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INTRODUCTION

At the request of J. A. Coope,1 a sample believed to contain sphe-
roidal gold grains was examined to locate spheroidal and other gold grains to
classify their morphology and to determine the elemental composition. This
sample No. 14832 is from the Mikwam Project, 200 km northeast of Timmins,
Ontario. r

The Mikwam property covers an area of very few outcrops, where one
of the leading exploration techniques for gold is overburden drilling, with
subsequent examination and analysis of the nonmagnetic heavy mineral fractions
collected from glacial till horizons.

Sample No. 14832 assayed 166 ppm Au and was the nonmagnetic fraction
from tabling and heavy media separation.




SUMMARY

The amount of sample available for examination was very small (<0.1
g) and only zircon and pyrite could be confirmed by XRD scans. Other phases
are present.

The metallic elements indicated by XRF are major Zr and Fe andra'
trace of Zn.

The sample consisted mostly of subangular to subrounded, well graded
grains approximately 0.05 mm to 0.] mm. The particles are generally spherical
to somewhat elongated. Some spheres (pyrite or marcasite, gold) as well as
one cube (pyrite) were also observed.

A total of twenty gold-containing particles were located and
classified into five morphological groups, as follows:

Particle Groups Number Observed
Spheres 6
Blades 3
Spherical Grainms 4
Particles with "Cleavage” Steps 3
Metallic~Appearing Flakes and Chips 4

Particle size of gold-containing grains ranged from appfoximately
0,03 mm (30 pm) to 0.13 mm, with the "blades” having lengths of 0.2 to 0.3 mm.

The twenty examined particles are gold (17) or electrum (3), with an
abundance of other elements. Other elements frequently detected were Ti, Fe,
Ni, Cu and Zn. Less common but also detected were Cl, Ca, Cr and Si. The
distribution of these elements, or their occurrence as included particles, was
‘not determined during this examination. This geochemistry is concluded to be
very complex for a native gold/electrum occurrence and atypical for previously
examined occurrences.

Additional study would be required to explain the origins, provenance
and geochemical variations posed by these gold particles.




SAMPLE DESCRIPTION

The amount of sample available was very small (<0.] g), and when
spread on double stick tape covered an area approximately 5 mm in diameter.
The XRD-XRF scans were not optimum due to the small sample size, but they do
confirm the presence of zircon and pyrite. Topaz may also be present, but
could not be positively identified. Other phases are also present, but gould
not be keyed out from these XRD scans.

The metallic elements indicated by XRF are major Zr and Fe, and a‘
trace of Zn.

The sample consisted of well-graded grains that are mostly approxi-
mately 0.05 mm to O.] mm in size and subangular to subrounded. The particles
are generally spherical to somewhat elongated (Fig. 1). The elongated grains
frequently show crystal faces. Some spheres were observed. Most of these
were iron sulfides (pyrite or marcasite), and some were gold (Fig. 2). Onme
well~formed and essentially preserved iron sulfide cube (pyrite) was also
observed during the microprobe evaluation.

SAMPLE EXAMINATION

An ETEC microprobe with waveiength and energy dispersive spectrometer
(EDS) was utilized in the evaluation for gold-containing particles.

~Both Zr and W were present in this sample and they produced consider-
able interference for the major gold lines. Consequently, the gold L 1line was
utilized for the elemental gold mapping search procedure. Interference still
existed from the W, but this was not nearly as objectionable as that from the
Zr, which was very abundant in zircon. Any gold would now appear as pronounced
or more pronounced than the W.

Initial scans for gold (and tungsten) were conducted at 45X,
utilizing the longest scan interval available (9 minutes). Each of these
searches would locate approximately 5 to 15 Au- or W-containing particles.
Each of these would then be evaluated via the EDS, which shows distinctive
spectra for Au and W. This EDS evaluation would generally locate 1 to 3 gold
particles per 45X field. A complete EDS spectra would then be collected for
each Au particle, recorded, and is presented in Table I. Fach gold particle
was photographed for morphological characterization. Selected images of these
particles are presented as Figures 2 to 8. ‘

Twenty gold-containing particles were found in approximately 75% of
the sample.




TABLE T

Information on Mikwam Project Gold Particles
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Particle Particle Morphology and Comments Detected Elements by EDS (Peak Intensities*)
No. (Listed by Groups) _Au Ag c1 Ca Ti Fe Ni Cu Zn Cr Si
1 " Sphere - Some surface pitting, has a 100 8 8 2 28 2
"groove".
" 4 Sphere ~ With minor pitting and 100 23 9 3 12 2 12 4
I possible inclusions.
%i 8 Sphere - Some surface imperfections. 100 7 » 2 3 38
& 10 Sphere - Some surface imperfections. 100 2
14 Sphere - With surface pitting. 100 3 10 23 3
2 Pitted Sphere - With inclusions 100 4 3 8 1
_____ (dark areas).
16 Rounded Blade 100 2 : 2 8 11 21 5
w 1l Bent Rounded Blade 100 6 1 2 13 20 6
5 13 Well Rounded Subprismoidal - With 100 15 : 24 3
N surface grooves. Approaches
m the morphology of a small
e gold nugget.
- 16 Subrounded Spherical 100 4 3 4
Sg 17 Subangular Spherical 100 2 3
w12 Angular Spherical . 100 6 2 9 11
28 Repeated 100 8 15 23 11
o 20 Angular Subprismoidal 100 2 12 9 19 5 15
5 Subrounded Tabular - Fairly large, 100 85 4 2 27 8
v close to a grain in appearance,
e some areas more rounded than
5 ) others, some "cleavage steps”.
- 3 Angular Equant - Showing "cleavage 100 3 6 11 25 7 2
s steps”. ’
18 Angular Semitabular - Showing 100 8 9 42 6
i "cleavage steps”.
9 9 Metallic Flake 100 7 3 4 - 1
3019 Metaliic Flake 100 6 ' 8
- 7 Metallic Chip 100 25 1 4 14 33 S
;:a,’ 15 Metallic Chip 100 11 1 y 28 4

* Peak intensities are differentially influenced by particle
morphology and location of surrounding particles. i ' C: o <;x( ~ ( e o )
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PARTICLE MORPHOLOGY

The twenty recorded gold particles were divided into five morpho-
logical groups, as follows:

Particle Groups Number Observed .
Spheres 6
Blades 3
Spherical Grains 4
Particles with "Cleavage"” Steps 3
Metallic-Appearing Flakes and Chips 4

Five of the particles designated as spheres, two of the blade
particles, and two of the particles with "cleavage” steps have very specific
morphologies that are readily observable. However, the distinction between
particle morphologies for the remainder of the particles was, in some
instances, somewhat arbitrary and subject to reinterpretation., -

No botryoidal gold grains were observed.

