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‘mainly in the calc-alkaline stage of- volcanism (high

-volatiles-and localized heat Source near surface). These
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Le complexe du Lac Bachelor, sit a4 mi-chemin entre
Senneterre et Chibougamau au nord-ouedt du Québec, consiste
en une série volcanosédimentaire rchéenne, a peu rés
linéaire. Les roches Supracrustales s'é&tendent au de de .
la région étudiée (6 cantons -, 600 mi.2), compren eh - . :
partie la zone Pusticamica ~.Opawica*- Obatagamau de Aa zo * -
de roches vertes de 1'Abitibi. : .

Afin d'obtenir une collection représentative de roches D
dans ' la pile, les coulées ont été échantillonnées & un \:::
intervalle de 150 m, au long gde trois. traverses tras
espacées, perpendiculairement - & 1a direction. La

-, classification des roches est difficile 3 cause . des effets
" du métamorphisme régional aux °facia chiste-vert et. .
amphibolite. Plusieurs versions modifiées des_

classifications récentes, appliquées 3 la géochimie et 3.1a

pétrographie détaillée, fournissent un plan pétrochimique

* pratique,
En général, la région ressemble a une auge synclinale, 3§

Dbendage fortement incliné, contenant des roches volcaniques

et des sédiments mineurs. La succession plate-formale

inférieure se compose, pour la plupart, de coulées mafiques

primitives. Vers le haut, on rencontre une épaisse série,

Principalement faite de coulées mafiques et intermédiaires 9

qui est suivie par un horizon- sédimentaire, marquant une

Période d'érosion et Qe non-dépdt volcanique. Cet horizon

indigue la limite supérieure de la série plate-formale. Le

group supérieur, en déme, renfermant une variété de gites

minéraux, consiste en coulées mafiques alternant avec des :

roches volcaniques abondantes de composition intermédiaires - //4

et felsiques, et des roches pyroclastiques.

Un medéle proposé pour la formation' des zones de roches-
vertes, envisage la formation d'une fente, . comme un graben '
dans une croQte sialique, et 1'"épanchement tranquille des
coulées ultramafiques en eay .profonde, L'accumulation
. Supplémentaire des coulées mafiques en eau peu profonde,
termine la série plate-formale qui s'affaisse profondément
dans la croQte, " A cause de son instabilité gravitationelle.
Le bas de 1las pile entre dans une région de haut flux
thermique, avec formation d'un ddbme par fusion partielle, et
ascension diapirique d'un magma calco-alcalin, formant la
série supérieure en Qéme. .Cette série calco-alcaline
représente un remaniement de la croQte, alors que les-roéfff

-

-—
L]

- vii -
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de 1la |plate-forme dérivent du manteau ou de la crogte
inférieure. . ‘

Le .changement du style volcanique est 1i& 3 une
Progression correspondante des métaux. Des systdmes
géothermaux capables de concentrer des métaux de base se
sont dévelappés, pour la plupart, alt stage du volcanism
calco-alcalin (volatiles abondants et une source de chaleur

prés de la surface).- Ces traits sont absents des séries de..

la plate-forme od 1es dépdts (Ni-cu, Cr) sont liés
directement au magma. .
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Chapter 1
INTRODUCTION

1.1 PURPOSE OF STUDY

The purpose of this study is to examine the anatomy of
-a typical Archean greénstone belt and to illustrate the
relationships between 1its petrography, .geochemistry and
structure. Many petrochemical stgﬁies, prior to instigation
of this project, were made either 6n a limited area, such as
"seberal hundred meters around minesites (i.e. S kris&n,

1966; Adams, 1971; Davenport, 1972; Spitz, 1973) o

~ extensive area covering several thousands of square
{i.e. Eade et al., 1971; Descarreaux, 1973). Thus; either
sample density or area covered have approached extremes.
Also, many large and small scale geochemical investigations
have described trenas relating to surficial material but not
to- the petrologic characteristics of the ‘bedrock (i.e.
Pollock et al,, 1960; Dreimanis, 1960; Donovan et al., 1967:
Hawkes, 1970; Garrett, ~1971). This study attempts to
interpret regional trends of'a moderate-sized region (1500
sg.km.) tﬁrough sufficiently concentrated sample density to
monitor sequential variations in petrographic and ?hemical
parameters, The intention was not to perform detailed

mapping, but to obtain samples of major units, along several
—



) »
sections across the volcanic belt, with a sample ,spacing of

approximately 150 m.

It is difficult to classify Archean‘volcanic rocks
because most classifi;a;ion schemes were devised for
unmetamorphosed rocks. The writer therefore reviews various
classification methods to determine the most appréprdéte'

one(s) for metamorphosed greenstone belts.,

The area chosen was Gselected because 1little geologic
work had previously been _done, outcrops are relatively-
ébﬁndant, and- two ore deposits are associated.with the
volcanic complex: the Coniagas'2iné-le$d-silver deposit and
the Quebec Stu;geon River gold deposit. Drill core was also
available (Soquem Lté&) from a sub—econohic zinc-copper
prospect. - Results of the study could then be related to
these deposits and possibly foym new ideas to aid in mineral
.exploration. .

1.2 LOCATION, ACCESS AND TOPOGRAPHY o

The area of study is located in tﬁe VAbitibi-East
electoral ,hdistrict of northﬁestern Quebec, a;' longitude
75°40'-76°40'W and latitude 49°10'-49°50", It is situated
approximately halfway between Senneterre and Chibougamaulénd

is centered on the village of Desmaraisville (Fig, 1.1),

' A paved road, Quebec Highway 113, bisects the hrea and

provides the main access. a branch of the CNR from the main
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line ﬁea{jginneterre also cuts ‘the region. Numerous small
lakes can accommodate float-equipped bushplanes but are not
generally required as reqpongb}e land routes extend to most

areas.

The region is generally flat, with scattered low,
rolling hills, Relief is greatest in localized areas of
intrgsive rock masses, Most streams become intermittent as
the summer season Drogresses, at which time the larger

rivers become unnavigable due to rapids and debris,

Timber is thick and consists mainly of épruce, poplar
and birch. It is mostly second growth, due to forest fires
and ldgging. This results«in heavy brush in certain areas
but also provides good access along abundant feeder trails ™
These paths have not been maintained for several years and a

rugged bush vehicle is required for deep pPenetration.

Outcrop is reasonably abundant in the south but is
Scarce north of the Bachelor River.  Best exposures occur
along major lakes and rivers. Pleistocene sand plains are

common to the east, but, in general, gqlaciofluvial deposits

are not thick.

1.3 PREVIOUS WORK .

Much of the mapping in this part of Quebec was done

before the road or railway were built, The significance of

some geologic featdres, such as pillow structure, were not

ot



recognized by these early wofkgrs, but valuable information

is provided by outlined outcrop areas and general structure.

G.Shaw (1939), filed a preliminary réport on the QOpawica
and Lewis Lakes area that _furnishes the only published data
for the extreme eastern part of the area. The western
townships have been mapped sy G.S.MacKenzie (1934) and
J.C.Sproule (1940). ~ Central areas have been mapped by
W.W.Longley (1951), RlBQGraham'(1957), J.A.MacIntosh (1967),
M.Van de Walle (1970), . and J.Dugas, (1950, 1975),
Unpublisheé company reperts (R.Doucet, 1973; Dumont; 1959)
have provided other| valuable information. Discoverquf the
O'Brien gold depogit (later Quebéc Sturgeon River Mines
Ltd.) in 1946 re’ulted in a staking rush to the district.
The ' next year, Dome Exploration diécovered a zinc-lead
deposit (later Coniagas Mines Ltd.) one kilometer to the
west. Through these discoveries, the region bgcaﬁe:a focal~
point of exploration in the ensuing years, = but other

commercial deposits were not foung.
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A Chapter ‘2

FIELD AND ANALYTICAL.METHODS

o

2.1 FIELD METHODS

Mapping was done along all roads and trails in the
area, and along three B8 to 25 km. long cross-sections that
are located 10 to 15 km. ‘apart. Access along the cross-
sections was by road, canoe and pace and compass traverses.
F1e1d data was plotted on air photographs and transferred to
4 mile to the inch base maps. The photographs used were
National Air Photo Library 1946 (1"=4166') series gLrom.
1:250,000 Federal Topographic Map NTS 32F (waswanipi) and
32G (Chibougamau). The 1946 series was too old to show new
roads, trails and vagrant geography, such as beaver marshes,
but this low altitude sufvey does show clearer topographip
features than the higher 1970 survey. Unavailable at the'
. time of mapping, in the summer of 1974, .were a 1974 NAPL
se;ies (1"=4466') which - covers a large portion of the
central area, and an extensive Quebec Departﬁent’ of Lands

bl

and Forests survey of 1965‘(i"=1320').

Outcrop locations from publlshed reports and maps
proved invaluable in choosing sampllng locat1ons. Duplicate
" specimens were collected from 305 sample locations. One

sample from each locatlon was kept in case anomalous results



heeded to.be checkegd. In all cases, an attempt was made to

obtain samples representative of the outcrop. Fresh samples
. A '

were collected whenever possible, and separate samples taken

where weatlfering accentuated textural or structural

‘features. A relatively large sample size {(5kg) was used to

provide sufficient material for .thin section slabs,

analytical powder and a retained specimen,

An additional 140 samples vere collected from
undergrdund workings, drill cores and outcrops near
mineralized areas. Sample intervals of 20 meters orrless
were used to. allow better definition of the effects of the.

ore-bearing solutions upon wallrocks.

2.2 SAMPLE. PREPARATION

2.2.1 Crushing,_Grinding and Sieving

Field specimens were examined and ws?thered material
removed with a hammer or diamond saw. A giaﬁ was fhen cut
for thin section preparation, énd one half of each rock was
retained for réfe;ence, while the. other half'waé set aside
for pulverization. Wherever possible, ; veined or altered

material was removed.:

The sample was - first passed thropgh a "jaw crusher
containing ﬁardened steel jaws. Contaminatidn at this stage
would not seem to be a problem, for, as Volborth (1959,
p.17) states, "poun@ing'on a rock with'a hammer, similar

N )
) .
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action with a steel ﬁortar and pestle, or even a iaw crusher
does not constitute a major source of contamination as lcng
as twisting or tdrning-motiqns afe avoided". Material less
than one millimeter diameter was sieved and discafded during
this initial crushing to remove any fine bits bf jaw plate
that sbauled off on impact. Oversize particles were then,

1]

recrushed to obtain a maximum size of ten millimeters.

No' magnetic- separation was attempted at tHis or other

., "stages  of pulverization, since insignificant metal’

remove magnetite, pyrrhotite, and ilmenite grains.

- - 3

contamination was expected to remain in the plus one

~

'millimeter.-fraction, and magnetic separation would also

2

The'crushed sample was thern passed through a‘disc mill
equipped with hardened steel plates., Steel, rather Eﬁaﬁ
ceramic plates' vere uséd because the latter introdﬁce
considerable alumina and trace ;mounts of silica, calcium,:
barium, magnesium, rubidium and zinc (Volborth, 196%9),
Steel plates do not contribute‘ an} elements that were
determined as traces but could be a source of some iron and
possibly titanium. However, it appears to be the best

“__
overall approach, and the small émdunt of addition should be

-3
roughly the same for all samples. h/

t

All powders -were reduced to -200 mesh( . (74 —u).

Particles of this size are acceptable for X-ray fluorescence

studies, and further grinding could cause lattice problems

¢



" in x-ray diffractometrylpatterns. As Easton (1972, p.62)
suggests, "aswa rule, the'analy§§§}sample should bé'crushed
and ground to the coarsest powder required -- for the attack
used'—; needless fine grinding is not onlﬁ a waste of time
but may algo lead to chemical changés in .the sample e
expelling water of cryétallization, or air-oxidation of the

ferrous iron or sulphide material"”.

2.2.2 Preparation of Pellets ) .
Approximately 1.5 gms. of sample powder (-200mesh) was
manually mixed with 0,25 gms;.:_of Somar cellulose binding
powder. Allman & Lawrence {1972, p.243) report that the
bfhding agent has little effectu;pn :ount rapes; even for

elements lighter than potassium, as long as the sample-

binder ratio is constant.

’

The mixture was placed in a ' steel ‘die with highly
polished, chrome-plated surfaces, ‘lightly packed, and
surrounded with boric acid backing matefiai. This was then
compacted in a hydraulic press at 12 tons/sq.in. (2000
kg/cm2} for one mihute and gradually decompressed. Final

thickness of the pellet powder was at least 1-2 mm. As thé

depth of penetration of x-rays is only a few thousandths o{/~ﬁ?>

a/éentimeter (shalgosky, 1960, p.134), ,these discs can be
_considered, "infinitely thick", and are capable of generating

maximum secondary radiation for counting. All samples were

compacted to the same degree since .variation would cause

b Ak e e
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fluctuation in count rates. A pressure of 12 tons/sq.in.

should achieve 99.5% of the count rate available.

Further discussion of pressed pellets is found in

Appéndix A.

2.3 ANALYTICAL TECHNIQUES

A total of 318 samples were analysed fof $i, Al, Fe,
‘Mg, Ca, Na, K; Ti, Mn, P, S, Ba, Rb, Sr, Cu, 2n, Co,\End Ni,
uéing x-rdy flucrescence spectrometry (XRF). Ferrous oxide
was determined by titration. .Semi‘quantitative x-ray

diffraction analysis (XRD) was done on all samples.

2.3.1 X-ray Spectrometry

Chemical analysis was done using a Philips: PW1450
automatic sequential XRF spectrometer, .This téchnique has
become the most efficient method for rapid and precise
determination of large amounts of geochemical . data.
Corrections for background effécts, interelement
interference and mass absorption are described in Appendix

- B.

Parameters .usedr for analysis of the Bachelor Lake
samples are shown in Table 2.1 . Analysis of major elements
was performed separate from the trace elements, and standard
samples run before the unknown samples, to obtain
c;liﬁrafion.curve intensity data. Two standard samples were

| ;

!
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run a number of times between batches of wunknowns in order

to,check on reproducibility of theranalyses.

For aetailed di§cussion of the principles of ZXRF
5pectrometr§, the réader is referred to Shalgosky (1960),
Norish and Chappell 61967); Jenkins and DeVries (1967),
Leake et al.{(1970), Wanerdi (1971), Allman & Lawrence

{(1972), and the bibliographical review ‘in Analytical

Chemistry (X-ray Absorption and Emission), ‘published " in

biennial issues.

