of gravel
and bouldels, WIuch were left behind upon the retreat of the ice sheet. The surface

©oF M Hugh M, Roberts, of the E. J. Longyear Company, has kindly furnished the
Commissioners with the :Eol]owmg deseription of the diamond drill operations in Fa.lconbmdge

. and Garson townshlps
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" covering had heretofore retarded developmnt in this vicinity and presented .a
setiou"s_ obstruction to exploration, since all rock exposures were concealed. Thias
increased the hazard of the undertaking and added to the cost of the drilling.

N

: Ore Body

The drills were still'at work in January, 1917, in this vicinity, and the limits .
of the ore body were not yet determined. Thus any description at the present time

" is necessarily fragmentary.

An ‘accompanying map, Fig. 54, shows the drill holes which were completed

before January 1, 1917. ‘The position of the ore body,-as thus far indicated, is also -

shown on this map. The map also shows a typical cross-section of the ore body.
The ore is believed to extend from the east line of lot 10 to the west line of lot 12, a

distance of one and one-half miles, and has been crossed at intervals.of 200 or 400.

- feet, excepting iq'the vicinity of-the centre of lot 10, where holes have not yet been
" drilled. The horizontal width of the ore body varies from % minimum of 10 feet-to
a maximum of 150 feef. r

During the conduct of the exploration, it was p_lanhed first to outline the

- norite contact by means of vertical holes, which would merely penetrate rock. After

this preliminary “ scouting,” angle holes were planned to cross the contact for the
. purpose of finding ore and to determine its extent and quality. '

. The appended tables, in the -appendix, summarize the information obtained

:_frorh the drill holes which penetrated ore.

Sampling

Thg m'e.th,od of éampling may be brieﬂjr described: During the course of ‘the

drilling, 90 to 95 per cent. of the core was recovered. “This core was split longi- -

tudinally by means of a core-splitter ” devised for the work ; one-half was kept on
filg as a record of the physical characteristics of the ore and the other half was

- 1919 = DESCRIPTION oF SUDBURY ORE BODIES . < 18T

I

ground for analysis. In pure ove, intervals of five feet were analyzed. In mixed -

ore and rock the division points. were chosen according to the character of the
*‘material ; but in no case was a smaller interval than six inches analyzed, or a greater
interval than five feet. ' _ _ ' e

‘ Summary

- OWing to the incomplete state of the exploration, it is obviously .impossible to
give any statement of tonnages, or of average fnetallic content. General ideas along
these lines may be best obtained from inspection of the tables, the map and the
typical cross-section. :

The ore body, as thus far flisélosed, varies in width from 10 feet to 150 feet; . -
the metallic.content vaties from I to 5 per cent. in combined coppei' and nickel. .

Subsequent drilling may alter these figures. No deep drilling has heen projected
as yet. The present work merely indicates the remarkable extent and continuity
of the deposit. . The greatest depth at which ore has ‘been cut is 530 feet. 'Thers is
no geological reason why ore may not be expected fo extend to far greater depth.

’
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OTHER NICKEL-COPP.ER DEPOSITS, SUDBU.RY* &

On plecedmg pages descriptions are given of deposits ‘that were bemg W01ked

in the year 1916. In :Eollowmg pages deposﬂ:s that were not -heing worked in that
year will be discussed. . :

'I‘HE GOUTHFRN NICKEL RANGE

Of the ore bodies on the sonthem nickel range, ten have already been described,

~ under the heading of workmg mines ; namely, Worthington, Victoria, Crean Hlll
Vermilion, Creighton, No. 2, Mmray, Blezard; Garson and Longyear. Reference - -

will now be made to the othér ore bodies. They are of the margmal and offset; types,
and were not being worked i in the autumn of 1916. The deposits will be’ described,

following Coleman’s plocedm e, by beginning with those that occur at the west end .-

of the morite-micropegmatite and followmg the basm edge of that rock. no1th-
easterly to the eastern nickel range. '

=

Sultana and Sultana Hast Ore Bodies

© The.series of pits and small shafts Which have heen designated as the Sul;tana,

-mine, oceur mostly on lots 7 and 8,-in the first concession of the township of Trill.

The deepest shaft is said to have been sunk to a depth of 110 or 120 feet. The
series of pits and exposures of ore show that the zone of mineralization has a length
of about three- eighths of a mile. These ore bodies oceur la,rgely in the greenstone.

_ The character of the ore is shown in one of the pits, where it may be seen that it
" consists of fragments of greenstone cemented together by sulphides.

The Sultana east property is about half a mile east of the Sultana, on lots 6 and" -

" . 7, in the first concession of Trill township. 'I‘he1e are some small p1t.s on the claim.

The ore oceurs in gleenstone

The Chicago Ore Body

The Chicago ‘also known as the Travers or Inez mine, is on lot 3; in ‘the fifth
concession of Drury township, about 4 miles north-of the Worthington mine.

. The ore body occurs in.greenstone and a coarse-grained anorthosite, the depomt _
bemg about a third of a mile south ofthe norlte—mwlopegmatlte "The ore body wis
worked by an open cut -about 200 feet long and 5 to 25 feet in width; a shaft-
is said to have been sunk to a Eiepth of 160 feet. At least 8,500 tons of ore -
were mined from the deposit. The ore body, which strikes northeasterly and dlps
steeply to the northwest, is vemhke in part. Tt was evidently formed along a fis-

‘sured and sheared zone, the rocks being schistose near the deposit. There is an un-

usual .amount of quartz and calcite or dolomite associated with the ove, and this,
together with the veinlike character of the deposit and the altered and schistose

-condition of the wall rocks, show that the mmelals, including the sulphuies, were
'depom’ced from hot -circulating waters.

' By Cyril W. Knight.

’
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S

Ore Bodies between Chicago and Victoria Mines )

~ About-a mile sou'theast_o-f the Chicago mine there is some mineralization near
the southeast cornér of lot 2 in the fifth corcession of Drury township, and near

" 1lie line between concessions 4 and 5. Stripping and small pits extend for 200 or

300 yards. Far ther east,”at the north end of lot 12 in. the fourth concession of
‘Denison township, ore has. been found in several pits. :

" At the north end of lot 11 in the fourth concession of Denison townslnp, half
a dozen pits and strippings have disclosed a considerable body of ore in greenstories
smd green schist.

. The Totten Wolthmo‘ton No. 2, Hnwland Robinson, Gersdorfﬁte i
and Meclntyre Ore-Bodies .

These ore b0d1es occur in what is known as the Worthington oﬂset—ﬁa dike about
tonr miles long and 100 to 200 feet wide. " The dike has the composition of a
diorite or other closely related rock, and is.thought by certain writers to be.con- -
nected with the norite-micropegniatite, although there 4s no .diréct surface connec-
‘tion. with this rock: The ove-bodies associated with the dike.are much alike; the-

‘largest, and the only orie which was being operated in the fall of 1916, is known . -

as the Worthington, and is described elsewhere in this report. “The. commercial ore
in all the deposits is of the vsual character, and consists largely of fragments of the
dike cemented together by sulphides. '
LAt ‘the northeast end of {the”dike on lot 10 in the third concession of Demson
township two pits have been sunk. About a quarter of a mile to the southwest on |
lot 11 in the sarne concession there is a -pit known as the McIntyre mine. -At the
(‘915(101ﬁ"1te mine, about thxee»quartels of a mile southwest there are three small
plt‘s the dike here appears to. cut aeross the bedding planes in the sedimentary -

'1ocl\s, and it pmches out into 11re0111a1 stringers a short distance to. the northeast. -~
. The property is at the south end of lot 12 in the third concession of Denison town-

ship. -Beyond the @ersdorffite, on the north part of lot 12 in the second concession .

_of Denison township; is the Robinson mine, at which a.tunnel about 70 feet long

las been driven into the hill. The offset here consists of many i1reg1ﬂa1 intrusions
ramifying through greenstone, the latter consisting' largely of actinolite. -Both
offset and greenstone are spotted with blebs of sulphides, but the blebs arée most
¢ommon in the -offset. Between the Robinson mine and .the Howland, the.next
property to the southwest the offset-contains an enormous number- of greenstone g
inclusions. S

The Howland mine is at the north end.of Jot 1 in the second coneession of
ﬂrmy township, "It consists of an open pit about 75 feet long, some 30 feet*wide
and about 30 feet deep.. A dike, 12 inches wide, of a fine-grained, dark-coloured

‘rock ‘cuts across the mortheast end -of the deposit, while at thd“soutliwest end a

very large olivine diabase.dike appears to cut off the ore;body. The deposit consmts -
of angular and round fr agments of rock cemented together by-sulphides.
Worthington No.2 is.about half a milé southwest of the Howland, on lot 2 in

‘ the second concession of Drury township. There is a pit about 200 feet deep at -
the soifheast side of the.ofisel. The offset here is smaller thar at the Worthington -
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‘mine; it pinches out about 200 yards northeast of Worthington No. 2, and there
is a break in its continuity for 300 or 400 yards, before it appears again near the -
Howland mine. The greenstone at’ Worthington No..2,"through which' the offset* -
cuts, is an actindlite Tock; about a quarter of a mile to the east, this rock passes
gradually into a diorite or gabblo, thus disclosing the origin of the actinolite rock.
_ Beyond the Worthington mine, to the southwest, there are. several workings
* glong the offset, including the Totten ore body, which is on lot 2 in the first con-
cession of Drury township. Some mineralization is found for a mile to the south-
west of the Totten mme
The Crean Hill No. 2, and adjacent Ore Bodies

The deposﬁ: known as Crean .Hill No. 2 is.at the south end of.lot 2 in the
_fifth concession of Denison township, about a mile and a half ‘east of Crean Hill:
mine. It is of the inarginal type ‘and occurs partly in the norite and partly
in the greenstone. Stripping and pits have disclosed a considerable bedy. of
" rocky. ore, and it-may be seen that blocks of the morite are cemented togéther by
sulphides, showmg that the sulphides were introduced after the norite had solidified.
The mineralized zone is about a quarter of a mile in length, and along ‘this zone the
norite is partly sheared and brecciated. ;

) Between Crean Hill No. 2 and Crean Hill mme, on lot 4 in the fifth concession
of Demson township, there are several test pits in the qualtmte where ore has been
disclosed near the morite.

- To the northeast of Crean Hill No. 2, on lot 1 in the ﬁfth concession of Demson
‘township, and on lot 12 in the fifth concession of Graham towniship, light mineral-
ization occurs for about 400 yards, some work having been done on the lot 1n'
Graham,

The Gertrude Ore Body

The Gertrude ore body, on lots 3, 4 and 5, in the first concession of Glelghton
township, is of the marginal type and occurs at the contact of the norite and what
has been called an  older norite,” or sudburite.: The latter is finer in grain-and

“more basic than the norite. The mineralized zone is about three-fifths of a mile
long, and the ore occurs largely.in the rocks adjacent to the norite. A
drill hole 120 feet deep showed the ore body to have a dip of 55 degrees

{0 67 degrees to the northward. It is said that 15 feet of mixed ore and 20

feet of solid ore were found in-the drill core. The propeity has been developed by
three shafts and several pits, and in the latter it may be seen that the ore consists

of rock fragments cemented together by sulphides. The largest pit has a length
of 125 feet by a width of 25 to 50 feet. One shaft has a depth of 120 feet and an-
other a depth of 80 feet. Some of the ore is said to have contained 6 pel cent.: of

- nickel and less than 1 per cent. of copper. :

Diamond dulhno at the Gertrude has dlsclosed the ex1stence of a.bout half

a million tons of ore. '

Tast of the line between lots 2 and 3 in the first concession of Creighton town-

- ship, where the norite takes a bend to the north, there is said to be a small offset

to the south on which some-ore has been disclosed by stripping.
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The North Star Ore Bﬁ_dy

The North Star mine is on lot 9 in the third concession of Snider town-

-ship, . about a mile and a half north of the Creighton mine. The deposit, which:
his been called a marginal type, occurs at the contact of the morite and granite,

there being some greenstone caught up in the granite. Dikes from the granite
penetrate both greenstone and norite. The deposit dips at an anglé of 75 or 80
degrees to the northwest. A shaft has been sunk to a depth of 375 feet. The ore,

" which is sharply defined against the footwall, appears t6 have the character of

other ore bodies in the area, since the éulphides have been deseribed as cortaining .-

rounded boulders and angular masses of granite and greenstone. .

To the northeast of the North Star mine light mineralization occurs on lots
%, 6, and 5 in the third concession of Snider. township. Small test- pits have been
sunk on these lots. ' S

Lady Viol;:.t,‘CIarabelle or No. 6, No. 4, and Lady Macdonald or No. 5
. K Ore Bodies - : :
These four deposits, which have been classified as marginal, are a mile or two
north of the town of Copper ‘Cliff, and just to the north of Lady Macdonald lake.
The first three are on lot 1 in the fourth concession of Snider township, while-Lady

. Macdonald is on the north part of 1ot 1 in the third cbncession_of the same town-
~ship. At the Lady Violet there are two pits at the contact of the norite with
greenstone. The deposit is said to contain -workable quantities of .the precious .

metals.

netite, a mass of the latter weighing five tons having been .encountered.. The deposit

is said to have produced 4,000 tons of ore containing about 2 per cert. of nickel and .

1.68 pér cent. of copper.. )

No. 4 mine has two large open pits from which 43,700 tons of ore, contain.ing»

2.91 per cent. of nickel and 1.26 per cent. of copper have been mined. "The deposit
occurs largely in the greenstone. . . 8 :
. Lady Macdonald, also called No. 5 mine, is at the north end of tlie lake of

. the same name. The property, which consists mainly of an open pit, has produced

8,000 tons of ore, containing 2.84 per’cent. of nickel and 1.06 per cent. of copper.

The ore body occurs largely in the greenstone at the contact of the norite.
The Canadian Copper Company has contributed the following information
regarding the ore bodies referred to in the three preceding paragraphs:

"The a'rea. around No. 4 mine, No. 5 mine and No. 6 mine is on the Copp_ei' Cliff offset.

The Clarabelle, orA No. 6 mine, as it is sometimes called, is about half a mile -
to the south’of the.Lady Violet. Tt occurs in the greenstones, and has been de-,
_veloped by two pits. Thi ore is'associated with -quartz, calcite, dolomite, and mag-

=

“To the northeast is the older greenstone which underlies the ore-bearing norite, and fo - -

the southwest is a granite gneiss. The southeastern portion of the area is a layer of norite

not over-400 feet in maximum thickness, which laps over the greenstone. In the northwestern -
- portion the norite may be deeper. : : -

There- is- a large gossan area which looks to a casual observer to have good -possi-
bilities. The area, upon closeé examination, shows it to consist of jrregularly placed,” dis-
connected patches of lean gossan, The ore is low grade. ; .

The average grade from all holes was: copper, .9 per cent.; nickel, 1.3 _per ceni.
There were 17 holes drilled in the arés, but this did not accurately outline any .regular
commereial ore body. : .
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Eifan‘-s, No. 1, and Cbppér Cliff Ore Budies
These deposm; have been described - as offset ore bodles since they are found
in a dike. The latter may be called diorite, _consisting as it -does of plagioclase,
hornblende, quartz and biotite.
The Kvans mine oceurs on a low hill surrounded by drift about a mile gouth-

. ward from the town of Copper Cliff. Only a few square yards' of rusty,diorite,

together with the rock around the edge of the open pits, is to be seen. The
dump. shows diorite "and 'greywacké, both spotted with sulphides. Whether the
diorite is part of the gabbro mass a few hundred yards to the south or whether

_ it is part of the norite-micropegmatite 214 miles to- the north is not positively

Jknown, but it is -belived by OOIeman to be connected Wlth “the nom’ce—mmw- :

) pegmatlte

| - o £
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Tig. 55—Plan of old wo1kmgs showing ore body on the surface
to third level,, Evans mine, Sudbury area, Ontarid.. The
dotted po1tmns represent ‘‘clean’’ oxe. :

The depomt has not been worked since 1899, but it was.an 1mportant pro-
ducer.in the early days of the camp, 284,428 tons of ore having been ‘mined,
containing 3 per cent. of nickel and 2.66 per cent. of ‘copper. The ore hody was
worked by two open pits to a depth of 160 feet I‘lg 55, and by a shaft and other
workings to-a depth of about 250 feet.

- No. 1 mine, which is on the southwestern outskirts of the town of"Copper
Cliff, and about a mile north of the Evans, consists of five pits which sre sunk

_ partly in greywacké and pmtly in diorite, Fig. "56. The zone of mineralization

has a length of a third of a mile and follows an irregular intrusion of diorite, 8

_to 50 feet wide, which intersects rrleywaeke and quar zité. 'The ore occurs mostly in

the diorite, but also in gle} wacké and quartzite. ‘The' usual crushed mass of tocks, -
cemented by sulphides, was noted at a few places _There is also DM rock:
spotted mth blebs of ere. Diabase dikes intersect sed;mentary rocks, diorite and .
ore ‘bodies. ~ The- serles of pits constltutmg No. I mine are said to have produced
23, 000 tons of ore contalmng 3.56 pe1 cent. of nickel a.nd 3.42 per cent. of eopper
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The old Copper Cliff mine is situated about the centre of the town of Copper

" Qlff -on a prominent gossan-stained hill.

The _deposit occurs in a-dike of diorité, Tig. 58, the latter intersecting beds
of greywacké and arkose. The diovite is described by A. P. Coleman as consisting

_' of plagioclase, hornblende, quartz, and hiotite, with more or less titaniferous

magnetite, sometimes surrounded with leucoxene and apatite. The width and
length of the dike are not known, it being largely covered with drift, but where
seen it-is 800 feet long and 150 wide. Two small diabase dikes intersect the

25 . ) -
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- Tig. 56—Geological map of No. 1 mine, Canadian Copper Company,.Copper Cliff, Ontario, .
5 g After A, I, .Baﬂow. I L

diorite; and two dikes of granite, 6 to 8 feet fvide, cut the arkose, A dark-coloured
diabase-dike, ﬁng—grained; having a width of 25 feet, is said to have been followed.
from the third to the thirteenth level during mining operations. $mall veins.of
“quartz, carbonates, and galena are said to have occurred at the contact of this
dike and the mineralized diorite, proving that these veins are much younger than

. the ore body. - -

. - _The diorite dike is more or less miner;a,lizéd where exlsosed on the ‘hill, but
.the -commereial' part of the ore body is much smaller, The_folfowing description .
of the commercial ‘oré body is by -A. P. Coleman’:* . n g

.* The Nickel Industry, 1913, p. 66.
13BN -
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¢¢The cross sections of Copper Cliff mine and the plans of the different levels, provided
. by the kindness of Captain Lawson, show that the ore hody is a rude eylinder, narrowing
_and widening from level to level, and forking about 500 feet below the surface. Its longest
diameter varies from 75 to more than 200 feet, following the direction of the hill, and the
shorter ona runs from 50 to 90 feet. As shown in the vertical cross section through the
shaft, the somewhat flattened cylinder dips very uniformly at an angle of 77% degrees,
towards the east, and reaches a greater depth than 1,000 feet. The earlier shatt following
the apparent dip of the outerop, soon diverged too much from the ore body, and a new
_ shaft was begun at the third level having the dip just mentioned.’’ B

A ;
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. Tig, 57—Showing two sections through Copper Cliff mine, Copper Clff,
Ontario. A is a vertiecal section through shaft; B is a section at right

angles to A. After A. P. Coleman. .

r i

The mine was one of the most important in.the Sudbury area, having pro-
duced 376,739 tons of ore containing 5.13 per cent.-of copper and 3.52 per cent.
of nickel. ' S

The isolated exposures of diorite in which the Evans, No. 1 and Copper CLff .

- mines occur are thought by A. P. Coleman fo be connected underground by
irregular channels” with the morite-micropegmatite. The latter occurs about a
inile and a quarter north of Copper Cliff mine, on the north shbre of Lady
MacDonald lake. o £ o ' ' o
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A word or two may be alded regarding the ofigin of the sulphides at the
Tyans, No. 1 and Copper Cliff mines, It has been shown by Dickson, Campbell
and others in their microscopic studies that the sulphides replace or impregnate
the diorite. Apart, however, from microscopic studies, it is very plain that the
ore has been introduced after the diorite.had solidified. This is well seen in
the old surface workings at Copper Cliff mine, where angular and round blocks '

" of .the diorite are cemented together by the sulphides. This condition evidently
exists below ground, judging from the verbal descriptions of those. who worked '
in the mine when it was in operation. Hvidently the diorite dike, after it
solldlﬁed was broken or shattered into erush-breccias and crush-conglomerates
and the sulphides were then introduced into the spaces between the fragments or.
blocks. The sulphides were also introduced in the form of disseminated grains so
that the diorite is “spotted” with blebs of sulphides,- It has been shown elsewhere,
howeyer, that these.blebs occur in a variety of rocks, including sediments, and

v
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I‘Ig 58—Geologmal map of Copper Ghﬂ mine,
Coppéer Cliff, Sudbury area, Ontario.
After A: E, Barlow.

that thelefoie their presence cannot be taken as proof that " the sulphide;s cooled
and sohdlﬁed from the molten diorvite. On the contrary, it is ‘believed that the
sulphldes were introduced by hot cuculatmg waters of magmatlc origin.

" The EIsne Ore Body .

The Elsie mine is on lot 12 in- the fifth concession of McKim township ahout
" ‘one-third of a mile southwest. of the Murray mine. - There are-two open pits on
the property, one about 60 feet in diameter, the other about 130 feet in diameter.

. Tt is reported that-40,635 tons of low-grade ore -were mined and shipped.

The deposit occurs at the contact of ‘a fine- -grained- greenstone and the
norite. The greenstone shows ‘pillow structure and amygdules, and has been
called sudburite, Fig. 59. The ore body appears-to be immediately at the contact of
the two rocks, the sulphides occurring in both. The ore:consists in part of a mass
of rock fragments cemented together by sulphides, and -in part of veinlets and
irregular masses of sulphides ramifying through' the® cracks in the rocks. = The
latter are also “spotted” Wlth sulphides. '
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‘ The Frood and Stobie Ore BOdleS
The I‘mod also called No. 3, and Stobie ore bodies ave situated about two

" and a-half and three and a half miles respectively north of the town of Sudbury.

“Fhe former oceurs on lots 6 and 7 in the sixth concession of McKim township, the
latter on"lot 5 in the first concession of “Blezard. township. Although the Frood .
mine was not being operated in 1916, it is, neverthless, the largest known deposit
in the Sudbury area, there being about 45 million tons of ore in the mine, estimated
malnlv by diamond-drill cores. The ore is, however, lower in grade and more

“rocky” than the Creighton. deposit, the next largest ore body in the Sudbury
area. The Frood ore contains about 3.5 per cent. of nickel and copper combined,
in the-proportion of 2..05 of nickel to 1.45 of copper. The Stobie mine is a much

fﬁ‘ig. 59—Pillow la‘.va, known .as sudburite, Elsie mine, Sudbul'y area, Ontario. A. P. Coleman.

smaller deposit, and, although it was at one time a relatively important producer,
418,991 tons having been mined, it has not been worked since 1901 The Stobie
ore contained 2.05 per cent: of nickel and 1.53 per cent. of copper.

Thé rocks at the Frood- Sboble ore bodies may be grouped in the follomng
inanner, the oldest being shown at the bottom of the column .and the youngest

at the top. o .
Table-Showing Rocks at Frood and Stobie Mines.
. Granite.
; : Norite.
as . Gabbro. .
. _ Greenstone, including diorite. '
1 - & Greywacké and quartzite. -

* The Nickel Industry, 1913, p. 77.
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‘The most ancient formation consists of schistose greywackés.and quartsites’
belonging to the Timiskaming series. These sediments were intruded, more or
less parallel to the bedding planes, by dikes, and other rasses, of greenstones and. -
.diorite. The’ diorite is probably younger than the greenstone, the latter being
more altered. In places the diorite is heayily mineralized, and it constitutes
part of the ore body at the Frood. It was especially studied by Howe under the
microscope who named the rock diorite” Other writers hiave called it norite.” - It
consists of plagioclase, quartz, hornblende, biotite, magnetite, and apatite. It is a
metamorphosed rock, the minerals of which have been re-crystallized. The green-
stone and diorite have not been separated on the accompanying map, Fig. 60.
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Fig. 60—Geblogiea1 map of Frood and Stobie mines. Affer A, P. Coleman.
Following the diorite there were erupted masses of gabbro. An oval-shaped
area, and the largest, of this rock occurs at the Frood mine. It has a width of
about 800 feet and a length of about 1,200 feet, Fig. 60. In describing the
rock Coleman refers to it as an “older” gabbro and considers that it may be an

. earlier effusion from the norite-micropegmatite magma. Near the Stobie there

are also dreas of a medium-grained gabbro, the outlines of which are difficult
1o determine on account of the gossan and drift, and the rock is therefore not’
shown ‘on the map, Fig. 60. It outcrops 50 feet or more to the west of the Stobie
ore body, and irregular masses extend for a few hundred feet to the west.

1 Economie Geology, Vol. IX, September, 1914, p. 508. ) .
2The Nickel Industry, Dept. of Mines, Canada. ) N
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The rocks mentioned above; t.e., greywackés, quartzites, greenstones, diorite

and gabbros, are the only ones with which the Frood and Stobie ore bodies are

~ associated. Other rocks occur nearhy. - Norite, for instance, is found about a
mile to the northwest. It is believed that it was erupted liter than were any of *

the rocks at Frood and Stobie mines.

The reason for this belief is-that similar
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'TFig, 61—Cross-section D.D.- through Frood ore body, Sudbury -
‘area, Ontario.! ’

greenstones and gabbros occur along the edge of thé norite at the Murray and

Mount Nickel mines where they are seen to be-older than the norite since the
“latter has caught up fragments of the greenstones and gabbros.

* Between the Frood mire and the norite intrusive to the northwest a mass

of what has been called “later” granife occurs. It sends dikes into the greenstones, '

‘gabbros and norite at Murray mine, and it is therefore younger than these rocks.

_ *The Nickel Industry, 1913,
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The Frood and Stobie ore hodies may be described under one heading since
they occur along a more or less continuous zone of mineralization, which has a
length of about two miles and a maximum width of 900 feet. This zone of
mineralization strikes northeast and southwest and dips steeply to the northwest, or
roughly parallel to the strike and dip of the bedding planes of the greywacké and
quartzite. It follows the path of dikes or irregular intrusions of the greenstones,
diorite and gabbros. referred to above, these rocks having been intruded more or
Jess parallel to the bedding planes of the sediments. The Frood ore body occurs
at the southwest end of the zone on a prominent ridge, and the Stobie at the
northeast end. Between the two deposits there is more or less mineralization, but
generally too low-grade to be of commercial value. Gabbros, greenstones, diorite,
quartzites and greywackés are all mineralized,” but most of the ore appears to
occur in the diorite and gabbro at the Frood mine, while at the Stobie it occurs
at the contact of greenstone and schistose greywackés or quartzites. ‘

i

Fig, 62— ¢Spotted’’ diorite, actual size, Frood ore hody, Sudbury
area, Ontario, Black represents sulphides; white represents
diorite. The sulphides replace or impregnate the rock,

The Frood, which has heen called an offset deposit, dips in its upper part at an
angle of about 65 degrees to the novthwest. It is'said to become flatter at depths
of over 1,000 feet. The hill on which the deposit occurs is nearly all owned-
by the Canadian Copper Company. Part of the deposit, however, outerops on the’
north half of lot ¥ in the sixth concession of McKim township, and is owned by the

-Mond Nickel Company. Diamond. drilling by this corporation has undoubtedly
proved that the oré body continues into its property at depth., A shaft has been
sunk to a depth of 1,005 feet to tap the deposit which is known as the Frood

‘Extension. Operations, however, have been for the present (1916) suspended. ‘

The character of the ore it Frood, in the old open pits, is in"general like that
of other ore bodies in the Sudbury area. These old pits were excavated in the
‘gabbro. The latter has been fractured into blocks and fragments, round or angular
in outline, and the sulphides fill the spaces between the gabbro fragments,

" cementing them together. “Spotted” gabbro also occurs. 'T'o the southwest and

. northeast of the oval-shaped gabbro mass the -ore occurs largely in diorite, or
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what has been deseribed as morite by other writers. The .ore in the heavily
mineralized diorite is mostly of a different character from that which occurs in
the gabbro. That is fo say, sulphides are present in the diorite in “blebs” about

the size of péas, giving the rock a striking “spotted ” appearance, Tig. 62. "Ore.

‘of this character appears to constitute a large part of the deposit; it carmot bg
. hand-picked, and therefore some form.of glmdmg and mechanical separation
will.have to be undertaken if it is desired to rémove the rocky material. It may

be- added that some brecciationn has also taken place in-this diorite, produqiné‘-
ore similar to that occurring in the gabbro; s.e., rock fragments of various shapes.

and sizes cemented together by massive sulphldes In the.deeper levels of the
mine there is much massive ore.

The gossan-covered surface at Trood is the largest in the Sudbury area.

The Stobie ore hody is said to dip at an angle of 65 degrees toward the

west, and it has been worked to a depth of 250 feet partly by two open pits. The

deposit occurs at the contact of greenstones on the one hand and greywackés and
quartzites on the other. The latter form the footwall and have been altered for
-T00 feet from the ore body to dark greenish grey -schists. The greenstones are
basic, medium to coarse-grained rocks,- comsisting largely of darlk:coloured
-minerals, mainly hornblende; they are mmch metamorphosed and have probably
been -entirely re-crystallized. The ore is the usual variety found in the Sudbury

area. It consists of angular or round fragments of greenstone, greywacké, and -

quartzite ceménted together by sulphides. It is evident that the rocks were broken
or- crushed into crush-breccias and crush-conglomerates, and that the sulphides
were then introduced so that they cemented the rock fragments together. In ad-

dition to this commercial ore body, the rocks—greenstone, gabbro, gleywe,cké, and -

quartzite—to the west ave more or less impregnated with sulphides, the gossan or
stained surfa,ce, havmg a length of 1,000 feet and a width of some 500 feet.

The origin of the Frood and Stobie deposits, and the more or less continuous
zone of mineralization between the two mines may now be briefly discussed. The
-rocks at and between the two ore bodies have 'beeén crushed, brecciated, sheared
and otherwise greatly disturbed. Crush-breccias and) erush-conglomerates have
been formed more or less continuously along the edtive zone. All the rocks,
whether they. are gabbros, greenstones, greywackés or quartzites, have been sub-
jected to this crushing and brecciation. Such a zone formed an ideal channel for
the circulation "of mineral-bearing solutions, and it seems reasonable to' suppose
that the sulphides were carried into their present positions by means of hot cir-
culating waters. It is'a fact that not only the diorites, gabbros and greenstones

are “spotted” with blebs of ore, but also the Qu'altntes and gleywackes It has .

been thought by some writers that the blebs of sulphides in the igneous rocks
constitute proof that the sulphides cooled and ‘erystallized out of the molten rock.
. Since, however, it is now known thiat ‘these isolated blebs of sulphides occur also in
" sedimentaiy rocks hke greywackés and quartzite, it is evident that thls reasoning

" loses its force.

BE. Howe has -deseribed in greater deﬁa,il than any other writer the microseopic .
characters of the rocks at, the Frood mine. He concluded that, dlthough the _

app_earanée of the Frood rock to the éye suggested that the sulphides and silicates

-

L
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formed pantemporaneously, 11; nevertheless appeared to him that the magmatic

origin of the sulphides could neither be proved nor disproved by a study of thin-

sections.! _
Cameron and Little Stobie Ore Bodies

_ Between the Murray mine and “Mount Nickel mine there are’ a mumber of
smalloceurrences of ore, including the properties known as the Cameron and Little
Siohie. There have been a dozen or more pits sunk at various places along this
part of the area. Practically all of the ore exposed in-these pits occurs in the
greenstone, at a distance of a few feet to 150 feet from the norite. There is little
mineralization in the latter rock. The test pits which constitute the Little Stobie

mine occur on the north part of lot 6 in the first concession of Blezard township.

* The Mount Nickel Ore Body

The Mount Nickel mine is situated on lot 5 in the second concession of
Blezard township, about four miles north of the town of,Sudbury. The deposit
gecurs ab the contact of morite and greenstones or gabbro.

The oldest Tocks in the vicinity of the mine are greenstones, all of them basic,
but presenting at the same time a variety of textures from fine-grained to coarse-
* grained. The most common ‘rock is a fine-grained greenstone, which is character-

ized by an amazing number of hornblende stringers, fractions of an inch in width, -

which ramify through the rock in all directions. This Tock has been nanied. sud-
burite by Coleman. Between Mount Nickel mine and the Blezard there is a belt of
medium-grained gabbro, having a width of two or. three hundred feet down fo a
few feet. It somewhat resembles the norite, but has a green colour. This gabbro

is older than the norite, since the latter has caught up fragments of the gabbro. In -

addition to these two types—gabbro and fine-grained .greenstone-—there is a coarse-
grained greenstone, of a very basic. nature' which consists largely of hornblende or

~ pyroxene. It occurs between Mount Nickel and Stobie mines. The age relations '

of these three types of rock, one to another, are obscure. Whatever their age rela-

tions may-be, it is certain that the norite.is a younger rock than any .of the other

three. B : :

The ore body has been worked by an open pit, which is about 150 feet long and
from 25 to 75 feet wide. .A shaft has been sunk to a depth of 165 feet. The ore
body, as,shown by-diamond-drilling, is said to dip at an angle of about 30 degrees
to themorth. . . ' F .

