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ABSTRACT

A study has been undertaken to investigate the controls

on the concentration and distribution of gold and platinum
group elements in the uranium deposits of Elliot Lake.

Gold is present.élmost‘eng}rely in the pyrite and gold
concentration in the ore varies with pyrite content. Sporadic
high pold values can be related to specific sedimentary struct
~-ures and may iandicate the presence of original detfital gold.
Gold is preferentially coqcentrated in pyrite compared to
pyrrhotite. The distribution of gold in pyrite along the
strike of the Lower Reef, Denison Mine, is difficﬁlt to expl-
ain by the placer hyvothesis. It indicates that the pyrite
now observed in the oligomictic conglomerates is not of direct
detrital origin.

An attenpt to determine the concentration and distrib-
ution of platinum group elements.within the ore conglomerates
failed due ﬁO‘experimental préblems.

The disfriﬁut%on of the majority of major and trace
~elements can be related to the miﬁeralogy of the ore reefs.
Relationéﬁips with pebble size are due in part to depositional
processes operating at phe time the conglomerates were depos-

!
ited, and possibly in part to vrocesses overating after burial

t
'

of the conglomerates.
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1.1 Introduction

Fa
In 1953 uraniferous quartz pebble oonglomerat§5'were

discovered at the base of the Huronian System, along the north
shore of Lake Huron, 20km east of the town of Blind River. |
This'résulted in widesprea? exploration and in the develépmeht
of the Elliot Lake pining camp, 4Okm %o the northeast of |
.Blind River. ‘ '

G
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" Figure 1 : Locationéb§>Blind River ﬁ‘ElliO# Lake
érea(anm‘Robentson 1976) - L
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The similarities between the Blind River -~ Elliot Lake

ores and those of the Jitwatersrand Basin, Republic of SQuth'

Afrfcg,,were immediatl& obvious. Although the conglomerates

of thé Witwatersrand Basin are the worlds' major gold producer,

similar conglomerates from,Elliog Lake nave produced only
trace or negligible amounts of noble'.metals and thus noble
metals have played no part in the economic @evelopment of the

N ' . N
©lliot Lake denosits. -

Although the noole metal content is known to be low,
AN

Y the geological similarities with the Rand suggest that gold

and platinum group elements could at least be potential by-

products from Jfhe mining operations. This was the economic
L ¢ . .
ratlonaie behind this work. N e

The present study was conducted to 1nvest1gate the
controls~on the concentration and distribution of gold and
platinum grouo elements in the Elliot Lake ores, using the

integrated input of sedlmentologlcal, maaor plus trace element

<

-

] }

Knowledge of the noble metal dlstrlbutlon should hooe-'

fully throw more llght on the problems concera&ng the gen631s
of thes deposits. ' - ~\
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1.2 Geology of the Uranium Deposits

The 3lind River - Elliot Lake uranium deposits are
confined to Huronian sedimentéry rocks. These have been
weakly metamorphosed and folded into a broad east - west trend
~ing syncline and anticline, both of which plunge gently to-
wards the west. The Huronian sequence is transgressive from
south to north and unconformably overlies granitic’ rocks, meta
-volcanics and metasediments of Archean age. ‘

Figure 2 is a ggneralized geological mav of the Blind‘
River -. Elliot Lake area showing the location of the thfee
méjor ore zones(areas outlined in solid black). Excépt for
the Pronto deposit,,all_the uranium deposits occur in the
Quirke Lake Syncline.' Figure 3 is a geological cross - sectipn

through the -New Quirke Mine, -Quirke Zone.

Many descriptions of the regional geology of this ares .

have been presented in the literature eg. Roscoe (1969),

.
w n

Robertson (1976), and a diséussiop will therefore not be pres¥5 '

ented here. Table 1 is a Table of Formations for the Blind
River - Elliot Lake area using.the nomenclature recommended by

the Federal -~ ProV¥incial Committee on Huronian Stratigraphy(J.

"A. Robertson et al, 1969).

The eebnomic uranium deposits of the Blind River -

[

Elliot Lake area are found as pyritic quartz pebbdble conglpmer~'

_.ates in three major ore zones, the Pnonto,‘ﬂordic and'ﬁuifke

.Zones. These strongly uraniferous izgg}gmerates are confined

to the Matinengda Formation which is .phe lowermost formation

\

N

-

Lo > ' e .
FN qw&nuff&t:a.w_,‘“‘ s .

izt

re . vt

L

e

(G S

RN Y

S a

. e

s,
(R el 3 P PR S



° Kilometres

[ oo W——— —— )
T
0 Mdes

Murray

™
E: E@a &,/
3 8 Flack ak/e/ Bl g/// ///
. e .
7/ cauihke zone’/
L3¢ 1SS S o et oo = Je A
Uirke Syncine
HURONIAN
ElluolLake
Nonmc zoue

7 //

/P ONTO ZO
Fauil

M‘“

& «Blind River

v di=d o
'=' fﬁ?

Figure 2 : Generalized geological map of the Blind River -~

Elliot Lake area.

are the major ore zoﬂes.(Adapted from Theis 1979)

Areas outlined in solid black
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UNIT ‘ OOMINANT AGE
LITHOLOGY {Mithon
Years)
PHANEROZOIC
CENOZOIC
PLEISTOCENE AND RECENT Sund, gravet, uit
UNCONFORMITY
PALEQZOIC . °
ORDOVICIAN Limestone
PRECAMBRIAN

PROTEROZOIC (LATE AND MIDDLE PRECAMBRIAN)
KEWEENAWAN SUPERGROUP

Sudbury Dikes Olwine diabase 1225
INTRUSIVE CONTACT
Mount Lake Dike Quartz disbase
INTRUSIVE CONTACT WITH NIPISSING DIABASE *
HUDSONIAN
Croker Istand Complex: Gabbro, granite 1.445
Cutler Bathotnty . Granite t 750
INTRUSIVE CONYACT ¢
PENOKEAN
Nepissing Quartz disbase dionte 2155
INTRUSIVE CONTACT
HURONIAN SUPERGROUP
Cobalt Group
Bag River Quartzite
. Gordon Lake Siltstone, sandstone
Lorramn Quantzite, conglomerate, arkose
Gowganda Conglomarate, greywacke, quartase
UNCONFORMITY DISCONFORMITY ‘
Quitke Lake Group
Serpent Quartzite
Espanola Lwriestone, uftstone
Bruce ) Conglomerate

LOCAL DISCONFORMITY

Hough Lake Group

Misnssag Quart2ite

Pecors | “Argilite

Ramsay Lake Congtomerste
. -

LOCAL DISCONFORMITY
Elot Lake Group®®
McKun Argillite
Matinends . Quartaite % U-conglomerate
Conglomerate
Arkose t U conglomerate
. tegohith 7

UNCONFORMITY -——"N\f

ARCHEAN (EARLY PRECAMBRIAN)
LATE ARCHEAN INTRUSIVES Dubaze 2,500

INTRUSIVE CONTACT
KENORAN {ALGOMAN} Granite 2,500+
INTRUSIVE CONTACT )
*  EARLY ARCHEAN INTRUSIVES ) Gabbro
IN‘T{?USIVE CONTACT N
. KEEWATIN Volcane and sedrmentacy rocks
¢ Mount Lake Dike may be ¥ 795m Y ’ .

**  Volcane rocks are found tocally sn the Ethot Lake Group (6), eath octurrence has beeh given
13 own name ‘

. c 2400

Nota, Geologicat ages given are t1on 3 variety ol tources

‘Table 1 : Table of Formations for the Blind River -

IS

Elliot Lake area (from Robertson, 1976)
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within the =1liot Lake Group and lies at the baée of the
Huronian section. According tb Robertson (1976) the Huronian
succession was déposited with northward overlap and consequen-
tly the ore beds of the Nordic Zone are older than those of
the Quirke Zone, with the Pronto Zone possibly being the oldest.
There is general agreement that the rocks of the ilatin-
enda Formation were deposited by a system of southeasterly
flowing braided rivers (M¢bowell 1957, Piennar 196%). Piennar
(1963) used isopach maps to show that deposition of the Nordic
and Quirke Zone sediments was:controlled by depreésions or val-
leys in the Archean basement, these étriking northwest -
southeast. Robertson (1966) has suggested that the positive
and intermediate topographical areas in Figure 4 are cherty
iron formations which stood as ridges on tﬁe Archean surface.
Each ore zone may have one (Pronto) or more (Nordio;
Quirke) ore‘bedsﬁ commonly refered to as "reefs". These may
be correlated between different mines witﬁin the same ore zone.
Table 2 presents a cérrelation of ore beds between the Quirke,
Denison .end Stanrock Mines (Quirke Zone) showiﬁg the variable
terminology applied to the same ore horizons in different mines.
The ore reefs-are composed of coalesced lenses of sed-
imentary units. Tndividual units are discontinuous and may
grade frdm well packed conglomerates to quartzites and may be
truncated or scoured by later units (Theis 1979; Piennar 1963;
Rosc&e 1969). TFigure 5 is a. generalized diagrém'which illustr-

ates these properties.
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Figure 4 : Topography of surface on which Matinenda
Formation was deposited, Quirke Lake Syncline.
(from ‘Piennar 1963%)

Subarkose Conglomerchic subarkose Crossbedded pyrite seoms

0", ¢
0 A

Loosely packed conglomerate  Well packed conglomercte

Vertical Scale of Fee@ Honizontad| Scale of Feet
?_Lllxll(, ._210 * 9!1/1210 - jjo

Figure 5 : Section showing intricate lensing within the
ore conglomeraﬁg, Quirke Mine. (from Piennar

1963) ‘ .
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. Robertson (197¢) describes five types of boundaries to

the ore beds:

Outcrop. -
‘edge out against basement highs.

i)
ii)
iii) Lateral thinning of conglomerate accompanied by a drop in

grade.
iv) Erosional unconformity with the Ramsay Lake Conglomerate.

v) Faulting.
The ore pearing conglomerates are composed of well roun-

ded, well sorted quartz pebbles with a few pebbles of chert,

set in a matrix of quartz, sericite, pyrite and minor feldspar.
Pebble size within the ore reefs decreases to the southeast,

the direction of sediment transport (Piennar 1963).
The pyrite grains are anhedral to euhedral, with many

being rounded ("buckshot pyrite"). Roscoe (1969) has described

the following forms of pyrite in the Elliot Lake o¢res:
1) anhedral grainé commonly about 1mm in size that contain

abundant small inélusions of other minerals; 2) euhedfa} to sub-

hedral grains 0.3 to O.6mh in diameter that contain few inclus-

ions but embay qpartz pebbles or other minerals.and larger grains

that include normal sized grains of other minerals; 3) spher-
oidal grains abéut 0.5mm in diameter with dbundant inclusions

P - N

S o o N

in their central part but not in their rims which may represent

overgrowths; 4) anhedral grains with curved markings that sugg-
est bquhdaries of overgrowths; 5).tiny anhedral and euhedral .

grains disseminated in the sericitic matrix of. some conglomera-

i
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fes; 6) aggregates of small grains commonly 0.3 to'O.6mm but
up to 1l2mm in diameter;‘7) brecciated grains evidently squeéz-
ed between pebbies during coﬁpaction of the conglomerats.

Rounded grains are considered by some wopkers to be
indicative of detrital transport (eg. Robertson and Steenland
1960; Roscoe 1969; Theis 1979), euhedral grains arising from
overgrowths on roundéd grains. Theis (1979) attempts to show
that the size of large pyrite grains is related to quartz
pebble size within a given sample despite the Gariability of
.pyrite grain morphology. He concludes that the deposition of
much of the pyrite was controlled by the same mechanism that
controlled the deposition of the quartz pebbles'i.e. that most
of the pyrite is detrital.

