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GEOLOGY AND ORE-DEPOSITS OF ROSSLAND.

By Evezexp Lester Broce.

INFRODUCTTON.

'

The Rossland gold-copper mining camp is situated in the district of West Kootenay, southern
British Columbia, six miles west of the Columbia river and five miles north of the International
Boundary-line. The town of Ilossland is reached either by Canadian Pacific Railway through
the Crowsnest pass, from the main line by way of the Arrow lakes, or by Great Northern frow
Spokane.

The field-work upon which the following conclusions are based was done while assisting
Dy C, W, Drysdale, of the Canadian Geological Survey, in the examination of the eamp, and
to him and to the Direcior of the Survey the writer wishes to acknowledge his indebtedness for
permission to use the data collected. Mo IProfessors Kemp, Berkey, and Johuson, of the Geological
Department of Columbia University, thanks are due for advice and nasistance’in the preparation
of this thesis, Tt

The earlicst geological work dealing particularly with Rossland was done by MeConnell in

J1884.*  In thaf year be made a brief examination of some of the chief mines and deseribed the
character of the ore-bodics. Turther work was done by bim i 1896.7 1¥e recognizéd the great
series of fragmrental rock and classed them as probably Carboniferous. The igneous rocks he
believed to be differentiated from a common magma. e described the ove-deposits, briefly
classifying them as replacement deposits along lings of fissuring. o

In 1900 Brock examined part of the arca, deseribing the rocks between Sophie and Record
mountains, In 1906 the prelininary report on the Tossland Mining District was published by
Broek, representing detailed work on the most important arca. Besides Mr. Brocl’s conclusions
on the ceonomzic geology, these of Dr. Young on the gencral geological relations were incorporated.
Paly's work along the Doundary-line has also covered In a general way fhis arvea and gives mueh
assistance in correlation. ‘

Other artieles on the various phases of the geology and mining industry of Rossland have
appeared in the various scientific journals, and a bibliography of these will be found appended.

SUMMARY AND CONCLUSIONS.

The geological history of the area, as described in detail later, may be briefly summarized
here.
TABLE or IMORAATIONS.

Recent....oo.ven e River deposits.
Glacial,............. Silts,
i1l
I'liocene-Miocenie. . . . Sheppard granite.
Pulaskite.

Porphyritiec monzonite,
Eocene-Oligacenic. .. . Rophie Mountain conglomerate.
Jurassie............. Basic dykes, tuffs, and flows,

Normal monzonite,

Diorite povphyry,

Nelson granodiorite,
Triagsic............. Tuffs, agglomerates, and flows.
Caxbonie............ Avgife porphyrife.

Mount Roberts slates and tufts.

* Annual Report, Geological Survey of Canada, 1804, Part A, page 33,
¥ Annual Report, Geologieal Burvey of Canada, 1898, Iart A, page 92,
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The ore-deposits consist of: (e) Gold-quartz veins; (¥} biotitic gold-copper deposits.
Structurally, the latter oceur as fissure-veins, replacement deposits, and impregnations. The
ores are chiefly pyrrhotite, pyrite, chaleopyrite, with other suiphides in less amount, and free
gold. 'These have been deposited in two periods of mineralization corresponding to the two
great batholithic intrusions. The localization has been brought about mainly by the pecuiiarvities
of the fissuring of the granular igneous rocks under torsional stresses and by the influence of
the varicus wall-rocks on precipitation.

PrYSIOGRAPIIY.

' \

The Cordillera of British Columbia is believed to have Dbeen originally a region of complex,
folded mountaing with gtrike-faults. Long-continued erosion reduced the topography fo a nost-
mature condition. Uplift followed, and stream erosion, aided to a considerable extent by
glaciation, has carved wide straight vaileys along the old fault-lines, Thus the mountain masses
are separated by pronounced depressions which Daly has used as boundaries for the mountain
systems, each system having a trench of the same name to the west of it. The Rocky Mountain
system has to the west of it the Rocky Mountain trench dividing it from the Iurcell system.
West of the latter is the Purcell trench, cccupied by the northward flowing Kootenay rviver,
marking the boundary between the Purcells and Seikirks. To the west of the Selkirks is the
Selkirk trench, in Wwhich the Columbia river flows southward, dividing the Selkirk system from
the Columnbin system. In this latter division Daly has made a subdivision of the sroup of
mountains between the Kettle river and Lower Arvow lake. These are the Rossland mountains
and surround the mining district and town of Rossland.

".l_‘his whole area has been subjected to many and complex changes, Fhe crumpled and
altered older rocks present evidence of the moeuntain-making epochs through which they have
passed, while the great masses of coarsely crystalline igneous rocks now exposed at the surface
show that much material must have been removed by erosive agencies, Consolidated stredm-
gravels mark {ke courses of old rivevs, and the gmoothed and rounded mountain outlines show
‘the work of a glacial perio¢ in whick all but the highest peaks of the Rossland mountains were
covered with ice. .

As a resull, the topbgraphy is marked by an upland surface of gentle curves and low
gradients beneath which the recent sireams have ineised deep valleys. The work of the streams,
assisted by the work of the valley glaciers, has largely destroyed the old upland surface, but
from high points, by imagining the deep recent valleys filled in, the old slopes ¢an be approxi-
mately restored and a mental picture cobfained of a gently rolling surface broken by & fairly
large number of residual hills rising above it,

Over a large area in eastern DBritish Columbia and the adjoining States the concordance of
summit-levels, when viewed from an elevation, is a4 striking feature. Whexn scen from the top of
mounrtaing reaching 6,000 feet or over, the ridges and rownded peaks of the Rossland mountains
fall into an upland that, while by no means abselutely flat, yet presents a ralher smooth surface,
The slopes are always less than 10 degrees, exeept where isolated mouniain masses rise above
the surface. Beneath these gentle siopes the rivers have cut deeply. The Columbia has cut
2000 feet” below the point where the slope increases, and Sheep creck has intrenehed itself
nearly to the same extent, The rocks underlying the upland are of varying resistance, but the
undulating surface is ounly locally affected Ly the kind of rock underlying. Granites, slates, and
shales have alike heen bevelled across without the general smoothness of the outlines being lost.

1t has been suggested by Daly* that this accordance of summits is due to Alpine glaciation
and to the position of the tree-line. Wherever peaks were high enough to support glaeiers,
crosion by that agency would tend to reduce the higher points more rapidly than the lower aud
so produce a more nearly uniform surface. Erosion above the line where rocks are proteeted
by forest-growth is more aective than on.the surface covered by vegetation. Ilence beenuse of
giacial erosion in high altitudes and more active weathering the higher points will wear dewn
more rapidly than the lower and so reach an approximate level.

The theory more widely appealed to is peueplanation or the reduction of a land area approxi-
mately to sea-level. Tlevation, with the resulting rvejuvenation of the stleams, would lead to
the incision of steep-sided valleys below the level of the old surface.

*= Journal of Geology, ‘vol., XITL., page 1035,
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In the regions adjoining that under particular consideration an erosion surface of Eoeene
age has been described by various writers. Iawson® considered the interior plateaux of British
Columbia an elevated peneplain of ldocenc age. Lindgrent describes the SBalmen River district
as an arvea worn down to o gentle topography and then clevated. Calkinsi describes the Cabinet
and Parcell ranges of western Montana as appearing like a “ maturely dissected plateau.”
Smith§ recognizes a peneplain in the Caseades which he belicves is I’liocene, and he is of the
opinion that in that disirict there never has beeu an earlier one. Willis recognizes a peneplain
over the Galion range, and Tmpleby] describes one in Idaho, which he refers to the Eocene.
From these views it seems that an Eocene pepeplain was developed in the interior which was not
developed, or was completely destroyed by a Pliocene peneplain, in the Cascades.

If any peneplain of Focene age was ever developed over the Rossland mountains no remnants
of it are to be found. The Cretaceous and probably the early Eocene represent a period of
erosion which was ended by the depogition of river-gravels. These are believed to be Bocene-
Oligocene in age. They may represent the deposgit of rejuvenated streams. earveying down great
loads of material fron: a newly uplifted land surface that had suffered deep sub-aerial decay
and had been approximately base-levelled. Such a scquence of events seems quite possible, hut,
so far as observed, no physiographic proofs of it remain.

The carly Tertiary sediments are intruded and tilfed by granite rocks which now underlie
most of the conglomerate remmants. The tilted beds are bevelied by the upland surface, a
large part of which congists, however, of the granite of these Tertiary batholiths. The coarsely
crystalline character of the ignepus rocks shows that a considerable depth of overburden hag
been removed since their consolidation. It is evident, thercfore, that the age of the upland
cannot be earlier than Pliocene.

This long period of hase-levelling was closced by uplift and the rejuvenated streams began

to incise narrow steep-sided gorges in the old surface, It seems as if the uplift was progressive’

with temporary base-levels which allowed the sireams to broaden out their valleys. TFurther
uplift left the former valley-Dottoms as rock benches. The gorges were cut to a considerable
depth, but before much dissection of the intersiream areas cccurred, climatie changes brought
on glacial conditions. The beginning of this period was, no doubt, marked by valley glaciers
whieh finally became large enough to unite into a continental glacier covering all but the highest
ountains. The close of the period was again marked by valley glaciers.

The effect of the eontinental glacier was to round and smooth the surface The valley
glaciers, on the other hand, deepened the gorges alveady cat, leaving an evidence of their aetivity
in hanging valleys, MeCambridge ereek, a tributary of Trail creek which joing it half-way from
Rossiand to Trail, has a decidedly hanging relation to the main-stream.

At the close of the glacial period large supplies of debris were emptied into the rivers from
the valley glaciers still existing about their headwaters, and, as a result, their beds were
ageraded. The Columbia was filled to a2 depth of probably 400 feet with stratified gravels.
With the disappearance of the glaciers, the supply of debris diminished and the river began
to cut into this depogit, and, as it swung from side to side, terraces at different levels were
produced. This process is still active in parts of the Columbia’s course. The terraces of Trail
creek are cut in fine whife silt, with a thin surface layer of pebbles ou cach terrace, These
terraces are found almost fo the altitude of Tossland. "The formation of deposits in the
Columbia would normally produce a ponding of water in ifs fribufary, bat, as the terraces
occur almost 2,000 feet above the Columbia, thig explanation is ingufficient. It is possible that
a tongue of ice oceupied the main valley after Trail Creek valiey was free, and in the lake thus
formed the white silts were laid down. The withdrawnl of the barrier was followed by the
production of terraces in the usual way.

A peculiarity in the drainage relation of Trail cleek and Little Sheep creck may be related
to the same phenomenou ~The headwatem of these two streams are fairly close together and
for a little distance they flow in nearly parallel valleys. At the town of Rossland the divide is
notched by a low and fairly wide gap, Ifawe assume that the pounded lake in Trail Creek vailey

# Pransaction, Roval Soclety of Canada, 1890, I,

+ Profegsionai Paper 27, United States Geological Survey.
i Iulletin 384, United States Geological Survey,

§ Professional Taper 19, United States Goeologieal Survey.
[i Teurnal of Geology, Vol. XX, page 189,
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rose high enough to flow across the divide into Little Sheep creek, the oceurrvence of this depres-
slon is easily explained as due to valley-cutting when the Trail Creek lake emptied by way of
Little Sheep creel.
The regional events affecting the phyéiography may be summarized as:—

1. Cretaceous-FEocene erosion cycle possibly carried to late matarity.

2. Early Pliocene cycle carried to late maturity or old age.

3. Late Pliocene—early Pleistocene gorge-cutting.

4. Pleistocene glaciation, >

3. Recent tervace-cutting, :

The forces of erosion acting on rocks of unequal resistance have produced certain physio-
graphic forms of loeal imporiance. Hard rocks are exposed as ridges standing above the general
level, while easily weathered rocks are marked by gulches with but small streams, N

One of the very prominent ridges forms a cliff on Columbia avenue at the west end of
Rossland. 1t rises about 50 feet above the rock bemch on which it stands, and where the
excavation has been made through it for the street it is about 150 fect wide. It consists of an
elliptical mass of pulaskite intrusive iniop monzonite. The latter weathers more rapidly than
the younger alkali syenite, leaving it standing out as a prominent ridge. Similay pulaskite
ridges are found near the O, mine and at several poinls on the road from Rossland to Trail.
‘ The Centre Star gulch and that in which the Josie tramway is built owe their positions to
soft mica Aykes. The streams in both these valleys are small, while the valleys are deep and
Steep;sitied. In the Centre Star gulch vertical rock-faces 20 to 25 feet in height rise from
the val]ey-ﬂoor.' These walls are monzonite, while no doubt the rock between them Is mieca
lamprophyre, since the mine-workings show 2 dyke of almost the exaet width of the gulch
which would project to the surface at that point. The weathering of mica dykes can be observed
at many places. In the railroad cattings monzonite shows no weathering, while mica dykes.
already show a tendeney to talke spheroidal forms,

GENTRAL AND STRUCTURAL GEOLOGY,
PALEOZOIC.

The early part of the geological record is missing in the Rossland district, the earliest
formation being late Palwozoic. The basal group includes several types of roeks of different
origing and doubtless of different age. AIl have, however, passed. through severe regional
metamorphism and form such an intricate complex that, for the present, they are grouped under
on¢ name. They are in part igncous, in part marine sedimentary. No later marine sediments
oceur. The only other sedimentary beds ave the early Tertiary conglomerates and the Pleisto-
cene gravels, sands, and siits of fresh-water origin. The dominant rock types are igneous,
including deep-seated intrusious of batholithie and possibly laccolithie structure, dykes, surface
flows, and volecanic fragmentals. The absence of sedimentary deposits of known age makes the
correlation of the great series of igneous rocks a matfer of much uneertzinty. Some types are
so similar in compeosition that a slight variation might produce a facies in cne very nearly
resembling & rock type whieh is ordinarily quite distinet and possibly of different age and
origin. Added to this, the action of mineralizing solutions has so altered the rocks thaf similar
end results have been produced from rocks that were no doubt originally guite different.

Mount Roberts Formation,

As mentioned above, this is not a single rock type, but consists of many whose intricate
stracture and rather severe metamorplism has, as yet, made their separation impossible, Some
of thesc types are quite distinet aind they will be described, but no attempt will be made to
outline the distribution of each.

