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Slocan Mining Camp, British Columbia 

CHAPTER I 

INTRODUCTION 

GENERAL STATEMENT 

Slocan mining camp has long been noted for the number of its il~r
bearing ore-bodies and for the success that has attended their develop
ment.! The deposits comprise fissure-filling and replacement types and 
occur mainly in sediments of the Slocan series. A number of important 
deposits have also been found in the Nelson granite and related intrusives 
and a few discoveries have been made in other formations. 

The ores are chiefly valuable for their silver and secondarily for their 
lead and zinc content. In a few instances gold iS,an important constituent. 
The silver-bearing minerals are, as a rule, associated with the lead rather 
than the zinc ores. In some cases the ores are mined for their silver con
tent alone. Nearly all the larger deposits, however, contain important 
quantities of lead and zinc and in a few instances the returns from these 
have exceeded the silver values. Within the past fifteen years or more the 
marked improvements in milling and metallurgical practice, particularly in 
the treatment of the zinc content of these complex ores, and the facilities 
provided by the Trail smelter and customs mill, have done much to 
encourage mining in the Slocan. 

In spite, however, of the high-grade character of the ores and the 
advantages provided by present milling, smelting, and refining technique, 
the Slocan camp can hardly be regarded as prosperous. Of the two hun
dred and five properties in Sandon and Slocan map-areas, which in the 
past have shipped ore, about sixty-five were operating in 1928 and of 
these less than thirty, mostly situated in Sandon map-area, were producing 
ore in any quantity or realizing returns in proportion to the investments 
incurred. Since 1929, save for a few small operations, mainly by lessees, 
the properties were closed with but little hope of reopening until prices 
for silver, lead, and zinc rose apprecillJbly. 

FIELD WORK AND ACKNOWLEDGMENTS 

The present report is the result of field work by the writer in 1925, 
1926, 1927, and a part of 1928, coupled with information gathered from 
previous work by other officers of the Geological Survey, notably the late 
O. E. LeRoy, the late C. W. Drysdale, and M. F. Bancroft. Much of the 
time during each season w'as devoted to examinations of mining properties. 

'Description of indiviclulal properties. as listed in table on pages 12 to 19 of this 
report, are on fiIe with the Geological Survey, Bureau of lE<:onomic Geology, Depart
ment of Mines, Ottawa, 
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The writer is under deep obligation to the people of Slocan district for 
their cordial assis.tance; particularly to the mine owners, managers, and 
superintendents who gave freely of both their time and information in 
the examination of properties in which they were interested, and extended 
their hospitality at the mines. 

Much help in the compilation of this work was received from manu
scripts and published reports of members of the Geological Survey, who 
had previously done field work in this area, and valuable suggestions were 
gained by pers{)nal contact with other members of the Geological Survey, 
particularly J. F. Walker and H. C. Gunning, who were conducting inves
tigations in adjoining or nearby areas in Kootenay district. 

Field work was facilitated by the able and hearty co-operation of 
the writer's assistants, Messrs. W. E. Chantler, E. B. Gillanders, and 
J. G. Pearcey, in 1925; E. B. GiHanders and J. G. Pearcey in 1926; J. G. 
Pearcey,~: A. ,Jones, J. S. Stevenson, E. H. Lovitt, and R. P. Graham 
in 1927; and '";) : A: Harkness and J. S. Stevenson in 1928. 
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Figure 1. Index map showing positions of Sandon and Slocan map-areas. 
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SITUATION AND MEANS OF COMMUNICATION 

Sandon map-area (See Figure 1) is traversed by a branch line of 
the Canadian Pacific railway which connects by rail and boat with Revel
stoke on the main line and by boat and railway with Nelson. In 1926 
a highway was completed between Kaslo and Nelson, and in the follow
ing year the motor road from Nelson to Slocan was extended along the 
e!tst shore of Slocan lake to connect with Silverton and thence with New 
Denver, Rosebery, and Sandon. Subsequently, highways were established 
between Sand()n and Kaslo and ;between ROSeibery and Nakusp on Upper 
Arrow lake. Aside from these trunk roads, the Slocan camp is, for a 
mountainous country, well supplied with roads and trails so that most 
of the properties are readily accessible by car, wagon, or saddle horse. 

HISTORY OF MINING 

Slocan's mllllllg history dates back to the discovery, in the early 
twenties of last century, of outcropping lead OTe on the east shore of 
Kootenay lake at the present site of Blue Bell mine, Riondel. The dis
coverers, Indian and Hudson's Bay Company trappers, are reported to 
have made some use of the lead in this deposit for their muzzle-loading 
rifles. 

Active exploration of the region did not begin, however, until after 
1865, when the discovery of placer gold in the Big Bend country of 
Columbia river drew a rush of prospectors into the Kootenays. In 1868 
an American prospector, Henry Doane, rediscovered and did some work 
on the Blue Bell mine. He later interested Senator George Hearst, of 
California, in his discovery and, together, they are credited with some 
crude attempts to smelt the Blue Bell ore on the ground-attempts which 
were inevitably unsatisfactory in view of the primitive equipment, low 
grade of the bullion, and distance from transportation. Following the 
collapse of this effort nothing of interest occurred in Slocan for years. 
The Big Bend country ceased to attract and the district lapsed into its 
pristine state of a complete wilderness. The Dewdney trail, built in the 
early sixties from Fraser river into the Kootenays, fell into complete dis
repair and Kootenay lake could be approached only from the south via 
Senyaquateen, near the present Sandpoint. 

In 1881 Robert Evan Sproule, prospector, gifted with an eye for the 
future, entered the Kootenays. J!e discovered and prospected the great 
" Granby" lode of the Boundary district which at that time was value
less. Continuing to the northeast he eventuaHy reached Kootenay lake 
and re-Iocated the Blue Bell in 1882. At about the same time mOre 
influential interests in the persons of John C. and George J. Ainsworth, 
of San Francisco, were taking cognizance of the mineral country about 
Kootenay lake. They were owners of the" Kootenai ", the second steamer 
to ply between Revelstoke and the International Boundary, 'and had 
secured a franchise for a railway connecting Columbia valley with 
Kootenay lake over the route 'now followed by the line operating between 
Robson and Nelson. In their employ as "mining scout" was a young 
man, Thomas Hammil, who early in 1883 located the "Lulu" and 
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" Springs" claims, the first to be staked at Hot Springs, later known 
as Ainsworth, on the west shore of Kootenay lake nearly opposite the 
Blue Bell. Later in the year Hammil jumped Sproule's locations across 
the lake. There followed a long contested lawsuit which proved too 
expensive for Sproule and his supporters and was eventually decided 
against them. The affair culminated in June 1885 when Sproule took the 
law into his own hands by shooting HaIl!mil. The neglect of the Ains
worths' attorneys led, however, to their losing the Blue Bell, which subse
quently became the property of Dr. Wilbur A. Hendryx and partners, 
and the location took the name of Hendryx camp. In the mid-eighties a 
considerable settlement grew up about the site of the present town of 
Ainsworth and in 1887 and 1888 the Great Northern steamers" Spokane", 
" International", and " Alberta", as well as some privately owned boats, 
plied between Bonners Ferry and Hot Springs and Hendryx camps. 

Most of the silver-lead ore discovered in these early years carried 
comparatively low values in silver. When, in the late eighties, a pros
pector, Jim Brennan, brought from a district farther north samples that 
assayed as high as 150 ounces a ton in silver, there was a rush to investi
gate this country. On September 9, 1891, two prospectors, Eli Carpenter 
and .J ohn L. (Jack) Seaton, after an unsuccessful trip into this more 
northern country climbed Payne mountain, to the north of the present 
town of Sandon, in the hopes of observing a more direct route back to 
Ainsworth. On the summit (Plate III A) they discovered outcroppings 
of the Payne vein and staked a claim on it. The story is told that on 
their return to Ainsworth, Carpenter deceived Seaton by showing him assay_ 
returns from an Ainsworth property instead of the rich values obtained 
from their Payne samples. Seaton immediately lost interest in the dis
covery until Chas. Olsen, the owner of an hotel at Ainsworth, happened 
to overhear Carpenter ,planning with another man, Bielenberg, to return 
to the Payne and stake all the surrounding ground. Olsen subsequently 
persuaded Seaton to guide a prospecting party to the locality. Carpenter 
and Bielenlberg, so as not to attract attention, made their way back in a 
round-about way via Nelson and Slocan lake, whereas Seaton and his 
party travelled by t~e more direct Kaslo Creek route and reached their 
destination first. Seaton's party included, at first, W. M. Hennessy, J. G. 
McGuigan, and Frank Flint, but was joined near Sproule's Fifteenmile 
House (now Blaylock station) by J. J. Hennessy, who was accepted as 
a fifth member. The party thereupon went by the name of the Noble 
Five, and on September 28, 1891, located several claims near Sandon 
including the Noble Five group. 

The year 1891 may be regarded as the first year of the great boom 
in Slocan. In the spring of that year only one house stood on the delta 
of Kaslo creek; in 1892 Kaslo had 'a population of between four and five 
thousand. From Kaslo the common route into the country about Sandon 
led up Kasloand Montezuma creeks. On this route John Sandon, Ed. 
Becker, Tom McLeod, and Chas. Rossiter (or Joe Fletcher) staked the 
Montezuma in September, 1891. Altogether some eighty locations were· 
made in this first year, the staking being done under the Apex law which 
provides a claim 1,500 feet by 600 feet with extralateral rights. This law 
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was repealed in 1892, the claim size being changed to 1,500 feet square 
with vertical side lines. 

In 1892, seven hundred and fifty locations and three hundred and 
fcrty transfers and bills of sale were recorded, the aggregate value of the 
latter being $550,000. It has been estimated that $201,000 in cash changed 
hands by reason of transfers within th_ese first two years. Many of the 
prospectors received ,but little for their discoveries. For $500 Eli Carpenter 
gave one-half interest in the Payne to Scott McDonald, who in turn sold 
it to A. W. McCune. S. S. Bailey in the meantime secured Seaton's half 
interest and raw-hided out some ore. McCune started a lawsuit against 
Bailey, eventually buying his inte!:.est for $75,000. McCune ran the mine 
for about. five years and shipped an average of 50 tons of ure a day, which 
netted him about $100 a ton. Altogether he had recovered about a million 
dollars worth of ore when he sold the property to the Payne Consolidated 
Mining Company of Montreal for another million. 

In 1892 sixteen properties were in operation. As transportation was 
by pack-horses only the richest ore could stand the heavy charges. George 
w. Hughes brought in the first train of pack-horses, fifty-seven in number, 
to freig~t 400 tons of are from the Freddie Lee mine at Sandon to Nakusp 
on Upper Arrow lake. The charges for freight and treatment of this ore, 
which was smelted in Montana, amounted to $90 a ton. Ore packed from 
the Washington mine to Raslo cost $45 a ton. Not only were costs very 
high but the financial panic of 1893 brought rubout a disastrous drop in 
the price of silver. 

After the early discoveries prospectors extended their field of investi
gations southward and southwestward into the great area occupied by the 
granitic rocks of the Nelson batholith. In the vicinity of Slocan (Slocan 
City) the Dayton claim was staked on Dayton creek by Wm. Springer 
on June 10, 1893. The following years saw the location of many more 
claims. The success attending the early development of certain of these 
properties, notably the Enterprise mine, demonstrated the possibilities of 
this granite area and led to a very active campaign of prospecting and 
development. The discovery of attractive gold values on properties staked 
on Memphis (Twelvemile) creek and farther north accelerated prospect
ing, and resulted in the staking of a large part of Slocan City mining 
division. 

The rival towns of Slocan City, Brandon, and West Slocan at the 
south end of Slocan lake rapidly reached their peak of prosperity and 
activity. A road was built from the lake shore up Enterprise (Tenmile) 
creek to Enterprise mine and, about 1897, a rail connexion made from 
Slocan to the Rabson-N elson line. 

A great deal of prospecting was also being carried on with fair results 
about the headwaters of Kokanee (or Yuill) creek and on Keen (South 
fork of Kaslo) creek. 

Transportation in Sandon map-area prior to 1894 was by means of 
a pack trial from Sandon to N akusp and a wagon road from Raslo to 
Bear lake. The road cost $20,000 and was built by private subscription. 
It was afterwards extended to Sandon. In 1895 the Kaslo and Slocan 
railway (narrow gauge) was completed between Kaslo and Cody. The 
Canadian Pacific railway completed a branch line between N akusp and 
Three Forks in 1894 and later extended this to Sandon (Plate II). 



6 

In 1894-95 Dr. Wilbur A. Hendryx and partners, owners of the Blue 
Bell mine, built a 200-ton concentrator at Camp Hendryx and erected a 
small lead smelter at Pilot Bay, the first and only venture of this sort in or 
near the SID-can. The plant was erected primarily to trea't Blue Bell ore, 
but did not prove a success and was closed down in the following year. In 
1899 the Blue Bell praperty passed into the hands of the Bank of Montreal. 

On January 14, 1896, the Hall Mines smelter was 'blown in at Nelson 
and entered the market for the gold-copper ores of Rossland as well as the 
silver-lead ores of Slocan. 

In 1898 the Canadian Pacific railway purchased the Trail smelter, the 
nucleus of the present great plant of the Consalidated at Trail. 

By 1901 Slocan district, represented by Ainsworth, Slocan, and Slocan 
City mining divisions, contained 917 Crown-granted mineral claims and 
2,500 others held by location. 

In 1905 the Canadian Metal Company, a Frenc-h organization headed 
by Edward Riondel, bought the Blue Bell property on Kootenay lake. This 
company was primarily in the field for zinc ore and had built a zinc-retort, 
custam smelter at Frank, Alb-erta, where they had acquired coal lands. 
This enterprise, however, was unsuccessful and in the following year the 
Blue Bell mine came under the management af S. S. Fawler, who has long 
been identified with developments at this property. 

In 1911 the Kaslo and Slocan railway was taken over by the Canadian 
Pacific railway and connected at Parapet Junction with a newly built road 
from Bear lake down the valley of Seaton creek. From Bear lake to Kaslo 
the road was rebuilt to standard gauge and the part of the Kaslo and Slocan 
railway between Bear lake and Cody dismantled. 

The country has suffered materially from calamities -peculiar to moun
tainous areas and to careless communities. Heavy freshets on Kaslo creek 
in 1894 and again in 1909 did great damage to the town of Kaslo. The 
town of Sandon was burnt on May 3, 1900. Forest fires swept through the 
district in 1894 and again in July, 1910, resulting in loss of life and much 
property as well as serious transportation difficulties. A miners' strike at 
Sand'on lasted fram June 12, 1899, to February 13, 1900. 

By the mid-nineties the district, as regards the number of shipping 
mines and value of are sold, ranked as the most productive mining camp 
in the province. In the beginning the ores were worked chiefly for their 
high silver values, but presently important returns were received for the 
lead content. Most of the early discoveries were small and were rapidly 
worked out or were found at depth to contain an increasing proportion of 
zinc ore for which smelters exaded a severe penalty in proportion to the 
amount present. Concentration af the silver-lead ;content seemed to furnish 
one solution of this difficulty and many a management precipitantly under
took expensive mill construction without adequate are reserves. In the 
early milling practice, too, losses in silver were particularly heavy and zinc 
ore, where its ,concentration was attempted, was cammonly tao. low grade 
to affard a profit. In addition, and in spite af the success which a few 
~roperties had ,attained in their deeper developments, the prevailing impres
Slon was .that the ores of the Slacan " did not go down," and mine oper
ators heSItated to venture the profits realized from the production of their 
autcropping ore-badies on undertakings designed to. prave their properties 
at depth. 
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This period of uncertainty was' succeeded by that including the Great 
War, when the urgent demand for metals and their ensuing high market 
prices caused a second great mining boom in the district. The outbreak of 
the war brought about an unsettled state of affairs, resulting in the closing 
down of several shipping mines, hut towards the end of September, 1914, 
arrangements were made whereby the Trail smelter again accepted ore 
shipments, and conditions gradually improved with the ever-increasing 
demand for lead, zinc, and silver. Mining and prospecting were carried on 
most energetically. Conditions encouraged deeper developments and the 
success attendant urpon a number of ventures of this sort did much to re
move scepticism as to the possibilities of the district. Production reached 
a peak that neither in previous nor subsequent times has been nearly 
equalled (See Figure 2). 

Since the war production has dropped off greatly, as a result of the 
reduction in metal prices and partly ,because of the exhaustion of many 
of the larger ore-bodies which feverish developments of the war period 
had brought to light. New discoveries have been rare and shipments have 
resulted chiefly from further developments on properties that had already 
provided important tonnages. A miners' strike in 1921 cut down produc
tion in that year to a minimum. The following years, to and including 
1929, however, witnessed a steady production and more consistent and 
well-advised programs of development by the larger companies. Improve
ments in mill design resulted in more satisfactory selective concentrations 
of the v,aluable ore minerals, and property owners lacking a mill of their 
own were able to take advantage of the 6oo-ton custom mill installed by 
the Consolidated Mining and Smelting Company at Trail. Encourage
ment was afforded the local mining industry by the removal, in 1928, of 
the penalty for zinc in lead ores and by a slight decrease in treatment 
charges for zinc ores; iby the proposal of the West Kootenay Power and 
Light Company to construct a transmission line into the Slocan; and by 
the discovery, as at the Noble Five, Galena Farm, Whitewater, and 
Mammoth properties, of new and important ore-bodies. 

The drastic fall in metal prices in 1929, and its continuation into 1930, 
cut short the enthusiasm of the preceding years. According to a state
ment issued by the Provincial Department of Mines the effect of these 
low metal prices has been more severely felt in No.5 Mineral Survey 
district (which includes the Slocan) than anywhere else in the province. 

The following table compiled from Annual Reports of the Minister 
of Mines for British Columbia gives the returns in silver, lead, and zinc 
of Slocan district (including Slocan, Slocan City, and Ainsworth mining 
divisions, ,and largely credited to Sandon map-area) ,as compared with 
the strongest competitors in these metals, viz., the Fort Steele and Port
land Canal mining divisions. 
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Year Mining division Silver Lead Zinc 

s s 
1895 .. . ........... Fort Steele ...... . .... . .... ... ... . ..... . ............ . ........... 

Slocan............... . .. . . . . . . .. . . 914,246 532,255 .. . .. . ...... 

1900 ....... . ...... Fort Steele ............... . .. . ..... . ... . 560,303 1,639,848 · . . . . . . . . . . . 
Slocan ... . ..... . .......... . ............ . 1,442,949 969,743 · . . . . . . . . . . . 

1905 ........ . ..... Fort Steele . ........ . 652,342 2,045 750 · . . . . . . . . . . . 
Slocan .......... . . . 666,846 271,422 · . . . . . . . . . . . 

1910 ......... . .... Fort Steele .................. . .. ... . . . . . 254,809 954,983 ............ 
Slocan .................... . . . . ..... . ... . 608,547 358,588 192,473 

1915 .............. Fort Steele ........ . ... . ....... . .... . 227,154 1,108,472 20,250 
Slocan . . .... . .. . ........ . 992,199 765,676 1,053,395 

1920 .............. Fort Steele ......... .. . . ..... .. .. . .... . . 342,933 1,927,924 2,795,847 
Siocan . ....................•............ 963,248 730,921 252,249 
Skeena (Portland Canal chiefly), etc ... . 1,262,483 ........... . ............ 

1925 ...... . ....... Fort Steele ............................ . 2,145,630 17,839,053 7,273,650 
Siocan ................. . .. . .......... . . . 646,056 598,103 469,657 
Portland Canal.. .. . . . ............... . . . 1,652,066 65,910 1,361 

1,966,719 11,854,338 7,883,240 
53,886 49,993 28,461 

1930 .............. Fort Steele ............ . .. . ....... .... . . 
Siocan................ . . ..... . .. 
Portland Canal. ..... . .. . . ....... . . 1,597,070 90,413 · . . . . . . . . . . . 

During Slocan's forty years of mining history many properties that 
once were productive have long since been abandoned; others are being 
held for possible further exploration, although little has been done on 
them for many years; and still others have been incorporated with nearby 
properties. Several of the early discoveries developed into properties that 
are still among the more important. Whitewater mine has a record of 
thirty-three producing year~ (up to and including 1929), Slocan Star
Silversmith, and Rambler-Cariboo mines have each shipped ore in thirty
one different years, and Ruth-Hope in thirty-two. The Standard mine, 
the J.argest producer in the district, produced continuously from 1905 to 
1924, inclusive. At the peak of production in 1918 some forty-four prop
erties made shipments having an aggregate value of about $3,500,000. In 
1929, there were thirty-three shipping properties and the value of the 
production of the district, embracing thirty-seven properties, was esti
mated to be $1,358,031, of which $558,477 is attributed to silver, $322,664 
to lead, $461,681 to zinc, aDd $5,209 to gold. 

The diagram, Figure 2, shows a distinct relation between the price of 
metals and the tonnage of ore mined in Slocan district. 

Slocan ores are mostly intimate mixtures of argentiferous galena, 
sphalerite, silver minerals, and pyrite in a gangue of siderite, quartz, or 
calcite, or a mixture of these three minerals. Recent developments in ore 
dressing have done much towards permitting an effective separation of the 
valuable from the valueless constituents, and have enabled the operator 
to obtain a comparatively clean separation of the zinc component from the 
silver-lead and high-grade silver minerals without the serious losses attend
ant upon earlier attempts in this direction. Modern metallurgical practicE' 
has also enabled the operator to dispose of this zinc component profitably. 
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Commencing in 1899, early shipments of zinc are were chiefly from 
the Lucky Jim mine, but by the dose of 1905, 14,000 tons had been shipped 
from fifteen properties, of which the Slocan Star, Lucky Jim, Bosun, and 
Payne were the largest producers. The Kansas smelteries, to which most 
of the Canadian zinc are was sent in these early years, demanded a high
grade zinc product and paid little or nothing for included lead or silver, 
as the treatment of zinc ore at the time for silver and lead resulted either 
in severe losses of these metals or in a correspondingly high cost of treat
ment. Only for certain properties, such as the Lucky Jim, where high
grade zinc are could be readily hand sorted, did the shipments offer any 
reasonable returns. Where the are required milling the methods of water 
conoentration then in vogue could not eliminate 'an objectionable high 
proportion of the commonly associated siderite gangue, or of iron pyrites, 
thereby reducing the grade of the zinc 'concentrates below the profitable 
point. 

Between 1905 and 1916, largely asa result of improvements in milling 
methods, some 20,000 tons of metallic zinc were contained in shipments of 
zinc ores from the district, a large proportion of these shipments being in 
the form of concentrates. It was, however, in the ten years ending about 
1926 or 1927, when the price of spelter was consistently high and properties 
in the Slocan were ruble to take advantage of the electrolytic-zinc plant 
of the Consolidated Mining and Smelting Company at Trail, that the zinc 
output increased to an amount closely border,ing on that of lead. In this 
period shipments from the Sandon area contained over 40,000 tons of 
metallic zinc. 

The increasing importance of the zinc industry has affected mining 
operations in the district, because properties are now, or were until recently, 
valued for their zinc as well as silver and lead, whereas formerly those 
carrying a comparatively high zinc content were regarded as worthless. 
Old dumps containing discarded zinc are have :been re-treated for' its 
extraction. In 1924, for example, a mill, with a c.apacity of 100 tons a 
day, was installed in the valley of Kaslo creek to handle the loarge tonnage 
of zinc are discarded from the "\Vhitewater mine in its earlier years of 
operation. Most of the zinc are shipped from the district has come from 
some thirty properties situated mainly within Sandon map-area. These 
include most of the larger shippers from this area 'and their aggregate 
production, on a basis of valuation, has so far included much more important 
silver values and a considerably greater cDntent of lead, than of zinc. Even 
if, in. estimating the relative value of these three metals, we consider only 
the SlIver and lead pro.duced in years when zinc are also was shipped, we 
find the value of the sliver production was much greater and that of lead 
somewhat greater than that of zinc. 

. .The following table, based on returns submitted annually to the pro
vmOlal government, represents the production of properties situated in 
Sandon and Slocan map--areas during the years 1892 to 1933 inclusive. All 
properties, so far as the writer is aware, are included. The figures for 
/I tonnage" and" value" are not strictly accurate since for the first few 
years of mining in this district the returns are often quite incomplete and 
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in the 'case of certain important properties, such as the Payne, are far below 
the actual value of production. The figures for "value" are subject to 
some adjustment too, in that they are based on the average market price 
for the year rather than the price prevailing at the particular time of the 
year at which shipments were made. On the whole, however, this table 
expresses at least an approximate idea of the production of this area sinee 
shipments first began. For a list of properties shipping ore from Sandon 
area, 1915 to 1924, inclusive, See Geological Survey, Canada, Summary 
Report 1925, part A, pages '187, 188. In calculating values the average 
New York prices for each year have been used as a basis and for silver 
95 per cent, for lead 90 per cent,and for zinc (St. Louis) 85 per cent of 
such prices taken. No other deductions have been made. 
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PREVIOUS AND CORRELATIVE GEOLOGICAL WORK 

The first geological work in the district was a reconnaissance survey, 
in 1889, by Dawson (7) 1 of the flhores of Kootenay lake. This was 
fol'l{)wed, in 1894 and 1895, by a general investigation of Slocan mining 
camp by McDonnell (18), whose geological information was incorporated 
in the West Kootenay sheet (19) is:sued in 1904. 

In 1892, E. D. Ingall, Chief of the Division of Mineral Statistics 
and Mines, Ottawa, visited the camp and reported (14) on a number of 
the new discoveries. 

Commencing in 1908, LeRoy (17) made frequent visits to the Slocan 
and together with his assistant Drysdale (9), who later aSBumed charge 
of the work, completed, in 1916, a more detailed study of the geology 
and mineral deposits within Sandon map-Mea. Bancroft made further 
investigations in this area in 1917 and 1919 (1). 

Other work bearing on geological and economic problems of the 
Slocan has been done by Brock (4) within the area of the West Kootenay 
sheet; by Bancroft, Walker, and Gunning (2) in the neighbouring Lardeau 
map-area; by Schofield (21), Bancroft, and Walker (25) in Kootenay 
Lake district; and by Cairnes (5, 1928) in Slocan and Upper Arrow Lakes 
area. In addition, the annual reports of the Minister of Mines for British 
Columbia (20) contain a wealth 'of information on mining operations in 
Slocan and neighbouring districts. 
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CHAPTER II 

TOPOGRAPHY 

Slocan mining camp occupies an eastern area within the Selkirk Moun
tain system. Two principal ranges in this system are represented, namely 
Lardeau mountains to the north and Slocan mountains to the south of the 
transverse valley between Kaslo on Kootenay lake and New Denver on 
Slocan lake. West of Slocan lake Slocan map-area overlaps a part of the 
eastern flanks of Valhalla mountains and east of Kootenay lake Sandon 
map-area occupies ,a narrow fringe 'along the western border of the Purcell 
range. 

Slocan mountains extend southward to the transverse valley occupied 
by the west arm of Kootenay lake and Kootenay river. They occupy an 
area of .about 780 square miles, and for the most part consist of rugged 
ridges of alpine character (Plate IV A) culminating, south of Slocan map
area, in the Kokanee massif, the highest peak of which reaches 9400 feet 
above sea-level. From this massif radiate several large streamS fed by 
permanent mountain glaciers. 

Lardeau mountains trend northwesterly to the northeast arm of Upper 
Arrow lake. Their eastern boundary is Kootenay lake and the valley 
occupied by Lardeau river 'and Trout lake. Westerly they extend to Slocan 
lake and the through valley between Slocan and Upper Arrow lakes. This 
is also a rugged group (Plate III B), and on the whole is more difficult of 
access than Slocan mountains. 

The higher peaks in Sandon map-area are from several hundred to 
1,000 feet or more lower than those in surrounding regions. This 'condition 
has markedly affected glaciation 'and the accumulation of glacial deposits 
and, thus, ha'scontrolled the development of various local topographic 
features. 

The areas under consideration show the strong relief characteristic 
of a mountainous topograph-y in a late adolescent stage of erosion. There 
are no extensive upland fiat areas ; the valley wa:l'ls have comparatively 
uniform slopes of modemte angles; and the larger tributary valleys possess, 
on the whole, fairly uniform gradients throughout their lengths. 

Ridge tops may be either rounded or sharply serrate, depending largely 
on local rock structure and the character of the bedrock (See Plate IV A). 
The areas of Nelson granite and Kaslo series are normally more rugged 
and sharper in outline than those underlain by sediments of the Slocan 
series. 

East of Slocan lake there is a noticeable flattening in the topography 
at about the 3,OOO-footcontour (between 1,200 and 1,300 feet above the 
lake), and this feature corresponds to a change of slope west of the lake 
at about the sa-me elev,ation. A similar tapographic development 
is noticeable 'along the west side of Kootenay lake below the 3,OOO-foot 



A
. 

P
a
rt

 o
f 

th
e 

n
o

rt
h

ea
st

er
n

 s
lo

p
e 

o
f 

C
ar

p
en

te
r 

C
re

ek
 v

al
le

y
 

be
lo

w
 

S
an

d
o

n
; 

sh
o

w
in

g
 

d
ll

m
p

s 
fr

o
m

 
w

o
rk

in
g

s 
o

n
 

th
e 

P
ay

n
e 

m
in

e.
 

(N
eg

. 
N

o.
 

67
56

9.
) 

P
L

A
T

E
 
II

I 

B
. 

L
o

o
k

in
g

 
n

o
rt

h
 

o
v

er
 

D
ar

d
an

el
le

s 
b

as
in

 
nn

el
 

D
ar

d
an

el
le

s 
p

ea
k

 
(f

o
re

g
ro

u
n

d
) 

ac
ro

ss
 

th
e 

w
id

e 
v

u
ll

"y
 

o
f 

K
as

lo
 

cr
ee

k
 

to
 

ru
g

g
ed

 
m

o
u

n
ta

in
s 

b
ey

o
n

d
 t

h
e 

li
m

it
s 

of
 S

an
d

o
n

 m
ap

·a
re

a.
 



PLAn: IV 

A. Looking sou til across the valley of Ka810 creek and up the tributary valleys of Twelve
mile and Holmes creeks to mount Carlyle (I'ight background). monnt Holmes (right
cen tre background), and the Kokanee IlIassif ( left extreme background). 

B. Buildings and dumps at the Queen Bess milH' in the valley of Howson creek. 
I~eg. Xo. 67580 ) 
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contour south of Kaslo creek. These comparatively flat areas are covered 
by drift except in places where low, narrow ridges of more resistant strata 
project above the general level. They probably represent former base levels 
of erosion that have persisted, though modified to some extent by glaciation, 
since late Tertiary time. 

A number of ridge tops are comparatively level over considerable dis
tances. There is, however, no general accord between these upper levels 
and,consequently, no general explanation can be given. Two long, nearly 
flat ridges deserve special mention. One lies south of Three Forks and 
forms the top of the Queen Bess ridge between Carpenter and Howson 
creeks (Plate IV B). In a distance of about 6,000 feet this ridge only drops 
from 6,100 to 5,500 feet. The underlying rocks are chiefly slates of the 
Slocan series. The other ridge, composed of Kaslo series greenstones, lies 
west of Kootenay lake and south of the head of Falls creek. Ina distance 
of over 3 miles it has a maximum vertical relief of only 500 feet, the eleva
tion ranging from 6,000 to 6,500 feet. Neither of these comparatively 
flat spurs is the summit of the ridge of which it is a part; the summit stands 
1,000 or more feet higher and rises rather rapidly to this higher elevation 
from the upper end of the flat areas. Are t.hese two features, at widely 
separated points in the area, and underlain by rocks of entirely different 
character, remnants of an earlier peneplained surface'? This suggestion 
finds little support elsewhere in the area. On the other hand, the spurs lie 
not far from either Slocan or Kootenay Lake valleys, which furnished 
the main outlet channels for glacial ice in the Gtacial period, and erosion 
on the ridges adjoining or near these outlet valleys probably was more 
pronounced than elsewhere in the area. The smoothly rounded tops of these 
flat spurs; the little evidence of effective regional glaciation on higher parts 
of the ridges; and the abrupt truncation of the spurs by the strongly 
erosivea:ction of the main tributary glaciers flowing down Kaslo and Car
penter Creeks valleys are features that imply that these flatter parts of 
the ridges mark the upward limit of effective glaciation in the area. 

The usual features of alpine topography are well developed. Cirques 
with rock-rimmed lakelets, either single or in :series, occur, as at the head
waters of Keen, Woodbury, Silverton, and Montezuma creeks. Those situ
ated Ibelow the broader -divides or cols are commonly walled by compara
tively gentle slopes, and' their broad floors are carpeted by a luxuriant 
growth of flowering plants and grasses. Cirques that have formed below 
peaks and the sharper, steeper divides or cols, are narrow; are walled by 
steep, in places precipitous, slopes; and are floored by talus with patches 
of smooth rock appearing in places. 

The larger streams in :both Sandon and Slocan map-areas are fed by 
glaciers, and most of them maintain a good volume throughout the year. 
The larger gla'ciers all lie to the south, north, or west of Sandon map-area 
as, for example, Kokanee glaoier in Slocan mountains; glaciers at the heads 
of Lyle and Whitewater creeks in the southern Lardeau mountains; and 
New Denver gIacierat the head of Sharp (Glacier) creek in Valhalla moun
tains (Plate V). 

Cordilleran ice undoubtedly cover'ed much or all of Sandon and SIocan 
map-areas in Pleistocene time. Gl,acial strire are, however, scarce and 
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poorly preserved, exoept towards the main valley bottoms. A huge glacial 
erratic of coaTSe-grained, massive, porphyritic granite was noted on the 
summit of Carpenter Mountain ridge at an elevation of 6,300 feet, and 
3,600 feet northeast of the contact of the Slocan series with the Carpenter 
Mountain granite stock. It might have come from this stock, and indi
cates at least that a considerable thickness of ice must have swept over 
this high ridge. Another huge erratic of a similar granite, seen along
sid-e the road from Sandon to Payne mine at an elevation of 4,250 feet, 
is of a different type from the neal'by granitic stocks and more resemb'l'es 
that of the main mass of the Nelson batholith as exposed farther up 
Carpenter Creek vall€y. A large sl3Jb of massive, black argillite, dis
covered near the top of Bondholder mountain, ~t an elevation of about 
7,000 feet, resembles members of the Slocan series as exposed several miles 
to the north. An assemblage of erratic material discovered along the 
course of the creek draining southeasterly from the Silver Glance property 
into Bear lake includes numerous greenstone boulders evidently 'obtained 
from the Kaslo series, the nearest exposures of which lie several miles 
to the northeast. These and other Euch erratic materials suggest that 
an ice-sheet, or sheets, advanced upon Sandon area from different direc
tions, but that the main outlet from the district was towards the soutJh 
or southwest. 

The relatively low uplands of Sandon area tended to preserve it from 
active erosion except in the vicinity of Slocan and Kootenay Lakes valleys, 
which provided the main outlets for glacial ice and, consequently, bear 
the contours of glacial troughs and along their shores show polished and 
striated rock surfaces. Otherwise the area served as a "settling pond" 
for glacial materials brought by the advancing ice. Movement out of the 
area was restricted and the accumulated ice tended to remain and to 
effect but little erosion of the upland surfaces. The rock debris accumu
lated during the period of Cordilleran ice movements was augmented by 
products -of valley glaciation and piled up in the lower courses of the 
main streams. A tremendous amount of glacial materials thus accumu
lated in Sandon area. Muoh of this has since been swept away by streams, 
but much still remains in the form of prominent terraces and bench lands 
along the lake shores and lower courses of the main streams, remnants 
of much higher benches, and heavy deposits of unassorted drift filling old 
valleys and otherwise generally distributed over much of the upland slopes. 

The imprint of valley glaciation is seen in the numerous cirque-like 
basins; the rock-rimmed lakelets on and near the higher divides; and the 
truncated spurs along the major valleys. 

Terraces formed of unconsolidated materials are common, and in some 
cases conspicuous, features in both Sandon and Slocan areas. They vary 
in elevation from less than 100 to over 3,500 feet above Kootenay and 
Slocan lak€s and are regarded as having been formed in late Glacial and 
post-Glacial times, following the accumulation of great quantities of 
glacial debris. 

The difficulty of tracing most of these terraces for any considera!ble 
distance, and the dis'cr-epancy in the number and elevation of those observed 
in closely adjoining sections, are probably the result of local conditions 
affecting not only their formation but afterwards their partial or complete 
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destruction. Such conditions included the occurrence and behaviour of 
bodies of ice along the valley bottoms; the form~tion of dams along the 
course of a streap1, particularly at the junction of tributary valleys; the 
bursting of such dams and their SlUbsequent formation at points lower 
down the valley; irregular conditions of reassortm~mt and deposition of 
glacial materials, resulting at times in regularly bedded sands and silts 
along quiet stretches oJ water, and at others in the accumulation of coarse, 
or irregularly sorted and bedded material formed when sudden freshets, 
bursting of dams, and the accumulations of slide debris interrupted the 
even course of deposition. These conditions involved successive formation 
and destruction of partly sorted materials, and developed a series of 
terraces at irregular, vertical intervals. in the valleys occupied by the 
tributary streams. The main vaHeys, including those occupied by 
Kootenay and Slocan lakes, provided similar conditions on a greater and 
more regular sca'le, so that the terraces along them are larger and more 
persistent. 

Along the. east shore of Slocan lake, 'between Rosebery and New 
Denver, one well-marked terrace stands at about 320 feet and another 
at about 250 feet above the lake. Between New Denver and Silverton 
the southern extension of the lower terrace forms the Harris Ranch flats 
at the elevation of No.4 tunnel of the Bosun mine, nearly 250 feet above 
the lake. Up Wilson creek prominent terraces were observed at eleva
tions of 250, 330, and 420 feet 81bove Sloe an lake. Up Carpenter creek 
and north of Denver canyon two terraces were observed at Ilibout 535 
and 720 feet above lake level. The lower of tJhese is the more prominent. 
In the valley of Silverton (Fourmile) creek terraces were noted at 640, 
750, and 1,250 feet above the level of S'locan lake. 

On the west side of Kootenay lake, well-defined terraces' are repre
sented by old and recent delta levels at and near the mouth of Kaslo 
creek (Plate I). The older levels occur about 2'50 and 650 feet above 
lake level. The upper terrace is well marked and continues, broken only 
by the erosion of side streams, to and wbove Zwicky. Farther up the 
valley other well-defined terraces were observed in the vicinity of Robb 
(Spring), Rossiter, Twelvemile, Lyle, and Whitewater creeks at elevations 
ranging fwm 1,240 to 1,900 feet above Kootenay lake, the principal inter
mediate terraoes occurring at intervals of 1,375, 1,410, 1,490, 1,560 feet. 

Towards the mouths of the valleys of the more important streams 
such as Kaslo, Carpenter, Wi'lson, and Silverton, the terraces are remnants 
of old delta deposits, cut into by the streams and the derived materials, 
incorporated in the deltas now being built out into the lakes. The towns 
of Kaslo, New Denver, Rosebery, and Si1verton occupy recent deltas whose 
surfaces lie only a few feet above lake level. 

ORIGIN OF SLOCAN AND KOOTENAY LAKES VALLEYS 

Slocan lake and Kootenay lake occupy valleys for the origin of which 
different theories have been advanced. Soundings (18, 1895, page 23; 
17, 1913, page 97) in Slocan lake indicate that, in general, it deepens 
from north to soutih, from 765 feet opposite Rosebery to 830 feet between 
Rosebery and New Denver, to 925 feet near the south end. Soundings 
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by the writer, in 1927, indicated that opposite New Denver the lake is 
765 feet deep near the centre, 690 feet deep three-fourths of the distance 
across, and 320 feet deep 200 yards from the west shore opposite a steep 
rock bluff. 

Kootenay lake is not nearly as deep as Slocan lake although covering 
a much greater area and only a few feet lower in elevation. Prior to 
1926 the only 'authoritative soundings were, one of 380 feet in the middle 
of the south end of the lake opposite Sanca and another 'of 450 feet 
opposite Ainsworth north of the West Arm (19). In 1926 a great number 
of soundings were made between Kaslo and Schroeder creek. These indi
cated an almost flat bottom at between 380 and 395 feet down the middle 
of the lake and to within a short distance of either shore, from where 
the sides rise steeply. Kootenay lake, therefore, possesses more regular 
bottom contours than Slocan lake, but this may be due as much to a 
more even flooring of unconsolidated deposits (in the form of Glacial 
debris and post-Glacial alluvium) as to any inherited greater regularity 
in the rock bottom 'Of Kootenay Jake. , 

The deep, prominent valley occupied by Kootenay lake, called the 
Purcell trench, partly follows and partly cuts across the geological forma
tions on either side. 

Different views have been advanced to account for the occurrence of 
this prominent topographic feature and for the positions of adjacent forma
tions (9, page 56; also map-See structure sections; 27, 1914, page 41, and 
1920, pages 60-65; 6, page 600). Of these views it appears that Schofield's 
interpretation of the origin of the Purcell trench as a vaHey formed by an 
antecedent river is more likely correct, though it is less ~ertain as to when 
and under what physiographic conditions the initial stream had its begin
ning. 

A similar interpretation probably holds for the valley occupied by 
Slocan lake. This valley is not as wide as that of Kootenay lake and, in 
detail, is more sharply irregular. The two valleys parallel each other in 'a 
rather remarkruble way in spite of the fact that they intersect quite different 
assemblages of rocks. Slocan Lake valley, from New Denver northward, 
is in line with and is continued by the northwesterly trending valley con
necting with Upper Arrow lake at Nakusp. The direction is that of the 
general Cordilleran trend of formations, a direction along which folding, 
faulting, and the physical characteristics of the rocks have influenced the 
course of stream erosion. In the vicinity of, and south of, Rosebery 
(5, 1928, map), the Slocan series is broadly developed east of the lake, but 
on the west are highly metamorphosed Precambrian rocks whose attitudes 
are entirely unlike those of the Slocan series. This condition is highly 
suggestive of faulting along the lake bottom. Northwest of the head of 
Slocan lake, along the valley leading to Upper Arrow lake, no direct evidence 
of material displacement of the rock formations on either side of the valley 
could be obtained, and at Summit lake a tongue from the Kuskanax batho
lith crosses without any apparent offset, indicating that if important faulting 
exists along the course of the valley it developed in pre-Kuskanax time. 
Elsewhere the valley bottom is mostly obscured by drift and faults might 
be present without being detected. The principal rocks along the north-
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easterly side of the valley are granitic rocks of the Kuskanax batholith, 
whereas the formations on the opposite side are chiefly sediments of the 
Slocan series. It is probable that the course of the valley has been guided 
to some extent by this flank of the batholith bordered by softer and more 
easily eroded rocks. The southern half of Sloc-an lake trends about 20 
degrees west of south, coincident with the foliation of the crushed, granitic 
rocks on either side, a condition that again suggests that rock structures 
have played a part in influencing the course of this valley. 
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CHAPTER III 

GENERAL GEOLOGY 

INTRODUCTION 

Selkirk mountains, within which the Sandon and Rlocan map-areas lie, 
are composed of formations ranging in age from Late Precambrian to (?) 
Tertiary, but Precambrian measures and post-Triassic intrusives occupy the 
major part of this great territory. Palreozoic and Mesozoic sediments and 
volcanic rocks occur as scattered patches or narrow belts resting on a 
basement of the Preoambrian rocks or caught up as inclusions within the 
post-Triassic intrusives. 

Late Precambrian strata of the Windermere series (25, pages 120-126; 
map) extend 'across the prominent valley occupied in part by Kootenay 
lake and in part :by Duncan and Beaver rivers. The youngest member, the 
Lardeau series, occupies most of Lardeau map-area, and farther south 
occupies the eastern part of Sandon map-area. West of Slocan lake are 
more limited areas of Precambrian rocks of probably earlier Windermere 
age. 

West of the summit of the Purcell range no pre-Carboniferous 
Palreozoic members have been definitely identified and Carboniferous for
mations are limited in extent. Minor areas of sediments in Lardeau and 
Slocan districts are probably Carboniferous. 

West and southwest of Kootenay lake are considerable areas of vol
canic rocks, associated in places with late Palreozoic and Mesozoic strata. 
An area of such rocks is that underlain by the Kaslo series of Sandon map
area described in the present report. This sel-lesis elieved to be Triassic, 
and has been traced northwesterly into Lardeau map-area. 

Mesozoic sediments in Selkirk mountains are difficult to separate, 
lithologically or structurally, from the late Palreozoicstrata, and in the case 
of the Milford group of Lardeau and Slocan areas show no evidence of any 
interruption in sed~mentation from Upper Carboniferous to Triassic time. 
Fossil remains here, as elsewhere, furnish the chief basis fo·r separation. 
On this basis the Slocan series is now referred to the Triassic and forms 
the largest single known area of Mesozoic sediments in Selkirk moun
tains (6) . 

Intrusive rocks are most extensively developed in the southwestern 
part of Selkirk mountains, to the south of a line running west from Kaslo. 
Much of this great area is occupied by a complex of batholithic rocks refer
able chiefly to one great period of intrusion and correlated with the Nelson 
(West Kootenay) batholith. Associated with, but cutting this batholith, 
are minor areas of intrusives that are so distinctive in composition and 
structure as to suggest that they are probably younger. Such later intrusives 
include the Rossland alkali granite and syenite (19), the monzonite stocks 
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of Franklin mmmg camp (9, 1915), and the Kuskanax batholith east of 
Upper Arrow lake (5, 1928, map). Elsewhere in Selkirk and Purcell 
mountains are a number of large, stock-i:lhaped bodies of granitic rocks, 
some of batholithic proportions, which for the most part much resemble 
members of the Nelson batholith but may include later intrusives. Much 
granitic material appears as banded, or gneissic and pegmatitic, granitic 
rocks closely associated with and partly replacing Precambrian and later 
strata. Within the areas covered by the present report, and farther north
west in the vicinity of Upper Arrow lake, these intrusives are correlated 
with the Nelson batholith. Elsewhere in Selkirk mountains, as along the 
shores of Kootenay and Upper Arrow lakes (5, 1928, map; 2, map) and 
northward in the Big Bend country (11, map), similar gneissic and peg
matitic granites have been encountered and referred to the same general 
period of intrusion. The batholiths and larger stocks are attended by a 
host of minor stocks, dykes, and sills. The rocks cf these <bodies vary 
greatly in appearance, and though dominantly of acid or intermediate 
composition they include many basic types occurring chiefly as narrow 
dykes. 

No precise time can be allotted to the period or periods of intrusion 
of the batholithic and attendant intrusives. Their contacts with the 
Triassic sedimentary and volcanic formations are invariably intrusive, so 
that they are certainly of post-Triassic age. Relations with Tertiary 
volcanics and sediments west of Lower Arrow lake indicate that some of 
the intrusives there are of Tertiary age, though such rocks ap.pear to occupy 
relatively smaN areas as compared with the bulk of the post-Triassic 
irruptives. 

