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MINERAL DEPOSITS, EAST KOOTENAY REGION

Introduction

This report is to accompany‘maps showing mineral deposits
and mineral potential, and maps showing groups of current mineral
claims, coal licences and petroleum and natural gas licences and
leases, The claim, licence and lease data are dated Sentember 1970.

The map of mineral deposits and mineral‘potential is
based on published and unpublished information, personal knowledge
of staff geologists and consultation with Cominco geologists in
the Vancouver exploration office. The conclusions représented are
of a general nature compiled on a scale of 1:250,000 to give a regional
picture of the mineral resouréés and to show the places where deposits
have been mined and tested. The areas shown as having moderate
potential for metallic mineral deposits are the areas which on the
basis of present knowledge are most likely to contain significant
orebodies. Orebodies may be discovered, howéver, outside these
areas by continued search and because of the rééégnition of new
valuable comaodities. The maps can be used for only the most general
considerations of land use.

The following tables show total production of metals, coal,

industrial minerals and structufal materials from within the area,




Property or Mine

B.C. and Tilbury
Black Diamond
Bunyon
Charlemont
Comstock

Copper Butte
Crown Point
Delphine

Giant

Helldiver
Hidden Treasure

Hot Punch, Silver
Spray, Star

Isaac

Key or Silver Key
Lancaster

Lead Queen

Lucky Jim

Mabel R

“ Mineral King

Years

1905-8, 1927
1906-7

1904

1907

1907

1916-17
1909, 1929
1899-1905

1908, 1916, 1
1947-57

1920

1898, 1916

11908-9, 1919,

1926
1916-24

1936, 1939-40
1890

1916-19, 1926
1961

1918

1954-68

TABLE la

GROSS METAL PRODUCTION - GOLDEN MINING DIVISION

Mined Gold Silver

tons 0Z,. oz.
87 -- 6,394
47 - 1,930
15 -- 105
13 -- 861
21 -- 690
34 -- 1,700
6 - 264
187  -- 19,751

930,

927,111 4 622,421
35 -- 7 s
17 -- | 350
80 2 3,491
476 -- 13,123
4 -- 1,420

30 -- --
-29 429 1 14,120
5 - 223
17 -- 133
2,313,068  -- 1,844,189

485,752

1,459,477

Copperx Lead

1b.
91,306

58,801

12,247

24,668

8,396

6,670 103,353

64,874,328

19,343

60,115
334,667

120

33,000 --

321,582
5,130
19,904

82,215,885

198,834,972

Zinc Cadmium
1b. 1b.

942 --

7,120,750 17,199

1,992 -

42 --

2,630 --

160 --
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Property or Mine

Mt. Fraction
Nip and Tuck

Paradise

Pretty Girl

Ptarmigan

Ruth Vermont
Silver Belt
Silver King
Sitting Bull
Steele
Tecumseh
Tennessee
Trojan

Vermont and Ruth

White Cat

TOTALS

Years

1901-3
1916, 1923

1901-6, 1916-29,
1949-52

1904, 1917, 1928

1900-3, 1906,
1920, 1957-59

1965
1901, 1916-18
1915, 1925
1919

1923

1904-7

1917

1919

1892, 1927, 1930,
1951

1924-28

Mined Gold Silver Copper Lead Zinc Cadmium

tons oz. oz, 1b, ib. 1b, 1b.

36 -- 8,187 3,649 87 -- --

98 1 6,818 -- 94,447 -- --
71,247 32 737,189 - 15,979,124 7,988,687 8,914

9  -- 457 3,677 -- -- --

725 114 89,027 8,407 7,758 1,871 --

17 1 1,056 -- - 10,335 6,425 --

108 - 4,782 . 39,574 -- --

29 -- 832 -= 18,201 -- --

13 -- 1,044 - 8,468 -- --

221 -- 5,127 -- 140,543 -- --

79 - ;“7,991 -- 87,026 -- --

1 -- -- 180 -- -- --

44 -- 7 9,239 -- -- --

62 5 5,821 -- 61,898 8,200 --

167  -- 4,980 -- 177,791 -- --
3,314,538 160 3,405,357 2,027,846 164,775,097 213,966,671 58,653
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Anderson Group
Aurora

Birdie L
Burton

Comet

Copper King
_ibble

Estella

Grundon
Humbolt

Judylu

Kootenay King
Magnet

- Midway
\

. Minnie

North Sea

Park

Payroll

!7///, Property or Mine Years

1937-40
1910-11, 1926-27
1937

1916-18.

1925-26

1924, 1928

1895, 1934

1951-54, 1963,
1966-67

1919, 1923, 1927
1963-64

1951

1952-53

1968

1933, 1937-40,
1959, 1962

1917

1898-1910, 1918-21,
1929

1916-17, 1923

1907

TABLE 1b

GROSS METAL PRODUCTION - FORT STEELE MINING DIVISION

Mined
tons

420
2,458
25
228
24

14

32

120,724
31

9

25
14,617

10

1,288

67,531
144

18

Gold

oz,

102

Silver

oz.
167
9,686
484
4
38
105

1,205

205,538
107

216

59
28,367

22

2,750

60

1,338,431
729

23

1b.

Copper

238

Lead
1b.

442
403, 500

7,611

11,422,255
7,303
5,804
5,333

1,567,199

1,773

5,618

370

47,938,812

23,437

Zinc

1b.

688,834

21,661,020
7,702
2,399

246

1,943,129

3,750

13,899

Cadmium
1b.



?roperty or Mine

Quantrell
Red Eagle
~ St. Eugene

Society Girl

Stemwinder
Sullivan
Victor

( TOTALS

1916-17

1927

1899-1929

1900-01, 1910-13,

1948-52

1926

1900-69

1921

Mined Gold  Silver Copper Lead Zine Cadmium
tons oz, oz. 1b. 1b. 1b. 1b.
75 -- 1,446 -- 67,160 -- -
1 -- 8 133 -- 32 -
1,626,210 2,535 5,873,731 .- 249,199,671 31,929,526 --
3,289 -- 13,891 -- 1,101,558 52,721 --
28,241 42 62,862 -- 2,084,079 8,798,474 --
101,793,555 4,708 229,462,024 7,645,500 13,576,746,022 11,735,056,502  2,782,96;
7 1 172 -- 5,327 -- --
103,658,977 7,778 237,002,125 7,678,480 15;890,593,274 11,800,158,234 2,807,719

R —



APPROXTMATE QUANTITY AND VALUE OF

MINERAL PRODUCTION FORT STE:ZLE AND

GOLDEN MINING DIVISIONS

Commodity 1969 Total value
Quantity Value in to date in
dollars dollars
Silver 3 million ounces 6 million 161 million
Lead 186 million lbs. 30 million 1060 million
Zinc 155 million lbs. 2/, million 846 million
Cadmiun 329 thousand lbs, 1.2 million 7 million
Iron concentrates 182 thousand tons 1.9 million 10.7 million

Placer gold
Tin

Barite
Gypsun

Structural
Materials

Coal

Totals

288 thousand lbs.
27 thousand tons

281 thousand tons

842 thousand tons

470 thousand
190 thousand
764 thousand

417 thousand

6.7 million

71.2 million

470 thousand
15 million

3.5 million
7 million

4.5 million

281 million

2,397 million



METALS

The area contains important deposits of silver, lead and zinc
and significant amounts of iron, copper, gold, tin, tungsten and radio-
active metals. It is an area of complex geology which, though completely
mapped on scales of 2 and 4 miles to the inch is incompletely explored.

The area contains the Sullivan orebody which is unique in
terms of size and geological characteristics. Currently stated reserves
are 60 million tons and the company has production plans to the year
2000. The Sullivan orebody is the largest reserve of silver, lead and
zinc in the province, upon which directly depends a significant part of
the economy of southeastern British Columbia., Several hundred thousand
dollars are spent each year by Cominco Ltd, and by other exploration
companies in the'search for anotﬁer similar deposit. It is possible to
set only very general limits on the area in which such a deposit may be
found and exploration should not be discouraged by regulations which
restrict the area of search. ’

Two areas of moderate potential for silver, lead and zinc
occur in the northern Purcell Mountains. These two areas together
have had one or two producing mines of moderate size for the last 20
years, The most recent past producer, the Mineral King, closed in
1968; the Ruth Vermont began production in July 1970. The most
significant deposits are the Silver Giant and Mineral King which are

considered to be mined out, but which will probably produce more ore
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from the same or closely related nearby zones. The Ruth Vermont is
reported to contain a silver, lead, zinc orebody estimated to be worth
$75 million at current prices which will be mined out in approximately
5 years. In my opinion other deposits of similar size can be expected
to be found in these two areas in the foreseable future.

An area containing a number of copper, silver, lead, and
zinc showings and small mines lies along the eastern side of the Rocky
fountain Trench south from Jindermere Lake to the International
Boundary. Currently a small copper-silver orebody is being prepared
for production near-Bull River by Placid 0il. It is called the Bull
River ifine and the known orebodies are expected to be mined during
ths next 5 years., A mill wiph a capacity of 750 tons per day is under
construction and mining initi;ily is by open pit.

Traditionally the Rocky Mountains have been considered barren
of metallic minerals. Recent work and wider ranging exploration have
found interesting lead, zinc, copper and tungsten mineralization with
significant potential. Two areas of moderéte;pptential are shown,
one in the Clark Range, in the Flathead and é;other east of the upper
Kootenay River,

Placer gold has been taken from several streams in the area
and there will continue to be minor exploration and placer gold mining.
Placers containing radioactive minerals have been tested recently in

upper Vowell, Malloy, Bugaboo and Forster Creeks,
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COAL

The approximate outline of the area containing coal-bearing
strata is shown on the map Three parts, the Elk River coalfield, the
Fernie basin and the Flathead area are recognized.

The Elk River coalfield has an estimated total potential of
recoverable coal amounting to approximately one billion tons. Three
companies have proved up substantial reserves. The northernmost
property is that of Emkay Scurry Limited along Big Weary Ridge and
Little YWeary Ridge north of Aldridge Creek. Considerable testing has
been done and an operating company (Emkay — Scurry Limited) was formed
in December 1969, Reserves of recoverable raw coal estimated in July
1969 amount to 139 million tons.,

Fording Coal has profed up substantial reserves on Eagle
and Turnbull Mountains north of Kilmarnock Creek and in the Greenhill
area to the west, Total reserves of approximately 279 million tons
are reported of which substantially less coal is recoverable. The
decision was made this year to put the property into production early
in 1972. A 15 year contract to ship 3 million iéns of coal per year
to Japan was negotiated.

Crows Nest Industries Limited has tested three areas near
Line Creek and coal seams on Line Creek Ridge are being prepared for
production.

A large part of the coal reserves of the Fernie basin are

held by Kaiser Resources Ltd. The company estimates a potential of



1.5 billion tons is present within their holdings. The company has a

15 year contract to ship approximately 5 million tons per year to Japan,
Isolated sections of the coal-bearing formations are present

in the Flathead. Early estimates of coal reserves included the Flathead,

but in recent estimates (G.S.C. paper 70-8) they have been eliminated.

Good quality coal is present in the Flathead but recent testing of the

most promising area (Cabin Creek) shows that is currently not economic,




INDUSTRIAL HMINERALS

Cormercial production of industrial minerals in the area
has been limited to barite and gypsum and minor amounts of shale and
dolomite. Exploratory work has been done on limestone, magnesite,
ohosphate and silica deposits and trial shipments were made from some

of themn.

Barite (BaSOh) is used chiefly as a weighting agent in
oilwell drilling muds where its value depends on its high specific
gravity, softness, and chemical inertness. For most of its many |
other uses the mineral must be white and chemically pure.

Hany occurrences of barite are known in the area but all
are small and most are uneconomic to-day. Because of the negative
results of a considerable amount of prospecting for barite and of
the nature of the known deposits, the pro;pects of finding important
new deposits are considered slim. |

The mineral has been produced at Parsbh.(7§OOO tons),
3risco (140,000 tons), Spillimacheen (80,000 tons), Invermere
(15,000 tons), and Toby Creek (24,000 tons), Present production
origzinates at’mines at Parson and Brisco and at plants recovering
barite from old mill tailings ponds at the sites of the former Glant
(Spitlimacheen) and Mineral King (Toby Creek) mines. The Parson and

Brisco mines will probably be mined out within 2 or 3 years. . The
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tailings pond at the Giant mine is nearly depleted but several thousand
tons of potential ore remain in the upver workings of the old mine.

The other known deposits are very small and preliminary exploration

on them has failed to reveal large quantities or cheaply mineable

small quantities of ore.

Dolomite

Dolomite is used herein to refer to a rock consisting
essentially of the mineral dolomite (CaCOB MgOCO3). Tts main uses
are as a flux in the iron and steel industry, as a refractory, and
as a source of magnesia and magnesian lime, Other uses are numerous.
Its market value is low,

Dolomite is present as extensive beds in many of the rock
formations in the area. West of Glenogle a wide belt is crossed by
whe railway and highway. The Jubilee Formation contains much dolomite
and is well exposed along the base of Jubilee Mountain, on the east
face of Steamboat Mountain, east of Athalmer, in the Stanford Range,
and around Canal Flats. South and east of Ferﬁié several formations
contain dolomite.

Cominco quarried about 20,000 tons of dolomite between 1960
and 1962 from a deposit at.Norqu, near the mouth of Bull River.
Production ceased when it was found cheaper to buy rock from a quarry

operating in Alberta near Crows Nest,




At present accessible markels for dolomite are not great
enouch to warrant production in British Columbia., However, the
deposits in this region should be considered of potential value for

the future.

Gyosum

Gyosum (CaSOA 2H,50) is used in large quantities in the
manufacture of plasters, wallboard, cement, and for land dressing.

For the first 2 uses it must be very pure and in all cases the unit
value is low,

Considerable areas of the district are underlain by gypsumn—
bearing formations and many gypsum occurrences are known within them.
Much of the gypsum is beyond thg‘reach of economic transportation at
present and much is of poor graae. It is not thought very likely that
sizeable new areas of gypsum-bearing formations will be discovered in
the region. }

There has been production of gjpsum at Mayook (110,000 tons)
and east of ‘indermere (more than 2% million tons). Present production
is from the Andermere quarry. There does not appear to be any prospect
of new quarry developument in the immediate future but some of the deposits

should provide gypsum at a later date when gypsum becomes scarcer.

Limestone
Limestone (CaCOB) is one of the basic raw materials of the

chemical and metallurgical industries., It occurs in various purities
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throughout the area, One devnosit near Wardner was studied with a view
to oroduction but nothing developed. At present it would appear that
accessible markets are too small to supoort a quarry. No doubt in

the future there will be limestone produces.

Magnesite

Maznesite (MgCOB) is used chiefly as a raw material for the
manufacture of high melting point bricks and other refractory products
to line furnaces and kilns. Synthetic magnesite extracted from brines
now co.petes strohgly in industry with the natural mineral.

A lafge deposit of high grade magnesite occurs on MHount
Brussilof, 20 miles northeast of Radium, and smaller deposits are
known just west of Brisco and.south of larysville., There is a good
chance other deposits will be £ecognized in similar geological
formations.

Small local demand and excessive transportation costs to

larger distant markets have prevented exhloitation of the magnesite.

However, in the future, these deposits could prdve valuable,

Phosvhate

Phosphorus is essential to all life and is one of the main
elements required to be provided to plants in fertilizers. The chief
comnercial source to-day is phosphorite——a sedimentary rock containing

secondary phosvhate,




Phosphate - bearing sedimentary rocks are widespread in the
area and many deposits have been found. However, in these rocks,
the occurrences explored to date have proved below acceptable
economic grade and size. In addition, processes to up-grade the
material to useable quality are apparently not available. Because of
the ready availability of cheap high-grade rock from other sources,

our deposits, at best, can be considered only as possible future sources.

Smale

Small amounts (less than 2,000 tons per year) of shale are
guarried near Canal Flats for the production of industrial fillers.
No zreat increase in demand for this particular material is envisaged

ard supplies appear adequate.

The mineral quartz is mined as the chief industrial source
of silica (SiOz). It occurs as veins; as quartzite and sandstone
rocks, and as sand, The major uses are for smelter flux, in glass
manufacture, in the silicon carbide and ferro-siiicon industries,
and in the granule trade. In all cases the value is relatively low
and, except for flux, the quality must be high.

In the northern part of the area, particularly near Golden,
a belt of very pure quartzite, the Mount Wilson (anaﬁ) Formation

is fzirly widespread. Two or three attempts have been made to exploit
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this rock at different places but, to date, none has proved economically
workable. With changes in economic conditions and technoiogy, however,
this material could become a source of silica and must be considered

as of future potential, Similarly, certain quartzite beds in the

southeast corner may prove of value.
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PETROLEUH AND NATURAL GAS

The Fernie and Flathead area has significant potential for
the vroduction of petroleum and natural gas. The area contains a
thick sedimentary sequence with many possible situations for the
accunulation of petroleum and natural gas. There are many oil and
gas seeps. Comparable sedimentary rocks in the nearby Alberta
foothills are productive.

Geological conditions make exploration expensive and slow.
70 date more than thirty wells have been drilled in the Flathead-
Fernie area, most of them shallow in the vicinity of seeps. Recently
wells drilled by major companies have been deep tests, ét least three
below a depth of 10,000 feet. Although much was learned geologically,
no significant shows of petroléﬁm or natural gas have yet been encountered
in these deep wells. IExploration will continue (a deep test well was
started in October near the head of Harvey Creek in the Flathead region)
and it is expected that commercial quantities of petroleum and natural

gas will eventually be found.

’ 4 E A
- ¢L£;a\\j;7ig;7i4é214 Mineralogical Branch
i b2s Sl . .
(o ~ }/ Devartment of Mines and

Petroleun Resources
November 5, 1970
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MINERAL RESOURCES -- REVELSTOKE AREA

METALLIC MINERALS

The area outlined on the accompanying map and referred to herein as the
Revelstoke area is mainly in the drainage basin of the Big Bend of the Columbia River. It
includes parts of the Monashee, Selkirk, Purcell, and Rocky Mountains and is one of the
most rugged parts of southeastern British Columbia. The area contains Revelstoke, Glacier,
and Yoho National Parks in which there is no mineral exploration and mining, although
one of the largest past producers is near Field in Yoho Park. The principal metals are
lead, zinc, and silver with by-product cadmium and copper. One of these deposits
contains small amounts of tin. Recently a significant deposit of molybdenum has been
discovered.

There is little or no production from within the area at the present time but
three companies are planning to go into production in the near future. These are:--
(I) King Resources Company, Knox molybdenum property--about 200 tons per day mill
(2) Columbia Metals Corporation Ltd., True Fissure lead~zinc=silver property--135 tons

per day mill
(3) Stannex Minerals Ltd., Woolsey and Snowflake lead-zinc-silver(-tin?) property

In relation to the rest of British Columbia the area is one of high potential
for lead and zinc. It contains some of the largest known deposits. Although many of the
mines and prospects were discovered many years ago, significant new discoveries have been
made recently, including the Ruddock Creek lead-zinc and the Knox molybdenum deposits.

Development of the large lead-zinc deposits has been hampered by the rugged topography,

poor recovery of zinc from some of the ores and the current low prices of lead and zinc.
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Within the Revelstoke area for purposes of this evaluation, mineralized
belts outlined on Figure 1 have been rated on the basis of metal content and the possibility

of production from within the belts in the near future.

RECENT ACTIVITY

The most recent significant production has been from the Monarch and Giant
mines which closed in 1957 and the Spider which closed in 1958. Since that time, major
exploration has been done as indicated below:--

() Bralorne Pioneer Mines Limited with subsidiary and associated companies in 1960,
1963, and 1965 did deép diamond drilling on the King Fissure property.

(2) Cominco Ltd. between 1964 and 1967 carried on extensive prospecting and property
examinations throughout the area.

(3) Columbia Metals Corporation Ltd. in 1966 to 1968 did drilling, geophysics, and
stripping on the True Fissure and nearby properties.

(4) Between 1965 and 1967, Columbia River Mines Ltd., following exploration by Rio
Tinto and others, developed significant reserves at the Ruth Vermont property .

(5) Falconbridge Nickel Mines Limited between 1960 and 1963 did extensive helicopter
supported prospecting throughout most of the area. The It and In claims were
recorded in 1960 and drilling in 1962 and 1963 proved up significant reserves of lead
and zinc.

(6) In 1965, King Resources Company obtained claims covering the Knox molybdenum

showings discovered by prospectors in 1964. Since then the company has drilled the
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~ showings and discovered significant molybdenum ore and has done intensive prospecting
of about 200 square miles of country immediately northwest of Revelstoke.

(7) Between 1964 and 1967 Stairs Exploration and associated companies of Ivan C. Stairs
did extensive exploration in the area north of Revelstoke. They did regional mapping,
underground work, and drilling on the Roseberry, A and E, Standard, and J and L |
properties.

(8) Stannex Minerals since 1967 has done underground work and local exploration of the
Snowflake, Regal Silver, and Woolsey properties northeast of Revelstoke.

These componvies probably have spent a total of at least 4 million dollars on
exploration for metallic mineral deposits in the Revelstoke area since the beginning of

1960.

LEAD-ZINC-SILVER DEPOSITS

The area contains about 60 properties which have produced 1 ton or more of
lead-zinc ore as indicated in Table 1. Many have produced less than 1,000 tons of ore,
most of it before 1930. Only 13 mines have produced more than 1,000 tons and only 3
more than 100,000 tons. All of the ore has been mined by underground methods and from
most properties it was shipped as crude ore, mainly to the smelter at Trail. At 8 mines the
ore was concentrated in mills near the mines and the concentrates shipped, partly to the

Trail smelter and partly to smelters in the United States.



Ajax
American
Badshot
Beatrice

iack Prince
Broadview
Copper Chief
Cromwell
Dunvegan
Ethel
Eva
Fidelity
Foggy Day
Francis & Noel
Giant
~ Gillman
Gladstone
Goldfinch
Good Luck
.Great Northern

Hidden Treasure

Tonnage
1912-1914 13
1903 14
1904 28
1900-1917 585
1904 30
1900-1906 238
1905, 1917 14
1900-1901, 1953 15
1900, 1925 155
1899, 1918 76
1903-1908 31,656
1912-1918 4
1917 9
1911 6
1947-1957 927,111
1933 1
1900 3
1903-1904 1,450
1905 26
1896-1904 26
1898, 1916 17

TABLE 1.--PRODUCTION

Gold
Qunces

19

7,561
28

39

671

55

Silver
Qunces

18,901
892
3,859
45,410
4,643
8,668
1,936
223
4,816
9,251
989
2,867
125
2,897
622,421
2

100

180

350

GROSS CONTENTS

Copper Lead

Pounds Pounds

552,696
18,154
24,200

359,384

8,532
1,145
2,672
13
77,280
12,664

24,185

5,070
64,874,328
48

1,902

485,756

6,891

11,600

Zinc
Pounds

19
1,120

7,120,750
51

Cadmium
Pounds

17,299



High Grade
Horseshoe
IXL & OK
Lanark
Lancaster
Lucky Boy
Lucky Jack
~Mammoth

Mastodon

Meridian

Metropolitan

Mohican

Monarch, etc.

Mohawk

Nettie L

Noble Five
- Jphir Lade

- Oyster=Criterion

Porphyry &
Ironhill

Regal

Ruffled Grouse

Sf. Eimo
. Silver Bell

1911-1915
1902-1903
1905

1914-1922
1890

1903-1912
1904-1908
1905-1907

1926, 1952,

1960
1935-1941
1901
1903
1888-1957
1963
1899-1922
1905, 1923
1932
1904

1901

Tonnage

5

46

7

883

30

421
509

83
31,940

56,086
6

9
911,627
9
12,820
11

13
10,102

6

1930, 1949-1953 2,828

1901, 1902
1899
1941

Gold

Qunces

959

781

13
1,613

Silver
Qunces

10,585
390
33,385

86,882
12
15,550
6,113

3,732
1,216
495
807, 760
434
459,253

794

600
10

9,930
1,446
624
171

Copper
Pounds

4,294
3,777
645,476
33,000
217,285

51,075

1,450

242

Lead
Pounds

1,658
30,196

4,304
180,334

1,976
4,894

101,959,004

2,993
1,309,868
3,858

207,945
1,685
2,420
2,932

Zinc
Pounds

5,911,619

157,223,377

3,746
28,239
546

52,174

500

Cadmium
Pounds

24,716

19,876



Silver Belt
Silver Cup
Silver Pass
Silver Queen
Snowflake

Spider

Sunday
Teddy Glacier
Tennessee

Towser
Triune

True Fissure
Vermont & Ruth
Western Cross

( 'innipeg
Winslow

Woolsey

Totals

Tonnage
1899 1
1895~1941 22,544
1947 7
1917 26
1927-1929, 1967 144
1911-1917,
1926-1929, 141,169
1937-1958
1901
1929
1917 1
1917 25
1916-1916" 653
1908-1944 5,076
1892, 1927, 1951, 79
1965 i
1918 21
1934-1941 1,788
1927 5
2,160,530

Gold

Ounces

4,978

11,913

335

198

596

38,282

Silver
Qunces

133
1,419,339
317

1,300

- 5,558

1,719,474

123
74

1,400
144,928

42,148
5,822
5
1,050
312
189

5,510,084

Copper
Pounds

1,023

188,161

301

180

1,056

1,651,567

Lead
Pounds
1,537
5,684,204
3,039
20,800
133,275

23,908,704

6,987
1,884

20,117
494,867

533,019
72,233
212
28,582
477
3,620

200,530,232

Zinc

Pounds

110,447
2,224

17,063

25,396,069

2,978

9,749

286,570
14,625
216

28
196

196,188,731

Cadmium
Pounds

133,093

194,984
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~ The lead-zinc-silver deposits are of three types:-=-
Type (a)--Replacements in carbonate rocks
Type (b)==Layers of sulphides interbedded with the formations in metamorphosed
sedimentary rocks

Type (c)=-=Veins and lodes

Type (a)

Replacements in carbonate rocks are disseminated or massive deposits of
galena, sphalerite, and pyrite in dolomite and limestone. They are low to moderate
grade in lead and zinc and usually contain less than 1 ounce per ton in silver. The only
significant production in the Revelstoke area has been from this type of deposit and amounts
to 1,870,678 tons. Details of the production and average grade based on the production

figures are shown in Table II.

TABLE iI.--PRODUCTION AND AVERAGE GRADE
LEAD-ZINC REPLACEMENT DEPOSITS

Silver Lead Zinc
Tonnage Oz./Ton Per Cent Per Cent
Giant 927,111 0.67 3.5 0.38
Mastodon 31,940 0.19 0.29 9.3
Monarch 911,627 0.88 5.6 8.6

The Giant, Mastodon, and Monarch mines were closed largely because the
known reserves were exhausted and exploration on and near the orebodies had failed to

find signifiéanf new ore. No doubt more mineralization of the sort that has been mined
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exists at or near these properties. Recent exploration at the Ruth Vermont property has
outlined a replacement orebody with reserves estimated at 750,000 tons having an average

grade of silver, 6 ounces per ton; lead, 3 per cent; and zinc, 4 per cent.

Type (b)

Lead-zinc deposits of Type (b) constitute the largest potential in the area,
but none of them has yet been mined. Estimated reserves for three of the properties based
on published and unpublished data and personal knowledge are shown in Table Ill. These
estimates are of fonnages and grades of material that, under present economic and

technological conditions, is marginal to submarginal ore.

