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CHAPTER 1 - INTRODUCTION
1.1 BCOPE OF PROBLEM:

Using seven polished sections, and five hand specimens, some
aspects of the ore mineralogy of the epithermal gold Brown-
McDade Zone, situated on the Mt. Nansen Property in south-
central Yukon will be established. some conclusions will
also be drawn pertalning to ore paragenesis and factors
influencing its benefication.

1.2 LOCATION AND ACCESS

Consisting of 30 mineral 1leases and 181 mineral claims
covering an area of approximately 38 square kilometres, the
Mt. Nansen property 1is 1located about 44 km due west of
Carmacks on NTS mapsheet 115I/3 at latitude 62065 N and
longitude 137098' W. Road access to the property is possible
during summer months via a 60 km gravel road from Carmacks.
One hundred and ninety km of all weather and paved highway
(the Klondike Highway), connect Carmacks with Whitehorse.
There 1is an ailrstrip at the south end of the Mt. Nansen
property, but it 1is in poor condition and has not been used
for several years. Winter access is limited to helicopter
use only.

1.3 AREA HISTORY

Prospectors Afe Brown and George McDade discovered the Brown-
McDade showing in 1943, catalyzing four years of extensive
exploration by different companies on the three major zones
of the present Mt. Nansen property: the Huestis, the Webber,
and the Brown-McDade. All work was abandoned in 1947.

Exploration resumed in 1957, and in 1962, the Brown-McDade,
Webber, and Huestis properties wvere optioned by the Mt.
Nansen Syndicate (Newmont, Noranda, Rio Tinto, Kerr Addison,
Convest, and Faraday) who continued the trenching, drilling,
geophysics, and underground work until 1967.

A decision was made in 1967 to construct a 260 ton per day
mining operation using froth flotation to produce a sulphide
rich concentrate to be shipped out for smelting. The mine
produced for only 8 months from September, 1968 to April,
1969, milling only 18,000 tons of ore from the Huestis
underground wvorkings, and recovering 2482 oz Au, 76,534 oz
Ag, and 168,621 1b Pb. The mine briefly reopened for five
months in 1976, but was closed once again due to poor gold
recoverlies. Some components of the mill vere sold, and the
rest abandoned. The mill and other bulildings have sub-
sequently been vandalized and scavenged.

The property was relatively inactive, passing through several
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owners until it was acquired by B.Y.G. Natural Resources in
1984. cChevron Canada Resources Limited then optioned the Mt.
Nansen property in 1985, and since then the exploration has
been managed by Archer, Cathro, & Associates (1981) Limited.
Work has been directed towards evaluating potentlal for open
pittable gold-silver ores amenable to cyanide extraction by
either heap or vat leach techniques. Geochemistry, aerial
photography, geophysics, mapping, trenching, drilling, and
metallurgical, environmental and geotechnical studies have
been conducted thus  far. Extensive drilling and
metallurgical studies W8% conducted on the Brown-McDade zone
in the 1988 field season, in order to establish proven open
pittable and underground reserves.

1.4 1988 BROWN-MCDADE DRILLING

In 1988, a total of 5068.7 m of diamond drilling in 73 holes
was completed on the Brown McDade Zone, in order to establish
tonnage and grade of ore suitable for open pit mining. All
holes were inclined at -560, and drilled along lines spaced
33m apart. Collars were spotted along section lines so as to
intersect the vein footwall at vertical depth increments of
approximately 2¢ m below the surface elevation of the fault
for the shallow intersections, and 39 m for deeper
intersections.

Geotechnical logging of the core and recovery measurements
wvere conducted before detailed geological 1logging and
sampling. Samples were fire assayed for Au and Ag using a
one assay ton split. Rejects from selected samples were sent
to a metallurgical laboratory for bottle leach tests.

1.5 PROVEN RESERVES AND PROPOBED MINE PLAN
Initial calculations based on 1988 drilling results and

existing trench data indicate total reserves as listed below.

Table I. 1Initial Brown McDade Proven Reserves*

t

Au Ag Cutoff
{oz/ton) (oz/ton Au) |

Total Reserves 356,776 9.390 2.92 0.200
I (suxrface & u/g)

;Open Pittable 143,255 @.332 2.92 g.060
I Reservesk%

* Subject to revision




*%* yUncut reserves based on 5 foot minimum mining width(jﬁbw~£w“”“““5

i1t is estimated that an average stripping ratio of 2.6:1 will
be necessary 1n order to extract the Open Plttable reserves.
This will be done from two separate pits; the North and South
Pit. The outlines for these workings are shown in Flg. 2.
The mine will operate at 388 tons per day, giving the two
Brown McDade pits (at their present geometry) a mine life of
1.3 years, ylelding approximately 35,708 ounces of gold (75%
extraction), and 146,488 ounces of silver (35% extraction).

