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ABSTRACT

The zoned Keno Hill vein system of central Yukon
extends laterally from a Cretaceous plutonic-metamorphic
center and surrounding quartz-feldspar veins, to
carbonate-Ag-Pb-Zn deposits, and further to peripheral
veins having epithermal characteristics. Seven distinct
mineralogical zones are recognized, and the entire sequence
is continuous from east to west in a 4O-km belt. The fault-
and fracture-controlled veins are stratabound to the brit-
tle moderately dipping Keno Hill Quartzite unit, of Mis-
sissippian age. The unit is graphitic and appears to have
acted as a large-scale hydrothermal aquifer, restricting fluid
flow during minera1ization and" development of zoning
predominantly to the lateral direction. Tetrahedrite is dis-
tributed along a 25-km-Iong portion of the system, and is
the principal ore mineral of Ag. Both Ag/Cu and Fe/Zn
values in tetrahedrite are highest at the outer extremity of
the system, where freibergite dominates over tetrahedrite;
silver-rich samples are also distinguished by an overall
increase in the number of cations per formula unit; the
Sb/ As value is high throughout.

Keywords: hydrothermal zoning, aquifer, tetrahedrite, solid
solution, plutonic, epithermal, alteration, Keno Hill dis-
trict. Yukon.

SOMMAIRE

Le systeme de veines de la region de Keno Hill, dans la
partie centrale du Yukon, est etale autour d'un centre de
plutonisme et de metamorphisme d'age cretace, et des fis-
sures it quartz + feldspath associees, et s'etend it des gise-
ments de carbonate-Ag-Pb-Zn et, dans les regions peri-
pheriques, it un systeme de veines it caractere epithermal.
Sept zones mineralogiques distinctes sont etalees de faeon
continue d'est en ouest sur une distance de 40 km. Les vei-
nes, dont la distribution est regie par un systeme de failles
et de fissures, sont limitees it la quartzite cassante et it fai-
ble pendage de Keno Hill, d'age mississippi en. C'est un
encaissant graphitique qui semble avoir agi comme nappe
aquifere it grande echelle, canalisant Ie flux de fluide hydro-
thermal au cours de la mineralisation dans une direction
laterale. La tetraedrite, repandue sur une distance de 25
km dans ce systeme, est Ie principal porteur d'argent. Les
valeurs Ag/Cu et Fe/Zn de ce mineral sont les plus elevees
dans les parties extemes du systeme, OUla freibergite est
plus repandue que la tetrahedrite. Les echantillons riches

*Present address: Cordilleran Division, Geological Survey
of Canada, 100 West Pender Street, Vancouver, British
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en argent se distinguent aussi par une augmentation dans
Ie nombre de cations dans leur formule chimique. Le rap-
port Sb/ As demeure uniformement eleve.

(Traduit par la Redaction)

Mots-cles: zonation hydrothermale, nappe aquifere, tetra-
edrite, solution solide, plutonique, epithermal, altera-
tion, district de Keno Hill, Yukon.

INTRODUCTION

This paper concerns the large-scale nature of the
Keno Hill hydrothermal system. A broad and con-
tinuous sequence of mineral zoning can be
documented within veins distributed along an exten-
sive portion of the Keno Hill Quartzite, which is the
main host rock to the ore in the area. The Keno Hill
mining district is located in central Yukon, 350 km
north of Whitehorse (Fig. 1). Since 1913, over 4.54
x 106 tore av::raging 1412 g/t Ag, 6.80/0 Pb, and
4.6% Zn have been mined, and in excess of 6.4 X
109 g of silver have been produced (Watson 1986).

The class of deposit relevant to the Keno Hill veins
is referred to by several designations: Cordilleran
vein-type deposits (Guilbert & Park 1986), felsic-
intrusion-associated silver-lead-zinc veins (Sangster
1984), Pb-Zn sulfide Ag-suIfosalt deposits (Andrews
1986), or polymetallic veins. Despite the consider-
able economic importance of such veins, relatively
little relevant research has been carried out in the last
decade (Andrews 1986), and consequently their
general characteristics and genesis are poorly under-
stood.

In the most extensive geological work on the veins
of the Keno Hill district, Boyle (1965) gave a
thorough documentation of the various mineral
associations. He recognized separate mineralogically
distinct groups of veins throughout the region: cas-
siterite, wolframite, scheelite and related minerals
occur near Cretaceous plutonic bodies, whereas veins
containing siderite, galena, sphalerite, and freiberg-
ite are separated from the plutons. Boyle considered
the two groupings to be unrelated; the silver lodes
were thought not to be associated with the plutons,
either spatiaIIy or genetica1Iy (Boyle 1965). Boyle con-
cluded that the metals were emplaced verticaIIy from
below through diffusion processes; a flowing
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FIG. 1. Location map of Keno HilI mining districtin cen-

tral Yukon.

hydrothermal medium was not favored. However,
hydrothermal features are clearly displayed in the
vein system. Also, similar Cretaceous ages for the
silver veins and for the felsic plutons of the region
indicate the possibility of a genetic link (Sinclair et
at. 1980, Godwin et at. 1982).

District-wide mineral zoning within the Keno Hill
vein system is documented in this paper. Economic
and noneconomic parts of the district are both con-
sidered in establishing the continuity of the zones.
The patterns indicate a spatial association among the
silver deposits, tin mineraIization and the Mayo Lake
pluton. Lateral movement of evolving hydrothermal
fluids during mineralization along fractures in the
Keno Hill Quartzite is indicated. The lateral distri-
bution of minerals allows for the exposure of a com-
plete cross-section of the hydrothermal column, at
the present level of erosion, from plutonic to epither-
mal end-members. The documented zoning cor-
responds to Spurr's (1907, 1912) classic generalized
models of zoning.

A quantitative approach to the study of geochem-
ical zoning was pursued through an electron-
microprobe investigation of the tetrahedrite-series
minerals. Seventy electron-microprobe analyses were
performed on tetrahedrite samples from 12 differ-
ent deposits across the district. Argentian tetrahe-
drite, the most important silver ore-mineral in the
Keno Hill district, occurs throughout a 25-km-long
portion of the laterally zoned system. As reported
in the literature, tetrahedrite tends to increase in
Ag/Cu and Sb/ As in the more evolved deposits

(Hackbarth & Petersen 1984); Fe/Zn increases as well
in some cases (Jambor & Laflamme 1978). Substi-
tutions are generally insensitive to temperature, but
respond to changing chemistry of the fluid (Sack &
Loucks 1985). However, in the silver-rich end-
member, freibergite, there may be a crystallographic
restriction to the amount of arsenic present (John-
son & Burnham 1985). In the Keno Hill area, the
compositional changes in tetrahedrite correspond
well with the broad mineralogical zones.

