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A Study of Some of the Igneous Rocks and Ores
of the Slocan Mining District, B.C.

Introduction - General

Among the several great metal~bearing zones of the
globe, the western mountainous region commonly called the Cor-
dillera of America, extending as it does, with the exception of
minor breaks, from the tip of South Americay northward as far as
Alaska, stands out pre-eminently as a producer of vast riches.
Before the days of the Spanish invasion, gold and silver especial-
ly had been mined in very considerable quantities, principally
in Peru and Bolivia, and adjoining regions, by the Incas, and in
Mexico by the Aztecs. The case of Atahualpa, brother to the
emperor in the early sixteenth century, will serve as an instance
of the great riches won by the Incas. Atahualpa, an aspirant
to his brother's throne, when captured and imprisoned by the
Spaniards, offered, as a ransome, to fill his room, saild to be
27 by 22 feet, with golden ornaments to the height he could reach
upon the wall; this is calculated to represent over $500,000,000.
at the present gold value; besides this he contracted to fill the
house with silver. Unfortunately the Spaniards, becoming im-
patient of waiting, murdered and burned Atahualpa and collected
but little of the treasure. In following the early history of
America many such instances of the amazing wealth of the Cordil-

lera are brought to light. The "gold rush®" of '49 to California, —
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which State has since yielded over $1,200,000,000 in gold —
to the Cariboo in the sixties, and to Yukon in '97, serve as
the most spectacular examples in more recent times. At the
present day some of the world's principal ore bodies are situ-
ated in the American Cordillera; the immense copper reserves of
Chugquicamata and Braden in Chile, the copper and other deposits
in Peru, the tin, copper and silver ores of Bolivia, the plati-
num of Columbia, besides the numerous deposits of ores of gold,
copper, silver, lead, zinc and minor metals in North America,
are all representative of these,

British Columbia is not lacking in a share of these
riches. Considerable quantities of gold have been produced
from placers principally in the Cariboo district, and lesser
amounts have been obtained from lode mines, usually as an access-
ory with copper. Copper ores are mined principally on the
Pacific coast in the north at Anyox and also further south at
Howe Sound. In the past, mines at Phoenix, Deadwood and at Ross=-
land, in southern interior B.C., have been important producers,
&nd mines in the last named district are still operating. Many
other districts also contain deposits of copper ores. Silver
generally occurs with lead and zine, or with copper, as at Ross-
land. The silver-lead-zinc deposits are almost entirely confined
to the interior portion of the Cordillera, and the principal pro-
ducers are in southern B.C., the Sullivan mine at Kimberley, and
a number in the Ainsworth and Slocan districte being the most im-

portant; the last named will be treated in greater detail in the
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succeeding paragraphs of this thesis.
The Sloocan.

The region referred to in this thesis and designated
the Slocan Mining Area lies within the Selkirk Mountain system,
of British Columbia. It occupies a portion of the West Kootenay
district, about 280 square miles in area, lying between Kootenay
Lake on the east and Slocan Lake on the west, and including parts
of the Slocan and Ainsworth mining divisions., The area is tra-
versed by a valley running north-east from New Denver on Slocan
Lake, and later swinging south-east to Kaslo on Kootenay Lake.
This valley is occupied by Carpenter Creek on the west ahd by
Kaslo Creek on the east. The country is rugged, ranging in ele-
vation from 1730 feet at Slocan Lake to over 8600 feet on the
summit of Mount Carlyle. Owing to lumbering operations and more
especially to the devastation wrought by forest fires the country
is but sparsely wooded.

Access to the areals effected by the Canadian Pacific
Railway, either from Revelstoke in the north through Upper Arrow
Lake and thence by rail to New Denver on Slocan Lake, or from
Nelson in the south via Kootenay Lake and Kaslo. Kaslo and New
Denver are also joined by rail, with a branch connecting with
Sandon in the interior,

Mineral discovery in the Slocan dates from 1891, since
which time mines in the district have yielded over $50,000,000.

in lead, silver and zinc, with minor values in gold and copper.
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To the end of 1924 the output of the three principal metals
aggregated 38,000,000 ounces of silver, nearly 300,000,000
pounds of lead and nearly 122,000,000 pounds of zinc, and com~
prised over one-=third of the silver, one-fifth of the lead and
nearly one=quarter of the zinc, produced in the province up to
that time.

Since the date of discovery a great many properties
have shipped ore, Of these, many have been abandoned; some have
lain idle for years, but will doubtless be re-opened when cheaper
and more efficient methods of treatment make thendeposits of econo-
mic value; while others are now producing in various quantities,
Twenty-nine properties have shipped ore for 10 years or more. The
Slocan Star, Silversmith, Ruth-Hope, and Rambler-Cariboo each has
a record of 28 producing years, while the Whitewater mine produced
in 29 different years, including a continuous period from 1900 to
1924, Peak production from the district was reached in 1918 when
thirty-six mines shipped ore aggregating in value about $3,450,000,

in silver, lead and zinc réspectively in order of value.

Bibliography and Acknowledgements.
Owing to inability of the writer to visit the area, it

has been necessary to make exceptionally free use of existing re-
ports and memoirs on the district; all the introduction, description
of the country and general geology being complled from such sources,
the principal of which are:

(1) Slocan Map Area, B.C. - M.F.Bancroft, Summary Report, 1919,

Geol. Survey, Can.

(2) 8locan Mining Area - C.E.Cairnes. Unprinted manuscript.,
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Other publications dealing with the area are enumerated in the
appendix attached to this paper. The writer is especially in-
debted to Dr., J.J.0'Neill who spent the summer of 1926 in the
fleld collecting much valuable information on the ore deposits
of the district, and who supplied all the specimens of ores and
rocks used in the preparation of the polished and thin sections,
upon the study of which this thesis 1is based. Thanks is also
due to Professor R.P.D.Graham, who with Dr. O'Neill waes of in-
valuable help to the writer in the microscopic study of the ores
and rocks, and finally to Professor W.Erlenborn for his kindness

and instruction in the preparation of polished sections,

Topography

The Cordilleran region of Canada embraces a great
tract of country bordering the Pacific Ocean and extending from
the International boundary north through British Columbia into
the Yukon, with an average width of about 400 miles, This
mountainous region is divided into several natural physiographic
sections, These are, from east to west:

(1) The Rocky Mountain System.

(2) The Rocky Mountain trench.

(3) The Gold Ranges.

() The Interior Plateau,

(5) The Coast Range.

(6) Strait of Georgia - Queen Charlotte Sound Depression.

(7) Vancouver - Queen Charlotte Islands chain.
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The Rocky Mountain System includes all those ranges
lying between the plains on the east and the Rocky Mountain
trench on the west, The most important of these are the Mac-
kenzjie Mountains in the north and the Rockies in the south.
The system has a young and rugged topography, deeply dissected
by stream erosion. The ranges form an overlepping series with
a general north-west south-east trend, uplifted by the folding
and crumpling of great thicknesses of Palaeozoic sediments, which
in the eastern portion have been thrust north-eastward over the
later beds, in the form of great fault blocks, having character-
istic steep eastern faces with relatively gentle western slopes.

The Rocky Mountain trench, which separates the Rockies
from the Gold Ranges, consists of a great, structural synclinal
fold, enlarged by erosion, and varying in width between five and
twenty miles. It has been traced intermittently from Montana,
northward through British Columbia and the Yukon to the Alaska
boundary, and is occupied by portions of several rivers, both
north- and southward flowing. Among the rivers whose courses,
in part, follow the trench are, the Columbia, Kootenay, Parsnip,
Finlay, and Liard.

On the west of this depression rise the Gold Ranges,
which include the following features, from east to west: the
Purcells, the Purcell trench, the Selkirks, Selkirk valley, and
the Columbia Mountains which grade into the Interior Plateau.
These ranges have a characteristically youthful and rugged topo-

graphy, several peaks in the Selkirks reaching elevations of
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11,000 feet or over and many supporting local glaciers. The
structural trend is mainly north and south. Selkirk valley,
within which lie the Arrow Lakes, is a depression on the west

of the Selkirk Mountains. The less rugged and rounded elevations
of the Columbia range rise to over 5000 feet west of Selkirk
valley, and,on their western side,merge into the Interior Plateau
of British Columbia. This plateau, with a general elevation of
3500 feet 1s made up of three general levels; the deeply dissect-
ed river valleys; the broad uplands, remnants of an uplifted
ancient peneplain, and, reposing on this, the residual monadnocks
of a still more ancient eroded surface, the whole combining to
produce a very irregular topography.

West of the Interior Plateau is the Coast range which
borders the Pacific Ocean. This consists of an elongated granitic
batholith, now unroofed by long continued erosion, and dissected
by several through rivers, and by many comparatively short streams,
Those streams, draiming into the Pacific direct, have overdeepened,
and partly drowned valleys, which form the high steep-walled
fjords, which are the most imposing feature of the coast of British
Columbia, which is widely famed for its rugged beauty.

The Coast Range is bordered on the west by a depression
known as the Pacific downfold, now occupied by the Strait of
Georgia and Queen Charlotte Sound. TWest of this are the partly
submerged mountains of the Vanoouver - Queen Charlotte Islands

chain, This range consists of a belt of islands, paralleling the
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malnland. On the southeast Vancouver Island is bounded by a
Tertiary coastal plain. In the interior the mountains become
increasingly rugged and lofty as they extend northward, reaching
a maximum of over 7,000 feet in the north of the island, and some-
what less in the Queen Charlotte group. It has been suggested
that this range extends northward into the lofty mountains of the
young St. Elias Range of Alaska.

Considering the topography of the Slocan area in detail,
it is seen to present a very rugged aspect, the relief varying more
than 6800 feet from the base level of 1730 feet on Slocan Lake.

The region is deeply furrowed by several creek valleys, the chief of
which is the Carpenter-Kaslo valley in the north, Carpenter Creck
flowing south-west to Slocan Lake and Kaslo Creek south-east to
Kootenay Lake. This valley is followed by the Canadian Pacific
Railway line between Kaslo and New Denver, the tributary valley
containing the upper reach of Carpenter Creek, serving similarly
as a route for the branch line to Sandon. Another creek — the
Silverton — enters Slocan Lake about three miles south of Car-
penter creek, and rises inland to the east-south-east. With one
exception~— the Lucky Jim —the mines from which the specimens
examined by the writer were obtained, are all situated to the west
of Sandon. In this reglon the ground rises steeply from the bed
of Silverton Creek in the south~east to an elevation of over 7600
feet at the summit of Selkirk peak, from where it descends again

almost as steeply to Carpenter Creek, which, at Sandon, has an
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elevation of about 3400 feet, To the north of Sandon the valley
wall rises steeply to a summit of over 8200 feet on Mount Reco,
vhich supports a small glacier on its northern slope. From
this:point the ground slopes down to the north until an eleva-
tion of little over 3500 feet is reached on the divide between
Kaslo and Seaton Creeks, the latter of which is tributary to the
Carpenter. From the foregoing topographical sketch it is evi-
dent that the country is rough and the grades steep, as much as
3000 feet to the mile, or more, being not uncommon; thus, such
roads as have been built must needs follow the valleys where
possible, or search out a zig=-zag route up the mountain sides.

A motor road is now in use from New Denver to Sandon, and is to

be completed this year (1927) to Kaslo.

General geology.
The Slocan district, being situated in the Selkirk

mountain system, lies within the borders of a pre-Cambrian geo-
syncline, which was uplifted and eroded throughout Palaeozoic time
until late Mississippian, when it was again submerged, and accu-
mulated sediments of late Palaeozoic and Mesozoic age. The

basal series of the district is the Ainsworth, called, by G.M.
Dawson, the Shuswap, and mapped as pre-Cambrian, but now considered
by M.F.Ba.ncroft1 and others to be Palaeozoic, probably Carboniferous,
The next succeeding series is the Slocan, recognized by Dawson, but

named in 1895 by R.G.McConnell®, Above this lies the Milford

Igﬁmmary Report 1919, Pt, B.,, G.S.C. (M.F.Bancroft).
2 n " 1895, G.S.C.
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Mesozolic Intrusive contact mation and erosion
Kaslo schists
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Intrusive contact
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Disconformity.
Pennsylvanian Slocan series®
Palaeozoic Carboniferous Sedimentation
or Ainsworth series
(pre-Carboniferous)

IModified from M.F.Bancroft, Sum, Rep, 1919, Pt., B., G.S.C.