Figure 2. Longitudinal Section of the Brown-McDade Zone
showing proposed pit outlines (shaded area), underground

workings (dashed line), and location of samples used 1n
this study.

Proposed milling will likely involve crushing ,and grinding
the ore to approximately -108 mesh, thickening, carbon column
cyanidation, followed by electowinning the gold-silver alloy
onto steel wool. The steel wool would then shipped out for
smelting. Metallurgical analyses to date on the Brown McDade
ore indicate that average recoveries will be 77.3% for gold,
and 38.9% for silver, with cyanide and lime consumptions of
1.68 and 9.49 kg/tonne respectively.

In order to implement this process, the existing mill would




require considerable refurbishing. This would basically
involve overhauling and restoring the ball mills back to
wvorking order, replacing the existing floatation tanks by a
cyanidation circuit, and general repair and upgrading of the
out of date and somewhat vandalised facilitles.




CHAPTER 2 - GROLOGY AND GEOMORPHOLOGY
2.1 GOBOMORPHOLOGY

The Mt. Nansen property lles within the Dawson Range, a
northwest trending series of peaks ranging in elevation from
approximately 1668 to 2000 m. Local elevation on the
property ranges from 1639 m in valley bottoms to 1566 m on
ridge tops. Slopes are generally gentle, steepening only
when contiguous to the major peaks.

The major streams, Victoria and Nansen Creek, are mature in
geomorphic age, and flowv in a meandering fashion in large
valleys. Just south of the property Victoria Creek Joins
Nansen Creek vwhich then flows vestwvard into the Nisling
River, part of the Yukon River wvatershed. Tributaries to the
mailn streams typically flow in a dendritic pattern in narrowv,
V-shaped valleys.

Treeline occurs at approximately 1468 m elevation, below
vhich spruce up to 16 m high grow on south-facing slopes.
Above this altitude are various willows, shrubs, and the
occasional stunted spruce. Permafrost occurs throughout the
property, and is most extensive on north-facing slopes, where
thick moss accumulations prevent appreciable thawing even in
summer months.

A unique feature of the Mt. Nansen property and other areas
in the Dawson Range is 1ts lack of ice cover during the
Wisconsin glaciation, approximately 19,0080 years ago (See
Fiqg. 3). This has resulted in deep, in-situ weathering of
the terrain, relatively few bedrock outcroppings, and an
abundance of felsenmeer boulders of the more resilient
lithologles.

2.2 REGIONAL GEOLOGY

Lying within the Yukon Crystalline Terrane (Tempelman-Kluit,
1984), or stikinia (Monger, 1984), the Mt. Nansen property lis
underlain by a basement of Upper Paleozoic or older schists,
gneisses, amphlibolites, and wmarbles intruded by follated
Upper Triassic and unfoliated Jurassic dlorite, granodiorite,
and syenite batholiths (See Fig. 4). The basement rocks are
thought to belong to an island arc sequence accreted to the
North American craton in mid-Jurassic time, wvhile the
intrusions are likely related to the Coast Plutonic Complex
(Tempelman-Kluit, 1979). Unconformally overlying and cross-
cutting the older rocks are volcanics assoclated with early
Tertiary magmatism; these 1include intermediate to aciad
volcanic lavas, tuffs, and tuff breccias (Nansen Andesite in
Fig. 4), basaltic plateau lavas (Carmacks Basalt), and

porphyritic aclidic rocks, commonly assoclated with
mineralization in the area.
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The main structural feature of the area is the Big Creek
Fault, which marks the boundary of the lsland arc assemblage
and the para-cratonic rocks of the Yukon Cataclastic Terrane.
This feature 1is poorly understood, as parts of 1t are
obliterated by post-faulting magmatism. In some areas, the
fault appears as a steeply dipping, linear feature, and 1in
other areas appears as a vestward-dipping thrust.

In summary, it is thought that the region underwvent
compression and metamorphism during Jurassic time, followed

by post-accretionary extension, gliving rise to block faulting
and magmatism.