Particle size range& from approximately 0.03 mm (30 pm) to 0.13 mm
(130 pm), with the "blades” having lengths of 0.2 to 0.3 mm.

Spheres

The spheres were all quite uniform in appearance, with relatively
smooth surfaces marked by minor surface imperfections (Fig. 2). Sphere size
ranged from approximately 30 pm to 60 pm.

The pitted sphere was of a similar size and perfection of spher-
icity, but differed with pronounced surface pitting and inclusions of
unidentified phases (Fig. 3).

Blades

The blades show the most unique morphology, with no resemblance to
any other particles in this sample. Particle No. 16 appears to be a gold
crystal (Fig. 4).

Particle No. 13 is the least blade-like in this group and approaches
the morphology of a small gold nugget. Mechanical deformation in the form of
grooves and edge rounding is well developed. -
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‘Spherical Grains

I
The spherical grains have morphologies similar to subangular to
subrounded sand grains. Except for the gold content, they are not morpho-
logically distinguishable from the majority of the other grains (Fig. 5).

"Cleavage” Steps

These particles are characterized by having a very distinctive step-
like feature, similar to cleavage in some minerals. In a crude way, some of
this material even appears micaceous (Fig. 6). This morphologic feature is
possibly created by a tearing action. Smaller fragments of material similar
to this may account for some of the "metallic” particles.

Metallics

The metallics particles somewhat resemble flakes and chips produced
during a machining operation (Fig. 7).

The spherical grainé, “"cleavage” steps and metallics particles could

all represent similar origins, with varying degrees of mechanical distortion
(Fig. 8).

PARTICLE COMPOSITION

The twenty gold particles encountered included 17 particles of gold
and 3 of electrum {(>20% Ag). In addition to the Au and Ag an abundance of
other elements was also detected (Table I). The most frequently detected
other elements were Ti, Fe, Ni, Cu, and Zn. Also detected were Cl, Ca, Cr,
and Si, though these were uncommon and only one observation of each was made
in four different particles (see Table I).

These particles of gold and electrum have the greatest chemical
complexity of any native occurrences previously examined by this investigator.
It should, however, be noted that no placer gold has previously been examined
and that all previous gold was examined in polished mounts.

All formerly examined gold-electrum occurrences have contained ogly
detectable Au and Ag. As an example, the Mikwam core sample DDH A-8 @255'
contained electrum with approximately 30% Ag, and with a detection limit of
approximately 1-2% no other elements were noted by the EDS system.
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Silver content for these particles ranges from not detected to as
much as approximately 50% in particle No. 5. In the remainder of the
particles, Ag contents are approximately 25X or less.

Contents of the other elements range from not detected to greater
than 10%. The peak intensities from the EDS scans are presented in Table I.
These intensities were usable only as crude qualitative indicators of the
amounts of elements present. Lack of suitable standards and limitations ™
imposed by the sample morphology precludes any detailed element quantification
at this stage of study.

There appears to be no correlation between particle morphology and

- composition. The distribution of chemically complex particles versus

chemically simple appears to be apportioned among all of the particle types
classified in this study.




Fig. . An overall view showing the - Fig. 2. A very regular‘gold sphere‘
general particle morphology. The {particle 1)
particle 1 gold sphere is in the

center of the view, 225X%.
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Fig. 3. A pitted gold sphere (particle Fig. 4. A gold blade (particle 16), whi
2) showing depressions and inclusions probably is an elongated gold crystal,
(darker areas) (A) designates the gold
spheres and other gold particles.
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Fig., 5. Angular spherical gold grain Fig. 6. A relatively large particle (8)
(12) very similar in appearance to the showing the "cleavage" steps.
remainder of the sample,. 900X. 450X,

oy T \ 5& 4 : ; 5 i
; i e s ey , : gk G e S :
Fig. 7. A metallic flake particle (19). Fig. 8. Particle 5 with "cleavage” steps
900X, showing mechanical deformation. The

morphology is close to that of a grain.
450X,
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DISCUSSION

The composition of these particles is strikingly different from
previously examined primary gold occurrences, where only Au and Ag have been
detected. Except for iron in ferruginous oxide coatings in oxidized gold
occurrences, no elements such as Ni, Cu or Zn have previously been found
associated within elemental Au or Ag.

Sulfide minerals such as pyrite, chalcopyrite, arsenopyrite and
sphalerite are frequently assoclated with primary elemental gold and could be
mechanically trapped within some of these grains.

Newsome and McIvor favor an eplgenetic in situ formation og gold
transported in solution and precipitated under favorable conditions.
morphologic feature demonstrated In at least some of the particles they
investigated was a microcrystallite surface structure which was visible at .
a magnification of approximately 4000X. Microcrystallite structures can be a8 pay

formez by crystallization of droplets from a melt or by chemical precipita- 4LQ_Qan

tion.  The microcrystallite surface structure 1is, of course, a key feature
in this postulated origin.

For the conditions employed during this study, magnifications above
1000X were not employed. Therefore, the presence or absence of microcrystal-
lite structures was not evaluated. However, an additional origin that should
also be considered is the possibility that spheres may be artifacts created
during drilling operations or rounded during glacial movement.

