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Great Mining Camps of
Canada 1.

The History and Geology of
the Keno Hill Silver Camp,
Yukon Territory

R.J. (Bob) Cathro

3230 Dogwood Road, Chemainus, BC,
IVOR 1K2, Canada,

e-mail: bobcat6 2@ telus.net

SUMMARY

The Keno Hill Camp was one of The
Great Mining Camps of Canada; it was not
only Canada’s second largest primary sil-
ver producer and one of the richest Ag-
Pb-Zn vein deposits ever mined in the
world, it was also one of the mainstays
of the Yukon economy from the 1920s,
after the rapid decline of the Klondike
Goldfield, until the early 1960s. At its
peak in the 1950s and early 1960s, it
supported about 15% of the territorial
population. It also produced more
wealth than the Klondike, one of the
richest placer gold districts in the world.
Following a small amount of hand min-
ing between 1913 and 1917, larger scale
production was almost continuous from
1919 to 1989, except during the war
from 1942 to 1945. Two companies
produced most of the ore, Treadwell
Yukon Corp. Ltd. from 1925 to 1941,

and United Keno Hill Mines Ltd.
between 1947 and 1989. Both compa-
nies went bankrupt when silver prices
failed to increase as quickly as mining
costs. About three years of uneconomic
‘reserves’ remained at closure.

SOMMAIRE

Le camp minier de Keno Hill est /un des
principanx camps miniers du Canada. Non
seulement s’agit-il du deuxieme plus
grand producteur canadien de minerai
primaire d’argent et I'un des plus riches
gisements filoniens de Ag-Pb-Zn
exploité du monde, mais il a été aussi
I'un des piliers économiques du Yukon a
partir des années 1920, apres le rapide
déclin des champs auriferes du
Klondike, jusqu’au début des années
1960. Au faite de sa production, dans
les années 1950 et début 1960, il fournis-
sait du travail a environ 15% de la popu-
lation du Yukon. De plus, il a créé plus
de richesse que I'or du Klondike - 'un
des plus riches districts d'or placérien au
monde. Apres une courte période d’ex-
traction artisanale, de 1913 a2 1917, a
suivi une période d’extraction a plus
grande échelle, presque continue, entre
1919 et 1989, sauf durant la guerre,
entre 1942 et 1945. Deux sociétés
minieres ont assuré ’extraction de la
presque totalité du minerai, soit la
Treadwell Yukon Corp. Litd., de 1925 a
1941, et 1a United Keno Hill Mines Ltd.,
de 1947 2 1989. Ces deux sociétés ont
failli financierement alors que le prix de
Pargent a été surpassé par les couts d’ex-
traction. A la fermeture, le volume des
réserves équivalait a environ trois années
d'exploitation.

INTRODUCTION

Considerable research into mining geol-
ogy and ore controls, along with system-
atic surface exploration, was conducted
in the Keno Hill silver camp (hereafter
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referred to as the Keno Hill Camp) dur-
ing the last 45 years of operation.
Several geologists even held the title of
Research Geologist. However, publica-
tion was not encouraged by United
Keno Hill Mines Ltd. (UKHM) and little
detailed information has been published
on the subject since Boyle (1965), whose
fieldwork dates from 1953 to 1955.
Much of the accumulated geological
wisdom and corporate memory is sum-
marized for the first time in this paper,
which is a synthesis of the observations
made over the years by many mine and
exploration geologists. The emphasis is
on mining geology and how its ‘twists
and turns’ shaped the history of the
camp.

Although most of the produc-
tion and grades and geographic informa-
tion were first reported in Imperial units,
they have been converted to metric units
throughout this paper. The only excep-
tion is Ag prices, which have always
been quoted on world markets in
$US/troy ounce (0z/ton). For simplici-
ty, Ag assays and production figures are
given in both Imperial and metric units.
Although Ag grades are normally report-
ed in the metric system as g/t, Keno Hill
ore is so rich that they are given in kg/t
throughout this report. To avoid con-
fusion, ‘¢’ refers to tonne and the short
ton is always spelled out. Also, mine
levels (e.g. 650 level), which were named
according to their approximate vertical
distance in feet below the discovery
showing, remain unchanged.