2.3 PROPERTY GEOLOGY, MINERALIZATION AND ALTERATION

2.3.1 PROPERTY GEOLOGY :

The Upper Paleozoic metamorphic assemblage forms the oldest
unit in the Mt. Nansen area, and ls the dominant wallrock at
the Webber, Flex, and Huestls Zones (See Fig. 5). Intruding
this 1is a northwest-trending belt of granodioritic to
dioritic rocks of Late Triassic to Mid-Cretaceous age.
Minerallization in or adjacent to this unit occurs in the
Brown-McDade, Dickson, and Goulter Zones. The youngest unit
on the property 1is the Early Tertiary Mount Nansen Group,
consisting of two suites; one predominantly andesitic, and
the other dacitic to rhyolitic £flows, pyroclastics, feeder
dykes, and plugs. The Orloff King and Spud Zones occur
within the andesitic suite; the felsic volcanics are
associated with porphyry copper mineralization at the north
end of the property, as well as with the mineralization in
the Brown-McDade Zone.

The property 1s cross-cut by several major northeast trending
faults, offsetting the units by a few hundred metres.
Assoclated with these faults are linears trending northwest
which show varying displacement of lithologies.

2.3.2 MINERALIZATION

The two major types of mineralization known on the property
are precious metal vein zones and disseminated and stockwork
porphyry copper mineralization.

Precious metal vein zones occur in all rock types, striking
between 138° and 1880, with a wide range of dips from 36°8W
to 75°ONE. The veins are offset by the major faults in the
area, and can be further divided into narrow, simple vein
systems (Webber, Huestis, Spud, and Dickson), and complex
vein and breccia zones (Brown-McDade, Orloff King, Goulter).
Narrov vein systems vary in width from a few centimetres to
5m; primary sulphides include, in order of abundance:

pyrite, arsenopyrite, galena, sphalerite, chalcopyrite,
sulphosalts, and stibnite. Silver to gold ratlos are high,
normally between 20 and 36:1. The complex zones are quite
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similar in mineralogy, but show a lowver silver to gold ratio
(8:1 in the Brown-Mcbade, and 206:1 in the Orloff King ZzZone)

and appear to have a spatial, and probably genetic link with
feldspar porphyry dykes.

Porphyry copper mineralization 1is 1llkely syngenetically
related to the property's velin mineralization, possibly
representing a deeper and hotter part of the system. The
plug is approximately 3.5 km long by 1.5 km wide, and shovs
the typlcal alteration of a porphyry system with local
potassic and silic cores surrounded by advanced argillic and
phyllic halos, circumfurenced by weak argilllic and propylitic
regions. copper mineralization is weak (average grade of
less than 6.1% cu), but covers and approximate area of 3000
by 1568 m; preliminary sampling indlcates preclious metal
values of less than 9.005 oz/ton Au and #.1 oz/ton Ag.

2.3.3 ALTEBRATION

Observation of hypogene alteration facles can be a useful
tool in delineating mineralization on the Mt. Nansen
property. Table III 1lists the five major faclies observed in
trenches and drill core, with key minerals used in their
identification.

Being unglaciated, the reglon shows considerable supergene
overprinting on the hypogene alteration. This has a tendency
to upgrade the weakly altered (propylitic to argillic-
montmorillonite) facles.

Steeply dipping systems such as the Huestlis and Webber tend
to shov symmetric alteration about the veins, while the mozxe
moderately dipping Brown McDade and Flex Zones exhibit

much more extensive alteration in the hanging wall. 8ilic
alteration of the wvallrock is relatively rare and usually
occurs immediately adjacent to the mineralized quartz velins,
vhile phyllic alteration is more widespread, and depending on
the steepness of the vein, may develop only in the hanging
wall. Argillic-kaolinite and montmorillinite facles vary in
extent depending mainly on wallrock 1lithology and dip of
vein. Propylitic alteration is generally quite widespread on
both sides of the vein.
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CHAPTEBR 3 - GROLOGY AND MINBRALOGY OF THE BROWN-MCDADE ZONE

3.1 BROWN-MCDADE GEOLOGY AND VEIN STRUCTURE

The Brown-McDade mineralization 1s spatially and possibly
genetically related to the swarms of northwest trending
feldspar porphyry dykes which crosscut both the Mid-
Cretaceous granodiorite and the Upper Paleozoic metamorphic
sultes of the zone (See Fig. 6). The dykes are irregular 1in
vidth and appear to stem from the major stock situated along
the Footwall Fault. This main stock also hosts the most
impressive mineralization of the zone.

