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A Study of Some of the Igneous Rocks and Ores 

of the Slooan Mining District, B.C. 

Introduction - General 

Among the several great metal-bearing zones of the 

globe, the western mountainous region commonly oalled the Cor­

dillera of Amerioa, extending as it does, with the exception of 

minor breaks, from the tip of South America_ northward as far as 

Alaska, stands out pre-eminently as a producer of vast riohes. 

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 oentury, will serve as an instanoe 

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, said 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 colleoted 

but little of the treasure. In following the ear~y history of 

America many such instanoes of the amazing wealth of the Cordil­

lera are brought to light. The "gold rush" of '~9 to California, 
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which State has since y1elded 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 prinoipal ore bodies are situ­

ated in the Amerioan Cordillera; the immense oopper reserves of 

Chuqu1camata and Braden in Chile, the copper and other deposits 

in Peru, the tin, oopper and silver ores of Bolivia, the plati­

num of Columbia, besides the numerous deposits of ores of gold, 

oopper, 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 plaoers principally in the Cariboo distriot, and lesser 

amounts have been obtained from lode mines, usually as an aoces&­

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 produoers, 

and mines in the last named distriot are still operating. Many 

other districts also contain deposits of oopper ores. Silver 

generally ocours with lead and zino, 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 distriot. 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 Slooan. 

The region referred to in this thesis and designated 

the Slooan 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 Slooan Lake on the west, and inoluding -parts 

of the Slooan 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 and by 

Kas10 Creek on the east. The country is rugged, ranging in ele­

vation from 1730 feet at Slocan Lake to over g600 feet on the 

summit of Mount Oarlyle. Owing to lumbering operations and more 

espeoially to the devastation wrought by forest fires the country 

1s but sparsely wooded. 

Access to the ar-eais effeoted by the Canadian Pacifio 

Railway, either from Revelstoke in the north through Upper Arrow 

Lake and thenoe 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 branoh conneoting with 

Sanden in the interior. 

Mineral disoovery in the Slooan dates from lS9l, since 

whioh time mines in the district have yielded over $50,000,000. 

in lead, silver and zinc, with minor values in gold and oopper. 
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To the end of 1924 the o~tput of the three principal metals 

aggregated 38,000,000 ounoes of silver, nearly 300,000,000 

pounds of lead and nearly 122,000,000 pounds of zinc, and oom­

prised over one-third of the silver, one-fifth of the lead and 

nearly one-quarter of the zino, produoed in the province up to 

tha.t time. 

Since the date of discovery a great many properti~s 

have shipped ore. Of these, many have been abandoned; some have 

lain idle for years, but will doubtless be re-opened when oheaper 

and more efficient methods of treatment make then deposi ts of eoono­

mio value; while others are now produoing in various quantities. 

Twenty-nine properties have shipped ore for 10 years or more. The 

Slooan Star, Silversmith, Ruth-Hope, and Rambler-Cariboo each has 

a reoord of 2g producing years, while the Whitewater mine produced 

in 29 different years, inoluding a oontinuous period from 1900 to 

1924. Peak produotion from the district was reached in 19l9 when 

thirty-six mines shipped ore aggregating in value about $3,~50,OOO, 

in silver, lead and zino r~speotively in order of value. 

Bibliography and Aoknowledgements. 

Owing to inability of the writer to visit the area, it 

has been neoessary to make exceptionally free use of existing re­

ports and memoirs on the distriot; all the introduotion, description 

of the country and general geology being compiled from suoh souroes, 

the principal of which are: 

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

Geol. Survey, Can. 

(2) Slocan Mining Area - C.E.Ca1rnes. Unpr1nted manuscript. 
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Other publioations dealing wi th the area are enumerate.d in the 

appendix attaohed to this paper. The writer is especially In-

debted to Dr. J.J.O'Neill who spent the summer of 1926 in the 

field oolleoting much valuable information on the ore deposits 

of the distriot, and who supplied all the specimens of ores and 

rooks used in the preparation of the polished and thin seotions, 

upon the study of which this thesis is based. Thanks is also 

due to Professor R.P.D.Graham, who with Dr. OINeill was of in­

valuable help to the writer in the microscopic study of the ores 

and rooks, 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 

traot 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 

seotions. These are, from east to west: 

(1) The Rooky Mountain System. 

(2) 'rhe Rooky Mountain t'renoh. 

( 3) The Gold Ranges. 

(4) The Interior Plateau. 

(5) The Coast Range. 

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

(7) Vancouver - Queen Charlotte Islands ohain. 
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The Rooky Mountain System inoludes all those ranges 

lying between the plains on the east and the Rooky Mountain 

trenoh on the west. The most important of these are the Mao­

kenz~e Mountains in the north and the Rookies in the south. 

The system has a young and rugged topography, deeply disseoted 

by stream erosion. The ranges form an overlapping series with 

a general north-west south-east trend, uplifted by the folding 

and orumpling of great thioknesses of Palaeozoic sediments, whioh 

in the eastern portion have been thrust north-eastward over the 

later beds, in the form of great fault blocks, having oharacter­

istic steep eastern faces with relatively gentle western slopes. 

The Booky Mountain trenoh, whioh separates the Rookies 

from the Gold Ranges, oonsists of a great, structural synclinal 

fold, enlarged by erosion, and varying in width between ~ive and 

twenty miles. It has been traoed intermittently from Montana, 

northward through British Columbia and the Yukon to the Alaska 

boundary, and is oooupied by portions of several rivers, both 

north- and southward flowing. Among the rivers whose courses, 

in part, follow the trenoh are, the Columbia, Kootenay, Parsnip, 

Finlay, and Liard. 

On the west of this depreSSion rise the Gold Ranges, 

which inolude the following features, from east to west: the 

Puroells, the Purce11 trenoh, the Selkirks, Selk1rk valley, and 

the Columbia Mountains whioh grade into the Interior Plateau. 

These ranges have a charaoteristioally youthful and rugged topo­

graphy, several peaks in the Selk1rks reaohing elevations of 
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11,000 feet or over and many supporting looal glaciers. The 

struotural 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,ontle11' western side,merge into the Interior Plateau 

of British Columbia. This plateau, with a general elevation of 

3500 feet is made up of three general levels; the deeply disseot­

ed river valleys; the broad uplands, remnants of an uplifted 

anoient peneplain, and, reposing on this, the residual aonadnooks 

of a still more ancient eroded surfaoe, the whole oombining to 

produoe 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 oontinued erosion, and dissected 

by several through rivers, and by many oomparatively short streams. 

Those streams, dra.lng into the Pacific direot. have overdeepened, 

and partly drowned valleys, Whioh form the high steep-walled 

fjords, whioh are the most imposing feature of the coast of British 

Oolumbia, whioh 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. West 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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mainland. On the southeast Vancouver Island 1s 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 tblsrange extends northward into the lofty mountains of the 

young St. Elias Range of Alaska. 

Considering the topography of the Slooan area in detail, 

it 1s seen to present a very rugged aspeot, the relief varying more 

than 6g00 feet from the base level of 1730 feet on Slocan Lake. 

The region is deeply furrowed by several oreek valleys, the ohief of 

whioh is the Carpenter-Kaslo valley in the north, Carpenter Creek 

flowing south-west to Slooan Lake and Kaslo Creek south-east to 

Kootenay Lake. This valley is followed by the Canadian Paoifio 

Railway line between Kaslo and New Denver, the tributary valley 

oontaining the upper reach of Carpenter Creek, serving Similarly 

as a route for the branoh line to Sandon. Another oreek -the 

Silverton - enters Slocan Lake about three miles south of Car­

penter creek, and rises inland to the east-south-east. With one 

except1on- the Luoky Jim -the mines from whioh the specimens 

examined by the writer were obtained, are all situated to the west 

of Sandon. In this region 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, whioh, 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 g200 feet on Mount Raco, 

~hioh supports a small glacier on its northern slope. From 

this:~o1nt the ground slopes down to the north until an eleva­

tion of little over 3500 feet is reached on the divide between 

lasla and Seaton Creeks, the latter of whioh is tributary to the 

Carpenter. From the foregoing topographical sketoh it is evi-

dent that the oountry is rough and the grades steep, as much as 

3000 feet to the mile, or more, being not uncommon; thus, suoh 

roads as have been built must needs follow the valleys where 

possible, or searoh 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 distriot, being situated in the Selkirk 

mountain system, lies within the borders of a pre-Cambrian geo­

synoline, which was uplifted and eroded throughout Palaeozoio time 

until late Mississippian, when it was again submerged, and aoou­

mulated sediments of late Palaeozoio and Mesozoio age. The 

basal series of the district is the Ainsworth, called, by G.M. 

Dawson, the Shuswap, and mapped_as pre-Cambrian, but now oonsidered 

by M.F.Banoroftl and others to be Palaeozoio" probably Carboniferous. 

The next suoceeding series is the SlOOBn, recognized by Dawson, but 

name4 in 1895 by R.G.MoConnel12• Above this lies the Milford 

lSummary Report 1919, Pt. B., G.S.C. (M.F.Banoroft). 

2 n n 1895, G.S.C. 
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series, generally conceded to be Mesozoio. The principal igneous 

rocks are the Kaslo sohists and the Nelson granite bathollth, 

with its many related dikes. 

Ainsworth Serles. 

The Ainsworth series is a local name used by Schofield1 

to denote part of Dawaon's Shuewap. The series outcrops along 

the west shore of Kootenay Lakej and extends northward across the 

Ainsworth district into the Slocan area. Lower beds are exposed 

as the series is 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. Llthologically, the 

"series oonsists of mica sohiets, quartzites, siliceous limestones, 

thin bands of hornblende schiets, and garnetlferous mica sohists". 

The Ainsworth, and also the Slooan series locally have a general 

north-westerly strike. The Ainsworth series dips toward the west 

at angles of 300 to. 500 • Aooording to DrYSdale2 the oontact of 

the Slocan-A1nsworth series is a steep normal fault, in whloh the 
q 

A1nsworth series forms a relatively upthrust horst on the footwall 

side. He postulates this oondition in part by the neoessity of 

aocounting for the relative position of the Kaslo sch1sts J which 

he considers as principally vo1oanics, including ash beds, 1nter-

bedded w1th some greatly metamorphosed sediments. Bancroft, on 

1 
'~emo1r 117, 1920, G.S.C. 