ﬁay be Mesozoic (see page 13)
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serles, generally conceded to be Mesozoic., The principal igneous
rocks are the Kaslo schists and the Nelson granite batholith,

with its many related dikes.

Ainsworth Series.

The Ainsworth series is a local name used by Schofieldl
to denote part of Dawson's Shuswap. The series outcrops along
the west shore of Kootenay Lake,; and extends northward across the
Ainsworth district into the Slocan area. Lower beds are exposed
as the series 1s followed northward, but no basal formation is
exposed in the vicinity, although a thickness of over 10,000 feet
is assigned to the series by Bancroft. Lithologically, the
"series consists of mica schiste, quartzites, siliceous limestones,
thin bands of hornblende schists, and garnetiferous mica schists",
The Ainsworth, and also the Slocan series locally have a general
north-westerly strike. The Ainsworth series dips toward the west
at angles of 30° to 50°, Acoording to Drysda.le2 the contact of
the Slocan-Ainsworth series is a steep normal fault, in which the
Ainsworth series forms a relatively upthrust hors%zon the footwall
side. He postulates this condition in part by the necessity of
accounting for the relative position of the Kaslo schists, which
he considers as principally volcanics, including ash beds, inter-

bedded with some greatly metamorphosed sediments. Bancroft, on

b
‘Memoir 117, 1920, G.S.C.
2 .
Summary Report 1917, G.S.C. and Map #1667.
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the other hand, considers the Ainsworth and Slocan series to be
conformable, This view he supports by field evidence obtained
where the contact was visible, especially on thex Milford Creek,
where he found the basal limestone of the Slocan resting conform-
ably on the hard mica quartzites, both dipping wes.t at 30° in con~-
tinuation of the Ainsworth monocline, A notable feature of the
contact is the series of "strike ridges" formed by the outcropping
of the slow weathering Slocan limestone, which is conspicuous on
the mountain slope to the west of Kootenay Lake. The rocks of the
Ainsworth series are interbedded and have transitional contacts. The
limestones are often argillaceous, although bands of almost pure
calcite, resembling marble, occur in some localities; in many in-

s tances beds have been metamorphosed to marbdle. The quartzites
are generally thinly bedded and are often micaceous, although
massive beds of pure quartzite are also found. Many of the rocks
are much altered and schisted, due to intense regional folding as
well as igneous intrusion, As previously stated, the Ainsworth
gseries was provisionally correlated with the 'Shuswap' of Archean
age, but in 1914 S.J.Schofieldl, as a result of a study of the
rocks east of Kootenay Lake, found that the Purcell series (Beltian)
passed conformably beneath these and thus precluded their being
pre-Beltian. They are thus post-Beltian in age, and are now con-
sidered as Palaeozoic and probably Carboniferous, if, as Bancroft

states, they conformably underlie the Slocan series. More recent

1Sum. Rep. 1914, G.S.C.
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evidence makes it seem possible at least that the series may be

8t11l more recent.

Slocan Series,

The Slocan series, so named by McConnell in 1895,
"consists of argillaceous quartzites, limestones, and slates or
argillites with gradational types", The slates are usually highly
carbonaceous and where compressed become graphitic slates, The
limestones are often crystalline while some beds are argillaceous
and of a dark blue or gray colour, Fossils have been found in
several localities in the limestones., The Slocan series underlies
most of the region considered in this paper, extending from the
area occupied by the Kaslo schists in the north-east to the contact
of the granite batholith in the south and bordering Slocan Lake
on the west. The series is much folded and metamorphosed, and
like the Ainsworth has a general north-westerly trend, the dips
varying from nearly vertical on the limbs of the folds to com-
paratively low angles where crests or troughs are exposed.
Drysdale estimates the series to increase in thickness from 3000
feet on the Blue Ridge to a maximum of 15,000 feet in the west,
but owing to the recurrence of lithologically similar beds and the
complex folding and faulting, no accurate measurements have been
secured. The lower limit of the Slocan series is a fossiliferous
limestone (the Star limestone) which rests conformably on and grades

into the uppermost bed of the Ainsworth series, locally represented
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by a schistose mica quartzite. Drysdale, in 1916, mapped the
Slocan series as conformably overlying the Selkirk series (now
the Kaslo schist), which he considered to be interbedded flows
and volcanic ash, with some highly metamorphosed sediments, but
according to Bancroft there is now no doubt as to the conformable
relations of the Slocan and Ainsworth series. The age of the
series he considers as Carboniferous and probably Pennsylvanian,
which belief is based on the evidence of fossils collected from
the limestone in several localities between 1916 and 1919. This
conclusion confirms those of Dawson, Brock, Schofield and others
who also believed the series to be of Carboniferous age. From
the evidence of fossils collected more recently (1925), however,
and determined by F.H.McLearn of the Geological Survey as Mesozoic,
it would appear that this conclusion may have to be revised, and
that possibly the whole series may be Mesozoic, which would explain
the conformable (disconformable according to Bancroft) contact be-~
tween the Slocan and overlying Milford series, which Bancroft places
as probably Jurassic. These fossils were collected from the
vicinity of Whitewater and LuckyJim mines, and the south-eastern
slopes of Shroederand Jardine Mountains.

The slates and limestones of this series contain the

most important ore bodies of the district, less important deposits

occurring in the granite,
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Milford Series.

This series was recognized and named by Le Roy, and
consists of argillaceous quartzites and limestones, lithologically
very similar to the underlying Slocan series. They occur conform-
ably, or possibly disconformably, overlying the Slocan series in
& narrow, northward striking belt between the outoropping of the
Ainsworth series on the east and the Kaslo schists on the west.
They form a synclinal trough with steep dips. The Milford series
was separated from the Slocan series in 1919, by one lot of fossils
reported by E.M.Kindle as Jurassic, From the conformable re-~
lations and lithological similarity of the Slocan and Milford series,
one might be lead to speculate as to the possibility of the fossils
collected in 1925 belonging to the latter series and thus account
for their Mesozoic age; but as the writer has not been in the
field there may be other evidence which would immediately refute

this supposition.

Igneous Rocks,

Kaslo Schists,

This group consists of a variety of basic igneous
rocks "including intrusive breccia, serpentine, augite and horn-
blende porphyrites, diorite and gabbro."1, These rocks are
found in a belt extending north and north-west from below the

southern edge of the Slocan map sheet (No.1667), crossing Kaslo

IM.F.BanOI‘Oft, sum. Repc, Pt. Bo, Gosoco, 1919.
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Creek below the mouth of the Mansfield, thence following the
north-east side of Kaslo Creek and forming the western slope of

the Blue Ridge; toward the north the group widens to 3 miles and
finally extends beyond the border of the map and underlies a con-
siderable area in the Lardeatt map sheet to the north, The term,
"Kaslo schists," was introduced by R.G.McConnelll in 1894, as a
local name for this group which was considered to belong to the
lower Selkirk series. O.E.Le Roy2 divides the group mainly into
greenstone schists, "with subordinate quartzites, silicified ash
rocks, breccias, limestones and phyllites," along with intrusives
altered to serpentine; "where noted," he says, "the contact with
the Slocan series has the character of a thrust fault along the
axis of a sharp fold", Drysdale in 1916 also adheres to a similar
view. But Bancroft3 gives evidence at some length to show that
the Kaslo schists (Kaslo volcanics of Drysdale) are of an intrusive
nature, into the Slocan and Milford series, He states that the
rocks near the contact have been altered by heat and pressure;

the group, as a whole, has the "shape, size and mode of occurrence"
of a batholith, with numerous apophyses and dikes injected into
surrounding beds, particularly into the Slocan and Milford series
within the Blue Ridge synclinal belt. The contacts on both
boundaries of the schists are steep. He notes particularly that

"the sedimentary beds east of the Kaslo schist contact on Kaslo

Creek dip at high angles to the west, and the east contact of the

1g,s.0., Vol. VII, 1894,
2Sum. Rept. 1910, G.S.C.

3Sum. Rept. 1919, Pt. B., G.S.C.
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Kaslo schists in passing above also dips westward, but at a much
lower angle," which "cross-cutting relation was hitherto overlook=-
ed in Slocan geology". Drysdale's section (map no. 1667) accounts
for this by assuming an apparently conformable reverse dip for the
Kaslo schists. This crosscutting relationship was also apparent
on the west contact between Rossiter and Lyle Creeks. As
mentioned above LeRoy considers this to be due to-a thrust fault.
The several sediments, included by LeRoy in this group, Bancroft
refers to as roof pendants, from the eroded sediments formerly
capping the intrusive, "flinty quartzites of the Milford series"
being well represented. Several "dikes of green schistose rocks
resembling types of the Kaslo schists" were noted in the Milford
syncline, One of these, 100 feet wide, was traced from Schroeder
peak to the head of Falls Creek, "where the Kaslo schist batholith
cuts across the eastern limb of the syncline," and was finally
followed to within a short distance of the Kaslo schists, What
Drysdale reported as squeezed conglomerate, Bancroft considers as
of igneous origin, describing it as an intrusive breccia, consist-
ing of "rounded pebble-like, inclusions in a schistose matrix,"
the "pebbles" composed of "greenish, siliceous, igneous material
in a soft, flaky matrix of the same colour",

It would seem probable from the above evidence that
the Kaslo schist is an eroded batholith intrusive into the sur-
rounding sediments. In the north it is cut by the Nelson batho-

l1ith which places it as Jurassic or earlier in age.
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Nelson Granite.

This great granitic intrusive, named after the town
of Nelson, is uncovered for more than 1000 square miles, of
which only a portion of the northern border appears on the
Slocan map sheet, where it outcrops in two large masses in the
south, forming a concave northern contact. There are numerous
apparently isolated granitic outliers in the area which must be
supposed to be connected to the main batholith in depth. In
composition the rock ranges from a granite through a grano-diorite
t0 a quartz diorite, described by Brock! as "a sort of granite
representative of the monzonite group of rocks, intermediate
between the alkall and lime-soda series of rocks, and about on
the boundary between granite and diorite. One analysis, by
J.C. Gwillim, shows as much as &.24% of CaO, while another by
Brock gives 3.43% CaO with soda and potash about equal. The
rock 1is generally fresh and of a light grey colour, and is common-
ly distinctly porphyritic, with phenocrysts of orthoclase in a
groundmass of quartz and plagioclase. The ferromagnesian
minerals are varying proportions of hornblende and biotite, the
latter often occurring as flakes included in the orthoclase
phenocrysts,

Wall rock contact metamorphism is usually confined
t0 narrow zones, the slates al tering "to andalusite, hornblende

and mica schists, the quartzites to quartz schists, and the lime-

stones to cocrystalline types".

1Ann. Rept., Vol. XV, 1902-1903, G.S.C.
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Among the minor intrusives, there are the older
dikes related to the Kaslo schists, referred to above, and both
aplitic and later basic dikes considered as derivatives of the
Nelson batholith. The basic dikes comprise, principally, types
of mica and hornblende lamprophyres, whose original constituents
are in most cases highly altered, and replaced,especially by
calcite, These will be dealt with more fully in a later section
of this paper.,

The mineralization followed this latter period of in-

trusion and will be dealt with under "Economic Geology."

Superficial Deposits.

The steep mountain slopes are mostly bare, but in the
valleys glacial drift is ocommon, together with re-worked river
deposits and talus slopes. Several landslides have occurred
in the region, notably the one near Sandon which, in /276,
buried a portion of the village and filled the valley to a depth

of many feet.

Btructural Geology.

The outstanding structural feature of the Gold Ranges
is the north-south folding, which forms a series of more or less
parallel synclines and anticlines, complicated by faulting, and
greatly modified by river and glacial erosion, These ranges
occupy the site of an ancient pre-Cambrian geosyncline, uplifted
towards the end of the pre-Cambrian, and not again sumberged un-

til Pennsylvanian, the final .emergence occurring 1in the late
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Jurassic; a mature topography was developed before the region

was again uplifted, and it is now in process of active erosion,
The Rocky Mountains did not emerge till the early Tertiary.