Samples were gathered as a result of local surface
mapping at various scales, logging of drill cores, and
detailed mapping of underground exposures and
open pits. X-ray diffraction was used to confirm
optical identifications of the ore minerals.

GEOLOGICAL SETTING

The Mississippian Keno Hill Quartzite, which
hosts the high-grade silver deposits, outcrops in the
Selwyn Basin, in a region that forms the northern
extension of the Omineca Belt. The Belt is a collision-
related, Cordilleran-~cale, plutonic-metamorphic
welt overlapping accreted terranes and the North
American craton (Tempelman-Kluit 1979, Monger
et al. 1982).

The quartzite extends for more than 220 kmalong
strike and is bounded above and below by thrust
faults (Fig. 2). The strata dip moderately toward the
south, and thrusting was generally toward the north.
The main unit below the quartzite is the Jurassic
"Lower Schist" unit (Poulton & Tempelman-Kluit
1982). Above the quartzite are overthrust "Grit
Unit" rocks of the Proterozoic Windermere Super-
group, Siluro-Ordovician Road River Formation,
and "Upper Schist" unit rocks of undetermined age.
This deformed sedimentary package, metamor-
phosed to the greenschist facies, is cut by bimodal
Cretaceous felsic plutons: an alkaline suite to the west
of the district, and a granitic suite in the region near
the mining district (Anderson 1987). The sequence
of thrusting and pluton emplacement postdates the
Jurassic Lower Schist and terminates with Creta-
ceous plutonism.

The Keno Hill Quartzite is a dark grey, graphitic
quartzite with minor muscovite, chlorite, tourmaline,
zircon, and usually less than 50/0 carbonate.
Individual layers of quartzite are typically from 1 to
3 m thick and have thin interlayers of graphitic schist.
In the area of Keno Hill-Galena Hill, the structural
thickness of the quartzite is approximately 1 km.
Other than bedding, sedimentary structures are not
common. The quartzite has been recrystallized and
contains concordant segregations of metamorphic
quartz. Finely crystalline grey limestone or marble
units are widely distributed but are not abundant.

Concordant lenses of "greenstone" are abundant
throughout the Lower Schist and in the Keno Hill
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Quartzite, but are less abundant in the Upper Schist.
The lenses are 1 m to 30 m in thickness, and locally
persist along strike for more than 1 km. They are
interpreted to be the metamorphosed equivalents of
gabbro and diorite sills (Green 1971). Their most

common metamorphic assemblage is zoisite-albite-
actinolite-chlorite:t stilpnomelane (McTaggart 1960).
The lenses are older than the undeformed granitic
bodies (mid-Cretaceous), and possibly were cogenetic
or younger than the Jurassic rocks.
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FIG. 2. Geological map of region surrounding Keno Hill, and Keno Hill Quartzite (modified from Tempelman-Kluit
1970).
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The Mayo Lake pluton cuts the Keno Hill Quartz-
ite to the east of the mining district (Fig. 3). It has
been dated by the K-Ar method at 81 Ma (GSC map
1398A). The pluton varies from a core of coarse por-
phyritic granite containing megacrysts of alkali feld-
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FIG. 3. Map of principal zones of hydrothermal minerals within the Keno Hill district, and relation of veins to the Mayo
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FIG. 4. Bar diagram of east-to-west mineralogical zoning, which displays mineralogical overlap between zones. The thick-
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schist. The most distal part of the aureole is charac-
terized by biotite-muscovite schist at low altitudes
(700-1220 m) and graphite-andalusite schist at higher

altitudes (1525-1825 m). Texturally, the andalusite
crystals have a variable orientation within the schist
and overgrew deformation fabrics. Pressure shadows

FIG. 5. Veins east of the mining district near the Mayo Lake pluton; (A) banded quartz-feldspar vein displaying euhedral
light-colored feldspar along the upper and lower vein margins; (B) quartz-calcite vein with carbonatization halo
in sericitic quartzite; (C) banded calcite and calcite-epidote vein from near margin between calcite zone and feldspar
zone; (D) photograph displays coarse vuggy nature of quartz veins, with some interstitial galena.
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were not found around garnet crystals. Such features
indicate a predominantly post-kinematic age for the
fmal emplacement of the Mayo Lake pluton. Green-

stone lenses near the pluton have been converted to
hornblendite. A tungsten skarn is reported to occur
along the western contact of the pluton (Bostock

FIG. 6. Veins from the mining district and central portion of hydrothermal system; (A) banded vein with massive
arsenopyrite (asp), and sphalerite (sp) along vein margin, with quartz (white) and jamesonite Urn) toward the vein
center; (B) photomicrograph showing position of native gold (Au) between arsenopyrite (asp) and jamesonite Urn)
crystals; (C) typical galena (gl)-pyrite-siderite (sid) vein cross-cutting early quartz stockwork in dark graphitic quartzite
host; (D) micrograph of tetrahedrite (tt) inclusions in galena (gl).
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1948), but that remote showing was not visited dur-
ing the course of this study.

Aplite and pegmatite dykes are common along the
margins of the pluton. Quartz-feldspar porphyry

dykes, locally with amphibole, extend over a broad
area (Boyle 1965) but are not abundant. They have
been dated at 81 :t 5 Ma (Green 1971). Rare lam-
prophyre dykes of undetermined age also occur in

FIG. 7. Veins from western epithermal system; (A) breccia of dark graphitic quartzite clasts cemented by siderite (light
color) and overgrown by quartz (white) with fine-grained dark pyrargyrite; (B) subrounded breccia clasts of quartz-
ite (dark) and hydrothermal siderite (light-colored), cemented by the late hydrothermal quartz stage (white); (C)
coarse wire silver; (D) hollow and spiralling tubes of pyrite.
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the district. Micas from hydrothermal alteration sur-
rounding the Ag-Pb-Zn veins of the mining district
have been dated (K-Ar) to be mid-Cretaceous (84 :t
4 Ma: Sinclair et al. 1980), which shows that they
are contemporaneous with the felsic intrusive bodies.

HYDROTHERMAL VEINS AND MINERAL ZONING

Hydrothermal veins are widespread within the
Keno Hill quartzite. The frequency of the veins is
variable from outcrop to outcrop; commonly, only
one or two veins are found in an exposure. Neverthe-
less, the veins are distributed across tens of kilome-
ters, and collectively form a close, complicated net-
work on a larger scale.