The commeréial part of the deposit occurs wholly in the footwall which con-

. gists of greenstone. The norite is found. from a few feet to 100 feet to the north,
and. shows little mineralization. ' :

The 'na.ﬁurga of the Mount Nickel ore body does not differ from that of the

dther_.depbs_its‘in the Sudbury area. The preenstone and gabbro have been :

‘breceiated into round or angular fragments, and the sulphides ‘fill the -spaces

between the fragments, cementing them together. The ore contains 2.4 per cent. -

_ ofnickel and 1.2 per cent..of copper. : _
The property was worked last in the year 1915 and the ore sold to the Mond
" Nickel Company. . ‘

* Beonomic Geology, Vol. IX, September, 1914, pp. 513-514.

i
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The Sheppard Ore.Body _
The Sheppard mine is on the south half of lot 1 in the third concession of

‘Blezard township. The deposit is near the contact of the norite and the adjacent

greenstone, but the ore is largely in the greenstone, The shaft, which is said to .

be 110 feet deep, and from which two drifts run, is in the greenstone and about
75 feet south of the edge of the norite. In addition to the shaft there are five small
pits, three of which are in the greenstone, a fourth exactly at the contact, and a
fifth in ‘the norite, 15 feet to the north. - At the latter pit the norite is “spotted”
with blebs of sulphides, some of ‘the. blebs being arranged in- parallel lines which

are roughly parallel to the contact. ‘A small quantity of oré over 125 tons was -

shipped from this property
“To the east of the Sheppard mine, on lot 10 in the third concession of Garson
township, some ore oceurs and a test pit has been sunk, .o

’ . . Thé Kirkwood Ore Body
" The Kirkwood mine is on lot 8 in the third concession of Garson townshlp,

. about a mile and three-quarters west of the Garson mine. It was last worked in

1915 by the Mond Nickel Gompany, the ore heing carned by an aerial tlamway to.

the Garson mine,
The deposit occurs near the contact of greenstone and the norﬂ;e both of
which rocks. have been sheared and metamorphosed fo schists and gneiss.

The norite has been more or less altered to schist or gneiss for two or.

three hundred feet north of its contact with the greemstone. It is, indeed, so

- much metamorphosed that it little resembles the same Tock a few mﬂes to the
west, at Blezard or Murray mines, for instance. The schmtosﬂ;y of the green-
-stones and morite has a more or less ‘vertical dip:

The ore bodies oceur in the greenstones, about 100 feet south of the morite.

- ‘The deposit is vertical, parallel to the dip of the schists.. The workings are 200
feet deep and some of the stopes are 40 feet in width. The deposit is vein-like at
times. Pure sulphides are often found resting sharply against the sehistose green-

stone.” The ore, as usual, contains many in¢lusions of rock.

About half a mile southeast of the Kirkwood, on the northeast corner of lot 7
in the second corcession of Garson township,.a shaft, said to be 60 feet deep, has
been sunk. * This property is sometimes called the McConnell mine.

THE EASTERN NICKEL RANGE

" The ore bodies on the eastern nickel range are of the marginal class, occurring
at. or near the basic edge of the norite-micropegmatite. Like other marginal

. deposits the ore occurs largely in the rocks adjacent to the norite, only a relatively

small quantity being found in the latter rock. The rocks adjacent to the norite are
greenstones, in"which dikes or irregular intrusions of granite often ocecur. The
character of the ore is similar to the commercial ore elsewhere in the Sudbury

_ area, that is to say, it consists largely of angular or round fragments of rock
" _cemented together by sulphldes “@potted ” rocks are ‘also of common occur-

rence, : ¥ \

[
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)

_ quartzite.

Beginning at the southeast corner of the range, ore. is found near the line
between concessions four and five, lot 7, in the township of Falconbridge, and else-
where on this lot; exploration by stmppmg, by the sinking of a small shaft and by
diamond dr illing has been carried on. The drill holes show that the ore extends
vertically downward for 800 feet in at least one place. If the dip of the contact
of the norite follows the ore, then the norite contact will also haye a more or less
vertical dip like that at Kirkwood, Garson, and the Longyear plopeltles east of
Garson mine, on lot 10 in the fourth concession of Falconbridge.

Three miles north of the ore bodies referred to in the preceding paragr aph
there is a deposit on Boland’s claims, mainly on lot 8 in the second concession of
Maclennan township. The ore body appears to be at-some distance east of the
norite, and it occurs in greenstone, with green schist enclosing a little arkose ox

Ahout a mile to ‘the northwest of Boland’s claims there are the properties known
as WD4, WD6,WD3 F8 FV F6,Fb5adWDHT, all in Maclennan
township. A’ number of large test pits and small shafts have been sunk on T .7

-gnd F 6, and in some of them more or less massive ore occurs having a width of

5 or 6 feet. The zone of mineralization on these two claimg has.a length of 760

. feet in a straight line, and a width of 200 féet in places.” On F 5 séveral pits and a
" small, shaft have been sunk. - Beyond this, on a steep hill, rising from the shore of

Blue lake, there are two deposits on W D 1, the larger of which is 75: feét long and

. 35 feet wide.” Diamond dmlhng has been done here; this cla.lm, W D 1, is called

. i the Vietor. .

On the east shoré of Clear lake, which is just to the northwest of Blue lake, in
the township of Capreol, there are strippings.and small plts dlsclosmg ore on
claims W 2 and W 3. Some diamond drilling has been done.

On the east side of Ella lake, on W R 10, which is partly in C'apreol and
partly in Norman townshlps a large test pit has been sunk showing ore. Between '

this claim and the Whistle mine there 4s some miineralization of the rocks.

THE NORTHERN NICKEL RANGE ’

On the northern mckel range there are four main ore bodies, namely, the
Whistle, Big Levack, Strathcona and Levack In the year 1916 only. the Levack '
mine was being operated.

The commercial ore bodles of the margma,l type like those in other parts of'
the Sudbury nickel area, occur almost wholly in the rocks adjacent to the norite,
not in the norite itself. There is, however, some light mmerahzafmn in that rock.
With the exception of the Foy offset, and what is. described as a small offset on
Mosquito and Mmlsthue lakes in the- townshlp of Cascaden the-ore bodies on the

Vnmthern nickel range are all of the marginal type.

The Whistle Ore Body

The ‘Whistle mine is- situated 29 miles by rail northeast of Sidbury, mainly
on lot 6 in the fourth concession of Norman township. The mine is connected
by a four-mile branch with the main line of the Canadian Northern railway. Ttis
about at the junction of the eastefn and nmthern nickel ranges.
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The deposit occurs-on the side and top of & prominent hill. The oldest rocks

"in the vicinity of the ore body are greensfones, fine, medium or coarse in grain.
They sometimes have the texture of diabase, while at other times they have the '

appearance of diorite or gabbro. The greenstones are intersected by granite dikes,

and in places-are literally cut to pieces by that rock, Fig. 65. Banded gneiss has -

sometimes been formed by the injection of parallel veinlets of granite through the
greenstone. This complex of greenstone and granite was intruded by the norite
which is here a light, grey-coloured rock, having the composition shown in the
table on page 119. The norite has been found in contact with the greenstone
complex in several places, and wherever seen the . contact is" sharply " defined.
There is no transition .between one rock and the: other. = The Horite” hias caught
up fragments of the greenstone. . e - o

The mineralized zone, along which the Whistle ore body occurs, is about one:
" third of a milé long, and a maximum of 1,000 feet wide. To thé éast-and ‘wesb

»

Tig. 64—Cross-section thi'ough Whistle ore.body, Sudbury- area, -. T' C
' Ontario, showing how ore body occurs in greenstone. s

there are smaller mineralized areas. - The commeréial_ part of the main mineralized
sone is-of an irregular natuie; pay ore oceurs in “kidneys” in an erratic manner
. through the rocks. The ore consists of angular and round fragments of: greenstone,.
and to a minor extent of granite fragments, cemernited by sulphides. There s, in

addition, much sulphide disseminated through the greenstone, and some. sulphide -
oceurs in irregular; small veinlets.  Spotted” . greenstone is of common '

‘occurrences - L I , : ;
The ore body occurs wholly in the greenstone-granite complex, Tig. 64. In

fact, with the exception of a few square yards of inipregnated norite, the entire

.mineralized zone, is found in the:gréenstone-granite complex. The mineralization

as seen on the surface may extend at times for 1,000 feet from-the edge of the

norite into the greenstone-granite complex. Sometimes mineralization comes up
to the norite and ceases at that point. At other times it does not extend to within

hundreds of feet of the norite. As far as surface exposures are concerned, it may -

be said that little or no commercial ore extends up to the norite. ‘ -

.
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The mine -{vorkings are all in the gree:nstone complex, sb that no iﬁformation
from this source exists which throws any light on the angle of dip of the contact
" of the norite with the greenstones. Although diamond drilling has been carried on

extensively, it was done in the greenstone, and so does not.show the dip

is that vertical diamond-drill holes to the south of the greenstone, beginning in
“the norite, would disclose the continuation of the ore body dipping below the norite.
~ An enormous quantity of unexplored ore probably exists at this property.

.

Fig. 65—Granite dikes intersecting greenstone, Whistle mme,'Su&bury avea; Ontario.

Some ipforﬁ%a:ﬁion_‘regarding.the dip of the norite may be gained by tracing
the line of contact from tlie mine to the main line of the Canadian Northern rail-
way, four miles to the west. On various hills a prominent set of jointing' planes
in the norite dips to- the northward at angles of about 4& degree more or less. If
these jointing planes are at right angles to the plane of contact of the norite with
the underlying rocks, then the norite contact must dip to the southward at 45
degrees mote or less. ) ) : - '

- The Whistle ore body is much like the Levack, Strathcona, and Big Levack
deposits; in these occurrences the commercial ore is found in the rocks adjacent to

_ the norite, not in the latter rock. At the Whistle the ore is mainly in greenstone,

while at the other three deposits it is mainly in granite-gneiss.

of theb,
" norite contact.- If, hoivever, it has-a gentlé dip to _the southward, the prebab:}lity

’
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Norman, Wistier, Bowell and Morgan Townsh1ps

Between the Whistle and the main line of the Canadian Northern 1allway,
four miles to the west, there are a number of mineralized areas in Norman town-
ship in which small pits and shafts have been sunk. To the west of tha railway
" about four miles, on location W D 16 in Wisner township, test pits and diamond
drill cores demonstrate the presence of a considerable quantity of ore. On WD 13
and W D 15 in the same township dre also occurs. .Test p1ts have been sunk on.
the former claim. :

In the next township to the west, namely, Bowell ore oceurs on locations W D .
13, WD 208, W D35, W D 150 and W D 155. On the last named location test pits’
have been sunk -and dlan:mnd drilling done. What has beén called the Foy offset

beging on W D 155, the offset having a width of 20 to 500 feet It runs to the
" westward for six miles, and is deseribed as  fairly continuous.”” It is mineralized
here and- there, and is thought to be a-dike from the norite-micropegmatite, though
© Qifficulty. may be met with in distinguishing it from other basic rocks associated
_ -with the granite. There is an ore body at the west end of the offset, on location
" W R 5, known as the Ross ming, in Foy township. The ore from this mine is
reported to contain 2.75 per cent. of mickel. In the southwest part of Bowell
- township, on locations W D 238, W D 8%, W D 231, WD 241, W D 251,
‘ore has been disclosed by strippinigs and test pits.

Save for two" pa,tches of gossan at the northeast- corner of Morgan townshlp
there is said to be neither gossan nor ore in this townshlp

’ Strathcona and Big‘ Levacl{ Ore Body
The names Strathcona and Big T.evack have-been apphed to a smgle ‘deposit,

. the former name being given to the west part and the latter to the-east part. “The

ore body is located about 3%% miles northeast of the Levack, on lots 2 and 8 in the
fourth concessmn of Levack townsh1p An old waggon road. connects the two
properties.
~ The geology is smular to that at-the Levack mine. The deposﬂ: which has been
' called a marginal one, occurs at the contact of norite and granite- gnelss, the latter
being identical to that found at Levack. The contact of gr anite-gnéiss and norite
is exposed a short distance west of the small lake; it is seen that the norite comes-
sharply against the granite-gneiss footwall Wl‘th()'llt a transition zone, and that the
contact dips about 45° to the southeast. The dip is shown in a cliff which cuts
. across the norite contact at right angles. ' ;
The mineralized zone has a length of half 2 mile, more or less, and a width-of .
as much as 700 to 800 feet at the widest point. The ore lies almost wholly in the
. granite-gneiss. ‘At the southwest end the ore is mainly in the granite-gneiss, though
. a little mineralization occurs in the norite. Towards the northeast, however, the
ore body is entirely in the granite-gneiss. In~place‘s’it.is nearly a quarter of a
mile from the norite. o
The mineralization appears to be very 1rregula,11y distributed. TIts charactel is

geen particularly well on the side of a cliff.’” Here barren -masses of granite-gneiss,
5 to 30 feet long, are surrounded by mineralized portions of the-same rock. Tt .
_is evident that the rock has been brecciated and shattered, and that the sulph1des

\
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have been deposited.in the cracks: At the west end & mineralized zone, about 7. feet .
- wide, extends into the norite about 100 feet, at right angles to the norite-gneiss
‘¢ontact. It is evident that this mineralized zone in the norite, like the entire
deposit, was formed by solutions circulating along a weak or crushed zone in this °
rock. - I o 3 :
' . There are two shafts on {hie Strathcona, having a depth of 45 and 30 feet
* respectively. The deposit has been diamond-drilled.

Levack; Cascaden and Trill Tov.vnships

“The Levack, Stratheona and Big Levack ore bodies all occur in the township
“of Tevack. In addition to these deposits tirere are found in Tevack township a
" few other mineralized areas. A pit above five feet deep has been sunk- 300 yards
northeast of the small lake at the north end of lot 5 in the third concession of this
township. On the’ hillside. to the west of the southern end of the lake some
stripping has been done. There is another small lake at the northeast corner of
lot 6, in the second concession of Levack township. At the south end of this lake
gome mineralization occurs in the granite-gneiss, and it: would appear that the area
covered by the lake is likely to contain ore bodies. . T .
" The gossan at the last mentioned lake continues to the southwest for a few
" hundred yards to a deposit known as the Little Levack. The latter is half a mile
northeast of the Levack mine. The workings of the Little Levack consist of an
open pit, 30 or 40 feet wide and 100 feet long. The ore oceurs in granite-gneiss in
the. form of veinlets, ih irregular masses and in disseminated grains. The pit iston -
the side 'of a hill near the base, and the norite is exposed across the drift-covered
valley 150 feet to the southeast. % ' :
At the soufh end of Cascaden township some mineralization oceurs on the .
west shove of Mosquifo lake, on lot 8 in the first concession of the township. Ore
. is also said to occur on the shore of a long southeastern arm of Ministique lake,
immediately west of Mosquito lake. ° o : ;-
* In the township of Trill there is & hillside about a quarter of a mile south of
the fifth concessioi’ on the line between lots 10 and 11. Ore is found on the south
side of the hill and some test pits have been put-down. '
At the Trillabelle mine.ore occurs in several places on a hill at the corner post
between lots 10 and 11 on the ling between concessions three and four.: Pits and
shafts have been sunk and some stripping done. The ore body occurs in greenstone.
A quarter of a mile southeast of the Trillabelle, a pit showing ore has been
sunk, and 200 ards south of it there is another pit. .

ORE BODIES NOT OF MARGINAL OR OFESET TYPE, SUDBURY

- There are a number of ore bodies in the Sudbury area which cannot, be
classed with the marginal or offset types. They occur neither in ofisets nor- at
" the contact of the main mass of the norite, but, on the contrary, are found in the,
_ country rock, as distinguished from the norite, from a mile to 20 ‘miles from the
main mass of the norite. Occurrences of this class are met with in Drury, Lotne
_and" Nairn townships to’ the southwest of the main nickel ares. More remote

v

~
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still are those found about 20 miles to the morthwest of the northern nickel
range, at_the northwest corner of Moncrief township and the eastern part of -
" Craig townshlp There are also deposits northeast of Lake Wanapitei which
deserve mention. The locations of most of these occurrences, together with
others, are shown on Bell’s old map of the Sudbury area which accompanies his .
report in the annual volume of the Geological Survey of Canada for the year
1890-91. Beyond a few brief reférencés to the deposits by Coleman’, Bell’, and
Hoffman®, little has been written concerning them. They appear to be of much
léss importance than the ore bodies which are found in the main nickel area.

COMPOSITION OF MINE WATERS AT SUDBURY

Most of the nickel mines in the Sudbury district were worked in the early
~ days by open pits. Some were closed down and have not been worked for years.
‘In the course of time these pits became filled with water. A The water in tﬁe .
Stobie pit has a dark muddy brown colour, while that at the Blsie has a pale
green tint, the green probably due to the presence of a solution of mnickel.
Samples of the waters were collected for quantitative analyses, to ascertain the
amounts of nickel, copper-and iron present. The Elsie, Blezard .and Stobie
mines were selected for the purpose, and the results of the analyses are gwen in
the table below '

Table showing the riumber of grains per gallon, of nickel, copper and iron contained in .
- the mine water in the open plts at the Iilsie, Blezard and Stobie mines, Sudbury distriet,
Ontario, Canada. :

\ 2 3 . i 5
10§ (1) PR—— ..-.....l 0.3208 0.9625 1.6917 1.69+ 1.7108 -
CODDEY +vvrvrenns ki 1 None .|  Nome 0.5250 None 0.7583

Iron vevsiieedviiniennan, T_race 0.5833 .| 10.2086 9.6836 ! 12,6587

Elsie mine, west pit, surface water.
Elsie mine, east pit, surface watér.
Blezard mine, surface water.

Blezard mine; 12 feet below surface.
Stobie mine, surface water.

b o

Four out of five of the samples were taken at, or within -a few inches of;
the surface of the water. Of the two samples from the Blezard, one, No. 4, was.
-obtained 12 feet below the surface. No copper was found in the latter sample,
whereas the surface water of this mine- contained 0.5250 grams of. coppel per
ga.llon

1 The Niekel Indust1y, Dept.. of Mmea, Canada, 1913, pp. 47-48, Ont. Bur. Mines, 1905,
Vol. 14, Part III, p. 145.
. A Geol. Sur, Can., 1890-91, Vol. 5, Part F, pp. 52-53.
3 Geol. Sur. Gan 1890- 91 Part R, pp. 39-48, " .

AW K MeNeill states that there was not sufficient solution in the sample to make a
_quantitative determination of the nickel; a quahtatwe test -appeared to show that there was
about as much nickel present as that cont'uned in No. 3. All the samples of mniine water
referred to in the text were taken in the summer of. 1915.

14 n*
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The analyses show in every case that nickel is always present; in the ;#ater,

and that there is more-of this element than. copper in solution. This cotres- .

ponds with the relative percentages of nickel and copper in the ore at the Stobie
and Blezard; 4.e., there is more nickel than copper in the ore at these two mines. '
Tt ‘is interesting to calculate the total amount of nickél‘a-nd copper which
is present in the mine water of the“Stobie. Of course it is impossible to estimate
the volume of water in the mine without the dssistance of the old mine plans,

“but if it be assumed that the workings have a volume equal to a rectangular

prism ‘200 feet long by 100 feet wide by 100 feet deep, then the total nickel
content amounts to-3,660 pounds, and the copper to 1,621 pounds.-

LITERATURE ON SUDBURY GEOLOGY -

Tt is.felt that the present report on the geology of the Sudbury nickel-copper
area is not the proper place in which to discuss the numerous papers and memoirs "
which have been published. Any reader desiring to peruse the literature -will
find a Tlist of the works in the bibliography published in this volume. Howevet,
a few words may not be out of place respecting this matter. ‘ '

If the literature relating to the geology of the area be studied it will be
found that three workers stand out conspicuously from the others. These men
are Robert Bell A. E. Barlow and A. P. Coleman. Of Robert-Bell it may be
said that he outlined the foundation on which later geologists based their work.

" He siicceeded in subdividing the rocks into their main groups; d.e., (1) Grenville
" series,” (2) Huronian series [Timiskaming], and (8):Upper Huronian sefies
. [Animikie]. These three principal subdivisions have remained substantially, cor-
“rect to the present day. In the course of his work Bell outlined, in the central

part of the area, the “distinet geological basin,” the delineation of which has

" proved of importance, for it was near its borders that most of the economic mickel-

copper ore bodies have been discovered. More credit is due to Bell for the recog-
nition and mapping of the Sudbury basin than is generally vouchsafed to him.
He appréciated the significanice of this well-defined geological feature and referred
to its importance’ ‘ B ‘ :

* While A. E. Barlow wrote an important report’ on the Sudbury area, the

. maps ﬁfhic;l_l accompanied that report were also of great importance. Barlow. had -
 few, if any, equals in Canada-as a geological map-maker.

Of all the reports whieh have appeared from time to time on.the geology of
the Sudbury, area it may ‘be said that those of A.. P. Coleman have heen of more
assistance than have thoge of any other worker. Tn the preparation of the present
Report for the Ontario Nickel Commission the writer wishes to parigicularlf
acknowledge his indebtedness to Coleman’s works. This author’s final ‘report’
has been freely drawn on, especially in describing the ore bodies ony the eastern
and northern nickel ranges. :

\

‘1 @eol. Sur. Can., Vol. 5, 1890-91, Part T, p. 12.
2 Thid, Vol. 14, Part H. 1904, reprinted in 1907.
* The Nickel Industry, 1918, Dept. of Mines, Canada.
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The above brief references to the work of geologists whohave studied the
Sudbury deposits would not be complete without mention of T. L. Walker and
Chas. W. Dickson. Walker was the first geologist to discover that magmatic
differentiation had taken place in the norite-micropegmatite. In respect ‘of
Dickson’s work, which was published in 1903, it may be pointed out that he urged
in a more convincing manner than any previous worker that the nickel-copper ores
were deposited from hot circulating waters, and that the ores replace the norite.

1While the Report of the Ontario Nickel Commission was going through the press an
- important publication by C. F. Telman, Jr., and Austin F. Rogers was received. These -
authors have substantiated, by laboratory work, Dickson’s main_ contention; namely, that
the oves replace the norite. Their paper is entitled: ¢ A Study of the Magmatic Sulphide
Ores??; Leland Stanford Junior TUniversity Publications, University Series, 1916. A brief
summary of their Report is given in the foot-note on page '133.”_‘ ’

Fig. 66—Commencement of No. 3 sha,ft, 5 compartments, Gi‘eighton'mine, 1915.

.
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METHODS OF MINING IN SUDBURY. AREA¥

The ore bodies of.the Sudbury district vary greatly. in size, ‘dip and con-
‘figuration, and the methods of mining are dependent on these factors. The ores
‘are essentially pyrrhotite, chalcopyrite and pentlandite. The enclosing rocks are
hard, like the ore bodies, and but little timbering is requited. They comprise
norite, gleenstones, quartzites, greywackés and granifes. The ore bodies dip at
angles of from 36 degrees to 90 degrees.

The problem of extracting the ove after the size and conﬁguratwn of the ore
body is kmown is a simple one owing to’ the nature of the ores and the enclosing
rocks. Elaborate systems of timbering, caving, shcmg or filling do not have to be
considered. Where large stopes are to be worked out, pillars are left, and .the
backs are kept arched while the ore is being removed. Afte1wa1 ds the pillars are
. robbed.

' Ore was first mined in ‘the Sudbury district by the opeu—plt method. ~ The
surface material was stripped off; the gossan; and overburden, the latter averaging
“up to ten feet in depth, was removed, and the open-pit method of mining followed.
The ore was handled by derricks at fivst. Later a shaft was sunk adjacent to the
open pit in the footwall, and connections were made with the open-pit at different
levels. The ore was trammed to the shaft and dumped directly into skips. By
this method about 3,000,000 tons were taken from the Creighton. Properties
‘mined by this method were the Evans, No. 2,.No. 4, No. 5, No. 6, Frood, Stobie,
Crean Hill, Kirkwood, North Star, Victoria, Blezard, Murray and Creighton.” Of
these the Creighton was the largest pit, being about 670 feet long; 180 feet wide,
~ and 200 feet deep. As the Creighton ore body dips at an angle of about 45 degrees,
it ‘was necessary to remove a large tonnage of waste from the hangmg -wall. When
all ‘the ore, that could econommally and safely be mined by the open-pit method,
was taken ‘dut; the sha.fts were sunk to lower levels and overhand methods of stopmg
were adopted, fa ﬂ001 “oemg left below the open pit. Where the ore bodies were
narrow, the drifts wéte timbered over and the ore broken on the timbers. In wide
ore hodies, dly wall drifts were used and circular pillars left where necessary.

As the nickel industry grew, and increased tonnages were demaxded, it became
. necessaly to more thoroughly prospect the ore bodies and plan the work so that a
constant large tonnage could be produced. The method of prospecting the ore
hodies was by means of magnetic survéys and ‘diginond drilling, the relative;
importance of these two methods being governed’ by Jocal conditions at ‘each
- property. In general it may be said that the magnetic survey seyves only as an
aid in locating an ove body. The prospecting is done by means of diamond drilling.
Properties thoroughly drilled were the Frood and Creighton, of the Canadian
"Copper Company, the Levack, of the Mond Nickel. Company, and the Murray, of
the British America Nickel Corporation. - In the latter property, for instance", the

*.The Commissmners are indebted to Mr. T, T, Suthelland Chief Inspeetor of Mines for
Ontario, for the description of Mining Methods in the Sudbury Area, together w1th the notes
on Power Plants, Mlmng Costs, and kamen s Compensation.

«
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qurface was divided into 200-ft. squares, and a vertical hole drilled at the corners
of the squares. By this means the dip, strike, configuration, assay and tonnage are
pretty thoroughly known before any ore is removed. This information is sufficient
to enable the whole operation of mining the ore to. be planned in advance. Power

" plants, hoisting and sorting arrangements, shafts and equipment "are all planned

for the most economical handling of certain tonnages. 7
~ The magnetic surveys are made by the companies themselves. The diamond
drilling is done under contract by drill companies located in- Sudbury. The price

varies from. $2.75 to $4.00 a foot, depending on the location and size of contract. -

CANADIAN COPPER COMPANY’'S MINES

Crean Hill

The Crean Hill mine, situated in‘lot 5; concession 5, Denison township, has
been developed to the 9th level at 830 feet by means of a 4-compartment. shaft.
"This. shaft is inclined at 57 degrees to the 5th level and at 71 degrees below this.
A considerable tonnage was obtained from.this property by the open-pit method of
mining in the early days. o ‘

 The present method of mining follows closely the system at the Creighton
1ﬁiile, described elsewhere, except that circular pillars are left instead of rib
pillars. The ore body dips to the east at an angle of 60° and averages 2.9 per cent.
of copper and 2.1 of nickel. By ‘hand-picking from belts in the rock ‘house about
50 per cent. of waste is removed. Up to the end of 1915, 660,000 tons of sorted
ore had been -shipped from this property. At the end of 1916, the ore reserves
amounted to about 2,000,000 tons. - o o
The equipment comprises “the following: One Canadian Rand 1,600-cu. . ft.
compressor running at 120 r.p.m., with' direct-connected motor .drive. The cylin-
ders are 25-in. diameter by 24-in. stroke and 16-in. diameter by 24-in.- stroke.

" The motor is a.300-h.p., A.C.B. 3-phase 550-volt machine, at 125 r.p.m.

One Canadian Rand -2,500-cu. ft. machine, R-stage, 17 inches and, 28 inches

‘by 24 inches with intercooler .and aftercooler, driven by a 425-h.p. Canadian '
" Westinghouse motor, 360 r.p.m., 550 volts, 3-phase, 25 cycles. '

"The hoist is a 3-drum motor-driven geared hoist built by the Denver Engineer-
ing works. The drums are 4ff. 9-in: diameter and 4-ft. 10-in.. wide. The
hoisting speed is 500-ft. per minute. The motor is a 150-h.p. A.C.B., 500 r.pm.,
500 volts, 3-phase, 25 cycles. Lo . S

Creighton '

- The Creighton mine is situated in lot 10, concession 1, Snider township, and .
lot 1, concession 1, Creighton township. The property was acquired by the Cana-
dian Copper Company in 1890, but did not become a shipper until 1900. The ore
averages 4.4 per cent. of nickel and 1.5 per cent. of copper. The produgtion to
the end of 1915 amounted to 4,611,677 tons. The ore body- has a maximum
length of about 1,000 feet, and has been proven to a depth of 2,000 feet measured
along its dip, the present ore reserves amounting to about 10,000,000 tons, It
dips to the west at an angle of about 45 degrees. .
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~ As mentioned hefore, a large tonnage was removed from this plopelty by the

open-pit method of mining, the ore being removed through a 8-compartment o
. shaft sunk in the granite footwall at an angle of 59 degrees near the east end of,

the ore body. As the depth of workings increased, it hecame 'necessary to change
from the open- pit method to underground mining. .

. A-second shaft was therefore sunk in the footwall. This 4vas a 4- compa.it— '
ment shaft compmsmg a manway, two.skipways and a compartment for handling
men and material. = This shaft was sunk near the westerly end of the open pit,
and was carried to a depth of 830 feet on an angle of 47 degrees. On the 6th and
10th levels of this shaft a Farrel jaw crusher, with a 30-in, x 42-in. opening, crush- __
in%1 to 6-inches is installed. These crushers are each driven by. two 100-h.p. motors.

discharge into storage pockets holding approximately 400 tons, The ore from

" the storage pocket passes into a measuring pocket at the loading station about 60°

feet below the haulage level. By this method the skip is loaded in about 10.
seconds and the time for a return trip from the 6th level loading station, including
loadmg, is 184 minutes. TRe skips, b-ton' capacity, are operated in balance, the-
hoisting -speed being about 1,100 ft. per minute. On the inain haulage levels 4%%-
and 5-ton storage-battery locomotives are used, hauling trains of four.56-cubic
foot side-dumping steel cars, which are methanically. dumped at the crushers.

All the ore goes through these crushers, the ore from the upper level being
passed down through ore-passes, which discharge into a-crusher. Waste rock is

- handled through separate rock passes and storage pockets, which dlscharge into
'the skips 30 feet below the haulage levels.

A third shaft, known as No. 3, is being sunk in the footwall 145 feet southwest

 of No. 2. Tt dips at an angle of 55 degrees and is to be continued to the 16th Ievel.
This shaft messures 8 feet by 33 feet, and is divided into five compartments, which - -

consist of a manway, two. skip compartments, and two cage compartments. The

shaft is concreted for a distance of 40 feet below the collar. The skip-track con- -

sists of 85-pound rails, resting on Wa,lelates which in turn are supported on-
concreté piers. Tt is planned to place 4 crusher below the 14th level station with

.storage and measuring pockets of the same type as used in No. 2 shaft. Ore-passes

will extend downward from the upper levels to this crusher, Skips of 8-ton
capacity, hoisting in balance, are to be used. The hoist will have 12-foot drums -
and a rope speed of 2,500 feet per minute. Stations have been cut in this shaft at

" the 6th, 8th; 10th, 12th-and 14th levels. The first three levels correspond with

similarly numbered levels from No. 2 shaft. The digtance between levels is 150

_feet measured along the incline. * Intermediate or sub-levels are to be driven half-

way between these main levels in the footwall and will be numbered %, 9, 11 and 13:
These sub-levels arve necessary to remove the broken ore from the footwall owing
to the low angle at which the ore body lies. - :

_ The main level stations are 95 feet wide and are cut in the footwall. The
main drifts are driven in the footwall parallel to the ore body. T.evels Nos. 6, 10,
12 and 14 and motor-haulage levels are driven 10 feet wide and 9 feet high, laid
with 40-Ib. rails, and have 14 of 1 per cent. grade to the crusher station, The
other levels are driven the ordinary size, 8 £t.'by 8 ft.; and ave laid with 25-lb. rails,
with a grade of 2/3 of 1 per cent. to the ore-passes. which lead to the crusher on the
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first- haulage level below. Rib pillars, 15 feet wide, are left every Tb feet. applom-
matély at right angles to the.strike of the ore body. In these rib pillars crosscuts
are driven from the main levels to the hanging side of the ore body. These cross-
cuts are carried on a 2/3 of 1 per cent. grade. This gives a series of parallel stopes
60 feet wide trayersing the-ore body throughout its entire length. From each
" side of the-crosscuts’ box holes are’ cut at 30-foot centres up into the stopes. As
far as possnble these box holes_ are staggered in the crosscuts and also as 1egalds

Rock house at No. 3 shaft, Creighton mine,

the stope. The box holes are carried up about 15 feef, then chambered out and
stoping commenced. A 15-foot floor is left in the bottom ™ of each stope.. The
chutes are 414 feet' wide and are built of 12-in. by 12-in. timbers. They are lined
. with 6-in. by 6-in. or 6-in. by 8-in. timber, the bottom sloping at an angle of 25
degrees, and plotected by a 1p-in. steel plate. TFormerly steel arc gates, air-.
operated, -were used on the chutes, but these have been discarded and a stop log

is. now used ‘ '

O
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In- the stopes the shrinkage method of mining is followed. As soon as-a stope .

is started manways are carried up along the footwall in the pillars and connected
with the stopes every 25 feet. All pipe-lines, etc., are carried in these manways.