80437-3 
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Table of Formations 

Era Period Formation Lithology 

Stream alluvium and delta de-
Recent posits; glacial debris; slide 

Quaternary 
Pleistocene 

debris; spring deposits; soil 

Fluvioglacial terrace deposits; 
morainal deposits 

Mafic dykes: lamprophyres; 
minettes; carbonate mari-
posite dyke rocks 

Salic stocks, dykes, and sills: 
~anite, syenite, granodior-
Jte, quartz diorite, diorite; 
porphyritic and felsitic equi-
valents 

I Nelson pegmatite-gneiss A complex of coarse (pegmati-
complex tic) granite, fine to medium 

gneissic granite, and inclu-
sions of Precambrian rocks 

Mesozoic and (1) Post-Triassic 
Tertiary Gradational contact 

\NeISOn non-porphyritic gran-IMedium-grained, equigranular, 
ite and granodiorite biotite-hornblende granite, 

and granodiorite 

Gradational and intrusive contacts 

Nelson porphyritic granite Chiefly coarse-grained horn-
blende or hornblende-biotite 
granite carrying abundant ., and conspicuous phenocrysts 

+> of potash feldspar ';3 

~ Gradational contact .. 
~ Nelson granite-gneiss Chiefly coarse-grained, crush-
Q) ed, and partly foliated. po~ Z phyritic granite carrying con-

spicuous phenocrysts of pot-
ash feldspar, mostly micro-
line 

Gradational contact 

Nelson gneiss Crushed, partly foliated, and 
commonly banded granite-
gneiss carrying abundant in-
clusions of older rocks 

I ntrmi~e contact 

Slocan series Slate, argillite, quartzite, lime-
stone (in part fossiliferous), 
conglomerate. and tufface-
ous sediments 

M esozoic Triassic Disconformity 

Kaslo series Andesitic volcanic rocks and 
related basic intrusives 
(greenstones) ; scrpen tine 
and talcose rocks; intercal-
ated. probably tuffaceous. 
sediments 
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Table of Formations-Concluded 

Era Period 

Triassic and 

Formation 

Unconformity 

Lithology 

Chiefly chert, massive and 
banded 

Mesozoic and 
Palmozoic Carboniferous Milford group Slate, fissile argillite, cherty 

greenstone, limestone (most
ly flaggy and fossiliferous); 
andesite; and porphyrite 

Late Precambrian Windermere 

Mesozoic and (7) Triassic 
Pre-Mesozoic and (?) 

older 

Unconformity 

Crystalline schists, greenstone 
and green schists, crystalline 

Lardeau series limestone, paragneiss 

Undivided Crystalline schists, crystalline 
limestone, paragneiss 

Relations not known 

Undifferentiated; probably Schists, quartzite, argillite, 
chiefly Slocan series limestone, and volcanic rocks 

DESCRIPTION OF FORMATIONS 

UNDIVIDED WINDERMERE 

Under the heading, Undivided Windermere, are included rocks that 
outcrop in areas west of Slocan lake and that lithologically and structurally 
closely resemb'le members of the Lardeau series exposed in Sandon map
area on both sides of Kootenay lake. No direct correlation, however,can 
be made as the nearest Lardeau strata lie many miles east of Slocan lake j 
and the Undivided Windermere also bears a close lithological resemblance 
to the Precambrian rocks of other areas, such as along either shore of 
Upper Arrow lake, which have been included with the Hamill series 
(2, map) that underlies the Lardeau series but is also ()f Windermere age. 
The only other rocks in the two map-areas with which the "Undivided 
Windermere" strata might be ccmfused are certain bodies of highly meta
morphosed rocks occurring farther south on Slocan lake and thought to be 
Triassic or possibly Palreozoic. 

The Windermere rocks occur in several scattered areas west of Slocan 
lake. In each they are intimately associated with the Nelson pegmatite
gneiss complex into which, as a result of injection, recrysta'llization, graniti
zation, and replacement, they so grade that it is most difficult to decide 
whether to map some of them as Precambrian or to include them with the 

80437-3i 
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intrusives. This is especially true of the numerous bodies lying within the 
area of pegmatite-gneiss. It is less true of the larger bodies, whose bound
aries can be approximately outlined. 

The bulk of these Windermere strata consist either of crystalline, light 
grey to whitish limestone or quartZ-lbiotite schist. The limestone forms 
beds up to 100 feet or more thick, is commonly granular, and contains vary
ing amounts of quartz, graphite, and garnet and other lime-silicates. The 
schists are equigranular, medium to fine grained, and carry about equal 
proportions of dark and light minerals, giving them a characteristic "salt 
and pepper" appearance. The constituent minerals are quartz, plagioclase, 
and biotite and, more rarely, amphibole. These schists are finely banded 
and pass into rocks that are indistingui~hable from the gneissic, granitic 
member of the Nelson pegmatite-gneiss complex. Other rock types include 
lustrous mica schists, garnetiferous mica schists, and quartz-s,ericite schists 
derived in part from argillaceous and in part from quartzitic sediments. 

The intense alteration to which these Windermere rocks have been 
subjected is essentially a regional, contact metamorphism connected with 
the associated batholithic intrusives, and is analogous to that described in 
detail for members of the Lardeau series. 

LARDEAU SERIES 

As defined by Walker (25, page 126) the Lardeau series comprises 
the youngest known formations of Windermere time. Its upper limit in 
Sandon area is marked by the unconfonnity separating the Precambrian 
measures from the overlying late Palreozoic and Mesozoic sediments of the 
Milford group. In its southerly extension from Lardeau map-area, the 
series, except where cut off by granitic intrusives, forms a belt of varying 
width along either side of Kootenay lake as far south as Crawford bay 
(25, map). Its base lies east of Kootenay lake beyond the limits of 
Sandon map-area. 

Within Sandon map-area, the Lardeau strata strike north to northwest 
and, for the most part, dip westerly. North of Schroeder creek they lie in 
one or more open folds. South -of this creek no major folds were noted and 
the absence, except locally and on a small scale, of any recogniza;ble repeti
tion of beds has indicated that in this direction the open folds of the north 
have passed rather rapidly into a monocline. On the east shore of Kootenay 
lake the structure appears to be continuous with that on the west side, but 
is interrupted by large masses of p'lutonic rocks and is obscured by a host 
of dyke-like intrusions which traverse the Lardeau rocks in every direction. 

The Lardeau series is a thick assemblage of, mainly, altered sediments. 
These are so abundantly associated with granitic intrusives and, as a result 
of metamorphism, show so many insensible gradations to rocks lithologically 
resembling the intrusives that it proved impossible in most places to map 
the intrusives separately. Where recognizable, the sediments consist of 
schists, crystalline limestone, and quartzite. A section exposed along the 
west shore of Kootenay lake from the north edge of Sandon map-area to 
Kaslo and from Kaslo :west to the Milford group contact on Buchanan 
mountain is, in as{lending order, as follows: 
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(1) From north edge of map-area. to mouth of Schroeder creek, average strike 
north 21 degrees west; average dip 39 degrees southwest. 

Banded and massive quartzites; crystalline limestone (a few feet); quartz
ite and schist (some garnetiferous); crystalline limestone (a few {eet); 
quartZo'biotite schists and gneiss. TotJ!d thickness, 2,075 feet. 

(II) From mouth of Schroeder creek to mouth of Milford creek; average strike 
north 26 degrees west; average dip 39 degrees southwest. . . . 

Crystalline limestone (50 to 100 feet; quarry); qua.rtzlte and quartzlhc 
schists; micaceous schists; greenish, micaceous schists; greenish, chloritic 
schists; granitic intrusives and para-gneisses; schist (wide belt); sahists 
and intercalated quartzites; gmnitic intrusives; quartz-sericite schists and 
quartzites. Total thickness, 1,667 feet. 

(In) From the mouth of Milford creek to !libout -! mile north of Kaslo; average 
strike north 9 degrees west; average dip 36 de0rees west. 

Granitic intrusives (including lOO-foot sill) and paragneisses; quartz
sericite schists; highly micaceous schists; quartz-mica schists; sc-hists 
and gneisses; quartz veins; schists and granitic intmsives; lime
stone schist and intrusives; granitic sill (75 feet); limestone (10 feet); 
schist (20 feet); limestone (25 feet); sahist; limestone (l00 feet; quarry) ; 
quartz-mica schist and banded quartzite; mica.ceous schists; limestone 
(50 feet); intrusives and injection gneisses; micaceous whists; quartz
biotite whists. Total thickness, 2,200 feet . 

(IV) From about -! mile north of KlliSlo west to Milford group contact; average 
strike north 6 degrees west; average dip 40 degrees west. 

Granitic intrusives; quartzitic schists; orystal.line limestone. Total thick
ness, 775 f.eet. 
Limy schists, granitic intrusives, !lind paragneisses; crystalline limestone. 
Total thickness/ 1,175 feet. 
Granitic intrusives; lustrous mica schists; quartzitic and garnetiferous 
schists; crystalline limestone. Total thickness, 1,560 feet . 
Quartz-sericite schists; granitic intrusives; greenish, chloritic sahists; 
crystalline limestone. Total thickness, 1,075 feet. 
Granitic in<trusives; soft, micaceous schists; crystalline limestone. Total 
thicknestl, 1,075 feet. 
Rusty, sericitic a.nd garnetiferous· schists; green and g'l"ey, chloritic and 
serici tic schists. Total thickness, 1.950 feet . 
Brown to white, crystalline limestone; sericite schists. Total thickness, 
390 feet. 

This section has a total thickness of 13,942 feet hut includes abundant 
granitic rockS', which though in places readily distinguishable are mostly 
too intimately aSEociated with sediments to be separable. No deduction 
has been made for minor folds, and although the duplication due to any 
one would amount to only a few feet many such plications might materially 
increase the apparent thickness of the series. The true thickness of the 
part of the Lardeau series present may not exceed 10,000 feet. 

Quartzites. Beds of quartzite from a few feet to more than 100 feet 
thick occur at intervals through the Lardeau series. They are abundant at 
the base of the section and are prominent again about 4,000 feet Bibove the 
base where, however, they are, in general, more schistose and less pure. 
The purer quartzites are massive, grey rocks commonly showing bedding 
by fine banding in shades of grey. They vary from such as are composed 
almost entirely of quartz grains to others in which argillaceous or calcareous 
matter or secondary, metamorphic minerals are important constituents. 
The more mass1ve types grad-e into others that are notably schistos-e and 
that, in general, carry abundant colourless mica, probably sericite; biotite 
may aleo be present. 
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Limestones. Limestone bands from a few feet to 200 or 300 feet thick 
occur at several horizons in the series. Three wide bands outcrop along 
the west shore of the lake, two within about 2 miles north of Kaslo and a 
third south of the mouth of Schroeder creek. The northern extension of 
the third band contains the ore deposits at the Cuba mining property; its 
southern extension angles across the lake and may form the large limestone 
exposures opposite Kaslo, at the old marble quarry. Several other 'bands 
of limestone were noted on the eastern slope of the s-outhern end of Blue 
ridge. Most of the limestone is light grey to white, massive, and coarsely 
crystalline, and contains impurities that form narrow dark bands or dis
seminated crystals. SmaN, scattered flakes of graphite are common; garnet 
and tremolite are lacally aJbund:ant. One -outcrop, about 1 mile up Falls 
creek, carries abundant flakes -of biotite with scattered crystals of quartz 
and feldspar. Lenticular quartz veins are common and mastly conform 
with bedding structures. Some of the less pure limestone is quite sc'bistose 
and has" in places, been transformed to dark green amphibolite. Analyses 
of the Schroeder Creek limestone by H. A. Leverin, -of the Mines Branch, 
gave: 

Insol. ..... . ......... . .. . ..... . .. . . . ....... .... .. . ....... , ......... . ... . 
Fe.O,; AhO, ........ . .. . ..... . . ..... . .. . . . . .. ..... . ... . ..... . ..... . ... . 
CaCO •.. , ...................... . ....... ... . .... . ... , . . .. . . . .... . . ... . . 
MgCO.... . . . . .. . .. , .. . . , ...... . .... . .... , . ....... . ........... . ...... . 

Dark grey Light grey 

2·91 
0·48 

89·28 
6·81 

0·52 
0·56 

96·07 
2·50 

Schists. The abundant, highly schistose strata of the Lardeau series 
are mainly sedimentary, but certain, intercalated, greenish bands are more 
likely of igneous origin. Two such prominent bands are exposed in the 
valley of Schroeder creek, one within a few hundred feet of the base of 
the Milford gr{)up and the other wbout 4,000 feet below this base (Figure 4). 
They are not fully exposed but appear to be each at least several hundred 
feet thick. The same bands were noted in the basin of FaNs creek and, 
presumably, are continuous with other exposures -observed towards the 
south end of Blue ridge. In the basin of Schroeder creek these rocks are 
in part schistose and in part fairly massive. They are dark to light green, 
highly altered, and fine grained. Farther south they occur as chlorite and 
actinolite schists. A specimen from an outcrop on the road between Kasl{) 
and Zwicky was examined microscopically and found to contain abundant 
needle-like crystals of amphibole, innumerable grains of epidote, and con
siderable magnetite, lying in a chloritic, partly opaque groundmass. These 
rocks may be c-orrelated with greenstones of igneous origin associated with 
the Lardeau series in Lardeau map-area where they are regarded as 
intrusive equivalents of the Kaslo series (2, page 14). 

Metamorphism 

The Lardeau series in Sandon map-area, as elsewhere along the shores 
of Kootenay lake, is distinguished by its highly metamorphic character. 
This is so pronounced as to have led early investigators to include these 
rocks with the Shuswap series, a series then thought to form a basement 
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complex of the oldest rocks in the province. Traced into the Lardeau 
country to the northwest of the head of Kootenay lake, the Lardeau series 
passes out of this zone of intense metamorphism and resolves itself into 
rock types whose original characters are, in general, more readily deter
minabl~. The greater metamorphism in the south is believed to have 
resulted from the abundant pegmatitic, granitic intrusives in the vicinity 
of Kootenay lake. Such intrusives point to a release of magmatic vapours 
and mineralizing agents such as might be expected to exert marked effects. 
In Sand'Oll map-area the metamorphic zone connected with the intrusives 
almost coincides with the Lardeau series, though towards the south, as in 
the vicinity of Kaslo creek, lower members of the Milford group are more 
altered than they are farther north, and still farther south, in Ainsworth 
area, metamorphism of only slightly less intensity than that displayed in 
the Lardeau series extends into formations correlated with both the Milford 
group and the Slocan series. 

In general the purer beds of limestone and quartzite seem to have 
resisted metamorphism best, though the limestones have been recrystallized. 
Many quartzite bands are massive, though adjoining rocks are highly 
schistose and otherwise altered beyond recognition. The quartzitic rocks 
vary from phases in which crushing of the component grains is recognizable 
only under the microscope to others that are highly schistose, and in which 
quartz, though still the most abundant constituent, is associated with a 
large proportion of chiefly lamellar minerals of which a light-coloured mica 
(probably sericite) is generally most conspicuous. The rocks listed in the 
section of the Lardeau series as quartzitic schists, quartz-sericite schists, 
and quartz-biotite schists are derivatives of quartzites or quartzitic strata. 

Argillaceous sediments and impure quartzitic and calcareous strata 
have been most completely altered. RecognizaJble beds of argillite or slate 
were not observed along the shores of Kootenay lake nor anywhere west of 
the lake in the southern half of the map-area. North of Milford creek the 
Lardeau strata are, on the whole, less metamorphosed and, in this direction, 
a few outcrops of dark grey to black, distinctly argillaceous strata were 
seen. Most of such rocks were greatly sheared and crumpled, with lustrous 
schistose surfaces and, in places, were heavily charged with pyrite. Still 
farther northwest, and extending into Lardeau map-area, argillaceous beds 
are abundant, but in Sandon map-area they are mostly altered to crystalline 
schists containing abundant mica in conspicuous scales that give a high 
lustre to the cleavage planes of the rocks. The mica, in different bands, 
may be either a colourless or coloured variety. The parting planes of these 
schists are commonly lumpy from the development of silicates, of which red 
garnet is the most common and in many places very abundant; other such 
minerals are staurolite and varieties of amphibole. Quartz is generally 
conspicuous and plagioclase feldspars were noted under the microscope. 

Injection Gneisses and Gneisses 

Gneissic mem.bers of the Lardeau series represent extremes of altera
tion and in general afford little clue to their original character. Both in 
texture and composition they show all gradations from rocks of sedi
mentary to those of granitic origin. An early stage in such a metamor
phosis is exemplified in some outcrops Iby the pres'ence of aplitic material 
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injected along parting planes in schistose members of the Lardeau series. 
The intrusive matter forms discontinuous bands a small fraction of an inch 
wide, and sharply defin~d against the, in general, much darker sedimentary 
material. Later stages show a larger proportion of injected material and 
more extensive metamorphism of the intervening Ibands of older rock, partly 
by replacement and partly as a result of recrystallization, until the entire 
mass becomes granitic in texture though maintaining a distinctly banded 
appearance (See Plate VI). In still later stages, because of continued 
supply of granitic material, these rocks p'ass into light-coloured, finely 
banded, acid granite still retaining structures of the original sediments. The 
banding is by thin lines of oriented crystals of dark minerals formed, 
probably, from constituents of the transformed sediments. 

The granitic intrusives to which is attributed the intense metamorphism 
of the Lardeau series of Sandon area, and adjoining parts of Kootenay 
Lake valley,are presumably connected with the period of intrusion of the 
Nelson batholith. This assumption is based on the following considera
tions. (1) The intrusives are similar in appearance and composition to 
those intimately associated with highly metamorphosed Precambrian rocks 
of Slocanand Arrow Lakes area (5, 1928, pages 95-97) where the intrusives 
occupy large areas and grade into members of the Nelson granite. (2) They 
are not of Precambrian age since they intersect members of the Milford 
group and possibly, also, later formations. 

Relations to Other Formations 

Except for the pegmatite dykes, which crosscut the Lardeau series in 
every direction and with but little apparent regard to its structure, the 
granitic intrusives tend to conform with the enclosing formations and to 
{lCcur in their more schistose members. In part, these intrusives advanced 
by injection into and replacement of the older rocks. They are, regardless 
of size, medium to fine-grained, sill-like masses, mostly showing a findy 
banded or gneissic structure. The bound'aries of s:.uch masses may, in detail, 
be somewhat irregular, partly as a result of inequalities in the rate of 
replacement and partly owing to complete fusion and movement of the 
molten mass. In the latter case 'aU traces of bedding or schistose structures 
are lost; textures may be less uniform and, in places, coarser, and contacts 
are more sharply defined and less regular than in the case of the gneissic 
granitic bodies. 

The contact of the Lardeau series with the Milliord group (See Figure 
4) is best. exposed in the northern half of Sandon map-area. Where it 
crosses Schroeder creek dark grey, slaty sediments of the Milford group 
overlie a heavy band of grey to brownish grey, mashed quartzite or quartz
ite schist of the Lardeau series. The Milford beds dip from 60 degrees 
to the southwest to almost vertical, and though the attitude of the under
lying quartzite was less readily determina:ble it appears to be conformable 
or nearly so. T_he slaty Milford sediments are succeeded, about 250 feet 
above their base, by a heavy, dark grey, sparingly fossiliferous limestone. 
Sout.h of Schroeder creek the Lardeau-Milford contact was located on the 
north, south, and west shoulders of Milford peak. At each of these local
ities the same, or a similar, quartzite bed of the Lardeau series was 
observed, and on the west shoulder of the mountain, at an elevation of 
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about 6,200 fe€t, this quartzite underlies slaty Milford sediments overlain 
by a limestone bed a;bout as thick as that on Schroeder creek. On the north 
and south shoulders of Milford peak the same quartzite and limestone were 
seen, but at these localities the intervening Milford slate is absent or 
thinned to a few feet. At each locality the quartzite of the Lardeau series 
appears to be conformable with the limestone of the Milford group, and to 
be dipping about 45 degrees to the west or southwest. South of Milford 
and Falls creeks the contact for several miles follows the upper eastern 
slope of Blue ridge, but is poorly exposed. Portions of the Milford lime
stone were, however, observed at intervals for over 2 miles south of Falls 
creek. In these outcrops the dip of the limestone bed lessens greatly, 
averaging about 20 degrees to the west. At the head of a creek lying a 
little south of west from Verandah point on Kootenay lake the Milford 
limestone is exposed. The immediately underlying strata are hidden, but 
a short distance down hill some greenish schists appear at a stratigraphic 
position several hundred feet nearer the limestone than similar looking 
schists in the vicinity of either Milford peak or Schroeder creek. 

At the southern end of Blue ridge the Milford group is missing for a 
mile or so, in which distance highly metamorphosed members of, apparently, 
the Lardeau series are in contact with intrusive rocks of the Kaslo series. 
No quartzite was observed near this contact, the Lardeau rocks includlng 
various types of schists and 'a few feet of huff-weathering limestone or 
marble. 

Farther west the contact is poorly exposed, though at different places 
fissile, slaty rocks of the Milford group and schistose, partly crystalline, 
members of the Lardeau series were observed within a few hundred feet 
of it. Along the road up Kaslo Creek valley, north of the 'railway, the 
contact is fairly well exposed. Here the Milford group is represented 
by a few hundred feet of mostly fissile, slaty rocks overlain by a thick 
limestone member; and the underlying Lardeau rocks are composed of 
greenish schists intruded by one or more narrow granite sills. The lime
stone band is 300 to 400 feet thick and carries a few poorly preserved 
fossils, but is more metamorphosed than in the more northerly exposures. 
Its thickness, fossiliferous character, and the fact that it is underlain by 
slaty sediments similar in character and amounts to those occupying an 
analogous position on Schroeder creek and east of Milford peak, are sub
stantial evidence that the same limestone bed occurs at each of these widely 
separate places. Further, the fact that in Kaslo Creek valley the Milford 
group is underlain by greenish schists, not unlike those occurring at greater 
stratigraphic intervals ,below this group as the contact is traced northward 
to the vicinity of Milford peak, is evidence that there is an erosional uncon
formity between the Milford group and the Lardeau series. 

The Lardeau-Milford contact has been followed in Lardeau map-area 
over a distance of 32 miles, commencing 6 miles north of Bandon map-area 
(2, pages 12-14). In this distance no angular discordance has been reported, 
but it is recorded that in places the basal member of the Milford is a con
glomerate that "varies in thickness and nature and is composed of frag
ments derived from the underlying Windermere (Lardeau series) rocks". 
Elsewhere in Lardeau map-area small bodies of sedimentary rocks corre
lated on a basis of lithology and fossil content with the Milford group are 
stated to rest on widely separated horizons of the Lardeau series. 
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The intervening 6 miles between Lardeau and Sandon map-areas have 
been sufficiently explored to indicate the continuity of the Milford-Lardeau 
contact between the areas. Little doubt, therefore, exists as to the corre
lation of the strata of the two areas. In Lardeau map-area the available 
evidence seems unmistakably to indicate that the interval separating the 
period of deposition of the Lardeau series from that of the Milford group 
was a long one. In Sandon map-area no conglomerate was observed at the 
base of the MilfDrd, ,but as already stated there is some evidence that the 
Lardeau series had been subjected to eros,ion prior to the deposition of the 
Milford group. 

In Lardeau area it is reported that" a band of f'ossiliferous limestone 
occurs a few feet above the conglomerate" (2, page 13). This limestone 
probab'ly is the same 'as that observed near the base of the Milford group 
in S8indon map-area. South of this map-area the same limestone was 
located by the present "Wtfiter with some certainty art a number of places. 
It may correspond to the limestone band' in Ainsworth area referred to by 
Schofield (21, 1920, page 15) as the Star limestone and placed by him 
at the base of the Slocan seri<es, but more probably it is equivalent to the 
limestone band crossing the north fork of W oodlbury creek a few hundred 
feet east of the Star limestone, and hence lying within the pre-Slocan, 
Josephine formation. 

MILFORD GROUP 

The Milford group overlies the Lardeau series and underlies or is 
cut by members of the Kasio series. Detail'ed structural and stratigraphic 
studies across the belt occupied by these wcks have failed to supply 
evidence of synclinal structure as postulated by LeRoy wnd Drysdale and 
have sustained the earlier interpret8ltion by McConnell that these ro-cks, 
in general , dip westerly to southwesterly and e~ibit su(}(}essively y'ounger 
beds in that direction. Additional collections of fossils substantiate Ban
croft's conclusions that both Carboniferous and Mesozoic horizons are 
present, and that no structural or lithological differences distinguish the 
Palffiozoic from the Mesozoic strl1ta. Consequently, the whole assemblage 
has been grouped and Bancroft's term "Milford ", originally chosen for 
the Mesozoic members only, has been applied to the entire group. The 
idea previously advanced that this group, in whole or in part, -consists of 
Slocan strata is, so far as Sandon map-area is ooncerned, now abandoned, 
since in this area the Milford group is regarded as str8itigraphically below 
the Kaslo series which in turn underlies and, consequently, afrtedates the 
Slocan series. 

The following section of the Milford group approximately represents 
the maximum thickness and -character of the several rock types exposed 
from west to east across the Blue ridge within Sandon map-area (See 
Figure 4). 

Slate, platy argillite, limestone, quartzite .. . .. .. .. , . . . . ...... . ... .. . . 
Chert. cherty greenstone , andesite, porphyrite .. . .. . ... ... .. . . .. .. .. . 
Argillite, slate, limestone, cherty greenstone . . . .... . .. .. ........ . . .. . 
Limestone .. . ......... . ................ . ........................ . .. . 
Slate . .. .... . .. .. .... .... . .. ....... . ..... . ... . .. .. ..... .. ...... ... . 

Total. .. ... .... ..... .......... . ... . .... . ... . 

Approximate 
thickness 

Feet 
2,550 

470 
1,155 

310 
100 

4,585 
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North from Milford peak more than 1,100 feet of argillaceous sedi~ 
ments and cherty greenstones lie between the prominent limestone band 
situated towards the base of the Milford group and the main chert band. 
Wi-thin a distance of 2 miles south of Milford peak the thickness of the 
sediments intervening between the limestone and chert decreases by about 
one-haH. This lessened thickness is maintained, so far as could be deter
mined, for several miles southward to where the strata are out off by 
Kaslo intrusives. The decreased thickness in the south seems largely due 
to the almost complete disappearance of the cherty greenstones, which are 
thought to be of volcanic origin and, consequently, liable to ma-rked varia
tions in thickness in comparatively short distances. 

Platy Argillite and Slate. The upper half or more of the Milford 
group, as exposed in the northern half of Sandon map-area, is composed 
largely of argillaceous rocks. Similar rocks also occur in the lower part 
of the series, but are associated with a much larger proportion of other 
rock types. The argillaceous rocks are mostly dark grey to blacka,nd 
carry varying proportions of calcareous and, less commonly, sandy mate
rial. They are interbedded with limestone and impure limestone beds 
from 1 foot to 300 feet thick, and in one particular zone are interbedded 
with 100 feet or more of quartzite and quartzitic strata. The purely argil
laceous beds grade insensibly into the calcareous strata. They a-re char
acterized by strongly developed, platy, slaty, or schistoS'e partings brought 
about in part by deforma,tion and in part by the original bedding in which 
alternate laminre, a small fraction of an inch wide, vary slightly in com
position. The parting planes very nearly coincide with the bedding. In 
general appearance and structure the argillaceous rocks much resemble the 
slaty members of the Slocan series as developed in their eastern outcrops, 
but are more generally calcareous and are interbedded with rocks quite 
different from those constituting the Slocan series. 

Quartzite. Sandy beds are associated in §.mall amount with the argil
laceous members of the Milford group. They are mostly only a few inches 
thick and grade into the argil'laceous rocks. 

On the summit of Blue ridge, about a mile northwest of Mil<ford 
peak, a quartzite band, 100 feet or more thick and about 1,000 feet strati
graphically a,bove the middle of the chert belt, crosses an east-west jog 
in the ridge in a northwesterly direction and dips a,bout 40 degrees to the 
southwest. The rock is massive, grey to brownish grey, mediupl grained, 
somewhat calcareous, and holds much feldspar. 

Quartzite was also noted on the east slope of the valley of Kaslo 
creek on the Harp and Manganese properties. Here the quartzite is a 
grey rock forming bands a few inches thick, alternating with bands of 
more argillaceous material of about the same thickness. Outcrops of the 
quartzj,te weather brown to black as a · result of the decomposition of 
contained iron and manganese minerals. Examined under the microscope 
the quartzite was seen to carry varying proportions of black and reddish 
?xides and, locally, abundant g~ains of a manganiferous garnet (spessart
lte?) -commonly surrounded by rlms of -black manganese oxide. Most speci
mens also show abundant, tiny, diamond-shaped cry-stals of another man
ganese mineral, probably braun~te. Aside from these manganese minerals 
the rock is composed c.hiefly nf quartz grains. . 
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Chert and Associated Volcanics. Proba'bly the most interesting mem
ber of the Milford group is a narrow but continuous band composed prin
cipally of chert, averaging a'bout 400 feet in width, and extending from 
the northern edge of Sand{ln map-area, at the summit of mount Schroeder 
(Plate II), to the head of Falls creek, a distance of about 7 miles. Farther 
south, along the upper eastern slope of Blue ridge, it is obscured by drift. 
Two miles south of Falls creek it and overlying members of the Milford 
group are cut out by porphyrite intrusions of the Kaslo series. The only 
{lther occurrence of chert that might correspond with this belt is on the 
summit and near the south end of Blae ridge, within an area of KaS'lo 
intrusives where small inclusions of chert lie at a stratigraphic horizon 
corresponding roughly with ,that of the chert band farther north. North 
of Sandon map-area the chert belt has been observed {In the high summits 
at the head o:f Davis and Cooper creeks. 

The chert is a dense, hard rock, colour banded in pale tints of red, 
purple, and green to creamy white, but light green to white predominant. 
The bands vary from less than an inch to several feet wide and mostly 
follow the bedding, which is marked by fine, closely spaced lines and is 
not everywhere readily detected. 

Under the nllcroscope the chert is seen to be extremely fine grained, 
to be composed largely of minute particles of silica lacking regular bound
aries, and to contain wisps of chloritic and sericitic material, a little epi
dote, and grains of magnetite some of which are partly oxidized. Bedding 
is indicated by parallel thin bands of slightly varying coarseness. An 
approximate analysis by W. A. Jones, University of Toronto Laboratory, 
of a typical specimen of this chert, gave: 

SiO, ... .. . ........ . . 
AI,Oa ... . 
FeO . .. . .. . .. .... . . . . . . 
Fe'Oa ..... . ... . . .. ....... . ... . . 
CaO ....... .. ... . .. . .... . .. . . 
MgO ............ .. .. . ... . . ... . 
K,O ........ .. ..... . . . . . ... . . 
Na'O ...... . ........... . . 
H,O....... . . ...... . . . 

Total. .... . 

Per cent 
92·04 

2·21 
1·08 
0·8.5 
0 ·75 
1·02 
0·64 
0·40 
0 ·53 

99·52 

The bedding structures are those of a sediment, but owing to its dense 
texture and abnormally high silica content it is uncertain whether the 
chert is an extremely fine siliceous silt or, more probably, a chemical pre
cipitate. If a precipitate, its origin could be ascribed to volcanic emana
tions accompanying the andesite and certain tuffaceous beds associated 
with the chert belt. 

A lens-shaped body of massive, dark gTeen, fine-grained andesite a 
few feet wide occurs within and towards the southwest side of the chert 
belt on mount Schroeder. It carries a great deal of epidote, in part dis
seminated through the massive rock and in part forming clusters or crystal
line aggregates filling irregular cavities. As exposed the rock is uniformly 
fine grained and seems to be conformable with beds of greenish grey, rather 
cherty, well-bedded rocks which, in turn, are oonforma>ble with beds of 
chert. The andesite was seen only at this one place. 
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Associated with, and apparently related to, both the andesite and the 
chert are beds of fine-grained, greenish grey, thinly bedded, rather siliceous 
tuff or tuffaceous sediments. These rocks are so altered that their original 
composition is a matter of doubt. Although not as hard as the chert they 
have a cherty appearance and carry varying proportions of finely d.is
seminated silicia which, as in the case of the chert, was probably deposited 
chemically. Beds of this character, intercalated here and there with nar
row bands of typical chert, are abundant to the east of the main chert 
belt west and south of Milford peak. They are quite distinct in appear
ance from the argillaceous sediments with which they are interbedded to 
the east of the chert belt and are thought to be chiefly volcanic ash. 

Porphyrite. A sill 90 to 100 feet thick, of a medium-grained diorite 
porphyrite, occurs near the middle of the main chert belt. It was noted 
and traced by Bancroft (1, 1919, page 45), and regarded as a dyke related, 
in origin, to the Kaslo series. This interpretation has been sustained by 
more recent work. In appearance and mineral composition it is quite like 
the intrusive members of the Kaslo series. As exposed on Mount Schroeder 
the porphyrite is a massive, medium-grained, greenish grey rock carrying 
about equal proportions of light and ,dark green minerals. Studied micro
scopically it is seen to be composed chiefly of feldspar and a uralitic horn
blende, the latter occurring in large and small crystals and blades. Granu
lar aggregates and isolated small crystals of pyroxene are also present. 
The feldspars include some orthoclase but more plagioclase, about oligo
clase in composition. Accessory minerals include a little quartz, magnetite, 
ilmenite altered to leucoxene, and chloritic alteration products. The tex
ture is equigranular, both feldspar and hornblende occurring in well
developed crystals. 

Other dyke-like bodies of very similar appearance were noted on the 
east slope of Blue ridge south of Milford peak,but were not traced far. 

Limestones. Every limestone bed of appreciwble size observed by the 
writer was found to be fossiliferous. The fossils are commonly closely 
crowded and are mostly fragments of crinoid columns. The limestones 
are typically fine grained, mostly dark coloured, and commonly flaggy, 
though in some cases quite massive. They grade either across or along 
their strike into limy argillites. The heavy, apparently continuous, lime
stone band near the base of the Milford group changes in appearance from 
north to south along its strike as a result of increasing metamorphism. 
Where it ·crosses Schroeder ·creek it is a dark grey, flaggy rock of uniform 
texture. Near Milford peak it is distinctly lighter in colour, more massive, 
and in part finely crystalline. Where it crosses Kaslo creek it is compact, 
mostly finely crystalline, carries a conspicuous amount of graphite in small 
bunches and streaks, and is, in part, strikingly banded dark grey and 
white, the white bands being quite siliceous. 

Structure (See Figure 4) 

On Mount Schroeder ridge (Plate VII) the Milford strata are ver
tical or nearly so, and for a short distance may be overturned. Farther 
south, in the vicinity of Milford peak, the strata dip west at 40 to 60 
degrees. Still farther south, as along the upper east slc-pe of Blue ridge, 
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they dip west at about 20 degrees and, except where cut off by Kaslo intru
sives, dip under the Kaslo volcanics to reappear on the west side of Blue 
ridge in a sharp, anticlinal fold. 

The structure of the group is everywhere complicated by faulting, 
much of which has taken place about in line with the strike of the forma
tions. A cross-fault running northeasterly along the southern shoulder of 
Milford peak, a:bout 500 feet below the summit, has displaced the forma
tions on the southeast of the fault 100 to 200 feet to the southwest. A 
strong shear zone crosses the lower valley of Kaslo creek to the east of 
where the lower limestone member of the group crosses the railroad and 
road above it. This zone is several yards wide and <composed of sheared, 
slickensided, slaty rocks. It occurs on the axis of an anticlinal fold, but 
owing to paucity of exposures farther north and south could not be accur
ately interpreted. 

Relations to Other Formations 

Along the southeastern flank of Blue ridge the western edge of the 
area of Milford strata is defined in part by intrusives of the Kaslo series, 
but is not well exposed. From the headwaters of Falls creek to the north 
edge of the map-area exposures are relatively abundant and the west con
tact of the Milford group was observed at many places. From Falls creek 
to a point directly west of Milford peak the thickness of the part of the 
Milford group overlying the chert belt <changes from about 700 feet to over 
2,500 feet. This thickness is maintained for the next 4 miles to Mount 
Schroeder ridge. Near Milford peak, and for about 1 mile northwest along 
the contact, the adjoining Kaslo rocks resemble a lava in which fragments 
of crust have been incorporated. Farther northwest they are mostly 
coarsely fragmental, resembling rudely bedded volcanic 'breccias. Such 
rocks are well exposed along the east and southeast slopes of Iron moun
tain and on the north slope of the valley of Schroeder creek. A similar 
rock type adjoins the Milford group on: Mount Schroeder ridge. Else
where along the contact finer textured Kaslo rocks, in part roughly bedded 
and in part massive greenstones similar to those occurring farther south, 
were dbserved. The nature of this assortment of rocks of the Kaslo series 
definitely precludes the idea of intrusion along this part of the contact, 
but does suggest that the Kaslo rocks were laid down on a land surface or 
on a surface that was only locally covered with water and subject to ero
sion. The underlying members of the Milford group wherever examined 
were platy, argillaceous and calcareous types, no more deformed near the 
contact thauat a distance from it. At each observed point, too, the atti
tude of the sediments appeared to coincide with the line of the contact. 
In places it was noted that the upper few feet of the Milford rocks were 
more decomposed than those farther from the contact, a condition sug
gesting that the Milford beds had been weathered and eroded prior to 
deposition of the Kaslo series. If so, the marked decrease in thickness 
of the upper part of the Milford group south of Milford peak may have 
been due to pre-Kaslo erosion. However, the upper part of the Milford 
strata is of rocks that, with the exception of limestone beds are difficult to 
trace and are so alike that it is impossible to be certain 'whether or not 
different beds are in -contact with the Kaslo series at different places. 
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Age 

Though there is nothing in the appearanc'e or strueture of the Milford 
group to iudicabe thrut its members are other ,than O'f one geological period, 
palreontological evidence indicates that the group includes bo.th Palreozoic 
and Mesozoic members. A number of fossi'l collections made by the writer, 
and chiefly from that portion of the gr{)up that overlies the chert belt, have 
been repol'ted on by F. H. McL~arn of the Geological Survey as follows: 
536F.C. (8431). From limestone float, pro.bably not far out of place; about ~ mile 

sou.tfu of Schroeder peak and 400 feet helow the summit of Schroeder ridge: 
Belemnites? sp, 
Imma ture keeled ammonite 

Age: Mesozoic; Triassic? 
537F.C. (8432). From limestone float, probably neMly in place; nearly ! mile south 

of Schroeder peak and 400 feet below summit of ridge: 
Belemnites? sp. 

Age: Mesozoic 
310F.C. FossiliferOtls limestones, south slope .of Sohroeder peak: 

Crin{)id stem 
Age: Mesozoic 

31lF.C. Fossiliferous limestone float from the south slope and near the summit of 
the divide between Janline and Schroeder peaks, probably nearly in place: 

Crinoid stems 
Belemni.tes? or Aliracites? 
A coral 
A small Ammonite with eeratitic suture line 

Age: Mesozoic; may be Triassic 

Oollectlons from strata lbel'Ow the chert belt within Sandon map
area contain numerous crinoid stems but no determinable fossils. A few 
miles north of the area, along the continuation of the same belt o.f Milford 
strata, a collection (5564) made in 1917 by M. F. Bancrof,t from the 
ridge east of Cooper mountain and obtained from near the base of the 
group was reported by E. M. Kindle (1, 1917, page 37) as including 
" Athyris sp. undt. and Spiriier cf. marionemis. The presence of a Spiriier 
which is either identical or closely rela;ted to Sp. cameratus seems to place 
this horizon in the PennlSylvanian." 

The above determinations indicate that somewhere at or below the 
chert belt either there are beds ranging in age from Palreozoic to Mesozoic 
or that at some horizon a disconformity marks an hiatus between Upper 
Carboniferous and Triassic sedimentation. No lithological or structural 
change being anywhere apparent, the entire assemblage has been mapped 
under the one name and referred to as the Milford group. 

KASLO SERIES 

The Kaslo series occupies a single area of about 27 square miles in 
the eastern half of Sandon map-area and lies between the Milford group 
on the east and the Slocan series on the west. The area narrows south
eastwards from about 3 miles to less than 1 mile, and terminates about 3 
miles southeast of the map-area. This series has been variously referred 
to as the "Kaslo volcanics" (owing to the abundance of its volcanic 
members), the" Kaslo schists" (by reason of the marked schistose char-
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acter of large portions of it), and the " greenstone belt" (because of the 
predominant colour of its constituent rocks). None of these terms is 
entirely correct as the rocks vary in origin, structure, and colour. The 
series shows no regular stratigraphic succession but is made up of over
lapping lenses of volcanic flows, pyroclastic deposits, and tuffaceous sedi
ments associated with sheets, dykes, plugs, and lac.colithic masses of 
related intrusives. Vertical or steep jointing is well marked in places and 
is about at right angles to the general trend of the series; this feature in 
conjunction with the high dip of the planes of schistosity has resulted in 
a very rugged topography, with 'peaks ,bounded by steeply inclined or ver
tical walls (Plate III B). The more abundant mBmbers are volcanic, 
but these, particularly in the more southern exposures, are intimately 
associated with a large proportion of related intrusive types, and the 
whole is intercalated with minor sedimentary beds whose colours range 
from green to black. The volcanic members are represented both by 
pyroclastic rocks and flows. 

Pyroclastic Rocks. Pyroclasts range from fine-grained tuffs to brec
ciascarrying fragments, chiefly lapilli, several inches in length. The rocks 
are mostly greenish, though not uncommonly the coarser members in par
ticular are somewhat mottled in shades of green and greenish grey to grey. 
Both matrix and fragments are fine grained and so altered that their 
original composition is uncertain. The fragments commonly stand out 
because they are, in general, less altered than the matrix. They vary 
from light grey to dark green, the greenish ones being difficult to distin
guish from the matrix, even under the microscope, the composition and 
texture of matrix and fragment being nearly alike and alteration having 
further obscured the boundary lines. Recognizable essential minerals 
include crystals of green amphibole, partly altered grains or crystals of 
pyroxene, and altered oligoclase-andesine, and place the composition of 
the green matrix and green fragments as andesitic. The lighter coloured 
fragments are commonly more siliceous and some are quite cherty, whereas 
other darker grey, fine-grained ones seem to be argillaceous. They resemble 
members of the underlying Milford group and are less numerous than the 
greenish, andesitic fragments. The coarser fragmental beds grade into the 
finer, which may be referred to as tuffs. The finer grained tuffs, unless 
seen in association with coarser fragmental types, are difficult to distin
guish from some of the lavas. Bedding is, in general, poorly defined and 
where best shown, as in the coarser members, is indicated by an aline
ment of the fragments within a comparatively structureless groundmass. 

The fragments, large or small, are mostly angular but some are we1J 
rounded and resemble pebbles of a conglomerate. All commonly are flat
tened, possibly by the deformative movements that produced the pro
nounced schistosity exhibited, here and there, by the different members 
of the Kasio series. The rounded, greenish, andesitic fragments are lap
illi which proba;bly would tend to develop rounded rather than angular 
contours as they solidified. The rounded outlines of the cherty or argil
laceous fragments appear to be due to water abrasion. 

The volcanic breccias and tuffs occur most conspicuously towards 
the base of the Kaslo series. They are well exposed near the summit of 
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Blue ridge between the headwaters of Enterprise creek and the northern 
boundary of the map-area. In this section they have a stratigraphic 
range of at least 1,000 feet, but are mingled with flows and intrusive bodies 
in proportions that vary from place to place. The coarser breccias were 
not o'bserved southeast of Enterprise creek, and in this direction the tuff
aceous members give way to flows, flow-breccias, and intrusives. The 
variation in character and thickness of the several rock types of the Kaslo 
series immediately overlying the Milford group is a noteworthy feature 
and one that characterizes this series as a whole. 

Flows. Much of the Kaslo series is composed of fine-grained, mas
sive to schistose, green rocks that are believed to be chiefly lavas associated 
with varying proportions of flow breccias. The flow breccias contain 
small, angular fragments of lava crust that are difficult to distinguish 
from the lava matrix except on wet, slightly weathered surfaces-. 

Examination under the microscope indicates that most of the lavas 
and flow-breccias are andesites, though more acid and possibly more basic 
types also occur. The principal minerals are plagioclase and green amphi
bole. The former ranges from albite or albite oligoclase to andesine. The 
amphibole is- chiefly hornblende. In some specimens it seems to be prim
ary, whereas in others it resembles an alteration product of pyroxene. 
Actinolite is a common secondary mineral in the more schistose members. 
Augite is generally abundant in the less altered, more massive rocks and 
occurs mostly in small crystals or grains. Orthoclase is common but not 
abundant. 

Inconspicuous flow structures occur in these lavas. They are gener
ally best shown in the flow breccias, and are indicated by 'a rude orienta
tion of the fragments parallel to narrow discontinuous bands or streaks of 
a shade of green slightly different from that of the main ra-ck body. No 
pillow structures were observed, and only a few doubtful bubble cavities 
were noted. 

Intrusives. The intrusive members of the RasIa series are similar to the 
lavas in composition and in places grade texturally into them. In general, 
however, though t.he two types may be most intimately associated, their 
boundaries are readily distinguished by the coarser texture of the intrusive. 
The intrusives are most abundant in the southern pal't of Raslo area along 
the eastern and southern sla-pes of Blue ridge where they form an appar
ently continuous sheet in the Milford strata. Elsewhere they form less 
regular bodies, as in the vicinity of the headwaters of Enterprise ,creek and 
on the divide between Lyle and Rossiter creeks. 

They are medium to rather warse-grained, equigranular rocks con
taining a large proportion of dark minerals and little or no visible quartz. 
They may be massive or exhibit any degree of deformation. Their pre
vailing colour is green, more pronounced in the more altered types but 
also varying with the proportion of original mafic minerals present. Plagio
clase and amphibole are the abundant minerals, the former having about 
the composition of andesine and the latter most resembling hornblende and 
occurring in part as distinct, well-developed, twinned crystals and in part 
as a uralitic alteration produc,t of original augite. The latter may, in the 
less altered rocks, be preserved in amounts sufficient to cOILStitute an essen-
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tial mineral. Other primary but less abuno'ant constituents are othoclase, 
quartz, biotite, magn{)tite, and ilmenite. Secondary minerals include abun
dant chloritic products, epidote, carbonate, serpentine, talc, leucoxene, and 
iron oxides. 

The following analysis ,by W. A. Jones, University of Toronto Labora
tory, is of a comparatively fresh, massive specimen obtained fFom an out
crop above the highway northeast of Zwicky, where rock of thIS sort forms 
a large laccolithic mass of granitic texture and composed of pale green 
amphibole, plagioclase (about andesine), and chlorite, epidote, and other 
alteration products. 

