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ABSTRACT

Sulfide-sulfosalt vein and replacement ores rich in Fe,
As, Ag, Zn, Pb, and Au; a stockwork-type molybdenum deposit;
a Au-Bi-Te- veln and replacement deposit; and some small Cu-
Fe-Ag deposits in the Hudson Bay Range of west-central Brit-
ish Columbia are zonally arranged about felsic porphyritic
Tertiary intrusions. The ores are apparently temporally and
genetically related to the intrusions,

A study has been made of the geologlc setting of the
deposits, the chemistry of the ores, and the geochemistry of
sphalerite, pyrrhotite, arsenopyrite, and other minerals in
an attempt to deflne the zoning more closely and to evalu-
ate processes controlling its development,

The 60 or so known deposits of the district have been
divided into groups based on their mineralogy, metal content,
and structural features, Small "sulfide" veln deposits with
variable amounts of sulfosalt and gangue minerals are by far
the most common type. Arsenopyrite, pyrite, pyrrhotite,
sphalerite, galena, quartz, carbonate, marcasite, chalcopy-
rite, tetrahedrite, bournonite, and ruby silvers are the
most common minerals, Sulfide replacement bodies, that have
many of the mineralogic features of the veins, occur at sul-
fide vein intersections in limestone lenses,

The molybdenum deposit, which is centrally located, 1is
essentially a very extensive stockwork of small quartz veins
containing variable amounts of ore and other gangue minerals,
Quartz, magnetite, pyrite, molybdenite, hornblende, biotite,
chlorite, potash feldspar, muscovite, calcite, dolomite,
pyrrhotite, chalcopyrite, scheelite, and gypsum are the most
important veln minerals., The Au-Bi-Te deposit, consisting of
native Au and Bi, bismuthinite, Bi-Te sulfides, and molyb-
denite in quartz veins and replacement pods in highly altered
rocks, occurs near the fringe of the molybdenum deposit,

The Cu-Fe-Ag ores are a speclal type of outer zone de-
posit. They are mostly small velns, with little assooiated
alteration, containing variable amounts of chalcopyrite, bor-
nite, magnetite, hematite, pyrite, and unidentified silver
minerals, :

Metal content, mineralogy, and structural features of
the ores outline the zoning. The distribution of iron sul-
fides has been used to divide the district into an inner
(pyrite), an intermediate (pyrrhotite) zone, and an outer (py-
rite) zone. The inner zone is approximately coincident with
the molybdenum deposit and the intermediate and outer zones
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cover the areas that contain sulfide deposits, An area con-
taining mostly barren quartz veins, between the inner and
intermediate zones and somewhat overlapping the two, has
been designated the "barren" zone.

Metal content, mineralogy, structural features, and spa-
tial arrangement of deposits suggest that all ores were em-
placed under the same regional thermal-hydrothermal regime.
But the sulfide ores were probably formed before the molyb-
denum deposit during or just after the period of thermal
metamorphism, The molybdenum deposit was formed largely
after the period of thermal metamorphism during a stage of
more restricted magmatic activity In the Glacier Gulch area,
The thermal-hydrothermal regime established by the emplace-
ment of the Tertiary porphyries could have been the main
factor controlling the zonal arrangement of ores,
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INTRODUCTION

During the past two decades the understanding of geo=-
chemical processes of hydrothermal ore deposition has been
tremendously advanced. The recent book "Geochemistry of
Hydrothermal Ore Deposits" (ed. Barnes, 1967) is emple tes-
timony to this fact. Most of the advances have been made
through laboratory study of pertinent phase equilibria, so-
lution chemistry, and by the application of thermodynamic
principles to the understanding of natural systems. Because
of the nature of these studles most of the work has heen
carried out by physical-chemists and laboratory=-oriented ge-
ologists. However, if we are to galn a more accurate im~-
pression of the processes of ore deposition, geochemically .
orlented field studies which guide, supplement, and ulti-
mately test the laboratory work should keep pace with exper-
imental studies. It was with this consideration in mind that
the present study was undertaken.

When the study was initiated in 1963, 1t was thought
that temperatures of ore formation could be determined by ap-
plication of sulfide solid-solution geothermometers and that
the importanee of temperature as a control on district-wide
mineral zoning could be evaluated. The compositions of sphal=-
erite and pyrrhotite were to be used as "sliding-scale" geo=-
thermometers. Work since this study was initiated has shown
that these geothermometers, as originally proposed, are in=-
valid. However,‘the same studies have added greatly to our

knowledge of the conditions of formation of these minerals.



Thus, even though at this time quantitative geothermometry
using these minerals is not possible, study of thelr com-

positions and associated minerals can set some general re-
strictions on conditions which prevailed during ore depo=-

sition, and hence, give greater insight into the processes
of deposition.

Since it was first studied, the Hudson Bay Mountain area
has been consldered to be & district displaylng prominent
zonatlon of mineral deposits. This study was designed to de=~
fine the zoning more closely and to shed light on the pro=-
cesses of ore deposition. The study of sphalerite has been
strongly emphasized because sphalerite is widespread and
shows conslderable chemical variation, and because its phase
relations are fairly well known. 1In general its chemical
variations conform with the zonal pattern of the ores; hence,
they should reflect some of the changes in conditions of ore
deposition. Varlations in other major minerals such as pyrr-
hotite, arsenopyrite, and vein carbonates, have been studied,
but detailed studies of wall rock alteration and minor con-
stituents of the deposits have been deferred. It is hoped that
by concentrating on major aspects of the mineralogy snd the
assoclated regilonal geological study, & foundation will be
established from which other studies can be carried out.
Field studles of all the deposits considered here and a study
of the regional geology have been carried out by the writar,
but general geologlical aspects of these studies are only

summarized in this thesls. They wlll be presented later as



a bulletin of the British Columbia Department of Mines,

Location and Topographic Features of the District

The fifty to sixty known mineral deposits that lie with-
in the Hudson Bay Mountain mining district occur in the eas-
tern half of the Hudson Bay Range 1n west-central British
Columbia, The area’is about 900 miles by road north of Van-
couver and about 230 miles east of the port of Prince Rupert.
It 1s immediately west of the Bulkley River at the town of
Smithers and lies about 40 miles east of the Coast Mountains,
B.C. Highway 16 and a line of the Canadian National Railway

pass along the eastern margin of the district,
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The range is one of a group collectively called the
Hazelton Mountains. These 1solated ranges lie immediately
east of the main chain of the Coast Mountains Jjust north of
the Interior Plateau, To the east they are flanked by more
small ranges that form the southern end of the Skeena Moun-

tains and northern end of the Nechako Plateau (Holland, 1965).,

Figure 2 - Aerial view of Hudson Bay Mountain from
the northeast., Glacier Gulch is in the
foreground and Toboggan Creek is to the
rights The center of the molybdenum de-
posit is marked by an "x".

The Hudson Bay Range is an isolated group of ridges and
peaks about 200 square miles in extent. Hudson Bay Mountain,
8497 feet in elevation, is the dominant topographic feature.
Valleys and passes bounding the mountailn mass range from

1300 to 3500 feet in elevation,
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Three small glaciers are present in the upper reaches of
Hudson Bay Mountain and there are a few rock glaciers in some
of the west and north-facing cirques. In general, outcrop is
excellent above 5000 feet at tree-line, but some areas below
this level have very sparse exposures and thick conifer for-

ests.