For development worl 8Y-in, piston drills are used, and for stoping hoth
piston and Leyner drills are employed, 8-ft. to 10-ft. holes being the rule. Block

holers follow the big machines in the stopes. The drills are supplied with air at a '

pressure of. 90 pounds and 40 per cent. forcite is- used for all blasting operations.
In the rock house the skips dump over grizzlies and the coarse material is fed

_through 18-in. by 30:in. jaw crushers, which discharge upon travelling picking

belts, where about 17 per cent. of waste material is removed by hand-picking. The
ore falls into ore bins, which discharge duectly mto rmlway cars beneath the

rock’ house.

The equipment comprises the following: One Bellis and Morcom compressor,'

2-stage, 42-in. and 25-in. by 21-in,, 5,000-cubic foot capacity at 100 Ibs. pressure and
187%4 r.pm., driven by a 900 k.v.a., 3-phase, 2,400-volt, 18714 -r.p.m. auto-
synchronous motor with a 22 k.w. 25 ‘to 35-volt direct-connecdted exciter.

One Canadian Rand 1,600-cubic foot machine running ‘at 120 r.p.am. with
direct-connected motor drive. The cylinders are R5-in. diameter by 24-in. stroke

_and 16-in. diameter by 24-in. stroke. The -motor is a 300-h.p. A.C.B,, 125 r.p.m.,

3-phage, 5b0-volt, 25 cycles.

One Canadian Rand 2,500-cubic foot machine, 2-stage, 17 inches and 28 inches
by 24 inches, with intercooler and aftercoolel driven by a 425-h.p. Canadian
Westinghouse motor, 360 r.p.m., 550 volts_ 3-phase, 25 cycles.

One Canadian Rand 2-stage compound 1,200-cubic foot machine, 12 inches

and 20 inches by 18 inches, driven by & 200-h.p. Crocker Wheeler rotor, 500 r.p.m.,,

‘550 volts, 3-phase, 25 cycles.

Hoisting through No. 1 shaft is done by a R-drum hoist of the Denver

with friction band brake. .The hoisting speed is 500-feet per minute. The motor
is & 150-h.p. A.C.B., 500 r.p.m., 550 volts, 3-phase, 25 cycles. ,

At No. 2 shaft ore is hoisted by a double-drum electric hoist, built by .the
Nordberg Manufacturing Company. The drums are 7-ft. diameter and 4-ft. face,

. using a 114-in. diameter rope. The hoist is equipped” with parallel-motion post

brakes operated by oil-thrust’eylinders: The hoisting speed is.- 1,100 feet per
mihute with a 5-ton load of ore. The hoist is operated by a 350-h.p. 500-480

- The man-cage hoist-at this shaft is one drum of a 3-drum hoist built by the
Denver Engineering Works, driven by a 250-h.p.,, A.C.B., 500 r.p.m., 550 volts,

3-phase, 25-cycle motor, and equipped with hoth band and post brakes. The drum -

* Engineering Works, motor-driven. The drums are 4-ft. 9-in. by. 4-ft. 10-in. wide, -

r.p.am., A.C.B., 25-cycle motor with limit switches positively geared to each drum. -

'

is 4-ft. 9-in. diameter by 4-ft. face. ‘The hoisting speed is 690 feet per minute.

At No. 8 shaft a Wellman Seaver Morgan Company double-drum electric hoist is
in use temporanly during construction. The drums are 72-in. diameter by 48-in.

face. The brake is a post brake alr-operated The hoisting speed-is 800 feet.

per minute with a load of 11,700 Ibs. The hoist is driven by an A. C B, 250 -hp.
motor 500-480 r.p.m., w1th lnmt switches and brake solenoids.
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No. 2 Mine

‘No. 2 mine of the Canadian Copper Company is situated in the town of
Copper, Cliff. It was opened up in 1898 and operated until 1903. It was re-
opened in 1911, and up to the end of 1915 had produced 656,000 tons of ore.

The mine has been developed by a 3:compartment shaft at an angle of 87
degrees. 'This shaft extends to the ninth level, a distance of 721 feet. Below
this level a winze has'been carried to the eleventh level, 360 feet deep.

. The ore body is columnar in form,‘being nearly vertical, and averaging 230
feef in length by 115 in width. It averages 2.6 per cent. of nickel and 1.8 of copper.
About 12 per cent. of waste is sorted out in the rock house.

The equipment comprises one Canadian Rand 1,600-cu. ft. compressor,
running at 120 r.p.m., with direct-connected motor drive. The cylinders are 25-in.
diameter by -24-in. stroke and 16:in. diameter by 24-in. stroke. Hoisting is done
by a 2-drum motor-driven hoist built by the Denver Engineering works.

No. 3 Mine )

The TFrood, or No. 3 mine, lot 7, con. 6, McKim township, is the largest hody

of ore known in.the Sudbury district. The original No. 3 mine lies a quarter of a
mile northeast of the present workings, and was operated from 1899 to 1903,
producing 110,545 tons of ore averaging 2.66 per cent. of nickel and 1.39 of copper.
_ The present ore body was thoroughly prospected by diamond drills, and about
45 million tons of ore - proven, carrying .2 per cent. of nickel and 1% of
COpPper. Preparations were made to mine a large tonnage from this property, but
developments at the Creighton rhine were such that this properﬁy was closed down

.in 1914 after about &7,000 tons had been hoisted that year. The mine wag heing
- developed from two shafts,—No. 1, a 4-compartment shaft dipping at an angle of -

77 degrees, 420 feet deep, and No. 2 shaft, a 3-compartment vertical shaft, 350
feet in depth.. No. 2 shaft les 625 feet northeast of No. 1. These shafts are
connected by drifts on the.300-ft. level. .

The method 6f mining used was to drive a main drift a short distance south
of the ore body and following the general direction of the ore body on the south side.

" Crosscuts 50 feet apart werg driven novth from the main-drift at right angles to it.

Raises were put up in the ‘crosscuts about 50 feet apart and placed alternately on

" either side of the drift. These raises were breasted out and joined at a height of -

15 feet above the floor level, thus merging into a large stope. Pillars 25 feet in

. diameter were left to support the back, and the shrinkage method of mining was

followed. e : : _ L

A railroad 5 miles in length was built by the company from Copper Cliff to
the mine and a town laid out. Over 100 company houses were built. The town
was incorporated under-the name of Trood Mine. ' '

- _ Dill Quartz Quarry

. Quartz.for the smelter at Copper Olff is obtained by the Canadian Copper
Gompany from a quarry owned and operated by the company in Dill township.
. Tiﬁs quatry is worked only during the summer, a sufficient supply of quartz
being stock-piled at the smelter to carry the plant through the winter months. -
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The open-pit method of mining is followed, the pii; now. heing about 55 feet in

" depth. The quartz ‘is hoisted in small cars on an incline and dumped into a

storage bin- which discharges into railway cars.

MOND NICKEL COMPANY-MINES

Frood Extensi()n ; c

The Frood Extension mine is situated in the north half of lot 7, concession 6,
McKim township. The ore body is an extension of the Frood ore body of the
Canadian Copper Company. On the outbreak of war- development work at-this
property ceased, and the company “hastened the development of the Levack mine.

' A vertical 4-compartment shaft, 21-ft. by 7-ft., has been sunk to 1,005 feet.

On the first, or 400-ft. level, a drift runs southeast 230 feet. From the end

" ‘of this drift a raise extends to the surface, and a winze has been sunk to a depth

e

of 170 feet below the level. & ;

On: the second, or 750-ft. level, a drift runs southeast 220 feet. Near the
end of this drift a raise was started to connect with the winze from the first level. .
A winze has also heen started near the end of this drift, and is Y0 feet deep.

On the third, or 900- ft. level, the station has been cut and 210 feet. of -
drifting done southeast of the shaft.

About 500,000 tons of ore have heen proven by diamond dnllmg contammg
about 2 per cent. of nickel and the same percentage of copper. .

The power house has been completed and contains:—One Nordherg geared
hoist, 23-in. and 23-in. by 48-in.,, with two drums 10 feet in diameter with
78-in. faces. It is equipped for air but can be run by steam. Provision has been
made “Whereby a third clutched drum for hoisting men may be added when desired:

* There are one 2,800-cu. ft. Nordberg air compressor, and one 1,750-cu. ff.

‘Rand air complessor belt-driven.

The Garson Mine

. The Garson mine, lots 4 and 5, concession 3, Garson township, up to the end
of 1915 had produced: 872,179 tons of ore averaging about 1.7 per cent. of copper
and 2.4 of nickel. This has been the most important producer for the -Mond
Nickel Company. It is connected with the Canadian Northern railway by a spur,
3L% miles long. During 1915 the monthly production averaged about 18,000
tons of ore and quartz.

The main shaft is a vertical 8- compa,ltment shaft, lined with 4-in. by 8-in.
cribbing, and has been sink to a depth of 870 feet. It is equipped with 3-ton skips
hoisting in balance. At first the cars on each level were dumped dlrectly into the
skips, but later .this was changed and the greater part of the ore is now lowered

“through raises to a chute below the fourth level leading to measuring pockets on

the fifth level which load into the skips. Similar loading pockets are being .put

in on the seventh level to handle the ore stoped between the fourth and sixth levels.

The ore body is very irregular in form and may be said to comprise two main

- pre hodies, very erratic in character, and lying somewhat in the form of a
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" quadrant of a circle, as well as a number of smaller ore bodies which radiate out
from the main ones. In the main the average contents of these veins are much
alike, but one of the smaller bodies is very rich in copper, the ore sometimes
running as high as 10 per cent. of copper. Pentlandite, in visible form, also

occurs in some places. The ore hodies dip to the southeast at angles of from 50

to 60 degrees and the {wo main ore bodies intersect about the sixth level, forming ’

a_considerable enlargement. While not definitely known, it is believed that the
ore body forks helow the sixth level and continues down as separate bodies. No
work has yet been done helow the sixth level to verify this.

. Bach of the ore bodies has its own peculiarities and as these do not persiét ,
from level to level it.has been hard to adopt any, general mmmg system which
. will satisfy all conditions. g

e 4

_ The ore has always been developed by means of drifts and then sectlon-cuttmg
in the oxe till the body is outlined on that level. Afterwards the workable portion,
as shown on the assay map, is mined, the poorer portions being left for pillars,
if any are considered necessary. Above the fourth level the practice has been to
build dry walls leaving, as first developedl,” chutes and later heavy timbered
shovelling places, -for handling the ore. A filled stope, extends above the dry’
wall, leaving only a ten-foot floor between the back of the stope and the level
above. Trom time.to time, as the work below progresses these floors are removed
by underhand work. No timber has been used in the stopes and in general the
ground stands remarkably well.

On a.portion of the fourth level and helow, the method has been changed to
. cutting mill holes out of the solid and leaving a portion of the back over these
. for protection of working place. Platforms shghtly hlgher ‘than the tram-cars. are
built below these openings, and from these the ore is shovelled into the cars.

‘On the footwall of one of the main ore bodies was a quartz vein carrying

- small values and running from 6 to 12 feet in width. This was mmed separately -

arid used as a flux'in the company’s smelter.

) Hmstmg is done by an Allis-Chalmers hoist with “two 7-foot drums, and
6-foot faces, driven by a 250-h.p. motor. -

Adr f01 underground operation is supplied by 4 compressors, 3 of the Ra,nd

* compound type, 1,800-cu. ft: capacity each, and one IngersolLSmgent 1,700-cu. ft.

capacity. All are electrically driven. .
Double transformer arrangements are prov1ded for Teceiving 4:4: 000 and

16,500 volts, -the former being supplied by the company’s plant at Wabageshik-

“and the latter by current from the Wahnapitae Power Company.

Sorting armngements in the shaft house follow the usual custom in the
" distriect. About 25 per cent. of waste is picked out on bumping tables.

Levaék Mine

; The Levack mine is situated in lots 6 and 7, concession 2, Levack tgwnship._
Diamond drilling- has proved the presence of a large body of ore near the contact
of the norite and gneiss. 7

[y s
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A branch railway, four miles long, leads to the,mine from Levack station on
the C.P.R. main line, 23 miles west of Sudbury, and 31 miles from the smelter at
Coniston. This spur is owned by the mining company.

An electric transmission line, 28 miles long, delivers power, from' ‘the
Wabageshilc plant of the Lorne Power Company, to.the mine at 44,000 volts

The power house at the mine has a brick exterior and cement Hyrib interior.
It contains an 1,800-cu. ft. Rand compound duplex compressor, belt-driven . by
" a 300-h.p. motor; a.3,200-cu. ft. Ingersoll-Rand Rogler-valve compressor, direct-
driven by a 650-h.p. synchronous motor. In a separate building a 1,100-cu. ft.
Rand, steam or electrie, compressor, will serve as a reserve. Three Gereral
Blectric water-cooled transformers are set up in a wing off the power house.

The hoist house is of the same type of construction as the power house. It
contains an Allis-Chalmers hoist with, two cylindrical drums, 7-ft. diameter and
6-ft. face. This hoist”is capable of handling & 4-ton load in the skip, and is
driven by a specially designed Allis-Chalmers motor of 250-h.p.

In the rock house considerable’storage capacity is provided above two Had-

field jaw crushers. The latter have an opening of 18 inches by R4 inches, and
" are automatically fed by a short Stephens-Adamson pan conveyor from which
coarse waste is picked. The crushed product is screened and the oversize sorted on
belt conveyors. In all about 83 per cent. of waste is removed.

A 5-compartment shaft, pitching to the southeast at an angle of 65 degrees.
was begun in April, 1914. A concrete collar extends to a depth. of 1R feet, and
from the hottom of the_collar to 75 feet in depth concrete has been poured behind
the timbers. This shaft was sunk in a fold of the footwall which extends well into
the ore body. The first level was cut at 168 feet measured on the incline and -
" subsequent levels at 100-ft. vertical irfervals. ' '

The general mode of attack is to drive a main drift north and south from

“the shaft through the centre of the ore body, which is then bldcked out into 100- 2

ft. stopes separated by 40-ft. rib pillars. From' the main drift crosscuts are
driven centrally through these pillars to-the foot and hanging walls for exploratory
work and manway connections. Two crosscuts are driven from .the main drift
under each stope for drawing the stopes. When this preliminary development is
completed, a main haulage drift is driven from the shaft in the . footwall con-
necting with the different crosscuts under the stope sections. By this means the
empty cars-from the shaft ave brought in through the main drift, loaded in the
crosscuts and returned to the shaft by the footwall drift. '

Tramming. is at present done in 2-ton cars dumping directly into the skips.
.Oltimately storage pockets will ‘be cut out below certain levels.

Stoping will be done by slicing from the footwall to the hanging-wall, keepmg
the back of the stope at such gn-angle that only wet holes will be. drilled. Both
chutes and shovelling platforms are used.

This property has been thoroughly prospected by diamond drill and about
41/, million tons of ore proven, carrying about 1.5 pel cént. of copper and 3.2 of
nickel. :
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Victoria Mine

" The thona mine, situated in lot 8, concession 4 Denison township, is the A

deépest mine in Ontario. The mine is situated on.the Algoma Eastern Railroad, 84
miles west of Coniston. At the end of 1916 the 3-compartment vertieal shaft was
2,618 feet deep. The ore occurs as two inclined: columns about 169 feet ai)art,
which dip uniformly to the southeast at 70 degrees. '

Up to the end of 1915 this property has produced 619,612 tons of ore averag- .

. ing about 1.6 per cent. of nickel and 3.3 of copper. The production during 1915
- was at the rate of about 5,000 tons a month.

The vertical shaft was sunk between the two ore bodies-and, owing to the
dip of .the ore, it has been found good practice at depth fo run the levels at 300-
ft, intervals. The method is to underhand-stope the upper 200 feet and over-
hand-stope the lower 100. The ore is hoisted on cages and the ordinary methods

- of crushing and picking are followed. About 25 per cent of waste is picked out.

~ The equipment comprises one 1,800-cu. ff. duplex 2—stage tandem Rand
compressor driven by a 300-h.p. motor, and a Nordberg h01st with 10-ft. drums and
78-in. faces driven by a 400 hp Siemens motor capable of hoisting a 4-ton load

from 4,000.feet. The hoist is equipped with the latest Welch sa.fe{:y devices, and '

has a homtmg speed of 1,000 feet per minute.

Worthington Mine

The Worthmgton mme Jdot "2, concession 2, Drury. township, was first
operated in 1890, and up to the end of 1915 had’ produced 117,794 tons of
ore. ‘The property was re-opened in 1914 by the Mond Nickel Company. The

mine is situated on the o0 branch-of the Canadian Pacific rallway, 34 mﬂes west

_ of Coniston.
' The- Worthington. ore contams a little mecohte and considerable pentlandite. -

The picked ore as shipped averages about 3 per cent. of copper and 8.5-of mickel.

A 3-compartment shaft, dipping to the southeast at an angle of 80°, has_

been-sunk. to the 600-ft. level.

The ore body is-unusual in that the rock content iy greater than that of
any of the other working mines of the district, and cansequently closer attention
has to be given to sorting in order to obtain a shipping product without too high
a loss in the waste product. . In the rock house the run of mine is dumped over

- grizzlies upon sortmcr p]a.tforms where a preliminary sorting is made, the ore and
_ rock falling into separate bins. The rock and ore bins feed into senarate 18-in. by

24-in. jaw crushers, crushing to'a 2V4-in. ring, which discharge upon bumping

tables where the crushed material is washed and sorted-by hand, the waste being -
ﬁlscharged onto a travelling belt. The fines from the grizzly also pass over &

bumping table; where waste is picked out‘and dlschsn ged onto this travelling belt.
The travelling belt: feeds an 18-in. by 24 in. jaw crusher, set at 1%4_in., which

discharges. into. railway cars, this crushed material being sold to the Canadian .
Pacific railway for ballast. -About 60 per. cent. of Waste is sorted out by this .

treatment.
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v

The power house contains an Allis-Chalmers hoist With't"a.vo cylindrical drums .
7.ft. diameter and 6-ft. face, driven by a 250-h.p. motor and: capable of handling

a 4-ton load in the skip. The compressor is a 2,100-cu. 1t. compound Rand
type driven by.a 350-h.p. motor. -

' Bruaé. Mines 5

The Mond Nickel Company in 1915 bought the Bruce mines and commenced

- mining operations. The Bruce mines are situated in Plommer Additional town-

ship, on the Soo branch of the Canadian Pacific ‘railway, 152 miles west of

Coniston. The ore is quartz contaning about 85 per cent. of silica, and about’

6 of chalcopyrite. It'is used as a flux at the company’s smelter at Coniston.
About 50,000 tons a year will be required for this purpose. _

The Bruce mines were discovered in 1846, and opened up in 1849. Before
being acquired by the present corapany the mines had been operated at various:

times and a total of about 250,000 tons of -ore had been mined. The chief mine

has been developed by a 8-compartment shaft to the 400:ft. level. - The vein

-averages 5 feet in width and has been proven by underground workings for over
- 5,000 feet.  The workings from the main shaft extend over 2,400 feet., The plant

is operated by steam, coal being the fuel used.

" POWER PLANTS

The-Canadian Copper Company and the Mond Nickel Company operate their '
mines and smelters in the Sudbury distriet by hydro-electric power, the Canadian

Copper Company obtaining. their power from the Huronian Power Company, &

subsidiary company, and the Mond Nickel Company from the Lorne Power Com- -

* . pany, also a subsidiary company. There are.power plants both on “the. Vermilion -
- and Spanish rivers.. The Mond Nickel Company also buy hydro-électric power |

from the Wahnapitae Power Company, which generates power on the Wanapitei
river, and supplies the town of Sudbury, the Long Take Gold mine, and- the
Whistle mine of the British America Nickel Corporation. The latter company is
the successor to the Dominion Nickel-Copper Company. "In general it may be said
that hydro-electric power costs from $12 to $20 per horse power per year, depend-

ing on the capital expenditure and the cost of operation. The following is a -

description of the power plants: v

_ _L,orm;.s Power Cor_npélny ..
_ 1. Nairn Falls Power Plant, Spanish River '
" The Nairn Falls power plant of the ‘Lorne " Power ’Company, I{imited, is

located on ‘the Spanish river at Nairn Talls. ‘The head developed is 30 feet,
being the maximum obtainable at this point on the river. The dam is of reinforced
concrete and rests on solid rock. It is designed to allow the maximum known
flow of the river to pass through the dam without raising the head water of the
viver. The stop-logs for controlling the river ave raised and lowered by an
electrieally operated stop-log winch. ~ ~  * B
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The forebay is protected by steel trash racks. The power house is further,
protected by steel rack, supported by concrete and steel piers. - The power house
is designed for three vertical units. " The vertical turbines develop about 2,300
h.p. and are set in reinforced concrete scroll chamber inside of speed rings. The |
draft tubes are concrete and reinforced with steel where required.

The vertical generators arve directly coupled to the turbine shaft and. develop
1,200-k.w. at 80 per cent. of power factor, 60-cycle at 100 r.p.m. The weight of
runner, shaft and water thrust is taken by Kingsbury thrust bearings. Only .two
units are installed at the present time. :

There are two exciters, one turbine-driven and one motor-driven, each large
enough to furnish- excitation for three main units. The hydraunlic units are
governed by Allis-Chalmers oil-pressure governors at 125-1b. pressure. The entire
plant is lubricated from gravity oil tanks, and a complete system for filtering and
storing oils is installed in the basement of the. power house. '

There are:.three water-cooled transformers, 1,600 k.v.a. capacity, 60-cycle,

- 3-phase, which take the current from the generators at 2,200 volts and deliver it to

the transmission line at 44,000 volts. A BO-ton electric-operated crane travels

above the main floor of the power house. The plant is fully protected by horn gap

and electrolytic lightning arresters. ) i i '
2. Wabageshik Power Plant .-

The Wabageshik power plant of the same conipany is situated on the Vermilion
river at Wabageshik. ' L ' s

_The main dam, forebay and power house are built of concrete on rock and are
of heavy design and permanent construction.

The penstocks are 450 feel in length and 8 feet in diameter. ~ They ate
provided wtih two expansion joints each and are supported on concrete piers.
Steel head' gates are provided, and stop-log checks have been constructed in the:
forebay with a 12-inch drain pipe to provide for examination of the head gates if
this becomes necessary. - ' ' B -

There are two units, each consisting of a horizontal twin turbine, 2,200 h.p,,

300 i'.p.m., built to operate under 50 feet head; direct-coupled alternator, 1,500

k.w. (or 1,200 k.w. at 80 per cent. power factor), 60-cycle; exciter turbine, 110
h.p., 875 r.p.m.; exciter generator, 60 k.w., 120 volts; Allis-Chalmers Company
oil governor for. both main and exciter turbines. - The exciter-turbine penséocks are
branched ‘from the main penstocks, and are. coupled ‘together in such a manner
that either exciter turbine may be operated from either main penstock. Similarly
either exciter may bé used with either alternator. The 3-phase current is stepped
up from 2,200 volts through three 800 k.w. transformers and delivered to the lines
at 44,000 volts. The plant is provided with a 10-ton crane and the usual switch-
boards and other apparatus, and is protected by two sets of-lightning arresters.

. i Huronian Power Company ‘ :
~ The Canadjan Copper Company operate all their mines and works by hydro-
eléctric power. - 'This power is obtaingd from a subsidiary company, the Huronian -
Power Compary, which hayve developed a water power at High IFalls, on the
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_Spanish river; in the township of Hyman, about four miles from the “ Soo”

branch of the Canadian Pacific railway, and at a point about 23 miles west of
Copper Cliff station. The plant is cormected with the 1a11W8.y by a spur line from-
Turbine station.

The natural head was 67 feet. Tlus has been increased by dams to 85 feet..
The effective water-shed is upwards of 2,000 square miles, practically all 1mproved -
‘containing much lake surface. - The dams are all of concrete construction onsolid
rock. From the bulkhead wall four 9-foot penstocks for generators, and one 4-foot

" . for the exciters, are carried down the slope to the power house.

The povver houge is of brick on a concrete substructure, with steel roof trusses.
The building is 110 feet long by 74 feet wide, with an annex’ 52 feet by 36 feet
at one end for workshop and heating boiler, The blower system of heating is used.
The generator room is £5 feet wide, leaving 16 feet along one side for transformer

‘rooms and switch tower, which are separated from it by fireproof brick walls and

steel doors.. Four generating units ave installed. Hach unit consists of a 2,000- -
k.v.a. generator, 3-phase, 25-cycle, 2,400-volt, direct-connected to the shaft of a 3,550
h.p. turbine, on which are mounted two 48-inch bronze runners in a smgle case.

. The head is 85 feet and the speed 375 r.p.m. C

- There are two exciters of 200-k.w. each cither of which can furnih excitation
for four generators. Fach exciter is driven by a .small turbine, direct-connected.

-Four sets of transformers, of three each, step up the voltage from 2,450 to .
32,000. It is transmitted at the latter figure.

‘The operators’ bench board occupies a central elevated posmon in front of
the switch tower, giving a full view -of the generator room and the switching
operations in the tower. "All switches are dlsta,ntly controlled and there is nothing

' htgher than 125 volts on the board.

A small motor-driven air compressor is'used to provide air for cleaning pur-

“poses and for handling oil.

For fire protection there is a 500—ga,11011 2-stage turbine pump, direct-con-
nected to a 40-h.p. d.c. motor, operated from the exciter. The pump suction
is connected to the penstocks. :

The penstocks, bulkhead gates and screens are housed, and the use of a small
amount of current at critical pomts effectively prevents the building up of ice in

" the tubes.

The main transmission line is about 80 miles long, from the power house at

ﬁigh Falls to the sub-station at Gopper 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-ft. centres, holted to a common cross-arm.

" .There are two independent 3-phase circuits of No. 1 ‘wire, arranged in two
equilateral triangles, 4 feet apart and 4 feet to 4 side. One’circuit is transposed
and the other straight. The pole stands are placed 120 feet apart. -

Branch lines of single-pole, single-circuit construetion, run from the main line = -
to Crean Hill mine and Creighton mine, each being about 314 miles in length. '
These are both connected to the same main civeuit with aerial switches. 3

Electrolytic lightning arresters are provided outside of the power house and at
the sub-stations at Oopper Cliff, Creighton and Crean Hill. Co
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A telephone line running along the right of way of the transmission line con-

" nects the switchboards in the power house and smelter sub-station. It is carried on

a short cross-arm, 6 feet below the main cross-arm, with the wires transposed every -

fifth pole. A second telephone line, ‘carried for the most part on the poles of ‘the ..

Canadian Pacific railway’s telegraph, connects the terminal stations with the
Copper Clff central station, and also with Crean Hill and intervening points.

Préeparations ate being made for the development of an additional 5,000-h.p.
at this plant. -

MII;HNG COSTS

Mining costs in ‘the Sudbury district during the year.1915 were higher than )
may be expected under normal conditions. Supplies in all cases have shown a
marked increase due to the war. Moreover, the increased demand for nickel came.
at a time when the .cotnpanies had just started extensive development work and
were equipping the properties for increased tonnages. This demand had to be met

_while the developing.and equipping of the mines was under Way.' Consequently
" current operating costs became a matter of secondary consideration. Tu general

it may be said that the cost of a ton of ore loaded on railway cars at the mines

~ varies between $2.50 and $4.50- per ton, depending on the nature of the ore.body,

the tonnage mined and the sorting necessary. On a return to normal conditions
and the completion of the present schemes of development; these costs, especially

. at the larger properties, will be materially reduced. . -

LABOUR

The lahour in the district is prineipally foreign, probably not'mo_re i;,hsm[ 7

. 25 per cent. being Canadian or American. The more gldlled workmen, such as
‘foremen, mechanics and carpenters, are Canadian. or American. - Underground, the
~ drill runners: and helpers are principally Finns and Austrians ; the trammers are -

generally Poles, Italians, Austrians and Russians. During the past 10 years the
scale of wages has increased about 50 pér 'qent:'a'nd the hours of lakiour have be_eil
shortened from R0 per cent. to 33 per cent. -

The scale of wages paid for ordinary mine labour is as fo]lbws.:

s s o T T - Centsperhour~ . © "7
Drill runners ... Cieessieesisss ey T 401447 -

: Drill helpers ... T T Vee. 341464014

TTATIIIEES, & o v's e et neenaimesonnsannsssssssmngsivns .o 25 31
L T T R R CRRERT PR vees 40 47 L. r
Scalers ...... veo., Bdlpd7 T T -
Pumpmen - ." 4035, -
Hoistmen - ... R W R . 3T14-50. .
Chute blasters . e leswsins I . o )
Cage tenders :.... - seenseieis 34168736 7 Tt
Surface labourers O — T PS> (oS
-- Rock pickers .... s et wese . 25
<. ss. . . Mdehinists ... . S OM— U e 3150 ;
=" . ~ ° .Blacksmiths - T Pt T IR« £ S o radp
Carpenters. .... S S Frsmanininy drseyerne 402680 . oo
15 N¥

Electricians ... A . SR —— S RN 4dig50:7
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" eight to ten, depénding on. the nature of the work, .

' ment, exeept:i—

One dollar per month is deducted for medical and hospital attention. Board

. varies from 60c. to Vbe. per day. . :

. Tn shaft work 3ec. an hour exfia is paid and a bonus for anything over a

. specified minimum.

‘An eight-hour’ law “is in effect for underground labour in Ontario mines.
This law fequires that men underground- in mines shall not work more than eight

‘hours in any consecutive twenty-four hours, such eight hours being reckoned from
“the time the.workman arrives at his working place until he leaves such place.

The hours of surface labour at mines are not regulated by statute, and vary from

WORKMEN:S COMPENSATION ACT-

~ Compensation for accidents in the industry is paid out of a fund administered
by & Board appointed under the Workmen’s Compensation Act, which came into

force January 1, 1915. The mining industry is included in Schedule 1. Industries.

go classified are not individually liablé. The Board levies an assessment and
collects an accident fund, out of which the compensation to workmen ‘is paid.
Compensation i paid on all accidents arising out of- and in course of the employ-

"1..Where the disability lasts less than seven-days.
- 9 Where the accident is:attributable solely to the serious and wilful miscon-
duct of the workman and does not result in death or serious disablement.

The scale of compensation is as follows:—If the accident results in death and
the ‘workman ledves a widow but no children, the widow is entitled to a monthly
payment of $20. . : . : -

I he leaves & widow and children, the payment to the widow is $20 a month
and $5 a month for each child under 16 years of age, not exceeding $40 in all.

Tf he leaves children only, the payment is $10 a month for each child under 16, '

not exceeding $40 in all.
Tf the workman was under 21 years of age, and his dependants are his parents,

or one of tl_iem, such parents or parent will be entitled to, $20 a month until the -

workman would have become 21 years of'age, or for such longer time as the Board
may determine. : - o X _
In the case of other dependants, they are entitled to a sum reagonable and

" proportionate to the pecuniary loss occasioned to them by the workman’s death, as

determined by the Board. | - _
The necessary expenses of burial, not exceeding $7&, are also in all cases to
be paid. = 7 g : S -

A1l the above is governed, however, by the provision that in mo case is the
compensation to exceed 55 per cent. of the workman’s earnings in the employ-
wment, and all provisions for compensation are subject to the proviso that no salary
or-wages of a workman shall be reckoned at more than $2,000 a year. '

Tn the case of a widow who marries again the periodical payment ceases on
her marriage, but she is entitled within a month after her marriage to a lump sum

~ equal to two years’ payménts.
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Where the accident xresults in total disability of the workman, he is entitled
during the continuance of the diability, whether for hfe or femporarily, to a .
weekly or monthly payment equal to 55 per cent. of his earnings in the employment.
Where the workman is only partially disabled e is entitled to 55 per cent. of the
nnpanment of his earning capacity.

Where less than six workmen are usually eemployed in mmmg, including -

" prospecting and development work, except in producing mines where the workmen

ave in ‘the.employ of. the owner, lessee or recorded holdel thereof, the mdustry is
withdrawn-from its elass in Schedule 1
An industrial disease is considered a personal injury by accident, and a work-

' Iman or his dependants is entitled to the regular scale of compensation. The mdst
- common industrial disease in mining is miners’ phitisis. - -

Employers are Tequired to give notice to the Board by registered mail of an
accident within three days of its occurrence.