2.3.2 Ferrous Oxide Determination

Iron analysis by XRF spectroscopy is given as Fe203t.
The ferrbus iron content is needed for certain geochemical
applications such as normative calculations and some

variation diagrams.

Determination of ferrous iron was done by decompesing

powdered samples in a 5ml. 50% H2804, 5ml saturated boric

acid solution, 5ml 85% phosphoric acid ‘and 4 drops"

diphenylamine sulphonate. Titration was then immediately
performed with ‘dichromate solution wuntil the pure green
colour changed to grey-green. Then dichromate solution was

added drop by drop until a purple hue appeared.

Results of 24 samples from a wide ~compositional range

of Fe203t are shown in Fig. '2.1 The ‘relatively high

linearity of the curve suggests that little post-

L em b



PUTd -~ 4 #wI®o) - 5 133Uy UOTIRTTTIUOG - §  “3juncy mory - g .
\// . uogIrnad punoaByoeq - (q) ,

alyses

_—~ TABLE 2.1

-

ing Pérameters for Bachelor Lake An

ZRF Operat

I N { og  ~ 06 a9~§ . dv L9-gy I
oy 1no 0g 06 J-5 av1 Su'ly —{4jn)
on qno of 06 2-8 411 oGy 66 E9 ny
04 jno 0t 06 -3 avi G5 ey (q)uz
Cy no of 06 o-g m.ﬂ , 281k Lf°69 uz
on no 73 06 -8 . 4 Sk 1h {a)uz
on o 6E - - pe 4-5 - 477 - S1le (a)au
oy Ino - (] 06 4-% 411 59°92 15758 qy
'y no of 06 4~ 411 . G695 . (Q)ay-ag
o ano 0t 06 d-5 411 02762 2918 ug
ey - no 0t 06 d-g 411 G he (q)4g
oh ano Sy 0g d-4 a1 22 06 . (a)eg
on o oy cy, 4-d ar1 gzrig hetlEL G
on ino Sy o9 d-4 417 : ZZ'nG - (ajeg
On . ino of 05 J-g 411 GZ LS {a)ed
0y ano 0E 0% . o-5 411 0g°2% t6pa o)
oy Jno of 0% s ., . 431 12r2g (a)on
On jno T 04 o-d 3ad hgEL (s
o4 ano Sy 0% 0-4 334 4835 y3-ef S
M nu:u\ﬁw.—.m SJOUTH ﬁm
[ 4 : :
e 06001 Sk - 0s o-d ¢ a0 gh gt (Q)d
0 Vou* eI Sh 0% 2-3 ip g6°0y L6°0F d
o goofoor - 1] 05 J-d 33J 59°05 or*6E b |
o 000°'0T G 06 o-d dey T4 (aymy
juc oco‘ot Sy 0s -4 dey e s t5°ze : w)
inw ov0‘oot Sy 0§ J-4 ap 1919 £ on 3]
ine ecofer G 05 o-d dJav Ll-sf ()35
ina " Goo'oe Si 0s 0-d dav £L79E Lhe 2
o ouo'vot S 0§ o-4 a1 2629 !
4110 000 00¢ Sk 14 a-4 4T 89°16 (3)e4
no 000001 Sk o5 -4 13g ] ST1°Sh . v
ano 7 000001 Gy (i d-d 41t €L 06 Ly TL
o 000 V001 Sy 0% 0-d . 334 gr 6o . tnee | W s
p T
(T33EF sjuno) VYW Ky ‘T1o3-"39q Japap urtaTsog o AT .ﬂ 13
aujy, j28a.y LLJ i Te3841n ‘wotuoy ¢
LT - RE . ) L
’ : _ . FIWWS (T JoTed (v
. v

12




-

depositional bxidation has occurred in the volcanic rocks
and thus the curve is used to interpolate ferrous values for

all other samples. ' , ¥

2.3.3. ZX-ray Diffraction Analysis {XRD)

Extensive use of ZXRD analysis was made in the present
» study as an aid in determining mineralogical constituents,

espécially in fine-grained, altered rocks.

f’ﬁ‘\\\ Diffractpgrams'bf whole-;ock powders‘were run éor all
"Bam%{es through diffraction angles of 2-70° and relative
péak intensities were measured. Although it was realized
thatf the more abundant phases in .such’ complex mineral
assémﬁiagés tend to decrease the 'intensity'of minor phases,
\Tthé féur or five most abundant minerals {n each sample were
'detecféq, apd their relative peak intensities wused to
inﬁicate;high, gpdérate and low mineral abundances, These

! il . 1] . . .
values were éseckeg by examining thin sections, Results of

the XRDlanaiyses of each sample‘are included in-Appendix C.

‘Deterﬁid%tion of An content of plagioclase was done
using the - method outlined by Smith (1956) and Smith and
Yoder (1956). This technique is based on measurements of 26
angle differences betweeh any one of the following three
pairsléf diffraction{péaks: klll)-(lil), (131)-(131), or
(132)-(131). The method works well for low temperature

plagioclase in the An 0 to 40 range. However, the (111) and
{ ) ) 1

_13_
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(}31) peaks are'usgally very Jéak, and can therefore only be
identified when _Plagioclase is very abundant in the }0ck.
The advantage over the Michel-Levy method, which uses
extinction angles, 1is that An contents can be obtained for

very Tine grained, untwinned plagioclase. .

An addiéional XRD technique in this study was the use
of Debye-Scherrer powder cameras for ideﬁtification of
single mineral grains. It 'was found that, using‘a‘diamond-
tipped scribe, very small grains could be powdered on the
surface of a thin section-and picked up on a glass spindle
mount dipped in a non-diffracting medium. This technique
was particularly useful for fine-grained and skeletal opaqué
minerals and for ffne-grained translucent minerals on which

optical properties were difficult to measure.

2.3.4 Evaluation of Analytical Methods

Most components of analytical evaluation can be dealt
with under the terms: precision, the extént to which results
scatter about the mean value; accuracy, the extent to which
an analysis can give a true value; and sensitivity, or,'

;
lower limit of detection.

. A Vs
Precision can be separated into repeatability, where

the sample is reanalysed in the same pesition; and,
reproducibility, where the whole analysis is repeated using

the same or subsequent preparation of a particular sample.

..15..



The formér'can_be'measured as a standard deviation of -a
series of results made at approximate@y-the'Same time. Pt

is - used mainly to assess étability‘of the instrumental

technique and is not reported by most investigators. Some

variébility involved in repeatability is negated by use of a
counting standard (normalizer) against which all unknowns
are ratioed. A normalizer was used for the present study
and an.evalﬁation of its repeatability éﬁpp:g;ided in Table

2.2 . It shohld be noted that calculafions 'in this table

are based upon counts ratioed against a normalizer, as,

‘opposed to mean counts per second in -'some repeatability

estimates.

Reproducibility varies for. both the chemical element
under cohsideration and for the level of concentration of
the elemgnt. In general, majof elements were found to vary
a maximum of )+2% (>10% conc.) and +15% (0.1 - 10% conc.),
and trace elements varied a maximum of +10% (>50ppm), +50%
(20-40ppm), and +100% (<20ppm), all taken at the 99%
confidence level, It can be seen that 'reproducibility
deteriorates rapidly at‘low element concentrations («i.e. <

50ppm} .

Accuracy, the bias between the analysis and the true
.value depends to a large degree on the guality and
assessment of calibration reference standards. Most

researchers employ international standard rock powders when

_16_
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\ . TABLE 2.2

Repeataﬁility on the Analytical Normalizer

N
Standard: G2 (Granite) -
Element No. Time Mean = £td. Var. Coeff. Std.
Rep. {sec.) CPS Dev, of Var. Errer
$102 -20 o 25712 75.6 5717 0.739 16.91
A1203 20 40 3599 49.6 2456 1.38 11.08
Fe203t 20 ) 12895 | 21.1 uy7 0.16 4,73
MgQ 20 100 50 0.9 1 1.80 0.29
a0 20 40 2375 11.1 123 0.47 2.48
Na20 20 100 156 6.1 37 3.91 1.36
K20 20 20 36509 Uy, 6 1985 0.12 9.2
T102 20 20 7152 18.1 330 0.25 .07
Mno 20 40 © b5 .G L1 1.31 0,La
P205 20 100 27 | o.5 o Y 1.85 0.11
Standard: ACV-1 (Andesite)
Element No. Time Mean Std. Var. Coerff. - otd.
Rep. (sec.) CPS - , Dev. of Var. Error
§102 20 | 4o 21657 52.7 2781 0.24 11.79
" A1203 20 bg - 4606 58.9 3471 1.28 13,17
Fe203t 20 4o 32058 37.6 1417 0.12 B.u1
Mg0 20 100 gs 0.8 1| o.94 0.13
a0 20 Lo 6158 12.7 162 0.21 2.84
Na20 20 100 159 1.4 160 0.83 0.31
K20 20 20 24561 31.3 981 0.13 7.90
- T102 20 20 15771 31.1 570 0.20 6.97
MnO 20 40 311 2. % 5 0.58 0.47
P205 20 100 91 0.6 0 0.66 0.12
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calibrating instruments. for geochemical
selection of these were uséd for the present study and are
listea by source and generally accepted composition in
Appendix B. Values in the tables are those listed by "Abbey
(1974, 1977) and Lachance (per.comm.). A discussion of the

controversies surrounding accepted values is provided in the

bPapers by Abbey.

Overall, accuracy in concentrqzign determinations is
dependent upon ‘the accuracy"with which both peak and
background can be determined. This factor is'incrgasingly
important as the sensitivity, or, lower detectibility limit
is approached, since, as the number of counts for a peak
apﬁ?oach, that of background, sensitivity similarly
deé}eases. Thus, a researcher must select optimum counting
times (see Tables 2.2, B.,2) which-will yield thezrequired
high levels of precigion for most congentrations, yet

sacrifice precision below a certain ~minimum concentration.

Counting errors at these low concentrations could be reduced

by highef overall counting times, ’but would not provide

optimization on an automated spectrograph. This sensitivity
is largely a function of counting statisticd and Jenkiﬁs et
al.(1973) have shown that, at low elemental concentrations,‘
detection limits for certain precision depend mainly upon
the counting times. In general, the -céefficieﬁt of

variation (V), or, relative standard deviation ‘increases at

lower counting rates, Jenkins discusses this phenomeneon in

détail, along with several examples.

_18_
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For more detailed treatment of XRF precision, the
reader is referred to the excellent treafhent by Leake et

al.(1970).

2.4 STATISTICAL EVALUATION OF DATA #“_\\\\_,_ﬁ

Extensive use of computerized- modeling was useé' to -
interpret geologic data. Programmes were developed by the
author, and a series of packaged programmes was also used
(Nie et al., 1975), For information on the statistical
manipulation of-data,  the reader is referred to Nie et
al.(1975), Davis (1973),° Dixon et al.(1969) and Ostle
(1969).

The geologic data in this study consists of analyses of
318 samples for 18 elements, relative abundances of 9 modal
and 8 normative minerals, 9: rock Eypes,. 3 alteration
intensities and other petrograpﬁic information such as rock
color, béﬁetrative deformation and primary fragmentation.
[

2.4.1 Correlation Analysis

Bivariant correlatapn allows a single . number, the
correlation coefficient, or, a value that summarizes the
relationship between two variables, to be calculated. These
coefficients indicate the degree to which variation (i.e.
change) in one variable is related to variation in another.
Such' correlations summarize not’ only the stfength of

association between a pair of variables, but also allows a

_19_



sime}e means of comparison of the strength of relﬁtionship
between one pair of variables and a second pair, Naturally,

there is some loss of detail, w1th respect to tabulat1ons or

graphical ploes, »but as in any method of summarization the

technique delineates major strengths and trends between -the
variables. ‘The objective of correlation ana1y51s, then, is
to determine the extent to which variation 1in one.variable

is linked to variation in the other,

One method of assess%pg this strength of relétionship

is through - the calculation of Pearson product-moment
correlations for. pairs of wvariables. Here, the Pearson
correlation coefficient, r, is used to measure the linear
strength between two interval-level variables and indiqates

oth the closeness of fit of a linear regression line to the
.data, and, when r is squared, +the proportion of variance in
one variable, expiéined by thelotﬁér. Variance is a measure
of variability, or, lack of homogeneity in a variable. When
analyses cluster clése to the mean, the variance will be
small and increases as the va;ués spread out.
Mathematically, r is defined as thearafio of covariation to
sqguare root of the product  of the wvariation in two

variables, X and ¥, and corresponds to the formula:
h

N = XYY~ )

(s - w7z o)

X
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where  X; = ith obgﬁuﬁon of variable ¥ ¥
~ ¥; = ith observation of variable ¥
N = number of observations
. X = x‘X,-/_N= mean of variable X

Y = IV YJN = mean of variable ¥

This formula can be restated by dividing the numérator by
N~1 to show that the correlation coefficient can also be
defined as the co&ériance in X and¥Y divided by the product
of their standard deviations. The covariance in X and Y is

defined as

L0 B, - 7
: N-1

The actual formula used in computing the correlatijon

coefficients ig:

' Zﬁ'le},‘-(lexi)(z;‘:ln)/[v
{[Eﬁ, x? - (Zr{: i ):/N][Z;‘\:l - (Ziv Y')’/ ”]} "

- =]

r s

A matrix of correlation coefficients, for the elements
analysed, was produced for each main stratigraphic area.

Within each matrix, those variables with strong co-
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relationsﬁip were noted - and a cuc;off value of 60 per cent
was established as being the 1lover level of significance.
From these matrices, a comparison could be made concerning
those elements with stroﬁg concoﬁitant' variation. The
matrices were subsequently wused in factor determinations

(see next section).