Previous Studies

All mining properties of the area have been examined
from time to time by officers of the British Columbia Depart-
ment of Mines and are described in the Annual Reports of the
Minlster of Mines. The prime purpose of these reports was to
record any exploration activity on the properties; some of
them therefore cdntain little or no geolegical information.
The only ecomprehensive reports on the geology and mineral de-
posits of the area have been published by the Geological Sur=-
vey of Canada.

R.H. Jones (1925 and Univ. of Wis. Ph.D. thesis) pub-
lished the first comprehensive report on the geology and min-
eral deposits of the district. He spent one summer on field
work, mapping about 200 square miles and studyling selected
mineral properties. A geological map at a scale of one inch
to two miles that includes the Hudson Bay Range was compiled
by J.E. Armstrong of the Canadian Geological Survey in 1944,
There are few changes on this map from Jones' original work.
E.D. Kindle (1954) published a report on the mineral resources
of the area but he mainly restricted his study to individual

deposits and made no attempt to study the areal geology.



The writer (1966) has described briefly the geology in

the vicinity of the molybdenum deposit.
Mining History

The Hudson Bay Mountain mining district has not been an
important source of metals, but its future prospects are
promising. Since 1905, when extensive exploration in the dis-
trict began, the only significant producer has been the S11
Van Mine (earlier the Duthie Mine and the Henderson Mine).
From 1923 to 1954 it praduced about 80,000 tons of ore, bear-
ing values in lead, silver, zinec, gold, and copper.

Other properties of the district have only yielded tonnages
of ore insufficient to sustain mining operations.

Interest in the district was renewed in 1956, when the
molybdenum deposit was staked. American Metals Climax (South-
west Potash and Climax Divisions) has since been exploring the
deposit. The'company first d1d extensive diamond drilling
from surface, and thean in 1966 continued exploration from
underground workings. This deposit should become a major
source of molybdenum, tungsten, and possibly copper,
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GENERAL GEOLOGY

The district is underlain mainly by volcanlc and sedi-
mentary strata of the Hazelton Group and sedimentary strata
of the Bowser Group (Figure 3), both probably of Jurassic
age. A few small bodles of Jurassic or Cretaceous (?) gran-
odiorite and quartz monzonite are exposed in the northern
and western parts of the district, and numerous early Terti-
ary porphyry dikes and some small plugs and stocks occur
near the molybdenum deposit in Glacier Gulch. Covered Terti
ary porphyry intrusions are probably responsible for the
thermal metamorphism in the central part of the district.
There has been no regional metamorphism above lowest green-
schist facles. Although there has been extensive faulting,
including thrusting, in general, folding has not been in-
tense,

Stratigraphy

Stratigraphic relations in the district are summarized
in Table 1.

Hazelton volcanic rocks include many dlverse types but
pyroclastic rocks, especially lapilll tuff, of intermediate
composition are most abundant. Welded tuffs and lava domes
have been recognized in some units. Some sequences are com=-
posed almost entirely of massive units whereas some contaln
a high percentage of bedded rocks. Many sequences are com=-
posed mainly of rocks that are shades of red, purple or
brown, owing to hematite pigmeﬁt; however, rocks that have

been hydrothermally altered or thermally metamorphosed are
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Table 1 - Table of Formatlons 10
Era Perlod or Epoch Unit Lithology
Pleistocene Glacial till; glaclo-
& Recent fluvial sand, gravel,
and silt; recent ta-
lus and alluvium
Cenozoic Unconformable contact
Paleocene Felsic, porphyritic
dlkes and stocks
Bulkley in- Intrusive contact
trusions
Jurassic or Granodliorite and
Cretaceous(?) quartz monzonite
Fault and intrusive contacts
Upper Jurassic Bowser Group [Poorly sorted conglom=
and Lower erates, graywacke
Cretaceous (?) siltstone, mudstone,
minor impure coal, and
hornfelsic equlvalents
Mesozolc Unconformable contact

Middle
Jurassic (?)

Bajoclan
(Lower Middle
Jurassic)

Lower Middle
Jurassic or
earlier

Andesitic, dacitic,
rhyolitic, and ba=-
saltic tuffs, brec-
cias, flows, and in-
trusions, and horn-
felsic equivalents

Fault contact (?)

Volcanic
Division
oy
S
(o]
o
&
g
o Sedimentary
8 Division
@
s

Poorly sorted limy
tuffaceous gray-
wacke and siltstone,
mudstone, cherty mud-
stone, and minor con-
glomerate and coal

Conformable contact

Volcanic
Division

Andesitic, dacitic,
rhyolitic, and ba=-
saltic tuffs, brec=
clas, flows, and ine
trusions and horn-
felsic equivalents;
minor limestone and
tuffaceous graywacke




11
generally light or dark shades of green, gray or brown. In-
terlayered units of unquestlionable sedimentary character are
uncommon in the volcanic sequences., Nevertheless, 1t 1s
quite possible that much of the pyroclastic debris has been
reworked by sedimentary agents. Greenstone, diabsse, and
diorite dikes and felsitlic intrusions are abundant in most
volcanic sequences,

Bajoclan sedimentary rocks of the Hazelton Group are def-
initely conformable with the underlying volcanic rocks on the
western side of Hudson Bay Mountain but their upper contact
relations have not been established.

Bowser sedlimentary rocks unconformably overlie volcanice
rocks of the Hazelton Group. Plant fossils in Bowser rocks
mostly indicate an Upper Jurassic age but there 1s a possi-
bility that some are Lower Cretaceous.

Felsic Intrusions

Three main groups of felsic intrusions have been recog-
nized in the district: felsites, granodiorites, and Tertiary
porphyries. The felsites are massivé, spherulitic, flow
banded, aphanitic, and/or slightly porphyritic. Where con-
tacts are well exposed the intrusions seem to have had little
effect on the country rock. Without seeing contact relation-
ships one would tend to map most of the bodles as lava flows
or domes, Most of the felsite intrusions are probably re-
lated to Jurassic volcanism, but their age(s) has not been
established accurately. Some felsite intrusions outside the

district have mineral deposits assoclated with them and may
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be Tertiary in age (Brown, 1965 and 1966). In Figure 3
these intrusions have not been separated from thelr volcanic
host rocks.