The rate assessed per $100 of payroll-on the labour employed in the Sudbury
district during the years 1915 and 1916 is as follows., This assessment is collected

-in two equal instalments, payable in the 1st and 3rd quarters of the year.

) R S : 1915 1916
CMining Seeeadeieaees SR e W e e $3 00 $2 50
Concentrating, stampmg, or other plepmatmns of metals or mmera]s
. (without heat) ...oevvieevneiiiiriiriiiiiiiiiiiiiiiiindn 0 80 . 070
Reduction of ores (with heat), smelting or refining of other meta.ls )
4 or minerals .....iceiiienenn FdT R DS oA PR B 1 50 = = i)
©QUAITIES .aieeeieieen Rumsramasmereed i BRI o SR ware 1280 2 50
Railroads  «.vovvvvrviiiiaaas oy ... 600 4 00
- Power (electrical) . 3 £k

250 200

_CONCENTRATION OF ORES

Under ‘present condltlons there is little incentive.to employ: concentration

" inethods for the nickel-copper ores of Sudbury. Large bodies of ore are worked,

the product from which requires little but hand sorting. Some years ago experi-
ments were conducted with magnetic concentrators, the object beinig to increase
the percentage of nickel in the material smelted. No success was achieved.

.M ore recently the Mond Company has been experimenting with oil flotation,

“Recently H. E. T. Haultain has achieved interesting results in the sepalatlon
of most of the chalcopyrite from the pyrrhotite and penﬂandﬂ:e

1 Qan. Mining. Journal, Aug. 15, 1916.
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WEST DRIFT SECTION

Sand . < Massive ore Disseminated Se:r,b entine Fillow lava
2r8 . : [Andésite-rhyolite)

Cross-sections through the Alexo ore body, Dundpnald and Clergue Townships, Timiskaming ¢
Distriet, Ontario.. The Figure on the left is a vertical cross-section through the ‘west’’
drift; the Figure on the right is a vertical cross-section through the ‘‘east’’ driff.

. From notes and drawings furnished by Capt. Denmead, of the Alexo mine, and Oyril
W. Enight. ; ’ )
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TIMISKAMING DISTRICT

"The Alexo Nickel Mine*

" ~An area that has attracted recent attention as a source of mickel is’
situated 150 miles' due north of Sudbury. At various places in the Porcupine area.
and farther morth, areas of serpentine have been found, many of which carry
pyrrhotite that is frequently nickeliferous. The best of such deposits, yet dis-
covered, is located in lot 12 in the third concession of the township of Clergue

.and lob 1 in the same concession of the township of Dundonald, and- has been
given the name Alexo mine from the name of the-discoverer, Alex. Kelso.

The rush to the Porcupine gold area, the trail to which passed over this
deposit, quite obscured-its importance for a while. A drilling option was taken
by the Canadian ‘Copper Company, and after an apparently unsatisfactory test,
the option was dropped. The owners were not discouraged, however, and decided
to open up the property themselves. - Major Pullen, one of the owners, under-

- took: the management, and in 1912 he shipped 1,350 -tons of ore to the Mond.
Nickel Company. The mine has continued to ship since that time, and by the
‘end of 1915 had 60,000 tons of developed ore above the 1R0-ft. level, and with
every prospect of fuither success at greater depth. :

During 1916 the company did no further devélopment work, but continued
to ship regularly as much ore as posmble, in view of the needs of the war office.
It is the intention of the owners to resume sinking, and develop deeper levels
as soon as power can be spared for thlS purpose.

" The "oldest folma.tlon in the area is a very compact; ha1d ‘pillow-lava, of

" dense texture and.a gieenish ‘grey colour, when freshly broken;: it sometimes
has the composition of rhyolite, but more often andesite. There seems little

*. doubt that it is the characteristic Keewatin pillow-lava, so abundant in Northern

Ontario. Only twenty miles to the southwest of this, A. G. Burrows has found
absolutely similar rocks overlaid by Timiskaming sediments, so their age seems’
certain. This pillow- Java is so much harder than any other rock of the area,
: that it always stands up as a prominent. feature of the landscape, and thus forms
- the high hill at the Alexo mine, at the northwestern base of which the ore occurs.

In contact with this pillow-lava is a large mass of peridotite now" altered to
serpentine. The softer peridotite. forms the low, flat, mote or less swampy ground
about the higher andesite hills. This is an important point for future prospectors
of this rock. It is almost invariably the lowest ground to be found in the areas -
in which it oceurs. That these masses are post- -Keewatin in age is clear, since:
they contain fragments of the- andesite as inclusions near-their contact. 'This
peridotite is so completely altered to se1pent1ne that it is usually referred to.
under the latter name.

The_ore body at the Alexo mine is at the contact of the pendotd:e with the
earlier pillow-lava. 'The ore is one of two distinet types The first is disseminated
throughout the peridotite, The second is pure or massive sulphide which occupies
spaces, cracks, or other openings along the actual contact, or finer fractures in either
wall. The contact of the two rocks strikes nmtheast and southwest, and has a dip

: # M. B. Baker, Professor of Geology at Queen’s Umvezsmy, Kingston; Ontaun, has
‘written for the Commissioners the following. account of the Alexo mine.
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of 65 to 80 degrees to ‘the northwest. The &eposit' has-a proven-length of 700 feet;

and has been opened up to a “depth of 120 feet, and diamond’ drilling has shown
ore at a depth of 240 feet. The width of. the ore body, countmg both the
massive and disseminated ore, is variable. On the 120-ft. level, for example,
it is 40 feet wide, while at places on the .75-ft. level it is not-more than 3 feet
It will average, oy all the work done so far, probably 10 feet.

. The massive ore consists almost entirely of pyrrhotite, with emall amounts
of pyrite, chaleapyrite, and. pentlandite in mere filaments through the mass. The
pen{;landlte can-only rarely be seen with the naked eye, but polished and etched
pieces of the ore show it in very fine veinlets threading their way through the
massive sulphides. Chalcopyrite is not at all abundant, and occupies. small frac—
tures; as if introduced after the pyrrhotite. The smelfer returns show less than
one per cent. of copper. This massive ore rests directly on the footwall of andesite.

The hanging wall of the massive ore is disseminated ore, wherever the normal
structure has mot.been disturbed-by faulting. The contact between massive .ore -
and - disseminated is just as clean and sharp as is that between massive ore and
the andesite. Small stringers of massive ore also penetrate the disseminated, and

fragments of the latter are sometimes enclosed in'the massive; all of which gces
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Cross-section at the Alexo nickel mine, on the 120-foot level,
Dundonald and Clergue Townships, Timiskaming Dmtnci:
Ontario. The massive ore cuts through the disseminated ore,
and was deposited at a later period in"the history of theé ore
body than the disseminated ore. This age relation bhetween
‘the massive and -disseminated ore is also shown in the two
_preceding "cross-sections,

to shot that there were two distinet periods of ore deposition, and that the massive

ore was the later of the two.’

Since this property was described by A. P. Coleman a.nd W. L. Uglow* much
work has been done underground; permitting a closer examination of the- ore
body than was possible at that time. They claimed that the massive ore, the

_disseminated ore, and the serpentine rock blend into om¢ another. This is cer-
“tainly not the case, for a sharp contact exists, which is actua.lly slickensided,

between the magsive ore and the disseminated. The disseminated ore is always

-'scattered throughout the rock, forming pait of its texture and structure, -and
‘grades off into barren serpentine; it is only mined as far as it is- econmmcal to

. *Dept. of Y[mes, Canada, 1913, The Nickel Industry.
*Ont. Bur. of Mines, Vol 20. P,alt 1T,
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do so, there being no wall in- the ordinary conception of that term. Beyond this
transitjonal phase of the ore, the serpentine is absolu_teiy barren of sﬂpﬁides,
even when viewed microscopically. ' - '

Coleman and Uglow differ in their opinion as to the origin of the orve
body. Colenian compares it to the deposits of nickel-copper ore at’ Sudbury,
and claims that the massive and disseminated ore are due to magmatic segregation,
whereby -the sulphides settled out as. would matte from slag, and therefore
occupy the base or margin of thé peridotite body, and gradually passes up into it.

lot 4 | Lot 3 | Lot 2 | Lot | | totl2
Con.V| /
_Alexol Stsw/’:‘ N . ot
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Geolpgica.l' map of the Alexo mine and vicim"ty, Dundonald
and Clergue Townships, Timiskaming Distriet, Ontario.

fe 'Uglo-w'v, on ‘the other hand, claims that the Alexo ore body is the result of

_ metasomatic replacement of the serpentine rock by sulphide solutions, which worked .

inward from the contact, Teplacing partly to completely the serpentine rock.
. A study of the ore body, microscopic examinations of polished.ore specimens
and of thin sections by the writer, cause him to differ from both of these theories.

While it .is impossible to ‘enter into a full discussion of this subject here, thé

.f.ollowing 'points will sumn}arige the results of the. writer’s observations.

v ¥

.
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:2¢7 1. Tt has been already shown that the massive ore is distinctly later in age
than thé disseminated, and is therefore not a magmatic segregation of the main
intrugive mass. : '

2. The dlssemmated ore p1ese1'ves pelfectly the 1ock texture and stmcture

' of the mass. -

. 8. Bven the rlchest of the dlssemlnated ore shows the original olivine crystals
intergrown with add” sutrounded ‘by pyrrhotite but in no case replaced by the
latter. The intergrowth is as sharp and clear cut as is that between quartz and
feldspar in gla.phlc granite, '

4, -Even in the leanest ore there is no sign of attack. of any replaceable
mineral. The few grains of sulphides visible are in sharp, angular, clean cut

contact with the 1d1omorphlc olivine crystals.

5. In no single casé was absorption: of the olivine crystals visible, al'though-

. it is clear that the olivine crystallized before 'the sulphides:

6. Apparently barren peridotite, away from the ore body, shows by analyms
0.59 per cent, of mekel 0x1de

It seems clear, thelefore, that the disseminated ove was formed as an original

constituent of the peridotite, that it settled to the base of the magma- by its
greater specific gravity, but remained liquid through 1ts lower fusion point.

Finally it solidified ‘about and around’ the olivine crystals which had already
formed, and had settled down into the ligquid sulphldes This accounts for the:

' disseminated ore.

After the whole mass had solidified, it continued to cool, and therefore to
shrink, and a channel was opened along the contact to deeper portions of the
mass, where solidification” had mnot- yet -taken place. This allowed further
sulphides to well up and fill all openings and fissures, thereby forming the
‘massive ore as now found. 'This- being the case it is evident that prospectors
searching these serpentines will find deposits of disseminated ore, which will
carry no massive ore, and vice.versa. It is doubtful whether a deposit of, dis-

~ seminated ore alone, could be worked at a profit. The massive ore of the Alexo

mine carries 6 to 8 per cent. of nickel, while the disseminated carries 3 per cent.
The two varieties are mined and shipped together, about 40 per cent. of the.
former with 60 per cent. of the latter. This makes a shipping product of about

414 per cent. mickel ore,

An interesting feature of this ore is its magnesium content. This is im-
portant for while the Canadian Copper Company requires to add .dolomitic linie-
stone to its smelter charge, the Mond Niekel Company is able to use Alexo mine

-ore. 'The barren limestone is bound to slag off séme nickel in the process of

smelting,” whereas the serpentinous Alexo ore, with its even distribution of in--
gredients, contributes as much nickel contents as would any other ore, and adds
the fluxing requirements as well.
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NICKEL ORES ELSEWI‘IERB IN CANADA
Metallic nickel and nickel oxides ‘are produced in small quantities by refiners.
of the silver-cobalt-nickel-arsenic ores of the Cobalt, ‘Ont: "deposits. Numerous
descriptions of these deposits have been published, and it is- ﬁof; n'eacessa,ry to
repeat them here! 1t may be added, however, that these ores are mot worked

“primarily as a souice of nickel, but chieﬂjr- for their silver, the other metals,

[

cobalt, arsenic and nickel, being more of the nature of by-products.
If the mines of Sudbury, Alexo and Cobalt are excepted, it cin be said that
(Oanada possesses elsewhere no known deposit of nickel of economic importance.
Barlow ‘has published a good description’of-the occurrences of nickel ores or
minerals in the Dominion, which have not begn proved to be of commercial value.”
~ Among these the only deposits worthy of note, as being of possible commercial

. importance, are those near St. Stephen, New Brunswick. These deposits resemble

in many respects those of ‘Sudbury, but are of small size, in so far as is known, .
and carry lower percentages of nickel and copper.’

_ NICKEL DEPOSITS OF OTHER COUNTRIES

The nickel ‘deposits of Canada having been described on precedingﬁ“pagés,
a brief survey of the mickel resources. and industry in other countries will now -
be undertaken. The deposits first to be discussed will be those of New Caledonia
and Norway, which are the largest producers of the metal after Ontario. Brief

. descriptions will then be given of deposits in other parts of the.world, although

most of them afe of comparatively little economic importance. They are "small,
and were the price of refined nickel to be materially reduced they would be of
practically no value. Indeed, there is reason to believe that in a real competition
for the markets of the world, which ‘w_oﬁld' mean a lowering of the price of refined
nickel, Sudbury would easily vanquish all competitors. - : '
It is an interesting fact that the British Empire an‘d' French pdssessions now

:?011{}1‘0]. the market. Nickel deposits of the Fimpire, in addition. to those of Canada, -

are represented by small ore bodies in Tasmania, ffom which a few thousand tons -
of ore,-similar mineralogically to that of Sudbury, have been -shipped. Silicate
ores, similar to those of New Caledonia, occur in Egypt, and there are the small
deposits of pyrrhotite~ehalcbpyrita ores of South Africa.. In addition to the New .
Caledonia deposits, France possesses- ores of similar character in Madagascar.
Norwegian ores ‘aré similar to those of Sudbury, but occur in small deposits, and

“are of low grade. Greece possesses silicate ores, resembling those of New Cale- -

donia, and has made_shipments during recent years to smelters in Norway and
elsewhere. Germany and Austria possess a number of small deposits of various’
kinds of ores that can be worked when mnickel is high in price. The nickel
resources of the United States, briefly deseribed on a following page, are of little

" - importance. Brief descriptions of the nickeliferous , iron ores of Cuba and of

one or two other countries are also given on following pages.

1 Ont. Bureau Mines, Vol. 19, Part II, 1913, s - ’

2 A, E. Barlow, Nickel and Copper Deposits of the Sudbury Mining District, Geol. Sur.
Canada, No. 961, pp. 145-164, 1907. . )

(0. W. Dickson, Can. Mining Inst.,, Vol. IX, pp. 234-260. _H, P. H. Brumell, Geol. Sur.
Can., Vol. IV, 1890-91, Part SS, pp. 112-114, R. W. Ell§, Summ. Rept. Geol. Sur. Can,, 1903,
pp. 156-159. ’ :

»
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NEW CALEDONIA . . ' .

[

In séverall‘ official ' reports descriptions are given of the island and of its

" mineral deposits. The last and most detailed report on mining operations, pub-

lished in 1904, is by B. Glasser, and is addressed to the French Minister of the
Colonies. The title is “Les Richesses Minérales.de la Nouvelle-Calédonie,” and it
contains refererices to earlier literature! Since Glasser’s report was issued little
has been published that gives a genéral description of the mineral resources and the

mining industry of the colony. Reference .should be made, however, to a few ™ -
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- papers.” Two of these are by G: M. Colvocoresses, one, entitled, “New Oaledonia

and its Mines,” and the other “Nickel Mining in New Caledonia,” Engineering
and Mining Journal, New York, Sept. 21st and 28th, 1907. These papers, while
consisting of only about eight pages, give a clear and interesting account of mining

and ofher” conditions. Another instructive paper dealing with the physical

features fogether  with the fauna and flora, and referring briefly to the mineral
wealth,, was read before the Royal Geographical Society in 1916, by R. H.

The chief: feports preceding Glasser’s are by the' following authors: Garnier, Annales
des mines, 1867;. Heurteau,. ibid, 1876; Pelatan, Journal le Genie civil, 1892; Levat, Ass.
Fran. Ad. Science, 1887. : : i wn
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Compton, who spent thé whole of the ye:ir 1914 in the island. There are
othér, papers in Bnglish that should be mentionéd. Two of these are publiched -
in the Transactions of the Institution of Mining and Metallurgy, the earlier one,

' "“Nickel Mining in New Caledonia,” by J. Garland, in volume II, and ‘the later,
“The Mineral Resources of New C(aledonia,” by T. Danvers Power, in volume
VIIL A. G. Chafleton published two useful papers in the Journal of the Society
of Arts, volumes 42 and 43. : ’

Historical Notes

A few motes may not be out of place on the discovery of New Caledonia
and its subsequent history. . T L

The following brief deseription of the discovery of the island, on the 4th of . |
September, 1774, owing to the keen.and acéurate observations and the wuseful
information it contains, make it worthy of consideration at even this distant date.
The quotations are from Captain Cook’s “Voyages Round the World,” and the -
language-is that of the great navigator himself. - . v

Having now finished the survey of the whole archipelago [New Hebrides], the season
of the year made it necessary for me to yeturn to the south while I yet had some time left -
to explore any land I might meet with hetween this and New Zealand, where I intended to
touch, that I might refresh my people and recruit our stock of -wood and water for another
southern course. - ’ : / s

No more land was seen till eight o’elock on the 4th, when land.was discovered bearing
8.8.W., for which we steered. We had hardly got to.an anchor before we were ‘surréunded
by a great number.of the natives in sixteen or eighteen canoes, ‘the most of whom weré
without any sort of weapons. At first they were shy of coming near the ship, but in a short
time.we prevailed.on the people in one boat to get close enough to réceive some presents.:
These we lowered down to them by a rope, to which in return they tied two fish that stunk
intolerably. These mutual exchanges bringing on a kind of confidence, two ventured on
board the ship, and presently after she was filled with them, and we had the company .of
several at dinner in the-cabin, Our pea-soup, ‘salt beef, and pork they .had no curiosity to
taste, but they ate of ‘some-yams which we happened to have yet left. Like all the natives
_ we had lately seem, the men were almost naked. They were curious in examining every part
- of the ship, which they viewed with uncommon atténtion. They had not the least knowledge

of -goats, hogs, dogs, or cats, and had not even a name for one of them. : ’ T
We landed -on a sandy beach before a vast number of. people. Many of them had not -

@ stick in their hands, consequently we were received with great courtesy, and with the sur-

- prise natural for people to express at seeing men and things so new to them as we must be,
Tere we found the chief, whose mdme we: now learned was Teabooma; dnd we had not been
on shore above ten minutes before-he called silence. Being instantly obeyed by every, indi-
vidugl'presént, he made. & short speech. It was pleasing to see with what attention he was
heard. ) . ; N

‘Captain Cook’s seasons for mot further exploring New Caledonia are giveﬁ
by him as follows, and they seem sufficient answer to -those writers who have
“criticized him,.in this connection, at various times. e

‘We also found on the isle a sort of scurvy-grass and a plant called by us lamb’s quarters,
which. when boiled ate like spinach,. I had now to consider what was next to be done, We
had from-the top-mast head taken a view of the sea around us, and-observed the whole to
the west to be stréwed with small islets, sandbanks, and breakers to the-utmost extent of our
horizon. But when I considered the great risk attending a more aceurate survey, and. the.
time it would require to aceomplish if, on account of the many dangers we should have to
encounter, I determined not to hazard ‘the ship down to leeward, where we might be so
hemmed in as to find it -difficult to return, and by that means lose the proper season for
getting to the gouth. ; )

Next morning at daybreak we got under sail, with a light breéze at B, by N. :

On the morning of the 3rd [Oect.] the winid veered to S.W., and blew a strong gale by squalls, «.
attended by rain. I now gave over all thought of returning to the land e had left: Indeed,
when T considered the vast ocean we had to explore to the south, the state and condition of
the ship, already in want of some necessary stores, that summer was approaching fast, and
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“that any conmderable accident might detain s :in this sea” anet.her yezu, I (hd not thinlk it
advisable to .attempt to regain the land.

Thus I was obliged, as it were by necessity, for the first time to leave -a coast I had
discovered hefore it was fully explored. I called it New Caledonia, and, 1f we except New
" Zealand, it is perhaps the largest island in the South-Pacifie Ocean.

The language at Atooi is almost word for word the same as Otahelte How shall we
ateount for-this-nation’s having spread itself in so many detached gsla.nds, so widely -dis-
jointed from each other, in every quarter of the Pacific Ocean? We find it from New Zea-
‘Jand in the south as far as the Sandwich Islands [Hawaii]. to the north; and in another
direetion from Easter Island to the Hebrides.

Erench Possession ’ .

For over three- qualters of a century, after Ca,ptaln 000]{’5 &iseovely, no
civilized nation laid claim to the island. However, mlssmnames "fo the natives
established themselves there, and in 1854 the French took - possessmn It is said
that a French and- a British frlgate starfed at the JHame “time from Sydney,

The Great Prison of Isle Nou, New Caledonia. .

Australia, for the island in order to take possession- of it, but- that the French-
“ man had the good hick to be the first to find a passage through the barrier reef
~ and thus secure for his nation this island that is, as Cook conjectured “.... if we -

except New Zealand, . . the largest island in the South Pacific OCBB,L‘l Thus -
-was gained for France and lost to. Britain the largest mineral territory, except-

ing Australia and Néw Zealand, in that quarter of the world.

In 1864, thexTrench established a penal settlement, and the island has
become widely known as-an abode of criminals, as well as a producer of nickel,
cobalt and chromium. For some time after mining hegan, the mdustry was
assisted by chieap convict labour, there being at one time more than 12,000 conviets.
For nearly twenty years, however, no convicts have been sent- to the island, and
othér labour supply has been obtained. If may be added that several hundred men

“still hnger as prisoners in the colony. Since transportatlon of conviets ceased
its pwspenty has declined.
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1t is a striking fact that two countries, so widely separated as are Ontario

. and New Caledonia, not only by distance, but in -almost every other way, should
" alone be rivals not merely in the production of nickel, but in that of cobalt as well..
In preceding pages it has been shown that, before the advent of Sudbury, nickel

. from, New Caledonia controlled the world’s market. Likewise, before the discovery
of the-cobalt-silver deposits at (Jobalt, New Caledonia had a monopoly  of the
cobalt market the industry on the island colony has now been killed by that of
Ontario. It may be added that New Caledonia is an important producer of a
third mineral product, chromium: ore. "One of its mmes, the Tiebaghi, is among

¢ - the World’s Jargest producers of this ore.

New Caledonia Topography.

Physical and Other Characteristics of New Caledonia

The island of New Caledonia is situated between latitude 20°5" and 22°16/

S. and between longitude 164° and 167°50" E. It has a length of about 250 miles

and an average breddth of less than 30 miles, the maximum hbeing about 40; the

longer axis lies in the direction N.W.—S.B. The port of Nouméa; the capltal_

of the 1sla.nd g distant about 1,077 nautical miles northeast of Sydney, Australiay

and ‘a passenger service is maintained between the two places. The coast’ of

. Queensland lies about 700 miles from: the island. .

" An almost unbroken barrier reef, distant one to. seven miles, skirts the West

- ghore of.the island, enclosing a cliannel which is navigable along most of the'
coast. On the east coast, which is rugged, the-reef is'mone broken.

The island is .exceptionally mountainous, the highest points- being Mount
Humboldt, 5,360 feet, in the south, and Mount Panié, 5,345 feet, in the north.
The assemblage of mountains is- frequently spoken of as the “chaine centrale,”
but this term, as has been pointed out by several-writers, does. not give a correct
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" description. The ‘island consists largely of confused masses "and ranges of
anountains, which, over much of the colony, lie near the coast, especially on the
-east, and cannot be said to form' a chain. running lengthwise through the central
part. - Many of the plains are deltas of rivers.. The coastline is broken by numerous
small bays into which.flow streams rarely navigable even for shiort; distances. The
rugged bare mountains, with a fringe of small areas of level land here and there

" along the coast, frequently supporting cocoa palms or other tropical vegetation,
present a scene of great contrast that is-irapressive. and beautiful. =

The accompanying geological map, after: Pelatan, shows the distributign ‘of

_ rocks of various kinds in the island. Tt will be seen’ that supposed Archein or
pre-Cambrian rocks occur in small volume, more especially’in the morth of the
island., * Sedimentary rocks are classed: ag of Triassic, Jurassic and Cretaceous age,

_ the latter containing unworked beds of coal. The serpentine series, which -occupies
about oné-third of the surface of the island, is.thought to be of -past-Cretaceous

- g, e

Natives.

age. From the mining point of view, this series is the most important in the island,
as associgted with it are the deposits of mickel, cobalt and chromium. Over much
of its surface the serpentine series has deposits of nodular iron ore, many of the
nodules being little larger than a pea, together with other products of weathering,
including deposits which are workable as sources of nickel and cobalt. The ser-
pentine forms mountains with steep sides and-usually with narrow summits, thus
differing from the areas of similar rock in - Cuba, which form. more plateau-like
structures on which lie productivé iron ore deposits. Recent limestones are repre-
sented by coral reefs along the codst of New Caledonia. &g -

" The climate of the island is mot unlike that of Cuba, which lies: about the
same distance north of the ‘equator as New Caledonia does o ‘the south. The
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h1gllest tempelature on record: is 103°F. and the lowest 38°, but the mammum'
does not usually ‘exceed 97°. The mean minimum is 63° and the mean maximum
83°, December, Janusry and February are the hottest months and June, July and
August the coolest. Trade winds modify the summer temperatures.

- According to statistics compiled.by Gompton, the average rainfall from 1908
to 1912 was 1,845 mui. (72.6 inches) per annum distributed over 142 rainy days.
Heavy rains may oceur throughout the year, but; generally speaking, it is possnble
"o dlstlno-ulsh a Tainy season in January, February and March, and a dry season
in Seéptember, October and November. The total rainfall varies greatly in different
years. The mean in 1910 was 2,439 mm. (96 inches) and'in 1911 it was 1,264 mm,
(49.7 mches) :

CA New Caledonia Water Fall,

{The island is visited by cyclones, which occur almost exclusively in the.
months of January fo March, and are often.destructive to buildings and fo cocoanut
and other trees. ITor this reason many buildings of light structure are supported
by wire cables.

Although’ the1e is merchantable timber, little is cut, owing chiefly to the
mountainous ‘character of the cotntry.

-Cattle do well on thé dsland, but in seasons. of dmught there are sometimes
éxcessive losses. I\Iore attenfion to water supply, by the building of dams, would
largely gvercome thef,e Josses. Sheep are not' a success; horses appear to thrive.

New .Caledonia coﬂ’ee brings a h1gh price as compamd 'W}.th that from many
other eoun’rrles, but dmmg Tecent years the pT‘lnts have been attacked by a fungus
which has been very destructwe
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The agricultural exports are preserved meats and other animal products,
coffee, copra and cotton, .although maize, .rice, bananas, oranges and. various
vegetables, are grown. On the whole agriculture has been neglected. In addition
to ores, other exports are pearl shells, essences, sandalwood, a little xubber, and &
few other materials. A TV R %
. The flora of New Caledonia, according.to Oofnptoh, who made a special study .
of it, is large and varied and presents-many exceptional features. The mdst strik-
ing feature of the fauna is the almost complete absence of mammals. The only
representatives of this group native 'to the island are the bats and flying-foxes
together with a rat and a pig, the latter two apparently dating from pre-histori¢
times. An Bast Indian stag or deer has been introduced, and.is now locally so
abundant as to be almost a nuisance. ’ B ’ 2

There are no marsupials or amphibians, though the French have introduced
a species of frog, Land snakes are absent; but lizaids are represented by several
species of skinkjand gecko, including one. of exceptional size, Birds are mnot

" numerous in spééies, but contain representatives of most of the families. The
kagou is perha'.p‘s the most remarkable; it 'hgs ‘large, well-developed wings, but is
entirely flightless. = E : ' "3 '

. Of the insects it need only be said that mosquitoes are a great pest in certain
localities, but they are fortunately not of the- disease—breéding,_varietiés. There are
spiders and scorpions, and a. variety of moliuses, including the “oyster on trees.”
Troca-shell and biche-de-mer are exported. There is a,n_@b_m:ldan{:e of good sea °
fish ; sharks ‘ave numerous. - ; . :

To again quote Compton: “The native population of New Caledonia s a-
branch of the Melanesian: stock, and there is some reason to think it-may be among
the most primitive of that group of races. As to the relations of the Ne‘w Cale-
donian ‘race with those of the surrounding land masses, it appears probable that
they are more closely. connected with the natives of Australia than with those of -
the New Hebrides or the Solomen Islands.”- (annibalism was. formerly frequent.

The cosmopolit'an- chiaracter of the population is well described by Colvocoresses
in the fcillbwing‘ sketch of Nouméa, the capital and chief town of the, island :—

But for other reasons Nouméa is one of the most curious and interesting of towns to be
found anywhere. It-is all white and green, with the bluest of' blue skies overhead, and the
tropieal sun is reflected from the sheet-ivon roofs and seems actually to shine up from the
limestone pavements, so that the eontinual glare is most trying on the eyes. Yet a cool

-~ breeze almost always blows, and water from the reservoir on the hill trickles pleasantly -
down on either side of the streets, and the cocoa-palms and flamboyants (a .species of locust
tree with brilliant red flowers) lend shade and colour. Its population is about 8,000, and on
the streets one sees the most motley erowd of people, especially on Sundays, when all are .out
in the square to listen to the music, patronize the Ttalian bazaars and "cake stalls or risk.
“their money on the ‘‘petits-chevaux.’’ ~ French officers and business men, English and Aus-

tralians of all classes, Austrian and TFrench labourers, traders, beach-combers, and ex-con-
viets, make up the Buropean element. .Next the Arab conviets and exiles from Algeria.

Then come all shades of eolour—Japanese, Chinese, Tonquinese, Annamites, Javanese, Singal-

ese, Malabars, Hindoos, Polynesians from the Loyalty -islands and the Malaysian race of
islanders from the New Hebrides, Solomons and New Caledonia itself, Iach nationality

_clings largely to its national costumes and talks its own language with ¢ pidgin-French-’

of ¢ Bech-de-mer >’ as a means of communication between all. The square on Sunday is
truly a babell ’ ’

ng, & Min, Jr., Sept. 81, 1907, pp. 532-3.
16 N¥ -

e
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._\ccordmg to the census of Maxch, 1911, the. populatmn of the island was
50!608, made up as follows: Whites, 19,319 ; Asiatic 1mm1grants 3,214 ; natives,
28,075. The white population at that time eonmsted of 13,138 free, 396 troops,

-114 mercantile marine crews, and 5,671 convicts.

Tevers that -are prevalent in certain troplcall or seml—troplcal 1slands are -

" . absent and the climate is healthful but the natives suffer from a number of

diseases such as consumption, elephantiasis and leprosy, the latter of whlch is mak-’
ing some headway even among the white population.

Means of communication throughout the colony are poor. Little in the way
of road building has been attempted.- Trails lead across the island here and there,
but, owing to the mountainous character of the counfry, they are unsuited for

Coffee Plants Growing in Sﬁade of Trees.

transport. The only waggon road of importance is that connecting - Nouméa with
Bourail, about 100 miles in length. A marrow- gauge railway connects Nouméa
with Paita, and there are two or three short lines of railway, used for carrying ore,
conner‘tmg the interior.mines with the coast. The clnef means of transporl are
the sma.ll steame1s Wlnch ply about the ‘coasts: -

Mming Progresst

Although @arniey: dleOVBlea nickel in New Caledonia in 1865, it was not
known to 6ccur in economic quantities till the end of 1874, when Heurteau made his

" optimistic report. DlSCQVBlleB multlphed rapidly, and over 300 tons were exp01ted in

1Tong referred to in thls section are metric tons of* 2, 204 1bs. each. Kilogram—2,204 lbs

Frunc_lg 3 ets.
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‘ 1875, In the years 1876~7 a total of nearly 8,000 tons.of ore containing 8 or 10

per cent. of nickel was shipped from the island. Mmmg was completely arrested
in 1878-9 owing to the Kanaka insurrection.

Finding the freight, about 100 francs a ton, on ore to HEnrope ‘excessive, fur- -
naces were erected near Noumés and ore was smelted between 1879 and 1885, about
4,000 tons of matte being exported. It is mtelestmg to note that half of the ore
smelted during that period carne from the mines on the Plateau of Thio which are
still in operation. In this period only the rich ores were sought- for in these mines,

at first especially the green-coloured material and later the chocolate.

"The value of metallic nickel fell lower and lower as ploductmn increased. At
the end of 1881 it had fallen to 8 francs a kilogram and to 6 at the end of 1884.

