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Jounial of the Camtdian Miniiif^ lustitute. I ol. VH.

THE ORE DEPOSITS OF ROSSLAND. BRITISH COLUMBIA.

l!v Im.munu II. KiHiiv. I.M. ku"l.iiNl. It C

I Illustrated 1)> lour M.ip-. i

i'-ninio Meeting. Mar<.'h, iwoj.

'I'lic Kosblaiitl milling district began ;u tivf production in

|84J4. lis li.tid \iil*l u]i {•' JiimiLirv 1st, iifo^. i- i .((Jh.t^h tuns

<.t siiu'ltin^-- •irv. CDiUaiiiing ali"iit Sj'i.i «ii»,(>.m» t,'i<>s> valiir. nr

$i('.t)0 per {•>]] ill ;.;'i]il. --ihir ;iiiil rnpin-r.

Tliis tnimagL- was dcrivid inim the foltowiiii; mines:

\ppruMiii.iu- l itiiii;ii;<.'

V\ ar Lagic -'io^ss
Clmhi e Star _'j<>.04«

Le Roi No. j ij-^i*" A N" J Mitu-s 1 115.00;
Iron Mask i7.t>T^

Kos^laiitUiriMt WcMcni-Niikd VUH: iJ.xi.\

C(jliiiiibia-K)i. tftiay 7-7' X'

Veivtt ^.416
JiiiiiLu 4.395
'";"!': 4..m
I.X.I j,900
MiscflhincoU'

, -447
Kvciiiiig Star 1,500
Spitzce i]oci

Monte Cristo 4i>i»

Wliite Hear ,10.*

Honiestake 140
Virginia hxi

Portlaiul J5

1.620,540 tons. Kst. Val.
$25,816,342.

.\verage. $16.00.

The ore ih transported i(j the Cohimhia river nvcr two com-
peting Hncs of railway, and suppHcs exleiijiive ?inelting works

at the town of i'rail and at the town of Xorthport. These towns

together with a population of about 6.ocxi in Kosslamb are thus

f-iipported by the mines.



MnuuK /">'"l...-

•.lUl-UOlCAI. I'DSlll'iS,

'1 111' ^titlui;;i.Ml |>i 'lUoii ol' ilit'M' i>r>. 'Itpn^it- i> sliuwii In

map I, which is .i sh^;htly modified copy >( a map by the lico-

loj^K-al Siirviv i-i i :iiia(la, from simiicj by .Mr. K. G. McLuimclI

1 1)1- cluii^.ili'd oval area of gahljto is surrumuU-d by a bord'.T oi

varying widtli of atigitc and iirahic lorphxritt;. and fine graiiiol

j^recn diaba^ ^. Tbi' transition from tbt- gabbro to the porpli} •

rites is not well detined. and lluy are b<.th from the .inic magma.

I'.eyond the alM)ve bonier cotiit- alternating series of porpbyrites,

UilY-' and whites, and beyond tbe>e are agglomerates

I'lu- basic coarse crystalline and phitonic ;;abbrc thus sur-

rounded by borders uhich become more acidi and finely crystal

in.e. and finally pass into volcanic bi ccia and tntYs, indicates a:i

ancienf. volcano centre. The gabbro area is the main plug v

neck of lava crystallized at great deptlis and exposed by deep

erosion. Its great age is indicated by this erosion and by the

nnmeroi's alterations in the rock structure and in the rock

nrnerals.

The active mining lias been carrit d on not within the gabbro

area but outside of it and in the porpbyrites surrounding its

western eiiil. I'he principal mines ari' al! iiiclu'icd in the small

group of clai'"s shown near the edge of the g-bbro and located

on tiie tlank m" Red Mountain alwve the town of Ko:sIand. .\iap

No. 11 is a liorizontai section through this group of claims at the

approximate elevation of 3,530 feet above sea lev».l. It sliows

the structure details exposed by tile workings of the T-c Roi.

t.'entre Star, War 1-^nglc. Josie. Xumbor (^ne ar-u Iron Mask

mines. Tlioe mines aggregate some JO miles of total workings,

and tiie principal depths attained are those of the War Eagle,

y.615 feet measured on the vein; tiie I.o T\oi, 1,361 feet, and the

Centre Star, i.jSt) feet.

On llie west of these claims there is a belt of fine grained

eruptives, probably porpbyrites, which are in a schistose condition

;

liaving been so plated by pressure as to frequently resemble sbaie.

COUNTRY ROCK OT MINES.

\\ itilin Uie area of the claims the prevailing rock is evidently
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(),V l'.'f-"ls ,if K.'Ssli'nii. fi.*-

rate of cooling and degree of metamorph.sm. ' ;-"^^" ^
i

of plagioclase feldspars and pyroxene, e^""^'\"J^;'Z^.
proportions, but towards the gabbro area, l-™''" °'

/"^^if
""p^,.

ite are occasionally encountered. 1 bcre >s nsually a ^ '»" P™P

towards the west 1 ,c r«K pi
microscopic

n,ore or less porphynfc. 1 he cr stals nuy be U c

^_^_^

structure becomes more fine gramed.

DIKES.

This corntrv rock is cut by innumerable dikes which require

.,Jedrnparison and determination ^y^-;^^-J^.
erally speaking they appear to be

-'-J ^ /P'™/
,,,,, „,

tites) and altered basalts (perhaps melaphyrc). Ihe



UM;;ut huli'iiti-

indicate dikes of an earlier date, whicli liave since become cemented

with the country rock anil jointed to correspond witli it. These

liavc not been lliapped.