They occupy the site of a great Palaeozoic and Mesozoic geosyn-
cline, and were uplifted by a great lateral pressure from the
southwest, which crumpled the thick sedimentary beds into a series
of northwest-southeast trending folds in the west, and forced up
great overthrust blocks further east. The region is dissected
by several north-south valleys, most of which were formed by Ter-
tiary and Quaternary etreamkrosion. The Purcell trench which
separates the Purcells from the Selkirks is attributed, by many

2 pelieved it to be a

1nvestigators,1 to this cause, although Daly
downfaul ted graben. Some depressions, on the other hand, follow -
the underlying structure, notably the Rocky Mountain trench,
separating the Gold Ranges from the Rockies, This is now con-
sidered to occupy a downfolded area, since modified by erosion.
Locally - in the Slocan area -~ the s*ructure is mani-
fested by steep folds trending north-west and south-east, compli-
cated by less evident northerly cross folding. The sediments
are intruded in the north-east by the Kaslo schists (according
to Bancroft) and in the south by the Nelson batholith and its
aphopheses. During the folding the beds were often ruptured,

forming numerous faults striking north-easterly or northwesterly,

"Some of the faults have great length and are uniform in strike

18,J.8chofield, Mem. 117, Geol. Surv., Can., 1920. (P,62)
2R.A.Daly, Mem, 38, Geol. Surv,, Can,, Pt., 2, 1912,
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and dip, particularly the north-easterly ones........ Faults

of one trend show a tendency to terminate against or swing along
those of another trend. Most of these faults are pre-mineral-
ization tending to localize ore deposits, But postemineral fault-
ing also has been noted, in some cases movements having taken place
along earlier fault veins. "Both normal and reverse faults have

been recognized.”

Ceological Historyg_

In order to arrive at a knowledge of the sequence of
geological events in the Slocan district, an area wider than that
under particular consideration must be studied. S.J.Schofield
considerse, from his field observations, that sedimentation has
been continuous from pre-Cambrian (Beltian), when the Purcell
series was laid down, until Pennsylvanian time, or possibly the
Mesogoic. This interpretation, is, however, not universally ac=-
cepted, as pre-Carboniferous sediments are lacking, and some
geologists conslider the region to have been emergent during the
greater part of the Palaeozoic era., The Milford series is evi-
dence of more recent sedimentation, so that the process may have
been continuous into the Mesozoic. In the vicinity of the Arrow
Lakes rocks older than the Purcell series are found, which re-
present part of the oldest land area of British Columbia and
probably constitute the origin of the great bulk of the sediments

laid down in succeeding time.

IA.M.Bateman, Soc., of Econ. Geol,, Pub. 47, Sept. 1925.
2Sch0field, S.J., Mem, 117, 1920, G.S.C.
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Palaeozoic,

The Purcell series {Beltian) and early Palaeozoic
sediments are not exposed in the Slocan district. The oldest
rocks are those included in the Ainsworth series, Schofield
divides these into several formations, in his report on the
geology of Ainsworth mining camp, namely the Point Woodbury,
Early Bird, Princess, Ainsworth and Josephine, but since these
beds differ locally these subdivisions will not be treated here.
The sedimentation during the Ainsworth epoch seems to have been
characterized by fluctuating conditions as is evidenced by al-
ternating beds of quartzites, limestones and slates. Evidence
of volcanic activity is seen by the presence, in the upper beds,
of thin bands of hornblende schists, which Schofield considers
t0 be metamorphosed ash beds. The Ainsworth series is now con-
sidered to be of Carboniferous age.

The Slocan epoch was apparently a continuation of
the fluctuating marine conditions of the Ainsworth, Muds and
limey muds were laid down principally and were later altered to
limestone, slates and schists, Both the Ainswath and Slocan
sediments are believed to have béen derived from the pre-Cambrian

land mass to the west, now exposed in the Archaean Shuswap series.

Mesozoic.
No record of the Triassic is preserved in the area
unless it be proved that the Slocan series may have been deposited

at this time.,
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Jurassic. According to Bancroft, marine sedimentation is
evidenced by the argillaceous quartzites and limestones of the
Mjilford series, placed tentatively as Jurassic on the evidence

of Belemnite fragments determined by E.M.Kindle in 1919. This
period is, however, principally noteworthy, on account of the oro-
genic movements and igneous activity which characterized it. The
orogenic movements consisted of folding and faulting of the sedi-
ments, with the consequent uplift of the surface. The weakening
of the crast, thus caused, presumably provided a suitable condition
for extensive igneous intrusiomns, These intrusions are often
initiated by a basic phase, represented in this area (according
to Bancroft) by the Kaslo schists, which were followed after an
interval by the more acid granite and grano-diorite of the Nelson
batholith and its accompanying stocks and dikes. Owing to the
pressure of folding and the heat of intrusion, the sediments were
considerably metamorphosed, the sandstones %o quartzites, the
limestones to marble or crystalline types, and the argillites and
slates, in some cases, t0 andalusite and mica schists. The
Jurassic is an all-important period economically, for it was
during its latter portion, and following the Nelson intrusives,
that the ore-bearing solutions were ocirculated to form the present

economic deposits of silver, lead and zinc.

Cretaceous, During the Cretaceous period the Selkirks were eroded
to a rolling topography, and the Nelson batholith was probably ex-
posed. This profound erosion provided sediments for the Rocky

Mountain geosyncline, which was still submerged.
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Tertiary. The Tertiary period in the Selkirk Mountains was
characterized by early peneplanation followed by uplift,and

the commencement of the present cycle of erosion, which has form-
ed the present deep river valleys and rugged peaks. The orogenic
disturbances, which resulted in the uplift of the Rocky Mountains,
were initiated in the Eocene contemporaneously with the elevation

of the Selkirk peneplain.

Quaternary. The early Quaternary was marked by a cold climate

and continental glaciation which has somewhat modified the topo-
graphy, tending to form U-shaped valleys and truncate the spurs.
Further evidence of glaciation is seen in the pany glacial cirques
at present forming lakes, and in the deposits of boulders and other
morainic material in the valleys. Since the recession of the

ice, if we except the remnants left on some of the higher pesks,
the climate has become more temperate, and normal river erosion
has resumed its work, modified from time to time by occasional

avalanches, typlcal of an immature physiography.

Economic Geology.

The grouping of the ore deposits of the Slocan district
shows a marked relation to the Nelson batholith, or to smaller
granitic bosses which are presumably offshoots of the same under-
lying intrusive mass. The deposits occur, for the most part,

elther in the grano-diorite itself, or within a mile or two of
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its contact. Where apparently isolated veins occur, it is
reasonable to suppose that the batholith may underlie the sur-
face at no great depth, yet be unexpcsed in the immediate
vicinity.

The ore depcsits of the district fall into twe general
classes, These are the so-called "dry" and "wet" ores, The
dry ores consist of veins, essentially quartz, with the princi-
pal values in silver~bearing minerals, which are associated with
galena and zinc blende. They generally occur in the batholith,
or nearer the contact than the wet ores; it is also found that
the wet ores, in some veins, grade downward into the dry ores.
From these relations it would seem that the latter had been de-
posited under conditions of rather higher temperature than the
wet ores,

The wet ores comprise the predominant type of the
region, These may be subdivided into the replacement depcsits
consisting primarily of zinc blende with occasional shooits of
galena, which occur in the limestones, and lead~silver fissure
veins, consisting of galena, with subordinate zinc blende, the
bulk of the silver being in the form of argentiferous galena
and argentiferous tetrahedrite (grey copper). It is these wet
ores with which we are chiefly concerned in this thesis, and
geveral examples will be dealt with in more detail in subsequent
paragraphs,

In studying the distribution of the various types of
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deposit, a tendency to zonal arrangementl is noted. As stated
in the preceding paragraph, the dry ores occur chiefly in the
grano~diorite, "The minerals are quartz, tetrahedrite, argen-
tiferous galena, with small amounts of sphalerite, ruby silver,
chalcopyrite, pyrite, pyrrhotite, calcite, and siderite",1 the
total metallic content being small, with the principal values
in silver. The ruby silver is a product of surface enrichment,
but occurs to considerable depths (e.g. below 700' in the Hewitt
and Van Roi). The ores in the sediments near the contact "con-
tain more galena, sphalerite, siderite and calcite, with less
tetrahedrits and ruby silver".1 As the distance from the
contact increases, the proportions of galena and zinc blende
increase at the expense of quartz; siderite -~ the predominant
gangue mineral of the wet ores - also becomes more abundant,
while ruby silver and tetrahedrite are, proportionately, much
reduced., Wet ores high in silver occur in the vicinity of in-
trusive granitic cupolas (e.g. Reco, Payne,-etc.):;
fiﬁlié-éeiééigé-iﬁ;gﬁé; };ﬁb§é&‘££;é %ﬂeviﬂ;;ﬁ;;;e only average
about an ounce or less of silver per unit of leade. Processes
of secondary enrichment are recorded, no%t only by the presence
of ruby silver, but also by limited gquantities of cerussite oc-

curring in some deposits, much of which has probably been re-

moved by glaciation.

lA.M.Bateman, Notes on Silver~Lead Depcsits of Slocan District,

B.C.Can,, Soc. of Econ. Geologist#. Pub, 47, 1925,
2Sphalerite rich in silver at Ruth Mine: (see under "Ores".)
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The zonal distribution of ores is also exemplified
in following some veins to depth., Where galena is the pre=-
dominant mineral at the surface, it often gives way to zinc
blende and incregsed gsiderite as depth increases, At greater
depths side;ggzr;;:;aoccasional grains of zinc blende and
galena, Finally the vein filling may consist almost entirely
of guartz with disseminated specks of galena, zinc blende, py-
rite and silver minerals, becoming a typical dry ore?‘ In some
instances galena and zinc blende were apparently depcsited in
reverse order, This is probably due to either of two causes.
Subsequent to the first mineralization, movement along the
fissure may have taken place, causing considerable brecciation
and providing paths for fresh incursions of mineralizing solu-
tions, which would probahbly have cooled and deposited their
loads at lower levels, thus depositing galena below the earlier
zinc blendel. This would not be expected in veins which show
no evidence of later movement. The second possibility is that
the cOncentrations of the solutions may have varied from time
to time, and deposition hawe been further affected by solution
of the wall rock. In this case no subsequent movement is
necessary to account for apparent reversal in order of deposition,

The predominant strike of the fissures is northeast
or across the bedding of the sediments, while the dip is general-

ly southeast. The beds, as stated earlier in this paper, are

all more or less intensely folded, and from field observationsg,

1¢.E.Cairnes, The Slocan Mining Area (unpublished)
2Dr, J.J.0'Neill, (field observations)
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it appears probable that movemsnt has ccentinued, or recurread
again, after the deposition of the ores; this is probably an
important cause of the offsets met with irn following many of
the veins, Excertions to these transverse fissures are
generally located along zones of shearing follcwing the strike
of the beds. The main northeasterly trending fissures appear
to be controlled by a system of jointing, along which no great
movement has taken place. Fault jogs of small displacement
are common occurrences along these veins, and may cause some
vexations in mining.

The influence ¢f the country rock on ore deposition
is seen where a narrow vein enters a calcareous bed, when an
extensive replacement of the wall rock may often result (e.g.
Lucky Jim mine). The area is traversed by numerous dikes toth
granitic equivalents and more basic mica lamprophyres. Unlike
the veins these generally trend parallel to the schistosity,
and strike of the sediments. Both acid and basic dikes are cut
by the veins, and are intermediate in age hetween these and the
8t111 earlier batholithic intrusion, with which they are probably
genetically related.