Hydrothermal veins of the mineralizing event
usually can readily be distinguished from the earlier
segregations of metamorphic quartz formed during
the greenschist metamorphic event. Hydrothermal
veins are coarse grained, vuggy, with euhedral to sub-
hedral crystals, display strong banding textures, are
structurally discordant and locally have a well-
developed alteration halo. Segregations of meta-
morphic quartz are concordant, finer grained, mas-
sive, usually monomineralic, and exhibit strain fea-
tures.

Structural control of veins was considered by
McTaggart (1960), Boyle (1965), and Lynch (1989).
The orebodies are contained within an extensive set
of sinistral, strike-slip and dip-slip faults, which
strike northeast and dip steeply to the southeast.
Much of the vein material is unstrained, but parts
of some veins contain sheared and deformed crys-
tals; brecciated hydrothermal vein minerals are
cemented by later hydrothermal minerals, indicat-
ing that faulting and hydrothermal activity could
have been contemporaneous. Two other types of
fractures are important in localizing veins: 1)
widespread north- to northeast-striking "AC" ten-
sion fractures, and 2) north- to northwest-striking
fractures. Both sets dip steeply.

Within the system, adjacent veins and deposits
have characteristic mineral assemblages that distin-
guish them from veins in other parts of the district;
these form mineralogical zones distributed along the
length of the hydrothermal system (Figs. 3,4). Adja-
cent zones are identified by the appearance or dis-
appearance of specific index minerals, and charac-
teristic ~ssemblages of minerals. Other minerals that
overlap between zones (e.g., epidote is found in both
of the adjacent feldspar and calcite zones) demon-
strate the continuity of the vein system.

The veins are texturally quite variable along the
length of the belt. Quartz crystals in the region prox-
imal to the pluton are euhedral and up to 20 em long,
and display a comb texture. Cross-cutting relations
are not complex in this area, though layering within
the veins or banded texture is commonly seen (Fig.
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5). In the distal region, euhedral quartz crystals are
commonly less than 5 mm long, and cross-cutting
relations of the various sets of veins are considera-
bly more complex. Various types of stockworks and
breccias are observed (Figs. 5A, B, C). A vuggy tex-
ture in the veins, indicative of open-space filling, is
characteristic of the entire system from east to west.

Figures 3 and 4 illustrate the mineralogical zon-
ing that is described below.

Feldspar zone

The presence of feldspar in the veins marks the
innermost hydrothermal zone around the Mayo Lake
pluton. Both potasium feldspar and plagioclase are
found. Rock staining and thin section petrography
were useful in distinguishing the two. Locally, the
potassium feldspar has a perthitic texture, and in
some cases a tartan twinning, indicating the presence
of microcline. Plagioclase ranges in composition
from albite to labradorite. Occasionally feldspar
forms vermicular intergrowths with quartz.

Many of the feldspar-bearing veins have euhedral
yellowish feldspar dominating the vein-wa11rock con-
tact, and quartz in the center of the vein (Fig. 5A).
Minor constituents include zoisite, pyrite, apatite,
tourmaline, and rare ilmenite. The alteration of the
quartzite is typically weak and may include a small
inner halo of feldspathization, with outward sericiti-
zation. The alteration of greenstones is more com-
plex: cWorite and combinations of anthophyllite,
clinozoisite, and fme-grained actinolite are typically
abundant; also present is a weak alteration contain-
ing potassium feldspar and plagioclase near the vein
and biotite farther out. The original plagioclase in
the greenstones appears unaltered. A late stage of
microscopic calcite and siderite fills cracks and
microveinlets that cut through earlier vein material.

Cassiterite in quartz veins is uncommon, but serves
as a useful index mineral for the near-plutonic
environment. The cassiterite-bearing veins occur near
the outer margin of the feldspar zone, almost 10 km
from the pluton (Fig. 3). Coarse flakes and books
of muscovite occur along the margins of some of
these vuggy quartz veins. Other minerals are rare in
these veins, but include pyrite and arsenopyrite.
Alteration haloes involve moderate sericitization of
the host. It may be significant that the galena of the
mining district is reported to have a high tin content
(Boyle 1965), a further link between the cassiterite-
bearing veins and the Ag-Pb-Zn orebodies.

Calcite zone

The presence of calcite marks a broad and distinct
zone between the silver-rich veins of the mining dis-
trict to the west and the feldspar-bearing veins in the
vicinity of the pluton. Coarse calcite in variable
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abundances is the most distinguishing feature of this
zone (Fig. 5B). Euhedral zoisiteand epidote com-
monly occur with the calcite (Fig. 5C), and are
important overlap minerals between the feldspar
zone and the carbonate zone. Small amounts of
pyrite, arsenopyrite and chalcopyrite are usually
found in these veins. Multiple banding or layering
is a common texture in the veins (Fig. 5C). Albite
intergrown with calcite and quartz was observed in
a few samples from near the eastern feldspar zone.
The degree of host-rock alteration is more
pronounced in the calcite zone, and the appearance
of sulfides is more widespread. Carbonatization and
sericitization haloes surround the veins in the quartz-
ite, and have a marked bleaching effect due to
graphite removal. Chlorite, epidote, carbonate and
sericite haloes are more abundant where the green-
stone is the host unit. Although these veins have
mineralogical features resembling mesothermal
precious-metal deposits, they have not been exten-
sively explored, and their economic potential is
uncertain.

Jamesonite-boulangerite zone

The overall mineralogical changes within this zone
are considerable. A characteristic feature is the
appearance of bladed, medium-grained crystals of
jamesonite and boulangerite. The presence of both
minerals in this mining district was established by
Boyle (1965); they commonly occur together, but
jamesonite appears to be more abundant. Beginning
with the jamesonite-boulangerite zone, the overall
abundance of opaque minerals in the veins rises
sharply (Fig. 6A). The opaque phases include
arsenopyrite, pyrite, chalcopyrite, light brown
sphalerite, tetrahedrite and traces of fine-grained
native gold (Fig. 6B). Cross-cutting relations increase
in complexity in this zone. Thick sphalerite-rich
layers alternate with arsenopyrite, pyrite and tetra-
hedrite layers. Pure quartz zones also occur. Many
large euhedral quartz crystals have been brecciated
and cemented by felted masses of jamesonite-
boulangerite, indicating forceful hydrothermal
activity or contemporaneous fault movement. Por-
tions of the veins contain only quartz and calcite with
minor pyrite, and are similar to the veins of the previ-
ous zone.