"~ On the other hand the productlon, which was 400 tons annually for the-entire
‘world at the time of the discovery of the New Caledonia deposits, was more than

doubled in the course of less than a dozen years, and quickly passed the needs of
CONSuMers:

At the end of 1884 the stocks of ore accumulated in New Oaledoma, as well

- as'those of metal in HEurope, causéd the demand for nickel to be lessened to such

a point as to arrest the working of the mines; the furnaces at Nouméa ceased

.‘ operations at the end of 1885.

Exports, already lessened in 1885, fell to 920 tons of ore in 1886 those of
matte having already ceased ; prices had also fallen to such. an. extent that ore

carrying 10 per cenf. of nickel, valued ten years before at 1 000 francs a ton, now
'bmught only 200. :

Mining development kept pace with the demand fm ‘nickel and condﬂnons
changed as time went-on. The percentage of metal in the ores exported decreased

p from 10 or 12 to 7 or §, and the price. fell-to 125 francs a ‘ton,‘or 1.50 to 1.60 francs

a kilogram of metal contained, as compared with 2 franes in 1885 and 10 francs

- in 1876. A new.era of productmn opened under these conditions and exports of,
ore increased rapidly. Consumption increased owing to the extension of the older - .

industries that used nickel as a raw material and especially to the introduction of-

- nickel steel. Smeltmg was agaii undertaken on the 1sla.11d and exports of matte

were made in the years 1889- 90-91.
. This, penod of prospenty of some years’ dumtmn, unfmtunately fo1 NeW‘

. Caledonia, was abruptly checked by competition from the Sudbury deposﬁ,s nickel
. from which began to be produced in 1887." Initial difficulties in ‘treatment of the

ores and trade ple]udlces 28 1egards the character of the metal, having been over-
come, Sudbury in a few years became a serious competitor. New Caledonia ex-
ported ore and matte, representing together.a total of about 55,000 tons of ore in

" - the year 1891, and did not again reach so large an output for a period of five yéars,

the s]upments for these penods being: 1892, 35,951 tons ; ; 1893, 45,613; 1894,
40,089 ; 1895, 38,976 1896, 87,46%, and 1897, 57,689. This illustrates. the eﬁects :
of competltlon with Sudbuly

During ‘the period of competltlon the price of mckel was lowered materially, .
and, as the costs of freight on ore to Europe and {:reatment were suscept1b1e of little .
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change, the tendencﬁr was t6 lower the price paid £91; ore in New Oal_edonial; from
125 francs in 1888 it had already fallen to 80 at the beginning of the period of
“competition, and it fell to 85 francs for 7 per cent. ore in 1897, which represented

1ot more than 0.50 franc a kilogram of metal. According to Glasser the period of
competition was ended by an understanding between the refiners of New Caledonia- -
ores ahnd those of Sudbury by which the nickel output from each country was con-
trolled.! This permitted the resumption of exportation of ore from New Caledonia

‘under more normal conditions and shipments increased, being 74,614 tons in’ 1898

and 103,908 in 1899. * At'the same time the price of ore in New Caledonia, which
had fallen to 85 francs a ton, vose to about 50. Over-production, as has happened at’
various times, caused’ a lowering of the quantities exported in 1902 and 1903 as
compared with those in 1901. -, _ ’ cw -
Referring to the output of the mines in' the period of increased production
preceding the year 1903, Glasser notes that the increase was not accompanied, as in
former periods of expansion, by a reduction in the nickel content of the ores.
Freight costs on ore to Burope did not permit the shipping of ores-of much lower
grade. The increased productioh was due not only to the older.mining centres,
those of Thio, Canala, Kouadua and Koné, and also to a less extent to those in the
district tributary to Nouméa, but by the development of'new centres; these centres

- were multiplied along the ‘west coast of the island, where the green silicates and

chocolate ore are relatively rare,-but where masses of nickeliferous breccias-and
altered nickeliferous serpentine, which are abundaiit and had been recognized for
some years as being more profitably mined than the oves formerly sought.

" The following table gives the quantities of ore and matte exported during each
of the years, 1900-1915. The shipments of matte show that during the last.six or
seven years smelting has been revived. That it has beeh a success’is evident from
the fact that smelting plants are being enlarged and the production of matte will
soon be increased. Hydro-electric power is being developed, which.may be used to

some extent in smelting operations.
' -

1 On ‘another page Glasser has the following to say concerning the effects of Sudbury
competition, but of course he wrote in 1904, and New Caledonia no longer holds first place as a

producer :i— .

¢¢ Canada, on the 'c‘ontrary, has shown herself to be a formidable conipetitor of New
Caledonia, and,.if the figures we have given above show that, in spite of this competition, .

" our colony remains to-day the premier producing country of nickel in the entive world, it

has not been without a strenuous struggle; in the course of which the price of nickel fell fo,
2 fr-40 a kilogram, [or 21 cents per lb.], causing the closing of nemly all the mines of the
colony, and obliging La Société le Nickel, the principal exploiter of nickel in New Galedoiiia;
to suspend all distribution of dividends. during a period of. five years.’’ Page 233, Glasser. 1
¢¢ The price of metallic nickel has been lowered comsiderably during the last twenty-

~ five years; since at the time of the discovery of the ore in New Caledania it was 18 francs a

kilogram, afterwards falling rapidly to 10 framcs, then successively to 8.6-and .5  frames
(1892), -to 4 franes (1894), aiid 3 framncs (1895), and then evén to 2 francs 40 (end of
1895), .owing to Canadian competition; it oseillates mainly. between 3 frames 50 and 4
franes a kilogram,’’ Page 207. : k 8 ’

N*95—Price 2, £r. .40 per kilogram=21 cents per Ib.
(44 3 fl‘. .50 (43 (43 ':3.0.6 £ €<
R —g5 ¢ I
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EXPORTATION OF NIGKEL FROM NEW GALEDONIA 1900 TO 1915,

METRIC TONS

“Year, ’ : . 'j Ore, - Matte.
1900, .evu... e IR T 100,319 i
1901........ e s S B . 133676
100956 oo e reaeeees N s 129,653 -
1903+ v e e e renerarnersennss N o 77,360 e
1904....... DR sy 98,655 auie
2005 e e e eneernarenes . i 125,280 - enesns
1906, 00 eeenens e 8, 70 8 PR S viee. 118890 U L.i... .
Tt 7 N SR s v ereaaes ve.. 119,000
T008.... 0 50 sid cinas s v e eiieee.ee 108,000 < Lol
2009, .. .un.. s —— 86,000 . aeunr.
FOIH,. o, 3 S B e 99,000 768
1911...... G shde e ebaaaees eeereae.. 142,000 2,993
TO08, . s s e A= 74,314 5,908
1018, 0enees o 93,190 5,803 .
1014...... i i 94,154 5,277
10185 ¢ 43 98 R v e S 48,576 5,529

. TOtal o .vervneneeennns s R on il 1,648,076 26,368

S_TATEMEN'I‘ GIVING DETAILS oF NIGKEL ORES AND NICKEL MATTES
. EXPORTEDP FROM NEW CATLEDONIA DURING THE YEARS 1913-14-15.

1913. .
w - Nickel Ore. Tons of
Shippers. 1,000 kilos.
S50i6t6 16 Nickel ...ovvreneereranneesrnonns T — 51,306,642 ,
(1. de Béchade ngrmpr e o R ST T S 9,111,000 -
L 60 417 642 -
Société Hauts—Pou1neaux da Nouméa. (Ballanda) ........ P . 27 097.225 |
. Société des Mines du Mort Do vvvvvnvnnnns G e - vane 5,675 394 -
Dokl soumamos T — - CERESER 93,190.261
£ & g Nickel Matte, : ; .
Soeiété le Nickel ........ £ WM SR R e A Fipse v 2,314,460
S0cittd d8 TAO +vvvererrrnasrssresassassrasiaonanans . - 123,995 -
Société Hauts I‘ourneaux de Noumea (Ballande) B I : 3,454.743
L R e Cameanias e s - 5,803.198
' | 1914, ‘L
Nickel Ore o
So0ciété 16 MHCKEl vv'verrrrrrnerasereneieanes LR 57,283,615
G. de Béchade (Le Nickel Corporatlon)‘ 5 4 S e 15,626.960
' —_— 72,910.575
Société Ha.uts TFourneaux de Nouméa (Ballande) g (e 18 346.596
Société des Mines du Mont Do® .....vvevaiie e e Yaae A e 2, 1800.000
J. Bireh & Co. «vvvvnnns ST e R s ..... SRR — 97.265
Total:.... p— A e 94,154,436
- . Nmkel Matte. TR )
~ Société le Mickel ......... L g R . 2,498,650 -
Société Hauts- Fourneatn. de Nouméa (Ballande) ......... G e O e e 2,753.712
Société de Tao ......t/ ..., EEETER TRy T R e - 29.779 -
Total . . . ... e 4 @iz ST pA e S 5,277.141
- 19153 :
" g Nickel Ore. - -
Société le Nickel ...vovvvinnenns L S SUU SR § e ot 43,584,000
G. de Béchade ........cunnvnnnnn wela o asn waime ek ace b BN B 5 S ST R 4.992.000
Total ueensi e RS s e ‘ 48,576.000
y ¥ Nmkel Matte. .
Société le Nickel .,...... S T RN Y 1400000
Soeiété Hauts-Fourneaux de “Nouméa (Ballande) DO g -3 s 4, 129 167 .
WOLAL ve wovisinse s S i i SRR i et 5,529,167

xLe Nickel Golporatmn is a subsidiary of the International Nickel Compa.ny,

2 This-conipany is said to havé been a subsidiary of Krupp’s.

? Aceording to Le Bulletin du Cgmmerce, Noumea, February 10. 1917, p. 13, the pro
duction of nickel -ore in New Caledonia for 1916 was 30, 679.245 metric tons, and of mckel

'matte, 4 935. 167 retric. tons.
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_ Details at hand concemmg ‘the mdustry are 1more complete for 1914 than for
1915, The centres which increased their output in the former year were: Thio,
Port Bouquet, Ny, Dumbea, Kopéto, Ouazanghot and Kalla. The new centres

were Nakety and" Camboul There was a falling off in production at the following . -

centres: Pow Oanala, Uie ba;y, Mont Do, Koné, Komambo Kafeate and Port
" Boise.

The estimated quant1ty of mckel ore 4t the mouth of the: nines and at the -
smelters on 81st December, 1914, was 98, 168 tons. ' s .
' With the exception of the ore-from Mont Do, -which is sald to have been -
mined by a subsldlary of- Krupp’s and sent to Germany, the other shipments- went
practically all to plants controlled by La Société le Nickel in England, France and-
* Germany, and to the plant, tiear Antiverp, of La Société des Hauts- I‘ournea.ux de
- Nouméa (Ballande). The last-named company has a refinery at New Bl,u_nswmk -
~ N.J., to which it has 'made all its shipments, chiefly matte, since the begmnmg of
the war. Prior to the war the miatte of this company from New Caledoriia Was sent
to Antwelp Tt was there further tréated to bring up the percentage of nickel and -
& palt of it sent. to the New Jerséy plant.

1

Return Showmg (}ountues to Which Nmkel Pmduc.ts Were Dxpmted fmm New Galedoma
. . During the Years 1912-14.* ° .

: e : Nickel Ove’ . _ Nickel Matte
To - " - . =
. 2| 1013 | 1om | 1e12 | Te |- 10w
- . a .A'l‘o‘ns; 'fons Tons —'l‘ons Tons | Tons
United Kingdom <75, .00 0., 44,688 | 381,862 44,426 |........0..| 1,500 2,494
France....vvvvvvinnnas| 8,251 | 14,000 |. 23,380 1,731 008 v
Belgium,.oovernvninnianinen 12,996 17,847 16,346 | . 2,997 1 3,809 2,457
Wollerlands i os sis s sansiilsianinie] G220 livisvaone O o G ;
Germany «..vuevivenavinrsa..| 13,423 7,9062 | © 7,906 [........00 PN M Td———
UmteclStates ..... R ] e e | SR e o) PTG IR ISR PR 306
Australia. . SO - 95 .96 (i1 2
Value of .Ore and Matte Exported..in 1914,
: To e _Nlicliei Ore Nickel Matte
T - Tranes Francs
United Kingdom:ueeeeeriirssrassensesnas - 1,263,768 d 1,754,138
France .... s ai e e 700,794 e Stesnimsninianen asc i R i
- Belgium... . —_— 560,386 1,657,851
. Germany ...eia.n 306,178
United States..... T T " 213,578
Australia. . oooivninis R e G _ 2,804 T chenaas
o T —— © 2,824,020 - . 8,625,567

1Mhege tables are taken from the British Diplomatic and Consular Report for the year
1914, Publication of this Report has ceased during the war. Ore sent-to Australia and the
Netherlands was en transit to other countries. In 1916, 3,000 tons: of ore weve shipped to
Japan, where a refinery has been established.
= * Figures for qhq:oments to Germany in 1913 do not appeal to be correct, but they are as
“given in the Consular Report.

A}
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Years 1913 14,

Tab]e Shuwmg Producing Awas and Ports from Which Nickel Ore Was.Shipped in the

"

_ Exportation Pl‘oductmn
Port of : | Place of : .
Exportation - Nickel Ore. " Production Nickel OI_B
o [ 1918 | P 1914 [ 1913
“ i Tons? - Tons - Tons Tons
Poro i eveesiess 6,420 12,588 29,606 29,950
Canala coon svsesve B,060 Jeeaereaseues © 3,014 | -4,914
Nakely .ooovnnvaans Ao EeE R ! . 1,211 lsawiwses "
Thio veeevennssannans 45,507 28,160 | Thio ueelvvenroenss 50,643 48,011
Pmtr—Bouquet 5,706 6,919 | Port—Bouquet ;... 10,124 9,665
'Cambom....... ] | S DI ‘ Cambom..... ; 184
WY sevssnisansinntos|sonsnes prenefoerveransia] NF coviansvas 1,661 1,369
Port—Boise civeivern]irsnanes R Pnlt—Bcuse.. Sl .
Baie Ule vvevennss ver A7  laseessens .| Baie Uie. 2,0 2,495
NOUDMLER . ssr snntnnras ¢ e 2,318 ,Dumbea... 7,013 6,713
Bouloupali cesvevass ; 2,800 5,676 | Mont Do... 4,955 5,513
Pouembout..ouevunn. 15,627 6,800 | Kopéto coevvresvne 15,692 9,878
KODS vavevrvnenraresfoninninnnns J o0 2,700 | Kong cevsvarvrienes . 15,343 5
v v e RS e |
Teoudie, vovs .. 2,206 8,814 ! Ouazanghou ........[" 4,573 - 1,700
Kaala—Kmembe 2,712 | 2,474 | Kaala..... o ~- 8,800 - -1,669
Totals voniiine] 94,050 | 03,190 | Totals .........| 172,365 | 164,404

* Metric tons of 2,204 1bs. each. .

Composttmn of New C'tledoma Ore

Aﬂalyses of New (Caledonia nickel ores are based on “the weight after drymg a,t.
100°C. Since the ores as mined contain 20 per cent. or more of uncombined water,
what is called a 7 per cent. ore contains before drying only about 5.6 per cent. of

nickel.

As the ores are not dvied hLefore shipping, freight is paid on the large

quantity of Water as Well as on the other constituents which they contain.

According to Glasser the following represents a composlte or average analyms
of the.? per cenf; qes after heatmg to 100°C. :—. _

Silica ciiiviririieiaes R — gesrseanaesanes R 42,
Magnesia . . . .o0us PRI NP L RN Vi R e 22,
Lame o weveae fomirie epene o vk 0 B S SR R 0.10
Aluming . . . vieeinennan . P e L e g 8
Terric 0Xide .vevsesnvniossssrnnns SRR R 15, 7
Nickel 0xide «evvevecanronsss el R T T LE 9,
Cobalt oxide ........ ; 0.15
1 Manganese oxide . ; 0.70
< Chromic oxide ........ e e S R — .. traces
Combined- water ..........cooee. S R T G . 10.00
} 99.95

The Commissioners have been furnished with the following table of analyses

of ores from various mines. With the ‘exception of the uncombined water, the

‘ahal‘_‘}_lses' represent the compositions. of the ores after drying at 100° C.

-
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Cdst of Refining Nickel fi'(im New Caledonia Ores
¢

‘The only official statement available 1ega1d1ng the cost of refining nickel from
New Caledonia ores is contained in the report by Glasser to the French M1n1ste1 of
the Colonies, pnbhshed in 1904.

' This cost, while a little higher than estimates obtained from othel sources of
the cost at present, is, for all practical purposes, about the same. While costs may .
have been lowered somewhat during late years owing to mechanical 1mprovements
in plants and to smelting on the island, they have been increased in other ways; the
cost both of labour and supplies has increased. During the war freight and other
charges-are abnormally high. : I

The following is a free translition of Glasser’s Summary, pages 205-207:—

Nickel ores that are mined- in New Caledonia are sent for the most part to
Havre, Glasgow, or Rotterdam ; in the immediate vicinity of the first two ports are
plants which belong to the Société le Nickel. The plants at Havre and at Kirkin-
tilloch have each produced during late years from: 1,500 to 1,800 tons of nickel
annually; from Rotterdam the ores-are sent to Germany where they -are treated,
the production there of refined nickel being from 1,000 to 1,200 tons per year.
Recently, in 1901, there have been shipped to America about 30,000 tons of ore.

" " The freight charges to Burope naturally vary with conditions in general,
dependmg upon the charges elsewhere in the world; they oscillate usually- between
30 and 40 francs per ton, a price to which it is necessary to add an insurance charge
of 8 per cent. ad walorem. This freiglit charge is that which is ‘made by French
sailing ships, carrying from 8,000 to 4,000 tons’ of ores, which come from Furope
to New Caledonia by the Cape of Good Hope and return to Europe by Cape Horn,
making a voyage of about seven months in length, the ore frequently serving as
ballast. Ships make on & voyage, outside the freight which they carry, between 100,000 -
and 150,000 francs, the bonus given to navigation by the French Government, a
honus which amounts on an' average to about 125,000 francs per voyage and which
covers nearly the whole_ cost of the voyage. According to the information which we
have been able to obtain, the ships would not be able to accept freight af less than -
50 francs per ton if a bonus were not allowed them ; Fnglish shlps which are not
thus bonused will sometimes take freight at 40 franes:

We thus see that the freight represents 4 cost of from 48 to 55 francs per ton
of-dry ore, which would correspond to 70 or 75 centimes per kilogram of metal,

“thus doubling on arvival in Europe the cost of the nickel ore shipped (4.6, the cost
of -freight represents about the same as the cost of the ore landed on board at New
Galedoma) - '

' * The treatment of the ore in Eumpe consists of fusion to matte in a water-

jacketed-furnace. In smeltmg, the ore’is mixed with 20 per cent. of limestone and

10 per cent. of gypsum (or a quantity of soda. ash contalmng an equivalent in
sulphur) and 8774 per cent. coke. The resulting matte contains about 45 per cent.
nickel, 40 per cent. iron and 15 per cent. sulphur; the silica, lime, magnesia and
other materials pass into the slag, carrying with them only a small quantity of
ni¢kel. This matte is then converted, and the product is about 75 per cent. nickel,
less than 1 per cent. iron é\lnd'zv'l per cent. sulphur ; this high-grade matte is reduced
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- to afine powder and roasted to remove the sulphur; the oxidized product is then

“reduced by carbon (flour, meal and other material being used to make a paste ta -
mould the oxide into cubes, ete.)

We have not been given the exact cost of this treatment. | We beheve how- ‘
ever, that it does not exceed .one franc per "kilogram of ‘metal ploduced A half
~of these costs is represented by the first fusion. %

Refined nickel is sold in Europe, depending on the state of the market, etc., at -
hetween 8.50 and 4 francs per kilogram. It might be added that the nickel which .
is extracted from New Caledonia ores by the process that has been indicated is very
pure; it contains 99 to 99.5.per cent, nickel; it is freed so completely from the
‘sulphur ‘that has been added by the first fuswn that it holds less than 1/1000
part; if is freed from arsenic and phosphorus and contains only a trace, less than

© 171000, of copper, which is 1nt10duced in treatment but which is not contamed in
_ the New Caledonia’ ore.- :

It Wlll be noted that Glasser puts the cost per kilogram of metal ‘at approxi-
mately 70 to 76 centimes f.o.b. New Caledoriia, and he gives the same cost for
“freight to Eulope, or say a total cost landed in Furope of 140 to 150 centimes per
kilogram of metal. Then he gays that he has reason to believe that the cost of
smelting and: refining does not exceed one franc per kilogram, half of this being
replesente& by the first fusion,. or in the ‘making of the low-grade matte. This-

* would make the cost of refined nickel between 19 and 20 cents a pound.- From
what is said on a following page it will be seen that the cost at the present tlmr' is
about the same. : :

Character and ‘Modes of OCcurrence of Ores

Before discussing the methods of mining employed in New Galedoma a few
-notes may be. added, in addition to what has already been said, concerning the
nickel ores-and the serpentine with which they are associated ‘and from which they
have been derived. The serpentine represents the product of weathering of various
basic rocks, under tropical or sub-tropical conditions in a country in which there .
is considerable rainfall. The total denudation of the surface of the island, sines
" the intrusion of the rocks that have heen altered to serpentine, is not known. That .
it has been great is evident from the appearance of ‘the present surface. * Among the
serpentine masses themselves there are mountains, in the case of Mt. Humboldt,

. which reach to a height of over 5,000 feet, togethe1 with valleys and low lands that
are at sea level or project beneath the water. -

Over much of this weatheréd and denuded surface, which of course has not been
glaciated like that of Ontario, loose products of decomposition.of the serpentine are
found, among which occur, here and there, deposits that contain sufficient nickel to
malke them of economic 1mporta.nce Although’ the serpentine occupies about one- -
third the surface of the island, areas of considerable extent of this rock are without
nickel deposits. Few deposits are found at as low an altitude as 400 feet and none- -
at the highest elevations. Moreover, thej(.are- confined largely to the spurs of

the mountains.

Various writers have attempted to elassnfy the workable- nickel depos1ts but’
this can be done only in a general way. The variation in the character of the
deposits is due to differences in the steepriess of the surfaces on which they lie, to
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. differences in the breaking up of the weathered suffa.c'e of the se_:rpentine into . .

blocks or fragments of various sizes, and. to the presence or absence 'of distinet.
fissures and joints or other cracks in the serpentine. Where a surface is fairly

- steep there is inore of a tendency for ‘water to sort the loose products of weathering:.

than there is on a flatter surfade. Moreover, on a steeper surface waters tend to
take the nickel dissolved out of the rock and carry it downward a considerable

_ distance before it is deposited.” Where fissures occur in the rock nickel tends to

become concentrated in them. The absence of workable nickel ores on'the Tiebaghi
pldteﬂu, which, has & considerable thickness of iron oxides and other decomposition
products, and their presence on the faces of many hills and mountains, illustrate
the statement as to ‘the. influence the characters of surfaces have-on ore concentra-
tion. Another instance that may be cited is,in connection with the iron deposits of

T A New é&ledonia Nickel Mine. G

Ciba, that lie on the surfaée_of, serpentine bt assoeiat@ad with which no deposits

- workable for mickel alone have been found. Nickel occurs in these Cuban deposits
* in sufficient quantity to produce workable ores in the. process of ‘weathering, were -

the surfaces not plateau-like on the ‘whole and therefore mot suitable for.con-
centration of nickel. )

_ Qlasser distinguishes four types of mickel deposits in New. Caledonia, iz,
vein-like deposits, brecciated deposits, masses of altered serpentine impiegnated
with nickel and nickeliferous earths. But two or more of these' classes usually
oceur in the same workings. "In the deposits first worked, much of the ore had the
characteristic green. colour of gatnerite, the nickel-hearing mineral, but most of the

“‘ore now produced is the well known “ chocolate ” variety, the colour being due to

oxides of iron. ) ‘ _
' B "Ore Reserves and Competition ‘
Statistical tables on other pages of this Report show the part that New "

Caledonia plays in the -world’s production of nickel. _C'ontrdlling ‘the world’s
markets at the time of Ontario’s advent as a producer; New Caledonia has not
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: kept pace with er ymmo'er r.wal although havmg the ﬁna.ncml support - of- the '
house of Rothschilds, together. with the accumulated experience, gmned both before
and after the discovery of the Sudbury deposits, and a tied market with a number
of the greatest steel makers of Britain, France, and Germany.

The chief factor that has enabled Sudbury te outdistance her rival is the differ- =

-ence in the size of the ore bodies in the two countries. The greater of the Ontario-.
deposits contain ore that is measured in terms of millions of tons, while those- of
. New Caledonia are reckoned in a few hundreds of thousands, the greatest of her
deposits having contained about 600,000 tons; few reach 250 ,000.

A determination of the ore reserves in New Caledonia is not possible owing to
their uncertain character, but it might be fair to say that the colony possesses at
least as much undeveloped ore of the same g1 ade as she has already mmed in the

Nickel Mine af Dumbéa,

forty years of her existence as a producer, or say 160,000 tons of metal, a little over
four years’ output of Sudbury at the present rate of production. There aré lar e
quantities of lower gr: ade ores which it has not yet been found feasible to treat.
The fivst mines to be worked in New' Caledonia, there being many deposits to
“ choose from, were naturally those that were the most accessﬂale, usually those near
some harbour. Many deposits that were once worked are now abandoned, including
the Bornet mine near Thio, which has the record of having been the largest producer.
The "production of others of the larger mines is decreasing and new mines, such as
the BEmma, in more inaccessible situations are being opemed up, necessitating the
“extension of the railways farther into the interior of the island. There is no evi-
- dence to show that any of the new mines are larger than certam of the ‘old ones or
that ore can be produced more cheaply from them.
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The pith of the whole matter in so far as New Caledonia is concerned-is the-
cost of refined nickel produced from.her ores. More than a dozen years ago the

‘cost was approximately 19 cents. JTmmediately prior to the present war it had not

been lowered. To-day, with excessive freight rates and higher- prices for supplies,
the cost is much increased. ) - : : -

While prices of nicke] Temain about the same as they have been during recent
years, New Caledonia will have an important industry. It will probably expand

somewhat, owing especially to the activities of the newer of the two companies that .
_are shipping ore and smelting on the island, but there is no reason for believing

that competition with the Ontario industry will become any stronger than it has

K _been in the past. Should the price of nickel fall to say twenty-five cents a pound

or less, New Caledonia will have difficulty in-keeping her mines in operation.’ But

no right-thinking man will wish to see any French industry crushed-or crippled.

A description of mining; smélting and refining as they concern New Caledonia,’

" together with costs of the various processes, will be found on following pages.

The following table shows, approximately, “the - quantities of refined nickel

‘produced from the ores of Qntar:lg <gnd :New Caledonia at periods of five years,

1890 to 1910, together ‘with thase:6t™1913 and 1915, It illustrates the relative

- giowth of the industry in the $W0 countries, mining having begun in the former in.

1886 and in, the latter in 1875, o e .
’ 2 1890 1895 . 1900 1905 _ 1910 " 1913 - 1915.
OBEaHE, o sesmsevimvsman tons”. 1,780% 9,316 3,540 9,503 18,636 ~ 24,838 .34,039

" New Galgdonia ....... Lltons T Z160' 2,737 6584 6,627° 5237 4,920 2,560

" The largest and mbst, important owners of ‘nicke_lﬁh_old_i"n:g lands in New Cale-
donia; in, telative order of the importance of their holdings; are: (1) Ta Société.le
Nigkél, s company which has been mining in the island for many years. (2) The

‘ Tnternational Nickel -Company, represented in .New Caledonia by its two sub-

sidiary companies, The Nickel 'Corp_oration\a,ﬁd La Société Miniere Caledonienne.
The International does nof mine in the island, but some of its lands are worked on

" lease by persons associated with Tie Nickel. (3) Les Hauts-Fourneaux de Nouinéa

(Ballande). - This company, much younger than -Tie Nickel, liké the latter, mines.
and smelts part of its ore on-the island. Since the beginning of the war it has

shipped little ove, but is increasing its smelting capacity.

_ Methods of Mining* _

The ore, nouméaite or garnierite, occurs as a hydrated silicaté of nickel and -
magnesia and may best be described as an alteration-product of the serpentine in
which the magnesia and-iron has been replaced by nickel. The ore formed: by the
replacement of magnesia by the oxide of nickel is termed “chocolate.ore,” and the

~ replacement of ‘the iron oxides by nickel oxide is'kmown as “green _ore” 'Thig
,alteration or replacement does not extend more than 25 feet to 85 feet on an
““average, in so far as workable ore is concerned. y )

~ 3Tons of 2,000 lbs. ; ; _ :
2Tt jg, assumed that oré shipped in this and succeeding ‘years' averaged 4.8 per cent. of
nickel in the' wet ore: and 45 per cent. of nickel in the matte. Ores shipped during’ recent

years avérage 6 to 6.25 of nickel after/being dehydrated at 100° C.,or say 4.8 wet. :
# Phe following ‘description 6f mining in New Caledonia and data on the cost of refined

_-nickel aye by Mr, T, T, Sutherland, Chief Inspector-of -Mines-for-Ontario, who accompanied -
~ one of the Commissioners to the colony i 1916. S £ .
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In appearance most of the ore resembles a browmsh yellow ‘clay, has a specific

gravity and hardness of 2.5. and carries from 10 to 25 per “cent. of uncombined
moisture. The workable deposits always occur on the saddle of spurs from the main
mountam ridge, at elevations. of from 400 -to 2,500 feet, the latter elevation. being
-the more common. The-ores are overlain by soil, barren decomposed serpentine
" ot a pisolitic iron varying in depth from a foot or two to 15 or 20 feet, and in some
cages up to 75 or 100 feet. The ores are gene1a11y rlcher on the uppel part of the

de_posﬂ:

~ The replacement of ‘the selpentlne by nickel follows the ]01]1‘[',8 and fractures._ _
in the serpentine and the undecomposed blocks arnd bouldérs of selpentme are as a -

_tule covered by a shell of ore which has to be picked-off.

‘>

o Loading Station and Aerial Tram,

meg to this mode of oceurrence ot the ore, undelground methods of mmmg

are not attempted. The overburden is removed and the ore quarried-out. Many

properties-in former days were worked by contractors. These men-sold their ore to
the.large companies on, a graduated scale depending on the nickel content. This

“scale was such that to make any profit ore carrying 7:or 8 per cent. of nickel had
" ‘to be obtained. No attempt was made by these men to systematmally open up &
mine. They snnply dug out.any patches of high grade ore they found. In later
years these properties havé been acquired by 1arge companies, but much ore was

either lost or made unavailable by the early methods of mining.- Ore is now bought.

on the following basis:— . . -

.6 per cent. o1e (d1y) ................. 50 centimes' per kilo* of niclel
61 ¢ €0 e T s eenince 55 - ¢ ceoee e
A . R e 60 ‘¢ o ‘e
Ve R e P T L LA

19,65 cts. *2.2 lbs,
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.* The mining practice at present is ds follows: Where surface indications.of ore
are found prospecting pits dre dug into the hillside, and if a good grade of ore is
discovered without too great an overburden, a series of pifs are dug across and
along-the slope to define the extent of the ore occurrence. If the overburden is

. .over 9 feet in thickness and the grade of ore below 5 per cent. of nickel the. prospect

is not comsidered favourably. If the preliminary work shows an ore occurrence of

sufficient tonnage and grade to be profitably worked, 25-foot contour lines are Tun
. along the hillside. These lines are graded out and are called levels. Tracks are
‘laid-and mining commences. The overburden for a few feet back. is removed,

loaded into cars and trammed to the dump. The ore is then picked or barred down

_and carefully sorted. The shell of ore around the boulders.or blocks of serpentine

is picked off, the waste trammed to the dump and the ore carefully gathered into '

Transporting Ove By Horse Tram,

1]

piles and sampled. . This procedure is repeated until the face becomes too low
grade to pay. Occasionally it is necessary to drill and blast the harder portions of

- the serpentine and for this work hand steel is used. Liarge blocks of low grade

ore or waste are worked around and left standing on the bench. - The ore is gathered
from the different levels into a central loading station a.ﬁd'transported from the
mine to the foot of the mountains by aerial tram. The only equi}_)hlent at the mine
is the ore cars, tracks, picks and shovels and a few wheel barrows. If the mines
are near the sea the aerial tram may discharge direct into stock piles, but generally
a narrow gauge railway is built from the shipping port up-a river -valley and the
acrial trams discharge into loading bins built along the railroad. At the shipping

front the ore is stock-piled until there is a sufficient tonnage for shipment.
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" One notlceable feature of the nickel mining in New Caledonia is the extreme
care used in sorting and samplmg the ore. After the overburden is removed the

“floor of the quarry is swept cledn before the ore is picked or barred down. Then any’

large pieces of ore are broken by hammers to a 2 inch ring “and carefully sorted by
hand. Tn.some cases the fines are screened. The shell of ore on the boulders of
undecomposed serpentine is chipped off as’ completely as possible with sharp plcks
the waste is trammed to the dump, and the ore is swept up and gatherad into 10-

" ton lots which are carefully sampled. The result of the assay is marked on each
lot. In this way ore of a certain grade can be shipped. The necessity for this

extreme care is due to the fact that the ore is not uniform in grade, that it is im~ -
possible to judge closely the grade of ore by appearance, and that in the past it has

* not; been considered economical to, smelt ore of a lower grade than 4.5 per cent. nor

to ship ore of a much lower grade than 6.5. The average content in nickel of the

+ 1

Sacks of Ore at Uﬁ)&f Tefxmna.] of Aerial Tram,

" ore shlpped in the three years 1913-14-15 was between 6 and: 6.25 per cent some.