The Footwall Fault strikes concordant with the veins at
approximately 1550, dipping between 66°¢ and 700 to the
southwest. The footwall of this feature consists of
propyliticized granodiorite, which, 1in nearly all cases,
contains no economic mineralization. The location of the
footvall is easily seen on surface and in the drillholes; in
the granodiorite host it is characterized by 5 to 10 cm of
clay gouge at the boundary, and by a strongly sheared and
altered hangingwall in both the metamorphic and granodiorite
units. The widest mineralization typically occurs adjacent
to the Footwall Fault in widths from 1 to 5 m. At depth, the
vein appears to split into two, one part remaining concordant
to the fault, the other splaying off at a shallowver angle.
Narrowver veins also occur a distance off the fault, and are
again associated with the porphyry dykes.

The vein appears truncated by the Pony Creek Fault to the
north, but remains open to the south, and at depth.

Extensive surface oxidation penetrates the Brown-McDade Zone
to an estimated depth of 40 m below surface.

3.2 BROWN-MCDADE MINERALOGY

3.2.1 8TUDY PROCEDURE

Twenty samples of core £from the Brown-McDade 2zone wvere
obtained for the purposes of the mineralogical research; due
to the small scale of this study it was necessary to limit
the specimens to those listed below in Table III.

With the exception of sample 92, all specimens wvere from
drill holes at the north end of the zone. This was in part
due to the lover degree of oxidation of the ore samples from
this region; as well, it was thought that a study of this
size would produce more meaningful results {if it were
concentrated on one specific area of the zone.

All laboratory vork was performed using the avallable
facilities at the UBC Geology Department. Sample preparation
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involved cutting a thin slab of rock from a plece of core
showing high .a degree of mineralization and alteration.
Smaller pieces were then taken from the slab, pressed into
1%" disks, and carefully polished. The complementary plece
of core was also polished to reveal its macroscopic features.

Table III. Samples Examined in Study

Interval width Assay (opt)
(m) (m) Au Ag

9+00 62.79-63.75
2+09 62.70-63.75
3+00s8 11.064-11.390
0+66N 89.93-96.53
#+66N 89.93-96.53
1+06N 115.12-115.77
@+66N 120.40-121.92

* Sample 92: hand specimen only

Due to the high gquartz content of the ore, a satisfactory
polish could not wusually be obtained on the standard
polishing wheels. 1f, after this stage, examination of a
specimen under reflecting microscope revealed the presence of
gold or other minerals of interest, the sample was given to
the lab technician for fine diamond polishing.

The mineralogy and textural relationships in each of the
polished sections were then described in detail on forms
vhich can be found in Appendix II. As well, the features of
its complementary peice of core were also noted in the "Hand
Specimen"™ section of the form. Photographs wvere taken of
certain aspects of the specimens deemed to typify the
principal mineralogy and textural relationships of the ore.
Photographs of all hand specimens vere taken as well, to
illustrate both the source of each of the polished sections,
and the ore's macroscopic character.

Scanning electron microscope (SEM) analyses vere performed on
specimens 127, 129, and 132A, primarily to positively
identify grains thought to be gold. Other objectives were to
identify elements present in two adjacent phases that were
thought to be sulphosalts, and to scan for sub-microscopic
gold in an area of the ore that wvas typically sulphide rich,
but contained no microscopic gold (See Appendix III for
results).

3.2.2 MACROSCOPIC FEATURES OF THE ORE

The Brown-McDade ore can be described as being a highly
silicified and sulphide rich breccia. The matrix of the
unoxidized ore is a dark to medium grey silica, mottled with
lighter angular wvallrock fragments (approx. 46% total rock

15
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volume) 0.5 to 8 cm in size.

Fragments vary 1in alteration from phyllic to strongly silic;
the siliceous areas are highly enriched in pyrite and are
light grey in colour. The phyliic altered fragments are
generally more white 1in colour, and have blebs of pyrite
concentrated along fractures.

The petrology of the ore matrix is more complex than the
fragments; for the most part it 1is a dark grey to almost
black colour and strongly silicified, mottled with
approximately 20% (of matrix volume) white, unmineralized
quartz nodules 1 to 2 mm in size. Pyrite, arsenopyrite, and

occasional sphalerite, galena, and sulsphosalts are visible
in the matrix.

Euhedral gquartz is relatively infrequent in the zone, though
samples from hole 88-132 have 9.5 mm stubby crystals growing
on some fractures, and larger crystals grow into a vug in a
sample from 88-92 (See Photo 2). Dark brown gypsum is
commonly present in fractures along with limonite. Calcite
is occasionally seen in narrow veins that have been slightly
offset by movement along microfractures.