Location and Access

The camp is located close to the geo-
graphic centre of the Yukon Territory, at
latitude 63°55'N and longitude
135°23"W, within NTS map-sheets 105
M/13, 14, and 15 (Figs. 1, 2). Itis
accessible by a 460 km road north from
Whitehorse. The final 55 km is from
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Figure 1. a) Location map showing the relative positions of Figure 2 and the Keno Hill Camp; b) Detailed location map show-
ing specific topographic features near the Keno Hill Camp.

Mayo, which is the nearest large town
and a regional transportation and admin-
istrative centre. Mayo is situated on the
Stewart River, one of the main tributar-
ies of the Yukon River (Figs. 1, 2). The
Keno Hill Camp is about 300 km south
of the Arctic Circle and 80 km south of
the height of land that separates the
Yukon and Mackenzie River watersheds.
North-facing slopes are without sun-
shine for 10 weeks every winter.
Recorded temperatures at Mayo range
from -63° to +35°C (-82° to +95°F),
and annual precipitation averages about
28 cm, half of which falls as snow. July
is the wettest month. One of the most
pleasant climatic features is the periodic
appearance of warm ‘Chinook’ winds,
similar to those that affect Calgary,
which blow across from the Pacific coast
during winter and suddenly raise the
temperatures dramatically.

Yukon Territory remained rela-
tively isolated until the Alaska Highway
was built (for military purposes) in the
early 1940s. The Keno Hill Camp was
connected to the Alaska Highway at
Whitehorse by an all-weather highway in
the 1950s. Prior to that, freight and pas-
senger service to Mayo was only avail-
able on sternwheel steamboats in sum-
mer and horse-drawn sleighs in winter.
Air service to Mayo began about 1933

and passenger service became available
to Edmonton by 1937.

Soon after the 1898 Klondike
Gold Rush, there were over 200 boats of
all sizes on the Yukon River system; in
fact, it had more riverboats than any
North American river except the
Mississippi. The 700 km trip from
Whitehorse to Dawson required two
days for the downstream leg, travelling
with the 6 knot current, and four days
for the return voyage. The boats carried
up to 100 passengers and 270 t of
freight, some of which was pushed in
front on barges. They were built with a
draft of only 1.2 m so as to avoid the
shifting sandbars. The quantity of wood
fuel consumed by the boats was
astounding, 25 cords on the downstream
leg and 75 cords on the return trip.
Each boat burned about 8,000 cords per
season. Slightly smaller sternwheelers
were used on the 270 km voyage that
connected Mayo to the Yukon River.
The river distance from Mayo to
Whitehorse is about 860 km. Without
this established river transportation sys-
tem, development of the Keno Hill
Camp would have been delayed for
decades.

The ore was transported from
Whitehorse to the seaport of Skagway,
Alaska, on the White Pass and Yukon

Railway, thence to Vancouver or US. des-
tinations by sea-going ships and finally by
rail to a US. smelter. In the early years,
the ore had to be handled as many as 10
times between the stope and the smelter.

Camp Definition

‘Camp’ is a term that is used to describe
a cluster of deposits and occurrences
that have a similar mineralogy and geo-
logical setting. The Keno Hill Camp is
defined herein as a belt approximately 21
km long and 2 to 6.5 km wide that
crosses parts of Galena, Keno and
Sourdough Hills (Fig. 2). It extends
from the Silver King mine (#2) at the
west end, to the Caribou Hill mine (#37)
at the east end (Fig. 3). The camp was
named Keno Hill because the eatliest
large-scale mining took place there, even
though most of the silver was actually
produced from mines situated on
Galena Hill.

The camp contains 16 ‘impor-
tant’ deposits, defined as those that pro-
duced over 15.55 t (500,000 oz) of Ag,
another 19 that shipped smaller amounts
to a smelter, and 35 minor occurrences.
The deposits with recorded production
are listed in Table 1. Two of the small
producers in Table 1, Lookout and
Cobalt Hill, lie outside the camp and are
shown on Figure 1b.
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Sediments younger than 3 million years -
I:l Ice-deposited sand and gravel, river silt

Rocks accreted to ancient North America

Rocks formed after mountain-building

Granite with two types of mica; 62-67
million years old McQuesten intrusions

(o]