. In sampling well packed conglomerates, the size of the
intersticestwould be related to pebbie size. The negative
correlation between potassium (sericite) and pebble 31ze, also
indicated in Theis study, indicates there is less fine gralned
matrix in the interstices of coarser conglomerates. Thus, if
the pyrite had been introduced, the maximum erystal size would
be related to the size of the in%erstices in phe conglomerate
and the amouﬁt'of matrix octupying those intefstices.  Another

2,

pdssibility is that the‘pyrite is .a replacement of a common'
detrltal iron mlné;al, such as magnetlte (Arnold 1954), which
might have originally been in hydraullc equivalence with the
quartz pebbles.

The principal ore minerals are uraninite, "brannerite"

e A AR O i 5, e
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and monazite, and these minerals are confined %o the matrix.
The major ore mineral at the Pronto :line and at the A Reef,
Quirke iline (Theis 1973) is "brannerite". Uraninite is the
second most important mineral at the Pronto iline, énd apparent
-ly the most important in the liordic Zone and the C leef at
the Quirke iiine (Theis 1973).

The uraninite generally occurs as black subangular
grains ap.roximately O.lmo across. They ére more commonly
found in {samples containing medium to larger pebbles, and are
scarce iﬁvéamples with a pebble size less than jcm (Theis
1979). The uraninite carries about &% ThOE‘(Derry 1960;
Thorpe 1963) which is more typical of pegmatitic .urshinite
than vein type. Ramdohr (1958) and Robertson (1962) have des-
cribed rounded grains which together with the thorium content
"would tend to favour a detrital origin. Theis (1979) states,
"The ocecurrence of uraninite as discrete: grains, the‘.di\stributS
~ion of these grains within the ore éonglomerate; their pro-
nounced association with large pebbles, thneir position at or
near the base of accumulations of detrital grains, their occ-
urrence in cross-beds and their minor element chemistry all
point conclusively to the detrital nature of the uraninite’.

" Robertson (1962), Piennar (1963), Roécye (1969) and Robertson
(1976) also support a detrital origin for the uraninite. Rice
(1958) believes uraninite waé formed as a result of uranium
1eached.from "orannerite" and then deposited as gummite and

finally recrystallised as uraninite, in response to heat prov-

3

proeetieses 5w .
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ided by intruded diabase. Patchett (1960) supports a second-
ary origin for uraninite and indicated tae cores are carbon
rich. Davidson (1957, 1965) has used the lack of uraninite
in nmodern placers and meochemical princivles alonsz with the
conceot of uniformitarianism as an argument acainst the detrit
~al origin of uraninite.

"Brammerite" is typically found as ovoid red-brown to
black gf%ihs in the metamict state. Grains range in size from
0.25 to 1.50mm. The "brannerite" is a cémposite grain aggreg-
ate showing bladed rutile and anatase surrounded b»y uranium
and rare-earth oxides. It occurs more abundantly in samples
“4ith a medium to smaller pebble size (Tneis 1979). Most work-
efs who have studied thelmineralogy of these ores agree that
"brannerite" in its present delicate -and metamict state is un-
likely to be transported as detrital ‘grains. However the shap
-es of the grains are typiéally rounded and debate arises as
to whether they were original detrital grains subsequently
altered, or whether the grains were originally some titanifer—
ous mineral into which uranium has been adsdrbed. Robertson
and Steenlana (1960) interpreted the rounding £o be caused by
transportation and that the "brannerite" is detrital. Rice
(1958) and Pien#ar (196%) also believe the'"brannerite”‘wés'
deposited as detritai'grains but that alteration hag taken
place since. Ramdéhr (1957) has suggested that the hbranﬁer~
ite" is an alteration proguct and has pfoposed the "Pronto

Reaction!” in which uranium was adsorbed onto titania collect-
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ors. Investigations by Ferris and Rudd (1971) and by Theig’r~—\ij> ‘
(1973, 1979) concluded that the "brannerite" formed at low

temperatures during diagenesis as a result of uranium migrat- '

ing to decomposing' ilmenite.

Monazite gfains are normally rounded to subaﬁgular and ’
less than O.gmm in diameter. Roscoe (1959) has described the |
mona;ites and has pointed out that monazite can contain consid
—-erable uranium and is, therefore, one of the ore minerals.

Moﬁazite is less abundant in coarse pebble conglomerates than
in smallgr pebble conglomerates (Theis 1979). It is generally
accepted to be an original‘@etrital mineral.

Other minerals preséﬁ? in ‘minor quaﬂtities within the i
ore reefs are zirgon, pyrrhotite; galena ana thucolite.
Robertson (1976) has listed a 1érge number of heavy detrital-
minerals which haveﬂbeen identified from tﬁe ore reefs, but

these occur in very small quantities and are not present in
: <

all samples.h : ' ' |

The genesis of %hese deposits and others similar to it,
eg. Witwatersrand (S. Affica), Ja&obina (Brazil), has been
much debated. Bateman (5955), Joubin and James (1957), David-~
son (1957) and Heinrich (1958) have ciied the high uranium to
thorium fatios; the high titanium to iroj ratio ‘and the assoc-

-

iation of Ti, Co, Ni, Th and U.in a deposit carrying the char-

acteristic rriineral's "brannerite”, uraninite and pyrite as evid é
~ence of a hydrothermal origin. - Joubin (1954) suggested tﬁe W,
"Keeweenawan" diabasé as a source for the opé fluids, but later . i

T

S
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admitted mining evidence indicated that diabase intrusion post-
dated uranium mineralization. Davidson (1957) suggested graniﬁe
lying to the southeast of the Blind River - Zlliot Lake area
was the probable source for the ore fluids, but much éf the gra-
nite formerly considered to be of post - Hduronian age has sinde
been proved to be older than the Huronian. Davidson (1965) pro-
posed a new hypothesis in which uranium was leached from the
sedimentary pile by ground waters. The mineralized ground wat-
ers eventually sank to the lowest permeable horizons, the olig-
omictic conglomerates, wheré uranium wé;ld be reprecipitated.
Kimberley (1978) has proposed that the ore metals may have been
introduced into shallowly - buried fluviatiie’sediments, but
ﬁﬁat therembay have subsequently been some redistribﬁtion of
the ore by placer processes.

Abraham (1953), Holmes (1957), McDowell (1957), Piennar
(1963), Roscoe (1969), Robertson (1962) Robertson and Steenland
(1960), Robertson (1966, 1969, 1976), Theis (1979) have all
indicated a preference for a placer or modified placer origin.
Evidence presented has included variation in the U/Th ratios,

the absence of quartz veins or other signs of intense hydro-

" ‘thermal activity, the overall distribution of ore beds and the

benav1our of ore minerals within the ore reefs. One of the
pr1n01ple arguments of the placerlst theory is that the Pre-~
cambrian atmosphere was essentlally anqugenlc, so as to allow
the release and tréﬁsportation of uraninite and pyrite to the

site of deposition; Both of these minerals are unstable at “the.

.
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Derry (1960) and Joubin (1960) have both

suggested a syngenetlc orlwln for the uranium mlnerallzaulon

with the pos310111ty that uranium was carried in- solutlon and

precipitated in gravel panks.
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CIAPTER 1II1 </

Methods and Procedures

2.1 Sampling Rational and P;ocedure

Samplgs were collected from the following locations:
1) Quirke Zone i
R i) Kew Quirke iline
a) C, A and Upper Reefs
b) Ramsay Lake Conglomerate: at the contact with the
C Reef in New Quirke iine
ii) Denison lMine
EJUﬁper and Lower Reefs: ﬁhesé samples. were collect
‘ _-ed"oy R. Hartindale (see fartindale 1968)

2) Nordic Zone o )

e 2

Nordic Mine: these samples were .collected by W. Mercer.

The reef and location are unknown.

The C Réef, Hew Quifke Mine, and the Upper and Lower ' ‘
Reefs, Denison Mine, are sometimes collectively called the Rio
Algom - Denison Reef. '
* 3ample descriptions are éiven in Table 3. Location maps
_ aré given in Appendik.iv. . '
Pretoriﬁs (1981)‘deécribed five sites in which exploit

-able gold-and uranium occur in the Vitwatersrand:

6 | Lo
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Table 3

Sample Descriptions

= Sample illustrated in Figure 6
Cong. = Conglomerate
Qtéite = Quartzite

(Positions of samples from the Upper Reef,

- Denison Mine (Martindale 1968) were originally

-

measured in inches and have not been converted

to mebtric).
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i) In the matrix of the conglomerates.

ii) In pyritic quartzites where the gold and uranium part-
icles lie on the foresets of the cross-bedded sands.

iii) On quartzites along the planes of unconformities that
sepera?e two cycles of sediment?tion.

iv) On shales along the planes of unconformity that seperate
succeeding cycles of sedimentation.

v) In carbon seans tnat- are developed on, or immediately

adjacent to, planes of ‘unconformity.

These then are the sites in which one might look for
gold in the Elliot Lake uranium ores., They might also be
favourable sites for grains of the platinum group elenents.

Besides the normal conglomeratic ore, various specific
sedimentary structures were chosen for analysis. These are

shown diagrammatically in Figure 6.
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Figure 6 -

Sédimentary structure samples for

major and trace element analyses.

3C, 56CB etc

&
~
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Sample numbers

Sample dimensions in

centimetres
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2.2 Sample Preparation

In this study tae ovjective was to analyse mostly
whole rock samples to determine the distribution of gold in
relation to the se@imentology and bullz geocnemistry of the ore
reefs. Bmaller numbers of analyses were carried out on heavy
mineral, pyrite and pyrrhotite concentrates. All these separ-
ates were analysed for gold, and the pyrite separate was analy
-sed for voth zold and arsenic.

Figure 7 is a flow chart showing the experimental pro-
cedure followed in this study.

Polished thin sections were made from selected samples,
and these were used for microprobe examination of the pyrite.

Before crushing and analysis, the average size of the

-

ten largest peobles in each sample was measurced waere possible.

b}

No selection or discrinination of samples according tb sample

'size or packing index was made, but all samples, except one

(1182), consisted of single litholigies, conglomerate with vary
—ing desree of packing. Pebole size was used by Theils (1979)
to characterizec the depositional energy environment within a
given conglggeratic unit. The pyrite grain size of a sample
was recorded as being either large or sﬁall. If the majority
'of the pyrite grains had diameters >1mm then they were clﬁss—
ified as large; if {1mm they were classified as small. Pebble
and pyrite grain sizes are reported in Appendix I and II resp-
_ectiﬁely.

Sanples were broker with a hammer and jaw crusher, fed

S e wens o g % P P

. e e eem
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Figure 7: Flow chart of Expefimental Procedure

s”

S




24

into a disc grinder and ground to at least 18 mesh. A'éortion
of this sample wag taken for separation of pyrite, pyrrhotite
and heavy minerals. Jamples were then coned and split and

sub —~ samnles were further crushed in a shatterbox for 10 minu-~
tes and reduced to 2 fine powder. The resultin~ pouvders uere
used for {-ray fluoresence analysis (X.R.F.) and the bulk of
the neutron activation analyses.

Heavy minergl concentrates were obtained by centrifur-
ing a portion of the 18 mesh powder with tetrabromoethane,
thoroughly wasains the resultant separate vith acetone and dry-
ing in an oven for two days. After drying, the separates were
crushed in a shatterbox. Thorough drying is necessary to
eliminate bromine whicn otherwise will generate a large %5.4

hour 82

Br peaXx upon neutron irradiation.

To opntain the pyrite and pyrrhotite separates tﬁe 18
mesh powder was éeived to separate the 50-100 mesh size range.
This maferial was put into a pressurized water column initially
Opgrated at sufficient pressure to keep.all material suspended.
A hand magnet was passed dowvn the outside of the column and
any pyrrhotite preéent was dragged dovwn and collected in the
separating funnel at the bottom. ‘The pyrrhotite was dryed and
passed through a Franz Isodynamic Separator at variows slopes,
but with the current Switched off, to separate out non-magnetic
impurities.