TABLE I1l. --RESERVES
TYPE (a) and TYPE (b) LEAD-ZINC DEPOSITS

Silver Lead Zinc
Tonnage Oz./Ton Per Cent Per Cent
it, In (Ruddock Cr.) 5,000,000 l 5 5
King Fissure
(Jordan River) 4,000,000 I 5
Ruth Vermont 750,000 6 3 4
Wigwam 300,000 | 1.5 4.5

Total 10,050,000
Deposits of Type (a) and Type (b) contain potential ore the quantity of which
can only be guessed at. The King Fissure deposit is of limited size and probably contains
a total of 5 million to 10 million tons. Limits to the Ruddock Creek deposit cannot be set
and an estimate of ultimate potential is not possible. The Ruth Vermont orebody appears

to be fully outlined but mining will permit access to favourable ground to the south.
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The potential of properties such as the Wigwam and Cottonbelt cannot be judged on the
basis of present knowledge even though they have been known and explored sporadically
over a period of years. Other Type (a) and Type (b) deposits on which little or no work
has been done include the Kinbasket on Kinbasket Lake, the Bend on the Cummins
River, showings near Downie Lake, and showings in the Monashee Mountains northwest
of Revelstoke. The potential of a number of small showings of this type near Shuswap

Lake is uncertain.

Type (c)

The vein deposits of Type (¢) in contrast to Types (a) and (b) are relatively
small and high-grade. They constitute a low potential but small quantities of ore will be
produced from them from time to time. The main producers are in the Lardeau district
southeast of Revelstoke, the Spider mine at Camborne has had the greatest production and
has been the only significant producer in recent years (1952-1958).

It is very difficult to estimate the potential lead-zinc content of the vein
deposits in the area. There are many veins and very few reliable estimates of reserves.
The True Fissure near Ferguson is reported to have reserves of 60,000 tons of ore grading:
Gold, 0.044 ounce per ton; silver, 6.9 ounces per ton; lead, 6.0 per cent; and zinc,
6.7 per cent (Columbia Metals Corporation report, March, 1969). Stannex Minerals
Limited claims ore reserves of 340,000 tons of unspecified grade at the Snowflake,
Woolsey, and Regal silver properties northeast of Revelstoke (George Cross Newsletter,

April 12, 1969). No other property is known to have a measurable tonnage of reserves.
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It seems reasonable to conclude that in the forseeable future the vein

deposits will produce at least as much ore as they have in the past, which amounts to

about 290,000 tons.

MOLYBDENUM DEPOSITS

A molybdenite deposit discovered in 1964, 12 miles northwest of Revelstoke,
now known as the Knox property, is associated with syenite gneiss and is a type of
occurrence not found elsewhere in British Columbia. Although ore reserves have not been
published, the orebody currently being developed for production by King Resources
Company probably contains a few hundred thousand tons of ore grading 2 to 3 per cent molyb-
denite. This is a relatively small high-grade deposit in contrast to the large low-grade
deposits being mined elsewhere in the Province. The deposit is currently being prepared
for mining.

Prospecting for molybdenite associated with syenite in metamorphic rocks
northwest of Revelstoke is continuing and it is not possible to predict the outcome.
Bodies of syenite and associated molybdenite were found west of the Perry River in 1968.
Syenite probably is more extensive than indicated on recent geological maps and little

prospecting for molybdenite has been done around bodies of syenite near Kinbasket Lake.

SUMMARY AND CONCLUSIONS
(I) In comparison with British Columbia in general, the Revelstoke area has a medium to
high potential for metallic mineral production.

(2) Most of the potential is for lead, zinc, and silver with associated minor amounts of
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(4)

(5)

©)

7

8

T
copper, cadmium, gold, and tin. Small but significant bodies of molybdenite have
recently been found.
Total production from the area has amounted to 2,160,530 tons of ore: Gross
contents--Gold, 38,282 ounces; silver, 5,5|}0,084 ounces; copper, |,65l,567
pounds; lead, 200,530,232 pounds; zinc, 196,188,73I pounds; cadmium, 194,984
pounds. There is no production in the area at present although three properties
are expected to come info production in the near future.
It is estimated that 3 million to 5 million dollars has been spent on exploration in
the area since 1960.
The greatest producfion and potential for lead and zinc is in replacement deposits
in carbonate rocks (Type a) and in layers of sulphides in metamorphic rocks (Type b).
None of these deposits is being mined at present.
The known reserves of lead, zinc, and silver are estimated to have a total value of
400 million dollars at 1968 prices. The potential for additional discoveries is high,
but it is not likely that the large low-grade deposits will be mined in the near
future.
The Knox molybdenite deposit probably has a gross value of more than 5 million
dollars estimated at 1968 prices.
The potential for molybdenum is unknown but probably low in comparison to the rest

of British Columbia.



NON-METALLIC MINERALS

In any area the production and use of most non-metallic minerals depends on
the population and industrial development of the area. With the small population of
British Columbia in general, and of the Revelstoke area in particular, these materials are
not used to nearly the same extent as in more populous regions. However, as our
population increases, the demand for more quantities and varieties of non-metallics will
rise. For this reason, some materials, for which there is no present demand, willlbe
mentioned because of the possibility of future markets for them. On the whole, however,
the non-metallic possibilities for the Revelstoke region must be rated low.

At the present time the only operating non-metallic properties in the area are
local gravel pits and two small barite producers at Parson and Spillimacheen. In the past,
small trial shipments of silica were made from deposits at Quartzite Point on Shuswap Lake
and Moberly Peak near Golden, a few hundred tons of agricultural lime was produced from
a tufa deposit at Solsqua, a small shipment of marble chips was made from Sidmouth, and
more than | /4 million tons of gypsum was quarried at Falkland.

Adequate supplies of gravel for forseeable requirements appear assured.

Mountain Minerals Limited mines high-grade white barite from 2 veins on a
property 6 miles southwest of Parson. Since the mine opened in 1941, about 74,000 tons
has been produced. Reserves are small, probably less than 10,000 tons being recoverable.

Baroid of Canada separates barite from the old tailings pond of the former
Silver Giant lead-zinc mine 7 miles northwest of Spillimacheen. Since production began

in 1959, about 65,000 tons of barite has been recovered. Some lenses of barite still remain
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in the veins of the old mine. Total reserves in the tailings and veins may be between 50
and 100 thousand tons, depending on the grade required.

The gypsum quarry at Falkland closed down because of the exhaustion of ore
suitable for building products. Considerable quantities of low-grade gypsum and anhydrite
remain in the deposit should there develop any demand for these for agricultural use or as
a source of sulphur.

On Mount Moberly, Mountain Minerals Limited has opened a quarry and
removed trial shipments of silica from a large deposit of friable quarizite that averages

98.5 per cent SiOg. Although not workable now it is a potential source of silica.

A large band vof glassy white quartzite suitable for granules and flux outcrops
on the shore of Shuswap Lake and up the hillside at Quartzite Point. ' This, though not
economic now, has potential value.

Clay suitable for common brick and tile occurs on the Pillar Lake road 10 miles
north of Falkland. This might be used in the future.

Kyc;nife used in ceramics, occurs in many places in the rocks north of
Revelstoke. Known occurrences are too low-grade to be mined now but changing conditions
and new discoveries might allow future development.

Similarly, deposits of nepheline syenite, another ceramic raw material, are
known on Mount Copeland, Trident Mountain, and near Sullivan River. These might be
used in the future.

A relatively small, low-grade asbestos deposit near Sidmouth might sometime

be developed to produce asbestos cement fibre.

May /69 J. T. Fyles & J. W. McCammon
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CENTRAL KCOTENAY REGION
MINERAL INDUSTRY

BY JAMES T. FYLES

Present Situation

Tﬁe Central Kootenay Region, numerically, has the highest concentration
of mines of any area of the Province, and has had a glorious mining history.
Economically, exploration and mining provided the impetus for original settle~
ment, and for many years, almost the entire economic base, |

ﬁineral proauétion remained at a fairly consistent level during the early

1960's but with the closing of the H.B. mine in 1966, a drop in production was

production

November 10, 1969 bl 1

recorded. The following table outlines lode metal . ° _in the Region for the
1960%s,
1ODE METAL PRODUCTION
Ore Shipped or Treated
-4 of Provincial

Year Large Mines¥* Others Total Value Iode Metal Total Value

" (tons) $
1968 1,067,028 27,479 1,094,507 19,476,533 4.8
1967 1,153,347 16,054 1,169,401 16,213,210 6.2
1966 1,448,563 33,700 1,482,263 25,780,920 12.3
1965 1,458,250 57,42, 1,515,674 28,652,02, - 16.3
196 1,540,002 31,768 1,571,770 26,029,778 4.4
1963 1,245,032 10,927 1,255,959 20,495,807 1.3
1962 1,509,063 20,038 1,529,101 20,644,201 3.0
1961 1,520,092 19,662 1,539,754 22,552,602 17.6

*
1967 and 1968 Bluebell, Jersey, Reeves MacDonald, 1961 - 66 includes H.B.

Source:

Department of Mines and Petroleum Resources,

Mineral Industry
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By value of production, zinc was the leading metal mined in the Region
in 1968, accounting for approximately 57 per cent of the total., ILead comprised
abou£ 29 per cent, with the remainder made up of cadmium, silver, and lode gold.
Appendix Number 6 showis quantit;es and values of each metal produced in the
Central Kobtenays during the last several years and shows the producing mines
in 1968, The accompanying map shows the location of the largest mines and the
principal mining camp; in the Region.

A total of 22 mines operated during 1968 with the three larger ones

’ and the H.B.

accounting for 97 per cent of ore shipped or treated, Each of these mines, will

be considered in turn.

Jersey Mine (Canadian Exploration Ltd.)

The lead-zinc orebodies at the Jersey mine are low grade disseminated
deposits in limestone. They consist of 8 to 10 coalescing lenses of sulphides
with a low dip and a low plunge that are mined by trackless equipment in roadways
and open stopes, Total production to 1968 has amounted to 7,258,700 fons with
an average grade of<0.09 ounces per ton silver, 1,75 per cent lead, 3.75 per cent
zinc, and 0,28 per cent cadmium.

In spite of extensive exploration fram_time to time‘in the mine area and
- the nearby district, reserves have declined and no new large orebodies have been
found, Current pfoduction is from pillars, remnants and relatively small

extensions of the known orebodies., During 1968 and 1969 the average grade has
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declined and production of ore has been increased to maintain the amount of
concentrates, which are shipped to the Bunker Hill Smelter at Kellogg, Idaho.
The closing of the Jersey mine can be expected in the next few years unless new

orebodies are discovered,

Reeves MacDonald Mine (Reeves MacDonald Mines Limited)

Orebodies of the Reeves MacDonald mine form a steeply plunging trough-
shaped lens of sulphides in limestone, The main or Reeves orebody has been
mined by a system of levels, shafts and open stopes from the surface at an
elevation of 2,700 feet almost to sea level., Faulted repetitions of the upper
part of the orebody have“been mined as separate zones, A total of 6,112,552
tons of ore has been produced up to 1968 with an average gréde of 0,095 ounces
per ton silver, 0,97 per cent lead, 3.43 per cent zinc, and 0,20 per cent
cadmium. The ore also contains minor amounts of copper,

The upper levels are now virtually mined out and recent production has
been from the lowesf parts of the Reeves orebody. Recently more selective
mining has been used to increase the grade. Several mineralized zones are known
which have not been mined. In 1966 exploration on the south side of the Pend
d'Oreille River across from the Reeves MacDonald mine was accelerated and an

orebody has been developed, the mining of which is expected to begin late in
1969, This mine, known as the Annex, will probably replace the Reeves MacDonald.

The operation of the mine is controlled by companies in the United States
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directly or indirectly associated with the Bunker Hill Smelter at Kellogg,

Idaho, which receives the concentrates,

H.B. Mine {Cominco ILtd,)

Orebodies at the H.B., like those at the Jersey and Reeves MacDonald are
iarge Jenses of disseminated sulphides in limestone., Most of the lenses have
a steep dip and a low plunge. Ore was mined underground by a series of levels,
raises and open stopes, Long hole vertical ring drilling of the largest orebody
resulted in low cost mining, Production has totalled 5,246,712 tons of ore
with an average grade of 0.15 ounce per ton silver, 0.86 per cent lead, 4.33
per cent zinc and 0,36 per cent cadmium, |

The mine was closed in 1966 because of company policy and will be reopened,
Significant reserves are developed for mining and recent exploration in the mine.

area has discovered interesting new mineralized zones,

Bluebell Mine (Cominco ILtd,)

Orebodies at the Bluebell mine in contrast to those in the Salmo district
are relatively massive sulphides in limestone., They occur as large pods,
extending laterally from a set of fractures which transect the limestone almost
at right angles. Total production to 1968 has amounted to 4,582,451 tons with
an average grade of 1.36 ounces per ton silver, 4.85 per cent lead, 5.17 per
cent zinc, and 0.2, per cent cadmium.‘ In addition, the ore contains minor amounts

of copper.*
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The mine is on Riondel Peninsula on the east shore of Kootenay Lake,
The mineralized limestone dips 35 degrees to the west and consequently, in
depth to the west as well as to the north and south, it passes beneath the
lakg. This situation has set practical limits for mining and reserves of

available ore are diminishing.

Potential

In spite of exiensive mining in the past 90 years, the Central Kootenay
Region contains large quantities of lead, zinc and silver, and smaller quantities
of tungsten, gold, molybdenum and copper. The main centers of production include
the Slocan, extending from near Retallack to Slocan City, the Bluebell-Ainsworth

camp, the Nelson-Ymir gold camp, the Sheep Creek gold camp and the Salmo lead-
zinc belt. The south Lardeau from which there has been little production, has
significant potential, Some of these districts with characteristic mineralization
overlap into others and a few important occurrences are away from the main centers
of mineralization,

The Central Kootenay Region; ﬁhich contains hundreds of occurrences of
valuable metallic minerals, has been actively explored for almost a century.
Prospecting, surface and underground work, and diamond drilling have been done
on most of the showings, and ore has been shipped from many of them. The regional
geology is well known and the detailed geology of several camps has been studied
by the Provincial and Federal geological surveys and by companies, notably by

Cominco Ltd, Geophysics and geochemistry are being used more widely in exploration,
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and more sophisticated studies of this sort will become important in the
future. |

As a result of exploration several important mineralized zones are known
within the Region and others aré continually being found. The discovery of
large new orebodies in the old camps requires an understanding of the old work,
the application of advanced scientific knowledge and the expenditure of large -
sums of money on projects in which the outcome can rarely be anticipated with
certainty. On the other hand, small orebodies will continue t§ be mined as they
are discovered, largely by the guidance and ingenuity of local people.

Future trends in mining in the Central Kootenay Region are difficult to
predict because of the large numbers of mineralized zones in the area, and
because of the general uncertainty of economic factors, The following analysis,
based on personal knowledge, emphasizes geological potential, which is a measure
of the amount of material available. It mst be viewed in the light of changing

econonics, technoldgy, and changing policies of companies and governments,

Lead, Zinc and Silver

These metals are the most important within the Region., Significant.
reserves are known and considerable ground is favourable for exploration. Deposits
like the Reeves, H.B., and Jersey, known as the Salmo type which are of low grade .
in lead and zinc and contain very little silver, cqnstitute the largest reserves

and geological potential, Newly discovered orebodies at the Reeves MacDonald are

being mined and it is expected that comparable orebodies will be discovered nearby.
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Orebodies at the H.B. contain significant reserves which may be increased by
exploratory drilling. At the Jack Pot property, 7 miles north of the H.B. and
owned by New Jersey Zinc Exploration Compény (Canada) Ltd;, 1 million to 2
million tons of sub economic zin; ore with small amounts of lead has been outlined
by extensive drilling and underground work., In the South Lardeau a Salmo type of XU’
deposit at the Duncan mine on Duncan Lake, owned by Cominco Ltd., contains several
willion tons of zinc-lead ore with grades comparable to those at the H.B. Twenty
miles northwest of Dpncan Lake, on the Bannockburn prospect is a largé mineralized
zgone of low grade lead and zinc, somewhat similar to the Salmo type which has not
been extensively explored and is too inaccessible for mining at present., Between
these properties, particularly between the Bannockburn and the northern end of
Kootenay Lakeband between the Jack Pot and the entrance to the west arm of Kootenay
Lake, are many showings indicating geologically favourable ground for prospecting
for the Salmo type of deposit.
| The Region #iso contains in its northwesternmost corner a very large low
grade zinc~-lead deposit known as the Big Ledge owned by Cominco Ltd, Several
million tons of sub economic mineraligzation has been delimited by extensive
drilling,

Exploration for the Eluebell type of relatively high grade replacement
deposit has not been successful. In the Ainsworth camp on the west side of
Kootenay Lake, Cominco Ltd. carried out ektensive exploration between 1953 and

1957 on the lLakeshore property and nearby area, Widespread mineralization of the
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Bluebell type was discovered but the mineralized zones were not economic, -
On the eastern side of the lake exploration around the Bluebell mine has not
_been encouraging and surveys by the company show that the lake itself is too
deep for practical exploration ;r mining beneath it,

The Slocan camp characteristically contains many veins and fissure lodes
with relatively smal; lead-zinc orebodies rich in silver, They have been mined
intermittently by individuals and $mall ccmpaniés. This type of production is
dontinning and is stimmlated by the currently high price of silver, and it is
possible that orebodiés capable of supporting a more continuous sort of operation
will be discovered as a result of this work. An extensive exploration programmg
by Silmonac Mines Limited near Sandon, begun in 196}, has recently had some

success, but it is too soon to predict what size orebody has been found.

Tungsten

The Emerald and associated tungsten mines near the Jersey, soiith of Salmo,
produced 13,739,939 pounds of tungsten (WQ3) concentrates between 1944 and 1958
from about i million ﬁons of ore, They were closed by Canadian Exploration, Ltd.
when contracts for the sale of the concentrates to the United States were terminated,
Tungsten mineralization continues as direct extensions of the mined orebodies,
both to the south and to the north. The northern extension on the Invincible claim
is reported to have resefves of 300,000 tons grading 0,7 per cent tungstic oxidé.

Other tungsten deposits are present nearby on the Canadian Exploration property,

-and similar deposits occur a few miles to the northeast. Tungsten mineralization
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of various types has been found at a number of other localities in the area.

Molybdenum

Many showings of molybdenite are known throughout the Region but none nas
been of economic value. The known potential is not great, but the area is

geologically favourable for exploration.

Gold

The Sheep Creek camp has produced 1,763,000 tons of ore; gross contents
739,000 ounces of gold and 372,000 ounces of silver, but very little mining has
been done since 1951. The Nelson-Ymir area has produced 1{783,000 tons of ore,
gross contents 529,000 ounces gold, 6,540,000 ounces silver, and recent production
has been very small, In addition, small amounts of lead, zinc and copper have
been produced from these gold camps. Little or no systematic exploration for gold

has been carried on for 20 to 30 years and the potential is unknown.

Copper

The largest amoﬁnts of copper produced in the Region include about 15
million pounds from the Silver King mine near Nelson, 1.5 million pounds f;om
the Queen Victoria south of Nelson, and 5 million pounds as a byproduct of lead-
zinc production at the Bluebell, Production from the Queen Victoria and Silver
King was of direct shipping ore, mainly during and prior to World War I, The

mines are thought to be exhausted, but the Silver King mine area may have

significant potential, Production figures for the Silver King indicate an
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average grade of 3,36 per cent copper and almost 20 ounces per ton silver,
The general copper potential of the Region, however, is probably small in

relati . to production from other parts of the Province.

Conclusion

Experience in the Kootenays has shown that exploration and production
are very sensitivevto changes in metal priées. Operations at the H.B. and Reeves
MacDonald, becaﬁse these are relatively high cost operations, ﬁere suspended
from 1953 to 1955 when the price and demand for lead and zinc was relatively low,
High prices for silver in the last few years have stimulated exploration and
mining in the Slocan. A rise in the price of lead or zinc,.tungsten, or gold

would significantly change the present pattern of exploration and production,

Structural Materials and Industrial Minerals

The value of production of structural materials and irdustrial minerals
in the Central Kootenay Region over the last few years is.shown in the following

table,
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PRODUCTION OF STRUCTURAL MATERIALS AND
INDUSTRIAL MINERALS IN THE REGION

Industrial Structural

Year - _Minerals Materials
$ $

1968 197,831 48,465
1967 nil 511,681
1966 118,368 513,155
1965 127,459 139,395
1961, 76,956 381,377
1963 81,438 : 275,707
1962 17,512 310,201

1961 nil 21,5 ,650

Production héé vr'zot been large because the demand fof these products has
never been great in the Region.

Quarries are situated at Crawford Bay and Sirdar s oﬁ Kootenay lake, and
at Sheep Creek, near Salmo., The main products are dolomite chips, limestone
grit, quartzite and granite, ILocal markets demand some of the production and
one company is selling in Alberta, Several sand and gravel pits are located in
" the Region and produce to meet local demand.

Quartz deposits on Mount Nelson, 3 miles northwest of Nelson,' and on the
west side of the north fork of Winlaw Creek, 4 miles east of Winlaw, have been

examined as possible sources of silica., Production from these has not proved
| economically feasible under pfesent conditions. Large quantities of limestone
of variable purities are known in the areas around the north arm of Kootenay
Lake and around Salnio. Some marble was quarried in the former Region, but at

present no limestone of any type is produced,
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ECORNOMIC IMPACT

The eccnomic impact of the mineral industry in the Central Kootenay
Region is probably best indicated by employment and earnings., Currently, the
Region's three large mines employ, in total, about 57é persons, with per
employee weekly wages and salaries in the industry averaging approximately
$196.,00. The number of persons employed in smaller operations is estimated to
be about 100, but much of this work is highly seasonal or part-time; wage
rates, however, are_gstima?ed to be similar, Probably about 25 to 30 persons
were employed in the production of industrial minerals and structural materi&ls.
In addition, there are an estimated 200 persons who are employed at Cominco's
operations at Trail but reside within the Region, and therefore, should be
included when attempting to measure total eccnomic impact. The following table

outlines the direct employment at mines in the Region for the last several years,

EMPLOYMENT OF REPORTING MINES

Number of Office, Administration
Year Mines Reporting Total Mine Mill and Others
1968 3 572 406 L1 125
1967 3 60L 438 L7 19
1966 6 803 588 66 149
1965 6 815 599 70 : 146
196, 4 846 616 62 168
1963 4 688 512 52 124
1962 5 758 567 57 131
1961 4 826 616 64 U6

Source: Department of Mines and Petroleum Resources.
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Exploration consisting of bulldozer work, diamond drilling, underground
work and technical surveys employs a numnber of men each year, malnly between
March and November. This work hgs a small but significant impact on the
econony 6f the Region, which it is not possible to assess quantitatively.

In ;968, it is estimated that wages and salaries paid to residents of
the Central Kootenay Region, whether or not they were employed within the
Region,.were in the neighbourhood of $5.5 million. This figure is roughly ﬁalf
that of renumeration paid for employment by the forest industry.

Riondel, Remac énd the Jersey Townsite are communities which rely
entirely upon mining for their existence, Salmo depends on'it to a large
_ dégree and the closing of the H.B. mine was severely felt there. The Slocan
area debends to a small extent on mining activity. The city of Nelson, and
to a smaller degree, Trail, rely upon the region's mining income to sustain
cémmerce. Many Cominco Smelter employees reside in the Castlegar-Kinnaird area
and this source of income is most important to these centres,

The closing of the H.B. mine in 1966 reduced the mineral production of
the Region and restricted the econcmic well-being of the Salmo district. 0§er
100 persons had been employed at the mine and the cessation of activity reduced
total annual mining payroll by more than $850,000. Resulting repercussions
included the cancellation of plans for a new shopping centre in Salmo and a
reduction in trade enjoyed by local retail and service establishments., The city

of Nelson also felt the loss of part of this payroll.
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The portion of the economic base attributible to activity in the mineral
industry has been somewhat reduced during the last several years but mining is,

and will continue to be, a critical sector of the Region's economy.

CONCLUDING COMMENTS

The Central Kootenay Region has been one of the most importanﬁ areas of
the Province for the production of silver, lead, zinc, tungsten and gold.
Although reserves of lead-zinc ore at the three largest mines in the area are
low, the Region has a high potential and significant reserves have been more or
less well defined. Silver is being produced from small mines in the Slocan and
exploration stimilated by fhe current silver prices may lead to the discovery of
new orebodies, The area contains deposits of tungsten, molybdenum, gold, and
copper, most of which are not being mined but which have some potential., In the
last decade, the area has lost some of its importance in relation to the rest of
the Province, partly because of the declining interest in lead and éinc, but
mainly because of the development of the copper, molybdenum, and iron resources
in other parts of the Province. The mineral industry in the Central Kootgnay

Region, however, will continue to bs of major economic importance.



APPENDIX NUMBER 6

MINERAL INDUSTRY STATISTICS
Metal Production in the Central Kootenay Region

Zinc Lead Cadmium Silver Lode Gold
Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value

1b. 1b., $ 1b. $ oz. $ 0z, $
1968 76,313,185 11,100,516 39,409,921 5,577,686 409,900 1,168,215 673,860 1,556,956 1,940 73,160
1967 61,711,829 9,215,428 34,996,997 5,285,247 309,324 '866,107 474,511 792,960 1,416 53,468
1966 103,735,430 16,205,548 44,558,161 7,255,406 547,025 1,411,324 620,402 864,220 1,178 44,422
1965 113,134,424 17,689,699 47,801,471 8,244,320 599,160 1,665,665 726,325 1,012,308 1,061 40,032
1964 110,710,429 16,346,587 45,937,101 6,735,297 606,706 1,965,727 675,933 942,643 1,047 39,524
1963 98,967,104 13,036,936 44,528,503 5,348,764 ‘541,003 1,298,407 554,655 765,230 1,231 46,470
1962 107,685,842 13,376,736 52,497,110 5,407,728 613,476 1,128,796 596,982 692,674 1,023 38,267
.1961 119,300,447 13,952,187 62,681,701 6,901,882 672,818 1,076,509 636,066 595,968 698 24,751

Source: Department of_Mines and Petroleum Resources.




Producing Mines in 1968

Property or Mine v Location Ore Shipped or Treated Product Shipped
Howard Ymir 32 tons Crude ore
Jersey Mine Salmo, Iron Mtn. 506,220 tons Lead concentrates, 8,407 tons;

zinc concentrates, 31,910 tons
New Arlington Salmo, Erie Creek 5,722 tons Crude ore

Reeves MacDonald Mine Nelway 309,311 tons Lead concentrates, 5,130 tons;
zinc concentrates, 19,127 tons

Silver Dollar " Salmo, Erie Creek 4,093 tons Crude ore

Antoine McGuigan Creek 6,670 tons Lead concentrates, 241 tons;
zinc concentrates 359 toms

Arlington Springer Creek 836 tons Crude ore

Bluebell Mine Riondell _ 251,497 tons Lead concentrates, 14,983 tons;
zinc concentrates, 26,839 tons

Crown |  Ainsworth 30 tons Crude ore

Enterprise Slocan : 60 tons Crude ore

Freddy Silverton 63 tomns Crude ore

Homestake Slocan : 45 tons " Crude ore

Joyce Silverton 76 tons Siliceoﬁs ore

Little Tim Slocan ‘ 21 tons Crude ore




Moonshine

Ottawa Mine
Silver Hoard
Slocan Sovereign

Standard

Victor

Washington

Westmont

Lardeau
Springer Creek
Ainsworth
Sandon

Silverton

Sandon

New Denver

Slocan

169
4,415
99

30

4,905

38

171

24

tons

tons

tons

tons

tons

tons

tons

tons

Crude ore

Crude ore

Crude ore

Crude ore

Lead concentrates, 80 toms;
zinc concentrates, 203 tons

Crude ore

Lead concentrates, 17 tonms;
zinc concentrates, - 40 tons;
crude ore, 8 tons

Crude ore
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The Shuswap Metamorphic Complex forms the core of the Columbian
orogen and comprises a belt of high-grade metamorphic rocks that lie
immediately west of the Kootenay Arc. Its eastern boundary is marked
by a series of gneiss ''domes'' spaced approximately 80 km apart that
expose crystalline Aphebian basement in their cores. A number of syn-
and post-tectonic batholiths intrude the metasediments of the Shuswap
Complex.