3.2.32 SILVER AND GOLD OCCURENCES
GOLD

Five occurences of gold wvere observed 1in the specimens
examined; 3 were within sample 129, and 2 vere within sample
132a. All gold seen was 1in contact with pyrite, and
generally, more than one grain was observed in a given
occurence. Both samples 129 and 132A were taken from pyrite-
rich silic altered fragments presentr of the silicifled
breccia ore. No microscopic gold was seen in samples taken
from other areas of the breccila.

Typically, the gold grains range in size from 6.008 to 0.04
mm, and are subangular to rounded inclusions within pyrite.
Post-depositional cataclasis seems to have broken up some of
the pyrite grains, thus exposing gold on grain edges. The
pyrite-gold relationship implies a sg¢ngenetic assoclation of
the tvo, however, Photo 6, taken with the SEM, clearly shovs
gold invading a fracture in pyrite.

All of the gold occurences wvere examined under the SEM, and
wvere found to contain both gold and silver. The amplitudes
and ratios of gold to silver peaks were very similar among
the occurences, and the proportion of gold is estimated to be
88 + 10%. This apparent uniformity in composition implies
that only one gold mineralizing event has occured; howvever

a much greater number of samples taken from throughout the
zone will be required to confirm this.




Photo 3 (left). Gold (Au #1)
in 132A, with rare pyrrhotite

inclusions.

Photo 4 (right). Gold (Au
#2) in 132A.




Bhoto 5 (right). Gold (Au #2
in 129 (see also Photo 6)).

Photo 6 (below). SEM photo-

graph showving gold penetrating
pyrite fracture, also galena
inclusion in pyrite.

(Au #2, 129)




BILVER

Silver occurs in solid solution with gold at an estimated
proportion of 28 : 18%, but this does not nearly account for
the average gold to silver ratio of approximately 8:1 in the
Brown-McDade Zone. No native silver was observed in any of
the specimens; it 1s assymed that most slilver is present in
the form of Ag-sulphides, Ag-Fe-sulphides, or Ag-sulphosalts.
Reliable 1identification of many of these minerals |1is
difficult without the ald of the SEM or electron probe;
scanning of two possible silver-bearing minerals did not
produce a silver response. A more thorough analysis of the
specimens using the electron probe or SEM is neccessary in
order to establish silver mineralogy.

3.2.4 ASS8OCIATED MINERALOGY
RYRITE

Pyrite 1is the most abundant ore mineral in the zone,
accounting for about 55% of total sulphides. In the silicic
altered wvallrock fragments it respresents between 88 and 85%
of the sulphides, while the amount present in the breccia
matrix is lower, varying from 16 to 6@%.

A marked difference in pyrite vithin specimen 132A could
indicate two events of pyritization in the zone. The major
type of pyrite, seen in all specimens, is relatively large (1
to 3 mm) grains. These grains are generally fractured and
pitted, and are ragged and irregqularly shaped, possibly
indicating some epligenetic catclasis. Inclusions of quartz,
galena, sphalerite, pyrrhotite, tetrahedrite (?), boulan-
gerite or geocronite, and gold (listed in descending order of
abundance) are a distinguishing feature of this generation of
pyrite. A second type of pyrite, seen in specimen 132A along
gangue fractures, 1is £fine (9.2 to 6.4 nmm), relatively
euhedral and inclusionless; it appears to have formed after
any cataclasis that may have occured.

In specimens of the breccia matrix, arsenopyrite appears to
be invading both along fractures and into actual grains of

pyrite (See photo S%*%x), Sulphosalts are also seen to
penetrate pyrite fractures.

ARSENOPYRITE

Arsenopyrite accounts for an average of 25% of total
sulphides in the specimens. It is seen only in trace amounts
in the breccia fragments, but in the matrix varies in amounts
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Bhoto 71 (right). Gold (Au #1
in 129.

BPhoto 8 (left). Arsenopyrite and pyrite (127).




from 18 to 58% of the ore minerals.

Typlically, arsenopyrite occurs as euhedral rhomb-shaped
sectlions and irreqular grains ranging from 9.01 to 9.67 mm in
size. It is easily distinguished from pyrite by its pale
colour, anisotropy, and euhedral shape.