Gold is typically microscopic and occurs along the
margins of arsenopyrite crystals or with pyrite and
tetrahedrite. Placer operations are active in the vicin-
ity of these veins, which are considered the source
of the placer gold.

Siderite

Siderite, the most widespread and characteristic
gangue mineral within the silver orebodies, occurs

with pyrite, galena, sphalerite and tetrahedrite. On
Keno Hill, this assemblage is intergrown with quartz,
arsenopyrite and calcite. However, arsenopyrite and
calcite are less abundant or, more typically, absent
in veins to the west, on Galena Hill, allowing for the
siderite zone to be further subdivided (Fig. 3). Tex-
turally, the siderite is coarse to medium grained and
massive. It cements breccias and fills stockworks in
fault structures. In the upper parts of some veins it
is oxidized to iron and manganese hydroxides.

Wallrock alteration is characterized by sericitiza-
tion with pyrite and minor tourmaline, as well as car-
bonatization. A more chlorite-rich assemblage typi-
fies the alteration of the greenstone lenses.

Siderite does not generally occur with jamesonite
and boulangerite, but is found along strike in some
of the same fault structures. Jamesonite and boulan-
gerite also appear in splay faults connecting directly
to the main siderite-bearing veins. In some localities,
siderite veins cut jamesonite-boulangerite-quartz
veins (Fig. 6C). The overlap between these two
groups is observed only on Keno Hill.

Pyrrhotite zone

Pyrrhotite occurs as an accessory mineral in several
of the deeper veins exposed in the low-lying area
between Galena Hill and Keno Hill (Fig. 3). In two
of the deposits, Duncan Creek and Flame-Moth
veins, it is more abundant. Below 900 m in altitude,
siderite-pyrite-galena-sphalerite-tetrahedrite veins
may contain calcite, arsenopyrite and pyrrhotite as
well. However, these three minerals disappear at
higher elevations on Galena Hill and to the west at
low elevations beyond Galena Hill. This is the only
clearly established mineral zonation with a distinct
vertical component in the district. Most of the other
zones adjoin laterally because diagnostic minerals are
found at various altitudes. As a group, pyrrhotite-
bearing veins form a narrow belt that closely follows
contours along the western flank of Galena Hill (Fig.
3).

Pyrrhotite is replaced by marcasite along partings
in crystals, fractures in aggregates and along grain
boundaries. Fresh samples of pyrrhotite commonly
have extensive graphic intergrowths with sphalerite.
The sphalerite may also show evidence of "chal-
copyrite disease".

Pyrargyrite zone and veins
of "epithermal" character

Pyrargyrite is widespread and contributes signifi-
cantly to the silver values of the western deposits.
However, appreciable amounts of the mineral occur
in the Lucky Queen mine on Keno Hill in the east
(localities of the mines are shown in Fig. 9). The
western zone marks the last stage of the system. It
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TABLE 1- TETRAHEDRITE COMPOSITIONS, KENO HILL DISTRICT*

c. Ag Fe Zn Cd Te 5b As 5 'JUfAL C. Ag Fe Zn Cd Tc 5b As 'JUfAL

Homcstakc I 27.21 15.9() 3.65 3.20 0.21 0.00 26.70 O.SI 21.95 99.65 Lucky.Q I IS.93 27.09 3.71 2.57 O.KS n.O() 25.63 O.S2 20.33 99.95
Homcstakc 2 26.23 16041 3.59 3.27 0.23 0.00 26.6S 0.7S 21.K2 99.02 Lucky.Q Ir 19.86 26.50 3.75 2.39 0.97 O.lX) 25.76 O.K4 20.39 100.46
Homcstakc 2r 26.07 16.64 3.35 3.33 0.23 0.00 26.94 0.S5 21.S1 99.12 Lucky.Q 2 15.86 32.S5 4.62 1.51 0.64 0.02 25.64 0.76 19.45 101.33
Humcstakc 3 26.46 15.59 3.SI 3.02 0,19 0.00 26.46 0.77 22.13 98.41 Lucky.Q 3 16.98 30.66 1.3S 5.52 0.53 O.IX) 25.55 0.74 19.52 10O.KS
Homcstakc 4 27.24 15.51 3.74 3.15 0.21 0.00 26.41 0.75 22.04 99.06 Lucky*O 4 16.62 30.45 :\.12 3.24 (J.HO 0.00 25.05 0.83 19.47 99.5S
Homcst.akc 4r 2MI 15.SO 3.49 3.IS O.IS 0.00 26.52 0.72 21.93 9M2 Lucky*O 5 17.07 30.13 1.45 5.54 0.57 0.00 25.21 0.77 19.62 100.37
Ho~c5 27.37 15.67 3.63 3.68 0.16 O.IXI 26.41 1.36 22.13 100.42 avt:ragc 17.55 29.61 3.01 3.46 0.73 0.00 25.47 0.79 19.!!I)

avc:mgc 26.77 15.93 3.61 3.26 0.20 0.00 26.59 0.86 21.97
Ruhy 1 16.69 28.74 3.30 2.S7 0.28 0.00 26.03 0.32 19.54 97.77

Oookl 24.><4 19.29 4.71 1.86 0.22 0.01 26.72 ~~).17 21.12 99.53 Ruby 2 16.70 28.99 3.42 2.77 0.20 0.00 25.79 0.31 19.33 97.52
Oneklr 25.26 IS.93 4.35 2.09 0.22 O.lXI 26.61 O.7S 21.119 99.33 Ruby 4 13.64 34.09 5.74 0.21 0.24 IJ.OO 25.76 0.31 IS.39 9R39
Oook 2 24.68 19.32 4.17 2.45 0.22 0.00 26.41 0.93 21.69 99.88 aVCn1h'C I5.6X 30.61 4.15 1.95 0.24 0.00 25.86 0.31 19.09
Oook2r 24.!!I1 19.00 4.31 2.26 0.20 0.09 26.64 O.S3 21.76 99.KS
Onck 3 2.1.99 19.04 4.29 2.35 0.23 0.00 26.711 0.75 21.95 99.31 H-R224-A I 13.45 33.77 4.40 4.15 0.15 0.00 23.95 0.28 19.16 99.31
Onek 4 24.99 19.27 4.2S 2.37 0.2.1 0.01 26.73 0.70 22.05 100.64 H.R224.A 2 17.04 31.09 4.76 1.48 11.09 0.00 26.33 0.52 19.54 lllO.S7
Oook.B 3 2.1.91 19.13 4.50 1.66 0.15 0.03 27.19 0.55 22.11 99.24 H.R224.A 2r 17.47 29.S5 4.73 1.34 0.05 0.00 26.02 0.34 19.33 99.14
Onck-B 3r 23.S2 19.33 4.53 1.66 0.13 0.07 27.27 0.5H 22.24 99.64 H.R224.A 3 i5.30 32.54 3.55 2.65 O.IS n.O() 25.61 0.32 IR62 9R77
average 24.54 19.16 4.39 2.1}9 0.20 0.03 26.7S 0.74 21.75 H.R224.A 4 15.75 32.37 4.47 1.56 0.1)2 0.110 25.56 0.50 19.03 99.26