Stratabound base metal deposits in southeastern B.C. are hosted
by rocks that range in age from Proterozoic to Devonian. Proterozoic
deposits include the clastic-hosted Sullivan deposit, in siltstone and
turbidite wacke beds of the Helekian Purcell Supergroup in the Purcell
anticlinorium, and carbonate-replacement deposits in overlying platform
carbonates of the Purcell Supergroup. An extensive Lower Cambrian plat-
formal carbonate, the Badshot Formation, hosts a number of intensely
deformed lead-zinc deposits in the Kootenay Arc. They are interpreted
to be analagous to Mississippi Valley type deposits, formed in a strati-
graphic trap near the western edge of the Lower Cambrian platform.
Middle Cambrian deposits are in stratigraphic traps in shoal carbonate
complexes adjacent to shale basins. Deposits in Devonian rocks are
uncommon, probably because Devonian exposures generally represent plat-
formal carbonates well removed from the platform edge. Middle Cambrian
deposits occur in the eastern edge of the Purcell anticlinorium and in
the Rocky Mountain fold and thrust belt, and Devonian occurrences are
restricted to the Rocky Mountains.

This paper is a summary of the type and distribution of strata-

bound deposits in southeastern B.C. It reviews a number of examples
of each type and attempts to outline their local stratigraphic and
structural settings. It is evident that regional paleogeography played

an important role in controlling the distribution of most deposits in
southeastern B.C. Hence, an interpretation of the paleogeography and
depositional environment of host sediments as well as their relation-
ship to paleotectonic elements, is emphasized in the paper.

This paper is essentially an un-edited, first draft of a paper
that will be prepared for submission to CIM Bulletin. References are
not complete; only the most recent references are generally used.

PROTEROZOIC PURCELL SUPERGROUP

A number of important stratabound lead-zinc deposits occur in the
Proterozoic Purcell Supergroup. These include the clastic-hosted Sullivan
mine, and the Kootenay King, North Star, Stemwinder and Vulcan ''deposits'’
(Figure 2). Replacement deposits in Purcell platformal carbonates in-
clude the Mineral King and Paradise deposits.

STRATIGRAPHIC AND STRUCTURAL SETTING

Purcell rocks are exposed in three tectonically distinct areas
in southeastern British Columbia and southwestern Alberta. From east
to west, these are the Clark Range within the Lewis thrust sheet, the
Hughes, Lizard and Galton Ranges on the east side of the Rocky Mountain
Trench, and the Purcell Mountains within the Purcell anticlinorium



STRATIGRAPHIC AND STRUCTURAL SETTING OF STRATABOUND
LEAD-ZINC DEPOSITS IN SOUTHEASTERN B.C.

Trygve Hoy
B.C. Ministry of Energy, Mines and Petroleum Resources

INTRODUCTION

Southeastern British Columbia comprises a number of discrete and
generally separate tectonic belts, each with a unique structural style
and a distinctive stratigraphic succession.

The Purcell Anticlinorium (Figure 1) is a broad north-plunging
structure in Helikian and Hadrynian age rocks between the Foreland Thrust
and Fold Belt to the east and the Kootenay Arc to the west. [t is tran-
sected by a number of steep longitudinal and transverse faults. The
transverse faults appear to have been active intermittently since at
least Hadrynian time and played an important role in controlling the

type, distribution and thickness of late Proterozoic to early Paleozoic
sediments (Lis and Price, 1976).

SHUSWAP METAMORPHIC COMPLEX “%
KOOTENAY ARC :
PURCELL ANTICLINORIUM
Figure 1: Regional tectonic map.

The Kootenay Arc, a generally north-trending arcuate structural
zone developed in a succession of rocks ranging in age from Hadrynian
to early Mesozoic, is west of and merges with the Purcell Anticlinorium.
In general, the earliest recognized structures in the Arc are tight to
isoclinal, north-trending recumbent folds. In the northern Kootenay
Arc, the Lardeau area, there is some evidence that these structures may
have developed during the Devono-Mississippian Caribooan orogeny (Read,

1976, 1976).
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Figure 3: Geology map showing distribution of Purcell Supergroup.

McMechan (1979) and Hoy (1979a). The Kootenay King deposit is a laminated
stratiform Pb-Zn deposit in siltstone correlative with Middle Aldridge
turbidites to the south and west. The Aldridge is underlain by coarse
fluvial sands of the Fort Steele Formation and includes, in its central
part, a succession of turbidite wacke beds. It is overlain by dominantly
shallow-water tidal flat, flood plain and deltaic deposits of the Creston
Formation and a carbonate plaformal succession, the Kitchener-Siyeh
Formation (Figure 4). Andesitic volcanic rocks overliie the Kitchener-
Siyeh east of the trench and along the southeast margin of the Purcell
anticlinorium. They in turn are overlain by shallow-water clastic shelf
deposits of the Gateway, Phillips and Roosville Formations.

The oldest Purcell rocks, exposed in the Purcell anticlinorium
to the west, are rusty-weathering siltstone and quarzite of the Lower
Aldridge Formation (Figure 4). They are overlain by about 3000 metres
of arenaceous quartzite turbidite beds and interbedded siltstone of the
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Figure 2: Distribution of Purcell Supergroup and Shuswap Metamorphic
Complex and location of mineral deposits. R.C. - Ruddock
Creek, J.R. -River Jordan, B.L. -Big Ledge, M.K. - Mineral
King, K.K. - Kootenay King, P. - Paradise; large arrows in-
dicate onlap of upper Purcell platformal carbonates and
clastics; small northerly-directed arrows indicate sediment
transport direction.

(Figure 3). In the Clark Range, arenaceous and carbonate facies are
relatively more important and formations are thinner and lithologically
diverse (Price, 1964). Coarse-grained fluvial and shallow-water sedi-
ments host a number of widespread, low-grade stratabound copper occur-
rences in the Clark Range. These are described by Morton et al. (1973)
and Collins and Smith (1977) and will not be discussed further in this
paper. In the Purcell Mountains, formations are thicker and rocks
somewhat more argillaceous, whereas rocks just east of the trench are
transitional between the area to the west and the Clark Range to the
southeast. Purcell rocks east of the Rocky Mountain Trench have been
described by Rice (1937), Leech (1958 and 1960), Price (1962 and 1964),




HUGHES-LIZARD~-
PURCELL MOUNTAINS GALTON RANGES CLARK RANGE

PURCELL SUPERGROUP
Mount Nelson
Roosville Roosville
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Y Sheppard
. a Purcell lava Purcell lava
Kitchener-Siyeh Kitchener-Siyeh Siyeh
Grinnell
Creston Creston Appekunny
. Aidridge Altyn
Aldridge Fort Steele ‘Waterton
{Lewis thrust) —
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Figure 4: Correlation of Purcell Supergroup (after Leech, 1960; Price,
1964; and Edmunds, personal communication, 1976).

Middle Aldridge, and 300-400 metres of thin-bedded rusty-weathering
argillite and siltstone of the Upper Aldridge Formation. The overlying
Creston Formation consists generally of shallow-water argillaceous
quartzite, siltstone and argillite and is overlain by carbonate of the
Kitchener-Siyeh '"Formation''. Argillite, dolomite and quartzite of the
overlying Dutch Creek Formation (Figure 4), gives way upwards to dolo-
mite and dolomitic limestone of the Mount Nelson Formation, host of the
Mineral King and Paradise deposits.

In summary, Fort Steele fluvial sandstones in the Kootenay King
area are supplanted to the west by deep-water siltstone and occasional
turbidite beds of the Lower Aldridge in the Purcell Mountains. Middle
Aldridge time is marked by the introduction of extensive and thick ac-
cumulations of turbidite deposits. Localily, intraformational conglom-
erate, boron alteration zones, and sulphide accumulations developed.
The basin of turbidite deposition expanded and, during Middle Aldridge
time, overlapped inner fan deposits in the Kootenay King area. Post
Aldridge rocks record deposition in an extensive, generally shallow-
water marine, platform environment.

CLASTIC-HOSTED DEPOSITS

Clastic-hosted stratabound Pb-Zn deposits are restricted to Lower
and Middle Aldridge sediments. The Sullivan deposit and the Vulcan
occurrence, a thin stratiform pyrrhotite laminated zone containing minor
lead and zinc (Gifford, 1971), occur at the Lower-Middle Aldridge
boundary. North Star and Stemwinder deposits, just south of Sullivan,
are in Lower Aldridge siltstone, and the Kootenay King deposit is in
Middle Aldridge siltstone.



Sullivan

The Sullivan, described recently by Ransom (1977) and Hamilton
et al. (in press), is one of the largest base metal deposits in the
world. It has produced in excess of 100 million tonnes of ore and

has reserves of approximately 50 million tons grading 4.5% Pb, 5.9%
Zn and 37 g/tonne silver,

The orebody is approximately 2000 metres in width and 100 metres
in thickness. |Its western part (see section, Figure 5) comprises
"'massive pyrrhotite containing occasional wispy layers of galena'

overlain by layered pyrrhotite, sphalerite, galena, and pyrite, all
intercalated with clastic beds.

lts eastern part, separated from the
more massive western part by an irregular transition zone, includes

five distinct conformable layers of generally well-laminated sulphides
separated by clastic rocks. The sulphide layers thin to the east away

from the transition zone and are replaced at the limits of the ore
deposit by iron sulphide bands.
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Figqure 5: Cross-section of the Sullivan deposit (simplified from Ransom,
1977; Hamilton et al., in press).
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An extensive brecciated and altered zone underlies the massive
western part of the orebody. Linear, north-trending breccia zones,
disseminated and vein sulphides, and extensive alteration to a dark,
dense chert-like tourmaline-rich rock are conspicuous features of the
altered footwall. Albite-chlorite-pyrite alteration is also restricted
to the western part of the orebody, occurring in cross-cutting zones in
the footwall tourmalinite, in the orebody itself, and up to 100 metres
above the orebody in the hanging wall (Hamilton et al., in press).

The deposit is zoned with Pb/Zn and silver values decreasing to-
wards the margin in the eastern part. Tin is concentrated in the west-
ern part. In general, metal distribution patterns are directly related
to proximity to chaotic breccia. Higher absolute values and higher
Pb/Zn and Ag/Pb ratios overlie the breccia zones (Ransom, 1977; Hamilton
et al., in press).

The deposit is interpreted by Cominco staff to be a hydrothermal
synsedimentary deposit that formed in a small sub-marine basin. Its
western part lies directly above its conduit zone, the brecciated and
altered footwall of the deposit.

Kootenay King

Kootenay King, a small (less than 100,000 tonne) stratiform lead-
zinc deposit in Middle Aldridge clastic sedimentary rocks, occurs east
of the Sullivan deposit on the east side of the Rocky Mountain Trench.
The geology of the deposit was described by Ney (1957a) and the regional
geology by Hoy (1979a).

Mineralization occurs near the hinge of a large anticlinal fold
that is thrust eastward on to younger Paleozoic strata. |t consists of
a layer of finely laminated sphalerite, galena and pyrite intercalated
with dolomitic to argillaceous siltstone in a grey quartzite unit called
the Kootenay King quartzite. The Kootenay King quartzite is within a
succession of dolomitic siltstone. Near its base, the quartzite con-
tains coarse angular lithic clasts that are megascopically similar to
both overlying and underlying siltstone. It has been interpreted (Hoy,
1979a) to be a channel sandstone deposit. To the north, in the direction
of current transport and deeper-water environment, the quartzite and
surrounding strata thin and become finer-grained suggesting deposition
in a small fault-bounded structural depression. To the south correla-
tive rocks comprise a thick succession of Middle Aldridge turbidites
(McMechan, 1979). This suggests that the Kootenay King area is the
southern faulted marginal edge of a relatively shallow-water platformal
environment. Figure 6 schematically illustrates evolution of the mar-
ginal zone of the basin in Middie Aldridge time.

STRUCTURAL AND STRATIGRAPHIC CONTROL OF CLASTIC-HOSTED PROTEROZO!C DEPOSITS

The Purcell Mountains exhibit a pronounced northeast trending
structural grain that is delineated by late transverse faults with at-
tendant localization of granitic intrusions. This grain is inherited
from older, fundamental faults that were active during sedimentation
in late Proterozoic Windermere time and lower Paleozoic time (Leech,
1958; Price and Lis, 1975; Lis and Price, 1976). It has been suggested



FORT STEELE LOWER ALDRIDGE

DEL‘I‘ﬂS-‘-’E.I:.L.J‘.\./IAL ‘.BAS|NAL SITSTONE 0 1 eveL
MIDDLE ALDRIDGE
RBIDITE DEPOSITION
MARGINAL BASIN SHOAL TURB ON CveL

UPPER ALDRIDGE
BASINAL SHALE SEA LEVEL

Figure 6: Postulated stages in the evolution of the fault-bounded
Kootenay King basin,

(Hoy, 1979a;and, in press) that these faults locally modified the deposi-
tional pattern of older Purcell rocks. Rapid lateral facies changes,
dramatic local variations in sediment thicknesses, and intraformational
conglomerate are the most obvious record of these syndepositional faults
(Hoy, in press). A pronounced Bouger gravity low and a magnetic linea-
tion trend southwesterly south of Kimberley in the vicinity of the St.
Mary-Boulder Creek fault and the Moyie-Dibble Creek fault. This, com-
bined with an anomalous thickness of Middle Aldridge turbidite beds east
of the trench suggested to Kanasewich et al. (1969) that a southwest
trending Precambrian rift projected under flat lying Paleozoic and Meso-
zoic sediments in Alberta continues into southeastern British Columbia.
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Areas of .tourmalinization (boron concentration) that Ethier and
Campbell (1977) suggest are concentrated near basin fracture zones,
and intraformational conglomerate that Hoy (in press) relates to syn-
sedimentary faults appear to be concentrated in the vicinity of the
transverse structural zone south of Kimberley, and in a zone coincident
with the Hall Lake fault to the north. A number of stratiform lead-
zinc deposits and occurrences are also preferentially located in the
vicinity of these transverse zones (Figure 7). Both the Sullivan and
the Kootenay King deposits occur in somewhat thickened sections and
they and a number of other showings are associated with intraformational
conglomerate and tourmalinization, suggesting that basin fractures and
mineral deposits are genetically linked. Local north-trending breccia
zones at Sullivan (Ransom, 1977; Hamilton et al., in press) suggest that
second order basins cross-cutting a regional northeast-trending rift
structure were the local control of mineralization.

-
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Figure 7: Location of northeast trending structures and distribution
of stratiform Pb-Zn occurrences, boron concentrations, and
intraformational congiomerate (data after Rice, 1941; Leech,
1960; Reesor, 1973; Ethier and Campbell, 1977; Gifford, 1971
and Hoy, 1979a).
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CARBONATE-HOSTED DEPOSITS

The Mineral King, Paradise and Ptarmigan deposits occur in dolo-
mite of the Mt. Nelson Formation (Figure 4) on the northern edge of
the Purcell anticlinorium. The regional geology is described by Walker
(1926) and Reesor (1973), the detailed geology of the Mineral King by
Fyles (1959) and of the Paradise and Ptarmigan by Hedley (1950) and
Atkinson (1977). The following descriptions are summarized from these
reports.

The Mt. Nelson Formation, in the upper part of the Purcell Super-
group, consists of a prominent basal quartzite overlain by a thick suc-
cession of dolomite and interlayered argillite. It is underlain by up
to a thousand metres of dark grey argillite and slate of the upper part
of the Dutch Creek Formation, and overlain with angular discordance by
the basal member of the Hadrynian Windermere Group, the Toby Formation
conglomerate.

Until its closure in 1927, the Mineral King deposit produced in
excess of 2 million tonnes grading 1.76% Pb, 4.12% Zn and 24.8 g/tonne
Ag. Production of barite has continued intermittently to the present
time. The deposit is described (Fyles, 1959) as replacements of dolo-
mite by barite and sulphides in a complexly folded and faulted terrain.
Mineralization consists of sphalerite, galena, pyrite and minor bourn-
otite (PbCuSbS3), in a dolomite, barite and quartz gangue. The ore-
bodies are extremely irregular in shape, forming tabular and lenticular
masses in roughly the same plane. They appear to be deformed along
with the enclosing host rocks, and sulphides form structurally elon-
gated, irregular discontinuous lenses either in the dolomite or in
barite gangue.

The Paradise deposit was mined intermittently from 1901 to 1952,
producing 63,000 tonnes of high grade lead-silver-zinc ore. The higher
levels of the deposit consisted of irregular pockets of highly oxidized
galena, sphalerite and pyrite in a ''carbonate sand'' matrix (Hedley,
1950) ; lower levels were generally less oxidized. Atkinson (1977) sug-
gested that the Paradise deposit may be a remobilized Windermere-age
deposit, due to its proximity to a block fault of Windermere age. Re-
mobilization of the deposit into veins, faults and fault breccia zones
may have occurred in Mesozoic time.

SHUSWAP METAMORPHIC COMPLEX

The Shuswap Complex is a belt of high grade and intensely deformed
metamorphic and intrusive rocks in the core of the Columbian orogen in
southeastern B.C. Its eastern margin is characterized by a series of
domal structures that expose mixed granitic gneiss and migmatite that
recently has been dated as Aphebian (2.1 b. years), (R.L. Armstrong,
U.B.C., personal communication). Core gneisses are overlain by a heter-
ogeneous assemblage of calc silicate gneiss, pelitic gneiss, quartzite
and marble that has been dated as Helikian (1.5 b. years). This suc-
cession of paragneisses hosts a number of stratabound lead-zinc deposits.
The deposits consists of a single layer of massive to irregularly banded
sulphides or a series of discontinuous lenses within a thin calcareous
schist unit. They are folded and metamorphosed along with the country
rocks.
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Regional mapping of the eastern margin of the Shuswap Complex
by Wheeler (1965) and a number of more detailed studies (Reesor, 1965;
Reesor and Moore, 1971; McMillan, 1973; and Fyles, 1970) provide a
structural and stratigraphic framework for recent detailed mapping by
Psutka (1978), Hoy (1979¢, 1980), Read (1979), Brown and Psutka (1979)
and Brown (1980). Description and general characteristics of Shuswap
deposits are presented by Fyles (1970a) and Hoy (1979c¢),

This report focuses on mineral deposits northwest of Revelstoke
in paragneisses that overlie core gneisses of Frenchman Cap ''dome''.
These include the Cottonbelt and River Jordan deposits. Big Ledge,

a stratabound zinc deposit in paragneiss surrounding Thor Odin ''dome'',
60 km south of Revelstoke (see Figure 2, p.3), consists of a series

of sphalerite-pyrrhotite lenses in a dark pyrrhotite and pyrite-rich
graphitic calcareous schist unit that can be traced more than 10 km
along strike (Hoy, 1977). The paragneiss succession is correlative
(Read, 1979) with the succession that hosts the Cottonbelt and River
Jordan deposits. Ruddock Creek‘(Fyles, 1970a), located north of Cotton-
gelt (Figure 2) is in a succession of calcareous schist, quartzite and
impure marble that has tentatively been correlated with the Hadrynian
Windermere Group (R.L. Brown, personal communication, 1979). The suc-
cession is highly deformed, metamorphosed to upper amphibolite grade
and extensively invaded by pegmatite. Mineralization consists of con-
torted layers and lenses of sphalerite, pyrrhotite, galena, pyrite and
minor chalcopyrite, locally associated with barite and fluorite, in a
calcareous succession (Fyles, 1970a).

STRUCTURAL AND STRATIGRAPHIC SETTING OF FRENCHMAN CAP DEPOSITS

Aphebian crystalline basement in the core of Frenchman Cap ''dome'
and the overlying succession of paragneisses are exposed between the
Columbia River fault zone on the east and a décollement on the west
(Brown, 1980). Two main phases of deformation are evident in the
southern, western and northern margins of the ''dome'. In the Jordan
River area (Fyles, 1970a), the ''early' phase produced a southwest trend-
ding, north-closing recumbent anticline fold cored by core gneiss (Hoy
and McMillan, 1979). ''Late" folds, with axial surfaces dipping away
from core gneiss are superposed on the recumbent anticline.

Core gneisses consist dominantly of leucocratic and fairly homo-
geneous granitic gneiss generally overlain by a mixed assemblage of
granitic gneiss, hornblende gneiss, minor amphibolite and rare calc-
silicate gneiss. A heterogeneous succession of paragneiss overlying
the core gneiss has been correlated around the margin of the dome (Hoy
and McMillan, 1979; Brown and Psutka, 1979). |t comprises a basal
quartzite-conglomerate (unit 3), overlain by a heterogeneous but dom-
inantly calcareous succession (unit 4) of calc-silicate gneiss, mica-
ceous schist, marble and quartzite (Figure 8). The succession, which
includes two important marker units, a brown-weathering stratiform
carbonatite layer (McMillan and Moore, 1974) and a grey-weathering,
white crystalline marble, hosts both the Cottonbelt and River Jordan
deposits, and is intruded by a number of sheets of nepheline syenite
gneiss. Abrupt lateral facies changes and structural and stratigraphic
thinning hamper correlation of individual layers of unit 4 around the
Frenchman Cap dome. Unit 4 is overlain by a second quartzite sequence
(unit65) and calc-silicate gneiss, micaceous schist and quartzite of
unit 6.
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The pegmatite laced paragneiss and amphibolite (unit E, Wheeler,
1965) that hosts the Ruddock Creek deposit tectonically overlies the
paragneiss succession.

Cottonbelt

The Cottonbelt property was extensively explored in the 1920's.
Metallgesellschaft Canada Ltd. optioned the property in 1978 and drilled
two holes in an attempt to intersect mineralization in the hinge zone
of a tight synclinal structure that is draped around the northwestern
margin of Frenchman Cap dome (Figure 9) (Hoy, 1979c).

Mineralization comprises an oxide-sulphide '"layer' that can be
traced intermittently along a strike length of approximately 5 km in
the western (upper) limb of the syncline and along 2 km in the eastern
limb. The layer varies in thickness from a few tens of centimetres to
approximately 2 metres. Mineralization generally consists of fairly
coarse grained sphalerite, magnetite, galena, and minor pyrrhotite in
a dark green, pyroxene-amphibole-quartz-garnet rock, either as layers
within a lighter coloured, more siliceous calcareous gneiss, or as
disseminated grains in siliceous granular marble. The mineralized layer
is stratigraphically underlain by calc-silicate gneiss, then impure
phlogopite marble, a pure grey-weathering marble and the stratiform
carbonatite layer. It is overlain by kyanite-sillimanite schist in
the core of the syncline.
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River Jordan

A sulphide-rich layer, less than a metre to 6 metres in thickness,
forms a part of the lithological sequence in the Jordan River area
(Fyles, 1970a). On the River Jordan (King Fissure) property it is ex-
posed in the limbs and hinge of a tight south to southeast plunging
synform called the Copeland synform. Reserves in the south limb have
been calculated as 2.6 million tonnes containing 5.1% Pb, 5.6% Zn and

35 g /tonne Ag.

The sulphide-rich layer consists most commonly of a ''fine-grained
intimate mixture of sphalerite and pyrrhotite with conspicuous eye-
shaped lenses of grey, watery quartz and scattered grains of pyrite
and galena'" (Fyles, op. cit., p.41). It may be well-layered, and may
include minor pods and lenses of calc-silicate gneiss, schist, marble,
or barite. It is within a calcareous succession of calc-silicate gneiss,
micaceous schist, marble, and quartzite and is structurally overlain
by a quartzite-rich succession and then a sillimanite gneiss unit.
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SUMMARY - SHUSWAP DEPOSITS

A number features of Shuswap deposits are summarized by Fyles
(19708) and Hoy (1979d).

1) Cottonbelt, River Jordan and Big Ledge deposits are within cor-
relative lithologic successions that have tentatively been dated as
Proterozoic Helikian in age. Ruddock Creek appears to be in a strati-
graphically and structurally overlying lithologic package of probable
Hadrynian age.

2) The deposits comprise a thin, but regionally very extensive sul-
phide-rich layer in a calcareous succession. The immediate host is
generally a calcareous schist.

3) The deposits consist dominantly of pyrrhotite and sphalerite,
with minor galena and pyrite. Magnetite is the abundant iron phase
at Cottonbelt.

L) They are part of the enclosing stratigraphic succession and have
been metamorphosed and deformed along with it.

LOWER CAMBRIAN

Stratabound lead-zinc deposits in Lower Cambrian rocks are es-
sentially restricted to a ""platformal® carbonate unit in the Kootenay
Arc. The deposits, shown in Figure 10, consist generally of lenticular
masses of pyrite, sphalerite and galena in dolomite or chert zones
within highly deformed limestones (Fyles, 1970b). The larger deposits
generally range in size from 6 to 10 million tonnes and contain 1-2%
of Pb, 3-4% Zn and trace silver. Although a number of stratabound
Kootenay Arc deposits are undergoing development work, there is no
present production. '

STRATIGRAPHIC AND STRUCTURAL SETTING

The Kootenay Arc is an arcuate structural belt of complexly de-
formed sedimentary, volcanic and metamorphic rocks of dominantly Lower
Paleozoic age. 1Its western margin is in fault contact with the Shuswap
Metamorphic Complex or is obscured by Mesozoic batholiths and its east-
ern margin merges with the Purcell anticlinorium. The stratigraphic
succession in the Kootenay Arc is illustrated in Figure 11. Coarse
grained, locally cross-bedded quartzite of the basal part of the Lower
Cambrian Hamill Group overlies a thick accumulation of shale, quartzite,
grit, quartz-pebble conglomerate and limestone of the Horsethief Creek
Group of Windermere age. The bulk of the Hamill Group comprises mica-
ceous quartzite, quartz-rich schist, and micaceous schist but a white
orthoquartzite, 60 to 200 metres thick, is a distinctive marker unit
within it. The Mohican Formation (Figure 11) is a gradational unit
between the Hamill Group and the Badshot limestone. It consists of a
thin bedded succession of calcareous schist and quartzite, rusty-weath-
ering micaceous schist, and limestone. The Badshot Formation is an
extensive, relatively pure limestone unit several tens to greater than
100 metres thick. |rregular zones of dolomite and chert within the
limestone host the lead~zinc deposits. North of the Salmo area, Badshot
is overlain by up to several hundred metres of dark argillite or micaceous
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‘Figure 10: Distribution of Lower Cambrian rocks and location of deposits.
Goldstream is a Cu-Zn massive sulphide deposit; . - basic
volcanics of probable Eo-Cambrian to Lower Cambrian age

(Hoy, 197%).

schist at the base of the Index Formation, calcareous schist of the
Upper Index, a succession of dark argillite and argillaceous quartzite
of the Triune Formation, the Ajax Formation quartzite and argillite

of the Sharon Creek Formation. Metamorphosed andesitic volcanic rocks
of the Jowett Formation overlie the Sharon Creek Formation and are over-
lain by dominantly coarse clastic rocks of the Broadview Formation.

In the Salmo area, argillite, calcareous phyllite and minor micaceous
quartzite of the Laib Formation is overlain by a thick limestone-dolo-
mite unit of Middle Cambrian age called the Nelway Formation (Fyles and
Hewlett, 1959). The Nelway Formation dies out to the north, supplanted
by more argillaceous rocks of the Lardeau Group (for more detail see
section on Middle Cambrian deposits).
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Figure 11: Lower Cambrian stratigraphic sections in the Salmo camp
(Reeves-MacDonald deposit) and Duncan Lake area (Duncan
deposit); adapted from Fyles and Hewlett (1959), Fyles
(1964), and Muraro, 1962.