SiO •.. . .. .. . .... .... . .. ... . . ... . . . ...... ..... . . . .... . . .. . . .... . .. . . . 
AhO •. ............ . ......... . ....... . .. . ... .... . . ............... . . .. 
FeO ...... . ...... .. ... .. . . . ... ......... . ................... . ... .... . 
Fe,O •. ................... . .... .. .. . .... .. ....... . .... . . . . . ....... ... 
CaO ....... . ............. . . . . . .. ....... .. . .. . . . . . ............... . .. . 
MgO .... . .... .. ................ . .. . .. . ........................ . .. . . . 
Na.O ........ . ... .. ... .. . .. . ....... . .... .. . . . . ........ . ........... . 
R.O ..... . . . ..... . ......................... . ... . ....... .. . ......... . 
co •.. ..... . ..... . .................................................. 
TiO •.. .. .. . . .. ... . .. . .... .. . . ..... . . ... .. . ....... . . ...... .. ... . ... . . 
MnO ............................................................. . . . 
P,O •.. . .... . . . . . . . .. .. ... .. ........ . .. . . . . . ... .... .... .. .... . . . ..... 
H,O ............. . .. . ................... . ... . ...... . . . . .. . ....... .. . 

Per cent 
45·92 
16·34 
2·34 
1·92 

19·00 
12·46 
0·85 
0·30 
0·41 
0·14 
0·01 
0·03 
1·03 

100·75 

The significant features of this analysis are the low silica and high 
lime and magnesia content as compared with alumina, which is about that 
of an average diorite. In the trn.nsformation of the primary constituents, 
particularly the amphibole, to .chlorite and epidote, lime and magnesia 
may have been added and silica carried away. Some carbonate, probably 
chiefly calcite, is evidently present in the altered rock. 

Serpentine. In places the igneous m-embers of the Kaslo series are 
almost completely changed to secondary minerals, as for example, the 
serpentine member. This occupies most of two distinct 'belts in the north
ern part of the map-area, northwest oJ the heads of Emerald and Schroeder 
creeks (See Map 273A, in pocket). The more westerly belt is much the 
larger and is mostly composed of serpentine, whereas the other belt is 
largely altered to a carbonate-talc rock and contains intercalated greenish 
schists. 

The serpentine is a dark, olive-green rock of uniform t-exture and 
weathers to a dirty or dull white. Fibres O'f serpentine wool have developed 
along shear planes. Under the microscope the rock appears as a fibrous, 
almost colourless mass of serpentine blades with grains of magnetite, 
chromite (?), and some carbonate. The purity of the serpentine; its 
occurrence, par,ticularly in the more westerly belt, as a distinct lithological 
unit; and its sharp contacts with adjoining greenstone rocks indicate a 
distinctive original composition. The form of this main serpentine belt, 
over most of its length, is that of 'a sill or a flow. Its southern end how
ever, is, in plan, somewhat knob-shaped and crosscuts the adjoining'rocks 
of the series, which are chiefly fine-grained greenstones of the lava type. 
Fro.m .such !eatures it is believed that this serpentine body is an altered 
basIC mtruslVe of the Kaslo series injected as a sill-like body fed from 
its cupolla-shaped southern end. 
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The smaller, easterly belt of serpentine has a more complex composi
tion than the other. It eontalns a large proportion of serpentine, and of 
talc-carbonate rock derived from the serpentine, intercalated with bands, 
up to 100 feet wide, of, chiefly, schistose greenstone of extrusive origin. 
The serpentine and derived rocks are probably connected at depth with 
the main serpentine belt to the west, their more extensive alteration being 
due to their occurrence in a zone of deformation along which subsequent 
alteration has occurred. 

Towards the base of the Kaslo series, particularly on the east slope 
of Jardine mountain, the roeks over a width of several hundred feet carry 
abundant calcite- and magnesian-bearing carbonates. The surfaces of these 
rocks have a peculiar, pebbly a;ppearance much resembling that of con
glomerates. These rocks farther southeast are apparently breccias and, 
therefore, those in the vidnity of Jardine mountain are also probably 
breccias that have been attacked by eirculating, probably, meteoric, car
bonated waters. TJ::Je matrix has suffered most decomposition and replace
ment and has, in consequence, tended to weather away, leaving the less 
altered fragments projecting like pebbles of a .conglomerate. 

Sediments. Sediments form only a small part of the Kaslo series. 
They form narrow, discontinuous lenses aggregating only a few hundred 
feet in thickness. The largest observed exposures are on the ridge extend
ing from Jardine mountain to Beaver mountain, and others occur in high
way and railway cuts in the valley of Kaslo creek below Zwicky. The 
sediments are dark grey to greenish grey, mostly fine to medium grained, 
in part massive and in part slaty or schistose. A thin section of a dark 
grey specimen from the summit of Jardine mountain was found to carry 
little or no recognizable quartz. Scattered through the fine-grained, inde
terminate groundmass were numerous microlites of feldspar and a number 
of well-formed crystals of plagioclase. The composition of these sediments 
and their association with igneous rocks indicate a tuffaceous origin. 

Structure and Contact Relations (See Figure 4) 

The Kaslo rocks form an almost structureless mass. Contacts with 
the underlying Milford group and the overlying Slocan series afford the 
principal clues to their structure and, consequently, to their thickness. 
The Milford group, except where cut off by intrusive members of the 
Kaslo series, forms a syncline under the Kaslo rocks of the south end of 
Blue ridge and, farther west, resumes its more general southwesterly 
dip. This double fold is believed to occur also in the overlying Kaslo 
series in this 'southern part of the area. Farther north, the general struc
ture of the Kaslo series is less readily interpreted, but on the Beaver
J ardine-Schroeder Mountain ridge the succession and dips of fragmental 
volcanic and sedimentary members imply another double fold, a syncline 
followed by an anticline. If this st.ructure has been correctly inferred and, 
as seems likely, persists through the intervening length of the outcrop 
area, a fairly satisfactory estimation of the thickness of the series becomes 
possible. On this conception (See Figure 4) the maximum thickness, 
between Jardine mountain and a point a little south of the mouth of 
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Beaver creek, is about 6,200 feet, and the mInImUm thickness, in the 
vicinity of Kaslo creek, is less than 3,000 feet. 

The basal members of the Slocan series contain erosion materials 
from the uppermost members of the Kaslo series. There is, however, 
little apparent discordance between the two series along their contact. At 
the few places where an appearance of angular unconformity exists, it may 
be attributed to slumping of the Slocan slates, to slaty cleavage resemb
ling bedding, or to local deformation and faulting of the Slocan slates 
against the more massive Kaslo greenstones. Nowhere were Kaslo rocks 
found to invade the Slocan strata, although the contact is well exposed and 
was carefully studied. This condition is unlike the Kaslo-Milford contact 
where Kaslo intrusives invade the underlying Milford strata. Intrusives 
~re most abundant in the lower part of the Kaslo series, but, particularly 
III the southern part of the map-area, do occur to some extent near, if not 
actually at, the top. The absence of intrusion into the Slocan series 
favo~rs the view that. the Kaslo intrusives are of the same age as the 
effUSIve and pyroclastIc rocks. The abrupt cessation of both volcanic 
and intrusive rocks at the Siocan series contact indicates at least a time 
interval during which volcanic activity died away. 

M ode of Formation 

So far as the sedimentary members of the Kaslo series are concerned 
there is little to indicate whether or not it is marine. However, the Kaslo 
series is underlain and overlain by marine formations which bear consider
able lithological resem'blance to some of its sedimentary members. This 
is particularly true of certain platy, argillaceous sediments occurring with
in a few hundred feet of the base of the Kaslo series in the valley of Kaslo 
creek less than a mile southeast of Zwicky. No sediments, however, occur 
in the upper part of of the KaSIo series and, so far at least as Sandon map
area is concerned, sedimentation was not continuous from Kaslo into 
Slocan time. Except for the sedimentary 'beds there is little to indicate 
that the lavas and pyroclastic rocks were extruded or laid down under 
water. The pyroclasts are mostly so poorly sorted as to suggest that 
they were deposited on land. 

Alteration 

Alteration of the more massive members to greenstones commenced 
soon after or even during formation of these rocks and involved the devel
opment of chlorite, serpentine, uralite, saussurite, and albite by accompany
ing volcanic gases and heated aqueous solutions. The large body of ser
pentine and other smaller bodies of the same rock probably formed at this 
early date. On the other hand much alteration undoubtedly occurred long 
after the deposit.ion and intrusion of the Kaslo series. Much of this later 
alteration may be related to the period of the intrusion of the Nelson 
batholith when oro/,=enic disturbances caused much of the deformation of 
the Kaslo series, and zones of weakness generated by such deformation 
facilitated subsequent alteration by juvenile and meteoric waters. Solu
tions accompanying vein formation appear to have resulted in extensive 
carbonatization and the development of conspicuous amounts of talc and, 
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more locally, of the bright green mica, mariposite. In the vicinity of the 
quartz veins on the Phoenix gold property the big serpentine body is largely 
altered to talc and a brownish weathering, calcium-magnesium-iron car
bonate. On the Voyageur claim carbonate and mariposite are abundantly 
developed. Similar alterations were observed elsewhere in the area of 
Kaslo series both within and without (5, 1926, page 48; 2, pages 118-124) 
the map-area. 

Another type of alteration has resulted from the circulation of car
bonated meteoric waters which, in the vicinity of the east slope of Jardine 
mountain, have partly replaced a belt of rocks, composed principally of 
volcanic breccias, by abundant, calcium and magnesium-bearing carbonate. 

Mineralization 

The Kaslo series carries a greater variety of mineral occurrences than 
any other formation in the area, but few of ec{)nomic importance. Early 
explorations in the Slocan mainly centred on a number of discoveries in 
the "greenstone" belt, but were subsequently diverted to more lucrative 
showings in the Slocan series and the adjoining Nelson granite. 

The principal metals of the mineral deposits in the Kaslo series are 
gold, silver, lead, antimony, and copper. Placer gold is reported to have 
been discovered in the beds of streams draining the flanks of Blue ridge, 
and in particular in the valley of Enterprise creek. Gold also occurs in 
quartz veins associated with chalcopyrite and pyrite. Silver-lead veins 
carrying high silver values have received most development to date. An 
important occurrence of antimony sulphide (stihnite) is in quartz veins 
on the Alps Alturas property to the north of the area (5, 1926). Copper 
discoveries 'hwve as yet been of little commercial interest, but chalcopyrite 
is a not uncommon constituent of quartz veins. 

Age 

The Kaslo series is underlain and overlain by sediments in which 
fossils of Mesozoic, probably Triassic, age have been discovered. On this 
basis the age of the series may be refeITed with some confidence to the 
Triassic. 

UNDIFFERENTIATED MESOZOIC AND (?) PRE-MESOZOIC 

At many places, mostly south of Sandon map-area, there are bodies 
of sedimentary, and in some cases volcanic, rocks isolated in the Nelson 
granite. Though they are presumed to be mostly parts of the Slocan 
series some may be older. They are intruded by the Nelson granite and 
by minor bodies of mainly acid irruptives. These rocks are widely dis
tributed within Slocan map-area. For the most part they are clustered 
in areas the limits of which have been approximately outlined on the 
accompanying maps. Within these areas most of the inclusions are too 
small to be mapped. Elsewhere individual inclusions are as much as 
several square miles in extent. 

These rocks, especially those of the smaller inclusions, have been 
metamorphosed by the Nelson intrusives, though the effects have depended 
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on their composition and a variety of other factors. As a whole, and 
particularly in the eastern part of Slocan map-area, metamorphism has not 
been as intense as might be expected. Small inclusions, 100 feet or less 
in length and width and, apparently, only a few feet or yards deep, have 
in many places been · changed to fine-grained, crystalline schists whose 
original composition is unkn{)wn, but larger bodies have, except possibly 
along their edges, preserved their original textures and structures so well 
that it is rarely difficult to identify the several mem/bers of which they 
are coruposed. These resemble members o.f the neighbouring S}ocan series 
and include a variety of argillaceous, quartzitic, and limy sediments. The 
argillites have passed partly to a hornfels in which andalusite is a char
acteristic and abundant constituent and is associated with small flakes 
and shreds of biotite which under the microscope are reddish brown. Seri
cite is also a common alteration product in argillaceous and quartzitic 
rocks. The quartzites and quartzitic sediments have their structures well 
preserved, and in most places bleaching is about the only sign of change j 
close to the batholithic contact, a notable amount of sericite may be 
present, and impure varieties may contain a little garnet., biotite, and 
amphibole or other minerals developed from aluminous or calcareous im
purities. Some limestone beds are partly to completely recrystallized. 
They are abundant in the more easterly areas, as on either side of, but 
mostly east of, Keen creek. Associated with them are other limy strata 
which are commonly more altered than the purer limestone beds . . 

The more westerly inclusions are, in part, more strongly metam()r
ph{)sed, particularly the large one in and about the basin of Aylwin 
(Eightmile) creek a few miles south of Silverton. This body shows many 
variations in degree and kind of metamorphism. Locally, as on the L.R. 
group of claims, it has been so greatly changed that it is difficult to dis
t.inguish inclusion from phases of the Nelson granite. Elsewhere the inclu
sion has been invaded 9Y many irregularly shaped and, in places, wide 
bodies Df a medium-grained, evenly granular to porphyritic granite carry
ing abundant quartz and a conspicuous amount of pyrite, and, in places, 
chalcopyrite. These intrusives are believed to be more directly connected 
with the ore mineralizati()n in their vicinity than most of the minor acid 
intrusives of Sand-on or Slocan map-areas. Members of the inclusion 
cDntain, in addition to the normal s~dimentarytypes encountered farther 
east, a large proportion of greyish green to greenish rocks; apparently 
of volcanic origin. They are dense to finely crystalline rocks, some of 
whic4 contain abundant phenocrysts of green, uralitized pyroxene which 
under the microscope show thick prismatic sections commonly 5 or 6 
millimetres long. The matrix of the porphyritic rocks is in some cases a 
distinctly igneous intergrowth {)f crystals and shreds of green, pleochroic 
amphibole, numerous small crystals of some pyroxene, plagioclase feldspar, 
and, generally, albundant quartz; in {)thers it is more granular and may 
be largely obscured by alteration products. Particularly conspicuous in 
the vicinity of Highland Light peak, near the batholithic contacts, is 
another dark, granular rock in which occur light-coloured bodies up to an 
inch or more in diameter that resemble fine-grained granite or felsite and 
give the rock the appearance of a breccia or agglomerate. Under the 
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microscope the fragmental appearance is less noticea;ble and the light
coloured, granitic bodies grade into the darker matrix, which is composed 
of the same materials but in different proportions. Both have a recrystal
l~zed appearance and are composed of abundant quartz grains associated 
with biotite, amphibole, and quite a little f€ldspar of uncertain composi
tion, but probably sodic plagioclase. As a rule the matrix contains more 
small flakes and shreds of reddish brown biotite. Much amphibole, prob
ablyactinDlite, and some magnetite and iro-n sulphide are also present. 
This cUTious rock may have been a volcllitlic breccia or, possibly, a con
glomerate. Most of the other members of this large inclusion are dis
tinctly granular and recrystallized. Some, because 'Of the large percentage 
of quartz grains .and paucity of feldspar, appear to have been sandstones; 
others carrying much feldspar !lind mafic minerals, chiefly amphibole and 
biotite, may have been tuffaceous rocks; and still others are almost cer
tainly volcanic. The less altered varieties are chiefly quartzitic rocks, 
some very pure, 'Others limy or argillaceous. 

This larg,e inclusion was mapped on the West K'Ootenay sheet as 
Lower Selkirk, thereby correlating the rocks with the Kaslo series. It 
appears to the writer, hGwever, ,that the several members bear, on the 
whole,a stronger lithologic resemblance to the Slocan series. The less 
metamorphosed, normal sedimentary types find exact counterparts among 
the more massive members of the Slocan series as exposed in the westerly 
parts of their outcrop area. The other members, including those resem
bling volcanic rocks and particularly those in which large phenocrysts of 
pyroxene are so a:bundant, are very similar to volcanic members of the 
Slocan series exposed to the northwest of Sandon map-area on both sides 
of ,the valley of Bonanza creek (5, 1928, pages 98-99; also map). 

Many small inclusions in the Nelson batholithic rocks occur along 
both shores of Slocan lake and are mostly too small to map. They lie in 
the Nelson gneiss and in the crushed porphyritic member of the Nelson 
granite, and show all gradations from rocks that undoubtedly are foreign 
to the 'batholithic intrusives, to others that have been completely grani
tized and have in consequence much the same composition as the intru
sives. Such rocks closely resemble some of the undivided Windermere 
rocks seen farther north along the west side of Slocan lake, and possibly 
should be included with them. They have been separated partly because 
they are associated with different members of the Nelson batholithic com
plex and partly because those occurring along the east shore of the lake 
are, in places, not far from larger bodies of rocks that seem to be isolated 
remnants of the Slocan series. 

The strata of the inclusions in the post-Triassic intrusives, except those 
associated with the Nelson gneiss on the shores of Slocan lake, dip at mod
erate to high angles, and there is a noticeable tendency for both strike and 
dip to conform with the contact with the surrounding intrusives. This 
feature is most marked in the larger, belt-shaped bodies of the older rocks, 
such as occur in the eastern half of Slocan map-area, and is least {)har
acteristic of smaller bodies that have no marked elongation. Within those 
areas of the Nelson granite in which inclusions are numerous (See Map 
272A, in pocket) the tendency towards structural conformity is again very 
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noticeable, since the longer axes of the inclusions are commonly about 
parallel with the bedding and with one another. This conformity of bed
ding structures with batholithic contacts is well exhibited along the con
tacts of the main areas of the Slocan series with the batholithic rocks, and 
is particularly noticeable in two belt-like areas flanked by batholithic 
intrusives, one of which lies southwest of the Comstock-Virginia mine in 
Sandon map-area, and the other northeasterly from the valley of Keen 
creek near the Index property in Slocan map-area. Although these two 
belts strike almost at right angles to each other, and the Keen Creek belt 
strikes at right angles to the general trend of the Slocan series, their com
ponent strata form synclinal structures the axes of which strike about 
parallel to the directions of the belts. The same holds true of the large 
belt-like inclusion of undifferentiated rocks lying east of the Revenue 
property, on the east slope of the valley of Keen creek. This belt has a 
general north trend, corresponding to the strike of its constituent members, 
which form a compressed syncline. Towards its south end the belt is 
broken through by the batholithic intrusives and swings to the east as a 
host of inclusions, most of which are too small to be mapped. Each 
inclusion examined was found to occupy a relatively narrow, roughly ellip
tical area pointing eastward with the strike of individual beds within it. 

SLOCAN SERIES 

The Slocan series is widely exposed in Sandon and Sloe an areas and 
contains most of the important silver-lead and zinc deposits. It continues 
to the northwest, but southwards is cut off by batholithic intrusives. The 
series comprises a variety of sediments which, for convenience in descrip
tion, are classed as slates, argillites, limestones, quartzites, conglomerates, 
and tuffaceous beds. All gradations in textures and composition from one 
variety to another may be found. In structure they range from massive, 
blocky rocks to others notably fissile and slaty. The series has been sub
jected to varying degrees of local and regional, dynamic and thermal 
metamorphism. 

Slates. The term is here applied to all platy or fissile rocks of dis
tinctly argillaceous composition. Such rocks predominate in the eastern 
half of the outcrop area. Another prominent belt of slate, occupying a 
high stratigraphic position, occurs as a broad syncline along the eastern 
slopes of Carpenter Creek valley southeast and northwest of Parapet 
(See structure sections CD and EF, Figure 3, in pocket). This belt is 
repeated on the summit of the flat-topped ridge between Carpenter and 
Howson creeks; at the top of Idaho peak; on the summit of the ridge 
extending easterly from Carpenter mountain; and across the valley of 
Carpenter creek near New Denver. Slaty rocks occur elsewhere in the 
series, but are subol'dinate to other rock types. 

The slates are typically fine-grained rocks varying through shades of 
grey and green to black. They include, towards the middle and top of the 
series, several hundred feet of thinly banded rocks in which alternate bands 
are light grey, .dense, and quartzitic and the others are darker grey and 
argillaceous. Bedding is commonly indicated by narrow bands of alter
nating shades corresponding to slight differences in composition, or by occa-



53 

sional interbedded strata of quite distinct characters. Most of the slates 
cleave at a small angle or parallel to the bedding. 

In composition the slates vary from purely argillaceous rocks to 
argillaceous quartzites on the one hand and to argillaceous limestones on 
the other. A sample of andalusite schist, collected by C. W. Drysdale 
from Keen creek, was analysed by M. F. Connor, Mines Branch, with the 
following result. 

SiO, ....... . . . ... . . . . . ...... . . .. . .. . .. . ............. . .. .. .... . ... . . . 
AhO,..... ... . .. .. . . . . .. . ...... . ...... . . . .. . ..... .. . 
Fe'O' . . .. .. . . . . .. . ... . . ... . . .. . . . .. . .. ... . . . . . .. . .. . . .. .. . ..... .. .. . 
FeO ...... . .. . .... . .. ... ... . ... ... . . . . . . .. . .. . . . . .. . .. . . ... . . . . . . .. . 
MgO..... .. . . ............ . ... . . . . . . .... . . . . 
CaO..... . . . . . .. . .. . .. . .. . . . . .. . . . .. . .... . . . .. . ... . . . 
Na'O ... ... ... .. . .. . .. ... .. . . .. . . .. . . ... . . . . . . . . ... . . . . . . . . . ... . . . . . 
K,O. . . . . . . ... . .. ... . . ..... . . . .. . ... .. ......... . .. . . . . . . . .. . . . 
TiO,...... .. .. . . . . ... . ... . ... . . . .... .. . . . . . . . . . . .. . 
MnO... .. ...... . .. . .. . ..... . . . ... . . ...... . .... . 
H,O- ............ .. . ... ..... . ............. . 
H,O+ . . .. ...... ... .. . . . . . .. .. . . . . . . . .. . 
FeS' .. .... .. . . .. .. ... . ... . .... . ..... . . .. .... . . . .. . 
Carbonaceous matter estimated .... . . . . .... ... ...... . . 
BaO. . ............. .. ..... . .......... . ...... . . . .. . 
S. . . .... .. .. . ....... . ..... . ... . . . . . .. . .. .. . 
CO, . . .. ... ............... . . . . . .. . . . . ... . ........ .. .. . . 
p,O •..... . .. ...... . . ..... . ....... . .. . . . . . . ... . . . ...... .. . ...... . .... 

Per cent 
61·32 
21·40 
1·28 
5·00 
2·20 
0·80 
1·35 
2·62 
0·44 
0·14 
0·12 
2·63 

0·30 

0·02 

99·62 

The slates are commonly quite carbonaceous. A specimen of typical car
bonaceous slate, on analysis by H. A. Leverin, Mines Branch, was found 
to contain 2· 22 per cent carbon. A nodule of crushed, slickensided, car
bonaceous slate was determined by the same analyst to carry 7·21 per 
cent carbon. A specimen of unsheared argillite from the Silversmith mine 
was found by Leverin to carry O· 75 per cent carbon, whereas the sheared 
equivalent held 2· 09 per cent carbon. These highly carbonaceous sedi
ments with glistening polished surfaces are popularly known as " graphitic 
slates," though none of the carbon is in the form of graphite. Wide zones 
of such rock have been encountered in many mining operations. It is very 
unstable and is known as " running ground." 

Pyrite is common in the slates, generally in cubes up to more than 
one-eighth inch in size. The force exerted by the growing crystals is 
shown by a bulging of the slate about the cubes. In some cases the cubes 
are surrounded by narrow, irregular rims of fibrous quartz. 

Argillites. The argillites of the Slocan series differ from the so-called 
slates chiefly in that they are massive rather than platy or fissile. No 
sharp line ca;n ,be drawn and some geologists do not separate them. Alter
nating layers of different composition may vary from a small fraction of 
an inch to several feet in thickness. Weathered surfaces commonly show 
the bedding more distinctly than fresh surfaces. ALl gradations from limy 
argillites to quartzitic argillites were noted. The rocks are very fine 
grai:ruedj even under the microscope they reveal only abundant argillaceous 
and carbonaceous material through whic'h are disseminated small quartz 
grains, more or less calcite in small grains and patches, often abundant, 
small sericite scales, and, in some cases, numerous small flakes of reddish 
brown biotite. This biotite is most prominent near intrusive bodies. 
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Pyrite is also ~ommon, and in places a:burndant, as disseminated grains, 
cubes, or, mme rarely, lath-shaped crystals, and as nodular masses up to 
an inch or more in diameter. Surfaces of such pyritiferous argillites are 
commonly stained with iron rust. 

Argillites constitute an important proportion of the Slocan series in 
the western half or more of its exposed area. Their massive members are 
in general those in which the numerous fissure veins are best developed. 

Limestones. Limestones form a small part of the Siocan series. In 
the western half of the area of this series, outcropping limestone beds are 
mostly coooned to three zones occUTring at stratigraphic intervals of from 
1,200 to 1,500 feet (See structure sections, Figure 3). Farther east lime
stane beds are much more conspicuous, individual bands being several 
hundred feet in width. True average thicknesses of particular beds are 
difficult to determine because of original variations' in thickness and sub
sequent orogenic deformation (Plate VIII A). The beds pinch and swell 
along their course and may show every gradation from nearly pure lime
stone to calcar-eollS quartzites and argillites. The more westerly e~osures 
are in general less pure th8!ll the ,easterly ones. Of the following analyses 
by H. A. Leverin, Mines Branch, .ottawa, the first two are typical of 
much of the larger limestone exposures in the more easterly parts of the 
outcrop area, whereas the third analysis represents less pure, western types. 

CaO .................. . . . , ...... . ...... , .......... . .. . ... . 
MgO ... ... ... .. ........................... . ....... ... .... . 
Fe20 •...................... . .... .. ...... . . . ..... . . ........ 

AltO •. . .. . .............. ... . . ....... . ..................... 
SO •... . ............... . ..... . .. . ....... . ........ ..• ..... . . 
P.O •.......... . ..................... . ........ . .......... .. 
Insol ......... . .......... ... . . .. . .................. . .. . ... . 
LOBB on ignition ...... . ................ .. ................. . 

(1) 

53·40 
1·46 
0.15} 

0·15 
0·25 
0·07 
0·64 

43·00 

99·12 

(2) 

54·71 
0·60 

0·30 

0·24 

(3) 

18·34 
3·41 

5·22 

54·00 

(1). White. dense marble from a wide limestone belt near the mouth of Keen (Mansfield) 
creek. 

(2). Light .grey to white limestone at the Lucky Jim mine. 
(3). Brownish grey. siliceous limestone at the Last Chance mino. 

These limestones vary from light grey and brownish grey to almost 
black, depending on the character and amount of ,the impurities. The 
chief impurities noted under the microscope in the more granular lime
stones are quartz and in the denser types argillaceous matter. Towards the 
top of Payne Mountain ridge and in Payne mine workings a limy argillite 
zone carries in places numerous small fragments of granite. The lime
stones are mostly massive, fine-grained rocks, but near the larger intrusive 
bodies they are, locally, eoarsely crystalline and, in places, contain bunches 
and disseminated grains of brown garnet, e;g., at the head of Montezuma 
ba'Sin and at the batholithic .contact on the ridge running up to the 



l'L,\TE YIn 

_'\, Hi (!:I d,l' ("o})tort~d, illt",.hl"l]d"rI lil1)""toll('" ili~ht ("o]olll'(,d I "nd o"<1"I",,it(, schi,,[s 
((1.11'1,:) a~ :->('1 '\1 fl"{1m thc' l1C';ld IIf th l' iil".';; t, ('l"l,('k ,,"('st (If ITnIIlW:-> (' }"('('k. Ico\.:illg \\"0 st 
;)( ' 1'0"" tll ~ dil'ide' t'ad of tht' h('ad or thr (,,,,,t fo,.k or 'j'1\l'iI"'lllilo l'I'l'('k, (~q;, :\0, 
O!l:3 i',) 

B, I"tl,,.I)('ddl'<I qu",'lzil u (Ji~ht) ;In,] "":,( il];)(,l' oll" qlladzito (<I",.k) ot the ::';loc«11 ~",.ies, 
\ 'a n Hoi minc, (:\(';1;, :\0, 7n14,) 



55 

Mountain Con mine. On the southerly slope of Texas peak, above the 
Utica mine, argillaceous limestone holds abundant, shining, black crystals 
of a scapolite, probably meionite. 

The limestones are of particular stratigraphic importance in that they 
have furnished the chief horizons for delimiting the structure of ,the Slocan 
series and have -supplied! almost ,all the fossils collected from this series. 
Some beds contain large ore-bodies, such as those at Lucky Jim and 
Whitewater Deep mines, deposited by replacement from solutions. 

Quartzites. The quartzitic members of ,the Slocan series vary from 
white through shades of light grey, brown, and dark grey to black. They 
are generally massive, compact, fine to medium-grained rocks. The purer 
varieties have a vitreous lustre. They range from nearly pure quartzite, 
composed of closely packed quartz grains cemented by silica or a small 
proportion of argillaceous or carhonaceous matter, to less pure varieties 
carrying varying proportions of argillaceous, calcareous, and feldspathic 
materials. Grams of feldspar are generally present, and in some cases 
form so much of the rock that the term feldspathic sandstone is prefer
able to quartzite. F'eldspathic material is also abundant in other bedded 
types regarded as tuffaceous in origin. 

Quartzite and argillite are commonly interbedded (See Plate VIn B) 
in zones ranging from one to several hundred feet in thickness,and com
posed of alternating layers from l'ess than an inch to several inches thick. 
Elsewhere quartzite forms thick beds with little trace of bedding. Heavy 
bed,s' of almost white to cream-coloured quartzite outcrop along the south
ern slopes 00£ Silvert.on Creek valley in the vicinity of Van Roi and Hewitt 
mines. Their bleached appearance is probably due to thermal meta
morphism 'by adjacent intrusives of the Nelson batholith. Light grey 
quartzite beds about 20 feet thick occur at intervals through the pre
dominantly slaty belt of the Slocan series in the eastern half of its exposed 
area. These quartzite beds are commonly traversed by a network of 
irregular veins or lenses of white quartz, and locally are regarded as 
having exerted some structural control in the formation of vein-bearing 
fissures. Grey quartzites occur elsewhere in the Slocan series but .are 
associated with dark grey to almost black quartzitic Ibeds, the darker 
colours being attrihuted to argillaceous and caribonaceous impurities. 
Pyrite is .common to abundant in the quartzite beds and its oxidation 
products stain their weathered surfaces. 

Conglomerates(?). Three rock types to which the term conglom
erate might be applied were noted. One of these forme a band of a 
few feet wide just above the Kaslo series. It oonsists of fragments of 
the underlying greenstones in a slaty matrix like the overlying slaty 
members of the series. The fragments are of light to dark green andesitic 
rocks up to several inches in· length, and have been flattened by pres
sure. No similar rock was observed elsewhere. A second type is repre
sented by heds .at two or more horizons i[1 the Slocan series. The lower
most Df these, associated with :beds of the second limestone zone, is a 
narrow, limy bed, about a foot thick, that carries abundant small frag
ments of granite and isolated crystals of quartz and orthoclase. This 
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narrow but persistent bed was observed at a number of points, including 
Lucky Jim mine, Reco mountain, the K and S grade between Three Forks, 
and McGuigan creek. Small granitic fragments were also noted in thicker, 
more argiUaceous limestone beds associated with the third limestone z.one 
on Payne Mountain ridge near Payne mine and. again on the Sunset-Trade 
Dollar ridge. A third type is represented by a fragmental rock forming 
massive ,beds along the east s.hore of Slocan lake north of Silverton. This 
rock carries rather angular fragments up to an inch in diameter, some 
apparently of sedimentary and others of porphyritic, probably volcanic, 
rocks. With them, and scattered through a fine-grained, indeterminate 
groundmass, are feldspar and amphibole crystals, IllIUch biotite, and little, 
if any, quartz. This rock is repeated at the same horizon on the divide 
south of Rio property. In composition and association it is more like 
volcanic breccia than a conglomerate. 

Pseudo-conglomerate. As a result of deformation certain Slocan 
strata might be mistaken for conglomerate. The most widespread type has 
resulted from the shearing of intwbedded quartzite and slate. The 
quartzitic bedtS have broken and the slate has flowed around the disj{Jinted 
fragments of quartzite. All stages may be observed from undeformed 
rocks to those in whi·ch the quartzite beds are represented entirely by 
fragments lying at all angles and appearing like angular pebbles in a 
conglomerate. Beds of this character are abundant at various horizons 
in the Slocan series. They were o:bserved particularly on the slopes of 
London Hill and Carpenter Mountain ridges. 

Pseudo-conglomerate has also developed by shearing of limestone 
bands in which alternate layers were hard and soft, or in which limestone 
is interbedded with minor widths of argillaceous, quartzitic, or intrusive 
material. The more resistant members break up and form inclusions with
in the purer and more plastic limestone. In the big limestone belt at 
Lucky Jim mine this structure is well developed (Plate IX A). 

TufJace011S Sediments. Interbedded with other members of the Slocan 
series, particularly with the more massive types, and rarely dist.inguish
able from them in the outcrop or hand specimen, are beds that when exam
ined micr{Jscopically seem to be composed of volcanic ej ectamenta. These 
are light to dark grey and yellowish brown, massive rocks which in the 
outcrop or hand specimen might readily be classed as quartzitic or cal
careous argillites. Microscopically, they consist of large and small frag
ments of feldspar crystals; {Jr feldspar crystals and rock fragments. Some 
of the rock fragments are fine grained, dense, and of indeterminate origin, 
but others are porphyritic and distinctly resemble volcanic rocks. Flakes 
and shreds of reddish brown biotite are generally abundant. Quartz is 
subordinate and thereby contrasts with the feldspathic sediments. The 
groundmass forms a large percentage of these tuffaceous rocks, and is of 
indeterminate composition and more or less opaque, like volcanic ash. 
The angular outlines and fresh appearance of the feldspar fragments is 
plainly indicative of no normal processes of erosion and deposition. North 
of Sandon map-area exactly similar rocks have been found interbedded 
with undoubted volcanic breccias and one lava flow, all parts of the Slocan 
series. On the whole there appears little doubt but that these members 
of the Slocan series are of tuffaceous origin. 



PLAT!': IX 

,\. OlltC)"OP of limc,tonc "conglomcrate" at Luck)· Jim minco 

B. Rpecimen of augen-gneiss from the XeI,on granite: lnrge pl10llocrpts are of 
microcline feldspar. (Nep;. No. 72213.) 
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These tuffaceous rocks are too much like the more normal sediment
ary types with which they are intimately associated to be mapped sep
arately. They were identified only in the western half of the area of the 
Slocan series, but finer grained equivalents may occur farther east among 
the more slaty members. They are exposed along the east shore of Slocan 
lake north of Bosun mine. Here they are dense, dark grey to almost 
black rocks whose weathered surfaces commonly have a rather pitted 
appearance. The "conglomeratic" rock, previously referred to as out
cropping along the lake shore north of Silverton, may be included with 
these tuffaceous sediments. Rocks closely resembling the fine-grained 
tuffs occur in Idaho basin and near Leadsmith mine. A yellowish brown, 
irregularly bedded rock exposed along the western slopes of Kane creek 
near the Black Grouse property is probably also tuffaceous. Its colour 
appears to be due to extensive oxidation and hydration of iron sulphides, 
which are commonly abundant in the tuffaceous rocks. Most of these 
tuffaceous rocks occur well up in the Slocan series, chiefly above but pos
sibly also not far below, the third limestone zone (See cross-sections, 
Figure 3, in pocket). Their aggregate thickness could not be determined 
and probably varies greatly both along and across the strike of the rocks. 

Structure 

The accompanying cross-sections (See Figure 3) attempt to inter
pret the complex structure of the Slocan series and to correlate various 
horizons across the entire breadth of the area of the series. They are 
approximations and express only the broader structural features . The 
innumerable minor folds and faults everywhere present cannot be expressed 
on the scale adopted. 

The Slocan series is the most deformed of all the formations, probably 
because it consists of alternating bands and layers of quite different struc
tural competence. It is notable that bodies of this series, and possibly of 
earlier formations, caught up in the Nelson batholith, show less deforma
tion than the main mass of the series. 

The Nelson granite, partly at least, reached its final position by rais
ing, tilting, and forcing aside the superincumbent rocks, and as the prin
cipal contact of the Nelson granite with the Slocan series has a general 
east strike, a series of flexures in this general direction have been imposed 
upon the Slocan strata and are particularly pronounced near the contact. 
In addition, the Slocan series has, as a result of regional deformation, 
been strongly folded along axes striking nearly northwest in line with the 
general Cordilleran trend. 

Broadly viewed, the Slocan strata lie in numerous dome-shaped 
and basin-shaped folds, but in detail the structure is complicated by num
erous faults, zones of shearing and slipping, overturned folds, and locally, 
by intensely contorted strata. In the Sandon-Slocan map-area, it is prac
tically impossible to decipher the structures, for over large parts of the 
area outcrops are few and the series lacks key horizons and also differs 
in the character of sedimentation from west to east. 

The limestone beds might be expected to furnish the best horizon 
markers, but they are not easily distinguished and towards the west they 
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thin rapidly and carry more and more siliceous and argillaceous impuri
ties. Also, they seem to have varied in their original thickness and to have 
had this variation increased by folding. Because of such conditions and 
because of the lack of exposures at critical localities it was impossible to 
trace individual limestone beds far or to ,correlate them with certainty. 
Much of the limestone of the Slocan series seems, however, to lie in three 
horizons, as indicated on the accompanying cross-sections which show the 
thicknesses approximately (See Figure 3). A fourth but thinner horizon 
lies about midway between the lowermost and base of the series. It is 
exposed only in the east. Numerous other smaller, less continuous, less 
clearly defined beds of limestone or notably limy rocks were observed 
which are hardly worth depicting in the structure sections. 

Estimated on the structures shown in the cross-sections, the maximum 
thickness of the Slocan series is about 6,800 feet. The composition of the 
series varies so greatly from east to west that no single section is repre
sentative of the whole. Eastern sections comprise chiefly slate and thinly 
interbanded slate and quartzite, with which are included a maximum com
bined thickness of about 1,800 feet of limestone. Farther west the strata 
become, on the whole, more massive, are composed largely of quartzite, 
argillite, and massive tuffaceous beds, and contain much less limestone 
than the more easterly sections. 

Contact Relations 

The Slocan series rests disconformably on the Kaslo series. Within 
Sandon map-area the contact trends north to northwesterly and dips 
southwesterly to westerly, from 45 degrees to nearly vertical and averag
ing about 65 degrees. It conforms with the attitude of the overlying 
members of the Siocan series, occasional appearances of discordance being 
misleading. However, these structural relations do not represent actual 
continuity between the two series, for volcanic and intrusive members 
of the Kaslo series cease abruptly at this contact and a curious conglom
eratic rock already described forms the basal member of the Slocan series. 
This conglomerate is interpreted as signifying an interval of erosion dur
ing which detritus from the Kaslo series was incorporated in the basal 
member of the Slocan series. 

The Slocan series is the youngest assemblage of consolidated sedi
ments and volcanic rocks in Sandon and Slocan map-areas. It is intruded 
by the Nelson granite, by a great number of stocks presumably related 
to this granite, and by a host of dykes thought to be related to the same 
period of batholithic and stock intrusion. The contact of the ,Slocan series 
with the Nelson granite lies largely within Sandon map-area. The north-. 
ern edge of the batholith is convex to the south with, on the east and west, 
apophyses and outlying stocks extending northerly into the Slocan series, 
as in the vicinity of Silverton and the basin of Twelvemile creek. The 
granite contact ,dips northerly beneath the Slocan series at about 35 
degrees, judging from the course followed by the contact and the position 
of batholithic apophyses and stocks. The tendency of the adjacent Slocan 
strata to strike and dip parallel with the contact plane of the batholith is 
particularly pronounced along almost any section of the contact that pre-
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serves a fairly regular CO'Urse for a mile or more. It is less characteristic, 
or the contact may be distinctly crosscutting, where its course is irregular. 
The tendency holds even for iJhe stock-like apophyses of the granite. Pre
suma.bly, deformation of the Sloc'an series was partly caused by the inva
sion of the granite batholith. Most of the -other numerous stocks within 
the area of the Slocan series cut sharply acr{)ss the bedding structures and 
are oomparatively steep w8Illed. The great majority of the dyke-shaped 
intrusives, incLuding mostly the more salic types, strike very nearly with 
the trend of the enclosing formations, though they may cut strongly across 
these formations at depth. 

Metamorphism 

The metamorphism of the Slocan series has resulted from a combina
tion of dynamic and thermal agencies, related, it is thought, chiefly to one 
great period of folding and batholithic intrusion. Deformation has pro
duced sheared and slaty structures and pseudo-conglomerates. Thermal 
metamorphism on the other hand has tended rather to preserve the orig
inal structures by induration and recrystallization, and is best exemplified 
close to intrusive bodies, especially to the main batholithic contact. (A 
more complete discussion of phenomena at this contact will be given in 
the subsequent section of this report on post-Triassic Intrusives.) 

Mineralization 

Most of the important silver-lead and silver-lead-zinc deposits occur 
within the area underlain by the Slocan series. Mineralization has chiefly 
taken the form of fissure vein deposits, the fissures in most instances hav
ing a northeasterly strike and southeasterly dip. Replacement of the 
wall-rock is a common feature, its degree depending on the character of 
the enclosing rocks. Where, for example, the rock is limestone, replace
ment may be the chief mode of formation of the ore deposits. The min
eralization is attributed to the Nelson batholith and is regarded as having 
followed the period of intrusion of this batholith. 

Mode of Formation 

The SlOvan series as developed in Sandon and Slocan map-areas is 
essentially sedimentary, and judging by its fossil content was mostly laid 
down in marine waters. Some of the beds, however, are tuffaceous sedi
ments and appear to occupy about the same horizons as certain definitely 
pyroclastic beds observed farther north in sections about the head of 
Slocan lake and farther northwest. The materials probably came from 
the west and were laid down in comparatively shallow waters, for from east 
to west the beds tend to become more massive and coarser textured. Cross
bedding is a notable feature of nearly all members of the series, and is 
particularly common in the more arenaceous and shaly beds. Ripple
marks have also been noted. Plant remains have been found on Reco 
mountain. Except for these plants all collections of fossils were of marine 
animal organisms obtained from limestone beds or notably limy strata 
occurring in the eastern half of the area of the Slocan series. The appar
ent paucity or lack of fossils in central and western exposures corresponds 
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with the change in the character of sedimentation in this direction and 
may indicate shallower waters in the west. The tuffaceous members are 
well-bedded rocks and are thought to represent pyroclastic materials laid 
down chiefly on land areas and thence transported by erosional processes 
into the sea. 

Age 

Prior to the discovery of fossils in the Slocan series it had been 
provisionally designated as Palrnozoic and probably Carboniferous (7, 
page 32). The earlier fossil collections were of poor material and did 
little more than appear to confirm ·this age designation. In 1919, however, 
a collection obtained by Bancroft from the Milford group included frag
ments of a species of Belemnites im,plying a Mesozoic age for the con
taining beds. 

In 1925 and 1926 the writer collected fossils from twentY-lScven locali
ties. Three lots proved to be indeiermjnate; nine were ,of fragments of 
crinoid columns, many of them star-shaped'; one contained a "probably 
Mesozoic" coral; another consisted of crinoid columns and corals; and 
six lots were doubtfully referred to as containing ammonites. The re
maining seven lots were reported upon hy F. H. McLearn as follows. 

Lot 218 F .C. Whitewater road; Atracites? sp., crinoid stems, Gervillia sp., Arcestes? 
sp. May be Triassic. 

Lot 569 F.C. (8441), from limestone bed at elevation of 7,300 feet on ridge 
extending east from Texas peak; Ptychites? sp. and other ,poor ammonite speoimens, 
Belemnites? sp . Proba:bly Triassic. 

Lot 556 F.C. (8437), fTOm limestone float along south slope of Texas peak within 
600 feet of summit; Belemnites sp., indeterminate ammonites. Probably Mesozoic. 

Lot 197 F .C. (8427), Mount Holmes ridge about 1 mi-le southeast of mount 
Holmes; Belemnites sp., poor ammonites. Mesozoic, Triassic? 

Lot 456 F .C. (8430), from limestone float on trail to Montezuma mine about! 
mile below the Montezuma Damp; star-shaped crinoid column, corals, small dis
torted Belemnites? 

Lot 554 F.C. (8435), .from limestone 'bed 400 feet below and east of summit of 
Texas peak; Belemnites sp., crinoid columns. 

Lot 632 F .C. (8449), ·above Whitewater Deep mine workings; a smooth ammonite?, 
a costate ammonite?, indeterminate ammonites; if an ammonite, Triassic? 

These collections leave little doubt of the Mesozoic and probably 
Triassic age of the Slocan series. On the other hand 0011ections from the 
headJwaters of the middle fork of Kemp creek and from near Helen pros
pect, near Blaylock, made by Bancroft in 1919, are reported by E. M. 
Kindle (1, 1919, page 42) as follows: 

"Kemp creek. The fossils from this lot include orinoid stems Pugnax sp. undet., 
Seminula? undet., and Gastrioceras? cf. G. kingii. This fauna cannot be older than 
upper Devonian nor younger ·than Triassic. I believe ,it to be of Carboniferous age 
'Probably Pennsylvanian. 

"Helen prospect. This includes a single fossil, a goniatite, which appears to 
belong to the gen.us Gastrioceras and comparable with G. Idngii . This is a CaJiboni
.ferous genus and the lot is accordingly referred to the Oarboniferous." 

These two collections have ,been re-examined by F. H. McLearn, who 
states that" the best preserved specimen is an ammonoid. The state of 
preservaii<)ll, however, does not warrant a definite identification. Late 
Palrnozoic or Triassic is the best dating that can be offered for this 
specimen." 
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The Slocan series overlies the Kaslo series which in turn overlies the 
Milford group, the upper members of which carry Mesozoic, probably 
Triassic, fossils. Consequently, the Slocan series must be Triass,ic or 
younger, and probably Triassic since there is little or no evidence to 
suggest that a Jurassic or later fauna is present. 

The intercalation of sediments with distinctly volcanic members is a 
feature characteristic of the Triassic elsewhere in British Columbia. 

NELSON BATHOLITH 

The Nelson bath{)lith oocupies much of the western part of Kootenay 
district. As represented in Sandon and Slocan map-areas it is a complex 
of intrusive types differing chiefly in structure and texture, but varying 
also in composition and in age. The batholith may, on these bases, be 
subdivided into three main components, namely Nelson gneiss, Nelson 
granite, and Nelson pegmatite-gneiss. Of these components the Nelson 
granite has been further subdivided into three members-one a crushed, 
p<Jrphyritic granite, another a massive, porphyritic phase of the same 
granite, and the third a more equigranular rock varying from granite to 
granodiorite. Contacts between adjoining components and members are 
gradational, so that the batholith is regarded as representing one great 
period of i.ntrusic}D. 