H-R224-A 4r 14.7S :H.40 4.11 2.07 0.116 0.00 25.49 0.36 IR95 99.23
Sadie 1 19.86 25.00 4.42 1.57 0.25 0.01 26.61 11.15 21.20 99.06 II.R224.B I 13.78 35.12 4.59 1.56 0.32 0.02 25.23 0.77 IR71 100.09
Sadie 2 19.2.1 27.10 4.63 1.42 0.32 0.1)9 26.26 0.16 21.11 100.31 H-R224-B 2 13.69 35.46 4.75 1.37 0.32 0.01 24.79 1.07 IR66 100.13
Sadie 3 19.61 27.05 4.65 1.37 0.27 0.1)9 26.54 n.16 21.11 10IJ.K5 H.R224-B 3 12.92 35.46 4.65 1.32 0.3S 0.03 24.S2 0.73 IS.49 9R79
Sadic 4 19.95 26.21 4.62 1.42 0.23 O.()() 26.61 0.15 21.19 IIKI.45 H-R224-B 4 14.90 34.12 4.gU 1.29 0.37 0.03 25.33 0.78 18.><4 100.47
Sadie 5 20.03 26.76 4.22 I.KS 0.27 0.07 26.29 0.16 21.14 100.81 H.R224-B 5 13.69 34.70 4.67 1.43 0.35 0.01 24.35 O.KS IX.61 9K.68
average 19.74 2M2 4.51 1.53 0.27 0.06 26.46 0.16 21.15 avcrage 14.80 33.44 4.50 1.><4 0.21 0.01 25.2.1 O.bO IR9()

Dixic1 13.50 35.22 4.07 1.71 0.50 0.11 25.S7 0.\3 IR75 99.S7 Husky I 20.40 24.90 6.25 O.IS 0.37 0.00 25.51 0.76 20.59 98,96
Dixic2 13.S9 35.27 2.20 4.16 0.59 0.14 25.65 0.12 18.74 100.76 Husky 2 16.59 30.13 5.97 0.36 0.37 0.(1) 25.36 0.73 19.34 98.H4
Dixic2r 14.20 34.37 3.57 2.37 0.58 0.11 25.93 0.13 18.&1 IUO.10 Husky 3 20.69 24.63 5.51 0.37 0.43 0.011 25.49 11.><4 20.61 9H.5K
Dixic3 15.10 33.74 4.36 1.26 0.57 0.12 25.S9 0.14 IS.94 100.11 Husky 3r 20.37 24.55 5.46 0.41 0.40 0.011 25.45 0.75 20.5S 97.97
Dixic4 15.39 32.30 5.35 O.4X 0.61 n,II 25.63 0.13 19.M 99.67 average 19.51 26.05 5.!!I1 n.33 0.39 0.00 25.45 0.77 20.2K
average 14.42 34.18 3.91 2.00 0.57 0.12 25.79 0.13 IK9K

Shanrock 1 19.82 24.95 3.57 4.28 0.52 0.03 26.87 0.12 21.21 101.36
Silvl."I' King 1 14.57 33.86 4.11 2.37 0.38 0.05 25.47 0.78 19.12 IOU.69 Shamruck 2 19.99 24.91 3.22 3.74 0.56 0.(1) 26.94 (J.l3 20.KS 100.39
SilvCt King 2 14.24 34.94 4.15 2.21 0.40 0.05 25.36 O.SI IRSO 100.96 Shamrock 3 IR23 28.35 3.50 3.21 0.44 0.09 26.KS 0.12 20.45 101.26
Silver King 3 13.38 36.35 4.88 1.47 0.39 0.114 25.06 0.70 18.79 101.05 Shamrock 3r 17.27 29.92 3.43 3.11 0.43 0.08 26.63 0.13 20.00 100.98
Silver King 4 13.15 36.91 4.34 1.97 0.43 0.06 24.70 0.76 IS.47 100.79 average IR83 27.03 3.43 3.59 0.49 n.os 26.83 0.13 20.M
Silver King 5 14.87 33.95 4.04 2.43 0.37 0.09 25.07 0.74 IR% 100.54
average 14.04 35.20 4.30 2.09 0.39 0.06 25.13 0.76 IRS3 Calumct-A I 19.69 27.74 3.36 2.17 0.47 0.05 24.55 n.SI ZO.h;; 99.16

Calumct.-A 2 14.S9 32.26 2.20 3.99 0.40 0.12 25.86 0.43 IS.31 98.45
Calumet-BI 20.20 27.12 3.45 2.52 0.57 0.(1) 23.91 n.?9 19.61 98.18
Calumct~Blr 20.26 26.SI 3.53 2.50 0.55 0.00 24.44 0.81 20.51 99.41
Calumct-B2 20.82 24.60 3.43 2.76 0.53 0.00 25.37 0.73 20.15 98.40
Catumcl-B3 21.02 2.1.72 3.65 2.86 0.68 0.00 26.29 0.70 20..50 99.41
CaJumct-B4 20.67 24.57 3.55 3.01 0.63 0.00 26.(}9 0.73 20.32 99.4K
average 19.65 26.69 3.31 2.83 0,55 0.02 25.22 0.67 2U.O{)

Porcupine I 19.53 '26.01 1.22 5.45 0.41 0.00 25.93 0.37 20.17 99.07
Porcupine 2 IR62 25.49 3.37 4.03 0.26 0.(1) 25.KS 0.32 20.50 98.47
Porcupine 3 17.78 28.62 1.03 5.><4 0.33 0.(1) 25.64 0.52 19.76 99.50
Porcupine 4 17.24 28.83 1.35 5.28 0.52 O.OD 25.15 0.77 19.81 98.95