•nili VKINS.

These are shea.r zone tissures coiisislilly of u series of

parallel platings of the rock produced by shearing under higli

compression. In the Centre Star-Le Roi vein, in which the shear

zone is most typically developed, this series of platnigs is io to

40 fe<-t wide and dips about 70° to the northwest. The Josie

vein is parallel; but the Centre Star north vein, the War ICagle

;md Iron Mask veins are branches from the Centre .Star-],e Roi

vein. Their positions and dips are sliown upon the maps. The

three latter veins also exhibit many of the characteristics of ordi-

nary fissures and thus appear to have been formed under a less

degree of compressive shear.

The ore consists of country rock more or less replaced or

impregnated b\ pyrrhotite. accompanied in places by small ]jro-

jiortions of chaleopyrite, pyrite, arsenopyrite and quartz. The

pyrrhotite when it occurs by itself even in solid masses carries

but little j,'old. say, from 50 cents to $.V™i per ton. The chaleopy-

rite is the ]>rincipal carrier of gold, and ore of commercial value

occurs only in those localities where chaleopyrite, pyrite and

arsenopvrite have been deposited with the pyrrhotite. The nianne'-

in which these minerals occur within the interstices 01 the pyrrho-

tite, antl the fact that continuous masses of pyrrhotite ore are

impregnated in some places and barren in others, proves the later

deposition of these valuable minerals. They have been introduced

after most of the pyrrhotite was in place, although occasional

occurrences of chaleopyrite and pyrrhotite in quartz point to the

possibilitv of some contemporaneous deposition. The change

from one deposition to another was probably gradual. A small

projxjrtion of the gold in the ore is native in the form of small

grains and scales. The fact that oxidation extends only a few

feet below the surface, while the proportion of metallics seems to

average much the same even in ore shipments from the lower

levels, suggests original deposition in this form. No data have
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it was contenipor-
been collected, however, to indicate whether
aneous with the pyrrhotite formation.

The average proportions of gold, silver, copper and total
sulphides in a grade of, say, $16.00 full assav value are as
lollows

:

I .Averajff

.M.lal or .Mi„..,al.
'

C.MrTstar
^^•••"- Katd- Ore.

^t^'itre Mat Tt.prcsi.ntin^r also
^''-'' On- of .N'liiiibcr lino.

Josii-, I..- Koi.

-Silver (o«.) ° ' "-.^4

Copper lp.>r lent.
I ...

"
]l ' '"

.'iiilpliiile .Mineral.* Ipcr.vnl )....' ..-.-' ,'',

In various places the pyrrhotite seems to be accompanied \k
a little nickel and cobalt, specimen analyses ranging from o.i\,
to 0.65 per cent, nickel, and from a trace to 0.59 per cent, cobalt.

FAULTS.

Tliese have an average direction which corresponds to the
dike system, with dips ranging from vertical to 50° easterly. Out
01 the great number of fractures studied and surveyed only tlie
principal faults have been plotted, i.e., those fractures whicli
appear to have affected the veins by well defined displacements
or b>- acting as barriers to mineral solutions. The map gives onlv
a partial idea of the way the main faults branch in strike and in
dip, and of the numerous minor interlacing fractures which con-
nect them. In certain localities it will be seen that the ground
is hopelessly shattered.

The faults are frequently not plainlv marked, having no
clay filling and at most only a small thickness of comminuted
material. They frequently consist of a zone or series of close
fractures, some of which are better marked than the others, and
these fracture planes often interweave in such a manner ihat local
measurements of their strike and dip are deceptive, and these
can be determined only by comparison with other workings. As
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a ceneral rule, the faults appear to have been too tightly com-

pressed to give aeccss to mineral solutio,.s, and those cxistmg

during the deposition period have therefore tended to act as bar-

riers to the How of tliese solutions.

Since mdividual faults often cross dikes at sharp angles m

strike and dip, a fault frequently breaks along a d,ke for con-

siderable distances. Hence in many cases of vein d,sp acement

it is impossible to sav how much of the total amount has been due

to the dike fracture, and how much to subsequent fault fractures

accon.c-nying it. In most cases where dikes are not accompanied

by plainly marked fracture planes the displacement is so small

as to indicate that the fault system and not the dike has probably

been responsible for most of the shifting.

The sharp angles at which the faults c.-.t the War hagle vein

have tended to produce overlaps of the vein, which is most c early

illustrated bv its intersections with fault (E) on upper levels.

The Josie and the Centre Star-Le Roi veins being crossed more

=q„arelv bv the fault system, afford the best indications of its

effects The Josie dike, or more probably an undetermined fault

accompanying this dike, have caused a displacement, which is

indicated in the Josie and Number One vein to be a north throw

going east. Proceeding east from fault to fault they are found to

have the same throw up the faults (I and J) at the junction of he

I e Roi-Centre Star territory, after which the steps occur in the

o'ther direction, with a throw to the south. On reaching fau

(O) a north throw is again encountered, and the steps to fault

T) are then south, north, north. The large scale reversa of

=tepping in both directions from faults (I and J) indicates a lift-

ine of the blocks from this centre, the possibility of which is borne

out bv various connections of the fractures between faults (H)

and ('k), indicated in lower workings. As explained hereafter,

much of the faulting occurred after the ore deposition and also

at a later date than the dike formation.