The largest exposure of this complex occurs as a broad band on the western slope of Red
mountain, and, excepting for a band of igneous rocks cccupying the valley of Littie Shecp creek,
extends well up the eastern slope of Mount Itoberfs, frem which the formation takes its name.
Other small outerops are found in the Deer Park range and on Monte Christo and Columbia
and Xootenay mountaings,

Three types are found with gradations from one te the other which seem to argue for a
close relationship in deposition, although the end numbers may be deposited under very different
conditions. These {ypes are:——
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{e.) A sofi black, possibly carbonaceous, slate:-
{0.) Lighier coloured, harder, and more arenaceous slate:
{e.} 'Tufaceous beds, with possibly intercalated flows. :

The first {wo types offen show a distinet gradation from cone to the other, and this scems
to be due to original differences rather than to alteration since deposition. The blaek slates are
soft, very fine-grained, and dense. The lighter slates are more arenaceous, and, at fimes,
calcarecus. The arenaceous forms are finely banded, due both to diffcrences in colour and in
size of grain.’ 1t iz possible that they are, to some extent at least, tufaceous. The caleareeus
varieties offen contain eherty concretions, and it was in sueh a variety above the O.X. mine that
Mr. Brock discovered the only fossils yet found in this formation in thig area. In all the slaty
types the parting seems to be always parallel fo the original bedding. A tafacecus roek, very
prebably belonging to this same complex, outerops on the road to the Columbia and Kootenay.
1t is Yght bull i colour, but little altered, and shows indistinet bedding. In a great part of
the area where these rocks are exposed silicification and the alteration of the sulphides dissemi-
nated plentifully throughout them has so altered the original eharacter as to make the recognition
of their nature and structure very difficult. The dip is by no means constant. Thele seems
ne doubt that part at least of the sediments arée wnderlain at a slight depth by the intrusive
batholiths. These intrusions have to & greater or less degree disturbed the strata above them,
and where erosion has reached down almost to the igneous rock the sediments exposed are tilted
and twisted out of the normal dip and strike of the rocks farther from the contacts and not
g0 directly affected by the igneous body. The average strike is nearly north and south, and
on the western slope of Red mountain the dip is fo the west at low angles. On the eastern
slope of Mount Roberts the beds are tilted up sometimes into vertical positions. Apparently
the ignmeous rocks separating the two areas were intruded along a line of structural weakness,
probably an oid fault. - : .

The effect of the various igncous invasions on the Mount Roberts formation hag been very
considerable. The mechanical effects have been the fracturing and tilting of the older rocks;
the chemical effect is expressed by their severe alteration. The amount of pyrite, pyrrhotite,
arsenopyrite, and ehalcopyrite disseminated through the rock is sufficient to. give fhe surface a
reddish eclowr in many places from thoe oxidation of these minerals. Sulphides can be deposited
contemporancously in sediments, but the localization of the disseminations at Rossland along
cerfain zones, rather than in certain beds, is evidence that they are introduced rather than
original. Sulphides were deposited in the veins from ignecus sources, and the disseminated
sulphides of the sediments probably come alse from igneoué sources. Silicification algo accom-
panied the ore-deposition and the same process affected the sediments. The effect does not
seem to be any more pronounced near the intrusives than farther away., However, over a large
part of the area the layer of Mount Roberts formation that covers the bhatholithic rocks is vather
thin, and so no part is any great distance from igneous rocks even where the surface distance
is considerable. Also the igneous rocks often cut across the bedding, and hence impregnating
solutions have had a favourable opportunity to enter and diffuse through the beds for long
distances. o . . .

The conditions under which the various rocks of this period were deposited must have varied
congiderably., Argillaceous, arenaceons, and calcareous shales, possibly with conglomeratice
members, are associated with veleanie fragmentals. The lower beds are almost entively shales
and were deposited probably under subaerial delta conditions and in shallow water near shore.
The oceurrence of marine organisms shows that at some periods the sea covered this area, and
the presence of some limestone marks an interval of fairly deep and guiet waters. At different
times and becoming more freguent in the latter part occurred voleanic eruptiong. The fine
ejectamenta were well gssorted, probably by falling into the sea, and now form well-banded
tufacecus layvers. These become more and more frequent until the conformable beds referred
to the Triassic consist largely of such material. Thus the rock record of the Mount Roberts
formation is that of a land area of slight enough. relief to produce fine-grained delta deposits
with which are associated marine beds. There was considerable contemporaneous voleanic
activity, and as an end sj:i‘dge either the land disappeated entirely or became so low that tufaccous
material constituted the whole supply of debris.

The determination of the age of the Mount Roberfs formation depends on its lithologieal
character and on & few poorly preserved fossils. On the basis of the organisms it.has bheen
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believed to be Carbonic. TLithologieally, it is very similar to the Lower Cache Creek serics,
described by Dawson* IHis description of such rocks on the Thompson river is perfeetly
applicable to the Mount Roberts formation at Xossland. He recognized the shallow water or
continental character of the sediments in southern British Columbia. He says:—

“In the southern part of British Columbia the Cache Creek group shows some evidence of
Httoral conditions toward the west slope of the Gold ranges, probably indiecating the existence
of land areas there.” :

" Umplebyt also describes & similar series in Washington and assigns it provisionally to the
Carboniferous. This late Paleozoic series apparently covers a large area in southern British-
Columbia and. Washington, but how extensive the original area of deposition -was is unknown.
The present outerop of strata referable to this period forms a broad north-and-south belt extend-
ing north of the Thompson river and south of Republic, Washington, Eastward it thins out
against the Archean ‘of the Selkirks, and westward it disappears under the Coluwmbia lava plains.

TRIASSIC,

" The rocks referred to the Triassic are voleanic fragmentals, with associated flows and
intrasive masses of augite porphyrite \yith accompanying dykes, No fossils oceur in the elastic
rocks and the correlation is purely lithologieal. :

The Clastics,

It is believed that in the highly inclined beds forming the slopes of Mount Roberts the heds
rise in the time-seale going westward., The lower slopes consist of the slates with interbedded
tuffs assigned to the Mount Roberts formation. Higher up the mountain, and presumably -
younger in age, the volcanic fragmentals hecome the dominant vocks and finally entirely replace
the slates of the typical Mouni Roberis formation. These latter beds are placed as Triassic.
They are made up of fragments of volcanie material of all sizes; some of the beds are agglomer-
atie, but most of the sories consist of finer material, in soIne places so fine that the rock is very

dense with a conchoidal fracture. The material is nsually rather perfectly sorted, producing

a well-mnarked banding often with very thin laminte. ‘The colour varies from light to dark arey.
The beds are nearly vertical at times, but ordinarily the dip is steep to the west. So far as can
be seen, the upper beds.are absolutely conformable on the lower Mount Roberts beds up {o 2
point about 100 feet below the summit of Mount Roberts, The effusive rocks capping the peak
are borizontal, and for this reason lave been assigned to a later period. Associated with the
clastic beds are thin dykes and possibly interbedded flows of rocks with about the composition
of andesites.
Augite Porphyrite.

The parent rock of these small intrusives and flows forms ouc of the important rock-masses
of the district. This is the augite porphyrite which is the surface roek on Columbia and Kootenay
mountain, on Red mountain, and at several other points.-

In appearance there is some variation in these Qifferent localities, but in general the rock
ig fairly constant in its eharacterisfics. On Red Mountain it is deep green in colour, with stout
greenish-biack prisms of pyroxenc usually visible to the naked eye. Hornblende needles and
laths of feldspar are sometimes present. The size of the individuals varies greatly, and often
in short distances the rock will change from & type crowded with large well-formed phenoerysts
to & dense; deep green variety with no phenocrysts visible. This may be due to the agglomeratic
structure that can often be seen on weathered surfaces, oval patches then showing with a lighter
colour than the surrounding rock. These seem to be of the same composition as the rock hetween
them, and probably represent fragments produced by a slight movement after the first erystalli-
zation, the fragments being recemented by the same magma, but the new crystallization having
a finer texture. : '

In all types of the porphyrite a platy jolnting is at ¢imes rather pronounced, but the direction
of these master-foints is not constant. In the north-east drift of the fourteenth level of the
Centre Star the girike iz N, 14° E., dip 65° E. Bast of the shaft on the same level the strike

* Annyal Report, Geological Survey of Canada. Vol VIL, page 41m.
7 Geological Survey of 'Washington, Builetin No, 1, page 17.
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ig N. 75° E.; while still farther east in the same drift it is N, 55° B, dip 85° S.E. In the same
workings a contact between augite porphyri»te\ and diorite porphyrite is exposed. The platy
jointing passes from one rock into the other without any apparent change.

The relation of the augite porphyrite to the Mount Roberts is that of an intrusion which
along the borders sends out sills inte the sediments, but on the whoie has an irregunlar contact
and brealks across the bedding. It seems to have a laccolithic relationship to the beds, which
are found both above and below the porphyrite in some of the mines. Apparently the augite
porphyrite is the deep-seated rock representing the voleanic perigd in which the tuffs lying above
the Mount Roberts slates were ejected. Its consolidation thus represents a considerable length
of time, and the production of the agglomeratic structure found in the porphyrite is more easily
understood.

The contact between augiie porphyrite and other igneous rocks is seldom sharp, but the
typical rocks are usually separated by a zone of hybrid rocks several feet wide. This is
the case between diorite porphyrife and augite porphyrite and hetween monzonite and auvgite
porphyrite. Bilicification by mineralizing solutions has also served to mask contacts, Diorite
porphyrite oceurs in bands in the augite porphyrite in a way that suggests dykes, but often a
-gradual transition from one to the other seems to argune for differentiation. Thus typical diorite
porphyrite with needle-shaped plagioclases and hornhlendes gradually acquires stout augite
prisms, and finally the rock becomes typical augite porphyrite. However, the closely similar
composition may make possible the crystallizing of pyroxene from a hornblende rich magma
near the contact with pyroxene-hearing wall-rocks, and so the border-zone may have the appear-
ance of a transition rock when in reality the diorite porphyrite is younger.

Again, in the case of the monzonite‘ and augite porphyrite, the contact is a zone rather than
a definite line. Wherever typical representafives of the two are in sharp confact 4 fault is the
explanation. The contact between the eastern mass of monzonite and the augite porphyrite of
the central area has a varying piteh fo the west. In the upper workings of the War Begle the
piteh is very low and the contact surface is undulating. The result is that the drifts follow
the contact-zone for considerable distances, and it seems wider than is actually the case. Rocks
later than the monzonite have sharp contaects with the zugite porphyrite,

As has been shown, the augite porphyrite is infrusive into the lower conformable beds that
are of late Carbonic age, and for this reason it has been considered to be Triassie. The fows
interbedded with the purely voleanie fragmentals have compositions very nearly that of the
augite porphyrite and are believed fo e of the sane age, and hence the upper part of those beds
may also be Triassie. Triassic beds of great thickness arve found both to the north and south,
and in lithological eharacter the Rossiand beds are very similar {o the Nicola séries, for which
Dawson® gives the foliowing section:—

Feet,
T T2 1) £ 20
Fine-grained feidspathic rocks sometimes well bedded, generally grey ... 1,800
Tuaffs or ash rocks passing into agglomerates with some fine-grained

felsites, grey, purpPlish, and Zreen ...t iieretienranaans 7,540
Chiefly diabase agglomerate; several calearcous beds. Dark felsites .... 3,980
' ‘ 13,590

" Since there are at Kamloops, 160 miles to the north of Rossland, nearly 15000, feet of
Triassie and 3,000 feet on the Snake river to the south,i the Rossland rocks of similar character
have been assigned to the Triassic, although no palrontological evidence has been found,”

JURASSIC,

The rock types referred to the Jurassic are all igneous. They are of three chief varieties,
with some smaller associated masses of other types. The important rocks are: (1) A represen-
tative of the widespread grey Nelson granodiorifes (2) dykes and interfingering masses of a
diorite porphyrite that is believed to be closely related 1o it; and (3) the normal monzonite.
The minor rock types are lamprophyric dylkes. Besides these, some flow-rocks may also belong
to this age.

= ¥IY, Annual Report, Geological Survey of Canada, Part B, page 54,
1 XXII. Annual Heport, Tnited States Geological Survey, Part 2, page 380.
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Netson Granodiorite.

The Nelson granodiorite cecurs as two separa"te, rounghly oval areas just wesi of TRossland, .
on Tittle Sheep creek., Three other small exposures cut up through the stratified rocks on the
western slopes of Red mountain. Outside of the immediate wvicinity of Rossland it forms the
extensive mass which Daly bas ealled the Trail batholith. The edge of this main batholith lies
about half-way from Rossland to Trail and forms the surface rock on both sides of the Columbig
at the latter place. The type receives its name from its development arousd the city of Nelson,
on Kootenay lake. The nsual rock as occurring af Rossland is rather coarsely equigranuiar in
texiure and light to dark grey in colour. Sometimes it develops a porphyritic habit, but only
rarely shows the gneissoid tendency that eharacterizes the Nelson granodiorite in many localities.

The main mass of granodiorite west of Rogsland is distinetly intrusive into the siates and
tuffs of the Mount Roberts formation. The small oval exposures are complgtely surronnded by
stratified rocks and seem to indicate that the batholith undexlies a large part of the older rocks
at comparatively shailow depths. In the mine-workings some of the deeper levels are in a
granunlar greyish rock which, although sometimes appearing as a very old rock, probably repre-
gsents the top of the Nelson granodiorite batholith. The contact of the Trail batholith with the
Mount Roberts sediments is a brecciated belt that Daly has called a “ shatter-zone.” This zone
grades from sediments cut by stringers of igneous rock to igneous rock with inclusions of
sediments. Daly’s explanation of the zone is that, as the batholith invaded the enclosing rocks,
the main mass was preceded by a network of dykes and siringers working out ajong joints,
fraciures, and Iedding-planes. These separated the roof inte individual bloeks which sank into
the depths of the magma and were absorbed. In this way fhe intrusive prepared its own
chamber. As the magma cooled the borders became more and more viscous and the freeing of
blocks less rapid until as the end stage the border-zone solidified, retaining the rifted blocks in
the position in which they happened to be. The width of the zone in this case is probably due
to the present surface being almost parailel to the contact of the katholith with its roof.