To obtain the pyrite the flow of water in the colunn

was adjusted to allow the largest and heaviest grains (which

-
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were mainly pyrite) to fall to the bottom. After drying they
were fed throush the Frané Isoiynamic Separator at various
slqpes and currents to sevaratz out any paramagnetic aﬂd/or
uraniun beafin@ minerals.

The pyrite and pyrrhotite.separates were checked for
purity under the microscope. inor quartz was the only con-

tamination visible. Finally tiey were ground to a fine pow-

" der in an agate mortar and analysed for Au and As by instrum-

ental neutron activation. The neavy mineral concentrates were

analysed for Au and Ir.

etk
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2.35. Analvtical Procedures
$

i) LL3.E.
Te follouing elements were determined by f{.R.T.

analysis of rock powders:

majors: 5102, Al205’ FeQOB’ Xz0, Cao, Nago, &20, TiO2, 1m0, "t

P2O5, 5.

Trace: U, Th, 2r, Ce, la, Y, 3a, As, V, Cr, Pb, Co, Cu, In,

Wi, id, Lib, Rb, 3r.

(FeEO5 was recalculated as F852 once sulphur had been
determined.)

ii) ileutron Attivation.

Lu and As were analysed py instrumental neutron
activation. About O.4gm of sample powder were weighed into
plastic vials and irradiated in' the iiciaster lluclear Reactor
at high flux (1015n/cm2/sec)'for half an hour along with
knowvn standards. JStandards were prepared by accurately weigh-
ing an aliquot of solution, contalning known concentrations
of Au (#10ppb) and As (#Yppm) in a pre-weighed plastic vial.
After reweiéhing pure quartsz powder'wasnadded to absorb or
soak up the standard fluid and theredby distribute it over the
same Qolume as- the sample. The vial was placed in a drying
oven at aﬁproximately “0°C to dry the powder. When the powden
had dryed the vials were sealed. '

After irrédiation, samples and standards were allowed
to decay for two days and'were then counted for one hour on
a Ge Li detector (resolution of‘2.1 KeV at. 0.662 ileV; peak to

background 15:1). Au and As were ‘determined by counting the
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is on the order of a few parts per bdillion. .

- Radiochemical neutron activation analysis uas cairied
out for iridium using the technique outlined by Trocret et al
(1968). Iridium was chosen to réoresent the platinum group
elements as it has been shown (Cousins 1973), that iridiunm
and osmium minerals are the most abundant platinum minerals
present in the Rand. Grains containing these elements are
considered better survivors of sedimentary transvort than
grains containing m, R and Pt.

The analysis of iridium in the ore conglomerates fail-
ed due to the high uranium content of the rocks. On irradiat-
ion, relatively large amounts of fission product rutheniunm
were formed. 'Ruthenium followed iridium through the chemical
separation procedure and completely dominated the gamma spect-

run in the 192

Ir region. Attempts to remove the ruthenium by
heating in a tube furnace, first at 300 C for one hour and thnen
at 500 C for two hours, were unsuccessful.

Analyses by Martindale (1968) gave an average iridium
content in pyrite of about 4ppb. Boyle (1979) quotes the aver

-age platinum and palladium content in the Llliot Lake. conzlonm

~erates as being 0.005pom and 0.006ppm respectively.

Whole rock analyses are reported in Appendix I?hduplic

~ates in Appendix III..

A




CHAPTER III

5

3.1 Major and Trace Elemépt Distributions

Table 4 shows the correlation coefficients for the
elements and parameters measured in this study. The correlat-
e ion coefficients 1asicelly confirm those of Theis (1979) as

shown” by a comparison of some of the correlation coefficients,

Table 5.
lation Coefficients
fh%s study Theis(1979)

Ce - Th. : .85 . , .84

La - 2z .73 .85

U-Po : - .94 92

Y- .7 .85

Fe - K : -.49 -.55

Zro-mi .81 .81

i-TFe : . .00 J ~-.05

Pebble $%ze - U/Th: .60 : .79

(¥

‘Table 5 : Comparison of Correlation Coefficients showing

Good Agreement with Theis (1979)

There are some significant differences however, with

many of the corré}atidn coefficients in this study being lower,

28
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Table 4 : Correlation Coefficients

(Correlation coefficients ».70 are underlined. Samples 30E,
ME1 and 23 were excluded from the célculations. Correlation
coefficients with vgiues > .36 are significant at a .001

level of significance)
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Table 6.

-

Jorre_ation Coefficients

This sTua~ Theis (1979)

‘ La - . ~.12 45 A
U-2r ;.Cl -.46
Po - Ce 7 ~.45
Pebble size - Y .CO -.40
Pebble size - Ti R— ~.80
Pebble size - Ce -.o7 -.35

Table 6 : Comparison of Correlation Zoefficients showing

Poor Agreement with Theis .1979)

well packed conglomerates from one org rqe{‘QRio Algom -

Denison Reef), while in this study 2z far more heterogenous

sample population was employed. A rnunber of reefs were sampl-

ed and no sample selection based on sample size or degpee of
packing were used. Also some quartzite data were included in
most calculations.

Figureé 8 and 12 are plots ¢ selected element:pairs
from which it can be seen that all <:s reefs investigated
appear to follow simiiar~trends and iistributioﬁs, indiéating

they have a common mode of origin.

In as much as part,of this s7iudy overlaps the work done

by Theis (1979), a brief summary of :is results will be presen

-
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~ted.

Theils attemots to relate element analyses to minecral-
ogical and sedimentolosical features within the Rio Algom -
Denison Reef. 'le bases his conclusions on the following assum-
ptions. Ce and La, the two most abundant rare-earth elements
commonly found in the mineral monazite, are dominantly cont-
rolled by the variation in the abundance of monazite. Variat
~ions in the content of Zr and Ti reflect the abundance of
zircon and "brannerite” respecfively. Fe reflects the pyrite
content and K the sericite content.

Theis findings indicate that the abundance of Th and
Y are controlled by uraninite when the pebble sizes are large
and by monazite when small. Similarly, U abundance is contro-
lled By uraninite when pebble sizes are large and by "branneri-
te'" when small. All Pb is radiogenic decay product of uranium.
The U/Th ratio increases with increasing pebble size and is
explained as a result of the more dense uranium minerals-being
deposited in a higher energy environment, while the less dense
thorium minerais are carried to a lower energy environment.
This is also the explaination given for the decrease in the
U/Th ratio down the péleo—slope. Theis divides the elements
‘analysed in’his study into two groups. One grouv includes
Zr, Ce, La, T1 and to a lesser extent Th, Y and K. The elemen
~ts in this group correlate with each other, and the contents
of these elements increase witﬁ decreasing pebble size i.e.

the content of monazite, zircon, "brannerite" and sericite
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increase with decreasins; pebble size. U, Pb and the U/Th

ratio make up the second groun. These parameters increase

with a general increase in vpebble size. Thels summarized his
findings by noting that all elements determined, with the excep
~tion of I'e, showed some degree of correlation with deposition-
al environment as reflected by the pebble size.

The findings obtained in this study tend to confirm most
of the above relationsnips. 4 relation;hip exists between the
distribution of 4r, Ce, La, TiO2 and Th as shown by their hipgn,
positive correlation coefficients in Table 4. K20 and Y hovu-
ever, correlate very'poorl§ with this group of elements. Y
in fact correlates better with Theis second group of elements,
U, U/Th and Pb, the eﬁistance of which is confirmed by the
correlation coefficients obtained in this study. , The present
findings nowever, do not stress relationships of element abun-
dance with pebble size to such a large extent. This could be
dve to the more heterogenous sample population. Results of
this study wguld also tend to confirm some of Theis assumptions.
The strong correlation of P205~with Ce and La, .87 and .85 res-
pectively, indicates most Ce and La are present in the mineral
monazite. Correlation of_KQO with A1205 (.9Q) coﬂfirms most
potassium is present in the sericitic matrix.

. Interpretation of the findings obtained in this study
are still based on the assumptions the Fe (quoted as FeSE),
represents the pyrite content, Zr the zircon content and TiO2

the "brannerite" content. From the elementwanalyses completed

.
[PRPNE VI S RN S S asad

——

ey s




54

in this work, the followin~ relationships are established:
SiO2 and Fe32 are mutvally exclusive as shovm by their stron:z
negative correlation (-.28). AlgO5 correlates very well with
K20 (.90), as does Rb (.82) and Ba (.75), indicating these
elements all occur in the same mineral, sericite. .50 shows
no clear relationship with any of the other elements. Its

strongest correlations are with T102 (.40) and 3a (.47) ind-

Lgs"

icating that it may occur-both in "brannerite" (present in thgéﬁg

e

=

rutile phase?) and sericite (possibly minor cnlorite present).
Ca0 and Sr correlate strongest with P205, With correlation
coefficients of .68 and .61 respectively, suggesting most
calcium and strontium are present in the mineral monazite.
There may alsgjye minor apatite preserit (Robertson 1976). KaaO
correlates most stronglj with KEO (.45) indicating most sodiun
is probably present in the sericitic matrix of the ore conglo-
merates. Little can be saig about MnO except that it is except
-ionally uniform throughouttthe ore reefs.

The rare—earth lid coprelates'wgll with Ce (.98) and
La (.94) as expected. In these orées Hib follows U, the correla-
tion coefficient being .78. Nb appears unrelated to TiO2 as
shown by their poor correlation of .21. The correlation coeff—
icients of As and Ni with Fesg, .75 and .70 respectively,
indicates the distribu;ion of these elements is controlled by
the distribution of pyrite and that they are mostly contained
within the oyrite. The samé might be argued for Co, but the

poor correlation with FeS2 (.46) may indicate the presence of
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Co in some other minerals e.g. cobaltite (Robertson 1976). V
shows a strong correlation with ‘l‘iO2 (.89) and is present most
-1y in the rutile phase of the "brannerite". Cu and Zn show no
relationship with any of the other elements and probably rep-
resent trace constituents within the sericite and/or pyrite.
Where high values are recorded they could indicate minor amounts
of chalcopyfi?e and sphalerite. The distribution of Cr is
problematic. It was thought that Cr might reflect the distrib
-ution of chromite within the ore reefs, but this does not
appear to be the case as no relationship is apparent with heavy
minerals such as ziroon‘gnd monazite. In fact Cr shows no
relationship with any of the other elements. Theis (1979)
reports that his Cr analyses showed marked contaminatioﬁ from
.use of a disc grinder and the\same problem may have gccurred in
this study. Accordiﬁg ts Boyle (1979) Cr in this type of dep-
osit occurs mainly in the micas.(sericite) and pyrite with-
small amounts in a variety of other minerals including“chromite.
« To summarize: The distribution of
a) Fe, S, As, Ni (and Co) are controlled by pyrite.
b) Al, X, Rb, Ba (and Ha) are controlled by sericite.
c) P, Ce, La, Nd, Ca an& ST ‘are oontrollea by. monazite.
d) Ti and V are controlled by "Brannerite".
e) Zr is controlled by zircon. |
f) U, Nb and Pb are controlled by uraninite and "brannerite".
g) Y and Th afe controlled by uraninite and monazite.

h) Mg is probably controlled by "brannerite" and sericite.
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The mineralogical controls on Cu, Zn, Cr, and in have
not been discerned from the correlation matrix.

Figures 84 to £E illustrate some of the relationships

described above.

e i Rt




57

Fizures 24 - O

Plots of : Ce versus P2O5
V versus TiO2
Ba versus K2O \
Ro versus Algo5
- As versus Fe82
¥ = C Reef + Lower and Upper Denison Reefs
o = A Reef
v = Upper Reef, llew Quirxe iine
o = Nord;c Zone

a = Reworked C Reef
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~

3.2 Microorobe analyses of pyrite

Ilectron microprove (Acton Lab. Inc. ..3 54) énalyses‘
were carried out on a number of pyrite mrains.to see if any
zoning was discernable. RNi, Co, Ti and S vere chosen for
analysis.