.
-~

S
correspondence between variables is by construction of
scattergrams, as illustrated in Appendix D. This is really

a visual diSplay of the correlation of an entire populatioﬁ

for two variables.- Often, statisticians attempt to fit a -

line to‘;qch graphs; based on the "least-squares regréssion"
techniqgue. . The method assumes that a best-fitting
(re%fess1on) line can be constructed, w1th vertical dlstance
of all points from the 11ne minimized. Thus, for any point

on a curved o;pefgaxght regre551on llne, the amount of error

(1ncomplete accountablllty) would be' the vertlcal dlstancedf

from thp point to the line. The general formulae for lineér

.and  jgurvilinear or’ polynomial regression  lines,
respectively, are: “ . v
Y = A + BX "
Y = A + BlXl + B2X2 + -~—~-= + BnXn

| m—a

where A is the Y co-ordinate (vertlcal) 1ntercept
.B'is the slope of the line - )

When A and B are calculated by least squares regres§ion, m

i

is termed, the regression coefficient, For most

Ln -
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distributions, it is unusual to find a regressiog line,
especially a '"linear one, that exactly ﬁi?sfthe data. A
measure of degree of fit o the regression line 1is called
for and is served, for linear regression by- the Pearson
product-moment correlatlon coeff1c1ent (r). When a poor fit

occurs, r is close to zero; a close fit allows r to approach

+1,0 or -1.0 (dependzng on the slope: of the regression

line). The value for r (x 100) is included on each

scatt%rgram in Appendix D to.show the degree of 1linear

D : :
_correlation. It should be noted, however, .that this value -

. ig‘no waf deals with any_non-linear cérfelation. In such
instances, curvilinear or polynomial regression would be
required to best- f1t a curved 1line to the;ﬁdata: For
purposes of the present study, howevér," non-linear trends
are simply compared to' the preQiously menfioned‘"a#erage“

curves,

2.4.2 Factor Analysis

For capébility of data reduction, one of tﬁe most
- powerful techniques 1is-provided by factor ‘énglysis. This
procedure creates a minim&m number' of new wvariables which
are linear combinations of the Ariginél ones, such that the
former contain ~ the same amount of information. It 1is a
foil, in this respect, to discriminant analysis, which, as
discussed in the next section, derives functions relating to

differences in the population. But the methods are comﬁlex

_23_
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and, in places, inélude mathematical and statistical
premises that are still controversial in theoretical, if not
practical, aspects. Thus, the application of the various
faétoring techniques requires an awareness of their inherent
shortcomings. Discussion of these problems as well as an .
explanation of the methods can be found in Joreskog, 1976;

Davis, 1973; Kim, 1975; Rammel, 1967; and Rozeboom, 1966.

- The intention of factor analysis is to determine an
underlying pattern of relationshjps in the data, such that
this new data may be reduced to a smaller set of ffaétors“
or  components which will account for the observed
interrelations. Three main steps are involved in the

L

calculations:

1. preparation of a correlation matrix

2. extraction of initial factors

3. rotation to a terminal solution

The first step involves the measurement of association
for relevant variables. Here, the correlatiop can be made
between variables (R-factor analfsis), as in the'bresent
study, or between wunits .such as rock groups (Q-factor:
analysis). A correlation matrix is the most efficient input
for factorn anélysis and can be modified by adding or

subtracting component variables.

The second step, constructing new variables based on
s

interrelations in the data, may define the variables as
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exact mathematical transformations of the data (Principal-
component analysis), used in this study, or inferential
assumptions on the source or structure of the variables

(Orthogonal—componenf analysis).

Finally, the new set of factors which are not readily

interpretable, are mathematically rotated about reference

axes to emphasize variables with strong relationships and

diminish the significance of lesser ones. Unfortunately,
there are many ‘ways to define the wunderlying dimensions in
‘the same set of data and there is no unigue and best
accepted solution. A variety of rotational methods are
possible, "falling.into twe main categories, orthogonal
(mathematically simple; pattern and structure matrices are
identical) and obligue (empirically more realistic;

different pattern and structure matrices).
r

Actual calculation of the final scores is complex and
the methods and~ intricacies: are to be found in the
previously mentioned references. Suffice to say that, for
this'study, the approach taken was:

l. Pearson Product-Moment Correlation Matrix

2. Principal Component Analysis

3. Orthogonal Factor Rotation
The Principal Component method of factor extraction 1is the

. most widely accepted_facﬁoring method (Kim, 1975, p.480).

Several rotational methods were applied to determine .

-
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. : ! .
chemical factors as a whole (i.e. total) area to observe any
differences in the final solutions. i Tpe resu;ts _are
portrayed iﬁ Téble 2.3 , for two orthogonal and one oblique
rotation. It would appear that; for the ptesenf
application, the type of rotation is irrelevant excégt Eor a

minor translocation of second and third order factors.

Factor selection, however, remains unchanged.

B

For each of the main stratigraphic areas, factoés were
derived by wusing an orthogenal rotation (Varimax) * on
principal component factors. A compression of the resultant

factors can be made from data presented and is discussed in

Chapter 8.

2.4.3 Discriminant Analysis

A Discriminant analysis attempts to 'statisticallf;*
distinguish two or more groups by creating functions that
will aliocate new samples of unknown origip into one or two
of the original groups. The researcher selecfs-; collection
of discriminating  variables that will measure
characteristics on which the groups are expected to differ.
Then, 'by a complex mathematical proceduré (see Cpoléy and
Lohnes, 1971, p.243-250; ~Tatsuoka, 1971, P.157-164), the
variables are weighted and linearly combined in_various ways

sc that the groups are as statistically distinect as

pdssible. ‘ ' o (-



: TABLE 2.3

Comparfson of Three Rotation Methods in Factor Analysis

o
A . .
ROTATION CORR. | FACTCR COMPONENTS , % of VARIANCE
METHOD : »
Varimax + |1 Mg0, Ca0, Ni . 62
(orthogonal) . . §105, Naz0 )
¥ ‘2 Fez03, Peo, T102, P205 , 22
v 3 K30, Sa, Pbr 11
+ Iy Sr (Al209) 7
Equimax + 1 Mg0, Ca0, N1 . 61 »
{orthogonal) - S$105, Hazo .
+ 2 K20, Ba, Rb 22
+ 3 Fe203, Pe0 11
- Sr, {Al203)
+ 4 T10;7, ?205 -7
Oblique + 1 Mgl, Ca0, N1 61
- $10;, Nap(
+ 2 T102, ?235 22
- 3 €20, Ba, Rb 11
. 4 Sr, (A1303) 7
¥ Components 1in parenthesis are marginal residual elements N
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L---?m attempt at discriminant analysis during the preseﬁt
study met with very limited succeéss, possibly due to the
selection of too many discriminating variables, used ’tq
obtain the discriminant functions. Low initial eigenvalues
(an  ‘intuitive meésure of the effectiveness of
discgimination) were obtaine@, at the minimum 95 percent
significance level, and,'uthus,' clas;ificétion could not be

made with any degree of certainty.
R // - (\\’J 1
Detailed procedures and further explanation of

statistical techniques are contained” in Klecka (1975,

P.434-467) and Davis (1975, p,434-467).

g



Chapter 3

- ‘ CLASSIFICATION OF VOLCANIC ROCKS

-- the mountains must indeed be examined with
the microscope”™ Sorby (1856)

3.1 INTRODUCTION

Investigation of geologic suites has,  as in other
scientific endeavours, required a system of classﬁfication'
as a meaﬁb-of ordering large and diverse groups of rocks.
Pursuit of such a system, for igneous rocks, has taken many
forms, based primarily upon three approaches: mineral
.content, chemical composition, and field or geologic
relationships. The resulting framéworks h;ve been largely
systematic, . since the exact magmatic processes are not yet

sufficiently understood to permit the creation of a general

genetic classification.

The classification of Archean volcanic rocks 1is often
difficult because these rocks have almost " invariably been
metamorphosed, and most classification schemes have been
devised for' unmétamorphosed-rocks. While some Archean
volcanic rocks still have; primary mineralogy and textures
preserved (Jolly, 1974,1975,1976; Pearce, 1974: Féarce et

‘al., 1974), nmost, including those at Bachelor Lake, are
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products of higher grade,  dynamothermal events which
obliterate primary features. The petrography of these
metamorphosed rocks is described by Moorehouse'(1959,1970),

Turner (1968) and Miyashiro (1968).

‘It is the writer's intent to review various
classification schemes and determine the most approprjiate

one(s) for metamorphosed greenstone belts.

3.2 MINERALOGICAL CLASSIFICATIONS -

All early classifications of igneous rocks were based
on mineralogical parameters (Zirkel, 1893; Rosenbusch, 1906;
Johannsen, 1939), While genetic implications were strongly
emphas@zed in these early investigations,‘ magmatic
significaqsfs drawn from the petrogfaphy were noE. algays
accurately ﬁnderstood. Realization that composition in rock
suites is gradational lead to the concept of rock "families"
(Williams, Turner & Gilbert, 1954, p.35: Turner & Verhoogen,
41960, p.70; Huang, 1962, p.90; Carmichael,  Turner &
Verhoogen, 1974, p.32; and others). The fémilies consist of
members, or, rock. types, which are defined in‘>te}ms of

fabric and essential mineralogy (eg. Table ).

Unfortunately, many Archean terrains, including the
Present study area, 'contain_:ocks which have original

mineralogy and textures transformed by regional

metamorphism, Mineralogical schemes are, therefore, largely

v

unworkable for these suites,
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3.3 CHEMICAL CALCULATIONS AND. GRAPHICAL PLOTS

‘The influence of chemical parameters is evident in some
early divisions of rbck suites, following the observat%ons
of Harker (1896) and Becke (1903) (Correns, 1969, p.215),
that alkaline roéks occur afound the Atlantic Ocean ang .
subalkaline (calc-alkaline)} rocks around the Pacific.
Later, Nigg}i (1931) subdivided the Atlantic suite into a
majority with a preponderance of sodium and those of the
Mediterranean area, | containing abundant potassium.
Terminology for these geographic clans varied-somewhat, but

all were attempts to classify suites in accordance with

their chemistry, although rooted in mineralogy.

Chemical parameters have been treated in many different .
ways to help divide rocks into various:types (i.e. recasting
into minerals or plotting on variation diagrams). These are
not truly chemical élassificationsr but, as wili be seen in-
the next section, a combination of minerals ané/or plots can
form the basis for a chemical rock classification. Such
charts have been used since petrochemical analysis became
rbutine, and, while the variety of diagrams has increased,
many of the early types have endured. Although the plots
are useful simply for cqmparison of data, they are also of
advantage, in some instances, in the division or subdivision
of rock suites and énvironments. For this reason, they are

.
included in the present chapter.

Y
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Parameters may include Niggli values, normative or
modal minerals, oxide weight percent, ionic cﬁemical values,
or other parameters which serve the intended purpose.
Whatever functions are used, variatioﬁ diagrams depict
regqular changes in a sequence of rocks, corresponding to
their maématic differentiation. By manipulating Ehe values
assigned as ordinate and abscissa, many characteristics of
the rocks can be displayed.

3.3.1 Peacock's Classification

-
-

Some rocks were found to lie'in a zone of-uncertain
classification, such as those 6f Peacock's (1931) Icelandic
suite, He attempted to find . "natural, acceptable
boundaries, if such exist"™ for rock series and used a silica
based modification ofrthe Harker-type diagram. According to
his method'(Fig: 3.1), quantitative classification was made
by an alkali-lime index (iJe. the point of crossovér of
total lime and alka%i, plotted vs 5i02). \\While many major
elements were now invoived in classificat{?n, correlation

§

was still made to the modal composition: y

N
. 8102 Mineral Character

' Alkalic 51% Syenitic

» Alk-Calcic 51-56% Na Mafics (Px,Hbld rare)
Calc-Alkalic 56-61% (Na & K) Ca0 (Hbld, Aug, Feld)

Calcic 61% - o
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Thus, four classes of igneous rocks were arbitrarily chosen
. by Peacock on the basis of his index and one (calc-alkaline)
coined what would become a new magmaﬁic series, This was
the first plot by which a suite of rocks could'bé-assigned
to a magmatic series.: It is, however, inoperable on single
rocks or on muitiple analyses of similar composition. Aiso,
many tholeiitic suites from continéntal margins or oceanic
islands are ruled‘calc—alkaline by the index. As such,
Peacock recognized "no natural dualistic division" but
rather a "gradual progreésion from normal to extreme

alkaline types",

3.3.2 Nigghi's Classificatioq

While Peacock was working at the University of British
Columbia, Niggli, at the University of Zurich, Switzerland,
realized that it was difficult to make direct comparisons
of cheﬁical analyses ' from the weight percentages of
constituent oxides. By his method, molecular guotients are
calculated from the weight percentages ((Wt%/MW)x1000) and
are then ;ombiled‘so that mutual chemical rélationships can
be shown graphically:

1. Mol.Quotient'Calculated for:

"al = A1203

fm = FeO+MgO+MnO (incl. Fe203 as FeO)

c = CaO+Ba0+Sro )
alk = K2C;+N320+Li 20
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Figure 3.1: Peacock (1931) Rock Series Classification
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Al -

2. Recalculate: al+fm+c+alk = 100%

3. 8i (and TiO2, P205, etc.) éafculdted proportionately
5 . A

4. al:si = Mol.Quot. A1203/Mol.Quot.Si02

5. Proportion K20: k = K20/K20+Na20+LiZ20
MgO: mg = MgO/MgO+FeQ+MnO

-

An example is Niemann's 1958 calculation (Tab. 3.2) ,as
reported by Correns (1969, pP.218-220), for the wUrmberé
granite in Germany. The molecular gquotients, al, fm, ¢,
alk, k, and mg, are known as “N1ggl1 Values" and are plotted
against si for comparison of large numbers of analyses. The
method is limited in that silica remains a base function angd
not all elements are involved, It was a significaﬁt early

attempt at manipulating large amounts of geochemical data,

and is still commonly used in Europe.