2Summary Report 1917, G.S.C. and Map #1667. 
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the other hand, considers the Ainsworth and Slooan series to be 

conformable. This view he supports by field evidenoe obtained 

where the contaot was visible, especially on ~ MilfordCreek, 

where he found the basal limestone of the Slocan resting oonform­

ably on the hard mica quartzites, both dipping w~t at 300 in con-

tinuation of the Ainsworth monooline. A notable feature of the 

contaot is the series of "strike ridges" formed by the outoropping 

of the slow weathering Slooan limestone, whioh is conspicuous on 

the mountain slope to the west of Kootenay Lake. The rocks of the 

A1nsworth series are interbedded and have transitiOnal oon~Ot8. The 

limestones are often argi1laceous, although bands of almost pure 

oalcite, resembling marble, ocour in some localities; in many in-

stanoes beds have been metamorphosed to marble. The quartzites 

are generally thinly bedded and are often micaceous, although 

massive beds of pure quartzite are also found; Many of the rocks 

are muoh altered and sohisted, due to intense regional folding as 

well as igneous intrusion. As previously stated, the Ainsworth 

series was provisionally oorre~ated with the 'Shuswap' of Archean 

age, but in 1914 S.J.Schof1eldl , as a result of a study of the 

rocks east of Kootenay Lake, found that the Purcell series (Beltian) 

passed oonformably beneath these and thus precluded their being 

pre-Beltian. They are thus post-Baltian in age, and are now oon­

sidered as Palaeozoio and probably Carboniferous, if, as Bancroft 

states, they conformably underlie the Slooan series. More recent 

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

atill more recent. 

Slocan Series. 

The Slooan series, so named by McConnell in lS95, 

"consists of argillaoeous quartzites, limestones, and slates or 

a~gillites with gradational types", The slates are usually highly 

oarbonaoeous and where compressed become graphitic slates. The 

limestones are often orystalline while some beds are argillaoeous 

and of a dark blue or gray colour. Fossils have been found in 

several looalities in the limestones. The Slocan series underlies 

most of the region oonsidered in this paper, extending from the 
• 

area ocoupied 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 vertioal on the limbs of the folds to com­

paratively low angles where crests or troughS are exposed. 

Drysdale estimates the series to inorease in thickness from ~OOO 

feet on the Blue Ridge to a maximum of 15,000 feet in the west, 

but owing to the reourrence of lithologically similar beds and the 

oomplex folding and faulting, no aoourate measurements have been 

seoured. The lower limit of the Slocan series is a fossil1ferous 

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 sohistose mioa quartzite. Drysdale, in 1916~ mapped the 

Slocan s~ries as conformably overlying the Selkirk series (now 

the Kaslo sohist), whioh he considered to be interbedded flows 

and voloanio ash, with some highly metamorphosed sediments, but 

aocording to Bancroft there is now no doubt as to the conformable 

relations of the Slooan and Ainsworth series. The age of the 

series he considers as Carboniferous and probably Pennsylvanian, 

whioh belief is based on the evidence of fossils oollected from 

the limestone in several localities between 1916 and 1919. This 

conclusion oonfirms those of Dawson, Brook, Sohofie1d and others 

who also believed the series to be of Carboniferous age. From 

the evidence of fossils oollected more recently (1925)~ however, 

and determined by F.H.MoLearn 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 oonformable (disoonformable acoording to Bancroft) contact be­

tween the Slocan and overlying Ml1ford series, which Bancroft places 

as probably Jurassic. These fossils were collected from the 

vicinity of Whltewater and LuckyJim mines, and the south-eastern 

slopes of Shroedar and J ardine 140 un tains • 

The slates and limestones of this series contain the 

most important ore bodies of the distriot, less important deposits 

ocourring in the granite. 
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Milford Series. 

This series was reoognized and named by Le Roy, and 

oonsists of argillaoeous quartzites and limestones, lithologioally 

very similar to the underlying Slocan series. They occur conform-

ably, or possibly disoonformably, overlying the Slooan series in 

a narrow, northward striking belt between the outoropping of the 

Ainsworth series on the east and t-he_ Kaslo schlsts 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 Jurassio. From the oonformable re-

lations and lithological similarity of the Slocan and Milford series, 

one might be lead to speoulate as to the possibility of the fossils 

oolleoted in 1925 belonging to the latter series and thus account 

for their Mesozoic agej but as the writer has not been in the 

field there may be other evidenoe which would immediately refute 

this supposition. 

Igneous Rooks. 

(aala Schists. 

This group consists of a variety of basic igneous 

rooka "including intrusive breccla, serpentine, augite and horn-

blende porphyri tea J diori te and gabbro. ,,1 At These rocks are 

found in a belt extending north and north-west from below the 

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

lM.F.Banoroft, Sum. Rep., Pt. B., G.S.C., 1919. 
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Creek below the mouth of the M~nsfie1dJ 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 oon-

siderab1e area in the Lardea.n. map sheet to the north. The term, 

nKaslo schists J" was introduoed by R.G.McConne111 in 199~J as a 

looal name for this group which was considered to belong to the 

lower Selkirk series. O.E.Le Roy2 divIdes the group mainly into 

greenstone sohists J ·with subordinate quartzites, silioifled ash 

rocks J brecoias J limestones and phyllites,,'t along with intrusives 

a1 tered to s erpen tine; nwhere notedJ" he says J "the oon taot wi th 

the Slocan series has the oharaoter of a thrust fault along the 

axis of a sharp fold n• Drysdale in 1916 also adheres to a similar 

view. But Bancroft3 gives evidence at some length to show that 

the Kaslo sohists (Kaelo voloanioe of Drysdale) are of an intrusive 

nature J into the Slooan and M1lford series. He states that the 

rooks near the oontaot have been altered by heat and pressure; 

the groupJ as a who1e J has the "shape" size and mode of occurrence" 

of a bathollth, with numerous apophyses and dikes injeoted into 

surrounding beds, partioularly into the Slocan and Milford series 

within the Blue Ridge synolIna1 belt. The contacts on both 

boundaries of the schiets are steep. He notes partioularly that 

-the sedimentary beds east of the Kaslo sohist oontact on Kaslo 

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

lG.S.C., Vol. VII, 1994, 
2Sum. Rept. 1910, 'G.S.C. 

3sum • Rept. 1919, Pt. B., G.S.C. 
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Kaslo sohlets in passing above also dips westward, but at a much 

lower angle," whioh "cross-cutting relation was hitherto overlook­

ed in Slooan geology". Drysdale's section (map no. 1667) aocounts 

for this by a.ssuming an apparently conformable reverse dip for the 

Kaslo sohists. This crossoutting relationship was also apparent 

on the west oontact between Rossiter and Lyle Creeks. As 

mentioned above LeRoy considers this to be due to'- a thrust faul t. 

The several sediments, inoluded by LeRoy in this group, Banoroft 

refers to as roof pendants, from the eroded sediments formerly 

oapping the intrusive, "flinty quartzites of the Mllford series" 

being well represented. Several "dikes of green schistose rooks 

resembling types of the Kaslo echiets" were noted in the Milford 

synoline. One of these, 100 feet wide, was traced from Schroeder 

peak to the head of Falls Creek, "where the Kaslo schist batholith 

outs across the eastern limb of the syncllne," and was finally 

followed to within a short distance of the Kaslo schlsts. What 

Drysdale reported as squeezed oonglomerate, Bancroft oonsiders as 

of igneous origin, describing it as an intruoive breccia, consist­

ing of "rounded pebble-like, inolusions in a schistose matrix," 

the "pebbles" oomposed of "greenish, silioeous, igneous material 

in a soft, flaky matrix of the same colour". 

It would seem probable from the above evidenoe that 

the Kaslo sohist is an eroded bathollth intrusive into the sur-

rounding sed1ments. In the north it 1s out by the Nelson batho-

1ith whioh plaoes it as Jurassic or earlier in age. 
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Nelson Granite. 

This great granitio intrusive, named after the town 

of Nelson, is unoovered for more than 1000 square miles, of 

whioh only a portion of the northern border appears on the 

Slooan map sheet, where it outorops im two large masses in the 

south, forming a concave northern contaot. The~e are n~merous 

apparently isolated granitIc outliers in the area which must be 

supposed to be connected to the main batholith in depth. In 

oomposition the rock ranges from a granite through a grano-diorlte 

to a quartz diori te, described by Brookl as "a sort of granI t-e 

representative of the monzonite group of rooks, intermediate 

between the alkali and lime-soda series of rooks, and about on 

the boundary between granite and diorite. One analysis, by 

J.O. Gwilllm, shows as muoh as 8.24% of OaO, while another by 

Brook gives 3.43% OaO with soda and potash about equal. The 

rook Is generally fresh and of a light grey oolour, and ls oommon­

ly distinot~y porphyrltio, with phenoorysts of orthoolase in a 

groundmass of quartz and plagioolase. The ferromagnesian 

minerals are varying proportions of hornblende and blotlte, the 

latter o.ften occurring as flakes included in the orthoclase 

phenocryets. 

Wall rock contact metamorphism is usually oonfined 

to narrow zones, the slates altering "to andaluslte, hornblende 

and mioa sohiets, the quartzites to quartz schists, and the lime­

stones to orystalline types". 

1 Ann. Rept., Vol. XV, 1902-1903, G.S.C. 



Among the minor intrusives" there are the older 

dikes related to the Kaslo sohlsts, referred to above, and both 

aplitio and later basi"o dikes consid~red as derivatives of the 

Nelson batholl the The basic dikes oomprise, principally-" types 

of mioa and hornblende lamprophyrea, "hose original coneti tuents 

are in most cases highly altered" and replaced,especially by 

oalcite. These will be dealt with more fully in a later section 

of this paper. 

The mineralization followed this latter period 01 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 ocmmon, together with re-worked river 

deposits and talus slopes. Several landslides have occurred 

in the region, notably the one near Sandon which, in liQ6, 

buried a portion of the village and filled the valley to a depth 

of many feet. 

Structural Geology • 
• 

The outstanding structural feature of the Gold Ranges 

is the north-south folding, which forme a series of more or less 

parallel synclines and anticlines, oomplicated by faulting, and 

greatly modified by river and glacial erosion. These ranges 

occupy the site of an ancient pre-Cambrian geosync11ne, uplifted 

towards the end of the pre-Cambrian, and not again s~?erged un­

til Pennaylvanian, the final .Bmergence ooourring in the· late 
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Jurass1c; a mature topography was developed be~'ore 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 streamFroSion. The Pureell trench which 

separates the Purcells from the Selkirks is attributed, by many 

investigators,l to this cause, although Daly2 believed it to be a 

downfaulted 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 structure 1s mani­

fested by steep folds trend1ng north-west and south-east, compli­

cated by less evident northerly cross folding. The sediments 

are intruded in the north-east by th~ Kaslo schists (according 

to Bancrott) and in the south by the Nelson batholith and its 

aphopheses. During the folding the beds were often nuptured, 

forming numerous faults striking north-easterly or northwesterly. 