If thé rounded pyrite grains showed any distinct sym-
metrical zoning, it could be taken as evidence for a non -
detrital origin. If detrital, the break up and resu%éant rel-
ease of pyrite from the source rock should not resultvin any
symmetrical zoning within grains.

Taree rouqded grains and two eunedral (cubic) grains
were studied. Although all four elements could be detected in
the pyrite above background levels in the quartz - sericite
matrix, no zoning was discernable in either type of pyrite in
that only flat traces were obtained {(see Figure 9). In the
cage of Co, i, and Ti, this was at the lowermost limits of .

detection.

The lack of any zoning in the rounded pyrite might be, .

taken as evidence for a detrital origin, but the non-detrital
euhedral pyrite shows exacfly thélsams flat distribﬁtion.- In
reality the seﬂsitivity of the instrument used was probably

too low to detect any change in element content within\the |

pyrite.
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Figure 9 : Microprobe traces of Co and S in pyrite

(The traces for Ni and Ti were similar to Co)




CHAPTER IV

Distribution of Carbon

Carbon in the Elliot Lake ores has received relatively'
little attention.' Carbonaceous material in this type of depos
-it is generally referred to as "radioactive hydrocarbon" or
"thucolite" (Robertson 1976). |

The importance of carbonaceous material in localiziﬂé
gold and uranium in the ‘itwatersrand has been stressed in ‘
the literature (eg. Pretorius 1974). Several possible méch—
anisms have been proposed, including physicai trapping, pio—
genic fixation and transportétion by organic colloids.
Hallbaver and van Warmelo (197%4) claim to recognize structures
of biological o?i%in in the seams of hydrocarbon, which are
thought to be the remains of ancient algal mats. Muir (1978)
disputes thls, arg ulng the method of sample prenaratlon was
exceptlonallJ severe, and Cloud (1976) has been able to demon
~-strate that identical structures can be produced in the lab-
oratory abiogenically. The channel facies’of‘a fluviatile
system is also unfavoupable‘for the growth of algal mats. The
argument'that the algal mats grew on the éhales-a% the top of
the" precedlng sedimentary cycle is mltlgated by the fact that
many seams of hydrocarbon are actually contained w1th1n the

conglomerates. Hoefs and Schidlowski (1967) found that the

isotopic composition of carbon is very similar to present ‘day

43
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crude oils and bitumincus substances of obvious biological
derivation. Thus the evidence favours the hyoothesis that
the hydrocarbon now vresent in the’con@lomerates represents
remobilized biogenic carbon which miprated there in either a

v

gaseous or liquid vhase.

Although different types of'carbonaceous material
ﬁave been reported from the Elliot Lake ores (Roscoe 1957;
Ruzicka and Steacy 1976), occurrences are quite rare. The
most common occurrence is as nodular, warty thucolite occurr-—
ing in fault gouge, fractures, and vugs or cavities at the
margins of diabase dykes (observation by the author) cutting
the ore reefs. Other rare occurrences are as seams within the
ore reefs (Qﬁzicka and Steacy 1976). The presence or non -
presence of hydrocarbon has most often been made simply on the
premise of visuai observation. FProm the fact most thucolite
seen, occurs in faults, fractures and dykes cutting the ore
reefs, it is logical to assume these locations have acted as
points of concentration for'hydrocarbon; and that this hydro-
carbon has been- scavenged from the adjacent ore reefs. ‘

Based on the assumption the ore conglomerates might
contain more hydrocarbon than was immediatly obvious in hand
speciman or in underground nine exposures, the decision was
taken to analyse the ore for carbon. The analyses were attemp
~ted using a Leco induction furnace and “WR12 carbon determina-
“tor. Due to the high sulphur content of the samples ﬂowever,

carbon could not be‘determined. The sulphur dioxide released
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on comhustion swanped the manganese dioxide trav on the

determinator and pave anomalous results.

Patcnett (1960) studied tae radiocactive minerals
from the glliot Lake ore conglomerates and noted individual
grains of uraninite had a characteristic texture. This text-
ure was distinsuished by very minutg curving and irregular
fractures filled witn another phase. The nunber of these
imperfections increased towards the centre of a grain givins
the appearance of porous grains witﬁ purer rins. (2ee Figure
10) Patchett restricted his study to only three samples, but
it is well established that many uraninite grainé show this
texture, (dart et al 1955; Heinrich 1958; Ramdohr 1969 figure
615; Theis 1979).

Figure 10 : Sketch of uraninite grain (from Patchett 1960,

figure 19)

Analyses by Theis (1979) indicate that.the porous
areas within uraninite grains are lover in uranium, but rich-

er in thorium, than the rins (see Ta?ﬁe ?). This is in coatr
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—adiction to Ramdoars (1969) suggestion that the intact rims
of the uraninite grains are due to their aigher thorium content

as compared to the cores.

lims Porous areas

uo, . ThO,, U0, Tho,
SR 7.17 45.35 14.71
63.51 5.55 i 52.40 16.51
62.62 ©.25 39.46 19.18
64.3%9 7.75 34 .64 13.88
62.567 5.1

62.80 5.97

Table 7 : Examples of UO2 and Th02 contents of uraninite rims
and porous areas within uraninites (Data from Theis

1979)

Patchetts éxamination of the uraninites by reflected
light revealed the impurities remained completely isotropic
under crossed nicols indicating they were not guartz. ilicro-
probe analyses by Theis (1979) on other Elliot Lake uraninites
support this observatibn. X-ray powder patterns of uraninite
obtained by Patchett, showed only the diffraction lines of UO2
and sometimes those of galena and pyrrhotite. Difficulty was-
experienced in converting UO2 to U508 by heating, a reactign

that normally proceeds rapidly, 1e§ding to the conclusion that
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some factor had retarded the oxidation. On analysis, the
uraninite was shown to contain on the average 15 carbon by
volume. 1ilo carbonate diffraction lines were observed on the
powder patterns and 002 inclusions could not have éunplied
that much carbon. Patchett concluded that cardon or hydro-
carbon was a major impurity within the uraninite grains and
that the cores are cardbon or nydrocarbon ricn. Cheunical
analyses of the low uranium areas by Tneis (197%) yielded
totals well delow 100/ due to the presence of elements undet-
ectable by the electron microprobe. Carbon may have been one
of the elements undetected. It is of interest to note that on
a microprooe analysis of a very dark pﬁase in the low uraniun
area within a uraninite grain, Theis had to move the beam con-
tinuously to avoid burning. This indicates the mineral phase
under the beam was easily volatilized - possihly hydrocarbon.
Patchett (1960) favours a hypothesis in which uranin-
ite was precipitated from solution by carbon. The disseminat

—-ed nature of uraninite is believed to be related to minute

-

gcattered amounts of carbon in the conglgfifiyés and the thor-

ium content as due to the incorporation of thorium. released
from altered monazite.

If uraninite formed by adsorption of uranium onto
hydrocarbon collectors, no place is more likely. for this to
happen than in the ore éonglomerates themselves. Hydrocarbon
could have migrated inﬁo the conglomerates and been distribut
-ed preferentially in rocks of higher permeability and poros-—
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ity, the better sorted, vetter packed conclomerates with

larger pebbles. The ne~ative correlation between 220 and |
pebble size indicates there is less fine «rained material in

the interstices of the coarser conglomerates. Uranium would

he concentrated by aydrocarbon in the coarser conrlomerates
vhile thorium would mostly follow monazite, and as previously
shown, the concentration of monazite increases with smaller
pebble sizes and poorer vackinag (Robertson 1962; Theis 1979).

In effect the U/Th distribution could be the result of two
processes -~ one during deposition of the conglomerates and the
other after burial. It would be of interest to see how the

U/Th ratio varied with the carbon/phOSphorus ratio. The pres-
ence of carbon and titanium in the conglomerates of the
Matinenda Formation may have acted as "collectors" for any
uranium in solution which was moving fhrough the Huronian rocks.

It need not be postulated that the oligomictic conglomerates

were any more permeable than other rocks in the Huronian sect-
ion, only that they contained the highest amounts of carbon

and altered ilmenite and were thus able to trap large amounts

B A i alPaN S N s T S A n bl

of uranium.
That carbon is important in the formation of this type
of deposit is of little doubt and the distribution and relation

" of carbon to the other elements warrents further study.
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®

The Distibution of Gold

5.1 Previous Jork

Comparitively little work has been done on the occurr-
ence of gold in the Elliot Lake mining camp, which is supris-
ing, since the analogies of Elliot Lake to the witwatersrand
would tend to suggest the possibilities of finding gold at
Flliot Lake.

iHart et al (1955) noted gold was present in the radio-
active conglomerates, but that although the occassional good
assay was obtained, the overall gold content was low and the
distribution erratic.. Davidson (1957) described the occurrence
of gold at Elliot Lake as being "patchy". Heinrich (1958) stat
~ed the gold values were low and erratic, 0.02 to_0.0Boz Au/ton.
Robertson and Steenland (1960) noted gold was not present at
Blliot Lake except in sporadic traces and its manner of occurr
-ence.was unknown. .

B Martindale (1968) obtained an average gold content for
pyrite of 656ppb (0.020z Au/ton) in a study of the éoldkcontent
of pyrite from the ore reefs. Roscoe (19695 noted that althou-
gh gold was concentrated in the conglomerates most samples were
reported to contain "trace'", "nil" of 0.005%0z Aud/ton. However,
many samples éontained about 0.0%70z Au/ton and a few up to 0.04

‘oz Au/ton. The highest gold assays reportedly came from his

49
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Type I conglomerate, U508>>T13>Th02>f2r.

liore recently.Boyle (1979) described the cold values
as erratic and at ovresent of no consideration in the econonic
value of the ores. Tle quotes an average gold content for most
samples as being 0.0%om (0.003%0z Au/ton), with locally high
assays from samples where sulphides such as galena, sphalerite,
cobaltite etc occur. He states most of the gold (and silver)
are present in the oyrite -and other sulphrides, an average fig-
ure being 0.S4vom (0.01%0z Au/ton), which is in good agreement
with Martindales average of 0.656ppi.

Hative gold hgs been reported sporadically in some of
the ores (Robertson 1976).

This general paucity of gold in the Elliot Lake ores
is often explained as due to a lack of gold deposits in the
provenance area to the northwest. Roscoe (1969) noted gold
deposits are common through a belt extending east from [ichip-
icoten, about 100 miles north of Elliot Lake, but are éare or
absent in greenstone belts further south. A more recent hypo-
thesis is that proposed by Pretorius (1930). If the Elliot
Lake quartz pebble conglomerates are assumed to have been dep-
osited on the shallow limb of an asymmetrical sedimentary
Dasin, any gold present in the provenance area may have been
eroded, transported and deposited deeper within the sediment-
ary pile, long before deposition of the Elliot Lake conglomer
~ates, i,e. any gold deposits which might exist, may possibly

lie deeper in the succession, to the south under Lake Huron.
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5.2 Concentration and Distribution of Gold within the

51

Ore Reefs

-ed in

In respect to gold,

sample

The results of the wnole rock cold analyses are

Appendix I. Duplicates are reported in Appendix

far sreater heterogeneity exists in

report
ITTI.

the

after coning and splitting than after crushing in the

shatterbox.

The Q{iqreefs investigated save a range in gold values

from Sppd to 98Yppb (0.0002 to 0.03%0z Au/ton). Figure 11 shows

a plot of sample frequency versus gold content for all the data.