Basaltic flood-flows and tuffs; 69-73
million year old Carmacks volcanics

=

Granite and granodiorite with hornblende;
93 and 110 million year old
Tombstone and Cassiar intrusions

Andesitic flows and tuffs; 100-105 million
year old Mount Nansen volcanics

limestone; 200-250 million year old
Jones Lake and Mt. Christie formations

Brown and green diorite and gabbro
(many smaller bodies are not shown);
225 million year old Galena suite intrusions

Black quartzite, mica-quartz schist and
minor marble; 450-250 million year old
Yukon-Tanana Terrane

Rocks formed before mountain-building

Grey metamorphosed sandstone, minor
black shale and phyllite; 340 million year
old Keno Hill quartzite

Black shale and chert, lesser pebble
conglomerate, sandstone and grit;
390-350 million year old Earn Group

=1

Black shale, chert and limy siltstone;
480-390 million year old Road River Group

Dark silty limestone and limy mica-rich
conglomerate; 500-480 million year old
Rabbitkettle Formation

Brown and green shale, sandstone,
conglomerate and volcanic tuff; 530-500
million year old Gull Lake Formation

Brown quartz-mica schist, sandstone and
grit, maroon shale, with rare limestone;
750?-530 million year old Hyland Group

Mackenzie Platform
White and grey limestone with rare black
shale; 540-390 million year old Bouvette
Formation
Orange-brown dolostone and sandstone;

1700-1800 million year old Gillespie Lake
Group

Figure 2. Simplified geological map of the Mayo district and surrounding area, including the Keno Hill Camp, by Charlie
Roots for the Yukon Geological Survey (modified from similar figures in Bleiler et al. 2006 and Lebarge et al. 2002).
(Additional cartography work by D. Leonard of Newfoundland and Labrador Geological Survey.)
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Figure 3. a) Simplified geology showing the main rock units, veins and faults of
the Keno Hill Camp; b) Mines that had production in the Keno HIIl Camp (see
Table 1 for the numbered list of mine names).

Camp Overview

The camp is part of a larger Ag and Pb
district that stretches 100 km northeast
from Mount Haldane (Lookout
Mountain) along the northern edge of
the South McQuesten Valley, across the
camp as defined above, and includes the
eastern end of Keno Hill and Cobalt

Hill, as well as three locations in the
Davidson Range (Stand-to Hill, Rambler
Hill and Mount Cameron; Fig. 1b).
Scattered mineralization in the outlying
parts of the district is similar to that
within the camp, and several small
occurrences received physical explo-
ration and even shipped small amounts

of ore, but no deposit was large enough
to warrant further work.

In most parts of the world,
these hills would be called mountains.
Local relief ranges from the 525 m ele-
vation at the South McQuesten River to
1975 m at the summit of Keno Hill.
The topography is characterized by
moderate to gentle slopes and extensive
vegetation cover. Less than 5% of the
hard resistant units, which are the most
favourable host rocks to the silver
deposits, form outcrops. The summit of
Galena Hill is a long flat ridge at an ele-
vation of about 1475 m. The only steep
parts of the camp are the north sides of
Keno and Sourdough hills. Permafrost
extended to depths of about 80 m on
the north side of the hills when mining
commenced.

Information Sources
Information on mining geology is
derived mainly from published and
unpublished company files and personal
recollections provided by former mine
geologists. The main sources for region-
al geology are published reports of the
Geological Survey of Canada (GSC) and
various Territorial government surveys.
Selected references are included at the
end of this paper.

Four excellent books have
been produced on the general history of
the Mayo district in the last few years,
starting with Gold and Galena
(MacDonald and Bleiler 1990), which
relied heavily on Aho (1972). The oth-
ers, all lavishly illustrated in full colout,
are K-L Services (2004), Aho (20006),
which is an edited version of Aho
(1972), and Bleiler et al. (2000). The lat-
ter contains a coloured geological map
of the district, a simplified version of
which is used in this paper (Fig. 2).
Both the MacDonald and Bleiler
(1990) and Aho (2006) books
contain detailed information about the
pioneers.