The probable sequence of events, according to Bateman%
was the intrusion of the hatholith, accompanied by fracturing,

the expulsion of the dike rocks along these planes of weakness,

and finally the emission of the mineralizing solutions and de-

lop, cit,
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position of the ores, Faulting and fissuring probably continued
throughout this epoch, and lasted for some time after its close.
When considering the probable continuation of the
deposits in depth, an understanding of the topography of the
region is of primary importance. Bateman® estimates that many
thousands of feet must have been eroded from the surface since
the formation of the ore deposits in the Jurassic. The valleys
must have been eroded below the general level, this would account
for a removal of over 5000 feet from some deposits. The tops
of the granitic bosses, in some instances, were considerably
above the present ridge tops; again these coarsely crystalline
rocks must have had several thousand feet of additional cover,
Hence, the present erosional surface bears no genetic relation
to the position of the ore deposits, The deep vertical range
of the mineralization is further exemplified by the wide varia-
tion in elevation between the various mines, On the ridge be-
tween Carpenter and Silverton Creeks, the Bosem mine has an
elevation of less than 2000 feet, while the Ivanhoe is situated
in the neighbourhood of 6500 feet, and several lie in between
these levels, The same condition exists in other parts of
the region. Further these deposits continue some distance
below the present surface. From the foregoing facts, it seems
that where mines are situated in the higher slopes of the

mountains, 1t does not necessarily follow that the deposit is

1Op. cit.
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finished when the original shoot pinches out, but rather that
there is sound reason %o believe that exploration at greater

depth may bring to light a fresh supply of ore,

Petrography. Dike Rocks.

The rock specimens, collected by Dr, 0'Neill, and
used in the preparation of the thin sections studied for this
thesis, were qbtained from geveral mines in the general vicinity
of Sandon, These properties are the Ruth-Hope mine, owned by
the Ruth-Hope Mining Company, and situated at an elevation of
about 5000 feet, on the steep slope southwest of Sandon; and
the Carnation group, which is under option to the Victoria Syn-~
dicate. This group cansists of four properties, the Minnie Ha-
Ha, the Carnation, the Read, and the Wakefield, The rock speci-~
mens studied were obtained from the first two mines. The Minnie
Ha~Ha 1is situated a little over a mile west-southwest from
Sandon, at an elevation of about 5000 feet, on a ridge between
two creeks., The Carnation adjoins this property on the southwest,
and is, in turn, connected bty a tunnel with the Read, which lies
to the southwest, just over the divide between Silverton and
Carpenter Creeks. The Wakefield lies on the south of the Read.

These all produce the "wet™ type of ore.

The rocks studied in thin section consist of sediments,
including a number of specimens of quartzite with one of limestone

and one of shale, and dike rocks including quartz and feldspar
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porphyries and several varieties of mica lamprophyre. All

the slides are altered, some beyond recognition of the original
constituents, The fresher lamprophyres consist, essentially,

of biotite and plagioclase, which ranges in composition from
albite-oligoclase to labradorite, and, in one instance, is
bytownite~ancrthite; orthoclase is an essential constituent of
some sections, and primary quartz is also common especially in
the more acid types. Several accessoryv minerals recur in many
slides: needles of rutile are characteris+tically developed in
the biotite, forming hair-like aggregates oriented in three
distinct directions, inclined at 60° to one another; laths of
apatite are of frequent occurrence in minor amounts, The prin-
cipal alteration products are carbonate - in most cases calcite -
and sericite. Chlorite occurs in fourteen slides, probably in
all cases replacing biotite, Epidote is less common but was
observed in five or six slides replacing plagioclase and, some-
times apparently, biotite as well, Zoisite was identified in
three slides as an alteration product of felspar. The felspars,
where sufficiently fresh, were determined by the 0il immersion
method, using various oills of known index of refraction.

The mica lamprophyres fall into several more or less
distinct groups, divided on the basis of the felspar composition.
These again may be further subdivided, dependent on other
characteristic constituents and typical alteration products,

or variations in crystallization and texture.
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Quartz Minette.

The most acid tvpe is a quartz minette - or an apletic
variety of minette - consisting, essentially, of orthoclase, some
plagioclase, biotite, and variatle quantities of quartz. This
group may be further subdivided, on the basis of texture, into
a porphyritic and a non-porphyritic variety. Other varia+ions
occur in the alteration products formed, In fact, taking the
group as a whole, almost every gradation may be seen, the lam-
prophvre types themselves grading into true aplites and por-
phyries with almost a total lack of ferromagnesian constituents.
Variety 1 (porphyritic) - Type, Surface 6,

Specimens: Surface 6, S3, S5, 5 R=9, 5 R-10, 5 R~21, 5 R-22,
5 R-23, 5 R-2W, Mg, Mg, 10, CH, C5, C5-1, M13, M16~2, 5 R-7,
5 R-8, Sk, S2, Surface 4, R4, C5-2, C8&-1,

Of the porphyritic variety of quartz minette surface

6, from the Carnation group, is a good example.

Macroscopic. The hand specimen is a medium grained grey rock

with phenocrysts of felspar up to one tenth inch in length, and
small nests of mica scales,

Microscopic. In general appearance under the microscope, the

slide has a porphyritic appearance, consisting mainly of ortho=-
clase, nests of biotite, often with regular boundaries, and quartz.
Quartz is abundant in allotriomorphic grains, Much of it is,
apparently, primary, but some is eating into the ortheclase.

Orthoclase occurs abundantly in hypidiomorphic phenocrysts alter-
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ing tc sericite, epidote, and zoisite from the centre and
sometimes replaced by quartz on the margins, Plagioclase
is subordinate , and is less altered than the orthoclase. Its
alteration products are carbonate, zoisite and epidote. Biotite
occurs in porphyritic nests of minute flakes, with a tendency to
rude orientation in some places. These nests often are sharply
bounded as though they might have entirely replaced some former
crystal. The biotite is little altered, except for occasional
grains of quartz included within the nests. Scattered laths
of apatite are present. Cartonate occurs, principally replacing
plagioclase. Epidote and zoisite replace felspars. Sericite
replaces orthoclase, Disseminated grains of pvrite are associat-
ed with, and probably replace biotite. An opaque white substance
(carbonate?) is associated with the riotite. The Apatite is the
earliest mineral, followed by biotite, orthoclase (?), plagioclase
(?) and quartz. OCarbonatization appears to have followed silici-
fication.

S3 (also from the surface of the Carnation group) is
another of this type. Macroscopically it differs from Surface

6 in having a lighter colour and a coarser grain, Microscopically

kaolin is present among the alteration products of orthoclase,
Biotite is more irregular and less abundant, and is associated with
epidote in a manner suggestive of replacement. Sericite is more
abundant, epidote scarcer, There has been little carbonatization,

silicification being the main alteration. This is probably a
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leucocratic phase of surface 6,
85, from the surface of the Carnation group, falls into

this class., Macroscopically, it is a rather coarse grained

light grey rock, with abundant felspar phenocrysts and nests of

biotite, Microscopically, it is cocarser in grain than the type,

and poorer in biotite, Quartz occurs in large, clear, intersti-
tial grains, much of 1t obviously secondary, and clearly replacing
the felspars. Orthoclase is abundant and occurs in well formed
phenocrysts, altering to sericite, with some carbonate. Plagio-
clase is oligoclase, and occurs in good phenocrysts, but less
abundant tham orthoclase; it is also altering to sericite and car-
bonate, but is generally fresher than the orthoclase. Biotite

is fairly plentiful and appears to have crystallized later than, -

or contemporaneously with (?) - the felspars. I+ is mostly
altered to green chlorite, with subordinate carhonate and epidote.
The cartonate is probably calcite, The principal alteration is
silicification,

5 R-0 from #5 X-cut on the fifth level of the Ruth

mine is a similar rock. Macrcscopically, it is a dark grey

fine grained rock with distinct phenocrysts of felspar. Micro-
scopically, it is very similar to the type. Quartz is rather
less abundant and replaces orthoclase. Orthoclase in well formed
phenocrysts 1s highly altered to zoisite. Little plagioclase

is present., This specimen differs from the type in that some of
the biotite is altering to what appears to be titaniferous iron
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ore surrounded by leucoxene. The texture is decidedly
porphyritic,
5 R=10 was taken from the same rock (field notes),

from the face of the South vein on the fifth level of the

Ruth mine, Macroscopically, it is lighter in colour than
9 R-9 and of coarser grain, having the appearance of a quartz

felspar porphyry, Microscopically, this specimen differs

from the type in several respects. The felspar is principal-
ly orthoclase, although some oligoclase was determined by oil
immersion; zoisite and epidote are absent, and the character~
istic alteration is a matte of sericite; quartz and carbonate
also replace the orthcclase to a lesser degree, Practically
no fresh biotite remains, but it is evidenced by nests of
chlorite flakes, which have parallel extinction and show deep
blue birefringence; carvonate and a little pyrite are also
associated with the chlorite. The texture of the specimen is
coarsely porphyritic.

5 R-21, from new workings on the fifth level of the
Ruth, 1is also of the porphyritic type. The hand specimen is

missing. Microscopically, it is fairly coarse grained and

porphyritic. It consists, principally of sericite, quartz

and carbonate. Quartz is not abundant, and is being replaced

by sericite and cartonate. Felspar was the predominant

primary constituent, andwks probably orthoclase; it cccurs mostly
in large phenocrysts now completely altered to sericite, and

cartonate., Occasional ble~ched skeletons of biotite remain.
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Scattered nests of chlorite, embedded in carbonate, probably
are replacements of biotite, A few grains of pyrite are
present, This specimen is too highly altered for definite
correlation, and may be more c¢f a felspar porphvry type.

5 R=-22, from cross-cut on thz fifth lsvel of the Ruth,

is simila> to the las+t but slightly less altered. HMacroscopi-

cally, it is a2 medium grained, greenish-grey, perphyritic rcck.

Microscopically, it differs in teing less altered and richer

in quartz. Huch of the quar“z has the appearance of fresh
orthoclase until viewed in convergent light, when it glves a
uniaxial figure. Orthoclase occurs in good phenocrysts, con-
siderably sericitized, and sometimes replaced by calcite or
quartz. Biotite is represen*ted only by irregular, scattered
nests of chlorite. The texture is medium grained and porphyritic,

5 R-23, probably frpm the same dike as 5 R-22, is very
similar to it. Macroscopically, it is lighter grey, and ap-
parently somewhat sheared. Microscopically, it is also very
similar. Some of the quartz appears to have been crushed.
Orthoclase is again highly sericitized, and partly replaced by
quartz and carbonate, Biotite has apparently been replaced by
chlorite and carbonate, In texture the section is also similar
to the last. A broken veinlet of fibrous carbonate occupies a
short fracture,

5 R-24, is from the same place as 5 R-9, but is more
altered. Macroscopically, it is lighter in colour and apparent-
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ly more felspathic than 5 R=9, Microscopically, it differs

from 5 R-9 in having no fregh biotite, and noc zoisitization
of the felspar. Quartz is rather more plentiful, some being
undoubtedly secondary, as it occurs in veinlets cutting fels~
par phenocrysts, The felspar is untwinned (orthoclase), and
is only slightly sericitized, and corroded by quartz along the
borders. Blotite is bleached and altered,in part to clouded
carbonate, A complete pseudomorph of calcite after a perfect
crystal of an earlier mineral occurs, surrounded by remnants
of altered biotite, The texture is medium grained and porphy=~
ritic. Silicification appears to he the principal alteration.
M8, from station 2 in the Minnie Ha-Ha adit, is pro-
bably of this group. Macroscopically, it is a medium grained
sheared mica lamprophyre, with abundant bronze biotite. Mioro~
scopically, it differs considerably from the type. Quartz is
plentiful, a peculiar feature being large phenocrysts (es in-
clusions?), now consisting of carbonate and black specks (car~
bonaceous matter?), but which, when incompletely altered, have
a central core of quartz; these are probably altered quartg
phenocrysts. Felspar, where visible, is untwinned and is pro-
bably orthoclase, now altering to carbonate, The biotite is
notably different in habit from the type, for it occurs in well
defined lath shaped crystals, forming a loose lattice over the
slide; the crystal boundaries are corroded and show evidence

of resorption, The biotite is later than the altered quartz
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ﬁphenoorysts, as it surrounds them in company with secondary
quartz. Needles of rutile, arranged in characteristic net-
works making angles of 60°, have formed abundantly in the
biotite. Epidote and zoisite are again absent,and sericite
i3 almost entirely lacking. The alteration consists of sili-
cification followed by carbonatization. Veinlets of carbonate
cut the section intersecting the quartz phenocrysts, The
texture is porphyritic,

M9, taken at 25 feet from station 2 in the adit at
the Minnie Ha-Ha, is similar to Mg, Macroscopically, it close-

1y resembles M8, but has more abundant altered phenocrysts.
Microscopically, quartz is less abundant although the same alter-
ed phenocrysts are present, often containing specks of pyrite.
The felspar, highly carbonatized and untwinned, is probably ortho-
clase. Biotite is plentiful but less regular in outline than
in M8; it is partly bleached, and is being replaced by chlorite,
The bilotite may be in two generations, the earlier being rich in
needles of secondary rutile. Apatite appears to be lacking.
Some secondary quartz has been introduced, but carbonatization
is the outstanding alteration. The texture is porphyritic and
medium grained.