’

3.3.3 CIPW Norms

Another method of recasting chemical analyses 1is the-

célculation of standard normative minerals., This common,

and more versatile procedure, termed the CIPW u’fﬂﬂ\fter its
or1glnators, Cross, Iddings, Plrsson and Washlngton, was
developed in the United States (1901- =1902) by 3 new breed of

chemital petrologists. Details of the calculation have been

- 36 -
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TABLE 3,2

Niggli values for the Wurimberg Granite, Germany (after
Correns, 1969) ' ' Com

M Weight  Molecula¥ number Relative
% x 1000 " Nurmbers
sio, T334 o2t Y s =413 ¢
Ti0, 013" - 16 & = 05
P,0; 0.12 085 p = 03
S 130.7 al = 44.2
ALQ, . 1332 .
Eebog N a3 FeQ 13.9.
¢ 1.14 ’ 159
Feo e 90 %2 fm = 122) )
‘Mg0Q -~ 0.25 .62 % ‘.
Cu% ' 1.24 221 ¢ = 15 ~,
N 3.05 49.2 .
\ P 205 bys) 1007 alk = 361
7 . 205.7 100.0
.8 C 5 | . :
B0+ 0.82 - ' = 0.54
*Hy0- 0.1 . = 0.7
100.21 . cffm= 081
Corrected . -
for Sf0 +—0.03
: 100.18 . .
Denpity 2.62 -
\ ' ,
() -
[ . -
e
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described by Holmes (1921) and by Irvine and Baragaf (1971)
who include equations for a- computerized ' formulation.
Agreement between normative and optically determined
minerals is, in generai, quite good (Fig. 3.3). But since
the norm, at best, expresses the mineralogy which could have
crfstaliized from a'magma at low pressure and relatively
anhydrous conditions} correlation is poor for altered
mineral_assemblagés. Thus, whenever possible, a complete
modal analysgé should be given for such samples, and the
alteration products tied to the norm. Other disadvantages
of the norm include‘lack of a micaceous phase, sensitivity

to Na20, Fe203/Fe0, and volatile change,.and unacceptability

- of hydrothermaliy ‘altered, inhomogeneous {porphyritic,

fragmental, e#c.)} or undersafnrated rocks., Nonetheless,
: R : 3 . .

for most -volcanic rocks, the CIPW norm gives a fair

approximation of the’primary modal composition.

@

3.3.4 Harker Diagram

A rectangular plot forms the basis of this diagram,
with weight pefcentages of each pfincipal oxide plotﬁed
against SiQ2 as a common ordinate. A continuous increase in
$i02 content during the.evolution of a consanguinous magma

series is an-underlying presumption in the interpretation of

" this -diagram. Such allowance 1is generally correct but

exceptions can occur. The diagram, which has been used by a

host of investigators for over 60 years, does serve to

]
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TABLE 3.3

{
\'Mineral Composition and CIPW Norm - Wurmberg Granite

: Norm minerals (CIPIV) and symbols \
\ Quartz ' q Wollastonite . WD Mng‘neﬁta mt
o Corundum ¢ Enstatite ]'.'.!mpude en Hematite hm
K.feldspar or Ferrosilite * fs Ilmenite il
Albite - ab Forsterite Olivine fo Apatite ap
Anorthite an Fayalite ol ia Pyrite Pr
Lencite le Acmite a0 Calcite . ce
Nepheline ne
Kaliophilite  Lkp
-
810, | TIO, | B0, | ALD, Fe,0,| FeO.[ MnO | 3r0 | Ca0 | N3,0| R,0 8 Mole- | Weight
1221 1.8 0435 | 130.7] 89 159 0.2 8.2 220 [ 492 | 57 i cular %
Number
Quartz 530 630 318
Orthoclase 345 57.5 57.5 57.2 31.9
Albite 295.2 49.2 49.2 49.2 25.8
Axnorthite 38.6 19.3 18.3 19.3 5.4
Corundum 4.7 6 4.; 0.5
2 2 8.
Hyporsthene {f gy 58 | 02 ) 8.0 } 1.2
Magnetite 69 | 6.9 6.9 1.6
Ilmenite 1.6 18 1.6 0.2
Apatite 0.85 2.8 0.85 0.3
Pyrite 1.8 3.1 3.1 0.4
H 99.1
- o
1
— , Ho-} 10
N 100.1
Mineral composition of Wurinberg granile; comparison of modal analyses and norms
based on chewmical analyses :
Modal Caleulnted Cale, ofter
volumo % volumao % CIPW.norm
. weight %
Ki-feldspar 336 33.2 320
Plagiociaso (15% An) 31.5 - 314 3i.2
Quartz 30.4 320 31.8
Biotite and chiotite , 3.0 2.5 —3
Orcs 0.7 0.5 1.8
Residuo 0.3 0.4 0.4
. 1.2%_

hypersthene.



provide a ‘grasp of the general chemistry of igneous rock
series. It is moderately useful to contrast the chemistry
of different petrographic provinces but is not well-suited
to rock subdivision @ithin a pa;ticuiar_ province.
Petrologists (primarily European) using Nigqli values would
plot al, fm, ¢ and alk against si values. An example of the

'standard Harker-typé plot is provided in Fig. 3.2 .

03.3.5 Larsen Diagram \\\\M

- Combination of elements along a single axis |began with

Larsen's (1938) sighificantly modified Harker-type diagram.
Oxide percentages are plotted against an abscissa (1/35i02 +

K20 - Ca0 + Mg0 + FeO), consisting of most of the major

elements,

an advantage -of Larsen's plot over the Harker diagram
is increased lineakity of the curves and thus improved
correlation of chemistry with the presumed order of magmatic
evolution. Otherwise, the advantages of the two diagrams

. rd
are similar, An example of the standard Larsen diagram is

" provided in Figure 3.3 . v

Nockolds and Allen (1953, - 1954) modified the Larsen

factor to demonstrate any absolute enrichment in iron and .

also to .show the variation in minor and trace eleméhts~in
relation to the major components. Their modified factor is
(1/38i + K - Ca + Mg) with traces plotted by weight percent.
Figure 3.4 illustrates this type of plot.
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3.3.6 Alkalies 'vs Silica Diagram

This modified Harker diagram was used to great
ﬁdvantage by MacDonald. ¢1968) in subdivision of alkaline and
sub-alkaline rocks from Hawaii. Other wofkers, including
Tilley (1950), Kuno (1568) and Irvine ard Béragar (1971}
have also used the diagram, although slightly modifying the
boundary line. Numerous suites in the Irvine and Baragar
paper were found to be correctly separated for  at least 90
percent of the control data, and most suites were placed
satisfactorily on a statistical basis.

Certain suites vere less clearly defined. The
Coppermine Rgver lavas, for instance, have broadly
tholeiitic characteristics, Yet more-than half the analyses
fall in the alkaline field. For that .reason, Irvine and
Baragar suggest that normative plots are somewhat more
réliable. Other authors have _condemned the plot as
unsatisfactory due to the relative mobility of the alkalies.
But such criticism has not been justified with the ekcebtion
of highly altered material. Indeed, the diagram has proven
invaluable in identifying slightly altered volcanic ' rocks
which appear fresh in hand specimen.. It is for such use
that the diagram has its greatest apﬁiicability_(see Figure
6.1). ' .

3
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3.3.7 Al203 vs Normative Plagioclase Diagram

Division of the calc-alkaline and tholeiitic series is
-usually accomplished by the AFM diagram (see section
3.4.10). However, this separation is less accurate for the
more mafic members whose most prominent chemical difference,
in each series, 1is their alumina content, Calc-alkaline
(16-20% Al203) and tholeiitig (12-16% A1203) separation is
well illustrated in the A1203 vs. Nbfﬁ; Plagioclase plot
(Irvine & Baragar, 1971, p.535).

3.3.8 Color Index vs Normative Plagioclase Diagram

»Subdivision of Subalkaline rocks has, in the past, been
based on color index (cI), plagioclase composition, silica
er quartz content, or other peﬁrochemical criteria. It has
been found by many-recenf investigators that such rocks can
be satisfactorily classified by a CI versus normative
bPlagioclase plot with more certainty th&n using a single
factor (i.e. Johannsen's (1937) division via plagioclase

composition, or Shand's (1951) method using color index).

A

The diagram' proposed by Irvine and Baragar (1971)
requires both CI and normative plagioclase,- resulting in
sloped boundaries between rock types. The méjor
disadvantage of the plot is similar to that of the A1203

versus normative plagioclase diagram, in strong dependency

on Na20 content ("error in the determination of Na20

automatically increases about 8 times in relative weight the
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calculation of normative albite, and errqgs in Ca0C amplify §
times in normative anorthite” -- Church, 1975, . p.258).
Thus, location within the plot is extremely sensitive to
both analytical error for sodium (commpn in some types of
analygisl;/rénd to secondary alteration or metamorph}sm.
However, extra care in both sampling and anélytical
technique can pro@ide results suitable 'for this ‘method of

rock identification.

o

3.3.9 Al203 vs FeO/(FeO + Mg0) Diagram

Most classification schemes do not have facility for
the plotting of wultramafic and komatiific type rocks. In
fecent years, increasing numbers of studies'of these, rocks,
‘as well as a growing recognition of their relative abundance
in many volcanic sequences has prompted a need for expanded

classification.

Many ultramafic rocks have been routinely identified by
modal mineralogy. “Uncertainty arises, however, for medium
to fine-grained, altered varieties,. void of most original
texture.

5o |
A suggestion, made by T.N. Irvine of the GSC, for

separation of normal tholeiitic (iron-rich) rocks from those
of komatiitic affinity, was adopted by several Canadian
investigators of ultramafic suites (Arndt, 1975; Naldrett &

Arndt, 1976; Naldrett & Goodwin, 1977; Naldrett & Cabri,
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1977). It was found that a plot of A1203 vs FeO /(FeD +
Mg0) (total iron as FeO) would give reasonable separation of

the two groups (Figure 3.5} since:

"up to the stage at which plagioclase appears on
the liquidus, alumina becomes steadily more
concentrated in a magma crystallizing at crustal
depths, with the result that alumina content of
the magma is a rough guide to the extent to
which crystallization *has proceeded”

(Naldrett & Turner, 1977, p.68.)

}he FeO /(FeQ + MgO) ratio serves as an index of fractional
crystallization but 1is susceptible, as in the previously
discussed - normative calculations, to the influence -of
prevailing oxygen fugacity and availability of oxygen during
crystallization. Location of the major dividing line
between the two groups was estimated through plotting many
suites' of Archean komatiites and iron-rich tholeiites from
worldwide  locations, Naldrett and Goodwin's  (1977)
horizontal boundary, at Al203 = 16.5 wt. percent, species of

~high Al1203 content, while the short diagonal bounds a small

zone of intermediate types.

Naldrett and Cabri (197s, p.1136) stressed that, in
addition to the chemical requirements of low FeO /(Fe0 +
<¥ﬁgo) ratio for a given Al203, a komatiite mus; have the
’ spihffex or haraq&tic fexture characteristic of ultramafic
flows. 1In a 'FiOn, they modified the original komatii}pfs
definition (Vifjoen & Viljoen, 1969; Brooks & Hait, 1974)

’
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which included Ca0/A1203 greater than 1.0, to broaden the

l

spectrum for similar rocks in other parts of the world The
matter,of thole11t1c versus komatiitic series will be dealt

with in a later sect:on of this thesis,
\ -

> o
During the present investigations of +this diagram,

samples were plotted not only for the Bashelor Laﬁe area,
but also from South Africa (Viljoen & "Viljoen, 1969),
Rhodesia (Bickle, 1975), Austral}a (Willisms, 1972; Nesbitt
et al., 1976; Hallbetg et al., 1972) India (Viswaathan,
1974),  and Canada (Naldrett & Goodwin, 1977 Gelinas &
Brooks, 1974, and Arndt et.al 1977) in Figqure 3.6 . It
was noted that ultramaf1cs associated w1tH komatiites plot

in the komatzltxc field.

~In general,_ﬁafic tocks (komatiﬁtic basslts) plot above
io percent K1203' and ultrsmafic rocks ‘(pyroxenitic,
peridotitic komat&ites) fall below that threshold. It is
Suggested that this boundary be affixed a permanent part of

the diagram, due to its general, worldwide applicability.

The excelient delineation of a wide range of Archesn
mafic and ultramafic rock types suggests that this diagram
is well suited to thetr classification. It goes beyond many
Systems which do not account for ultramafic composition apd
is mote selectiys than the few (i.e. Jensen Cation ‘Plot
(1976}, etc.) that contain a general ultramafic region. The.

didgram would therefore make a worthwhile inclusion in a
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classification scheme such as that of Irvine and Baragar

(19711}.

3.3.10 AFM Diagram '
Volcanic ;ocks .examined in iéarly gebchemical studies
were comprised primarilyz of well-differentiatéd,L‘ calc-
alkaline (see Ch.8) sequénces. Later, .iﬁveéiigators of'
suites which-became known as tholeiitic or gabbroic series,
showing little or‘ no silica enrichment during
differentiation, found that Harker and Larsen diagrams could
nozkbe used in comparing such rocks with thése of cale~
alkaline sequences. ' Thus, Wager and Deer (1939), during.a
study of the Skaergaard bomblex' (representative of -the
former maéma type), developed a tfianguiar plot by recasting
the most abundant conétituents into three coordinates: A
(Na20+K20), 'F (0.B998xFe203t) and M \MgO). ‘ These factors
: correspond, respectively, to the least, intermediate and“
most refractory minerals. Theoretically, the ¥ rock
'compositii: trends toward or away from these poles,

depending on the path and degree of magmatic evolution.

The AFM djagram is useful in separating suites of iron-

rich {gabbroic or tholeiitic) and iron-deficient (calc-
P

alkaline) rocks. BLt the correlation of such trends with

evolution of a magma is circumspect and will be discussed

' ~ . .
later. The diagram does not involve all major elements, nor

any traces, ‘but the correspondence of. two trends to
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significant field data assures its value as an indispensable
geochemical diagram. Illustration of the two. fractionation
trends 1is given- in Fiqure 3.7 for calc-alkaline suites
(Idaho and southern California batholiths) {énd a tholeiitic

7
(Skaergaard complex) suite of extreme iron enrichment.

3.3.11 . Pearce Diégram

More recently, 'triangular diagrams have been used to
display a variety of chemical trends.é”iA useful’diaqfém has
been provided by Pearce et al.(1978) for .discriminating
between oceanicvand continentai t;;; basalts. By plotting
241 ocean floor and ridge basalts and 277" non-oceanic
basalts on a Ti02-K20-P205 ternary diagram, they found that
a dividing 1line, at 54.5% TiO2, 0% P205 and 79.6% Tio2,
.20.4%'P205, separated 93% of the rocks into the pfoper field
(Fig. 3;8). The division was confirmed by "further work

*

with-}arge-numbers of analyses™,

The authors emphasize that the, diagram is effective

only for primary basalts, and fractioqﬁted or alkaline rocks

are not well discriminaéed For this reason, all analyses
are screened through an AFM diagram and an 1soalka11ne line

of 20% used as the upper limit of acceptibility.