DISTRIBUTION OF ORE AND ORE SHOOTS.

The pyrrhotite mineralization has been very abundantly dis-

tributed through the larger veins, but the subsequent deposition



On- Pffosits „f Rossland. liC

of gold and copper bearing minerals lias been more localizi-rt.
occurring in the more favorable places. The bodies of valuable
ore thus formed are sometimes lenses, tapering out at the edges,
and sometimes blocks terminating against faults or dikes. These
ore bodies are found distributed within more limited portions
of the vein area, which in the practical sense thus constitute the
ore shoots, and indicate those pi.rtions of the area to which the
gold and copper bearing solutions had the best access. The shoots
are upon such a large scale and of such irregular form that their
shape and limits have been developed very slowly, and the largest
and best defined up to the present date arc those of the War
Eagle, Centre Star and Le Roi mines.

The War Eagle shoot has a dimension of 300 to 450 icet
along the vein, and an almost perpendicular trend upon its plane.
It IS so located that its median line roughlv coincides with the
line of the main shaft.

'I'he Centre Star main shoot is located in the space between
the shaft and the Le Roi end line, and appears to have a dimen-
sion of 300 to 500 feet along the vein, with a steep trend to the
cast. The Centre Star east ore slioot is several hundred feet east
of the shaft, but has not yet been sufficiently developed to de-
termine its length along the vein or its trend, although the latter
now appears to be either perpendicular or very steep towards
the east.

The Ec Roi ore shoot on the 350 foot level stands near the
east end of the claim, as shown on the map, and descends per-
pendicularly, then assuming a westward trend. A little below the
plane of the map it stretches out so as to include the entire distance
between the Josie dike and fault (I), as : lustrated by map III, of
the Le Roi ;oo-foot level. The structure of the s'hoots and' of
the pay ore bodies within tl.ese shoots everywhere points to the
conclusion that their location and shape are due entirely to the
accidental conditions directing the upward flow of the' mineral
bearing solutions.

The marked difference between the proportions of gold, silver
and copper in the Centre Star ore shoots and those of the other
mines suggest that the solutions in the Centre Star came from
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a ili liferent region than tliose which furnished the other deposit>.

The fact that the Centre Star was somewhat nearer to the volcanio

contii- than tlie others, and tliat its ore shoots trend in tliat dircc

tinn, may account for this.

Tliese sliear zone fissures, mere or less sliattertd by repeatiil

nicivenients, have alTorded permeable channels for -he ascendini;

mineral solutions, which have penetrated '
decomposed the

cnuntry rock, replacing its rock minerals wholly or partially h\

nielallic minerals. In places the entire width of the shear zone

has thus been transformed into ore, while in other places the

mineralization has been narrow. The solutions have frequently

imnped across from one set of plating fissures to another, shift-

ing the pay streak froi" the hanging to the foot side, or to inter-

mediate positions. ;.s the case may be. In the Centre Star-Le Koi

vein the foot wall tissure is the one which is tlie most regular and

distinct, and is marked by a vein of small interlacing calcite seams,

which has been found a very reliable indicator of the position of

the vein. As a rule, the heaviest ore deposition has taken place

near this foot wall, and mineralization extends to irregular dis-

tances on the hanging side, gradually fading into the country

rock. In the War Kagle vein the hanging wall •. generally the

most distinct and best mineralized, with irregular extension into

tlie foot wall side.

While many of the dikes and faults merely occasion small

displacements, with ne eiiect upon the mineralization, a number of

them evidently occurred before this mineralization was begun,

or at least before its completion, and acting as partial barriers

lo the flow have so deflected the solutions as to greafly increase

the deposition on one side, although they have not themselves

been mineralized. Map IV of a portion of the War Eagle (3th

level, illustrates the way in which solutions rising through the

fractured ground, caused by a fork in th- vein, have been stopped

by a large dike, and were so deflected and accumulated in rising

along its under side as to produce exceptionally large and rich

ore bodies. In the Josie vein the tramway dike has in a iilar

way produced the Annie ore shoot below the plane of the map,

and the Josie dike has had the same effect upon the I.e Roi and the
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owards 11,0 .vest cn.l «.,„ to have hcu, ,„orc nr l..., confined
o ll,c space lietuecn tlie .fosic ,i,ke and tl,e partial l.arrier afforded
In fault ,U,. l;e,uee„ ,D and K , ,l,e „re l,ndie, are Mnallernd less irequent Tl,e prine,|,al channel for solntions has heenLctween fan It. (1-., and (I,, uhere larse n.asses of or- haveinrmed reachmfr "i'lths of too feet „p against tank (E, Thesame phenomena arc repeated throuRhotit the Centre Star L'round
ns e.xlnb,tod hy n,ap II, which everywhere shows the tendency of
M.eh n,echanical harriers to .ledect or aecnnndate the soluti'nns
" l,e Centre Star it „in he noticed that the principal channel
has been that portion of the vein hetween fault (K) and fault
< Jl. I-au!t i\,. i„,„ever. nouvithslaiiding il. large displace
'"«"t. 1.-.S tor son.e rea>.M, heen an imperfect harrier. In the lower
evels heavv deposition ..as occurred on hoti, sides of it. wllile on
l.c seeon,l level, shown on the n,ap, it has heen .nainlv on the
-ast s,de, and at this horizon is also accon.panied hv a deposition
"f nre alon,; the plane of the fault. This is rather exceptional,
.nd, n, fact. ,s the most clearly .Marked case of deposition within
fault planes. In the few other instances there Is some doubt as
t" whether the matenal is not drafrgcd ore or an original vein
.\s a rule, the taults do not appear to have been verv accessible
In the solutions.