Sample

Frequency I e

Figure

e W

kY

Lok
36|
32t
281
au}
20} t—

16

T

12t

—r—,—n—[_lﬂ .

0 40 120 200 500 600 800

Au (ppb) -

11 : Sample Frequency versus Gold Content
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The ranges and averages for the different reefs are shown in

Table 8.

Reef Ranze (ppb) Average (ppb)
C Reef + Lower and Upner leefs 5 - 510 111 (63)

(Denison wmine)

A Reef 16 - 130 7% (19)
Nordic Zone . 16 - 388 117 ( 8)
Reworked C Reef (Ramsay Lake Cong.) 19 - 987 400 ( 5)
Upper Reef (ilew Quifke ¥Mine) - - - ue (1)

Table 8 : Ranges and average gold contents for the different
N reefs ( Number of analyses in brackets)

The average for the Reworked C reef 1s in reality
probably much lower than the figure qﬁoted as two out of five
samples had anomalously high gold contents.

From the correlation matrix (Table 4), the elements
corrglating most strongly with gold are Pb, Nb, U, FeSz, SiO2,
Y, Ni, As and'to a lesser extent Co. Their correlation coeffi
-cients with gold are shown in Table 9. Plots of Pb, Nb, U,
FeS2 and SiO2 versus gold are illustrated in Figﬁfes,42A to E.

It is apparent from the g?aphs that althoﬁgh F652 versus
Au only gives a correlation coefficient of .67, it appearé to [ive
ﬁhe.strongest correlation. The reaéon for the apparent lbwer -

correlation is five points lying well above the main distribut-



ion, thus considerably lowering the correlation coefficient.

If these five points are considered to be anomalous in resvect

Element

Pb
o

FeS
S:LO2
Ni
As
Co

Table 9 :

Corr. Coeff. with Au

Jorr. Coeff. onitting
5 samples (see text)

59
.63
48
.88
-.80
.3l
.53
.62
.41

Correlation coefficients of selected elements against

gold

to gold and ‘are excluded from the calculation, a strong FeS2

versus Au correlation of .88 is obtained.

The coefficients for

the other elements are recalculated under the same conditions

and are shown in Table 9.

U and its associated elements FPb,

Nb, and Y decrease, as do i and Co. SiO2 and .As increase.

Thus, FeS2 gives the strongest correlation with gold

and suggests that most of the gold®in the ore conglomerates is

present in the pyrite and the concentrapjion of gold is related

. to pyrite content.  The correlation of‘gdld with U and its
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Ticures 124 - &

Plots of : Au versus
Au versus
Au versus
Au versus
Au versus
{
= C Reef + Lower and

= A Reef

Pb
b
U
FedS
310

Upper Denison Reefs

= Upper Reef, New Quirke iMine

= Nordic Zone

‘= Reworked C Reef

7+ = Samples omitted in

recalculation of

correlation coefficients
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associated elements Pb, ilb and Y is an artifact of the weak
correlation existing between U and Fe82 (in this stvdy .48),
a fact which mine geologists use to roughly tell grade of ore.
The correlation of As, Ili gnd Co with gold arises by prefer-
ential association of all these elements with the same mineral,
pyrite. The negative correlation of FeS2 vefsus SiO2 results
in the negative correlation between gold and SiOZ.

If free detrital sold were present in the c&nglomerates
in large amounts, it mipht be expected to give a relationship
with pebble size and undisputed heavy detrital minerals such as
zircon (Zr) and monazite (Ce, La, Pé05), but no such relation--

.Ship exists.

Figures 13 and 14 show lithological cross-sections

through the C Reef (New Quirke Mine) and the U@per Reef (Denison

.Mine) respectively,;yogethor with variations ir}-Au,-FeS2 and U.
in genéral all three parameters appear to vafy sympathetically
fhrouvh the verfiéai extent of the reefs. The conglomerafes

contain the highest gold and uranlum values, the quartzites and

argillite the lowest. In Flgure 13 the calcite - sohalerlte

vemn<£5OV) contains only traces of gold (21ppb) and no uranium.

Some additional poihfs of intérest'include the follow

-ing. Sample 49, obtained from a fault*%hrtlng the C Reef, con

~tains galena and thucollte, but dld not yleld anomalously hlgh.'

gold values, only 19ppb. Neither did the C Rqef Footwall .Beds
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Fipure 153

Cross - section through the C Reef showing the

variation in Au, Fe82 and U

304 etc = sample nunmbers
000 = conglomerate
= quartzite
= = argillite ¥
\\. = pyritic ¢ross - bedding i

== = calcite - sphalerite vein
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Figure 14
Cross - section through tane Upper-Reef, Denison

Mine showing the variation in Au, Fe82 and U.

11617 etc = sample numbers
A1l samples are conglomerates except M44 and M6,

which are quartzites.

* = Data from ilartindale (1968), .see vage 78 of

tais study
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(Scraps - see Table 2) - 69ppb Au. Sample 23, taken immed-
iately adjacent to a dyke, contained only minor gold, that
which is in proportion to its Fe82 content. Gold appears to

have ,been neither added or removed by the dyke intrusion.
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5.% Comparison of heavy mineral and whole rock zold values

The gold values used to calculate the cofrelation
coefficients presented in Table 4, were obtained from the whole
rock analyses. To test whether the whole rock sample size
waé large enough to adequately sample the average gold content,
the heavy mineral fractioan was separated from various samples..
This would hopefully concentrate particulate gold from a much
larger sample than taken for whole rock analysis and give a
highe£ chance for detection of erratic particulate gold. The
heavy mineral fraction represents that portion of the -sample
which sank in tetrabromoethane (see'flow chart, Figure 7).

The results are shown lﬁ Table 10 and in Figure 15.

After conversion of the heavy mineral fraction gold

- values back to whole rock values, using the heavy/light

mineral weight ratios, a correlation coefficient of .88 was
found for Au and Fesg. The heavy/light mineral~weight ratios
were calculated by weighing the initial sample before separation.
and the heavy mineral fraction after separation.' The difference
between actual and recalculated gold values is due to error in
in the heavy/light mineral weight ratios - sample mixing and
sanple loss in recovering, heavy liqui&s.

For most samples, the heavy nlneral fraction yields
recalculated gold values which are w1tn1n a fagtor of two of
the whole rock values, although there are some exceptions.
This suggesés a relatively uniform.distribution of gold and

that 400mg whole rock sample adequately represents the larger
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Heavy mineral Heavy/Light = Recalculated’ Actual whole:
Sample Au value(ppb) mineral ratio Au(pob) rock Au(ppb)
1 790 0.16 126 , 157
3C 346 0.11‘ 38 116
5 728 0.19 132 143
9 308 . 0.09 28 489
10AP 358 0.15 | 54, 100
12 337 0.20 67 | 115
124 4¢9 - 0.3%38 1 178 125
14 424 , 0.2% \\ | 98 226
304 585 0.2% ‘ 88 ou
56 510 | 0.14 \ 71 37
15B 319 0.12 , 38 1M
21 278 0.17 47 8

234 341 0.26 89 114

Table 10 : Recalculated whole rock gold values from heavy

mineral fractions (see text)

sample from which the heavy fraction was taken. Sample 9 how~
ever,'giQes a far higher whole rock gold value than its heavy
mineral concentrate'indicating that by chance, sampling has
isolated éome particulate? gold. Concentrating the heavy
mineral fraction may 5e worthwhile if time is available and a

large enough initial sample is used.
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5.4 Sedimentary control of gsold

As stated previously five samples in Figure 12D plot
well above the main distribution. These sanples contain excess
gold over énd above the amount expécted in pyrife alone.. Tﬁey‘ ;
possibiy.contain par?iculate gold of detrital or;gin. |

The two samples with the highest gold values 51A (987§pb)
and 52 (8é4ppb), occur at or near the base of a large channel
cutting into thé C Reef. This is a mosfxlikely place to find
part;culate gold. The present day charfiel bottoms of gtreams

and rivers are favourable locations to find concentrations of 3

plaoér gold. An attempt was made to detect particulate gold in

' sample 52. A portion of the 18 mesh powder was placed in hydro—

B T s

fluoric acid and allowed to digest for two days. However on
inspection of the residue no gdld pérticles were observed.
Sample 9 was a conglomerate lying directly on quart-

zite and as such could fit into No. iii in the classification

2 ltemntvanie nedaar i des b bt N S

soheme of Pretorius (1981) - see page 19 of this work. amples
M11 and 1152 (Martlndale 1968) were not collected by the thor

and their relationship to any sedlmentgry structure is incompl-

PR O e P T

efely'known. Sample 111 is recorded as having been taken from

v

near the footwall of the Tower Reef and sample M52 as having

>

B Vark me A Va

mlnor oross~bedd1ng.

Though ”hlgh" gold values have been detected and can be related
to specific sedimentary structures, mapy.of phe potentléllyh
favourable sites investigated yielded low gold values. The'
méjority of conglomerates.anq quartzite; fecorded as having

pyritic cross-beds did not yeild high gold values e.g. 30G
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48, 6AL, 56CB. fbotwall and hanging wall contaéts likewise
yeilded: low values e.g. HE2, NGO, HA5. Similarly sample 10AP,
the baée of a small scour, sample 54, a small channél, and
sample 124, a.congiomerate.resting on quartzite, contained
‘'only normal golq contents. Sample 30Z, an argil;ite, yielded
low gold values, as did the quartzites above and below it, 30D
and 30F. All were. sampled as complete units and included the
bedding planes between them. |

The Au/I‘eS2 ratios for sample 3, the graded bed are

shown in Table 11.

Sample ‘. Au{FeS2 . Pyrite ‘grain size
3F 6.0 | ‘Small < Imm
3M' ' ‘ 8.6 Mixture

Y C C 9.7 Large > 1rm
Table 41 : .Au/FeS, ratios for the graded bed
These values suggest that 1aréer pyrite grains are

richer.in'gold than smaller pyrite grains. fTo test this fur-

ther the average Au/FeS ratio of a number of samples with

‘large pyrlte was compared W1th the average for an equal number

of samples with smgll pyrite from\the same reef. The results
are shown in‘Table‘ﬁ2. The avérages are close enough togetﬁor
to indicate pyrite grain size is not a contralling factor in

the gold content of the.C Reef.

w AV e SRR T e




69

metire  Awmes,  JRIPRMIR awres,
S . 6.0 _ 1 10.6
10 s 11,7 2 5.9

. 104 - 12.6 5C 9.7
104P . 8.7 . 25
14 S 11.7 5 7.7
300 | 4.8 © 4.6
506 ) 5.6 9 10.6

308 ' 3.6 8 9.4
W45 . 100 1 #.9
4G . 1%,% 12. 8.4
wy 2.2 124 - “-8
s bk a3 4.9

49 . 9.0 304 5.3
M50 3.8 .50, 7.1

. HE2 13,9 54 9.8

Avérage 7.9

7.3

\

Rl

Table 12 : Average Au/Fe82 ratio of large and Small'pyrites
from the ¢ Reef (all samples are.conglomerate,

_except ME2 which is conglomerate plus gquaitzite)
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5.5 Distribution of «old in pyrite and pyrrhotite

Table 13 fepdrts gold values for pyrite, pyrfhoﬁite
and chaléopyﬁitew§éken from the ore conglomerates. In most
‘samples 'the amount of pyrrhotite is almost negligible and not

‘enough was obtained for analysis.