GEOLOGICAL SETTING

Regional Geology

A great deal of information has been
published on this subject by the GSC, as
well as the Yukon Geological Survey and
its predecessors. A full treatment of this
complex topic is beyond the scope of
this paper, and the reader is referred to
Boyle (1965), Murphy (1997), Roots and
Murphy (1992), and Mair et al. (2000)
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Table 1. Keno Hill Camp. Total recorded production - 1913 to 1990 (listed in order of decreasing Ag ounces)

Recovered Grades

MINE (Map #) Tons Agoz/t Pb% Zn% Agounces Pbpounds Znpounds Ag/Pb Pb/Zn
Hector-Calument (12) 2,721,288 354 7.5 6.1 96,219,690 406,912,502 334,570,797 4.7 1.2
Elsa (5) 491,009 61.4 4.9 1.4 30,158,040 47,708,019 13,484,869 12.6 3.5
Husky (4) 429,367 41.7 3.9 04 17,889,418 33,290,002 3,309,284 10.7 10.1
Sadie-Ladue (19) 244 330 52.1 6.5 45 12,725,633 31,923,607 22,029,310 8.0 1.4
Keno (29) 283,762 44.4 10.7 3.7 12,602,298 60,549,038 21,189,428 4.2 2.9
Lucky Queen (26) 123,590 89.2 7.0 2.7 11,019,368 17,223,250 6,653,462 12.8 2.6
Silver King (2) 207,618 53.0 7.7 0.8 10,995915 31,917,957 3,510,383 6.9 9.1
No Cash (10) 166,530 29.8 3.6 1.9 4969,107 11,912,346 6,188,199 8.3 1.9
Galkeno (15) 167,063 27.2 52 2.7 4544142 17,437,410 8,999,204 5.2 1.9
Bermingham (8) 186,266 20.3 4.2 0.6 3,777,932 15,575,525 2,157,714 4.9 7.2
Bellekeno (24) 40,502 42.6 9.8 2.3 1,724,371 7,966,619 1,828,776 4.3 4.4
Black Cap (21) 48,576 27.4 1.6 0.3 1,331,131 1,560,359 269,402 171 5.8
Onek (17) 95,290 13.6 5.5 3.4 1,299,333 10,456,254 6,452,107 2.5 1.6
Ruby (9) 40,652 25.2 3.0 1.3 1,024,141 2,420,577 1,022,818 8.5 2.4
Shamrock (27) 5,336 180.3 37.6 0.3 962,396 4,013,179 36,523 4.8 1099
Comstock (34) 22,863 39.7 10.7 3.8 907,176 4,891,434 1,719,131 3.7 2.8
Dixie (6) 23,872 20.2 3.8 5.1 481,942 1,813,155 2,455,694 5.3 0.7
Husky Southwest (3) 10,461 39.6 0.3 0.1 414,261 56,193 17,300 147.4 3.2
Townsite (10) 18,570 16.4 4.3 2.0 305,423 1,583,393 730,014 3.9 2.2
Mt. Keno (Runer) (23) 1,588 139.3 17.7 221,152 561,770 7.9

Miller (UN & Dragon ) (14) 9,390 15.1 2.2 0.7 141,358 419,702 139,638 6.7 3.0
Ram (25) 423 225.0 45.0 95,175 380,700 5.0

Yukeno (31) 340 148.9 1.1 50,620 75,365 13.4
Gambler (28) 246 190.1 56.2 46,762 276,265 3.4

Flame & Moth (16) 1,590 18.3 1.1 0.9 29,120 35,363 28,895 16.5 1.2
Elsa Mill Tailings - 1950s 1,884 14.4 3.0 0.8 27,216 112,462 29,423 4.8 3.8
Stone (20) 149 126.0 30.3 18,832 90,495 4.2
Caribou Hill (37) 87 1771 71.6 0.3 15,402 124,524 522 2.5 238.6
Vanguard (32) 48 305.8 55.3 0.4 14,651 52,976 360 55 1472
Duncan (36) 15 744.3 22.4 10,822 6,500 33.3
Lookout (Mt. Haldane) (*) 30 93.9 53.6 2,769 31,628 1.8
Croesus (22) 10 238.9 2,461

Silver Basin (35) 12 167.8 41.1 2,089 10,227 4.1

Coral & Wigwam (7) 8 258.0 61.0 1,935 9,150 4.2

Silver Basin (35) 247 6.8 2.1 0.7 1,676 10,374 3,458 3.2 3.0
Wayne (1) 6 134.0 56.0 804 6,720 2.4
Klondike-Keno (18) 6 124.8 49.7 714 5,680 2.5