Both within and outside hydrothermally altered or thermally
metamorphosed areas, the granodiorite is typically a highly
altered granitic, aplitic, granophyric, and/or porphyritic rock.
The largest known body of granodiorite is a thick, differen-
tlated sheet that does not outcrop but occurs at depth in the
vicinity of the molybdenum deposit. Small dike- and stock-
like bodles also occur near Silvern Lake and on Mount Evelyn,

The writer (1966) suggested that because the granodior-
ite sheet and all Hazelton volcanic rocks are cut by mafic
dikes and irregular bodles, and because the Bowser sediments
are not cut by these intrusions, the granodiorite is probably
pre-Upper Jurassic. The relationship between the mafic in-
trusions and the granodiorite was inferred from diamond drill
cores., Subsequent underground work has shown that although
a few mafic dlkes certainly cut the granodiorite, many of
the bodlies logged as maflc dikes are actually large mafic
blocks within the granodlorite. The earller age interpreta-
tlon is thus weakened, but the overall highly altered and de=-
formed nature of this rock in all environments suggests that
it was emplaced relatively early in the tectonic history of
the area. Certalnly this unit pre-dates thé‘Tertiary por-
phyries, but the absence of unaltered primary biotite or
hornblende has precluded use of convgntional potassium-ar-

gon dating technlques.
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B

Figure 4 - Typical specimens from the granodiorite sheet
Note how the mafic minerals have been redlis-
tributed in clots and wveinlets, presumably
by metamorphism,

A - most typical of the upper part of the sheet
B - most typical of the lower part of the sheet
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The only Tertiary porphyries shown in Figure 3 are the
dikes that form a somewhat radial pattern in the central
part of the district. However, at least three small stock-
or plug=-like bodies are known in the Glaclier Gulch area, and
it is believed that Tertlary plutonism was responsible for
the development of the thermal metamorphism and hydrothermal
alteration that is so prevalent in the district. Typilcal
Tertiary porphyry is a light-colored, massive, and markedly
porphyritic rock, having an aphanitic to medium~-grained gran-
itic or aplitic matrix. The porphyries range from granite to
quartz diorite. Most, however, are quartz monzonite or
granodiorite. Quartz, feldspar, and less commonly biotite

occur as phenocrysts.

Figure 5 = Typical Tertiary porphyry from small
body exposed in a crevasse near the
toe of the Hudson Bay Glacier.
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Biotite from two porphyrles has been dated by the Geo-

logical Survey of Canada; one at 67f5 m.Ys, the other at
60f5 m,y. The former intrusion is intra-minerall (that 1is,
emplaced between periods of mineralization) with respect to
the molybdenum mineralization and the latter apparently post-
dates the molybdenum mineralization. Since a hornblende from
a molybdenite-bearing quartz vein in the same area has been
dated at 65%6 m.y., and biotite from a veinlet at 63%4 m,y.,
the radiometric dates are consistent with the known geologic

relationse.

Thermal Metamorphism

An area of thermal metamorphism is present in the cen-
tral part of the district., It was probably caused by the
emplacement of Tertiary porphyries., Its outer limit is shown
on Figures 3, 12, and 46. In volcanic rocks thermal meta-
morphism has resulted in marked color changes; crystalliza-
tion of amphibole, chlorite, biotite, epidote, and/or garnet;
and the formation of minor amounts of pyrrhotite and/or mag-
netite, Sedimentary rocks have become spotted or recrystal-
lized to fine-grained metamorphic rocks containing amphibole,
chlorite, epidote, and/or biotite., The detalled petrography
of the metamorphosed rocks has nof yet been studied.

Since the thermal metamorphism is thought to be due to
the Tertiary porphyries, and the Tertliary porphyries were at

least in part being emplaced at the time of hydrothermal ore

1 This term was introduced by Wallace and others (1960).
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deposition, it is conjectural whether or not there was any
period of thermal metamorphism separate from the period(s)
of hydrothermal activity. Mineral assemblages and rock ap=-
pearanceé in areas that display thermal effects are distinct
from those that have obviously been extensively hydrothermal-
ly altered. Most of the volcanlc rocks have been metamor-
phosed to dark colors. The abundance of veins with bleached
and altered halos cutting the dark metavolcanics of the molyb-
denum deposit indicates that the hydrothermal flulds that
deposited this ore and caused the bleaching and alteration
must have post-dated the metamorphism. The writer 1s con-
vinced that the main period of thermal metamorphlsm preceded
formation of the molybdenum deposit.

Geologic History of the Range

The range is structurally complex., Most of the major
structural features are the result of doming, faulting and
some folding. Thrust faulting may have been of major tectonlo
importance, although individual thrust faults are difficult
to define. The lack of internal features in some volcanic
units, absence of good marker horlzons, scarcity of fossils in
volcanic unlits, and presence of numerous alteration zones make
a clear understanding of the regional structures and geologic
history difficult.

Hazelton Group volcanic and sedimentary rocks were pro-
bably laid down on Jurassic volcanic 1slgnds and in shallow
seas. Posslbly the area was part of an island arc system

(Tipper, 1959). These rocks were faulted and tilted and



Figure 6 - View of a thrust fault on the east side

of the Toboggan Glacier. The fault se=-

parates massive volcanics. The light

bands above the thrust are felsite dikes

that have not been found below the thrust.
partly eroded prior to the deposition of the continental and
marine strata of the Bowser Group. Posslibly the thrusting
and the intrusion of the granodlorites occurred during an
orogenic eplisode at thlis time. The Bowser sediments were
deposited in the south end of a large Jura-Cretaceous sed=-
imentary basin, named the Bowser Basin (See Souther and Arm-
strong, 1966). There is evidence of some orogenic activity
during Bowser time.

Since early Cretaceous, the area has been part of a
large emergent, northeasterly trending structurally high
belt called the Skeena Arch (Souther and Armstrong, 1966,
and White, 1966). This belt is characterized by small moun=-

tain ranges, small silicic intrusions, and block faults.
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Except for the fact that 1t has been extensively sculptured
by glaciers, this area might have resembled parts of the Basin
and Range province of the southwestern United States,

During the Early Tertiary, silicic porphyry intrusions
were emplaced in various parts of the Hudson Bay Range. In-
trusions in the east-central part of the Range were accom-
panled 1y block faulting, fracturing, broad gentle doming,
thermal metamorphism, and extensive hydrothermal activity,
Most ore deposits of the district were formed at this time.
It is also possible that most of the uplift of Hudson Bay
Range occurred then or somewhat later in the Tertiary. Ter-
tiary volcanism, known to have been active in the area, was

of major importance to the south.
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ORE DEPOSITS

General Description

There i1s a great diversity of mlneral deposits 1n the
Hudson Bay Range. With the exceptlion of coal deposlits and
possibly some small syngenetic or diagenetic iron sulfide
deposits 1n black mudstones, the deposits appear to be gene-~
tically related to the Tertiary porphyry intrusions. Rel-
atively small, complex sulfide-sulfosalt veins, rich in As,
Zn, and Pb are the most common type of deposit in the dis-~
trict. The large stockwork~type molybdenum deposit in the
east-central part of the district overshadows all others in
economic importance,

The depoelts of the district can be divided into five
groups: 1. sulfide veins

2. sulfide replacement bodles in limestone

3. molybdenum deposit

4, gold-bismuth-tellurium deposit

5. copper-iron-silver vein and replacement

deposits

The "sulfide" vein and replacement deposits are sulfide ores
with variable amounts of sulfosalt and gangue minerals. The
molybdenum deposit is essentlally a very extensive stockwork
of quartz velnlets with variable amounts of oreland gangue

minerals. The gold-bismuth-tellurium deposit is a unlque

occurrence of native gold and bismuth, bismuthinite, and

1 The term "ore mineral" used in this thesis has no eco=-
nomic significance., It 1s used in its broadest sense to
refer to metallic minerals whether or not they are economic.
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bismuth-tellurium-sulfides, such as Joseite,and molybdenite
in quartz veins and replacement pods in altered rocks. The
copper-iron-silver deposits are separated from the "sulfide"
vein and replacement deposits because of thelr distinctive
mineralogy and metal content. They contain iron oxides,
chalcopyrite,and/or bornite, minor quantities of silver min-
erals, and some contain pyrite. Supergene(?) chalcocite,
covellite, and bornite are also found in these ores. Their
lack of Zn, Pb, and As distinguish them from the "sulfide"
vein and replacement deposits. Typically they have very 1lit-
tle assoclated alteration and are best considered a speclal
group of outer zone deposits.,