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

lS.J.Sohofie1d, Kem. 117, Geol. Surv., Can., 1920. (P.62) 

2R.A.Daly, Kem. 38, Geol. Surv., Can., Pt. 2, 1912. 

--
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and dip, partioularly the north-easterly ones ••...... Faults 

of one trend show a tendenoy to terminate against or swing along 

those of another trend. Most of these faults are pre-mineral-

ization tending to looalize ore deposits. But post-mineral fault-

1ng also has been noted, in some oases movements having taken place 

along earlier fault veins. 

been recognized." 

"Both normal and reverse faul ts have 

2 Geological History-! 

In order to arrive at a knowledge of the sequenoe of 

geological events in· the Slocan district, an area wider than that 

under partioular oonsideration must be studied. S.J.Schofield 

considers, from his field observations, that sedimentation has 

been continuous from pre-Cambrian (Beltian), when the Puroell 

series was laid down, until Pennsylvanian time, or possibly the 

Mesozoic. This interpretation, is, however, not universally ao-

oepted, as pre-Carboniferous sediments are laoking, and some 

geologists oonsider the region to have been emergent during the 

greater part of the Palaeozoio era. The Milford series is evi-

dence of more reoent sedimentation, so that the prooess may have 

been continuous into the Kesozoio. 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 oonstitute the .origi~ of the great bulk of the sedlments 

laid down in suooeeding time~ 

rA.M.Bateman, Soo. of Eoon. Geol., Pub. 47J Sept. 1925. 
2 Sohofield, S.J., Yem. 117, 1920, G.S.C. 
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P~aeozoic. 

The Purce11 series (Beltlari) and early Palaeozoic 

sediments are not· exposed in the Slooan distriot. The oldest 

rooks are those included in the Ainsworth series. Sohofield 

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 epooh seems to have been 

oharacterized by fluctuating oonditions as is evidenced by al­

ternating beds-.of quartzites, limestones and slates. Evidenoe 

of voloanic activity is seen by the presence, in the upper beds, 

of thin bands of hornblende scbists, which Schofield oonsiders 

to be metamorphosed aEil beds. The Ainswortb series is now oon-

sidered to be of carboniferous age. 

The Slooan epooh was apparently a oontinuation of 

the fluctuating marine oonditions of the Ainsworth. Muds and 

limey muds were laid down prinoipally and were later altered to 

limestone, slates and schists. Both the Ainswamh and Slocan 

sediments are believed to have been derive~ from the pre-Cambrian 

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

Mesozoic. 

No record of the Triassic is preserved in the area 

unless it be proved that the Slooan series may have been deposited 

at this time. 



Jurassio. Aooording to Bancroft, marine sedimentation is 

evidenoed by the argillaoeous quartzites and limestones of the 

M1lford series, plaoed tentatively as Jurassic on the evidenoe 

of Belemnite fragments determined by E.M.Kindle in 1919. This 

period is, however, prinoipally notewo~thYJ on aocount of the oro­

genic movements and igneous activity. whioh charaoterized it. The 

orogenio moveme~ts consisted of folding and faulting of the sedi-

ments, with the oonsequent uplift of the surface. The weakening 

of the crust, thus cauae~presumably provided a suitable condition 

for extensive igneous intrusions. These intrusions are often 

initiated by a basic phase, represented in this area (according 

to Bancroft) by the Kaslo sohists, which were followed after an 

interval by the more acid granite and grano-diorite of the Nelson 

batholith and its accompanying stooks and dikes. Owing to the 

pressure of folding and the heat of intrusion, the sediments were 

oonsiderably metamorphosed, the sandstones to quartzites, the 

limestones to marble or orystalline types, and the argillites and 

slates, in some cases, to andalusite and mioa sohiets. The 

Jurassio is an all-important period economioally, for it was 

during its latter portion, and following the Nelson intrustves, 

that the ore-bearing solutions were oiroulated to form the present 

eoonomio depOSits of silver, lead and zino. 

Cretaoeous. 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 Rooky 

Mountain geosyno11ne, whioh was still submerged. 
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Cenozoic. 

Tertiary. The Tertiary period in the Selkirk Mountains wa.s 

oharacterized by early peneplanation fol-lowed by uplift,and 

the commenoement of the present oyole of erosion, which has form­

ed the present deep river valleys and rugged peaks. The orogenio 

disturbances I 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 evidenoe of glaciation is seen in the ~any 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 peaks, 

the climate has become more temperate, and normal river erosion 

has resumed its work, modified from time to time by occasional 

avalanche~ typical of an immature physiography. 

Economic Geology. 

The grouping of the ore deposits of the Slooan district 

shows a marked relation to the Nelson batholith, or to smaller 

granitic bosses which are presumably offshoots of the s~~e under­

lying intrusive mass. The deposits occur, for the most partJ 

either in the grano-diorite itself" or within a mile ot two of 



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 unexposed in the immediate 

vicinity. 

The ore deposits of the district fall into two general 

olasses. These are the so~oalled "dry" and "wetff ores. The 

dry ores consist of veins, essentially quartz, with the princi­

pal values in silver-bearing minerals, which are associated w.i th 

galena and zinc blende. They generally occur in the batholith, 

or nearer the- oontaot than the wet ores; it is also found that 

the wet ores, in some veins, grade downward into the dry ores. 

From these relatione it would seem that the latter had been de­

posited under conditions of rather higher temperature than the 

wet ores. 

region. 

The wet ores comprise the predominant type of the 

These may be subdivided into the replacement deposits 

consisting primarily of zinc b1ende with occasional shoots of 

galena, whioh occur in the limestones, and lead-silver fissure 

veins, oonsisting of galena, with .subordinate zinc b1ende, the 

bulk 'of the silver being in the form of argentiferous galena 

and argentiferous tetrahedrite (grey oopper). It is these wet 

ores with whioh we are ohiefly conoerned in this thesis, and 

several examples w111 be dealt with in more detail in subsequent 

paragraphs. 

In studying the distribution of the various types of 
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deposit~ a tendenoy to zonal arrangement1 is noted. As stated 

in the preceding paragraph, the dry ores occur ohiefly in the 

grano-dior1te. "The minerals are quartz" tetrahedri te J argen-

t1ferous galena, with small amounts of sphalerlte, ruby silver, 

ohaloopyrite, pyrite, pyrrhotite, calcite, and siderite",l the 

total metallio oontent being small, with the prinoipal values 

in silver. The ruby silver is a product of surface enriohment, 

but occurs to considerable depths (e.g. below 700' in the Hewitt 

and Van Roi). The ores in the sediments near the contact "con-

ta1n.more galena" sphalerite, siderlte and calcite, with less 
1 tetrahedrlte and ruby silver". As the distance from the 

oontact inoreases, the proportions of galena and zino 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, muoh 

reduoed. Wet ores high in silver occur in the vioinity of in­

trusive granitio oupolas (e.g. Reco, Payne,,··etc..):j 
,,_ - - - - - - - - - - - - - - - - '"" .• - - - ..... - - .. __ - .-. - - __ --fill 

~wh1le deposits further removed from the intrusive only average 

about an ounce or less of silver per unit of lead2• Prooesses 

of seoondary enriohment are recorded, not only by the presence 

of ruby silver, but also by limited quantities of oerusslte 00-

ourring in some deposits, much of which has probably been re­

moved by glaciation. 

1 A.M.Bateman" Notes on Silver-Lead Deposits of Slocan District, 
B.C.Can •• Soo. of Eoon. Ge010giB~. Pub. 47.1925. 

2Sphalerl te 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 

plende and increased siderite as depth inoreases. At greater 
"red Otn i tu~""e.j, 

depths sideriteAwith occasional grains of zino blende and 

galena. Finally the vein filling may consist almost entirely 

of quartz wi th dissemina.ted specks of galena, zino blende-, py­

rite and silver minerals" becoming a typical dry ore?- In some 

instances galena and zinc blende were apparently deposited in 

reverse order. This is probably due to either of two causes. 

Subsequent to the first mineraliz~,'tlon" movement along the 

fissure may have taken place, causing considerable brecciation 

and providing paths for fresh incursions of mineralizing solu­

tions, Which would probahly have cooled and deposited their 

loads at lower levels , thus depositing galena below the earlier 
1 

zinc blende. This would not be expected in veins which show 

no evidence of later movement. The second possibility is that 

the oOncentrations of the solutions may have varied from time 

to time, and deposition have been further affected by solution 

of the wall rock. In this case no subsequent movement is 

necessary to accowlt for apparent reversal in order of deposition. 

The predominant strike of the fissures 1s 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, an~ from field observations2, 

IC.E.Cairnes, The ,Slocan Mining Area (unpublished) 

2Dr • J.J.O'Neill, (field observations) 
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1,-t appears probable that movement has continued, orreaurred 

again, after the deposition of the ores; this is probahly an 

important cause of the offsets met with ir. following many of 

the veins. Exc~tions to these transverse fissures are 

generally located along zones of shearing following the strike 

of the beds. The r.1ain northeasterly trending fissures appear 

to be controlled by a system of jointing, along which no great 

movement has taken place. Faul t jogs of small displacement 

are common occurrences along these veins J and may cause some 

vexations in mining. 

The influence of 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 both 

granitio equivalents and more basic mica lamprophyres. Unlike 

the veins these generally trend parall~l to thA schistosity, 

and strike of the sediments. Both acid and basic dikes are ·cut 

by the veins, and are intermediate in age between these and the 

still earlier batholithic intrusion, with which they are probably 

genetically related. 

The probable sequence of events, according to Bateman~ 

was the intrusion of the batho~ith, accompanied by fracturing, 

the expulsion of the d1ke rocks along these planes of weakness, 

and finally the emission of the mineralizing solutions and de-

1 . Op. c1 t. 



~os1t1on of the ores. Faulting and fissuring probably continued 

throughout this ~och, and lasted for some time after its close. 