Two major differences_are noted between these particles and those
examined by Newsome and McIvor. The particles in this study were smaller (30
to 60 pm) than those of Newsome and McIvor (100-150 pm). The Newsome and
McIvor grain composition was Au, Ag, Cu and Se, whereas grains in this study
generally contained Au, Ag, Ti, Fe, Ni, Cu and Zn.

Much additional study is required to explain the origins and geo-
chemical implications posed by these particles. In future studies it is
recommended that some of these or similar grains be evaluated in polished
sections. This would eliminate orientation response variants and possible
neighbor grain interferences. Additionally, the composition could be examined
as a function of depth within these particles. In conjunction with such future
studies, it may also be appropriate to examine placer gold nuggets, as well as
fire assay beads. Preparation of suitable standards should also be conducted.

T s g L T
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THE OCCURRENCE AND SIGNIFICANCE OF SPHEROIDAL GOLD GRAINS
IN GLACIAL SEDIMENTS

3. Newsome and D. Mclvor

‘Utah Mines
Timmins, Ontario

While conducting overburden reverse circulation drilling during the 1982
field season in the Abitibi Clay Belt region of northeastern Ontarlo, an
anomalous gold-bearing horizon was encountered In a basal till approximate-
ly 14 to 20 feet above the bedrock surface. Heavy mineral concentrate
(H.M.C.) assays from this unit returned values of 1226 ppm Au, 37 ppm Ag,

-and 209 ppm Cu. '

Initial binocular microscopic examination of the non-magnetic 1/4 split
fraction of the H.M.C. revealed numerous individual spheroidal gold grains
as well as several botryoidal gold aggregates. A few spheroidal gold grains
were also found to be hosted In a dark green silicate-appearing matrix.
Further examination of the gold grains employing an ISI scanning electron
microscope indicated a microcrystallite surface morphology on near perfect
spheres ranging in size from 100 to 150 microns (Plates 1-5). S.E.M. anal-
ytical methods also yielded a grain composition of Au, Ag, Cu, and Se, in
varying amounts. Crude zonations of silver enriched rims {1-2 microns) and
isolated pockets of selenium (5-10 microns) were also indicated. X-Ray
Diffraction analysis of the silicate-appearing matrix host grains revealed
them to consist of euhedral chromite and euhedral clarkeite set in a highly
fractured amorphous material of indeterminate composition. Subsequent
overburden drilling operations in other regions of the Abitibi Clay Belt have
resulted in additional discoveries of this type of occurrence and suggests the

. processes responsible for these occurrences are not isolated or restricted to ’

any single area.

Several hypotheses for the occurrence, morphology and composition of these
spheroidal gold grains may be postulated which necessitate a re-thinking of
the genesis of gold occurrences in glacially derived sediments. These
include (a) a mechanical transport of spheroids from a here-to-fore unrecog-
nized primary source (i.e. bedrock); (b) mechanical transport of gold as
colloids formed in a secondary environment and later deposited under fav-
ourable conditions; and {c) epigenitic in-situ formation of gold, transported
in solution and precipitated under favourable conditions. Due to the shape,
texture and composition of individual spheroidal gold grains and their
aggregates, an in-situ origin is favoured, although the processes of transport
(i.e. either in solution or as colloids) is still debatable. If the in-situ origin is
acceptable, the ramifications of this discovery suggest the classical concept
of delineating dispersal trains of ore minerals in an up-ice direction must be
modified. Close scrutiny of the nature of the gold mineralization respons-
ible for anomalous gold values in overburden samples is imperative to deter-
mine the processes responsible for the anomaly. An understanding of
regional groundwater flow patterns may become as important as an under-
standing of the regional glacial flow patterns when attempting to trace
anomalous gold values in overburden to source.

PAPER 9 - "TILL TOMORROW" 1984
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Plate 3: Au-Ag-Cu-Se spheres set in a crystalline matrix of Cr, U-Ca, and
indeterminate amorphous minerals. (Note scale separation of 100 microns)

%) ) L ~ oy * =2
Plate &: Cut section through a gold sphere and crystalline matrix of
Cr and U-Ca minerals set in a dark, amorphous indeterminate mineral matrix
(Note scale spacing of 30 microns)
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NEWS REPORTS

Gold Spheres in Surficial Sedi

Support for an origin of some placer gold by chemical
precipitation comes from & recent find of gold spherules (0.05
~ 0.2 mm in diameter) in glacial till from the Abitibi Clay
Belt of northeastern Ontario. Heavy mineral concentrates
made from samples of 8 deeply-buried discontinuous horizon
contain up to 1226 ppm Au and 87 ppm Ag. SEM studies of
the spherical gold grains and accompanying dendrites (see
cover photo) indicate a surface and internal structure com-
posed of tightly packed lozenge-shaped units with a "cobble
stone" appearance commonly referred to as microcrystallites
by meteorite specialists.

The grains contain gold, silver, copper and selenium in vary-
ing amounts; some have Ag-rich rims (0.001-0.002 mm thick)
and internal pockets of Ag-Se enrichment that may be
eucgirite, 8 Cu-Ag selenide. Some of the gold spheres were
embedded in a soft dark-green matrix consisting of highly
fractured amorphous material, which also contains 0.001-0.01
mm chromite euhedra and blades of clarkeite. The amorphous
material has a Si-Al-Ca-Na-Fe-U composition in which the
sum of the oxides in electron microprobe analysis totals less
than 75%, indicating significant contents of light elements
such as carbon. In addition, SEM energy dispersive spectro-
metry shows a high background spectrum characteristic of
orgenic materials. )

Gold spheres in glacial sediments have now been found else-
“where in the Belt, and a search of placer gold samples in the
National Mineral Collection in Ottawa has uncovered spheres
in a sample of goid dust from the Naraguta tin mine in
Nigeria. The only other locslity known to the authors where
gold spheres have been found is in the Lakekamu gold field of
- Papua New Guinea where spheres occur in an Fe-Mn oxide
crust in fractures in weathered bedrock (P. Lowenstein,
personal communication).