The numerot,s instances of displace.nents bv faults and dikes
"here he severed portions of the vein on eacl", side are alike
prove that some of the dikes and some of the faulting occurred'
after the ore forntation. If ,he dikes were studied in detail and
. iassihed they wotdd probably be found to belong to two or more
d.frerent ,K.no,ls son.e of which were later than the depositsAs o fauhs, the facts observed accord fullv with what is knownof dynanne act.on during the long period while volcanic activitvs exp,r,,,g Shocks and ntovements occur repeatedlv at increas-mg jntervals. Karly fractures afford planes of weakness which
would not only be kept open by the repeated movements
but would be mnlt.phed and extended by branches and interlacing
fissures. Such action probably continued long after the ore de-
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position and also after ilic dike ioiination.snice these are found to

be cut !))• faults.

It is very noticeable that the later solutions introducing

the gold and copiier Ixarins; minerals with ciiiartz have, as a rule,

followed the pyrrhotite deposition, and in this locality do not seem

to have sought or found new permeable channels in the rock where

these minerals mifflit deposit by themsi-lvcs. On the contrary, they

seem to have been unmistakably restricted to the ground already

impregnai -d with pyrrhotite, and the greatest enrichment has, as a

rule, occurred where the previous pyrrhotite deposition was most

extensive. ,11
There >ce.iis no reason to believe that the pyrrhotite had

chcmicallv anv more inllucnce on the subsefpient deposition than

ordinarv connlrv rock would have. It may have been that the

{'•able pvrrholitc ore presented such local weaknesses as to become

especiall'v shattered by the further repeated movements, and thus

attorded the most permeable channels. What proliably occi.rred,

however, was that there was one continuous (low which graduaUy

changed in chemical contents and conditions of deposition. The

altered solutions at the time of the later deposition merely

followed the channels of How which were already established,

possibly niodine<l more or less by a fcfracture or brecciation of the

pvrrliotitc ore.

CONCI.UilONS.

The conclusions derived from a study of these deposits are as

"
"(i) The pyrrhotite was deposited from aqueous mineral

s,.liitions ascending through the more fractured and permeable

portions of the shear zone fissures.

(>) The gold bearing chalcopyrite, pyrite and arsenopyrite

with quartz were deposited later from the same flow rising within

the same channels but restricted to those portions of the channels

which still remained tinfilled, or which were re-opened by further

fracturing of the friable pyrrhotite ore.
_

(3) The main faults and some of the dikes existed before

the formation of pyrrhotite began, or at least before its principal

deposition.
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(4) Their intersections with the vein planes made barriers
wliicli ino.o or less directed the llow, accunuilatc<l the solutions,
and determined the position of the main ore bodies.

(5) Alter the ore formation more dikes appeare.l. l^'aulliu};

was repeated intermittently, cdntinning prol.ahlv vip to recent
times, and the early fractures were kept "alive.

The writer is well aware that the origin of pyrrhotite is

still in dispnte hy eminent authorities, hut helieves that a study
of the Kossland deposits nuist remove any remaining,' uncertain'-
lies as to this question. .Ml ohservations, from the occurrences
of the pyrrhotite as mineral rephicements, veinlets and nlms in

the rock to the effect of dikes and fr.ictnres in n assinj; its forma-
tion, point to deposition from mineral solutions, in these de|)Osits
ai least, it is impossible to even consider "direct igneous origin"
or "magmatic segregation," and no evidence has been found to
sng;,'est any difference between their origin and that of ore de-
posits of galena, pyrites or otiier minerals whose genesis is now
eslablishcd.

The evidence dues show, however, that the conditions neces-
sary for pyrrhotite ileimsition prevailed at an earlier time than
those required for chalcopyritc, pyrite, arsenopyritc and quartz.
It is well unde-stood that during the period while heated waters
are ascending in the vicinity of cooling ciuptivc masses the chem-
ical conlents of the solutions slowly change and so do the con-
ditio.i-s of deposition. For the same flow to first yield pyrrhotite
ami then so alter as to produce the other minerals is no more
e.\ceptional than the well-known successive deposition in veins
of the more common minerals. It may he that the .inly difference
between their origin and that of pyrrhotite is that the latter re-
quires excc:itional depth, heat and pressure. The heat would be
.greatest during the earlier stages of circulation, and the great
erosion noted by the Geological Survey indicates the prevalence of
unusual depth and pressure at the time.

EFFIiCT 01- STRUCrUHE UPO.V MI.VING METHODS.

Map II illjstrates the peculiar difficulties presented to ex-
ploration work within an ancient volcano. Every dike and every
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z„ne of fissuns consiitutii.K a fault creates a gap or blank ...

the formation and to tlic.= are addc.l the gaps due to ve.n d.»-

placciiient Svstei.iatic cross cutting aided by diamond .Irilhnt;

i> necessary on account of these displac ...ems, vei.l-bra.ich.nK.

the variatio.is of vein thickness and the shifting of ore iro.i. o.ie

set of planes to another. If carelessly placed a cross cut or .Ir.U

hole encounters s.. ...anv of thes.- blanks as to afford no mfor...a-

tion. or «hat is- worse, indecisive results. It is therefore very

difBcult to make such work efficient, and it calls for e-ery rescrcc

of care and skill.