Whencons1dering the probable continuation of the 

deposits in depth, an understanding of the topography of the 

region is of primary importance. Bateman1 estimates that many 

thousands of feet must have been eroded from the surface since 

the formation of the ore deposits in the Jurassic. The .vall eye 

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. 

Henoe, 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-

tlon in elevation between the various mines. On the ridge be-

tween Carpenter and Silverton Creeks, the Bosam 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 J it seems 

that where mines are situated in the higher slopes of the 

mountains, it does not necessarily follow that the deposit is 

1 Ope cit. 
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finished when the original shoot pinches out, but rather that 

there is sound reason to believe that exploration at greater 

depth may bring to light a fresh supply of ore. 

"Petrography. Di k e Rock"s. 

The rook specimens, collected by Dr. O'Neill, and 

used in the preparation of the thin sections studied for this 

thesis, were Qbtained from several mines in the general vicini ty 

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 CQ"lSlsts 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 Hinnie 

Ha-Ha is situated a little over a mile west-southwest from 

Sandon, at an elevation of about 5000 feet, on a ridge between 

two creeks. The Ca.rnation adjoins this property on the southwest, 

and is, in turn, connected by 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. 

Thee e 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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p'orphyries and several 'varieties of mica lamprophyre. All 

the slides are altered, some beyond recognition of the original 

constituents. The fresher lamprophyres consist, essentially, 

o.! bioti te and plagioclase, which ranges in composi tion from 

albite-oligoclase to labradorite, and, in one instance, is 

bytownite-anorthite; orthoclase is an essential constituent of 

some sections, and primary quartz is also common especiall'y in 

the more acid types. Several accessory minerals recur in many 

slides: needles of rutile are characteristically developed in 

the biotlte, forming hair-like aggregates oriented in three 

distinct directions, inclined at 600 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 biot1 tee Ep1dote 1s less common but was 

observed in five or six slides replacing plagioclase and, some­

times apparently, b10tite as well. Zois1te was identified in 

three slides as an alteration product of felspar. The felspars, 

where sufficiently fresh, were determined by the 011 inmlersion 

method, using various oils of known index of refraction. 

The mica lamprophyres tall 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. 



Quartz Minette. 

The most acid type is a quartz minette - or an apletic 

variety of minette - consisting, essentially, of orthoclase, some 

plagioclase, blotite, and variable quanti~ies of quartz. This 

group may be further s~bdivided, 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, almos~ every gradation may be seen, the lam-

prophyre types themselves grading into true aplites and por­

phyriee with almost a total lack of ferromagnesian constituents. 

Variety 1 (porphyrit1c) - Type, Surface 6. 

Specimens: Surface 6, S3, 85, 5 R-Q ./, 5 F.-10, 5 R-21 , 5 R-22, 

5 R-23, 5 R-24, MS, M9, 1\110, c4 , C5, C5-1, 1113, Ml6-2, 5 R-7, 

5 R-g, s4-, 82, Surface 4, R4, C5-?, CS-l. 

Of the porphyritlc variety of quartz mlnette 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

olase, nests of biotite, often with regular boundaries, and quartz. 

Quartz is abundant in allotrlomorphlc grains. Much of it is, 

apparently, primary, but some is eating into the orthoclase. 

Orthoclase occurs abundantly in hypidiomorphic phenocrysts alter-
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1ng to sericite J epidote l and zoisite from the centre and 

sometimes replaced by quartz on the margins. Plagioclase 
L 

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 l 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. Carbonate occurs, principally replaclng 

plagioclase. Epidote and zoisite replace felspars. Sericite 

replaces orthoclase. Disseminated grains of p~nite are associat-

ed with, and probably replace biotite. An opaque white substance 

(carbonate?) is associated with the biot1te. The Apatite is the 

earliest mineral, followed by biotlte, orthoclase (7), plagioclase 

(7) and quartz. Carbonatlzation appears to have followed s111ci-

fication. 

S3 (also from the surface of the Carnation group) is 

another of this type. Macro8c~~1cally it differs from Surface 

6 in having a lighter colour and a coarser grain. Mlcros cop 1 call y 

kaolin is present among the alteration products of orthoclase. 

Blotite is more irregular and less abundant, and is associated with 

ep1dote in a manner suggestive of replacement. Sericite is more 

abundantI epldote scarcer. There has been little carbonatization J 

sillcification being the main alteration. This is probably a 
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leucocratic phase of surface 6. 

S5, from the surface of the Carnation group, falls into 

this class. Macroscopically, it is a rather coarse grained 

light grey rock, with abundant felspar phenocry,sts and nests of 

biotite. Microscopically, it is coarser in grain than the type, 

and poorer in biotlte, Quartz occurs in large, clear, intersti­

tial grains, much of it obviously secondary, and clearly replacing 

the felspars. Orthoclase is abundant and occurs in well formed 

phenocrysts, al tering to serici te, ~:i th sorr.e carbonate. Plagio­

clase is oligoclase~ and occurs in good phenocrysta, but less 

abundant tham orthoclase; it is also altering to sericite and car­

bonate, but is generally fresher than the orthoclase. Blotite 

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

or contemporaneously with (1) - the felspare. It is mostly 

altered to green chlori te, t'tJi th subordinate carbonate and epidote. 

The carbonate is probably calcite. The principal alteration is 

silicification. 

5 R-9 from ~5 X-out on the fifth level of the Ruth 

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

fine grained rock with distinct phenocrysts of felspar. Micro­

scopically, it is ver:'" similar to the type. Quartz is rather 

less abundant and replaces 'orthoclase. Orthoclase in well formed 

phenocrysts is highly altered to zoisite. Little plagioclase 

is present. This specimen differs from the type in that Bome of 

the biotite ie altering to what appears to be titaniferous iron 



ore surrounded by leucoxene. 

porphyritic. 

The texture is decidedly 

5 R-IO 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 

SR-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, al though some oligoclase was determined by 011 

immersion; zoisite and epidote are absent, and the characte~-

1stio 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 

ohlorite flakes, which have parallel extinction and show deep 

blue birefringence; carbonate 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, is 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 carbonate. Felspar was the predominant 

primary constituent, andwks probably orthoclase; it occurs mostly 

in large phenocrysts now completely altered to ser1cite, and 

carbonate. Occasional ble~ched skeletons of b10tite 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 hig1:1 y al tered for defini te 

correlation~ and may be more of a felspar porphyry type. 

5 R-~2, from croas-cut on tl"J.iJ fifth leve: Ruth, 

1s slmila~ to the last but slightly less altered. Hacroscopi-

cally, it is Cl ffiedium grained,_ greenish-grey, porphyri tic rock. 

Microscopically, it dif~~rB in being 1es9 altered and richer 

in quartz. l1uch of the quar:z has the appearance of fresh 

orthoclase until viewed in convergent light~ when it gives a 

uniaxia1 figure. Orthoclase occurs in good phenocryats, con-

siderably sericitlzed, and SOILletimes replaced by ca.lcite or 

quartz. Biotfte is represen'ted only by irregular, scattered 

nests of chlorite. The texture is medium grained and porphyritic. 

5 R-23, probably frpm the S~1e dike as 5 R-22, is very 

similar to it. Macroscopically, 1 t is lighter grey, and ap-

parently somewhat sheared. Microacopically, 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 oarbonate. Biotfte has apparently been replaced by 

chlor1te and carbonate. In texture the section is also similar 

to the last. A broken veinlet of fibrous carbonate occupies a 

short fracture. 

a1 tared. 

5 R-24, is from the same place as 5 R-9, but is more 

Macroscopically, it is lighter in colour and apparent-



1y more felspathio than 5 R-9. Mioroscopically" it differs 

from 5 R-9 in having no fresh biot1te" and no zoisitization 

of the felspar. Quartz is rather more plentiful" some being 

undoubtedly secondary" as it occurs in veinleta outting fels­

par phenoorysts. The felspar is, untwinned (orthoolase)" and 

is only slightly serioitized" and oorroded by quartz along the 

borders. Biotite is bleached and altered,in part to olouded 

oarbonate. A complete pseudomorph of oaloite after a perfect 

orystal of an earlier mineral occurs" surrounded by remnants 

of altered biotite. The texture is medium grained and porphy­

-1'ltl0. Sillolfloatlon appears to be the principal alteration. 

Ug, from station 2 in the Minnie Ha-Ha adit" is pro­

bably of this group. Macroscopicall'y, it is a :medium grained 

sheared mioa lamprophyre" with abundant bronze biotite. Mioro­

scopically, it differs oonsiderably from the type. Quartz is 

plentiful, a peouliar feature being large phenocrysts (a~ in­

clusions?) J now cons,ieting of oarbonate and black specks (oa1'­

bonaoeous matter?)" but whichJ when incompletely altered" have 

a oentral oore of quartz; these are probably altered quarts 

phenocrysts. Felspar J where v1s1ble J 1s untwinned and is pro­

bably orthoclase J now altering to carbonate. The b10tIte is 

notably different in ·habit from the type, for it occurs in well 

defined lath shaped orystals J forming a loose lattioe over the 

slIde; the crystal boundaries are oorroded and show evidenoe 

of resorpt1o~. The biotlte 1s later than the altered quartz 
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phenocrysts~ as it surrounds them in company with secondary 

quartz. Needles of rutile, arranged in characteristic net­

works making angles of 60o~ have formed abundantly in the 

biotlte. Epldote and zoisite are again absent,and sericite 

1s almost entirely lacking. The a1 teration -consists of si1i-

olficat1on followed by carbonatization. Veinlets of carbonate 

out the seotion intersecting the quartz phenoorysts. The 

texture 1s porphyr1tic. 

M9, taken at 25 feet from station 2 in the adlt at 

the Minnle Ha-Ha, is similar to MS. Macroscopically, it close-

ly resembles Mg, but has more abundant altered phenocrysts. 

Mioroscopically, quartz is less abundant although the same alter­

ed phenocrysts are present, often containing specks of pyrite. 

The felspar, highly carbonat1zed and untwlnned, is probably ortho­

clase. Biotite 1s plentiful but less regular in outline than 

in MS; it is partly bleached, and is being replaced by chlorite. 

The b10tite 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 porphyr1tic and 

medi~ grained. 