N s,

Metallic spheres with microcrystallite stuctures can be
formed either by crystallization of droplets from a melt or by
chemical precipitation. Although these gold spheres do
resemble meteoritic metallic spherules and fire assa§ beads,
a melt origin is rejected because of the unique composition,
the worldwide distribution, and careful re-checking of the
laboratory procedures involved. An in situ origin is favoured
involving low-temperature precipitation, although bedrock
sources and the processes of transport of the gold are
unknown. Organic material and iron-menganese oxides are
believed to be important in precipitating the gold, because
they are powerful reducing agents and are present in most of
the samples.

If the in situ origin is correct, then the classic concept of
delineating glacial dispersal trains of gold in an up-ice
direction must be modified where spheres are found in tili.
Where they are found in placers they shouid not be consid-
ered as detrital, and an understanding of the groundwater
flow pattern should be sought so as to map the distribution of
chemically precipitated gold or to find its bedrock source.
The spheres may be related in origin to the large secondary
nuggets found -in lateritic terrains in Brazil and Australia.
Indeed, they could be considered "proto-nuggets" for many
gold grains in placer deposits.

R.N.W. DiLabio,

Geological Survey of Canada,
Ottawa,

J.W.Newsome and D.F.Mcivor
Utah Mines Ltd.,

Timmins, Ontario

IUGS and Marine Geology

The structure and evolution of the shallow parts of the erust
under oceans and along continental platforms were the focus
of marine geosciences in the late 1360s and early 1970s. More
recently, methods have been developed that study deep
crustal structures and processes, as well as history of marine

- depositional environments. Brand new [ields of marine geo-~

science such as paleoceanography have evolved recently,
shifting some of the centers of activities for the marine
~ sciences.

CMG has taken an active part in these developments for
many years now, largely through the sponsorship of symposia,
workshops and conferences. Many of its activities in 1984
were founded upon the recommendations of the Third Inter-
national Workshop on Marine Geosciences held in 1983 under
the title "Whither the Oceanic Geosciences?" (see Episodes
- 1983/2, p. 31-32). During this meeting, the entire field of
non-living resources of the oceans was discussed at great
length, and the Commission decided to establish its own
subcommission on the topic. B. ul Hag {U.S.A.) is now in
charge of this group and is presently formulating its mem-
bership.

Episodes, YoL.'8, No. 1, March 1985

Among the more active constituent bodies of JUGS is its
Commission for Marine Geology. CMG is charged with the
responsibility of promoting the advancement of knowledge in
marine geoscience. This branch of geoscience has gone
through a phase of specialization in the last decade, during
which there has been rapid progress in our understanding of
the geological history and structure of sediments and rock
under ocean basins, continental margins and epicontinental
seas.

Marine geosciences had been trailing the "continental geo-
sciences” for many decades, but since the advent of sea-floor
spreading and plate tectonics models some 20 years ago, t.he
former have advanced much more rapidly than their contin-
enta] counterparts. On the initiative of land geologists,
marine geoscientists have developed into an independent
group of researchers employed by academic institutions,
government organizations, and industrial enterprises. These
groups demand an increasing share of human and financial
resources spent for the development of the Earths mineral
resources and for the protection of the giobal environment.
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PETROGRAPHY AND WHOLE ROCK GEOCHEMISTRY
OF 1985 MIKWAM

PDiamond Drill Core

Introduction

24 representative thin sections and 183
whole rock samples were collected from the C
area drill holes (DDH's B1l, B2, B3, BS5, .B7, B9)
and 198 whole rock samples were analysed from
the B area {(drill holes Al, A2, A3, A5, A7, A8).
No thin sections from area B have been prepared.

In most cases samplés were collected at
10 to 15 metres intervals in felsic schists and
conglomerate units and sporadically in argillaceous
units to obtain data for compérison. - In holes
A6, A8 rejects of origihal' assay splits were
used to obtain whole rock informgtion.

Mag susceptibility readings on all core
were taken every 10 feet with a portable suscep-
tibility meter ({model JH-8) from Urtec Ltd.

Data collected from the above has been used
to better define the stratigraphic morphology
and correlate units aloné strike. To a lesser
extent the data has indicated which stratigraphy
units and alteration features are associated

with gold mineralization.




Representative specimens collected from
a field trip to the Inco-Golden Knight Propefty
were analysed for WRA and corresponding thin
sections were prepared. The results are included
here for comparative purposes.

Results (Geochemistry) and Petrophysics (Mag
Susceptibility)

The results of the WRA on core sections
is included in Appendices Ia, Ib. Mag susceptibility
results are found in Appendix II. Data is presented
in table form for each hole: each - element and
the mag susceptibility are represented graphically,
against depth in the drill hole. Major rock
units are also represented in Appendix 1.

Rock compositions are also illustréted in'

Figures 4 to 15.

Petrography

To date thin section examination of specimens
has Green ro2stricted to representative rocks f£from
¢rill holes in Area C. Specimens are mostly
restricted to volcanic rocks and felsic schists
and conglomerates that. were thought to have a
dominant volcanic component, Representative
textures are presented in Plates I to XIX.

In gencral the stratigraphy is represented




by @a southern unit of felsic to intermediate
volcanic rocks and reworked volcanic tuffs and
pyroclastics overlain by chert, éherty tuffs
and sulphide or magnetite iron formation. This
unit is overlain by argillaceous sediments with
tuffaceous interbeds that are in turn overlain
by andesitic to intermediate volcanics and tuffs
that have associated disseminated to massive
volcanogenic sulphides geherally barren of Dbase
or precious metal values.

The southern volcanic unit is cohprised
mostly of felsic to intermediate tuffs:. and volcanic
conglomerate units of variable thickness. Clasts
of the conglomerate are mostly volcanic in origin
comprising chert, quartz feldspar porphyry, feldspar
porphyry (Plate 1IIIa) and andesite.  The matrix
(Plate II1Ib) appears similar to section of tuffaceous
felsic schist as in Plates I and 1I,

Overall the conglomerate units may represent
volcanic debris flows or lahars.