Sulfide Vein and Replacement Deposits

The sulfide velns, the most numerous and widespread
type of deposit, are found in the intermediate and outer
zones of the district. The wain ore minerals in these veins
are arsenopyrite, pyrite, pyrrhotite, sphalerite, galena,
marcasite, chalcopyrite, bournonite, tetrahedrite, and py-
rargyrite. Quartz, calcite, dolomite, siderite, and chal-
cedony are the main gangue minerals. The vein minerals were
deposited as open-space fillings and replacements along sheet-
ed and brecciated fracture zones. Many veins form anasto-
mosing systems, some of which are over a mile in length.
Cockade structures and drusy cavities lined with terminated
quartz, calclite, pyrite,or arsenopyrite crystals are common
in some veins. Mineralizatlon within a given veln system

1s concentrated in ore shoots that generally range from a
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few inches to about ten feet in width.

Figure 7 - Dome veln showing typlcal sheeted nature
of the fracture zone. Most of the dark
areas are sulfide mineralization.

Some parts of vein systems contain only an inch or two
of sulfides, barren quartz, or calcite. All veins have
bleached and altered borders. Propylitic alteration, with
quartz, sericite, carbonates, chlorite, epidote, clays, and

pyrite is the most abundant kind.l

Apart from the replacement bodles that are integral
parts of the sulfide veins, there are also some sulfide re-
placement bodies in limestone lenses on the Iron Vault claim

near Sllvern Lake. These irregular bodies, which occur at

limestone vein intersections, have mineral assemblages that

1l Wall rock alteration in the district was not studied in
detail.
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are very similar to those of the veins. Pyrrhotlite and py-
rite, however, predominate over the other sulfides,

Molybdenum Deposit

On surface molybdenum mineralization occurs over an
area of about one by one-half miles in Glacier Gulch, on
the east side of Hudson Bay Mountain. In places this min-
eralization is known to extend to depths greater than 3,000
feet. The molybdenum minerallzation occurs in a quartz vein
network that is far more extensive than the molybdenite min-
eralization., These quartz veins occur over an area of about
10 to 15 square miles, In this study the poorly mineralized
outer part of this quartz vein network is referred to as the
"barren" zone. Most velnlets are less than one-half inch
wide, but some are greater than two to three feet wide, Mo~
lybdenum, tungsten, and copper are the main metals of econom-
ic interest.,

Most of the veilned area is underlain by a highly altered
and metamorphosed volcanic sequence composed primarily of
bedded pyroclastic rocks. Many types of intrusions occur
in the area, The large, concealed, differentiated granodi-
orite sheet 1s the most favorable host rock and one or more
early Tertiary silicic porphyries are probably the source
of the hydrothermal fluids that deposited the ores of the

district.
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Figure 8 = Area of prominent jointing in the molybdenum
deposit to the east of the Hudson Bay Glacier.

Figure 9 ~ Typical quartz veln stockwork of the molyb-
denum deposit, immediately east of the
Hudson Bay Glacier. DNote the absence of
prominent alteration halos.
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The main minerals found in the velns of the molybdenum
deposlt are quartz, magnetite, pyrite, molybdenite, horn=-
blende, bilotite, chlorite, potash feldspar, muscovite, cal=-
clte, dolomite, pyrrhotite, chalcopyrite, scheelite, and
gypsum. Other minerals have been found in the veins but
they are of minor importance.

Hydrothermal alteration and bleaching are extensive
both inside and outside the area of molybdenum mineralization.
There i1s a profusion of veinlet types and alteration and
bleached halos (borders). Rocks with a high concentration
of veins are markedly bleached over large areas. Quartz,
sericite (muscovite), carbonate, potash feldspar, biotite,
chlorite, hornblende, epidote, garnet, magnetite, and pyrite

are wldespread alteration minerals.
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Figure 10 = Sparsely mineralized fine-grained quartz,molybden-
ite veinlet with a prominently bleached altera-
tion halo. The host rock is dark, dense metamor=-
phosed tuff from near the outer limit of molyb-
denum mineralization in Climax's exploration adit.



Figure 11A - Quartz, magnetite veinlet with a prominent,
pyritic, bleached halo in a dark metamor-
phosed bedded pyroclastic rock from the mo-
lybdenum deposit. Mag. 2x,

Figure 11B - Bleached alteration halos along a quartz, horn-
blende veinlet and a pyrite wvelnlet in dark
metamorphosed volcanic rock from the molybdenum
deposit. Note the difference in alteration
halos. Mage 2-5}{-
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Hypogene Zoning

District-wide hypogene zoning is manlfested by variations
of mineralogy, metal content, and structure of the deposits.
The abundance and variation of iron minerals in the ores pro-
vide a very useful means for defining zones of the district.
The district is divided into an inner (pyrite) zone, an inter-
mediate (pyrrhotite) zone, and an outer (pyrite) zone with a
"barren" quartz vein zone between and slightly overlapping the
inner and intermediate zones (Figure 12). In ores with both
pyrite and pyrrhotite the predominant one was used to define
the zone, As defined the lmner zone is essentially coincident
with or slightly more extensive than the molybdenum deposit.
Magnetite and other features of the mineralogy serve to dis-
tinguish the inner from the outer zone., The intermediate
and outer zones cover those parts of the district containing
sulfide vein and replacement deposits and Cu-Fe-Ag ores,

Veins of the "barren" zone contain minor pyrite and pyrrho-
tite with pyrite generally being most abundant near the
molybdenum deposit. Ores of the intermediate zone grade to
ores of the outer zone but there 1s some question as to how
the intermediate zone 1s related to the inner zone.

The generallzed mineral zonation is shown in Figure 13.
It is readlly apparent that the inner zone is mlneralogically
distinect from the intermediate and outer zones., Chalcopyrite
is the only ore mineral common to all zones and deposits,
Telescoping is apparent in the Glacier Gulch area and on

the northwest side of Hudson Bay Mountain west of the
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Table 2 - Index to Properties shown on Figure 12