_shlpments being above and others below this percentage. -
As regards mining costs there is a wide variation depending upon the location
of the property, the tonnage of the.ore bodies, the amoiunt of oyerburden to be

" removed, the grade of ore.and the amdéunt of sorting necessary to obtain a shipping

grade of ore. On the. location of the property depends-the amount of capital ex-
penditure necessary to -provide. transpbrtatmn facilities, aerial tram and railroad
to shipping front or smelter, and the tonnage and grade of oré will. decide whether
such an expenditure is justified or not. As a rule it may be said that-the individual .

o _ deposits are small, under 100,000 tons,-and the largest mine yét worked produced

under 600,000 tons,”. A group of pmpertles is'often served by-the ohe aerial tram,

[i

* Metrie tons of 2,204 lbs. each. Yo s 53
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aided by. branch lines andbsuf‘face frams, while several such groups may be served
by the oné railroad.- The amount of overburden to be removed -has often prevented

the working of an otherwise favourable prospect, though.after the property is once, -

opemtmg it has been found economical to remove a considerable depth.of ovel—'
burden; in one case 7% feet of fenugmous earth overlying & good grade of ore was
mmoved Thé sorting necessary :is generally from 8 to 10 tons of waste to one.of -

e ore, and 27 frames ($5. 21) per-ton (2,204 1bs.) of ore landed at the shlppmg front
rcan be. taken as a fan' average of the mining costs.

Loading Station af Mine.

w ".‘ ) '_ T e ér’imlting o8

N

The ﬁlst‘attempt to smelt New Caledonia mckel ores on. the 1sland was: made in

o the year 1879, when' two furnaces were erected .at’ Noumeéa. A 9.peér-cent: ore was
twated and.a  fonte”” made containing about 6&-pex. cent. of- mckel Elfteen and’
one—half tons of.ore. were. treated daily.. The charge consisted of. one ton. of ore.and "
450 kﬂos of hmeatone and a.49. per cent. coke,charge. .. The.smelting costs.amounted . -
to. ahout -85 franc'.f; per. ton. of ore, o1 about 95. Qentlmes pel k:lo of n1cke1 (or. 8, 3 ety

per. ]b«) P 1 o iy - pows AT gy
As ;lt was, ﬁound to be 1mpossﬁ)1e :to bessemerize thls fnnte,'nqcessfsating 2.

écvond operation. in.. whmh the. fonte was: sulphunzed -this, method . of; smeltmg Was’- )

_abandoned and the furnaces were used to Inake a matte, the cha.lge consmtmg of,
17 N* .

¥
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1,000 parts of ore, 385 parts limestone and 72 parts gypsum.” About 20 tons of ore -
were smelted per day, producing a little less than 3 tons of matte averaging 62 per
eent. of nickel. This change reduced the smelting costs to about 76 francs per ton
of ore, or 85 centimes per kilo-of nickel (7.4 cts: per 1b.). _ '
The mext step in' the metallurgy of ‘New Caledonia nickel ores was cupola
smelting. The cupolas ‘were water-jacketed, with inside diameter-of 5 feet. The
first cost .of these furnaces was small, but they required constant. attention, and
owing to the shallowness of the charge, height of charge from tuyeres being only
- 8 feet, much heat was lost, and there was a smelting loss of 11 per cent. in fine
dust being carried off by the blast. The slag loss was not great, being only 0.3 per .
cent, nickel, but the slags had to be kept constant. -The coke consumption ‘was
_‘about 33 per cent. . In operation the ore was mixed with coal dust, 75 per cent. of .

the.necessary limestone, and the right percentage of sulphur, about 2% per cent.,

T

P .- . .Nickél Smelter at ,Noﬁ;’néﬁ'. "

bi‘iquetted and charged into the furnace. The remainder of the limestone was dis-
tributed loosely. over the charge together with slags, ete. One advantage was that

a lower grade ore could be utilized, down to'6 per cent. of nickel. The cost was -

about 30 francs per ton of ore smelted, or 65 centimes per kilo of nickel (5.7 cts.
per 1b.), after allowing for the smelting loss. . ) . B
Present ddy smelting practice is to replace the cupola furnaces with modern
water-jacketed” blast furnaces. The two large operating companies, Sociéte le
. Nickel and’ Société Hauts-Fourneaux: de Nouméa, operate smelting works, the
former at Thio and the latter at' Nouméa. - The- capacity of each works ig from 100
to 120 tons of oie per day, producing:aboit 9 tons of matte carrying from 40'to 46
per 'eenfi:‘of”ﬁ*ick‘él,":‘ére“'assa.ying ‘ws‘low as 434 per cent. of nickel being used. A
smiall: quantity’ of ore lias- also been smélted in an electric furnace by the former
eompany at T#o: -+ - e e ' e s
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Tie Nickel’s matte is said to carry 45-48 per cent. of nickel and that of the -
other company 42-45. The former company smelted 20,000 tons of ore in 1913,
the same quantity in 1914; and 29,000 in 1915; the latter company ‘smelted 20,000,
92,000 and 85,000 respectively in these years. ' S e

The ores are delivered to the smelters by rail or water transportation and
stock-piled under sheds to be kept dry, the sun dfied ore carrying from 5 to 11 per
cent. of uncombined water, while, if not protected, in wet weather the moisture -
will approach 25 per cent..-Ores from different sections are kept separate and will
vary in silica content from 35 to 50 per cent. The different grades are mixed
before briquetting and this material is fed into pug mills with the necessary quan-

. tity of gypsum and some flue dust added. The pug mills discharge into briquetting -
machines. The briquettes which ‘weigh 2% lilos (514 lbs.) are then stored in =

cees Buws == |9

--------

.. Smelter Yard at Thio.

drying sheds, where they are allowed to dry and harden. The furnaces are chiu'ged ;
in the ordinary manner, the limestone or coral being added with the coke and also
. any fluorspar or slags that may be necessary for the free working of thefurnace.
A 30 per cent. coke charge is used. T . . - =T
~ The ores, briquettes and slags on amnalysis show _about'thé‘followiﬁg com-"
* position: = ‘ ‘ - g

S§i0, - ALO, TFeO . Fe,0,. MgO  CaO- 80, 0.

B8 on oo B8 sme asg | S0 S08T S aes o Bl LD
. Briquettés .......37-40 35 @ ... 1115 1820 . 35, 57 1012 .
SIAE *vrrrnnnens 4550 - 812 - 1012 - ... 1722 - 914 ... ..

Timestone, gypsum, fluorspar- and coke and coal necessary in the, smelting

operations ‘have to be imported. - The New- Caledonian. limestones: are..only- of

" medium quality and are often high in: silica due to quartz stringers, At the present
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.tinie, 1916, due o the hiéh ocean freight rates, it has }Jeen- found economical -t_o use
coral. Amalyses of New Caledonian limestone and coral are as follows :—

, . S0, - CaCo, MgCOs  Fe0,. HO -
Limestone ..:.. 17.05 7815. - 146 270" .
Coral ..vvvenes 3.30 « 7770 .. ' 820 | - 380 4.35.

Gypsum’ was formerly imported from France, being cdrried out as ballast by
sailing ships in the ore carrying trade, but at the present time the supply is imported
"from Australia. The price-is 20 shillings-per ton f.0.b. Port Marian, South Aus-
tralia, and about 36 shillings: per ton f.0.b. Newca_stie, Australia. The gypsum
. must grade 16 per cent. sulphur, Freight-from Australia to New:Caledonia at the
present time is from 20 shillings to-40 shillings per ton. The New Caledonian
gypsum costs just about as much as the Australian gypsum landed at the smelters,

Ore Carrier, Aerial Tram.
. -

as it has to be hand-sorted in order to get a suitable grade: Coal and coke before
the war were brought out by the ore ships from France and England, but are now. -
obtained from the Newcastle district, Australia. A ecoke analysis. gave:—

Volatile matter 0.46, fixed carbon 90.88, ash 7.93, sulphur 0.42, water 0.31. An ash
analysis ‘gave: Silica 51.20, lead 0.70, alumina 34.30. ’ : ~

"The price of coal f.0.h. Neweastle, Australia, is 12 shillings per ton and of coke
15 t0.20 shillings per fon, depending on the quality. Before the war, freight on
coal from Newcastle to New Caledonia was 10 shillings per ton. Coke freights are
50 per cent. higher than coal freights: Some fluorspar is used in smelting opera-
tions in order to obtain a more fluid slag. This is imported from Australia, where
it costs 100 shillings & ton, only 10 tons being imported in the five months preced-
ing September, 1916. w P By w

~J
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Transportation '

The shipment of ore or matte to foreign markets, or the transportation of the
ore from the léading port to the smelters, is a serious and expensive problem with

" which the operating companies have to contend. The island is surrounded by a .-

coral reef, and. within this reef’is a fairly safe anchorage for vessels except during
the hurricane season, December to March, inclusive. Very few of the mines '
happen to be situated adjacent to good harbours, and it is necessary for the ship--
ping to anchor a considerable distance off shore. Incoming material: has to be
discharged into lighters, which are towed éshore, and ore and mattc have to be

~ shipped out the same way, Windy weather which will not endanger ‘the ship at

anchor still makes it impossible to 'tm_v the hea{rily laden’ 11ghtér-s back and forward
between the shore and ship, and -much time’is lost. A small ‘dock is génerally

Marine Terminal at. Thio. .

pbuilt at the loading front so that the ore can be trammed in cars from 'the'stpck
pile and dumped direct into the lighters. At the ship the ore has to be loaded into
buckets by hand. The docks at the smelting works at. Thio ‘and Nouméa are
equipped with locomotive cranes to .assist in unloading the ore or fluxes from the

- lighters.

At Thio a marine terminal was biiilt, one kilometre (1,093.6 yds.) from the -
- shore and connected with the shore by & Blf_zipherf, aerial ropeway, but this loading
terminal was partly destroyed by.a hurricane and the company have reverted to -

lighters for loading and unloading ships. ) ' -
" The cost of loading ore 6n ship, transporting to smelter and unloading may .

he put at 8 francs a ton. 2 .
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‘ Before the war freights on nickel ore in bulk per tor of 2,240 Ibs.. from

Nouméa to Hamburg were from 21 shillings in 1908 to as high as:35 shillings in .°
. 1913, Freight on matte from Nouméa to Glasgow by Sydney was 40 shﬂhngf:
1’1 esent frelght rates, 1916, are 300 and 400 per cent. hlgher

Labour

. At the present time the principal labour. employed at the mines is Japanese and'
Javanese, with a few natives from ne1ghbour1ng islands. The New CaledoniaJ na.tive :
will not work at the mines, ' ' :

When the nickel mines were first opened in 1876 convict labour was employed.
' The convxcts were hlred from the Government a.t a nomindl sum, and as the mlnmg

© Stock Pile at Shipping Front, Kataviti,

was simply pick and shovel work in the open, this class of labour, while troublesome
- 'and inefficient, was still cheap. The importation of convicts to New Caledonia
ceased in 1898, and at the present time only a few ex-convicts are employed by
" individual operators who sell ore to the larger .companies. The majority of the
workmen .employed by the large comparies are Japanese, and this class makes the
most satisfactory labour that can bé procured at the present tire. . They are im-
ported under a three or a ﬁve year contract and ‘are paid about 5 franes (96.5 cts.)
a day. There ave certain stipulations regarding food, housing, etc., and a Japanese -
representative is resident.on the island who looks after the men’s interests and acts
as a medium in any disputes that arise between the men and the companies. Some
Javanese are employed in actual mining”and much of the domestic ‘work is done by
this nationality. Natives from the neighbouring islands are used around the
shipping ports for lightering, ete. At the smelters many Arabs are employed where
‘the heat is severe. Superintendents, foremen and many of the clerical staff are
from Trance. ' : - S '
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Minmg Laws

: Tltle to a mine is only acquired By concession, which gives the 11ght to mine
for, in their vertical dip, and to dlspme of, the substances named in the concession.
- Minerals which may be acquired by concession’ are divided into four classes =

1. Combustibles, i.e., petroleum, coal, ete.

2. Salts, nitrates, phosphates.

3. Nickel, chrome, cobalt, manganese and iron.
4. All othe1 substances.

'I‘he concession to mine one mineral mcludes the rlght to mine all substances of

the same class.

An annual rental of 40 centimes (7.82 ets.) pel hectare (2 47 acres) is’
charged by the Government for prospecting areas and for concessions, until such
timeas the concession is opened up, when the following sehedule of taxes apphes —

‘ Olass 1.
Tranes. .
0.50 per hecta.le up to 5,000 hectares.

. 074 do - from 5,001 to 10,000

1.00 do - over 10,000

Classes 2, 3, 4.

0.75 per hectare up to 500 hectares, -
.1.00 © do - fromi 501 to. 1,000
1.256 ° ‘do.’ from 1,001 to 2000
1.50 .. do- from 2 ,001 to b5, 000
‘175 do - from 5001 to ‘10 000
© o 2.00 do - from 10 001 to 15 000

- 250 - do . from 15 001 to 20,000
3.00- : do. - Hfi'om ‘2,0,001_ to 30;,000 -
350 . do  “from 30,001 to 40,000 - -:
400  do- .- over 40, 000 '

A pernnt to- prospect is obtained from the Government and gives the exchisive A
11ght to prospect a, block of ground. The minimum for a prospecting area is 300 .
. metres (327 yds.) square and the maximum b kilometres (8.1 miles) square, or

6,150.4 acres. The boundaries of such an area must run- north and south and east .-

and west. This pemut is good for one year from the date of issue and is renewable. -

T mineral is discovered the holder of a prospector’s permit may apply for a
concession ; such concession. must be in the form of a rectangle, the shorter side of
. which is not less than one-quarter the length of the longer side, and such concession
must be entirely within the prospecting area held under permit. The concession
-must not be greater than 2,500-hectares nor less than 100 hectares for Class I., and -
a maximum of 2,000 hectares with.a minimum of 5 hectales fol the 2nd and 3rd
and-4th classes, =

‘Mining rights cannot be subdivided Wlthout the authomty of the Department
* and can only be transferred with the consent of the ‘Department. Concessions which
are not worked or sufficiently exploited after a period of five years are subject to a
special tax. By ¢ “ sufficiently exploited »'is meant a production of one ton of nickel
per hectare per year, one-half ton of chrome iron per hectare per year, 125 kilograms
of cobalt per hectare per year,.one ton of copper per hectare per yeal and for any
* other mmeral four days wmk per hectare per year. - .
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Expm t Dutv

The expmt duty on ‘New Caledonia oves is B per cent. ad mlov‘em per wet ton
Values are fixed half-yearly by the Government, - Tor purposes of this tax the f.ol—
lowing values-are assumed —

. N Value per wet ton. -

) , Tenor. R : 1sthalf 1916, 2nd half 1916.

kael PP, . Sy .Up to 5.74 percent. ..u.iiiiiin... J.v. + 22 franes 46 franecs
..... R N (I 599 81 %= b4
LR —— i 6 t0 G204 . .iuaavii vaen e S R . 8T ¢ . 60 ‘¢
EF Hrcenes S .6.257t0 6.49 ....... i i v g e AR KL © 65 ¢!
ot IR 6.50 to 6.74 .......... Cereiresaariaan 46 ¢ 79 L
CRIOME 4 v v arninrennns Up to 50 per-eent, ........ eeviieeae. 3T €6 T 40 (0
T 3 i ... Plus 2£50 per additional unit. . y - .
Cobalt +ouvvnrens e Up to 4 per cent. "voverrnnn. eedeea. 40 €€ 7T 4Q
CE N VEAR TR e 4 to 5 per cént. ...... SRR e 50" ¢¢ T
LR SR 5 to0 6 per. cent. ..... aw T T— 70 ¢ S 1
L T v 6 per cent. and over .....i.aueiiian e 90 0 90 ¢f
CODPOY vt venns. .. .Any grade .i.eeicieieiiieiien . B0 ¢ - 50 ¢
Phosphates ,...... R T Lo 60 6. 60 ft
Antimony ..c....evven. .15 to 29 per cenit. L..oiiiiieiiian e ww A 200 ¢
R, vrceee80 t0 49 poT COUE. turiiinnininn. cenme e O 400 ‘¢ .
. p— . ...'.'....50 per cent. and over ..... g £ iR om0, - 700 ¢f

Shipments’ of any “other mineral pwﬂuets 5-franes per ton.

The export duty on ore, together with the cost of freight on water and other useless
material contained in it, engourages the smeltmg to matte, which i is free from expolt duty, on
the island.

Cost of Refinecl Nlckel

' The cost of pr(}ducmg nickel from a 6 per cent. New Caledonia ore, before the
war, was Between 19 and 20 cents a pound. It is. probable that under present
cond1t10ns this cost is mcmased at least 20 per cent

NORWAY

Pnor to the advent of Neiw Caledonia as a produem A waay, where nunmg '
began in the forties, and reached its.greatest importance in the period 1870-187%,
controlled the nickel market.. The total output of nickel ore between 1850 and
1893 is- said to have been about 330,000 tons. The maximum of production was
attained in 1876 with an output of 42,500 tons of ore containing 360 tons of
nickel, condltlons at that time pemuttmg the smelting of oves with 0.9 to Lb
per cent. of the metal’ ;

* On a. preceding page mention has been made of the effects of New OaIedoma .
competition on the Norwegian industry, ‘resulting in the closing of the mines.
The introduction-of the Hybinette electrolytic process of refining, together with
‘an increased. demand for nickel, has brought about the _reopening of the mines
duung recent years. In addition to ores of local origin, comparatively small
quantities of ores from Greece and elsewhere have been treated in the Norwegian -
plants: Most of the output has gone to Germany.  Copper and: precious metals, *
as well as nickel, are produced from the Norwegian ores. Statistics of produec-
tion are given on another page. ' ' ) ‘

. *Beck, The Nature of Ore Deposité, Weed’s trapslatioﬁ, p. 38.
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The Tichest nickel mine in Norway is, however, the .above mentioned Flaad mine, which
works’ an ore body occurring in a mass of uralite gabbro about 75 sq. km. in extent, The
production so far, that'is between 1872 and 1908, has been about 75,000 tons of ore, equivalent
to 1,350 tons.of nickel and 800 tons of copper, The present depth is about 90 m. [290
:Eeet], though the ore body is far from exhausted to that depth. - . .. Latterly only
one mine, the Flaad, continues working. In the whole of Norway roughly 400,000 fons of nickel
" ore have been mmed and smelted. -+ The hand-sorted ore uiually yields 1.4 to 1.7 per cent. of
mckel though exceptionally the yield may be as much as 2 to 2.5 pel cent.! .

The ore dep031ts of Norway are, similar to those of Sudbury in mmeraloglcal '

-character, consisting essentially of pyrrhotite and chalcopyrite together. with moré -

or less pyrite and otheir minerals, and in the nature of the rocks, norite, associated -
with them. They are, however, small and contdin comparatively low percentages
of 'the metals. Considered as compet1t01s wlth New 'Caledonia-or Sudbury they
are of little consequence.

Deposits of ore of the chajacter mentioned have been found at various pla.ces
not only in Norway but in Sweden as well. In the” latter country the ores have
not been worked during recent years.

In 1913 about 28,600 tons of ore from the- Flaad mme, 2, 000 from the Faeo
and 2, 000 tons of Girecian ore afe said to have been smelted in the Evge plant.
At the other smelter, the Ringerike, 13 000 tons of Bmgemke ore and 1,250 tons
pmchased abroad were smelfed:

At.the Kristianssands refinery in that year there were recewed about 458 tons
- of nickel and 274 tons of copper in thé form of matte from the Hvje plant and

about 207 tons of niclel and. 118 tons of copper from the Ringerike plant. From
this matte there was reﬁned and shipped about 602 tons of nickel and 388 tons of .
copper. Shipments of precious metals obtained in the- reﬁnmg process were also
"made. In the same year arrangements were made to increase the capamty of  ~
. the refinery to 1,200 tons a year of nickel, and to enlarge the smelters. In 1914

- the productlon of nickel was 841 tons and m 1915, 793 tons. . -

BORNEO, lSLAND OF SEBOEKOE‘* .

Prom the description it will be seen that the iron ores of this island are s

similar in character and mode of occurrence to those of Cuba, that contain nickel
a,nd chromium. They have had the same origin as the Cuban ores and the nickel- -
-beaung ores of New Caledonia, the deposits of all three countries representing the -
weathered  surface of selpentme._ The situation of Seboekoe is shown on the
map, page 234, :
) The - following notes are taken almost verbdatim- from  letters Wntten by
H. N. @ Cobbe to the Chairman of the Commission: _
In the island. of Seboekoe, lying “off the southeast coast of Borneo there emsts
a large surface deposit of porous limonite about 15 feet thick overlying serpentine.
A great part of the deposii lies along and néar .the sea shore, facing the channel
which divides the island from its larger neighibour, Laoet. The channel affords-
good-anchorage. The deposit has been well prospected by pits and drill holes and
extends for four miles parallel to the coast rising from the sea level to a hill in

! Beyschlag, Vogt and Krusch "Ore Deposits, 1909, Truscott’s. tx anslatmn, P 297

“Ha.vmg discussed the occurrences of the mckel ores, of Sudbury, New Caledonia and
Norway in preceding pages, thosé of othei countries will now be dealt with in alpha.betmal )
order .
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places 800 feet high. ‘There is 1o over-burden but the deposlt is to ‘some extent
grown over with timber.

. The ore can be divided into two classes; the first class, from the surface to
a,bout Y feet deep, is a little heavier and a little richer in iron and is more gravelly
than the deeper-seated ore, and is of a reddish brown colour. » The second class,
about 8 feet in thickness, is more earthly in texture and is yellomsh brown in
colour. :

Both classes af ore have nearly the- same composmon in the. dry state. Thé

“upper layer contains about 40-per cent.. “gravel,” i.e., material from 14" to 6"
or upwards, the remaining 60 per cent. being fine soft ore. The deposit contains
at Ieasf; 300,000,000 tons of porous limozite ore which; when dried, contdins over

. 50 per cent. I'e, and When ealcmed over ‘60 per cent. Fe and about 0.5 per cent.

Co and Ni. ; :

The following is a , table of analyses made on many samples taken and grouped
as shown g : :

Separa_ting Ni and Co in one s'ample, Ni—=0.54, Co=0.08 -(Dandurand, Paris).

i - .. From . From From
MIXED ORE. . |ebti 0"to @ fb|Depth 6 to 9 £jDesth 9 o 15 ft,
, OALOINED ORE, . Per Cent. - Per Cent. . Per-Cent.
BB cmi e eieein| 6130 60.30 - 60.69
. . DRIED ORE. ' - . . . . ; e :
. B Sivnsoiunens SR S —— 53.00 . B0.0T . 5169 -
Bi0p. vevcerearerire e 2.75 2.3 | - 2.0
1 Erasacmmiase i 0.43 0.87 1.05
S (a.verage 0.18 per cent.)..... T wibis Rosiie Fnsdis 0.21. 0.12 | 0.19
P i o vimamitiiins e T S S 0.06 0.037 0.029
"0 e SR e 2.30 2.20- ' 2.06
Co a.nle R R S 0.39 0.41 0.45 -
- Insolubles .. ... Bareraaea st e iira i 4.95 5.45 ‘ 5.50
' - _ 64.18 | 60.947 63.259

. The island is a Dutch posSessmn and- the title is held direct :Elom the Govern-
ment under the mining act and is current for 75 years. The extent of the con-
cession is 15,654 acres. g 1

Apart “from the favourable physmal tondition and situation of the ore, the
property is well placed as regards fuel, limestone, aluminous flux, transport and
the eastern market generally. :

Mr, Cobbe ‘quotes -the following from the owner of the property.—

On this question of analyms T have the letter of the Director of the Society Franecaise
d’Etudes ot d’Entreprises, who sent out the French expert Gascuel in 1006. He writes me
the following concerning the sample taken by Gtascuel himself:—

The average composition of the ore 'in ehromium, nickel; sulphur, phosphmus and arsenic

“has been on 15 samples of the upper layér:— - -

Per Cent.
IR sisn i va i g R R Ve R . ey Shal
NI 5 & e R & i e e wnnaeenis .00
B oo SRR e § R e samevesaes 008
Pi: vaosmst SVeE anaen R SR R R . 0.04
ARy s e e Y 0.012

" This analysis is by Campredon of Nantes,
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Mr. Cobbe further says:—

I smelted some-of the ore which I have in bags here, and which was taken indis‘

criminately. from a cargo, and the resulting iron analyzed 1.2 and 1.26 nickel, which indicafes -

the presence of that metal in the original ore in greater quantities than shown in the table.
The island of Seboekoe is about 20 miles long and 3 to 6.wide. It is practically
uninhabited and well timbered. Tt lies no great distance to the south of one of the largest
0il refineries in the East and is not more than 20 miles from a ¢oal mine on the island of
Laoet, owned by the Dutch government, who paid £360,000-(sterling) for it and who work it:
" The coal on Seboekoe is the same bed, which has been eroded between the islands. _

The average temperature lies between 70 and 85 ¥., above which it seldom goes. There -

“are no hurricanes, being situated almost on the Bquator and the steady SD winds do not
raise any sea between the islands where the anchorages are.

There- are many trade routes. Kota Barus is quite a place,” and Just across, is the
Dutch' coal mine on the mainland. A route is easily induced in this part of the East, where
there’ are 50 million souls. Macassar, to.the S.J., is a great -port, in direct 'service with
Burope—Amsterdam, London and Hamburg—and steamers would call at Seboekoe and
bunker coal or load pig at Seboekoe at (probably) Macassar rates. Tt is about a six shilling
rate to Japan, and p1actlcally on the fair weather calgo route, England to Aust.mha, via
Singapore, from Wluch it is no distance. :

CUBA’

The nickeliferous iron ores of the island of Ciba, in the districts of Mayari,

Moa, and San Telipe or Cubitas, have attracted much attention during recent
years. Several important papers descriptive of these, ore fields have been pub-
lished. An excellent paper by J. F. Kemp deals with the Mayari deposits, the

only deposits that ha,ve yet been kaed The following quotations are from -

: thls paper.

Crusts and concretxonary masges of brown iron ore were early noted in northeastem
Cuba. J. 8. Cox, Jr,, writing in 1911 ....... .., states that claims were located upon
them in the Moa distriet more than 20 years earlier. A. C. Spencer remarked them in 1901
as appearing in red clay, but no one seems to have realized until three or four years later
that the entire mass was high epough in iron to he an ore. Under J.-8. Cox, Jr., explorations
were begun in the Mayari distriet in 1904 upon the erists or ‘¢ plancha,’’ and then analyses
revealed the fact that not only the upper, dull-red portion of the so-called clay was valuable,
_but also the lower yellow parts as well. The construction of the. Mayari plant of the
Spamish-Ameriean Tron Co. was begun in. 1907 and was eompleted in December, 1909.
Shlpments have been active ever sinece. The plant and mines were well deseribed with maps
and views by J. E. Little in 1911, .%............. .. The chief chariges since then have

“been the greater extent of the pits on the plateau at Woodfred, and the improvements in the -

village - of Felton, the shipping port on Nipe Bay. The ore is principally tredted .at
Sparrows Point, Md, and Steelton, Pa. It is shipped both in the crude state and as so-
called “noduhzed 01e ’? or the pwduct of kilng similar to modern cement kilns, in which
the wa.ter, both absorbed. and combined, is driven off and the fine ore is half fused or fretted
intd nodules; Mushiness in the stack is thereby prevented.and the rather heavy percentage
of water (25 per cent. absorbed and 14 per cent. combined) is driven off, to the diminution

-

of freight charges. Three or four per cent. of water is again absorbed in the cooling vats .

into which the Ildlns discharge. Amalyses of the raw ore are customarily made on samples
dried at or above 100°C. They have averaged by the year: I'e, 48 to 49; Ni, 1; SiO,, ahout

3; Cr,' 1 to 2; ALO, 11 to 11.5; combined H,0, 13 to 13.5. The noduhzed ore runs: Fe, -

55 to 56 i, 1 to 1.2; Si0,, 4 to 4. 4; Cr,0,, shghtly moye than the raw ore; ALO, 13 to 14;
* absorbed’ water, 3 to 3.5. In both, sulphur and phosphorus are neghglble In time, the

great purity of these ores, combi.ned with their percentages in nickel, and their conveuient

shipment from deep-water docks, should win a European as well as an American market,

‘ Geologis.ﬁs who have studied these- Ctban iron-ore deposits are agreed as
“to their origin. The ores have been formed, like the New Ga.ledoﬁia nickel deposits,

N

* The Mayari Iron-Ore Depomts, Cuba, Am, Inst. M, B, Vol, LI, 1915. This paper gives -

a 11st; of earliér publications.
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through the weathering of basic 1'ock, now_‘_l"_epresente&- by serpentine, and rest-
practically on the- surface of the rock from which they have been derived.

In the faces of the pits as now extensively exposed, the observer can readily note that there
are three distinct layers: An upper, of crimson-brown hue; a middle one, yellowish brown,
and a bottom layer of a lighter shade of yellowish brown. In one face, called the Three-
Hill, cut, the upper was noted at 5 to 6 ft.; the middle'at 6 to 12 ft.; and the lower aff
4 to 6 £, .. . -Analyses of each la.yer, but from another station, will be subsequently
given,” As distinet from these varieties the engineers in charge have noted that in the
occasional” and rather rare spots in the residual mantle where the iron percentage is too low
for mining there appears at the surface a peculiar purple color, quite easily récognized and
.an indication of high alumina in the samples. The color appears to be due to the relatively
rich admixture of normally white bauxite with a darker-hued brown iron ore. The explana-
“tion of the higher alumina is ‘to be found .in local changes in the ongmal rock, as later
set forth, . ,

: . _ 84 * 82 - 80° 78° Co7et L 74
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Map of Cuba.

: In some places, at the surface or a few feet below it, sldbs and even continuous sheets
of solid iron hydrate appear-and.afford the cellular varieties of brown .ore, very similar to
the crusts'and lumps long familiar in the mines'of the Appalachian belt. As earlier stated,
the solid ove is' ecalled plancha. In the residual mantle shots and larger lumps of.solid
brown ore are at times intermingled, chiefly in the upper, darker layer. The general run of
the ore is, however, earthy, and reminiscent in the strongest degree, alike in color and

. texture, of the Mesabi ores. The higher content of absorbed water, the higher alumina, and
the lower silica of the Mayari orés give them perhaps a somewhat more spongy aspect than
one notes on the Mesabi range; on the other hand, at Woodfred there is no overburden
whatsoever, and the ore is obtained from grassroots to bedrock. :

The- recently mined ore has a peculiar mealy character, remmdmg one of nothing so
muech as dampened meal, but as it dries out this character disappears. No doubt the colloid
nature of the hydrates of alumina and iron is the cause of the peculiarity. ’

The following analyses made by T. C. Kraemer, chemist of the Spanish- -American Tron
Co., were based upon samples gathered by the writer to illustrate the three contrasted layers,
The samples were talien as nearly as practicable in a vertical section. :
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0 L=
- I ) II. III.
Surface Ore. | Middle Layer. Bottom Layer.
Sta. 11, 35, 10. |Sta. 11, 35, 10+15.| - Sta. 11, 35, 11,
3 . Crimson-brown. | - Yellow. 5 Yellow.
“BIO; cereseavias o e e A 2.26 . 2.70 7.54 -
ALOy cesae e SR 14.90 7.13 4.97
FeOp vavvnavives acaerasmase e 68.75 o 71.89 . &l i 64.81 .
Or;05 vevvnnnen A : 1.8 3.17 . 3.66-
FeO vvvvvnnn 0.77 . 1.29 : 1.49
NiQ cevvvvvinennes weronissniie e 35 | 0.74 : 1.60 ©275
MO .eeriniinnns R e 1.50
H,0 (combined) ........ o 11.15 - 1290 . 12.75
DAL anersmioncora-sonsasssmons veevad | 10046 100.68 : 99.47
 Metallic iron ......oeeees e . 48.65 51.32 46.52
Metallic nickel .. ..o.ovnnn e - 059 ’ 1.20 . 2.10
* H,0 absorbed (a) ...... SaRE e . 4.62 i .92 w 27.00

(a) Determinations of absorbed water based on original sample. Other determinations
on dried sample at 110°C. -

The following ‘quotation is from a paper by J. S. Cox.*-

. The partial or. complete elimination of the chromium and the production- of a satis-
factory steel were accomplished after patient experiment. Steel rails made from this ore
have demonstrated their superiority dver ordinary rails, by actual use-on the Hotrseshoe
Curve of the Pennsylvania railroad. For more than a year-the Pennsylvania Steel- Co. and
.~ the Maryland Steel Co. have manufactured commercially, from Mayari steel, a steel which, by
reason of its mickel content and low-phosphorus, is superior to ordinary Bessemer -steel and | -
open-hearth products. : - ’ ’ :

.