In general, the earliest recognized structures in the Kootenay
Arc are tight to isoclinal, north-trending recumbent folds (Fyles, 1964;
Read, 1973; and Hoy 1977). They are overprinted by more open, but
locally isoclinal, north-trending phase 2 folds with upright to steeply
west-dipping axial surfaces (Figure 12, from Fyles, 1964). These folds
dominate the structure of the arc and account for the prominent north-
south structural grain. Layer-parallel thrust and normal faults are
locally important but commonly difficult to recognize without a detailed
local knowledge of stratigraphy. Transverse faults locally offset the
north-south structural grain.
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Figure 12: Idealized cross-section showing the structure of the Duncan
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LEAD-ZINC DEPOSITS

Lead-zinc deposits in the Kootenay Arc are concentrated in two
areas, the Salmo camp at the Southern end of the arc and the Duncan
camp north of Kootenay Lake. The Bluebell deposit, described as a vein
replacement deposit (Ransom, 1977), is situated on the east shore of
Kootenay Lake between the Duncan and Salmo camps (see Figure 10) and
the Wigwam deposit (Thompson, 1979) is at the north end of the Kootenay
Arc. :

General characteristics as well as details of deposits in the
Salmo camp are described by Fyles and Hewlett (1957, 1959) and Fyles
(1970b). Deposits in the Duncan area are described by Muraro (1962)
and Fyles (1964). The descriptions that follow are summarized from
these authors. :

Kootenay Arc deposits are all hosted by intensely deformed Lower
Cambrian marble or limestone. Dolomitization and associated breccia-
tion of the limestone is common. The deposits consist of lenses, ir-
regular bands, disseminated grains, or massive bodies in dolomite.
They are irregular in outline and commonly elongated parallel to the
regional structural grain. Contacts with country rock may be sharp
or gradational.

A fine-grained dolomite hosts deposits in the Salmo camp. The
dolomite is texturally different from the barren, generally well-banded
limestone (Fyles and Hewlett, 1957; 1959). It may be poorly banded,
flecked with black, irregularly streaked, or crackled. More massive
dolomite contains only sparse mineralization. Obvious breccia zones
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with dolomite fragments surrounded by sulphides are common features of
the Salmo deposits.

Mineralization in Duncan-type deposits is in dolomite or a sili-
ceous rock that Muraro (1962) interprets as recrystallized chert. The
dolomite may be massive or textured like dolomite in the Salmo camp.

Reeves-MacDonald

The Reeves-MacDonald mine is one of a number of lead-zinc deposits
that were mined in the Saimo camp in the southern part of the Kootenay
Arc (Fyles and Hewlett, 1959; Addie, 1970). In addition to the Reeves-
MacDonald, they include the Emerald, Jersey, and H.B. deposits. The
Reeves-MacDonald mine produced, until its closure in 1977, 5.8 million
tonnes of ore containing .98% Pb, 3.42% Zn and 3.4 g/tonne Ag.

Ore deposits in the Reeves-MacDonald mine are in the south limb
of an anticlinal fold called the Salmo River anticline. They consist
of 'bands, lenses, and disseminated grains of pyrite, honey-coloured
sphalerite, and galena, in dolomite' (Fyles and Hewlett, 1959, p.l144).
The Reeves orebody, one of a number of individual deposits in the mine,
is in the limb and hinge zone of an attenuated syncline (Figure 13).

REEVES-Mac DONALD MINE

N

Sulphides
2 Laib-black phyllite
==] Reeves~-limestone
L€ 2 Reeves-dolomite
- = Truman-phyllite, limestone

/////////ﬁf//// - | , Reno~quartzite

Tl
Ay, 4

Figure 13: A section through the Reeves deposit in the Reeves-MacDonald
mine (from Fyles and Hewlett, 1959). Note dolomite zone sur-
rounding ore in core of syncline.
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A dolomite zone surrounds the orebody. Much of the ore in the Reeves
deposit is well-banded and is locally highly contorted. Some ore is

brecciated, with angular clasts of limestone and dolomite in massive

sulphide matrix.

Duncan Deposit

The Duncan deposit (Muraro, 1962; Fyles, 1964) is the largest
of a number of deposits that occur on the limbs and in the hinge zone
of the Duncan anticline (see Figure 12). Estimated reserves include
approximately 9 million tonnes with 2.7% Pb and 2,9% Zn (Muraro, 1962).

The Ducan deposit includes a number of separate sulphide zones
located in the complexly deformed and faulted hinge zone of the Duncan
anticline (Figure 14). The largest, the No. 6 zone, consists princi-
pally of fine-grained pyrite with small amounts of sphalerite, galena
and pyrrhotite concentrated in thin layers in siliceous dolomite or

Figure 14: East-west vertical section through the Duncan deposit;
modified from Muraro (1962) and Fyles (1964).
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chert. The No. 7 zone is a thin vertical sheet of sulphides along the
dolomite-chert contact (Muraro, 1962). It is brecciated and zoned.
The stratigraphically lowest part of the zone (to the west) comprises
well-layered dolomite, pyrite and sphalerite; the central portion con-
sists of lenticular masses of pyrite, galena, and sphalerite in car-
bonate layers within barren chert; and the eastern part consists of
disseminated grains of pyrite and sphalerite in carbonate and chert.

STRATIGRAPHIC AND STRUCTURAL CONTROLS

The origin of Kootenay Arc deposits is enigmatic. Fyles and
Hewlett (1957, 1959) describe the deposits as replacement deposits
controlled by phase 2 folds and locally, faults. They describe the
close spatial association of mineralization to structures and the brec-
ciated nature of some of the ore. Sangster (1970) and Addie (1970)
describe the deposits as syngenetic, with sulphides accumulating in
small basins in a deep-water carbonate platform. Muraro (1962), based
on detailed studies of the Duncan deposit, suggests that Kootenay Arc
deposits are hydrothermal replacement deposits, controlled by stratig-
raphy and formed before deformation and metamorphism.

A number of features that occur in most of the deposits place
considerable constraints on any genetic model:

1) They are localized in a specific limestone unit, the Badshot or
its equivalent, despite the fact that chemically and megascopically
similar limestones occur in the underlying Mohican Formation.

2) Some of the deposits are well-layered (essentially stratiform)
and, according to Muraro (1966), are deformed and metamorphosed along
with the enclosing host rocks.

3) Dolomite envelopes completely or partially surround the sulphide
deposits. Dolomite is obviously brecciated, or has a textured appear-
ance suggestive of early brecciation.

L) Lead-zinc zoning in Duncan deposits is consistent with strati-
graphic tops regardless of the structural position; zinc is concentrated
in the stratigraphically lower dolomite, and lead and zinc in the upper
dolomite (Muraro, 1962).

Muraro (1962) and Fyles (1964) describe pronounced lateral facies
changes in both the Badshot and Mohican Formations in the Duncan Lake
area. The Mohican contains more quartzite and carbonate and the over-
lying Badshot is considerably thicker and more dolomitic in the Duncan
anticline section (Figure 15). Eastern Mohican facies are thicker and
more argillaceous and western facies are also more argillaceous, but
considerably thinner. This suggests that Mohican Formation in the
Duncan anticline section may represent a carbonate-clastic shoal en-
vironment, with a basinal inner detrital facies to the east and a basinal
facies to the west (Figure 16). It is possible that the thick section
of Badshot in the Duncan anticline section, where the deposits are lo-
calized, is an extensively brecciated and locally dolomitized, low reef
facies developed on a shoal complex. This environment would provide a
suitable trap for deposition of sulphides.
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Figure 16: Lower Cambrian paleogeography, based on lateral facies
changes in Mohican and Badshot shown in Figure 15.
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These feature. suggest that the deposits formeu '‘early'’, perhaps
during late diagenesis or as laminated epigenetic ores in cavities in
the Badshot limestone, or in collapsed breccia zones. External pre-
cipitation or mechanical deposition of sulphides may have occurred lo-
cally. This model is essentially similar to that proposed by Muraro
(1962) and implies that the dominant control for mineralization is
stratigraphic, not structural. It is also similar in many respects
to both the '"type'' Mississippi Valley model in the United States and
the Bleiberg model in the European Alps.

The structural controls cited, such as the elongate shape of the
deposits, may be due to intense structural modification of originally
non-deformed stratabound deposits. Features cited as evidence for a
syngenetic origin, such as fine grain size and lack of permeability
(Sangster, 1970), may be the result of imposed structural modifica-
tions. Other features, which are also cited as evidence for syngenetic
origin such as laminated sulphides, banded appearance of sulphides and
dolomite, and deformed nature of ore, are compatible with a late dia-
genetic or epigenetic origin. However, the dolomite envelopes around
the ore and the brecciated textures are not explained in a syngenetic
model, but are features of ''Mississippi Valley' type deposits.

MIDDLE CAMBRIAN

Deposits within Middle Cambrian rocks occur in thick carbonate
successions adjacent to laterally equivalent shale facies (Figure 17).
The deposits consist of sulphides disseminated in layered limestone or
dolomite, filling fractures in massive dolomite or barite, or dissem-
inated throughout the matrix of coarse fragmental breccias. Lead-zinc
ratios are variable, and silver, gold and copper values may be appre-
ciable. The Monarch, Kicking Horse, Lead Mountain and Silver Giant
mines are past producers.

STRATIGRAPHIC AND STRUCTURAL SETTING

The stratigraphic succession in the vicinity of the Monarch,
Kicking Horse and Shag deposits is illustrated in Figure 18. The
Cathedral Formation comprises a thick succession of massive to thin
bedded dolomite and limestone. It is underlain by interlayered shale
and limestone of the Mt. White Formation and a thick bedded quartz sand-
stone of the Lower Cambrian Gog Group. Shale and thin bedded limestone
of the Stephen Formation and massive dolomite and limestone of the
Eldon Formation overlie the Cathedral Formation. The deposits are
located just east of a transition from platformal carbonates to domi-
nantly shales of the lower part of the Chancellor Group (see Figure 17).
This transition, described by Cook (1970) in the vicinity of the Monarch
and Kicking Horse deposits and called the Kicking Horse Belt by Aitken
(1971), corresponds to the outer edge of a shallow-water carbonate plat-
form, and is characterized by a submarine scarp, slumped slope facies,
and rapid lateral facies changes from subtidal to supratidal dolomite
and limestone into a considerably thicker succession of basinal shale
and argillaceous limestone.

The eastern platformal carbonate succession is involved in broad
open folds and cut by thrust faults, whereas the western shale facies
is characterized by a well-developed penetrative cleavage. This cleav-
age is axial planar to folds that become tight to sub-isoclinal in the
vicinity of the facies boundary (Cook, 1970) and results in considerable
apparent thickening of the western shale facies.
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A number of deposits also occur in the Jubilee Formation, a thick
succession of massive to thin bedded dolomite and !imestone of Middle
to Upper Cambrian age that straddles the Rocky Mountain Trench (Figure
18). It overlies argillaceous dolomite and limestone, argillite and
argillaceous quartzite of the Eager Formation and quartzite of the
Cranbrook Formation, and is overlain by dark shale and argillaceous
limestone of the McKay Group (Reesor, 1973). The Jubilee Formation
is a shallow-water platformal carbonate that developed on a topographic
high, the Purcell arch (Figure 17), that was intermittently emergent
during Lower Paleozoic time. East of the arch are thicker and more
complete Lower Paleozoic successions, represented in part by the deeper
water Chancellor Formation.

A thick Middle Cambrian carbonate, the Nelway Formation, is exposed
at the southern end of the Kootenay Arc in southeastern B.C. It hosts
a small Pb-Zn occurrence, the Caviar prospect. Correlative Metaline
Limestone in the State of Washington (Figure 17) hosts a number of large
irregular lead-zinc orebodies. The Nelway Formation is underlain by
argillite and argillaceous limestone of the Laib Formation, the Reeves
limestone, and quartzites of the Reno and Quartzite Range Formations
(Figure 18). It is supplanted to the north by more argillaceous rocks
of the Lardeau Group, and is therefore interpreted to form the north-
ern edge of a platformal succession adjacent to a deeper-water shale
basin (Figure 17).

In summary, Middle to Upper Cambrian deposits occur in shallow-
water platformal carbonates adjacent to shale basins. |t is probable
that the distribution of Lower Paleozoic platformal bank margins were
in part related to early fault scarps. The Nelway bank margin, for
example, is situated along the western extension of a transverse struc-
tural zone that was active in Late Proterozoic time (Hoy, in press;

Lis and Price, 1976) and Lower Paleozoic time (Leech, 1960). Jubilee
Formation carbonates developed on a Lower Paleozoic arch that was sep-
arated from platformal Cathedral carbonates to the east by a shale basin
that trended approximately north-northwest, parallel to the dominant
structural trends in southeastern B.C.

The following section outlines the geology of a number of ''type'"
Middle Cambrian deposits, emphasizing the local stratigraphic and struc-
tural controls.

Monarch and Kicking Horse

The Monarch and Kicking Horse deposits occur on the steep cliffs
on either side of the Kicking Horse River just east of the town of Field.
The deposits have been described by Ney (1957b) and Westervelt (1979)
and the regional stratigraphic and tectonic setting by Cook (1970).

Total production from both deposits, from 1888 until their final clo-
sure in 1952, total .62 m tonnes containing 5.63% Pb, 8.85% Zn and
31 g Ag/tonne.

The deposits occur as a number of separate and discrete mineralized
zones in massive to brecciated dolomite within a 60 metre stratigraphic
interval in the lower 125 metres of the Cathedral Formation (Figure 19).
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Figure 19: Surface geology in the vicinity of the Monarch and Kicking
Horse mines (A), and generalized cross-section, viewed to
northwest, of the Monarch deposit (B); after Ney, 1957b.

The dolomite zone cuts sharply into underlying well-bedded limestone
and dolomite, and is overlain by similar well-bedded carbonate rock,
The brecciated dolomite that hosts the orebodies consists either of a
stockwork of white dolomite ''veins'' in grey doiomite, or of light grey
dolomite fragments in dark grey dolomite. Immediately underlying the
orebodies are dolomite alteration zones in which original bedding is
preserved. The dolomite zones (and orebodies) trend northerly, paral-
lel to both late normal faults and the abrupt facies change to basinal
shales described earlier.

The orebodies occur as narrow elongate runs with sharp lateral
boundaries in brecciated dolomite. They die out gradually along trend
into barren, unmineralized dolomite. Sulphides, consisting of amber-
coloured sphalerite, galena, minor pyrite and trace chalcopyrite, occur
most commonly as disseminations in the dolomite matrix of breccias and
also as irregular veinlets cutting both matrix and fragments. Coarse
sphalerite and galena commonly rim dark dolomite fragments with spar-
dolomite filling remaining vugs.
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Dolomitization and the development of breccia and associated
cavities cannot be directly related to any late fault structures.
Faults cutting the deposits are not conspicuous and one of the two
boundary ''faults', the Stephen-Dennis fault (Allen, 1914), is a
stratigraphic and not a structural break (Cook, 1970). The Monarch-
Kicking Horse deposits (and most other Middle Cambrian deposits) are
preferentially distributed within a dolomitized breccia zone adjacent
to a plaformal bank margin. This suggests that there is a regional
stratigraphic control.

Shag

A number of small lead-zinc showings were discovered by C. Graf
in 1977 in Cathedral Formation limestone and dolomite about 35 km east
of Radium. The following description of the showings is summarized
from Assessment Report 7036 (Bending, 1978) and from a brief visit to
the property in July 1980. The showings occur in generally heavily
wooded drainage of Shag Creek, a southern tributary of Albert River.
Work by the owners, Rio Tinto Canadian Exploration Ltd., includes
geological mapping, prospecting, soil sampling and diamond drilling.

Nine widely scattered showings occur within a thick, massive to
well bedded limestone-dolostone unit that has been correlated with the
Cathedral Formation. It is overlain by a red-coloured shale horizon,
the Arctomys Formation(?) and McKay Formation shale (Figure 18). Less
than one kilometre to the west, Cathedral Formation carbonate is sup-
planted by shale and argillaceous limestone of the Chancellor Forma-
tion (Figure 17).

Most of the showings consist of concentrations of galena and pale
yellow to amber to orange sphalerite in a granular or brecciated dolo-
stone beneath dark laminated limestone. The sulphide concentrations
appear to be restricted to two horizons, although a number of mega-
scopically similar horizons occur in the succession. The dolostone
at the BM, the largest of the discovered showings, consists of a num-
ber of cyclical beds, each a few centimetres thick, and each consist-
ing of an erosional basal surface overlain by massive or irregularly
laminated dark dolomite and capped by a coarse fragmental breccia or
fenestral dolomite. This succession of cyclical beds is capped by dark,
well layered limestone. Coarse, recrystallized sphalerite, minor galena
and trace amounts of pyrite occur with sparry dolomite or dark argil-
laceous limestone that is interstitial to breccia fragments, and as
disseminated grains through more massive dolomite. A second, similar
horizon hosts scattered sulphide occurrences over a wide area. The
mode of mineralization is generally the same, although locally coarse
galena and minor sphalerite occur in cross-cutting calcite veins and
shears.

The finely disseminated nature of some of the sulphide minerals
and their restriction to specific horizons suggests a syngenetic to
early diagenetic origin. The host rock is an intertidal dolostone that
was repeatedly emergent and subjected to erosion, solution and local
brecciation. Dark argiilaceous limestone between dolomite fragments
probably represents concentrations of less soluble residue, and inter-
stitial sparry dolomite, late diagenetic cavity filling. The favourable
horizons developed just prior to or during a pronounced marine
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transgression that resulted in deposition of subtidal laminated 1ime-
stone. A possible regional stratigraphic control is the proximity to
the Cathedral plaformal-Chancellor shale facies change, less than a
kilometre to the west.

Jubilee Mountain Area

The Silver Giant mine, Lead Mountin mine and Jubilee Mountain
prospect are silver-lead-zinc-barite '‘replacement' deposits in the
upper part of the Jubilee Formation.

The Jubilee Mountain prospect (Buckley, 1976, 1977) contains
galena, sphalerite and pyrite disseminated in massive to bedded lime-
stone, in irregular veins with barite, and with barite in vugs and
cavities. Breccia zones with angular clasts of dense dolomite and
limestone in a granular carbonate matrix contain abundant disseminated
sulphides and numerous barite and sulphide-filled vugs. Buckley (op.
cit.) suggests that brecciation and barite-sulphide mineralization may
be related to collapse of solution cavities and associated karst develop-
ment in a Middle Cambrian reef environment. Local sea-floor irregu-
larities, perhaps related to underlying fractures, controlled the dis-
tribution of reefs, collapse breccias, and associated mineral deposits.

The Silver Giant mine produced sporadically between 1908 and its
closure in 1957. Since 1960, barite has been mined and recovered from
the tailings of the former lead-zinc mine by Baroid of Canada. Miner-
alization occurs in the upper part of the Jubilee Formation (Reesor,
1973) and consists essentially of disseminated galena and sphalerite
in a massive barite gangue. Buckley (1976) believes that mineraliza-
tion is hosted by reefs that developed above a faulted scarp.

A number of stratabound lead-zinc-barite replacement deposits,
including the Silver Giant mine and the Jubilee Mountain, Lead Mountain
to the north, and Steamboat, on Steamboat Mountain (see Figure 17),
occur in platformal carbonates of the Jubilee Formation. The upper
part of the Jubilee Formation in the region of the mineral deposits
comprises a carbonate shoal complex that developed west of a deeper-
water shale basin. Breccia zones that appear to be related to cavern
and karst development in reefs (Buckley, 1976, 1977) are the local ore
controls. !

DEVONIAN

The distribution of Upper Devonian rocks east of the Kootenay
Arc is shown in Figure 20. They comprise shallow-water platformal car-
bonates of the Palliser Formation. Stratabound lead-zinc showings occur
on the SOAB mineral claims, located in the Rocky Mountains near the
headwaters of the Bull River,

SOAB, Alpine, Boivin

The following descriptions of the lead-zinc showings and their
setting is summarized from Assessment Report 7489 (Gibson, 1979) and
from a brief visit to the property in September 1980. .
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Figure 20: Distribution of Devonian rocks and the Alpine and Boivin
occurrences.

The SOAB occurrence was discovered in 1972 by Silver Standard
Mines during follow-up on a regional stream sediment anomaly; the Alpine
and Boivin showings were discovered in 1977 and 1978. Limited drilling
of the SOAB and Alpine and blasting and sampling of the Boivin has
evaluated these occurrences.

Mineralization is restricted to a unit within the lower (Morro)
member of the Palliser Formation. The unit is in the lower overturned
limb of an eastward-verging assymmetrical anticlinal fold that is thrust
against Mississippian carbonates to the east. Overlying Cambrian-Ordo-
vician strata to the west are assumed to be in thrust-faulted contact
with the Devonian package (Gibson, 1979).

"A distinctive carbonate rock, termed ''‘zebra facies'', character-
ized by fenestral (and geopetal) spar dolomite crescents in a fine-grained
granular dolomite matrix, hosts the mineralization. It is interpreted
to be of supratidal algal origin. It is underlain and overlain by massive,
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subtidal limestone. Pale yellow to almost clear sphalerite is dissem-
inated through the granular dolomite, concentrated along the periphery
of spar dolomite patches, and occurs within the spar dolomite. The
mineralization is concentrated in a number of discrete zones generally
less than a metre thick and a few metres in length. The Boivin show-
ing measures approximately 12 metres in length and 2 metres in width
and contains up to 20% zinc (Gibson, 1979).

The disseminated nature of the sphalerite and its restriction
to a specific carbonate unit within a thick succession of carbonates
suggest an early syngenetic to diagenetic origin. The general paucity
of zinc-lead mineralization in Devonian rocks in southeastern B.C.,
as compared with those in the northeast Cordillera, may be related to
levels of exposure. The host bank margin environment and shale basin
facies of the northeast sulphide accumulations is not exposed in south-
eastern B.C.; only the platformal environment is exposed.

SUMMARY

The distribution of clastic-hosted Proterozoic deposits, such
as Sullivan, North Star, Stemwinder and Kootenay King, is largley con-
trolled by northeast trending tectonic elements that transect the dom-
inant northerly stratigraphic and structural trends. These deposits,
and associated tourmalinization and intraformational conglomerate, are
concentrated along the northern edge of a northeast trending rift struc-
ture that transected the Purcell basin in Helekian time. Local deposit
controls appear to be more northerly trending fractures within the rift
zone. Replacement deposits in upper Purcell platformal carbonates may
be related to block faulting of Windermere age.

One of the important regional controls for carbonate-hosted de-
posits of Lower Cambrian and Middle Cambrian age appears to be proxim-
ity to carbonate bank margins. Lower Cambrian deposits are concentrated
along the western limits of exposure of platformal carbonate rocks in
brecciated and dolomitized limestone that is interpreted to be a reef
that developed above a carbonate-clastic shoal complex. Middle Cambrian
deposits are in intertidal to supratidal carbonates adjacent to shale
basins.

The northeast trending rift zone, that appears to have controlled
the distribution of Purcell clastic-hosted deposits, also appears to
have been important in localizing Lower and Middle Cambrian deposits
at the southern end of the Kootenay Arc. The largest concentration
of Kootenay Arc deposits, the Salmo camp, and a Middle Cambrian plat-
form edge, are along the projected strike of the pre-Cambrian rift zone.

In summary, transverse structural zones and regional facies changes
that are in part related to the transverse zones, are important regional
controls for the distribution and localization of many stratabound de-
posits in southeastern B.C. The transverse zones coincide with deep
crustal structures that appear to have controlled the outflow of metal-
charged formation fluids or deep crustal or mantle fluids, leading to
the formation of deposits in their vicinity. Hosts for sulphide ac-
cumulations include clastics along the northern, probably faulted mar-
gin of a rift that paralleled the zone in pre-Cambrian time, and plat-
formal carbonates of Cambrian age along the western extension of the
zone.
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THO PHASES OF DEPCRMATION

Preface

In & paper which appesred in the
Mareh issue of this Journal, exasples of the
use of geclogical kuowledge in exploratien in
the Hootenay are were given. In that paper the
but the structure of the Xootensy sre was not
deseribed. In the followlng psges, two episodes
in the long and eomplex structural history which
the sre has undergone ave deseribed, sod thelr
general significance in explorstion is briefly
outlined, ‘
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By James T. Fyles»x

The Kootenay are is a relatively narrow eurving
structural belt in scutheasters Hritish Columbla extending
southesst from near Bevelstoke, south along Kootenay lake,
and southwest seross the MN&%W& Boundary inte Washington.
It is of great importance to mining in British Columbia because
it contains mines which have produced a high propertion of the
province's silver, lead, zine, and tungsten, and substantial
guantities of gold spd copper. Thig produetion has come from
the lLardeau, Slocan, Alnsworth-Bluebell, Helson, Ymir, Sheep
Ureek, snd Salmo mining camps. The Phoenix snd Rossliand canps
are west of the are; the Sulliven and mives of the esst Kootenays

are east of it.
The sre is in the Selkirk end Purcell Mountsins end is

s geological structure forming sn integral part of & wuch larger
deformed momntaln system. It is & highly deformed belt of
relatively steeply dipping sedimentary and volesnle rocks bowved
sbout and lying mainly east of 2 major granitic area containing
the Relson and Ruskansx batholiths. GOranitic stocks more or less
¢lesely related to the batholiths intrude the are and extend some
distence to the east of it. West of the bstholithie area im the
western part of the Selkirks and im the Monashee Mountalms iz a
major gneissic complex. TFast of the are in the Purcell ¥ountains

#Published by permission of the C(hief, Mineralogicsl Branch,

Depertment of Mines and mtm‘zmm awammﬁ Victoria, a,c,

#xGeclogist, Hineralogical Branch mmﬂmmz of Mines and
Petroleum Resources, ﬂatwﬁa, ﬁ
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is & belt of cpen folding thought to have the form of s brosd
sntielinorium. The Purcells are separaled from the Rogklies to
focky Mountain Treach.

because of past produetion and potential mineral
wealth in the Hootemay are, and im order to ald and stismlate
exploretion, the British Columbia Department of Mines and
Petroleum Rescurces has been maintalciag a programme of
geological work in the are for & number of years. This work
has been mainly detailed mapping of relatively lerge areas in
and ¢lose to mining vamps together with studles of the fm end
vecurrence of minerseiisation at Wﬁm wines. To éﬁﬁ%, five
‘studles la widely separated psrts of the arc have been completed
and two are in progress. Caly im the last few yoars has it been
possible to recognize a urity of structural pattern between the
areas studied. Although the work is still in progress and much
remaing to be lesrned, 1t i3 possidble now to give a preliminery
secount whieh correlstes certain importsnt structural festures
of the arc. |

Deformation in the Kootenmay are 'mﬁ teken place over
an estended pericd of time. Several phases of deformstion are
recognized, The general festures of the two oldest known phases
of deform:tion are deseribed in the following pages and $llus~
trated by tiree -em_&mweﬁm: cne northeast of Trout la
second st the north end of Eootensy Lake, snd & third in the
Saluwe district near the International Eoundery (gee Fig. 2).
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Geological information bDetween these sections and beyond them
is not yet detalled encugh to permit the construction of other
sections but it is koown that the patterns found in the areas
studied in detail and presented here sre characteristic of the
deformstion of the are in general.
Summary of Geseral Geology

The Kontensy are contaims s thick suwogession of sediw
mentary and voleanic rocks ranging im age from esrliest Cembrisn
te late Mesozolie. The succession ls essentially a confommible
one though & disconforeity is thought to be present in the late
Palasczoie and probably others exist which have not yet been
found. O(ne of the most significent sarkers in the succeszion
is & limestone known as the Badshot im the Lardeau and Eoctenay
Lake country snd as the Reeves limestone south of Helsom near
Salzmo (geg Fig. 1) The Reeves limestone ¢ nteins Lover Cambrian
fossils and it is alwost certelnm that the Badshot iz also Lower
Cambrisn though no fossils have yet been found in it within the
Ecotensy are. The limeatone, whiech 1s repeated by complex
folding, cuterops in & belt, lecally ss much as 10 miles wide,
along the eastern side of the are. Rocks to the esst of this
belt in genmersl are older than the limestone snd those te the
west sve younger. The older rocks pass downward inte the

Precambrisn, and the younger cmes comprise a thick successiom
extending inte the Jursssie.
The names sad 1lithologles of some of the Palseczole
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formstions asre summarized in the accompasnying chart. In the
lardesu district are three groups: the Hamill, Lerdesu, and
¥ilford. The Hemill is quartszitiec, the Lardesu has a lower
eslesreous section, contsining the Badshot limestone, overlain
by & thlek succession of sehists and quortzites with lenticular
masses of voleanie rock. OUne of the most distinctive markers

in the sehisteguartzite succession iz s grey, massive gusrtzite
known as the Ajux. In the Salmo distriet the lower part of the
succession is very similer lithologically to thet in the lLardeau
district. The lowest group (lusrtzite Range snd Reno formations)
is gquertzitic and the overlying lslb has a lower calearecus part,
contsining the Reeves liwestone, bensath a thick succession of
schists and minor quartzites. The overlying Helway, whieh is
limestone snd dolomite, snd the fetive formation of dark slate
and srgillite ceeur widely especislly in Washington but are not
found far north of the latitude of ¥mir. Canbrisn fossils are
present in the Nelwsy snd Ordovician in the Active. The Milford
group of slate, chert, and limestone which containe late Paleeczole
fossils has been known for some time north of Easlo but is only
tentatively identified to the south.