The majority of arsenopyrite occurs near or in direct contact
with pyrite. Several textures observed 1in the various
specimens suggest that arsenopyrite is replacing, or is at
least epigenetic to pyrite. These textures include rimming
and fracture invasion of pyrite by arsenopyrite, and
arsenopyrite "streaked"™ with pyrite, as seen in specimen
69IB. The two minerals often occur in the same bleb, and the
boundary between them is very irreqular.

Arsenopyrite also occurs adjacent to sphalerite, galena, and
sulphosalts, and was enclosed by sphalerite in specimen 69IA.

SPHALERITE

About 12% of total sulphides observed 1in the specimens
consisted of sphalerite, the amount varying in each sample
between @ and 70%. Except as 1inclusions 1in pyrite,
sphalerite 1is present only in the dark grey to black
siliceous matrix of the brecclia ore. The irregular grains
are 6.61 to 1 mm and commonly showv few internal reflections,
indicating a high iron content. They are stippled with fine
chalcopyrite inclusions which often occur 1in clusters.
Sphalerite appears to surround arsenopyrite in some of the

samples; in turn, its fractures are filled with secondary
digenite and covellite.

GALENA

Galena accounts for about 4% of the sulphides observed;it
ranges in size from 0.65 to 6.5 mm, and commonly exhibits
diagnostic trliangqular cleavage pits. Vhen isolated, galena
occurs as irregular grains with Jjagged boundaries (cleavage-
controlled fracture), but typically shows a straight or
curving boundary adjacent to associated sphalerite and
sulphosalts. Slivers of sphalerite seen in one galena grain
likely indicate recrystallization of galena after cataclasis

rather than an epigenetic relationship between the two.

SULPHOSALTS

Sulphosalts are estimated to account for about 3% of the ore
sulphides. There are over 8@ known sulphosalt minerals in
existence, some of which differ only slightly from each other
in chemical compostion, and absolute diagnosis is not usually
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Photo 9. Sphalerite grain with
arsenopyrite and secondary
covellite (69IA).

Photo 18. Two phases of sulphosalts; bournonite (dark grey),
and boulangerite/geocronite (lighter grey). Small bright
phases at top of grain are galena (127B).




possible by using only optical methods. In order to gain a
complete understanding of sulphosalt mineralogy 1in the
specimens, it would be necessary to undertake aextenslive
electron probe analysis, The diminutive amount of SEM
examination performed on sulphosalt grains in sample 127B
revealed one phase containing coppper, 1lead, antimony and
sulphur, and a second phase with lead, antimony and sulphur
(see Appendix III). This information, combined with some of
the minerals' optical characteristics, enabled a relatively
confident diagnosis of bournonite for the first phase, and a
conjecture of boulangerite or geocronite for the second
phase. Other minerals thought to be sulphosalts were seen in
other samples; they appear to share similar characteristics
to the above minerals, but that in itself is not conclusive,.

Bournonite is seen in anhedral grains 6.1 mm in size in the
breccia matrix, 1s associated with other sulphosalt phases,
and 1s occasionally present as inclusions in pyrite. A
mineral sharing bournonite's optical properties was seen in
specimen 132B; this grain had chalcopyrite inclusions, a
trait common in both bournonite and tetrahedrite.

Boulangerite or geocronite has a slightly higher reflectivity
than bournonite, and 1is anistotropic. Bornite occurs
exclusively with this mineral in sample 127B, and this
assocliation vas noted in sample 132A as wvell. This occurence
of a sulphosalt in significant gquantities in a pyrite-rich
vallrock specimen is unusual with respect to the rest of the
specimens examined in this study.

Huss (1965) proposed the presence of several different
sulphosalt minerals in the Brown-McDade Zone; they are listed
below:

Andorite Pb(Ag,Cu)SbsS,

Freibergite (Ag-tetrahedrite)

Ruby Silver Ag,(As,Sb)z_S.3

Huss does not elaborate on the methods used for diagnosis of
these minerals, and 1t is assumed that hls conclusions wvere
drawvn based on the assay grades of silver. Although the
presence of silver bearing sulphosalts in the ore is likely,
the f£indings of this study do not support the presence of the
above listed minerals in particular.

BORNITE

Bornite is seen only in exclusive assoclation with
boulangerite/geocronite; in sample 132A it is noted to be in
vell-formed tetragonal crystals growing on the edge of a
pyrite grain into what 1is assumed to be boulangerite or
geocronite. It occurs as more anhedral grains in combination
with the lead-antimony sulphosalt in specimen 127B, where it
forms both as 1solated masses and inclusions in pyrite.