The relationship of the granodiorite to the monzonite is ratber obseure. No good contacts
with the normal monzenite are exposed, bui near the hig loop of the Great Northern Railway,
west of Rossgland, granodiorite and porphyritic monzonite are in contact in one of the cuts. The
interfingering of the two rocks is so intileate that the relative age is uncertain, but the monzonite
is believed to be the younger. The tongue-like mass of monzonite in the area south of Little
Sheep creek has the appearance of a real intrusion into the granodiorite, Pulaskite and a
number of later basic dykes also cut the granocdiorite.

Trom these relations the Nelson granodiorite appears to be younger than the Paleoxoic and
prohably was intruded at the time of the tiliing of the Carbonic and Triassic beds. Its age is
probably Jurassic, as suggested by Brock.* Similar rocks have been described from various
other localities, the Jurassie having been over a large part of the Cordilieran region & mountain-
making epoch with immense accompanying intrasions of granitic rocks.

Digrite Porphyry.

Occeurring as irregular tongues and massges, especiaily in the augite porphyrite, is a rock
which, while somewhat similar in appearance to that rock, yel has certain distinctive character-
istice. On the weathered surface it is quite easily recognized, needie-shaped hornhlende crystals
and' lath-shaped feldspars standing oant prominently. Augife is oceasgionally present, more
commonly on {he borders of the mass. The rock shews a rather wellmarked flow-siructure,
and this orientation of the feldspars gives it an almest silky lustre on a fresh fracture.

The dicrite porphyry is intrusive info the Mount Roberts formation, and, underground,
blocks of the stratified rock sometimes of large size are found entirely sgurrounded by the
porphyry. Evidently they have been torn off by the intrusive and ecarried to their present
position. It is also apparenily intrusive into the augite porphyrite, although at many of the
contacts one seems tp grade into the other. This may be due cither fo assimilation of the older
by the younger rock, or, as previously suggested, to a sort of mass action of the pyroxene-
bearing augite porphyrite on the normally hornblendic diorite porphyry. resniting in the forma-
tion of pyroxene instead of hornblende.

# Summary Report, Geological Survey of Canada, 1900, page T4a,
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The correlation of the diovite porphyry as Jurassic rests on its apparently close relationship
to the Nelson granodiorite. Mineralogically the two are not unlike, although the usaally
porphyritic dicrite porphyry with flow-structare is quite different in appearance from the massive
equigranular granodiorite. The former, however, by a variation towards a move feldspatbhic
and granular rock bhecomes very similar in appearance to the granodiorite. The evidence of
this variation is clearly shown on the seventh level of the Le Roi. The first crosscut to the
north from the main workings west of the shaft passes from augite porphytrite into diorite
porphyry., IMorizontal drill-holes show that the mass is oval in section, 200 x 250 feet in
dismaneter. The first 40 to 50 feel of the drill-cores show typical diorite porphyry. This gradually
changes to a light greyish granular rock as the central part of the pipe-like intrusion is reached.
In deeper levels larger masses are encogntered, and these unite so that in the deepest workings
a large part of the country rock consists of a greyish granific rocl that is probably Nelson
granodiorite, ¥rom this gradation it seems that the diorite porphyry iz a bovder facles of the
bhatholith of granodiorite, representing the fm"enng out of the magma into the older formations,
The flow-struzeiure may be due to a part of the magma having reached the surface, but, in part
at least, may be the result of convection currents, since it is often developed in fongues which
cortainly did net conneet with surfaee flows.

The velationship between diovite porphyry and monzonite is a doubtful - one. The two are
often found in contact in the miné-‘.vorkiz]gs, but so intimately associated and so like in appear-
ance that the relative age is uncertain. The dierite pevphyyy is very freguently found iving
between augite porphyrite and monzonite,” but so far no intrusions of diorite porphyry into’
monzonite have heen found underground. A ‘dylke-like mass of it ¢n the surface near the drill-
hall ig possibly a roof pendant unabsorbed in the monzonite batholith. Both mica and non-mieca
dykes cut the diorite porphyry, and it is also infruded by dyke representatives of the later
granific intrusives.

Normal Monzonite.

Oceupying an irregular oval area five miles long by one and three-quarters wide is 4 mass
of monzonite. The greater diameter is east and west, with the city of Rossland near its western
end. ‘The oufline of the mass is very irregular, and it is broken by many intrusions of later
rocks. A broad bLeit of alluvium hides the rocks in the valley of rail creek, but they are
probably mostly monzonite,

This area is not occupied by one constant rock type, but shows wide variations in appear-
ance and in composition. The most easily recognized variety is a cosrsely granulay dark-grey
rock made up of feldspar, pyroxene, hornblende; and usually some mica, Variations consist in
differences both in relative quantities of the various minerals and in size of grain. The different
varielies arc not all strictly of the same poriod, but are often found as intrusions into or
inclusions in other fypes. Usually the morve coarsely crystalline and more feldspathic seem
to be later than the darker finer-grained rocks. Sometimes definite fragments of one are found
in the other, as if entire solidification had taken place before the later rock appeared. At other
times the included types seem to be segregations or possibly earlier erystallizations resorbed.
On the whole., however, all these are rather similar rock types and are no doubt merely facles
of the same intrusion.

Although the borders of the monzonite mass are very irregular, it sends very few definite
dykes into the enclosing formations. On Celumbis and Kootenay kill a dyke-like mass eunts
across augite porphyrite, and at a few other places dykes from the monzonite intrude the Mount
Roberts. The laler age of the monzonite is best shown by the truncation of the alternate bands
of slate and augite porphyrite on the southern bovder of the monzonite. Underground the
evidence is not always satisfactory. The very flat and undulating nature of tho contact as
the monzonite plunges under the cover of augite porphyrite allows the drifts to follow the
contact-zone for a considerable distance and makes the location of the peint of contact difficult.

The normal moenzonite is cut by a porphyritic monzonite that seems to be very similar to
it, and also by an immense pumber of basic dykes, some of which may represent basic residuals
from the monzonite magma, while others belong to later periods of intrusion. It is also cut by
pulagkite dykes from the alkall syenite and by well-marked dykes of granite porphyry. A large
dyke of this character is found south of Trail creek, and othels are found at the Le Rm, ohe
outeropping just below the headworks, .
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These latter dykes were formerly believed to be related to the Nelson granodiorite, sirece the
Iargest of them seemed to be connected with o mass of that rock. For this reason the grano-
diorite was mapped as later than the monzonite. Building operations have exposed the contact
of this dyke with a pulaskite dyke which it cuts. Evidently it does not helong te the grano-

* diorite but o a much later intrusion. The other evidence seems to point to the menzonite being
later than the granodiorite, and as no definite intrusions of diorite porphyry into monzonite
have been proved, the monzonite is considered to be younger than the porphyry. The rather
similay mineralogical character of the monzonite and granodiorite suggests that they helong to
the same period of aefivity, the monzonite representing a later, the granodiorite and diorite
porphyry an earlier intrusion.

Jurassic Effusive.

One representative of the effusives connected with the igneoﬁs activity of Jurassic age is
believed to still exist. As previously described, volcanie tuffs and possibly lavas form a large
part of Mount Roberts. The greater part of these are tilted at high angles. One hundred and
twenty-five feet below the summil the dip is 54 degrees west. At the summit, however, is a
lava-flow that is horizontal, with its basaltic jointing showing as vertical columns. It has the
appearance of truncating the edges of the lower beds. Its composition is that of an augite
latite and it probably is the surface representation of one of the Jurassic batholiths.

TERTIARY,
Bocene-Oligocene,

Although not occurring within the limits of the speecial Rossland map-sheet, the later
conglomerate, belleved to be earty Tertiary, iz here described, since the relation of the igneous
rocks to it in a measure fxes the age of the intrusives. Two areas of this conglomerate are
found near Rossland. The jarger les ten miles to the west on the top of Sophie mountain, the
other ahout four miles south-east on ihe top of Lake mountain., It is likely that these are
remuants of & gnce continuous deposit. ’

. The conglomerates of the two areas are lithologieally identical. As a rule they are coarse,
with some leniicular bands of finer matem‘gl. The pebbles range from grit particles in the finer
bands to boulders of a foot or over in diameter. The larger part of the conglomerate has pebbles
averaging an inch or less. OQuartzite, chert, slaty material, serpentine, grey granite, gneiss,
sandstone, jasper, and quarts are all represented. Towards the base greenstone pebbles and
a few angular limestone fragments are present. Mr., Brock* also reports pebbles of an earlier
conglomerate. The binding is siliceous. Mhe beds on Sophie mountain now dip at rather high
angles. 'They were probably Iaid down with a considerable initial dip, but their present attitude
can have becn attained only by a considerable tilting even if the initial di'p is givénh a maximum
value. The strike Is nearly north and south, with the dip to the east.

The character of the sediments points to deposition by stream-action and the two.remnanis
probably lie in the same old stream-valley. The heierogencity of the materials is evidence that
the stream was rapid, the finer grit-lenses representing deposition in the eddies of the stream,
The thickness of the conglomerate is considerable and the supply of detritus was evidently large,
probably due to the upliff of an old deeply weathered land-surface. The character of the surface
upon which it was deposited is unknown, since it is now mostly underiain by igneous rocks
intrusive into it.

The pebbles of the conglomerate are derived from the slates and greenstones of the Mount
Roberts formation and from granific rocks of the type of the Nelson grancdiorite and the
associated series. Many of the fragments come from rocks not known in the immediate neigh-
bourkood., On the western side of Sophie mountain a 50-foot dyke of porxphyritic rock oceurs
in the conglomerate. Brock® mentions such dykes and refers them to the Rossland granite.
The Lake Mountain conglomerate is eut by a fresh granitic rock which Daly calls the Skeppard
granite.

On the basis of a rather scanty flora Daly has referred these beds to the early Tertiary,
and from their general character they seem to he similar to the Kettle River conglomerate and

* Buinmary Report, Geological Survey of Canada, 1000, page 675,
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to the Coldwater group described by Dawson in the Kamloops district, both of which have been
considered of Eocene-Oligocene age.

Miocene-Pliocene,

Intrusive into the early Tertiary sediments are batholiths of iwo distinct types of acidie
rocks. The earlier of these 13 represented in the Rossiand area by the pulaskite dykes which
are believed to be tongues from the Rossland alkali syenite, the main mass of which lies three
miles north-west of Rossland. The later intrusive is the Sheppard granite occurring on Lake
mountain, and to it are sapposed to belong the granite-porphyry dykes found near Rossland.

Three large tongues of pulaskite lie close to the important mines. Omne lies west of Red
mountain, striking north and south, another forms the ridge at the western end of Columbia
avenue in the town, while a third lies south of Trail ereek on the slopes of Deer Park mouniain.
Many other dykes are exposed along the upper road to Trail, the first of these forming a weil-
marked ridge as far north as the Columbie end Kootenay mine,

The pnlaskite is usually a coarse-textured pure-white to deep-pink rock, made up almost
entirely of large lath-shaped feldspars with some hornblende and biotite. In the typical rock
the dark-coloured minerals are very subordinate in amount. The pulaskite has been little
affected by metamorphism and resists weathering agents well. As a resuli, the outcerops of the
dykes form prominent ridges with a thin soil cover.

The pulaskite cuis all the previously described formations. The broad band west of Red
mountain intrudes Mount Roberts sediments, the elliptical mass in the town is intrusive into
normal monzonite, and the dykes on the Trail read cut porphyritic monzonite. Near the Le Roi
mill, in a rock-cut on one of the railway spurs, & narrow pulaskite-porphyry dyke of peculiar
spotted appearance also cuts porphyritic monzonite. The pulaskiie is cut by very few dykes of
any kind. Oa the Trail road a basaltic dyke a foot wide cuts a pulaskite dyke about 50 feet
wide. Che strike of the two is the same. Formerty the pulaskite was thought to be the youngest
important formation in the district. Bnilding operations in the part of the fown south of Trail
creek have, however, exposed fo better advantage the pulaskite tongue and the granite porphyry
with which it is involved. 'The latter cuts across the pulaskite and shows a chilled zone along
its borders,

Granite Porphyry.

The granite porphyry is a light-coloured distinctly porphyritic roek swith phenoerysts of
© white feldspar set in a ground-mass that is sometimes a faint pink. It ig very fresh and
unaltered even in the vicinity of the ore-deposits. Two dykes of this rock of some size occur.
The larger of the two is found with the pulaskite south of Lrail creek, exposed as a small bluff
on the street. The second is just below the Le¢ Roé head-frame. This and several smaller ones
are cut by diamond-drill koles underground. ‘The strike of dykes of thig intrusion is unique,
being always rearly east and west, while the strike of all others is north and south.

The granite porphyry is very similar to what Daly bas ealled the Sheppard granite, a
small exposure of which oceurs on the top of Lake mountain. This is intrusive into the early
Tertiary. The relation of the pulaskite to this conglomerate is algo intrusive, and hence these
two ignecus rocks are Miocene or Pliocene in age. No basie dykes are found in the granite
porphyry, and hence the succession of these late Tertiary rocks seems to be: (1) Rossland
granite and associated pulaskite; (2) basaltic dykes; and (8) Sheppard granite and associated
cranite porphry. "The physiographic relations previously discussed make the age of the porphyry
late Miocene or early Pliocene. . .

Dykes.

Begides the dyke-rocks just mentioned which can be referred to batholithic masses, there
are an immense number of dykes of various kinds, many of which likely are the final expression
of Jurassic igneous activity, some of which are of earlier age, while others are undoubtedly
Tertiary.

Porphyritic Monzonite.

Many bodies of this rock, both as pipe-shaped intrusions and as more or less regular dyke-
like forms, are found in the augite porphyrite, Nelson granodiorite, and normal monzonite. The
rock is dark greyv and very fresh. It makes a rather handsome building-stone and has been used
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in some of the Rossland public buildings. Mineralogicaily, it is much like the normal monzonite,
but in the Ymir* distriet a gradation from a very similar porphyritic monzonite into a pulaskite
has been observed. In the case of the Rossland rock, however, no such gradation has been seen
and dykes of pulaskite are found cutting the porphyritic monzonite. The most prominent
minerals of the rock are pyroxene, feldspar, and biotite. The pyroxene occurs as well-formed
blocky crystals up to a quarter of an inch in length. The feldspar is usually white and a little
smaller than the pyroxene. : .

Lamprophyre Dykes.