*Compositions were determined using an e1ectron microprobe~ and are expressed Porcupine 4r IR79 27.77 1.40 5.15 0.57 0.00 26.08 0.66 19.99 IIXI.41
in wt. %. average 1R39 27.34 1.67 5.15 0.42 0.00 25.74 0.53 20.05

is characterized by other phases as well, which have TABLE 2. AVERAGECOMPOSITIONOF TETRAHEDRITE, FROM

a more erratic distribution within the zone; these
POLISHEDMOUNTS,IN NUMBEROF AT0I4S PER13 S

include acanthite, native silver, polybasite, Cu Ag Fe Zn Cd Sb As s

stephanite, stibnite, marcasite, barite, dendritic Homestake 8.0 2.8 1.2 0.9 0.0 4.1 0.2 13.0
quartz and kaolinite as an alteration mineral. Such Onek 7.4 3.6 1.5 0.6 0.0 4.2 0.2 13.0

minerals give the deposits a distinctly epithermal
Sadie 6.1 4.8 1.6 0.5 0.1 4.3 0.0 13.0
Husky 6.3 5.0 2.1 0.1 0.1 4.3 0.2 13.0

character. Sbamrock 6.0 5.1 1.2 1.1 0.1 4.5 0.0 13.0

Some of the pyrargyrite with galena,
Calumet 6.4 5.2 1.2 0.9 0.1 4.3 0.2 13.0

occurs Porcupine 6.0 5.3 0.6 1.6 0.1 4.4 0.1 13.0
freibergite, pyrite, sphalerite, and siderite, but most Lucky-Queen 5.8 5.8 1.1 1.1 0.1 4.4 0.2 13.0

is intergrown with a late-stage quartz that encrusts
Ruby 5.4 6.2 1.6 0.7 0.1 4.6 0.1 13.0
HR-224 5.1 6.8 1.8 0.6 0.0 4.6 0.2 13.0

vugs in siderite, or in stockwork stringers that cut Dixie 5.0 7.0 1.5 0.7 0.1 4.7 0.0 13.0

siderite (Figs. 7A, B). The quartz occurs mainly as SilverKing 4.9 7.2 1.7 0.7 0.1 4.6 0.2 13.0

fine-grained, euhedral, clear crystals, or as radiat-
ing bundles of fine-grained, milky white dendrites.
The latter show feather-like skeletal patterns in thin
section. into vugs. Vugs also contain coarse world-class speci-

At the Husky mine, a peculiar form of pyrite can mens of polybasite and stephanite.
occasionally be seen in the veins. Slender tubes of Gersdorffite was detected by X-ray diffraction in.
pyrite project into open vugs (Fig. 7C). The tubes one sample, with quartz and siderite. This ass em-
are up to 10 cm long and 1 cm in diameter. All are blage occurs with marcasite, chalcopyrite and tetra-
hollow, and give the appearance of having formed hedrite rimmed by chalcocite. Minor fine-grained
as "chimneys" for hydrothermal fluids that seeped sphalerite also is present. Banded textures show that
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the siderite-bearing assemblage is typically overgrown
by quartz and pyrargyrite, in turn overgrown by
cubes of pyrite. Kaolinite fiIls some of the vugs.

Host-rock alteration includes recrystallization of
the quartzite to a fine-grained granular mass, within
intense stockworks of fine quartz veinlets that are
densely interwoven and generally not perceptible
until the rock has been cut or a thin section made.
Sericitization is widespread, as is minor tourmalini-
zation. Kaolinite occurs locally as an alteration
mineral, generally with disseminated pyrite. Car-
bonates are not seen in most alteration haloes.
Graphite has been removed in altered sections of host
rocks, giving the rock a distinct bleached appearance.
Coarse barite is occasionally found and appears as
a late-stage mineral that locally cements brecciated
fragments of galena and siderite.

Pyrargyrite also occurs separately with acanthite,
coarse wires of native silver and fine-grained euhedral
quartz (Fig. 7D). This assemblage is well developed
in portions of the Silver King mine.

A.

o

o 0 I I I I I I I I I I

o 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Zn

FIG. 8. (A) Negative linear relation between silver and cop-
per proportions in the tetrahedrite-series minerals. (B)
Negative linear relation between iron and zinc propor-
tions in the tetrahedrite-series minerals. Filled pattern:
samples from western portion of the district; open sym-
bols: samples from the east. Values are quoted in num-
ber of atoms relative to 13 atoms of sulfur.

It was not clearly established in the past whether
pyrargyrite and some of its associated minerals are
of supergene or hypogene origin (Boyle 1965). The
present interpretation is that minerals of this suite
are mainly of hypogene origin. In new mine work-
ings of the Husky orebody, much of the pyrargyrite
is associated with pyrite cubes and quartz crystals;
the pyrite is fresh, and crystallized quartz does not
generally form as a result low-temperature supergene
processes. Also, pyrargyrite in nature is more com-
monly observed as a hypogene rather than a super-
gene mineral in vein systems (Guilbert & Park 1986).

TETRAHEDRITE CHEMISTRY

Analytical methods

Electron-microprobe analyses.of tetrahedrite sam-
ples were performed at the Department of Geology,
the University of Alberta, using an ARL-SEMQ
microprobe. Quantitative wavelength-dispersion ana-
lyses (WDS) were done at 15 kV operating voltage,
4 nA probe current and 100 s counting time. Data
were processed with full-matrix (ZAF) corrections
using EDATA2 (Smith & Gold 1979).

Concentrations of nine elements (Cu, Ag, As, Sb,
Fe, Te, Cd, Zn, and S) were determined at each
point. Pure metal standards were used for each ele-
ment, except that marcasite and arsenopyrite were
used for Fe and As. All analytical totals range
between 97 and 101 wt.OJo.

Analytical results

Texturally, tetrahedrite occurs predominantly as
round, bleb-like inclusions, typically < 0.1 mm in
diameter, in coarser-grained galena (Fig. 6D). A mul-
titude of these inclusions may be contained within
a single crystal of galena. Tetrahedrite in this form
was analyzed from the various deposits of the dis-
trict to maintain sample consistency. Except for the
sheared galena from the Calumet and Shamrock
mines, galena used in the microprobe study shows
little sign of strain.