In the War l-.agle and Centre btar mines structure details

are carefully kept up, and it is endeavored so far as iwss.ble tu

make cross' cutting effective, to ^uoid work within belt, of

dike systems or belts of shattered ground, and to direct the pnn-

cipal explor,itions to the main channels of flow.
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DISCUSSION.

The President—Mr. Brock is so well acquainted with the

district referred to in the paper that we were fortunate to have

him here to read it for Mr. Kirby, and we are all indebted to him

for it. I understand that arrangements have been made to ship

some of the Rossland ores to the smelters of the Boundary Creek,
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ai a better smelting rate than can be obtained from the smelter,

eluse at band, and this should help both districts. We would all

like to bear from Mr. Brock in discussion ot the paper.

Mr. Brock—Regarding the formation of these deposits, Mr.

McConnell, who made the first examination, was inclined to

regard these as having been formed in the maimer outlined by

Mr. Kirbv. lie reviewed various possibilities, particularly that

of the pyr'ite and cbaicopyrite having been formed by segregation

of the basic materials around the edge of this gabbro mass, but

coTicludcd that the weight of evidence was in favor of aqueous

deptisition. In a paper which I read before this Institute m 1899

the conviction was expressed that they were undoubtedly lormed

by thermal solutions, and this theory was afterwards supported

by the evidence of the well-known American authorities, I.indgren,

Clarence King and Emmons in the Centre Star-Iron Mask law-

suit. It was suggested by some that on account of the marked

resemblance between the Rossland and Sudbury ores the Ross-

land deposits should be re-examined in the li.ght of their possible

origin by magnetic differentiation in basic eruptive rocks. Our

retort was that it would be well to re-examine the Sudbury de-

posits, keeping in view the possibility of their origin through

aqueous concentration and deposition.

Prof. Coleman—r have been much interested in the paper

as I have just been at work on the Sudbury region myself, and

liave picked up many a hand specimen which you could not dis-

tinguish from the ores of Rossland. I was especially interested

in the f^nal conclusion that the Rossland ores are apparently

entirely of aqueous origin and not igneous, since I have come to

the conclusion that the large marginal deposits at Sudbury are

of igneous origin, though we have there also deposits of ore

partly igneous and partly aqueous; but the great deposits, hke

that of the Creighton mine, arc without doubt igneous. We find

the rock often entirely enclosed in the ore, and also ore completeU-

enclosed in the rock. The peculiar geological features, such as

dikes, are largely absent in the Sudbury region, and it is possible

that has a great deal to do with it. I should not be surprised

if the fact that there has be-n a great deal of faulting and shatter-
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ing in cuiuicctiuii with ilic dikes of diffuicnt ages may account
for some ol the secondary re-arrangement, hut I thinl< it very
possihle tluit sojiie of the pyrrliotite at least may liave heen part

of tlie magma in tlic Sudbury region. We find tile pyrrhotite

existing in several different associations
;
part of it actually be-

longing to the rock, and other parts that have clearly been de-

posited in a secondary way. \o platinum has yet been found at

RossUmd, however. We have the gold and llie silver also, of
course, in the Suubury region, though in small amounts.

.Mr. liHocK—So far as I know no platinum has been found in

the ore f>f the Rossland region, hut I do not know that it has
been .specially sought for. It ought to be. It occurs in the Sud-
bury ore and in somewhat similar ores in Wyoming.

1 lliink there is no question whatever about the aqueous
origin of the pyrrliotite in the I^osshind district and in the country
inuncdiately to the west. In fact, just to the west, in the Sophie
mountain conglomerate, there arc deposits formed by replacement

of the materials of the conglomerate. I do think, however, that

these ore deposits are closely connected with ore of the Alkali

syenites found en masse inuncdiately west or northwest of Ross-
land, and the numerous dikes in Rossland itself There are .some

points of resemblance between the Rossland deposits and those

of Uoundary Creek spukeu of in Mr. Keffer's paper. Some of tlie

latter consist of masses of pyrrliotite bearing some chalcopyritc,

altliongh the majority have maguelite. the o.xide of iron, in place

of phyrrhotite, the sulphide of iron. I'liese Boundary deposits

possess the characters of deposits formed b\- pneumatolitic con-

tact action. The gases, vapors or possibly solutions from the

igneous magma have found their \va\' into the neighboring country

rocks near the contacts and there produced these ore bodies. As
the solutions, etc., from the igneous magma wandered farther and
farther into the country rock the veins would assume more and
more tlie character of ordinary fissure veins. From this type of

contact deposit to ordinary fissure vein there may be, therefore,

all stages of transition. The Rossland deposits would seem to

belong to this series, somewhat similar to the Boundary deposits,

but lying much nearer the ordinary fissure vein tvpe.
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which has recently come to the from a (jreat deal, and as a matter
"f fact it is the only mine in Rossland that has paid dividends
for three siicces.sive years. The dividend ihi> vear is small hut
Ihf earniiiRs liave lieen half a million dollars n.t from that mme
iliiriiiK the past three years. Vou will notice here on the map tin-

Jo^ii- dike, which plays such an important part in the ore dcpo^it
at Rossland. Vou can trace it through Xo. i across the mountain
until it joins the Centre Star dike a mile and a half away. 'Ihe
I'oor .Man dike is a spur from the main Josie dike. Ore has Ix-cn

found west of this dike on the Josie and .Annie ground, and thai
is the property they are now depending on to make monc\' out .jI

I.e Roi Sn. 2. During the lime I was manager of t.e Rio .\.,, j
"e jiaid three hundred llunisand dollars in dividends, and these
dividends came largely from ore b ,ilies west nf the Josie dike.
'Ihe White Hear Company, which are operating west of the losie
dike have commenced to build a concentrator and to make ship-
nients from ore discovered west of the Josie dike. Some very
lalu.ible ore bodies indeed h.ave been discovered, and how far west
lliey go is still to be determined.