Prop. Property Name Prop. Property Name
No, Ko,
1 Glacier Gulch Molybdenum 34 Hummingbird (iienderson vein system)
1A  Glacier Gulch iiolybdenum 3500 Level 35 - Pay roll
2 Unnamed 36 Victory
3 Unnamed 37 4dest Coronado
4 Yukon k] East Coronado (Silver Star Claiw)
5 Unnamed 39 Ashman and Gerrard Veins (Henderson vein
6 Unnamed system)
7 Glacier Gulch Gold-Bismuth 40 fHenderson and Fault Plane veins (Henderson
8 Glacler Gulch North Side vein system)
-9 Glacler Gulch South Side 41 King Tut
10 Unnamed (Matuss vein system) 42 Unnamed
11 Matuss 43 Vancouver Group (lone Star)
12 Unnamed 44 Unnamed
13 Silver King Claim 45 Unnamed
14 Josie Claim ' 46 - Bonanza
15 Bee Claim and "A®™ Fraction 47 Unnamed L
16 Iron King 48 Silver lake 1 and 2 and Cee Claims (iudson
17 Heather Bay ¥tn, Silver)
18 Jescsle . 49 Iron Vault and Van Anda Clains (Hudson
19 Cascade Bay Mtn, Silver)
20 Snowshoe 50 “ammoth and Iron Mask Claims
21 Groundhog : S1 Copper Gueen Claim
22 Dorothy . . . 52 "T* Fraction and Copper QJueen Claim
23 Empire ) 53 last Chance
24 Neepawa 54 Rio Grande
25 Mayflower ~ Claims 1 and 3 55 Unnamed
26 Mayflower - Claim 2 (Henderson vein system) 56 Carroll East
27 Mayflower - Claim 4 (Henderson vein system) 57 Carroll West
28 Sally Claim (Mamie vein system?) 58 Rico Aspen
29 Evinrude and Florence Claims (Mamie vein syatem)S9 Zvelyn
30 Mamie (Mamie vein system) 60 Trixie :
31 Torrent 61 Zobnic | .
32 Canary (Kenderson vein system) 62 Canadian Citizen and American Citizen Clai=s
33 Dome 63 Smithera Covver |
64 Zeolite

Toboggan Glacler.

In these areas ores wlith outer zone fea=

tures occur in the same area as ores with lntermediate

zone features.

The metal zonation is quite marked. Molybdenum and

tungsten are essentially unique to the inner zone, whereas

arsenic, zinc, lead, and silver are essentlally unique to

the intermediate and outer 2zones.

Gold was preferentially

concentrated to a limited extent in the intermediate zone

and in parts of the outer zone; lead and silver were con-

centrated in the outer zone; and copper was deposited in

about equal amounts in all zones.

Iron and arsenic depo~

sition was apparently significantly less near the peri-

phery of the district.
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FIGURE 13 - GENERALIZED DIAGRAM OF THE MINERAL ZONIKG
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The chénge in charactéf“of thérfeihing outward in ﬁhe
district is the structural manifestation of zoning. The
inner (molybdenum) zone is essentially a stockwork of
quartz veinlets. Attitudes of the veinlets generally be-
come more uniform away from the central area, Most of
these veins are less than an inch wide, have quartz as their
main constituent, and occupy simple fractures, Although
these veins occur in swarms, individual velnlets are usually
fairly widely spaced. Veins of the intermediate and outer
zones, on the other hand, range up to several feet in

width; in many places contain more sulflides than quartz;
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and typlcally occupy sheeted fracture zones which have rea-
sonably well deflined limits and are generally spaced a few
hundred to a few thousand feet apart.

Statistical Study of Assays

Introduction

Assays from 2550 samples from 55 deposits in the dis-
trict were avalilable for study. It bécame apparent that
generalizations made from scanning the assays would give
little i1dea of the complexitles and detalls of metal dis-
tribution in the district. The metal zoning is not simple
or easily defined. Manual means of analyzing the data are
prohibitively slow; hence a statistical analysis making full
use of computers was selected as the best means of handling
the data. The study was initiated with the firm bellief that
1t would be possible to outline details of the zoning using
statistical techniques and that some subjective elements of
human bias could be eliminated. Because of the rather poor
nature of some of the data (especially for district-wide
studies) many of the statistics should be considered "des-
criptive" rather than "formal". The goal remains the same in
either case~-namely, to describe more fully the distribution
of metals in the district. Statistical inferences from the
numerical analysis, however, should not be applied too rig-
orously. The methods serve to illustrate a type of study

of zoning that can be carried out. Only a summary of the

salient features of this study are glven; a more thorough
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coverage of the results will be presented elsewhere,

Statistical Methods and Computing Procedures

Prellminary work consisted of correlation analyses sup-
ported by selected regression analyses; mechanically plotted
scatter diagrams; and calculation of property assay means,
standard deviatlions, and coefficlients of variations. Pro-
perty, local area, and district-wide studies were carried

out separately. Property assay means and standard deviations

are given in Table 3. For ease in computing s = EZx-iQE
N
rather than s = x-%)2 was used for the standard devia-

tion. This signifiggitly affects the results for small
numbers of assays. Polynomlal trend surfaces for selected
metals and metal ratios were also calculated.

The 1604 and 3600 Control Data Corporation computers at
the University of Wisconsin were employed for this study.
Extensive use was made of standard statistical programs in
STATJOB which is currently available as a 1604 CO=-0P MON=-
ITOR library tape. UCPLOT library routine on the CDC 3600

computer was used to construct the scatter dlagrams. Sev-

eral small FORTRAN programs were written for speclal aspects
of thls work. A program for analyzing gravity data that
was avallable in the Department of Geophysics was adapted
by B. Lewls and to a lesser extent by the writer, to cal-
culate and construct contour diagrams of polynomial trend

surfaces for assay and other geological data.
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~ Table ) « Sumnary of Assay Data for the Hudson Bay Mountain Mining District

P;v;ﬂrty ™ Ag ) 2Zn Cu s As
0s

B X » n 3 » n 3 ) n X 5 n 3 s n x s n [ s |
1 s W2 .4 6 RN .7 b G S 2 .1 .80 8 8 1,221 7T 1.9 bLar| - -
3 1 .0h - 1 .1 - b U | 103 - 1 W30 - 1 12,08 - - - -
i 7 .21 a8 5 o2 .2 - - - 3 103 W2 1 LA - - - - .- - -
6 1 0 - 1 o7 - 1 .S - 1 s.60 - ) S -] - 1 1.73 - - a -
7 13 L.6o 7.07 13 1k 2.1 - - - - - - - - DU | - - . -
8 6 a2 a2 5 55,9 70.7 3 .20 10.68 3 18.73 11,76 3 W28 .22 . - - - - -
9 S W06 . S 213 L6 S 3.9T 3.26 § 6.1 5.10 1 25 - 1 19,25 - 1 159 -
10 1 W2k - 1 t - T .0 - 1 2.80 - 1 W3 - 1 2340 - 1 .50 -
1 1 36 - 1 2 - - - - - - - - - - - . - P .
12 1 .26 - 1 o1 - - - - - - - 1 .08 - - . - 1 271,90 -
Th 1 .0 - 1 o2 - b BN & B 1 6,00 - 1 .05 - 1 1501 - - - -
15 1 0 - 1 7.3 - 1 S.2b - 1 12,90 - 1 a5 - 1 25,56 - - - -
16 8 .15 .1 8 L0 3.4 1 .08 - 3 8.3 5.27 3 .98 .53 1 1281 - 1 9,06 -
17 T g0 - 1 o5 - - - - 1 3.ko - - - - - - - - - -
18 6 .26 L,07 6 8.1 9.7 6 6,00 8,22 6 9,00 297 2 A9 W26 | 2 1336 384 | 2 9.20 k.80
19 L T S 23 23 L 20,04 8.58 1 8.80 - ) S 1 - 1 20,08 - 1 8% -
20 6 .10 LOT 6 9T.3 59 6 22,2k 17.26 S 11.09 3.27 1 «79 Wli6 2 17,36 .56 2 187 N7
21 3 08 - 3 11 b 2 2.65 .55 - - - 1 .75 - - . - - - -
22 2 .53 W2 2 6.5 o5 1 25.20 - 1 2340 - 2 1.0 - - . - - - -
23 1z Ak L20 13 6L.0 865 12 2.4 13.73 1. 16,37 5.98 30.73 0 W38 1 2595 - -~ - -
2l 2 38 - 2 3.8 - - - - 2 .20 - - - - - - - - - -
26 2 06 .04 2 33 1.6 2 B 6 2 1.5 105 2 W82 a6 2 2274 .60 ] 2 1.50 1.10
27 1 0 - 1 o1 - I - R 1 . - 1 L9 - 1 12,00 =~
28 1 o - 1 .2 - T L0 - 1 7.0 - 1 25 - 1 1597 - 1 S.80 -
29 2 2L W0h 2 1S .5 1 .1 - 2 7. 2.7 1 L7 - 1 1017 - 1 636 -
30 1259 ¥ W1 f259 7.5 1he? - - - 20 8.00 7.80 |80 .89 +98 - - - - . -
A 1 .22 - 1 2.0 - 1 .12 - 1 380 - 1 »30 - 1 16,55 = 1 20,15 -
32 |106 .5 J12 {106 12,1 12,1 98 8,6 1.0 99 8.25  L.97 - . - .- - - - - -
1) 13 . .05 W 1Sk 2.8 13 14,78 21.86 1 378  3.16 2 a2 08 | 2 7.22 RThj o2 755 W95
3% |0 a3 a2 [Wo 10,6 1,3 (3Wk 7,23 9.5 kO 7.3 7.06 - - - - - - -
3 1 .0 - 1 B4 - 1 b2 - 1 6,20 . 1 .03 - 1 18 . 1 380 -
¥% 8 .18 a6 86 15,0 S8.§ 6L 8.0 11.43 83 5.64 6.71 2 120 »| - - - - - -
37 16 .27 W16 15 3.1 3,2 15 U b8 1.b2 15 16,78 9.12 - - - - - - - -
38 S .20 .16 s 3.8 17. b 21.29 9.70 L 15.%  bL.93 111 - 1 1660 - 1 310 -
39 Ly .03 LOb Lh28  3L.7 102.¢ 21 L1 6,78 1r k72 5.8h - - - - e - - - -
hhg 16 a1 A8 [951 S1.5 1233 {727 6,32 10.7h |723 6,33 T7.38 - - - - - - -~ - -