MlO is from·half way between stations 2 and 3 in the 

Minn1e Ha-Ha adit. Macroscopically it is a highly altered
l 

shear­

ed, porphyritio greenish rock. Mloroscopioally,the seotion is 

badly altered by carbonat1zat1on, and it resembles M9 but is 

muoh further altered. Quartz is about equally plentiful, the 



oarbonatized phenocrysts being abundant; some of these may have 

been felspars~ but all remnants, which are sufficiently fresp, 

are quartz giving a uniaxial figure under crossed nicols. No 

twinned felspar is present. All the biotlte has been replaced 

by ohlorite with needles of rutile. Apatite is again laoking. 

Some serlclte is present in the groundmass. The section consists, 

principally of carbonatized phenocrysts in a groundmass o~ calcite, 

quartz,altered orthoclase (?)~ and ohlorite. The last three 

aections~ MS, M9 and M10~ appear to represent suocessively more 

advanced alteration and carbonatization of the aa~e rock, all hav-

ing the oharaoteristic carbonatized phenocrysts which appear 

to be replaced quartz. 

C4, 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 oorroded and somewhat bleached~ and a little chlorlte 

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 M9 in composition and texture. 

C5, from the Carnation, is similar to 04. Maoroscopic­

ally it is a porphyritlc grey rook with flakes of bronze biotite. 

Microscopically. it also resembles c4, but has suffered oon-

s id.erable oxidation._ Quartz is plentiful, both in the ground-

mass and in oarbonate-Timmed phenoorysts. No twinned felspar 
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is disoernible. Biotite Is bleached and corroded, a little 

chlorlte has formed~ and needles of Eut11e are common. The 

texture is medium grained with an orthoclase-quartz groundmass 

and quartz phenocrysts. Alteration is well advanced, both 

silioification and oarbonatlzation; o'arbonate surrounding the 

quartz phenoorysts is rusty, and red hematlte associated with 

it is probably oxidized pyrite. 

C5~l, also from the Carnation, seems to be a similar 

specimen. Macroscopically, it Is a fine grained, light grey, 

porphyrltic rock. Microsoopically, it is seen to be very nighly 

altered to carbonate, quartz, and pyrite. Quartz is fairly 

plentiful. No unaltered 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. Serioite 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 introduotion of oarbonate, which appears to 

replaoe quartz in a few instances. 

M13, from the cross-out at station 3 in the Minnie Ha­

Ha, may belong to this variety. Macrosoopically, it 18 a oar­

bonat1zed'i breoc1ated rook oemented with calcite. M1.oroscop1cally, 

it oonsists principally of carbonate with oonsiderable sericite, 

some large areas being entirely oalcite. Quartz is entirely 

laoking, or may be replaoed by oarbpnate. Distinot skeletons 
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of felspar phenocrysts are present" entirely al tered to seri­

cite and oarbonate. No biotlte" and only a little chlori.te is 

present. Some disseminated pyrite occurs through the section. 

The texture is decidedly porphyritic" but all the original 

oonstituents have been altered" principally to carbonate. 

M16-2, from the Minnie Ha-Ha) seems to be of this 

type. MacroscopicallYJ it is a light grey, fine grained rook. 

Microscopically, it consists of a fine grained groundmass of 

carbonate" sericite" and quartz" with altered phenocrysts of 

felspar. Quartz is not abundant and occurs in scattered grains. 

Felspars are untviinned:, and completely altered to seric-ite and 

carbonate. A very little altered biotite and chlorite remain. 

Laths of apatite oocur. A few disseminated grains of pyrite 

are present. Alteration is oarbonatization and sericitization. 

5R-7" from the Ruth mine" 110 feet back from the first 

drift west off#5 cross-out, on the fifth level, is probably of 

this variety. Macroscopically, it is a light green" si1ioeous 

rook" out by veinlets with carbonate borders and quartz centres, 

Microsoopio. Under the binocular mioroscope the green mineral 

in the hand specimen is seen to be quite soft, and apparently 

little affected by cold 1;1 H.Cl. The slide consists prinoi­

pally of quartz and carbonate. The quartz is abundant~ and 

probably partly secondary; it is mostly fresh, but in some in­

stanoes is olearly being replaoed by carbonate, and" apparemtly, 

also by sericlte. No felspar is recognizable, but it may have 



been present before a1 teration. Pyrite and a grey mineral -

probably galena - occur in scattered grains. The fissures 

are bordered by a carbonate of high refractive index, having 

apparent pleoohroism 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 1s olearly replacing the oarbon­

ate in a few instances. 

5 R-g" 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, liberally mineralized with d1ssemina ted pyri te, and wi th 

galena and some ephalerite 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 serteite, and also in bunches of grains 

probably secondary. No felspar remainB~ but it is probably 

altered to sericite in the groundmass, and phenocrysts probably 

occurred where the large carbonate grains have formed. No 

biotite or chlorite are present. The carronate has the same 

oharacteristics as that in the section from 5 R-7. Large grains 

of pyr1 te are plentiful" and are apparently later than the car-

bonate and replace it. A little galena occurs always associated 
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withJ and probably la~er than J or oontemporaneous with the 

carbonate. A few rust oolouredJ almost opaque grains of high 

refractive 1nd~x, oocur J espeoially near the pyrite; these may 

be a seoondary titanium mineral. The structure of this speci­

men is difficult to determine due to intense alteration and 

mineralization, but it was probably porphyritio. 

S4 J from the surface of the Carnation group, is 

similar to the last. Macroscopically. it is a brecciated, 

greenish rockJ out by quartz stringers and impregnated with a 

brownish ferruginous carbonate, probably siderite. It is 

mineralized with pyrite, galenaJ and sphaler1te (1). Micro­

scopically, it is principally quartz and oarbonate with much 

sericite. Quartz is partly primary, but much is evidently 

secondary as several stringers cut the section. A few pheno­

cryata appear to be altered orthoclase, now replaced by serlcite; 

carbonate may also replace felspar. The carbonate has similar 

characteristics to that in 5 R-7 and -g, and is probably siderite, 

this oarbonate 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 

s'tra.ined and cracked .. the fractures now being filled by chlor1 te 

and seric1te. A bronze mineral oocurs in occasional Brains" 

probably pyrrhotite or possibly tetraheqrite, some grains having 

a rhomb1c outline in section. This specimen is probably from 

a mineralized dike near its intersection by a vein. 



82, from the surfaoe of the Carnation group" is 

probably an aoid porphyr1tic mlnette. Maorosoopically" it­

is a fine grained, grey" siliceous rock with a weathered sur­

faoe. Microscopically, it consists, essentially" of a fine 

groundmass of sericite" with abUndant quartz grains, scatter­

ed prolifically throughout the sl1de. A few vague outlines" 

now completely al tered to serici te, were probably orthoclase. 

phenocrysts. No biotite is present, but it may be replaced 

by occa.sional flakes of green chlori tee Serici te may replace 

quartz to a slight degree. Opaque white, crystalline gra~ns 

are probably carbonate. A 1i ttle pyri te is present. 

Surface 4 .. from the surfaoe of the Carnation·~group, 

is probably a somewhat similar rock. Macroscopically, it is a 

fine grained" grey rock with ocoasional visible flakes of 

bronze b1otite. Microscopioally, it oonsists of a groundmass 

of se~icite" oarbonate, altered orthoclase (?) and a little 

quartz, with phenocrysts of plag10clase and orthoolase, and 

biotite. Quartz is not abundant. The felspar phenocrysts 

are altering to carbonate and ser1cite; orthoclase seems to be 

more abundant than plag1oclase.~ Biotite 1s fairly plentiful, 

occurring in partly bleached and corroded laths, in part replac­

ed by carbonate. A few la.ths of apatite occur. ·Needles of 

rutile are developed in the b1otite. A finely crystalline, 

opaque" white carbonate (1) ocours in small grains, especially 

near the biot1te. Oocasional grains of pyrite are present. 
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The alteration consists of sericitization and oarbonatization. 

R4, from the Ruth mine, 610 feet from collar, on #5 

oross-out, is possibly of this class. Macroscopically, it 

resembles a fine grained, dark grey quartzite. Mioroscopical­

~ it is seen to consist, principally of carbonate, quartz, 

and remnants of biotite. Considerable quantities of quartz 

are scattered through the section. Felspar of indeterminate 

composition Is represented by crystal outlines and groundmass, 

now altered to sericlte and carbonate. Biotlte is all bleach­

ed, and replaced by oarbonate. Needles of ruti1e 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 carbonate and 

seriol tee Considerable pyri te has also been· introduced, and 

some of the quartz is probably secondary. 

05-2, from the Carnation mine, probably belongs to 

this group. Maorosoopioally, it is a grey rock with numerous 

flakes of bronze biotite. Microscopioally. it is considerably 

altered to oa1oite and sericite. It is rather lower in quartz 

than others of this group_ Felspar is mostly untwinned, al­

though some have a1bite twinning and appear to be oligoc1ase. 

All felspar. are partially a1 tered to oa10i te and sericl te .• 

B10tite is deep brown, and is plentiful. The borders are 

oorroded and numerous needles of rutl1e have formed within the 

orysta1s. A little apatite ls soattered through the section. 



Much disseminated pyrite, is present, often associated with 

the biotite. The texture is medium grained and practically 

non-porphyritio. The principal alterations are serioiti­

zat10n and carbonatization. 

Og-l, from the Carnation mine, is a similar sample. 

Uaoroscopically, it is of lighter oolour, and poorer in mica 

than 05.-2. Microscopically, it ·is highly sericitlzed. It 

differs from most of this group in having very little quartz, 

and 1s probably a gradational type. The felspar is highly 

altered to sericite and less oarbonate, but appears to be un­

twinned, and is probably orthoclase. Biotite Is partly bleach­

ed and corroded, and is altering to ohlorite, carbonate and py­

rite, with the development of rutile. A fair amount of apatite 
• 

is present. The texture is medium grained, and almost non­

porphyr1t1c. The last two sections described are gradational 

between the porphyritic and non-porphyrltio types. 

Variety 2 (non-porphyritio) - type,' 5 R-ll. 

Speoimens: 5 R-ll, 5 R-3, 5 R-25, 5 R-26, 07, M3, M12, Ml1, 

Surfaoe 7. 
Of the non-porphyritic variety of quartz minette, 

5 R-ll, from the fifth level of the Ruth m1ne,1s a good example. 

Maorosoopically, it is a sheared, medium grained, greyish-bronze 

rook, oomposed, principally, of biotite. Microscopically, 

it is a fairly even grained rook, consisting, predominantly, 

of biot1te, with cons1~erable oaloite and quartz. Quartz is 
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in scattered,allotrlomorph1c grains, in part secondary, and 

appearing to replace biotite to some extent. Felspar is all 

untw1nned and is probably orthoclase, now mostly replaced by 

calcite. Felspar does not ocour in phenocrysts but forms a 

medium grained groundmass with quartz. Blotia is abundant, 

and may be in two generations, as some crystals, altered to 

chlori te, are surrounded by fres.her biot! te. Apati te wa.s 

not observed. Needles of rutile are abundantly developed in 

the biot1te. Pale green chlorite is replacing the blotlte. 