Thege dykes cceur by hundreds in the mine-workings, In some parts they are so closely
spaced that more dyke-matter than couniry-rock is to be seen in the drifts, The strike of all
the lampropbyres is almost due north and south, the variation being so slight that the strike
bf the dykes can be taken as a guiding direetion underground. The size of the various dykes
varies from the width of a knife-blade up to the immense Josie and Nickel Plate dykes, the
latter measuring 225 feet on the eleventh level of the Centre Ségr. The dip varies, but whether
to the east or west is usually high, although almost flat dykes occur. TFaulting hag so dislocated
the dykes that correlation, even for distances of a few hundred feet, is impossible exeept in the
larger ones, There is also often a change in character in what seems without doubt to be parts
of the same dyke. Thus mica dykes in depth sometimes become non-mica higher up, and large
dykes earrying mica divide into smaller dykes thai show no miea. Thus the distinetion com-
monly made between the dykes as “mica® and “non-mica ™ does not always hold, although it
serves as a useful ficld classification. A few of the more striking types will be described.

Dykes of the Josie Type.

Dykes of this type are by far the most numerous of all the geeurring types. Some of them
are large and traceable for a considerable distance on the surface and in depth. They consist
of soft black rocks with very abundant biotite. They are very easily eroded and ithe outerop is
marked by gulches. Faults are lecalized along them, and this along with their softness gives
considerable trouble in mining, and wherever the dykes are large the drifts have to be timbered.
Tsually columnar structure does not show, nor are the dykes noticeably finer-grained against the
wall-rock. Yater dykes, usually non-mica varicties, are sometimes intruded along the walls of
mica dykes, or, as in the ¥Nichel Plaefe, in,the mass of the dyke itself. At timnes a later dyke can
e seen following one wall for a distance, then cutting across and following the other wall.

The prominent representatives of this type are the Nickel Plate dyke, named from ifs occur-
rence at the Nickel Plate mine, the Josie dyke cut by the Josie shaft, and its offshoot the
Tramacay dyke. The roek in all these has a practically identical appearance. Ali dip at steep
angles, the Nickel Plaie being almost vertieal, while the Josie dips steeply to the west., The
Tramacay is a smaller Ayke and joing the Jogie both horizontally and in depth.

War Hegle Type.

In this group are included dykes with a rather wide petrographlic range, but apparently
rather closcly related inorigin. They are dark grey io black, depending on the relative amount
of feldspar, which iz usually the oniy macroscopic mineral and as a rule has needle-shaped
‘forms, These dykes have marked colummar joiniing and so arve easily distinguished from the
dykes of the Josie class, They are later than the Josie dykes. The chief large and persistent
representatives of the War Eagle type are the Fust and West War Eagle dykes, which consist
of a band of parallel and rather narrow dykes which unite and divide along both sirike and
dip in the most intricate fasbion.

Centre Star Dyke. ;

The Centre Star dyke, like the Fast and West War Eagle dykes, is in the upper levels a
zone gimilar to those described above. Below the sixth level these separate tongues unite into
one broad strong dyke so different in appearance that it merits a separate deseription. It is
traceable to the deepest workings, attaining a width of 25 to 30 feet. It has marked columnay
strueture. The rock consists chiefly of feldspar, pyroxene, and miea, and in general appearance
is very similar to the porphyritic monzonite previously described.

¥ Yir Mining Camp, Memeir 94, Geological Surver of Canada, page 39,
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Spokane T'ype.

A rather peculiar dyke is one of the later intrusives. It is conspicuously porphyritie. The
ground-mass s fine-grained i texture and dark grey in colour. The phenocrysts are very large,
consisting of feldspars and Lrown hornblendes sometimes half an inch in length, "The horn-
blendes are well-formed crystals with a diamond-shaped crogs-section. The feldspars are stout
square individuals with a white to slightly greenish colour. Ilates of biotite are sometimes
present. These dykes have 2 pronounced columnar structure and are apparently later than the
previons types,

. Conglomeraie Dyke.

In the Josic workings therc is a prominent dylke known as the “ white” dyke, from the large
number of inclusions of a light-coloured granite which it contains, It ontcrops ou the surface
near the Le Roi mill ag a dyvke about 10 feet wide cutting porpbyritic monzonite. Tt has heen
observed to a depth of at least 700 feet. It consists of a large namber of fragments of all sizes
with a groun@-mass of fine-grained. sometimes porphyritic, igneouws rock. The foreign material
Is mostly rock of granitic types, sometimes gneissoid, but other more basic types arve also present
and seme pure guartz pebbies. The shape of all these iz flattish to oval 'and they have the
appearance of forms produced by water-action. Somie have striations and most of them are
arranged with their loug axes parallel to the wallg of the dyke. The east wall is formed by
a dyke of the Spoliane type and the ground-mass ig gomewhat similay,

Au explanation of the origin of thig dyke offers some difficulties. Fhe usual explanation for
such forms is that the inclusions represent fragments torn from older formations and earried
up by the molten magma. ]

The rounding js explained by rubbing against the walls and against one another. and also
by the absorptive cffect of the magma, The appearance of the inclusions, however, is that of
ordinary water-worn honlders, and the alteration is so slight that rounding Iy the molten magma
seems unlikely, Even the gneissoid varieties are not attacked along their structure-lines.
Further than this the heterogenelty of the matorial requires some other explanation.

The one suggested is briefly as follows: Older formations in the distriet confain conglom-
erates, and if this later dyke has cut through such a layer it might easily have earried along a
part of the conglomerate bed. the fine matrix of which could e easily absorbed by a magma
which would have such slight action on larger particles that striations would still Le retained.
TUmpleby describes a flow conglomerate in the Republic district which involves but little difference
in the nature of the problems concerned.

QUATERNARY. .

Maniling the s0lid rock over a large part of this seclion with a very continuous cover lic
the deposits of Glacial and Post-Glacial times. This drift-cover extends far up the sides of the
mountaing, and oaly where cliffs occur and on the highest peaks does s0lid roek appear ahove
the unconsolidated material. This material consists of the debris from the great Cordilicran
glacigr which overrode all but the highest peaks, material from the valley glaciers that filled the
stream channels ju the later stages, and thé alluvial deposits of recent stream-action.

The deposits of the first class ave found filling the hollows up to an altitude of about 6,500
feef. TLarge errafics aré found even on the top of Sophic and Lake mountaing. As a rule the
deposits consist of fairly coarse till in which the Doulders are not at all sorted. These are of
various kinds, with the granite rocks common in the distriet predominating, The work of the
valley glaciers is recorded in the whité and yellowish silts of Trail ereek, These are exception-
all¥ fine and apparentiy represent the fively comminnted material from the glacior that filled
upper Trail Creek valley and tributary streams while the mouth was still blocked. The evidences
for this ave considered in deaiing with the physiography. The stream deposits found immediately
after the glacial period are well preserved in terraces along the Columbia river, They consist
of mediwmly coarse well-assorted gravels that are evidently the product of rather rapid overloaded
streams. The pebbles are well rounded and consist of all varieties of roeks known to exist in
this drainage-basin, with thé bard kinds naturally predominating,

The recent deposits of the region consist of the fans buiiding at the present time wherever
the gradient of the mountain streams decreases sufficiently to allow them to deposit their loads.
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The character of these fans varies with the character of the depositing' stream, being coarse in
the case of rapid streams, finer in the case of less rapid sirearms, and varying also with the
character of country through which the stream flows, Trail ereek is building a delta in an eddy
of the Columbia river which is made up of the very fine silts prevlousiy mentmned, whieh it is
eroding in its lower eourse.

SKETOH OF GEOLOGICAL HISTORY.

The geological history of thie region as interpreted from the preceding descriptions is recorded
only from late Carbonic times. The conditions then obtaining were marxine, as shown by the
limestones, occasionally developed, and by the presence of marine fossils. The predominance
of the clastic sediments that form the shales is evidence that the area lay near enough the shore
of that age to receive the finer sediments brought down from the old land. There was con-
siderable volcanic activity as sbown Dby the tuffs interbedded with the maring sediments, and
this increased steadily throughout the Triagsic, which is almost cowpletely represented by tuffs
and flows. The intrusive representative of this period is the augite porphyrite which seems to
have a roughly laccolithic form in the older part of the sedimentary series.

A period of disturbance tilted the clastic beds, and these were truncated by an erosion
period, since the voleanie fragmentals of the latter period do not seem to be conformable on
the lower strata. The first great batholithie intrusion of rocks of granodioritic composition
was probably the deep-seated phenomenon which accompamed the extrusive voleanic activity
represented by these later tufls.

A long period of denudation, lasting through the Cretaceous and probably part of the early
Tertiary, cut deeply into the clasties, flows, and intrusives, possibly reducing the whole region
to a econdition of post-maturity. This period of active degradation of the land-surface was
followed by river deposition in the Hocene and Oligocene. The deposits, as shown by the
remunants still left, are conglomerates with great and sudden variations in the size of the pebbles.
They seem to have been laid down in fairly rapid streams.

Thig second period of sedimentstion was followed by the intrusion of a series of batholiths
of alkaline character represented by the pulaskite and by the Sheppard granite. There are no
extrusives recognized as belonging to these, since the erosion periods that followed have scoured
off great thicknesses of overlying rock. ‘The last of these intrusions maj‘ have bheen in Pliocene
times, and it was followed by a period of erosion long enough to allow a surface of low gradients
to develop, bevelling the formations and exposing the latest granitic rocks, so that they now form
the surface formation over wide areas, ;

Uplift of this post-matured surface as a unit rejuvenated the streams which ineised them-
selves in steep-sided valleys to a depth greater than that of the present valleys. 7This period
of gorge-cutting occupled the late Pliocene and must have been of long duration, probably extend-
ing info the I'leistocene period. The climatic change which brought .on the glacial period
probally had as its first effeet 2 period of valley glaciation, As the conditions became imore
extreme the amount of ice increased until the whole Cordilleran area was covered, excepting
the higher peaks. Return of more normnal conditions again brought on valley glaciation. One
of these tongues occupied the Coluwbia valley for some time after the disappearance of the ice
from the neighbouring couniry. The heavy erosion by these valley glaclers supplied the malin
streams with abundant debris, which filled the old valley to a considerable depth. Exeéavation
of this is still going on, and the amount of material already removed can be estimated by the
terraces at several elevations on the Columbia and its main tributaries. :

- In recent {imes the streams have built small deltas at favourable places. Trail creek is at
present forming such a deposit in the eddy where it joins the Columbia.

ECONOMIC GEOLOGY.
IIIS’I‘ORICAL REVIEW,

The ealhest mining in the West Kootenay District was that done for lead Ly the Hudgon's
Bay Company on Kootenay lake in the early twenties of the last century. The indusiry, how-
ever, did not develop. At the time of the Cariboo placer activity some of the prospeetors
worked ajong the West Kootenay creeks, and in 1883 the Dewdney trail, passing -down Trail
creek past the present site of Rossland to the Tast Kootenay placers, was built. In the eighties
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the Boundary District was staked. In 1883 ore was discovered at Ainsworth, on Kootenay lake,
and in 1886 discoveries of rich ore near the present town of Nelson led to ifs establishment as
a trading-post. . The first claim to be staked in the Rossland district was the Lily 3ey in 1887.
It was relocated In 1889, In 1890 two miners from the Lily Mey crossed the valley of Frail
creek and in one day located the Centre Star, War Hagle, Idaho, Virginia, and Le Roi claims,
The Le Roi, which afterwards became such a wonderful producer, was given for the payment
of $12.50 for recording fees, . . Co .
Development was at first slow owing to izck of transportation facilities, but the building
of a wagon-road to Trail in 1593 ied to cnough ore being shipped to encourage investments. In
1895 the Trail gmelter and a tramway to the mines were started, the smelter beginning opera-
tions in 1896. In that year came the first railway connection, the Red Mountain Railway to
Spokane, A period- of inflation followed by the usual depression’ retarded development fo a
considerable extent. As a result of the failure of the small original companies, strong corpora-
tions were formed and up-to-date plants were installed, with a great reduetion in working costs.
A further step in this direction was the congtruction of a power plant at Beonnington Falls, on
the Kootenay river. In 1809 a sudden decline in War Iagle stock had a had effect on the
reputation of the camp, and Iabour troubles closed some of the mines for a pari of 1901
Litigation over the troublesome apex iaw under swhich the elaims were staked added to ihe
diffieulties, but this was finally settled by the amalgamation of the companies, and the develop-
ment of the camp in recent years has been steady and uninterrupted. : ’

TYPES.

The Rossiand occurrences are of two classcs, gold-guartz veins and biotitic gold-copper
deposits, Brock has clagsified the latter on the basig of structure as: (1) Fissure-veins with
or without replacement of the country-rock; (2} lodes or xones of fissuring or shearing with
the ore-minerals forming a network of veinlets in the fractures and eating into and veplacing
in whole or in part the intervening fragments of the country-rock, replacing the wall-rock or
developing along particular fractures; (3) irregular impregnaifions in the country-rock.

I8 URING.

The more important ore-deposits are of the first two of these types, and the fissure systems
seemr t0 have confroiled ahmost entirely the payable ore. The fissuring is extremely compliex and
of different ages. It may hest be considered as (1) fissuring taking place before mineral deposi-
tion and (2) fissuring after deposition, Not all fissures of the first class are mineralized, and
no doubt there are fissures later than the earliest ore-deposition and earlier than the last
important introduction of minerals. Of the earlier fissures there are then two varieties—
(¢) mineralized and (%) non-mineralized. Iven the mineralized fissures are not simple in
history, but probably represent £wo or more periods of movement, with a distinet character of
mineralization connected with each movement,

The area of most intense rock-dislecation lies on the western slope of Red mountain, mostly
between the Josie dyke on the west and the Nickel Plate dyke on the easi. Within this
timit the most important ore:deposits so far discovered are situated. The most proneunced
fissure is probably that of the Le Roi-Centre Star vein system. The strike of this iz approxi-
mately N. 60° I0.: tbe dip rather steep to the north, with an average between the second and
twelfth levels of 80 degrees. In the Cendre Star workings it is a fairly definite single zone, but
in the Le Roi it divides Into three known as the main, north, and south veins. The War Hagle
is muech less regular. Its general trend is about N. 65° W., the dip to the north-east. Between
the first level and the eighth the dip averaged 62 degrees. The continuation was not found on
the ninth level, but a diamond-dril! hole ran into ore 570 feet to the north-east of where the
vein should have been. This has been followed downward to the sixiecnth level with an average
dip of 38 degrees. It has been considered that a flat fanlf had thrown the vein {o the extent
- indicated. Recently, however, what secms to he the continuation of this lower zonc has been
found above the ninth level, and it seems likely that the two are separate parallel shear-zones,

Three other vein gystems are recognized, but both the dip and strike of these are vaviable.
The Josie system is approximately east and west. The Hollyiwell parallels the Centre Siar 450
feet north of that zone. The Peyfon has a strike of N, 80° W. A peculiar feature well marked
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in some parts of the Hollywell vein is an opening of the platy jointitlg of the rocks. The ﬁllihg
of these wedge-shaped openings from the main fissure gives an irregular serrated margin to the
deposit. ‘The character of the fissure in the igneous rocks remains fairly constant, but a rather
general association of the fissures with the contacts between diorite porphyry and the other
rocks is to be observed. Wherever the fracture-xones pass into the slaty rocks of the Mount
Roberts formation the fissures lose their clean-cut definite nature and become zones of mashing
and crumpling in the soft, yielding clastic formations.