1 L0 - 1., - - - - - - - - . - -~ - - - . -
Ly 2 e - 2 12,0 b 2 10,89 1.59 2 6.89 .99 1 .96 - 1 1.8 - .« - -
Ly 1 .02 - 17 30 - - - - - - - - 1 2,70 - 1 205 - - - -
L6 1 .0 - 1 N - 1 .17 - 1 .03 - 1 10,73 - - . - e -
L7 - - - 1 By - - - - - - 1 .22 - 1 g - - - -
u8 77«25 .55 77 22,8 26.0 72 10,47 18,14 70 1h.59 1S (20 7.63 1h.65 | 5 13.59 L.69 | 2 30 -
L9 29 I W05 39 12,9 1.3 25 7.h3 6.5 38 10,06 6,50 2 W51 .29 | 3 20,16 T8 - o -
51 1 a5 - 1 2.9 - - - - - - - - . - - . - - .-
s2 1 W32 - 1 1k - b S 1 - 1 .2 - 1 1.26 - 1 2753 - 1 1.8k -
53 3 .0 .0 3 1A K - - - 1 .36 - 3 2,92 W59 - . - - - -
Sk 1 W - 1 3.3 - - - - - - - 1 «68 - 1 23,61 - 1 8.60 -
55 1 .05 - 1 Y - - - - - - - b S & } - - - - ] 1 2,20 -
56 L a8 13 5 61 3.0 1 6.00 - - - - - - - - . - - . -
57 2 Oh O 2 63,8 UL7.8 2 60,09 12.91 1 .20 - 1 .13 - 1 8.3% . - . -
S8 1 .01 - 1 53.7 - 1 .02 - 1 1.8 - 1 6,89 - 1 ba7 - 1 1,29 -
59 13 00 0 13 281 LL.8 8 6,68 8.7 2 2,k0 1.60 2 W09 22 ]2 336 2|2 . o7
a 2 .0 - 2 10L,0 - - - - - - - 2 B2 68| - . - - - -
62 2 O - b 3.6 18 - - - - - - h 3.3 1.67 - - - Pa—_— -
63 3 .0 - 3 28 1.1) - - - - - - 3 153 B | - . - - - -

n = pumber of assays Au and Ag ~ in ounces per ton
x = nean value Pb,Zn,Cu,S,and As - in per cent

e = standard deviation

Thirty variables and other miscellaneous information
were coded on punched cards. The coded information is as
follows: property number, sample ldentificatlon number,
sanple width in inches, sample quality evaluation code,
ounces per ton gold, ounces per ton silver, per cent lead,
per cent zinc, per cent copper, per cent sulfur, per cent

arsenic, mine horizontal co-ordinate, elevation, north-
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south map co-ordinate, east-west map co-ordinate, dlstaﬁcevto
metamorphic "front"l, distance to & point in the center of the
molybdenum deposit ("A"), estimated average mole per cent
FeS in sphalerite for the deposit, speclal code to identify
samples from Cu-Fe~Ag deposits and samples taken by the
writer (a total of 52), card sequence number, silver/gold
ratio, gold/silver ratio, silver/lead ratio, lead/zinc ratio,
copper/zinc ratio, gold/copper ratio, gold/lead ratio, copper/
lead ratio, arsenic/sulfur ratio, silver/sulfur ratio, gold/
sulfur ratio, gold/arsemnic ratio, gold/zinc ratio, and sil=-
ver/zinc ratio.

Nature of the Samples

In any statistical study one should define the "target
population”-~that is, the population about which one wants to
gain information or make statistical inferences (see Krum=-
bein and Graybill, 1965). The target population of this
study is the ore deposits of the district. If valid infer-
ences are to be made about the population, the samples should
be randomly taken from the "sampled (accessible) population”.
As 1s typical for most geologic studies, the sampled pop-
ulation does not exactly equal the target population.

Unfortunately the available samples are not entirely
sultable for rigorous statistical analysis because they are

not representative "probability samples" (p. 149, Krumbein and

1 Only values outside the metamorphic aureole were recorded
and the front was considered to dip outwards at depth.
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Graybill) of the sampled or target population. Therefore
considerable subjective judgement has been used in evalua-
ting the results. The main problem involved is the nature
of the samples and the lack of a precise definition of a
mineral deposit for sampling purposes. For instance, it is
reasonable to ask if the samples are composed solely of ore
minerals or 1f they contaln various amounts of gangue, wall
rock, or even oxidatlion products. Because of the varlety of
mineral occurrences in the district, 1t is dlfficult to de-
fine clearly the target population, the "ore deposit". It can
be expected that most samples taken from surface exposures
were oxidized to varylng degrees. Samples could have been
chipped from "representative" material across a massive sul=-
fide vein, across a wide but sparsely mineralized sheeted
fracture zone, or across an entire rock mass of stockwork
ore. They could also have been grab samples from weathered
high grade ore on mine dumps. Fortunately, in one respect,
many of these problems have been avolded, since over 1900
of the assays are chip samples taken underground from the
Sil Van Mine. Hence 1t can be expected that there was a cer-
tain degree of uniformity in collecting these samples. But
thls leads to another problem 1ln the studying of zoning on
a district-wide scale. There is a tremendous "clustering"
of data from one area, and for many of the properties thefe
is only meager data. Because of the greater amount of data
avallable, more emphasis has been placed on studying the

Sil Van Miné area than other parts of the district.
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There are also other features of the assays that res-
trict their use in the study of zoning. Generally, unless a
metal was obviously abundant in the ore, no assay was made
for 1t. The absence of complete assay data causes the prob=-
lem of handling "missing data" in the statistical analyses.
Because gold andAsilver minerals could not be readily iden-
tified in hand specimen, and because they are economically
important, generally, more assays are avalillable for these
metals. The Mamie property is a good example of one where
there is ample assay data on gold, silver, zinc, and copper,
but absolutely no information on lead. Yet galena, although
sparse, 1s present in the ore.