M10 is from half way between stations 2 and 3 in the
Minnie Ha-Ha adit., Macroscopically it is a highly altered, shear-
ed, porphyritic greenish rock. Microscopically,the section is
badly altered by carbonatization, and it resembles M9 but is
much further altered. Quartz is about equally plentiful, the
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carbonatized phenocrysts being abundant; some of these may have
been felspars, but all remnants, which are sufficiently fresh,
are quartz giving a uniaxial figure under crossed nicols, No
twinned felspar is present. All the biotite has been replaced
by chlorite with needles of rutile, Apatite is again lacking.
Some sericite is present in the groundmass. The section consists,
principally of carbcnatized phenocrysts in a groundmass of calcite,
quartz,altered orthoclase (?), and chlorite, The last three
gsections, M8, M9 and M10, appear to represent successively more
advanced alteration and carvonatization of the same rock, all hav-
ing the characteristic carbonatized phenocrysts which appear
t0 be replaced quartz.

Chk, from the Carnation mine, is very similar. Macro-

scopically, it is nearly identical with M9, Microscopically,

it is seen to be highly carbonatized, The same peculiar altera-
tion of the quartz phenocrysts to carbonate from borders inwards
is again exhibited. No twinned felspars are in evidence.

Biotite is corroded and somewhat bleached, and a little chlorite
is developed. Rutile has formed in the biotite., Pyrite grains
appear to segregate in and around the altered phenocrysts. This
specimen is very similar to MO in composition and texture.

C5, from the Carnation, is similar to Ok, Macroscopic-

ally it is a porphyritic grey rock with flakes of bronge biotite,

Microscopically, it also resembles C4, but has suffered con-
siderable oxidation, Quartz is plentiful, both in the ground-

mass and in carbonate-rimmed phenocrysts. No twinned felspar
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is discernibvle, Biotite is bleached and corroded, a little
chlorite has formed, and needles of rutile are common, The
texture is medium grained with an orthoclase-quartz groundmass
and quartz phenocrysts. Al teration is well advanced, both
silicification and carbonatization; carbonate surrounding the
quartz phenocrysts is rusty, and red hematite assocliated with
it is probably oxidized pyrite.

C5«1, also from the Carnation, seems to be a similar
specimen, Macroscopically, it is a fine grained, light grey,
porphyritic rock. Micrescopically, it is seen to be vefy highly
altered to carbonate, quartz, and pyrite. Quartz is fairly
plentiful, No unal tered felspar remains., Biotite is represent-
ed by bleached laths, partly replaced by carbonate and pyrite.
Needles of rutile remain in some of these remnants. Apatite is
quite plentiful in fresh laths. Sericite with quartz makes up
the groundmass, The porphyritic texture of the rock is less
evident than in the less altered samples, Silicification has
been followed by introduction of carbonate, which appears to
replace quartz in a few instances,

M13, from the cross=-cut at station 3 in the Minnie Ha-
Ha, may belong to this variety. Macroscopically, it is a car-
bonatized, brecciated rock cememted with calcite. Microscopically,
it consists principally of carbonate with considerable sericite,
some large areas belng entirely calcite. Quartz is entirely

lacking, or may be replaced by carbonate, Distinct skeletons
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of felspar phenocrysts are present, entirely altered to seri-
cite and carbonate. No biotite, and only a little chlorite is
present. Some disseminated pyrite occurs through the sectlon,
The texture ies decidedly porphyritic, but &ll the original
constituents have been altered, principally to carbonate.
M16~2, from the Minnie Ha~Ha, seems to be of this
type. Macroscopically, it is a light grey, fine grained rock.

Microscopically, it consists of a fine grained groundmass of

carbonate, sericite, and quartz, with altered phenocrysts of
felspar, Quartz is not ahundant and occurs in scattered grains.
Felspars are untwinned, and completely altered to sericite and
carbonate. A very little altered biotite and chlorite remain.
Laths of apatite occur. A few disseminated grains of pyrite
are present. Alteration is carbonatization and sericitization.
5R~7, from the Ruth mine, 110 feet back from the first
drift west off#5 cross-cut, on the fifth level, ie probably of
this variety. Macroscopically, it is a light green, siliceous
rock, out by veinlets with carbonate borders and quartz centres,
Microscopic. Under the binocular microscope the green mineral
in the hand specimen is seen to be quite soft, and apparently
little affected by cold 1:1 H,C1l, The slide consists princi-
pally of quartz and carbonate, The guartz is abundant, and
probably partly secondary; it is mostly fresh, but in some in-
stances is clearly being replaced by carbonate, and, apparemtly,

also by sericite. No felspar is recognizable, but it may have
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been present before alteration, Pyrite and a grey mineral -
probably galena -~ occur in scattered grains. The fissures
are bordered by a carbonate of high refractive index, having
apparent pleochroism from dark to light. This is probably
siderite, as it is light brown in the hand specimen, and is
the chief gangue mineral in the veins. The quartz, which
fills the centre of the veinlets is clearly replacing the carbon-
ate in a few instances.

5 R~8, from the north wall, of the first drift east
off #5 cross=-cut, is, from the field notes, apparently, from
the same dike as the last, taken where it is cut by the south
vein, Macroscopically, it is a sheared, brecciated, greenish
rock, libterally mineralized with disseminated pyrite, and with
galena and some sphalerite associated with carbonate in quartz
veinlets, Microscopically, it consists of a matte of seri-
cite, with occasional patches of quartz, and grains of carbonate,
also being cut by several quartz stringers, Quartz occurs
scattered through the sericite, &nd also in bunches of grains
probably secondary. No felspar remains, but it is probably
altered to sericite in the groundmass, and phenocrysts probably
occurred where the large carbonate grains have formed. No
biotite or chlcorlite are present. The carronate has the same
characteristics as that in the section from 5 R-7], TLarge grains
of pyrite are plentiful, and are apparently later than the car-

bonate and replace it. A little galena occurs always assoclated
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with, and probably later than, or contemporaneous with the
carbonate. A few rust coloured, almost opaque grains of high
refractive index, occur, especially near the pyrite; these may
be a secondary titanium mineral. The structure of this speci-
men 1s difficult to determine due to intense alteration and
mineralization, but it was probably porphyritic.

S84, from the surface of the Carnation group, is
similar to the last. Macroscopically, it is a brecciated,
greenish rock, cut by quartz stringers and impregnated with a
brownish ferruginous carbonate, probably siderite. It is
mineralized with pyrite, galena, and sphalerite (?). Micro=-
scopically, it is principally quartz and carbonate with much
sericite, Quartz is partly primary, but much is evidently
secondary as several stringers cut the section, A few pheno~
crysts appear toc be altered orthoclase, now replaced by sericite;
carbonate may also replace felspar. The carbonate has similar
characteristics to that in 5 R-7 and -8, and is probably siderite,
this carbonate is replacing some of the quartz, but is apparently
earlier than the quartz stringers. No calcite was observed, A
little pale green chlorite is present., Large grains of pyrite
appear to replace the silicates, these have been subsequently
strained and cracked, the fractures now being filled by chlorite
and sericite. A bronze mineral occurs in occasional grains,
probably pyrrhotite or possibly tetrahedrite, some grains having
a rhombic outline in section. This specimen is probably from

a mineralized dike near 1ts intersection by a vein.
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S2, from the surface of the Carnation group, is

probably an acid porphyritic minette. Macroscopically, it

is a fine grained, grey, siliceous rock with a weathered sur-
face. Mjcroscopically, it consists, essentially, of a fine
groundmass of sericite, with abundant quartz grains, scatter-
ed prolifically throughout the slide. A few vague outlines,
now completely altered to sericite, were probably orthoclase.
phenocrysts. No biotite is present, but it may be replaced
by occasional flakes of green chlorite. Sericite may replace
quartz to a slight degree. Opaque white, crystalline grains
are probably carbonate, A little pyrite is present.

Surface 4, from the surface of the Carnation-group,
is probably a somewhat similar rock, Macroscopically, it is a
fine grained, grey rock with occasional visitle flakes of
bronze blotite, Microscopically, it consists of a groundmass
of sericite, carbonate, altered orthoclase (?) and a little
quartz, with phenocrysts of plagioclase and orthoclase, and
biotite. Quartz is not abundant. The felspar phenocrysts
are altering to carbonate and sericite; orthoclase seems to be
more abundant than plagioclase.. Biotite is fairly plentiful,
occurring in partly bleached and corroded laths, in part replac-
ed by carbonate, A few laths of apatite occur, Needles of
rutile are developed in the biotite. A finely crystalline,
opaque, white carbonate (?) occurs in small grains, especlally

near the biotite, Occasional grains of pyrite are present.
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The alteration consists of sericitization and carbonatization.
R4, from the Ruth mine, 610 feet from collar, on #5

cross-~cut, 1s possibly of this class. Macroscopically, it

resembles a fine grained, dark grey quartzite. Microscopical-
1ys 1t is seen to consist, principally of carbonate, quartg,
and remnants of bilotite. Considerable quantities of quartgz
are scattered through the section. Felspar of indeterminate
composition 1s represented by crystal outlines and groundmass,
now altered to sericite and carbonate. Biotite is all bleach~
ed, and replaced by carbonate. Needles of rutile occur in a
few biotite remnants., Considerable apatite is present, The
texture is fine grained, with some evidence of a porphyritic
structure, The rock has been highly altered to cartonate and
sericite, Considerable pyrite has also been introduced, and
some of the quartz 1s probably secondary.

C5-2, from the Carnation mine, probably belongs to
this group. Macroscopically, it is a grey rock with numerous
flakes of bronze biotite, Microscopically, it is considerably
altered to calclte and sericite, It i1s rather lower in quartz
than others of this group., Felspar is mostly untwinned, al-
though some have albite twinning and appear to be oligoclase,
All felspars are partially altered to calcite and sericite.
Biotite is deep brown, and is plentiful., The borders are
corroded and numerous needles of rutile have formed within the

crystals. A 1ittle apatite is scattered through the section,
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Much disseminated pyrite, is present, often associated with
the biotite, The texture is medium grained and practically
non-~porphyritic. The principal alterations are sericiti-
zation and carbonatization,

C8-1, from the Carnation mine, is a similar sample.

Macroscopically, it is of lighter colour, and poorer in mica

than C5=2, Microscopically, it is highly sericitized. It

differs from most of this group in having very little quaritaz,
and is probably a gradational type. The felspar is highly
altered to sericite and less carbonate, but appears to be un-
twinned, and is probably orthoclase, Biotite is partly bleach-
ed and corroded, and is altering to chlorite, carbonate and py-
rite, with the development of futile. A fair amount of apatite
is present. The texture is medium grained, and almost non-
porphyritic. The last two sections described are gradational
between the porphyritic and non-porphyritic types.
Vagriety 2 (non-porphyritic) - type, 5 R-11,
Specimens: 5 R-11, 5 R-3, 5 R-25, 5 R=26, C7, M3, Ml2, Mi11,
Surface 7.