§ggplgj Exzigg Pyrrhéyite' Chglconyrité
7 ‘ 402 7% -
514 2085 . 186 -
52 6279 5636 -
53 L7 _ 61 -
56 527 T -
R91-73" 1420 - 1398
Denison E. 452 - s

'1 : : .
Table 13 : Gold values (ppb) for pyrite, pyrrhotite and
. chalcopyrit® (* = from Marfindale 1968)
Bxceot for sample 7, gold is preferentlally concentrat
-ed in pyrite compared to pyrrhotlte.. Martindale (1968) con-
cluded the gold content of cbalconyrlte is of the same order as

.,pyrlte from the same locatlon. Samples 54A and 52 have been

_snoun to contain anonalous Pold, pOSSlbly partlculate. The high

gold values of pyrite and pyrrhotmte (52 only) may 1ndléate,

local ass;mllatlon of gold 1n or onto pyrite and pyrrhotlte

grains,,of,that in separation of the sulphides using the wvater

PR
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' . column, geld, has also: been preferentially separated. If
assimilation is chosen, &he fact oyrite contains more gold
~than pyrrhotite is still true. If an artifact of-separation,
. s - the differente in values could be due to gold being non-magnetic.
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5.6 Gold and arsenic content of oyrite

Table 14 reports gold and arsenic values obtained

from pyrite and provides further. evidence that gold and arsenic

in the ore are preferentia}ly conceﬂfpated in the pyiife. The
correlation.coefficiént betwéen gold énd arsenic in pyrite is
poor (:.52), even if saﬁples 51A and 52 are excluded from the
saloulation (.19). This may be due o the low number of data
poﬁnté. ‘ — T . .
Sample As gﬁomz ' _Au_(ppb
' 229 - . 418
159 .. 1 780

65 - Tmo2 Lo
12 97 . 2uk ‘
@t - 185 ) 305 °

ET 281 340 |
N . 189 . . = 256  ‘Table 14 : Gold 'and

224 P 189* _ © 218 - ‘arsenic content éf‘
234 I V& o - pyrite '
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5.7 Geographic trends of »yritic gold .in the Lower Reef,

Denison ine

Martindale (1968) studied the concentration and dist-

rioution of =old in pyrite from the reefs in the Denison iiine,

and found a range of 202 to 2084npb, with an average of 656ppb.
From 38 samples collected along the strike of the Lower Reef
over a distance of approximately 1.4km, he concluded no trend

or systematic variation in gold concentration existed. Plott

~ing his results‘graphically in Figure 16, reveals that 30-

out .of 38 points lie on or close to a straight line, with iﬁcp :

_easing'gp;d values ?o the southeast. The femaining 8~points
lie Qell'above the line and are considered anomalous.

If_this trend is.feal, it has importantiimplicaﬁions
rega;ding the origin‘of the pyrife and the gold. From the
economic standpoint it indicates higﬁgr gold values,hat least
in the'byrite, down strike to the SOufheast, towards the cent .
~-re of the Quirke‘I.al«:e’-Syncline:,1

Detrital sediment transport would not sort pyrite

'graing according to varying gold contents, where the goid var-

iation is on the order of'fféctipns of a ppm. The pyrite
grains, if‘defrital, would be sorted by size and, as previous~

ly sﬁown, the gold content of pyrite is not dppéndént on grain

_size. Therefore, whether or not.there is & systematic change

' in pyrite grain size along strike, the increase in‘gold content

down' strike is not due to an increase in the percentgge of

.coarser or finer g?ained pyiite. Ggld'may_have been swept into
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lFiéure 1é : Variatién in gold content of
pyrite along the strike of the._
Lower Reef, Denison Mine (Data
from Martindale 1968} Least

square line Y = .29X + 289.47)
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the conglonerates as free detritsl particles duriug sediment-
ation, but suffered vartial dissolution during or after 1ith-
ification of the oon:loﬁerate with localized redistribution of
soluble gold by adsorotion onto pyrite. Though‘there is evid
—ence for this havppening on a local scale (eg. samplg 52 -
wnere coexisting pyrite and pyrrhofite are both anomalousigf
nigh in gold), there is no clear evidence as to the scale
(strike lenqtﬁ) over which such a process m1bht operate. it
detrital gold had been incorporated into pyrite, perhaps by 1
pyrite over rowth during diagenesis, the gold would have to be
of a very fine grain size to blve the low values now found.
As the original distribution of detrital gold would have been
irregular, large scale redistribution and sssiﬁilétion must
have taken plaoe,to give the generally systematic trend now
observed in the Denison data. It seems Highly unlikely ‘that’
the Denison trend could be produced solely by primary depos-
ition of particulate gold ard it argues against a simple plac- ;
erist origin for fhe pyrite.gg}d iu the Elliof Take oonglomer-
ates. ' |

Tne observed - trend in gold values is dlfflcult to, o
explaln by the placer hypothesis. If 1t.cannot be explained
by sedlmentary processes the 1mp11cation is some other process
or prooesses have been_operating to form these deposits;
The benison trend may result from partial dissolution of very
f1ne grained detrltal gold with redlstrlbutlon by groundwater '
or connate fluids subaect to essentlally unldlrectlonal flow.

] ” o N . S
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This is essentially a modified placer hypothesis.‘ Fluid flow
is concentrated in the iatinenda conglomerates because of

their higher vorosity and is unidirectiona. because of litho-
logically induced pressure gradients. Very fine grained gold
is preferentially dissolved because of nigh surface area, (the
extremely fine grained flour gold, characteristic of Tertiary
fluvial placers, is a possible analogue for the Elliét Lake
case), and is redistributéd by fluids moving dominantly from
the deeply buried interior to margins of the basin. As the
fluids pass through the canglomerates, original detrital pyrite
has to recrystallize to incorporate the gold. One has to
envisage static recrystallization of pyrite while fluids are
passing through the conglomerateé.

Another possibilitj is th&t fluids, bearing trace
amounts of gold, passed through ;he conglomerates from the
southeast. On depdsition of pyrite, either directly from
diagenetic or epigenetic fluids or as a replacement of a pre- -
existing iron mineral, the fluids would.become ihcreasingly
depleted in gmold as they moved to -the northwest, the gold
being preferentially ipcofporated into ‘pyrite. Solutions
bearing trace amounts of gpld, may have qriginated from lower
Huronian volcanism or as brines from deep within the sedimentary
basin. 'Bottrill (1971) has suggésted that lower Huronian

volcanism was the source 'of pyritising gulphur at Elliot Lake.
ki

‘Hydrogen sulphide associated with hydrocarbon may be another

. Ao - | .
possible source for sulphur, though the sulphur isotope data

N
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of Roscoe (1969) tends to indicate a magmatic origin. The
anomalous values in Zipure 16 (points circled by t1e dashed
line) may represent sites for preferential ;old deposition or

local assimilation of the rare, very fine zold gr#in into

|

|
] v
In reference to the adbove hypotheses, one{adVocates a

»

source for gold within the ilatinenda TFormation, w#ile the other

pyrite.

i

advocates an extraneous source for tae gold. 1In glther case
|

the implication is that thae pyrite now observed ib the =<lliot

AN
- Lake uranium conglomerates is not of direct detri%al orizin.

At the very least, it ihQicates that the pyrite, if originally
detrital, has Eeen éofally recrystallized to incopporate the
trend in gold values now found. Investigation of, other trace
element trends-in pyrite along %ith the areal distribution of
sulphﬁr isotopes, may throw more light on the processes that
ﬁoperated to form the pyrite.

A vertical profile of gold content in pyrite for the
Upper‘Reef,'Denison rline, is illustrated in Figure 4. There
is an apparent increase in gold values from hanging wall to
footwall, though artindale (1968) argues the trend may be dﬁe
to experimental variation. Saﬁples from the lower half of the

reef were analysed separately from the upper half.

v



CHAPTER VI

Conclusions

The distribution of the majority of major and trace
elements within the ore conglomerates can be related to a
relatively small number of minerals : pyrite, sericite,
uraninite, "brannerite", monazite and zircon. Relationships
of many of the elements with pebble size probably indicates
their distribution was controlled by processes operating at
the time the conglomerates were deposited. Evidence exists
however, which may indicate that the distribution of uranium
now present in the ore coﬁélomerates is controlled by the
origiﬁal distribﬁtion of carbon and titanium.

Gold is present almost entirely in the pyr}ﬁe and gold
concentration in the ore varies with pyrite gonteﬁf. Sporadic
high gold values can be related‘to specific sediégntary struct
~ures e.g. channels, and/may indicate the présence of original
detrital gold. Gold is ﬁreferentially concéntrated in pyrite
compared to pyrrhotité. fGeographic trends in pyritic gold
indicate that the pyriteg is not of direct detrital origin.
Source for the g@ld may‘have been origiﬁal fiour gold present
within the Ma%ihenda Formation, or from fluids originating