Another problem arises from the faet that for some same
ples locations are only roughly known. Their "place" value
is, therefore, considerably less than that of a series of
assays whose relative locatlions are shown on a map.

Pormidable as these problems seem, they can be eval=
uated to some degree. The use of metal ratios greatly
alleviates some sampling problems in studying the zoning.1

There are, however, problems that are much more difficult

to account for, that may significantly affect the results.

1 Koch and Link (1963), in a study somewhat similar to the
present one, multiplied the assay value by the sample width
in an attempt to circumvent sampling errors. ©Sound as this
procedure may be for welghting assays for grade and tonnage
calculations, 1t does not solve sampling problems for sta-
tistical studies. Moreover, it tends to cloud the results
s0 that they cannot be directly compared with other areas,
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For instance, on underdeveloped properties there is no way
of determining whether or not the sample was taken from a
sulfide shoot. Assays from developed properties, of course,
are maiﬁly from the sulfide shoots. It is very possible that
ores from shoots and ores from less highly mineralized por-
tions of vein systems are significantly different. Supergene
processes could possibly affect the results. Some hligh sil-
ver portlons of the Henderson vein system were attributed by
early workers to supergene deposition of native sllver and
ruby silver minerals. Although it 1s currently bellieved that
these minerals are hypogene, the textural evidence for this
consensus is not unequivocal.,

Selected Results

This study has produced a mass of data not yet completely
analyzed. For example, one correlation run with 30 variables
produces 900 correlation coefficients. The sheer volume of
results wlll require a great deal more time for analysls;
therefore, only some of the most obvious findings are presented.

The relationship between lead and sllver l1ls perhaps the
most striking discovery of this study. TFor many of the de=-
posits of the district there is a remarkably high correlation
between the lead and silver contents of the ores. Correlation
coefficients as high as .98(5) were found. Galloway (1924,

p. 109) and other workers have suggested that there is a

correlation between lead and silver of some ores. The for-

mer noted that there 1s about 1 to 2 ounces per ton silver
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for every per cent lead in the Victory vein. However, the
high degree of correlation had never been emphasized., Fig-

ure 14 shows a typical relationship between lead and silver.
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When 1t was found that lead and silver showed a very close

relationship in many of the deposits, the writer expected

that a single relationship would hold for all these ores.
However, when regression equations were calculated for these
properties, it was discovered that each property or part

of a property has its own characteristic relationship (Figure
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In sharp contrast to the high correlations found for many

sillver-lead ores, deposits or parts of deposits with high
silver contents typlcally have low to moderate correlations
with lead. For instance, the 3240 foot level of the Hender-
son veln and the Silver Creek No. 3 vein are high grade sil-
ver ores, in places containing as much as 50 to 100 ounces
of silver per ton.

1 It is easy to see how averaging of assay data would have
obscured the relationships. Stanton and Richards (1961 and

1963) have discussed the problem of averaging assay data
for correlation analyses.




39

It is very difficult to conceive of multi-stage pro=-
cesses on a district-wide scale that could account for the
very high correlations between silver and lead. It is far
more reasonable to assume that they were deposited together
in silver-bearing PbS so0lid solutions. Oriented intergrowths
of silver minerals in galena and the phase relations in the
Pb~-Ag-Bi-S system (Cralg, 1967) support this conclusion.
The high grade silver ores which show much lower correlations
between silver and lead, on the other hand, suggest that
there was a separate stage of silver mineralization in these
areas. DBut the writer has not studied enough polished sur-
faces of these ores to substantiate this conclusion on min-
eralogical grounds. The variation in slope of the silver-
lead regresslion curves is probably a reflection of variations
in the silver/lead ratio in the ore solutions.

It is noteworthy that Koch and Link (1963) found very
similar patterns in the Don Thomas vein of the Frisco Mine
in Mexico., Unfortunately thelr data cannot be directly com=-
pared with the writer's, since they multiplied their assays
by sample width. Variations in silver and lead contents of
the Henderson vein system, moreover, would tend to cast doubt
on thelr conclusion that since the mineralization is diff-
erent on either side of the Frisco fault, faulting presum-
ably took place before part or all of the ore was emplaced
(p. 1070). There are no major faults off-setting the Hen-
derson vein, yet it possesses variations in metal content

very similar to those of the Don Thomas veln. The variations
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they describe could equally well be due to lateral zonation
within a single veln prior to faulting.

Correlations between other metals, metal ratios, and
various distance parameters, in general, are much lower than
those for silver and lead. This suggests that deposition of
most metals was not as closely related as was the deposition
of some of the silver and lead. Perhaps it merely reflects
the lack of simple solid solution relatlionships of heavy
metals in single minerals,

Although deposits of the district have been broadly
grouped in zones, statistical studies have served to indicate
that deposits within small areas have thelr own characteris-
tics. For example, if we consider three veins that are fair-
ly close together--the West Coronado, Mamie, and Henderson
veins~-~-we find they have distinct differences. The West
Coronado}vein is characterized by marked zonatlon over a dis-
tance of a few hundred feet; the Mamie vein by a low lead,
and high gold and copper content; and the Henderson vein by
a high silver and lead content and by very gradual zonatlon.
These varletions indicate that to some degree conditions of
ore deposition in the varlious veln systems were significantly

different.

Variatlons 1n absolute metal contents, as functions of
distance from the metamorphic front (aureole), are shown
in Flgures 16 to 19. The mean value for each property listed

in Table 3 was used for the graphs. In general "large"

(greater than 30 assays) and "intermediate"-sized (greéter
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than 10 assays) samples, shown as large dots;-butline the
trends better than do the small samples. DSome low values
probably only signify poorly mineralized rock., From the
plots 1t can be seen that gold values are highest in a zone
about 3500 to 6000 feet from the metamorphic front; silver
values in a zone about 5000 to 9000 feet from the front;

lead values in a zone about 5000 to 8000 feet from the
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front; and that zinc values show no discernible increase or
decrease away from the front. It should be noted that the
mole per cent FeS content of sphalerite (Figure 44, p. 105)
and the atomlic per cent arsenic in arsenopyrite (Figure 50,
p. 120)also show definite trends away from the front.

Varilations in selected metal ratios as functions of
distance from the metamorphic front are shown in Figures 20,
22, and 23.