Fissures previoﬁs to the mineralization but not themselves earrying mineral are numerous.
They are characteristically nearly due north and south in sirike, and the dip-may be either to
the east or west, but is usually at high angles. The majority of these have passed through
more than one period of movement, The earliest dislocations were associated with the intrusion
of ‘a greai number of lamprophyric dykes mostly carrying large awmounts of biotite. These
soft dykes have localized all later fissuring tending to anything near parallelism with them-
selves, Nearly every oue of them has well-marked faults eitber within its own mass, along
one or both walls. The slickensides show that these subsequent movements have sometimes
taken place in two directions. On the third level of the War Kagic two sets were observed
on the wall of a mica dyke, one of which was vertical, the other dipped 20- degrees to the south.
Later fractures cutting across the dykes lose their clear-cut identity in the dyke material, while
those that meet them at a small angle are deflected, in some cases never emerging on the opposite
side, in other cases only after having run parallel to the dyke for some distance. This
phenomenon sometimes gives the dyke the deceptive appearance of being younger than the
faults crossing it.

The age of the fissures is fixed in a general way, since they cut the formations as late as
the monzonite and arve believed not to cut the pulaskite. Only a few basic dykes, and these not
of the kind associated with the fissureg, are found in the latter roek. The mechanics of the
complieated system of premineral fissuring and its localization may be explained in the following
manner: The north and south movements would naturally be along the previously intruded
lamprophyric dykes, and the amount of movement would be roughly proportional to the size
of the dyke. There are two very large mica dykes, the Josie and the Nickel Plete hounding
the area of greates( fracture. If the movement along these was of a differential nature the
stress developed in the block between would be rotational, and wounld be relieved by a set of
fractures corresponding to the ore-filled fissures described.

The number of fissures later than the ore-deposition ig iarge, but their effect on the ore-
bodics is not important, The displacement is in most cases only a few feet and from a practical
standpoint is negligible, In many cases these seem to have been mevely an oscillation, often
along an old fault-zoue, which left the opposite sides of the fault in about the same relative
position as before the movement. The strike of these later fissures is usually northerly. The
dip is either to the east or west and usually fairly steep. Oniy a few of them can he traced
with any degree of certainty for any great distance either along the strike or down the dip.
A definite single fanlt in ene drift may break into a large number of small ones in workings
only a few hundred feet away. Some of the major faults can be {raced downward for three
or four levels, but below that it is impossible to be sure of the identity of any excepting those
associated with the larger dykes,

Tire ORES.

The ores of the Rossland district fall into two large elasses. The important type counsists
of a mixture of 'sulphidés. ‘The ofher consists of free gold in quartz. This latter type, while
less important than thé first, has produced considerable gold, although none of the deposits are
now being worked. The best. example of this kind: of deposit is at the O.K. mine, where the
vein consists of quartz with free gold and only a small amount of sulphides.

Thé minerals ‘Lppe'ul'n«r in the sulplide type of ore-bodies are pyrite, pyrrhotite, chalco-
pyrite, arsenopyrite, mol\baemte, bismuthinite, galena, sphalerite, and magnetite. Iyrite oceurs
disseminated throughout the éountry-rock, especially in the Mount Roberts formation, and this
variety is only slightly awmriferous. It is aise found as a prominent constitnent of the vein-
fillitigs and there may carry considerablée gold. Pyrrhotite is apparenfly of two generations,
the later variety heing auriférous, while the first is, at best, low grade. Chalcopyrite is much
less in amount than pyrrhotite in the ordinary ove, but sometimes predominates. Ik is auriferous.




GEOLOGY AND ORE-DEPFOSITS OF ROSSLAND. 21

Arsenopyrite ocenrs both as impregnations and as a minor constituent of the large ore-bodies;
molybdenite, sphalcrite, galena, and magnetite are occasional minerals. ’

The mineralegical character of the orves even of the sulphide type varies widely: Tven in
parts of the same vein the relative amounts of the various constituents are not at all the same.
I general, however, it may be said that, in the mines on Red mountain, pyrrhotite is the most
abundant ore-mineral, followed in order by pyrite and chalcopyrite. In the working mines
arsenopyrite, molybdenite, galena, and sphalerite are rarve, but in seme of the smaller prospeets,
especially in the Mouut Roberts formation, these latter minerals become the more pmmment
and magnetite is also commonly present.

The details of the minerals cccurring in some of the important Q,topes will show more clearly
this variation. Samples from the Josie system of veins show only pyrrhotite from the fifth
and thirteenth levels, while samples from the fourth and seventh levels show pyrrhotite and
chaicopyrite, but in varying proportions, Oun the fourth level pyrrhotite predominates, while
in one stope of the seventh level ehalcopyrite is the more abundant. In the Centre Ster-Le Roi
vein system the same variation is observed, but pyrrhotite is always in excess of chalcopyrite
and varying amounts of pyrite appear. In the War Fagle veins a sample from fthe third level
shovws pyrrhotite alone. One from the fourth has pyrrhotite, chalcopyrite, and some sphalerite.
In the deepest stope at present opened pyrrhotite, pyrite, and chaleopyrite are the ore-minerals.
Surface samples from veins in the Mount Roberts formation show a wider mineralogical range.
The Cozey vein, parallel to the Centre Ster system but farther north, carries magnetite, pyrrho-
tite, molyhdenite, arsenopyrite, and chalcopyrite in differing proportions at various points. At
the Lity May, south of Rossland, the constituents are galena, sphalerite, chaleopyrite, pyrrhotite,
and stibnite in about this order of abundance.

The gangue accompanying the ore-minerals in the sulphide-deposits is chiefly more or less
altered country-rock. A subordinate amount of quartz is usnaily present and some calcite. In
some of the veins caleite becomes more important with depth, In small amounts a large variety
of minerals is found, such as wollastonite, garnet, epidote, chlorite, biotite, serpentine, actinolite,
and zeolites. i

In the gold-guariz veins along with free gold some sulphides are found. 'These are, however,
very subordinate in amount. The gangue in this case is entively quartz. ’

The metfals vecovered from the Rossland ores are gold, silver, and copper, with gold as the
most important. The gold content to the ton of ore decreased steadily to 1907, falling from 2 o=
a ton in 1894 to 0.33 oz. in 1907. SBince then it has risen to 0.44 oz and for the last few years
has remained fairly constant. Silver has dropped with many fluctuations from 2.88 oz. in 1894
to (.30 oz. in 1911, while copper has fallen from 56.6 1b. a ton im 1894 to 13.5 1b, in 1911, "Fhe
decrease is due Iess, probably, to failure in the ore value than to decrease in nining, trans-
portation, and smelting costs, which allows much lower-grade ore to be treated than formerly.
The valucs to the ton plotted fior the three mefals give curves which, in the case of eopper and
gilver, show a rather marked sympathy. The gold eurve docs not follow the others very ciosely.
Thus it seems likely that silver is mainly associated with the chaleopyrite, while gold may occur
with the other sulphides or as free gold in altered and silicified country-rock., It is certain, at
any rate, that a varying percentage of the gold does exist in the free state, but whether in the
sulphide or in the wall-rock ig less certain. Molybdenite, bismuthinite, and arsenopyrite, are
auriferous, sometimes highly so, a8 in the impregnations near pulaskite dylkes at t]:Le Gignt and
Jumbo, Galena and sphalerite earry considerable silver,

DPARAGENESIS OF THE ORE-MINERALS.

Not oniy does the relalive amount of the different ore-minerals vary in different vein systems,
and even in different parts of the same system, but also the order of deposition. Examination
of ore samples reveals a rather complex sequence in mineralization, and it is quite evident that
" there are at Ieast two periods of sulphide-deposition. The first period consisted chiefly of the
introduction of pyrite and pyrrhotite relatively poor in the precious metals. TLater disturbances
were followed by a second. sulphide period characterized by chalcopyrite, pyrite, and pyrrhotite,
with possibly other mineérals, all of which carried considerably more gold and silver than the
firgt mineralization. The considerations upon which these stdtements are made are ag follows:
{1) It iz evident from the ore associations to be given in defail later that pyrite and pyyrho-
tite occur as the earliest of the sulphide minerals cut By chaleopyvrite, and that there are instances
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in which pyrrhotite is found undoubtedly later than chaleopyrite; (2) at some places ai least
the pyrite and pyrrhotite are very low grade, while in other places they rank as jmportant
ore-minerals; (3) some of the large stopes of solid sulphides do not carry their values uniformly
distributed, but in streaks which may possibly be due to a later sulphide period; (4) veins are
known earrying mixed sulphides with good values up to a cross-dyke, beyond which one mineral,
and that very low grade, forms the fissure-filling.

Polished specimens of ore from the Centre Star fourth lovel stope 410, fifth level stope 58S,
and thirteenth level, Le Roi eighth level stope 895, and Josie 900-foot level show only pyrrhotite.
Specimens from Centre Rfer third level, Josie 1,300, and Le Rot 1,200 show pyrrhotite and
chalcopyrite, the pyrrhotite being the older mineral, Another sample from the 1,200-foot level
of the Le Roi bas pyrite eut by chaleopyrite. Ores frow the 1,100- and 1,200-foot levels of the
Centre Star and the eighth of the War Fagle consist of pyrite eut by pyrrhotite. In the City of
 Spokane tunnel, Centre Star stope 426, Nickel Plele 300, and War Fagle 1,452 the order is pyrite,
pyrrhotite, and chalcopyrite. Ore in the Hemilton vein, Dowever, shows pyrite cutfing pyrrho-
tite, and in the 737 stope of the Josie chalcopyrite is cut by stringers of pyrrhotite. A small
stringer of sphalerite euts chaleopyrite in ore from War Bagle stope No. 1152, A sample from
the surface exposures on the Cozey has pyrrhotite cutting magnetite. Determination of a general
order of deposition from such scattered samples is liable to introduce errors, but as there is
evidence from the ore values for at least two periods of pyrite and pyrrhotite deposition the
following order is suggested i— : :

1. Pyrite and magnetite.
2, Pyrrhotite.
3. Pyrite,
2nd.J 4. Chaleopyrite.
5, Pyrrhotite, sphalerite.

The relation of pyrite and magnetite and pyrrhotite and sphaierite is not shown in the
samples examined. The paragenesis of the accessory ore-minerals arsenopyrite, moljbdenite,
bismuthinite, and galena is also unknown, but as they arve all of rather ‘high gold and silver
content they probably belong to the period represented by Nos, 8, 4, and 5

The mineralogy and order of deposition is somewhat similar to that at Duckéown, where
Keémp* found pyrite, pyrrhotite, chalcopyrite, and finaily a coarsely cnstallme variety of
pyrrhotite associated with later quartz veins which cut the chalcopyrite.

The sulphide-deposits occur as well-defined fissures or as intersecting veinlets replacing
fractured wall-rock. The straight and persistent Hemilion vein to the west of the Josie dyke
iz of the first class, and the chaleopyrite vein in stope 787 of the Josie is a particularly good
example of the simple fissure. It also lies to the west of the Josie dyke. It has a fairly regular
width of 12 feet and is almost vertical. The country-rock is diorite porphyry but little attacked
and not much fractured. At places the almost solid chaleopyrite which forms the filling may
penetrate for a short distance info the wall, but the boundary befween clean ore and barren
rock is remarkably sharp. At various peints a thin layer of rock, consisting mostly of secondary
biotite, separates fresh diorite porpbyry from golid ore.

'Phe predominant stracture of the deposits is that of zones of crushing with replacement of
the country-rock. Somelimes this rveplacement is so complele thai none of the friction hreccia
is left, while at other places picces of altered rock still remain., Only parts of a fragment
may be replaced, and samples are sometimes found in which the augite phenocrysts of augite-
porphyrite country-rocks are perfectly retained in a ground-mass of sulphides. Along the borders
of solid@ sulphide masses ore sivingers are found working outward into the enclosing rock in a
network which becomes less distinet as distance from the main mass Increases until only the
merest threads of sulphide are observable. Alteration processes extend still farther into the
country-rock, As a rule no open fissures are found, bt sonte small openings exist. These atve
1ined near the vein wilth well-crystallized caleite and zeolites evidentiy belonging {o the Iast
stages of mineralization.

The minerals commonly found metasomatically replacing country-rock are pyrite, p'yrrhotite,
chaleopyrite, molybdenite, sphalerite, galena, arsenopyrite, quarts, calcite, actinolite, and biotite.
Pyrite and avsenopyrite are found both massive and as well-formed crystals, especially in the

Ist.

* See Ducktown, Tenn. (Kemp), Transaction ALME, Vol. 31, page 244, B
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Mount Roberts sediments. Of the non-metallic minerals produced by the vein-forming solutions
biotite iz the most prominent. In the wall-vock near the ore a brownish radiating variety of this
mineral is often abundantly developed, sometimes forming a layer 3 to 4 inches thiek of almost
pure biotite. Quartz and calcite are also found in considerable amounts bordering the sulphides
and working cut into the unaltered rock, but on the whole the effect of the solutions seems to
have been to removeée both silica and ealeium from the rocks affeeted. This is very well shown
in analyses of fresh and altered monzonite and augite porphyrite.