The felsic to intermediate schists except
for = DDH-85-B-6 are iikely dominantly tuffaceous
comprising angular quartz  and feldspar grains
in a fine grained quartzo feldspathic matrix

{(Plate I and 1I1I).




Alteration and deformation is variable in
the above rocks. More deformed (well foliated)
rocks show abundant sericite foliations (Plate
11). Carbonate 1is generally ubiquitous though
in wvarying proportions. Ankerite is abundant.

Sections from hole 85-B-6 show the best
preserved volcanic features with remnant euhedral
plagioclase phenocrysts and quartz eyes being
prominent in volcanic secticns (Plates VI, VII,
VIII). Least altered samples show carbonate
alteration but _only minor sericite (Plate VI),
Primary compositions indicate a Na rich intermediate
affinity. With increasing amounts of sericite
scme additiecn of K20 is evident (Plate VIII).

Deformation (highly schistose sectiohs)
and alteration in some instances has been very
intense (Plate VIII).

Volcanic rocks in the hole B-6 area show
better preserved relict textures and likely represent
the genetic parent of felsic schists to the east.
Hydrothermal alteration (ankerite and ~cericite)
have been locallf intense.

The cherty tuffs and Fe formation (magnetite
bands; Plate Va or sulphide bearing foliations;

Plate Vb) are represented in Plates IV and V.




Textures are very fine grained and (granular.
Locally about 50% of the 1rock is represented
by grains of carbonate (Plate IVb) mostly ankerite?
as the Cal0 content of the ‘unit is very low.
Carbonate in the <cherty wunits may be primary
as it occurs as discrete individuel grains unlike
the patchy alteration of the underlying "volcanic"
units. |

Chemically the wunaltered cherty tuff wunits
are distinguished (in the absence of a high magnetic
signature) by very low Na20, Ca0 and Fe203 (pyrite
or ' ankerite) and where pure chert, 1low Al203.

Chemical = compositions of respective rock
types are illustrated in Figures 10 to 15.‘

Figures 1 and 2 are included as being illustra-
tive of rock type fields. |

Similar chemistry in the A6, A8 holes illus-
trates the continuity of felsic to intermediate
schists (tuffs) as a continuous stratigraphic
unit.

High gold values appear related to cherty
tuff wunits (Figs. 12, 13). High Fe203 in these
mineralized units aprears related to ankerite

and pyrite ( + arsenopyrite). Megascopic cataclastic

and/or deformational textures are characteristic




of the mineralized zones.
Overlying the cherty units is a thick sequence
of argillite and greywackes with interbedded
tuffaceous units. Only representative specimens
were taken from the units however the compositions
suggest a more volcanic than clastic genesis
ie., compositions fall in chemical fields represented
by the wvolcanic conglomerate and sericite schists
{tuffs). See figures 6, 9, 10a, 14, 15.
Overlying the argillite sequence are a series
of andesite to dacite flows and tuffs, the base
of which contain narrow Po, Py massive sulphide
bands with thicker sections of disseminated sulphides.
This unit 1is extensive and can be traced from
hole B5 to A7. (Plates XVII, XVIII, XIX).
The volcanics vary from andesite (porphyry)
flows, (Hole BS5, Plate X), andesite tuffs, (Plate

XIII, X1y, to dacite tuffs (Plate XIVDb, XI1Il)

with less common dacite flow material. (Hole
B9, A7, Plate X1IVa, Xv). Chlorite alteration
in the andesites is common. Deformation is prominent

however the intensity 1is variable. More - intensely
deformel zores have abundant sericite foliations
and carbonate alteration (usually calcite rather

than ankerite) (Plates XIVa, b, XVI). Foliations

~




are likely the product of folding (axial plane
cleavage) as minor folds are rarely observed
with axis 11 to foliations (Plateb XI1). |

The northerly volcanic unitv can generally |Dbe
distinguished from the southern wunits by higher
Ti02 &nd Zr contents though pdrphyritic dacites

in hole B9 recemble these in hole B-6,

Discussion and Conclusions

Three broad stratigraphic units can be defined
in the B and C areas that can be textural and
chemically correlated. These comprise a south
felsic to intermediate volcanic unit with lensoid
interbeds of chert, - cherty tuff, zmagnetiie and
sulphide Fe formation. The voléanics comprise
tuffaceous units and feldspar porphyry or gquartz
feldspar porphyry £flows (only observed in hole
B6-latered eguivalents to the east are tuffs)
with interbedded units of volcahic conglomerate
{laharic or cebris flows). Ankerite 1is locally
abundant. Abundant sericite is evident where
the rocks are well deformed.

Texturally and compositionally the above
unit strongly resembles the gold bearing hosts
at the Inco-Casa Berardi deposit, though the

rocks of hole B6 have the greatest similarity




.with the main ore 2ones., Characteristics of
holes A8, A6 etc. resemble Au bearing 1localities
at the 1Inco deposit in cherty units.

A northern volcanic unit of mafic (andesite)
to intermediate tuffs and flows hosting disseminated
volcanogenic sulphides with local narrow lenses
of massive sulphide is separated by a thick

unit of tuffaceous argillaceous sediments.

Mineralization

Au mineralization is most prominent in
holes A8 and A6 though anomalous values do occur
in holes A5 and Bl. The host zrock in the A
holes appears to be a sericite schist - whose
chemical composition suggests the host to Vbe
a cherty tuff with disseminated pyrite and arseno-
pyrite. The mineralogy of the mineralized zone
in A8 has ©been described in detail by Coope
{Summary Progress report April 1985). The composi-
tions of the host unit compare well with those
of unaltered chert-Ffe formation units {Hole
Bl; B2, B6).

Ancmalcus Au, As values are also encountered
in the wvolcanic conglomerate unit in Hole Bl.

Mineralization in holes Af, A6 is very

similar to that Thosted by cherty-Fe formation




units at the Inco-Golden Pond deposit.