I quite agree with .Mr. Kirby in his conclusion, and I can onlv
reiterate my opinion that so far as Rossland is conccrne!—anil
r think I may say the same for the whole of British Columbia—
we are very deeply indebted to -Mr. Kirby for the painstaking
manner in which he has treated this subject in the paper which
he has prepareil. It was a very difticult undertaking for him,
and I know Mr. Kirby gave a great deal of time to it, and a
great deal more care than I would have cared to give myself. I

hope that the government will take the bint, and note that these
suggestions are really very valuable for the mining men of our
particular district, and that they will be able to publish similar
plans at the expense of the government, rather than at the ex-
pense of the individual, in the near future.

Mr. Brock— I am very glad that Mr, Thompson called
attention to the fact that ore is being mined west of the losie
dike, as it corrects an impression which I did not intend to convey
hy my remarks in reading Mr. Kirby 's paper. I did not mean to
say that no ore had been found west of the Josie dike, as, of
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coitrjc, it has Ix'tii known all alonj; to ocoiir iliir.- . «liat I iDc.int
was that Ihc Lc Koi vein, which is cut ,.|'i In- the il.kc, had a»
vet not been rccoKnizcil as such on the west side ot the Jos.e ilike,

nor was it known delinitely in which direction u ha.l been faulted.
Dr. 11.\rloh— I liave listened to the reading of .Mr. Kirbv's

paper with a jfreat deal of attemioii, especially to that portion of
It relatiiiB '" the origin of the pyrrhotite rf tile Kossland district
1" British Colunibia. When the phenoiiuiion known as mag-
Miatic diliVrentiatio.i was lirst brouKht forward to esplaln the
manner of concentration of the deposits of the Sndhnrv district
It was perhaps eniphasiied too stroiiKly as in itself Riving an
adequate e.splanalioi. of all the pluilomena witnessed in regard
to the mode of occurrence of these ore bodies. .More recent and
detailed examinations have shown that while the hypothesis of
a segregation of the.se sulphides direct from the niagiiia is in the
mam the true explanation of the formation of these ore bodies,
other agencies, which are Usually gr,,uped together under the name
of secondary action, have coniiibuled rather largely to bring
about their unusual dimensions. Their maimer of form.ation is there,
fore uuieh morecmplex than was at lirst su|iposed. but tlu' -imi-le
doclriiic of the direct igneous origin of these ore bodies and their
iiilimate relationship in this respect to eerlain bands of norite
and greenstone served an excellent purpose in .liiecting and con-
trolHng all the earlier prospecting work.

The trend of .some of the more receiu e.xamiiiatioiis, however,
seems to j^rrrre the full significance of this intimate genetic con-
nect. ..1. ..iirr :r that secondary causes or replacement are alone
and 111 L ... 1. ,.|„ iiiible for the present position and dimensions
of these deposits.

It is. however, certain that the sulphide material was intro-
duced simultaneously and as an integral portion of the saine
magma along with the other minerals of which the norite or
hypersthene-grabbro is composed. The pyrrhotite and charcopy-
rite are yen- intimately associated and often intergrown with one
another and both are among the earliest of the constituents to
crystallize from the original magma, sometimes even antedating
the iron ore in which they a e occasionally completely enclosed.
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They occur in very much the same way as the iron ore, embedded
in, or in the immediate vicinity of, the various colored constituents

and these two opaque consituents can only be distinguished from

one another by their color in reflected light. These sulphides

are frequently contained in portions of the norite, which are so

fresh as to permit of the positive identification of such unstable

compounds as hypersthene, enstatite, diallage and in one case

(Little Stobie Mine) olivine, while the plagioclase is always more
than normally fresh. Sometimes these sulphides are so abundant

in these unaltered phases of the norite as to characterize this rock

as ci pyrrhotitc-norite, specimens having been obtained which

contain from 5 to 10 per cent, of these nickel-copper ores. These

unusually rich nickel and copper sulphides are invariably asso-

ciated with the norite and all of those of economic importance

arc situated either directly on the line of junction between this

and the associated rocks or in its immediate neighborhood.

The question of the origin of these ore bodies is intimately

connected with those processes, as yet but imperfectly understood,

attending the various stages of the cooling and differentiation of

huge bodies of igneous magma. As is doubtless well known to

all of you, there is no such thing as dry fusion in nature and all

igneous action is attended with or immediately followed by more

or less pronounced vein or pneumatolytic action and certain rock

masses and occurrences of mineral are representative of the various

transitions between what may be termed hydro-igneous fusion to

igneo-aqueous solution.