20. 21. 34. 35.
B i e e e e e e e 50.89 40,02 54.49 37.32
P ot e et e 0.80 0468 0.70 0.57
7 N O T 17.00 | 1613 16.51 19.30
2 0.97 ... 2,79 e
T PO 7.60 14,98 5.20 16.10
M o i e e e e e 0.14 011 010 0.10
1 0 T 5.41 12,90 3.bb 10.81
L0 982 1.05 7.06 1.47
00 . .o - Trace.
D e 181 ¢ 817 4.36 8.55
T PN 3.35 0.67 3.50 0.33
13 P 0.06 0.13 0.07 0.14
= 0 N 1,14 282 113 3.01
S 019 ! 0.03 0.20 .19
A 0.43 ! 0.39 0.23 0.36
17 7 NP 0.28 I 0.24 0.10 Trace,

59.39. 1 98.37 100.04 98,75

Nore.—Analyses taken from reports of the Department of Mineg, Chnada.

No. 20—Augite porphyrite, Josie dvift, War Eugle, 30 feet in foot-wall side. I'resh.

No, 21—Augite porphyrite altered to biotite in the vein.

No. 34—Monzonite east of mica dyke, 700-foot level, Le Rot.

No, 35—Monzonite altered to west of mica dyke, 700-foot level, Le Roi.

The samples were evidently taken as free from sulphides as possible, and the change shows
clearly the character of the alteration. Iron, potassium, and magnesium have increased while
silica, ealcium, and sodium have diminished. At other peints in the vein different conditions
might give differcnt reactions with precipitation of the elements here removed, and hence
gilicifieation and the introduction of ealcite.

The existence of contact-metamorphic conditions in the deeper zones is marked by smail
amounts of a deep-red garnet in the sulphides and the rather abundant occurrence of epidote
and actinolite in the wall-rocks of the lower levels. The amount of epidote is sometimes large
enough to give the rock a banded appearance, and a sample from the tenth level of the War
Bagle is at least one-third epidote. Apparently the alterations at depth occurred under high
pressure and temperature, while those of the upper part are charaecteristic of agqueous solutions
at moderate temperatures and pressures.

ORE-3HO0TS.

The digtribution of values is not uniform, but, as in most ore-deposits, they are concentrated
in favourable localifies. The size of the ore-shoots depends semewhat on the way in which
the term is defined. Lower-grade ore can now be worked than could formerly, and hence the
gize of a shoot increases with the deecreased operating costs.

Probably the largest body of ore ever worked in the camp was that opened up by the Le Roi.
This was found on the east side of the Jogic dyke. It had a stope length of 600 feet and was
foliowed down to the 900-foot level. A width of 30 to 60 feet was mined. The values were not
evenly distributed, but occurred in zones through the sulphides. The largest stopes now being
worked are No. 1452 on the fourteenth level of the War Eagle and No. 895 on the Le Roi 800-foot
level. The former has been opened for a length of about 100 feet and a width of 30 to 40 feet.
It has been crosgeut 200 feet below the fourteenth level, ‘The ores here ave pyrite and pyrrhotite
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with some chalcopyrite. The sulphides form intersecting veins 2 to 3 feet in width, in altered
diorite porphyry. The Le Ioi stope belongs to the same type, with a somewhat smaller amount
of sulphides. It is being mined to a width of about 50 feet. “The ground is badly.broken and
mining costs, except for timbering, are low. This increases the width of payable ore considerably.

The relation of the ore-shoots to the character of the country-rock is influenced by the
different physical properties of the varions formations. In all rocks of a hard but brittle
character, such as the monzonite, diorite porphyry, granodiorite, and augite porphyrite, the
fractures produced are much alike and the orve-bodies are essenilailly of fhe same character.
On the other hand, the same forces acting on the yielding shales and tuffs of the Mount Roberts
formation have pi'odueed Zones of mashing which are impregnated to some extent, but were
evidently too Impervious to receive ove-bodies of important size. '

The factor ofiehief importance in the loealization of the ore-shools has been the north-south
faulting in large part controlled by the dyke system. Along the basic dykes, especially the soft
miea-bearing varieties, there has been considerable movement. The gouge produced has retarded
cireulation of mineralizing sclutions along the intersecting orve-figsures and caused. a considerable
enrichment of the ore-wone at that point. The fanlt rather than the dyke seems to he the
important element, gince there are large shoots not bounded by dykes. As a rule, however, they
are found against basic dykes, usually on the under-side if the dyke iz not vertical. A striking
example is the original ore-body of the Le Roi. This has as its western boundary the Josie dyke,
which has been much affected by faults along both walls. Beyond it the ore hag recently been
found displaced 300 feet. The cross-fractures are not themselves mineralized to any great
extent, and for this reason might at first seem to be entirely later than the ore. The movement
along them, especialiy in the mica dykes, has developed impervious secondary products that
prevented the ore solutions from penetrating, and for this reason they are not filled with
minerals.* Very often also, as in the example mentioned later, faulting along the old fissure
has taken place, i o

There are also eases where the suiphides kave continued on the opposite side of the dyke
and associated fault, but where the values have decreasedl very appreciably. The low-grade
stlphides probably represent a first pericd of mineralization. Tater a slight second fracturing
followed the ore-zone, but was stopped or deflected at the intersecting dyke or fault, and as a
result the later period of richer mineralization affected a fissure In the zone extending only as
far as the intersection. On the third level of the War Eagle the workings follow a fault-zone K
with well-inarked walls. This is crossed by a strong favlt T with. a heave of 30 feet. North-
west of fault B pyrite is developed in X, but no values, while south-east of the fault there is
good ore that follows the foot-wall of K for 125 feet and then crosses to the hanging-wall
Apparently there was originaily a pyrite-filied fissure. This was faulted by B, and at the same
time or Iater a fissure opened south-east of the fault, and this was later filled by sulphbides with
payable values. . ’

On the eighth level of the Cenfre Ster a similar case occurs. A fairly definite sulphide-
filled fissyre has been cut by a nearly flat fault. The relative movement has been about 15 feet.
'In.‘the part of the vein above the fault the values are too low to mine, while that part below
the fault carries good ore. ‘

It is Qifficult to estimate the infiuence of depth in an cre-body .of such variable mineralogical
character. On the whole, while the fissure systems remain in the same formation, the character
of the ores even in the deepest workings remains the same. When, however, they pass either
laterally or in depth into the Mount Roeberts formation the character immediately changes. The
fissures are iess distinct and some of them are almost entirely filled with fine granular calcite.

T GUNESIS OoF TIHE DRrosirTs.

The composition of the ore sgolutions can be approximately determined from {be minerals
that have been deposited and the changes produced near the fissures. The main substinces
are:— ' ‘ ) '

Siliea,

‘In the sulphide-deposits quartz is not a4 very prominent mineral, occurring only as small
blebs. In places, however. the wall-rock is silicified and tiny guariz stringers are observable.

"% ansorne, IP. 62, United States Geologicsl Survey.
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The guariz may to some extent be derived from the alferations of the wall-rocks themselves.
In the goid-quartz veing guartz becomes an important mineral, and it is evident that these
solutions were highly siliceous. In this case the alteration of the adjacent wall-vocks conld
not supply the large amount of silica, which must therefore have peen introduced by the ore
sohrtions from other sources..

Carbonates.

Caleite ccours as an impregnation of the wall-rocks and as well-formed crystals in open
fissures. In the deeper levels of the Cenire Star it appears prominently as a fissure-filling.
This arrangenment seems to be evidence for precipitation of caleite in the deeper parts of the
vein, while the upper parts ave filled with sulphides.

Fluorides.

The presence of fluorides in the solutions is marked by the presence of the fluovine-bearing
mireral apophylite. It is found always in vuggs and seams.

.

Sulphides, Sulpharsenides, and Adwlphantimonides.

The large quantities of sulphides whiech are found hoth in the ore-bearing fissures and zones
and as crystals in the rocks show that the amount of dissolved sulphides present must have
been eunormous. The disseminated character of the well-erystallized pyrvite and arsenopyrite,
produced by easy diffusion on the part of the sulphur and arsenie compounds, shows how active
and far-reaching these solutions must have Leen. Antimony was present in small amount as
recorded by the rather rave oceurrence of stibnite. '

Irom, Nickel, Cobalt, and Copper.

The iron sulphides and sulpharsenides are by far the most abundant ore-minerals. Con-
siderable copper and a little nickel and eobalt are associated with the iron. Evidently the orc
‘solutions were supersaturated with ferrous cowmpounds, since sgo large an amount of pyrrhotite
has been deposited. Copper is usually much less abundant, probably not exceeding onc-fiftieth
of the iron content. At times, however, ag in some of the Josis stopes, chalcopyrite predominates,
Nickel and eobalt are present only in small amounts.

Alkalies,

K

Potassinm-bearing minerals are abundant in the altered rock. Biotite is the moest common
of these and sometimes forms the mass of the altered rock. Xyidently alkalies were in con-
siderable amount in the ore solutions. Analysis of altered rock shows that the soda of the
original monzonite and granodiorite has been removed and potassinm added.

H : Gold and Silver,

Although minor in amount, gold and silver are the important clements from an economic
standpoint. Doth are found in intimate agsociatien with the sulphides, and it seems reasonable
to suppose that they were held in solution in the same manner and precipitated by the same
reactions as the base metals. A varying amount of gold even in the sulphides is in the free
state, but the larger part is evidently in some sort of chemical compound.

Nuture of the Sclvent,

The problem of the nature of solutions that could carry the metallie elements mentioned
above, together with many that occur in minor amounts, next arises, DBecker found that many
suiphides are soluble in sodium sulphide solutions and that gold alse yielded to such solutions.
Silver sulphide and galena differ from the others in this respect, but according to de Senarmont
they are dissolved in ‘water, saturated with hydrogen sulphide, at high temperature and pressure.
The Rossland ore solutions had a congiderable quantity of potassinum which may be assumed
to act in the same manner as sodinm, and hydrogen sulphide no doubt was also present in
guantity. Borie acid and fluorine probably aided solution fo some extent,

From these conditions it is conciuded that the solutions from which the Rossland ores were
deposited contained 8i0,, CO., H.S, T, Bo, I'e, Ni, Co, Sh, As, Au, Ag, Cu, Zn, Tb, Ca, Na, K, Mo.
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All of these, excepting & small part of the Si0O, which may be derived from the wall-rocks,
are probably contributed by the great batholiths that have at various times infruded the older
rocks. There is evidence of various periods of mineralization, and no doubt the ore solutions
were different, but at all times the metals were likely present as sulphides in solution in
magmatic waters, which contained enormous amounts of alkali sulphides and hydrogen sulphide,
with some earbon dioxide, boric acid, and fluorine.

Conditions, Time, and Methods of Deposition.

The presence of garnet and epidote indicates that the lower part of the deposits as now
found was formed under coniact-metamorphic conditions with high temperature and pressure.
The upper parts of the deposils were formed under hydrothermal conditions and medium
temperatures. The last minerals to form-——namely, the zeolites and calcite—erystallized at
fairly low temperatures. Wohler gives o temperature of 180° C. as that necessary for the
formation of apophylite. Apparently then the ores weve deposited by solutions at high pressure
and temperature which, as they moved upward aleng the fracture-zones, became solutions of
medium temperatures with mineralizers, such as fluorine, hydrogen sulphide, ete. The fall in
temperature and pressure resulted in deposition of part of the material in solution. This was
no doubt aided by the reactions between the wall-rocks and the ore-bearing solutions. If the
retention of the metallic sulphides depended on .the presence of potassimm in the waters, the
removal of that element by the biotitization of the country-roeks would necessarity cause the
deposition of part of the ore-minerals.

The origin of these golutions carrying such large amounts of alkaline sulphides along with
carbon dioxide and fluorine must have been magmatic. As previously shown, there were at
least two periods of mineralization. The first perfod probably corresponds fo the closing activities
of the Jurassic batholithie intrusicns that ended with the intrusion of the great mass of normal
monzonite. The later more alkaline magma of the pulaskite invasion introduced a much smaller
amount of sulphides, but by its high alLalme content it would be capable of carrying considerable
amounts of gold, and to it is attnbuted the production of the richer zones in the older deposits
and the very rich impregnations that are found near pulaskite dykes.

The history of the ore-deposits may be summarized as follows: The batholithic invasions
-of Nelson granodiorite, diorite porphyry, and monzonite were accompanied by fractiring of the
older rocks by a somewhat torsional stress. In these fracture-zones the solutions and emanations
from the cooling magma deposited rather low-grade sulphides. The intrusion of the Tertiary
alkali syenite (pulaskite) batholith was accompanied by a second fracturing which largely
followed the earlier shear-zones. In these the highly alkaline selutiong from this intrusive
deposited sulphides which were much richer in precious metals than the 3Mesozeic sulphide-
deposition.

Secondary rearrangement by descending waters has had but little effe¢t on the Rossland
deposits. Irimary sulphides were found practically at the surface. Along wet seams a liftle
malachite has developed, but as these seams do not extend to a great depth the main mass of
the deposits is entirely nnaffected. Ground-water stands at about 50 feet, and from that Ievel
to about 400 feet the amount of water pumped increases. In this zone flat diamond-drill holes
are always wet and same carry a large flow of water. Below the 400-foot level the amount of
water steadily decreases until at 1,000 feet the workings are practically dry and no pumping is
HeCessAry.

PETROGRAPHY OF THE IGNEOUS ROCKS.

The great batholithic or laccelithic intrusions affecting the Rossland district fall into two
groups—the earlier Mesozole period of augite porphyrite, monzonite, and granodiorite intrusives,
and the Tertiary peried of more acidic character represented by alkali syenite and granitie
rocks with some dykes of a more basic character.

Rocks oF THE BATHOLITHIC INTRUSIONS.
Augite Porphyrite.

The augite porphyrite in the hand specimen varies considerably in appearance. It is usually
greyish to greenish black, with prisms of dark-greenish pyroxene visible to the naked eye. They
are usually nearly square. They vary in size and may become go small as 1o be unrecoghizable.
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Tnder the miscroscope the rock is found to be distinetly porphyritie, with relatively large pheno-
crysts in a tine-grained ground-mass. The primary minerals are pyroxene and plagioclase, with
apatite as an accessory constitnent. The secondary products are uralite, sericite, kaolin, ealcite,
“and chlorite. Nearly every section shows a f{race of introduced sulphides. The plagioclase
shows extinetion angles measured from the albite twinning lameilm averaging 20 degrees. The
variety is thus near labradorite. The pyroxene is in well-formed erystals of a light-greenish
colour and often twinned. They arve of an early period of crystallization and are included in
the feldspars. The borders show alteration to uralite. The ground-mass consists mostly of very
small crystals of pyroxene with some feldspar. The recast analysis shows that feldspar and
pyroxene are about equal in amount. The caleulated variety of feldspar is rather more acidic
than the microscopic examination indicates.