Comparison with Inco-Golden Pond Deposit

Overall the vsouthern felsic-intermediate
"volcanic" unit 1is comparable on a gross scale
with the ore hosting stratigraphy of 1Inco-Casa
Berardi Au deposit. At this time comparison
has been made on the basis of textural and chemical
compositions.

Similarities include-similarity of the
Mikwam volcanic conglomerate with the pyroclastic
and volcaniclastic Acongloherate at the Iinco
deposit and abundant ankerite and sericite altera-
tion. Thin section photos of representative
specimens are shown in Apbendix I11. |

Approaching the oré zones at the 1Inco East

Zone .cataclastic/deformational textures become

more -pronounced. The ore is hosted by altered
volcanic rocks {carborate-sericite) referred

to as tuffs by the 1Inco people however relict
feldspar phenocrysts suggest the original rock
may have been a volcanic porphyry flow. Chemistry
(Table I) of the altered rocks at the Inco East
zene suggest the ore 1is hosted in a basaltic
to andesitic volcanic, High loss of ignition

(Lol) after 247 m in hole 71742 is indicative




~-10-

of the high carbonate content of the rocks.
Additional alteration features include increases
in Al203 and K20, minor loss of Na20 and 1loss
of T102 near the ore =zones.

Overall the host rock of the Golden Pond
East Zone appears to be an altered mafic volcanic
and associated quartz vein. Hydrothermal alteration
is prevalent in the form of carbonate (high
Co2-1Lol) sericite (K20 addition) and Al1203 addition.

Favourable areas so far detected on 'the
Mikwam property that have similarities with
the Inco deposit include the hole A8 Au bearing
cherty horizon, the hole B6 area, because of
indications that hydrothermal alteration | and
possible volcanic source rocks (porphyries)
are more common here, and the mafic volcanic
sulphide bearing horizons intersected in holes
A5, A7 etc. The above mafic horizon may represent
a favourable tafget however the strong ankeritic

and sericitic alteration detected in the Inco

deposits have so far not been intersected.
|
|
|
|
|




.

Jm J(M ,57’\.“ 4

[ /""

37
g7
L

(354

cnyg!
Par.fr
tny, iy
iyl
tng.ank
tuff ank
tuff
LITE N I}
tulf

ser
tatad!
be.ser Py RS
catct, tuf

NETURTY

tngd

TABLE I

Representative Specimens Inco-Golden Knight East

SI07 AL FEXO3 CAD M0 NAX K20 TI02 WO P85 B SR R Ll
8622 1676 582 221 68 33 241 05 6I1 995 44 22 1 207
rlelss 1543 A3 39T 19T 431 L5 4 BM2 12 M M 16 36
N S5 1500 M 204 34 346 LT 854 S BI2 I T 14 2.59
Nlold 123 5.3 31X LI 2.6 LS 055 LB 18 48 06 128 4.9
S (8143 2.08) 8.9 6.9 303 36 241 6.9 1 848 240 T4 M 9.3
Ble? 206|567 8.5 295 532 218 953 #.42  643 269 43 T4 LSS
02 1] a9 Tas 28T 4T3 eS0T e 19 265 2 a3
Nolsee el nocr es o sm LB 2] Le a2 e 268 193 65 1.
09 aebuse 8is 221 W% 143 A B3 29 264 S
lwes wmest onaf 95 Al 4 LB, 67] sz a1 1 B8 W 1A
N et s ee 3 2.4 et o.es] g2 813 % 29 u3 1
Slges 23 81 9.0 546 142 Ml 0BT 616 6.8 M 245 & 133
bsecs  cinl 6B 0.9 44 336 AWM 955 02 006 29 21 & _ 1.3
"""" stoat Mg T T Lé T 2 T ek R BB 16T 41T % e 3.
@1 16 531 LT LB 36 M RS B8 g8 53 W2 18 3.2

}’u
25
20
jie

1S
[
10

3o
: o

its

rS

Tra
w

Ho o

1223

30

So
<10
he

128
ho
i

[ 2]

3

S e Ay
~ ok 0 e s

»n
tv
[FD]

1e5
33

ud
¥l

21
4o

™




PERCINT

representative clements Golden pond C

L)

15
14
13

12 o

A
d/

b

PERCENT

representative elements Golden pond E

ALDOX

23

22+

21 -

20 -

19

i

/

/

PERZENT

)
/"" 18 ~ ; l
ra
/ 1/

5 A "n,i" .17 - /
N //1 ///.‘ 18 - n\
34 g - |

2 Y Y T T T T T T T T T T T T T T . 19 1] Y T T L] ¥ T 7 T T 7 T T T T T T
. 20 [ 1+] 100 145 180 0 280 0 240 350

representative elements Golden pond E

T -

2B g
s\\




[ ] l}'r.u!u\
® low Ny fkp!i‘v_
CRL YA fT Y Q\Y.hh_
@ Bmu’t

Y
v Fe k& ardiadi b '-"‘,
X Fe Poer Gvch.mll -

Na20+h20 Hg0

Fig. 1 Distribution of representative Noranda
Volcanic Rocks. Data from Spence, 1976.

Ti02x%10

Nl B
Distribution of representative Noranda

'ig., 2
Volcanic Rocks. Data from Spence, 1976,




-12-~

Ti02x10

Hal0tK20%1 | Hy (%]

Fig. 3 Representative samples from DDH 85-B-5.

; Fe203%.9
S . u.v;dl\h
O doels tﬂ ?
»ode b i
o t-dnnti
\
. \
/ " \
/S S
/ pr :\\\ \
/ ' \\/,\-\
4 ~ \
///// et N\
,"v \.'
"/ \\’
s © *
/ A
. /’ \\
/ N
; LY
a’ l\‘
SRR S| el




B3 Fe203%,9 -13-

L)

Ha20tk204] tg03l

Fig. 7 Representative samples of rock types
from DDH 85-B-7.

h+ Ti02%10
o el
. o-&-i C,#v

x »Aww-luft t’“" -

uoiqs.‘chﬂ s .