There can be little doubt of the abundant presence of such

heated solutions which arc capable of dissolving out and under

certain conditions of redepositing these sulphides. Such agencies

began their work before the whole magma had cooled, bearing

their heavy burdens of sulphide material, most of which was ob-

tained from the magma in the immediate vicinity, to occupy the

various cavities and fissures as fast as these were formed. The

whole of this action was practically completed before the intru-

sion of the later dikes of the olivine diabase, which are now
regarded as the end products of the vulcanism to which the norite

masses owe their eruption. In certain of the deposits, hydro-
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chemical agencies have been more active than in others, as at the

Victoria Mine and some of the Copper CHff mines, but in the case

of the Creighton Mine, magmatic differentiation has, as Dr. Cole

man remarks, been tlie main factor c'etermining and favoring the

development of this the largest nickel mine in the world.

The Rossland, B.C., ore bodies are likewise of igneous origin

being associated with a monzonite, but the rock is very much more

altered both as the result of dynamic and hydrocheir.ical action.

Secondary action is very much more pronounced and quartz and

calcite. which are comparatively rare in the Sudbur\ rocks asso-

ciated with the ore bodies, are botli very abundantly represented

in the Rossland district. In the case of the Rossland ore bodies,

igneo-aqueous '-o'ution has played the most important part in their

development.

After all, however, the origin of these ore deposits is la gely

a matter of theory and opinion, and strong arguments may be

adduced to support the view either that they are the direct result

of magmatic segregation or that the sulphides have been brought

up from considera'ile depths to replace certain portions of the

rock or fill up fissures and diorites caused by structural weaknesses.

The real practical side of geological investigation consists in the

outlining of these inmicnse bodies of intrusive noritc or gabbro

with which the nickel and copper deposits of Sudbury are alwa>s

associated, for althougli pyrrhotite and chalcopyritc are both

found in connection with the older green schists and diorites, the

deposits of these minerals in such cases are neither of large ex-

tent nor of unusual richness.

Mr. Ingat.l— I am glad the point was brought out so strong-

ly, that the difference between the gentlemen who arc so fond of

magmatic differentiation and the other theory is after all only a

difference (or differentiation) of terms. These magma are a

mixtufe of a lot of materials in various stages of separation from

each other and the question of the actual temperature is not a

matter of much practical importance, as when dealing

with temperatures we may vary from something which

we now think very cold to something we think very hot, and

vet the real difference may be small. I remember when I was
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studying the Lake Superior silver district for the Survey in 1880.

in one of the drifts in tlie Rabbit Mountain mine the vein was

tilkd with a pulp thick enough to float a lot of crystals of the

other minerals that formed in these veins, such as zinc blende

and galena. The pulp was thick enough to hold them up, and it

accounted in an interesting way for the fact that you find these

perfectly formed crystals in such places. I should like to know

whether that should be called magmatic differentiation or vein

action. The degree of heat which constitutes the magma has never

been settled.

Pkof. Mickle—With regard to the comparison between the

Kossland and the Sudbury deposits I cannot see any resemblance

at all. The first thing that must strike anyone is tne remarkable

difference in the form of the deposits, a plan of the Rossland ore

bodies would have the form of a river, whereas the Sudbury de-

posits have the form of lakes, with or without irregular bays.

.Moreover, in Sudbury the plan of any particular level may differ

entirely from that of the level above and below. Another differ-

ence that is striking is that the country rock in the Rossland

district is weathered to a considerable distance back from the

\ein. In 1896 I took a systematic set of samples of rock frojn the

Centre Star vein at Rossland, in a place where there was a cross-

cut that ran a hundred feet or so in each direction, starting close

to the vein and going back twenty feet or more in each direction.

The samples that 1 brought back were kindly examined by Dr.

Coleman ; without knowing where they were from he was able to

notice the variation beginning with rock within a few inches of the

vein that was so far decomposed that it was unrecognizable, back

to the rock over 20 feet from the ore that was almo.st unweathered.

The degree of weathering was in proportion to the distance from

the vein, showing clearly that there w as an action proceeding from

the vein outwards, which, I think, could only be due to heated

solutions. Moreover, in Rossland you see running across the

ore veinlets tilled with calcite, whereas you never see that in Sud-

bury. On the other hand in the latter place pieces of rock are

seen imbedded in the ore, the sizes varying from the very smallest

particles up to pieces presenting a face of several hundred square
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f«t Ml ,ina. AiL.tluT n>iRrl in wliiih tlK> ilillcr yRMtly, which
affens thiir pnu-tical uurkniK :iiiil wliitli, i thmk, points' lo tticir

origin. IS thr .hsiiilMiiMn ,>i ihcir iiu-tallic cun.onts—in juJburv
tiur,' i- till- yrt-aicM iiiul..riiiilv. ii-l:itivflv spcikinf;, that is. iakiiii];

thr inirli.iliti- ..Illy in any yivcii ilc-ponit it will he found that tho
peri-.m.i.yc .,i iiickil and al.sn platimiin n-iiiains vin iioarK i-.m-

stam ihp.uyliout llii.- deposit, variations in tlie percentage in the
ore .ir. caused by inclusion ol more or less rock. It is true that
the ;iiii.iunts of copper vary considerably in different parts of the
same .ieposit. as pointed out by .Mr. David II. lirowne in his
pap.r M,i ".SesregatioM in Ores and .Mattes," there is a difference
Dt - per .a-nt. .ir more in the analyses of copper and nickel in

ilittVrent parts of a matte cooled in an ordinary matte pot. With
ri-;;ar.l t.. the distribution of the metals in the Sudbury deposits
the ..re resembles a low grade matte. In Kossland, on the other
ban.l. the chief melal value^lhe gold—is most distressingly
erratic, many large pyrrhotite deposits in the kos.sland district
contain no golrl as far as worked, and others have gold only in

places. This irregular distribution of the gold in itself appears
to e\cliiile the possibility ,,f ibc igneous origin of the Kossland
deposits.