Of the non-porphyritic variety of quartz minette,
5 R=11, from the fifth level of the Ruth mine,is a good example.
Macroscopically, it is a sheared, medium grained, greyish-bronze

rock, composed, principally, of biotite. Microscopically,

it is a fairly even gralned rock, consisting, predominantly,

of biotite, with considerable calcite and quartz, Quartz 1is
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in scattered, allotriomorphic grains, in part secondary, and
appearing to replace blotite to some extent. Felgpar is all
untwinned and is probably orthoclase, now mostly replaced by
calcite, Felspar does not occur in phenocrysts but forms a
medium grained groundmass with quartz. Biotie is abundant,
and may be in two generations, as some crystals, altered to
chlorite, are surrounded by fresher biotite, Apatite was
not observed., Needles of rutile are abundantly developed in
the biotite. Pale green chlorite is replacing the biotite,
Calcite is replacing felspar, and possibly some biotite, but
does not appear to replace quartz, Pyrite was not observed,
Paragenesis: Biotite is idiomorphic to the other constituents,
orthoclase and quartz were formed later, followed by secondary
chlorite and calcite,

5 R=3, from the Ruth mine, 540 feet from the collar
on #5 cross-cut, is probably a similar rock. Macroscopically,
it is a fine grained, grey, siliceous rock, Microscopically,

is consists of scattered chlorite, in a fine grained groundmass
of quartz and felspar, accompanied by carbonate and sericite,
This section differs from 5 R-11 in that the groundmass is finer
grained, and most of the biotite has been completely altered to
chlorite with some carbonate, and it is less abundant. Felspar
is probably orthoclase, as it is untwinned, Considerable
apatite is pre-ent, No rutile is visible, A fair quantity

of disseminated pyrite is present, often appearing to replace
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biotite. Some specks of an undetermined black metallic
mineral are present, Chlorite and carbonate are replacing
biotite. Sericite and probahly calcite replace orthoclase in
the groundmass,

5 R-25, from the new workings on the fifth level of

the Ruth, is similar, Macroscopically, it is an olive green

sheared, medium grained rock., Microscopically, it has a
schistose structure, and differs from the type in that the
abundant biotite is almost completely altered to chlorite. Two
or three large phenocrysts of quartz are present; these are be-~
ginning to be replaced by carbonate. No unaltered felspars re-
main, they having been replaced by quartz and calcite. Very
little sericite is present. Numerous needles of rutile have
developed in the biotite. These are less in evidence in the
chlorite. Scattered grains of pyrite occur, often associated
with the chlorite, Alteration consists of propyllitization,
silicification and carbonatization,

5 R-26, taken from the vicinity of 5 R=2l, may be
classed with this variety, No hand specimen is available.
Microscopically,the section is somewhat broken, and difficult
to decipher., Felspar (probably orthoclase) with a little
quartz and scattered sericite form the groundmass, Occasional
bleached remnants and patches of chlorite are the only evidence
of blotite, Bunches of carbonate probably replace orthoclase

and possibly some quartz,
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C7, from the Carnation mine, is of a similar type.

Macroscopically, it is a fine grained grey rock. Microscopical-

1y, 1t consists of a fine grained groundmass of quartz, un-
twinned felspar and sericite, with scattered patches of carbon-
ate and corroded laths of biotite, The biotite is often bleach-
ed and replaced by pyrite along cleavage cracks, The carbonate
is also often associated with the biotite and pyrite., Needles
of rutile have developed in the biotite, Alteration is princi-
pally sericitization and carbonatization, This section is cut
by a vein of quartz, carbonate and pyrite. This slide is
gimilar to CH-l,

M3, from the vicinity of station 3 in the adit of

the Minnie Ha-Ha mine, is very similar. Macroscopically, it

is a fine grained greenish-grey rock. Microscopically, it is

similar to C7, but the biotite is altered to chlorite. Rutile
was not observed, and pyrite is scarce.

M12 is from 10 feet before station 12 in the linnie
Ha-Ha, and may possibly be of this type, but is very doubtful,
and may be a sediment, Macroscopically, it is a brecciated
fine grained, grey, carbonatized rock, with graphitic slicken-

sides. Field notes compare it to M3, which it resembles some-

what. Microscoplically, it consists alrost entirely of car-
bonate with less sericite as a fine groundmass, with pyrite,
sometimes oxldized, and a little chlorite, possibly being al-
teration products of bilotite, Apatite orystals are scattered

through the section, and appear to be in process of replacement
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by carbonate, in some instances. A veinlet of carbonate,
containing a nearly opaque brown mineral, cuts the section; this
is protably limonite developed from oxidized ferruginous carbon-
ate; grains of this mineral are also scattered through the section.
Mll, from the Minnie Ha-Ha, half way between stations

2 and 3 in the adit, is similar to the last. Macroscopically,

it closely resembles M3, Microscopically, it is more highly

altered, principally to cartonate, but seems coarser grained.
Little chlorite remains, it probably having been replaced by
carbonate also, Texture is even grained. The section is cut

by a veinlet of cartonate,

Surface 7, from the surface of the Carnation group,

seems to belong to this variety. Macroscopically, it is a fine

grained grey rock, cut by stringers of pvrite. Microscopically,

it appears to be somewhat sheared, and consists of a fine grained
groundmass of sericite, altered orthoclase (?), a little quartz

and carbonate, with scattered patches of carbvonate and chlorite.
Cartonate and chlorite may replace biotite. Some of the car-
bonate is probably siderite, the rest probably being calcite,
Scattered crystals of pyrite are present; the section is also
cut by a stringer of carbonate .and pyrite. The texture is even
grained,
Variety 3 (highly silicified, aplitic) - Type, 5 R6-1,
Specimens: 5 R6-1, 5 R-12, S-1, Surface 1, S6.

5 R6~1 is classed by Dr, O'Neill with this variety.
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The hand specimen is missing. Microscopically, it very
much resembles & felspathic quartzite, with a somewhat schis-
tose structure. It consists, predominantly, of fairly evenly
sized, irregular guartz grains, A small percentage of partly
sericitized felspar is present; this is mostly untwinned.
Some felspar grains, separated and apparently eaten intc by
quartz, extinguish almost simulteneously, thus possibly being
remnants of one large phenocryst, now nearly completely replaced
by quartz. Scattered crystals of apatite occur. A few small
greenish crystals, with strong pleochroism, and maximum absorp-
tion perpendicular to the plane of polarization, are probably
tourmaline, One small crystal of zircon was cotserved. Seri-
cite 1s scattered through the section, with a very little car=~
bonate. Disseminated cubes of pyrite are also present. This
epecimen is probably a highly silicified aplite, or aplitic
differentiate of the minette, with no remaining biotite.

5 R~12 is very similar to the last, and was taken from

a 3 foot dike, Macroscopically, it is a fine grained, greyish,

giliceous rock. Microscopically, its general appearance is

more like a quartzite than the last. It is composed, predomi-
nantly, of quartz grains similar to R6-1, and sericitized remnants
of felspars, mostly untwinned, are apparently being replaced by
quartz. Some sericite and a very little carbonate are present.

A 1ittle disseminated pyrite occurs., This appears to be a
quartzite under the microscope, but the field relations show it

to be a dike, probably a highly silicified aplitic differentiate
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of the quartz minette similar to R6-1,

81,, from the surface of the Carnation group, is
probably a similar type. Macroscopically,it is very different
from the last; it is a fine grained, dark grey siliceous, rock
very much like a quartzite, and breaks along two sets of plane

joints inclined at about 80° to one another. Microscopically,

1t closely resembles 5 R~12, Several small brown flakes occur,
probably biotite, Pale green chlorite, sometimes iron stained,
is common. At least one grain of zircon is present. The
quartz and felspar grains are cemented by later black iron oxide,
altering to hematite. This slide looks like a quartzite, but
from its similarity to 5 R=12, a known dike, it is classed as
an aplite.

Surface 1, from the surface of the Carnation group

is similar. Macroscopically, it is a fine grained, grey rock,

apparently quartzite. Microscopically,it is very similar to

5 R6-1, also having a schistose structure. The quartz grains
are all interlocked. Some sericitized orthoclase is present.,
Scattered flakes of biotite occur, often fresh, but sometimes
altered to chlorite, Disseminated pyrite grains are present.
A little sericite and carbonate are found. This rock is less
like a quartzlite than others of this variety, for the quartsz

grains are interlocked, and the structure is more cataclastic

due to squeezing.
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Minette - Kersantites.

This group includes all the more basic specimens,
as these are difficult to differentiate due to gradations from
one variety to another, The felspathic constituents range
from albite, with orthoclase, to one ultra-~basic section con~
taining bytownite-anorthite, The structur=ss are usually more
or less porphyritic, and generally medium to fine grained.
Variety 1 (normal minette) - Type, M4,
Specimens: M-4, M16-1, 4 R-1, S7,

MY, from the Minnie Ha-Ha mine, is taken as the type

of this variety., Macroscopically, it is a dark grey fine

grained rock, with numerous flakes of dark biotite. Microscopic-
ally, it consists of abundant biotite, and phenocrysts of plagio-
clase and fewer of aorthoclase in a crystalline groundmass of
orthoclase and quartz, Quartz is not abundant, and occurs
as interstitial graine in the groundmass, Orthoclase cccurs
abundantly in the groundmass, and in large, usually idiomorphic,
crystals, partly altered from the centre to a matte of sericite,
carbonate and kaolin, The plagloclase is oligoclase. It is
more abundant than the orthoclase, and occurs in smaller and
fresher phenocrysts, usually of idiomorphic outline, and often
zoned. Biotite is abundant, dark brown and strongly pleochroic,
and sometimes slightly corroded and green on the borders. It

occurs in small irregular flakes throughout the slide, and in
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occasional larger phenocrysts, which may be of slightly

earlier crystallization, Scattered crystals of apatite occur,
Epidote 1is abundant, generally occurring in irregular grains
but occasionally with crystal outline. I+ is pale olive green
and only slightly pleochroic. It replaces oligoclase, ortho-
clase less frequently, and often appears in close association
with biotite, which it mav also replace. Carbonate - probably
calcite -~ occurs in scattered patches, probably replacing the
felspars and possibly biotite. Sericite and kaolin occur
with carbonate as al teration products of orthoclase phenocrysts,
Scattered grains of pyrite generally occur in association with
biotite. The texture is porphyritic and medium grained.

. ot
The section 1s fairly fresh, epldotization and less cartonpization

being the principal alterations,

M16-1, from the Minnie Ha-Ha, is almost identical weith
M4, The hand specimen is missing. Microscopically, it .can
hardly be differentiated from M4, There may be less orthoclase,
but 1t 1s similarly altered. The abundant plagioclase is
oligoclase, Epidote is again the principal secondary product,

4 R-1, from the fourth level of the Ruth, is similar,
Macroscopically, it is a fine grained, grey, sheared and

gslickensided, micaceous dike. Microscopicallv, it is medium

and even grained, with less biotite and more quartz than the

type. Orthoclase and plagioclase are present in about equal
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quantities. Quartz is abundant, but some of it is secondary
and eats into the felspars; some of it shows strain shadows.

The felspars are only slightly altered, orthoclase chiefly

to sericite and some carbonate, and plagioclase -~ which is
oligoclase-andesine, -~ chiefly replaced by carbonate. Biotite
is in irregular, deep brown flakes, Apatite is present in
scattered laths, ‘The carbonate is probably calcite and occurs
in good sized, clear patches, in some places, in sharp contact
with plagioclase, quartz and blotite, while in others it appears
to replace any or all of these, especially the plagioclase.
Sericite 1s frequent, 2nd usually appears to replace orthoclase.
Muscovite flakes also occur, A very few grains of epidote occur
in the plagioclase, Abundant pyrite and possi*»ly pyrrhotite,
surrounded by black borders (black iron oxide?) appear to replace
bilotite. The texture of this specimen is practically non-
porphyritic; there 1s evidence of crushing both in the hand
specimen and in the strain shadows of the quartsz, Silicifi-
cation with subordinate carbonatization, are the principal
alterations,

57, from the surface of the Carnation group is similar
to 4 R-1, Macroscopically, it is a fine grained,grey rock with
much disseninated pyrite, Microscopically, it resembles 4 R-1,
but is more highly altered. It is finer grained, with a ground-
mass of felspars - orthoclase and some oligoclase - , which are

altering, in part probably, by silicification, and in part by
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sericitization, with a subordinate amount of carbonate,
Biotite is paler and corroded. Apatite is present in considerable
quantity. Needles of rutile are developed in the biotite.
Much pyrite (and possibly some pyrrhotite?) is present as an
alteration product of biotite.
Variety 2. (monzonite porphyry - no biotite) = Type 5 R-1,
Specimens: 5 R=1, 5 R=2,

This variety is similar in felspathic constituents
but poorer in quartz and lacking biotite.