Cobalt Hill * 5 65.0 80.0 325 8,000 0.8
Cream-Jean (11) 60

Homestake (13)
Porcupine (33) **
Keno 6 (30) **

TOTAL (Imperial) 5,343,088 40.1 6.7 4.1 214,035,599 711,428,720 436,826,711 6.0 1.6
TOTAL (metric) 4,847,164 1,373 6.7 4.1  6,657,234.9 322,698.4 198,141.1
tonnes g/t % % kilograms tonnes tonnes

compiled by: Ken Watson, 2005 (original data Watson 1989¢, updates by Al Archer, 2005)

(Map #) - see Figure 3 for location
* see Figure 1 for location
** Porcupine production included under Comstock (34), Keno 6 production included under Keno (29)
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for additional references in the extensive
government bibliography.

Fingler (2005) has summarized
the regional geology of Murphy (1997)
as follows:

“The region is located within the
western part of the Selwyn Basin. The stratig-
raphy consists of deformed and metamorphosed
basinal sediments that accummnlated at the edge
of the Neoproterozoic to Paleozoic continental
margin. During the Jurassic to Cretaceons
periods (160 to 130 Ma), these rocks were
subjected to compressional orogenesis related to
large-scale plate convergence. This shortening
episode also cansed ductile, north-south directed
thrusting, which generated three main thrust
panels containing highly strained to transposed
basin strata. In the Mayo-McQuesten district,
the panels are separated by the Robert Service
and Tombstone thrust fanlts.

Between 90 and 95 million years ago
(Ma), a tectonic change from convergent-obligue
to subduction-dextral strike-slip movement
resulted in an episode of magmatism and the
emplacement of the Tombstone series of inter-
mediate to felsic plutons. About 65 Ma,
renewed compressional tectonics that formed the
Mactkenzie Mountains induced another mag-
matic event and the emplacement of the
McQuesten series of intrusions. The
Tombstone plutons are genetically associated
with sheeted stockwork Au-W-As quartz veins
and Au-As skarn deposits that are present
within a 700 kmr long belt that extends west
Sfrom the Keno Hill district into Alaska.”

The large Roop Lakes granite, a
member of the Tombstone plutonic
suite (Fig. 2), is considered to be the
heat source linked to the concentration
of the Keno Hill Ag-Pb-Zn mineraliza-
tion, but not the source of the metals
(Lynch 1989).

Camp Geology

By the late 1920s, a general picture of
the geological setting and ore controls
had been developed by mine geologists
such as Livingston Wernecke, and by
W.E. Cockfield of the GSC. Robert
Boyle (1965) of the GSC conducted
fieldwork from 1953 to 1955 and labora-
tory studies between 1953 and 1960 in
an extensive study of the geochemistry,
mineralogy and structure of the ore
deposits and surrounding district, with
the aim of determining the genesis of
the silver ores. He also summarized the
results of previous observations and
mapping by mine and GSC geologists.
The absence of outcrop, apart from

man-made exposures, was partially com-
pensated for by frost-heaved boulders
and slabs of bedrock (felsenmeer),
which are present as float in unglaciated
areas. These move downhill for hun-
dreds of metres in response to seasonal
freeze-thaw cycles (solifluction or altipla-
nation) and commonly result in a grad-
ual transport of the larger fragments
from the bottom of the thawed layer to
the top.

Glacial History

While there is evidence in the region of
very old continental glaciation, the camp
experienced only light Pleistocene valley
glaciation. Within the camp, till deposits
from 10 to 50-m thick are present below
an elevation of about 1100 m, which is
about 575 m above the floor of the
South McQuesten River Valley.
Wernecke (1932) recognized a lateral
moraine on Keno Hill near the 1200 m
elevation that declines in elevation
toward Galena Hill. Above that eleva-
tion, the terrain remained unglaciated
during the most recent glacial period,
although it may have been covered by a
permanent snowcap. Except for local
cirques on the higher north slopes of
Keno Hill, the semi-arid climate proba-
bly prevented the formation of signifi-
cant alpine glaciers.