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 

ohlorite and calcite. 

S R-3, from the Ruth mine, 540 feet from the collar 

on *5 oross-out, is probably a simi~ar rock. Maoroscopically, 

it is a fine grained, grey, siliceous rook. Microscopically, 

is consists of scattered chlorite, in a fine grained groundmass 

of quartz and felspar, acoompanied by oarbonate and sericite. 

This section differs from 5 R-ll in that the groundmass is finer 

grained, and most of the biotite has been oompletely altered to 

chlo.ri te w1 th some oarbonate, and 1 t is less abundant. Felspar 

1s probably orthoclase J as it is untwlnned. ConBide~able 

apatite is pre~ent. No rutile 1s visible. A fair quantity 

of disseminated pyrite is presentJ often appearing to replace 



-47-

bloti tee Some speoks of an undetermined bla.ok nletallic 

mineral are present. Chlorite and oarbonate are replacing 

biotite. Sericlte and probably calcite replaoe 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 

sohistose structure, and differs from the type in that the 

abundant blotite 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 seriolte is present. Numerous needles of rutl1e have 

developed in the biotlte. These are less in evijence in the 

chlorite. Scattered grains of pyrite ocour, often assooiated 

with the chlorite. Alteration consists of propyllitizatlon, 

silioifioatlon and carbonatization. 

5 R-26, taken from the vioinity of 5 R-2l, may be 

classed with this variety. No hand specimen is available. 

Miorosoopically,the section is somewhat broken, and difficult 

to deoipher. Felspar (probably orthoclase) with a little 

quartz and sca.ttered sericite form the groundmass. Oocasional 

bleaohed remnants and patches of chlorite are the only evidence 

of biotite. Bunches of carbonate probably replace orthoclase 

and possibly some quartz. 



C7 ~ from the Carnation mine, is of a similar type. 

Macroscopically, it is a fine grained grey rock. Mlcroscopioal­

~ it consists of a fine grained groundmass of quartz, un­

twinned felspar and sericite, with scattered patches of- carbon­

ate and corroded laths of bloti tee The biotite is often bleach­

ed and replaced by pyrite along oleavage cracks. The oarbonate 

is also often associa.ted with .the bioti te and pyrite. Needles 

of rutlle have developed in the biotite. 

pally serioltization and carbonatization. 

by a vein of quartz, carbonate and pyrite. 

S imila.r to C5-1. 

Al teration is princi­

This section is cut 

This slide is 

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

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

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

similar to C7, but the biotlte is altered to chlorite. Rutl1e 

was not observed, and pyrite is scarce. 

M12 is from 10 feet before station 12 in the Minnie 

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 Jt to M3, which it resembles some­

what. Microscopically, it oonsists a,lrr.ost entirely of car­

bonate with less sericite as a fine groundmass, with pyrite J 

sometimes oxid1zed J and a little chlorite, possibly being al­

teration products of biot1te. Apatite orystals are scattered 

through the section J and appear to be i~ process of replacement 
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by oarbonate, in some instances. A veinlet of carbonate, 

conta.ining a nea.rly opaque br.own mineral" cuts the section; this 

is probably llmonite developed from oxidized ferruginous carbon­

atej 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 adlt, is similar to the last. Macroscopically, 

it closely resembles M3. Microscopically. it is more highly 

altered, prinoipally to carconate, 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 carbonate. 

Surfaoe 7, from the surface of the Carnation group, 

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

grained grey rock, out by stringers of pyri tee Microscopically, 

it appears to be somewhat sheared, and consists of a fine grained 

groundmass of sericite, altered orthoclase (1)" a little quartz 

and carbonate, with scattered patches of oarbonate and chlorlte. 

Carbonate and chlorlte 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 

gra.ined. 

Variety 3 (highly s111clfled, aplitic) - Type, 5 R6-1. 

Speoimens: 5 R6-l" 5 R-l2, 8-1, Surface 1, s6. 

5 R6~1 is olassed by Dr. O'Neill with this variety. 



The hand specimen ia missing. Microscopically, it very 

muoh resembles a felspathicquartzite l with a somewhat sohie­

tose structure. It consists l predominantlYI of fairly evenly 

.s ized, irregular quartz grains. A small percentage of pa.rtly 

serioitized felspar is present; this Is mostly untwinned. 

Some felspar grains, separated and apparently eaten into by 

quartz I extinguish almost simul.taneouslYI thus p,?ssibly being 

remnants of one large phenocryst, now nearly oompletely replaced 

by quartz. Scattered crystals of apatite occur. A few small 

greenish crystals, with strong pleoohroism, and maximum absorp­

tion perpendicular to the plane of polarization, are probably 

tourmaline. One small orystal of zircon was observed. Seri­

cite is scattered through the section l with a very little car-

bonate. Disseminated cubes of pyrite are also present. This 

specimen Is probably a highly silicified apllte l or aplitio 

differentiate of the minette, with no remaining biotite. 

5 R-l2 Is very similar to the last, and was taken from 

a 3 foot dike. Macroscopica.lly, it is a fine grained, greyishl 

siliceous rook. Microscopioally, its general appearanoe is 

more like a quartzite than the last. It ls composed, predomi­

nantly, of quartz grains similar to R6-1, and serioitized remnants 

of felspars, mostly untwinned, are apparently being replaoed by 

quartz. Some serioite and a very little carbonate are present. 

A little 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 sil1oif1ed aplitio differentiate 
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of the quartz minett"e similar to R6-1. 

81,. from the surface of the Carnation group, is 

probably a similar type. Macroscopically,it is very different 

from the las t; it is a fine grained, dark grey s i1 iceous, rock 

very much like a quartzite, and breaks along two sets of plane 

jOints inclined at about gOO to one another. Microscopically, 

it closely resembles 5 R-12. Several small brown flakes occur, 

probably biotite. Pale green chlorlte, 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 sinlilarity to 5 R-12, a known dike, it is classed as 

an &pllte. 

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~l, also having a schistose structure. The quartz grains 

are all interlocked. Some serioitized orthoclase is present. 

Soattered flakes of biotite occur, often fresh, but sometimes 

altered to ohlorite. Disseminated pyrite grains are present. 

A little sericite and carbo~ate are found. This rook Is less 

like a quartzite than others of this variety, for the quart~ 

grains are interlocked, and the structure is more cataclastio 

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 conet! tuents ra.nge 

from albite, with orthocla.se" to one ultra-basic section con­

taining bytoWnite-anorthite. The structures are usua.lly more 

or less porphyritic" and generally medium to fine grained. 

Variety 1 (normal minette) - Type" M~. 

Specimens: M-4, M16-I, ~ R-I" 87. 
M4, 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. Microscop1c~ 

ally, it oonsists of abundant biotite, and phenocrysts of plagio­

clase and fewer of o,rthoc1ase in a orystal1ine groundma.ss of 

orthoclase and quartz. Quartz is not abundant, and occurs 

as interstitial grains in the groundmass. Orthoc1ase oocurs 

abundantly in the groundmass, and in large" usually idiomorphio" 

orystals, partly altered from the centre to a matte of serloite" 

oarbonate and kaolin. The plagioclase is oligoclase. It is 

more abundant than the orthoolase, and occurs in sma.ller and 

fresher phenoorysts, usually of idiomorphic outline" and often 

zoned. Biotite is abundant, dark brown and strongly pleoohroio, 

and sometimes slightly corroded and green on the borders. It 

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

earlier orystallization, Scattered crystals o~ apatite occur. 

Epldote is abundant, generally occurring in irregular grains 

but occasionally with crystal outline. It is pale olive green 

and only slightly pleochroio. It replaces oligoclase, ortho-

olase less frequently, and often appears in close association 

with biotite, which it may also replace. Carbonate - probab~y 

caloite - oocurs in scattered patches, probably replacing the 

felspars and possibly biotite. Sericite and kaolin occur 

with carbonate as alteration products of orthoclase phenocrysts. 

Scattered grains of pyrite generally occur in association with 

biotite. The texture is porphyritic and medium grained. 
Q."t 

The section is fairly fresh, ~idotization and less oarbo~ization 

being the principal alterations. 

Ml6-1, from the Minnie Ha-Ha, is almost identical with 

144. The hand specimen is missing. 

hardly be differentiated from M4. 

Microscopically, it.can 

There may be le~s orthoclase, 

but it is similarly altered. The abundant plagioclase is 

oligoclase. Epidote is again the principal s'econdary product. 

4 R-l, from the fourth level of the Ruth, is similar. 

Macroscopically, it is a fine grained, grey, sheared and 

slickensided, mioaceous dike. Microscopicallv, it is medium 

and even grained, with less b10tite and more quartz than the 

type. Orthoolase and plagioclase are present in about equal 



-54-

quantities. Quartz is abundant, but some of it is seoondary 

and eats into the felspars; some of it shows strain shadows. 

The felspars are only slightly altered, orthoolase ohiefly 

to serioite and some oarbonate, and plagioolase - whioh is 

o11g~olase-andesine, - chiefly replaced by carbonate. Biotite 

is in irregular, deep brown flakes. Apatite is present in 

scattered laths. ·The oarbona te is probabl y cal ei te and 0 ccurs 

in good sized, olear patches, in some places, in sharp oontact 

with plagioolase, quartz and biot1te, while in others it appears 

to replace any or all of these, especially the plagioolase. 

Serio1.te is frequent, and uauall y appears to replace orthoclase. 

Muscovi te flakes also occur. A very few grains of epidote occur 

in the plag1oclase. Abundant pyrite and possi~ly pyrrhotite, 

surrounded by black borders (black iron oxide?) appear to replace 

biotlte. The texture of this specimen 1s praotically non­

porphyriticj there is evidence of orushing both in the hand 

speoimenand in the strain shadows of the quartz. Silicif1-

cation with subordinate carbonatlzation, are the prinCipal 

a1 terations. 