5 R-1, the type, is from the collar cf #5 cross-cut
on the fifth level of the Ruth mine, Macroscopically, it is a

very light grey, medium grained porphyry. Microscopically,it

consists of perfectly idiomorphic phenocrysts of plagioclase and
fewer of orthoclase, in a fine grained groundmass of felspar

and quartz. Quartz is subordinate in the fine groundmass, and
occurs in one or two patches of coarser grains, apparently re-
placing orthoclase. Orthoclase occurs in the groundmass and
in a few large well formed phenocrysts, al tering to sericite.
Plagioclase - albite by oil immersion - is more abundant, and
occurs in phenocrysts, often of perfect crystal outline; both
carlsbad and albite twinning are clearly exhibited. A little
apatite 1is present, Sdricite replaces both the felspars and
is also scattered through the groundmass, Carbonate = probably
calcite ~ occurs principally in the groundmass, and is sometimes

associated with a little chlorite and occasional grains of pyrite
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add may have replaced biotite. This section is comparatively
fresh; sericitization is the principal alteration with subordin-
ate carbonatization, and possibly a slight silicification.

5 R-2, from 330 feet south of the collar of #5 cross=-
cut, is very similar to 5 R-f, Macroscopically, it is almost
identical. Microscopically, it is also nearly identical..

Quartz replaces plagioclase. There appears to be less ortho-
clase, Plagioclase, by extinction angle, appears to be about
oligoclase to andesine, thus being more basic., Sericitization and
carbonatization are somewhat more advanced. This is probably a
slightly more basic segregation of the same dike as § R-l,

Variety 3. (Kersantite) - Type M17,

Specimens:~- M17, M1, Surface 5.

This variety consists, essentially, of biotite and
andesine, or more basic plagioclase in a fine grained grounde-
mass, with little if any orthoclase or quartz. It is similar
to M4 and M16-1, but more basic,

M17, from half way between stations 5 and 6 in the

Minnie Ha~Ha adit, is taken as the type. Macroscopically,

it is a fine grained, dark grey rock, flecked with biotite
flakes, Microsco ically,it consists of biotite, abundant
plagioclase phenocrysts and fewer of orthoclase, in a fine
grained groundmass of felspars., Quartz is absent, Orthoclase
¢ often shows carlsbad twinning, and occurs in idiomorphic

phenocrysts, often entirely fresh, but, in some instances,
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altered from the centre to a matte of kaolin, and sericite
with a 1ittle carbonate, Plagioclase — andesine - labradorite —
is more abundant, and occurs in well formed phenocrysts, exhibit-
ing carlsbad and albite twinning, and oftéen zoned; it is
generally quite fresh, but occasionally is partly altered to
sericite and carbonate, Biotite 1is scattered through the
section plentifully, in deep brown irregular flakes, and ocC=-
casional well formed crystals, usually slightly corroded around
the borders., Apatite is scattered through the slide in good
crystals. Sericite occurs as an alteration product of the
felspar phenocrysts and in the groundmass, Carbonate is chief=-
ly associated with, and probably replaces, biotite, A little
epidote also apprears to be an alteration product of biotite,
Occasional grains of pvrite also replace biotite, The section
is fairly fresh, and distinctly porphyritiec, A carbonate
veinlet cuts the specimen,

M1, taken 27 feet from the portal of the Minnie Ha-Ha
adit, is very similar to the last. Macroscopically,it is

slightly coarser in grain than M17, Microscopically, it con-
tains a few grains of quartz, and the groundmass is coarser.
There is less orthoclase. Plagioclase is the same—~andesine -
labradorite—, Biotite is altered to carbonate and pyrite.
There is less apatite, Very little epidote is present. Little,
if any, kaolin ha:- formed, the principal alteration of the fels-
pars being sericitization,

Surface 5, from the surface of the Carnation group,
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belongs to this variety. Macroscopically, it is very similar

to M17, Microscopically, it-is less porphyritic. A very

few interstitial quartz grains may te present, A very little
orthoclase occurs in small phenocrysts, The section consists,
predominantly, of small phenccrysts and grains of basic plagio-
clase, which, by oil immersion (checkeijggnifzhgﬁzﬁgﬁfz%glq and
by sign in convergent light, it being negative%a The crystals
show carlsbad, and, less frequently, albite twinning, and are
cften zoned., The hiotite is altered similarly to M17. Musco-
vite has developed, usually cutting across aggregates of biotite.

This section probably represents a very basic phase of the Ker-

santites.

From the foregoing petrographical descriptions of the
dike rocks encountered in the several mines mentioned several
inferences may be reached.

l. There appear to be no distinctly separate types, but
all are rather gradational phases from the same magma. The
presence of hiotite, as the one and only primary ferromagnesian
mineral, in nearly all the specimens, is particularly noteworthy
in this connection. Although the predominant felspars are-
orthoclase and the more acld plagioclase, yet some specimens
carry the more basic varieties, usually assoclated with some
orthoclase; the section, surface 5, with bytownlte-anorthite is

the extreme variety.
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2. The predominant type of alteration is that
characteristic of the intermediate vein zone, namely, sericiti-
zation with the introduction of more or less carbonate, and the
combination of the iron in the biotite, with intréduced sulphur,
to form pyrite. Silicification is less persistent, but is
clearly operative in many instances, Epidotization is a less
frequent alteration, while goisitization is infrequently met
with. A type of alteration more frequently associated with
veins deposited nearer the surface, namely, prophylitization
with the characteristic formation of chlorite and pyrite, with
carbonatization 1s depicted by a few specimens,

3 There is a type of rock, referred to as a silicified
aplitic variety of minette which is almost indistinguishable from
quartzite, and has been placed in this category, almost solely,

on the presence and condition of the felspars and their apparent

replacement by quartz.

The Sedimentary Rocks.

The sediments underlying the area under consideration,
as stated abovzs,are principally quartzites, argillites and lime~
stones with gradational varieties; of these quartzites are pre-
dominant among the specimens studied for this thesis,

Quartzite (felspathie) - Type, surface #2,
Specimens: Surface 2, S6, €8, M15, 4 R3, 4 Ro,

Surface 2, from the surface of the Carnation group,
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is a dark grey, fine grained quartzite with no visible bedding.
Microscopically, it consists, essentially, of rounded and sub-
angular quartz grains embedded in a finer grained matrix, Quartz
occurs in fresh, small, rounded and sub-angular grains, having a
considerable range of size; most grains are single, but some are
made up of several intergrown individuals. Orthoclase is scarce,
and occurs in small grains, partly altered to sericite. Plagio-
clase appears to be more abundant and fresher, but is partly
altered to carbonate and sericite. One rounded grain, probably
of zircon, was observed. A few flakes of muscovite are present.
Sericite is an alteration product of the felspars. Carbonate,
replaces felspars, and probably quartz to a lesser degree; vein-
lets of carbonate cut the section; these appear to have come in
before complete consolidation, for grains of quartz, often project
across and break up the carbonate stringers, Limonite forms

a cement between grains and may, in part, replace felspar. The
structure appears to be typically clastic, but very closely re-
sembles some specimens classed as silicified aplitic variety of
quartz minette,

S6, from the surface of the Carnation group, is very
similar, Macroscopically, 1t appears to be a dark grey, fine
grained quartzite, with fissures but no visible bedding., Micro-
scopically, it closely resembles surface 2, It consists of
rounded and sub-angular single and. intergrown quartz grains, with
minor quantities of orthoclase and plagioclase partially serici-

tized, Occasional scattered grains of biotite are seen, One
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small tourmaline grain is present. Several grains of a black
mineral - iron ore (?) - are present, Silicification has oc-
curred, some quartz replacing plagioclase, There is less car-
bonatization than in surface 2. This slide is doubtful and
may be a silicified aplite.

C&, from the Carnation, is very similar to the type.

Macroscopically, it is a dark grey, fine grained quartzite,

Microscopically, it consists, essentially, of ill assorted, sub-
angular and rounded quartz grains with subordinate orthoclase and
plagioclase. A 1ittle biotite occurs between the quartz grains,
Cocasional flakes of muscovite also occur, possibly secondary.
The felspars are altering to sericite., Very little carbonate
occurs, and this is mostly associated with limonite in one sec~
tion of the slide. The clastic structure of this specimen is
somewhat more distinct than of the last,. Evidence is provided,
especially, by the presence of rounded grains, which, when
examined between crossed nicols, are seen to be composed of parts
of several intergrown crystals, The section is divided by the
presence of a narrow band of much finer texture than the re-
mainder of the slide,

M15, from the Minnie Ha-Ha in the cross-cut from

station 5, is a similar rock. Macroscopically, it is a dark

grey, very fine grained, quartzitie rock, Microscopically,it

is similar but the grains are less rounded, and the composition

is more felspathic. Quartz grains are often intergrown and
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sometimes appear to eat into the felspars. Orthoclase and
plagioclase are both plentiful; both are altering to sericite
especially the former, Considerable brown and greenish tour-
maline grains are scattered through the slide. Grains of a
mineral similar to epidote occur less fregquently., A very little
carbonate cement occurs, This is less obviously clastic than C8,
but seems more like a quartzite than an aplitic rock.

4 R-3, from the hanging-wall of the vein at the
bottom of the winze, on the fourth level of the Ruth, is another
quartzite, Macroscopically, it is a fine grained, light grey,
quartzitic rock. jointed, but without visible bedding. Micro-~
gcopically,it differs in having no recognizable felspar, but
considerable sericite is present and may have replaced it,
Sericite also appears to replace quartz to a limited degree.

A few large coarse grained quartz lenses occur, A few flakes

of muscovite are present, Bcattered carbonate occurs, and a
stringer cuts the slide. Grains of pyrite are disseminated
through the section, The grains are smaller and more intergrown
than in the type for this group, tut the structure appears to be
clastic,

4 R-2, from the fourth level of the Ruth, is a some-
what similar specimen. Macroscopically, it is a fine grained,
grey, banded quartzitic rock, with graphitic slickensides. Micro-
scopically, it differs from the type in being finer grained,

containing no recognizable felspars, and containing much chlorite,
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some in bands. The groundmass appears to be fine grained
intergrown guartz, with abundant sericite appearing to replace
the quartsz. Abundant green chlorite, with parallel extinction
and deep blue birefringence is scattered through the section;
some flakes are partly replaced by sericite. A narrow band
(or veinlet) of chlorite, partly replaced by sericite, cuts the
section, this has been displaced by faulting, A wide band of
chlorite and sericite occuples one edge of the section, Scatter-
ed grains of pyrite, pyrrhotite (?) and black iron ore occur;
some grains have the appearance of chalcopyrite, but may be
tarnished pyrrho+ite (7).,

Calcareous Sandstone ~ Type, surface #3,
Sarfaee 3

Specimens: £3, Mla,

This type consists, essentially, of quartz sand,

cemented by carbonate. Surface 3, from the surface cf the Car-
nation group, is a typical example, Macroscopically, it is a
dark grey, fine grained, quartzitic rcck, lMicroscopically, it
consists of il1 assorted grains, mos<tly cf quartz, cemented by
carbonate,. Quartz is in rounded or sube~angular, separated
grains, A fair amount of orthoclase 1is present, and very oc-
casional grains of plagioclase, Occasional grains of brown and
greenish tourmaline occur. Fewer grains which resemble girconms,
were also observed, Carbonate is abundant, and, with gericite,
forms the cementing material and replaces felspar, and also ap-

pears to replace quartz to a slight degree around the margins of
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grains., The structure of this section is undoubtedly clastic,
Mla, from the Minnie Ha-Ha, near a dike, is also a

calcareous sandstone, Macroscopically, it is a dark grey, fine

grained, calcareous, quartzitic rock., Microscopically, it is

finer grained and more carbonatized than surface 3. Small quartz
grains are cemented by an equal or greater quantity of cartonate.
A very little biotite is present. Carbonate appears to replace
quartz in a few instances, and has replaced all felspar, if any
was present, Disseminated grains of black iren oxide are present,
This is an undoubted sediment.