Rock Units
The host rocks have a general strike of
100 to 110° and a southetly dip of 20 to
35° and form the gently south-dipping
limb of the large McQuesten Antiform
(Fig. 2). The layered succession has
been metamorphosed to the greenschist
facies. It was historically divided for
simplicity into three informal units
known as the Lower Schist, Central
Quartzite, and Upper Schist, which were
thought to be conformable (Fig. 3a).
The Lower Schist Unit consists
of graphitic, calcareous and sericitic
schist horizons, thin-bedded quartzite,
and minor thick-bedded quartzite. In
addition, sills and/or boudin of meta-
diorite and metagabbro (greenstone) up
to 1 km long and 30 m thick are com-
mon, principally on Keno Hill. The
greenstone bodies form outcrops but
the layered rocks weather recessively.
When schist is exposed to surface
weathering, it generally disintegrates
quickly into small silica-rich fragments in
a clay matrix.

The Central Quartzite Unit is
approximately 700-m thick and consists
primarily of bedded and massive
quartzite and lesser thin schist and phyl-
lite layers. This unit is the most impor-
tant host to mineralization. Tight isocli-
nal folding has been exposed in under-
ground workings and the walls of open-
pits. Greenstone hotrizons are most
common in the lower half of the unit.
Although the quartzite would be expect-
ed to form prominent outcrops, they are
actually rare. The thick-bedded and
massive members are fractured and
frost-heaved into large slabs of felsen-
meer that raft downbhill for considerable
distances and locally override the Lower
Schist Unit. A frozen field of these
slabs blanketed by an insulating vegeta-
tion layer created a formidable barrier to
prospecting and bedrock exploration.
The irregular regional trend of the
Central Quartzite Unit outside the camp
is shown on GSC map 1147A (Boyle
1965). It is commonly referred to as the
Keno Hill Quartzite.

The Upper Schist Unit consists
of quartz-mica schist, quartzite,
graphitic schist and minor limestone; it
also weathers recessively. Rhyolite
(quartz-feldspar porphyry) sills, con-
formable with schistosity, have intruded
the Lower and Upper Schist units and
perhaps the Central Quartzite Unit, as
well. The largest sill is at least 40 m
thick and has been traced across Galena
Hill from west of the Silver King mine
to Duncan Creek. A similar sill, at least
50-m thick, occurs near the portal of the
Shanghai adit, across the South
McQuesten River valley (Fig. 1b). The
rhyolite sills are geochemically anom-
alous for Au and Ag (Alan Archer, pers.
comm., 2005).

In the absence of fossil control,
the Keno Hill structural succession was
initially assigned to a regional basement
unit named the Yukon Group, of
assumed Precambrian or Paleozoic age.
Although this early interpretation proved
to be quite inaccurate, it had no adverse
effect on exploration.

More recent studies, conducted
mainly along the regional strike to the
west, have demonstrated that the host
rocks of the Keno Hill silver deposits
are sandwiched between two regional
thrust faults and are much younger than
originally thought. A conodont-age
determination by M.]. Orchard of the
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GSC (zn Mortensen and Thompson
1990), shows that the Central Quartzite
Unit is Mississippian. The Lower Schist
Unit is underlain by the Tombstone
thrust fault and has been correlated with
the Devonian-Mississippian Earn
Group. The greenstone lenses within
the Lower Schist Unit are Middle
Triassic (Mortensen and Thompson
1990). The Upper Schist Unit, which is
now considered to be correlative with
the Cambrian and older Hyland Group,
is separated from the Central Quartzite
Unit by the Robert Service Thrust fault
(Tempelman-Kluit 1970). The Roop
Lakes granite (also known as the Mayo
Lake pluton), which lies southeast of the
camp, has been dated at 93 Ma
(Cretaceous) by the U-Pb method
(Murphy 1997) and is approximately the
same age as the porphyry and rhyolite
sills (Sinclair et al. 1980). Tessari (1979)
obtained a K-Ar age of 87 Ma for Ag-
Pb-Zn stockwork mineralization in
quartzite, slightly younger than the circa
105 Ma age of regional metamorphism
(Mair et al. 2000).

It is ironic that the age and
stratigraphic relationships of the host
rocks were not established with any
accuracy until over 75 years of mining
activity had almost ended.