Clumps of secondary digenite occasionally forms on the
boxrnite.

CHALCOPYRITE

Chalcopyrite 1is seen only as fine (#.065 mm) inclusions 1in
both sphalerite and bournonite.

RIGENITE AND COVELLITE

These copper minerals occur as secondary mineralization in
assoclation with sphalerite, bornite, and bournonite |in
relatively small (less than @.5% of sulphides). They are
light blue under reflected 1light, and generally inhabit
fractures of the primary ore minerals.




CHAPTER 4 - BUMMARY AND RECOMMENDATIONS

4.1 ORE MINERALOGY SUMMARY

The major features of the ore mineralogy studied are
sunmarized belowv in Table 1IV.

TABLE IV. Summary of Minerallzatlion

) Phase % of Ore Occurence®
. Minerals M F I Fr 0

Major Phases:
pyrite
arsenopyrite

i sphalerite

f galena

§ sulphosalts
bornite

Minor Phases:

§ chalcopyrite

f covellite

§ digenite
gold

* M=Matrix, F=Fragments, I=Inclusions in pyrite,
Fr=fractures, O=Other(incl. in sl,ss), 1,2,3=most common
(1) to least common (3) mode of occurence

4.2 PARAGENESIS

Both the fragments and matrix of the breccia ore are
mineralized quite distinctly; the fragements are wainly
pyrite with inclusions of gold, sulphosalts, and pyrrhotite,
vhile the matrix has significant amounts of pyrite (with
inclusions of sphalerite, bornite, and sulphosalts),
arsenopyrite, sphalerite, galena, sulphosalts (bournonite,
boulangerite or geocronite, : Ag-sulphosalts?), and bornite.
This suggests twvo separate mineralization events; an Au, Fe,
and Ag phase followed by an Fe, Ag, Pb, Zn, Cu, and As phase.
According to Buchanan's epithermal deposit model, the first
phase came from higher up in the model horizon (186 to 360 m
below the spring orifice) than the second base metal phase
(350 to 550 m depth).

The only obvious paragenetic relationship is in the breccla
matrix where pyrite is being replaced by arsenopyrite. Since
almost all other minerals present in the matrix are also seen
as inclusions in pyrite, it is likely that they were formed
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simultaneously. This is also true for the breccia fragments.
The apparent consistency in gold composition indicates one
mineralizing event for gold, apparently coincident with the
other mineralization. There is much evidence for later
cataclasis, but it was not accompanied by any significant ore
deposition. Fine, euhedral pyrite in ganque fractures may be
deposited by meteoric waters or later hydrothermal fluids.

4.3 FACTORS AFFECTING BENEFICIATION

Post-depositional cataclasis has fractured many pyrite
gra%ns, thus exposing some of the gold inclusions. Three out
fﬁ ive gold grains observed were locked in the pyrite, and

fine grinding to approximately -1200 mesh is apparently
necessary to liberate at least one -face of the gold grain in
order that it may be leached. 1In the designated pit area,
however, significant oxidation of sulphides has alleviated

this problem, and gold appears to be recoverable at a much
coarser grind.

Poor silver recoveries are likely due to most of the silver

likely being bound in sulphosalt compounds, making them less
ammenable to cyanidation.

Arsenopyrite present will not likely cause problems in a
cyanide circuit, as only realgar and orpiment commonly form
thio-arsenides which consume oxygen.

Copper minerals such as bornite, digenite, covellite, chalco-
pyrite, and some sulphosalts may cause excessive cyanide

consumption. The estimated percent of copper minerals in the
specimens 1s about 4.2%,.

4.4 RECOMMENDATIONS

While this study may have ansvered some fundamental guestions
about the Brown-McDade mineralogy, some aspects still require
further investigation.

Silver mineralogy is still poorly understood. Sources of
silver in the ore should be found in order to determine if it
is economically extractable. A thorough investigation of
silver mineralization would likely require extensive electron
probe and microscopic analyses of sulphosalt occurences.