‘outsidé the Métinenda'e. . from lower Hufonian'volcanism.
\ 6

.
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C rref - New arke lane(Quirke Zone) .
1 %, 9,91 1477 SIS X o ¢ .55 OueS 4,03, 0,0¢ 100.05
B 79,7« b5 12,60 (W 0,07 6.09 1.73 Lol 0,03  0.C2 93,57
3w ha, 7 4,77 a0l 5 0,30, 0,08 1.29 1.03 C.03  O,b 171,30
e T S oLs? chh 0P 109 1.2 52 LET 0.1 100,47
v, 31, b b,k 11.99 T.0 C.00 0405 3 3% 1) =07 %02 C,02 99.18
b LRSS L PR T 2,00 c.19 6,0% 0.50 1,07 c.02  C.0? 25,71
5 mLE 7.2% 0 19,% .« Cull 0,10 0,09 1.4 Sl 0,63  0.¢” 99,53
6 .01 Lory -11.04 .08 ¢.06 6,11 1.26 417 C.07 0,07 59,45
6AP L6 12,43 €58 2,16 £,09 Z.11 7,78 Ty65 0,07 C.Cu 100.11
baL 25,71 %23 113Y c.oh c,12 0,09 Q.82 .93 Cer e 100,72
7 By b6 29,37 L 0.07 [sR e ©.09 1,072 0,72 1,07 2 99,52
5 SUTh L7 T 0.8 $.08 ¢.10  , C.91 0,10 0.07 2.2 59,35
g Y Y42 11,5 Gel? 0.27 0.09 1.01 €15 C.03 0.7 3. €4
10 “03 £, 1.77 2.0 Lo .07 1,42 “ooh c.ar . €%,*7
10a by RN W1 0,72 2,07 c.Q2 . le22 .09 0,03 0,02 G236
1CAP ~hy CUS 51,44 A .15 5,10 1,67 " (a3 B R 4 56,47
104Q S ~,85 e g c.co .06 2.26 %.07 0.07  L.0 29.21
11 74,21 2.5% 21,60 A 0.6k 0.67 0,64 .11 6.0%  0,Ck 9.5
12 CL7? R D N o C.1% 0.09 0,56 C.06 G072 (.02 59.25
124 56,05 3,23 25.66 €02 €00 C.0h 2.7 P ‘ €.C” ~.C ce.e2
13 59,00 5,55 0.7 £.0 00 .08 1,49 ".33 C.C2  0.Ch 55,43
14 €3,%¢ 5,75 16,22 .5 C.G7 C.1l 2.05 ~.87 G.C2 C.12 10C,26
A 74,77 T.CC 17,22 el c.Ls iz 1.91 .03 7 .02, C.ez 37,1
0z *o.z7 .82 11,0 St €07 uon 1,57 [T 0.03  C.03 NS
n: 25,73 GL 1 - .1 2.06 1.96‘ G.91 0,03 .34 101,
g 72ao3 19,78 0,7 L. 12 .02 .12 6,10 U hib 0.0 0.02 100,02
.t 2,57 .70 2.8 2.8 0,65 012 9.75 2,75 2,03 0,06 2C0.00
F £5,77 Tz 1,01 L.5¢ £.09 C.09 6.80 (.33 C.03 0,02 100.15
G 7017 5.88 19,45 s.50 Colk 0.9 1.51 0,46 C.03 0,07 100,36
acH 7.7 UG ¢ -1 c.75 7,10 0.7 1,43 1.10 (03 0.9 101,23
%I S 13,56 0.7 e .05 0.1 b.pé -5 .03 C,02 93.37
o 79,72 "14.17 R T 0,00 2.09 4,55 2,03 C.03 C.01 59,42
%0 53,87 3.68 .69 00 0.00 0,06 0,75 c.42 0.02 0.04 95.34
5k .69 3,29 2347 €00 C.C1 0,07 0.59 2.15 0.02 0,03 $9,28
58 34,37 3.92 10,19 C.86 c.02 '0.06 0.52 ¢.15 0.0b 0,02 120.25
5623 29.63 8,95 51.1b 0.k5 ¢.06 0,06 1.67 WY 0,02 0.07 100.05%
Lorer and Upfer Xeefs - Jenison l.ine(Quirke Zone) « zquivalent to C Reef. N
re. 22,07 . 13,46 0.71 0,17 0.03 0,10 - 2,80 0.19 0.03  0.03 79455
Fo 7,10 e 2 LeY 003 6.0 .68 o228 .03 0.0 59,51
(XN 21,11 13.1i 1.06 0.1 0,03 6.12, 2.82 C.25 0.03  0.0h 99,70
Kar 76,62 2.7 6.2° 2.2 2.08 0.15 7,08 C.32 0.03  0.05 99.92
Lb= 7307 g0 6,01 C.20 0.08 C.1k 1.97 a2 0.00 0,16 1c0.11
Fus *y, kT .17 3.12. C.Ck 003 0.C9 1,78 Cu3 0,03 Q.10 9G,6¢
ESC 77.6° 13,017 4 b2 Gt 0,06 0,10 3,05 .60 0.0 0.1 100,11
Fel 76,77 16.% 1.27 aJel 0.C% 0.14 h,10 Gl 6.03  0.03 99,88
M 7%, 7 3,27 13,07 N 0.1 0.15 1,89 0.k0 0.3  0.13 100.13
pe? VER A.8L 12,27 .06 0,06 0,09 1.7 c,30 0.02  0.0f 99,67
re 59,47 R A Y €06+ 0,09 1.16 0,71 5,02 0,11 30,6
re Tia 7. 1rarit Qo) 2.0 0.09 1.48 . RUJE o I a9,76
' 7° 1.7 10,7 . Q.0: ~ 22 0037 c.02 0,1 9.8
el 2 - 710 ot . 0.7 2.11 1,22 21 007 .07 59,37
158 “4.80 fott 2.0 fo0 0,07 0.1 1.2% &o 0.03 Gt an,72
(1] 8w R 3,70 Lo 06 CL10 62 6.2 0,03 0,05 Gra32
r60 2R 4 AR L0 Gt 0% 0,07 2,08 11 0,02 0,02 IR
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Samplo 516 81,0, Fes, MO &0 G Ba0 K,0 40, ¥no PO,  TOTAL
.M61 8,15 14,87 c.79 0.09 0.00 ¢ 2419 0,15 0,03 c.02 99,40
N&7 72,00 20.87 0.74 .11 0.02 0,12 5.34 C.35 0.02 0.02 49,65
68 L 81.84 6.32 9.5 6.C9 0.0% 0.10, 127 0,12 .03 .02 99,25
H69 84,65 10,45 1.89 .00 0.01 0.0 2,01 7,10 .03 C,02 99.26
70 74,57 8,55 bas 170,03 0,04 0.0% 1,75 .19 s.C2 0,03 99,41,
K1l 76,71 7.487 17,16 0,12 .06 do13 1.53 ¢, 14 0,02 C.04 1\ 92,52
o6 49.88 5.2L  b2.Sh 0.6 0.05 . 0.0 1.7 0.20 0.7 006 93,7
K21 46,51 28,51 2,43 1.73 0.36 C.lFk 10,35 0.99 2.03 £33 102,73
ME2 78.84 15.28 1.66 0,08 0.03 _ 0.09 3.22 2,43 .03 o 95.7¢
ME3 5231 L,03 41,64 0.00 9.07 0,09 1.01 0,24 0.02 Sl 99,43
A Reef - New Quirke Mine(Quirke Zone) ) N
154 34.95 8,74 273 0.00 0,03 0.08 .58 c.h2 0,02 GO 58,59
58 | 2,57 .40 9,11 0.2t 0.1 0.08 1,43 C.48 3,02 4,69 100,83
15 35,33 9.65 .13 0.06 0.00 0.9  2.85 C.2h (.03 .02 99.45
16 82,75 . 3.28 5.6  0.120 082 61 2.5 0,96 0,03  C.A4E 101,53
17 29,07 Gt 1080 cice ¢c2 011 7 37 2,02 (b 09,58
18 £2.1 (781 S 14 0,07 006 0.1 1.99 °.36 .02 .05 9%.€6
19 72,29 4.91 14,2 C.ob €00 0.1 .68 Cob7 0,03 .69 G 7h
164 77.22 2.99 9.09 0.16 Golb 2.1 2,60 .38 0.02 .05 ©0,55
19 76.37 13.82 4,10 0.7 0.0 0.11 4,71 0.29 c.02 .02 0z, 74
e %2,k ST U -1 €.C6 0,09 .S o.u3 0.03 0,07 99-5‘»(
215 6.2 5.39 1.3z 0.17 0.09 0.10 2,59 o 5.03 c.CL 55,7k
¢ 32.25 6.32 3,97 €09 0.03. .09 1.65 SLb3 .03 C.C6 97,73
324 %6.29 2,54 2,98 .03 0,7 .07 0.5% Co32 2.03 Cet 8,34
23 3¢.03 4,33 4.60 Col0 6,27 0.07 1.02 cab3 0.07 0.1 g2
23A 22,36 .62 14,57 0.36 ~  0.29 c.12 1.49 ~43 £.03 Cd7 100,40
244 79.91 7,49 9.59 0.3 .C5 G.21 . 2,20 C.r3 0.03 0.0t 95,59
25 S E37 W2 0,06 0,03 0% 26 €69 | 0.0% G0 100403 -
3 ¥77.46 2,68 - 10,40 0,09 0,26 0.0 2.3 0,34 0.0 517 100,51
12 79,66 5.78 517 008 ¢ 0,08 (.09 2,48 57 007 05 100,09
Uppe=.reef - New Quirke line(Quirke Zone) . ) .
2 . 75,28 10.97 5:82 G.26 .29 0.10 3,93 .7 6.03 © C.22 ICT.EL
Kordic Zone ) '
] 77,41 6,02 9.C9 * 0.15 .03 0.17 3,48 020 0.03% 2402 9,40
N2 40,52 2.78 54,53 0.00 0.03 0.06 1.17 cub2 0.02 0.15%  $9.£38
N3 Terar. 138 13,39 0,33 0.03 0.14 4,97 .53 0.02 . 0.06 1L
N 73.37 10.02 RO 6.12 .02 0.08 3,00 C.31 3,03 .03 99,59
w5 4. 32 10,19 9,67 " 0.20 0.03 0.10 4,83 T e, c.02 2.0~ 69,61
s 753 10,31 T1043 €19 0.0k 047 L3 0.1% 0,02 ©.02 62
%7 79.97 7.97 2,19 0,12 0,03 0,03 2.87 .19 0,02 0,02 99,47
52 78,20 3.98 7% G4 0,07 0.7 | 4,09 0,17 5.0 001 a5y
Reworked C Reef(Rarsay Lake Co‘nclomerato) - New Quarke Mine(Quirke Zone) ‘
hy VAN 5.16 14,49 D0 0,26 0,17 1.%2 0.2 0,03 T4 10,21
45 65,21 20,95 ° 3.0k, 0.897 0.08 0.13 5,57 ¢.31 0.0% Celo 101,00
5 "85, 5,98 6k 0.17 0,07 030 1,26 .. g, 007 082 99,57
BlA et b,th LS .00 G0 .12 fode (4 0,17 o002 G080 - 49,53
52 7.2 L0 2h22 707 0.6 €10, 1.0 0,17 5.03 0,08 CTal?
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10AP
10AQ
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v
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A
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s
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20n
361
3
50
54
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Nl

E
& L 30 A S
B CoEES RS A

L (pper)
X Zh S L La i Ba B,
C reef - iew Quirke Kine(Quirke Zone) ) .
2623 358 174 351 2hy 145 1019 1353
26 19 54 175 102 65 e | 5w
767 1513 649 4595 2778 290 269 593
2676 10734 355 2130 1292 394 199 1122
1760 48 . 53 137 86 13 173 1055
1578° 246 5% 45 20 §2 - 85 1352
3772 539 © 103 295 185 149 147 273
929 259 75 422 265 8" . 186 754
29 269 296 526 733 35 438 23
117 392 429 A5 516 49 4oo 7
4775 859 145 1339 73 319 46 3353
3185 690 93 $%0 537 209 - €5 1859
1823 453 126 710 396 96 , 0 1402
825, 172 149 604 236 65 169 504
150 §19 47 290 176 17 142 195,
9( 740 122 1%62 1003 o8 156 1013
. 59 %, 4 25 9 254 12
3218 594 32 594 344 ) 122 2160
2057 27 52 33 162 117 104 1150
1640 299 69 4kl 252 né 103 1172
596 ?2. £ 459 Y 38 13 625
as3 754 199 1814 113 152 179 65%
246 204 5 126 . 98 107 6 856
1702 169 9 ) 280 W5 199 1292
47 1736 585 230 1722 211 707 269
a3 77 12¢ 23 182 17 761, 10
80 26 403 432 281" 62 1317 57
17 3 174 2316 239 1 793 1
425 L19 128 1003 633 11k 191 781
159 47 300 1508 326 13 179 a7
13 49 9 138 110 10 495 -
"3 16 12 13 o L3 s72 0 -
s 562 11 2 184 a6e 35 2060
180L 207 8¢ 219 176, 153 120 1775
1886 35 “® 254 » 1? 2%t a2
783 7 95 738 520 93 499 1975
"Uoper Reefs « Denison Hine{Quirke Zone) ~ Equivale‘nt to C Reef.
147 230 126 340 259 Ls 177 8
57 447 127 7 - 8L 62 1% s
€25 - * 460 180 412 U6 186 174 157
28 46k 19 €35 Wt ooy 167 64’
1521 . 115 165 v 1487 136 170, 1003
1337 o 182 164 1071, 167 121 681
10k 1025 382 7076 1382 26+ 196 724
<66 sar kYL, s %73 61 . 267 2166
L LT § 10 184 1840 1146 L1658 2282
2291 75, 117 3 657 134 . %° 18R
20 625" 83 170 b0 .7 t 65 291
RN 10°7 117 LTS asl n 79 330%
1, Wwes S a2y 1 e i1 | 146 117
2l Sl 5% 57 %ol ) Eavd 5 1557'
157 PV AT A 3 69 76 569
o by o3k 73 Y70 w5 Y an w1b
Leeg Pl < 252, 171 51 116 ‘M5
. . \ .