'ig. 8 Representative samples of rock types
from DDH 85-A-7.




LR

Fe203%.d

° .,«‘y:na'.l. ’
bneit Lgls, florn
- il

andisle ry{}-

'!-\.‘L“l *0#, [1s
h(‘.-tmt lﬂilts

L}

x

had)tiz 0¥

Hy0#l

Representative samples of rock types

Fig. 9
from DDH 85-A-7.
Fe203%.9
x Sdiccoun shals P RASY
0 e~k
%‘kweh
@ Fo fenmlen
e
j;
/ \\
/ \\
/"\ . [y
LT N \
/ ’-'/. ﬂ‘ * - \ \
/." © L \\
/ '/ -* [} b
. \
1 * \‘
/ \
E \
/ B
/ :
@ y
-// -\n
PR HA VS|
Fig. 10a Representative samples of rock types
from DDH 85-B-1.




-15-

-

- Fe203%,9
h220tEQ0¥L Kg0%]
Fig. 10b Conglomerate and felsic schists DDH
‘ 85-B-1.
B, Fe203x.9
o A\ t‘ﬂ - fe F~
® Vlime = Py
-] (m.s(wa,"t
/
J
4.*'
/ \
o : >
IR P

Fig. 11 Hepresentative samples of rock types
from DDH 85-B-6.




i 2SIy,

.\ @ .“’.,l:!‘
:. Y - (L.H 4...:” o Te F\-q.._.ht- .

(g% 0 “331 R Qe

Na20+ 12071 ' o

Fig. 12 Compositions of core sections from
DDH 85-A-8. :

Ao Fe203%.9 -
. ‘.LJ#‘{‘# . f., fruat-on
< c_uj\.\'(bh

@ sl ot h}‘w.&

\.
\
hY
\
\\
.
‘.
N\
\.
.\.
\
\
\
.
K K
/’ \‘
r) "'J ‘\\

n \
/ \
v b
K \
S} i-\m [ KPRy
TR RS | hivil

"iy. 13 Compositions of core sections from
DDH 85-A-06.




23

3
i

Fe20%9 .

8 Fuse sebint wd

ey prrouwt"
@ CL‘§ . te Fuvwct'#m
© & lites

\

Ky 0¥l

Fig. 14 Representative samples of rock types
from DDH 85-B-2.

Fe203%.9 |
pheamediats B (aipsite
|

’
& Mf‘:ub . Gacite)
%
l"
J
P
’
/ \
// = /’\ \
; - N ‘.\‘
p N
PP AN N
i L7 \
4 1y
7 N
/ & 5
/ 5
1" N
r a
M N
. l\
I .
/"

I T |
el - ;




-18-

. SUB L v s
Gl C

I x *

N

%

T o b bt . Nm s e L M

. .
D D, Gt s L Rl a5 2 ¥

RV
=)

-

DDH 85-B-1; at 463 fect: WR#7E08
Jolcanic tuff - broken guartz and feldspar phenc-
crysts carbonate (buff colored
mineral) abundant

L agar, o o -

o v — IS - R SR i)
Pt o -1 l; &t g9t oot Wha7oo7
5 ° , . -} B P . .
o T o turt - QLONVS m re o forned-mere sori -

it - te aeformoed (k,’:‘.l.”lz\(i)

SRR Ly e . y -
Sl U Lands

magnifi
70x

rmagnificatiocr.

70x

Plate 11




DDH

RS 8
O S

1 -
. o
HEGUBEE EFR TS B

at 891 feet: WR%7843

fragment {andesite?)

- TIVA IO 00
Gl Wivg 7ot 3
It [5:00 SRCRRN [
R . .
N 1 . Satunaant

magnificatic:
70x

Plate Iila

magnificatior.
175x

Plate IIID




-20-

magnificatic
70x

Plate 1IVa

¥

: i
i |

- T -

DDH 85-B-6; at 354 feet: WR#19427
. Crert - aphanitic quartz-carbonate rock with coarser
recrystalliz«d bands

magnification
175x

Plate 1IVD

&8s grains (bufi)
e

cldovar graing.,

ahove - cartona
) 1t

hosa1lion &

Pl 85-B-6; &t 354 feet: WR#19427
il to




-21-

magnificatic:
70x%

"\
Yy

Plate Va

y 3
o
4
)
g

‘ DDH 85-B-¢; &t 372 feet:
Chert-Fe formation. Laminated magnetite band show-
ing graded bedding

SO Av it e B - ey PN e magnification
Bt O S A soomed - Tl 175x
. i . oL A Y £ AN

ok . B

S Bl
@

Plate Vb

NER R - \ I . - e} T o)

DL Oh-r-0s ot 372 foct: WR=19428
oyt (edd bhandewith elonaate avaing of (17) suwl-
. : : [ T PR S 1, N g
Tulen, Pracnan 2o colovless amrnipoloe ( Cromelioey)

I T G AR ST O S RE S SR GRS §




-22-

! o
4+ o
0 i
13 +J [1v} i
M ”1, o @} =
= 3 A =
ﬂ ) (O
~ 4CL Q =t W]
£ : o
(oIS o] +J (o1 Fs .ﬂ
T o — noom o i
[
[o 2N V]
LI ST ST S R e L e 3 € S8 2 mgae—un
oA W
0 4.0
s jsh
[ S
Q
w 1]
' NS Y
™M T o O
p L O o
o T
- = o
3 Q 30 Q
ST O N oy
oo© oo
o o
O O™
v O 4D
PR S ]
o © OO0
ud C Hal
b 1 M oW
T QO+
wn O wow
[Tl s}
< O r
+ioe QO
2= 0
o J1S NN V0 2 o)
+ Q)
-~ [V
WD e o p
1 >0
0 WD .
o> s N
[T PR ORN VRS
o U O
M
o O e e
2O N
O <
R
[ONNeRRH]
QO
T Ew
~ o
Q0O N
N G O)

0

S OHIE

ratioen

(SN

Lo

Ll




e

~?