C6, from the Carnation, is a similar though more quart-

zitic specimen, Macroscopically, it is a fine grained, greenish,

fissured rock. Microscopically, it has a somewhat bedded

structure. It consists of small quartz, and possibly some fel-
spar, cemented and partially replaced by cartonate, Pyrite occurs
in disseminated grains. Along one border of the section occurs a
band of coarser grained, pure silicified quartzite, with no cal-
careous cement, From this evidence it would appear that the cal-
careous portion must have been felspathic or impure and thus more
easily carbonatized.

Ferruginous carbonatized quartzite - Type, C2,

Specimens: cz2, C1.

This type consists, essentially, of quartz grains
cemented and replaced by carbonate and limonite. C2, from the

Carnation, represents this type. Macroscopically, it is a fine®

grained, grey, quartzitic rock, Microscopically,it consists of



~65-

small guartz grains, cemented and replaced by carbonate and
limonite. The limonite probably is an oxidation product of a
ferruginous carbonate. A quartz stringer cuts the section and
is partly replaced by the ferruginous carbonate and partly by
later carbonate - calcite (?). Still later fissures cut this
and are filled by calcite. The quartz veinlet is older than the
ferruginous carbonate, and the calcite stringers are younger than
this, The structure is clastic.

Cl, from the Carnation, is prohably the same rock.
Macroscopically, it is a brecciated highly oxidized rock, cemented
with calcite, Microscopically, it is very similar to C2, but

more ferruginous. Calcite is again later than the ferruginous
material.
Schisted sandy shale - 5 R5,

5 R5, from the Ruth at 1070' from the collar of #5

cross~cut, is, apparently a schisted sandy -shale. Macroscopically,

it is a very fine grained, black, schistose rock, Microscopically,

it is very fine grained and extremely schistose, and appears

to be composed of fibrous gericite and chlorite, enclosing fresh
guartz grains, forming a typical "augen" structure around the
larger ones., Some bands are richer in chlorite to the exclusion
of sericite, Much fine black carbonaceous (?) material is
present, and pyrite 1is disseminated throughout the section.

A quartz stringer cuts the specimen transversely to the schistosity.

The majority of the sediments collected are quartzites,
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usually more or less felspathic, and sometimes sericitized

or carbonatized, especially near the contacts of veins.

The Ores.

The polished sections of ores, studied for this
thesis, were prepared from specimens collected by Dr. O'Neill
from the Ruth-Hope, Lucky Jim, and Hewitt mines, The Lucky
Jim is situated near the headwaters of Seaton Creek, on the
valley slope, above, and about half a mile south of Zincton.

It is owned by the Lead and Zinc Company, Limited, of Spokane.
The ores are principally replacements of zlnc blende in a band
of limestone, The Hewitt is situated on a spur of Eight Mile
ridge, south of Silverton Creek, and less than three miles
southeast of Silverton, from which it is reached by road and
trail, It is owned by Hewitt Mines, Limited, of Spokane. The
deposit occurs at the contact of the Nelson batholith with ar-
glllaceous sediments, and the ores are principally of the dry
type.

The study, which was carried out by the author, of the
polished sections of the ores, constituted his initiation into
the science of mineragraphy, and consequently a good deal of
difficulty was experienced in the accurate determination of some
of the minerals encountered. The method adopted was that set

forth in Davy's and Farnham's "Microscopic Examination of Ore

Minerals," (McGraw-Hill). The reagents used in the microchemical
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tests were: 1:1 HNO3, 1:1 HC1, 20% solution of K C N, 20% solution
of F3013, saturated solution of HgCI2 and saturated solution of
K O H,

The specimens, examined, may be divided into three
general types: (1) those consisting predominantly of galena,
(2) those consisting predominantly of sphalerite, and (3) those
of the dry type.
Galena type.

Specimens: 5 R-~12, 5 R-12-1, 5 Rl12-3, 5 R19,

5 R-12 from the Ruth, is of this type. It consists,
in paragenetic crder, of magnetite (?), pyrite, chalcopyrite.
and sphalerite, pyrrhotite, tetrahedrite, and galena. Magnetite
(?) consists of one idiomorphic pseudo-hexagonal grain embedded on
the contact of galena and chalcopyrite. It is hard, dark grey,
and unaffected by reagents. Pyrite occurs surrounded by, and
corroded by chalcopyrite. The grains are irregular, cracked

and eaten into ty chalcopyrite. Chalcopyrite occurs in large

irregular masses, enclosing and replacing residual grains of
pyrite, I+t also occurs along the contacts of galena and sphaler-
ite, and as finely disseminated specks in the latter, Sphalerite
ocours in large irregular grains in the galena, and is being re-
placed by it, I+ appears to replace chalccpyrite in part, and

is probably nearly contemporary in age, as the chalcopvrite, in
other places appears to eat into the sphalerite, A few minute

fissures in the chalcopyrite are filled by pyrrhotite, Dissemin-

ated specks of tetrahedrite - pale creamy white and hardly dis-
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tinguished from galena before etching - occur in the galena; its
age is uncertain but it is earlier than the galena, Galena
makes up the bulk of the specimen and is the youngest ore mineral
present, and replaces both sphalerite and chalcopyrite.

5 Rl12-1, also from the Ruth, has a similar composition.
Paragenesis: Pyrite, chalcopyrite and sphalerite, tetrahedrite,
and galena, The specimen is,predominantly of massive fine-
grained galena, The pyrite again occurs in corroded residual
grains. The chalcopyrite is not as abundant as in the last,
and occurs finely disseminated in the galena. The sphalerite,
often in association with the pyrite, occurs as irregular remnants
in the galena. Tetrahedrite cccurs as good sized grains, and as
finely disseminated specks in the galena, often segregated around
the borders of the sphalerite, and appearing to eat into it, thus
being later in age. The galena is again the last ore mineral

to be formed. One small speck of a light grey mineral was ob=-

served, in association with carbonate, filling a small crack.

This mineral 1is soft, has a red powder, and reacts for ruby silver -
probably proustite. This is probably secondary. Carbonate
gangue =~ protably siderite - occurs sparingly especially with the
sphalerite,

5 R12-3, frow the Ruth, is also of massive galena, with
pyrite, chalcopyrite, sphalerite, tetrahedrite, and pyrrhotite (7).
Pyrite, in occasional, small grains again appears to be the oldest

mineral. Chalcopyrite is scarce, and occurs in irregular grains,
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being replaced by galena. A 1little also occurs in minute
cracks in galena and in tetrahedrite. Sphalerite is probably
contexrporary, and is more plentiful. It cften is assoclated
with the pyrite, Tetrahedrite occurs in minute specks, and also
as large pitted grains. Pyrrhotite follows cracks in the tetra-
hedrite, but is of infrequent occurrence, Galena is again the
predominant mineral, Evidence of a possible secondary cycle of
mineralization is shown by the presence of chalcopyrite in fissures
in the galena.

5 R19, also from the Ruth, is predominantly squeezed,
gneissoid galena, with considsrable sphalerite and tetrahedrite
and a 1little pyrite and chalcopyrite. Pyrite again appears to be
the oldest mineral, and occurs as occasional grains, usually in
or near the sphalerite. Sphalerite occurs in good-sized, ir-
regular, residual grains in process of replacement by galena,
Chalcopyrite occurs very sparingly in minute fissures and scattered
grains in the tetrahedrite, and is probably later than it. Tetra-
hedrite occurs in irregular grains, earlier than the galena,
Galena is the principal mineral and the last to form. It has
a gneissoid structure, probably caused by squeezing. After etch-
ing the galena, vague, disseminated, light specks, almost sub-
microscopic in dimensions appear, which are unaffscted, These are
too small to determine, but may be tetrahedrite, or a silver
mineral, Carbonate occurs speringly, mostly in the sphalerite
and tetrahedrite.

5 R20, from the Ruth, consists of two samples, both
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of this type. One is mostly galena, with abundant irregular
grains of tetrahedrite of uncertain relative age, Sphalerite
also occurs in irregular grains and is probably earlier than
galena, although some appears to be intergrown with it, A few
residual pyrite grains occur in both the sphalerite and tetra-
hedrite, The other sample is principally tetrahedrite, and dlso
contains a little chalcopyrite, which seesms to fill cracks in the
carbonate gahgue, and is, therefore, probably of later deposition.
5 R18, from the Ruth is principally tetrahedrite, but
is of a similar type of ore, This specimen differs from the
preceding ones, in that the tetrahedrite contains disseminated,
irregular grains of a silver white colour which are probably ar-
zentite (?) (or less probably dyscrasite (?). These may be later
than the enclosing tetrahedrite, Occasional emall grains of
chalcopyrite also occur in the tetrahedrite, Galena occupies all

of one side of the specimen,

Sphalerite type.

Specimens: L1, Rx,
L1, from the Lucky Jim, is a typical sample of the

sphalerite ore, It consists almost entirely of massive gphalerite,

with occasional minute blebs of pyrite and chalcopvrite. The

pyrite and probably the chalcopyrite are older than the sphalerite.
Rx, from the Ruth, is also of massive sphalerite.
This sample 1is from ore which is said to assay 101l oz. silver

per ton, The sphalerite is much cracked, the macroscopic

fractures being empty,although chalcopyrite fills some of the
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mioroscopic ones, and is therefore later in age than the
sphalerite, although minute blebs also occur disseminated
through the specimen,

Dry ore type.

Specimens: H, K,

Specimen H, from the Hewitt is of the dry type. It
consists of galena, sphalerite, chalcopyrite, pyrite, tetrahed-
rite (?) and native silver (?) in a gangue of carbonate - mostly
siderite - with subordinate quartz. The pyrite occurs in a few
emall grains in the sphalerite and antedates it in time of de-
position, Sphalerite occurs in large irregular grains, of un-
certain relative age, embedded in, and often enclosing grains of
galena, Chalcopyrite is probably later than the sphalerite,
and occurs in it as blebs and as fillings of fractures, Small
grey-white specks, unaffected by reagents, occurring in the

galena, are probably tetrahedrite. This specimen is unique in

that the galena, in the neighbourhood of a grain of sphalerite,
contains minute, white, dentritic growths, which are tarnished
by HNO3, and are probably embryonic crystals of native silver,
but are too small for definite determination.

Another sample of the dry ore type consists of sphalerite,
tetrahedrite, and subordinate pyrite and chalcopyrite, in a
gangue of quartz, with a minor quan*tity of carbonate, The most
significant fact observed in this specimen, was the replacement

of sphalerite, by branching dendritic growths of tetrahedrite.
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A few minute blebs of chalcopyrite and pyrite occur in the
sphalerite, the pyrite generally being associated with quartz.
Quartz is later than the sphalerite, but may antedate the
tetrahedrite.

Due to the author's lack of experience in the science
of mineragraphy, the foregoing observations and conclusions may
not be as precise or as exhaustive as might be desired, but with
additional experience and more time available much might be
learned of the occurrence and paragenesis of these ores., At least
it is clear that galena, sphalerite and tetrahedrite (usually
argentiferous) constitute the bulk of the ore. In general the
paragenesis of the ores is as follows:~ Pyrite, sphalerite,
tetrahedrite and chalcopyrite, and galena, although some variation
in the order of deposition of the sphalerite,tetrahedrite and
chalcopyrite seems to occur,

A notable feature of the study was the apparent lack
of ruby silver in the dry ores studied, although this mineral is
plainly visible in several of the hand specimens from the Hewitt

mine,
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