In general rocks comprising the sre are In the muscovite-
chlerite grade of regiomal mm@mmﬁm The grade inereuses near
Kootenay leke and rocks along the lake sre mainly in the garnet
grade. Locally on both sides of the lake near the shore st
Ainsworth, Bluebell, snd south to the West Arm of the lake the




PALAEOZOIC FORMATIONS - KOOTENAY ARG

SAIMO DISTRICT

LARDEAU DISTRICT

Milford Argillite, chert, |Milford |slate, chert, and
(?) and limestone [limestone
Disconformity (2)
Broad- |Grit, phyllite,
view minor volcanic rocks
L :
Active Slate and argillite Mafic flows and
¥ A HSuont pyroclastics
R Sharon [Dark grey siliceous
Creek argillite
D
Ajax Gre vartzite
Limestone and d i
Nelway BTttt B
O en ke Tri Dark grey siliceous
A riune lareillite
Phyllite and schistg Y
ggggr minor quartzite and Grey and green
limestone Index |phyllite and minor
limestone
Emerald|Black argillite
Laib
Reeves |Grey limestone Badshot {Grey limestone
Phyllite and
Truman |argillite; minor Mohican Phyllite and minor
limestone limestone
. : 1 Marsh : ;
Reno Micaceous quartzite A Agams Micaceous quartzite
: i M
ggzrtz— White and micaceous i Mount |White and micaceous
Range quartzite L Gainer |quartzite
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rocks reach the sillimanite grade.
Cantyral Lardeau District

The structure of the rocks in the gentral part of
the Lardesu distriet is charscteristie of the northwesterly
trending part of the sre snd is representative of the oldest
deformstion known. The psttern of folding iz shown in section
A=h' of Pilgure 3. The northezstern part of the section is
along & tridutary of lardeau Creelk, called Uainer Creek, which
cuts decply across the structure. The scuthwestern part of the
section crosses Silvereup Ridge northesst of Trout Lake. In
generasl the roeks are folded on axes which have 2 low plunge and
inte folds whieh have the cross-sectionsl ferm of o letter N s
seen locking to the northwest, The shepe of the folds in the
oldest rocks near the esstern end of the section is outlined by
the Budshot formstion, s bended grey and white limestone a few
hundred to 28 much as 1,000 feet thick. On Badshot Mounbain
sbout 10 miles northesst of Trout Lake the limestone d'ps steeply
to the southwest. Tt 1s on the southwestern limb of sn alwost
isoclinel sntieline, Northe st of the anticline the limestone
pecurs in the trough of & tight syneline, and the anticline and
syncline torether form sn H-shaped fold, Southwest of Badshot
Hountain the limestone, or a limestone stratligraphicelly close
to it, is repeated seversl times in & series of iscolinal folds
wileh torether have the same H-shaped form.

To the southwest and higher in the stratigraphie
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succession folds are outlined by the AjJax quartzite, & blocky

grey mussive quartzite a few tens to seversl hundred feet thick.
Three miles southwest of Badshot Mountain the Ajax quertzite dips
steeply to the southwest. It overlies sn isoclinelly folded and
sheared series of phyllites and limestones sné the bare of the
guirtzite is s smooth sheay plane. The guortzite 1tself and the
overlying srgillites, gurrtzites, and volesnic rooks sre folded
into a series of more or less conmcentrie folds which are step-
like and E-shaped in section. About 3 miles farther to the south-
west the gusritzite is repeated twice on the limbs of & large anti-
eline known as the Silvercup anticline. The anticline together
with the syneline to the northesst have the S-shaped form. Southw
west of the Silvercur anticline as for as Trout like there are no
major folds vhich sgein bring the guertzite or older rocks to
surface. Structures in the younger rocks have the same form.

The pattern of Ne-ghaped folds implies s relative move-
ment of the southwest upward and over the northeast. Shapes of
individual folds and the sttitudes of relsted shear planes seen
in the fisld vary widely but this seme sense of relative movement
may be deduced from slmost sny exposure. Deformaticn with this
sense of relative movement is recognized throughout the are. It
is the oldest known deformatlion and structures assocliated with
it are referred %o ss phuse I structures.

South Lardeau Structure
In the southern part of the lLardeau distriet around




mmean Leke znd the acrth end of Kootenay leke these shese I
structures have been felded., Fhase I folds sve iscelinal snd
extremely attennsted. In general, convergence of the limbs
cannot be measured in the fleld and the point where the limbs
meet, called the hinge of the fold, cannet be seen. The folds
are recugnized from & kaowledge of strutigraphile relationahips

m by traeing rock units relatively grest distances., These
. folds plunge to the north at about 10 degrees.

Btructures resulting from the deformstion of phase I

folds are referred to as phase II structures. ‘They eonsist of

faults snd folds which in the scuth Lardesu plunge at about the
sume sngle to the north ss the shase I folds, m folds renge
in shape from very tight to relatively open, and in size from a
few feet asercss to folds with axes several miles apart. These
folds cen be seen in the field and in genersl ave outlined by
the sttitudes of folistion planes. JTdeally complete phese II
el an anticline lying east of a complemsntary
syneline giving the form of & reversed letter ¥ (M ).

Both phase I and phsse II folds are shown in section
B-B' of Figure 3. The section is along the steep north slope of
Hamill Creek where the topographic relief 1s 4,000
It crosses the Duncan River valley just north of the north end of
Kootenay Lake. The folds are outlined by the Badshot snd sdjscent
formations snd the wajor structure is econfirsed W minoy structures
which are plentiful particularly in the Hamill guartzites. At the

felds are ecmposed
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castern edge of the section is s large phase II double fold.
The fold consists of & relstively tisht antieline lying esst
of an open wpright synclime. The distence between the axis of

. The stratigraphie succession in general is ugsiﬁ& éeuug guartsitss
which are stratigrashically beneath the Badshot limestone are in
the trough of the syneline and the flanks of antlicline. The
axisl planes of relatively swell ilsoelimal phase I folde ave
move or less psrallel to the follstion and follow avound the
shase II folds. Phase I folds are difficult $o define in the
field and sre complexly disrupted by flow snd by slip om & steeply
‘@lpping cleavaze, This eleavage 18 approximately parallel te the
aﬁi&i.ﬁzmaxs*@s the shase II folds., Idmestions and dregfolds
indleate that the axes of the phase I and phase II folds plunge
less than 10 degrees to the north and are esseutislly parallel.
Two to 3 miles to the vest the Badshot and underlying
vooks are repeated. They form an Isvelimal anticline,
the Dusesn anticline with a serles of subsidiary isoelinal folds
immediately west of 1t. These are phase I folds. Their sxisl
' so that in the verticel imterval
provided by the tosographie relisf the axisl planes are concave
te the weat, The sxis of the warp appesrs to plunge g&ﬁﬁ&x_ta f
the north as docs the =xis of the Dumcan saticline. A steeply
west-dipping clesvsse and the projection of sttitudes of
tai&ati% from down the plunge suggest that tm warp which is

ko m a8




coneave to the west has & compls
concave to the esst. This form is indlcated dlsgrammatieal
in section B-B'y Plguve 3.

4 mile or two to the west, on the esstera side of the
.can Valley where the Bsdshot and underlying quartsites ave
again repeated, the foliation dips at moderaie sngles to the
esst, It graduslly flsttens farther west, snd on the west side
of the valley dips gently to the west. The folistien is more
or less parallel to axisl plsnes of iscelimal phase I folds and
the areh which straddles the Dumcan Valley is in fact & broad,
upright, rhease II fold. It plunges to the morth end is well
defined 2 to 3 miles north of the section., Oeclogiesl studies
west of the Dumean Valley, though imcomplete, suggest that the
axiz of a velatively tisht phase II syneline sketched diagranma~
tieally at the west edge of section BeB', Pigure 3, lies a short
distance west of the valley.

In gener:1l in the south Lardeau, phase I folds have the
same pattern as in the north lardesu. BStratigraphicelly the rocks
become progressively older toward ﬂw easts Phase I folds before
folding probably formed a more or less step-like sequence rising
to the east. They eén be regarded as Heshaped in section, seen
from the south, from which it may be inferred that they fermed by
a reletive movement of the west wpward znd over the east. Fhase
II folds have the opposite cross-sectional form, that is, the form
of & reversed letter N (1), end it may be inferred thst they




developed in response to a relati-e movement of the esst wward
and over the west. This inference iz supported by fleld
observations of miner structures.
Zalmo Jtructure

The structure of the Salmo district is compliested by
feults, grenitic intrusions, asnd an abrupt swing in the regicasl
strive, Seetion C-C' s Plgure 3, 1z seross a2 part of the area
where the reglonal strike 1s north and the plumge of the folds
is low. In spite of this, structures are recognized whieh fit
the psttern of phese I snd phease II structures known in the
Lardess. &Structures belonging to several phases of deformstion
cunced in the Sulse district but the twe oldest vecog-
nized have the seme form and indicate the same patterns of velsw-
tive movement s those in the north. On the esstern edge of the
gection the Reeves limestone is repested on the limbs of an
isoelinsl syneline, the lLaid syneline, west of which is a come
plementary anticline kmown as the Sheep Creek snticline. These
are phase I folds,; and sre tysleal of ,M‘mt&&s in the Basteran
belt of the Sslme district. These structures are followed to
the west by a complex deep syneline celled the Plsck Argillite
belt and contalning MWWM rooks of the Ordovielan .mizivc
formstion. West of the Black fmamw belt are complexly feolded
roeks belonging to formstions between the wupperaost members of
the Guartzite Range formation and the tor of the Lald formation.
They are in the Mine belt and im broadest structural form are

are ronoune




antielinal. The ¥Hine belt and the symelinal Blaek Argllilte

belt tocether with the Sheep Creek anticlive snd Iaid syneline

form a sequsnce of phase I folds which before phase II defor-

mation probably had a patiern similar $o that in the Lardesm

sections, snd & reiative movement of west over east is inferred.
Panse 1I folds predominate in the ¥ipe belt snd phase 1

folds are relstively obsoun

e. Mipor structures, particularly
dragfolds, suggest the presence of phase I structures snd lsrge
phase T folds, strongly shesred, are recognized from repetitions
of the stratigraphie sugeession. Phase II folde are defined by
the attlitudes #f’ﬁ%iza%&aﬁ'§1ammn-mnﬁ are resdily seen and mapped.
They range from tight to relatively open and the form of the folds
and relsted faults indlcates 2 relative uovement of esst over
west. Probably the best-known folds of this type are in the
Jersey mine., In the northers part of the Mine belt sear the
Jersey mine, uxes of phase I sand phase 1I feolds appesy to be
nearly paraliel.

Phase 11 folds are also present in the Black Argillite
snd Fasternm belts. Although stractural detsils are poorly known
in the Bleeck Arglllite belt it is elear thet the exial plomes
of iscelinal folds have been folded on gently plunging axes,
Hoymally steeply eust dipping sxizl planes flatten in dip, then
steepen sgain upward to the west, Similarly ia the Fastern belt
ax&al.glauﬁs of the vhace Iﬂf@;éa are warped on axes with & low
plunge. Tocally tight dragfolds indic:ting a relative movement
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of esast over west are superimposed on phase I [olds.

The structursl belts in the Salmo ares are separated
by faults. They arve strike faults, in gencral steeply dipping
in the north and moderate to gently esst and scutheast dipping
farther south where the regiomal strike swings to the west.

They appesr te be thrust or reverse faults with a relative
rement of east up and over west.

Thus in the Salwo 2res wo shases of deformation can
be recognized which, theugh eomplicated by leter struetural
events, show the same patterns of relstive movement as are found
in the lardean district.

Reglonal Extent

Interpolation of the structure between the Salmo
country and the north end of Kootemay Lake i1s difficult because
1ittle is known of the structursl deteil in the 40 to 50 mile
streteh between morthern Kootensy leke and Ymir. Some gemeralized
structures can be inferrved from reglomal maps., Follstion dips
persistently st moderate angles to the west along Kootenay lake
and on the hills south of the West Arm., The two cldest phases
of folding are recognized in these westward dipping rocks in cur-
rent work in m Ainsworth csmp. The regional follation appears
to be parallel to axlal plsnes of isceclinal phase I folds which
probably have a low plunge. These folds are folded on gently
plunging axes inte small and large folds which cause a pronounced
steepening of the foliation snd locally a reversal to an eastward
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dip. Regionally dips of feliation slong the lske sre to the
west. A4t higher elevations west of the lske the dips are sleeper
and st meny places they sre to the east. In gemeral phase II
deformetion hes produced s huge fold of the felistion and hence
of phase I folds which is concave to the west. [Rlements of this
fold which can be inferred from regionsl maps suggests that 1t
extends throughk the country west of Rootenay lake and southwerd
toward Salmo. Near Esnslo 2 mejor split of the fold swings to

the uerthwest between the Helsom and Fuskensx batholiths. In

the Slocas caszp a fold with similar form, concave to the southwest
with dominsntly morthesstverd dips, has been cerefully studied and
is referred to as the Slocan fold (gee Hedley, 1952). The recent
recognition of the two pheses of deforsetion implies trat the
#locsn fold llke the closely perallel counterpart of it to the
southeast 1s & phase II structure.

Reglonsl extrapolation beyond the Xootena)
more speeulsztive than interpolation of structures withim it. oOn
& brosd sesle structures in the Pureell Mountains to the #m are
overturned tovard the east and thrusting indieates a relative
wovement of west over east. Possibly phasge I folds in the Hootenay

are 1s sven

are are part of s much larger set of structures formed in ressonce
to this same sense of relative movement. Phise 11 structures may
be more lwni,ayia‘g out toward the mﬁh anz west and becoming
sore intense towaréd the south, | |
{ither Phases of Deformation
The two shoges of deformetion deseribed in the ﬁ»m@iw

:E"’ A, e w\
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pages are only part--the cldest known part-~of the deformution
of the Kootenay sre. Details of the complete structural history
are still poorly known snd no additlomsl fold or fault patterns
of regional extent sre yet recognized with certainty. In all
aress in which detailed studies heve been sade, phase I snd
shase 11 structures are morve or less warped, shesred, broken by
faults, or intruded by igneous and plutonic messses.

The Helson and Xuskensx batheliths and zany of the
granitic stocks have local sones of ilatense deformation around
thelr wergins, On the sorthern edge of the Helson batholith the
%@am fold is buckled iﬁmmsﬁ within a alle or so of exposed
grenltic rocks. UOn the esstern edge of the bathelith north of
Alnsworth phase I and phase Il folds are warped sharply upward
within 3,000 feet of the granitie rocks. The Hidden Creek stock
in the Salmo disteiot is surrounded by & zoue in which the
regional strike is deflected into near paralleliss with the
marging of the stoek., 4 few miles to the north, the Poreupine
Oreek steek 1s ringed by uptursed sedimentary rocks. Tegional
maps of the northern part of Kootenmay lake show an abrupt swing
in strike near the Fry Creek batholith und to the east the White
Creek bethelith has a spectacular peripheral deformed gonme. It
is possible thst warps of this tyye preceded and controlled the
formation of the granitic masses end forceful imtrusion further
modified the warps.
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Pold AXeS near plutonic mssses commoniy nlunge steeply
but steeply slumging folds sre slso found far from plutonie
negses, They are asscoisted with oreoss warps or sﬁr&knwaxip
movements of one sort or snother., Decause of the plunge they
ecause & chsnge in the formutional strike. Pattewns of small
steeply plunging folds have been delimited by detalled studies
of loesl areas and lurge-seale trends in strike are outlined en
regional maps. Correlstions of sueh patierns snd trends have
not yet been made. One key to a complete understanding of the
structural bhistory, the sequence of igneous and plutenic rocks,
is #8111 to be studled. |

Felation of Etructure to Hinevalization

Geological studies in the Xootenay ave by the British
Columbia Department of Mines and Petrcleum Hescurces have been
of nioing camps and have been &imed at learning more of the
geourrence and loealizstion of orebedies und minerellized zomes.

Une general conclusion of these studies, of considerable impor~
tanee in exslorstion, iz thet mineraliszation is a@nﬁmﬁllﬁﬁ by
structure. This control may be in detersining the form snd
continuity of the host roek or it may be in inflveneing
desosition of the sulphides. Some ewssples of the importance
of structure in exploration et specific srozerties have been
given in & preceding paper. Omly the g@ﬁﬁrm% 5ignif&eaﬁa; of
phase I and phase II structures is considered heve.
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Phage 1 folds have controlled the distribution,
continuity, and thickmsss of the hozt rocks and In muny pluces
have alsc determined the mechanical and chemical properties of
favourable beds. Becognition of phase I folds is of considersble
practiesl imﬂam in expleration. Pavourable rocks that are
folded into an isoclinal syncline with low plunge csnnot e exe
peeted to extend indeflinitely in depth. Volded layers at the
trough or e¢rest of the fold have longest dimensions parsllel to
the fold plunge. 4 layer minevalized on one limb of & fold may
also be minersliszed on another limb, Repetitions of favourable
layers are to be expected in the Kootenay arc. Thase I folds
are iscelinsl or nearly so, and fold hinges sre rarsly seen.

Beds on the limbs of folds may continue for such grest distspces
down the dip that sn iscclinslly folded seqguence may for practical
cmoelinel swecession. On the other
hand beds uay pinel out very vapidly on fold crests.

Phase I structures are important in exploration because
they ecntrol the geometry of the hest rocks but m&im studies
have shown thet they are not commenly minerslized. Hinerslized
zones frequestly sre found which follow phase IT folds end
relsted shears. Velins and lodes and asscclzted replscement sones
ceeur in a variety of lster structuves which may or may not be
inflvenced by phase II structures. It sppesrs that it is sowe
modification of the phase I structures and not the shase 1
structures themselves that have controlled mineralization.

purposes be regerded &5 a h
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Studies of the Salumo lead-zine deposits have shouwn thet many
orebodies there sre sssoclated with hese II structures {(zee
Pyles and Hewlett, 195%, pp. 67, 103, 118).# it the Jersey wine
the 4 sone follows a feulted dragfeld overturned tow:ird the west.
The ¢ and D zones are slong a bropd anticline plusging gently to
the south that is a shese IT fold. The Beeves orebody i¢ in e
#teeply plunging synelime which is regarded os 8 phsse II structure.
In the Duncan mine end on the Sannockburn preperty in the lardeau
distriet the mineralized szones sre closely assceiated with phase
11 folds and shears. TNeplucement at the Bluebell mine (gse
Irvine, 1957) hes extended outward from cyoss fractures along a
sumber of favourable structures. Some of these sre phase II folds.
The recognition of structursl types ia the fleld is
diffieuit and may be most pusszling in the early stages of pros-
pecting and exploration when it 1s most useful. Geclogieal studies
on & regionsl basis will give the background necessary for the
recognition and understanding and will show some of the significance
of eontrolling structures. Only continued snd csreful observations
made on & property as explorstion, development, and mining proceed
will give the data mﬁ-&mry for a full understanding of structursl
control. In conclusion it is clesr that m twe phases of defor-
mation deseribed in this paper sre extresely ilmportant in exzlorstion
in the Kootemay are. | '

*The terms prisary and secondayy used in Bulletin Fo. 41 are
synonyuons with phase 1 and phase II as used heve.
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Plgure 1. Index mep showing the Footenay are.

Figure 2. %The Kovtenay are showing the locstion of
structural seetions.

Pigure 3. Disgremmatie structural sections,
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GEOLOGY AND EXPLORATION IN THE KOOTENAYS, BRITISH COLUMBIA

James T, Fyles

ABSTRACT

This paper is concerned with the recent geological
work and its bearing on exploration in a part of the Kootenay
district of southeastern British Columbia known as the Kootenay
arc. The Kootenay arc is a curving belt of lime-bearing sedi-
mentary and volcanic rocks bowed around the eastern margins of
two granitic batholiths, the Kuskanax batholith in the north
and the Nelson batholith in the south. The arc contains most
of the major mining camps in the west Kootenay district; these
are (from south to north) the Salmo, Sheep Creek, Ymir, Nelson,
Bluebell-Ainsworth, Slocan, and Lardeau camps. They have pro-
duced impressive quantities of lead and zinc and substantial
amounts of gold, silver, copper, and tungsten.

Rocks comprising the arc range in age from late
Precambrian to late Mesozoic. The Palaeozoic formations are
shown in the accompanying table., Mesozoic rocks lie to the
west of the Palaeozolc between the two batholiths and south
of them, and Precambrian rocks lie to the east.

| The structure of the arc is dominated by complex
folds which have developed over an extended period of time
(probably all within a late Mesozoic orogeny) under varying
structural conditions. The oldest structures recognized,
called phase I structures, are isoclinal or nearly isoclinal

folds and related shears, The folds have a low plunge. Axial
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planes in general dip steeply, but they are folded. Together

phase I folds have a pattern indicating a relative movement of
rocks on the west side of the arc upward and over those to the
east.

Phase I structures have been folded and disrupted by
phase II folds and faults. In general, phase II folds are open
or tight and have a low plunge more or less parallel to the
plunge of the phase I folds. Complete phase II folds have a
form suggesting an opposite sense of relative movement to that
of the phase I deformation, that is, the east side upward and
over the west.

Phase I and phase II structures are present throughout
the arc and each though differing in detail shows a consistent
pattern of form. They are illustrated by three cross-sections:
one in the central Lardeau, one in the south Lardeau, and one
in the Salmo district.

These structures swing gradually in strike with the
trend of the arc but locally are warped by folds that may be
regarded as phase III structures. Phase III structures vary in
form from place to place. They may be broad open warps or
tight local folds. Commonly they have a relatively steep
plunge or cause phase I and II structures to plunge steeply.

The structure of the arc has affected the lacaliz-
ation of mineral deposits in many ways and a knowledge of the

structure is essential to a full understanding of camps, milnes,
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and orebodies. Phase I structures largely control the geometry
of the host rocks. Phase II structures have produced channel-
ways and sites of deposition for the Salmo type lead-zinc
replacement deposits. Phase III structures in conjunction
with older ones have controlled other types of mineralization.
Deposits of the Salmo type are replacements of pyrite,
sphalerite, and galena in calcareous rocks. Mainly deposits of
this type are in a lower Cambrian limestone-dolomite formation,
but locally they are found in other formations. One of the most
important features of these deposits 1s that the longest dlmen-
sion of the known orebodies is parallel to the plunge of folds
in the surrounding rocks. In the northern part of the Salmo
district the plunge is low, a fact which before it was appreciated
cost heavily and caused much waste of time and effort. In the
southern part of the Salmo camp the plunge is steep and surface
exposures show only the smallest dimensions of the ore-shoots.
At Duncan Lake, a few miles north of the north end of Kootenay
Lake, recently developed mineralized zones are on the eastern
limb of an isoclinal anticline that plunges at low angles to the
north. The mineralized zones are along a contact between dolomite
and siliceous dolomite, and ore-shoots within the zones plunge
northward parallel to fold axes in the enclosing rocks. To the
north the favourable contact plunges beneath Duncan Lake on the
crest of the anticline. To the south the contact has been traced

on both limbs of the anticline and scattered mineralization has
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been fourd along it for as much as 10 miles south of Duncan Lake

and several zones have been drilled.

Department of Mines and Petroleum Resources
Victoria, B. C.
February 23, 1962



PALAEOZOIC FORMATIONS - KOOTENAY ARC

SAIMO DISTRICT

LARDEAU DISTRICT

Milford Argillite, chert, Milford |Slate, chert, and
(?) and limestone |limestone
Disconformity (?)
Broad- |Grit, phyllite,
view minor volcanic rocks
L .
Active Slate and argillite Mafic flows and
g A Jowett pyroclastics
R Sharon (Dark grey siliceous
Creek argillite
D
Ajax Grey quartzite
Nelway Limes?one and B J v 4
dolomite Triune |D2TK_ 8Tey siliceous
A N€ largillite
Phyllite and schist; U
gpggr minor quartzite and’ Grey and green
o limestone Index |phyllite and minor
limestone
Emerald|Black argillite
Laib
Reeves |Grey limestone Badshot |Grey limestone
Phyllite and
Truman [argillite; minor Mohican {Phyllite and minor
limestone limestone
. . H Marsh .
Reno Micaceous quartzite A Adams Micaceous gquartzite
. q M
Jaartz- White and micaceous I Mount |White and micaceous
Range guartzite L Gainer |[quartzite




MATION AND PROSPECTING IN THE SOOTENAYSe
By Jemes T. Fylesss ‘

Prospecting and exploration inm the Kootensys huve gone
on for many years. ost of the major essps were diseovered before
the turn of the century. Sinmee that time o great deal of new ove
has been found mainly in old yropertie:
has been continueus, slthough relstively few mines have produced
for uwore than fifteen econsecutive years, [Irodueti
have been maintained caly through eetive explovation. In mining
mueh hes been learned sbout the fors snd cecourrence of orebodlies,
sad some progress hus been made in understanding the localisation
of mineralised sones and gonps. This knovledge fam the basis of
recent exsloration.

a8 winteresting under the eccnomic conditions of the time, the
recognition in an old deposit of & material thet has recently be-
come valusble, or o new understending of the potentisl of an old
showing may be more important than the discovery of & new showing.
Hew showings ave being found im the Koctenays but the resssessment
of old showings, mines, sand casps is ineressingly lmportant.
Basle knovliedge on whileh both recssessment sad new
prespecting depend has been gaimed through yesrs of sxperience
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Department @t Hines snd Petyoleum ﬁwa&m&t
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in mining end exploration. It has been obtained by individuals,
by eonpanies, and through government surveys, Much of the
information was collected as wining progressed. To be of value
mew, it had to be gathered yoars sgo. In the same way dats arve
being eollected now thet will be of value in the future, Much of
thls lnformation is geclogicel. Geclogica) date ave particularly
important im the Hootensys because meny of the minera)ized rocks
are amenable Yo geologloal studles and much of the wineralizstion
is eontrelled by discernible geoleogical factors. Hany deposits
oecur in deformed sedimentary and metamorshie rocks in whieh rock
tyres cen be traced and wapped, and stratigrashy and structure
determined. Studies heve shown firstly that minerslizstion and
chemically favourable roek types are widespresd in the Rootenays.
Secondly, most mines snd casps are not spatislly relsted to
granitic masses. Crebodies which sre ssscelated with granitic
masses are either within a relatively merrow surecle of thermal
metamorphism or in & structurslly fevourable zone velsted to
intrusion. Finally, it is clesr thet orebodies snd mimeralized
Zones avre locsllized by structure. OStructure has affected
mineralizetion in a number of ways which may be clussed broadly
as the control of the geometry of the host rocks snd the contyol
of the deposition of the sulphides. A knowledge of the structure
is essential to sn understanding of the distribution of favoure
able rocks and in predicting the form and ocourrence of mimeralized
zones,




In the following pavegrachs re¢
explorstion and prospecting ave discussed as exsmples of the
use of geologiesl knowledge im finding new minerslizstion. The
importance of the structure 1s emphasized. Mout of the exas
sre from the Kootenay are, lergely because this is the part of
the Xoctenays with whieh I am most familler. The Rootenay are
is in the Yest lootenays extending southesst {rom Revelstoke,
south along Xootemsy Lake, and southwest across the Internstional
Bousdary. It includes the Lardesu, Slocan, idissworth-Dluebell,
lelson, Ymd
to the west and Cimberley well to the eest., Although the
examples taker are from only a part of the ﬂmmw, developments
in the Kootenay sre represent the greater part of the recent

snt develosments in

len

developments iz the Kootenays in general,

The firet esamples sre of replecensnt lead-zine deposits
of the type that are currently deing mined in the faluwo district
(gee ¥ig. 1) The next sve of examples of recent activities nesr
Bevelstoke and the last is a discussion of recent work in the
Alnsworth camp.