O

>
—
v
L}
[V
9]
o
—
()
[}

Plate VIIle

: . .'~¢46..' : h

. DDH °5-B-6; at 726 feet: WR#19436
Sericite schist. Well deformed-relict quartz eyes.
Kink banded sericite foliations (60%)

-~

magnificatiocn
70x

s o,

Plate VIIIib

=t 7206 fecot:

3 ;o<

. I .o -~ ~ - - - - 1 3 ~oa ! - N
Coerrorte o smoebiiot o aUave noto roloata 1, Droren ann
covtyot el iroa o uartn o oye. WA IL 0 carraonate.,




_24_

O O

i B!

e 4 .
J (v} J .,.\m
o - [§] s
4 — el lans
G i

e 1) e o
o -+~ oK -
[o e o] T i
oo — a o~ —
E G £ - o0

L PR e Bhn e "

> &f.—.',‘.

“

relict

alteration

19440
£

i
4t
g

: WR

and sericite

.
’

ate

i

o
U
0
]
-
+4
o
o0
@
4 2
]
0 U
wn —
@ O
>
4+
Qo
-
1]
~
@
4

-B-6

5

&

Re crvstallized

DIH

spnerulites-carbor

common




-25-

magnificatic:
70x

o

v

-

DDH E5-B-5; at 522 feet: WR#19416
Feldspar porphyry-foliated fine grained mafic rock
with abundant plagioclase phenocrysts-phenos rotated-
rossible flow texture

magnificeaetic:

-
o 175

»

m— "

e e i e

CTC AR s

Plate XI

T

oo e
alid

i cob o L - SOnd Caroonat




_26,

magnificatic:
70x

Plate XII

DOH 85-B-7

; et 216 feet: WRE#19445
Sericite schist: 15

ericifiic foliations-kink banded.
Carbonate common quartz feldspathic metrix

magnification
70x

Plate XIII

PIHEL-B-d; at 174 feet: WRAIGLAT
Lt e ol foliated - altorpae it
1




-27-

i

B il W Gad il

w v s )

ey

o

PN RPNV

DCH 85-B-9; at 725 feet: WR#
Feldeper Porphyry: a fou guartz eyes: many pheno-
crysts broken. Sericite common-minor carbonate.
Scricite outline foliation.

e s STUHEERE o % Ta v g -
S elY. o oA ! R E £

s {broliva rhione-
Loy

Plate XIVa

magnification

70%

Plate

IV




-28-

magnificatic:
70

o
L4
§
I
i‘

Plate XV

DDH 85-B-9; at 369 feet: WR#19463
Fcldspar porphyry; a f:w qguartz eyes; aphanitic
gquartz~felidspathic matrix-chlorite commch.
Saussuritic-se icite alteration of fel!ds ar phenoccrysts.

A TEEe: G, AR R oy, | PRy magnificatiorn
‘ ' : ' 5 70x

Plate VI

DEID ES-1-0, at 457 feot: WRHI940H

i roporst yry: Golors A and reorvate d
' ey vets t oken ana rovatoed, Scerioite vatda [[Z600)




-29-

e IR L A RE R s Py Y

oy o RS R magnificatic:
1 b{ "
- 70x

Plate XVII

DOH 85-E-9; at 749 feet: WR#19473
Feldsper porphyry-tuff? A few relict plagioclase
phern e yosts in recrystallized guartz-feldspathic
groundn -~ s, Sulphide banls or lenses. Carbonate
& minor sericite, _ .
magnificatior
70x

Plate XViI]

Dl oh-1-48: st 29 ifeot: WhRE1I9L76
v vell-foliagted lences and disgemi
i, Al ot soric o toe (Kink feldlicd) and

g oartoy resdopathnoo laminae.




._30._

e Rl SRR A A
K PR

Plate XIX

Y{..‘ Al AL M o
. e rw s FEITTPN S Teeama

DDH 85-E-9; at 888 feet: WR#19479
Sericitic tuff: carbonate sericite-common.
[-irseminated sulphides.




-31-

APPENDIX Ia

Geochemistry of Area C

DDH's Bl1, B2, B3, BS5, B7, B9
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Geochemistry of Area B

DDH's Al, A2, A3, AS, A6, A7
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APPENDIX II

Mag.Susceptibility Data of
Some of 85 Mikwam Drill Holes

(Data not listed here in Appendix IIb)
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APPENDIX III
Representative Thin Section Textures

Inco-Golden Knight Property East Zone




magnification
70x

. DDH 71742: at 37 metres

conglomerate - porphyry fragment

magnification
70x

| ragunent of abiove (top left) in tulfaccous matrix
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magnificaticn
175x

DDH 71742; at 37 metres
Enlargement of conglomerate matrix - foliation out-
li:ed by secricite

w7 TS .3

magnificatior
70x




. DD ; at 165 metres
Conglomerate matrix - sericite foliations

.l»“-"' \‘-\.. N

A magnification

bl 71742, at 254 votres
Al oerod vorphvry - abundant ankerite
} ! Y
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plg. pheno.

magnificatior.
70x

_t‘? relict:
. plagioclose
: pheno.

DDH : at 257 metres
Tuff? Relict feld. phenos altered porphyry

magnification
70x

DD ; ot 287 metres
Altoered porehyry it leucoxene
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magnificatio
70x

DDH ; at 342 metres
. 3 metres above lst mineralized zone.
Altered porphyry? relict plag. pheno. foliations
define 1 by sericite.

B 32 g magnification

175x

DO ; at 361 metres
Altero b tuff - relict broken fragments of pheno-
Covaosoan carvbonate sericite matriy.
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magnificatiorn
70x

DDH 72907; at 237 metres
Conglomerate-cguartz-porphyry fragment - deformed-
foliations defined by sericite

magnification
70x

DO 72907 at 237 metres
Conglomer are-matrix-Jlamianted (tuff) alternate

cuartzo-foeldspathic and sericite laminae-broken quartez
cud fold. phicnocrysts?
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