Nelson Gneiss 

The Nelson gneiss occupies about 8 square miles in SandDn m3ip-area 
and is distinguished by banded structures resulting from granitic invasion 
into older bedded formations. It is gradational into the adjoining, crushed 
member of the Nelson granite and the passage zone, a few hundred yards 
wide, contains, here and there, isolated inclusions of metamorphosed rocks. 

The gneiss is typically a grey, granitic rock in which dark bands, from 
a fraction d an inch to several inches wide, of partly or completely 
replaced and crystallized older rocks alternate with mostly wider bands of 
a light-coloured, aplitic granite. The bands o.folder rock are dark grey 
to dark greenish grey, finely crystalline, and may be either sharply defined 
against or grad,e into intervening bands of granite. Their metamorphic 
origin is indicated by their less altered. facies ana by inclusions .of still 
less altered sediments in the adjoining Nelson granite. The ass>ociated 
granite is medium grained, and is composed mainly of quartz and alkali 
feldspar. Dark minerals, where present in noticeable amounts, form thin, 
discontinuous lines parallel to the broader banding of the gneiss. 

Approaching the contacts of the Nelson gneiss metamorphism is less 
pronounced, and the aplitic granite gives place to the crushed and foliated 
member of the Nelson granite. Even within areas of the Nelson gneiss 
granitic material gradational in texture and passing into typical foliated 
granite occurs. 

The Nelson gneiss strikes from nearly north to albout northeast and 
dips uniformly to the east at about 25 degrees. This attiirude persi~ts in 
the northerly half of the belt, where inclusions are less continuous and 
where larger intervals of foliated granite occur. 

80437-5 
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Nelson Granite 

The crushed granite member of the Nelson granite is, in the main., a 
distinctly foliated rock whose structure has been produced by deformatlOn 
and is best shown where deformation is most pronounced, though to some 
extent it is also d'ependent on the abundance of dark materials.. The 
rock is -light grey to, more commonly, distinctly pinkish, and o.f medlUm to 
coarse grain, in which phenocrysts of alkali feldspar up to an mch or more 
in length are in most places abundant. It is composed chiefly of feldspar 
and quartz with a small proportion of hornblende and biotite and accessory 
magnetite and titanite. Microcline and orthoclase are abundant con
stituents and quartz is generally -conspicuous. Plagioclase is subordinate 
and has a;bout the composition of albite-oligoclase. Those phenocrysts of 
alkali feldspar examined microscopical'ly proved to be micro cline. The 
hornblende and biotite are m{)stly altered to chlorite and magnetite. Most 
of the magnetite is, however, a primary constituent and in places was 
observed to be the most abundant dark mineral. The quartz has been 
severely granulated and the feldspar phenocrysts are squeezed into a rude 
alinement with other salic constituents between thin folial of hornblende 
and biotite, the whole constituting in places a typic'al augen gneiss (See 
Plate IX B). 

Within a width of, perhaps, several hundred feet this foliated granite 
passes into the massive, porphyritic granite member of the Nelson granite. 
West of Slocan lake it is adjoined by, principally, the Nelson pegmatite
gneiss complex, the boundary being drawn arbitrarily where gneissic grani
tic rocks associated with inclusions of presumably Precambrian forma
tions begin and intrusions of coarsely crystalline, irregular textured, peg
matitic granite first appear. The relations between these several rock 
types are exhibited in a transition zone as much as half a mile wide and 
probably averaging at least a quarter of a mile. The change begins by 
gradation into a less -crushed, less porphyritic, and somewhat finer tex
tured granite, carrying a little more quartz and tending to light grey. 
Essentially the same minerals are present on both rocks, but the propor
tions change and a little muscovite enters. The transition is marked also 
by the appearance of irregular masses of pegmatitic granite, increasing 
numbers of partly to completely granitized inclusions of older rocks, and a 
development of finely banded st.ructures. 

The foliation of the crushed granite strikes very nearly with the 
gneissic structures of the Nelson gneiss. This parallelism is probably due 
to the fact that the foliated granite was deformed before it was completely 
solid, and as a reRtdt the direction of foliation has conformed more or less 
closely with the boundaries of the more resistant inclusion of the Nelson 
gneiss. Deformation was caw:ed by orogenic forces associated either with 
the intrusion of the Nelson batholith or with succeeding, Tertiary irrup
tives, and was concentrated along certain zones in the partly consolidated 
Nelson intrusives. 

The porphyritic granite member of the Nelson granite is, in general 
readily distinguished by abundant simple crystals and Carlsbad _ twins of 
potash feldspar up to 2 inches long. Exposed surfaces are mostly light 
grey, ,but may have a pinkish cast from weathering of the potash feld
spar. 'The rock contains 5 to 10 per cent of hornblende and biotite, the 
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former being generally the more abundant. Locally, as near the batholithic 
contacts, there may be as much as 50 per cent or more of hornblende. 
Studies with the microscope indicate that the rock is a granite verging on 
granodiorite. Orthoclase is generally more abundant than micro cline and 
forms the large phenocrysts except where the rock has been deformed 
when microcline takes its place. The quartz shows strain effects even in 
the more massive rocks, and may be fractured into a mosaic of angular 
fragments lying between the larger feldspar and other crystals. Plagio
clase is subordinate to potash feldspar except towards the borders of the 
batholith, where the rock grades into granodiorite and quartz-diorite. The 
plagioclase is mostly about albite-oligoclase, though varying from albite 
to oligoclase-andesine. Some of its crystals are zoned, especially in the 
border facies and apophyses of the batholith. Micropegmatitic and micro
perthitic intergrowths are common, but do not constitute an important 
percentage of the mineral cOll3tituents. Dark green hornblende and brown 
biotite are the characteristic mafic constituents and may be partly altered 
to chlorite. Accessory minerals include grains of titanite, magnetite, and 
apatite, small needles of rutile, and occasional sulphide minerals. 

The following table includes three chemical analyses of the porphy
ritic granite and, for comparison, two average analyses of granitic rocks 
of somewhat similar composition. 

2 3 4 5 ._ --- ---

SiO, ...... 65·50 66·46 60·09 69·73 66 ·64 
AhO, ..... . ...... 17·23 15 ·34 17·20 14 ·98 15·57 
Fe'O' ...... . . .. . . 1·50 1·68 6·73 1·62 1·91 
FeO .... . . . . . . .. . . 1·40 1·83 . . . . . . , . . . 1·66 1·94 
MgO ......... .. .. 1·00 1·11 0·47 1·08 1·41 
CaO ....... . .... . . . . .... . .. . . 3·04 3·43 8·24 2·20 3·50 
Na'O .... . . . .. ...... . . . .. . .. " 5·35 4·86 2·45 3·28 3·41 
K,O ......... . . . .... . 3·40 4·58 6·23 3·95 3·72 
TiO, ....... . .. . . .. . 0·20 0·27 0·34 0·50 
MnO ......... · . . . . . . . . . O· 12 0·11 0·06 
H,O- .. . . . . ..... . . 0·06 -0·29 0·78 1·15 H2O ..... . . . . . .... _. 0 . . . · , _. 0·74 
S ........... · . . . . . . . . . . 0·04 
P,O, ............. . . · . . . . . , . . . 0·08 0·27 0·19 

99·58 99·93 101·41 100·00 100'00 

Ana.Iysis 1, by M. F. Connor, Mines Branch, Ottawa, is of a specime:n obtained 
by C. W. Drysdale from the head of the north fork of Montezuma creek, a light 
grey to almost white, massive rock with ·phenocrysts of potash feldspar from t inClh 
to 1 inch wide and up to 2 inches long. It consists of microdine, orthoclase oligo
clase (Ab SO-An 20), quartz, biotite, hornblende, and titanite. 

Analysis 2, by Dr. F. Dittrich, Heidelberg, is of a specimen collected by R. W. 
Brock from .near the Molly Gibson mine, Kokanee mountains, a short distance souuh 
of Slocan area. No description of this spedmen is available, but the rocks in this 
vicinity are typical of the porphyritic granite phase of Nelson batholith. 

Analysis 3 is of a specimen obtained near Springer creek not far from Slocan 
City. "It was found," writes Gwillim (12, 1897), "to be a crushed bioti·te-granite con
taining a good deal of plagioclase. The quartz and feldspar show marked indications 
of great pressure. Much biotite, partly altered to chlorite, is present and is associated 
with epidote. The specimen was considerably decomposed being from near a vein 
and also near the surface." 

Column 4 represents the average of 184 analyses of gra.nites younger than Pre
cambrian (Osann and Clarke); in it 0·06 per cent BaO and 0·02 per cent SiO are 
combined with the Ca.o content. Column 5 is an average of 20 analyses of quartz 
monzonite (Clarke). 

80437-5~ 
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Analyses 1 and 2 are very much alike and probably close to the aver
age composition of the typical porphyritic granite. When compared with 
average compositions 4 and 5, it will be seen that they are of a granite 
in some respects closely resembling granodiorite. (The term granodiorite is 
used in this report to include granitic rocks including quartz-monzonites, 
whose compositions range 'between granite and quartz diorite.) The siJica 
content is rather low for typical granite, but is offset by the high per
centage of alkalis. The predominance of soda over potash probably indi
cates soda in the orthoclase. In a crystal of orthoclase from the Nelson 
porphyritic granite Gwillim found 5·76 per cent soda and 12· 39 per cent 
potash as compared with the 16· 9 per cent potas'h present in the theo
retically pure mineral. Ai> there is little sign of perthitic intergrowths 
of plagioclase in the orthoclase the soda content may be best regarded as 
a chemical component of the orthoclase. 

The porphyritic granite member grades into the crushed granite and 
into the pegmatite-gneiss component described later. The single body 
of non-porphyritic granite and granodiorite is considered to be slightly 
younger than the porphyritic granite and to have been intruded into the 
latter when it was only partly consolidated. The porphyritic member holds 
many inclusions of Mesozoic and possible pre-Mesozoic rocks and intrudes 
the Slocan series. 

Some mineralogical and textural changes occur near the contact of 
the porphyritic granite with pre-batholithic formations, particularly the 
Slocan series. Along the main contact of the granite and its stock-like 
apophyses with the Slocan series, and for 1,000 to 2,000 feet or more from 
this contact, the Slocan strata are distinctly more metamorphosed than 
farther away. Elsewhere, except in narrow belts around minor intrusive 
bodies, the Blocan series exhibit .but little thermal metamorphism. Within 
the 1,000-2,OOO-foot contact zone (the actual width at any place depend
ing largely on the dip of the granite beneath the pre-batholithic cover), 
and within 100 to 200 feet of the granite body, the Slocan sediments are 
partly to completely recrystallized and many secondary, metamorphic 
minerals have developed. The limestones are coarsely crystalline and hold 
crystals and masses of garnet and such minerals as tremolite, wollastonite 
and scapolite, and graphite. The slates and argillites are hard, compacted 
hornfels carrying garnet, crystals of andalusite up to an inch or more in 
length, and ahundant biotite. The quartzitic rocks, too, are bleached and 
partly recrystallized. Rarely, however, is it difficult to identify the original 
characters of the affected rocks. Beyond this more intensely altered zone 
the Blocan strata grade into less altered types until at wbout 2,000 feet, 
or in some cases half a mile or so, the effects of thermal metamorphism 
are barely noticea.ble, if at all. 

The porphyritic granite, too, varies in appearance and composition 
near its contacts v"ith pre-batholithic rocks. At half a mile or less from 
the contact with the Slocan series its phenocrysts become smaller and 
fewer. Its composition also changes. Quartz decreases. Plagioclase in
creases and tends to develop zoned structures and to be more calcic. 
Homblende may become relatively abundant ana within a few hundred 
feet or so ')f the contact may compose as much as 50 per cent of the 
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rock; individ'ual crystals may reach an inch or more in length and where 
such crystals ar·e plentiful the rock takes on an ophitic texture. Not 
uncommonly the granite is somewhat foliated within the zone of contact 
influence, a feature attributed to flowage rather than to deformation since 
the rocks are not more crushed or strained than elsewhere. Both within 
and without the contact zone basic patches of irregular size and shape and 
uncertain origin were noted. They are composed largely of dark minerals, 
principally hornblende, though biotite may 'be abundant. Like changes in 
texture and lithology occur in the granite in areas where inclusions are 
abundant. 

The (non-porphyritic) granite and granodiorite member of the Nelson 
granite is, on the whole, finer grained and of more unif'Orm texture than 
the porphyritic member, but carries the same suite of minerals in much 
the same proportions. It varies from granite to acid granodiorite. It is 
a light grey rock composed essentially of quartz, orthoclase, plagioclase, 
micro cline, biotite, and hornblende in about this order of decreasing abun
dance. Accessory and secondary minerals includ€ apatite, magnetite, 
titanite, and chlorite. The quartz is partly fractured and strained. Plagio
clase is generally well twinned and varies in composition from albite-oligo
clase to oligoclase-andesine. It may be more abundant than orthoclase. 
Microcline is scarce compared with orthoclase, and biotite more abundant 
than hornblende. One specimen obtained from near the head of Granite 
creek contained small crystals of pyroxene, probaJbly diopside. Micro
pegmatitic intergrowths of quartz in orthoclase are generally to be 
observed, but in very small amounts. 

This non-porphyritic member forms an irregular-shaped mass of 5·5 
square miles about the headwaters of Silverton, Fennell, and Granite 
creeks. From this mass numerous apophyses extend into the surrounding 
porphyritic granite. In places there appears to be every gradation from 
one member to the other, but elsewhere the oontacts are sharp and at 
such places the non-porphyritic phase intrudes the porphyritic. Dykes of 
the former were also observed cutting the porphyritic granite at different 
places near the main area of the more equigranular rock. Both rock 
types have been derived from the same parent magma, but the non
porph~'Titic member is slightly younger and was intruded intv the partly 
consolIdated porphyritic granite. 

Nelson Pegmatite-Gneiss 

The pegmatite-gneiss component of the Nelson batholith is broadly 
developed west of Slocan lake in Valhalla mountains (5, 1928, pages 101-
104). Its members are also associated with the Lardeau series, but too 
intimately for the most part to be mapped separately. 

The pegmatitic member is characteristicaJliy a light grey, very coa.rse
grained rock of irregular texture. Quartz, plagioclase, orthoclase, and 
muscovite are the ess·ential minerals, and occur mostly in about this order 
of abundance. Quartz is commonly rather smoky. The feldspars are 
white to creamy yellow and vary from microscopic size to more than 2 
inches in length. Muscoviteoc0urs in small flakes and in thick oooks up 
to one-half inch or more in diameter. Biotite may also be present, but 
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generally in minor proportions to musoovite. Ruby-red garnets were noted 
in many places and occur mostly in clusters of well-formed crystals from 
1 to 2 millimetres in diameter. In thin section plagioclase was observed 
to be more abundant than orthoclase and was finely twinned with, in some 
cases, the lamellre disappearing before reaching the edges of the crystals. 
Pegmatitic intergrowths are common. The quartz is but little s·trained, 
and occurs in part as rounded grains within larger feldspar crystals. 

These pegmatitic rocks in part intrude and in part grade into the 
gneissic member and in either case are lithologically alike. They occur 
in very different amounts in different parts of the pegmatite-gneiss com
plex. North of Sharp (Glacier) creek, pegmatitic rock is very abundant, 
forming a large part of the ridge above the 4,000-foot contour. It is also 
quite a.bundant on the ridge south of Hoben (Falls) creek, \but is com
para.tively scarce on the ridge between these creeks. Elsewhere it occurs 
as more or less isolated bodies of irregular dimensions, mostly not over a 
few feet wide or 100 feet long, and was nowhere observed to intrude 
adjoining batholithic components. 

The gneissic member is a medium-grained, grey rock of uniform tex
ture and possesses, in general, a banded structure represented by thin, 
dark, parallel lines spaced, on an average, from 1 to 2 millimetres apart. 
In places this structure is barely recognizable, if present at all. Every 
gradation exists between the more massive and the distinctly gneissic 
types. Both are characterized by the presence locally of red garnets 
occurring either as single individuals or in streaks or clusters, and both 
types show, here and there, small cavities containing amethyst quartz, 
calcite crystals, limonite pseudomorphs after pyrite, and clusters of black 
tourmaline crystals. Under the microscope the gneiss has a granular 
appearance, suggesting recrystallization and a derivation, at least in part, 
from pre-existing rocks. Quartz is abundant and is only slightly strained. 
Plagioclase is generally more abundant than orthoclase, and microcline is 
rare or 8/bsent. Both biotite and muscovite are commonly present and 
sericite occurs as a secondary mineral. A little hornblende was noted in 
one slide. Micropegmatitic intergrowths are common, but perthite is 
comparatively rare. Accessory minerals include sphene, magnetite, iron 
oxides, chlorite, kaolinite, red garnet, and sulphides. The composition of 
these gneissic rocks ranges from that of binary granite to quartz mon
zonite. 

The gneiss is the more abundant member of the complex. In the area 
west of Siocan lake it holds numerous inclusions of Precambrian rocks 
more or less completely granitized, as in the Lardeau series, the end pro
duct being a thinly banded granite-gneiss whose structure is believed 
to represent original bedding or schistosity. In certain cases the grada
tion seemed unmistaka'ble and takes place both along the strike of the 
inclusions and across their structures. The gneissic phase, as already 
stated, grades into a massive granite which seems to be a final stage in the 
metamorphic cycle, and in which local melting or a more continuous 
local supply of granitic material has destroyed all traces of original struc
tures. The bodies of massive granite are of irregular size. One, over half 
a mile in maximum diameter, occurs at the head of Sharp (Glacier) creek 
to the south of the New Denver glacier. 
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No ore deposits have been discovered in the pegmatite-gneiss com
ponent within the map-area. At a couple of places a little prospecting 
has been done in the gneissic granite near bodies of partly granitized 
inclusions and has revealed small, lens-like masses, a few inches in dia
meter, of pyrrhotite and pyrite, apparently replacing the gneiss and in
cluded rocks . In places within the massive granite body east of New 
Denver glacier small miarolitic cavities carry clusters of partly oxidized 
pyrite cubes. 

Origin. The pegmatite-gneiss forms part of the Nelson batholith, 
since west of Slocan lake it grades into other components of the batholith. 
Areas of it contain numerous inclusions of presumably Precambrian 
rocks. These rocks are not as steeply tilted nor as closely folded as later 
pre-batholithic formations in Sandon and Slocan areas and, on the whole, 
preserve from one inclusion to another a uniform attitude, indicating that 
at one time they were continu{)us over the area now occupied by the 
pegmatite-gneiss. They are highly metamorphosed and in certain in
stances appear to pass along their strike into rocks equivalent to the 
gneissic members of the pegmatite-gneiss complex. The gneissic member 
of the complex is characteristically a rock of fresh, recrystallized appear
ance and in places grades into a massive phase of like texture and composi
tion. The pegmatitic phase of the complex has much the same composition 
as the gneissic phase, and in places the two rocks grade into each other but 
in other ,places the pegmatitic granite cuts the gneiss. Mineralization is 
poorly developed in the pegmatite-gneiss, whereas it is abundantly devel
oped and of commercial importance in the Nelson granite. 

The comparatively undisturbed attitudes of the pre-batholithic rocks 
forming the inclusions seem to indicate that intrusion was accompanied 
by little if any disturbance of the overlying rocks. The granitic material 
seems rather to have soaked slowly into the overlying rocks and com
pletely granitized them over large areas. The composition of the intrusive 
material was doubtless modified, but ,probably not greatly since the final 
pr{)duct, the granite-gneiss, has everywhere much the same appearance 
and, so far as microscopic studies have gone, much the same mineral com
position regardless of the composition of the nearby, less-altered, older 
rocks and whether it forms broad bodies or narrow bands in recognizable 
older rocks. That the invading material was not much changed in com
position is also suggested by the fact that the granite-gneiss has essentially 
the same mineral composition as the associated pegmatitic rocks and in 
places grades into them. All the pegmatite rocks are similar. The fact 
that some of them definitely intrude the gneiss does not necessarily mean 
that such bodies are much younger than those that grade into the gneiss. 
It probably m2ans that the period of formation of the pegmatities extended 
over a considerable time. It seems, in short, probable that the granitic 
material that produced the granite-gneiss was like that which produced 
the pegmatit€s, in other words that the invading granitic magma was 
essentially a pegmatitic differentiate of the Nelson batholith carrying 
abundant volatile constituents, and able to gradually saturate and trans
form the once overlying rocks. 

As the met.amorphosed rocks are of Precambrian age, and wer€ over
lain by many thousands of feet 'of later pre-batholithic formations, meta-
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marphism must have been camparatively deep-seated and these older, 
underlying rocks would be the first to be attacked by the rising pegma
titic magma and also the last to. recover fr{)m the effects of such an 
intrusion. It has already been pointed out that in Kootenay Lake area 
the zone oJ intense metamarphismassociated with pegmatitic and gneissic 
granitic rocks was mainlycanfined to the Lardeau series, but also extended 
upward.s far a varying but relatively shart distance into. averlying 
measures. Gneissic rocks, presumably of M·esazoic age, occur with the 
Nelson gneiss in the valley of Slo.can lake and, althaugh no. assaciated 
pegmatitic granite WM there observed, the gneisses bear a clase lithalogical 
resemblance to. members of the pegm~tite-gneiss camponent and may well 
be the result of related phenamena. It consequently appears that meta
marphism af the type being discussed in places affected strata well above 
the Precambrian measures, thaugh in Sand an and Slacan areas it was 
chiefly the deeper-seated formations that were most generally and com
pletely affected. The paar mineralizatian af the pegmatite-gneiss cam
panent af the Nelsan bathalith may also mean that this camponent farmed 
far belaw the surface, where temperatures were tao. high to favour the 
f'Ormatian of mineral depasits. 

Mineralization as Related to the Nelson Batholith 

Most of the Nelson .batholith is camposed of massive, fresh rocks 
which have escaped seriaus deformatian. Joint fractures are generally 
well developed and mostly 00nsis·t OJ two or more steeply inclined and 
an ather mare nearly harizontal. The directians af the steeply inclined jaint 
planes vary from place to place but, most cammonly, range from north to 
northeast f'Or one set and east to sautheast for the ather set. Deformative 
stresses have found relief locally in fissming and shearing along directions 
that appear to have been largely controlled by the joint fractures. Shear
ing may be marked by widths of as much as several feet af crushed and 
broken rock and fault gauge, and where movement has been pronounced 
its direction may be indicated by marked striations along the walls of 
the shear zones. 

Since mineraI deposits occur in some of these fractures regardless of 
their directian, it is evident that some of the fracturing anted'ated miner
alizatian. But same defarmatian accurred in post-mineral times, for 
mineral veins are faulted and sheared. These post-mineral movements, 
hawever, rarely appear to. have been as strong as thase that pravided the 
channels far ore depositian. Disseminated are minerals ather than iron 
sulphides were seen anly in the immediate vicinity af mineralized fissures 
ar shear zanes. The inference is that mineralizatian did nat accur until 
after the cansalidatian af the batholithic rncksand after an early period 
of defarmatian. . 

Judging fram the distributian of known are deposits in the Nelson 
bathalith all members have not proved equally favourable to mineraliza
tion. The least favourable are those of the pegmatite-gneiss component. 
The Nelson gneiss of Slocan Lake valley is also less favaurable. The 
other members, collectively referred to as the Nelson granite are all 
favoumble, but in Sandon and Slacan map-areas the por'Phyriti~ granite 
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member is the most prolific of mineral de,posits, and the formations 
intruded by it have pl'Dvided the most numerous and most important 
deposits. Wherever, too, the Nelson granite has been found in Kootenay 
and adjoining districts of British Columbia mineralization of varying 
importance has been discovered in both the intrusive and the intruded 
rocks regardless of the character of the latter. It is inferred, therefore, 
that the relation of mineralization to this granite is a more than casual 
one; that in all probability both granite and ore minerals originated from 
the same magma, but that mineralization took place after a period of 
shearing and fracturing of an upper consolidated part of the granite. 

The period of deformation during which fissuring and fracturing 
occurred is most readily correlat.ed with the Laramide or Rocky Mountain 
orogeny, which is interpreted as having occurred at the close of Cret
aceous or in Early Tertiary time. This matter is discussed more fully in 
later pages of this chapter. Assuming such 'a correlation it is concluded 
that mineralization of the batholith probably occurred in Early Tertiary 
time. 

STOCKS 

The Slocan series is cut by many stock-shaped bodies of granitic rocks 
from a small fraction of a mile to several square miles in area. A few 
seem from their position and appearance to be almost certainly projec
tions of the batholith, e.g. the large, roughly circular area chiefly of granite 
and occupying much of Carpenter mountain; the smaller bodies .at Apex 
mine on Carpenter creek, and near the junction of Emily Edith and Silver
ton creeks; and the larger area of gr.anite about Helen mine southeast of 
Blaylock. Such bodies are stock-shaped in plan, but in section they dip 
beneath the surface at a relatively low angle like the main batholithic 
contacts and unlike stocks in general. These bodies like the batholith 
tend to conform with the structures of the overlying formations, probably 
as ·a result of deformation set up by the advancing magma. 

Most of the stock-sha,ped bodies, however, differ in appearance from 
the batholithic rocks. Few of them have that coarse porphyritic texture 
so peculiar to the Nelson granite. The larger ones are generally medium
grained, more or less equigranular rocks and the smaller bodies may be 
quite fine grained and mayor may not be porphyritic. Some character
istic "bird'seye" porphyry types were observed along the lower valley 
of Carpenter creek. The Silversmith mine" plug" is also of this character. 
In composition the stocks range from quite siliceous granite to diorites, the 
common types being granite or granodiorite. Tendencies to develop more 
basic border phases are not marked, the rock composing .a stock being, in 
general, remarkably uniform. Much the same suite of minerals is present 
in each of the several stocks, hut the proportions vary. Quartz, except in 
the diorites, is essential and generally abundant. Orthoclase is the pre
dominant potash feldspar, but some microcline was observed. Plagioclase 
varies from albite and albite-oligoclase to andesine. Zonal structures are 
common, especially in feldspar phenocrysts of the bird's eye porphyry type 
mentioned above. Muscovite was observed in some of the more acid 
stocks. Hornblende and biotite are comparatively abundant ·and both are 
commonly present. No pyroxene was noted. Accessory minerals include 
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magnetite, apatite, sphene, and sulphides. Chlorite, sericite, calcite, and 
epidote are common secondary ·products. 

The following analysis, by W. A. Jones of University of Toronto 
Laboratories, is of medium-grained, holocrystalline, quartz-biotite grano
diorite obtained from a small stock or irregular-shaped body outcropping 
on Carbonet No.2 claim in the upper valley of Robb creek. The rock is 
very similar to many of the smaller stocks or large dykes intruding the 
Slocan series at widely separate localities. It shows 8 rather marked 
similarity to analyses given elsewhere of the Nelson granite: 

SiO, ...... . ... . . . 
AhO •..... . ............ . .... 
Fe'O •....... . . . ...... ... .... . . . . . . . . . . . 
FeO ....... .. .. 
CaO ..... .. ... . .. . . . . . 

~g ...... : .. :::: ::: :::: .. 
Na'O ..... .. ... ............. . ...... . 
H,O± .... . 
TiO, .. . 
co, ...... . .. ... ... .. ....... .. ... .. .. . . 

Per cent 
67·70 
16·30 
0·58 
1·74 
3·74 
g·96 
2·19 
4·26 
1·13 
0 ·43 
0·65 

99·68 

Silica is slightly higher than in the Nelson granite, but the alumina 
is an almost exact average of the first two given for this granite. The 
total alkali is too low for granite, but is a fair average for granodiorite. 
The excess of soda over potash is characteristic of the Nelson granite. 
In the present analysis, however, this feature is accentuated and is prob
ably largely attributable to excess of plagioclase over orthoclase, though, 
as in the Nelson granite, it may be partly due to soda in the potash feld
spar. 

The great majority of the stocks cut the pre-batholithic formations 
at steep angles. They have not been observed in contact with the batho
lith or with the batholithic stock, so their relative ages cannot be directly 
inferred. Most of them occur at a distance from the batholith contact, 
but near Paddy peak and the Utica mine three small stocks lie within a 
mile of the main contact of the Nelson granite with the Slocan series. 
These three stocks cut steeply through the Slocan strata, which were 
strongly cross-folded. The cross-folds developed before intrusion of the 
stocks and as a result of the intrusion of the Nelson batholith. It fol
lows that stock intrusion succeeded that of the Nelson granite, but it is 
not likely that the interval was long. The stocks have been somewhat 
deformed, are definitely pre-mineral, and in several instances contain 
important ore deposits. 

MINOR INTRUSIVES 

A vast number of minor intrusives outcrop in Sandon and Slocan 
map-areas. A large proportion cut the Slocan series, but many intersect 
other formations. Light-coloured intrusives are much the more abundant 
and are locally called" porphyries." The term is sometimes applied to 
more basic varieties, but usually these are given other names depending 
on their colour, texture, and mineral composition. For purposes of further 
discussion the minor intrusives will be classified as "salic" or "mafic," 
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ehieHy pOrpll)"t"itie intrus;l·es illl·'l(ling i'ilocnn sediment>;. (:;leg:. :;10. 67575.) 

B. The southern slope of Ueea mOllntain north of Cod)": buildin::rs ""d 
clumps of a number of prvperties me.)' be seen, including the Ameri
can Boy, Last Chance, ""oble Fi,·c, and ReeD mines. 
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comprising, respectively, those in which quartz (and or) feldspars pre
dominate and those in which such minerals are subordinate to ferromag
nesian constituents. 

Salic Dykes and Sills. Great numbers of salic intrusives intersect the 
Slocan series, commonly in the vicinity of metalliferous deposits. They 
are abundant within a wide zone striking northwesterly about midway of 
the area of the Slocan series. They are mosVly dyke-shaped and with 
sharp contacts. Some of the larger bodies, as on the slopes of Reco and 
Payne mountains, reach a width of from 100 to 1,000 feet and are readily 
traceable f()f a mile or more. In slaty or other fissile rocks they tend to 
split and follow planes oJ lamination or schistosity, but show less of this 
tendency in more massive formations. Most of the salic intrusives tend to 
fO'll-ow the strike of the enclosing sediments, but generally stand at steeper 
angles. 

The salic intrusives vary from acid pegmatitic and aplitic types to 
others allied with quartz monzonites and quartz diorites, but intermediate 
types of the composition of granite, quartz syenite, and acid granodiorite 
are the most rubundant. Their mineral components are similar to those of 
the st-ocks. The larger bodies are coarser or, if p-orphyritic, contain more 
and larger phenocrysts than the smaller bodies. The colour varies mainly 
from white, creamy, or slightly pinkish white to light grey; biotite, and 
less commonly hornblende, are rarely plentiful enough to give a darker 
tone. These light-coloured, salic intrusives are readily distinguishable 
even at a distance from the darker Slocan series (Plate X A). 

Mafi,c Dykes. Mafic intrusives are less abundant than the salie types. 
They weather more readily than the rocks they intrude and, therefore, do 
not afford conspicuous outcrops. In many cases the weathering, particu
larly of olivine, has produced a pseudo-amygdaloidal texture. 

The most abundant type is a dark green, medium-grained I a,m
prophyre composed essentially of -olivine, pyroxene, and biotite in different 
proportions. In most cases the olivine is entirely aItered to serpentine, 
talc, or carbonate. The pyroxene is generally fresh and in most of the 
specimens examined was either augite or diallage, though bronzite was 
identified in a basic dyke at the Mountain Con mine. There are abundant 
shreds and flakes of biotite which under the microscope is commonly brown
ish red. Magnetite, limonite, and pyrrhotite are accessory. A little quartz 
is genera.lly present and may be partly or entirely secondary. Feldspar 
when present is in subordinate amount, and is calcic plagioclase. Amphi
bole occurs in some specimens, but is scarce and may be partly altered to 
chlorite. 

These intrusives form dykes, rarely more than a few feet wide, though 
in some places, as at Slocan Sovereign mine, they reach a width of about 
50 feet. They are more abundant in the Slocan series and more commonly 
tend to follow or parallel the course of the metalliferous veins than that 
of the enclosing rocks. In consequence, they strike nearly at right angles 
to the s'alic dykes and in most observed cases, at least, cut across them. 
Similar mafic dykes occur in the Nelson granite. 
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A second type of lamprophyre, observed in the granitic areas at Fisher 
Maiden and Comstock mines, carries no olivine, but abundant amphibole, 
chiefly hornblende. In these dykes, biotite, calcic plagioclase, and acces
sory quartz, magnetite, and ilmenite are present and epidote is a common 
secondary mineral. 

A third type of lamprophyre is composed almost entirely of secondary 
minerals, is light to dark grey, and commonly shows numerous bright green 
streaks and brownish spots. These rocks under the microscope are seen 
to be composed largely of ferr,uginous, magnesian carbonate with which is 
associated a colourless mica, a little quartz, more or less serpentine, 
C'hlorite, sulphides, and, commonly, calcite. The mica appears to be a 
chrome-bearing variety akin to mariposite, and is the green mineral seen 
in hand specimens. The brownish areas are due to oxidation of iron 
sulphides and ferruginous caTibonate. The original composition of these 
rocks is uncertain, but some outcrops appeared to indicate a gradation into 
the dark green lamprophyre type already described. Examp'les of these 
completely altered dykes are best seen in the vicinity of Whitewater and 
Jackson mines, though they appear elsewhere in the Slocan series. 

Another type of mafic dyke, referred to in general as "minette", is 
common in the Slocan series. These dykes are mostly only a few inches 
wide, are dark coloured, carry a large proportion ()If black mica, and much 
resemble OM another in the hand specimen. Under the microscope, how
ever, they are seen to vary considerably in composition. Biotite is always 
abundant and some specimens show much orthoclase. Others carry green
ish amphibole with interstitial quartz and feldspar. In most cases these 
rocks are so altered that the original composition is a matter of doubt. 
Many such were observed near Sandon. 

Basic intrusives are associated with the Kaslo series and intrude the 
Milford group. These have about the composition of hornblende diorite 
and are thought to be related to the period of vulcanism that gave rise to 
the Kaslo series. The hornblende appears to be mostly secondary after 
pyroxene. Other minerals present include important percentages of feld
spar, mostly soda-lime plagioclase, some pyroxene (augite), much epidote, 
a little quartz, and more or less chlorite and serpentine. 

Age. The salic and most of the mafic dykes are of pre-mineral age, 
for they are cut by the fiooures that provided entry for the mineral-bearing 
solutions. The mafic dykes seem on the whole, since they cut the salic 
dykes, to be the younger. Most of the saTic dykes and sills strike north
westerly, whereas t.he mafic dykes h:we a predominant northeasterly trend. 
Salic dykes, such as occur so abundantly in the Slocan series, are scarce in 
the granite areas, whereas mafic dykes are about equally prominent in both 
formations. 'Dhe salic minor intrusives are considered to represent a late 
stage in the intrusion of the Nelson batholith, for many of them bear a 
lithological resemblance to the non-porphyritic granite and granodiorite 
member of the Nelson granite which is somewhat younger than the main 
'body of this granite. 

The minor intrusives are much less deformed than the pre-batholithic 
fDrmations they intrude, undoubtedly because the latter were deformed 
before intrusion of the Nelson batholith. Developments underground have. 
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however, shown that minor intrusives were, in places, inIVolved in shearing 
that affected older formations. In a number of instances both in the Slocan 
series and the Nelson granite mafic dykes halVe been observed to be 
followed by fissures and shear zones providing access for mineralizing 
solutions. This fea1me has, in fact, appeared so sign~ficant in mining 
operations as to suggest some connexion between these dykes and min
eralization. It appears unlikely that the mafic drykes are the source of 
ore mineralization, for they are free of ore minerals except where they have 
been fractured. They were, however, probably intruded during a period 
of deformation just before and possibly extending into the period of 
mineralization; in some cases, where their intrusion did not completely heal 
the original planes of weakness or where tJhey themselves were less com
petent than the rocks they intruded, further fracturing or shearing occurred 
along them and provided channels for ore-bea.ring ·solutions. A few, small, 
mafic dykes of definitely post-mineral age were observed cutting across 
the ore-bearing fissures or shear zones as, for example, at the Enterprise 
and Anna mines. At the V and M property a similar dyke is intruded 
along a fa·ult which displaces a vein. 

Age of the Nelson Batholith and Associated Intrusives 

The Nelson batholith and aJSsociated intrusives cut the Slocan series 
of Triassic age. No younger consolidated formations occur in the map
areas, so any attempt to fix more definitely the date of intrusion must be 
based on indirect evidence. 

The various members of the Nelson batholith grade into one another 
as if they represent nearly, if not quite, continuous irruption, which doubt
less occupied a considerable interval oJ time. The so-c'alled batholithic 
stocks are projecting parts of the batholith. The ather smaller intrusive 
bodies, stocks and dykes, are indicated to be younger by such contacts 
as have been observed. But these .stocks and the many smaller salic 
intrusive bodies so resemble phases of the Nelson granite that it can 
scarcely be doubted that all are closely related. The mafic dykes may be 
complementary to the salic bodies and if so wo.uld belong to the same 
general period of intrusion. Thus, excluding the intrusives related to the 
Raslo series and certain dykes younger than the mineralized veins, the 
available evidence indicates that all the intrusive bodies a.re related in 
origin, though differing somewhat in age; all are younger than the Slocan 
series · and older than the period of mineralization. The sequence com
menced witJh batholithic intrusion, was followed by the invasion of stocks 
and the saEc minor intrusives, and concluded with the injection of the 
mafic dykes. 

The main folding of the Slocan series was completed ·before the end 
o.f the batholithic period, as is indicated by the relations exhibited by the 
stock-like bodies, and by the fact that the deformation of the Nelson 
granite is rarely prono,-!nced except in the case of tJhe crushed granite 
bordering Slocan lake, and even this deformation seems to have been 
produced prior to complete consolidation of the intrusive. The orogenic 
forces may have persisted in some degree until after the close of the batho
lithic period and have caused the local fracturing, brecciation, etc., 
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exhibited ,by the batholithic rocks, but it seems much more probable that 
S'Uc'h deformation was produced in a later period of orogenic disturbance. 
But mineralization took place after most, at least, oJf this fracturing 
occurred, and since mineralization and the Nelson granite are evidently 
closely related in origin, it follows that batholithic intrusion did not long 
precede the orogenic disturbance that affected the batholithic rocks. If 
the date ·of this orogenic disturbance could be determined, the batholithic 
period could be rather closely fixed. If, as already suggested, the orogenic 
period was that of the Laramide revolution, and if it be assumed that this 
orogeny occurred at about the same time in the Selkirk as in the Rocky 
mountain"" then the invasion of the Nelson bathoEth must be assigned to 
late Cretaceous time. 

Outside Sandon and Slocan map-areas, members of the Nelson batho
lith are in contact with younger intrusive bodies that may be Tertiary, 
e.g., the Kuskanax batholith (5, 1928, pages 104-105) lying between Slo.can 
and Upper Arrow lakes and the Rossland Alkali Granite and Syenite (19) 
on either side of Lower Arrow lake. These intrusives have been called 
Tertiary because they are fresh and intrude the Nelson batholith; also 
because they occur near Tertiary sediments and volcanics which are dyked 
by very similar rocks, and because they contain no ore minerals or mineral . 
deposits quite unlike ,those seemingly related to the Nelson granite. 

The Nelson batholith and other granitic rocks of southern British 
Columbia are so distributed (22, Figure 1, face page 14) with respect to 
the great body of batholithic rocks of the west border of the province as to 
suggest that all are related. The Nelson batholith and associated intru
sives are, however, on the whole, more diversifi·ed and more acid than the 
bulk of the Coast intrusives. It is a granite and is associated with 
intrusive bodies considered to be Tertiary and in part ()If decidedly alkaline 
composition, whereas the main body of the Coast Range intrusives ranges 
from granodiorite to quar,tz diorite. If it is a rule that the younger 
intrusives are more acidic than the older, the Nelson batholith might be 
considered a somewhat later phase of batholithic invasion than the main 
belt of Coast Range intrusives. 

General opinion favours the view that the period of intrusion of the 
Coast Range intrusives was long. Bec'll/use these intrusives cut Jurassic 
rocks in widely separate areas in ",outhem British Columibia, the Coast 
Range "batholith" is there believed to be not older than Jurassic, and, as 
some of the intruded rocks yield fossils of Middle and even lower Upper 
Jurassic age, it very likely did not antedate Upper Jurassic time. In other 
areas members of this great belt of batholithic rocks intrude sediments of 
Lower Cretaceous age that, however, include conglomerates which, in 
places, are laf\gely composed of cobbles of granitic rocks very similar to 
the intrusives. From such observations it seems fairly evident that the 
main beIt df Coast Range intrusives is a complex of intrusions that com
menced in Upper Jurassic time and continued at least well into the 
Cretaceous period. No intrusive contacts of the Coast Range batholithic 
complex with Upper Cretaceous strata h8ive been found, and in many 
places the intrusives have been found -lying unconforma:bly below Tertiary 
sedimentary and volcanic rocks. If the Nelson batholith is related to, but 
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is somewhat younger than, the main mass of the Coast Range intrusives 
in southern British Columbia its age is almost certainly Cretaceous and 
may well be late Cretaceous. 

PLEISTOCENE AND RECENT 

Pleistocene and Recent deposits cOlver large parts of both Sandon and 
Slocan map-areas, and in many places have greatly hindered prospecting 
and surface explorations. F.or conven~ence in description these deposits 
may be referred to two classes, unassortedand sorted. 

The unasoorted deposits are Cihiefly of glacial origin and, therefore, 
mostly Pleistocene. They occupy mQl~h of the higher valleys and the 
upland slopes, where they extend to and even for some distance above 
timber line. They are, in the main, glacial drift that has escaped trans
portation downhill. Though most of this drift accumulated during the 
Pleistocene period, some is even now forming in the vicinityaf glaciers on 
the higher peaks and divides. The un assorted deposits are .of varying 
thickness and irregular distribution. The materials ~omposing them range 
from erl'atics up to several feet in diameter and scattered loosely over the 
upland surfaces, to heavy deposits .of ill-assorted debris occupying the 
gentler valley slopes and varying from a few feet to more than 100 feet 
in thickness. Deposits.of the latter sort are notable along tJhe main valleys 
in Sandon map-area which lie in 'an area that is lower than surrounding 
areas and, in consequence, has received much glacier debris. These 
deposits of the main valleys <consist olf compacted sand and clay carrying 
r.ock fragments, mostly of local formation. 

Slide debris is ,abundant. WDoded areas are being reduced by lumber
ing operations and recurring disastf{)us forest fires leaving much of the 
map-area comparatively open (Plate X B). These open areas are largely 
steep mountain slo,pes and are subject to snow slides, particularly in the 
].ate winter and early spring months. Such slides are a constant menace to 
mining operations and necessitate special care in selecting sites for build
ings (Plate X A), adit entrances, and tramways. The slide materials 
inC'lude sn.ow, surface vegetation, and,cDmmonly, thousands of tons of 
underlying soil and rock. They accumulate in the valley bottoms, forming 
depos~ts 100 feet Dr more in thickness and covering many acres, es'pecially 
at the mouths of steep tributary valleys or gul'ches. Wide swaths denuded 
by heavier vegetation and extending down the mare lightly f{)rested sIc-pes 
are comm{)n and are conducive to further slides. Such aNalanches or rock 
slides occur chiefly on the more precipitous slopes, but 'at the base of all 
cliffs or other steep, rocky slopes talus is constantly accumulating and may 
cover large areas in the valleys belo,w. 

The sorted deposits mostly occur in the lower valleys and are divisible 
into terrace deposits, delta deposits, and stream alluvium. The terrace 
deposits are c'hiefly of late Pleistocene age; the others are Recent. The 
terrace deposits are widespread and occur at elevations ranging from about 
250 feet to 3,500 feet a,bove Slocan and Kootenay lakes. The more promin
ent and persistent terraces occur along the shores of the lakes, and the 
materials composing them are commonly well bedded but show great varia-
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tions in character within short distances. The materials are chiefly sands 
and gravels, but include minor bands of silt or very fine s'and. The beds 
are commonly sharply defined but individually quite variable in thickness, 
pinching and swelling to a marked degree. Locally, as a result of floods or 
the accumulation of slide debris, much ill-sorted material may be mixed 
with the better stratified sands and gravels. Fvr the most part the beds 
are nearly horizontal or dip slightly towards the centre of the valley that 
they border, or dip down the valley at smaller angles than the valley floor. 
The terrace tops vary in widtJh from less than a few yards to several 
hundred yards, the wider benches, as alO1lJg the shores of the lakes, afford
ing considerable acreages of ara.ble lands. 

The delt'a deposits are more local in extent and are still forming. 
They are conspicuous features at the mouths of tJhe larger streams where 
they j'Ut for half ·a mile or more into the lakes. The larger deltas have 
provided ideal locati·ons for townsites, combining the most favourable 
climatic conditions, fertility of soil, and convenience to transportation 
with unusually picturesque surroundings (Plate I). The towns of Rose
bery, New Denver, and Silverton on Slocan lake and Kaslo on Kootenay 
lake 'are situated on such deltas, the !tatter town occupying in part an 
older terrace 250 feet above the level of the present delta of Kaslo creek. 

Aside from the delta deposits stream alluvium is uncommon. The 
valley bottoms are generally narrow and the streams have mostly cut 
down ,to, or n~ar, rock bottom and have developed oanyons in their lower 
courses. 

Interesting spring deposits occur in these areas and in places are in 
process oJ formation. These indude numercus deposits of c'alcareous tufa 
(travertine), one conspicuous deposit of bog manganese, and several minor 
deposits of bog iron. Calcareous tufa has formed where waters carrying 
excess c'arbonic acid gas have dissolved limestone beds and on reaching 
the surface have deposited their load of calcium carbonate. Much the 
same process is responSJible for ·the formation of the bog manganese and 
bog iron deposits, and is discussed more fully on subsequent pages of 
this report. 