-

The "Pearce" diagram is an effective means of

.

discriminating between oceanic and non-oceanic environments.
L\\:
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Gabbroic series Caic-alkali seties
Structural form Stratified sill, Complex batholiths of
lopolith, or massive steepwalied
funnel intrusion plutons, domes, or
mushroom-shaped
plutons
- Structural Nonorogenic: Orogenic; both
environment faulting dominant faulting and folding
. : prominent
Number of One or few Muitiple
infrusions
Water content of Low High :
the magmas
. Mean temperatures High to moderate Mederale to low
of differentiation
Dominant character Anhydrou$ gabbroic Hydrous quartzo-
of mineralogy . feldspathic
- Typeof Absolute iron Relative iron enrichment:
differentiation ", enrichment, no " sstrong silica enrichment
silica enrichment
Contact cffects Modest thermal Modest to profound

thermal and metasomatic

~

¢ Southern California

. . betholith
- < 4 Waho batholith .
A ¥ LY LY} A¥d M 5 M. M.
Na;O + K;0 05 % Mz0
- ¢ -

Figure 3.7: Calc-alkaline & Tholeiitic (Gabbgbic) Trends a)
Comparison of Features b) Location o an AFM
Diagram (after Meuller, 1977)
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AVERAGES - FROM PEARCE et el (1875)
GEOGRAPHIC AREAS - FROM MANSON (1967)

.

Figﬁre 3.8: Pearce (1975) Tectonic Environment Diagram
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As the authors point out, high degrees of ‘weathering and/or
alte;atibﬁ;iend to move oceanic rocks into the non-oceanic

field, However, altered or weathered rocks plotting in the
A selecpion of worldwide, average Arche : saltslhas
plotted in the original paper and most. fell in the anic

field, suggestxng an environment s;mllé: to present-day

oceanic field are unllkely to have a non- oceanlc or1g1n

oceans. - It was decided to use the diagra in the present
—
study to. inspect this tendency in the Bacheldr \lakeAarea,

and also to determine if the pattern changes with position
. ' t

in the stratigraphic pilés.

3.4 CHEMICAL ROCK CLASSIFICATION METHODS

3.4.1 Church-Murata Diagram

Many investigatprs‘ have di;baraged thége variation
diagrams which use only a small number of major elements:
The’ brit{cism is somewhat justified in .that the more
'élements aaéd} the‘less noticable are effects of analytical
erro;‘and the better distinguished a rock becomes. But
graphical representation of such complex systems is fraught
with difficulty. Most pr0posad diagrams have had little

Success in delineating distinct fields for particular rock
types., ' . !

Church (1975, p.259) lists the main chemlcal variations

as changes in  basicity, alkalinity and the relative
v ' ‘ ' "
proportions of alumina and silica:
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_ Rhy,Trach, Phono. Basalt
Basicity: Fe-Oxides

Magnesia Low ‘ High
Lime .

Alkalinity - varies inversely to basicity but also .
has an independent trend toward alkali
enrichment for some basic rocks.

Al203 vs Si02 - increase 'in Al203 with respect to
$i02 parallels alkali behavior in
the rhyolite to phonolite trend.
Also increased A1203 with
differentiation.

’

Combining aspects of éarlier A1203-si62 based diagrams and
alkali silica variation diagrams, Church adds an ordinate of
baéicity in a three-axis orthogonal plot.-(NaZO + K20 vs FeO
* Fe203 + 1/2(Mg0 + Ca0) vs Al203/Si02). Doubling the iron -
factor in the ordinate serves to polarize rocks of
ultraméfic composition and thus virtually eliminates their

discrimination in the diagram.

Compositional fields of common vo}canic rock/ﬁypes are
shown in Figure 3.9 . Data poinig were obtained from
approximately 1500 analyses and contoured te include 2/3 of
the total points for each rock type. The contours do
overlap to some extent and - Church suggests using
intermediate .rock names such as rhyodacite, basaltic-
andesite, trachyandesite, etc., or descriptive terms (i.e.
alkaline basalt, subaluminous- andesite, etc.) where samples

plot outside the contours. The method seems to work fairly
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well except that, as previously noted, the contours
fepresent only a mqjoripy of points for éach rock type and
therefore actual overlap is, in reality, much greater. The

diagram does work well for the Cascade felsic volcanics, the

"Highwood phonolite trend, Skaergaard differentiates .and

volcanic rocks from Rice Lake, ° Manitoba, and the Canary

Island volcanics (see Church, 1975, p.260-262),

The relatively good disériminating peyers of this
diagram suggest that it should be considered as a possible
classification tool, but in conjunction with other diagrams

for delineation of series trends, alkalinity " and

ultramafics. ' ) -

=

3.4.2 Jensen Diagram

s The Cation plet of  Jensen (1976) is a rock
classification scheme which uses Al203, (Fe203+Fe0+Ti02), and
MgO recalculated as cation percent . (Figurg 3.10).?
Similarity to the AFM diagram is evident, except for the,
replacement of the occassionally mobile alkaline elements by

the relatively immobile A1203.
\

Jensen's intention was to produce a clags;fication
which would be di}ectly related to the color of field
specimens, To that end, he wused cation percentages since
"iron and titanium are heavy atoms with ;small volumes

relative  to atoms of magnesium and aluminum; cation
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percentages rebresent'a volume measure that to some degree

can be distinguished by the human eye".  The color

relationship is further emphasized by ‘trends toward the

iron-titanium apex. Light colored rocks generally have high

proportions of A1203 (feldspars or their . alteration

products) or Mgo (talc,‘forsterite, or Mg—amphibolgﬁaor Mg-

pyroxenes) but become increasingly darker as irdE\ and
tiéanium content rise.l #

The logic of the method is sound and conforms _jgv/'
Jensen's goal of a chemical-field related system as an z}d
to stratigraphic interpretétion. Classification boundaries
on .the plot were adjusted, durfhg testingr of over- 2000
publi%hed analyses, . to form an B85 -percent or better
correspondence with published rock names. For methods of
locating boundary position, reference is made to the
origindl paper (Jensen, 1976, p.2-3). VA major point of
concern is the very arbitrary division of rock types, based
entirely wupon reqular intervals of A1203 éontent.\ This
factor assumes a gradational increase in A1203 (probably in
feldspar) as a magma is progressively differentiated, but is
not supported by other A1203 variation diagréms (see Figq.
3.2 ). Nonetheless, Jensen indicates good correspondence

with other classification schemes, including that of Irvine

. and Baragar (1971), The plot also shows a general
differentiation trend: for komatiitic-type - rocks, an
advantage not found in many other variation diagrams. The
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Jensen Cation Plot provides a rapid method  of
élassification, developed.to include a correlation between
hand specimeqr color and. chemical composition. - fThe
relationship may Hold for the low grade metamorphic rocks in
Some areas, but is unsuitable for rocks of hzgher grade, due

to metamorph1ca11y induced color changes,

Jensen parametérs were calculated for all fresh
Bacheldr Lake rocks and plotted in Figure 3.11 , .using the
rock names assigned by the scheme' chosen for ?his project
(see next section). Results show that separation of basalts
from more differentiated focks is quite good but greater
overlap occurs between the more . felsic varieties. It iss
evident, therefore, that only comparison of basaltic rocks
- . can be made using the system‘ of Jensen and the one selected

for the pfesent study.
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3.5 CLASSIFICATION OF BACHELOR LAKE ROCKS

In 1966, Irvine, Baragar and Moorhouse, at the request

»

of the Volcanological Subcommittee of the NRC, attempted to

develop a classification scheme for volcanic rocks in

Canada. The purpose was to standardize rock name

terminology for ' Archean rocks and "to give chemicél
definition to conventiogal rock names"” (Irvine’ & Baragar,
1971). The publi ged results consist of a det&iled,' multi-
graphic chemical classification. . Although certain values
derived by their methods must be viewed with cautioﬁ, the
éystem\offers a verézfile way of dealing-witﬁ large numbe?s
of geochemical analyses., For that reason, the Irviné-
aragar classification, with siight modifications, has been

aégated for the present study:

v

!

The Irvine-Baragar scheme attempts to classify rocks
through use of the CIPW norm which, they  state, "gives a
fair approximation of the mineral and modal composition of

common volcanic rocks as crystallized at 1low temperatures

.under relatively anhydrous conditions". Here; the validity

of anhydrous conditions/may be questioned, especially with
regard to typically hydrous calc-alkaline magmas, but the
value of normative calculations, nonetheless, retains the

merits as previously described.

The Irvine-Baragar approach divises simple, graphical

. plots ~whic§ can distinguish and name different rocks

.;B3' B
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accoéding to compositional fieids that are consistent with
curremt nomenclature.. They hote that their method has
’limitations due to  "the difficulty of representlng,
'chemicaily cbmplexusysteds on graphs and because --- long-
a consistent way,

changes th:auéh

metamorphism and/bf hydrothermal aétivity are accounted for,

standing- rock names have not been used i,

over the years.  Minor™ compositiona

assuming severerly altered rocks are first eiimin@ted;
Oxidation of iron is corrected by setting an ubper limit on
Fe203 according to the equation: $Fe203 = $Ti02 +1.5 . 1f

the analysis value is greater than this, - the excess 1is

converted to FeO, thereby'giving a more undersaturated norm.,
Furthermore, volatiles are ‘eliminated from the - analysis.

before normative calculat1ons and are uSed'on}y to indicate

the state of alteration of-the rocks.f

Norms are . calculated by standard conventions and are

1

‘expressed both by classical weighf-peféenﬁ and by cation
equivalents (molecular norm or 'Bafth-Niggli katanorm ).
While corresponding values of both methods are similar, ﬁhe

cation norm has been cposen hy Irv1ne & Baragar as being
Y . ' " .»9- #

better suited to graphzcal pro;ectlon and easier to recast

f

for aiternative\comb1nat10ns.

1.
! b

Many classification schemes, the present included, add

genetic modifiers, such as theleiitic or calc-alkaline, ta.
, -~ - B

the derived rock names in order to segregate similar rocks
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with slightlgwéiffering characteristigs. These inherent
differences often have logica} field relationships (e.gq.
Kuno, 1968) ané are therefore vélid. - But they are often
unsuitable for interpreting genetic significance. Thus, the

series names are used simply because they appear to be

natural divisions., The three main series: tholeiitic, calec-

alkqliné and 'alkaline are the most common and will be

discussed in Chapter 8.

The Irvine-Baragar (1971) ° classification scheme first
involves calculation of the CIPW normative\minérals for each
-samplé. " The procedure és discussed in section 3.3.4, can
be .rapidly accomplished by a short, fortran compﬁter

programme.  Norms and geochemical data: are then "passed

_tﬁrough a series 'of'stqps as iilustraped in _the‘flow sheet

in Figure 3.12 ). 1If acmite occurs in the norm, the Fock is
peralkaline and classified accordiﬁg to’ the‘methodlbffNoble
(1968f: If the coior index is 'greater than .75, the féck is
lultrémafic. Otherwise, it passes thr&ugh the alkaii~silica
diagram to determine if any rocks éne alkaline. Subalkaline
'chhs then pass to the Al203 vs Nofmaqive Plagioclase
. aiagfams to defermiqgﬁ'if they ~are tholeiitic or cale-

alkaline. If normative olivine is greater than 25%, the

]

rock is then labeled a picritic basalt. Otherwise, -it is
classified by the Color Index vs Normative Plagioclase
diagram as rhyolite, dacité, andesite or basalt. Finally}

the rocks are evaluated fg;_their relative potassium content

I

J B

Lol
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by the An-Ab-Or diagram. - Equations for boundary lines in

the above mentioned diagrams have been listed by Irvine &

Baragar - (1971, p.547-548) . _ These greatly assist
classification of the rocks in a computer programme, thus

eliminating tedious plotting.

The classification ‘'scheme ﬁéed in this study is
essentially the same as that of Irvine & Baragar except that
a silica scréen was added to eliminate alfered samples,
Some specimens were found to possess abnormally high or low
silica values for the qorrespondingly-der%ved rock name.
Since silica ' tends to gradually increase throﬁgh
differentiation, withih relatively “garrow constraints fér
particular rock . types,  values lyihg outside these normal
limits must be regarded skeptically. -Such diachronisms do
exist in the ﬁormal Iréine-Baragar derivations,. but csn be
removed, for'fnrther study,‘ through the use of a écreen_as
individual rock types have beln érbﬁtrarily set to include
most'éublished' values-£br . thad type .and thu; overlap the
ranges of other categoniés to some extent.  But since thé
screen serves only to remove erratic anomalies rather than
prescribe identification, the methpd lis dgéqu valid. In
addition, - ultramafic ,'volcanic rocks can be further

,classifiéd by the Al203+ vs Fel (FeO, + ‘Mgo) (Naldrett)~
diagram ag‘dgscribed in a prevf';s section,

-

displayed in Figure 3.13 ., Silica ranges wused for
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(Norm & Molechlar'Values Calculated)

5)

6)

7)

8)

1) Acmite Norm ————— PERALKALINE (Noble, 1568)

L8

A i-
A 2
2)CI 75 ———> ULTRAMAFIC |
' (Al1503 vs Fe0/(FeO + %g0)
’ , diagram
(ﬁﬁlei;iﬁlica- _ Mafic Ultramafic
gran \\\\“Qs\\ﬁiKomatiite Fomatiite :
'3) SUBALKALINE ALKALINE T
\ . o
f!\'l!’ﬂq rre WNavim D1 amd-ad -~ e .
Nee—pg vy - ] — L Ry P
dlagram)
4) THOLEIITIC or CALC-ALKALINE
¥ 1 .
- 1f Olivine 259 .