Microprobe data are summarized in Tables 1 and
2. The tetrahedrite chemistry approximates the fol-
lowing stoichiometry (Sack & Loucks 1985):
TRG( Cu,Ag)6 TET[ CU", (Fe, Zn, Cd,Hg ,Pb ) ISJlM(Sb,
As,Bi)4°cr(S, Se)!3' where the symbols TRG, TET,
SM, and OCT stand for trigonal planar, tetrahedral,
semimetal, and octahedral sites, respectively. The
semimetals are typically divided among three tetra-
hedral sites and one trigonal planar site (Johnson et
at. 1988). However, considerable departures from
this ideal formula are widely reported in the litera-
ture, particularly in the case of Ag-bearing tetrahe-
drite (Johnson et at. 1986). Discrepancies are
observed in both naturally occurring and synthetic
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tetrahedrite (Makovicky & Skinner 1978). In some
cases, Ag-depleted tetrahedrite does not correspond
to the formula as well; Skinner et at. (1972) synthe-
sized tetrahedrite with the composition
CU12+xSb4+yS13' where X:5 1.9 and Y:5 0.4.

The composition of tetrahedrite from the
Keno Hill district approximates (CU,Ag)lO+X
(Fe,Zn,Cd)2+ y(Sb,As)4+zSl3' where 0.8 :5 X:5 2.1,
0.1 :5 Y:5 0.5, and 0.3 :5 Z:5 0.8 (Table 2). As can
be seen, combined Cu and Ag in particular may
greatly exceed proportions quoted in the ideal for-
mula. The high cation content is reflected in the low
proportion of S, which varies from 18.32 to 22.48
wt.% (Table 1). Similar low sulfur totals and high
cation contents are reported from other districts by
Petruk et at. (1971) (20.1 % S), Riley (1974) (20.4%
S), Kvacek et at. (1975) (17.3% S), Pattrick (1978)
(20.5% S), Sandecki & Amcoff (1981) (19.6% S),
Basu et al. (1981) (20.8% S), among others. These
are all from Ag-rich tetrahedrite or freibergite sam-
ples and have metals and semimetals in considera-
ble excess of the ideal formula.

The greatest elemental variations in the analyzed
samples presented in Table 1 occur with Ag, Cu, Fe
and Zn. The As and Sb contents, on the other hand,
are surprisingly constant in light of zoning studies
undertaken in other mining districts (Hackbarth &

Petersen 1984). A plot of Ag versus Cu displays a
negative linear correlation (Fig. 8A), indicating direct
substitution between Ag and Cu. The trigonal pla-
nar sites (TRG) and the tetrahedral sites (TET) are
both occupied in part by Ag. Within the tetrahedrite
series, the samples with high silver values (Ag > 20
wt. %) of the Keno Hill district are more correctly
termed freibergite according to the limits of Riley
(1974). A similar linear relation is observed between
Fe and Zn in the tetrahedral sites (Fig. 8B). Iron
increases from 0.4 to 2.3 atoms as zinc decreases
from 1.9 to 0.1 atoms per 13 sulfur atoms. The
increasing Fe/Zn and Ag/Cu values correspond to
the spatial distribution of the samples in the district,
matching the east-to-west or "downstream" zoning
sequence.

The spatial variation in tetrahedrite chemistry is
more fully displayed in Figure 9. The map shows the
variation of the average Ag/(Cu + Ag) value from
individual polished mounts according to position in
the district. Individual samples may display consider-
able internal variability (Table 1); however, this
variability is never as great as the district-wide trend,
which shows a distinct increase in the value toward
the east. The chemical zonation stands out clearly,
and may suggest a strong component of lateral
migration for the mineralizing fluids.

TETRAHEDRITE Ag/(Ag Cu)
44 KENO HILL
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FIG. 9. Map of spatial variation in Ag/(Cu + Ag) from tetrahedrite-freibergite samples taken across the Keno Hill dis-
trict. Results plotted are average values from individual polished mounts, in number of atoms relative to 13 atoms
of sulfur.
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DISCUSSION
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The Keno Hill mining district is part of a large,
zoned, fossil hydrothermal system. Mineralogical
variations within individual orebodies do not gener-
ally show any obvious or systematic patterns on a
detailed scale. However, regular zonation of mineral
distribution is clearly developed on a district-wide
scale. Consequently, the district maybe viewed as
a large continuous deposit formed from one com-
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plex hydrothermal system. Mining activities define
a multitude of individual orebodies, but the zonal
patterns indicate a large uninterrupted system: This
system is more completely viewed from a larger-scale
perspective, allowing the formulation of a useful
exploration model.

The veins are confined mainly to the Keno Hill
Quartzite and extend laterally for nearly 40 km. The
data imply a vast network of interconnected faults
and fractures linking all sectors, during lateral flow
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FIG. 10. A representation of the stabilities of minerals from across the various zones of the Keno Hill mining district
at 250°C. The sequence I to 5 represents a portion of the east-to-west zonation. Parameters used for the calculations
have been estimated from a fluid-inclusion study (Lynch 1989) and by analogy with other types of hydrothermal
systems (Barnes 1979, Ohmoto et al. 1983). A value of log/(02) = -37 was used, which is near the upper stability
limit of graphite. Clathrates that form in fluid inclusions within siderite provide an estimate of the C02 content:
logft00 = 1.5. Siderite saturation established the iron content (log a(Fe2+) = -4.1), and calcium was set equal to
this value in order to compare the relative effects of pH on the two types of carbonates. The activity of K + used
is 0.05. The sources of thermodynamic data are Craig & Barton (1973) for the sulfosalts, Barton & Skinner (1979)
for the sulfides, and Bowers et al. (1984) for the carbonates and silicates.
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of fluid. Where mining activity is extensive, the con-
tinuity across mineralogical zones is clearly shown;
however, limited exposure in some areas and lack
of mining in the noneconomic portions of the sys-
tem necessitate considerable extrapolation between
other mineral zones.

The mineral sequence in the Keno Hill district
offers a fairly complete example of classic zoning
models (Spurr 1907,1912, Emmons 1936). These are
generally pieced together from various districts and
are rarely complete in anyone system. In this case,
veins near the Mayo Lake Pluton are characterized
by extensive quartz-feldspar veining with epidote,
white mica, and some sulfides, and local Sn-

-6

-7

-8

-9

-10

log fS2
-11

-12

-13

-14

-15

-16
250 260

mineralization. Outward from the pluton, in the cen-
tral portion of the system, Ag-Pb-Zn mineraliza-
tion and carbonate gangue are present. The outer-
most part of the'sequence has a more epithermal
character, as is evident from the presence of pyrar-
gyrite, polybasite, stephanite, acanthite and native
silver wire, as well as a quartz-dominated gangue
with clay alteration.