Special areas of mineral g'pringsocc'UT, one 'between Tenmile creek 
and Zwicky near the new motor road, and anotJher along the railway 
track opposite Kemp creek. At the latter place the spring waters are 
depositing quantities of bog iron. There is also a well-known mineral 
spring at Kaslo near the old cO!llcentrating plant north of the Canadian 
Pacific Railway wharf. Another iron-bearing spring was noted in the 
main adit at Galena Farm mine. 
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CHAPTER IV 

ECONOMIC GEOLOGY 

GENERAL STATEMENT 

Sandon and Slocan map-areas embrace an area of 527 square miles 
with~n which 205 Dr more · properties have at one time ol'allother made 
ore shipments, and many others haNe been extensively prospected. 1 The 
minerail reference map pU'blished by the Department of Lands, Victoria, 
B.C. (8) shows the extraordinary number and localized concentrations of 
olaims. If this claim map be compared with the geological maps accom
panying this report it will be seen that the situation and congestion of 
properties are related to their geological en'Vi'ronment. Most of the claims 
are within areas of the Slocan s-eries 'or of members of the Nelson granite, 
so it may be assumed that these formations were most favourable for ore 
deposition. Their relative importance in this respect is not, however, in 
proportion to the number of claims staked in each. Within Sandon and 
Slocan quadrangles the claim map shows about 850 patented and surveyed 
claims in the Slocan series as-against about 425 such claims in the batho
lithic intrusives, 'but the total value Df ore produ()ed from the Slocan 
series is about thirteen times as much -as that from the Nelson batholith. 
The deposits in the intrusive rocks are smaller on the average than those 
in the S'locan series, but on the 'Other hand most are richer, carrying high 
silver and sometimes gold values but rela1lively smaIl percentages of lead 
and zinc. The average value of ore mined from the granitic rocks has 
been a littlle over $38 a ton, wlhereas ore from the Slocan series has aver
aged abO"ut $29 a ton. It is interesting also to note how tena'ciously 
claims within the area of the Slocan series are being held in contrast 
with those in areas of other formations. Most of the 740 or so claims 
in &locanmining division are located in rocks of the Slocan series. About 
8 per cent of these, according to the list published by the provincial 
government in May, 1929, have reverted to the Crown. In Slocan Oity 
mining division, on the other hano, most of the 200 or so daims are in 
areas of the N alson granite and ahout 24 per cent of them have reverted 
to the Crown. Similarly, about 22 per cent of the 370 or so daims shown 
in that part of Ainsworth mining division induded in Sandon and &10can 
map-areas have reverted to the Crown, -and most of these abandoned 
claims lie either within areas of the Nelson grani,te or within areas under
lain by formations other than the Slocan series. 

The numerous properties of anyone congested -area occur 'at altitudes 
differing by as much as 5,000 feet, Throughout this vertical range the 
characters of the deposits near ,the surface are commonly remarkably 

1 Descriptions of individual properties have been prepared by the author and are 
on file with the Geological Survey, Bureau of Economic Geology, Department of Mines, 
Ottawa. 
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a1like. This feature is apt to give rise to the belief that individual deposits 
should maintain a fairly -constant compositJi.on throughout, and that per
haps some of uhe larger ore-bodies should persist from the summit of a 
divide to depths corresponding to at least the lowest elevations at which 
outcrops of similar ore have been discovered. Unfortunately such a 
desirable condition has not been demonstrated to exisi. Several of the 
more important lodes have been productJiveover a vertic'al range of from 
1,000 feet to over 3,000 feet, but in each such case the maximum ranges 
represent the combined vertical range of two or more distiI1JCt deposits 
along one vein-bearing iode. Mining indicates that any ore-body, irre
spective of the altitude of its outcrop, probably does not continue to any 
great depth. T:he individual deposits, too, have been found to change in 
mineral composition with depth. 

Silver is the metal of chief value in Slocan ores, hut lead and, in the 
last decade and a half, zinc are also of primary importance. In many 
properties silver, and in a few silver and gold are the only metals of eco
nomic significance. Ores from such properties are composed mainly of 
quartz with negligible, or minor, lead or zinc content, and are referred to as 
" dry ores" (See Plate XI A). In most of the larger properties, however, 
silver, lead,and, generally, zinc have ·all been important consti,tuents, and 
ores from these properties constitute the "wet ores" of the Slocan camp. 
The principal valuable ore minerals are argentiferous galena, argentifer
ous grey copper (silver-bearing tetrahedrite and freibergite), and sphal
erite (zinc blende). Values in different ore-bodies or even within the 
same ore-body vary widely, r,anging from a few dollars to, perhaps, sev
eral hundred dollars to the ton. This variation depends on the concen
tration of the valuable ore minerals, on their relative proportions, and on 
variations in the silver content of the galena and grey copper. As a rule, 
however, the silver content of anyone ore-body bears a nearly constant 
ratio to the lead content, and for ,all the silver-lead deposits would average 
about IJ ounces of silver to each per cent of lead. 

CLASSIFICATION OF ORE DEPOSITS 

Slocan ore deposits can best be classified according to their mode of 
formation as vein deposits, replacement deposits, spring deposits, and 
detrital deposits. 

Fissuring, fissure-filling, and replacement were the main processes 
involved. The first two are of principal importance, and in many cases 
the only important ones. In most occurrences, however, the wall-rocks 
have been partly replaced by the metalliferous solutions. The channels 
followed by the solutions included open fissures, joint fractures, and broad 
zones of more or less intensely sheared and brecciated ground. Shearing, 
faulting, and brecciation preceded, accompanied, and followed the invasion 
of the ore-bearing solutions, and as a result the earlier formed minerals 
of some deposits were fractured and subsequently recemented by later 
minerals. 

VEIN DEPOSITS 

Vein deposits are the chief source of Slocan ores. Since various terms 
employed in describing vein deposits have been used with such different 
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meanings, it seems necessary to define these terms as they are used in this 
report. By vein will be meant a continuous body of minerals developed 
along a fracture or a set of connecting fractures. A vein forms by filling 
a fracture space, or by replacing the rock walls along a fracture or by both 
these processes. By single vein will be meant a vein following a single 
fracture. By composite vein will be meant a vein that branches to follow 
more than one fracture whether the several branches formed simultaneously 
or not. By lode and vein-lode will be meant any single body of frac
tured ground in which an ore-bearing vein or veins occur or may be 
expected to occur. The term "vein" has commonly been confused with 
" lode" and both have been called" veins," although much of a lode may 
contain little or no vein minerals. In the area under present considera
tion most of the more profitable vein deposits occupy relatively small 
parts of the lodes in which they occur. By fissure will :be meant a frac
ture of considerable length and depth. Veins that have formed in or along 
fissures and whose dimensions are largely controlled by the fissures are 
referred to as fissure-veins, but if replacement has been the principal fac
tor the resultant mineral body will be termed a replacement lode deposit. 
The great majority of the mineral deposits ~re either single or composite 
veins. The two vein types possess many features in common and are iden
tified in a general way with, respectively, the -smaller and larger mineml 
deposits. 

Single Veins 

Numerous fissures afford no evidence of faulting of one wall with 
respect to the other. Veins formed in them are mostly small and rarely 
of economic value, though they may have directed attention to nearby, 
important mineral deposits. They occur as gash veins within massive 
strata flanked by less competent rocks; along joints. in granitic bodies; 
along joint and tortionial frac1mres in tlhe more ma'sslve sediments; and ln 
the vicinity of major ruptures, where they tend to be numerous and may 
join larger veins. Veins of this sort range from a few feet to, perhaps, 
100 feet or more in length and from a mere film to several inches wide. 
Less is known of their depth. They are generally simple in structure and 
composition. In the Sl:ocan and Kaslo !Series some are composed of nearly 
solid, coarsely cubical galena. Generally a little pyrite is present and as a 
consequence outcrops may be marked by a rusty streak. Elsewhere, as 
within the "dry-ore" areas in the Slocan series, or within the Nelson 
granite, the most abundant type of simple, single vein is composed largely 
of quartz containing a sparse dissemin'abion of one or more sulphide min
erals, of which pyrite is most common, galena and zinc blende locally 
most abundant, and high-grade silver minerals (principally argentiferous 
grey copper) most valuable. Where wall-rock is easily replaceable, as in 
the case of limestone, replacement processes extending outwards from a 
single fracture may give rise to the formation o'f important ore..lbodies as 
they do, in part, at the Lucky Jim and Whitewater Deep mines. 

The more important single veins follow fault-fissures and constitute 
profitable vein deposits, but not the largest. They are best defined where 
the fissures intersect the more massive parts of the Slocan series or intru
sives rocks. In most cases the positions of the fault-fissures appear to have 
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been controlled by lines of previously developed weakness. For example, 
the fault-fissures tend, on the whole, to stand at high angles, a condition 
which, particularly in the Slocan series, is attributed to their control by a 
northeasterly system of steep joints. For the same reason they are gen
erally fairly straight, though liable, especially in the Slocan series, to be 
offset at intervals for distances varying from a few inches to 50 feet or 
more. Such offsets are generally in line with the bedding or schistosity 
and tend to oocur within the less oompclent T{lCks. Where the rock struc
ture is uniform and the fissures dip in one direction, all or nearly all the 
offsets are in one direction, a f,eature that once recvgnized expedites mining 
operations. 

The single fault-fissure veins occupy varying proportions of the fault
fissure lodes in which they occur. Veins of the dry-ore type are more 
persistent than silver-lead or silver-lead-zinc veins and may continue along 
the entire investigated length and depth of the lode. Such veins pinch and 
swell, may split here and there to form two or more veins, and may even, 
for short distances, seem to be discontinuous though the apparent g'1.pS 
may be bridged. They may have a seam of gouge along one or both walls 
of the lode; or, in places, include abundant fragments of the wall-rocks. The 
ore minerals are scattered or in streaks in the quartz and tend to be con
centrated towards one wall, generally the hanging-wall. Most single, fault
fissure veins of the wet-ore type are separated by intervals, in some cltses 
long ones, in which vein minerals are scanty or absent. Such veins, too, 
are, as a rule, more nearly equivalent in their dimensions to ore deposits 
than are dry-ore veins because they contain less gangue. Considerable 
parts of the lod'es conotaining these wet-ore veins may be composed mainly 
of gouge ·and fragments of country rock,and even in the better mineralized 
parts there is apt to be more rock debris than in lodes containing dry-ore 
deposits. 

Examples of single, fault-fissure veins of the dry-ore type occur on 
the Capello, Little Tim, Para, and Snowstorm properties. On the Capello 
group the principal quartz vein follows a fault-fissure for 200 feet, in which 
distance it averages 5 or 6 inches thick. The vein carries a little calcite 
and is mineralized with argentite, grey copper, and pyrite. The ore minerals 
are in part disseminated through the quartz, but tend to be concentmted 
near or along the hanging-wall side of the vein. The quartz veins on the 
other properties mentioned carry, in addition to high-grade silver min~rals, 
argentiferous galena and blende. The abundant vein mineral is quartz 
varying from less than an inch to a foot or more thick. At the face of the 
main drift of the Little Tim mine the vein disappears, though the fissure is 
still well marked bya narrow seam of crushed rock and gouge. The ore 
minerals, where present, are in part disseminated through the gangue, but, 
particularly in the 'cases of galena and blende, tend to be concentrated in 
solid bands Or narrow, lens-shaped masses along one or other wall of the 
vein, principally the hanging-wall. 

Single, fault-fissure veins of the wet-ore type em1brace 'a variety of 
mineral combinations. The chief gangue material is quartz, siderite, or 
calcite, or more than one of these minerals, though, in general, any single 
vein is composed mainly of one. The abundant are minerals are galena 
and (or) zinc blende, but argentiferous grey copper is generally present 
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in important 'amounts. Veins illustrative of this type are the Hartney, 
Payne (in part), U.S., and Reco (in part), in the Slocan series; the Revenue 
in the Nelson batholith; and the Beaver and Eureka in the Kaslo series. 

The Hartney vein was followed at the surface over 'a vertical range of 
510 feet, but the vein matter, as mined, did not extend far ,below the surface 
as the fissure tightened in this direction on encountering harder rocks. The 
vein varied from an inch or so to 2 feet thick and was widest near the 
surface. It was composed of an intimate mixture of galena and blende in 
a gangue of quartz, with lesser amounts of calcite and siderite and with 
fr,agments of wall-rock. . 

The Payne vein was the most profitable of this type discovered in the 
district. It extended 'across a narrow, high divide and dipped about 60 
degrees southeast. At about No. 3 level (350 feet or so helow the summit 
of the ridge) the vein matter formed a composite vein in a wide lode, but 
above No.3 level, and extending most of the way from one side of the ridge 
to the other, the main vein was simple in structure, remarkably uniform 
in composition, and of high value. This part of the vein was sharply defined 
against the 'Viall-rocks; it averaged prohaJbly a foot or more wide and over 
an average width of about 4 inches was composed of nearly solid, coarsely 
cubical galena. The remaining vein matter, chiefly quartz, tended to lie 
beneath the" paystreak " of galena. On No.3 level the vein was continuous 
for over 1,200 feet from its outcrop on the southwestern flank of the ridge 
to where, towards the northeast flank, the vein fissure encountered a minor 
slate band along which it swung to the northwest for a short distance to 
where it ended against a strong fault or crush zone. The galena (Pbte 
XI B) carried grey copper and other high-grade silver minerals and averaged 
nearly 2 ounces in silver to the per cent of lead. 

The U.S. vein in J a.ckso'll basin was simple in structure but of some
what unusual character for it was worked for its zinc content only, some 
180 tons carrying an average of 52 per cent zinc having been shipped 
during the only productive y€ars, 1913 and 1914. The course of the fissure 
coincides with that of the enclosing sediments. The vein occupied only 
a part of the investigated length of the lode, and is st,ated to have been 
formed of nearly solid zinc blende. Elsewhere the lode is composed chiefly 
of crushed fragments of the wall-rock and of gouge, in which are dis
seminations and narrow streaks or stringers of bl'ende, pyrite, and quartz. 

The No.3 vein o-n the Reco property, otherwise known as the "Little" 
or IIReco-Goodenough" vein, was an excellent example of a singl€, fault
fissure vein, and was of particular interest because of the quantity of 
unusually high-grade silver-lead ore produced from it. This vein was 
traced underground for more than 1,000 feet and over a vertical range 
O'f more than 500 feet. To the southwest the fiS6-ure in which it occurred 
appears to be continuous with, or to form part of, a zone of fissuring 
including the No. 4 vein of the Reco group and,if so, would have a 
total length of abaut 4,000 feet. No. 3 vein, as developed, averaged 
only 6 or 8 in,ches wide with a maximum thickness of aJbout 30 inches. 
Nearly 4,000 tons of ore averaging 226 ounces in silver a ton and 43 
per cent lead was produced from it. The vein had a steep southeasterly 
dip, and cut across argillaceous and quartzitic beds of the Slocan series 
and many light-coloured, acid dyke rooks. The chief ore minerals were 
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argeI1tiferous galena and grey copper associated with blende, ruby silrver, 
argentite, and native silver. A little pyrite was also present. The are 
minerals formed a pay streak averaging 3 inches thick, the remainder of 
the vein being mostly mixed quartz and calcite gangue. Not all the 
vein was equally productive, but most of it down to No. 4 level (200 
feet below the surface) was stoped out. Below this level the "pay
ground" pitched at about 30 degrees southwest or out of the hill. In 
the opposite direction the fissure was intercepted by a series of faults 
which appeared to be in part pre-mineral and in part of post-mineral 
age. Mineralization was scanty in this section and the vein discontinuous, 
the lode matter being chiefly gougea'nd crushed wall-rock with irregular 
streaks, lenses, and disseminations o.f vein matter through it. The fissure, 
howev,er, appeared to continue strongly to near the extreme northeasterly 
face of Nos. 4 and 6 anits where it is said to have feathered out in a 
soft, green, basic dyke albout 7 feet wide. 

The main vein on the Revenue opr<lperty occur,s in a well-defined fault
fissure lode cutJting the Nelson gran~te. 1'1he lode ,averages ,about 3 feet wide 
and is occupied in part by broken and crushed W8il1-rock and in part by a 
quartz vein. The or,e minerals are principally galena and blende, partly 
disseminated through the quartz and partly concentrated in a paystreak 
of solid or nearly solid are up to several inches thick. The higher grade 
ore has been largely stoped out of the upper levels where it appeared to 
rake to the northeast, into the hill, at an angle o:f a'bout 30 degrees. 

The v,eins on the Beaver and Eureka properties occur in rocks of the 
Kaslo series. So far as could he seen the veins are discontinuous and lie in 
narrow, 'Str.aight, fault-fissure lodes in which the vein matter, principally 
clean galena, formed paystreaks varying from an inch or less to several 
inches thick and from a few feet to, perhaps, 50 or more feet 10000g. In 
places the vein matter included consideraible quartz gangue. 

Composite Veins and Lodes 

A composite vein may occupy two or more roughly par,allel fissures 
that locally merge or are connected by a network of mineralized cross 
fissures. Such a compooite vein is termed a linked-vein and ,the lode 
in which it occurs a linked-vein lode. The lod'e matter between the 
compon,ent parts of such a vein may be much wider than the fiSSJUres 
and, typic1ally, is composed of comparatively massive and unminerallzed 
country rock. Where, however, this country rock has been brec'ciated 
and the brecciated mass cemented and (or) partly replaced by vein 
minerals the resultant, aggregate mineral deposit is called a breccia-vein 
and the lode of which it forms-part is called a breccia-vein lode . Where 
a composite vein occurs in an intensely sheared zone in which vein matter 
is as a rule TIoalTOW, though in places expanding across much of the zone, 
the whole vein deposit is termed a shear-vein and the lode it occupies a 
shear-vein lode. 

The three types of compo~te veins and lodes show 'all gradations 
from one to another and one lode may include all three types. Linked
veins are characteristic of lodes that cross formations presenting abrupt 
changes in physic3il properties. Breccia-veins occur characteristically in 
the more resistant rocks which, under stres'S, tend to fracture rather than 
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sh-ear. They iare common in the Nelson granite land OC0ur in the more 
massive members oJ the Sl00an series, particularly where the lodes cut 
across the strata. They form su'bstantial ore-bodies within limestone beds 
or other limy and, consequently, easily replaceruble rocks. On the other 
hand, l,odes that follow the trend of fiss1le or slaty rocks or that inter
sect soft, relatively incompetent strata 'are more apt to develop as a 
broad zone OT zones of intensely sheared ground within which vein 
mineralization tends to occupy only relatively narrow widths close to 
the wslls of the shear zanes. Post-mineral movements may break such 
vein deposits into discontinuous veins and irregular masses. 

Brecci'ated vein matter recemenied by later vein material is char
acteristic of composite veins and indicates that minemlization took place 
at intervals in such composite vein-lodes. It resulted mostly from minor 
deformative movements ,occurring during the stage of mineralization to 
which the deposit is related, and may have quite ,a different representa
tion on an adj oining or nearby deposit of the same stage. 

Composite vein-lodes are from a foot or so to 150 feet or more wide. 
They may be miles long and, in some cases at least, 4,000 feet deep. These 
figures do not apply to the veins but to zones of broken ground along 
which veins, generally of a composite character, have been found. 

The width of a composite vein at any particuJ.ar point is defined 
as the aggregate width of vein matter within the lade whether it occu
pies one or more than one part of the cross-section of the lode. Rarely 
are the wider parts of a composite vein-lode entirely formed oJ vein 
minerals, though narrowed parts commonly are. The composite vein of 
the Hewitt mine (See Figure 5) is chaI"acteristic of the linked-vein type. 
It formed in a lode which has a maximum width of over 100 feet and 
within which as many as four well-defined, mineralized fissures occur 
whose aggr,egate widths of vein matter did not exceed 15 feet. The inter
vals between the fissures are occupied chiefly by comparatively unminer
alized country rock. At the Arlington mine a vein more typiClal O'f the 
breccia-vein type lay ina lode 'of 60 to 70 feet maximum widilh, contain
ing three or four nearly parallel mineralized fi,ssures a foot or so wide 
in br,ecciated granitic rook impregnated with minor amounts of ore and 
gangue minerals. The Silversmith lode which, partiCJUlarly in the lower 
levels, is of the shear-vein type, reached in its better mineralized area a 
width of about 80 feet, but nearly all the vein matter was confined to 
two sections, together less than 20 feet thick following the foot- and 
hanging-walls. The Standard lode, which is mainly representative of the 
shear-vein type, had a maximum width near the main ore-body of about 
150 feet. It incl'Uded two pronounced ore-bearing channels, one near the 
hanging- and the other near the foot-wall, with a combined maximum 
width of about 45 feet. The main, or foot-wall section, attained a width 
of 40 feet, about half of it solid or nearly solid galena and the remainder 
ore of milling grade. Between the foot- and hanging-wall sections the 
lod-e was compos-ed 0.£ more or less sheared, and in 'Part sparsely mineral, 
country rock. Several other composite veins occur in lodes 20 to 50 feet 
wide, 'but such dimensions are far above the average. 



84 

NORTH LODE 

MAIN LODE 

WEST LODE-

No.2 LEVEL 

NORTH LODE 

...... 

t;:-;;=-=--..",~~~~~~- ... ': A I!v LODE 

WEST 
LODE 

G.S.C. 

Figure 5. 

NO.3 LEVEL 

Scale of Feet 
o 700 200 300 
LI __ L-~~~~I __________ ~I __________ ~1 

Plan of parts of Nos. 2 and 3 levels, Hewitt mine, showing positions 
of lodes. 



85 

For practioal purposes the length ofa composite vein-lode may be 
defined as the distance to which the lode has been followed in mining 
operations. Composite vein-lodes are rarely less than 100 feet long, and 
may coniain several app·arently distinct veins with longer interval's of 
barren or only slightly mineralized lode matter between. Lodes that hold 
veins in which quartz is the abuncLant gangue are apt to carry more con
tinuous vein matter than those holding typical silver-lead and silver-lead
zinc veins. The Silv'ersmith-Slocan Star lode has an observed length of 
5,400 feet and contains, from east to west, the Silversmith, Slocan-Star, 
and Richmond-Eureka veins, which ;are about 1,000, 700, and 700 feet 
long, respectively; small amounts of vein matter evidently never con
tinuous with these main veins are scattered along the intervals from one 
to the next. On the other hand, the Hewitt and Van Roi lodes are each 
about 3,000 feet long and oarry almost continuous vein matter. On most 
properties, however, the vein or veins in a lode are short compared with 
the lode; the Idaho lode is more than 2,500 feet long, but the main vein 
is only about 500 fcet long; the Ivanhoe lode is 3,000 feet long, but its
main vein is 700 feet; the Queen Bess lode is 1,700 feet long, its main 
vein 500 feet; the Rambler-Cariboo lode is 2,000 feet long, its principal 
vein 900 feet; the Standard (including Emily Edith, Alpha, and Echo) 
lode has been followed for 6,000 feet, but the main Standard vein was 
00ntinuous for only 1,000 feet. 

Where a lode appears to be continuous with another lode, though con
tinuity has not been actually established, the term correlated length will 
be used to designate the total of the observed lode lengths and the 
assumed connecting intervals of the lode system. For example, the Silver
smith-Sl,ocan Star lode has been followed for 5,400 feet underground and 
by closely spaced surface workings and seams continuous with the Hope 
lode which has an observed length of about 1,800 feet. The correlated 
length of this Hope-Silversmith lode system is about 9,000 feet. Other 
examples are: the American Boy-Last Chance-Surprise lode system over 
a mile long; the Slocan Sovereign-Texas-Reco No.2 lode, 4,500 feet long; 
the Number One-Reco No.3 lode system, 4,000 feet long; the Emily Edith
Standard-Idaho-Queen Bess lode system, over 4 miles long; the Van Roi
Hewi,tt over 8,000 feet long, and which if it includes the Galena Farm 
workings would be over twice as long; the Whitewater lode, about 4,800 
feet long; the Arlington-Specular lode system, about a mile long, or if 
correlated with the Neepawa and Westmont lodes, nearly 4 miles; 'and, 
finally, a wide lode system extending from the valley of Keen creek 
(developed in that vicinity by the Index, Silver Bear, and Silver Bell 
mines) northwesterly a;cross Ky'awats and Klawala creeks to link up with 
developments on the Gibson, Gold Cure, and Bismark properties, and 
having thereby a correlated length of nearly 4 miles. 

Less is known 'a!bout the depths re-ruched by composite vein-lodes 
and composite veins than about their widths or lengths because lodes 
and veins have rarely 'been bottomed. Many lodes have shown distinct 
indications of "tightening" or narrowing in the deeper workings. Depth 
of a lode is defined as the vertical distance between its highest outcrop 
and its lowest known position. The high relief of the Slocan district 
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exposes most lodes to much greater depths thian do the deepest under
ground workings on their veins. For ex;ample the Standard lode from 
the uppermost Echo to lowest Emily-Edith workings is a:bD'Ut 2,200 feet 
deep, whereas the deepest underground working on the Standard vein is 
only about 1,000 feet. . Other examples illustrating the depths of the 
more prominent composite veins and vein-lodes are given in the follow
ing table: 

Alamo ......... .. ............... . . .. . . .. . .. .... . ..... ... .. .. .. . ... . 
American Boy-Last Chance .... ... ... .. . .. . .... .. ..... .. .. . ... . . .. . 
Bosun ........ . ........................... . ............. . ......... . 
Hewitt .......................... . .. . ................ . .. . ......... . 
Idaho .............. .. .. ... .. . . . . .... ... .... . .. . ................ .. . 
Monitor ...................... . ..................... . ............ . 
Queen Bess ................ . ......................... . ............ . 
Rambler-Cariboo. . . . . . . . . . . . . . . . . . . . .. . ............ .. . . . ... . .... . 
Ruth ... ... ..... ... ................. .... .......... . ....... . .. . .... . 
Silversmith-Slocan Star-Richmond-Eureka ...... . ....... . ......... . 
Sunset-Trade Dollar ................ ..... ....................... .. . 
Van Roi..... . . ....... . .. . ... . . ... . 
Whitewater ................................. . ..................... . 

Depth of 
main lode 

750 
1,600 

650 
1,300+ 

800 
500 
700 

1,300 
600 

1,700+ 
1,000 
1,350 
1,500 

Depth of 
main vein 
disclosed 
by mining 

350 
500 
650 

1,300+ 
400 
350 
400 

1,300 
500 
700 
500 

1,350 
1,100 

These figures show that several composite veins have ohserved depths 
of 500 to 1,300 feet and th8Jt a few have persisted thr-oughout the investi
gated depth of the lode. In these as in most other instances the veins 
have not been actually bottomed, though in many cases they narrowed 
to unprofitable widths or changed in mineral composition to an unprofit
able type. 

If the various correlations of the composite vein-lodes, mentioned on 
a previous page, are correct, the maximum range o{ lode depths win be 
mat'erially increased, but there will be n-o corresponding increase in the 
range of the depths of veins in these lodes. 

Composite veins carrytJhe same suite af ore and gangue minerals as do 
single veins. They are usually larger than single veins, bu.t tJhis differ
ence is not directly pl'OIportional to tJhe size of the respective lodes in 
which they occur. Single vein lodes not uncommonly are almost entirely 
oomposed of vein minerals, whereas very considerable parts of composite 
vein-lodes may be fragments and masses of wall-rocks. Ore shoots in 
composite vein-lodes are, however, by virtue of the size of the lode, 
commonly much larger than shoots in single vein-lodes. 

Examples of the linked-vein type of composite veins are afforded at 
the Hewitt mine (dry-ore type) al!d at the American Boy and adjoining 
Last Chance mines (wet-ore type). The lode system at Hewitt mine 
strikes nearly east and west and dips northerly at an average angle of 
70 degrees. It angles slightly across mainly massiv,e strruta of the Slocan 
series near their contact with Nelson granite, tongues of which appear in 
the upper workings. As developed at the severa'l mine levels the lode has 
shown from one to four distinct vein-bearing fissures (See Figure 5) 
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linked together in the one lode system, with intervals of unmineralized and 
relativ€ly barren ground between. The lode matter in the separate fissures 
consists largely of country rock crushed to gO'Uge or brecciated and 
cemented by quartz carrying a varying but mostly small, proportion of 
ore minerals. Locally these minerals are important constituents and their 
concentration has provided sev-eral important ore shoots on the property. 
Records O'f produ{ltion are incomplete, but such as are available indicate 
that over 93,000 tons of are has been mined from this property and that 
this are has contained an aver.age of nearly 14 ounces in silver to the ton, 
over 1 per cent lead, and about 2 per cent zinc. 

At the American Boy and Last Chance mines the main vein-lode 
follows a strongly fissured zone which cuts across Slocan strata and 
numerous porphyritic intrusives on a strike that varies from about north 
45 degrees east on the American Boy to about north 60 degrees east on 
the Last Chance property. It dips southeast at 60 to 65 degrees. The 
lode includes two and in some places more than two, weH-crefined fault
fissures, each marked by from one to several inches of gouge and by a 
vari3lble width of crushed r{)ck. The fissures meet and separate at irregu
lar intervals, forming a braided structure from a few inches to over 20 
feet wide. The main lode is joined in places by vein-bearing fissures 
entering fro.m the hanging-wall side and siniking a few degrees east of 
nor,th. Good ore has formed at the junction of some such fissures wit'h 
the main lvde a,s well as at 'Other p'laces along it. Vein matter as mined 
has consis,ted mainly of argentiferous galena, and zinc blende with quartz 
and siderite as&Ociated with variable amounts of crushed rock. Produc
tion records are incomplete, but indicate an averag-e content of rubout 65 
ounces silver to the ton and 35 per cent lead for American Hoy are; that 
from the Last Chance mine has carried 124 ounces silver to the ton and 
48 per cent lead. 

Breccia-veins, as previously noted, are particularly characteristic of 
lodes in the Nelson granite and occur at such properties as the Arlington, 
Speculator, Neepawa, Westmont, Ottawa, and Fairmont. Unf'Ortunately 
access to the workings w.as so limited tha,t only partial details were 
obtained. The vein matter on each is J'hiefiy of the "dry-ore" type, 
the principal gangue being quartz. The Arlington lode has a maximum 
width 'Of between 60 and 70 feet and has been e~lored to a vertical depth 
of 647 feet. The principal mineralization OC0urS in a series of nearly 
parallel fissures striking about in Ene with the lode. The fissures are up 
to a foot or more wide and are relatively short. They were occupied by 
quartz with bands and less regular masses of mixed galena, blende, 
stephanite, grey copper, and native silver. Where sufficiently concen
trated these metallic constituents formed ore-bodies from which nearlv 
13,000 tons 'of ore, averaging nearly 60 ounces in silver a ton and Blbout 
5 per cent lead, has been produced. Towards the northeast, on the adjoin
ing Speculator group, the lode is sa.id to have a maximum width ott 150 
feet, but has pr·oduced very little (Jre to date. The same lode is believed 
to be continuous northeasterly across the divide between Spr,inger and 
Enterprise creeks and to connect in this direction with the lode on the 
Maibou and Ohio, Neepawa, and Westmont properties. The Enterprise 
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vein may also form a part of this lode system, though it is a single, well
defined, fault-fissure vein. 

In the lower workings of the Neepawa property are two strongly 
Sheared and brecciated zones, each several feet wide, separ,ated by about 
80 feet of fairly massive granite. The two zones are im'J}Tegnated with, 
and the ,crushed fl'lagments partly replaced by, vein minerals which also 
form veinlets and minor impregnations in the intervening granite body. 
The principal vein mineral is quartz. It cements the brecciated waH
rocks and forms vleins and lenses of irregular dimensions. AoSsociated witJh 
this quartz is some spathic iron and, generally, a slight, visible impregna
tion of sulphide minerals, chiefly pyrite and a rosiny zinc blende with, 
more locally, a litHe disseminated galena. In No. 4 adit a few inches 
of banded blende ,and quartz associated with lesser galena was noted over 
chstances amounting to only a few feet. 

The lower workings of the Westmont have been chiefly concerned 
with a strongly sheared and brecciated lode averaging about 4 feet wide. 
It is composed of broken and CTushed wall-rock partly cemented and 
replaced by vein quartz and 0arrying disseminations, pockets, and streaks 
of ore minerals. The quartz also forms ribs and lenses up to 2 feet or 
more thick. It is p&rtly banded and shows some c'omb structure. The 
ore minerals include an intimate but variable association of galena, blende, 
pyrite, grey copper, ruby silver, ,and native silver. 

The Ottawa mine workings develop a wide lode including two prin
cipal, mineralized components,each averaging several feet wide with an 
interval of 30 foot or more of 00mparatively massive granite between. 
Most of the work has hitherto been done on the easterly component 
(Ottawa vein) which v,aries from 2 to 20 feet in width; it is composed 
of gouge, brecciated granite, quar.tz, barite, and ore minerals, tlhe latter 
of which were sufficiently concentrat.ed locally to provide stoping gl'ound 
up to 8 feet wide. Quartz forms vein-l,ike or lens-like masses up to 
several feet wide and also occurs as a cement to fragments of the wall
rock. The are minerals are mostly associated with a large proportion of 
gangue, but also form pockets or small shoots of cleaner material. They 
include argentite, native silver, grey copper (?), and more or less g.alena, 
pyrite, and a rather rosiny mnc blende. In places barite is said to have 
been the predomin.ant gangue and to have been invariably associated with 
high-grade, silver-bearing minerals. 

The Fairmont lode of the Fairmont property as displayed in an open
cut has a width of 12 feet and comprises ahout 6 feet of gouge and 
crushed wall-rock, several stringers of quartz, and, on the foot-wall, a 
4-foot quartz vein oarrying sitreaks and disseminati'ons of ore min'erals 
including zinc blende, galena, pyrite,and some argentite. The lode is 
stated to have been traced for g miles on the surface. Underground it 
has been foHowed continuously, by one drift adit, for 1,200 feet 'and is 
remarkably straight. Near the face ·of the ad it la 2-.foot vein of quartz 
ca>rries pyrite and ,a little galena- and blende. 
. Very similar conditions to those obtaining on the lodes referred to 

above occur ·on other properties in the granite areaiS 'as, for example, the 
Fisher Maiden, Ontario No.2, and Pontiac-Tecumseh. 
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Breccia-vein lodes are not, however, confined to batholithic intrusives. 
Most of the compos~te vein-lodes in tJhe Slocan series show 'here ·andthere 
resemblances io breccia-veins, though in general they may be more fit
tingly includ,ed with other tY'pes. Examples of breccila-vein lodes are 
found on the Alamo, Bluebird, and Hape properties. The Abroo lode, 
which is fairly typical, has been mined 'over ,a length of 1,500 feet and a 
vertical depth of ,about 750 feet. It 'occupies a strongly fissured and 
brecciated zone from a few 'inches to over 9 feet wide and 'composed of 
ore minerals (chiefly galena), of gangue (mainly quartz), and of crushed 
wall-rock. The ore miner·als {JCCll'!' partly solid and partly mixed with 
gangue and other vein filling. BetJween 8 and 9 feet of solid galena was 
discovered at one point in the main ·ore shO'ot. Zinc blende becomes more 
abundant in the deeper workings, where the chief vein mineral is quarrtz 
associated with a little calcite and siderite. Other ore miner,als include 
grey copper, rubysilveT, pyrite, and, lOClally, conspicu'olls amouruts of 
chalcopyrite. 

Where most readily observed the (/ Big vein II lode at ;the Bluebird 
mine is a zone of brecciation, wbout 8 feet wide, cemented mainly by 
quartz and carrying disseminated sulplhides .and pockets of silver-lead ore. 

The Hope lode 'has been mined for a length of 1,800 feet and to a 
vertiCialdepth of about 550 feet. Ii varies f·rom less than 1 fODt to about 
40 feet wide, and has been formed 'by a combination 'of fracturing, shear
ing, ·and fissuring, the prominenc'€ of each prO'cess varying accDrding to 
the nature of the rocks tr'arversed and the angle at Which the lode encoun
ters them. The lode is composed of crushed wall-flock, gangue, and are 
minerals in about iJhis average order 'Of abundance. The abundant gangue 
mineral is coarsely crystalline calcite Which in places occupies most 'Of 
the lode and within the main are shoot occurred principally 'as conspicuous 
bands or long, lens-sha.ped masses, up to 3-} feet thick, lying next or near 
the hanging-wall and underlain in turn by masses of ore mineDals which 
partly replaced and were subsequently m()ulded in t.he c·alcite gangue. 
Siderite and quartz aTe the other gangue constituents. The ohief ore 
minerals are galena, sphalerite, and grey copper. In the productive area 
they formed masses of nearly pure sulp1hides. MixtUres of ore and gangue 
were less common. The sul1phide masses were roughly lens-shaped, vary
ing intJhickness up to 2·} feet and averaging, pro'baibly, 100 feet long. 
They were either strung ·out in line or occurred overlapping each other 
or arranged en echelon. In general they favoured tihe hanging-wall, but 
also occurred near the f.oot-wall as well as within the body of the lode. 
These masses were surrounded by gangue or by masses of crushed and 
cemented fragments of the wall-rocks. 

The th1rd type of composite vein, the shear-vein, has features in 
common with those already discussed. Veins of this type occur in more 
intensely and completely sheared ground than is typ'ical of the linked
veins or breccia-veins and they are apt to. be small in proportion to the 
lodes tJheyoccupy. These lodes are zones of relatively un,stBible ground 
along which any strain in tihe enclosing formak,ions is readily taken up. 
Vein matter deposited in them is generally deformed, is not apt to be 
continuous, and, except under the more favourwble structural conditions, 
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is not likely to be of ecoU{)mic importance. Suoh shear-vein lodes are 
most typically formed .along belts of slaty, fissile rocks such as compose 
a large part of the Slocan series. These belts of rock have a general 
northwesterly strike and many prominent shear zones trend in rtJhis (firec
tion, though few have been mineralized to any notable e~ent. Shear 
zones in comparatively strong rocks or in a continuous vein-lode have 
proved in several cases to be well mineralized. The same suite Di ore 
and gangue minerals occurs in these lodes as in other ty:pes of composite 
veins, burt vein deposits in them are likely to be much brecciated, dis
tOlted, and even considerably displaced. 

Fea'tures of this sort are well illustrated in the Silversmith-Sloc:an 
Star lode system on the Silver-smitJh, Rubh-Hope, Slocan King, and Rich
mond EUTeka properties. From west to east this correlated lode trends 
southeasterly from Ruth-Hope to. near Silversmith ground where it curves 
east and then northeast, maintaining the last direction for about 1,000 
feet, in which stretch lay tJhe great Silversmi,th ore shoot. Farther along 
its course the lode swings abruptly ,to the southeast for several hundred 
feet until it reaches the Slocan Star claim. In the next several hundred 

'feet, including that section of the lode once occUipied by the Slocan Star 
ore~hodies, the lode gradually turns east and then northeast and in the 
latter direction enters Slooan King and Richmond-Eureka ground. For 
most of its developed length of over a mile this lode intersects chiefly 
argillaceous sediments of the Slocan series. West of the Slocan Star mine 
workings, however, it swings from northwest to soutJhwest around a plug
like body of feldspar pOl1Phyry, which forms its hanging-wall in the Silver
smith mine. The average dip oJ the lode is wbout 47 degrees southeruy. 
The irregular course of th'e lode is due partly to thesbruoture of the 
enclosing sediments and partly to the plug-like intrusive. The lode formed 
by a ,combination -of strong fissuring and shearing, the latter being par
ticularly pronounced where the lode follows Dr swings to follow the rock 
structUTes, especially where these 'Structures involve slaty or soft, argil
laceous rocks. In intermediate stretches, where the lode cuts more directly 
across the stronger sediments, it is narr'ower, s.traighter, and f.oJ"IDed more 
by fissuring than by shearing. Wide, sheared sections are principally 
developed where the lode is curved Dr has been guid'ed by rock Sltructures. 
The curved parts formed favourruble si,tes for mineral deposition as in
stanced by the Slocan Star ore-bodies, and to som~ extent by the Silver
smith -ore shoot. In the Slocan StaT workings ore was e~racted almost 
continuously for maximum dimensions of 500 feet length, 850 feet vertical 
depth, and about 20 feet thickness. This ore was a mixture of ore and 
gangue minerals (principally galena and siderite) and was associated with 
varying, and in places large, proportions of sh~8ired and slickenSiided wall
rocks. Northwest of these ore-bodies the lode carried very little vein 
matter, but is strongly denned by a wide zone of sheared 110cks. At 
intervals small pDckets of, chiefly, galena were discovered and showed 
evidence of deformation and, in part, probahly displacement. East of the 
Sloca~ Star ore;-bodies the lode intersects harder ground, is narrower, and 
has Ylelded strmgers· and lenses up ,to 1 foot thick and 50 feet or more 
long of quartz, quartz and siderite, or S'ideri.te carrying some sphalerite, 
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cralenaand pyri~e. However, for much of the section of about 1,500 feet 
betwee'n Slocan Star and Ricihmond-Eureka ore-ho·dies, the lod.e is essen
tially barren. Along the northeasterly oourse from Slocan Star ground, 
which cOl'responds with the average strike of the fissure veins in the 
district, the Richmond-Eureka ore-bodies- occur. 

The swing westerly from Silversmith to Ruth-Hope ground marks 
an intensely sheared zone. In the lower workings on these properties 
the shearing is confined principrully to foot- and hanging-wall sections 
of the lode. Each sec-tion consists of sheared, slickensided ground from 
several to over 50 feet wide, and is sepal'ated from the other by a wedge 
of comparwtively massive rock which increases in width downwards, and 
in the lowest workings is lOver 100 feet thick. Miner.alization is mainly 
confined to the two sheared sections and was greatest at their junction 
near ·the heart of ·tJhe main SilversmitJh ore shoot. On either side of this 
shoot mineralization varies in continuity and character. To the nor,th
east it c·onsists in the lower workings of only occasional streaks and 
scattered small lenses of gangue minerals, chiefly quartz, and a little 
pyri,te and blende and, more rarely, galena, but one small body of lead-
2iinc ore was stoped from the upper levels several hundred feet from the 
Silversmith shoot. In the opposite direction (on the Ruth-Hope property) 
ore had been (1927) fonovyed almost continuously along bhe foot-wall 
section of the lode for 300 to 400 feet, but the hanging-wall sec-tion proved 
less attractive in the shorter distance explored. The foot-wall vein min
erals formed a succession of par.tly overlapping, lens-like bodies con
form~ng in contours with minoT undulations in the enclosing rocks and 
composed of clean galena, clean blende, and mixtures of the two asso
ciated with varying proportions of spathic iron and quartz gangue. The 
common succession from the outside to the central parts O'f the lenses 
began with quartz and passed gradually through spathic iron and zinc 
blende to a galena ore. The galena was mostly gneissic (:banded), indi
cating that it had been sheared, a suggestion wen ,supported by the 
associated, highly sheared lode filling. 

Among the many other shear-vein lodes in the Slocan camp might 
be mentioned those on the Whitewater, Welling,ton, Ivanhoe, Lu~ky 
Thought, Mammoth, Mohawk, Silver Bear, and Black Grouse properties. 
Most of the larger vein-lodes in the district are sheared to an important 
degree, though in other respects .they are better classifi-ed with the other 
tJwo types of composite vein-lodes. 

Composite veins differ i'rom single veins not only in form but in 
having been repeatedly fractured, consequently there has been repeated 
deposition of vein minerals and a vein once formed mainly of worthless 
gangue may have become valuable by fracturing and introduction of ore 
minerals. This lends encouragement to the complete exploration O'f com
posite veins that ·otherwise might not be expected to contain worthwhile 
mineralization. Single veins, on the other hand,are regarded as 
having formed from 'asjngle incursion of vein~forming solutions, and once 
bottomed or the profitable vein matter extracted they present no further 
attraction. However, single and composite veins are not always readily 
distinguishable. Though single veins were mineralized in a fairly uniform 
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sequence of ore and ganmue minerals, this sequence is read~ly disturbed 
by changes in conditions. Only part of the sequence m8lY be present (as 
in some of the d'ry-ore detpos-its) , or the same mineral or minerals may 
be repeated (as in simple, banded deposits), or the sequence may appear 
to be in part revers-ed, 'as in certain deformed deposits. Irregulariti.es of 
this sort may be difficult to differentiate from the effects of composite 
mineralization. 

The best criteria of composite mineralization are: (1) Ihrecci'ation of 
vein minerals and their cementation by the same or different minerals; 
(2) the presence of mineral-filled fractures angling 'across vein deposits, 
or occurring as band-like parts with sharp boundaries and composed of 
distinctive mineral assemblages; and (3) reversals in the normal order 
of mineral deposition. 

(1) Brecciation and cementation ·are well shown in many com
posite veins, principally as fragments of vein matter or wall-'rock sur
rounded or partly surrounded by a different mineral or mineral aggregate 
(Plate XII A). Brecciatilon is also indicated! in a mass of vein matter, by 
fragments of wall-rock carrying minerals distinct from those in the vein 
matter or intersected by veinlets abruptly terminated at ·the bound'aries 
of the fragments. In the main vein-lode of the Wonderful mine 
fragments of wall-rock are heavily mineralized with pyrite and 
pyrrhotite, and aJre surrounded and par.tly replaced by later vein matter 
consisting chiefly of galena and s·phalerite. A somewhat s1milar reLation 
was observed in the Whitewater Deep workings, where fragments of limy 
rocks miner'alized with pyrite are partly replaced by loater sphalerite. In 
the Silversmith-Slocan Star -lode ewst of the main Sloe an Star workings, 
narrow bands of spathic imn with a little quartz and no ore minerals are 
separated by ·about equal widths of wall-rock carrying muClh disseminated 
pyrite and narrow veinlets of quartz. The quartz veinlets do not extend 
into the spathic iron bands, but represent a genemtion of quartz earlier 
than that associated with the siderite. Two stJages of mineraliz·ation are, 
therefore, present, the first was-characterized Iby the introduction of pyrite 
and quartz and the second by the f{)rmation of &pa,thic iron and quartz. 

Excellent illustrations of this type of -composite mineralization were 
seen in the Van Roi-Hewitt composite vein-lode. Plate XII B pictures a 
specimen from the Van Roi mine in which at least two and probably three 
stages of vein quartz deposition may be recognized. The first generation 
(marked 1) intersects part of the wall-rock of the vein-lode; a second (2) 
surrounds, replaces, and 'cements fragments of wall-rock and are minerals 
(galena and sphalerite). This second generation also cements numerous 
quartz fragments, each of which is surrounded by a thin, brownish film of 
spathic iron. The same thin film lies along the wall of the vein (as at point 
4) ,and around the fragments or along fractures in the are . minerals. It 
can be vaguely seen in the picture surrounding a piece of quartz (at point 
5) which in tum veins a fragment of blende. A much larger fragment of 
quartz lies below point 2 in the picture. The sequence of events is, in part, 
fracturing followed by the incursion of quartz and associated galena and 
sphalerite, then a secon~ period of fracturing followed by the incursion of 
quartz and ferruginous carbonate. 
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PLATE XII 

C = Calcde 

rock f"ragl?7en-o . 
ve/ned wIth pyote 

.\. L ~' d::.rp ]l)att t\l' from \7<111 TIoi mine': showing narrow, e\'en J'ints of f]1I.lrtz 
(tl'ollild l)n~(T j:lt('d frag'tn(,llt-s of "'nll-I'o('k. the remaining illterstices 
hcing fillet! cllicfl.,· with cale it(,. (\'cp:. \'0.72212.) 