Picritiec basalt
- otherwlse: -

|/
(CI vs Norm Plagloclase - *J//
) “~\\\\\\\$ diagram) L
, RHYOLITE™ * DACITE
ANDESITE BASALT
. (An-a fiagfam)
’ . .
L K-righ ‘ ¢
‘ K-axerage . : :

i:) K—oooi . ' . 1-.‘

SILICA SCREEN (rgck-types) to eliminfte'unusuzl
and often slightly altered rocls.
(see Fig. 3.13) v

Check result against vetrographic charactar- ¢

the rock and against other cvublished crenical —=

data "for similar rock types. . :

/

-

Figure 3.12:. Modified Invine-Bétagar (1971) Classification

by

Flow-Chart for the Bachelor Lake Suite

-
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. 3.6 SUMMARY OF CLASSIFICATION ”’f<;¢

Many techniques have been devised, using chemical data,

matic suites. .

to identify rock types, or to characterize mag\%:)

These include: ' o . “\,/;

1.

! .
PEACOCRK CLASSIFICATION - divides igneous rocks
into four chemical classes but does not identify

the rock type.

2. Jﬁ;g;LI CLASSIFICATION - recasts chemical weight

. percent of oxides into molecular duUotients, which

are then cqmpared for various rock types .by
& . i .

=y

plotting them agaiﬁst si. Use of si as a base .

function is questionable. Niggli classification

e .
does not identify rock types.

-

CIPW NORMS - calculafion‘ of normative minerals
from chemistry and therefore. an indirect
"mineralogical™ = classificatio

correlation with optical mode but problems are

" ‘caused by hydrous assemblages and Naz20 or

Fe203/FeO changes.  Provides the best developed

approximation to primary modal composition.

-

HARKER .DIAGRAM - shows general chemical

relationships to igneous rock series, but assumes

continuous Si02 increase during consanguinous

magmatic evolution.

- 69 -
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5. LARSEN DIAGRAM -~ similar to Harker diagram and may -

be superior in terms of a more complex abscissa N ) S:)
: | , )

and more linear elemental curves.
® | f
6. ALKALI-SILICA DIAGRAM - good divisigp of most
: ~

volcanic rocks into natural alkaline and

subalkaline suites. ,

7. Al203 vs NORMATIVE PLAGIOCLASE DIAGRAM - good
-\//{@ﬁ%ision of subalka;{ne: volcanic ‘rocké into
; tholeiitic and 'calc-ﬁlkaiine sérjes} : eépecially >
. for mafic rocks. ' Care is necessary .to avoid
altered samples' vhich  affect Ehe‘-piégioclase

(Na20) factor. - .

COLOR “INDEX vs " NORMATIVE PLAGIOCLASE DIAGRAM -

good division ‘of subalkaline volcanic rock types.

Similar problems, as above, .with the plagioclase

component. ' '

9. AFM DIAGRAM - Vgood divisiép of _subalkal}ne

* volcénic rocké into tholeiitic and calc-alkaline
series (especially for intermediate to ,felsic
rocks). Useful for displaying Fe-fractibnation
trends but careful sample selection‘is neccessary

to aveid alkali alteratiefEu

10. Al203-vs FeO/(FeO + MgO) DIAGRAM - useful division

oS . . - . .
of heleiitic and ultramafic (including

_70..



komatiitic) volcanic rocks (poorly accomplxshed by

kavmost of the Above diagrams),

11. PEARCE DIAGRAM - divides basaltic rocks, from some
geologic provinces, into continental and oceanic
types. Useful in illustrating the evolution of

major volcanic sequences.

o ' > . ’ -. ' -
Several authors have combined one or more chemical
schemes and/or variation diagrams. into generalized, volcanic

rock classification schemes:

1. CHURCH-MURATA METHOD - a good method of obtaining
volcanic rock names. Based predominantly on post-.
Archean suites (Archean rocks have some notable
chemical differences). Limited by lack of
provision for alkaline—subalkéline, tholeiitic-
calc~alkaline or wultramafic divisions. Some

degree of overlap.of rock;tjpe fields,

2. JENSEN METHOD - primarily a simple, ternary plat
of the major elements . considered the léést mobile

. dnder low to medium metamorphic condltlon.
Useful prov151on for correlation with color (1.e.
ties in with a viable field classification). Mo
provision for alkaline-subalkaline division but
this could be accomplishe@ by an alkali-silica

diagram pre-screening. . Somewhat arbitrary

Z.
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division of rock types, based entirely upon Al203

L

content,

3. MODIFIED IRVINE-BARAGAR METHOD - CIPW norms are
calculated and, together with geochemical data,
are passes through a series of variation diagrams
and migeral/chemical screens, The use bf num;rous
diagrams, while more cumbersome ﬁhan some other
-classification schemes, allows better
discrimination of rock and series divisions than
is possible.with a single diagram. Addition of a-

silica screen significantly improves the removal-

of altered specimens. An improvement at the

ultramafic end of the classification is necessary

-

and can be accomplished with the A1203 vs FeO/(FeQ

1

+ MgO)} diagram.

Analysis of the preceding éiséussion leads to the
inevitable conclusion that no siﬂgular'diagram or analytical
method is capable of classifying all rock and/or ' series
types. Chemical, mineral and textural parameters are\mﬁch
too diverse to allow subdivision by the limited factors
included in one diagram, ~ 'éurthermore, " the inherent bias'
and apportionment in certain technigues serve to enhance
some rock types while-diminuting others, This polarigation
is impg;tant in: the separatién of particular: grouﬁ?-but at
.the same time tends to eliminate others (see Churéh, 1975,

p.260),

-72 -
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Chapter 4 . ' oz
REGIONAL GEOLOGY |

Located in the southeastern part of the Superiof
tectonic province, the Abitibi orogenic belt is the largest,
continuous volcanic belt, in the Canadian Shield. This
generally east-trending entity is approximately 750 km. long
by 200 km. wide, and is tectonically truncated on the east
gy high-grade Grenville province rocks and on the west by

the Kapuskasing subprovince,

Litholbgicaily, it contains orogehic supracrustal'rocks
together with- mafic and felsic plutons.. 1In common with
othef-ﬂrchéan greenstpne belts, the area possesses a long
and complex. history of Precambrian events, with geologic
relaﬁidnships often obsé&ured by - younger sedimentary rocks
“and glacial cover. It has béen studied for many vyears
(;ecently summarized by:. Ayres -(1977) and Goodwiﬁ et
al, {1977, 1972, i970)) and has yielded several hundred ore=
producing properties, 1nclud1ng AU*Ag, Cu-Zn-Pb3Aqg, NghCu,

Fe, Mo-Bi, and as%;ktos dep051ts. - q\

d/'Wlth thg_\sfcept'on of questionable granitic basement

material, the oldest rocks in the belt consist of series of

mafic to felsic volcanic flows and pgroclastics., Basalt and
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‘andesite flows and syntectonic mafic intrusions are common
in lower étratigraphic sequences, often- exceed1ng 12,000 m.
thick, with dacites, rhyol1bes and" pyroclastics- becom1ng
increasingly prominent 1n ;uccessively higher herizons. The
latter lithologies seem to dominate'a- number of discrete
volcanic centers with limited stratigraphic continuity, and
constitute only about 5-20 percent of the regional volcanic
assemblage (Goodwin, 1971; Goodwin and Ridler, 1970). The -
'generalized mafic to felsic trend may be repeated, in whole

or'in part, to form a number of cycles.
N

Toward the top _of, and generally structurally
‘conformable with volcanic sequences, are imﬁature clastic
and/or chemical \sediﬁents. The former r;hge from
- discontinuous, intercalafed units to broad, régionally east-
trending belts of up to 3000 m. in tﬁickness. They are’
composed, principally of poorly-sorted greywacke-argillite,
shale, conglomerate and 1lithic sandsténe of turbidite
association and compafe ciosely, in mineralogy and
chemistry, to the enclosing volcanics .(excluaing féanitic
conglomerate pebb;es).‘ Chemical sedimeh;s are, id*coptrast,
'dsuélly_tﬁin and laterally cortinuous stratigraphic units,’
gﬁten forminé ihportant'marker gorizons. " ‘Most have'varying
'_améunts of iron-mineralization and .are clas ified as oxide,
carbonate or sulphide fac1qs,‘accord1ng to the domxnant }%on
mineral (Goodwxn, 1973; Eugster & Chou, 1973). . Often, the .
various types are  transitional through a broad, basxnal
>énvironment.“ L l ' -
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Mafic inérusions,'éccurring as sheets, sills and dykes,
geperally within the mafic volcaniCJSéquences, are commonly
differentiated into an ultfamafic;basé with a mafic upper
portion and are often difficult "to  distinguish féom
‘differentiated mafic flows. More  voluminous mafic
intrusions forcefdlly intrude the host volcanics which are

thereby deformed and wraﬁped around the intruded mass.

Felsic intrusions voccur as stock-like plugs. and
laccoliths within and between, synclinal “greenstone arms.
Larger, batholithic<§lutons cccur toward the margins of the
orogen‘ and may include somé primitive basement material.
While .the felsic intrusions are commonly classified ag
granites, they .encompass a variety of mineral-chemicql
cbmpositions and ﬁerit considerable detailed study to more
completely define their role in the formation of the orogen.
Similarly, contéct relations are not‘ fully understood
between these felsic bodies and the .volcanics. Many are
-clearly intrusive, deforming and altering ~volcanic trends
{particularly toward the center of the belt), while othérs

may be‘'coeval intrusive differentiates.

Dynamothermal tectonic events have overprinted most
rocks in the Abitibi belt, producing low grade greenschist
to amphibolite .metamorphic mineral assemblagés. Locally,
however, certain areas- seem ﬁg have escaﬁed the régional

effects and have endured to the present with only minor

<
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burial metamorphic changes (Jolly, _1974; ijsaite, 1974; .
Pearce et al., 1974). Conversely, in other lécalized
settings, particﬂlarl{ in close proximity £9 intrusive ~
bodies, the metamorphic grade may'rise'tq upper amphibolite
.facies, - with accdmpanying benetrative deformation,
Typically; though, primary-léQa structures such as pillows,

‘ variolites, amygdules and flow and pyroclastic features
endure, as do original, although mineralogically alteréd
textures (Moorehouse, 1959, 1970). 1In sediments, graded
bedding, facies change feature§ ana even sofé-sediment

deformational structures can often be observed.

Goodwin and Ridier (1970) have tentatively defined a
number of ellipsoidal voféaéic complexes (Fig. 4.1), each
approximately 40-60 km. .in diameter{ 'which, _they suggest,
deviate from médernhisland arc settings due to compressional
folding angd foreshortening in a nbrth-south d;recfion.
Overlying great thicknesses of mafic volcanic rocks are
cqncentrations‘of felsic volcanics, _each,l representing a
felsic eruptive ﬁ&enfer, Most ﬁrecious aﬁd basé metal
-deposits lié within or* marginal. 16 the félsic volcanic

complexes, <3

N Principdl au zones, often associated with carbonate-
%‘ rich Yotks, lie . at thg margins .of volcanic complexes and
" "have  traditionally been | interpreted  as shear  zones® ./

(Porcupiﬁe—Destor and Larder Lake "breaks") 1in intermediate
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. * ‘
to felsic .volcanics (Swayze, Matachewan, Kirkland Lake,
‘Timmins, Cadillac, Malartic, and Val d'Or mining camps) . A
major east-trending Au _zone extends intermittently from the

Matachewan area on the west,- szgygh Kifkland'Lhke, Larder

1

N ) AY '_
- Lake, Noranda and ‘Malartic,. to Val 4'0r on- the east. dy/

second prominent zone extendéﬁédstwards frém Timmins through
Duparquet and ‘southeqstward te join the first zone at
Malartic. Smalﬁgr,: discontinuous zones are widely
distributed. -

, -Principal'bésef‘ metal ¢ concentrations of .‘the. Cu-
Zn-(Pb)-Ag type hagéﬁgirect stratigraphic relationships,
Many lié at felsic—mafic- transitions in upper parts of
stratigraphic successions and thus define major target areas
(Timminsi' Noranda, Mattégami, Joutel and othHer, less
prominénfhéreaﬁ). .Such deposits ;eeﬁ to be connected with
proce;égs of explosive, domal volcanic activity, as distinct
from widely distributed felsic tuff zones énd associated,
-non~economic mineralizatiéq. Ni-Cu éuifide depesits are
generally oennected with gyafﬁc-ultramafic -rocks »(ﬁlexo,
Texmont ) énd have been descrfbed}by Arndt (1976, 1977), and
Eckstrand (1972). \__
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Chapter 5 - ,
GEOLOGY OF THE BACHELOR LAKE REGION

-

. 5,1 INTRODUCTION
The Bachelor Lake region is a Hvolcané—éedimentary
cqmplei, downwarped into -a major sYnclide with é regioﬁal
ENE strike, except where locally modified by ‘%iirusive
boedies (Fig. 5.1'& Map in back pockeii. Felsic batholiths
are common, adding structural compléxity,' especially gR éhe
south limb éfqthe syncline, This has resulted in‘a numb
of narrow volcanic arms, running between the batholiths.
Major faulting appears confined to the eastern part of the

region. \

The volcanic pile has been divided, on the basis of
structural déta, lithic proportions and petrochemical
trends, into five major areas, each characterized by
§pecific pet}bloéic variations. Petrographic data has been

summarized in table form and is found, in Appendix C,

“Rock types sampled in each area are summarized in Table
5.1 . The 150m traverse sampling interval produced a
collection that is probably representative of the relative

n

" abundance of rocks. L s
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TABLE 5.1

Y

Number of Samples of each Rock Type Collected in the
. Bachelor Lake Region

AREAS _

ROCK TYPE 1 2 | 3 l 5 TOTAL
Sedimentary - o0 |12 0 0 | o 12
Rhyolite . 1| o 0 1 1 3
- Dacite 2 o h 3 g 8 26
Andesite | 1 |10 |11 |16 |15 53

Basalt : 10,0 46 |18 |16 [14- | 104"
Pyroxenite 5 0 0 0 0 5
Subtotal 19 [ 72 |32 |42 [38 | 203
Highly Altered 2|l 7| 4] 5| g 26

#*

Total 21 | 79 |36 (47 Jue |. 209

* eliminated due to severe metamorphic
and/or alteration changes

_81_
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5.2 AREA 1

P

Area 1 is ldcated in Boyvinet and Gand townships in the
northern part of the study area (Fig. 5.1 & Map 1).

Thickness of this part of the pile is at least 7 km.

Samples were ‘taken mainly from a traverse along the
Waswanipi.River in the northern part of Boyvinet township.
Only 20 samples were taken, due to limited rock exposure.
Sampling ended - in the marginal granite batholith, but
additional woék further north, " in Montalambert township, \

might succeed in reaching deeper levels in the pile.