Ore Controls
Fortunately, the controls on ore
emplacement are fairly simple. All Ag-
Pb-Zn ore has been mined from vein-
faults (herein called veins), where they
cut the Central Quartzite Unit or green-
stone bodies within the Lower Schist
Unit. The two principal ore controls are
vein orientation within the overall fault
system and brittle fracturing, both of
which accommodated tensional open-
space filling while hydrothermal fluids
were silver-rich. Veins are narrower and
less well developed within greenstone
than they are in quartzite because the
former is not as brittle. Veins and faults
commonly provide easy channel ways
for groundwater to reach surface, hence
a series of springs can indicate the pres-
ence of a transverse vein or cross-fault,
if aligned in the correct orientation

The mineralized vein system is
composed of two main sets. The oldest
set comprises east-striking and steeply
north-dipping ‘longitudinal’ veins, which
contain little Ag mineralization.
Longitudinal veins are typically mineral-

ized with massive quartz and can be up
to 5-m wide. They can be weakly miner-
alized in places with arsenopyrite, pyrite
and rare jamesonite and boulangerite in
a quartz gangue. They were only found
to contain Keno Hill type Ag-Pb-Zn ore
shoots in a few places, mainly in the #6
and Porcupine veins at the Keno mine.

Almost all the economic silver
mineralization occurs in a younger set of
‘transverse’ veins, which strike within a
N to N70°E arc, dip steeply southeast,
and exhibit left-lateral movement of up
to 150 m or more. The predominant
gangue mineral in ore shoots is mangan-
iferous siderite. The transverse veins
have a cumulative strike length within
the camp of about 160 km. They cut all
rock units but change markedly depend-
ing on the competency of the wall rocks.
Within schistose units, they consist of a
number of slips and fractures carrying
gouge and breccia and rarely exceed 0.3
m in thickness. In many cases, they are
difficult to recognize at all because they
are simply fractures or slips less than 0.1
m thick, along which the wall rocks have
been dragged, contorted and smashed.

Where they intersect thick-bed-
ded quartzite, the transverse veins can
become up to 30-m wide and typically
branch into a number of parallel to sub-
parallel fractures filled by gouge or brec-
cia, along which recurrent movement
has occurred. Slips and fractures
abound throughout a single fault zone,
some of which parallel the veins and cut
through the breccia. Others may branch
from and rejoin the main structure but
some die out into the wall rocks. A frac-
ture zone consisting of thin mineralized
stringers can extend up to 7 or § m away
from the main vein. The footwall of
transverse veins is commonly sharp and
defined by the main fault plane whereas
the hanging wall is less well defined and
tends to be associated with more splits
and fractures.

Many decades of mining experi-
ence have shown that ore shoots within
transverse veins generally occurred: a)
where quartzite or greenstone is present
on one or both walls of the vein; b) adja-
cent to, or in, the footwall of cross-
faults; c) at vein junctions or cymoid
loops; or d) where the veins change dip.
Early work at the Keno, Silver King and
Bermingham mines suggested that places
where veins intersected the Central
Quartzite unit immediately beneath the
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thrust-faulted contact with the Upper
Schist Unit were particularly favourable
environments. Further exploration and
development demonstrated that this
hypothesis was unreliable.

Alan Archer was probably the
first geologist to recognize that the
widest, strongest and richest parts of the
transverse veins generally developed
where they were intersected by a cross-
fault, the stronger the better. The best
examples were at the Hector-Calumet
mine, which is bisected and bifurcated
by the 30-m wide Hector cross-fault,
and the Elsa and Husky mines, which
are believed to be parts of the same ore-
body offset by the Brefalt Creek cross-
fault. In these situations, the compres-
sive force absorbed by the highly
sheared fault appears to have increased
the opportunity for tensional openings
to form within the adjacent transverse
veins. This suggests that movement was
taking place along the veins and cross-
faults at the same time that mineraliza-
tion was being precipitated. Even
though mineralization was locally
dragged along the cross-faults for a
short distance, the faults themselves
were never mineralized. The horizontal
offsets of the transverse veins range
from over 350 m at Hector-Calumet to
less than 5 m at Lucky Queen, with the
average perhaps 100 m (Alan Archer,
pers. comm., 2005).

One of the most important and
hotly debated ore control topics was
whether or not the Keno Hill orebodies
had dep