I3. Yein lIlattcr f rom the "an Roi mine : illustrating dift'ere,'lt p:enerntion, of \'ein quartz 
and their r elation s to associated ore and gangue minerals and ,,·n ll-rock. (Keg. )10 . 
72211.) 
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A specimen of vein matter from the Corinth mine contained a small 
rock fragment intersected by tiny veinlets of quartz and completely sur
rounded by sphalerite except for a narrow rim of spathic iron which partly 
surrounds the rock fragment and cuts off the quartz veinlets. The sphal€rite 
body is, in turn, completely surrounded by coarsely crystalline calcite. 
Apparently vein quartz was introduced, brecciation took place, then vein 
matter carrying sid€Tite and sphalerite .vas introduced from which the 
siderite was first deposited, and some time after deposition of the sphalerite 
the vein matter was further disrupted and recemented by -calcite. In this, 
as in the majority of cases, however, it is difficult to decide on the relative 
age of calcitea;s, under deformative conditions, it may mould itself around 
fragments of rock and vein minerals, giving the impression of being the 
last mineral to form when in reality it may have been one of the earlier 
minerals. 

Where fragments of a single mineral, such as quartz, occur in a matrix 
of the same mineral the evidence for two periods of mineralization may 
not be convincing unless other supporting proof is obtained or unless the 
quartz matrix and the fragments have distinctive appearances. Otherwise 
such a relationship might merely indicate brecciation of a quartz vein w.ith
out sU'bsequent introduction of more vein quartz. In other, numerous 
instances where small bodies of one or more minerals are scattered through 
another mineral, this relationship is not always evidence of brecciation and 
cementation. The small bodies may have replaced the enclosing mineral 
much in the same fashion as ore and gangue minerals have replaced wall
rocks; or the smaH bodies 'and the enclosing mineral may have consolidated 
together, as so commonly seems to be true of chalcopyrite in sphalerite, or, 
if ,consolidation was not contemporaneous the two classes of minerals may 
have been introduced together, as in the case of grey copper in galena; or, 
the enclosing medium, particularly if it is calcite or galena, may have been 
given the appearance of holding the included smaller bodies asa result of 
deformation, though all the minerals may have been deposited at about 
the same time. 

(2) All gradations exist between brecciation and cementation, as de
scribed above, and ·a condition wherein mineral-filled fractures cross older 
vein matter. In places these fractures are so numerous ·and large that they 
exceed in bulk the vein matter they intersect. The same effect may also 
be produced with relatively few fractures where important replacement has 
extended outward from the walls of the fractures. Commonly the fractures 
crossing a lode forma nearly 'parallel system extending from waN to wall. 
The material added generally consists in part of ore minerals, and, therefore, 
except where .important replacement of ore minerals has taken place, 
increases the total metal content of low-grade lode matter and, in most 
cases at lea;st, does not decrease the metal content of high-grade deposits. 

The Big or West lode of the Utica mine varies in width from 3 to 20 
feet; is main:Iy composed of crushed and sheared rock fragments; and 
possesses well-defined walls marked by heavy seams of carbonaceous, 
slickensided gouge. In the productive section, which had a length of about 
400 feet on the main level, the principal values were found ina succession 
of ore shoot.s crossing the lode fram wall to wall, with comparatively barren 
intervals between. The location of these shoots was influenced by cross-

80437-7 



94 

fractures. Much the same condition governed the deposition of a large 
part of the rich silver-lead ore in the main shoot at the Standard mine, which 
consisted of a series of bands or lenses of ore angling across foot- and 
hanging-wall sections of the vein-lode with intervals of crushed, car
bonaceous ground. This structure was probably in part the result of 
deformation that continued into post-mineral time. It led to the deposition 
of galena in a vein deposit which, at an earlier stage, carried z.inc blende 
as the chief ore mineral. Likewise in the Silversmith-Slocan Star lode 
cross-fractures striking diagonally across the lode and intersecting wide 
bands of chiefly siderite and crushed wall-rock were mineralized with clean 
galena or with galena mixed with blende and gangue minerals. In all the 
cases mentioned, the later added minerals not only filled the new fractures 
provided but replaced the lode matter on either side. 

Very similar processes seem also to have enriched deposits of dry ore. 
'f·he West vein at the Anna mine lies in a sparsely mineralized, partly silici
fied, breccia-vein lode about 15 feet wide in the Nelson granite. The lode 
has well-defined walls marked by several inches of gouge and is traversed 
by a series of cross-fissures and parallel fissures in which ore minerals are 
concentrated to fol'lIIl shoots averaging aJb~:)Ut 50 feet long and up to 2 feet 
wide. The shroots .are .composed rprinClipally of stephiaruite and grey copper 
with a little ga'lena, zinc bl~mde, and, in places, considerable chalcopyrite. 
Quartz is the abundant gangue mineral and was introduced in part before, 
and in part at about the same time as, the sulphides. The last generation 
of quartz is associated with a little barite. In the productive section of 
the McAllister mine the chief values were found in small, rich shoots 
occurring 'at intervals along the vein-lode and composed chiefly of high
grade, silver-bearing minerals, principally grey copper. The main vein 
itself is 'composed chiefly of quartz and varies in width from 3 to 9 feet. 
The positions of the shoots were governed, at least to some extent, by 
cross-fissures intersecting the vein at a small angle, and this feature suggests 
that the bulk of the are miner,als were introduced after a fracturing of the 
quartz vein. 

An indication of more than one generation of mineralization is also 
afforded by bands, mainly composed of a single mineral, that follow, for 
the most part, the course of a composite vein and are sharply defined a~ainst 
vein matter or wall-rock. The presence of such bands suggests the occupa
tion of fractures formed by re-opening of a vein or vein-lode during the 
period of mineralization. Where one or othel'or both walls of a lode are 
sharply defined, as by a seam of gouge or a smoothly slickensided rock 
surfa'ce, 'any reopening would be apt to occur along such walls and, in con
sequence, subsequent mineral deposits would likely form there. Suoh 
later deposits differ in the nature of their contacts with adjoining vein 
matter from Ibhose that :form in this positJion as a result of simple fissure 
filling. The contacts are not gradational, but are characteristically sharply 
defined 'and the bands may, at intervals, angle across the vein to run along 
the opposite wall. They rarely occur along opposing faces of both walls. 
At the Flint mine a 'band or "paystreak" composed mainly of ~alena, and 
varying ,from an inch to over 3 feet thick, lay chiefly along the hanging-wall 
of the Flint vein-lode which varies in width from a few inches to over 11 
feet. In places the paystreak crossed to the foot-wall of the lode. It evi-
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dently formed subsequent to the remainder of the lode, which is composed 
of crushed granite, quartz, siderite, zinc blende, pyrite, and galena. The 
'Wakefield vein affords a further illustration. There the lode was first 
occup,ied by 'a vein of calcite lying bebwe€n sharply defined walls and in 
places several feet wide. Reopening of the vein along, principally, the 
hanging-wall permitted the incursion of solutions depositing calcite and ore 
minemls across an average width of about a foot. Subsequent shearing 
resulted in the formation of a breccia with fragments of ore minerals 
(galena and blende) scattered through a matrix of calcite which had 
moulded itself around the sulphide fragments. Later movements reopened 
the vein alDllg the walls, principally the hangiDJg-wall, and resulted in the 
deposition ofa narrow paystreak of galena inter banded with zinc bien de 
and associated with a variable amount of quartz. The boundaries of the 
paystreak with the vein breccia are commonly marked by thin, film-like 
seams of crushed, carbonaceous rock. Very similar relations occur in the 
Hope vein-lode, though the structure of this lode is, on the whole, more 
complex, in that reopenings were not confined to the walls as the Iater 
mineralization formed to an important extent along fractures diagonally 
crossing the lode. 

(3) In a subsequent section of this report on paragenesis the normal 
sequence of deposition in a silver-lead-zinc deposit will be shown to begin 
with quartz and to be followed in order by siderite, sphalerite,and galena. 
A vein containing a complete suite of the essential vein mineral might be 
expected to have quartz along both walls followed within by successive 
bands of siderite and blende, and with galena mainly in the middle. The 
bands would grade into one another and the proportion of the chief mineral 
in each would vary, depending upon the composition of the mineralizing 
solutions. Otherwise, however, any abnormal sequence of mineralization 
would indicate that mineralization had taken place during more than one 
distinct stage. The Flint and Wakefield veins, for example, composed 
mainly of spathic ~ron (or calcite) and sphalerite, but containing a pay
streak of galena along one or both walls, suggest two stages of mineraliza
tion of which the later is represented by the galena formed a'S a result of 
the reopening of the zinc-bearing vein.. At the porlal of No.5 'adit, Jack
son mine, a 2-foot dyke within the vein-lode is overlain by Ii feet, mainly 
of galena, and underlain by nearly 4 feet of brecoiated vein matter consisting 
of a mixture of quartz, siderite, bien de, and crushed argillite. The distinct
ive types of vein mineralization on the two sides of this dyke are indicative 
of composite mineralization. Very similar relations existed along the main 
sections of the Idaho and Richmond-Eureka veins where paystreaks of 
clean galena occurred along the hanging-wall of the veins and were under
lain by vein matter, largely of gangue. 

Attitudes of Lodes and Veins 

A relation seems to hold between the degree of productiveness and the 
directions followed by the lodes and veins. On Figure 6 are plotted the 
courses of all the productive lodes concerning which reliable information 
could be obtained. Although the lodes strike in almost every direction, 
those striking between north and east are much the more numerous and 
include nearly all the veins that have individually furnished ore worth more 
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Figure 6. Strikes of productive lodes in Sandon and Slocan map-area . 

Explanation of Figure 6. Lines in the NE. and SE. quadrants represent strikes 
of lodes intersecting the Slocan series. Lines in the NW. and SW. quadrants repre
sent strikes of lodes intersecting granitic rocks, the Kaslo series (K) , and the Lardeau 
series (L). Lines not bearing a number or two letters represent single lodes; other 
lines bear numbers indicating the number of lodes represented by them. Lines 
extending from the centre of the figure to the innermost circle represent the strikes 
of lodes each of which has produced ore valued at 10ss than $10,000; lines exte ndin~~ 
from the inner circle to the next represent lodes credited with productions valued 
at more than $10,000 but less than $100,000; lines extending between the next two 
circles represent lodes credited with productions valued at more than $100,000 and 
less than $1,000,000; lines extending between the two outer circles represent lodes 
credited with productions valued at more than $1,000,000. 
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than $10,000. The figure flll'ther indicates that productive lodes in the 
Slocan series greatly outnumber all those in other formations, and that of 
the latter only those in the Nelson gr·anite are important. It is obvious, 
too, that the proportion of important producing properties in the granitic 
rocks is much smaller than among those in the Slocan series, comparatively 
few being credited with a production worth more than $100,000 and only 
one, as against eleven in the Slocan series, exceeding the million dollar mark. 
All the productive lodes in the Slocan series that have produced ore to the 
value of $100,000 or more have strikes lying in the northeast quadrant and 
nearly 60 per cent of these strike between north 30 degrees east and north 
60 d.egrees east. In the granitic rocks, six of the seven lodes that have 
yielded more than $100,000 worth of ore strike between north 30 degrees 
east and north 50 degTees east, but the seventh and largest producer strikes 
north 57 degrees west. 

Most of the productive lodes dip southeasterly. Of the lodes in the 
Slocan series that strike northeasterly, 90 per cent dip to the southeast, and 
of those dipping in the opposite direction only four have supplied any con
siderable amount of ore. It is noteworthy that these four are situated close 
to the main granite contact. In the granite areas, on the other hand, only 
about 60 per cent of the northeasterly striking lodes dip southeast. 

The dominant northeasterly trend of the lodes in the Slocan series is also 
the trend of a master system of jointing, and it is reasonable to suppose 
that fissures would develop more readily along such joint fractures than 
across them. The northeasterly trending fissures cut sharply across the 
strata and, therefore, wo.uld afford more permanent channels for ore deposi
tion than those more nearly parallel to the bedding planes, along which the 
more pronounced shearing has occurred and where fi·ssures, in consequence, 
would be more easily destroyed. The importance of the northeasterly strike 
and southeasterly dip of the fissures in the Slocan 'series may also be partly 
due to the fact that as this strike is very nearly parallel to the main batho
lithic contact and the southeasterly dip is toward it, these fissures were more 
readily entered by mineralizing solutions from the batholithic granitic source 
than those that strike or dip in a contrary direction. This last explanation 
is supported by the fact that lodes with a northeasterly trend and south
easterly dip are of less relative importance in the batholithic intrusives than 
in Slocan strata. ]\lIoreover, lodes of more than average economic value in 
the Slocan series that dip other than to the south or southeast are so close 
to the batholithic contact as to render the direction of dip of less probable 
importance. 

Structures of 11 eins and Lodes in Relation to Rocks Traversed 

'Where lodes pass from massive to slaty or otherwise less competent 
rocks single veins may ~plit into composite veins. A single vein following 
the bedding oj' schistose structures of the enclosing rocks is apt to split into 
two or more major, and perhaps a number of minor, veins, each tending 
to follow different structural planes. 'Vhere a single vein changes from a 
steep dip to a lower angle it may become composite. Though composite 
veins are more common in soft than in hard rocks they occur in the latter 
where these have been sheared and brecciated. Breccia-veins are, for 
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example, conspicuous in the batholithic rocks and are probably more 
char.acteristic of them than of sedimentary formations, where shearing, 
mashing, and slipping of competent against less competent members are 
more noticeable features. 

The a.ttitudes of veins and lodes intersecting rocks of uniform char
acter, such 'as the batholithic rocks or the more m8lssive members of the 
Slocan series, may exhibit considera:bl<e regularity, but much variation, 
particularly 'in dip, may 'be expeoted in a complex .assemlblage of strata 
such as characterizes part of the Slocan series. In croosing from soft, 
more or less fissile bedlS to harder or more massive strata the lode dip is 
commonly steepened. Generally, too, both lodes and their contained 
veins narrow in the hardBr rocks, though maintaining a more regular width 
than they do in softer form8ltions wheretihey may pinch and SlWell irregu
lady or even fray out into a number .of small, discontinuous, vein-bearing 
fissures. r,t has been a common experience to discover that where lodes 
crass dykes or sills in :softer, less competent sedimentary rocks, their dip 
steepens and the lodes narrow. 

In general, slaty or otherwise fissile or t'hinly laminated rocks, such 
as form wide belts of the Slocan series, do not C'arry veins, except where 
they have been supported by adj-acent, more massive beds or by igneous 
ribs. The Whitewater lode, for €xample, lies within and strikes almost 
parallel with a wid€ belt of slates which in the vicinity of the lode are 
supported by strong ribs of quartzite and bya number of crossing dykes. 
In most C8iSes, however, fissures, and, therefore, veins, on encountering 
slaty ground tend to split 'and end. An rupparent cOl)tradiction to the 
rule is afforded by such important deposits as the Slocan Star, Silversmith, 
and Standard, where the bordering rocks are notably soft ,and sheared, 
In these cases, however, the deposits (lecur in exceptioll'wlly wide and pro
nounced zones of shearing 'and fioouring that are enclosed by quite massive 
and competent members of tJhe Slocan series. 

The relations existing between the numerous dykes and the veins and 
lodes 'are important. Most of the acid dykes or "porphyries" have a 
general northwesterly trend closely al1ned with that of the SloC'an series 
with which they are chiefly associ'ated. As the dykes are on the whole 
more competent rocks than the sediments shearing hasoommonly taken 
place along their contacts and the sediments have in most cases suffered 
the greater def.ormation. FissuT'e veins .or vein-lodes that cut across the 
Slocan series and encounter dykes witJh their at·tenci'ani borders of sheared 
rock are likely to appear to have been cut by fault", that foHow the oourses 
of the dykes. Analogous conditions may also obtain in relation to any 
comparatively resistant bed or group of beds of t.he Slocan series. 

The mafic dykes, as oontrasted with the more acid types, are much 
less r·egular in trend and dimensions, and in many CaB'es both witJhin the 
Sloc'an series and the Nelson batholith they and veins follow the same 
lodes. In a few instanBes small basic dykes cut acros's veins, bu.t most 
of the basic dykes have been involved in the shearing tha.t develo.ped the 
fissures occupied by the veins and have themselves been subjected to a 
certain amount of mineralizwtion. This close association of veins and 
hasic dykes seems to mean that fissuring was in progress for a consider-
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able time; that bhe dykes were intruded during an early stage; and bh'at 
the mineral solutions rose during a ilater stage. Presuma;bly, ,the hasic 
dykes and mineralizing solutions are closely related in origin. 

Dykes have also influenced dispooitionof vein mineraliz'ati()n by 
deflecting mineral solutions into certain channels or sections of channels, 
by forming walls agains.t which ore and gangue mineraus tend,ed to con
centrate, by deflecting fissures, and by concentrating in their vicinity the 
effects of fissuring. 

Faulting of Veins and Lodes 

A system of pronounced shear z'ones in the Slocan series strikes north
westel'ly with the general trend of the strata and at right angles to so 
many ()f the vein-lodes. CruSihing, shearing, slipping, ,and brec'Ciation of 
the rocks are most pronounced where the ruptures conform closely with 
the bedding, and in many such cases involve widths of from 50 to 100 
feet ()r more. Much of this deformation took place before mineraliza
tion, but in part after the development of the northeastel'ly striking 
fissures and zones olf fissuring that subsequently were mineralized. Hence, 
what appear to be rtJhe faulIted parts of a single vein may be two distinct 
veins formed in separate pa'ftls of a fissure that had been faulted in pre
mineral times. Veins in the same lode separated by a seemingly inconse
quential fault may have fomned lllt different times and under different 
conditions; they may be quite unlike in mineral composition. A fissure 
may carry an important ore deposit on one side of a fault .and be barren 
. on the other side. Banking up of vein against gouge in a fault that 
cuts off the mineral-bearing fissure is good evidence that faullting com
menced before and not after mineralization. It has been rather common 
prac,tice in the Slocan to claim that a vein on one property is the con
tinuation ()f a vein on ad}acent or nearby properties and if the two 
veins are not in line to assume faulting somewhere between. In most 
cases, however, the correlation of the veins is based on the correlation 
of the containing lodes and involves tJhe unwarranted assumptiOtIl that 
vein matter everywhere within such a lode was deposited at the same 
time and is of the same sort. 

In the batholithic intrusives there is no such pronounced direction of 
shearing nDr predilection for mineraliz,ation to occur OtIlly in fractures 
striking northeasterly (See Figure 6), and more of the faults affecting 
mineralized fractures seem to be post-mineral. The Enterprise fissure
vein, the most pr()du{)tive of any yet discovered in Slocan City mining 
division, strikes nortJh 50 degrees east and dips about 70 degrees south
east. One major and several minor faults cut it at lllbout rigM angles. 
A displacement of aibout 60 feet has taken place along the main fault 
and on either side of it the vein matter foruls shoots of ore. Similar 
rehtions hold in tJhec'ase of the smaller f.aults. On the Howard Fraction 
group a silver- and gold-lbearing quartz vein, striking east and dipping 
at a low angle to the north, is at intervals faulted froon 3 to 8 feet. The 
faults are post-minera;1. Similar rel,ations were observed in veins occurring 
in stocks and stock-shaped 'apo'jYhys'es of the batholith, as at the Molly 
Hughes mine. The general oonclusion is that, though in the larger miner
alized shear zones and mineral lodes in <the Nelson batholibh some move-
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ment occurred during the period of mineraliz-a.tion, yet the principal faults 
affecting the lodes are post-mineral and, consequently, such lodes may 
be expected to carry the same type of mineralization on eit,her side of 
the faults. 

REPLACEMENT DEPOSITS 

Beds of limestone or other no,ta.bly limy strata have been locally 
e~tensively replaced by vein minemls. The 'widths of the fissure or 
fissures providing access for mineralizing solutions are insignificant as 
compared with the widths of replaced limestone on either or both sides. 
At the Lu-cky Jim a limestone belt from a few feet to over 100 feet thick 
is intersected, nearly at right angles, by a series of straight, persistent, 
and nearly para.llel fractures striking north 50 to 55 degrees eas·t and 
dipping steeply to the southeas,t. Thes'e fractures conespond with a well
defined system of }ointing in the limestone and adjoining rocks. They 
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Figure 7. Vertical section. in part diagrammatic, Lucky Jim mine, showing two of 
the principal ore shoots (represented by pattern of dots) and boundaries of the 
limestone belt (indicated by pattern of sloped ruling). 

vary in width from mere cracks, along which a little or no mineraliz'a
tion is evident, to others that were probwbly open fissures but whose 
widths have been obscured by extensive mineral replacement Df the wall
rocks. Some movement along a few Df these fis-sures is indicated by off
sets in the . limestone contacts and by grooves along the wal'ls. Replace
ment outward from groups ocr these fissures formed a successiDn of 
chimney-shaped ore-bodies varying from about 10 feet to 50 feet in 
diameter and extending ver,ticaHy for from 150 to 250 feet (See Figure 
7). Where the fissures were closely spaced Dr the direction of replace-
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ment was controlled by a narrow, comparatively impervious dyke or dykes 
within the limestnne beR, replacement of the limestone either extended 
from fissure to fissure or was deflected laterally beneath the dyke rocks 
and formed, in both c'ases, mineralized zones u~ to several hundred feet 
long. The ore in some of the s,hoots was nearly solid zinc blende. In 
others it was a mixture of blende, with a little galena, pyrite, calcite, and, 
more rarely, qual'tz, and varying proportions of unreplaced limestone. 
Galena was most abundant at the higher elevations and pyrite became 
in general most plentiful in the lower workings, where it was intimately 
associated with blende. 

In the Wlhitewa'ter Deep workings small fissures numing out from the 
hanging-wall of the main Whitewarter vein passed through a heavy lime
stone formation, which was extensively replaced to form large ore-bodies. 
At the Cork-Province mine the principal mineralization formed where the 
main vein angles across a series {)f limestone beds. At such intersections 
the limestone is replaced chiefly on the hanging-wall side. Replacements 
of a similar character occurred at the CaledDnia property near Bl.aylock, 
at ,the Montezuma and Lincoln mines, and on properties southeast of 
Keen creek in the vicinity of and including bhe Bismark and GibsDn. 

Replacement of other than limestone or notwbly limy strata has been 
important in many properties, but not to <the same degree. The not&ble 
ore-body discovered on the Surprise occurred mainly between the walls 
of a wide porphyry dyke (or closely spaced succession of dykes), and 
developed in large part as the result of replacement of the dyke rocks. 
This ore-'body was somewhat ellipsoidal. The centr,wl 'part was composed 
chiefly of high-grade silver-lead ore; bhe outer part contained mainly zinc 
blende w,hich decreased in amolmt inwardly. Brec·cia-veins in the 
granitic rocks, sUClh as those occurring at N eepawa and Wes'tmont mines, 
show!libundani evidence of replacement of rock fragments, principally by 
quartz. 

Replacement deposits commonly preserve the original structures and 
textures of the rocks replaced. This feature is particularly well shown 
in limestone replacements, where the ore is in places beautifully banded, 
corresponding to the original bedd'ing stmc<tUTes. The bands may be 
only a small fraction of an inch wide but each is composed of different 
proportions -of ore and gangue minerals. Under the micros'cope original 
grains of calcite are seen to be represented by pseudomorphs of galena. 
In some cases the galena is cTowded with impurities and the individual 
grains may be bordered by small grains of pyrite fDllowing the boundaries 
of the original c'alcite crystals (Figure 8). 

'nhe most important ore miner,alof the limestone replacement deposits 
is sphalerite. It is commonly associated with some g3ilena and locally 
galena maybe more abundant. Pyrite may also be conspicuous, as in 
the lmver workings on the main 'ore-'bodies at the Lucky Jim mine. Other 
sulphides, such as ,pyrrhotite,arsenopyrite (rare), and high-grade, silver
bearing minerals may also be present, though replacement bodies 'as a 
whole carry low silver values. Gangue minerals mayor may not be 
important constituents. Generally, siderite is m-ost abundant. At the 
Lucky Jim there is very little gangue of any sort, but at the White-
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water Deep and Cork-Province siderite is wbundant. Some quartz and 
oalcite are generally present, but are subordinate to the iron carbonate. 

Replacement deposits inouher than limestone rocks contain the same 
minerals as the associated vein deposit and in much the same proportions. 
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Figure 8. Camera-lucida sketch of Lucky Jim ore (188). 
Magnification: 40X. 

ORE SHOOTS 

Most of the ore shoots are parts of vein deposits, but 'a few are 
largely replacements. The ore shoots in veins are the parts that may be 
profitaJbly mined. Such parts may include most of a vein deposi,t or only 
a ,small 'Part of it. The silver-lead and silver-lewd-zinc veins, particularly 
single veins, are more apt to c-ontain relatively extensive shoots and to 
consist of solid or neaTly sol'id ore than veins mined primarily for silver 
or silver and gold. . 

The ore shoots in veins are lens-sh3Jped or taJbubr. In general they 
are ' thin, but in special circumstances, as for example where masses of 
ore have been dragged fr:om their original positions in the lod-e by post
mineral movements, they may form com'Paratively thick ellipsoidal mas-ses, 
but of no consideraJble bulk. Bodies of this sort have been [{lund in the 
Silversmith-Ruth Hope and Stancj.ard vein-lodes. In other instances ore 
shoots may be more or leSiS ,cylindrical or cigar-slhaped, as ,at the Bosun 
mine, or chimney-shaped, as at the Montezuma and Bismark. 

Some ore shoots are composed almost exdusively of ore minerals; 
others hold various proportions of -ore .and gangue minerals. Some ore 



PLATE XIII 

A. t'pC'~'illll'll o[ handC'd zint' n]'C' Fro!1l :\(). R l('n,l. Pn,nlP mine. (·ol1tposed Cllicfi,r of 
'ph"leritl' ""d siderite. ();qr. Xo. 72208.) 
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shoots, especially in single veins, are 'essentially uniform. Others consist 
of several dos-ely adj acent bodies of ore each sharply defined, or one or 
more may grade into adjacent low-grade vein or lode matter. 

The silver-lead are shoots in single veins may consist almost entirely 
of galena, and though possilbly only a few inches wide yet by reason of their 
purity 'and high silver content may be mined at a profit. Such shoots have 
the form of veins and may occupy the entire, or almost the entire, width of 
the lode in which they occur. Gangue minemls when present tend to form 
bands along one or both walls of the shoot. Along its strike the are shoot 
either ends by pinching of the lode to unprofitable widths or by becoming 
lean. With depth the silver-lead deposits tend, typically, to carry more 
and more sphalerite and siderite, the latter at the expense of the ore miner.als, 
the vein matter tending to be mainly siderite and 8phalenite, commonly 
interbanded (Plate XIII), with only occasional pockets or disseminations 
of galena. At still greater depth quartz may appear, at the expense of the 
sphalerite and farther down of the siderite, until the deposit becomes Ibarren 
or nearly barren of ore mineral and the shoat may be said to have been 
bottomed. 

Shoots in single veins and mined primarily fOT silver or silver and gold 
are composed mainly of quartz. They are of two general types, namely, 
those holding little or no galena and sphalerite (Plate XI A) and those in 
which these minerals are important because of associated silver values 
rather than for their lead or zinc content. The ore minerals in either type 
are disseminated through the vein quartz or are partly segregated in streaks 
or narrow vein-like bodies. Such streaks may occur at intervals across the 
width of vein quartz, but tend to form most abundantly near one or other 
wall .of the vein. The boundaries of uhe shvots are defined by the grade of 
the vein matter. 

The ore shoots of the larger silver-lead and silver-lead-zinc deposits 
are composed in part of nearly solid su'lphides and in part of sulphides, 
gangue mineral-s, and, in many cases, abundant fragments of wall-rock. 
The high-gra:de material may form bands or streaks either grading into or 
rather sharply defined against adjoining lower grade vein matter. Com
monly there are two such bands (" paystreaks "), one close to the hanging
wall and the other near or ·adjoining the foot-wall. Together they, in 
most instances, represent only a small part of the width of the shoot and 
t.he interval between them is of varying mixtures of are, gangue minerals, 
and fra~ents of partly mineralized wall-rock. SUClh intervening mix
tures may carry sufficient values to pay for mining but, whether m~ned 
or not, the intervening low-grade materials and the two paystreaks are 
regarded as one ore shoot. At the Silversmith mine the hanging- and 
foot-waH parts of the main ore shoot spread so far apart below the eighth 
level that they were extracted separately in these lower workings. Much 
the same condition was encountered at the Bosun and Silver Bear mines. 
The ore shoots may exhibit more complex structures than thes'e. In all or 
parts of some shoots the higlh-grade materials fonm mass'8S o,f varying size 
and shape that are irregularly spaced in the deposit and are surrounded 
by gangue or by mixed gangue and sulphides. 

Ore shoots vary in size from such as have provided only a few tons 
to others that have provided tens of thousands of tons. They vary in 
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length from less than 100 to several thousand feet; in thicknef's from a fe\\" 
inches to 50 feet; and in depth from less than 50 feet to several hundred 
feet. Commonly high-grade ore forms a large proportion of the small and 
particularly the narrower shoots, but only a minor part of the larger shoot;;;. 
The largest and most valua'ble shoot was in the Standard mine and extended 
from about No.4 to below No.6 level, a vertical depth of about 400 feet, 
had a maximum length of about 400 feet and a maximum thickness of about 
50 feet, including on No.5 level as much as 20 feet of clean galena ore. The 
are was mostly extracted from 1908 to 1916 and had a gross value of between 
$6,000,000 and $7,000,000. Second in importance was the Silversmith ore
body at Silversmith mine. This shoot ex,tended from near No.4 to N{). 11 
levels, a vertJical distance of over 600 feet. It was mined over a maximum 
length of about 500 feet and a maximum width of 30 feet, and yielded about 
300,000 tons of clean and concentrating are, having a gross value of nearly 
$4,000,000. 

The factors that produced the are shoots were many and their action~ 
complex. In the simplest cases vein-forming solutions rising in fractures 
would, other factors being equal, deposit more vein matter in more open 
parts of a fissure than elsewhere, so these parts would be more likely to 
produce are shoots than more restricted parts. The shape and attitude of 
such shoots would be controlled by <the fissure system. Deformative move
ments during the period of mineralization were of great significance in the 
production of are shoots, because the ascending mineralizing solutions would 
be forced to follow more restricted channels and 'would tend to deposit 
higher grade materials. 

Where replacement gave rise to are shoots the controlling factor wa::: 
that the vein-lode crossed easily replacement strata, particularly limestone. 
The forms of the resultant ore-bodies were regulated largely by the thicknes5 
of the strata and their position with respect to the plane of intersection 
of the lode. 

It has been pointed out by I,rvjng (16) tha,t "the intervention of 
impervious rocks in the path of mineral waters, or any other cause which 
may operate to impound them, seems to stimulate their chemical activity 
and increase the extent of area mineralized ." This feature, Irving states, 
seems particularly true of replacement deposits in limestone. Impounding 
structures may be either such as abruptly stop the mineralizing solutions 
or merely restrict their flow. A narrow dyke, or possibly dykes, in the 
j,imestone beds at the Lucky Jim deflected the course of mineralizing agents 
and caused much larger deposits than elsewhere in the limestone body where 
such obstructions were not encountered. In the vein deposits it is not 
uncommon to find ore banked up against gouge in a fault that had crossed 
the vein-bearing fissure in pre-mineral time. 

If one wall of a fracture with curving inequalities be displaced alon<:; 
the fracture plane open spaces would result at opposed concavities which 
would be good sitos for are deposition , especialJy if the walls were lined 
with impervious gouge. A number of the larger are depo&its in the district 
lie ,along curved parts of vein-lodes and it is believed that the channels in 
which they formed were developed in this manner. Important among such 
deposits are the main Queen Bess are shoot, the Slocan Star ore-bodies, 
and probably also the main Silversmith shoot. 
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In many instances mineral concentration has taken place at the junction 
01' at the intersection of fissures . The first type, commonly called" feeder 
veins," joins a main fissure or vein-lode. When such fissures were mineral
ized at the same time as the main fissure or vein-lode it is common to find 
conspicuous development of vein matter, in some cases ore-bodies, at their 
junctures. For example, at the Last Chance mine the Blizzard vein join~ 
the Last Chance vein on the hanging-wall side and at their junction 
occurred the main ore-body at the Last Chance mine. According to the old 
mine plans, it provided almost continuous stoping IJ:round over a maximum 
length of 1,000 fee.t and a maximum verticlal deptlh of 400 feet. Probably 
the outstanding example was the gre8it ore shoot of the Standard pro.perty. 
It was tlhe largest ye,t d'iscovered in the district and occurred at the j unc
tion of the main Standard and the I veins. The intersecting Itype oJ fissure 
t,hat has influenced the f'ormation of 'ore shoots includes those fiSbLlres which 
may either cross a lode diagonally or foUow 'a course parallel with and 
within t1he lode. In neither case do they extend beyond the walls of the 
lode. Such fissures have formed eit,her prior to or du.ring the period of 
mineralization. In the first case they were important in thai they fur
nisheda readier a'ccess f,or mineralizing soluti{)ns to those parts of tJhe lode 
in which they occur; in the second case they were significant fe.atures in 
the development of c-ompl{)site ore 51hoots formed at intervals during the 
period of mineralization. 

It is becoming increasingly evident in ,the Slocan that the ore deposits 
favour certain beds or assemblages of beds and are poorly represented in 
adjoining strata. Consequently, exploratory work in such localities may 
be limited to the favourable rocks where fissures cross them. The favour
able rocks form what is here referred to as "potential ground." It may 
consist of one bed, e.g. the limestone member at the Lucky Jim property, 
or several, very similar in composition and structure as at the Van Roi, 
Queen Bess,and Payne mines; or may include much wider belts of sedi
ments, as on the northern slope of Carpenter Creek valley above Sandon, 
or that block of ground embracing the Whitewater and Charleston proper
ties. Operators should pay particular attention to the rocks close to their 
main ore shoots. Instead of spending so much time and money following a 
vein-lode into unfavourable courutry rock, they should first sear'ch for other 
parallel or nearly parallel lodes in rocks similar to those in which the already 
discovered main ore shoot occurs. 

Mining work in the Sloc'an has 81hown thl3!t ore~bodies play out in depth, 
partly as a result of decrease in size and partly bec,anse of a change in 
composition to lower grade or barren vein matter. In most cases the veins 
and the lodes in which they occur tend to narrow with depth, e.g. the 
Galena Farm, McAllister, Rambler-Cariboo, Sunset-Trade Dollar, Wake
field, and Alamo mines. In extreme cases the bottom of an ore shoot may 
be a series of discontinuous small lenses or stringers of are and gangue 
minerals tightly frozen to the wall-rocks. Such a condition is well illus
trated at the Bosun and Noble Five mines. Rarely the vein-lodes ghow 
no diminution, but rather an increase in width below the ma-in ore shoots. 
Thus the Silversmith lode persisted for some distance below the main shoot 
as a wide body of siderite containing bands of wall-rock and a minor 
proportion of sphalerite. 



106 

Ore-bodies in which silver values predominate, but in whioh lead 
and zinc are also important constituents, have been olasood with the dry
ores in which the abundant vein matter is quartz. Such deposits show 
all gradations into ty,pical silver-lead and silver-lead-zinc deposits, in 
which quartz is the essential gangue. They are particularly common in 
the Nelson granite. Not many have been worked to the same exwnt 
as the more typical wet-ore deposits, so it is difficult to generalize; how
ever, the tendency seems to be for the vein material as a whole to become 
progressively -poorer in ore minerals with depth and to end much in the 
same fashion as the silver-lead and silver-lead-zinc deposits. 

Shoots of typical dry-ore (-those in which galena and ~haleriteare 
negligible or missing) appear, in the few instances where any considemble 
depth has been attained in min~ng npera.tions, to carry most of the little 
galena present at deptih. Such changes in composition are, however, not 
economjcaHy important, ,and the silver-lbearing ore shoots are bottomed 
n{)t so much as a resul't {)f narrowing of the vein or decrease in quantity 
of vein minerals as by a loss in silver values. 

Quartz veins lacking silver values and mineralized with gold-bearing 
sulphides occur Ion a few widely separated properties, of which the Phoenix 
and L.R. are examples. The relation 'Of thes-e deposits to the other dry 
ores of the district is 1llllcerta.in, nor has sufficient work been done on them 
to indicate how they change with depth. 

Ore-bodies may be composed alirrwst entirely of galena, blende, or 
other single ore mineral, or of various 'Ore mineral~ ,associated with quartz, 
siderite, and calcite and (-or) other less common minerals, all in variable 
proporrti{)ns. Considerable quantities of rock are als{) particularly char
acteristic of composite vein deposits -and replacement deposits. " Clean" 
as applied to particular ore minerals is a relative term. N early all galena 
contains a little sphalerite and the ()onverseis generally true of the 
sphalerite. Nearly lall parts of any ore depositoontain disseminated pyrite, 
though generally not much, and there is a distinct tendency for iJts concen
tration an the deeper, less v,alua.ble .parts {)f an ore shoot. In many of the 
larger shoots of the district, such as tihe Payne, Standard, Idaho, Silver
smith, and Queen Bess mines, the principal ore was nearly solid galena, 
carrying, in some cases, as in the Silversmith shoot, albundtant small but 
easily visible specks and lumps of grey copper. The ore of the old 
workings 'of the Sunset-Trade Dollar mine was mostly clean galena. 
Much {)f the ore obtained ~n the early years from the Lucky Jim and 
the Bell and U.S. properties in J a'Clreon Ibasin was, 'On the otJher hand, 
remarkable for the Clontent of almost pure zinc tblende. Ore from the 
Col{)rado (Oharleston), Ohio, and Reco-Goodenough veins included much 
grey copper associated in th'e first mentioned vein with, chiefly, sphalerite; 
in the second, with chaloopyrite; and in the third, tJhe mOSlt productive 
of these veins, wilth galena. -Freibergiteis the chief ore miner,al in most 
of the siIver-bearing veins, and occurs partly in solid masses ofappreci-
3ible size but mainly dlis-seminated in a quatrtz gangue. It is also a prin
cipal silver-bearing mineral in the wet oroo, though rarely fonning any 
consid'erable percerutage of these deposits. Pyrargy'rite is f1airly common, 
but rarely abundant in either wet or dry ores. Other high-grade, silver 
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minerals locally important and occurring mostJly in dry ore deposits are 
argentite, stephanite, ,and native silver. On several properties one or more 
of these minerals has ·been present in excess of, or even to the exclusion 
of, grey copper. 

A curious va'riety of ~ead <lte, locally referred t'O as "black ore ", 
was found inconsiderwhle quanltities in the <lid workings of the White
water mine and 'has alro been noted 'on other properties surch as the 
Wellington, Chrurles'ton, .and Utica mines. A complete analysis by the 
Mines Branch, Ottawa, of a specimen from Wellington mine, gave the 
following results: 

Lead.. . . . . . ... . .... .. . . . .. .... ... . ... .. . ....... . . . . . . . . 
Zinc. . ...... .... . . . .... .. ... . ... . . .. . .. . . . .. .. . . ..... . 
Iron . .. . .... . .. . . .. . . . . ... . .. . . .. . .. . . .. . .. . . . .. . . ..... . . . 
Copper . ....... . ..... .. ........ . . . . . . ... . ... . .. . . . ... . 
AhO, ... ... ......... . . . ............ .. ... . ... . . . . ........ . .. ... ... . 
CaO ... .. . . ... . . . .... . ... . ......... . . . . .. ..... .. . . .... .. .. .. .. . .... . 
MgO ........ . . .......... . ........... . ... ... . .. . ... . ......... .. . . . .. . 
H,O ... . .... ... . . ....... . .... . . ..... .. . ... ........ . .. . .... . . . . . 
SiO, . ... .... . .. . . . . . . . . . . . . .. ... . . ... . . .. .. . . . . ..... . .... .. .. ...... . 
Sulphur .. .. ... .. .. . . . . . .. ........ . .. ........ ..... ... ........ .... ... . 
p,O •..... .. ............. . ........ .. ....... . ... ... .... . ...... . ....... 
C ........ . .......................... . ....... . .. .. . . . . ...... . . .. . .. . 

Per cent 
50·45 
15 ·56 
2 ·82 
0·72 
3·87 
0·65 
0·91 
1· 21 
6·17 

17 ·46 
0·03 
0·16 

Au- 0·04 ounce troy/ton of 2,000 lbs. 100·01 
Ag-121·20 ounces" " 

Under th~ miocoS'cope a polished surface .oJ this ore was seen to be 
composed chiefly oJ d'lll~ galen;a, fOI"llling a matrix to other ore and gangue 
minerals, that occurred mostJy as 'compararlively small fragments and 
dust-like particles. Chief among these was zinc blende, whi'ch a,p'peared 
to be greatly brecciated. Other minerals included! minOT proporti<lns of 
pyrite andohaloopyrite and! possibly minute masses of silver-ibearing min
erals. Assuming that ·the lead, mnc, and copper in the above analysis 
were combined to form galena, sphalerite, 'and ohaJ.copyn-ite, the percent
ages of these minerals in the are are 58· 26 per cent, 23 ·16 per {)ent, and 
2·07 'Per cent, respectively. The amount of sulJphma,nd iron remaining 
after affecting these comibinations is almost in the exact proportion re
quired to form FeS and not pyrite and, therefore, it seems likely that a 
fair percentage IOf this if{m was combined with zinc in the zinc- blende, 
and that the a,mount of zinc blende present is I()onsequently somewhiat 
higher t.han the percentage as caloula'ted from zinc .alone. Pyrite is prob
ahIy rubout equal in amount to .chaloopyrite and! the rema'ining iron (less 
than 1 per cent) is prob9Jbly present in the gangue minerals. The carbon 
is thought to be m'Ostly free and, to be represented by innumera!ble mi'cTo
scopi·c specks through the galena. 

Other specimens O'f <this "black" Me were oibserved! to contain con
sidlerable grey copper scattered throu~h the galena, but no other silver
bearing minerals were r-ecognized. 

M,ost of the ·important ore sh'oots 'are mixtures of Me and gangue 
minemls. This material, .as extracted, is classified as shi~ping m high
grade ore and milling ore. Some ore shoots are almost entirely 'Of milling 
ore, but mostly they contain an important propol'ltion of high-grade or 
ship'ping ore, without whi·ch the associated "mill feed" would sc'arcely 
pay to mine. 
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O'XIDATION 0'1" VEIN AND REPI,ACEMENT DEPO'SIT!:; 

The 'high resistance of g;alena snd quartz (ba oxidamon 'as 'campared 
with the ather o.reand gangue minerals nO' daubt partly accaunts far the 
relatively numerous autcrops I{){ such vein matter. Outcropping bodies 
af neatrly pure galena appear, on the whole, to have suffered little axida
tian. On the other hand, at least ane bady of sphaleri,te, the discavery 
are-hadyat the Lucky Jim mine, was almast campletely 'Oxidized to' a 
depth af abaut 50 feet, the materials rrn the axidized zane being a reddish 
ag;g,regate of iran axides with a little zinc silicwte, cansidleraJble clalcite (ar 
araganite), and fragmeJ1Jts of partly repIaced wall-rock and of sphalerite. 

The greater oxidatian 'an same praperties than others is very largely 
due to' larger prapartians of pyrite, the oxidatri·an of which has furnished 
a strang solvent acid. Pyrite, pyrMotite,and sideTite axidize rapidly, 
athers such as grey capper, chalcapyrite, and sphalerite Ibs rapidly, hut 
mare readily than galena ·ar quartz. Oxidation has reached in many are
badies to depths af 100 to' 200 feet and deeper in a few cases. It began 
befare the GI3icial peri ad in the Blue Bell ore depasits an Koatenay lake 
(25, page 133) where, in spite of campa,ratively severe glaeiatian, i,t is 
prominent in the lowest Wlarkings to' abaut 400 f.eet beneath Kootenay 
11ake. It is abo certain that axidation has operated since glaciation. 
Within much af Sandan map-area, Wlhere glacial erosion haJS been less 
marked than glacial deposition, much oxidation has taken place in deposits 
that were pratected from erosian by marainic matter. 

Oxidized deposit-sare distinguished by abundant reddrish iron oxide. 
This oxide may occupy cavities in dominantly quartzose Dr ga1ena-rich 
masses, or a soft, reddish, paraus mass, stained in places by capper carban
ates andcanrtaining partly decomposed fragments 'O'f spihalerite, nodular 
masses of galena, pieces af wall-rock, etc., may form the bulk of the vein 
matter. Assaciated with such material is a varying but generally small 
percentage I{)fsecondary mineraLs such as lead and zinc c.al'banates and 
sulphates, manganese oxides, and native silver or other high-grade, secand
ary, silver-bearing minerals. Instances of this sart 00cur rut the Queen 
Bess, Noble Five, Ruth-Hope, Rambler ... ;Qariboo, Reco, and 'Wh~rtewater 
mines. k3 a rule the most completelyoXlidized vein matter, or " carban
ate ore ", occurs near the surface and mast of it has long since been 
mined. Oxidized lOres are, hawever, still being mined in small quantities 
from the upper levels of some properties, such as on the Ruth No.2 vein 
af the Ruth-Hape property, the Queen Bess mnne, the Mountain Can, 
Galena Farm, etc. On 8Ulch properties the iron su1phides, of whri'oh pyrite 
is the most plentiful, have been ,oxidized to' hydT!OUS iron axides and the 
siderite to' mixtures of hydraus iron a'Ild manganese oxides. ~seudo'illorphs 
of limonite after siderite .and pyrite are cammon. The sphalerite has 
heen transformed to iron mcide, zinc cal'hanate, and zinc silieate. Oopper 
carbanates are nowh-ere aJbundant. Anglesjte (lead sulphide) has developed 
alang fl1actures 'and deavage lines j,n the galem.a. At the Wel'lington 
clusters of white or pale yellow prisms af anglesite are assaciated with 
cerussite (lead carbonate). Cerussite was noted Ian s'ome other properties. 
Grey capper has altered to' secondary coppercarbonwtes 'and sulphtates 
and silver minerals, chiefly native silver. Oxidation of argentiferous 
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zinc blende and galena also produces secondary, rel1atively struble silver 
minerals, and carbonate ores so derived generally carry good silver values. 
Much or aU of the ruby silver and native silver in the oxidized zone is 
proba:bly secondary. In most c;ases the resulting ·carbonate ore occupies 
muoh the same space as the original ore and the percentage of silver per 
unit I{)f volume is much the s,ame as in vh~primary depos'its. In such 
cases there may be little if any CO'ncentration of silver, but merely a 
joss of lelad and z·inc. In other instances, as at t,he Hewitt mine, where 
ruby silver and native &'il'Ver were particularly prominent in the. upper 
parts of the ore deposits, theirco·ncentration appe:aa-s to hav,e resulted from 
eni,C'hment processes C'onnected, in part at least, with 'oxidatilon and the 
circulation of meteoric waters. 