Stratigraphy trends east-west through western Boyvinet
township, }here the -belt pinches between® two large
batholiths, and swings ﬁortheast into the regional trend in
northeastern Boyvinet, between other batholiths. Some
‘shearing is noted in véicanics near the margins of these
batholiths but faulting or topping features were not
observed.. The rocks consist primarily of mafic volcanics
and ultramafic bodies. The ultramafic bodies are not
present in stratigraphically. higher areas, and th;ir
disappearance is the sole criterion for establishment of the
boundary between Areas’'l and 2. Therefore, Area 1 may be
considered as a conformable base to Area 2 but is treated

separately because. of_the presence of these unigue

ultramafic bodies.
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5.2.1 ° Ultramafic Intrusive-Cumulate Bodies

\ Due to their light green color and fine to medium grain

size, the ultramafic rocks were identified as intermediate

volcanieg rocks ~ during  figld mapping. Subsequent

petrochemical study revealgd their true nature, but not

?ntil field investigatiopns were completed Detailed

_assessment of their relatlorsth to surrounding volcan;cs

was therefore not noted \\\' .

These rocks consist almost exclusively of fine to
medium grained pyroxene with interlocking texture, The
grain cores are generally .fresh bu{ some’ degree .of
uralitization of the rims is wusually present. Some thin
sections show‘alteratién to hornblende.l The amount of
matrix. is small and consists of plagioclase, calcitei minor

chlorite, epidote and sphene.

$.2.2 Mafic - Intermediate Volcanic Rocks

Basalt, the most common rock type, is medium to dark
green and shows little penetrative ~deformation or
fragmentation. They aré, for the most pért, massive rocks,
composed of eguigranular, interlocking hornblende and

plagioclase. {

The hornblende usually contains a fresh core with a
narrow outer rim of uralite, giving the grains a feathery
appearance. Plagioclase 1is generally fresh but contains

e —
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various _ﬁropor£ions of granulat ~epidote alteration.
Infrequently, the pl;éiociase is altered to a very fine-
grained dusty relic. Carlsbad twins {a¥e common, in contrast
to the }arer polysynthefic twins, ‘;n ﬁany of which the twin

planes are discontinuous.

The matrix, generally of ~minor volunme, contains
chlorite and - minor 7aﬁounts of epidote 4&nd fine;grained
ﬁlagibclase. Sphene is_common, often.showing’an opague core
and dusty, brownish ﬁargins. it occurs as both discrete
grains and‘masses and aS‘interstitial fillings between major

silicates, Pyrite is a ubiguitous accessory mineral.

Intermediate volcanic rocks are scarce within _this
suite, Only one, .relatively fresh specimen was examined.
It consists of a few relic plagioclése phenocrysts, mostly
décomposed to calcite and epidote, in a matrix of fine-
grained plagioclase, quartz,  caleitg, sericite, and minor
epidote, éphene and .opagues. Most grains are aligned,

suggesting a possible tuffacecus nature.

5.2.3 Felsic Volcanic Rocks

Only three, strongly altered samples of light to medium

grey-green felsic volcanic rocks were found in Area 1.

Plagioclase phenocrystsiare almost completely replaced
by sericite, chlorite, and calcite, with minor epidote.

They 'are enclosed by a fine-grained groundmass of quartz and
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i

pPlagioclase with frequent anéi(prominent streaks and patches .

. .y A
of chlorite, calcite, and sericite,

Some degree of shearing seems\ to be present in these

X . . e L.
samples, resulting in a distipct llnearion of the
phylosilicates and a preferred o entation of the remnant

phenocrysts,

5.3 AREA 2 ' ’ b

Supracrustal rocks in Area 2 lie conformgbiy-over those
of Area 1 to the north (Fig. 5.15  and’ consist of
approximately 10 km. of mafic to intermediate lavas with
minor felsic volcanics. Actual stratigraphic thickness may
.be less than 10 km, " since numerous minor synclines and
anticlines were noted. This is the largest area in the
field area , in terms of thickness and lateral extent.
Stratigraphy conforms well to the regional' northeast- .

southwest strike and dips steeply in most places.

v

The upper stratigE&pﬁic/”boundary was set at the
e;osional unconform%Ez) marked by deposition of clastic
sedimentary wedges in Lesueur téwnship. These zones seem to
be laterally discontinuous, pinching out to the east énd
west, thereby making the upper 1limit of the area difficult
to detect. The appearance of increasing numbers of felsic
volcanoclastics indicates that the upper boundary has been

crossed,



5.3.1 Mafic - Intermediate Volcanit Rocks

Three-zyarters of the rocks 1in Area 2 are tholeiitic
basalts. For the.most part, they are fine-grained, medium
to'dark green rocks and rarely greyish green. Fragmentation
is uncommon but shows up as méfic breccias or; more

commonly, as finely-laminated, dark tuffs.

The basalts are composed mainly of plagioclase and

. { =
actinolite. The latter shows moderate pleochroism and
occurs as feathery grains between plagioclase, either as

single-grains or radiating clusters ana_is not generally as

abundant as plagioclase.

Hornblende, while lesé abundant than actinoLite,ﬁ is
present as 'moderate to strongly pleochroic crfStgls.
Normally fine to medium-grained,J it becomes quite coérse-
grained in some specimens. Crystal margins are rarely sharp
or. euhedral and are mostly replaced by uralite,'resulting in
a feathery appearance. Progressive decomposition of former
hornblende or, possibly pyroxene, ' into actinolite
pseudomorphs is evident 'in some grains. Chlorite, as both

penninitifaqs\flinochlore is a major matrix constituent.

Plagiéciase may be‘fresh, but more often it is replaced
to varying éegrees by calcite and/or granular epidote. In

some instances, entire replacement by <calcite forms

' pseudomorphs after plagioclase, or recrystallized calcite

rhombs, Less often, the plagioclase may be consumed by a
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fine-grained, dusty replacement, possibly epidote. - "
Afurther, although less common replacement‘ie the appearance
of small quantities of sericite, A few specimens contain -
skeletal swallow- -tailed laths of plag1oc1ase, indicativé of

a quench texture origin, The feldspars are almost always
restricted to the matrix, although rare phenocrysts and.

mlcrophenocrysts have been noted.

“ Quartz is present only in the matrix, except for rare
thin wveinlets, It is difficult to distinguish from
plaéioclase, due to fine grain size, but generally appears

much less abundant than in the ande51tes.

N

Remnant pyroxene was noted in a few specimens, usually
with wide replacement coronas of hornblende. These rocks
are coarse grained and can be termed gabbr01c. Pyroxene is
not abundant, but may have been previously more common, as
indicated by a few scattered‘hornblende grains, possibly

pseudomorphic after the PYroxene,

Opaque minerals are relatively abundant in the basalts
of this suite. When fine~grained, these minerals proved
unidentifiable by optical or x-ray techniques. Pyrite isg
fairly common as d15t1nct eu-subhedral cubes with relatively

small grain size.

Andesites make Up approximately one quarter of the

rocks in Area 2, a significant increase over the lower
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magnesian suite in Area 1, The andesites vary frbm medium
to dark grey or green. Most samples are eitgggjﬁéssive’on
slightly sheared. Only a few brecciated or tuffaceous

specimens were found.

Plag}oclase is the dominant mineral in both matrix and
pheﬁ;crysts. A majority of specimens contain plagioclase
phenocrysts., .In gehefal, the . proportion of feldspar
phenocrysts to matrix is much larger than in the more felsic
Eocks. _The‘grains-are commonly twinned, either as single

twins or as the more prevalent, polysynthetic twins. - A few

samples show possible evidence of gquench tekture, as
described by Pearce (1974) and Pearce and Donalds

~ with swallow-tailed plagioclase laths. Most pladioclase
o

grains are remarkably fresh and well-preserved. Where
alteration has oécurred, it is most often in the form of
of calcite, flecks of muscovite, or ‘\granular

epidote imens with more prominent alteration, the

plagioclase is almost totally replaced by q&lcite and/or
epidote. A few sample " contain grains with a myrmekitic-

like intergrowth of fel spar and quartz.

Quartz is relatjvely abundant as a fine-grained matrix

constituent but i ot common as phenocrysts.

Hornblende S present 'in many samples as. relatively
fine-grained, dispersed, subhedgh;l crystals, They are
weakly to mode ately pleochroic and are occassionally
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corroded with chloritic dlteration. Actinolite is.sometimesj
found as disééminated ﬁeedles or as smali,félted aggregateg
but is not *barticulafly abundant. Patches and streaks oé'
chlorite are evident in most specimens, -most commonly in the’
matrix. It occurs both as pgnninite, ‘with anoﬁalous blué“
polarization color, - and the . more commoh, - greenish

clinochlore,

Opaque minerals, of minor importancé'iﬁ these rocks,
are most commonly found in shear or fracfu;e'qones. and in
samplgs which appear Eo be somewhat recrystallized during
metamorphism. The predominant mineral is magnetite which
occurs as fingi disseminated, granular grains, occassionally
showing a slight tendency to form skéletal growth patterns.
Much less abundant is the occurrence of ilmenité which has
been noted in a coarse-grained, eu-subhedral, skeletal form,
adjacent to slightly recrystallized.silicates. .

i

5.3.2 Felsic Volcanic Rocks

Felsic wvolcanic rocks are scarce in this suite,
although not as rare as in Area 1. They .are widely.
dispersed throughout the area and usually form thin lenses

surrounded by more mafic volcanic rocks.

Dacites, although still relatively rare in comparison
'with the mafic volcanics, are widely distributed, Théy are’

usually light grey-green, and generally maintain a cherty
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appearance. Some of‘fheée rocks possess-a lineation which
may be ‘either the effect of slight "shearing or a primary

tuffaceous banding.

. Plag1oclase is. common in botzfmét:&x and phinocrysts
" and assumes dominance in the latte " The grains are often
| zoned ‘and contain a variety of tw1n tybes, often .in
combination. Alteration of the plagloclase takes the form
of fine grained dusty 1nc1u51ons of p0551bly ser1c1te, or
granular epidote with minor calc1te. _Ser1c1te"and_epido§e_
a}e seldom found-toéether in the same specimen.
" < - <. J
' Quartz is abundan; in the matrix but is found only
infrequently as phenbérysts and is always subservient to
plaéioclase; .Sericite; together with Chlorite, is found as
steaks and graiﬁ clusters within the matrix and,

occassionally, in fractures within‘plagioclase phenocrysts.

Actinolite is present . in a few specimens as scattered
needle-like grains in small, radiating clusters. Opaqué

minerals are not common in these rocks, although

LI
h

occassionally, a small amount of fine-gtained magnet1te or
1lmen1te (with a coatlng of leucoxene) and, less commonly,"
pyrite, 1is present as a very fine-gyained, dusty opague
material. Magnetite is found-in several specimens in fine
to medium sized grains. Ilmenite was identified in a few
rocks, noteably those of more medium grain size. It is
invariably skeletal in form and may have been present, but
ubidentifiable in smaller grains. e
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Sphene is an abundant minera in . thede rocks. 1t

Faal

. » 'S + “. ~
.occurs as eilther an irregqula opaque with translucent

3

margins or as an irregular, translucent,  dusty .grain,

. reddish brown in color.

Mafic minerals are.generally absent, while quartz and
feldspar- are -abundant as both matrix and phenocrysts.
Freqhéntly, the quartz phenocrysts are several m1111meters

iﬁ_ diameter and show as "quartz-eyes™ in hand specimen,

Sericite, calcite and epidote are moderately abundant as

\\i:ferat1on products of plagioclase in some samples. Streaks

chlorite may be the altered remains of earl1ér amphibole

. N
or blotlte. ' -

- 5.3.3 Sedimentary Rocks

Sedlmentary rocks were, not examined in detail, during
course of present 1nvestzgations, since they are not

directly linked to processes of volcanism, ﬁoyever, most of

L)

the S$edimentary rocks are derived from volcanic sources.

q

> .
Theirfpresence and location within the enclosing volcanic o

suites, at specifie stratigraphic positions, is of major -

signij}cance in understanding the geologic history of the
regio

3
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5.3.3.1 Clastic Sedimentary Rocks . K .

\

“Two major bands ng clastic sedimentary - rocks aré
pfesent,'discontinuous;y, algng the - Bachelor Lake volcano-
sedimentary belt, ‘They are located north and south,
respectively, of the major, regional $ynclinal axis and ma§
therefore be stratigraphically equivalgnt (Fig. 5.1). These->
sédimentafy units are located directly below the thickest

"

part’ of the domal, calc-alkaline suite of Area 4. . {
' - !