e
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226
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efe v 0 m 2l e a0 X B B & A L
28! 267 s o pEAY 97 39 202 *13 64 - L 3 i
per TR A i 1 woo e P - . s - @ :
59 1045 216 €2 177 TN V) L8 ’¢3 76 29 7 :
Mo 564 ” 53 7. w0 38 78 141 &3 15 5 Vo 3
¥ 1649 121 & 1y 113 55 92 1203 ko7 3° 1 Ct
¥1l 247 L7 7% 174 132 a8 115 1955 €26 4“0 12 .
¥ 2% 575 55 u73 35 105 L ns b5 a
M1 1116 £37 225 1222 854 86 1932 216 2L3 13 95
ME2 200 279 220 72 463 L2 175 7n L2g & 2?
ME3 11i2 €22 B 110¢ 11 59 73 &70 767 Lo . 2z
A Reef - Lew Quirke Mine{Quirke Zone} - ),,_«”'ﬂ‘j \\ ) ’ . )
154 664 11 . s T w3 k2 «1)‘.73”\\ b 583 19 206 13 2
158 2237 1075 252 174 1085 211 453 1310 300 48 ~7
15C 398 275 12 21 135 I sdo 52 263 1 15
15 52 2235 - 518 283 1262 3% 528 1;;37 292 23 57
17 355 28 e} . €y 447 53 27a 277 277 [ 5 24
¥ 1355 en 125 he? 820 110 235 €91 239 2 15
4 W66 369 148 1611 850 5 266 1556 227 I 21 .
194 073 w2 128 75 a1 201 5o 37 260 2z a1
192 $21 %20 e - 547 275 76 7C%, R 22k e 16
14 1681 03 133% 1142 4 147 - 199 1743 378 25 23
2:8 ghe T W3 1 567 360 73 52 501 27 5 20
2z ! 139 ”L - 182 1072 561 153 261" 2%50 517/” 19 23
FY A 73 M1 . e 252 145 205 1367~ 208 0 15"
23 w7 2 1 222 o 214 g% o o
23k 2714 1187 . 1% a%s 1575 222 20k ‘#696 225 43 25
244 1432 L35 < bos L2 126 336 005 38 2 o2
35 T 154 12 us2 353 20 372 66 9% 2 .
z 435 1252 229 2523 \\/ 1580 132 318 85% 281 \ =% 46 ;
32 13 1081 215 1362 339 248 w18 305 29 2 ;
Upper Reef - New Quirke Nane(Quirke Zonme) . ’} )
20 2565 1337 v WY 2353 964 272 536 1720% 90 17 3?7 E
nhordic Zone ' \ . ¥ . F
! 2416 L 7% 27 158 7? 30 1364 72 37 16
> K2 4960 899 83 1523* 971 117 69 20 261 139 30 ;
53 506 ush 125 om 6hy s’ k2 .49 220, ¥ % 3
wb 642 Y. 28 322 215 36 32 670 59 3 24 )
Ks 1773 %2 "0 267+ 170 53 579 1215 14 47 18 £
35 - 1460 239 62 172 9% 62 475 919 72 b2 17 E
o 2656 £15 %3 760 223 110 2781 | 2363 227 L2 15
noo 79 271 7. 2 65 50 452 . 672 181 2L 15 E
Rewored C Roef(Ramsay Lake Congiomerafe’ - New Quirke Fine(Quirke Zone) ;
I 1155 2 1 o 122 116 169 562 327 7 0 :
55 255 19 186+ a3 275 = 68 81 49 s
51 afe L s 3 b b, 45 150 107 274 18 13 i
S s own . aw 6k 73) 505 WS LS9 250 7 2n
5 9637 0k2 26 b, 214 68 1. S0 263" 64 2
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.— A Y
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%o Su Zn ha Nd o ‘°_Rb,
15 83 14 - 43 116 68 142
163 141 19 R 5 21 67
212 % 93 N 1357 20 43
a8 97 U7 i 587 & 73
16 128 L6 e 52 5¢ 65
1ib 157 18 ¥} o2 . 59 52
13 17 21 53 102 100 72
e n 3 0 123 43 50
L8 6 20 R 129 58 121
23 13 12 5D 193 8 - gh
376 28 20 73 185, 173 4
510 12 19 51 262 8s 52
L23 9 19 45 197 51 L%
108 11 15 2h 297 un 47
2c1 10 19 24 38 31 19
€61 10 aly [ 7u 75 52
64 10 17 23 bl 20 e
116 22 18 KD 175 157 51
487 16 1€ 82 153 67 3h
43 14, 18 56 127 &6 4]
175 13 - 20 D 110 b1 59
1o 2% 19 ) u52 175 7%
22 165 19 . %7 5} 74
il 208 79 %D 27 W3 65
12: 4 25 R 753 77 &7
17 3 21 N 71 17 194
<18 ” 2% D 1¢ 33 367
18 o 21 WD #2 12 2%
102 38 263 w 268 53 57
169 . % 592 W, 234 87 53
22 19 17 ND 1, Y 133
3 7 19 N5 18 11 161
139 4 20 Kn) 30 . 184 68
179 62 18 1D 63 86 50
130 259 67 o 9% 71 53
177 3 19 ND 153 122 75
Upper Reefs - Denison Mine(Quirke Zone) ~ Equivalent to C Reef.
10 51 1?7 24 7 22 107
55 b4 3z ), 167 40 80
16 & 15 39 147 4 105
131 6 15 61 163 52 106
171 214 13 33 554 77 78
28 70 12 59 39% 61 &
5 & 15 LS5 b2 61, 102
°1 4 14 09 92 Lo 139
107 32 2 75 wh 98. 107
57 5 1% [ L6 13, ° el
b &L - 13 40 716 91 S2
2 ¢ 1% e 70 116 13
. = .1 1 512 a7 &
th 1b " » 60 b
;,:f 1 1 S0 . 23 71
4 ” 1 79 bR N ”

3 1T %0 63 3 gl

LN

Q0 O 00 B O3 QO O

(= BERN ]
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Pebble .
Sizelem) _Au{ppb) _U/Th
4,2 157 7.3
2.2 74 5.2
1.5 144 0.5
2. 188 N
4,3 116 7.1
3.7 ns 6.4
L5 148 7.0
4.5 55 7.6
- b Ssl
- 33 Co3
LY 30 2.5
Y i23 L6
b2 439 4,0
3.5 16 1.8
7.3 27 a3
- 16 1.3 -
- 22 T.2
3. 106 Sk
Lo 115 7.6
3.4 128 5.5
b 159 2.7
3.6 226 1.3
b, = 9k 7.1
W2 G L€
2y 50 t.5
- 24 2,3
- 19 3.1
- 29 Us5
5.7 ., 51 1.0
2.6 4 0.9
- z2 Coh
- 16 C.2
L4 287 6.6
2.9 276 5.9
5.2 87 6.0
- glo 2.5
- 9 C.6
20 1.z
- 1.9 (8 26 Tob
1.8 (& 14 149
7.5 (8) "W 1.4
1.6 (3 28 1.5
1.6 (%) 17 1.0
2.7 (M 73 1.8
2.9 (7) 262 e
7,0, (8) 155 it
2.6 (5} 43 T3
23 (= 72 w7
P23 (5) XY ie
200 62 .2
2 70 .5
2.7 (9 L wet
2.2 (7 32 2,8

o e e - e
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i

o]
27
1

N3

46’

58
109
5?
38
s2
53
58
48

e
e

sacrde go = L2
¥61 15 & 13
) ¥67 12 - 1
4 17 b5 235
: , H69 ] 13 DY
NG 79 4 19
581 126 23 15
24 07 21 17
MEL 3% - 24
ME2 20 15 Y
ME 220 91 .18
. A Reef - New Quirke M'ine(Quirke .Zone)
154 70 7 24
158 152 97 - 2
15¢ 18 110 32
16 75 21 20
17 97 63 "9
13 2iy 12 19,
19 7 242 v
194 63" 19 17
198 178+ 9 16
| 214 102 63 26
’ 28 38 63 26
‘ 21C 63 76 42
‘ 221 122 20 20
23 50 10 18
' 234 260 213 20
244 223 130 22,
25 .+ 12 12 1
3 g2 " L7 20
32 86 54 lu
, Upper Reef - Reyf Quirke Kine(Quirke Zonc)
26 128 .27 17
Nordic Zone .
NL 19¢ z3 h
%2 28% 77 <13
u3, 104 - 16
w3 2a W
NS Y 16k 17
N6 * 94 1 1tk
L? 82 1k i
N8 172 5 8
w. Reworked C xeef(Ramsay Lake Conglorerat
L) 115 223 20
- 45 4 129 19
© 5 13% » 019
S1A b3 11t 21
9% 2ub 117 108

91

(ppe) . )
. na sp. RY. e
52 23 12 8
29 26 "1863 9
b4 151 7 . 8
2 26 77 8
"39 55 84 "
, 56 78 105 6
119 91 % b
333 104 0o’ 17
172 39 Yt 9
285 79 56 5°
178 51, 167 10
458 98 77 5
36 31 110 10
932 129 8l 67
167 | 61 66 2
368 69. 7% 22
L37 129 w2
' 199" 72 18 15
161 52 154 3
306, 99 63
154 51 1}2 9
288 100 70 5
. B3 90 50 23
337 93 6% 70
718 108 6 s
* 18 81 gl T n
.98 56 98
. 608 81 78 14
359 108 9t 8
883 * 85 118 28
7% ;59 134 12
37?7 136, 1 5
220 136 12
75 35 105 n
76 R, 10 - 16
AN 17 15
69. 1 10
35 126 b
~ Row Quirke Kine(Quirke Zone)
n’ 55 gl 5
. 123 L2, 20k 24
86 45 56 15
253 220 90 -
203 167 %0 13
S

.

Petble

LizelenY

5.2 (4)
2.9 (7
4 (6)
2.3 {5

%0 (3)

’

2.7(9)

el (2

1.9
s 21
2.8
%l
3.9
2.7
3.6
2.9
2.1
2.9

De

L5

L0 (6)
2.8 (W)
2.3 (7
3.5 (7)

hu(prpb} b/Th
16 23
5 ' .9
22 £.9

27 2.7
38 5.1
382 6.0
55,0
sl 1.8
22 .7
160 2.6
o 1.2
11 z.1
2 1.4
g 1.2
102 1.4
7 2.0
13 i,C
1% 2.2
L 2.9
™ 2.4
j_: 2;1
& 2.4
93 2,1
3 1.5
18 2.3
% 2.0
44 1.0
oh c.3
Ly 2y
L6 1.6
70 9.9
3RE 5.5
7 A
2c 6.6
122 4,9
7 6.1
107 6.0
by %L
:3' L 4
16 1k
L1 4.9
o%7 0.&
K 74
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APPEHDIX II

" Pyrite Grain Sizes.
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Pyrite - ' Pyrite - Pyrite

Sample. Grain Size fSamnle Grain‘3izé Samole Grain 3ize
1 L 50 L 158 5
2 L 504 L 15¢ s
3R S 56 L 16 L
31 L+8 56C3 L 17" S
3G L M4 S 18 S
4 L M5 s 19 S
5 L 46 S 194 S
6 L 7 S 193 S
6AP S H4S - 8 214 s
6AL S 49 s 213 S
.7 L 50 S c2e S
8- L 151 5 22N S -
9. L M52 L + 8 23 A
10 S 153 L 234 S
104 S M54 L 2R S
10AP S M55 L a5 S
10AQ - M56 L 31 s
11 L ¥M57 L 32 S .
12 L M58 L 20 S
124 L M59 L +8 N1 L +58
13 L M60 L + 8. N2 "L+
1 s 61 T g 1% s -
30A L ey, 3 14 S
308 L+3 ° ©68 L N5 s
30C S ME9 L NG S
30D - A 90 L Ny L+ 8
30E - M1 - L nes L +8
308 - 126 L 41 -
20G 8 HME1" L 45 -
30H S ME2 S 51 L
301 s . HE3 L+8S.° 54 I
303 - 151 5 21
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Analyses of Duplicate Samples.
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P A

urple 210 1.C

o . 7 ; T ) 2 v
5 g e, 10 a0 1120 P20 1C‘ tnC P.0 ’ u Th Zr ¢

~“ter Coning and Jplitting
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APPENDIA V

Sample Location Maps _ g \
- Map 1 : C Reef, liew Quirke liine.
/ M [ 4
« " e Map 2 : A Reef, Hew Quirke Mine. . .
, (The above maps were xeroxed from blueprint
- s reductions supplied by Rio Algom Ltd.)
o Map 3 : Lower and Upper Reefs, Denison iline. ’
. : (From Martindale 1968)
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