Balmo District
Explorstion, mining, and peclogical studies in the Salmo
leadw-zine district have gone far encugh that considerable geologleal
deta is now avallabdle., The sves 15 resdlily sccessible, and has
been prospected for many years. It seems likely that most of the
nowings hsve been found and in the intense search for
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lesd and zine thet was nade between 1947 and 1993 only ons new
showing came te the atiention of the writer snd 1t may well have
been discovered previously snd passed over. TRecent exploration
has therefore been directed toward extending the known
mineralized zones snd toward testing old prospects and whatever
coversd ground may e clese to them.

4 generalized geological map of the Salmo area (Fig. 2)
shows that the major lead-zine desesits lie in 2 belt, known as the
Hine Belt, which runs southwsrd east of the Salmo River and curves
westward across the Fend 4'Oreille., Essentially sll the ground in
the obvicusly favourable parts of the Mine Belt is held and wmuch
of it has been drilled or otherwise tested, Regional geclogy
suggests that there should be lavoursble ground on the sustern
glde of the structural belt lying esst of the Mige Belt but there
are very few showings snd 1ittle encourages
exploration,

The lesd-zine deccsits in the Mine Delt are replucements
of dolom tiszed limestone by pyrite, syhalerite, snd gelena. One
of the most important leets to be eonsidered in exploration is
that the long dimension of the known ovebodies 1z perallel to the
plunge of folds in the surrounding rocks. In the northern part
of the belt the plunge is low, & fact which before it was asppreci-
ated cost heavily and csused much waste of time and effort. In
the south the »lunge 1s steep, so that surfece exposures show only
the smallest dimensions of ore-shoots. The slunge is not always

st for even wildeat




constant and mm% exploration st the H.B, has been directed
toward following the main ovebody through a series of warss of
the plunge. At the Reeves MucDonald where the plunge is steen,
exploration hes been aimed at following the main orebedy down
the plunge (ges Pig. 3). The orebody plunges about 55 degrees
to the southwest snd is broken b northerly trending fsults,

Two faulted segments have been known for some tine. Hecently

& third, called N¥o. % zone, has been found esst of the other two
and agpears to be up the plunge from them. The main Zone has
been developed below the 1900 level and recent drilling indicates
that 1t continues down the plusge st lesst to the By
adding together the lengths of the four fanlted segmenta 2 tutul
plunge %mth of at lesst 5,000 o

area depends initially on the analysis and interpretstion of
geological dats. Explorstion will be malnly & search for ore-
bodies that are not exposed. Their discovery depends on an
understanding of the econplex geometry of the favoursble rocks

and an sntieipation of structural sites which may be faveurable
for mineralization. Fecently two old properties, the Aspen,
sorth of the H.B., snd the lucky Boy, south of the H.Bey have
been drilled after sn analysis of the geclogiesl dats. Currently
drilling and underground work are being done on the ssme basis

&t the Red Bird property southwest of the Reeves MacDonald.
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South Lardeau Distriet
Deposits of lead and zine similar to those in the Sslwo
tly been developed on Duncan lake s few wiles

north of the north end of Keoteney Lake (geg Fig. 1), The
Duncan mine is an old property on which several individucls and

eompanies have worked intermittently for a mumber of yesrs. T
» present explorstion programme by The Consclideted “ining und
Emelting Cowpsny of Cansds, licited wes based on a therough
geclogleal study. The most valusble facts obtained im the study
were s detailed knowledge of the local stratigrachy asnd the

deterninstion of the plunge of smsll as well as large scale

structures,

Drilling snd w.derground exploration 2t the Dumoesn
mine on the peninsuls on the esst side of Duncan lake (¥ig. %)
has outlined szones containing pyrite, galena, and s-halerite
along the contact between & dolomite and a silleeous dolomite
in a ealeareous rock unit known as the Dedshot formstion. Ore-
shoots within the mineraliszed zones plunge at low angles to the
north parsllel to the sxes of folds in the enclosing rocks. On
the peninsule and adjacent mainland %o the south seven shoots

known esch of whieh contains & substantisl tomnsge of low-
grade leude-zine ore. ‘

The mineralized gones sre on the eastern 1i:b of an
isoelinal sntieline that plunges scrthward and to the north
earries the favourable contect beneath Duscen Iske. To the south
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the Badshot formstion ccours on both limhs of the anticline.

The success of the explorstion pregramse at the Duncen
property stimulsted prospecting in the surro eountyy. The
prospecting was geclogieslly guided. FProspectors lesrned the

lithologic suecession and know vhere favourable structures and
rasion, They have followed

eontacts are to be found within the suees
snd mapped the limestones snd dolomites tracing them southward {rom
the Dunean mine, snd have been successful in finding seattered
oceurrences of lead-zine minerslizetion. Two mineralized sones
discovered by this work, the Msg property on Lavina Nountain easst
of the south end & Lake (gog Pig. 1) and the fal on Heunt
Willet esst of Kootenay lLake hawe recently been drilled by the
Consolidated company.

Replacenent deposits of the Jaluo-Dunesn type are found
in the BadshoteReeves llzsstone, & lover Casbrisn formation widely
exposed in the arc by repetitive folding. Although this horizon
eontains the most produetive zomes now kncwn, the minerslized
sones are controlled primarily by structure and to & lesser degree
by stratigrechy.

4 deposit somewhst similar to those on Duncen lake whieh
has received sttention recently is the Zhelagh “wein" on the
Bunnoekburn proverty about 20 miles northwest of Duncan lske. It
is on the south side of and nesr head of Hall Creek in sountainous
country at an elevaiion of sbout 6,000 fect, Pine-grained galena
and sphalerite are dissemineted in s limy guartzite a few Teet to
as much as 4O feet thiek, several hundred feet stratigraphically
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below the Badshot limestone. The minersiized zone hias been
foet slong strike snd similay

traced intermittently for 3,500
mineralization in the same structure is found on the north side
of Hall Creek a mile to the north. Mimeralization appesrs to
be controlled by structures which have = low plunge snd ave
similar to the controlling structures st Dunecan lake., The
average grade of the mimerslization is prebsbly no more than
4 per cent combined lead and zloe, mostly lesd. The deposit is
significant because it shows that replacement simeralization of
the Salwo-Dumcan type is nst confined o ome horizon, sod that
favourable rocks snd styuctures are present for s consideruble
distance northwest of Duncan Lake.
Hevelstoke Distriet

4 naturs] extenmsion of the Kootensy are lies scrihwest
of the Lardeau ecountry, north snd scuth of lHevelstoke. In this
vorthvesterly extension in the last five years seversl lead-zine
deposits have received attention, ccnsiderable prospecting has
been dons, and at lesst one new large mizeralized zone has been
found.

The River Jordan property on the northern slope of Mount
Copeland 12 miles northwest of Pevelstoke is held by jisericen
ftendard Mines ldnited and wes exploved by them in 1996 and by
Bunker Explorsticns Itd. im 1958, The mineralised scme has been
deseribed us & sheet-~like mass of fine~grained pyrite, pyrrhotite,




galens, and schalerite

snd whieh has the form of an essentially
fiscelinal syneline., The m&gﬁlﬁi@ﬁ appesy to have replaced a
single stratigraphic bed lying ¢lose %o & white marble. Hinerali.
zation is mmﬁm snd more or less eontinucusly exposed along
the limbs of the syneline for 7,500 feet. Grades =5 high as 10
per cent combined lesd and szine over widths of 1 te B fest ave
reported.

¥inere izetion very similer ia charscter and ssscociation
to thet at the River Jordan property has been found recently by
Ventures limited neay the head of Ruddoek Creek 60 miles northwest
of Revelstoke. Somewhst sisiler minerslization ﬁm& been known o3

is currently M&m mgamm by the Conselidsted company.

Lake snd in the Salmo district. Probebly lessons lesrmed in these
aress will be of walue in exploration of the properties near
Revelstole.

Seventeen miles north of Revelstoke st the Mastodon
mined 1ln recent yesars. The shoots zre replacements of limestone,
dolomite, and sehist st structurslly favoursble sites along aluost
bedded shear zones. The rocks sre isoelinally folded and the she
sones eut the folds st a slight angle (geg Fig. 5)« In places the
sheay zones themselves have been minersiized forming more or less
tabulsr orebodies., Yore commonly plunging folds transected by the

ar
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shesr seralized and locally elesvage planes eut
obliquely by the shear zonss are also mineraliszed. The folds
do nmet have the same plunge throughout the mine, and this
together with the long sngle at which the shear zones intersect
the folds mukes an exceedingly complex distribution of rock
types snd mineralised zones. 4n understending of this dis-
tribution is the key to the ezploration and mining of the orve-
bodies., The orebodies plunge st 2 low angle to the north. They
lie on or elose to the sheer zones. Decsuse of thess facts a
shear szone which may be well mineralised on two adjacent levels
may be barren for a greater part of the distance between the
levels., Orebodies die out along the plunge kﬁ#ﬁﬁﬁ& the folds
are not parallel to the strike of the shear zones,

A a finsl example of recent exploration in the Eootenays
the work of The Consclideted Mining snd Smelting Company of Canadas,
Limited and Western Mines Limited in the Florenee and lLekeshore
section of the Ainsworth casp will be considered. It has long been
recognized that ln some respsots geology of the Alnsworth camp on
the west side of Kootenay ﬁak§ iz similar to that at the Bluebell
mine directly across the lake. A careful study of the mineralogy,
ore controls, snd geclogleal form of the Bluebell orvebodies hn#
been continued by the Conselidated company since it began pro-
duction in 1952, 7The Bluebell silver-lesd-zine mimerslizstion is
in & layer of limostone which dips st moderate sngles to the west

BOTeE are B




under Xeolensy Lake. The limestone is brosdly srehed snd the

axiz of the sreb is mere or less down the dip of the layer.
Winerslization follows fractuves .ssocieted with the arch and
replacement of the limestone extends outward from the fractures
and is guided by & warlety of struetures. OSesreh of the Alnsworth
cany showed that an arch mot unlike that at Hluwebell 13 present
mear the Florence snd lakeshore mines (gge Pig. 6). 4 number of
fractures cutting merble are knowa and they contain the same
minerals as the Bluebell crebodies snd lecally replacement extends
outward from them. On the bssis of the peclogleal similarities
between the Bluebell and the Florvence-lakeshore deposits & pro-
gramme of geological mapping, drilling, snd wderground work wes
carried on between 195% and 1957. A number of minerslized
fractures were found but replacement does not extend move than s
few feet from them. Although considerable ore waz found the hopes

for large tounages were not reslized in the ground tested. The

geologies]l basis for the exsloration was appsrently correct but
additional factors, which are 38111 not well understood, have
limited replacement. Possibly structures with & low gﬁm&ﬁ%
which have controlled replacement snd the localization %z‘ ore
shoots in veins in other parts of the are snd which are now kuown
to be present in the Ainsworth canmp, will prove significant. A
more complete geclogieal pleture may opem up & new basis for

exploration.
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Conelusion

In the foregoing parsgraphs no sttempt has been made to
deseribe a1l recent develonments in explorstion in the Kootensys.
The exanples used have ovtlined the tvend towsrd geolopically
g2ided explorstion in this nart of British Columbla, Both in-
dividusl srospectors and explorstion oy mining companies mske
use of geologieal kmowledge galined through their own experience,
olbtained from gmm ished or unpublished reports, or derived from
assoeclation with experienced people or organizations. Anyons
who has wm# in even the best known parts ~f the Footensys has
vealized that geological data of value in explorstion are vela-
tively scaree, Because of this the Mineralogical Braneh of the
Depsrtment of ¥ines and Petroleum Rescurces hes made & mumber of
studles in the Zooteneys particularly im the Kootenay are. These
studies are gontinuing, 4 bulletin has besn »published recently
on the structure of the Perguson srea and field work is in pro~
gress in the Ainsworth casy and st Dumcan Lake, At the University
of British Columbis studies of the origin of the lesd deposits
in the Kootenay sve hove been started which will provide basie
data on the isotople ecompositiem and trace element econtent of
galens. These studies and possibly slso some of the field studies
may at present appesr to be of strictly academic faterest but they
wlll produce the fundamental datz thet in the future may de the
basis of explorstion. '
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Pigure 1. Map showing the locution of the Kootenay
BIC.

Figure 2. Map of the major structural belts in the
Salmo dlstrict.

Figure 3. Isometrie sketch showing the Beeves orebody
on the west and its faulted segments east of the B.L.

and O'Donnel]l faults, 4 third fauvlted segment is ea
of the block shown. The basal bloek is sbout 3,500
feet from east te west,

Figure 4%, Airphoto showing part of Dumcan Lake and the
location of the portal of the Duncan mine, the sxis of
the Duncan anticline, and the Badshot formation on the
erest and eastern limb of the anticlime. R.C.A.F. photo.

Figure 5. Diagrammatic vertical sections of mineralized
:gwxat the Mastodon mine locking in the direction of
A=-mineralization in clecavage above shear zone

B-~-f0ld erests transected obliquely by shear zones
C~-mineralization in a fold erest sbove a sheay zone.

Figure 6. Geological map of an area near the Florence

lakeshore mines, Ainsworth, showing the curve in
the strike of the formations forming a broasd anticline
plunging down the formatiomal dip.



4/ o HISTORY OF MINING IN KOOTENAYS

The early developmert of mining was influenced by the

i

¥

1oc§£i;n of the C.,P.R, throusgh the Kicking Horse Pass and by the
general orowbth of rail and smelter facilities in the American north-
west. The final decision in the course of the railroad was made in
1882 and in 1883 e mineral claim was located, presumably the Lanark,
on the Illecil;ewaet River. The same year, 1883, saw 4 claims recorded
at what is now Ainsworth, and the number inereased in 1884 to 14.

At first prospecting was more intense along the general
course of the new railroad than on Kootenay Lake, and in 1884 135
claims were staked in the general Illecillewaset - Kicking HHorse region,
most of which were on the Spillimacheen River. Some lode gold dis-
coveries were made, but mostly the claims were staked on silver show-
ings. In 1885 a company was reported to have the machinery for a
10-stemo mill at Ottertail Creek, east of Gélden, to reduce silver-
lead ore, but is seem; not to have been in ovneration. PrﬁsPectinq

snread into the Big Bend in 1885 and increased generally thronshout

the Raunag Bels. PROPERTY FILE
Eﬂfiudbulp.
Indiped .



-2 -

Develonment worl wert forward at the Lanark mine at
Illecillewaet station east of Revelstoke and it became one of the
first shippers of ore with the exnort of 422 tons to San Francisco
in the vears 1887-88., The Monarch shivved 600 tons to a short-lived
smelting plant at Vancouver in 1888,

Meanwhile the number of claims on the west side of Kootenay
Lake reached 49 in 1884 but activity in the Hot S»rineg camp as it
was then called, and at the Bluebell across the lake, seems to have
been licht until about 1888, By the later year nrosnectors apvear to
have spread out into all parts of the west Kootenays with the nossible
exception of the Sloean.

Prosmector's pushed up ﬁhe Salmo River from the Pend
d' Oreille, and late in 1886 the large and rich silver, conper denosits,
later the Hall Mines, were staked on Toad Mountain and also then or
soon afte; the Granite-Poorman gold propertiés west of Lielson, In
1888, 228 claims were staked on Toad Mbuptgin and some ore was shi-med
to American smelters, and the number of claims on Kootenay Lake had

preatly increased, This was a year of great activity throughout the



district at 1arée with muech mrosmecting going on and manv of'the
mbre vromising discoveries under developnent,

The famed golﬁ-conner denosits of Rossland were discovered
in 18?0, followine the location in 1889 of the Lily May claim in the
silver-lead bearinz belt south of the main cold-cooner camp. This
camp at onée attracted attention and broadened the interest of the
Kootenays to the outside world,

In the late '80's ore had to be shipped out of the country
for smelting, althoush a plant was built in Vancouver in 1888 (?)
to treat ore from the Eonarch mine at Field. ‘In 1891 a smalter was
in overation at Revelstole but was unable to onerate profitablv,

A small roasting nlant at Woodberrv Creek north of Ainsworth proVed

unsuccess;ul. A smelter was started in 1891 at Pilot Bay, designed

to treat ore from the Blue Béll and also to receive custom ore; this
snelter céme into production early in 1895, The Hall Mines conper:

smelter was blown in on January 14, 1896 and the Trai} smelter,

built by the BE.C. Smelting and Refining Co. was blown in in Feburary

1896. This was bought about two years later by the Canadian Pacific



‘Railway and has grown into the fambus metallurgical works of the
Consolidated Minirg and Smelting Co., Ltd. The Nelson and Fort
Sheppardyaailway was built from the Columbia River to Nelson in
1893?. The iorthport smelter was built in 1897.

Althoush silver-lead discoveries continued to ée made for
many years the discovery of the Slocan camn dwarfed all others and is
verhans without parallel in the épeed'of its develonment. <The report
of a find 1% miles west of Kaslo in August, 1891, startgd a number
of prospectors up Kaslo Creeé and over the divide.‘ The Payne was the
first 1ocation,»on September 9, and by the end of thé vear there was
140 cleims recorded including the Slocan Star and other famous mines,
Most of the known mines in the Slocan were discovered by the end of
1892 and several had already shioped some ore,

The resvonse to the Slocan discoveries was immediate., In’
1892 a warson road was built by private subscriovtion from Kaslo to
Bear Lake and was laﬁer extended to Cody, The Nakusp and Slocan

Railway was started in 1893 and reached Sandon by 1895 and the Kaslo

and Slocan railway reached Sandon the same year. Transnortation



on the lake was improved. Capital was interested from the start,
znd in 1892, the year following discovery, 340 transfers and bills
of sale were issued, aggregating $550,QOO. A total of 750 claims
were recorded in the Slocan in 1892 énd a list oflthe most promising
on which work was being done that year includes most of those which
later became the largest producers.

Ainsworth camp also was booming in the early '90's, in
company with most other mining camps in the Kootenays. A setback
was felt in the general recession of 18935, when the nrice of silver
fell, but the recovefy;particularly in the Slocan, was rapid. Locatidns
were widespread, indiceting that prospectors were reachiﬁg out over
‘the entire Kootenays, with little apparent regard forvaccessibiiitv

. ‘ ®
or ease Qf‘travel. The Nerth Star at Moyie Lak§ was located in
1892 and shortlv afterwards the Sullivan.

The first concentrator .in the Kootenays was that on.the
Granite-Poorman, in 1889 but the first to handle silver-lead ores
was a‘small plant at the iiumber One mine at Ainsworth, in operation
in 1894. The second was a customs mill at the mouth of the Howson

“_“ (8BTS

Creek, which treated ore from the Idaho and Alamo mines. , The Slocan
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Star and Washington concentrators were in operation the following
year, Other concentrators were built in succeeding years, amongst
which the one at the Lanark mine deserves mention, although its
oneration was short-lived.

In the later '90's there was great activity in silver-
lead mining, which waved somewhat about 1900 or shortly after in
terms. of the number of active properties. It became increasingly
apparent, about 1900 that the presence of zine in the silyer-lead‘
ores presented a serious probhlem. A Commission was anrpointed in
1905 "to investigate the zinc resources of British Columbia and the
conditions affecting their expioitation" and the Commission's renort
was published in 1906,

It is interesting to note trat early revorts contained
little or no reference to 2inc, and in 1896 the revort by W.A. Carlyle,
Provineial Mineralosist, ﬁhe first aut oritative renort on the Slocan
makes only passing reference to this metal. Zinc at that time

nad no readv market, its metallurgy was not nerfected, and its

ready separation from lead, in ores was not to be worked out satisg-



factorilv for many years to come, "Ore®" in the '90's and for
vears after meant silver-lead ore to the miner on account of 1its
higher value than the zine-bearing materiel and on account of
metallurgical dirfficulties then inherent in mixed ores whereby
penalties were imposed against an ore with an appreciable zinc

i s s> . L]
content., Iven today lead ore containing certain oercentages of
zine 1s penalized and zinc is paid for only if it is above a certain

nercentage that allows the ore to be treated as an ore of zinec.



SLOCAN MINING DIVISION

The Slocan Mining Division includes the former Slocan City and
Arrow Lakes Mining Divisions. Most of the known ore deposits are in
the Slocan camp, which includes part of Ainsworth Mining Division.

The most important sedlmentary rocks are thqse of the Triassic
Slocan sefies. These rocks are principally argillaceous, but include
volcanic and pyroclastic materials between Slocan and Upper Arrow Lakes,
They rest on the dominantly volcanic Kaslo series, also of Triassic
age, and are intruded by the Nelson and Kuskanax batholiths. West of
Slocan Lake there are extensive areas of schists and gneisses,

The Slocan series is steeply and complexly folded in detail, but
the structure of most significance is a great arc between Kbotenay and
Arrow Lakes. The formational strike along Kootenay Lake to a point a
little north of Kaslo is north, it then swings north-west through the
Slocan camp and, west of Slocan Lake, 1s north-west by west. In the
angle of this arc is the northern and northeastern margin of the
Nelson batholithe | |

To facilitate discussion smaller mineraliied areas will first
be mentioned before dealing with the Slocan camp proper. The camp
extends into Ainsworth Mining Division, but it is best considered as
a whole.

Vieinity of Burton,

On Caribou Creek north-east of Burton there are a number of claims
located upstream from a point known as Mineral‘City. This area has not
been completely mapped geologically but the rocks are almost certainly
members of the Slocan series, including some greenstone as well as
sediments., There is some granitic intrusion but the extent of the

granitic rocks is not known.
B2 GeNERAL_
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Mineralization in quartz veins and chiefly within the sedi-
ments includes pyrite, galena and sphalerite and some grey copper
and arsenopyrite. A little development work has been done on
about a dozen properties. Only three have been prodiictive, the
Millie Mack, Paladora and Chieftain, and have shipped a total of
369 tons containing 357 oz. gold, 21,266 o0z, silver and 41,959 1b.
lead. These are gold-silver properties, but the Millie Mack ship-

ments averaged 8 per cent. lead.

Big Ledgs.

This is the name given to a consolidated group of properties
west of Upper Arrow Lake opposite St. Leon hot springs and west of
Pingston Creek. The property is given a full description in the
Geological Survey Summary Report, 1928, Part A, which need not be
summarized here.s This is an extensive bedded or near-bedded de-
posit containing soﬁe zine, which has been traced for a length of

three miles,

Slocan Camp.

The Slocan camp is a mining district east of Slocan Lake with
Sandon as its approximate centre. The part lying in Slocan Lake
drainage is included in the Slocan Mining Division and the part
lying in Kootenay Lake drainage in Ainsworth Mining Division., The
camp has never been accurately defined, and local usage varies to
- some degree, but for present discussion it refers to the area
covered by the two Geological Survey Maps, Sandon Sheet (No. 273 A)
and Slocan Sheet (No. 272 A). Anyone interested in the camp should

read the two excellent publications of C.E. Cairnes of the Geological
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Survey, Memoirs 173 and 184, The former deals with the geology of
the camp and the latter with individual properties up to the year
1933. Memoir 184, in addition to describing the geology, summarizes
the history of each property, using for the historical summary many
facts obtained from Annual Reports of the Minister of Mines.

Most of the ore deposits occur in lodes which occupy fractures
or shear-zones in argillites and quartzites. Some lodes lie within
the Nelson batholith and there are a few limestone replacement de-
posits. The average or typical ore body contains lead, zinc, or
commonly both lead and zinc in excess of 5 per cent. of the ore, and
the value of the base metal content is, in addition to that of silver,
as a rule essential to the success of an operation. There are many
exceptions to this rule, and the relative value of silver and base
metals within individual ore bodies varies widely throughout. the
camp. The Lucky Jim during the past few years has produced zinc
only, and the McAllister and Ottawa have produced little other than
silver. Silver and gold-silver lodes are most numerous east and
north-east of Slocan City, within Nelson granite. There is a ten-
dency for high-silver deposits to occur on the periphery of the
camp, although some do occur near the centre of it, but the greatest
concentration is in the southern part, within the granite. Farther
south, about Lemon Creek, the deposits contain principally gold.:

The amount of gold recovered for the camp is small and in
many prpperties is unrecoverabie° A few properties such as the
Chapleau and Meteor have produced one half ounce or more of gold

per ton as an average of rather small shipments and a few, such as
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the Molly Hughes and Monitor, between one and three tenths of an

ounce of gold per ton. The Molly Hughes has produced a little lead
and zinc in addition to gold and silver. The output of gold pfoper-
ties has not been included in the following tables; a few properties
whose proper classification is in doubt might have been omitted, but
their production has been so small that the overall figures are not

appreciably affected.
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PROTUCTION OF SLOCAN PROPERTIES

IN 5-YEAR PERIODS, 1892-1945.
SLOCAN MINING DIVISION.

Years Tons Gold, Oz, Silver, O0z. Lead, ILb., _2Zinc, ILb.
1892-95 19,946 175 2,646,706 13,869,800 -
1896-1900 129,480 192 12,863,124 113,208,619 -
1901-05 217,592 988 8,552;924 54,567,929 3,691,529
1906-10 129,466 315 3,714,005 25,236,325 1,852,807
1911-15 482,703 181 7,880,730 76,458,403 30,397,305
1916-20 616,073 317 7,196,612 59,091,469 64,482,707
1921-25 237,407 1,279 4,192,972 26,781,949 21,366,004
1926-30 242,947 939 3,604,783 19,854,670 26,905,450
1931-35 38,827 208 623,359 4,503,419 2,350,817
1936-40 185,180 594 1,247,871 5,538,758 9,200,133
1941-45 _ 513,815% 364 1,434,816 6,678,241 92,106,361
Total 2,934,236 5,612 53,957,908 405,789,582 252,353,113

IDoes not include 119,300 tons of tailings dredged from

Slocan Lake at Silverton, and 1,500 tons of tailings re-

covered from Enterprise mine.

cluded.