S7, from the surfaoe of the Carnation group is similar 

to 4 R-l. Maorosoopically. it is a fine grained,grey rock with 

muoh disseminated pyrit,e. Microscopically, it resemb.lea 1+ R-l, 

but is more highly altered. It is finer grained, with a ground­

mass of felspars - orthoclase and some oligoclase - , whioh are 

altering, in part probably, by s1lic1fioation, and in part by 



-55-

serloitization, with a 'subordinate amount of oarbonate. 

Biotite is paler and corroded. Apatite is present in considerable 

quantity. Needles of rutile are developed in the biotite. 

Muoh pyrite (and possibly some:pyrrhotite?) is present as an 

alteration product of biotlte. 

Variety 2. (monzonite porphyry - no biotite) - Type 5 R-l, 

Speoimens: 5 R-l, 5 R-2. 

This variety is similar in felspathic oonstituents 

but poorer in quartz and lacking biot1te. 

5 R-l, the type, is from the collar of *5 cross-cut 

on the fifth level of the Ruth mine. MaoroscopicallYJ it is a 

very light grey, medium grained porphyry. Microscopically"it 

consists of perfectly idlornorphic 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

plaoing orthoolase. Orthoolase occurs in the groundmas9 and 

in a few large well formed phenoorys~s, altering to sericite. 

Plagioclase - alblte by'~oil immersion - is more abundant, and 

oocurs in phenocr'ysts, often of perfect crystal outline; both 

carlsbad and albite twinning are clearly exhibited. A little 

apatite is present. Sericite replaces both the felspars and 

is also scattered through the groundmasa. Carbonate - probably 

calcite - oocurs principally in the groundmass, and 1s sometimes 

associated with a little chlorite and occasional grains of pyrite 
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fresh; serioitizatio~ is the principal alteration with subordin­

ate oarbonat1zation, and possibly a slight silicification. 

5 R-2, from 330 feet south of the collar of *5 dross­

out, is very similar to 5 R-t. Macroscopically, it is almost 

identical. Microscopically', it 1s also nearly identical-•. 

Quartz replaces plagioclaee. 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 5 R-l. 

Variety 3. (Kersantlte) - Type M17. 

Speoimens:- Ml7, Ml, Surface 5. 

This variety consists, essentially, of biotite and 

andesine, or more basic plagioclase in a fine grained ground-

mass, with little if any orthoclase or quartz. 

to M4 and Ml6-l, but more basic. 

It is similar 

Ml7, 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. M1oroscopioally,it consists of biotits, abundant 

plagioclase phenocrysts and fewer of orthoclase, in a fine 

grained'groundmass of felapars. Quartz 1s absent. Orthoolase 

k often shows carlsbad twinning, and ocours in' idiomorphlc 

phenoorysts l often entlr~ly fresh, but l in some instanoes, 
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altered from the oentre to a matte of kao~in, and seric1te 

with a little carbonate. Plagioclase-andesine - labradorlte 

1s more abundant, and ocours 1n well formed phenocrysts, exhibit­

ing oarlsbad and albite tw1nningJ and often zoned; it is 

generally qui te freahJ but ocoasionally 1s partly a1 tered to 

sericite and oarbonate. Biotite is scattered through the 

section plentifullYI in deep brown irregular flakes l and.oc­

casional well formed crystals l usually slightly corroded around 

the borders. Apatite 1s 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 appears to be an alteration product of b1otite. 

Occasional grains of pvrite also ~eplace biotite. The section 

Is fairly fresh) and distinctly porphyritio. A carbonate 

veinlet cuts the specimen. 

MlI taken 27 feet from the portal of the Minnie Ha-Ha 

aditl is very similar to the last. 

slightly coarser in grain than M17. 

Macroscopically,it is 

Microscopically, it con-

tains a few grains of quartz, and the groundmass is coarser. 

There is less orthoclase. Plagioclase 1s tIle same-andes1ne -

labrador1te--. Biot1te is altered to carbonate and pyrite. 

There is less apatite. Very little ep1dote is present. Little, 

if any, kaolin har formed, the principal alteration of the fels­

pars being sericitizat1on. 

Surfaoe 5, from the surface of the Carnation group, 
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Microsoopically, it·is ~ess porphyritic. A very 

few interstitial quartz grains may be present. A very little 

orthQclase occurs in small phenocrysts, The section consists, 

predomlnantly~ of small phenccrysts and grains of basic plagio­

clase, which~ by oil immersion (checked by extinction angl~ and 
-,s hyrow rr it~ '- Cl ff tJrflllfe" 

by sign in convergent light, it being negative~A The crystals 

show carlsbad, and, less frequently, alblte twinning, and are 

often zoned. The biotlte Is altered similarly to M17. Musco-

vite has developed, usually cutting across aggregates of biotlte. 

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. 

1. There appear to be no distinctly separate types, but 

all are rather gradational phases from the same magma. The 

presence of biotite, as the one and only primary ferromagnesian 

mineral J in nearly all the specimens, is particularly noteworthy 

in this connection. Al though the predominant felspars are '" 

orthoolase and the more aoid plagioclase, yet some specimens 

carry the more basio ··varIeties, usually associated w1 th some 

orthoolasej the section, surfaoe 5, with bytownite-anorth1te 19 

the extreme variety. 
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2. The predominant type of al teration Is that 

oharacteristio .of the intermediate vein zone l namelYI serioitl­

zatlon with the introduotion of more or less carbonate l and the 

combinatIon of the iron in the biotlte l with intrOduoed sulphur, 

to form pyrite. SI1icification Is less perdistent, but 1s 

clearly operative in many instances. Epidotization is a less 

frequent alteratlon l while zoisitization i~ infrequently m.et 

with. A type of alteration more frequently associated with 

veins deposited nearer the surface, namely, prophylitization 

with the characteristio formation of chlorite and pyrite, with 

carbonatization Is depicted by a few specimens. 

3. There is a type of rock, referred to as a silicified 

aplitl0 variety of minette which is almost indistinguishable from 

quartzite, and has been placed in this category, almost solely, 

on the presenoe and condition of the felspars and their apparent 

replacement by quartz. 

The Sedimentary ~ooks. 

The sediments underlying the area under oonsideratlonl 

as stated abovelare prinoipally quartzites, argillites and lime­

stones with gradational varieties; of these quartzites are pre­

dominant among the speoimens studied for this thesis. 

Quartzite (felspathio) - Type, surfaoe #2. 

Specimens: Surfaoe 2, 86, CS, M15, ~ R31 ~ R2. 

Surfaoe 21 from the surface of the Carnation group, 
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is a dark grey, fine grained quartzltewith no visible bedding. 

Microscopically, it consists, essentially, of rounded and- sub­

"angular quartz gra1nsembedded in a finer grained matrix. Quartz 

oocurs in fresh,small, rounded and sub-angulargralns, having a 

oonsiderable r~ge of size; most grains are single, but some are 

made up of "several intergrown individuals. Orthoolase is scarce l 

and occurs in small grains l 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. 

8erioite 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 quartzl often project 

across and break up the carbonate stringers. Limonite forms 

a oement between grains and maYI in part, replace felspar. The 

struoture appears to be typically clastic," but very closely re­

sembles some specimens classed as silicified aplitic variety of 

quartz minette. 

86, from the surface of the Carnation group, is very 

similar. Macrosoopically, it appears to be a dark grey, fine 

grained quartzite, with fissures but no visible bedding. Micro­

soopically, it olosely resembles surface 2. It consists of 

rounded and sub-angular single and.intergrown quartz grains, with 

minor quantities of orthoolase and plagioclase partially serici­

t1zed.. Occ~s1onal scattered grains of bio-ti te are seen. One 
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small tourmaline grain is present. Several grains of a black 

mineral - iron ore (1) - are present. Silicif1cation has oc­

curred J some quartz replacing plagioclase. There 1s less car­

bonatization than in surface 2. This slide is doubtful and 

may be a silicified ap1ite. 

CS, from the Carnation, is very similar to the type. 

Maoroscopically, it is a dark grey, fine grained quartzite. 

Microsoopically, it consists, essentially, of ill assorted, sub­

angular and rounded quartz grains with subordinate orthoclase and 

pla.gioolase. A li ttle bioti te occurs be.tween the quartz grains. 

Oocasional ~lakes of muscovite also occur, possibly secondary. 

The felspars are altering t9 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 fine~ texture than the re­

mainder of the slide. 

Ml5, from the Minn1e Ha-Ha in the cross-cut from 

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

grey, very fine grained, quartzi.'tic rock. Microscopically,it 

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

is more felspathio. Quartz .grains are often 1ntergrown and 
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sometimes "appear to ea.t into the fele.pa:rs. Orthoclase and 

plagioo:l'ase are both plentiful; both are al taring to seric! te 

e$peclally the former. Considerable brown and greenish tour':" 

mal1ne grains are scattered through the slide. Grains of a 

mineral similar to epidote occur less frequently" A very 11 ttle 

carbonate cement occurs. This is less obviously clastic than CS, 

but seems more like a quartzite than an aplitio rock. 

~ R-3J from the hanging-wall of the vein at the 

bottom of the winze J on the fourth level of the RuthJ is another 

quartzite. MacroacopicallYJ it is a fine grained, light greYJ 

quartzit1c rock. jointedJ but without visl'ble bedding. Micro­

acopically,it differs in having no recognizable felspar~ but 

oonsiderable 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 musoovi te are present. Scattered carbonate 'ooours, and a 

strin~er cuts the ellde. Grains of pyrite are disseminated 

through the section. The grains are smaller and more intergrown 

than in the type for this group, but the structure appears to be 

clas tic. 

4 R-2, from the fourth level pf the Ruth, is a some­

what similar specimen. Macroscopically, it is a fine grainedJ 

grey, banded quartzit10 rock J with graphit10 slickensides. Micro­

scopically, it differs from the type in being finer grained J 

containing no recognizable felspars, and containing much chlorite, 
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some ~n bands. The groundmass appears to be fine grained 

intergrown quartzJ with abundant sericite appearing to replace 

the quartz. 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 veinle.t) of chlorite" partly replaced by sericite" cuts the 

section" this has been displaced by faulting. A wide band of 

chlorite and serictte occupies one edge of the section. Scatter­

ed grains of pyri te ~ pyrrhoti te (?) a.nd black iron ore occur; 

some grains have the appearance of chalcopyr1te" but may be 

tarnished pyrrhotite (1). 

Calcareous Sandstone - Type, surface #3. 
S' .. lt .. fCl.~Q. .3 

Specimens: ~A Mla. 