SPRING DEPOSITS 

Spring deposlits of manganese ore of Recent a.ge occur in the lower 
valley of Kaslo creek 7 miles from Kaslo (13, pages 107-114). The 
manganese, in the form chiefly lof hydrous maruganeseoxides, is asso
ciated with bog iron deposits and calcareous tufa, subst'ances of related 
origin. Calcareous tufa is abundant in other localities, but so far as 
is known no use has been made of i,t. In places it is la.rgely a mass 
of replaced moss, leaves, and twigs whose forms are retained in the 
greatest detail. Heavy aeposits 20 feet or more thick occur al'Ong; the 
railway 'and motor road. between Kaslo and Zwicky, up Wilson creek, 
and along the Milway ;between Rose!bery and the head of Slocan lake. 

DETRITAL DEPOSITS 

Erosion and transportation have locally concentrated ore minerals, 
in some oases into worka:ble bodies. A little placer gold has been found in 
stream beds draining the area occupied by the Kaslo series, the valley of 
Enterprise creek being probably the most important in this respect though 
hitherto providing no economic deposits. At a number of properties near 
Sandon concentrations of boulders of galena have provided tonnages of 
high-grade silver-lead ore. One such property, the Gem, situated on Car
penter creek justa'bove the Cody, has been worked in 'a small way for years, 
the source of the galena being referred to outcrop pings of ore higher up 
the hill on the Chambers group or still higher properties. The boulders 
of galena ore rolled down the hill slopes and much of the associated lighter 
soil and rock materials were carried away by stream action. At other 
properties, such as the vVonderful, Idwho, Minnesota, and Monte Cristo, 
concentration has been chiefly by gravitation. The origin of the galena 
float at Galena Farm mine is less certain and may be related to glaciation. 

In 1892 what is known as the "Big Boulder" was discovered on 
Sandon creek below the Slocan Star workings. It was principally galena 
and yielded 40 tons of ore carrying 70 per cent lead and 130 ounces silver 
to the ton, and it was thought (1893) that sorting would give 25 tons more 
of the same grade. 

80437-8 
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DISTRIBUTION OF SILVER-LEAD-ZINC MINERAL DEPOSITS 

A single vein-lode may persist from top to bottom of the side of a deep 
valley, but on investigation will be found to comprise more than one vein. 
The zone of mineralization within the lode may possess a very definite rake, 
but within the zone individual veins and shoots may rake quite inde
pendently. For example, the zone of mineralization that includes the Echo, 
Alpha, Standard, and Emily-Edith vein deposits rakes roughly with the 
present surface over a vertical range of a' bout 2,200 feet. The ore Oil the 
Echo property, however, had a pronounced pitch into the hill; the Alpha 
shoot lay practically along and at the surface; the rake of the main Standard 
shoot wascontroHed largely by the line of junction of the main and I-vein 
lades and other shonts at higher levels pitched into the hill towa'rds the 
main shoot; and the Emily-Edith deposits seemed to follow the dip of the 
lode in which they occurred. The mineral~zed zone at the Queen Bess mine 
pitched into the hill at an average angle of about 25 or 30 degrees and con
tained a succession of ore-bodies with individual rakes at increasing dis
tances from the surface. 

A rapid change in mineral composition with depth is commonly 
exhibited by the vein deposits and suggests a steep, thermal gradient as a 
controlling factor in mineral deposition. On the other hand, vein deposits 
of the same type occur at any elevation and in this respect show no relation 
to present land forms . This condition might be supposed to indicate that 
deposits similar to those at higher elevations might occur vertically below 
them to depths at least as great as those of the lowest outcropping deposits 
of tJhe same kind. This supposition has been tested by driving long adits 
and deep drifts to intercept or follow lodes that higher up carried important 
mineral deposits, and the results have proved more disappointing than 
encouraging. In some instances important tonnages of ore were blocked out, 
but with rare exceptions the values and the quantity of vein matter were 
found to have decreased and often to have little value. Whether deposits 
are high on the mountain slopes or low in the valleys, experience goes to 
prove that the individual deposits are relatively shal'low, change in composi
tion vertically, and are not underlain by other similar deposits . 

In these respects, and in the rough parallelism so often existing between 
the slope of the surface and the zone of mineralization on a property, lies 
the support for a belief that mineralization at least of the silver-lead and 
silver-lead-zinc deposits formed in an undulating zone which over consider
able areas accidentally parallels the present surface. 

All available information indicates that this zone is 1,000 to 2,000 feet 
thick and that within it a steep thermal gradient existed at the time of 
mineralization. The position of this thermal zone was controlled by the 
position and intensity of the source of heat, the Nelson batholith, and by 
the ,surface of the ground. As it is known that the surface of the Nelson 
batholith was highly irregular, the position of the zone would tend to vary 
from place to place. The configuration of the land surface at that time 
is unknown. If it had been essentially level the zone would more nearly 
parallel the surface of the batholith; if the relief of land surface was also 
great, the zone would parallel neither surface. So any appearance of 
parallelism with the present surface must be accidental. Mineralization 
;:nay have been confined to such a zone and mineral deposits may occur 
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within restricted parts of seemingly favourable formations Ibecause the 
barren areas are either eroded parts of the zone or have not been eroded 
deeply enough to expose it. 

Mineralization in the upper 'half or so of such a zone should be char
acterized by silver-lead ore-bodies and its lower parts by ore carrying 
principally zinc. The basal parts of zinc-ore deposits have commonly 
much more pyrite than higher parts, so pyritiferous zinc is fair evidence 
that the mineral zone is nearly bottomed and that exploration should be 
transferred to higher elevations. Conversely, a body of galena is fair 
evidence that opemtions are being conducted in a higher section of the zone 
and that, especially where there is strong fissuring and evidence of com
posite mineralization, ore may be expected downward for several hundred 
to a thousand or more feet. In following a lode up the slope of a mountain, 
the discovery of a series of deposits of similar type within this lode would 
indicate thatapprmcimately the same horizon in the mineral zone was being 
followed; if the deposits changed from those mainly characterized by mnc 
to others carrying more lead the inference would be that the mountain 
sl?pe afforded a section through the mineral zone, that the top of the zone 
mIght be reached, and that no further deposits would be discovered higher 
up in the lode. 

RELATIONSHIPS OF SLOCAN MINERAL DEPOSITS 

The combined evidence of field and laJboratory study indicates that 
Slocan mineral depos~ts f'ormed durin-gone, probably fruidy long, period 
of mineralization. The evidence also indicates that the deposits are 
related ,in origin to the Nelson granite. That the many depoSiits did not 
all form contemporaneously is shown by the repeated injections .of vein 
matter into many,and iJ)articularly the larger, Iodes. With these indica
tionsSJs a basis it is hereby proposed to show <that the various types of 
Slocan deposits fmmedat three or four stJages; that ·tJhe deposits of each 
succeeding stage show a mineralomic relationship to those 'Of tJhe preceding 
stage, th'Ough otherwise represented by a distinctive mineraliz.ation; that, 
however, the mineralogical relationships are doser betJween types of a 
certain stage than as between ty.pes of different stages; and that the 
mineral relationships are exhibited in su.cJh .a way as to e:staiblish the belief 
that the suc'cessive stages OIf deposits formed under conditions of decreas
ing temperatures. 

The depoffits may be claSS'ified and discussed according to the five 
principal ty.pes represented. 

(1) Deposits o.fthe first type c'Onsist of barren or nearly barren 
quartz veins occurring rin all f<Jrill'wtions; these may carry sparsely dis
seminated pyrite and, more rarely, pyrrhotite,aniCl the wall-rocks may 
be conspicuously impregnwted with pyrite. The veins are mostly mere 
stringers ·cuttingacross <t!he formations in any direction. Less commonly 
they reaoh widths of sevenal feet, may be traced for .at least several 
hundred feet, and, as such, occur in the more slaty, schistose, or thinly 
bedded rocks where they follow the less competent structures. The quartz 
is massive, whitish, and vitreous, and is popuLarly referred ,to as "bull
quartz". The facts that the veins may be individually very irregular 
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on strike, that collectively tihey appear to follow no system of fractures 
such as c'haractel'ize the economic vein deposits of the district, and that 
it is common to find fragments of wall-rooks carrying veinlets of such 
barren quartz and disseminated iron sulphid'es in tlhe mehHiferous vein 
deposits point to the conclusion t,hat these barren quartz veins represent 
an early stage of mineralization lin the district. Further, their dyke-like 
f'Orm, masS'ive, vitreous character, and ,sljghrt mineraliz:ation by only iron 
sulphides sugges't that they formed at higher temperatur-es and under 
somewhat different physical conditions from the succeeding, more exten
sively mineralized types of deposi{ls. 

(2) A seoond type is represented by a few, widely scatrtered mineral 
deposits containing ,nalues in gold ,and conSlisting of bodies of quartz and 
silicified wall-rocks carrying two or more of suCh minerals ·as pyrite, 
pyrrhotite, chalcopyrite, arsenopyrite, and gold. All thcse minerals occur 
in the L.H. deposits (1, 1917, page.;; 33-38) whose g>old values are asso
c-iated mainly with arsenopyrite. At ,the Phoenix property (1, 1917, page 
33) the quartz cmries pyrite, chalcopyrite, and gold, values in gold being 
chiefly in thec<halC'opyrite. At the Thoddand there is rel.atively little 
quartz. Pyrite and chalcopyrite are disseminated in a shear zone in 
quantzitic sedimen'ts, and where most concentrated carry apprec.i.a,ble gold 
values. T1he L.H. and Rockl,and deposits oc'cur within a body of meia
mOl')Yhosed, in part granibized, sediments and vol'canic rocks, probably 
chiefly Slocan serie~ , whereas the Phoenix deposit is in Ka510 greenstones. 
The three deposits are alike in that they carry pyrite and dhalcopyrite, 
are auriferous, and contain no silver, lead, 01' zinc values. Presumably, 
they were derived from sepamte solutionstJhat had a common origin 
relruted to the Nelson granite. Suffi'cient work has not been d'one on them 
to indicate how their mineral composition may change with depth, nor 
was their structural relationship to veins of the barr·en quaI1tz type deter
mined. They may and proba!bly do 'Pass at depth into barren quartz 
deposits, but this, if so, would not infel' that the el'oded, upper parts of 
the barren quaptz veins of i;he distriot were auriferous. The two types 
of deposits may have formed in quite distinC't stages or from different 
solutions at about the same stage. Their reiationship is indicated by 
tJheir quartz gangue, ,tJhe presence of iron sulphides as principal ore min
erals, and -the aibsence of silver, lead, .and zinc minerals such as char
acterize the more abundant and important mineral deposits of the district. 
'Dhe one possi:ble exception lies in the occurrence O'f narrow stringers of 
calcite cutting acmES '~n ore-body in the L.H. worki.ngs. These calcite 
stringers are reported to oarry small nodules of native arsenic containincr 
high values in silver. The veinl.ms evidently formed at a later stag~ 
than the main body of the deposit; also1Jhe cal'cite and arsenic indicate 
lower temperature conditiQIls and the presence 'Of contained silver values 
afforcLs one possible link w.i,tih 1Jhesoilver-'bearing deposits of the district. 
The auriferous quartz daposoits, too, are less dyke-like and less massive 
than the barre~ qLl'ar,t.z veins. They also show considerable replacement 
and, together WIth their greater variety of metallic minerals, indicate that 
they formed under different conditions from veins of the first type. A 
principal difference in conci:itiOThs may well have been one of temperature, 
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the auriferous deposits fonning at somewhat lower temperatures than the 
others. 

(3) Mineral deposits of the third type are the most important in the 
district. They are the typical silver-lead-zinc" wet ore" deposits and occur 
characteristically in the Slocan series. In these deposits values are in silver 
and lead or in silver, lead, and zinc, and all three metals may be a:bout 
equally important, though those of silver generally predominate; one or 
more of a variety of gangue minerals may be present and the proportion of 
ere minerals may equal or even exceed that of the gangue minerals. Galena 
and sphalerite are here abundant and silver-bearing minerals are mainly 
associated with them and are less conspicuous than in the succeeding types 
of " dry ores." These" wet" ores may be classified into. sub-types accord
ing to the relative a'bundance ef the associated gangue minerals. In many 
deposits quartz is almost the only gangue mineral; in other deposits er 'Parts 
ef deposits calcite is relatively most abundant; in still ethers, siderite is 
the chief gangue mineral; and one preperty, the Galena Farm mine, centains 
considerable fluorite. Quartz is generally conspicuous in the upper parts of 
the deposits, 'but at depth is commonly replaced by siderite and at still 
greater depth quartz again dominates. The lower quartz zone is generally 
low grade or bal'l'en of ore minerals as contrasted with the high-grade 
material in the upper zone. The upper quartz gangue is apt to be more 
cellular and vuggy than the quartz at depth. In the majority of "wet" 
ere depesits calcite is net censpicueus, but it is abundant at most ef the 
properties lying within a roughly triangular-shaped area with Emily-Edith, 
Idaho., and Leadsmith properties at the three cerners (See Map 273A). 
In each case it is the prominent gangue mineral in the uppermest parts 
of the depesits and may persist to. the deepest werkings. 

The nermal erder ef successien, frem tep to. bettem, of the gangue 
minerals in deposits helding abundant quartz and siderite is, as already 
stated, quartz, siderite, quartz. This erder is well shewn in many ef the 
larger depesits, such as those at the Slecan Star, Richmend-Eureka, Payne, 
Whitewater,and Enterprise mines, etc. In the same depesits the ore 
minerals >shew a transition from galena and high-grade silver minerals in 
the upper quartz horizen dewn threugh gaJena deposits associated with 
increasing sphalerite to mostly sphalerite in the siderite zone, with very 
little ere or no. mineralization in the lewer quartz zone. Where,as in 
several of the larger,composite ore-bodies, the mineralizatien has formed 
as the result of repeated injections ef mineral-bearing solutiens, the nermal 
succession with depth ef gangue and ere minerals may be less evident 
ewing to. overlap ef the materials depesited during the successive stages. 

A significant feature connected with deposits ef the third type and, 
to. a less neticeable extent with deposits ef the succeeding type, is that at 
depth, as in vicinity of and belew the mere zincy zene, iron-bearing sul
phides, particularly pyrite, are commenly much more censpicueusly 
developed than at higher herizons. Chalcopyrite may also. be a fairly 
censpicueus mineral and, mere rarely, pyrrhetite. Also, as in the case ef 
the Menitor mine, these sulphides may contain appreciable geld values. 
Such features are reminiscent ef the aurifereus quartz deposits ef the 
second type and lend seme support to. the view that the latter formed at a 
semewhat earlier stage and at semewhat higher temperatures than deposits 
as a whele, ef the third tyve. ' 
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(4) Deposits of the fourth type are dry ores in which silver is the 
metal of chief importance, but in which there are also values in lead or 
zinc or in both of these base metals; in which quartz is the abundant 
gangue mineral; and in which the gangue is greatly in excess of metallifer
ous constituents. Deposits of this type are mostly confined to the Nelson 
granite and are particularly characteristic of the mineral deposits in th~s 
granite. Examples oecur at the Fisher Maiden, Jessie-Bluebird, Alice S, 
Arlington, Black Prince, Lily B, Little Tim, and Ottawa properties. A few 
have ,been found in the Slocan series, the most productive being those of 
the Hewitt mine, situated along the granite contact. The distinction 
between this and the third type is partly one of relative ore mineral and 
gangue mineral proportions and partly one of higher silver values in pro
portion to lead 'and zinc content in ores of the fourth type as compared w~th 
those of the third. These distinctions are, however, not sharp and some 
deposits are difficult to classify as belonging definitely to either type. Few 
of the deposits of the fourth type have been developed to the extent, or 
have produced a tonnage comparable with that, of many of the larger pro
ductive properties carrying ores of the third type. Little information could 
be obtained to indicate how, if ~t all, these deposits changed within the 
relatively shaHow vertioal depths to which they have been explored. In 
general, deposits of the fourth type as a whole more closely rresembled the 
upper, more argentiferous parts of deposits of the third type than the lower, 
more zincy, lower grade parts of the same deposits. The resemblance was 
not only one of mineral composition but of character of the constituent 
quartzose gangue, which tended to be more vuggy (in places even chalce
donic and exhibiting crustification) as 'compared with the massive, less 
well mineralized quartz from the lower parts of the third type of deposits 
as described above. These resemblances are, in fact, such as to suggest 
that the solubions responsible for both types of deposits and the physical 
conditions under which the deposits formed were much alike. In general, 
too, it .appeared that where a change was noticeable at depth it was towards 
a type of deposit more like the third type. An illustration is afforded by 
the Hewitt and Van Roi deposits, which occur within the same lode system. 
The two deposits or, rather, groups of deposits occur on opposite sides of 
a deep gukh marked by strong shea·ring and faulting about at right angles 
to the course of the lodes. The Hewitt workings are partly in Nelson 
granite, those of the Van Roiare entirely in the Slocan series. At the Hewitt 
mine the ore extracted has been essentially "dry," averaging about 13 
oun'ces of silver to t'he ton for each percent ()f lead, whereas Van Roi ore 
is considered a " wet" are and has averaged about 3 ounces of silver to the 
percent of lead. But, with increasing depth, the deeper ores at the Hewitt 
mine have lost their silver values at a greater rate than those of lead and 
zinc, and in this respect take on with depth more of the characters of wet 
ores at the Van R()i mine. The difference between the mineral deposits of 
the two properties thus does not seem to be due to differences in their 
positions relative to the Nelson granite, for if such were the case the Van 
Roi deposit would be expected to grade downward, as it approaches the 
batholith, into a deposit resembling that of the Hewitt, instead of which 
the Hewitt deposit tappears to grade downwards into one that is taking on 
the characters ofa deeper part of the Van Roi deposits. 
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Deposits of the third and fmlTuh types have been fo lilld , at many 
places, in lodes intersecting narrow quartz veins of the first tY'pe and 
conta.ining inclusions of pyritized wall-rocks &uClh as have been found 
associated . with these "barren quavtz" veins. 'T'here is, however, but 
lihtle structural evidence to indicate the relationships of deposits of the 
auriferous type to those of the silver-Iead-zinc types unless, perhaps, the 
argentiferous calcite-arsenic veinlets at the L.H. mine may be ac{)epted 
as a sruggesti'On that tJhe silver-bearing depDsits of ,the district formed at 
a later stage or stages than deposits of t,he fir,st, or second types. Deposits 
of the second type are mineralogioally and structurally more like deposits 
of the first ,type tJhan those of the third and fourth, or, where they most 
res'emlble {he latter, that resemblance is, as notedaGove, confined to the 
deeper, least argentiferous parts of the silver-lead-zinc deposits. The 
resem1blance .is, however, not one of identity, and is merel;y suC'h as to 
suggest tha1t,as tJhe deeper paits of the silver-Ieoo-zinc deposits ma.y be 
assumed to have formed under somewhat higher temper,ature conditions 
,than the upper part.s, tihe auriferous deposits of tJhe S'econd type formed as 
a whole at higher temperatures and proba<bly at an earEer stage in the 
period of mineralization ,than deposits of the third 8.nd fourth types. 

In so far as dep.osits oJ the silver-Iead-zinc types are concerned there 
is little reason, either struDtural or mineralogioal, toaSSUillle that they 
formed at other than essentially the one stage. Both types occupy the 
same well-developed fissure system; both carry a similar suite of ore .and 
gangue minerals; both may occur in the same lode system, nor is there 
evidence of deposits typical of one tY'Pe occurring in lodes intersecting 
lodes of the other type; and, finally, there :are indications that with 
developments at deptlh both types tend to become more alike in their 
mineral proportions and compositions. 11f we may ·assume from the 
available evidence, that deposits of the second or " 'auriferous" type 
formed at a later stage than those ·of the first or "barren qua'rtz" type 
it seems equally safe to assume that the silver-lead-zinc deposits of the 
third and fourth types formed at a ,thirdl stage ill' the period o.f minerali
zation related to the Nelson granite. 

An importJant variation from the tY1pical silver-Iea;d-zinc fissure vein 
deposits of the district is shown by those deposits that have formed in lime
stone members of the Slocan series, and are of considerable consequence in 
the eastern parts of the map-areas where the greater widths of limestone 
occur. In these deposits values in either lead or zinc or in both combined 
commonly exceed the values in silver, and the deposits are, in general, low 
grade. Mineralogically, they are most like deposits of the third type and, 
presumably, were deposited under about the same temperature conditions 
and from the same or similar solutions. This' relation is- well exhibited 
at Whitewater Deep mine where fissures running off from the hanging
wall of tihe main Whitewater lode have intersected a heavy limestone bed. 
Replacement of this limestone has produced a similar Uy'p:e of ore to that 
formed at the same depth wi,thin the main Whitewater lode. 

(5) Deposi.ts of the fifth type are dry ores .in which silver and, in 
a few in&tapces, silver and gold are the only metals of economic im
portance; in which quartz is 'tIhe a.bundJant and only significant gangue 
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mineral; and in which ore minerals constitute a relatively insignificant 
proportion af the deposits as compared with the quartz gangue. Deposits 
of this type occur in a belt a mile m so. w.ide extending from Slacan lake, 
in the vicinity af the Mally Hughes mine, east-nariJheasterly acrass Kane 
Creek valley to the northern ed'ge of Sandon map-area on Landon ridge. 
~he mare important properties in this belt are the Mally Hughes, McAllis
ter (Plate XI A), Silver Glancel and Capella. Within the belt the depasits 
accur in Slacan sediments, Nelson granite, and minar intrusive badies. 
Farther sauth and sautheast, within tlhe broad area of the Sloe an seriBS, 
accasianal, mastly small depasitsaf similar type have been faund as at 
the Apex, Mawitch, and Eagle 'praperties, as well as several vein depas·its 
in the vicinity of the Best, Dardanelles(?), Rio, and Rambler-Oariboo 
mines. Most of such deposits occur either in or near one or other of the 
numerous granitic stocks cutLing the Slocan series. Still farther south, 
within the main area of tJhe Nelson granite, are a number of widely 
scattered deposi,ts of this type, ·a few o,f which, as the Anna, Hamptan, 
and Meteor, have been praductive. 

Depasits of the fifth type are camposed mainly of white vein quartz, 
which is cammanly vuggy. The quartz is less massive and vitreaus than 
that of the first two types af depasits 0.1' af the quantz af vhe lawer qua'rtz 
zone of tihe third type. It is mOTe like the quartz of the fourth type o.f 
depasi,t ar the quartz occurring in the upper, more argentiferaus parts of 
the deposits af the third type. Tbe metallic canstituents are high-gr,ade 
silver~bearing minerals, of which grey copper is most im'PoriJant. Others 
are argenti,tel stephani tel ruby silver, and na,tive silver. Stilbnite may 
be abundant; :pyrite and chalcapyrite may accur anywhere in the depasits 
and galena may be present in small 'amauntslpa'rticularly at depth. No. 
pyrrhotite, sphalerite, or arsenapyrite was observed. :Mineralogically, the 
deposits most nearly resemble ,thase a.f the fourth type thaug,h, in general, 
there is little difficulty in distinguis'hing 1Jhem. Pel"hrups the mast interest
ing feature cannected with the two types is ,the fact thUJt in a few instances,. 
as at the Best, Dardanelles ( ?), Hewitt, and Ria praperties, depo.sits which 
at or near the surface clasely res'emble vhase of the fifth type were faund 
an explaratian to change dawnwards into. depasits typical af the fourth 
type. In no. instance was a reverse arder observed and, in cansequence, 
the suggestion is pravided bhat, if temperature gradients have had any
thing to. do. with mineml charuges in Slocan deposits, then not anly might 
it be permissible to. assume bhUJt the U!pper parts of such complex depasits 
farmed at somewhat lower temperatures than bhe lower parts of the same 
deposits but also that the typical dry ores of the fourth type, as a whole, 
may have formed at relUJtively lower temperatures than those a.f the third. 
The parts of the complex deposits presuma,bly formed at the same mme, 
but where one type accurs in one lode and bhe other type in an adjacent 
o.r nearby lode it may be bhey fo.rmed at the same or different times. 
They might farm at the same time if the tempel'latures at the twa places 
were different. They would farm at different times if the temperatures 
at the two places were the same burt were rising or falling. 

Summa'l'izing same af the important features caooected wibh mineral 
depasits af the variaus types, it may be stated: (1) That the depasits 
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formed from solutions of various compositions. (2) That all these solu
tions 'are related in origin. (3) That certain deposits may resemble one 
type in their upper parts and pass at deptlh into ores more like ano,ther 
type. (4) That this passage is invaria1bly in i!he one direotion, viz. from 
deposits resembling the fifth type downward to deposits like the fourth; 
and from those of the fourth type downwards to those similar to the 
third, and so on; and that where, as in certain composite deposits of the 
third type formed as a result of successive injection of mineral-bearing 
solutions, tJhis order seems reversed, the later formed parts of the deposits 
resemble sub-types ,that in the earlier formed parts of the same deposits 
occur higher in these deposits, never lower. 

This downward gradation from deposits resembling one type into those 
like another, and the fact that the gradations are everywhere in the same 
direction indicate temperature control over the mineral composition of the 
deposits. The general conditions also suggest that although the nearby 
occurrence of deposits of unlike types may be attributable, in part, to differ
ences in the compositions of the mineralizing solutions responsible for the 
deposits, it is also due to temperature conditions, one type as a whole having 
formed at higher temperatures than the other. Since, however, it is unlikely 
that marked differences of temperature would exist at anyone time at the 
sites of nearby deposits, or that compositions of mineralizing solutions enter
ing neighbouring fractures at the same time would be unlike, the presmnp
tion is that neal'by deposits of unlike types formed at different stages during 
the period of mineralization as the general temperature fell. This being so, 
if a deposit of the fifth type occurs in a lode close to another lode containing 
a deposit of the fourth type there is the distinct possibility that the latter 
is the older of the two. 

In conclusion, it would appear that in spite of the number of types 
of mineral deposits in these areas; in spite of the evidence that these deposits 
formed from different solutions and at different stages during the one 
period of mineralization, there are certain features, chiefly mineralogic, 
which serve not only to correlate the various types and stages of deposits 
and indicate their common origin but also to suggest that successive stages 
of mineralization, in addition to possessing certain distinctive mineral char
acters, have tended also to reproduce, at depth and on a relatively small 
scale, the mineralogk features of preceding stages. These reproductions 
of earlier stages are controlled principally by temperature conditions and 
the extent to which the successive stages are represented in a deposit is 
dependent on the mineral composition of the particular solutions responsible 
for that deposit. The practical value of such an evolutionary hypothesis 
lies chiefly in the 'a'bility to determine whether a particular deposit, as 
exposed, represents a certain stage of mineralization or whether it is merely 
an evolutionary phase ofa later stage. In the first case explorations of the 
deposit at greater depth are not likely to encounter important mineral 
deposition characteristic of earlier stages; in the second case such discoveries 
aTe possible. A principal, practical guide in determining whether or nota 
deposit has such possibilities would be the experience gained in the explora
tion and development of nearby deposits which presumably lay at about 
the same horizon. On the assumption, too, that the relative ages of the 
various types of deposits have been correctly inferred, and that the success-
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ive stages of mineral deposition occurred during a period of decreasing tem
peratures, it seems reasonable to suppose that areas that heretofore 'have 
provided deposits mainly or entirely typical of anyone stage are areas 
where any further discoveries 'are, ipso facto, likely to be typical of that 
same stage or, in other words, that such areas are not those most favourable 
to explore for deposits typical of any other stage; also, that where the 
borders of such areas can be roughly defined, the mineral possibilities of 
adjoining 'areas may be gauged by the ,characters of bordering deposits and, 
to some extent, by the characters of the exceptional type or types of deposit 
within the defined area itself. For example, the dry-ore area on either 
side of Kane creek would be an area where wet-ores are not likely to be 
found within minable depths below the present surface, and the presence 
of such an area of dry-ore is suggested by the occurrence of occasional 
deposits of the dry-ore type within bordering areas where deposits are 
predominantly of t'he wet-ore type. 

PARAGENESf[S 

Ores from a great many properties have been studied to determine in 
what order their constituent minerals were formed. Care had to be taken 
to recognize misleading features; many deposits had formed from separate 
incursions of vein matter; galena, calcite, and, to a less extent, siderite 
tended to flow under pressure and recrystallize about broken fragments of 
more resistant minerals, such as sphalerite and quartz; and chemi.cal 
reactions between mineralizing solutions and minerals deposited hom them 
resulted in apparent abnormal sequences. 

kbout forty ore .and fourteen gangue minerals have been recognized in 
the deposits. Thirteen of the former and five of the latter are definitely 
supergene, formed chiefly in the zone of oxidation and by descending waters. 
These comprise anglesite, azurite, cerargyrite, cerussite, C'halcocite, chalcan
thite, covellite, limonite, linarite, malachite, marcasite, smithsonite, wad, 
aragonite, kaolin (and kaolinite), mirabilite, selenite, and sulphate of 
alumina and sodium (mendozite?). Other, silver-rich minerals such as 
pyrargyrite, polybasite, brongniardite (?), and stephanite, and native silver 
may be in part primary and in part supergene, but are mostly regarded a.s 
late-hypogene, formed by upward secondary enrichment. The remaining 
minerals are primary, hypogene miner,als. Over half of them are compar,a
tively rare and their paragenetic relations with the commoner minerals 
could not be safely evolved. They include arsenic, boulangerite, 'bournonite, 
gersdorffite, gold, magnetite, molyibdenite, rhodonite, scheelite, stibnite, stan
nite (?), fluorite, dolomite, and tourmaline. Most of the other hypogene 
minerals are fairly common to abund·ant. They comprise argentite, arseno
pyrite,chalcopyrite, galena, grey copper, jamesonite, pyrite, pyrrhotite,and 
sphalerite (ore minerals), and barite, calcite, quartz, and siderite (gangue 
minerals) . 

Of these minerals the most generally important economically are 
argentite, galena, grey copper, pyrargyrite, pyrite, silver, and sphalerite 
(ore minerals), and calcite, quartz, and siderite (gangue minerals). Most 
of the ore-bodies in the district include more or less of each of these more 
common minerals and many individual specimens have been abtained in 
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which most of them are present, so their paragenetic relations have been 
well observed. Except where abnormal conditions haN~ intervened the or~er 
in which these minerals commenced to form was essentially the saillie durmg 
any continuous period of mineralizl,ttion and is as follows, commencing with 
the earliest mineral: quartz, pyrite, calcite, siderite, sphalerite, grey copper, 
galena and argentite, pyrargyrite, silver. 

There may be considerruble overlap of the times of formation of the 
minerals, particularly of quartz, which may continue to form throughout 
most of the sequence. Pyrite and calcite, too, have relatively long ranges, 
and it is uncertain in some instances whether some of the pyrite may not 
have preceded the quaTtz. The range of siderite, sphalerite, and galena is 
limited. GTey copper is for the most part almost contemporaneous with 
galena, but in several instances it definitely commenced precipitation in 
company with sphalerite, and in other less certain instances it has appar
ently continued to form after the period of galena deposition. Argentite 
is also essentially contemporaneous with galena, but may be somewhat 
later. Pyrargyrite is mostly hypogene though prO'ba;bly mostly formed by 
enrichment processes. In certain instances, however, small bodies have 
been observed in galena under conditions that could hardly be interpreted 
as other than primary. Except in one or two none too convincing cases 
silver is unquestionably secondary 'and proba'bly mainly supergene. 

In the baTren quartz veins, apparently all minerals were essentially 
contemporaneous. In, however, one small vein west of Slocan lake, in the 
upper basin of Sharp creek, small, lens-like masses of pyrrhotite contained 
crystals of pyrite and inclusions of quartz, suggesting that pyrrhotite wa;s 
the latest of the three minerals. In these auriferous depo.c;its quartz has a 
complete range from earliest to latest. In pa'rt the sulphides, pyrite and 
chalcopyrite, occur disseminated through the quartz, as at the Phoenix, and 
are evidently about contemporaneous. At the L.H., where masses of 
sulphides occur, pyrite is the earliest sulphide, and is succeeded in order tby 
arsenopyrite, pyrrhotite, and chalcopyrite. Chalcopyrite has an extended 
range but is, for the most part, definitely later than the other iron-bearing 
sulphides. 

In the dry-ore deposits of the Sloean, quartz and pyrite are early 
minerals followed in order by, if present, pyrrhotite, chalcopyrite, sphalerite 
and grey copper, galena, argenite, complex sulpho-salts (principally james
onite), stibnite, ruby silver, and silver. In a specimen of :McAllister ore 
galena and a pale ~rey mineral (bournonite (7)) replace grey copper and 
are veined by wby silver. At the Exchange and Silver Plate the order of 
deposition seems to have been quartz, pyrite, argentite (7), quartz, and 
native silver, and this succession was repeated several times. The silver 
may be a product of reduction of the argentite. Specimens of Hewitt ore 
show stibnite veined by pyrargyrite. At the Anna and Tamarack proper
ties, stephanite is an important silver-bearing mineral, and of praba;bly 
late hypogene origin. It repla;ces inclusions of freibergite in galena and is 
surrounded by narrow rims of secondary chalcopyrite. A polished surface 
of ore from the Comstock-Virginia mine shows six ore minerals of which 
pyrargyTite is most abundant and replaces the others which are ~phalerite 
lesser amounts of chalco1?yrite, small mass~s of galena;, a mineral resembling 
grey copper,and one mmute body of a lIght brOWnIsh grey, soft mineral, 
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possi'bly boulangerite. A well-developed quartz crystal is partly replaced 
by sphalerite. A specimen from the Hewitt mine shows vugs in vein quartz. 
The vugs are lined with quartz crystals, caated with minute rhambs af 
dolomite, and carry crystals af pyrargyrite. The relation of barite to. the 
other vein minerals was nat satisfactarily determined. It appears to. have 
farmed after at least much af the quartz and prabably overlaps the blende
galena range. 

In the wet ores, quartz, pyrite, and calcite have a long range, thaugh 
they are chiefly impartant as early minerals and commence to. form in the 
arder given. At the Whitewater and Silversmith, far example, veins of 
pyrite intersect masses af siderite and at the Van Rai fractures in the are 
are lined with drusy quartz and otherwise filled with calcite rhambs which, 
in ane specimen, are caated with a thin, iridescent film campa sed af minute 
pyrite cubes. On thase praperties where calcite is abundant it was mastly 
introduced in advance af the are minerals. At the Wakefield mine the first 
incursians af mineral-bearing salutians depo.sited rubundant, clean calcite 
and later incursions deposited first an interbanded mixture af calcite and ore 
minerals (principally sphalerite) and, later, chiefly interbanded galena and 
sphalerite assaciated, in places, with a varia:ble am aunt af vein quartz. The 
histary and arder of depasitian af the are and gangue may be briefly sum
marized as follaws: (1) development af the original channel by shearing 
alang a plane can farming clo.sely with the bedding structures; (2) intro
ductian af large quantities af almast pure calcite; (3) further shearing and 
fissuring alang, principally, the walls af the calcite-bearing lade; (4) intro
ductian af salutions depasiting a mixture af calcite, sphalerite, and lesser 
galena, farming interbands af ore and gangue minerals; (5) further shearing 
and fissuring, resulting in develaping fresh channels alang, principally, the 
walls af the lade, and also. in brecciatian af the interbanded calcite and 
ore minerals ·and incarporation af the latter as fragments in the former; 
(6) incursians af further mineral-lbearing solutians and deposition af galena 
and sphalerite, mostly as interbands assaciated in places with some vein 
quartz. 

In same depasits siderite and sphalerite are essentially cantemporan
eaus. Plate XIII shaws banded ore fram No.. 8 level, Payne mine. The 
specimen is camposed largely af sphalerite (dark) and siderite (light) with 
a little galena. The banding is attributed to the filling af a fissure by 
depositian af first ane and then the ather mineral fram a slowly rising 
solution af essentially canstant campasition. The same pracess was beauti
fully illustrated by same af the zinc are in the lower parts af the Silversmith 
shaat. Banded siderite-sphalerite are in the Whitewater Deep has formed 
by replacement af successive layers af wall-racks, chiefly limestane, first 
by ane and then by the ather mineral. In mast cases, however, the suc
cessian fTOm wall to. centre ar fram battom to. tap af a depasit is quartz 
siderite, sphalerite, galena. This successian is partly illustrated by a larg~ 
specimen af zinc ore from Alamo. mine in which rack fragments, ea'ch sur
raunded by a narraw rim af spathic iran, are enclased in a mass af sphalerite. 

Chalcapyrite is a common associate of sphalerite in w:hic'h it forms 
numerous microscapic masses, ,in same ca,ses irregularly scattered and in 
abhers more regularly distrihuted along cleavage or ather structural lines. 
In both cases the chalcapyrite is regarded as being essentially contem-
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poraneous with the sphaleri,te. In a specimen of lead-zinc ore from the 
Bosun mine, galena replaces sphalerite, and chalcopyrite {)ccurs along 
irregular minute fractures in the sphalerite and outwards along one such 
fracture into the galena, thus proving it later than either of these minerals. 
More chalcopyrit.e veins do not extend into bhe galena probably because 
fractures form more readily in t,he sphalerite than in the galena, and 
because the copper sulphide is thought to come from an earlier genera
tion of this mineral forming minute bodies scattered through the zinc 
blende but n{)t in the galena. The chalcopyrite forming bhe veinlets is, 
consequently, regarded as secondary, though hypogene. 

Freibergite is mostly associated with galena and in most cases its 
deposi,tion commenced in advance of the lead sulphide, but was mainly 

~ - CJ 
Chalcopyrite Grey Copper Galena 

Figure 9. Cumeru-lucidu sketch of Van Roi ore (182P). 
l\1agni fication: lOOX. 

contemporaneous with it. In rare instances it replaces galena. It is 
mostly later than sphalerite and z'inc ores are, consequently, less apt to 
carry as high silver values as galena. W·here bhey do, as at the Bosun, 
Enterprise, and Utica properties, the values: are in freibergite which 
evidently commenced precipitation within the sphaleri.te range. A speci
men of ore from the Van Roi mine studied microscopically (See Figure 
9) revealed galena replacing grey copper and the formation therE}by of a 
nearly continuous series of minute chalcopyrite bodies in the galena around 
and near the grey copper contact. 
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The silver-rich minerals, freibergite, pyrargyrite, brongniardite (?), 
polybasite, argentite, and (?) native silver (inalbout this order of decreas
ing impol'tance), may occur as minute bodies scattered vhrough galena 
and essentially contemporaneous with it (Plate XI B). 

The following table is presented to indicate,as' closely as observations 
warrant, the relative importance of various minerals in the different types 
of deposits. The line, dash, and dot sym1bols indicate the place wirthinthe 
peveral types of deposits where each mineTial is, respectively, best, moder
ately, or ,relatively poorly develo'ped. Minerals bracketed are those con
cerning which little information was obtained. J'lhe hypogene minerals 
and a few that in part may be supergene are l,isted in iiheir paragenetic 
order. 

Relative Importf},nce of Minerals in the Various Types of Slocan Ore 
Deposits 

Types of deposi ts 
Minerals 

Zinc-lead Silver Silver 
Barren Auriferous "vVet" ores "Dry" ores °Dry" ores 

Hypooene 

Quartz .... , ...... .. .... " . .. ... 1-----1-----1.-
Pyrite ......... , , .. ..... , ... ... .. --------- _1. ____ .1_ -.... ---- ------------ -----. 
Arsenopyrite ... , ............ , ... , ____________ _ 
Pyrrhotite .. ..... ..... , .... . . ,. , . .. .. _______ _ 
Chalcopyrite ...... . . . , , . ..... , ... 

6~1~ill,· .......... : : : : : : : : : : : : : : : : : : : : : 
---1---------- ------------ ----' 

Siderite, .... , .. , ... , .. .. . , , . . , ". 
(Barite), .. , .. , , ............ .. .. . 
Sphalerite ... , ... . , . . .. . .. . ..... ' 
Grey copper., ......... , ..... , .. . 
Galena ...... , ........ . .. . ...... . 
Argentite ....... ... , ....... , ... . ' 
(Bournonite) ..... , .... . . ...... . , . 
(Boulangerite) ..... , . .. . 
Jamesonite ....... , ..... . .. , .. , .. . 
Stibnite ...... , ............ ,., .. . 

Hypooene and (?) superoene 

Pyrargyrite ..... . . , .. ,., ........ . 
Stephanite, ......... . ......... , .. 
(Polybasite) ...... , . . ........... . 
(Brongniardit<l) .... " . . . . 

Superoene 

Anglesite ....... , .. .. , . , ........ . 
Aragonite ... .. . , ..... . .. '.' ...... . 
Azurite ......... . , .... , .. . .. .. .. . 
Cerussite .. , ....... , ......... . , . . 
(Chalcocite) ....... , ...... . ,.,... _______ ____________ ___ __ .. 

£~~~~II~te) ......... ::: :: : : : : : : : : :: : :: __________________ .~~=== =-~===== :==:::: ::=== : ::=:: . 
Malachite ..... . , .... . .. .. . , ..... . 
Silver .... , .... , ... . .......... , . . . 
Smithsonite .... . ...... ,., ...... . . 
Wad ............. . .............. . 
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MINERALOGY 

ORE MINERALS 

Anglesite. Anglesite is found sparingly in the zone of oxidation of 
lead ores at a number o.f properties such as the Mammoth, Mohawk, 
Rainbow, Payne, Queen Bess, Hope, Reco, and Beaver. lot forms mOEtly 
in microscopic amounts along cleavage or fra.cture lines in galena. At 
Wellington mine it has been observed as clusters of white or very pale 
yellow prisms associated with cerusEite in small cavities in the lead 
sulphide. 

Argentite. Argentite occurs bOOh as a primary and as a secondary 
mineral. As a primary cOThStituent it is associated with some argentiferous 
galena, in which it forms microscopic specks which appear as minute, 
brigM white spots when a polished surface of the galena is etched with 
nitric acid. The mineral also occurs spa-ringly in megascopic amounts 
in some of the vein deposits carrying mostly dry ore such as the deposits 
at Capello, Wilmer, Black Grouse, Sliver Glance, Boomerang, Ho.ward 
Fraction, and Meteor properties. As a secondary and, in part at least, 
supergene mineral it is found in consider8!ble masses replacing galena at 
Hbwitt mine, and as films associated with native silver coating joint frac
tures in some ore depos:its as, for example, the Molly Hughes, COIIlstock
Virginia, and RepUJblic pro.perties. 

Arsenic. Native arsenic is reported to have been found a.t L.H. mine 
as narrow stringers as8ocj,ated with calcite. 

Arsenopyrite. Arsenopyrite is not common. It i'8 important only at 
the L.H. mine where it occurs in granular form associated with pyrite and 
pyrrhotite. lit occurs as minute prisms in siderite at Antoine mine and 
at the Last Chance mine, wlas also noted at Lucky Jim and Bosun mines, 
and is fairly conspicuous in Liberty and Flint ores in quartz veins asso
ciated with such minerals as tourmaline, pyrite, and sphalerite. 

Azurite. (See Copper caribonates). 
Boulangerite. This mineral is rarely present in amounts sufficient for 

positive identification. At the Soho mine it forms small masses in galena, 
with whic'h it is regarded as essentially co.ntemporaneous. At Hewitt mine 
a mineral resembling boulangerite is intimately associated with stibni.te 
and galena. Boulangerite is probably also present in the ores of McAllis
ter mine. 

Bournonite. 11his mineral ferms minute masses in galena ore from 
Surprise mine where it is associa.ter:i with larger amounts of grey copper. 
It may also be present in the complex ores of McAllister mine. 

Brongniardite(?) See reference to "Unknown milllerals". 
Cerargyrite. Found in plates and rod-like forms in sphalerite fr(9ID 

the Utica mine. 
Cerussite. Cerussite is not uncomanon in the sO'f,t, granular, or 

powdery masses mixed wi<bh iron oxides, lime carbonates, and other impuri
ties in the zone of ox,idation of lead ores and has been noted on the 
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Beaver, Ruth-Hope, Black Colt, Rainbow, Reco, and Wellington prop
erties. In the Stewart workings of the Ruth-Hope mine and at the 
RaiIl!bow and Black Colt it forms clear crystals in cavities in galena. Its 
presence is usually detected by analysis rather than abservations. 

Chalcocite. Chalcocite was observed only at the Hewitt mine, where 
it surrounds small bodies of chalcopyrite and is pro'bably supergene. 

Chalcopyrite. Chalcopyrite occurs in most of the ores, but rarely 
in sufficient amount to be of value. In 1906 shipments from Idaho-Alamo 
mines are recorded as having included 2,861 pounds of capper; and in 
1903 a s,hipment of 8 tons of silver ore from Rio mine contained 181 
pounds of copper. Again, in 1918, 17 tons of silver ore from the Anna 
mine contained 242 pounds of copper. The only property that has shipped 
ore carrying any appreciable copper content is the True BI,ue, situated 
a few miles to the southwest of Raslo and 'a little south of Sandon map
area. This property is credited with a production in 1902 of 64 tons of 
ore carrying an average of 1· 7 ounces in silver and 7·4 per cent copper 
to the ton. The copper content from each of the properties cited was 
chiefly, at least, in the form of c'halcopyrite. Chalcopyrite occurs most 
commonly as microscopic specks in zinc blende, but may also form as veins 
in bien de or other ore and gangue minerals. It is noteworthy that silver
lead ores are generally lower in silver when chalcopyrite is present. On 
the other hand, chalcopyrite is commonly closely associated with grey 
copper in the dry ores and serves as an indication of the presence of 
hig;h-grade silver ore, as at the A'rlington mine. Chalcopyrite was observed 
in more than average amounts in a number of properties in the granite 
areas such as the Flint, Anna, Enterprise, and Lily B. It is also a notable 
constituent at a number of properties in the Raslo series, and is the chief 
ore mineral on the Copper Prince claim at the head of Enterprise creek. 

Copper Carbonates: Azw-ite; Malachite. Neither of these minerals is 
of economic importance, 'hut their characteristic colours sametimes direct 
attention to mineralization that might otherwise be overlooked. They occur 
as thin coatings and small, crystalline and amorphous masses in the oxidized 
parts of ore-bodies in which grey copper or chalcopyrite is present. 

Chalcanthite. This mineral is commonly found coating the walls of 
tunnels in which ground waters are leaching copper minerals. 

Covellite. Reported by Bateman (3, page 563) as occurring "in 
minute microscopic amounts in ores that are partly oxidized and in which 
galena is altering to cerussite. It occurs as small secondary veinlets that 
follow the cleavage planes of galena . . . it is unquestionaibly second
ary." 

Freibergite. (See Grey copper.) 