Again the large and intermediate slzed samples outline
the trends better than do the small samples. The ratios
were calculated from the property assay means in Table 3.
The same ratios determined by calculating the means of the
ratios of the raw assay data, interestingly enough, yield
very different values, but the trends are the same. The
"mean of the ratios" 1s a function of assay variance but
is not a function of the absolute values of the assays as
is the "ratio of the means". Mathematically it is probably
a better value than the "ratio of the means" used in this
report. The silver/gold, silver/lead, and lead/zinc ratios
all show marked increases in the outer part of the district.
Variation in the silver/gold ratio is very similar to that
given by Sims and Barton (1962) for the Central City dis=-
trict (Figure 21). Although the silver/gold ratios for the
Hudson Bay Mountain district are somewhat larger, the strik-
ing similarity of the trends strongly indicates that the

Hudson Bay Mountaln trend 1s real. Sims and Barton used
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production data and sampling-works assays for their calcu-
lations, and the distance they cite was measured from the
centerline of the core of the district.

It can be noted that in the metal and metal ratio plots
there is abrupt termination of properties at about 8000 feet

from the metamorphic front. PFigzgure 21 shows a simllar abrupt
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termination of properties about 8000 feet from the center-
line of the Central City district. Sims and Barton (1962)
have attributed the drastic changes in silver/gold ratio and
presumably the termination of the mineralization to a zone
of throttling (irreversible adiabatic expansion of the ore
solutions) and possibly of mixing of the magmatically de-
rived hydrothermal solutions with ground water. Similar
depositional mechanisms are quite feasible for the Hudson
Bay Mountain district, but the writer believes that mix-
ing of solutlons was probably the most important factor
causing the drastlc change in ratios and possibly the ter-
mination of mineralization.

Since much of the assay information comes from the’
southwest part of the district,and since the known extent
of these veins 1s approximately coincldent with the limit
of outcrop, the abrupt termination of the mineralization as
shown in Figures 16 to 23 should be viewed with caution.
Exploration work done by Sil Van Mines Ltd. has shown that
there are geophysical anomalies in the covered areas along
strike from some of the veins. Possibly the veins could ex-
tend at least 1000 feet farther from the front.

Mole per cent FeS in sphalerite was plotted against
assays and metal ratios, but due to clustering of data

trends of only dublous value were outlined. Sympathetic

variation of metal ratlos and mole per cent FeS in sphal-

erite, of course, would support the contention that the
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underlying causes for variation in both would be directly
or indirectly the same. Since absolute metal content,
metal ratios, mole per cent FeS in s$phalerite, and atomic
per cent arsenic in arsenopyrite all vary as a function of
distance from the metamorphic front, it can be expected

that they are all related to some degree.

Vein and Mineral Paragenesis

The main purpose of a paragenetic study 1s to recon-
struct the depositional history of ores. Because of the
problems involved in lnterpreting the temporal aspects of
ore deposition for an entire mining district, a distinction
has been drawn between vein and mineral paragenesis. De-~
talled mapping of deposits and district has shown that not
all deposits were formed at the same time. Nevertheless,
there 1s insufficlent evidence to establish the exact
chronology of each deposit. Since veins and deposits formed
at different times, it is apparent that mineral paragenesis,
the sequence of mineral deposition within a rock or vein,
has only local significance. It would take thousands of
polished surfaces and many field observations to establish
the exact timing of the various mineralizing events, if in
fact it can be established.

There are numerous examples of successive periods of ore
deposition and more could probably be found 1f it were not
for the fact that most ore exposures, whether on surface or

underground, are covered by a layer of oxides or grime.
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A summary of the relatlive age relationships of ores and

intrusions in the district is as follows:

1.

The porphyry dikes in the Glacler Gulch area
shown in Figure 12 are intra-mineral with
respect to the molybdenum mineralization (i.e.,
they cut and are cut by nmolybdenum-~bearing
veinlets), and to the north of the Toboggan
Glacier they cut sulfide veins of the inter-
mediate zone.

Aphanitic potash-rich dikes related to the
stock below the ridge south of Glacier Gulch
are also intra-mineral with respect to the
molybdenum mineralization. These dikes post-
date about 80 to 90 per cent of the quartz
veinlets,

The small body of granodiorite porphyry ex-
posed in a crevasse near the toe of the Hud-
son Bay Glacier apparently cuts the surface
molybdenite minerallization, but is cut by
numerous velinlets containing chalcopyrite.
This i1s an indication that there might have
been a major stage of copper mineralization
that at least in part followed the perlod

of molybdenum mineralization.

The abundance of cross-cutting veins and the
great diversity of vein and alteration types
in the molybdenum deposit indicate that a
varlety of ore solutions under somewhat var-
iable physicochemical conditions were res-
ponsible for ore formation in this area.

Post-sulfide chalcedony and chalcedony-kao-~
linite velns occur in the Henderson and Dome
vein systems, and very fine grained quartz
post-dates at least some of the sulfides in
the Empire and Snowshoe veins,

Post-sulfide carbonate veins have been obe
served on the Henderson, Vancouver, and Gla-
cier Gulch South Side properties.

A minute bournonite vein that cuts deformed ga-
lena and sphalerite was found in a hand speci-
men from the East Coronado vein.
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8. On the Bee Claim a two to four inch galena,
sphalerite vein is traversed for several feet
by aisto 4 inch chalcopyrite vein.

S. Sulfide stringers with entirely different min-
eral assemblages which occur in the sheeted
fracture zones, indicate that the ore solutions
were of variable nature and passed through the
fissures at different times.

In the molybdenum deposit there 1s a seemlngly chaotlc
maze of cross-cutting veins which have been grouped by the

writer (1966) as follows:

A. "wormy" barren gquartz veinlets in the contact
reglon of the quartz monzonite stock (Figure 24)

B. barren quartz vein stockwork ("high silica" rock)
in the contact reglon of the quartz monzonite
stock (veinlets have plannar walls) (Figure 24)
C. Type I molybdenum-bearing quartz veins (fine
greined, sugary, well developed banded (ribbon)
structure, high magnetite content) (Figures 25 and26)
D, Type II molybdenum-bearing quartz veins (medium
and coarse grained, drusy, massive, low magne-
tite content) (Figure 26)

E. Post-Type II barren and molybdenum-bearing quartz
veins

F. Post=quartz veln stockwork, quartz-carbonate
veins (anastomosing, contain minor pyrite,
sphalerite, galena.and molybdenite which

is present only in vein fragments from the
quartz vein stockwork)

From relatlonships observed in diamond drill core it was

concluded that these vein groups appear to represent suc-
cessively younger periods of mineralization. However, from
some of the vein relationships observed underground, it was
discovered that the distinction between Type I and Type II

veins is not clear-cut. Some Type I veins along strike
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grade to veins that are more like Type Il i ncharacter, and
some Type 1 veins with a well developed banded structure
contain clots of coarse grained drusy minerals. Even though
a clear distinction between Type 1 and Type 11 molybdenum
veins cannot be made forthat part of the deposit exposed
in theunderground workings, 1t isstill a definite possi-
bility that there were at least two distinct periods of
mineralization i1nother parts of the deposit. 1 tshould be
remembered that a tremendous volume of rock has been miner-

alized and notallof it has been adequately studied.

Figure 24 - Barren "wormy" quartz veins cutby tab-
ular quartz veins indrill core specimen
from thechilled contact zone of the
quartz monzonite porphyry located approx-
imately 3000 to 3500 feet below the ridge
south of Glacier Gulch. Mag, 2x.