In mining - selection may be made by removing first the upper pait of the
layer and then the lower, the latter containing a higher percentage of nickel. The
ayerage depth of ore mined is. said to be about 19 ft. Costs, under normal con-
~ ditions, of nodulized ore, delivered at Baltimore, are said to be -about $2.50 per ton.
- As to the extent of the deposits in the three fields A. C. Spencer-says:—"

Mayari.—The ore deposit is a blanket formation, extending as a practically unbroken
.mantle over a gently rolling elevated ‘platea; roughly 10 miles long and 4 miles wide; or.
more accurately about 28,770 acres. Iixeept for a few groups of hardwood trees in moist.
situations, the ore field iz covered by pine forest, averaging about 40 trees of medium size to
the acre. . . . ) a . : : .

A fair average depth of ore over 18,525 acresis 15 feet, which, at 20 cubic feet to the
. ton, gives 605,000,000 tons. S0 foe

Moa—The deposit is very much like the one at Mayari. . ." . The mantle of ore is a
" prominent feature within an area | of ahout 60 square miles, being practically continuous,
except wherk it has been cut by erosion along the stream ‘valleys. ' It is roughly estimated
" that 60 per cent. of the area.taken up, or about 36 square miles, will afford ore of mineable
grade and quantity. ". . . Taking the area of valuable oré at 36 sguaré niiles, and, as at .
" Mayari, taking the average depth as only 15 feet, and allowing 20 cubic feet of material per
ton of dried ore, we get 752,000,000 tons for a just approximation of the valuable tonnage of
iron ore in-the Moa field. - S ; ’ g
* " Qubitas—The ore deposits are all surface mantles ‘covering the plateau-like “mesas.

" @ A Tt is thought that therp must be at least 6,000 acres of the ore ground and that at
- Jeast 150,000,000 tons of ore exist within the field. . ' . -

! Am, Inst. M. B, Vol. XLII, 1911, p. 88.
2U. 8. @. 8. Bull. 340, p. 320.
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Another estmlate makes -the total tomlage of the three _areas about 3 000
000,000."

The followmg table shows the quantltles of ore tha,t have been shlpped from
the Mayari mmes to the Umted States :— :

Year. ' . o ‘Tons.

i £ [ - R % B A T IR e SR - 307,700

; R B s R S i SIS I S S 387,791
=i 1912 coevennee.s e b e i ST 55 3 SRR Vveeea. 446,176
TS 5 4, e R B SR G S .. 491,713
RO v s G EEREE Y o AR i 928,949

TIID  sonsnshayinas oS e i P 300,896

s . ; N 2,163,225

“The ore shlpped in 1915 ca.rne& 36.32 per cent, (natural) of iron a,nd 56.30
per cent. (nodulized).

The characters of the iron and stéel produced from Ma,yau ores are descrlbed

. on other pages of this report.
' CHINA

_ The i‘ollowmg note on the occurrence and uses of mckel in China is by
A Read"

Nmkel ig of much techmeal 1nterest. hecause of the ingenious way- the _Ghmese have of- _'

' smelting mixtures of nickeliferous copper-ores -with 4in, lead, and zinc-oves, foiming the -

alloy ‘‘pai-t’ung,’’ or ‘‘pahfong,’’ as it is called in southern China. This is.a kind of

“German silver, which is extensively used in the manufacture of candlesticks and other house-
- hold objects. "Nickel is never produced separately, and the entire supply is apparently ‘drawn
. from southwestern China, whér¢ in Yumman (at 100°20’. B. 26°50" N.) and in Ssu—chuan
(100° 20’ i, 26°45' N.) Duclos has noted the oceurrence of mekehfewus copper-ores.*

EGYPT

A small quantlty of nickel ore, similar to  that of . New Oaledonla has been'

mined -in Egypt from a deposit associated with peridotite on St. John’s Island,

Red Sea. On the mainland, there is also peridotite, and some large aleas of ser-
g pentme “which may prove to be nickel-bearing. :

The following description of the St. John’s Island occurrence has been fur-
nished by ‘Max Ismalun, through R. H Greaves, chief of the Department of

Mmes, Egypt
"

Thele is a h111 1,000 feet hlgh eomposeﬂ of pandoh’ce, which has pierced through the
Tertiary beds of the jisland. These beds are représented by coloured limestone and carbon-
aceous sandstone and gypsum, und sometimes by schists or gneisses.-

" The -peridotitic rock has various aspects as far as colour, grain and hardness are con-
cerned, and presents a g1eat quantity of fractures which prubably took place during the
cooling stage of the peridotitic magma.

’ These fractures are generally filled up with serpentme
The nickel ore, similar to garmente, also oceurs in ‘veing more or less, veltmal whose
" fractures have probably the same originj but are gemerally of much greater size. One of
‘these veins has heen provéd to have a length of 150 feet, a.depth of 120, and a thickness
valymg from 2 to 5 feet.

1 The Mineral Tndustry, 1913.

% Mineral Resources of the United States, 1915, qut I p.. 317

s Am, Inst. M. B., Vol. XLIII, 1912, p. 45.

¢ Duclos: La stsmn Lyomla.lse d’exploration | commewlale en Chme, 1895 7 Pp. 283 to”
318 (Liyons, 1898). . .
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- The filling itself is a mixture of pariijerite and iron oxides,- and has a banded
aspect; that is to say, there is a longitudinal band of garnierite in the centre, on both sides
of which oceur. two bands of iron oxides, then again two bands of garnierite, and. so on.

When working the vein, which is very friable, it is hardly possible to separate the two.
kinds of ore. This, moreover, would not be advisable, as the iron oxides’ contain 2 to 4
per-cent. of nickel. T R

The composition of the garnierite ore is as follows:— )

: : Per Cent.

0 e e WA T S 9.48
e M pieliinsmsminzeiamariions © e 39.26
N e D ey 4.89
CHL vvvvnnnnnneions e P B 0.40
Te veverireninn O e e 15:42
MO eenriniinnn L e et s e SRR 0.19
I O R 5 T e 0.08
(077 o NP S - 0.26
RO sugosnvwsbomannssnssnnsss 6 ob 580 daks b st owinis 18.51
S hrininenns aceraee S commre oli R e, 0.12
O it NS % 75 S B I D S . 0.34
HO ..ou... cFonn i b 4 6 6 SRR e wyes  DOL

F . G e e, 99.96

The mixture of garnierite and iron oxides averages 6.5 to 7 per cenf. Ni. "This ore

. would be first class did it mot contain about 0.5 per cent, copper impurities, that are an .

obstacle to any smelting procéss. Electrical separation has been tried with suceess and seems
to be advisable for this kind of ore.  °. i
Tt -has been noticed that the proportion of iron oxides increases in depth' and that
naturally the, garnierite diminishes. - . T,
_ Development work is not sufficiently extensive to enable us to.figure the quantity of high-
grade ore available. A few thousand tons are in sight at the present moment. Besides the
vein filling, I have found some impregnated superficial patches of ground containing from

.1 to 2.75 per cent. Ni. SHould' these be workable on the spot, the ore tonnage would be .

greatly increased.
- L - FRANCE _

Rich -silver ores, with cobalt and nickel minerals, discovéred in 1767, were
worked - at Chalanches, Dauphiné, France. The ores occurred in a network of
narrow veins in crystalline schists. That the presence of nickel and cobalt was not
recognized in the earlier period of working is seen from the following quotation :—

" _ Tt is not a little. remarkable that although the silver is always associated in the lodes
with rich- nickel and cobalt ores, often ivith bunches of stibnite, and more rarely and
erratically with gold, the government engineers took no notice of’any metal other than silver.
None of the valuable metals mentioned figure in the old accounts. The speiss containing
nickel and cobalt was.Tejected with the slags, and went to fill. the swamps and to form the
road-beds; which, in later times, were furrowed and turned over to recover their valuable
contents. . . . - : : :
The possibility of utilizing three metals instead of one seemssto have dawned upon the

- engineers quite as a discovery; and ‘this fact stimulated the repeated spasmodic attempts to .

rehabilitate the old mine. The arsenides of nickel and- cobalt were sold in England and Ger-

. many.” More "rvecently, a German chemist was. employed at Allemont in an experiment to

manufacture cohalt pigments for the arts. He was mnot sueccessful, and the attempt was
abandoned.* -

GERMANY AND AUSTRIA

Although deposits from which nickel-bearing ores have been mined oceur in
a considerable number of. localities in Germany-and Austria, in normal times :the
production of the metal from domestic ores is comparatively small. Owing to
‘conditions‘that have existed during the war, it, is likely thaf the production from
domestic ores has been increased. “Certain deposits that have been lying.dormant
for yeais would probably be reopened. ' T

"7 A. Rickard, Trans, Am. Tnst. M. B., Vol. XXIV. " .
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As shown on preceding pages, for many years part of the nickel. ore produced

. in New_Caledonia has been vefined in Germany. But prior to the war the greater

part of the nickel used in the two countries was imported in the refined state.
Several varieties of nickel ores have been mined in -these countries. They

_ include arsenides, sulphides, and silicates, corresponding to those of Cobalt, Sud- .
bury and New Caledonia, respectively. The ‘following deposits, some of x'?h;ich. :

are of little more than historical interest, may be mentioned:—

(1) .Axsenical ores carrying ‘cobalt, nickel and other metals, such as those
of Dobschau, Annaberg, Schneeberg, Joachimsthal and Dillenburg.
" (2) Py'rr}ioﬁite_ ores of Sohland, discovered in 1900, Schweiderich, and
Horbach. . CoE T

B - ) Silicate .ores:— In recent. yéars nickel. has been extensively mined at
" Frankenstein in Prussian Silesia . . ..Af the pregent time the nickel deposits have

been mined to a depth of 183 It . ... Tn 1901, 9,500 tons of ore were extracted

"+ and 114.3'1:01:13 of nickel were produced. There was 2 considerable increase of
* ‘production in 1902.” ' ; :

A , _ GREAT BRITAIN

That nickel ores have been produced in Great Britain, one of the largest -
vefiners of foreign ores, is seen from the following notes:— :

Pentlandite, a sulphide .of iron and nickel, was some years since worked at- Glen' -
Tssochossan, 4wo miles from Inveraray, as well as at Oraignure, in the viéinity of Loch Fyne,
eight miles distant from the same town. About 300 fons of ore averaging 14 per cent. of" -
nickel are stated to have been sold from these mines. In a sample of the ore from the
Ciaignure mine Mr. F. Claudet found, in addition to the usual percentage of nickel, a con-
siderable amount of tin oxide® . : . o B : .

Tn Great Britain nickel is found associated with iron 'at Voel Hiradig, Cwm, in Flint-
shive. Since 1870, 675 tons 14 cwt. of nickel iron ore havé been raised on this mountain, of
the value of %3,601, or about £5 10s. per ton. The average proportion of nickel was 2.3.%

GREECE

In Greece both nickeliferous iroﬁ ore, similar to that of Cuba, and garnierite,

- resembling the New Caledonia ore, have. been produced.

The following notes concerning the Girecian deposits are taken from a paper

. _'by H. K. Scott,’ little having been published by other writers descriptive of these

oceurrences.

v

With the exception of some mineral used by Mr. Arthur W. Richards for the production
of a high-class steel in 1907, the Greelc echromiferous iron ore imported into this country hds
been mixed with othér ores for the production of ordinary steel, “which has involved the .
elimination of the chromium at some trouble and expense. . . . Chromiferous iron ores
oeccur in the western part of Greece in the States of Tuoluis and Boitio, and on the islands.
of Eubeea, Skyros, and others of the Grecian Avchipelago. The most important deposits are

_situated in the distriet bounded by the bed of the drained Lake Copias and the west coast of °

the Talantd Channel. The country is.mountainous, rising in places to 4,000 feet above sea.

" level, and the climate is healthy, except on the bed of the extinet lake, where the marshy .

ground fosters malaria.

1. W. Dickson, Jr. Canadian Mining Inst., 1906, p. 253.

2 Beck, The Nature of Ore Deposits, 1903, Weed’s translation, p. 349. . .

* A Treatise on Ore Deposits, J. A. Phillips and Henry Louis, 2nd ed., p. 321.

s Metalliferous Metalo and Mining, D. C. Davies, 1888, p..287. ° .

5 Chromiferous Tron Ores of Greece and Their Utilization, Jr. Tron and Steel Inst., No. 1,

for 1913, pp. 447-467. :

= . ‘. 5
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+  The deposits are all within a few miles of the coast, which, being much indented, fur-
nishes excellent loading ports. | &
Chromiferous iron‘ore was first discovered in.Greece by an Italian named- Novara, who
had worked at the Laurium lead-zine mine and was prospecting in the Larmes district ‘ix
1901, on behalf of the former.Minister of Marine, Boudouris. Subsequently other ore bodies

were found in the vicinity and on the islands already mentioned, . . . Shipments of the
"mineral to-the end of 1912 have been as under;— Lo Gl

Property. ; - o Tons.

L) o i R e e R R S e veereen. 430,000

TTHEBES . o mppimdomamn s s saivaesimeass v o 4 st i Y 600,000

Tsouka, ........ E—— SRV SR B R 400,000 *

Toobal: onesemeiuiad TR R R R 200,000

BEFI0R v s aswvmiiias VR ey g S R 300,000 .

Tn 1909 a discovery was made in the Thebes and Lokris deposits. of garnierite (the

-hydrated silicate of magnesium.and nickel) containing 4 to 53 per cent. of nickel in the

dry ore, and of this 24,000 tons has been exported. e ;
" . The prineipal formations represented in Greece are the Archman, Cretaceous, and Tertiary

‘systems, with voleanic rocks in abundance, of which serpentine, altered from peridotite, covers

a large part of the Grecian mainland, as:well as the island of Eubwma and others, and. even
extends to Asia Minor. Over the whole of this serpentinous area chrome and chromiferous

.iron ores are reported to oceur, although they are often not sufficiently pure to have any -

economic value. . ) .

©  TIn the Lokris and Boitio districts, segregations of irregular character, as well as ore
bodies of lenticular form, are found, either as fissures in the limestone of Cretaceous age, as
at the Thebes and Lokris properties,-or as contact deposits between the serpentine and lime-
stone, as at Tsouka, Karditza, Lutzi, and probably Pavlorado. Whilst the deposits have as a
rule their longer axes parallel with the lines of cleavage or contact of the enclosing rocks,
those in the fissures of the limestone are more irregular in shape, presumably by reason of
the substitution and erosion of the ‘‘country’’ rock being more general, and ave distinguish-

- pble from the contaet deposits, which assume a banded charactor, i .

The ore ¢onsists of hard grains or shot-like particles and nodules of irregular shape, up

"' to half an inch in diameter, of brown hematite which has a sub-metallic fracture, associated

" with a variable quantity of a binder or matrix of a morve hydrated, amorphois, and softer

ore which often exhibits ¢‘slicken-sides.?? < : ]

- In the Tsouka and Karditza properties the mineral is quite compact and bears transport
without making small, but the greater part of the.ore from the Thebes and Lokris deposits,
as well as that of Lutzi, disintegrates on handling, and -assumes a physical condition which is
prejudicial tg its use in the blast-furnace, - £ wl : O

The composition” of the' ore, in the dry, of the different deposits varies within the

" following limits:—

.o - s g ° o - Per,Cent,
5 46 to b2
. Aluming ..eiiiiiiiieienaea fiasesminan S aiw o 6 14
. Silica, ..... e e e e e e F . s 5 ¢ 11
Chromium ........... R 243
Nickel and cobalt .o.vvviierinrinrrenneernneenns . 010 ¢¢ 1.2
. PhoSphORUR rowiene vmwaii oo sien oo SRR Bermmsre tin v Trace = ¢* 0.03
Sulphtr soweieiemmes Y T T VA B nam e i 0.02 ‘¢ 0.05
Titanmium .....0vun0ens S S, Do b Ciminsiace . Trace ¢ 0.30

The garni'erite is found only in the Lokris and Thebes deposits, irregularly distriliute.d

.in the serpentine on the foot wall of the chromiferous iron ove. It exists in small stringers

or nests, and the mineral is invariably in a finely divided state.

Regarding the genesis of these deposits, it may be rYefelred- to a peridotite, containing
appreciable quantities of chromium, nickel, and “cobalt, which has been intruded into the
Cretaceous limestone. . . . i :

By reason of the irregular occurrence of the chromiferous iron ore and the garnierite, it
is not possible to estimate the quantity of either mineral-in the Gireek deposits likely to be
available for extraction at a profit. The chromiferous iron ore deposits are, however, so
large and well distributed that they will no- doubt yield a large quantity of mineral for
many years, although exploratory work has proved that in several of them, notably those of. -
Lokris and’Thebes, the mineral proves to be somewhat poorer in depth, the iron comtents
being reduced to 45 per cent, in the dry ore. .. . . The Lokris and Thebes ore hodies ocecur
on several spurs, separated by deep ravines, of the Scropo-Neri mountaing, seven miles to the -
southwest of the port of Larmes. The highest point of the outerop is 1,200 feet abeve tide
and 600 feet ahove the bed of the extinet Lake Copias. - The deposits have a general north-
northeast direction, and a dip varying from the vertical to 30° to the west-northwest.

18 w* " 2 : .
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. The inineral is intercalated between .walls of white limestone in lenticular-shaped bedies, ’
which in places swell out into what are termed ‘‘pockets,”’ in which the ore is muech mixed
.with boulders of the-‘‘country.’’ Between the mineral and the enclosing rock a ferruginous
schist or altered serpentine is found,"and the limestone of the hanging wall has a yellowish.
tinge over a limited thickness. iy . ’ .

"At the time of the author’s visit there was no appreciable difference in either physieal
condition or composition between the quarried ore near the surface, and that mined 250 feet -

"~ below on the Lokris property. A number of quarry samples gave 47.5 per cent. of irom,

whilst several samples from the undérground workings’ contained -47.9 per cent. of iron in
the dry. Turther underground work at a lower level has, however, indieated a gradual
decrease in-the percentage of iron. : . . . :
The average composition of ‘the mineral in the dry orve from the Thebes and- Lokris
properties is as follows:— : :

5 g . . . Per Cent. . |
TROM! 24 v a5 5% wiraiacs S ——— S T 46.00
ATOTRINR s soviomiiinm s e s o R e e e S e B 14.00
N I 1 N ... 8.0
Chromium ...ovvevnnrsenes SRR JURM 1o = 2.50
Nickel and cobalt ..... BT P S e 0.60
Phosphorus .......ovvens B e
. Bulphur ...iiiienn R, I —- IR T W 0.03 -

. . < . . . N
The Tsouka property is nine miles northwest of the port of Larmes. The mineral out-
crop contours two conical ‘hills, covered by a residual clay, over a length of ome and a half
miles, at a height of 800 feet above sea level. The-deposit lies on the serpentine with lime-
- -stone as the hanging wall, and dips 5° to the noithwest: ; : -
.- The ore-body averages 10 feet in thickness, and consists of compact, heematite either of
_ an amorphous character with sporadie pellets which have a-metallic fracture, or.as acon:
glomerated mass. of a-pisolitic character. The mineral in the upper part of the deposit is
7 somewhat softer than, the rest, but even so, the physieal condition of the mineral is excellent
. for the blast-furndce. Its average composition in the:dry is as follows:— ’

) ) x Per Cent.
G 1) R i i e W, ST R B seneha 5200 -
Alumina  .......... T y Ve ve v 7.00
S 51 P R ETGE s Es vy 000
Chromium .......coevsvnrecanenns e S sansn v Q0
Nickel -and cobalt v..viesiveiniiirnnns D e - 0.70
Phosphorus ........ R S AR T e e - 001.
Sulphur ......o.000ee R e S R wees o 0,04

The Karditza deposit is five miles southwest of the Thebes property, and the ore out-
crops on the summit of a hill over a length of-upwards of half a mile with'a southeast strike,
and dips to the southwest with an angle of 30°. ) e

The .mineral lies between the limestone and serpentine, and, at the time of the author’s
visit, had been approached by a cross-cut 200 feet in length from an adjoining ravine
through the altered eruptive. The contact with the limestone is somewhat sharp, but on the
¢¢£o0t’’ the deterioration in' the quality of the ore is gradual as the serpentine is entered.

The ore-body had heen drifted upon over a length of 300 feet, and was found to
average 10 feet in thickness. e » [ . ) : .

The total cost-(including State charges) of placing mineral f.0.b. loading port is about
Bs, per ton, and the selling price is bs. to bs.-3d. per ton,  with 10d. for loading, or say 6s.
per ton. - : - ’ . : - . ’

g The freight rate of tramp steamers to Western European ports was recently as high as
10s. per ton, but is now 7s. per ton. ' . . :

* From~the -quotations given it will be- seen that certain of the nickeliferous
iron deposits of Greece occur under somewhat different conditions from those of
Cuba and the garnierite ores of New Caledonia. In the case of hoth these countries’

_the ores form a mantle on the-surface- of the serpentine from which they have
been derived. The Grecian, deposits; in the descriptions quoted, appear to have .
been formed from'the weathering of dikes, which occupy fissures .in Cretaceous
limestone, or from the weathering of serpentine over which lies a wall of lime-
stone. Moreover, the Grecian ores are mined to a much greater depth than those
of Cuba and New Caledonia. a :
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The following note. boncerning the Grecian gérnierite ore is of interest:—

One of the most interesting nickel deposits in Europe, on the Greeian island of Lokris,
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
o description of it in print. Through the kindness of Dr. Mohr, ‘of London, and Mr, V,
Hybinette, of Kristianssands, Norway, brief accounts of-the mine were given me, as well as
specimiens 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 b«mds or spots of apple green "material suggesting
‘genthite’ or garnierite.

A complete. analysis made :EOr the Kristianssands mckel refinery shows the fo]_lowmg

" composition:

BIO; sdwumuse o s - s o R 37.00

ALGG: sesivpds o S — e 9.81 g

LI ifh o swasezeneie e Foase v e e P © 28.37 (¥Te=19.86 per cent.)
51" 5110 e T e . R voeen 285 (Mn=-1.92 per cent.)
0110 S e ettt 039 . .

100 [ et eiaaaeesa e 1.91

- R A SRR A R LB e e b amea i 4 0.06 )

’ ©AB suaa sy e s aa et anat e etnneennaensysenns 0.15
Cul .iviiininninnnns fereriireairasiiasiassaaaagesss 007 (Cu=0.06 per cent.) .
O ranane s Feasnsasyeinen srvneress ST (Ni= 7,22 perceit.)

00 i R e Wy R e ... Traces
PiOs consisinsinivnis S S R S e e 0.09
Lioss on heating .....ovvunnvnnnaan e A A 8.50
L e 6 R A S e 1.37

99.74

From its appearance the ore suggests the weathering of a basic eruptive 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, garnierife. -

.This ore deposit.has been examined by-the Mond Company and the waegmn Company,
‘and the latter have made .use of a shipload of the-ore, some of which is still to be seen at
the Bvje smelter: A portion of the niekel produced at the Kristianssands refinery is therefors
not from Norwegian, but from Greecian ore.

’ So far as known at present none of the Furopean “nickel deposits are of sufficient mag-
nitude or of sufficiently high grade to bhe serious rivals of the Canadian and New Caledonian
“mines; and much the largest-part of the nickel refined in Europe comes from these two
1eg10ns 2

INDIA

-The following notes summarize the information available concerning the modes
of oceurrence, consumption. and uses-of nickel in British India:—
N :

- Ores of nickel {mckehfewus pyrrhotite) have been found a.]:qongst tha copper-ores of
Khetn and other places in Rajputana. Nickel has also been detected in-small quantities in
chaléopyrite and pyrrhotite ‘found associated with the gold-quartz reefs of Kolar, and in

- pyrite said to be from the Henzada district of Burma. Complex sulphide ores, consisting of .
“pyrrhotite, pyrite, chalcopyrite, and molybdenite, have been received from the Tobala taluk
in South Travancore. Both nickel and cobalt are present in quantities beyond mere traces, but
. nothing is yet known as to the extent of the deposits, nor have any proper average samples
been assayed. A surface sample of ore showed 1.20 per cent. of copper, 0.64 per cént. of
nickel, and 0.08 per-cent. of cobalt; with 12 grains per ton of gold and 2 dwts. 12 grs. per
ton of silver. Turther mvest:gatmns may show that the deposits are richer than is mdmated
by this a,nalyms ’

There is & conmdemble consumptlon of nickel in India in the form of German-silver, the
“annual imports of which during -the five years 1909 to 1913 have averaged 1,103 tons, worth
£115,388. .. ., . Turther,. on the. Ist August, 1907, the issue to the public was
commenceél of the new 1-tnma nickel coinage, consisting of an alloy of 25 parts: of -nickel |
with 75 of coppel , leading to a further consumption of mnickel, statlshcs for whieh are mof

" available. ‘

The imports of nickel received at the Bomba.y Mint during the penod 1909-13 have

. totalled 175.3 tons (4,767 maunds 2,734 tolas) valued at £30,671.2

*A. P. Coleman, The Nickel Industry, Mines ‘Branch, Ottawa, No. 170, pp. 117-118
2 Rocords of the Geulogleal vaey of Tudia, Vol. XLVI 1915, pp 281-2.
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- T ITALY

Nickel dep031ts of Varaﬂo Pledmont Ita,ly, although sma]l are of mtolest,
since, in mineralogical composition ‘and j in ‘their association with basie rocks, they
resemble those of Sudbury and Norway. Like many other small deposits, they were

“worked in the peno& preceding the discovery of the New Caledonia ores and a little
later. In 1876 two mines had a total production of about 2,800 tons of ore, con-
taining 1.20 to 1.44 per cent. of nickel, 0.36 to 1.00 of cobalt, 0.50 t0.0.72 of
copper, and 28:00 of sulphur. '

MADAGASCAR - : :

During the last few years. attention- has been dlreoted to an occurrence of
nickel in Madagascar, where the metal is found under conditions snnﬂa,r to those of ?
that other French colony, New Caledonia. The .garnierite ore in Madagascar,
compared: with the occurrences in New Caledonia, covers only a small surface. -

. In a letter dated August 19, 1916; from A. B. Roberts, President, Syndicat
Mmlm de Madagascar, the Commissioners received permission to publish the fol-
lowing deseription by him. of the deposﬂ; said to be the only proved Madagasoar
depos1t

The depoalt is mtuated immediately to the south of the yillage of Va.lzoxo, District of
. Ambohimasoa, Provinee of Fianarantsoa, Madagascar. The port of Manatqary is situated -
145 miles to the southeast of the property. "
) The total area of thé concession is 1.5 x 1 kilometres, or 370.5 acres. ;
proved the existence-of nickel ore on- 82 acres; fulthel exploration will plobably slrghtl' ;
 increase this area. - i
The nickel oceurs:as garnierite. By tlie wmk calrled out by our engineer, the exmtonco
of nickel ore has beenyproved to extend over an area of 82 acres, which forms a hill, sutua,ted
in the centre of the eoncessmn This hill has a height of 500 feet above the Iowest part .of
the deposit, viz.,'the bed of .the stream in the southeast corner. The deposit consists of a
. laccolith, or mass of ultra- basic_roek, which probably at the time of its ipheaval did not
quite reach the surface, - subseqient ’ denudation having laid it bare in places. Through
shrinkage in cooling, and by the pressure of the ovérlying 'gneiss, the basic rock has been
split .into a network of seams and cracks. Along these’ irregulgr lines of breakage the
original roek has been altered to ser pentine. .
* ¥ The nickel is found in these eracks in thicknesses varying from a film fo over an ineh,
and the nickel has also permeated -into the soft serpentine. The depth to which the
alteration extends has.mot beem proved, but sh1fts have been sunk to a depth of 60 feet
‘without passing beyond the altered zome. . '. °, F & @

. . . .

_ Judgmv from what is known of deposits of this Kind in New Caledonia, Guba,
and elsewhere, a thickness of 60 feet or more of this ore would not contain
merchantable” material throughout Ag decompomtlon of the rock proceeds from

- the surface downward, nickel and certain other elements tend to migrate and are
carried downward by water. ‘Hexice it would be expected that the upper part of the
Madagascm depo:nt would not contain nickel in economic quantities, but that the
lower part would contain a greater concentration of the metal. :

From another source- it is learned that . . . . in-one of the groups ‘of
nickel mines. . . . there are 125,000 tons of 5.5 per cent. ore, with a further
probable 250,000 tons of 4 per cent.”

There are two ports from which the ore or its products might be shlpped
Tamatave, about 360, and 1 j/[ananjary, 120 miles from.the property. The latter is .

* Badoureau, Métallurgie du, Nickel, Paris, 1877. : o B
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an undeveloped port, and seems likely to remain so, while the construction of ‘a

continuation of the railway from the former to the vicinity -of the deposit may be

looked for in time. -

‘Water power capable of producing 3,000 or 4,000 horsepower is said to be

available within about 35 miles of the deposit. There is a supply of sulphiir on
the island, together with charcoal and other materials. o

It is said that a new process of refining has been tried on these ores with
promise of success. s o ® e -

MEXICO AND SOUTH AMERICA

Nickel has been refined in Turope from South American ores, ai)parently

produced as by-products in the mining of silver and other ores. Both cobalt and

nickel oceur'in a number of localities in Mexico and South America, but no im-
.portant deposits are known. o

PHILIPPINE ISLANDS

~ In the island of Mindanao- are found,&epos_i"r;s of iron ore.of similar character - ..
to those of Cuba and Borneo, already described. While the only detailed analysis .

available, quoted below, shows chromium, it gives nickel as being absent. It is
scarcely to be expected, However, that on further.investigation nickel will be found

to be absent in all parts of these large deposits. The Philippines can be said to-

be neighbouring islands.of Borneo and Seboekoe. The situation of Mindanao is
shown on the map, page 234 ' : '

The following notes on the Mindanao deposits. are takéﬁ'frdm a péper by

W. 1. Praﬁt‘ :

On the eastern coast of Surigao Province - in” Mindanao there is an area 'of about

40 square miles, bordering the sea for a distance of 10 miles, which is eonspicuously- barren

-of vegetation and is covered with a bright réd soil.- .This condition is the more:notable in
that the smrounding country is heavily forested; and the singular-barren appearance of this
one section of the coast line has been:a subjeet of interest for years to those who knew of it

But the region is sparsely inhabited, and but few hoats pass along that coast; consequently -

it was not until. the year 1914, when H. ¥, Cameron, an engineer who is- familiar-with -the
1won_ores of the Nipe Bay regién in Cuba, made an inspection trip through Surigao that.the
¢(Red Hills’’ .. - . were found to be covered with laterite rieh enough in iron to con-.
stitute an ore. ’ ' ' : ) :

The laterite mantles a dissected plateau ranging up to 1,500 ft. in elevation and
terminating along the toast in sea cliffs and .steep slopes. This part of Mindanao receives a
rainfall that averages about 10 ft. annually. ~. . . ’ =

While there are no regular harbours near the.ore deposit, Dahikan Bay, at its southern
extremity, is almost landlocked, and is perfectly protected at all seasons. . .

- Thé ore deposit and the ore itself are strikingly similar to the laterific iron oves of the
. Mayari distriet in Cuba. . ° - )

© /  The Philippine ]atel‘i’ée, ‘or iron ore, i a_sur'fa'ce: blanket of residual clay varying in’
thickness. up to 60 ft. and resting upon the parent rock from which it has - been derived by

tropical weathering processes, . . . .
The parent rock, wherever exposed within the limits of the ore deposit, is essentially
serpentine. - ’ R . ¥

¥ ‘ ! . o B :

In composition the Surigao iron ore appears to be slightly inferior to the ores of the
same character in Cuba. . . . The results of the sampling tests indieate that the Surigao
ore is remarkably uniform in composition throughout the deposit. . . . :

{Am. Tnst. M, B, Vol. LIII, W. E. Pratt, The Iron Ores of the Philippine Islands,
pp. 101, 102, 103, 104, 105. o ° . _ : :

2
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The only detailed analysm of the Sungao ore was pe1f01med upon a sample taken from
the surface by Mr. Cameron. - This analysis follows: ;

: Pei Cent. .
Hygroscopic water ..., ase s G W G B R R AT 13.50
. Combined water ........ ;v R —— .. 6.60
o BHROH wesinvugganaeaie i sesssaissqsse i aoatesaniin b R ——— 1.04 :

Aluminag .....v0ea... A Gowss s axd T 10.56 -
TFerric oxide ........ e enaraeas S Tv.ie... 66.80
Ferrous oxide «...vvvuviiirerniiicannas Cresiaieiareaas 0.36
Chromium oxide ....covvviniiiiniinennns SRR S————— 115
Nickel 0Xide +vvvvvenvreriviionsrrissonsiossariinsanans nil
Sulphur ......0...c00iienaan SV SO WU trace
Phosphorus AR I e r ety trace
Total ....... i s T TS R P 100.01
Metallie iron, dried 0T€ . ....iiiiiiiiain.n, Vi e e . 54.29
Meta]hc iron, ore f,{epuved of combmed water i ssavaran 58.20

In its lack of mckel as 1epreseute(1 by the smgle ana.lyms, the Sungao ore is rhﬁelent
in an important respéct from the Cuban ore.