Galena. Galena commonly occurs in large and small cubes, but may 
be very fine grained (steel galena). Where sheared it has a banded or 
gneissic (24) structure in which the cleavage faces are distorted or curved 
and show marked parallelism within bands that may vary from p8iper 
thickness to an inch or more wide. The finer banded material has much 
the appearance of steel galena and is commonly observed along slickensided 
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walls of a fissure, grading outward into coarser banded or massive types. 
When sheared the galena may present highly polished faces . The mineral 
forms bands, lenses, and nodules, or is intimately associated with other ore 
and gangue minerals. In most cases it carries grey copper (Plate XI B) 
generally in particles of microscopic size but in some deposits, such as the 
Silversmith ore shoot, the grey copper forms lumps varying up to more 
than half an inch in diameter. An analysis of galena from the Slocan Star 
mine (13, page 238) gave 1· 69 per cent copper; assuming that this copper 
is contained only in grey copper (which, on sepaTate analysis was computed 
to contain 14·57 per cent of the metal) the amount of grey copper in the 
galena ore would be approximately 11· 6 per cent. A specimen of galena 
from the Silversmith shoot carrying abundant, visible grey copper was found 
on assay to contain 1·20 per cent copper and, therefore, on the same basis, 
about 8·4 per cent grey copper. In this case, however, some at least of the 
copper present is attri"butable to chalcopyrite, which occurs in microscopic 
masses through the grey copper. 

The galena invariably carries silver exclusive of any contained in grey 
copper. Cube galena ore from the Bluebird mine assayed 143·70 ounces 
and steel galena fTom the Last Chance mine gave 164 ·22 ounces in silver, 
although both ores showed only a trace of copper. Other silver-bearing 
minerals than grey copper, such as argentite (pyrargyrite), native silver, 
and step'hanite, were observed in megascopic amounts in or associated with 
galena from a number of properties. 

Gersdorffite. W. Thomlinson (23) has reported this mineral on Silver
ton creek, where it is associated with quartz and pyrite. 

Gold. Free gold is extremely rare, Where gold values are important 
the metal usually occurs in combination with sulphide minerals and is 
invisible. At the L.H. mine and the Phoenix group gold is the only metallic 
constituent of importance at present and occurs in part in the free state. 
At the Phoenix property the gold is associated chiefly with chalcopyrite 
and pyrite in a quartz gangue. A polished specimen of this ore showed one 
microscopic speck of free gold. At the L.H. mine the gold is considered 
to be associated chiefly with arsenopyrite; at the Monitor mine with pyrite; 
at the Molly Hughes with chalcopyrite and pyrite; and in the Slocan City 
properties with one or both of these sulphides. Occasionally fair gold values 
are associated with galena in certain bodies of silver-lead ore, but are not 
common to these deposits as a whole. A selected specimen of galena from 
the portal of No. 5 adit, Jackson mine, gave 0·55 ounce gold. A sample 
of the coarse jig lead concentrate from ore from No. 9 level, Van Roi mine, 
assayed 0 ·15 ounce in gold. 

A little pla.cer gold is reported to have been found in beds of streams 
draining areas underlain by the Kaslo series. 

Grey Copper: Tetrahed-rite; Argentiferolls Tetrahedrite; Freibergite. 
Grey <:opper occurs in varying proportions in most of the ores. It is gen
erally steel grey, massive, and presents a rough or ha<:kly surface. It occurs 
in masses and strirtgers varying from more than an inch in thickness to 
microscopic proportions. As a rule it carries an important percentage of 
silver, but on some properties the silver content is comparatively low. It 
is reported, for example, that specimens of grey copper from above No. 4 
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level of the Standard mine assayed about 70 ounces in silver, whereas others 
from below this level carried up to 2,000 ounces silver to the ton. No dis
tinction between the highly argentiferous and lower grade grey copper can 
be made with the unaided eye, but under the microscope the former appears 
slightly darker and when treated microchemically reacts faintly with cold, 
dilute, nitric acid. 

The grey copper on analysis is found commonly to carry lead, zinc,. 
iron, or excessive copper, as it is often difficult or even impossible to select 
a specimen free from minerals such as galena, zinc blende, chalcopyrite, 
ruby silver, and pyrite. 

The manner in which grey copper may occur in galena ore has already 
been described. The apparent predilection of these minerals for each other 
is a noteworthy feature. Grey copper may, however, occur quite abund
antly in, or even favour, the associated zinc bien de of silver-lead-zinc ores, 
as, for example at the Bosun, Ruth (in part), Utica, and Enterprise mines. 

Grey co.pper is the principal mineral in most of the dry ores where 
it commonly occurs as veinlets, reticulating stringers, or small, irregular 
masses associated with abundant vein quartz. A chaDacteristic deposit 
occurs at McAllister mine where grey copper is in places almost the only 
metallic mineral. 

Jamesonite. This mineral occurs on a few properties and forms 
massive, compact to fibrous lumps in vein quartz. It may also be even
tually identified with one of several complex sulpho-salt minerals which 
occur in microscopic amounts in many silver-lead ore-bodies. J amesonite 
was noted prior to 1896 in a vein on the Best claim, where i,t was asso
ciated with grey copper. Tlhomlinson also claims to h~ve db served this 
mineral in ore from Reco mine. 

Limonite. Limonite occurs generally as a yellow and rusty brown 
stain in zones traversed by oxygen~bearing waters. Pseudomorphs of 
limonite after spathic iron are not uncommon in the zone of oxidation 
and are well represented !lit the Beaver and Contact (Black Prince) 
properties. 

Linarite. Linarite was found on a claim of the Beaver group. It 
occurs in prismatic and tabular crystals, associated with anglesite, lining 
cavities in ore which consists of coarse cube galena and chalcopyrite. The 
crystals have a vitreous lustre and are deep azure blue in colour. The 
mineral was investigated crystallographically by Prof. V. Goldschmidt (10), 
Heidelberg, Germany. 

Maanetite. Magnetite is relatively rare. It occurs in dense masses 
closely associated with fine-grained pyrrhotite at the Whitewater Deep mine 
and is probably associated with pyrrhotite in other properties. 

Malachite. (See Copper carbonates.) 
Marcasite. Marcasite has not been positively identified. Characteris

tic crystalline forms were not observed, but certain minute veinlets and 
incrustations of pale yellow, fine-grained iron sulphide observed at a num
ber of places were thought to be marcasite rather than pyrite. 
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Molybdenite. Molybdenite occurs in high temperature quartz veins 
and associated pegmatitic granitic rocks in the vicinity of Rosebery 
(5, 1928, page 107) and in the lower valley of Enterprise creek. 

Polybasite. This mineral has generally proved difficult to identify. 
It does not appear to be either widespread or locally abundant, but occurs 
in minute proportions, associated chiefly with galena, in some of the high
grade silver-lead deposits. It was identified with considerable certainty 
in ore from the Bosun mine and is believed to be present in several other 
properties where, however, its identification was not satisf~ctorily estab
lished. 

Pyrargyrite. (See Ruby silver.) 
Pyrite. Pyrite is the most common and widespread of all the metallic 

minerals and in a few properties is the most abundant ore mineral. It 
occurs most characteristically as the oldest of the ore minerals, but appears 
also as veins in, or replaces, the other principal ore and gangue minerals. 
At the Van Roi mine it coats crystals of calcite. Pyrite generally increases 
in quantity with depth. With galena and blende it occurs in small masses, 
disseminated grains, streaks, or bands either coarsely or finely crystalline. 
It increases in quantity with decrease of galena and with increase of quartz. 
In the Ra.mbler-Gariboo, Richmond-Eureka, and Hewitt mines the pyrite 
in part carries much silver, due possibly to a fine admixture of grey copper. 
Pyrite is also widely disseminated through certain argillaceous members 
of the Slocan series in which it occurs either as well-defined cubes (less 
commonly pyritohedrons, and, in some cases, in long, lath-shaped crystals) 
or as rounded concretionary masses up to more than an inch in diameter. It 
is also disseminated through rocks of the Kaslo series, and in the more or 
less altered granitic and porphyritic intrusives. Its ready oxidation has 
probably been an important factor in the formation of many of the so-called 
" carbonate ores" which were extensively mined in the early days of the 
district. 

Pyrrhotite. Pyrrhotite is a much less common mineral than pyrite 
and except at the L.H. mine is rarely conspicuous. At the L.H. property 
it occurs as solid masses, stringers, and disseminated grains associated with 
lesser amounts of arsenopyrite, pyrite, and chalcopyrite. At Whitewater 
Deep mine massive, fine-grained pyrrhotite is closely associated with mag
netite on No. 12 level west. Elsewhere, pyrrhotite occurs mostly in small 
to minute amounts in the ores. It forms veinlets in spathic iron in Slocan 
Star workings and occurs in a vein on Mascot claim where it is massive 
and in small quantities. It is stated to be invariably present in zinc 
concentrates from this district (15, page 237). An assay by H. A. Leverin, 
Mines Branch, Ottawa, of a piece of pyrrhotite from Mascot mine showed 
that it contained no gold and only a trace of silver. 

Rhodonite. Rhodonite occurs in massive, deep pink bunches or lens
like masses in calcareous foot-wall rocks of a vein on the Harp group near 
Zwicky. This vein is of vitreous smoky quartz carrying pyrite, pyrrhotite, 
and chalcopyrite. Rhodonite is believed to have formed in this neighbour
hood by metamorphism of rhodochrosite in crystalline limestone (13, pages 
111-112, "Harp group "). 

80437-9~ 
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Ruby Silver. This is a term commonly employed to designate one or 
other of a group of high-grade silver minerals of which pyrargyrite seems 
by all odds the most important. These are dark red, semi-translucent, 
soft minerals giving a characteristic ruby-red streak or powder. Ruby silver 
commonly occurs veining or replacing galena and grey copper and, in some 
instances, sphalerite or other mineraLs. It is well developed at the Hewitt 
mine where it occurs in part as clusters and aggregates of beautiful crystals, 
associated chiefly with calcite, on the walls of small vugs in the ore shoots. 
These crystals are ruby red with a high lustre. Ruby silver is a conspicuous 
mineral on several other properties, including the Van Roi, Bosun, Com
stock-Virginia, Para, Emily-Edith, and Utica. 

In most cases where ruby silver is present in important amounts it 
appears ,to be a secondary though doubtfully supergene mineral. On a 
number of properties, however, it has been observed to occur as microscopic 
masses with smooth outlines, sparsely disseminated through galena, appar
ently quite unrelated to cleavage or other structure lines in that mineral, 
and otherwise suggesting contemporaneous deposition with the lead sulphide. 

The ruby silver in these areas is mostly pyrargyrite. The arsenical 
species, proustite (3 Ag2S.As2 Sg ) is rare, but is reported to have been 
identified on ,certain properties in the area of Nelson granite. 

Scheelite. This mineral was found at the Meteor mine, in Slocan City 
mining division, where it formed a mass of about 500 pounds on No.2 level 
and a smaller, kidney-shaped body, of about 25 pounds, on No.4 level. At 
both levels the scheelite formed part of the vein matter. 

Silver. Native silver has been observed both megascopic ally and 
microscopically on a great number of properties in the Slocan. It is rarely 
abundant and on the few properties where it has provided exceptionally 
high-grade ore its occurrence in apprec'iable amounts is limited to small 
pockets or shoots in the upper parts of the ore-bodies and genera'lly within 
200 feet or so of the surface. In most cases the silver is secondary and is 
found associated with such minerals as ruby silver, argentite, and 0alcite, 
or occurs as scales and dendritic forms along fracture or cleavage lines in 
grey copper, galena, and blende. Rioh specimens of native silver-bearing 
ore have been obtained from the Hewitt, Utica, Black Grouse, Capello, 
Reco-Goodenough, Lily B, Anna, Meteor, Boomerang, and other properties. 
Most of these occurrences are in "dry" ores, and on properties situated 
in areas of granitic rocks. Under the microscope a specimen of galena 
from Bosun mine revealed innumerable minute bright specks of a mineral 
muoh resembling native silver. 

Smithsonite. This mineral is not 'conspicuous, but forms part of much 
of the so~called ",carbonate" ores occurring within oxidized parts of the 
ore-bodies. The mineral substance referred to as " zinc-white" and which 
forms a white coating, with or without a pale green cast, on the walls of old 
workings where water is draining from the stopes is probably in part either 
the sulphate or carbonate of zinc. Smithsonite is reported at Alamo mine 
in a brecciated lead-zinc ore carrying calcite and quartz. 

Sphaler'lte. This mineral is present in important amounts in most of 
the ore deposits. Most commonly it is a massive, rich brown, lustrous 
mineral with well-developed cleavage. As such it formed large bodies of 
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nearly pure ore at Lucky Jim mine, and has provided large tonnages from 
other important zinc properties. Less commonly it is closely compact, of 
pale liver-brown colour, and forms narrow bands or small lenses inter
stratified either with the more abundant type or with other minerals, prin
cipally pyrite and galena, as at places in the Charleston, Whitewater, and 
Jackson mines. In rarer cases it forms clusters of beautiful crystals. At 
the Lucky Jim such crystalline aggregates occur in vuggy parts of the 
massive ore and in nests in the associated limestone rock. They are simple 
octahedra and more complex forms. Other occurrences of crystals were 
noted at the Mountain Chief property. Not uncommonly the sphalerite 
varies from dark brown to almost black. In many other deposits, and 
particular ly in those occurring in areas of the Kaslo series or of the Nelson 
batholith, the zinc blende is lighter coloured and resinous. 

Sphalerite very commonly contains chalcopyrite as minute scattered 
masses. Where earlier ore or gangue materials are replaced by the sphalerite 
the associated chalcopyrite may cluster around the foreign body in more 
concentrated form than elsewhere in the sphalerite. 

Massive sphalerite contains a varying silver content which is generally 
small and in most cases probably due to a fine intermixture of galena or 
grey copper or both. In exceptional cases the apparently pure sphalerite 
may be very rich in silver, as on the Hope, Bosun, and Enterprise mines 
and in the Reco No. 2 vein of the Reco mine. An assay of sphalerite from 
the Hope mine by H. A. Leverin, of the Mines Branch, gave 318·38 ounces 
of silver and 0·07 per cent copper. A specimen from Lucky Jim mine 
assayed-silver 1· 32 ounces; zinc 61· 47 per cent; and iron 3·39 per cent. 
Available analyses of the sphalerite indicate that the silver content mostly 
appears to be associated with an appreciable content of lead rather than 
of copper; bhat there is a very little cadmium present; and that manganese 
is almost lacking. The presence of tin, probably in the form of stannite, 
in one analysis, suggests that it may be present in small quantities in other 
properties. 

Stannite. Stannite has not been identified, but is suspected to be 
present in bhe Payne mine from which sphalerite on analys·jg was found to 
carry a small percentage of tin. 

Stephanite. This mineral is a conspicuous constituent of the ore at 
Anna mine, Slocan City mining division, where it is associated with galena 
in vein matter also carrying pyrite, chalcopyrite, sphalerite, and native 
silver in a gangue of quartz and carbonate. Stephanite also occurs in very 
minor proportions in the -richer ores of certain other properties, including 
the Arlington and Tamarack mines. It is reported to have been found 
associated with argentite in old workings on the Silver Glance property north 
of Bear lake and may be present in microscopic masses in the ores of other 
properties. 

Stibnite. Sti'bnite occurs at the Hewitt mine, associated with ruby 
.silver, as clusters of small acicular ,crystals. It also forms massive ore 
in quartz veins on the Alps Alturas property (5, 1926) at the head of 
Kane creek to the north of Sandon map-area. 

Sylvanite. Sylvanite is reported by Gwillim (12, 1894, page 496) 
to have been found in one mine near Slocan lake. 
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Tetrahedrite. See Grey copper. 
Unknown Minerals: It is common to find in the galena ores micro

scopic specks of other minerals whiCJh because of their minute Slizes cannot 
be identified. One such mineral has been recognized in the galena ores 
from 'a Dumber of properties including the Payne, Winona-Boon, Hewitt, 
Silversmith, Mowitch, Mountain Chief, Comstock-Virginia, Sun5et, Idaho, 
and ('?) Meteor mines. In each ,case the mineral occurs only in micro
scopic masses. It is sectile, dark grey or dark bluish grey, and as hard 
or a li,ttle harder than galena. Microchemical reactions are rather unsatis
factory owing to ,the minuteness of the mineral masses, but so far as 
could be determined are as follows: HN03 , tarnishes brown to black but 
can be rubbed clean; HCI, little or no reaction; KCN, darkens, rubs clean; 
FeCI3 , appears to roughen, but little other effect; HgCI~, instantly tar
nishes and turns black, persistent; KOH, sometimes tarnishes brown
other times almost negative. 

TV ad. Wad occurs in innumerable instances as coatings and dendritic 
markings on vein minerals and rocks. 

GANGUE MINERALS 

Actinolite. A fibrous mineral, too highly altered to determine accur
ately, but believed to be actinolite, was found in .the ledge-matter of 
Leadsmith vein-lode in the long cross,cut from the portal of No.4 ad it. 

Aragonite. Aragonite in large clusters of colourless, radiating groups 
of acicular crystals was found in cavities in the wall-rock oJ the lower, 
main adit at Wonderful mine. Aragoni,te was also found in a vug over 
No. 3 level, Standard mine. On the Slocan Boy aragonite partly fills 
open fissures along the course of the vein; it is whitish, shading in part 
to bands of light green, and forms compact masses with botryoidal sur
faces and iniernal radiating structure. This variety of aragoni,te was 
identified by Poitevin, of the Geological Survey, as mossottite, a rare 
species hitherto identified in the Lias of Gerf<alco, in Tuscany, where it 
contained nearly 7 per cent of strontium cal'bonate and a trace of copper. 

Barite. Barite is a fairly common gangue mineral in Slocan City 
mining division, in vein deposits in the Nelson batholith. In places it 
forms solid vein matter, but is commonly associ,ated with calcite and a 
much greater proportion of quartz. Properties on which it is found include 
the Speculator, Anna, Little T,im, Calumet and Hecla, and Alma. Barite 
is also reported by Thomlinson to occur closely associated with lead ore 
on the Robin claim near the Standard mine. The mineral generally forms 
coarsely crystalline masses which are white to cream coloured and, in some 
cases, possess a distinctly pearly lustre. 

Calcite. Calcite is a widespread gangue mineral. It is generally 
present in small amounts, but on a number of properties lying principally 
in a belt extending from Slocan lake in the vicinity of Silverton to Sandon, 
it forms large, coarsely crystalline masses up to several feet in thickness. 
Similar calcite occurs at Leadsmith mine and between this property and 
Sandon. On ,the Colonial, Cristein, and Freddie Lee ,properties it occurs 
in concretionary and botryoidal forms lining walls of the veins. Such 
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forms are banded in white and colourless layers and pos'sess a. cross-fibre 
structure. Small vugs or cavities in the vein matter of many properties 
contain beautiful crystals (cubic, dog-tooth, and nail-bead types) of calcite. 

Dolomite. This is a comparatively Tare gangue mineral. It has been 
recognized Bit the Hewitt and Van Roi mines, where it occurs in clusters 
of minute, light brown, rhombohedral crystals lining cavities in the veins. 
A massive, light brown type occurs at 1Jhe Silver Bell and Idaho mines 
cementing fragments of rock. and ore minerals. 

Fluorite, Fluorite has been noted on the Mountain Chief property, 
and is particularly abundant at the Galena Farm mine where i,t coats 
large surfaces of ledge matter along fault planes and forms irregular 
masses as much as several inches thick enclosing fragments of ore and 
gangue minerals. It occurs in cTystalline and mass,ive to somewhat botry
oidal and vuggy forms; varies from nearly white to pinkish blue; and 
appears to be distinctly later than ,the other primary vein minerals. 

H eulandite, This zeolite is reported by Thomlinson to have been 
noted at the Fisher Ma;iden mine. 

Kaolin. Kaolin associated with calcite was found in the Rambler
Cariboo vein. It also occurs as a decomposition of potash feldspar in 
veins in granitic rocks associated, in places, wi,thchalcedonic quartz. 

Mirabilite. A heavy coating of the salt was observed on the walls 
of a crosscut on No. 10 level, Silversmith mine. It forms a loosely com
pacted mass of clear crystals associated with a powdery, whitish variety 
formed from the crystalline type through loss of water on exposure to 
the air. 

Quartz. Quartz is an aibundant gangue mineral. AB a 'rule it in
creases in amount with depth. In the dry ore veins i.t is the predominant 
gangue mineral. The quartz is mostly milky white and massive, but in 
parts of veins occurs as crystals proj ecting into cavities. Clear quartz 
crystals are not common. The Ohio vein contains long, slender prisms 
lying in massive siderite and associated with crystals of siderite. Crystals 
of clear quartz were observed in 1Jhe oxidized parts of Lucky Jim ore
bod,ies. A banded chalcedonic type was noted in the batholithic rocks 
on a few properties, including the Smuggler and Slocan Chief. 

Selenite. Colourless to whi,te crystals of selenite encrust cavities, in 
the wall-rocks on the long crosscut (No. 15) level of Payne mine. 

Siderite. Siderite is the most common of the gangue minerals on the 
larger silver-lead-zinc proper,ties, and is present on most of the other 
properties. It occurs mostly in coarsely crystalline bands and lenses. It 
may be intimately mixed with or interbanded with the ore minerals, and 
is more abundantly associated with sphalerite than silver-lead ore. At 
depth it is replaced by quartz. It vaDies from light honey-yellow through 
various shades of pinkish and reddish brown to dark grey and almost 
black. The common colour is light pinkish brDwn. On weathering it 
becomes dark redd'ish brown thrDugh formation of iron and manganese 
oxides. At depth and wi,th impoverishment of the associated zinc blende 
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the siderite generally .assumes a honey-yellow colour. In Whitewater 
Deep workings one lens o.f dark grey to almost black, coarsely crystallized 
siderite was observed on No. 13 level. The min-eral rarely shows good 
crystal forms, though cavities in the massive siderite may be lined with 
small rhombohedra and nailhead crystals. The siderite generally carries 
an important percentage of manganese. 

A specimen of honey-yell{)w, spa,thic iron from Slocan King mine, 
analysed by H. A. Leverin, Mines Bran0h, Ottawa, was found to contain: 

Iron .................. . .. . . .... . .... .. .... . ..... . ........ . . . ..... . . . 
Manganese .. ... .. . .. . . . . . ....... . . ...... . . . .. . .. . . . .. . . . . .. .... . ... . 
Sulphur.... . .. ..... ... . ......... . .... . ...... .. . . 
Phosphorus... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ..... . 
Insoluble.. ... .. ... .. ... . . . ... . ........ . ................ . ...... . 
FeCO'. .. ............ ... ... . .. . . .. ..... . ... . . ....... .. ...... . . 
MnCO...... .......... .......... ..... . .............. . 

Per cent 
32·24 
18·75 
0·345 

Trace 
2·23 

66·78 
20·45 

A sample of spathic iron from the Contact (Black Prince) claim near 
Blaylock (13, page 114) was reported Iby A. Sadler, Mines Branch, Ottaw.a, 
to contain: 

Iron carbonate ........... . ...... .. ... .. ... . ..... . ....... . .. . ....... . 
Manganese carbonate...... . . . .. ... . . . . . . . . .. . .. . . .... . 
Lime carbonate...... ... .. .. . ... . ... . ........ . . ... . .... . 
Manganese carbonate. ..... . . . . . . . . . . . . . . . ........ . 

Per cent 
63·20 
20·98 
7·49 
5·47 

Sulphate of Alumina and Sodium. A thick, white, soft precipitate 
coating the walls of the upper main tunnel of the R. E. Lee mine, about 
400 feet from the portal, was found on analysis to be a sulphate of 
alumina and sodium. 

Tourmaline. Tourmaline rarely occurs in the mineral deposits. At 
the Flint mine, however, wbundant small needles of black tourmaline were 
observed in vein quartz associated chiefly with pyrite. 



133 

INDEX 

Actinoli,te, gangue mi,neral. ...... . 
Ainsworth, J. and G., miIIling activ-

ities by .................. . 
AinswOlth mg. div., productive pro-

PAGE 

130 

3 

perties in ............. ,..... 16, 17 
Alamo lode, depth of............. 86 

Description.. . . . . . ............ 89 
Ai·ps Alturas cla·im, stibnite ...... .49,129 
Ame,rican Boy mine, vein system.. f!:l 
American Boy-Last Chance lode, 

depth .................. . 
Description ................. .. 
Length ...................... . 

Andesites, Kaslo series ........... . 
Angiesite, -ore mineral . ... . ...... . 
Anna mine, ore depositic}D at ..... . 
Antimony .................•.... 

See auw Stibn-bte 

86 
87 
85 
45 

123 
94 
49 

Apex ,l .. w, size of claims uruier.... 4 
Aragonite, gangue mimera-l..... .. .. 130 
Argenti·te, ore mineral............ 123 
Argillites, Milford series .......... , 39 

Slocan series.................... 53 
Arl~·ngton mine, lode .............. 83,87 
Arlmgton-Specula;r lode, length... 85 
Arsenic, native ........... . ....... 123 
Arsenopyrite, ore mineral......... 123 
Azurite. See Copper carbon8ite 
Bancroft, M. F., field work ...... . 
Barite, gam.,""iUe m.ineral. .......... . 
Beaver mine, veins ........... , .. . 
Becker, Ed., prospector ....... . .. , . 
Bibliography.. . . . . . .. ......... . 
"Big vein" lode. See Bluebird 

mine 
Black Grouse mine, shear-veins ... 
"Black ore," analysis and occU!r-

rence.. . .. , ...... , ... , ... . 
Blue 'ridge, section of Milford 

series ............ . ...... . 
Figure .......... : ..... . ....... . 

Blue Bell mine, early d'iscovery .. 
Bluebird mine, veins ............. . 
Bosun mine, depth of vein ...... . 
Boulangerite, ore mineml ........ . 
Bournonite, are minera:l ......... ,. 
Breccias, Kaslo series ........ , ... . 
Breccia-vein, described ........... . 

Types .... . ...... . ........... . 
Breccia-vei'n lode, described ...... . 
Brenn·an, Jim, prospector ......... . 
Brock, R. W., work by .......... . 
Brongniardite ................. .. 

1,20 
130 
82 
4 

20,21 

107 

39,40 
34 
3 

89 
86 

123 
123 
44 
82 
87 
82 

4 
20 

123 

PAGE 

Buchanan mt., seotion of Lardeau 
series .................... 32-33 

Oalcite, gangue mineral........... 130 
Caledoni .. property, repJoacemeDJt at 101 
Caoo.dian Metal Co.. milling by.. 6 
Capello group, veins.............. sa 
Carboniferous. See Milford group 
Carpenter, El-i, prospect-or ........ . 
Cerargyrj,te, ore miueral. ......... . 
Cerussite, ore mineraL ........... . 
Chalcanthite, ore mineral ........ . 
Chalcocite, OTe mirneral ........... . 
ChaJcopyrite, ore mineraL ....... . 
Chantler, W. E., field assistant ... . 
Chert, Milford series ..... . ....... . 
Composite vein, defined .......... . 

Description, economic impor-
tance, etc ...... , ...... , .... . 

Concentrators, early operations ... . 
Conglomerates, Slocan series ..... . 

Pho,to ....................... . 
Copper. See VM'ious ores of 
Copper carbonates, ()I]·e mi,nerals .. . 
Corinth miue, n .. tme of are deposi-

tiorn ............ . ... . .... . 
Cork Province, replacement . . .... . 
Covellite, ore minera1 ............ . 
Dawson, G. M., geologica;! work by 
Dayton claim, discovery ......... . 
Deltas, formation, imp.ortan.ce .... . 
Detri.tal deposi ts ................ .. 
Doane, HenTY. prospector ........ . 
Dolomite, gangue mi,nel'al ........ . 
"Dry are" deposits, df'fined ...... . 

Description and mode of occur-

4 
1\23 
123 
124 
124 
124 

2 
4() 
79 

82:-9\5 
o 

55-56 
54 

1~ 

93 
101 
124 
20 

5 
76 

109 
3 

13,1 
78 

rence ................... . 114-1'18 
E:«tmples of.................... ro 
Mineralization.. . . . . . ......... 1122 

Photo of ................... ,. 78 
Persistence of veins . ... . ... . .... 80 

Drysdale, C. W., field work....... 1,20 
Dykes, pegmat<j,te, Lardeau series.. 36 

Salic and mafic ........... . ..... 71,n 
Emily Edit-h-Standard-Ickvho-Queen 

Bess, lode 
Depth . .................. . ... . 
Length . .. ..... ... ........... . 

Enterprise mine, faulting of vein .. 
Eureka mine, veins ..... , ........ . 

See also Richmond-Eureka lode 
Fil,11·mont )oode, desoription .. . .... . 
Fa'lliting, Milford series .... . ..... . 

Veins -and lodes ...... . ........ . 

86 
&'}. 

99 
82 

88 
42. 
39' 



Fisher Maiden mine .. . ..... . ... . 

134 

PAGE 

88 
Fi."3ure defined. . ...... . ........ . . . 'm 
Fissure veins de.fined............ . . 7!l 
Flint, Frank, prospector..... . .. . . 4 
Flint mine, ore deposi,tion .. . . . ... 94,95 
Fluorite, gangue mineral . ...... . .. 131 
Formations, table of ........... .. . :10,31 
Fort Steele mg. div., mwera.! pro-

duction ... . .............. . 
Fo",ils, Milford series .......... . . . 

Slocan series ..... . ......... .. .. . 

8 
43 
60 

Freibergite. See Grey copper 
Ga'lena, ore mineral............ .. . 124 

Placer.. . . . . . ... . ..... . . . . .. .. 109 
See also Silver-lew ore deposits 

Galena Farm mine, placer (?) 
galena.. . . . . . . ........... 109 

Vein~, ·Iength................. .. . 85 
Ga.ngue minerals, chflJracter and ('{" 

currence ............ . ..... 130-1312 
Geology. economic .......... . ..... 77-132 

Genrral. ................ . ..... 2'8-76 
Gersdorfitte, ore mi·neral . ......... 125 
Gillanders, E. B., field assistan.t... 2 
Glaciation.. . ......... .. ....... 23,24 
Glacie·rs.. . . . . . .......... . ...... 23 
Gneisses, La.rdcau series.... . ...... 35 

Photo..... . . . .... . .... 36 
Nelson batholith......... 61 

Gold, ore mineral.... . .. .. ........ 125 
Gold-sulphide deposits, description, 

mineralization. . . ..... .49, HZ, 1'13 
Gold Cure mine. . . . . . . . . . . . . . . . . . . 85 
Graham, R. P .. field assistant. .... 2 
Granby lode, discovery ... ......... 3 
Gra.nite. Nelson batholith .. . .. . .. . 62-65 
"Greenstone belt." See Kaslo series 
Grey copper, ore mineral .. ...... . 125 
Gunning. H . C .. geologica.! work.. 2,20 
Hall mines. smelter. .. .... . ... . ... 6 
Hammil, Thos" prospector... ... ... 3 
Ha.rkness, J. A., field assistant.. .. 2 
Ha.rtney mine, vein'> . . . .. . . .. . . . . . . 81 
Hrarst, Senator George, mining by 3 
Hendryx. Dr. W. A., mining by. . . 4 
He~nessy, J. J . iUld W. M., pros-

pectors.. . . . . . ............ 4 
HruJ.andi,te. ga.ngue miueTal. . . . . . . . 131 
Hewibt mine vein system......... 83 

Depth.. . . . . .. . . . .. . .......... 86 
Length.. . . .. . ....... ........ 85 
PI·an of levels.................. 84 

History of area.. . ................ 3-1-9 
Hope lode, description.. . ... . ..... 89 

Length.. . . . . . . .. . . ........... 85 
are deposition.. .. . ... .......... 95 

Howard Fmction groUlp, faults.... 99 
Hughes. G. W., freighti'ng by...... 5 

Idaho vein, depth of ............. . 
Length .. · . . . . . .. ... .......... . 
are deposition . ................ . 

Index mine ..... . . . .............. . 
lngalJ, E. D., geological work by .. 
Intrusives. See also Dykes 

PAGEl 

86 
85 
95 
85 
20 

I{aslo series. . . . . . . . . . . . . . . . . . . . . 45 
I v·anhoe mine, shear-vein...... . . . . !n 

Length.. . . . . . ................ 85 
Jackson mine, ore deposition...... 95 
Jamesonite, ore mineral.......... 126 
J-ardine mt., photo................ 40 

Serpentine.. . . . . . ............. 47 
Jones, W. A., field assistant....... 2 
Kaolin, gangue mineraL............ .131 
Kaslo, photo ................ FrontLSplece 
Kaslo creek, manganese........... 109 
Kaslo schists. See Kaslo series 
Kaslo series, distribution, descrip-

tion. and relation ...... 28, 30,43-49 
Placer gold in.................. 12'5 
Structural section............... 34 

Keen creek, early prospecting:.... 5 
KokflJnee creek, early prospectmg.. 5 
Kootenay lake, description and 

origin.. . . . . . ............. 25-2:1 
Lardeau mts.. description ....... . . 22,23 
Lardeau series, description, dis

tribution. and relation .... 28, 31-38 
Structural section . ... . .......... 34 

La"t Chance mine vein system.. . . 87 
Lead. See Silver·lead ore deposits 
Lead ore, ea.rly d.i.."covery......... 3 
LeRoy O. E., field work. . ....... 1,20 
LimeSt~nes, Lardeau series, descrip-

tion.. . . . . . ............... 34 
Milford series................... 41 
Photo.. . . . . . ............... .. 54 
Repla.cement deposits in........ 100 
Slocan series ... . . .... .. ....... . . 54 

Limonite, ore mi,neraJ...... . ...... 1.W 
Linarite, ore mineral.............. 126 
Li·ncoln mine, replacement........ 101 
Linked veins, description......... 82 

Exa.mples.. . . . . . .. . ........... 86 
Types.. . . . . . ................. 87 
LibtJe Tim mine, veins.. . . . . . . . . 80 

Lodes defined..................... 79 
Faulting of..................... 99 
Strike of, related to productivity 95-97 
Structure of governed by rocks 

cut ..... '" ............ .. 97 
See also Veins 

Lovitt, E. H., field a~istant.. ..... 2 
Lucky Jim mine, replacement at .. 79, 100 

Section of...................... 100 
Sketch of ore from............. 102 

Lucky Thought mine............ . 91 



Lulu claim, discovery . .......... . 
McAllister mine, are deposition .. . 

Photo ....................... . 
McConnell, R. G., geological work 

by .. '" '" .............. . 
McCune, A. W ..... .. ........... . 
McGuigan, J. G., prospcector ..... . 
McLeod. Tom, prospector ........ . 
Mafic dykes, description ......... . 

Relation of to veins ........... . 
Magneti,te, ore mineraJ ... ........ . 
:\hlachite. See Copper carbonates 

135 

PAGE 

3 
94 
78 

2D 
5 
4 
4 

n,72 
98 

126 

Manganese OT-e.......... . ......... 129 
See also Spring deposits 

WaD. 
Maps, index map of areas. . . . . . . . . . 2 

Sandon area ................. In p.ocket 
Sloca.n area .................. In pocket 

Ma,rcasi te.. . . . . . ............... 12U 
Memphis creek. gold.. ... ......... 5 
Mesozoic. See Kaslo series 

Milford group 
Sloc·an series 

Undjffe.rentiated ............... 49-51 
Milford gWUP, cont3lm with Lar-

deau ..................... 36--38 
Distribution, description, rela-

tion ... .. ........... 28, 31 , 38-43 
Structural section............... 34 

Mineral deposits. See Ore deposits 
Mineralization. Kaslo series. . ..... 49 

Nelson bwtJholith ............... 68, .69 
Slocan series.................... 59 

Mineralogy of ore-bodies ........ 123-132 
Mineral spr.ings. See Springs, min-

eral 
Mines, production in Ainsworth mg. 

div ... ... ........ . . . ... .. . 1'6,17 
Slocan mg. div ................. 1z",15 
Slocan City mg. div....... .. ... 18, 119 

MirabiEte, gangue mineral....... 131 
Mohawk mine, shea:r-veins......... 91 
MoHy Hughes mine. faults....... 99 
Molybdenite, ore mineral..... .... 127 
Monitor. depth of vein... . . . . . . . . . 86 
Montez-uma mine. replacement.... 101 
Neepawa mine .lode, length.. .. .... 85 

Veins ......................... 87,88 
.Nelson bathohth. age of .......... 73,74 

Distribution, description, rela-
tion, etc ............... 28H30,61-69 

Effect on mi'lleral deposition.... 1'10 
Number of claiIIlJ3 in . .......... 77 
Value of ore in......... . ..... . 77 

Nelson gra:nite, breccia veins ...... 83,87 
Ore-bodies in................... 5 

Dry ore... . ................. . . 114 
Prodruction of ve.ins............. 9i 

Noble Five claims, discovery. . . . . . 4 

PAGE 

Number One-Reco-No. 3 lode, 
length.. . . . . . ............. 85 

Ol"en. Chas., prospector........... 4 
Ore deposits 

See also Ore shoots 
Replacement deposits 
Silver-lead deposits 

Composite veins ..... ... . .. ..... 9·2-9'5 
Depth and size .......... .. ..... 83-86 
Effect of dykes on ........ . ..... 97-99 

Nelson batholith.............. 1'10 
Fa vourable ground for.......... 1{}5 
Ores of . ............... .. .. 106, 12.3--130 

Values of . .................. . . 77 
Oxidation.. . . . . . ............. lOB 
Paragenesis of. ................ 1~18--122 
Persistence at depth............ 78 
Types and relationship ........ l'lVH8 

Ore minerals. charaoter and occur-
rence .. .. ......... ... .... 123-130 

Ore shoots, description, character, 
origin .. ... .............. 102-107 

Ottawa min-e vei'll system......... 88 
Oxidation of ore deposits ........ tOs, 109 
Palreozoic. See Milford group 
Pa,ra mine, veins................. 80 
Paragenesis of ore deposi:ts ...... 11<')...122 
P'ay.ne mine. early production. . . . . . 4,5 

Photo of dumps at............. 22 
Photo of O're ........ . . . ........ 78, 102 

Payne mt., mineral deposits...... 4 
Payne Consolidated Mining Co . .. 5 
Pea.rcey. J . G .• field assistant...... 2 
Pegmati.te-gneiss, Nelson batholith 65-68 
Placer gold ..................... 3,49,109 
Pleistocene ...... . .............. 75,76 

See also Glaci·ation 
Polybasite. O're mineraL.......... 127 
Pontiac-Tecumseh. lodes.......... 88 
Porphyri·te , MilfO'rd series......... 41 
Portland Canal mg. div., min-eral 

production.. . . . . . ......... 8 
Precambrian rocks 

See Lardeau series 
Undivided Windermere 

Prices of metals, relation of to 
tonnage mined ............. 7-9 

Purcell range, photo ......... Frontispiece 
Purcell trench. origin............. 2tl 
Pyrargyrite. See Ruby silver 
Pyri,te, ore mineral................ 127 
Pyr.rhotite, ore miner·[l!I........... 127 
Quartz. ga.ngue mineral........... 131 
QWl.rtzites. Lardeau series.... . .... 33 

Milford series................... 39 
Sloe-an series.................... 55 

Photo.. . . . . . ............... 54 



136 

PAGE 

Quartz-vein deposits, de€Criptioll, 
mineralization.. . . . . . .... 111-112 

See also Dry ore deposits 
Quaternary. See Pleistocene 

Recent 
Queen Bess lode, depth .......... . 

Length . . _ .. _ .......... _ ..... . 
Rambler Cariboo lode, dep.th . ... . 

Veins ....... . ................ . 
Re(;ent ........................ . 

See a~so Glaciation 

86 
8'5 
86 
85 

7'5,7£ 

Rero mine, veins ................. 81,8Q 
Replacement deposits, description 100-102 

Oxidation of. _ . . . . . . . . . . . . . . . . . . 108 
Replacement lode deposit de!fined. . 79 
Revenue mine. veins.............. 82 
Rhodonite, ore mineral.... . ...... 127 
Richmond-Eureka lode ......... 8'5, 9.1,9'5 
Roads . See Tran~portation faciJi-

ties 
Rocks, relation of to types of ve·ins 97-99 
Rossiter, Chas., prospector........ 4 
Ruby silver, are mineral...... . ... 128 
Ruth mine, depth of vein...... . .. 86 
Ruth-Ho<pe mine ................. 90,91 
Salic dykes, relation 'Of to veins.. 98 
Sandon, photo.................... 5 
San.don, John, prospector. _ . . . . . . . 4 
Sandon area, history.............. 3-19 

Kaslo series......... ............ 43 
La.rdeau series.................. 32 
Map ......................... In pocket 
Present status.. ..... ............ 1 
Size, etc................... ..... n 
Transportation facilities . ........ 3 

Scheeli,te, ore mineml............. 128 
Schists, Lardeau sel'ies .... _ . . . . . . . . 34 
Schofield, S. J., geolog-i·ca! work.... 20 
SchroedeT mt .......... . .......... 40,4'1 

Photo.. . . . . . ................. 40 
Sea.ton, John L., prospector. . . . . . . . 4 
Sediments, Kaslo se-ries........... 47 

Slooam series.................... 56, 57 
Selenite, gangue minere..l.......... 13'1 
Selkirk mts., rocks of ............. 28,29 
Serpentine, Kaslo series........... 4Q 

Shear-vein and lode described..... 82 
Minemlization of ............... 89,90 

Siderite, gangue mi,neral.......... 131 
Sills. See Dykes 
Silver, native, ore mineral........ 128 
Silver ore deposits 

See also Dry ores 
Ore deposits 

Description, mineraJization ..... 1~14, 1'15 
D-iscovery.. . . . . . ............. 4 
Slocan series ................... 59 

Silver-lead ore deposi,ts. See also 
Ore deposi,ts 

PAGE 

F'!lctors affecting deposition .. . . 1:10, lill 
M ineralizati-on.. . _ . . . ......... 1'13 

Silver HeM mine lode....... . .... 85, 9'1 
Silversmith mine lode ...... . 8'3, 85, 90,91 

Ore shoot....................... 104 
Silversmith-Slocan Star lode, veins 86,90 

Ore deposi tion. . . . . . . . . . . . . . . . . . 94 
Single veins, defined.............. 79 

De<:;eription, economic impor-
tance, €ic ................... 7.g...gQ-

OTe shoots, minerals in...... . .. 1()3 
Slates, Mi.jford series.............. 39 

Slocan series............... . .... 52, 53 
Slides, rock....................... 75 
Slocan hke, description, origin .... 25-?:J 
Slooan m3!p-3.>rea, sive, etc .. ....... 77 
SIOCM} mg. ctiv., list of producing 

properties ...... _ . , ......... 12-15 
Mineral prodtlctio'll. . . . . . . . . . . . . . 8,9 

Slocan mts ., descl'iption.......... 22 
Slocan series, bre-ccia veins in. . ... 89 

Claims in ...................... 77 
Distribution, description, etc .... 28,30, 

52--6:1 
Productivity of veins in........ 97 
St'ruotmal section ............ In pocket 
Values of ore mined.......... . . n 

Slocan City mg. div., produotive 
mines ........ . ............. 18,19 

Slocan King mine. shear-veins..... 90 
Slocan Sove-re,ign-Texas-Reco lode, 

length .................... . 
Slocan Star mine, shear-veins .... . 
Smei.ters. ear.Iy operations ........ . 
Smithsonite, ore mi,ne-ral ......... . 
SnoW'9tOl'm mine, vei·ns .......... . 
South fork of K'!\Slo creek. See 

Keen creek 

85 
85,90 

6 
1I2S 
80 

Speoulator mine vein systmn...... 87 
Sphalerite ........................ 128 
Spring deposits.. . .. . . .. . .. .. . . . . . . 109 
Springs, mineraJ . ................. 76 
Springs claim, discovery . ......... 4 
Sproule, R. E., prospeoting by.... 3 
Standard lode, depth.............. 86 

Length......................... 8'5 
Width......................... 83 

StaOOlM'd mine, ore deposition..... 94 
Ore shoots...................... 1M 

Stannite, ore mineral..... . ....... 129 
Stephani,te, ore minel'wl........... 129 
Stevenson, J. S., field as:;istant.... Z 
Stihnite, are mi'lleral.............. 1Q.9 

Occunrence ..................... 49-
Stocks, age of.................... 73 

Description, occurrence ....... 28, 69-,70 



137 

Sunset-Trade DoliM mine, depth 
of vein ............. . ...... . 

Surprioo mine, replacement at. ... . 
Sylvanite, ore deposi,t ............ . 
Tenmile creek. See Enterprise creek 

86 
101 
129 

Terraces .................. . .... 24, Z5,75 
Thermal gradient, effect on mineral 

deposition .......... . ...... . 
Topography ..................... . 
Tourmaline ..................... . 
Trai·1 smelter ..................... . 
Transpo.rtati-on facilities .......... . 
Tri,assic. See Raslo series 

Milford group 
Slocan series 

Tuffs, Kaslo series ................ . 
Slocan seTies ............... . .. . . 

Twelvemile creek. See Memphis 
creek 

UndiviDed Windermere series, de
scription, distribution, a.nd 

1'10 
?:2-27 

132 
6 
3 

44 
56 

relations ................. 28, 31,32 
U.s. mine, veins.................. 81 
Utica mine, ore depositi.on . .. .... 93,94 
Valhalla mts., photo... . .......... 24 
Van Roi mine, composite mineral-

iZ9Jtion ..................... 92 
Photo of ore .................. 102, 121 
Vein .. . .. .... ............ .. .... 85,86 

Van Roi-Hewitt IDde, length....... 8'5 
Veins defined..................... 79 

Faulting ....................... 00, 100 

PAGE 

Veiw--Conc. 
Mineralization. See Sepwate 

types of veins 
Strike of in ·relation to value ... 95--97 
Structure of. deterunined by rocks 

traversed .................. 97-99 
Vein~ode defined................. 79 
Volcanics, Kaslo oories............ 44,45 

Milford series................... 4.0 
Wad, ore mineTal......... . ....... 13D 
Wakefield vein. ore deposition. . . . . 95 
Walker, J. F ., acknowledgment.... 2,20 
West vein, mineraliz3!tion......... 94 
Westmont lode. length............ 85 
Westmont mine. vein system . .... 87,88 
Wet ore deposits defined.. . . . . . . . . 78 

Descrip,t.ion, mineralization ..... 1'13, 120 
Whitewater lode. depth........... 86 

Length. . ......... .. ............ 85 
Veins .................... .. .... gl 

Whitewater mine. mill. . . . . . . . . . . . . 10 
Whitewater Deep mine, replace-

ment at.................... 101 
Veirn ..................... . .... 79 

Windermere group 
S"e Lardeau series 

Undivided Windermere 
Yu·ill creek. See Kokanee creek 
Zinc, ores, factors affecting deposi-

tion ....................... 11:1 
Production ..................... 10 
See also Silver-lead-ore deposits 