The metal content is in-
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ATNSWORTH MINING DIVISION

Lead, Lb,

Zinec, Lb,

Years Tons Gold, Oz. Silver, 0z.
1892-95 554 229 68,407 418,840 _—
1895-1900 13,760 380 992,726 8,718,201 -
1901-05 10,960 130 702,165 5,279,337 1,366,065
1906-10 87,850 530 1,257,382 10,777,915 6,914,431
1911-15 16,600 136 585,286 3,008,702 1,113,992
1916-20 21,502 78 661,470 3,677,188 2,359,701
1921-25 40,4651 87 221,325 2,282,252 1,020,108
1926-30 7%,1482 390 365,373 3,660,886 13,371,392
1931-35 16,868 48 156,787 2,698,886 2,155,359
1936-40 20,514 192 76,711 988,261 2,408,063
1941-45 69,186 16 32,114 618,149 6,825,551
Total 371,407 2,216 5,119,746 42,128,667 37,534,662
Grand Total 3,305,643 7,828 59,077,654 447,918,249 289,887,775

lDoes not include 480 tons of tailings recovered from Kaslo
Creek in 1925 by Metals Recovery Company Limited. The metal

content is included.

2Does not include 37,321 tons of tailings recovered from Kaslo
Creek in 1926-29 by Metals Recovery Company Limited. The
metal content is included.

The tables follow the procedure of the Annual Reports of
the Minister of Mines, From 1892 to 1924, inclusive, the figures

represent gross metal content of ore or concentrates. From

1925.to 1945 the figures represent the gross metal content less

calculated smelting and refining losses.
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It is not possibie to state the exact number of properties
which have produced ore since the earliest shipments in 1892, owing
to changes in name, regrouping, etc., but the number is approximately
250, The most active year, one of peak metal prices, was 1918, in
which year there were 48 productive properties. The most active year
in terms of the number of productive properties alone was 1906, when
production was recorded from 59 properties; the number in 1928 was
38, |

Cairnes in Memoir 173 (pp. 12-19) listed the productive prop-
erties, giving the tonnage and total value, The record of many
properties has not changed at all since then and few have changed
appreciably, but the Standard, Mamnoth, Lucky Jim, Whitewater and
Noble 5 have had a considerable -additional production. Other
smaller properties have produced and have substantiélly increased
their individiml record since 1933, and many shipments have been
made under lease, but the above named have furnished the most im-
portant additions since 1933. At the present time the Standard-
Mammoth, Silversmith-Slocan Star, Lucky Jim and Whitewater are the
major productive properties, with a combined total output to the
end of 1945 of 1,693,436 tons containing 2,823 oz. gold, 18,643,873
0z. silver, 181,822,828 1b. lead and 228,581,884 1b. zinc.

The first shipments were from six properties in 1892. Four-
teen others shipped for the first time in 1893, four in 1894, and
eleven in 1895. ‘These were shipments of selected silver-lead ore from
oxidized zones at or near the surface. 2Zinc was of no practical
value and was discarded. Silver-beariﬁg lead ore has continued to

ve the mainstay of the camp up to the present day, but the lower
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priced zinc ore is of great importance.

It seems e_xtraordinary now that the early reports on the
camp, made in about 1896, barely mentioned the presence of sphalerite,
.ewen though many of the outcrops known at that time contained promin-
ent amounts of that mineral., The first shipment of zinc ore, almost :
massive sphalerite, was made from the Bell mine in Jackson Basin
in 190L. The next shipments were in 1903, of zinc ore from the En-
terprise, Springfield and Wonderful, and of zinc concentrates from
the Payne.. Other properties followed suit, including the White-
water in 1904 and the Lucky Jim in 1905, but not every property
mining mixed ores shipped the zinc-bearing fraction even when equipped
with a concentrator. Most of the earliest gravity concentrators in
operation simply wasted the zine, and it was not until about 1910
that selective shipments of lead and zinc concentrates became the
rule. It was hot until the early 1920!'s that selective flotation
was perfected to the point that relatively complete extraction and
clean separation could be made between sphalerite and galiena, so
that most of the vaiues in the ore could be recovered and the best
smelter rates could be obtained.

During the growth of the district first the saleability of
zinc and second the improvements in selective concentration al-
lowed more properties to mine from veins containing mixed ores
after the relatively clean lead ore bodies had been extracted.

At the present day milling ores produce both lead and zinc con-
centrates in most cases and shipping ore in most cases is sorted

to either a high or a iLow zinc content,
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"Although the effect of metallurgical technique has been im-
portant, variation in metal prices has proved the most important
factor governing the mining of Slocan ores. The peak of pro-
duction was reached in 1918 when metal prices were at a record
high level., With recession of prices at the close of the first
World War the Slocan suffered a serious setback from which it has
never fully recovered. A rise in prices in the late '20's brought
a real boom which subsided rapidly with the depression, and a mild
boom was experienced in 1937-38 when prices again advanced.

At the start of the second World War the only milling opera-~
tion in the Slocan was that of the Western Exploration Company,
Limited, and in addition there were, in 1940, 18 small shippers
of sorted ore. In 1943, armed with war contracts for shipment of
concentrates to American smelters at somewhat advanced prices, the
Whitewater, and Noble Five mines again came into production, while
the ILucky Jim mine preceded them at current market prices and has
since continued to operate as the largest producer of zinc and one
of the largest producers of all time in the Slocan.

In 1946 a strengthening of the position of lead and zinc and
a marked increase in the price of silver created an interest that
was dampeded by labour troubles and by the difficulty in obtaining
men and supplies. Production ceased owing to a general strike from
July 3rd to November 15th, but some of the minds affected were able
to continue with development work. The strike was aimed at pro-
ducing mines only, and so new development was not hampered directly
by it. The uncertainty of the times, however, prevented scome pro-

jected developments from taking place.
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Few of the older workings are accessible, and even of those
properties currently being worked some parts are caved, .Many of
the workings date back 40 to 50 years and in these all but the
wettest timber has rotted. Drifts on the larger lodes are caved
with few exceptions and crosscuts are apt to be blocked where large
faults are encountered., Adit portals are caved in most instances
-and the outer parts of the adits which penetrate overburden may be
completely collapsed. Those adits which are collared in rock may
as a rule be entered, but most of the lower adit levels in the
camp are driven for some distance through overburden before bedrock
is reached.

The air in many of the longer unventilated workings is deficient
in oxygen, which deficiency can be detected with a lighted candle.
0ld, strange workings should not be entered with an electric light
alone unless there is a positive current of air.

The cost of making examinations may, as a result of the con-
 dition of the workings, be high. If only a short portal section is
caved access is relatively chéap and easy, but the cost of opening

up long caved sections of tunnel either in overburden or strongly
sheared rock may excede the cost of driving a new heading. There
'is little chance of estimating the extent of caﬁed or open workings
in advance; study of maps may halp, although maps of older workings
are rather scarce and do not as a rule indicate the character of
ground encountered., Unfortunately there is a great dearth of under-
ground geological information, and the older maps and reports are
“ingomplete or entirely lacking in geological detail. ZEven reports

“made in more recent years are to a degree incomplete in this respect
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because they were of necessity based on examinatiohs limited %o
those parts of a mine that were accessible. TFew assay maps can
now be obtained, so that the distribution of values and the vara-
tions in metél content in stoped ground are matters for conjecture,

Unfabunately, little is known regarding ore controls.
Geological factors which influenced‘the deposition of ore can be
determined in parts of some workings. Most of these are structural
features such as have been many times described in textbooks and
papers on the controls of ore deposition, but the structural frame-
work of few properties has been worked out sufficiently well to
be certain of the major factors and to direct development with any
degree of certainty. The same is true of the major correlations be-~
tween properties insofar as they may affect long range development
of the camp.

It has'been proved in many instances that folded structures
in the sgdimentary rocks have produced a marked influence on the
1ocalizétion of ore bodies, as well as on the localization of
faults and shears, whether or not thesewere mineralized. The working
out of structure underground is as a fule very difficult,.and the
working out of structures on the surface on such a scale that they
may be correlated with those underground may be equally difficult.
This is due not only to the abundance of overburden on one hand
and the inaccessibility of workings on the other, but to the in-
tdicacy of some of the structures in question.

It is known that in some properfpies ore was deposited prefer-
entially in one rock type, as in quartzite or thickly bedded ar-
gillite but was not deposited in thinly bedded argillites. This
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is a matter of relative competency of the rock and is of general
enough occurrence to be considered by many as an invariable rule.
It is not an invariable rule, however, and much ore has been mined
from thinly bedded, incompetent argiliites that in another property
would be considered not likely to contain any ore. Although little
is understood, and much research work remains to be done, even the
least competent rocks under some conditions of folding may maintain
fractures and become the site of ore deposition, providing the
fractures meet the bedding at a proper angle and the fracturing has
not been too intense.

A widely accepted theory in the Slocan is that the ore has a
zonal arrangement within the camp, namely that high silver, siliceous
ores occur at higher levels and grade down through lead ore into
zinc and finally into uneconomic pyritic mineralization. Cairnes
has well summarized the evidence and points out also that the ideal
sequence appears to be represented at all levels within a couhtry
of 5,000 feet of natural relief. The lead-bearing horizon cannot
be represented by a plane or even by a simple curved surface, but
is apparently a highly irregular zone which is as irregular as the
topographic surface to which it may be likened in general form.

The thesis is not proved beyond doubt pecause at no time has it been
possible to gather together sufficiently full data on metal distri-
bution throughout the depth range of a sufficient number of mine
workings to furnish uncontestable proof. The origin of this thesis
lies probably with mining practice in the history of the campe. The
earliest shipped ores were strongly oxidized, high in silver and

lead and low in zinc. Later mining was carried out near the surface
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from shallow workings and inexpensively on ore that was sorted to

be as nearly "clean lead" as possible and the zinc was discarded.
Lower workings, involving longer adits, became more expensive and
the zinc became more important as a necessary adjunct to make the
work pay. If the lowest adit encountered zinec and little‘lead all
further exploratory work was frequently stopped, because in most
cases the zinc ore was not of sufficient. value to pay the expenses
of operation. In point of view of production the early mining for
many years was of silver-lead ore alone andg, aithough the amount

of zinec récovered increased statistically for the camp this was
certainly in part due to the increasing efficiency of selective
concentrating methods and to the fact that with more efficient
mills it became economically feasible to mine entire sections of a
lode rather than to select merely those parts relatively high in
lead. The relétive/value to the mines of sphalerite and argentifer-
ous galena can be judged by the fact that iﬁ the accessible, abandoned
workings very little galena is to be seen and remnants of ore are
dominantly sphalerite.

The zinc-lead ratio in some mines does increase with depth, but
before applying the theory of metalliferous zoning to the Slocan in
general and to any particular property or area, it should be deter-
mined whether a change in metal content is brought about by a change
in geology. At the Whitewater the higher workings are on silver-
lead-zinc ore in a shear-zone in slates, whereas the'lower workings
are on zinc-lead replacement ore in limestone. In the Lucky Jim
mine local conditions in the upper workings containing some lead

appear different from local conditions in the lower workings which
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contain zinec but no lead. The continuity of metal content in in-
dividual ore shoots and the variastions in metal content betwseen
different ore shoots in the same property has not been sufficiently
studied, In at least one property on a single lode there are dif-
ferent shoots, localized by different factors, which have a different
metal content on the same mine level.

It has been a matter of some concern to companies planning
long term mining that the Slocan appears to be a shallow camp. In-
dividual mines on a single lode have shown a depth as great as 1,300
feet, but the vertical range over which mining hadg been conducted
in the vicinity of Sendon is about 4,000 feet., Many mines are shallow,
meaning that an ore body has been worked close to the surface and that
deeper development, if it has been attempted, has failed to demonstrate
a profitable downward continuation of that ore body. Most but not all
of the more important ore bodies cropped outat the surface and those
that have been entirely delimited undergroundyoccurredvsomewhat like
plums in a pudding. The statistical record of ore bodies which were
followed down from surface until they played out and the mine abandoned,
points to a shallow camp inasmuch as most ore has been found close or
relatively close to the surface, no matter what the elevation of the
outecrop. The few ore bodies which were found in more or less isolated
positions underground are tob few to balance the foregoing, but the
fact that they occur leaves room for doubt that some of the older and
larger mines have been bottomed or otherwise worked out. Additional
work might find ore bodies at greater depth or farther along the

course of the lodes, but in many instances the cost of doing this
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additional exploratory work from workings in poor repair is a
serious consideration. .

Detailed mapping underground and on the surface indicates
that the controls of ore deposition and the localizing factors
may be many. Mapping in some instances should be extended over
a relatively large area in order that the setting of a known ore
body may be properly understood. Detailed surface mapping to date
has shown that interpretation of structure is not as é ™ule easy.
Overturning of strata has taken place locally over large areas and
it may be that overturns in some instanées provide a favourable
site for ore deposition. In some instances drag folds bear an im-
portant relation to ore.

There is an important relation betWeen folds and faults. Lodes
and post-mineral faults tend to follow bedding in many instances, and
the course of a lode or fault may be deflected round a fold, par-
ticularly if the normal course of the fissuring is tangential to the
fold. For this reason the relative movement and the amount of dis-
placement on a given fault or vein fracture are often hard to de-
termine, and in transecting compiex folded areas it is probable that
the amount of movement varies from place to place. Some crosscutting
" lodes or faults can be seen to turn rather abruptly to follow along
bedding planes, and}it is then commonly a matter of doubt whether the
erosscutting relationship may be resumed, and if so - where.

The importance of drag-folding is illustrated in the Lucky
Jim, where the favourable host rock, limestone, is greatly thickened
by drag-folding to provide sites for larger ore bodies than could

otherwise have occurred., The same is true in the lower part of the
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Whitewater mine.

The foregoing remarks apply to those deposits in sedimentary
rocks. Deposifs in Nelson granite present simpler problems, and,
although the lode fractures in granite may be complex in detail

some of the lodes appear to form relatively simple and continuous

breakse.
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LOCALIZATION OF LEAD-ZINC CRE
IN THE KOOTENAY ARC.

By M. S. Hedley and J. T. Fyles,
British Columbia Department of Mines.

The West Kootenay region in southeastern British
Columbia is one of the province's most important mining
districts, Mining has been carried out since 1883 in the
Revelstoke, Lardeau, Slocan, Ainsworth, Bluebell, Nelson,
Ymir, Salmo, and Sheep Creek camps that line up along the
general route of travel provided by the upper Columbia
River, Lardeau River, Kootenay Lake, and the Salmo and
Pend 4'0reille Rivers. The wealth and potential are so
great that geological study of this region is a natural
concern, and a good deal of work has been done in it in
varylng detail during the last sixty years.

In the past twelve years the British Columbla
Department of Mines has devoted a considerable amount of
energy to more detailed mapping than was attempted before,
at scales‘ranging between 200 and 1,000 feet to the inch,

The resulfs on the whole have been gratifying, and a more
accurate picture is emerging, both as to regional structural
relationships and the localization and control of ore deposits.
The region is geologically complex, and it has been found that
a reasonable interpretation of either local or regional struc-
ture may be obtained only through detailed studles of rela-
tively large areas.

This paper deals with some Qonclusions regarding the
localization of lead-zinc deposits that have been reached as
a result of detailed work., Only lead-gzinc deposits are con-
sidered because they are widespread and are the chief prod-
ucts of the region. Other deposits are not considered,

partly because they have not been studied in as much detall
PROPERTY FILE
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and partly because inclusion of all the various types of
mineralization would introduce too many complexities for
a stralghtforward presentation.

Areal mapping in the past has shown that except
for a few veins in granite, ore occurs in a variety of
sedimentary rocks ranglng in age from Lower Cambrian to
Triassic. In the West Kootenay region lithological con-
tinuity has been indicated, but no clear idea of the struc-
ture, beyond the fact that no single regional pattern has
been recognlzed, Localization of ore has been related to
the presence of fractures or of limestone, and only in the
Sheep Creek gold camﬁ has a structural control been by any
means obvious. It has been generally believed that the
ore ls related to the Nelson batholith, following genetic
theory no less than the fact of over-all distribution.

More detailed and more recent work does not show
any major break or unifying structure for the region as a
whole, and far more complexity is recognized now than was
seen by previous workers. However, some over-all concepts
are emerging, which will be discussed.

The simplest and most general observation that may
now be made is that a great belt of heterogeneous sedi-
mentary rocks trends southeast in the Lardeau, south along
Kootenay Lakey; and southwest on the Pend d'0Oreille River.
This curving belt of sedimentary rocks is named the Kootenay
Arc, which is economically the most important major struc-
tural element so far recoénized in British Columbia. The
outer or eastern edge of the Kootenay Arc 1s taken as the
Badshot~Lalb limestone of Lower Cambrian age, being the
base of the lime-bearing series and the general eastern
limit of lead-zinc mineralization. East of the Badshot-~
Laib mapping is too incomplete to indicate the full 1limit

of the arc. In the northern and central parts the western
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limit is the granite of the Nelson and Kuskanax batholiths,
in the gap between which lies the Slocan camp. In the south,
the western limit is roughly the eastern edge of Mesozoic
volcaniec rocks and very nearly a line of granitic bodies which
are satellitic to the Felson batholith.

Throughout the Kootenay Arc orebodies occur as
fissure fillings in a variety of rocks or as replacements
of limestone in a variety of structural situations. In the
course of studying ore occurrences we have loocked for but
have not found some unifying pattern of form - instead, we
recognize the beginnings of a unifying pattern of process,
in which modification and timing were perhaps of first
importance.

A study of the granites has not been made, but from
studies of the marginal rocks some inferences concerning
the structural effects of intrusion can be drawn, Little
1s known about the Kuskanax batholith beyond that it appears
to be an intrusive mass younger than the Nelson batholith.
This lack of knowledge is not too surprising in view of the
fact that peripheral mineral deposits are generally lacking.,
The Nelson batholith is e large and important granitic mass
that is generally considered to be Jurassic or Cretaceous
in age. The eastern part seems plainly to be intrusive,
but the western part grades into a large area of complex
granitization that occupies much of south central British
Columbia. Many lead-zinc mineral deposits are rudely peri-
pheral to the Nelson batholith, and a few occur within it,
The Kootenay Arc is bowed about the eastern front of the
batholith, and some individual structures appear definitely
to be related to that part of the granite that was intruded
forcefully.

Although the Nelson batholith occuples the central

bow 1n the Kootenay Arc, and the sedimentary structures are
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affected by 1t, the Arc is not solely the result of intru-
sion. Structures attributable to intrusive forces along
the north batholithic margin are superimposed upon earlier
regional structure of northwesterly trend, and near the
Washington border 2 series of important structural events
occurred before emplacement of granltic stocks which are
satellitic to the Nelson batholith. The arcing of the
sedimentary formations appears to be a structure of great
antiquity that perhaps locallized intrusion and certainly
was modified by it.

Emphasis is placed upon the Nelson batholith for
the very good reason that lead-zinc deposits occur along
its northern and eastern margins and along the line of
satellites to the south. Although very little is known of
the chemistry of intrusion, no evidence has been found to
indicate that any one deposit is genetically related to a
specific part of the batholith. If ore-forming solutions
were derived from some magma chamber it must be sought far
beyond the limits of practical exploration. More is known
about the physical effects of intrusion, particularly con-
cerning peripheral modification of pre-existent structures
by intrusive forces to form situations that were favourable
to ore deposition. The observed relations between intru-
sion and ore are physical rather than chemical, and while
we do not deny consangulnity between ore solutions and
granitic rocks we have not found the hypothesis helpful in
studying ore deposits in the Kocotenay Arc. On the other
hand the concept of structural modification is very helpful
and provides a reason for the occurrence of many deposits.
Some but not all of this modification occurred at the time
of intrusion.

Detailed study of many deposits and their structural
situations indicates that deposition of most if not all lead-

zine mineralization was contingent upon the structure of the




' sedimentary rocks in which they occur. The localizing
structure in a great many cases was not that of the early
folding, which may be referred to rather loosely as primary,
but was a secondary, tertlary, or even later modificatlon
of it that was superimposed in response to forces that in
some instances were not the same as those which produced
the primary folds.

The significant reason for this appears to be that
the primary folding was stratiform and was accomplished by
slow interbed adjustment, rock flowage, and recrystalliza-
tion that kept the rocks tight, whereas later modification
stressed the rocks beyond their capacity to adjust uniformly,
and they were locally wracked and buckled. Apart from the
presence of fissures which in any event are necessary to
entry of solutions, the wracked zones provided sites of
reduced pressure which favoured deposition from sclution.

Primary folds are, however, extremely important,
inasmuch as they are the framework, the modification of
which may localize an orebody. Moreover, they determine
the over-all position and limits of any favourable rock,
no matter what particular events led to its mineralization.

In the case of fissure lodes, the fissure that
crosscutslbeds of varying attitude may meet strata of a
given competency at an angle that promotes brecciation and
‘the formatlon of zones of reduced pressure, whereas else-
where 1t may meet rocks of the same competency at angles
which promote dissipation of movement or the production of
tight, gougy zones. Primary folds thus provide panels of
different attitude that are favourable or unfavourable for
ore deposition, and if ore occurs in a panel of preferred
orlentatlon the initial folds govern the size and locus of
that panel. In general, the form of folds does not alone
control the formation of orebodies. The apex of a fold is

an ideal theoretical site for veins in brittle rocks or for
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replacement ore beneath an impervious hood, but unless
mineralizing solutions have access to the apex no ore 1s
formed, In the Kootenay Arc there are examples of such
localization, but they are of minor and not general slgnifi-
cance because channelways did not follow a fold apex except
in rare instances.

Primary folds may be the only geological features
which can be projected with reasonable certainty, and the
initial form of a fold must be understood before modifica-
tion of it can be recognized. It is acknowledged that evi-
dence of modification is often too tenuous to be of dlrect
benefit at the prospecting stage, but its recognition is
very important in mine development,

A factor almost as important as that of structural
modification is timing. A given wracked, buckled, or
shattered zone favoured ore deposition at the time of its
formation, if solutions were then available. This is
especially true of the type of orebody in which ore follows
planes of bedding, fracture, or shear - the site must have
been stressed in such fashion that the rock tended to part
readily along these planes, or little ore would form. A
site favourable to contemporary solutions would not remain
SO indefinitely, particularly if the site were a breccia
zone in limestone.

Given a favourable site and a supply of mineral-
bearing solution, an orebody is likely to form. Primary
fold structures, tending to be constant in attitude over
regional distances, do not localize ore as readily as zones
of modification because the conditions of early, regional
folding were not as productive of relatively low pressure
sites. The fact of modification may be apparent, but the
agent of that modification may not in every case be known.
In some instances the cause was intrusion, but in others

it may have been az shift in application of regional stresses.




Several modified structures may exist in one district,
and mineralization of any would depend upon availability
of solutions at the time of structural activity.

In support of the foregoing generalizations a few
situations of ore zones in the north central, southern and

central parts of the arc will be described.

North Central Part of Arc

The Slocan camp is in the gap between the Nelson
and Kuskanax batholiths, Heterogeneous thin-bedded sedi-
ments trend northwest through most of the camp, dipping
dominantly southwestward at low elevations, and dominantly
northeastward and overturned at the higher elevations,

The over-all form is that of a huge recumbent fold, open
to the southwest, with a nearly horizontal axial plane.
In detail, thils recumbent fold is very complex, with many
minor recumbent folds, pleats, and crumples, particularly
in the general vicinity of Sandon. Near Kaslo the entire
fold 1s warped round the northeast corner of the Nelson
batholith to a north-south strike,.

The recumbent Slocan fold has been strongly modi-
fied along the northern margin of the Nelson batholith.

A whole series of recumbent pleats swings through about
90 degrees in strike and warps downwards, to meet the
batholith in steep tangential pleats which are dragfolded
along steep axes In response to the bending and warping
stresses.

Another modification of the Slocan fold, less dra-
matic than the downwarping but even more important in terms
of ore, is a major crosswarp that extends from near Silverton
on Slocan Lake for 12 miles across the entire width of the
Slocan group of sediments. The crosswarp constitutes a
culmination in regional plunge and 1s a zone half a mile or

more wide marked by buckled and locally jack-knifed minor
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folds. The crosswarp is related to the most accentuated
downwarping, and the two structures meet near Silverton,
in an area that i1s a focus of modifying and disruptive
stresses. Many of the larger lode-bearing faults in the
camp stem from this aresa,

The downwarping and crosswarping of the Slocan fold
are related to the intrusion of the granite. They are
structures superimposed, not at a date much later than the
formation of the Slocan fold, but at a time when the recum-
bent structure was attaining its final form. It can readily
be argued that the recumbent structure is a modification of
a 8til1l earlier one, but it is sufficient to state that it
came into being during formation of the Kootenay Arc in
pre-granite time. What the truly initial form was we do
not lknow, |

The Slocan fold is consldered for purposes of argu-
menf to be a primary structure., Fissure lodes in it are
localized to a considerable extent in panels of preferred
orientation that dip to the southwest. The most productive
lodes are in the zone of crosswarping and in the zone of
change from primary recumbent to downwarped modified forms.
Orebodlies are also asscciated with second generation drag-
folds in the downwarped northeasterly striking rocks. Ore
occurs preferentially in the wracked zones in general, and
in local situations that are characterlized by brecciation
rather than by shear. To emphasize to the point of belabour-
ment, the ore is in the zones of wracking brought about by
structural modification. There is no lack of fissuring in
any part of the Slocan, but the fissures contain ore only
in zones that were structurally active at the time of
avallability of solutions.

Many examples of ore localization in the Slocan
could be given were space available., The already enunclated

principles are perhaps sufficient for the fissure-lode
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deposits, but two examples of control of limestone replace-
ment ore are worth mentioning. Replacement is rare in the
Slocan, in spite cof the fact that limestone forms the walls
of lode-fissures in many situations. It appears to be a
fact that replacement is contingent upon more than the
presence of a fissure crossing limestone.

In the Whitewater mine the ore zone is partly flssure
filling in slates and partly replacement of limestone. Ore
has spread from the fissure lode into the limestone, in
bedded sheets and along troughs above slate. The limestone
is in the form of a large dragfold that has been severely
wracked at the northeast end of the Slocan crosswarp. The
modification of the dragfold permltted entry of soclution
and fawvoured replacement of the limestone., At the Lucky
Jim mine, dominantly zinec ore is in dragfolded limestone
between slaty rocks. It is locallzed by steep cross frac-
tures and alsoc by longitudinal fissures. The ore as a
whole contains very little galena, but in the uppermost
levels galena was prominent, and several chimneys of rela-
tively massive ore were mined. The chimneys were localized
by cross fractures which were more abundant and relatively
more open in a local area of crosswarping or doming on the
Westward-pluﬂging structure. The crosswarp was toco small
to be responsible for the ore zone as a whole, but it
localized silver-lead ore because, thrcughout the camp,
galena tends to occur in the more open fissures and in

sltuations of reduced pressure.

Southern Part of Arc
The Salmo—Pend 3'0reille lead-zinc belt occuples a
20~ to 25-mile section around an abrupt swing in the trend
of the Arc., Mineralized zones occur in a belt extending
from about 7 miles northeast of Salmo southward almost to

the International Boundary and westward along Pend d'Oreille
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River. The structure has developed in response to deform-
ing forces acting in different ways over an extended period
of time. Only the major features of the complex seguence
of deformation have been recognized,

The rocks that contain the lead-zinc deposits have
been folded into primary isoclinal anticlines and synclines
with amplitudes and distances between crests measured in
thousands of feet. The axial planes dip eastward and south-
ward and the axes plunge gently. These folds have been
secondarily folded about axes of which some are parallel
and some are not parallel to the primary axes of folding.