This type consists, essentially, of quartz sand J 

cemented by carbonate. Surface 3, from the surface of the Car-

nation group" is a typical exarnple. Macroscopically. it is a 

dark grey·" fine gra.ined, quartzi tic reok. Microscopically" it 

consists of ill assorted grains" mostly c! quartz" cemented by 

carbonate. Quartz is in rounded or sub-angular, separated 

grains. A fair amount of orthoclase is present, and very oc-

casional grains of plag~oclase. Occasional grains of brown and 

greenish tourmaline occur. Fewer grains which resemble zirco·ns, 

were also observed. Carbonate is abundant, and, with serieite, 

forms the cementing material and replaces felspar, and also ap­

p·ears 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 

oalcareous sandstone. Macroscopically, it is a dark grey, fine 

grained, calcareous, quartzitic rook. Microscopically, it is 

finer grained and more carbonatized than surface 3. Small quartz 

grains are cemented "by an equal or greater quantity of carbonate. 

A very little biotite is present. Carbonate appears to replace 

quartz in a few instances, and has replaced all felspar, i~ any 

was present. Disseminated grains of black iron oxide are present. 

This Is an undoubted sediment. 

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

zi tio specimen. 

fissured rock. 

Macroscopically, it is a fine grained, greenish, 

Hicroscopically, it has a somewhat bedded 

structure. It consist"s of small quartz, and possibly some fe1-

spar, cemented and partially replaced by carbonate. 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, 02. 

Speoimens: C2, Cl. 

This type conSists, essentially, of quartz grains 

oemented and replaced by carbonate and limonite. 02, from the 

Carnation, represents this type. 

grained, grey, quartzitic rook. 

Macroscopically, it 1s a fine­

M1croscop1cally,it consists of 
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small quartz grains, oemented and replaced by carbonate and 

limon1te. The limonite probably is an oxidation produot of a 

ferruginous carbonate. A quartz stringer cuts the section and 

is partly replaced by the ferruginous oarbonate and partly by 

later carbonate - calcite (1). Still later fissures cut this 

and are filled by calcite. The quartz velnlet is older than the 

ferruginous carbonate, and the calcite stringers are younger than 

this. The structure is clastic. 

Cl, from the Carnation, is probably the same rock. 

Macroscopically. it is a brecciated highly oxidized rook, cement~d 

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 f5 

cross-cut, is, apparently a schisted sandy·shale. 

ltls a very fine grained, black, schistose rook. 

Macroscopically, 

Microscopically, 

it is very fine grained and extremely schlstose, and appears 

to be composed of fibrous sericite and chlorite. enclosing fresh 

quartz grains, forming a typical "augen" structure around the 

larger ones. 

of sericite. 

Some bands are richer in chlorite to the exclusion 

Much fine black carbonaceous (7) material 1s 

present, and pyrite 1s disseminated throughout the s'ection. 

A quartz stringer cuts the specimen transversely to the schistosity. 

- ~ - - - - ~ - - - - - - - - - - ~ ~ -
The majority of the sed1ments 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 

J1m 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 C?res are principally replacements of zinc 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 whioh 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

gillaceous sediments, and the ores are princip~lly of the dry 

type. 

The st~dy, 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 1 s and Farnham l s "Mioroscopio Examination of Ore 

Minerals," (McGraw-Hill). The reagents used in the microohemioal 
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tests were: 1:1 HN03j 1:1 HCl,. 20% solution of K C N, 20% solution 

of FeC1
3

, saturated solution of HgC1 2 and saturated solution of 

K 0 H. 

The specimens, examined, may be divided into three 

general types: (1) those c:mnsisting 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 R12-3, 5 R19. 

5 R-12 from the Ruth, is of this type. It consists, 

in paragenetic order, of magnetite (1), pyrite, chalcopyrite. 

and sphalerite, pyrrhotite, tetrahedrite, and galena. Magnetite 

(1) 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 cha1copyri tee The grains are i.rregular, cracked 

and eaten into by chalcopyrite. Chalcopyrite occurs in large 

irregular masses~ enclosing and replacing residual grains of 

pyrite, It also occurs along the contacts of galena and sphaler­

ita, and as finely disseminated specks in the latter. Sphalerite 

ocours in large irregular grains in the galena, and is being re­

placed by it. It appears to replace chalccpyrite in part, and 

is probably nearly contemporary in age, as the· chalcopyrlte, in 

other places appears to eat into the sphalerite. A few minute 

fissures in the chalcopyrite are filled by pyrrhotlte. Dissemin­

ated specks of tetrahedrite - pale oreamy white and hardly dis-
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tinguished from galena. before etching - ocour in the galena; its 

a.ge is uncertain but it is earlier than the galena. Galena 

makes up the bulk of the specimen and ia the youngest ore mineral 

present, and replaces both sphaleri te and cha.lcopyri tee 

5 Rl2-1, also from the Ruth, has a similar composition. 

P aragenes is: Pyri te, chal copyri te and sphaleri te, tetrahedri te, 

and galena. The sp·ecimen 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 wi th the p'yri te, occurs as irregular remnants 

in the galena. Tetrahedrite occurs as good sized grains, and as 

finely disseminated specks in the galena, often segregated around 

the bord~rs of the sphalerite, and appearing to eat ir:to 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 is soft, has a red powder, and reacts for ruby Silver -

probably proustite. This is probably secondary. Carbonate 

gangue - probably siderite - occurs sparingly especially with the 

sphalerite. 

5 Rl2-3, from the Ruth, is also of massive galena, with 

pyrite, chalcopyrite, sphalerite, tetrahedrite, and pyrrhotite (1). 

Pyrite, in oC'casional, small grains again appears to be the oldest 

mineral. Chalcopyrite is scarce, and occurs in irregular grains, 
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being replac~d by galena. A 11 ttle also occurs in minute 

craoks in galena and in tetrahedr1 tee Sphaleri te is probably 

contemporary, and 1s more plentiful. It often is associated 

with the pyrite. Tetrahedrite occurs in minute specks~ and also 

as large pitted grains. Pyrrhotite follows cracks in the tetra­

hedrlte, but is of infrequent occurrence. Galena is again the 

predominant mineral. Evidence of a possible secondary oyole of 

mineralization is shown by the presence of chalcopyrite in fissures 

in the galena.. 

5 Rl9" also from the Ruth" is predominantly squ~ezed" 

gneissoid galena, with consid~rab1e sphalerlte and tetrahedrite 

and a little pyrite and ohalcopyrite. Pyrite again appears to be 

the oldest mineral, and occurs as occasional grains, usually in 

or near the sphalerite. 8phaler1te occurs in good-sized" 11'-

regular, residual grains in process of replacement by galena. 

Chaloopyr1te occurs very sparingly in minute fissures ~nd scattered 

grains in the tetrahedrite" and is probably later than it. Tetra­

hedrite oocurs in irregular grains" earlier than the galena. 

Galena is the principal mineral and the last to form. It has 

a gneissold structurel probably caused by squeezing. After etch-

ing the galena" vague, disseminated" light specks, almost sub-

microsoopic in dimensions appear" which are unaf.fected. These er e 

too small to determine" but may be te~rahedrite, or a s11ver 

mineral. Carbonate occurs sparingly, mostly in the sphalerlte 

and tetrahedrlte. 

5 R20" from the Ruth" oonsists of two samples" both 
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of this type. One fs mos tly ga.~ena, wi th abundant irregular 

grains of tetrahedrite of uncertain relative age. Sp-halerite 

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 also 

contains a little chalcopyr1te, which seems to fill cracks in the 

oarbonate gahgue, and is, therefore" probably of later deposition. 

5 Rlg, from the Ruth is principally tetrahedrite, but 

is of a similar type of ore. This specimen differs from the 

preoeding ones" in that the tetrahedrite contains disseminated, 

irregular grains of a silver white colour which are probably ar­

gentite (1) (or less probably dyscrasite (1). These may be later 

than the enclosing tetrahedrite. Occasional small grains of 

chalcopyrite also occur in the tetrahedrite. Galena occUpies all 

of one side of the specimen. 

Sphaleri te type. 

Specimens: Ll" Rx. 

Ll" from the Lucky Jim" is a typical sample of the 

sphal er! te ore. It consists almost entirely of massive sphaler1te, 

with oocasional minute blebs of pyrite and chalcopvrite. The 

pyrite and probably. the chaloopyri te are older ·than the sphaleri tee 

Rx" from the Ruth, is also of massive sphalerite. 

This sample ls from ore which is said to assay 101 oz. silver 

per ton. The sphalerite is much cracked, the macroscopic 

fraotures being emptYis,l though chaloopyr1 te fills some of the 
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miorosoopio ones" and. is therefore later in age than the 

sphalerite" although minute blebs also occur disseminated 

through the specImen. 

Dry ore type, 

Speclm~ns: H" K. 

Specimen H" from the Hewitt is of the dry type. It 

consists of galena" sphalerite" chalcopyrite" pyrite" tetrahed­

rite (1) and native silver (?) in a gangue of carbonate - mostly 

siderite - with subordinate quartz. The pyrite occurs in a few 

small grains in the sphalerite and antedates it in time of'de-

posl tlon. Sphalerite occurs in large irregular grains" of un-

certain relative age" embedded in, and often enclosing grains of 

galena. Chaloopyrite 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" 

oontains minute" white, dentritic growths" which are tarnished 

by IDl03, and are probably embryonic crystals of native silver" 

but are too small for definite determination. 

Another. sample of the dry ore type oonsists of sphalerite" 

tetrahedri te" and subordinate pyrite and chalcopyri te" in a 

gangue of quartz" with a minor quantity of carbonate. The moat 

significant fact observed in this specimen, was the replacement 

of sphalerlte, by branohing dendritic growths of tetrahedrIte. 
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A few m-inute blabs of ohalcopyri te and pyrite ooour in the 

sphaleri ta, the pyri te generally being a.ssociated wl th quartz. 

Quartz is later than the ~phalerite, but may antedate the 

tetrahedrite. 

. . . . . . . . . . . . . .. . . 
Due to the author's laok of experience in the science 

of mineragraphy, the foregoing observations and conclusions may 

not be as preoise 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 

argentlferous) constitute the bulk of the ore. In general the 

paragenesis of the ores is as follows:- Pyrite, sphalerite, 

tetrahedr1te and chalcopyrite, and galena, although Bome variation 

in the order of deposition 9f the sphalerite,tetrahedrite and 

chalcopyrlte 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 Hewltt 

mine. 
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