Dioerite Porphyry.

Often very similar to the augite porphyrite in appearance, bul rather different from it in
mineralogical composition is the diorite porphyry. It is a greyish to greenish-grey rock with
needle-like phenocrysts of feldspar and horublende which often have a flow arrangement, TUnder
the miecrogeope it is always porphyritie, in some cases with a striking difference between the
ground-mass and the minerals of the first generation. A faint trachytic arrangement is also
sometimes noticeable. The phenocrysts are usually elongated erystals of hornblende, plagioclase,
orthoclase, and usually pyroxene. The two feldspars vavy in amount. Sometimes plagioclase
predominates and in other sections orxthoclase is developed almost to the exclusion of the triclinie
variety. The composition of the plagioclase varies in different specimens from albite to oligo-
clase, and even in the same crystal strong and peculiar zonal structures ave often strikingly
developed, probably from ehanges in the magma, The hornblende is in well-formed needles
strongly plecchroic from Lluish-green to green to yellowish-green, It is often found about
feldspar grains and aiso shows the rather unusual phenomenon of well-marked zonal growth.
The orthoclase in some sections shows a rageged or patchy surface that suggests that it is
anorthoclase rather than true orthoclase. The ground-mass congists of hornblende, feldspar,
and, in the types where plagioclase is almost lacking, some quartz. Wherever sulphides have
been introduced a secondary hornblende has developed along the ore, with sometimes a little
biotite.

Nelson Gronodiorite.

This is a wedium-grained greyish roek with quarts feldspar and biotite or hornblende as
the macrescopic minerals, In thin section it shows a granitic texture, with quartz, orthoclase,
plagioclase, mierocline, magnetite, hornbiende, Liotite, titanife, and apatite as primary econ-
stitnents. The feldspars are somewhat altered to kaolin and sevieite, while some chlorite is
present from the basic minerals, The plagioelase is neal andesine in eomposition. The bistite
is a peculiar greenish-brown cglour and is often in aggregates. The predominant minerals are
quartz, orthoclase, and plagiociase. Biotite is fairly abundant, hornblende less go. Analyses are
given on page 30 and a recast analysis on page 31 -

Monzonite.

The normal menzenite is a somewhat variable rock.” It may be fine-grained to coarse, dark
to light grey. TUsually granular, it at times becomes faintly porphyritie. A thin section of
monzonite from the mass south-west of Rossland shows a granitie structure, with plagioclase,
orthoclase, pyroxene, and biotite as the chief primary minerals. The secondary products are
magnetite, chlorite, and uralitic amphibkole. Plagioclase forms most of the rock, It occurs in
lath-shaped twinned crystals whose extinetion angles show the variety fo be oligoclase-andesine.
The orthoclasge is untwinned and inclydes plagioclase and other minerals in a poikilitic fashion.
Amphibole is deep green and largely, If not altogether, secondary, filling crevices and surrounding
kernels of pyroxene, The pyroxene is in stout, well-formed light-green crystals, Magnelite is
in considerable amount. I’agiceclase seems to have crystallized in part at least before the
pyroxene. A sample from driil-hole 274, War Fagle third level, taken 256 feet from the drift,
@qiffers only in the relative amount of the minerals present, Orthoclase is lesg in amount and
hornblende almost lacking. The orthoclase shows good zonal structure. In this roek the order
of erystallization is normal. Comparison of the analysis of this rock with typical monzonite
shows a close agreement.
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Pulashite.

Pulasgkite, the dyke representative of the large mass of Rossland alkali syenite just outside
of the area, occurs in such large masses that it may be considered as belonging to the deep-séated -
rocks, It is light pink to white in colour, but with many variations, with inerease or decrease
of the basic minerals. These are not usually abundant. The feldspars are the most noticeable
constituent in the hand specimen, often assuming lath-gshapes that may attain a length of an
ineh or more. he thin section shows a granitic rock composed of orthoclase, biotite, hornbiende,
pyroxene, magnetite, and some plagioclage. Alteration has produced kaolin and haxmatite, with
some secondary hornblende around the pyroxene erystals. Orthoclase makes up the bulk of the
roek. It ceeurs in lath-shaped Carlshad twins and also in square plates untwinned, but with a
mottled surface. 'Fhe plagioclase hag thin twinning lamell:e and is albite, The pyroxene is in
well-formed light-green crystals. The analyses show the alkaline charaeter of the rock. Com-
parison of this with a sample from the main masgs shows that the latier has a somewhat coarser
and more granular structure, More hornblende is present and less pyroxene and plagioclase.
The hernblende is a deeply pleoc'hroic variety, changing from green to yellowish-green.

Sheppard Granite.

The Sheppard granite is a light grey rather porphyritic rock, with tabular feldspar crystals
showing on the weathered surfaces. Microscopically it is porphyritie, with a large number of
phenocerysts in & well-erystailized ground-fnass. The primary minerals preseht are orthoclase,
plagioclase, quartz, hornbiende, pyroxene, titanite, and apatite. The rock iz fairly fresh. Therc
is a slight kaolinization of the orthoclase and most of the pyroxene is altered to chlorite.
Orthoclase gecurs both untwinned and with Carlsbad twinning. Plagioclase is towards the albite
end and shows interfingering lamellz. It is almost equal to the orthoclase in amount. Green
hornblende and light-green pyroxene ave present, the former rather abundant. Both are included
in the feldspars. The ground-mass ig largely quariz and orthoclase and has a somewhat granular,
appearance. This rock is believed to be the plutonic facies of the magma from which the granite
porphyry to be deseribed later came. 'Fhe sample described was obtained from Lake mountain.
The analysis quoted is of a specimen collected by Daly four miles east of this point,

DyxE Rocks.

The dvke rocks consist of aschistie repregentatives of the bathelithie rocks and lamprophyric
intrusions, probably the residuals of the more acidic plutonic masses. The majority of these
belong to the granodiorite-monzonite period, but a few are offshoots of the Tertiary intrusives.
Minor changes in the mineralogy of these make an almost endless variety. Only the more
prominent and characteristic types, however, are described.

Grantte Porplyry.

. The granite porphyry is a light-greyish fresh-looking rock with numerous tabular feldspay
phenocrysts of a white to faint pinkish colour. TUnder the microscope it shows a decided porphy-
ritic' habit. The primary minerals are orthoclase, plagioclase, quartz, hornblende, pyroxene,
biotite, apatite, and magnetite. The alteration products are sericite, chlorite, magnetite, and
secondary hornblende. 'The phenoerysts are moslly plagioclase near the albite end with some
orthoclase and light-green pyroxene. Some large quartz grains ave present showing a very strong
resorption effect (Photo No. 12). Most of the orthoclase and guart, however, are in the ground-
imnass. Biotite oecurs in small foils, with a fendency towards aggregates. Small green horn-
blendeg are rather rare. Chlorite is common and much of the biotite is partially chloritized.

DPorphyritic I onzonite.

The porphyritic monzenite is a fresh coarse-grained grey rock with large well-formed
pyroxene crystals and somewhat smaller white to greenish feldspars. Biotife Is sometimes
abundant, In thin section the rock is seen to have a porphyritic habit, with a well-crystallized
ground-mass, The piimary minerals are plagioclase, orthoclase, pyroxene, biotite, hornblende,
and apatite. Pyroxene of a drab colour forms the larger phenocrysts. Some green hornlblende
is present in irregular graing and much hiotite is scattered through the rock. The plagioclase
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crystals are smaller than the pyroxene, lath-shaped, and near andesine in composition. Orthoclase
is abundant. It has a mottled appearance and containg a great nmumber of inclusions of the
other minerals, Alteration has been very slight. A few fibres of sericite have developed in the
feldspars and a litfle kaolin and the pyroxene bhenocrysts are bordered by a narrvow fringe of
sccondary hornblende. Some introduced sulplides are present,

Centre Star Dyke.

The deeper paris of the Cendre Ster dyke congist of a rock very similar in appearance to
porphyritic monzonite, but less distinetly porphyritic. Mineralogieally it is In parts somewhaf
similar, but in depih it becomes more hasic. A slide taken from a specimen on the eighth level
of the Centre Ster consists of plagioclase, biotite, pyroxene, magnetife, and apatite, with n little
olivine. Plagioclase and pyroxene make up the‘ bullk of the rock, but biotite is prominents The
plagiociase, andesine-labradorite in composition, is considerably altered to sericite. The pyroxene
is in light-green, well-formed crystals twinned and zonally grown. Some chlorite has developed.
Most of the small amount of olivine is altered to serpentine. A specimen from preswmably the
same dyke on the fourteenth level dilfers in kaving in it a considerable amount of deep-brown
hernblende. Some caleite and green hornblende have developed as secondary products, In both
samples there is a tendeney toward ophitic structure.

Augite Camptonite.

From rocks like those just described are gradations towards augite camptonite. One of
these has been calted for reference the Spokane type because typically develeped in the tunnel
of the City of Spokane mine. Tt is strikingly porphyritie, with phenccrysts of brown hernblende
and feldspar am inch across, The ground-mass is fine-grained. Microscopically it is seen that
the hornbiende forms the larger phencerysts, but plagioclase is more abundant. Pyroxene is also
in some guantity aud the ordinary alteration products ave present. The plagioclase is in stout
tabular crystals considerably altered and surrounded by reaction rims. Iath-shaped plagiociase
of the variety andesine, pyroxene, and both green and brown hornblende form the ground-mass.
A dyke 90 feet east of the Uentre Star dyke, on the thirteenth lavel of the War Eagle, is some-
what similar. In this case the plagioclase is labradorite and gome bictite is present. Alteration
hag produced considerable epidote, most of which is in radiating aggregates.

A dyke west of the Centre Ster dyke, on the fifth level of the War FHagle, has a few large
phenoerysts of white, zonally grown pyroxene and badly altered andesine in a fine ground-mass
composed of rods of brown hornblende and feldspar. Considerable magnetite is present. A dyke
50 feet west of the Tramwey dyke, Josie 400-foot level, differs only in having more plagioclase
as well as some orthoeclase and an extremely fine ground-mass. ©Other simiiar dykes are found
250 fect from the west end of the erosscut to the Wer Fagle on the ninth level of the Centre Star
and 175 fect west of the Cenére Star dyke in the south woerkings of the fourth level of the
War Bagle. ’ ’

Vogesite.

By decrease of piagioclase and inerease of orthoclase, camptonites pass into vogesites, A
rock that may be classed as the latter is found in a dyke in the Iron Mesk tunnel, War Hagle
fourth level, 340 feet from the portal. It is very fine-grained with rods of brovenish hornbiende
and unstriated feldspar. Magnetite is abundant and alteration has produced caleite and epidote.

Kersantite.

Kersantites are dyke rocks characterized by the presence of biotite and plagioclase. A rock
fitting this deseription -occurs as a small dyke cutting the Nickel Plate dyke on the fifth level
of the Centre Star. It has a sirike parallel to the big dyke. It is composed of lath-shaped
feldspar crystals that approach labradorite in composition and fibres of biotite. The two form
a felt of finy needles. A little serpentine and caleite are present. A mica dyke from the tunmel
of the Jumbo mine near the pulaskite-contact consists of biotite, pyroxene, plagioclase, orthoclase,
and apatite in order of their abundance. The plagioclase is andesine and the pyroxene a light-
green variety. The interstices ave filled by orthoclase. A fine-grained specimen of the Josie
dyke on the third level of the Wer Fagle has a similar composition.
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Minetie,

By decrease of plagioclase and increase of orthoclase, kersautites pass into minettes. These
may have hornblende or angite or may lack those minerals. Dykes of this type are also found.
A specimen taken from the T'remaway dyke on the 400-foot level of the Josie consists of biotite,
prroxene, apatite, and a little plagioclase set in a ground-mass of orthoclase. The pyroxene is
nearly as abundant ag the biotite. The “ blaclk ” dyke on the same level has the same mineralog-
ical composition. A mica dyke associated with the vogesite described from the Ivon Mask tunnel
is a minette carrying only small quantities of augite. C

EFFUSIVE TYPES.
Augite Latite.

A hand specimen of & rock from near the summit of Mount Roberts which is believed to
be a Mesozoic effusive shows a few black phenocrysts in a dark-grey to biunish-grey ground-mass.
Some Dblebs of lighter green occur which suggest amygdules. In thin section it is porpbyritie
with trachytic strueture. The primary minerals are orthoclase, plagioctase, hornblende, magne-
tite, and biotite. The usual secondary products are present, and probably much of the horn.
blende is secondary after prroxene. The ground-mass is a felt of altered feldspar needles with
pyroxene and much epidote. Some of the feldspar is still recognizable as orthoclase. The
eavities are apparently true amygdules filled with guartz and epidote. Thig rock is no doubt
similar to the augite biotite latite reported by Daly on Record Mountain ridge west of Rossland.
An analysis of that rock is given.

]
MONZOXNITE. i GRANODIORITE. PULASKITE.
l
L. 11 I1I. 1V, V. V1. YIL VIIL IX. X,
: 1
‘ w ¥ a :
8i0, ....... 55.25 | 54.49 | 6310 | 66.46 62.08 | 50.89 | 59.06 | T7.09 ! 61.86 . 62.59
121570 PR 0.60 0.70 | 0.54 G.27 0.73 030 | 1.08 0.05 015 054
ALO; ..., 1653 | "16.51 | 15.82 | 15.34 1661 | 17.00 | 16.24 ;| 13.04 19.07 | 17.23
Fe, 0 ... 3.03 2.78 ¢ 1.64 1.68 . 1.58 0.97 0.43 0.82 | 265 . 151
Fed ....... 4.37 5.20 , 2,66 1.83 3.72 7.60 4.88 0.26 | 149 202
MnO ...... 0.15 0.10 | 0.05 . 11 0.4 0.20 | Trace J 0.01 | Trace.
Mg .. 4,20 3.05 2,17 111 2.44 5.41 3.61 0.12 0.55 1.30
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Nore.—Anaiyses I, T, IX, from Igneous Rocks and their Origin, Daly, Oiher analyses from Reports
of Analyses of the Depariment of Mines, Canada. |
I—Daly. Igneous Rocks and their Origin, page 23, Average Monzonite,
II.—Monzonite, Rossland, 700 feet, Le Roi mine.
IIT,—Average grancdiovite, Daly, page 25.
IV.—NXelson granediovite. -
V. —NXNelson granodiovite, two miles south of Trail.
VI.—Augite porphyry, Josie drift, Was Eagle mine.
VII—Augite biotite latite (extrusive equivaleni of monzonite), Record Mountain ridge
west of Rossland.
VIII.—Sheppard granite, south-east of Rossland, four miles cast of Lake Mountain.
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IX.—Average pulaskite, Daly, page 22.
X.—Tulaskite, Rossland.
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According to the quantitative classification these wonld be—
No. 11. Class Salfemanc.
Order (Gallare.
Range Camptonase.
Suly Range Kentallenosge.