Riterring t(. the possibility of nickel in the Kossland pyrrho-
tiles iiuini.me.l In .Mr. Urock, in the early days ..f kossland.
when a great many more claims were being worke.l than at pre-
sent, frequent aiialv.ses were made for nickel. I In-lieve it was
only found in any quantity worth considering in .me place, viz..

the Georgia claim, towards the Kootenay mountain. .Any nickel
occurring in ores fr.im shipping mines would have. ..f crnirse.

long since been delected in the matte on sruelting.

The PRK.sn>K.\
1We have had a very interesting paper, and

I think that Professor Brock is to be congratulated for reading
it in such an able manner at such a short notice. I want to join
-Mr. I'h.impson in congratulating Mr, Kirby on the excellence of
his paper, the care with which he has prepared the nmps. and the
valuable information which he has placed at our disposal. This
p.apir will be a very important conlribiuion to our transactions.
I was very much interested not only in the paper, but in the discus-
sion which followeil, and which supplied a great deal of instructive
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material. As Mr. Kirby liolds in the paper, and Professor Mickle

lias further pointed out. there is a very great difference between

the veins of evidently aqueous deposition in Kossland as referred

to ill the paper, and the occurrences of similar ores at Sudbury,

but nevertheless one may trace, as Dr. Barlow pointed out, the

continuation of the igneous phenomena all througli, from the

magma itself, as at Sudbury, without hardly anytliing but the

segregation of different mineral masses, to fumarolitic gas and

aqueous depositions as at Ro.^ and, that effects away form the

magma itself, through the fissures of disturbed broken and shat-

tered country rocks, in more or less close proximity to the parent

igneous inugma however. The one act of igneous or volcanic

phenomena which is the final cause of the existence of these ores

at both places, can be traced right through in a very instructive

way, notwithstanding the very great difiference between the

physical nature of the deposits, and that is a very interesting thing,

showing that' when we come to regions like Sudbury we liave

reached pretty well to the bottom and final source. The great

uniformity which Professor Mickle has pointed out of the mineral

constituents in these Sudbury ore masses more directly from the

magma is, therefore, only natural. There is also the other fact

pointed out by Professor Coleman that there are no dikes at

Sudbury, while Mr. Kirby's map of the Rossland region is full

of them. That fact that there are no dikes at Sudbury is one of

the great proofs that we have there the segregation at the com-

mencement of the igneous phenomena. I would like to hear

something from Mr. Thompson about the concentration of the low

grade ores of that district, if he would care to deal with that

phase of the question.

Mr. Thompson—The concentration of low grade '^res is

rather a big subject. The methods adopted are the usual division

to a suitable mesh and trying to get as clean a concentrate as

possible. The Le Roi No. 2 sends the tailings to be treated by

the Elmore process. Technically the plant has been a success,

but commercially there is apparently room for inipruvcment.

The mill is a small one, the plant is experimental and I rather

fancy that when larger units are put in, that probably the cost

will be materially reduced. The general manager of the Con-
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r ,„?" '" ^ '''"" "^ '"^ London .hrecors stat.s
.at „ „.,1I cost four dollars a ton alt.r the ore is n.ined, with

the present plant, but J think that this will be reduced to two

sn b^
,'"'"''"'• "^- '"'^''>' '^ ''"''''''« •' '-o hundred ton

melter at Ira.l to treat the War Eagle and Centre Star ore. Hehas not >et pubhshed Ins n.eihod ol concentration so far as 1 can
ascertan,, Ihe White Hear Munng Con,pany, of Kossland. have
ordere.l a one hundre.l ton Kbnore plant for the treatment of its

!,"''«''.".?';
,

,"
'"" '' '"'"^"' ^"fti'--i"«l.v low I an, quite

satished that the plant will be a great success.

1 have done a great deal of work on i^j-rrhotite ores with
a view o, cyanKlmg them rather than sending them to the smelters.
At present w_e sell to the smelters, W hether we can go on with
our -.meter shipments or not depends on the question as to whetherwe c. n .hspose of our ore at the present rate to the smelters We
can send the low grade ore at present to the smelter on favorable
terms and make money out of it.

A year from now probably the members of this Institute
w.ll be able to get more valuable data as to the actual operation
than they are m a position to get at tlie present time. At the
present tnne everything ,s of an e.xpermiental nature, but I am
qu.te satisfied that Mr. Kirbys process must have been quite satis-
factory to Inm. He is a very conservative mine manager indeed,
and I would hardly thmk that be would enter on a process of con-
centrafon unless he had fully concluded it would be successfulHe IS spendmg a great deal of money on one of the finest concen-
tratmg plants ,n the country, and it is only a matter of tin.e with
Inm when I believe he will make it a success. Of course. I mav be
considered optimistic, but I do think that the turn has come as far
as tlie Rossland camp is concerned, and that many of the proper-
ties which in the east are now considered of no value, will become
paying properties as these obstacles are soon to be removed
which have prevented success in the past.

Tin; Pbi;sident-I wish to express the thanks of the Institute
to Mr Ihoinpson, and I hope that his anticipations will be
realized. I have no doubt that we can rely upon such men asMr Elmore. Mr. kirby and otbers who are tackling this difficult
problem, to attain a high measure of success.