In the northern part of the Salmo area the primary
isoclinal folds are overturned or recumbent, with axial
planes dipping eastward or gently southward. Both limbs
of these folds have been secondarily folded into open syn-
clines and anticlines whose axes are essentially parallel
to the primary fcld axes. In the southern part of the area
the primary iscclinal folds plunge gently westward and the
secondary folds plunge 50 to 60 degrees southward. These
secondary folds are z-shaped dragfolds formed on both
limbs of the primary iscclinal folds. They are therefore
not directly related to the primary isoclinal folds but are
later structures superimposed on them.

The mineralized zones are deposits of sphalerite,
galena, and pyrite replacing dolomitized limestone. Strati-
graphically they all occur in the same limestone member but
probably not at the same horizon., The crebodies are elongate,
and those that have been extensively mined are a few thousand
feet long, a few tens of feet thick, and may measure a few
hundreds of feet in the third dimension. 1In cross-section
they are irregular, with poorly defined walls,

The best known orebodies in the Salmo areayat the
Reeves MacDonald and Jersey mines, were controlled by secon-

dary structures. At the Reeves MacDonald mine, about 12
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miles south of Salmo, the main orebody occuples a tight
syncline superimposed on the right-side-up 1imb of a primary
isoclinal anticline, The anticline plunges gently westward,
and its limbs dip steeply southward. The syncline 1s part
of a secondary z-shaped fold plunging steeply southwestward.
At the Jersey mine, 7 miles southeast of Salmo, the ore-
bodles cccur on the upper limb of a major, recumbent, primary
1soclinal anticline, The ore has been at least partly
localized by a series of relatively open, gently plunging
anticlines and synclines, which, although they plunge paral-
lel to the major anticline, are late structures superimposed
en it., Hence the orebodies at both these mines were con-
trolled by secondary modification of primary structures,
Study within the mineralized zones suggests one
reason for the localization of ore in secondary rather than
primary structures. Most of the limestone in the mine belt
has a pronounced black and white banding. Orebodies are
assocliated with dolomitized zones that contain streaky,
brecciated, or mottled textures, These textures represent
modification of the primary banding by brecciation and ‘
shearing that created sites favourable for mineralization.
The structures that locallzed ore represent only one
event in a long continued process of deformation., Other
structures produced by modification of the primary folds
have been recognized, and although they might be presumed
to be favourable for mineralization, no ore has been found
in them. Thé reason for this is not known, but an important
factor has undoubtedly been the relation between the timé
of formation of the favourable structures and the time at

which mineralizing solutions were available.

Central Part of Arc
In the north, near Kaslo, the Slocan recumbent fecld
is wrapped round the northeast corner of the Nelson batho-

1lith with a swing in strike from southeast to south. To the
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south, near ¥Ymir, the structure i1s characterized by lscélinal
folding about northward trending axes. 1In the intervening
30-mile stretch, in which lies the Ainsworth camp, nelther

of these types of structure has been recognized; the strongly
metamorphosed rocks dip westward with little evidence of
folding, and even dragfolds are comparatively rare.

Nevertheless, despite the lack of direct evldence,
it is believed that in the vicinity of Ainsworth isoclinal
folding has been partly obliterated by subsequent movement.
There 1s suggestive evidence that this is the case, but the
scarcity of cross-sections makes prcof very difficult. The
mechanism by which the isoclinal folds have been partly
obliterated is not known, but the situation is marginal to
the Nelson batholith, and it is prcbable that outward
thrusting of the batholith was accompanied by attenuation
of folds through flowage and shearing.

Structural continuity between Ainsworth and ¥Ymir
igs thus a distinct possibility. Continuity between Ains-
worth and the Slocan fold near Kaslo appears less probable,
but iscclinal pleats of major size occur within the Slocan
fold, and it follows that the apparent difference between
that feold and the structure at Ainsworth 1s largely one of
attitude of axial planes. There appears to be a crude
rifling of the ﬁajor structure as it passes round the
Nelson batholith, a rifling that has changed the attitude
of the isoclinal folds,

At the Bluebell mine east of Ainsworth the ore Is
in lower Palaeozoic limestone which strikes ncrth and dips
west under Kootenay Lake. The ore is contrclled by steeply
dipping cross fractures essentially perpendicular to the
strike. The orebodies occur at open rolls cor flexures in
the limestone band, where the cross fractures were most
abundant and were more or less in tension. It is not known

whether the cross fractures were extension Jolntsnormal to
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the primary fold axes, formed at the time of primary
folding, but the fact that the open rolls trend down the
dip of the limestone indicates that the reclls were later
than the primary folding. It is believed that late flex~
ing of the limestone tended to open the cross fractures,
whether or not they were formed at an earlier time.

At Ainsworth the most productive vein 1s the
Highlander-Banker. A large bedded fault is quartz-filled
to a width of 50 to 150 feet and the vein is a late fissure
in the quartz, averaging about 7 feet wide. Other velns
in the Alnsworth camp in places have assooiated replace-
ment ore., Replacement is not a general accompaniment of
the veins, in spite of the fact that much limestone is cut
by them, and replacement is apparently restricted to sltua-
tions where the limestone has been stressed more than
ordinarily. Imperfectly as the over-all structure is
known, it appears that the localized stressing was not
related to the primary folding cof the limestone, but was
a modification of it.

In summary, the Kootenay Arc is seen to be an

ancient structure. It grew by modificaticn of initial

folding and provided a site for intrusicn of the mobile
front of a major area of granitization, The arc was
further medified by the intrusion. Apparent major dif-
ferences in form in different parts of the arc may be the
result of rotation, Some of the later but not necessarily
the latest modifled structures were mineralized, when they

were active and solutions were available.

Victoria, B, C.
May 1lst 1956.

This paper is to be presented at the Pacific North-

west Regicnal Conference, A.I.M,E., Seattle, Washington,May
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3, %, 5, 1956. Permission is hereby given to publish with
appropriate acknowledgments, excerpts or summaries not to
exceed one fourth of the entire text of the paper. Per-
mission to print in meore extended form subsequent to publi-
cation by the Institute must be obtained from the Secretary
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in which it may be published later.,
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MINERAL DEPOSITS IN THE SOUTHE RN ROCKY MOUNTAINS OF CANADAY "-éj
M. S. HEDLEY?

INTRODUCTION

Placer gold was discovered on Wild Horse River in 1863, and on Bull River in the same
_year or shortly after. The only other stream in the, Rocky Mountains known to contain placer
~gold is Maus Creek, a short distance south of Wild Horse River. The total production of placer

gold is not known because records were not kept in the earliest days, and the most accurate state-
“ment that may be made is that more than one million and possibly several million dollars worth
of gold was produced.

" The earliest prospecting for lode was in the vicinity of the placer diggings, and a good
- deal of exploratory work was done prior to 1930. No source of the placers has been found,
“inasmuch as no vein containing important quantities of gold is known. Most of the deposits
are of copper, lead, and zinc minerals, with associated small amounts of gold and silver.

» Prospectors in search of lode were active in the years of the early railroad building, starting
“in 1883, and principally in the general area between Windermere and Golden. The metal
chiéfly: sought was silver, in the early recognized absence of gold ore, and because of the

- common association of metals many deposits of lead and zinc were investigated, in the hope of

¢ discovering. silver ore high enough in grade to be worked. In this second period of activity

“discoveries were made chiefly in the Purcell Mountains, but some were also made in the Rockies,
and.many prospectors must have worked east of the Rocky Mountain Trench.

“The Monarch lode in Mount Stephen was discovered in 1884 when float was found on the
location line of the railway. The Kicking Horsz lode was discovered at a somewhat later date,
and did not receive much attention until 1925. Development of the Monarch was rapid, and
shipments of ore were made from it to Vancouver in 1888. A comparatively late discovery was
that on Hawk Creek in 1929. In 1912 lead-zinc ore was discovered in Alberta at the head of
Oldman River, and in 1951 silver-lead mineralization was discovered near Windermere.

G. M. Dawson’s report of 1885 mentions ‘“lead and copper ores, containing silver” between
the Ottertail River and Field, copper abont 5.miles north of Castle Mountain, copper on Copper

Mountain on the south side of the Bow River, lead on the east side of Mount Ball, and copper
on the Cross River.

Production has come from the Monarch and Kicking Horse mines, and in recent years from
the Estella and Kootenay King. Shipments of a few tons of ore have been made from two or

three prospects in past years, \

It has been the practice to look upon:mineralization in the Rocky Mountains as a rarity,
and to consider it to be in a somewhat different category from mineralization in the Purcell
Mountains. The important ore deposits at Field have been referred to as related genetically
to the Ice River Complex, that being the nearest known body of igneous rock, in spite of the fact
that the deposits are separated from it by 12% miles. This attitude has cast doubts on the pos-
sibility of finding additional important ore deposits in the Rockies as a whole, whereas evidence
of mineralization actually is widespread, and dzposits are known even farther from any known
igneous rock than Field is from the Ice River Complex. The structures in the western Rockies
are not greatly different from those west of thz Trench. There is no definite information on
the age of mineralization, but deposits on the west side of the Trench are more likely post-

' Published by permlsswn of the Chief of the Mineralygical Branch, British Columbia Department of Mines.
2> Senior Geologist,, British Columbia Department of Mines.
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Cretaceous than not. Whatever the structure of the Trench may be, it had an early beginning,
probably long before the appearance east of the Trench of syenite dykes that are considered to
be probably Tertiary in age (Rice, 1937, p. 24).

All other production is dwarfed by that of the giant Sullivan mine near the western edge
of the Trench, a fact that tends to minimize the fact that the southwestern Rockies are
reasonably well mineralized. Were it not for the Sullivan, the Monarch and Kicking Horse mines
would be more widely recognized as major deposits.

In the western Rocky Mountains most of the quartz vein type of deposits have been found
in the Precambrian rocks north and south of Wild Horse River, and so might express an affinity
for those rocks, but such deposits have not been found south of Elko, or farther north near
Canal Flats, where rocks of the same age are known to occur. There is a suggestion from their
«distribution that many of these deposits are related to faulting along the Trench margin, and
to diagonal faults near Wild Horse River. Only a relatively few square miles of this regiom
have been mapped in detail, and additional work may throw light on the structural situation of
many occurrences of mineralization, £

Many of the mineral deposits in the Precambrian rocks are related to bodies of diorite and
:syenite. It has not been established whether this means that the deposits are related genetically~
‘to the igneous rock, and if so how direct the relationship may be. In some instances it appears
that the relationship is structural, and that fracturing has been localized in or marginal to a
sill or dyke. .

Any discussion of mineralization in the Rocky Mountains must include the Sullivan and
‘Silver Giant mines; the Sullivan because it is the most important single deposit in Westerm
Canada, and the Silver Giant because it is in lower Palaeozoic rocks and is related to structures
typical of the Western Rockies.

PRODUCING MINES

SULLIVAN 'MINE
The great Sullivan mine of the Consolidated Mining and Smelting Company of Canada,
" Limited, is 1% miles northwest of Kimberley, on the west side of the Rocky Mountain Trench.
“The lead-zinc ore is concentrated and shipped to the company’s smelter at Trail. Ore is mined
at the rate of about 10,000 tons a day, and in 1932 a total of 2,699,533 tons was mined, with a
gross metal content in concentrates of 2,846,304 ounces of silver, 215,000,283 pounds of lead,
and 258,139,395 pounds of zinc. ‘ {

"The ore is a sulphide replacement of a stratigraphic zone 200 to 300 feet thick, in the lower
‘part of the Precambrian Aldridge formation. The principal sulphides are galena, sphalerite,
pyrrhotite, and pyrite. Small amounts of chalcopyrite and arsenopyrite are present and locally
boulangerite. Magnetite is fairly common and cassiterite is present in small but comfuercial
amounts. The footwall rock, particularly above the 3900 level, is strongly tourmalinized to a
product that resembles dark coloured chert. Chloritization of the hangingwall is extensive;
albitization of the hangingwall is more restricted but locally extends higher than the chloriti-
zation. Replacement was of uniformly bedded, and for the most part finely laminated, argillite
and silty argillite. The relatively great permea%ility of these rocks may be ascribed to their
laminated character, and to the fact that the section shows great uniformity throughout long

distances; individual beds have been traced for thousands of feet in spite of the fact that they
are at most 20 feet thick. .
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Bodies of Purcell intrusives, occurring commonly as sills or as sheets at small angles to the
bedding, are common in the area. They are gerally referred to as diorite, but their composition
has a considerable range. They produced some metamorphism of the intruded rocks.

The ore zone is in the hangingwall of the east-west striking Kimberly fault, one of the major
breaks in the general region. Three smaller northerly trending faults in and near the mine area
apparently have an overlapping age relationship to the Kimberley fault.

In the mine area the regional dip is to the east and north, on the eastern flank of a broad
anticline. The regional dip is modified by gentle warping and by minor sharp folds. Within -
the actual ore zone minor complex folding is common, and there are indications that folding
and mineralization were to some degree contemporaneous or overlapping.

The origin of the ore zone is related to a major fault and minor faults that indicate repeated
movement. These provided access for solutions from an unknown and possibly distant sotirce.
The extraordinary stratigraphic uniformity of thz ore zone appears to have contributed to' the
formation of an exceptionally large and continuous orebody, and the fine larinations of the
réplaced beds seem to have been more important than their exact composition. Swanson and
Gunning (1945) point out that there is evidenc: indicating either two stages of mineralization,
or one long and variable stage. They find insufficient evidence to determine whether the
mineralization was related in time and origin to the Purcell intrusives, or to the much later
intrusives of Cretaceous or early Tertiary age. ;

SILVER GIANT MINE

The Silver. Giant mine is on the west side of Jubilee Mountain about 7 miles by road from
Spllhmacheen It is in Jubilee magnesian limestone just east of a major westerly dipping fault,
“ on which Horsethief Creek strata, of Precambrian age, are thrust over the lower Palaeozoic.
The mine is west of the Rocky Mountain Trench proper, between the Trench and the sub51d1ary
trench of the Spillimacheen valley.

Lead-zinc ore is mined at the rate of about 500 tons per day The grade of ore mined has
“been less than 1 ounce of silver per ton, about 4 per cent lead, and about 1 per cent zinc.
“Ore has been mined through a vertical range of about 700 feet, from a surface glory hole to

- No. 7 level, which is reached by an internal shaft from No. 6 adit level.

The ore zone is in an overturned nose of Jubilee limestone, which plunges 45 degrees in the
direction south 75 degrees west. Black slates are wrapped around the nose and there is some
faulting and brecciation. Paper slates are seen in the crosscut for 900 feet southwest of the nose,
and are different from limy slates on the surface to the northeast. They may be Horsethief
“Creek strata, but the main regional thrust is believed to lie farther to the southwest, and only
subsidiary faults occur in the mine workings. ) : S

- Replacement of the limestone by barite and more or less fine-grained silica has occurred
in the nose, and, to a lesser extent, along both limbs of the fold. The ore is confined to the barite
zone and consists of fine-grained galena, and scattered pyrite and sphalerite. - There are local

~small amounts of chalcopyrite, bornite, and a grey copper-arsenic mineral. Some of the ore is-

highly siliceous and is marked by clots and wisps of dark grey silica which represent silicified
slate fragments at and near the limestone-slate contact.

The steeply plunging ore-bearing structure is strongly at variance with a low southeasterly
plunge, evident from about 1,500 feet to 1 mile northwest of the mine. There is obviously a
marked change of direction of plunge. The ore structure appears to be anomalous, but out-
crops are very scanty and detailed areal mapping has not been done. A line of showings,.

- containing barite and small amounts of sulphide, extends eastward on the line of the ore strugture -
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fo the crest of Jubilee Mountain. Presumably these showings represent the roots of the eroded
ore structure, which plunged at a somewhat steeper angle than the line of showings.

Other showings of lead-zinc mineralization occur on Jubilee Mountain and on the eastern
side of it, but have not been sufficiently developed to indicate their size. There is no exploratlon
activity at the present time.

THE MONARCH AND KICKING HORSE MINES

These are descnbed in some detail on other pages of this Guidebook, by C. S. Ney. It is
sufficient to emphas1ze here that they constitute the largest orebodies at present known in the
Rocky Mountains. . Continuity of the orebodies across the 3,800-foot gap of the Kicking Horse
River cannot, of course; be proved, but it seems probable that thé dolomitic alteration. zone: in

which they occur-was continuous between the two mines, and that the several orebodies are parts o

of a singlé, althcugh not necessarily continuous, ore zone. : If so, the original ore zone was of _
major proportions, being at least 7,000 feet long.

OTHER MINERALIZED LOCALITIES
OTTERTAIL" RIVER ™

Several old prospects on the Ottertail and its tributaries received attention at the time of
completion of the Canadian Pacific Railway, and ores from this source as well as the Monarch
deposit_were considered in early attempts at smelting. At the head of Silver Slope Creek a
bed, 6 feet thick, of Chancellor limestone, is cut: by mineralized calcite stringers, and is im-
pregnated .with .irregular lenses of galena, sphalerite, and pyrite, and small amounts of chal-
copyrite and probably argentite. At the head of Haskins Creek a prospect shows chalcopyrite
and pyrite associated with quartz veins in slates. On Frenchman Creek quartz-calcite veinlets
4n slates contain galena, tetrahedrite, azurite, malachite, pyrite, and some arsenopyrite. One-
half mile from the railway, chalcopyrite, galena, sphalerite, pyrite, tetrahedrite, and in one
place fluorite, are associated . with_quartz and calcite stringers in slaty rocks of the sheared -
Chancellor formation. .

ICE: RIVER:

On Shining Beauty Creek, a tributary of Ice River, a quartz-calcite vein 2 feet. w1de con-
tains pyrite, galena, and a small amount of chalcopyrite. Pockets of arsenopynte and
quartz occur in limestone, locally wit hassociated sphalerite and bornite. In Zinc Valley a band
of siliceous limestone 2 to 3 feet thick, between argillites; contains a lenticular mass - of‘
sulphides consisting’ of sphalerite, bounded succsssively by arsenopyrite and pyrite.

MOOSE CREEK

On Zinc Mountain, at the head of Moose Cresk and close to the eastern margin of the Ice
River Complex, lenses of sphalerite, pyrrohotite, galena, and chalcopyrite occur in limestone and
calcareous shales. Knopite and magnetite were reported from the vicinity of Moose Creek in
1925 (Geol. Surv., Canada, Sum. Rept. 1925, p. 230), and in 1952 and 1953 the occurrence of
minerals containing titanium, niobium, thorium, and uranium was reported,
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HAWK CREEK

A lead-zinc deposit was discovered on the north side of Hawk Creek in 1929, about 2 miles
east of the Banff-Windermere Higkway. Permission to do assessment work was refused by the
National Parks Board in 1932, but the showings were diamond drilled in 1942 as a war-time
measure to investigate possible reserves of lead and zinc. No further work has been done on
the property. )

The rocks in the area consist of a series of interbedded limestones and argillites, of probable
‘Upper Cambrian or Ordovician age. At the showing the beds dip gently or are horizontal, and
are cut by a shear zone that dips 45 to 70 degrees to the southwest. The deposit is localized at
the intersection of the shear zone and a limestone bed. The ore consists largely of sphalerite,
replacing limestone, and is banded parallel to the shear, but the controlling factor in deposition
appears to have been lithological. At the surface the ore zone is an irregular shaped body
about 55 feet wide and as much as 18 feet thick. Drilling has indicated a pencil-like body of
variable outline, with a low rake to the northweast. An interpretation by Henderson (Minister
of Mines, British Columbia, Ann. Rept., 1953) of the diamond drilling data indicates the presence
of 29,500 tons of ore, averaging 12.5 per cent zinc. The lead content is reported to be low and
the silver content negligible, N

i " CROSS RIVER
On the Cross River two main diorite sills and a few small sills and dykes occur. The main

sills contain many small transverse quartz, calcite, and quartz-calcite veins; some of the last
named contain.small amounts of pyrite and chalcopyrite, and, rarely, tetrahedrite, galena, and

_sphalerite.

OLDMAN "RIVER

‘The Bearspaw lead-zinc deposit at the head of the Oldman River was discovered in 1912, by
hunters, but was not staked until 1950. It is on the east side of the Elk Range, at an élevation
of about 7,000 feet, and is accessible from the Kananaskis road by a rough truck road completed

in 1953. It is at present under option to Western Canada Colleries, who have done some surface
work.

The deposit is a replacement by galena and sphalerite of dolomite, near the top of the
Devonian, about 200 feet above a sole fault on which Palaecozoic strata are thrust over
Cretaceous sandstones and shales along a 40-mile front. The mineralization is, according to
early reports, about 4 to 4% feet wide, and is in a strongly fractured zone dipping 40 degrees west-
ward. Lead and zinc are present in approximately equal amounts, but initial sampling did not
indicate a particularly high grade. One other small occurrence of similar material has been
found several miles distant.

SWANSEA MOUNTAIN

On Swansea Mountain, east of Athalmer, a deposit of copper has been known for many years.
A breccia zone in upper Jubilee dolomite contains narrow and discontinuous stringers in the
calcite and hematite cement. The stringers contain bornite and chalcopyrite, and secondary

malachite and azurite.
MADIAS CREEK

On the western front of the Rocky Mountains, a mile north of this creek, a discovery of
lead-zinc mineralization in dolomite was made in 1951. An apparently isolated pod as much



115

as 15 feet wide, and exposed for 35 feet on the slope, consists of highly oxidized, brecciated,
dolomite partly replaced by galena and a little sphalerite.

WASA CREEK

At the head of Wasa Creek, 9 miles northeast of Wasa, a quartz vein 2 feet thick is reported
to contain tetrahedrite and copper carbonates. .

LEWIS CREEK

Old reports mention a 4-inch quartz Vein containing copper mineralization, and a quartz-
vein 6 to 8 feet thick containing galena stringers.

ESTELLA MINE'

-The Estella-mine is at the head of Tracy Creek in the western range of the Rockies, east:
of Wasa and 11 miles north of Fort Steele. The mine is accessible from the mill-site at Wasa.
by a good road 16% miles long.

“The mine is a very old one that was investigated at various times in the past. The present
owners, Estella Mines Limited, acquired the property in 1950, and built a 200-ton mill that was .
in operation late'in 1951. The readily available ore was exhausted early in 1953 andssubsequent:
development to the end of 1953 was not encouraging, and in consequence all operations ceased.

“The rocks are in the transition zone between the Aldridge and Fort Steele formations,
intruded by a body of diorite which is sill-like in over-all form. A small body of syenite occurs
at one adit portal. The lode dips to the southwest and is a zone of fracturing and light shearmg :
semi-bedded in the sediments, and penetrating diorite in the mine workings. The ore is a
replacement by sphalerite, galena, and pyrite, accompanied by more or less silica. Vein quartz
is not abundant and as a rule is not mineralized. The zinc to lead ratio averages about 2 178:1,
and about 1 ounce of silver per ton is present. A small amount of cobalt is associated with the
sphalerite. Ore occurs in grey argillite, in quartzite, and in Jiorite; the reasons for localization
are not obvious, but there may be a rélation to the diorite coritact. '

About 70,000 tons of ore have been mined, with a grade of 14 per «cent combined lead and
zine. :

HERBERT CREEK

On this small creek 8 to 9 miles north of Fort Steele three showings have long been known.
One is a breccia zone in quartzite, mineralized with chalcopyrite and pyrite. Another consists
of quartz-calcite lenses in the upper part of a large diorite sill, and containing galena, pyrite,
and chalcopyrite. The third comprises several quartz veins as much as 24 iitches wide, in lime-
stone, and containing iron sulphides.

KOOTENAY KING MINE

The Kootenay King mine is on the north side of Wild Horse River, 10 miles northeasterly
from Fort Steele. The lowest adit is at an elevation of 7,100 feet. This is another old property
which was explored at intervals over the years. It was equipped with a mill in 1951 and
started to produce the next year. Production was continuous from March to December of 1952,
when low prices forced curtailment. Some broken ore was milled during a short period in 1953;
and all activity then ceased.
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The ore is a replacement of dolomitic argillite, intercalated with quartzite bands in the
transition zone between the Aldridge and Fort Steele formations. The ore zone is localized
within a minor dragfold in the steeply dipping strata. The argillite is a soft, dense, grey rock
with a total width across two bands of about 60 feet. It is crumbled in the dragfold and is
cleaved axially to the fold. The dragfold plunges at a low angle to the north. The ore is a
replacement by fine-grained sphalerite, galena, and pyrite.

About 16,000 tons of ore were milled, containing between 6 and 7 per cent each of lead and
zinc, and about 2 ounces of silver per ton. ' i

WILD HORSE RIVER !

A number of old properties are known in the basin of Wild Horse River and its tributary,
Boulder Creek. Rather more work was done on these showings than the indications would
normally warrant, because a source of the local placer deposits was sought diligently in the early
days. All of the showings consist of quartz veins and quartzose zones, cutting Precambrian
and Cambrian sediments, and in many instances associated with syenite dykes. ~ The dykes are
locally shattered and partly altered, and quartz occurs in or alongside them as vein stringers
and replacement masses, a few inches to a few feet wide. The minerals present are galena,
chalcopyrlte pyrite, and a little sphalerite, Quartz stringers containing visible gold have been
noted in the Big Chief group.

" MAUS CREEK

" The Victor group at the head of Maus Creek, east of Fort Steele, is in Creston argillaceous
quartzites. Three adits have been driven on a'quartz-filled fissure about 2 feet wide, which is
“rregularly mineralized with galena, sphalerite, and pyrite. A 50-ton concentrator was build
thirty years ago, but only a few tons of concentrate were shipped. Of two, showings.on Maus
Mountain south of Maus Creek, one consists of a quartz vein in the Aldridge’ formation and
contains pyrite and chalcopyrite; the other is a quartz vein, 4 feet .thick, in a diorite sill, and-
contains small amounts of:chalcopyrite and pyrite.

SUNKEN (LOST) CREEK

At the head of this creek, 7 miles southeast of Fort Steele, a quartz vein or quartz stringer
zone has had two adits and a shaft driven’in it. Stringers and pockets of “copper” are reported
‘and the presence of tetrahedrite is mentioned.

BULL RIVER

South of Bull River and about 5 miles from its mouth, hematite is reported to fill fractures
at right angles to the formation, and to spread out into bodies replacing “porous rock.” The best
of many showings is said to be 10 feet wide. At 6 to 7 miles from the mouth of Bull River, and
on both sides of the river, mineralization is associated with a prominent diorite dyke. Minerals

occurring in cleaved and fractured zones along the dyke margins include sulphides of copper,
lead and zinc. '

LITTLE SAND CREEK

At the head of this creek, between Elko and Bull River, a “strong quartz filled fissure” is
reported to contain siderite, galena, sphalerite, pyrite, and some chalcopyrite. At a lower elevation
a quartz-filled fissure in slates is reported to contain mineral, but only at cross fractures.
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SAND CREEK

On Sand Creek, 7 miles northwest of Elko, several old properties are known. On the
south side of the creek a bedded fissure vein, as much as 3% feet wide, consists of hematite,
with largely silica impurities. On the north side of the creek quartz veins of narrow to moderate
widths contain lead, zinc, and copper sulphides; on the Burt property the vein is in a diorite
dyke and contains galena and sphalerite. Similar mineralization occurs 3 to 5 miles northwest of

Sand Creek.

ELKO

North and south of Elko, quartz veins with copper or lead-zinc mineralization are known
on the western front of the Rocky Mountains, and on Sheep Mountain, which is west of the Elk
River on the edge of the Trench. Although proof is lacking, it is suggested that these mineral
showings may be related to faulting marginal to the Trench.
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