It should be kept in mind that only a small number of
specimens from a select area of the Brown-McDade Zone were
examined in this study, and that a larger, more uniform study
of the zone is recommended in order to thoroughly understand
the mineralization and its applications to metallurgy and
further exploration in the area.
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APPENDIX I. ABBREVIATIONS USED

Golad PY pyrite
arsenopyrite po pyrrhotite
breccia qz quartz
bornite sl sphalerite
chalcopyrite ss sulphosalts
covellite -3 4 sulphides
digenite tt tetrahedrite
galena

gypsum
limonite




APPENDIX II. SAMPLE DESCRIPTIONS




HAND SPECIMEN PHOTOGRAPHS

Where possible, the location of polished section specimens is
indicated. Photos for samples 127 and 132 are in the body of
the report.
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ROCK SAMPLE DESCRIPTION

BROWN McDADE ZONE
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ROCK SAMPLE DESCRIPTION
BROWN McDADE ZONE

SAMPLE NO.: 92 HOLE NO.: ©&®-92
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ROCK SAMPLE DESCRIPTION Page )/ )
BROWN McDADE ZONE
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ROCK SAMPLE DESCRIPTION
BROWN McDADE ZONE
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ROCK SAMPLE DESCRIPTION
BROWN McDADE ZONE
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ROCK SAMPLE
BROWN Mc

SAMPLE NO.: /32 A
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ROCK SAMPLE DESCRIPTION
BROWN McDADE ZONE

SAMPLE NO.: /32 8 HOLE NO.: ©8-/32
. COORDINATES:

Au (oz/ton): AZIMUTH: @67°45"

Ag (oz/ton): ANGLE: -50°

WIDTH: INTERVAL (m):
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C. FACTORS AFFECTING BENEFICIATION:
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APPENDIX III. SCANNING ELECTRON MICROSCOPE DATA




FOR ESTIMATE OF PERCENT COMPOSITION OF GOLD
(Accuracy considered to be :18%)
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127 A— dR qrey prose

PR= ) 19SEC 33496 INT
U=2848 H=40KEY 1:1H AG=48KEV IH

{ #.BBKEV XES 28 .48KEU>

Bournovrite?
prAist

Sample 127A: The dark grey, isotropic phase vas determined
to have unknowvn amounts of Pb, Sb, Cu, and likely 8.
The mineral is very likely bournonite, as meneghinite is
quite strongly anisotropic, and the other named minerals
listed also have Ag in thelr composition.
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127 B- 4. oy prose 0 2=88
PR= S 17SEC 39811 INT
U=2048 H=48KEV 1:1H AQ=48KEV 1H

28 . 48KEY>

;o

By

Sanple 127A: The 1light grey, anlisotropic phase wvas
. determined to have unknown amounts of Pb, Sb and likely S.
Little 1information is avallable on some of the minerals
listed above. As this mineral is closely associated with
bornite, boulangerite and geocronite were chosen as the

most 1likely minerals because of thelr known association
with Cu-sulphides.




MLE MODE! SELECT ELEMEHT oN
123 Aue D it 2=88
PR= ) 1BSEC 23954 INT
U=11624 H=48KEU 1:1H AE=48KEV 1H

28 .48KEV>

Unnamed
cl

An inclusion in pyrite adjacent to Au #1 wvas
seen during SEM work and wvas found to contain Pb, Bi, and
likely s. The 1inclusion was not seen during subsequent
examination under the microscope.
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29 Au® @ Z2=09
PR= S 1BSEC 31146 INT
U=1824 H=46KEV 1:1H AQ=40KEY 1H

P

123 A @ 2=08
PR= S 9SEC 29228 INT
U=1824 H=4OKEY 1:1H AQ=48KEV 1H

I,
=

A Ag ML 5277 . 80%e A

¢ @.8BKEV XES . 28.48KEY>

Sample 129: Gold grains.
Estimated Au Compositions: Au #1 - 81%

® Au #2 - 88%




{29 A ® 7=69
PR= 5 11SEC 34496 INT
U=1824 H=4BKEY 1:1H AQ=40KEY IH

Aura - A.j\_ok 4.

{ @.8BKEY AES 28.48BKEW>

Sample 129: Gold grains.
Estimated Au Composition: Au #3 - 78%




HLE MODE! SELECT ELEMEHT o8
132a Aae ©

PR= S 368EC

U=4896 H=40KEY 1:1H

AumMA® Aa‘ X

¢ 6.0BKEV  HES '  28.4SKEU»

~HLK-MODE! = SELECT ELEMENT oF
132 M @ 2=00
PR= 5 21SEC 53169 INT
Y=2048 H=4OKEU 1:1H AQ=48KEV 1H

A’tAIY\o&‘.A—f)L_og sa5 - . 827 A,

¢ @.@BEEY  HES  2B.4SKEU>

Sample 132A: Gold grains.
Estimated Au Compostion: Au #1 - 80%
’ Au #2 - 82%
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