Mineralogical changes within vein deposits gener-
ally occur along the inferred direction of fluid flow.
In contrast to other settings, vertical zoning at Keno
Hill is less well developed than lateral zoning. The
mineral distribution in the area indicates a
predominantly unidirectional component of fluid

270 280

T ( C)

290 300

FIG. II. Diagram illustrates early paragenesis of arsenopyrite and pyrrhotite evolving to a later tetrahedrite-bearing
assemblage upon cooling at a constant sulfur fugacity. Transition may also have occurred with an increase in sulfur
fugacity. Late epithermal assemblage appears to have formed from a fluid distinctly depleted in sulfur, as indicated
by the presence of pyrargyrite, stephanite, native silver and argentite. Thermodynamic data are taken from Craig
& Barton (1973).
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migration from east to west, as controlled by favora-
ble structures. The confinement of the hydrother-
mal system to the fractured quartzite provides a
largely complete section of the hydrothermal system
at one erosional level. The permeability and relatively
nonreactive nature of the quartzite, as indicated by
generally meager alteration haloes, coupled with
likely moderate gradients in pressure and tempera-
ture in the lateral dimension (relative to the verti-
cal), have allowed for the spatially extensive develop-
ment of the system.

The mineralogical zones progress away from the
Mayo Lake Pluton in a regular and systematic way,
demonstrating a spatial relation to the pluton.
However, hydrothermal veins begin outside both the
pluton and its contact metamorphic aureole. The plu-
ton remains unaltered for the most part, and no
material input from the pluton to the vein system
is apparent. The pluton seems to have acted only as
a heat source. This idea probably explains the minor
development of Sn and W mineralization relative to
Ag-Pb-Zn.

In order to discuss some of the possible reasons
for the mineral zoning, phase diagrams that display
relevant assemblages have been prepared (Figs. 10,
11). The parametersf(Sz) and pH were chosen since
the mineral assemblages indicate that these were vari-
able during hydrothermal mineralization. Oxygen
fugacity, on the other hand, is considered to have
been fairly constant during the principal stage of
mineralization owing to the buffering capacity of
graphite (French 1966). However, late-stage fluids
may have been oxidized, as indicated by the presence
of barite. Fluid-inclusion studies (Lynch 1989) indi-
cate that ore formation occurred within the temper-
ature interval 250 - 310°C.

The most obvious trend in the evolution of the
hydrothermal chemistry is that of a decreasing pH
from east to west, reflected by the sequence K-
feldspar to muscovite to kaolinite. Also, the transi-
tion from calcite to siderite may have been due to
a lowering of the pH, since for similar concentra-
tions of Ca2+ and Fe2+ in a hydrothermal fluid,
siderite is stable under more acid conditions. The
increase in acidity was most likely due to the forma-
tion of carbonic acid during progressive C02 acqui-
sition by the interaction of water and graphite. In
the epithermal environment, acid conditions and the
formation of kaolinite are often associated with boil-
ing and the condensation of volatile phases such as
C02 and H2S (Knight 1977). Kaolinite in the
western portion of the Keno Hill district may indi-
cate extensive boiling in this area, and the accumu-
lation of C02'

In the ore assemblage, the presence of pyrrhotite
and arsenopyrite indicate that the mineralizing fluids
had a generally low sulfidation state. For tetrahe-
drite to have followed these in the paragenetic

sequence, a slight increase in f(SZ) or decrease in
temperature would have been necessary (Fig. 11).
Tetrahedrite does not appear to have formed directly
during the epithermal stage at the western extremity
of the system, where the assemblage of native Ag,
pyrargyrite, stephanite, and argentite requires sulfi-
dation states below the stability of tetrahedrite. A
low sulfidation state may have been induced either
by extensive H2S loss during boiling, or by the
influx of meteoric water with a low S content, or
through oxidation of H2S to SO~-. This last possi-
bility is indicated by the occasional presence of barite
in the epithermal assemblage.

Summary and discussion of tetrahedrite chemistry

Tetrahedrite is the dominant silver-bearing phase
in the system and is distributed along the entire
25-km length of the mining district. It is present in
several of the mineralogical zones. The chemistry of
the tetrahedrite series is complex, but offers a more
quantitative representation of the zoning and serves
to corroborate zoning established by megascopic
observations in the field.

In the Keno Hill district the solid solution in the
tetrahedrite series varies from tetrahedrite nearer the
pluton, to freibergite in the more distal assemblages.
Elemental variations are characterized by substitu-
tions between Ag and Cu, as well as between Fe and
Zn. Substitution within one pair appears to be
independent of substitution within the other. A high
Sb/ As value is observed in all samples.

The observed compositional trends are typical of
tetrahedrite-bearing hydrothermal veins, with fluid
evolution and differentiation interpreted to be due
to fractional crystallization of tetrahedrite (Hack-
barth & Petersen 1984); Cu and Zn are partitioned
into the mineral at an early stage and enrich the fluid
in the Ag and Fe. Small-scale variations result when
a mineral grows from more or less evolved fluids at
different times. However, mixing of different fluids
in this district seems to have been important in con-
trolling the chemistry of the tetrahedrite series; a sta-
ble isotope study of quartz associated with tetrahe-
drite shows that meteoric waters were involved in the
precipitation of freibergite (Lynch 1989).

Recent studies have shown that substitutions in
tetrahedrite involving As-Sb, Fe-Zn and Cu-Fe may
be considered ideal (Sack & Loucks 1985), but that
Ag-Cu substitution is nonidea1 (Johnson et at. !987).
Problems with the general tetrahedrite formula arise
in Ag-rich samples and are reported also for synthetic
Cu-rich samples, for which an expanded formula is
required. Makovicky & Skinner (1978) suggested, in
the case of synthetic Cu-rich tetrahedrite, that the
excess "mobile copper" may occupy interstitial cavi-
ties within the structure. The expanded formula
seems to apply as well to the naturally occurring Ag-
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rich samples of the Keno Hill district. Sandecki &
Amcoff (1981) reported on tetrahedrite samples with
compositions similar to those of the Keno Hill dis-
trict, in which a deficiency in sulfur or excess in
cations for Ag-rich samples is recorded. They sug-
gested that since a net surplus in charge is impossi-
ble, the cation surplus may be due to the presence
of cations that are in a reduced state. This could be
a possibility as well for the samples from the Keno
Hill district, especially in light of the reducing nature
of the graphitic host-rocks.

The low sulfidation state for the mineralizing
fluids of the Keno Hill system, as indicated by the
presence of pyrrhotite and arsenopyrite, would also
have contributed in the formation of S-deficient
tetrahedrite. Although 13 S atoms per formula unit
is the most widely accepted, (Johnson et al. 1986),
some investigators still favor a 12 S model (Babush-
kin et al. 1984).
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