In attempting to ascertain what quantlty of ore is plesent in the Surigao deposit and
what percentage of iron is contained in the average ore; hand drills were employéd to
determine the thickness.of. the ore mantle at different places and to secure representative
samples of the ore from different depths. . . . From these figures and the weight of a
unit ‘volume of the ore in place it can be caleulated that the total economically important
metric tonnage.is 430, 000,000, of which about 375,000,000 tons is contamed in that’ palt of the
ore mantle_which is 10 ft or more in thm]mess .

: RUSSIA

" At Redwinsk (or Revda), in the Umls are nickel deposfcs of the gamleute_ o

type, resultmg from_the. weathering of serpentine, which. is intercalated between
schists and crystallme limestone. _ Attempts “were made to inine these deposits as
early as 1866, and there has been 4 small production at various times. . Judging
from the fo]lowmg, more serious attemptb at utilizing the ore have: recenﬂy been
made :—

~

‘Russian nickel depos1ts in the Ulals, which have not heretofore been worked on aeccount
of .the low grade of the ore, are now heing exploited. The ore mined is being treated at the’
Redwinsk smelting works, whmh are reported to be turning out at the mte of 600 tons yearly

SOUTH AFRICA

_ 'The occurrence of nickel-copper ores in association with a sheet: of hasic rocks
in the Insizwa range has caused various writers to compare these South African -
deposﬁ;s with those of Sudbury. But there is only a distant geological similarity
between the two. Moreover, no workable deposits have yet been found in the
Insizwa range, although attention has been directed to the occurrence for a number
of years. Should large masses of picrite with disseminated ores be discovered,. the
probability of which has heen suggested, such deposits would scarcely be serious

. -competitors™of the large : massive ore deposits at Sudbury.

A very interesting and complete dev,cnptmn of the modes of occurrence of
these nickel-copper ores has recently been published by W. H. Goodchild® This
paper includes observations of earlier workers be31des containing much information
gathered by Goodchild himsel.

*Eng. & Min. J'ournal Nov. 6, 1915, P 759. See also Voi. XLVIII, pp.~118,—124".

AL M. B,

' # Economie Geology of the Insiziva Range, Inst Min, & Met., BulI No. 147 Dee 14 1916
with éhscussmn Bull. No. -148. -
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The str’x_xctural relations of the ~gébbro sheet, consisting of olivine gabbifo,_
picrite and other varieties, are described in the following extracts from Good-
child’s paper: ' - '

Overlying these hornfelses is the great gabbro miass which gives rise to a bold, steep
and frequently precipitous escarpment with pedls situated a'little way behind the escarpment,
rising to heights over 3,000 ft. above the level of the neighbouring valley and more than
6,000 £t. above sea level. A rudely columnar .structure is not infreguently shown in-the clift
face., On the mountain top and at varying distances from the face of the escarpment, the
upper surface of the intrusive dips inward at low angles under another series of hornfelses .
regembling in a general way those at the base. These pass. gradually into a series of

- gedimentaries also similar to those at the base and, like them, they ave also lying practically
horizontal. . . . ; x e

The thickness of the gabbro sheet varies. It probably averages some 2,000 ft. and
exceeds 3,000 ft. in its thickest parts. The dip of the sheet is inwards’ towards the centre
of the oval, and the dip of the basal contadt roun'd the periphery of the mountain, though
varying considerably from point to point, probably averages aboub 30°, The shape of the
gabbroid mass is therefore roughly that of a thick shallow basin, It thus stands in a eross- -
cutting relation to the bedding planes of the encasing sedimientary rocks and is not truly
laceolithic in its mode of occurrence. '

According to Goodchild, the ore deposits may be classified into four dist{nct
types: . 5 & : - . 8 . ;

(1), Mineralized norite or pierite containing disseminated gulphides of copper, nickel and
iron. : : : i . ) L
(2)" Small fissures filled almost entively with sulphides of copper, nickel and iron.

(8) Vein-like sheets of acid rock containing similar sulphides disseminated and.in
masses. K : _ : . ‘

’ (4) Dolerite dykes, cutting the main sheets and ‘sedimentaries, containing disseminations
-and thin veinlets of_rs'ulphic'ies and occasional arsenides of the same series of metals.

All four types have this. feature in -cémmbn, namely, that they earry sulphides only in N

the near neighbourhood of.the lower hornfels-gabbro .confact. Types (3) and (4), however,
may contain ore minerals at considerably greater distances from the contdet than (1) and (2).

" The mineralized pierite is probably the most important kind of deposit as yet discovered
. at Insizwa, sincé it appears to possess greater economic possibilitied than the others. ;
© .. . Tt would scarcely be surprising, therefore, if prospecting of the lower margin of the

intrusive at .greater distances from the face of the esearpment -than has hitherto been
_attempted led to the disclosure of large bodies of mineralized picrite of profitable grade, .-
despite the fact that nowhere along the range is there any ouferop of this mineralized rock
of sufficient grade to enable it to be exploited at-a profit. . . .. - . ’

The solid sulphide.veins are of small dimensions and irregular in all their characteristits.

They occur in the near neighbourhood of the hornfels-gabbro contact, commonly. passing a
short distance up into the -sheet and down into the hornfels.” Individual fissures have -been
“traced for a’horizontal length of 100 ft. or so, and, while they occasionally attain a width
of 2 ftf., 6 ins. is probably & liberal estimate of their average thickmess. They ramify and
have no iwell-defined strike or dip, though there seems to be a tendency for them to strike
with a-rough parallelism to the contact. The fissures are filled almost entirely with .sulphides
of capper, nickel and iron, but the ‘relative proportions of the minerals are subjeet to the
" widest variations from point to point. The copper contents may vary from 1.5 per cent. to
20 per cent., nickel from 1.5 per cent. to 10. per cent., while the average is probably about
4 per cent, of each of these metals.- Platinum is frequently present but is erratically dis-
- tributed. The average, as far gs can be judged, is probably between 2 and 3 dwt. per ton,.
a by no means inconsiderable amount, while occasional samples containing several ounces fo’
the ton have been obtained. _Gold and silver are also present in small amounts. -

The hornfelses in the meai neighbourhood of these veins also occasiomally contain small
+ pellets of sulphides as well as small amounts of fine disseminated sulphide. . .

* These veins seem to be akin' to' gash veins and they are the ¢will-0’-the-wisp’’ formations
upon.which the greater part of the mining activity along the range has been concentrated
hitherto, with disappointing results. They appear to be distribited over a. wide area,:for
the.most yandom kind of prospecting at many points separated by wide intervals has shown
their presence, even where there are ‘no definite surface indications of their existemce. It .
_ geems to have been quite the exception for an adit to be driven to the contact without

striking either mineraliZed yock or ome or more of these stringers. The exceptions generally o

oeceur wlllere the overlying gabbroid rockyis of a more acid character than pierite. .- .

-
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‘The order of separation of the sulphides in the ‘pierite, as determined by du Toit; is.
(1). chalcopyrite, (2) pentlandite, (3) pyrrhotite; and, as he points out, this. is exactly thé .
reverse' of that obtained by Campbell and Knight in the copper-nickel deposits of Sudbury,
Norway and elsewhere. ; . - ’ ; o
‘“Ho [Goodchild] concluded by saying that thers was nothing -more than a distant’
geological gimilarity betiveen the Imsizwa and Sudbury oceurrences, although Insizwa had on
. sevéral oceasions heen dubbed ‘The Sudbury of South -Africa.’ ??2 . :

Two trial shipments. of some five tons each, ai)parently from the solid sulphide

veins,” sent to Johnson, Matthey & Co., on. analysis gave the following results’‘—
S N .2
COPDEr wvvrenn.... s sl 3.40.per cent. T 850 per cent.
-Nickel and cobalt ...:...... - 7490 per cent. . 5.25 per cent.”
(31 15 E— S S R T "~ G .grains per ton. 6 grains per tom.
- Platinum ..., ceressseeeedd o0 2 dwt. 12 grains. . 12 grains, |
" Bilver ........ - o 10- dwt. 12 dwte

* The mineralized area’ of the Insizwa range is situated close to .the boundary
between Hast Griqualand and. Pondoland, some sixty miles from- the east coast of
the Continent, in the well-watered region drained by the upper tributaries of the
St. John’s river. The Tritsa falls, said to be_the second largest falls in South

. Africa, are distant about forty miles from the centre of the.range; at the mouth
.of the'main river is the port of Fort, St. John’s, : ST
A little work appears to have been done on the copper veins in this range
_about 1865, but it was not ntil over forty years later that-the sulphides, supposed
to contain copper-and iron only, were found to contain nickel also. Shortly after-
wards. the presence of platinum in the orés in’ variable but appreciable quantities
was discovered. ' T e

In connection with the oceurrence of nickel in South Africa, it may be added
‘that considerable cobalt is-contained in crude copper produced in' the Belgian
Cbngo, which, prior-to the war, was refined in Germany. It.has been ‘estimated
that  probably 242 tons of metallic cobalt were derived from this source in 1918.?

. SPAIN .

A small quantity of nickel ove, of the garnierite type; was mined in the ’sevénties
in Malaga, Spain. Upper portions of the serpentine here contain. secondary ores,
garnierite and- pimelite, and at greater depth the nickel arsenide, niccolite, is
found.! ik : woe
e " " TASMANIA

Nickeliferous pyrrhotite occurs in deposits of small size in Tasmania, near-
the town of Zechan. A few thousand tons of ore have been.mined, and, although
diamond drilling has been done on the deposits, but little ore has been proved to
remain. While the- ore is rich; the:deposits are. of little importance as competitors.

*Tnst, M. & M., Bull. No, 148, p. 3. ’ C :

? Min, Res. U. 8. G&. 8, 1913, Part I, p. 339, and Min. Sei. Press, F'eb. 21, 1914, p. 322, g
° K. Gilman, Notes on_the Ore Deposits of the Malaga, Serpentines, Inst. Min. and Met,,
1896. - - . v . .
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‘Tmmediately prior to the war, January to July, 1914, about 3,000 tons of .ore were

mined and shipped to-Germany. This ove averaged 10.368 per cent. in hickel and
5291 in copper. The percentage of iron .was about 42 and fhat of sulphur 38.

" It may be addéd that a little garnierite occurs near Trial Bay.
The following quotatlons from two papers, one published in 1902 and the

other in 1915, give the character of the deposits and associated rocks:—-

1. Theére are two deposits of this class known in the North Dundas distriet, and though
there is reason to believe that neither of them is of commercial value, it is 1mp01ta.nt that

the facts of their occurrence should be recorded, as deposits of the same class which are of °

‘sufficient dimensions t6 become of economic va'lue may be found in other parts of the coast.

. The most important of the two deposits in the North.Dundas .district is situated on
section 3510-93m, near where the Emu Bay Railway crosses the North-East Dundas Tramway.
The deposit was found in the bed. of.a small creelc which flows through the section. The

- ereelk had’completely filled up the old worlings and I could not examine them, but Mr. G.
Bealdsley, metallurgist td the Mt. Lyell M. and R. Company, who was mterested in the

mine at the time the work was done, has kindly furnished me with the following information:—
The deposit occurred at the junction of the slate-and the decomposed gabbro. On first

appearance it gave promise of being.a big lode, but afterwards proved to be mierely a rock-

cavity filled with nickeliferous pyrrhotite. This was connected with a small leader a few
inches thick and 12 or 15 feet in length. . The water was very heavy, and the leader was not
followed down for more than 20 feet. Several parcels of ore were sold, carrying- from
8 to 12 per cent. of nickel, 3 to 5 per cent. of copper, an ounce or two of s11vel ,and a trace
of gold. The ore was cnmposed principally of nickeliferous pyrrhotite, econtaining in: places
small crystals of millerite. This occurrence is evidently of the same type as the nickeliferous
pyrrhotite deposits of Sudbury, in Canada; though on an extremely .small scale. - These
deposits, are invariably found at or close to tha_ contact of gabbro with the surrounding rocks,
and oceasionally form short veins in the latter. . . . The 'dimensions of the gabbro in-
trusions at North Dundas are very small in comparison with the enormous masses which
oeccur-in Canada ,and Norway, and this may account to some extent for the small dimensions
of -the. ore depomts North oé the Pieman River, however, very much larger masses of gabbro

“‘are known, and it would be well worth while for prospeetors in that distriet to be on the look-
. out for large deposits of pyrrhotite -at the contact of -the gabbro. aml the sedimentary

rocks.

The other deposit whmh I have referred fo is sifuated on the old ng Cmtam Mine, -

about three-quarters of a mile north of Ringville.” The formation was cut in an old tunnel.

which was put in from the side of the track between Ringville and the Colebrook mine.
T have only -examined the ore at the mouth of the tunnel. It consists of veins and bunches of
iron pyrites in quartzite, with sniall needles of millérite through it. The quartzite also
contains 'small needles of millerite in the joints. Just beyond. the tunnel the track passés

through a small patch of serpentinised gabhlo, so that it is evident that this deposit is also at .

or close to the centact of this roel. I am not at all sure that this deposit belongs to the
same type as the last, but I think it is probable. The millerite in the joints of the quartzite
is evidently -of secondmy origin, and indeed the whole deposit may have been altered con-
giderably by the action of undelglound waters sr.uce it was fmmed as a seglegatmn from the

" gabbrot-

2. The two p:mmpal known oceurrences of the meta,l are in the west of the island, one of -

which, is in the Dundas mining distriet near.Zeehan, and the -other on the west eoast; at
Trial bay, 14 miles away. During the past three or four years ‘considerable 'development
work has been done on the Dundas deposit; where four separate ore-shoots of high-grade
copper-nickel ore have been found on a line of cortact between serpentine and slate rocks

extending for about a mile north and south. Two of the ove-shoots have been 1eeent1y ’
“worked by private compauies, which acquired adjoining properties.

The deposits. oceur in the slate near its contact with the selpentme, as ‘shown on the
cross-section through one of the deposits developed. It will be seen that the irregular
lenticular masses of ore that are farthest from the serpentine have pinched-out.at shallow
depths, while the ore‘shoot neavest the contact Wwith the serpentine continues downward from
the surface 'so far.as exposed, and has more the.aspect of a contact-ﬁssuw deposit, which it
may prove to be on further development.

The ore;shoots are principally ‘composed of Sﬁlpmdes of 11011, nickel, and copper, or

" .nickeliferous pyrrhotite, and contain from 8 to 12 per cent. Ni and 4 to 6 per cent. Cu;

lower-grade- ove also occurs at a ‘depth of. 70 ft. in a pmtwn ‘of the lode neavest the

LReport. by G. A. Waller to- Secletmy for Mines, Hobart, dated Zeehan, April 30, 1902,
pp. 64-66.
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erpentmo, the face -of the. dnft on 1t showmg at one place 645 ft. of ore, 4 ft,of which
assayed 8,26 per cent. Ni and 4.2 per cent. -Cu, the remdining 2% ft. assaying 1.17 per cent.
Ni and 1.80 per-cent. Cu. Secondary enrichment is evidenced by the vicher ore being found -
nearest the surface and by the ove becoming harder and more’ siliciois with depth.” The

following “assay of a 100-ton lot shows approximately the average contents of such ore as
has been mined and shipped up to date: Ni'9.61 per cent., Cu 4.7 per cent., Fe 32.8 per cent.,

8 32,66 per cent., 8i0, 5.24 per cent. Some silver and p]a.tmum are present as indicated by )
an assay for precious metals made by Daniel- ¢. Ghifith ‘& Co. ., of London who reported
Ag 2.2 oz. per ton, Au trace, Pt 0.06 oz per ton. '

The association of nickel with serpentine is well Imown, and .it has Deen ploved to be
one ‘of the chief sources of the metal, though the. ore deposits derived from it may be either’
of a seconaa.ry nature, resulting from erosion of the parent roek, or.be primary deposits of
magma.tm origin, In the present instance the serpentine near the surface contains no traces
“of disseminated: ove, as far as is known, yet it is quite admissible as the origin of the sulphide
ore-shoots under mnotice, which are récognizable as contact-fissure deposits formed through the
.agency of ascendmg thermal golutions;” subsequently enriched by erosion and descending
- surface water, It does not, however, follow that these ore-shoots; even if originating from a
deep-seated source, will prove of great persistence in depth; other factors, known to students
of ore déposition, ‘require due con51derat10n, and in the present.case point to an early im-
-poverishment with depth.

The Dundas. deposits, although of umzsua.]ly high grade, are of relatively small dimen-
" slons, the longest shoot of ore in any instance not excee&mg 150 ft., with an average width

- of 4 to 5 ft.; so that richness and size are here exemplified in invérse ratio. Nevertheless, it

has already been found, in one instance at-least, that these deposits are workable at con-
siderable proﬁt and were it not for the svet nature of the country and heavy-influx of water
into the mines, they would be veritable bonanzas in a small way. .

At Trial Bay, on the west coast, little exploration or development work has been .done as -
yet. "Within a short distance of - the shore a hill of mnickeliferous serpentine rises to.a height
of over 300 ft., and extends inland for some distance.. Thres adits, each about 100 ft. long,
have been driven into the-hill from different, points of the compass. These adits have been
sampled throughout their length, and samples have also been -taken of the rock on_the
surface; the assays of the samples range. from 0.34 per cent. to 0.83 per cent. Ni, their’
average being 0.51 per cent. The ore in the serpentine is said to be niccolite (NiAs), and to
be disseminated in grains visible to the nalked-eye. In one of the adits a vein of high-grade

- ore consisting of garnierite, was intersected; this was samplea across. a width of 12 ins. and

assayed 13.35 per cent, Ni. The place of origin ‘of the garnierite deposited in the vein is
seen to be the enclosing rock that is impregnated with nickel, the garnierite heing a secondary
deposit of hydlous silicate of the metal, 1esu1t1ng from denudatmn of the serpentine and
sub-aerial agencies.

The Trial Bay. formatmn can be-compared to that of New Caledonia, which i marked
by the presence of nickeliferous peridotite changed into serpentine, and the oceuirence of
silicate of niclel as a secondaiy mineral. On the other hand, the Trial Bay nickel. deposit
bears no resemblance to that at Dundas, either.in -form or origin, though they both hold a
common relationship to the serpentine, which is in one case impregnated with the metal, .while-
in the other it does not appear to Be so. It is worth noting that the sampling of one of the
Trial Bay adits in the serpentine gave an assay of 0.83 per cent. Ni, and that the niecolite

»ore in ‘the hill is amenable to water-concentration. Whether any portion of the metalliferous
serpentine hill could be worked profitably as a low-grade proposition remains to be demon-
strated. The garnierite deposits offer an additional inducement to further exploration of
what may prove to be the most important occurrence of nickel in Tasmania. As regards loeal
conditions, the Trial Bay deposit is without railway conneetion to any other place in the
island, and in the matfer of transport of ore to Europe, would be-in a worse position than

’ Dundas, as Trial Bay is a shallow open roadstead, so “that all ore would need to be loaded

into coasting vessels and taken te the .ports of Stxahan or Bulme for shlpment to Europe
by way-of Melbourne or Sydney.! . ; P

It may be added that chromiferous_iron ores, somewhat like those of Gireece

. and Cubd, occur in Tasmama

UNITED STATES
While niékel ores have been found in numerous localities in the United States,
‘this country’s resources in the metal are ccmparatively unimportant. During the

1@ A. White, Mining Magazine, February, 1915, pp. 103 106, %
“2.Journal Tron, .and Steel Inst., 1892 :



_metals?

1917 . : gha UNITED ‘STATES o my te ., 283

last few years the production of nickel from dome‘sfic-ores_has come from the
refining .of blister copper, although the United States is the world’s. largest refiner
of nickel. As shown on other.pages of this Report, much the greater part of the

. nickel-copper matte produced at Sudbury and a minor part of ‘the New Caledonia
-nickel are refined in the United States. i

The following quotation from a recently published article gives a fair sum-
mary of the conditions in the United States as regards resources in nickel, and two
other metals, manganese and chromium, that are of much importance in alloy

steels:—

The position of the United States in times of possible stress, .as to suppiies of the three

most common steel-hardening metals, ' manganese, nickel and chromium, is not altogether -7

reassuring. Our production, of manganese and chrome ores has increased considerably under
the stimulus of abmormally high prices in 1915 and 1916. In fact, the production of pure
mariganese oves in 1916 amounted to nearly 27,000 tons, against 9,000 in 1915, Still it is
very far from filling our domestic.needls. A timely attempt has been made recently by the
United States Geological Survey to catalogue the occutrences of possible supplies of mnickel
ores, which, though mot rich enough to use under ordinary condifions, might -serve as
emergency supplies. The result of this survey is about to be published. Aside from sporadie
and poor deposits of niekel-bearing pyrrhotite, low-grade oxidized ores are nown- to exist,
but it may -well be doubted whether any process could hi devised to freat such ores efféc-

" tively. May we hope for discoveries of new deposits? It is possible, but doubtful. Areas

of gabbro, like that of Duluth, and those of serpentine, as in California, should be closely
seanned. -A possible source .of nickel which has recently attracted some attention is found
in the iron ores of Mayari, Cuba. These limonite ores, which are derived from the weathering

- of serpentine, average about 0.6 per cent. nickel oxide, and experiments have been carried

out recently looking toward the extraction of this nickel. It is said to have been ascertained

. that while most of this nickel is present as a hydrous silicate, there is a smaller part which

is insoluble, and it is suspected that nickel oxide may be present. It is also well “possible -

- that in'some parts of Cuba larger deposits, like those of New Caledonia, may still be found.

On the whole the situation is discouraging,” and this also applies to manganese and

‘chromium. There is' mo use looking for chromium except in areas of serpentine, 'and all

deposits so far found in the United States have been spotty and small. Thrée thousand tons -
of ore produced against seventy-six thousand tons imported—that tells the story.

‘Manganese is more widespread, and many old mines, especially in Virginia, are being

_ reopened. There are some promising low-grade iron-manganese ores, but the pure and high-

grade manganese dioxide is very scarce. Such'material is used, among other things, for dry:
batteries, and it is said that manufacturers of these have found it very difficult to obtain a
supply. ~Aside from the unique oolitic ores of southern Russia, the manganese deposits seem
to thrive best under conditions of tropical weathering such as do not obtain in this country.

Cuba is rich in serpentine. There is also much manganese, and this southern neighbour
of ours coild possibly help us out .quite a little in case of all three of these necessary

4

The catalogue of the occurrences of nickel ores. by the United States Geological
Survey, referred to in the preceding quotation, has been published.” - Tt gives an-
interesting epitome of the oceurrences. Theé following extracts from the publica-
tion contain the introductory-and other notes together with the description of the

" Missouri deposits. These deposits arve of most interest at the present fime since
_preparations are being made for resumption of work in eéxtracting nickel, cobalt

and copper, in addition to lead, from them. The old plant at Fredericktown has
been i‘emodglled and additions mdde. It is expected that the production will
soon be at the rate of 800 to 1,000 tons of nickel a year. The property is controlled

‘liy a Canadian company. The ore to be treated for nickel -is said to contain

* Eng. and Mining Journal, New York, Jan. 20, 1917. . : C
* Nickel in 1915, Min. Res. U. ., 1915, Part T, pp. 743-766; published Jamiary, 1917.
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appmmms,tely the following percentages of metals, lead, less than 2; copper, R.5;
mekel 0.9; and cobalt, 0. 5 ) ) . i

) No mckol ores are known to have been mmed in the United Sf:a,tes in recent years; but
©oan equwa.lent of 822 short tons of mickel was saved in 1915 as a by-product in the’electrolytic
- refining of copper. Of this output the larger part was ma.ﬂ{eted as metallic mckel and the

smaller part was contained in hydrous nickel sulpha.te .

What part of this nickel came from-Americin pig or Dlister’ cappm and what palt from *
-foreign copper is uncertain, but it is roughly estimated that Amerigan ores produced between
one-half and: two-thirds of the whole: The foreign copper came from many countries and
from every continent. The companies.reporting a production were the American Smelting
& Refining Co., Nichols Copper Co., Raritan. Copper Works,  and United States Motals
Refining Co.

The great bulk of the nickel supply of the United Sfates has been drawn for years from
%{mada During 1915 smallei quantities were imported from New Caledonia, Australia, and

orway. -

During- the general stoek- takmg which has been gomg on in the United States during
the, last year many questions as to' the country’s resources in nickel have been asked, and in
orde1 to answer thése questions and to show what nickel and nickel ore.would be avaﬂable
in case of urgent need and shortage of supplies from other Euuntnes, the information avaﬂ-
able on. the deposits of the United States has been epitomized in this paper. .

" "The nickel deposits of the United States are small compared with the mlnvalled depomts .

- at Sudhuay, Ganada, but they have -in the-past made-some production and will probably do
- s0 again. Nickel in quantities suﬁiclently large to excite attempts to exploit the deposits on
a eommetreial seale has been found in California, Colorado, Connecticut, Idaho, Missoiri,
- Nevada, New Mexico, North Carolina, Oregon, Pennsylvania, Vnglma and. Washington under
very diverse conditions and smaller deposits have been found in' other States. .

During 1915 there was no known market for nickel -ores in the United States. 'I'he 1a1ge
smelting éompanies bought only gold, silver, lead, zine, and copper oves, and if nickel were
present no allowance was made for it. As the nickel cun be smelted with the copper into .
matte and can be separated in electrolytic refining and. as nickel is now being saved by ‘the
refineries, it would seem that the puichase of mckel ores might be made mutnally profitable
. to both smelters and miners.

'No direct- productmn of nickel from American nickel ores is known to have been made
-in this country since 1909, when the American Liead Co. ope).a.ted a smelter at Fredencktown,

Mo, for a short period. .

Missom i Deposits

The nickel deposits of Missouri are on the eastern side of the St. Planels Mountams, in
the- vicinity of Fredericktown, and on the Mine La Motte property, in Madison County. -~

_ Here, according to Winslow, galena is disseminated through a Lower Silurian dolomite now -

" known as the Bonmeterre (Upper Cambrian) limestone. The dolomite grades into sandstone,
which in some-places contains glaucomte It is underlain by an impure sandstone, also of
.Cambrian age, and this sandstone in turn Tests on Archean’ granite' and porphyry. :
: Here and there galens is disseminated through the dolomite and in places also eonsxdel
able pyrite, chaleopyrite, and some nickel and cobalt. sulphides, the latter probably combined
" in the mineral linnmite. The sulphides, other than galena, are found in.greatest quantity
in the lower part of the wmkmgs, next to and in the sandstone, especially near the granite
and porphyry.

The quantity present -varies conmdemhly in the- different workings. The mines have

- ‘generally been operated for- lead, and nickel and cobalt hiave been produced as by-produets,
-“except from the mines worked by the Noith American Lead Co. Genth states that the oves

. from Mine La Motte had been used as a source of mickel and cobalt oxides for a number
of years prior to 1857, In the milling of the lead ores the sulphides of irom, copper, nickel,
and cobalt which were saved were thmwu aside, though a considerable percentage seems to
have been lost in the tailings.

At one time the Mine La Motte ores were smelted to matte at the mine and the matte
was g0ld to the refinery at Camden, N.J., and to others abroad. . .

The North American Lead Co. e1ected a smelter in 1906 for ttea.tmg the sulphldes
which had aecumulated on its own and adjoining properties and also the ores as mined.
In 1907, 2,731 pounds of cobalt oxide were made. TIn 1909, 83,304 pounds ‘of cobalt oxide,
328,403 pounds ‘of nickel, 8,214 tons of nickel and cobalt concentmtes, 600 tons of copper,
and 1 ,353 tons of lead concentrates were produced.” In 1908, a body of ore 400 or 500 feet -
. from the graniteé was 12 feet thick, and was said to carry 10 per cent: copper, 4 per cent,
.nickel ‘and eobalt, and 4 per cent. 1efu] This ove -had been reached by a long dnft; in which
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the ore had been 1 to 2 feet thiek, glat{ua]ly inereasing in thickness to the point noted The .
company’s affairs later beeame so involved that the property was sold -at a forced sale.in
1910 and. has: since remained 1dle Plans for again starting wo1k have repeatedly been .

reported.

Besides the properties named those of the Hudson Valley Lead Co Madison Lead and

" Land Co.,, 4 miles from I‘redenektown, dnd the Jackson Revelle Go

8 miles south of

Fredericktown, are. said to carry, similar nickel deposits. From the meagle data at hand it
‘. -séems probable that some hundreds of tons of nickel per. year can be p:oduced mth posslbly

one-fourth to one: thud as much cobalf and several times as much copper!

‘Other Deposits

. It is unnecessary to say much concerning other deposﬁ;s of mckel«bearmg-
-ores in the United -States, all of which are lying idle and, moreover, are described
in various publications which are readily accessible. But it may be said that all
. classes of nickel ores have been found, with the exception of laterite or nickeliferotis .

@xiron depomts such as those. of Cuba. Silicate ores are represented by those of

Webster, North Carolina, and Riddle, Oregon. Arsenical ores, associated with -

\

_V;;?

natlve silver and carrying, cobalt and nickel, have been found in small quantities at
¥ Sllver Cliff, Colorado, and Bullards Peak, New Mexmo Many years ago there

was a small production of arsenical cobalt-nickel ores in - ‘Connecticut. Pyrrhotite-
chalcopyute deposits in which nickel occurs in economic quantity are represented
. by the Gap mine, Lancaster, Pa;, and Friday claim, Julian, Cal, and others.
The Gap mine has been referred to on a precedinig page. At one: time it was an
" important producer, but; since the discovery of the New Caledonia and Sudbury
depomts ore bodies of its size a.nd character have become of little economic -

mterest z & S .
: g Imports and Exports.

\

Nickel ores and nickel matte are sp'eciﬁcally' éxempted from duty,* but im-
ported “nmkel nickel oxide, alloy of any kind in which nickel is a component -
. material of chief value, in pigs, ingots, bars, rods, or plates,” must pay a duty of

10 per centum ad wvalorem; sheets of strips 20 per ‘centum.’

Targe guantities of nickeél matte are importsd into the United Sf;ates as

shown by the fbllowmg table:

Ongm of Nickel Matte Imporf;ed in" 1915,

Quantity. Niekel Content.
= - T Short Tons, . Pounds.
-Matte from Sudbury, Ontario, oves .......... e 43,123 53,638,101*
+Matte from New Caledonia ores .. Cheereiriieaaa o 2,674 - - © 8,714,363
L R A—— TR g o v | asm07 56,352,464

0f the New Caledonia product 443 tons of high-grade matte averaging 78 per
cent. of nickel, came from France, 1,138 tons of low-giade matte, with. 45.7 per
cent, of nickel, direct from New Caledonia, and 1,093 tons, averaging 44.8 per cent.

of nickel, were imported from New Caledonia -via Australia.

The only other

* Min, Res. U '8.; 1915, Part I, pp. 743-766, published January,. 1917,

? Tariff Act of Oct 3, 1913, sec. 565. zIblﬁ see. 1565,

* This quantity of mckel appears to he mcorrect ‘but it i9 given in 'Mm Res. U. 8, Pait

. I, 1915, p. 759 _Compare with ﬁgures in Ghapter XII of this Report
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country. from which unreﬁned nickel: was obtamed was Peru, 1. ton of ore contain- -
ing 118 pounds of the metal being imported from that southern country. o
Nickel alloys, pigs, bars, ete., were imported to the extent of 31 »990 pmmds '

" and the quantity of nickel oxide was 497 ponnds.

The United States refines much more nickel than if can use, so that though ;
not a large pmducer it is a large exporter. * No nickel- matte’ is known to be -

' expozted o
) _Exports qf Nickel and Nickel Oxide.
Year. . - Ty e Quantity: Value.
1013 ... R R AR R - 29,173,088 $9,686,794
111 1 L T Vewwere 27,595,152 9,455,528
1915 wonesvvennsaanaeeeanas purimmsmpressmgBoras  BOASNEL0 10,128,514

_ The nickel content.of salts and metallic nickel produced: in the electrolytic
- refining of-copper is given as 822 tons in 1915, of which between one-half and two-
thirds is estimated to have come from United States ores. This quantity appears

to be too low. Accurate statistics of such productions are difficult to obtain. - :
The American Smelting and Reﬁnmg Comptmy produced 560 tons of refined

nickel i in 1915, and 612 tons: 1n 1916

* Eng. and_ Min. Jr.,, March' 17th; 1917, p. 471.
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