No. IV, Class Iersalane.
Order Brittanare.
Range Tosecanase.
Sub Range Toseanose.

No. VI, Class Salfemane.
Order Galiare.
Range Aunvergnase.
Sub Range Auvergnose.

No. X. Class Dosalane.
Order Germanare.
Range Monxzonase,

Sub Range Monzonose.

The deep-seated rocks at Rossland range from medinm basieity in types such*as augite-
porphyrite and the normal monzonite to typical granodiorites, and in the later intrusions to
rocks of rather alkaline charvacter represented by the pulaskite masses. Comparison of these
varielies with average rocks of each clasg shows a rather close agreement in all cases. The
dvkes, on the evidence of microscopic work, are in part aschistic representatives of these deep-
seated masses and in part basie residuals. The former are augite-camptonites and vogesites,
the latter minettes and kersantites. DBesides rocks that can be definitely assigned to some of
these classes, there ave transitional varieties that do not eorrespoud exaetly to any type.

MINERALOGY.

I
In the description of the minerals occurring in the Rossland district those found only as
rock-forming constituents are not included. Descriptions of those will be found in the discussion
of the petrography.
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While the variety of mincrals found is rather large, well-crystallized species arve the éxeeption
and the ore-minerals are practically always massive. Most of the minerals of the following
descriptions are found in clese relationship to the veins. The order of arrangement follows
Dana’s classification.

NATIVE BLEMENTS.

Glold.—Native go[d wag foand in impregnations of arsenopyrite, pyrrhotite, pyrite, molyb~
denite, and bismuthinite near alkali-syenite dykes at the Gignt and Juwmbo mines. It is also
found in smali flakes in quartz veing in the mines of the O.K, group. A part of the gold of the
ordinary sulphide‘ores is in the free state, the percentage of the free-milling gold varying from
1G to 50 per cent. of the total gold content. Some pockets of gold have been found in the sulphide
ares. '

Sitver—The ores are always argentiferous, but no native silver has been reported. Wherever
galena oceurs it is silver-bearing, but even in the ores frce from galena, silver is present. It
seems likely that it is associated with the sulphides in o relationship similar to that of the gold.

SULPHIDES.

Stibnite—-Stibnite occurs sparingly in a fine-grained massive form at the Lély Moy, Tt is
agsociated with sphalerite, galena, pyrrhotite, and chalcopyrite.

Bigmuthintte —Bismuth sulphide is mentioned in the preliminary repert on this district as
occurrying in impregnations near pulaskite dykes at the Gient and Jumbo mines.

Molybdenite.—Molybdenite oceurs in a fine-grained massive form and as scaly agsregates.
At the TVelvet ming, on Sheep creek, ten miles west of Rossland, there is a lens of soft flaky
molybdenite 2 feet long by 3 inclhes across, The mineral is common in the veins of the Cozey
and Novelfy claimg on the slopes of Red mountain. There it is-the massive fine-grained variety.

Galene—Lead sulphide is found rather sparingly in the Centre Star, War Eagle, Joste group
of inines, but in the South Belt deposits it becomes one of the more important ore-minerals., At
the Lily May mine considerabie galena occurs in the massive form, showing cleavage cubes a
quarter of an inch in diameter. It-is argentiferous and associated with sphalerite, chaleopyrite,
pyrrhotite, and a little stibnite. _ ) .

Sphelerite.—In association with galena, zine sulphide is one of the prominent minerals in
the ores of the South Belt. It is found rather rarely in theé deposits of Red mountain, A
specimen from the eleventh intermediate level of the Wear Fagle shows a brownish-black variely
of sphalerite cutting vein-like {hrough chalcopyrite and pyrrhotite. Massive fine-grained sphal-
erite of a deep-brownish colour wasg also observed as small irregular veinlets and blebs in o
greenish siliceous rock from the 900-foot level of the Josie.

Pyrrhotife—This is one of the important ore-minerals. Tt is massive and granular in
character, both coarse- and finc-grained, and probably of different ages of deposition. Some
specimens show it as distinet veinlets eutting chaleopyrite, but this does not seem to always hold
true. The pyrrhotite ig auriferous, but the coarse-grained varieties are usually low grade. It
nearly always carries s determinable ameunt of nickel and a trace of cobalt. Dickson states
that the Rossland pyrrhotite agrees with the formula Feg S,. In the Sudbury ore he states that
the nickel did not replace part of the iron in pyrrhotite, but oceurred in the mineral pentlandite.
Ho far no pentlandite hag Dbeen recognized at Rossland, but Gersdorfitet NiAsS has been
reported. Amnalyses of pyrrhotite from the Monte Christo gives Ni, 0.13; Co, trace. Samples
from the Hrening Stur show XNi, 0.67; Co, 1.38. ) .

Chalcopyrite, Tossibly the most buportant orc-mineral of the camp is chaleopyrite. It is
always massive and fine-grainéd, occurring as veiniets and impregnations in association with
pyrrhotite and pyrite. It earries both gold and silver values. A large part of the ore contains
only a small amount of chaleopyrite, probably less than 1 per cent. TRarely, however, ore-shoots
are found in which the sulphides consist largely of chaleopyrite, and the copper content will yun
up to 10 or 15 per cent.

Pyrite—DLyrite of geveral generations is present in the rocks and ores. In the Mount
Roberts slates it is a constant aceessory, offen forming cubes and enbo-octahedra a third of an
inch. in diameter. In the veins it is usually massive and is probably of different periods of

* Annual IReport, Geological Survey of Canada, 1901, page 16311,
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mingralization. . Sowme,of the pyrite earries but little gold, while in other samples it seems to
rank with the pyrrhotite and chaleopyvite as an ore-mineral. As a rule, in the ore if ghows no
crystal owtlines, but samples from the fourteenth level of the Wer Eagle contain large unmodified
octahedra.

Gersdorffite nickel sulph. ‘grsenide has been lODOlth as small octabedral ery stals from the
Columbie-Kocteney vein:® - :

Marcasite.—No definite crystals of marcasite were found, but some of the sulphldps are
rather pale in colour and may be mareasitc rather thhi Pyrité.

Arsenopyrite—Arsenopyrite occurs with sulpiides as hnpregnations in the country-rocks,
and also oceasionally as a constituent of the vein-fitling, Tty the stratified rocks of the South
Belt and of Red mountain it is disscminated in’ thé €inie manner as the pyrite, and by its
wenthering heips to give the rusty colouring toithe Mount Roberts formation. Wherever muel
argenopyrite is present the gossan assmmes a yellowish colour. In the Cozey-Novelty vein arseno-
pyrite is a prominent miveral along with molybdenite and some chalespyrite. There it is a fine-
grained massive variety. In the South Belf erystals were found in the Deer Perk vein showing
the uwsual ecombination of the brachydome (031y and macrodome (101). "The arsenopyrite is
nearly always cobalfiferous, and some of it may approich danaite (FeCo) 8. (IreCo) As, in
composition, An analysis of siich & specimen gave the following results: As, 47.60; §, 19.70;
e, 20.65; Co, 3.05. :

Ox1o1s.

Quartz~—Quartz occurs as A massive milky-white variety in veins at the mines of the G.K.
group. 1If carrvies free gold and some sulphides. -The rocks near the main veing in all the mines
are often highly silicified and quartz stringers are found in the workings.

Magnetite.—Massive magnetite showing good octahedral cleavage was found on the Sunsef
dump in the South Belt. It is also rarely a constituent of the Red Mountain ores. Specimens
from the Noveliy and Coxey clalms show rather large nmounts of it.

Famonite—~IIydrated iron oxides, mostly limonite, are found abundantly wherever the surface
waters have had an oportunity to act. The rusty colour from which Red mountain derives its
name is due to the alferation of disseminated sulphides to limonite. Fissures where surface
waters have had an opportunity to act. The rusty colour from which Red mountain derives its
workings are covered with o thin coating of the mineral. In old drifts stalagmitos of limonite
are forming, consisting of a hard brownish-black outer shell with a soft eavthy filling.

CARBONATES.

Cualcite—~Caleite 18 found in two varieties—a massive granular form filling fissures and as
an impregnation in the roeclks and as fine erystals in vuggs and open fissures. Some individuals
are almost cubes with curved faces which render measurement difiicult, but they approach the
rhombohedron. (0111), These are often twinned, Other specimens show combinations of the
base, rhombohedra, and scalenchedra, The scalenobedral faces ave dull and striated, while the
other forms are bright and smooth. Measurements are not satisfactory, but approximate an
index (1232) for the scalenohedron, which. the cleavage shows to De & negative form. Omne
rhombokedron has the index 0221, while another doubiful series of faces give the index 0775.
Another specimen shows a combination of 'the basal pinacoid (0001), a scalenchedron with
curved and striated faces possibly (1282), a rhombohedron corresponding to M (4041), and
series of rhombohedra the intermediate and best developed of which give angles nearly agreeing
with the index (0554). Thus the forms recognized arc:—

Basal PIMACOIL ..t e 0001
Rhombehedra . .............. e e e e e 0111 4041
0554 0221
. Vit
Sealeuohedron .......... e e e e 1232

Malechite.—Green copper carbonates is the common alteration product of the copper-bearing
ores, It forms coatings on cleavage-planes and other openings, and eolours the gouge in {he
upper portions of the fissures, If can be seon in the process of deposition swherever dowm\ ard-
seeping surface w aters triekle into the mine-w orkings.

* Annual Report, Geological Survey of Capada, 1901, page 131,
T Annual Report, GEOlO“lCRl Survey of Canada, ]89g, page 13n.
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Azurite.—~—Blue carbonate of copper is not so commen, but was observed in a small eavity in
quartz at the O.K: mine.
SILICATES.

Wollastonite.—Wollastonite has been reported from Rossland, and the optical properties

of a greyish bladed mineral from the War Ragle indicate that it should be referred to this
species. .
Actinolite.—Actinolife oecurs in a. sample of ore from the 600-foot level of the Le Roi. It
forms rosettes of sily greem needles between which chaleopyrite and pyrriotite have been
deposited. Also in a small cavity in monzenite from the City of Spokane tunnel small dark-
green radiating needles of actinolite ceecur: It is amr assoelate of the chalcopyrite ore of the
Deer Park mine, and in general seems to be frequentfs developed as a secondary mineral near
ore-hearing fissures, :

Garnet—Massive reddish-brown garnet oceurs in the ores occasionally, and in vuggs small
deep-red crystals are semetimes found. The usual forn ig the trapezohedrorn.

Bpidote.—Epidote is a frequent secondary product of rock-alteration and is found in fissures
and irregular masses in all formations, but more especially in the older granitic rocks. In the
deeper levels the rociks sometimes exbibit a faint banding that seems to be due to the presence
of epidote along certain zones.

Apophylite—Apophylite is one of the most common of the erystallized minerals in the vuggs
and the open fissures. Crystals of three different habits have been noted :(—

(e.) Crystals of the type common in apophylite, consisting of the almost cubie formn of the
prism and basal pinaceid. The corners are usually modified by the unit pyramid. The colour
of this variety is white with a pearly Iustre.

(5.) The second type has the prism relatively elongated and the pyramid developed to the
exclusion of the basal pinacoid. The colour is a faint pink.

{¢.) The third type is flat tabular. The prism is only slightly developed and unstriated.
The base and unit pyramid are the prominent forms. 'The crystals are aggregated either in
parallel groups with the basal faces in contact or in vadiating growihs. The colour is pink.

Apophylite of the first type with erystals 35 inch in diamefer forms an encrustation on
brecciated vein-matter on the 1,200-foot level of the Centre Siar. Crystals from the second level
approach the second type, but still retain a smmall basal pinacoid.

Laumontite,—Thig mineral is also commonly found among the minerals of the vuggs, 1t
forms delicate needle-like erystals showing the unit prism terminated by the orthodome (201).
When first obtained the erystals are bright and transparent, but on exposure to sturface con-
ditions they lose water and soon hecome white and opague and finally disintegrate.

Chalbazite—Chabaxite oecurs under the same conditions as and in assoeiation with laumen-
tite. Tt forms alost cubic rhombohedra 14 inch in diameter and often forms penetration twins.
The variety is white with a delicate pearly lustre.

Gmelinite.—~Gmelinite has been reported as reddish white well-formed franslucent crystals
‘of rhombohedral habit oceurring in the War Fagle workings*

Prehnite. —Translucent prehnite. Olive-green when fresh, but becoming white on exposure.
was found in the No. 3 War Fagle tunnel, Minute pyrite erystals were found or the surface.

Muscoplie—Muscovite I1s common as an alteration product and a constituent on tbe zone of
secondary minerals developed by the ore solutions.

Riotite.—The Dhlack miea is also produced rather commonly in the neighbourhood of the ores.

Chlortte—~"This mineral is found in large amounts in similar relationships as muscovite and
biotite.

Serpentine—Impure serpentine forms a rock type cxposed af various places near Rossland.
An outerop is found on the Great Northern Railway near the O.K mine. It is probably a product
of the alicration of a pyroxenite or similar basie rock. Serpentine is also common in fissures
and along fault surfaces. . .

Brythrite—IIydrous cobalt arsenate formns as an earthy alteration product from cohaltiferous
minerals. It is found chietly as a thin coating omn pyrrhotite or arscnopyrite.

* Annual Report, Geological Survey of Canada, 1849, page 2n.
+ Geological Survey of Canada, Memolr 77, page 82,
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Iipsomite—A silky hair-like encrustation frequently coyers the walls of the drier workings.
In undisturbed places these crystals often reach a length of 134 inches, usually in curved forms.
The substances examined consisied almnost entirely of magnesium suiphate., A small amount of
aluming was present and may represent a slight admixture of aluminum sulphates.

-
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