The northern belt. outcrops just south of Bachelor River
in ﬁorihern Lesuveur township. 1t has'a mﬁgimum thickness of

1200 m. over a poorly éxposed length of gbout 3 km, with

- similar trend and dip to the enveloping \volcanics. The

northerq contact may be fau}t—bohnded along Bachelor River,r
since no ou;crops were found to the north -and since the
linear course of the river may gé fault coﬁtrolled._/Contact
between ' the sediments and overlying volcanics in the

southern part of the north belt 1is not exposed. Graham

{1957) suggests that this contact is marked by the presence

of angular boulders of basic lava with interéalated lava
flows, As suéh, it is gifficult to distinguish such a\gulir
clastic sediments‘ from similar bxroclastic material bften
found in overlying strata, particularly in the eastern part

of the north belt,

Rocks in the north belt consist of conglomerate with

felsic (granite, aplite,, /eldspar porphyéif ‘quartz) and

'

L
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occasSionQ&?mgfiE'(greenstone) clasts, ranging in size from

a centimqter to half a meter, in a greywacke matrlx.
Volumlnous greywacke and lesser slate are also present, the
formegiLcons1st1ng of chlorite, hornblende,‘ tremolite,
epidote end sausseritized plaéioclase, with minor Quartz,
.mica, carbonates and opaques. The’mafic nature of these
sediments, with the exceptien of the felsic clasts,- is thus
evident and afflrms their 51m11ar1ty to volcan:c pyroclastic
vmaterlal Intercalatlons w1th velcanic flows are frequent,

particularly in the eastern part of the townsh;p, mapped by
Dugas (1975),‘,where "their ‘sedimentary character is seldom
obvious™, Metamorphic effects have been noted by Graham
(1957) immediately west of Bachelor Lake, wHere vartz-
biotite gneiss and quartz biotite- szll1man1te gneiss are

found near pink, granltlc dykes, | \

The south belt of clastic sedlments cuts the west end
of Auger Lake in northern LeTac townshlp. Here, the maxiﬁum
exposed thlckness is about 1000 m, expgsed over 3‘km, with
%;mllar trend and diP to the encldsingf%oleanics. " The north
contact, as well as the lateral extre@ities arelmostly‘drift

covered. Dugas (1975) finds no ipdication of the belt

extending into .the eastern half of /the township. Graham
(19577, wofking }n the west, implfied that a disconformity
may exist between well-developed ¢ nglomerate and unexposed
volcanics, Outcrops are slightly fore abundant and lighter
colored than in the north belt, bu 'chk types are generally

-.93-.
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similar Conglomerate seems ‘to be sllghtly more common and

clasts are of slightly greater dlameter. At a polnt 0. 8 km, -

west of the mouth of Auger Creek, MacKenzie (1333) . reports
o / , .

that "pebbles form more than 50 percent of the rock --
mostly of acid to basic volcanlc materlal but there are some

of ma551ve, grey, hornblende granlte and others of ‘white and

grey quartz -- granite pebbles are well-rounded and up to

4

-one foot diameter -~ those of volcanic material are somewhat
flattened -~ matrix of fine-grained greywacke ‘*He further

notes that, to the north of these outcrops, two bands of
similar conglomerate, each two feet wide, are interbedded
with coarse-grained arkose,

e — - \

5.3.3.2 Chemical éedimentary Rocks

Chemical sediments, described as iron formations, chert -

"bands, carbonated schists, and even shales, have been
documented by various authors within the map area.”™ These

rocks are cften discontinuous bands of fine-grained

sediments, one to five meters thick, and up to tens of .

meters 1ongl They have a distinct tendency to occur at or

near the stratigraphic top of Area 2..

Approxiﬁately 500 meters northwest of Billy Lake in
Lesueur township, diamond drilling by Chesbar Iron Powder
Co. (formerlf Chesbar Chibougamau Mines Ltd.),  in 1960,
indicated an iron formation up to 90 m. thick and 500 m.
long. The countrj rock was reported to be an assemblage of

.
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greywacke and conglomerate with thin layers of amphibq;itgL;/f

Earlier holes, slightly north, by McWatters Gold Mines Ltd.,

in 1958, intersected a graphitic horizon. A thinner band.of

iron formation, again composed of impure quartzite and
R » . ~ +

magnetite, extends westward for 5 km. along the south shore
of Billy Lake. It is generally 1less than 3 m, wide and

contains minor feldspar, sericite and calcite.

\ +
Y

Carbonated schist has been noted by Dugas (1975) as a
300 m. thick band, extending. over 3 km, aleng the south
shore of Billy Lake. It is- composed of schistose,
carbonated focklwith interstratified,'”thin, liron formation
bands, slate, and volcanic layers. Dugas suggested a

e .
volcano-sedimentary origin for this unit.

Iron formation is also presént, ~to the southwest, in
southern Bosse Township, as reported by Claveau (1953) and
Blake (1953). = In the course of regional mapping, they
discerred impu:e guartzites and micaceous schists aloﬁg the
south shoreline of Waswanipi ﬁake. These bands were noted
as being st:ongly' drag-folded, in places, and commonly
injected by coarse gneissic material in fold noses. «They
detected strohg' magnetic anomélies near the sediments and
Claveau ékamined hornbleﬂde—bearing guartzites with up to 35
percent magnétite. He further suggested that the unifs
might be extensive, due to the widespread mignetic anomaly.
This description was followed up by Chesbar Ciibougamau
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Mines Lté;, in 195?, when it w#s staked, prospected ;:51/
drilled, to outline a potential source of iron ore. _ The
surveys (Dumght, 1957) revealed large 'femnants of iron
formatign which have been positioned in irregular patterns
by the ;ntruéive action of the large batholith", within
which tﬁeyvarezcgptained.|. - o
5.4 AREA 3

Geologic relationships in Area 3 are somewhat enigmatid.
'in relation to other parts of éhe pile. Field evidence
(pillow tops, gradé&ftuffs, étc.) quite cléarly indicates
that it 1lies on the south limb of the major regional
syﬁcline and 1is therefore .étrétigraph{cally equivalent to
parts of Areas 2 and } (Fig. 5;1). Topping directions are
scarce in this sequence, léaving ﬁhe exact location of the
synclinal axis uncertain. It'iﬁ known, however, to lie
somevwhere between Short Lake .and the east arm of Opawica
Lake. More exact relationships are obscurred by lack of
detailed mapping and  the presence of structural

complexities,

4

Lowest stratigraphic units are cut off by-.large
intrusive 5atholiths‘in southern Lesperance township. The
seguence progreSSes upwards tkrough a succession of
predominantly maficfflows. On approaching the regional
.synclinal axig, mafic tuffs (possiﬁly sheargg flows, in

part) and felsic volcanics appear. These felsic rocks are
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by no means as abundant or stratigraphically thick as those
in Area,- 4, but seem to represent a narrow (1 km) upper

capping.

v

Limited mapping along the Opawica-Lichen Lakes system

(Map 1 - rear pocket) indicates that the sﬁpracrustals
follow the regional northeast-southwest trend, but swing to
a more east-west direction in thé eastern part of Gand and_
.Lesperancé townships. _hzgry steep dips, common to the_other

areas, ‘are maintained.

The linear and cross-linear pattern of river and lake
systems suggests fault-bounded control, as is supported,
along northeast-southwest trending waterways, by the

presence of sheared volcanics.

‘Excellent access is provided by the water system-into
most parts of the area and good outcrop exposure 1is found

along the banks of both islands and mainland.

5.4.1 Mafic - Intermediate Volcanic Rocks

Most volcanics within Area 3 are classified as mafic to
intermediate rocks, and are traceable over relatively large
distances, especially along shorelines, where most samples
wete ®ollected. Vertical transitions in the pile are,
however, difficult to detect, *due to major lateral faulting

at several stratigraphic'intervals.

¢




Basalts are the most common rock type and are dark grey

to green, massive rocks with little penetrative deformation.
Grain size 1is variable, with coarser VQrieties apparently
more abundant lower in the sequence. These rocks have
coarse, stubby plagioclase pPhenocrysts, in various stages of
sericifization, and equally coarse chlorite and actinolite
pseudomorphs, altered from the hornblende. . The Qatrix is a
combination of plagioclase, epidote, chlorite and medium to
1coarse-grained skeletal ilmenite. Between this base, and
the andesite horizon, above, the basalts consist of fine-
grained masses of epidote, calcite, plagicclase, chlorite
and actinolite. The first two minerals are the alter@d
products of plagioclase, little of which has been presé}ved.
Where present, these feldspars are found as highly corroded ~

laths and stubby prisms. _ %

Andesites represent approximately one gquarter of the
rocks and are present mainly in a thin (1/2 km) band of long
lateral continuity, located across the southwest arm of
Opawica Lake. | I£ is traceable, along strike, “~“from the
mainland through a series of islands, and thus forms a ¢
distinctive marker hori;on. They are generallfidark érey to s
green rocks and are normally massive, although some

tuffaceous-like varieties do occur. . Mineral lineations

common only in these tuffaceous samples and penetratdx

deformation is minor or absent.

' —
~N
‘/’J o

e
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Plagioclase is common both as phenocrysts and matrix
constituents., , Phenocrysts vary in size from 1.0 to 2.0 mm

and commonly have margins and small interior ﬁatches altered

‘to sericite and minor epidote. They are ,relatively fresh,

however, and are seldom completely altered. Fine-grained

plagioclase. is abundant in the matrix.

Variable amounts of ragged actinolite, quartz, epidote,
calcite and‘chlorite are found in the matrix, with the
latter three being particularly abundant in narrow
fractures. They are also common around the margins of
plagioclase grains, which they appear "to have algered.
Mafic minerals are relativgly uncommon and are represented
only by a few altered (actinslfte, chlorite) relics,
Opaques are similarly uncommon, being preéent only as

minute, dusty grains in the matrix, .

Immediately above the andesite horizon, a thin,
tuffaceous zone of basaltic composition is found. These
rocks consist of fine-grained Plagioclase and quartz with
abundant chlorité and calcite seams. Higher in the pile,

the basalts consist of dark green, fine-grained, generally

massive rocks. The main components are plagioclase, guartz’,

‘chlorite, epidete, calcite ang actinolite. §henocrysts are

rare, but, where present, consist of stubby plagioclase
prisms, in random orientation. fThe uppermost basaltic units

are tuffaceous and contain very fine-grained quartz,

/S
~
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: plagiocaase, epidofg and abundant seams of chlorite and

calcite.

5.4.2 Felsic Volcanic Rocks

-

Immediately above the mafic pile described above, is a
zone of.fglsic fléws, pyroclastics and intercalated mafic to
felsic flows and fine tuffs. In this respect, it resembles
tﬁe fock assemblage of Area 4. ~This upper zone appears to
form a felsic capping‘on this part of the pile and 1is the
uppermost, youngest unit. The regional syncline is presumed
to lie somewhere in thié zone, although insufficient detail
is available to- locate its exact position.. Iﬁmediatély '
north of Short Lake (Map 1 - rear pocket), the mafic pile of

Area 2 tops to the south.

, A series of fine-grained, grey, cherty ;olcanics
outcrop on the west side of Opawica island and consist of
-plagioclase phenocrysts in a fine—grained'métrix of guartz,
epidpté, and minor chlorite. The phenocrysts are ébundant

and enclose very dusty (sericitic) plagioclase remnants.

Further east, one kilometer southeast of Short Lake,
agglomératic material has been described by Shaw (1939). He
describes these rocks. as containing "fragmeﬁté of banded
'chert, diorite, andesite and a few rounded nodules of
pyrite. The dbépribution of fragments in the agglomerate is

very erratic -- pale, well-banded tuffs outcrop on the north
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shore of Opawica Lake, south of Short Lake. They may be
related to the agglomerates to the north -- ", But the
units are not further described and more work is reguired to
define the rock type and areal extent.
l

5.5 AREA ¢ \

- Area 4 contains the highest EE;atigraphic sequence in
the study area, 1lying within the inner zone of éke"major,
regiona; syncline. Boundaries for the wunit have been
defihed, along reg{onal strike, as the cbntact between the
unconformity of Area 2 (i.e. sedimentary seduéﬂces east of
Bachelor and Auger Lakes) and the overlying volcanics of the
next majo; volcanic succession. The sedimentary rocks serve
as major marker horizons and allow relatively accurate
definition of the bodhdarieé along strike, but the-ldgétion
of the boundaries at the eastern and western extremities of
the a}eé is less exact. Here,‘sédimentary units aée absent ,*
having pinched out closer to the core zone (i.e. central
Lesueur township), and boundaries must be extrapolated along

strike. Therefore, Area 4 forms an ovoid-shaped lens,

pinching out to the east and west.

'The rocks types in Area 4 are quite different from
those in the underlying volcanic pile. For the first time,
medium to coarse, fragmentél volcanics become { prominent
feature. Their scattered distribition, along with
increaéingly differentiatgd volcani flows, is a major
delineating feature of Area 4,
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(1km) and medj (5km)  sized granitoid masses and semi-

stratiform, medium-sized gabbro-diorite bodies.

5.5.1 Mafi‘-Intermediafe Volcanic Rocks

While the abundance of intermediate ﬁb mafic voiéanic
rocks in /this area is somewhat * diminished b; higher
proportion . felsic’ lavas and pyroclastics, they
nonetheless o a @gjor portion of the pile. Detailed

mapping by Graham (1957) and Descarreaux {1973) reveal that

‘these rocks comprise at least three quarters of all

volcanics in the central part of this area. The bottom of

the sequence, exposed along Highway 113, begins as a massive

‘to pillowed group of primarily mafic lavas and changes

upward with the introduction of felsic flows ‘and
. %

Pyroclastics. But mafic volcanics continue to be found both

interlayered and alternating with more felsicéﬁzéocks, the

former averaging twice the stratigraphic thickness.

It 1is significant that lthe proportion of andesite,
relative to basalt increases in this area, altHough both are
present throughout the whole study area. This fact is
sﬁpported not only by the petrochemistry of the present
study, but by also the works of Graham (1957), vVvan de Walle
(1970), Dugas-(1975), and ﬁescarreaux1(1976).
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Basalts are most common in the basal units but occur

throughout the sequence. East of the village of
Desmafaisville they are ffgquently~pillowed,, topping south,
and are probably equivalent to similar rocks in ;goutheastern
Nelligan township. At ﬁigher levels, the basaltic units are
thinner. Most are dark green,“ fine-grained.énd‘relatively
massive. They are almost invariably composed of felted
masses of plagiociase, actinolité, chlorite, seriqite and
epidotef The plagioclaée grains are lath-shaped'énd in
Jarious sfages of decomposition with very finé-grained

mottling. Mineral orientation and yeinihg_are'both‘rare.

The andesites are medium to dark grey (less commonly,

greenish), fine-grained, and massive. None vere observed to

be pillowed but a few are brecciated. Mineralogically, they
consist of plagioclase, hornblen@g, actinolite, chlorite,

epidote, and sericite. Plagioclase phendc:ysts _are very

common but their state \ of preservation varies from
L] o

relatively fresh, slightly réctured grains .tJ€ clouded
pPseudomorphs, to heavily chlog fized'and'sericitized relics.
The mafic minerals are often lath*é%aped, _with Hornblende
occassionally pseudomorphing pyroxene and in turn being
replaced by actinolite.. Fine; disseminéted pyrite forms a
majority of the opéques. Amygdules of célcite and lesser
quartz become more abundant at progressiveiy higher levels

in the sequence.
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5.5.2 Felsic Volcanic Rogks ~

Felsic volcanic rocks”fogmﬁapprokimately one third of
the samples collected and are thought to fepresent é similar
~ volume in the suité'asjé wholé. ‘2A§ these felsic rocks are

§

intercalated with more“mafic volcanics, a sbecific *felsic”
o : .
. horizon is not apparent, although the proportion: of felsic

rocks increases toward the top of‘the volcénic pile,

Dacites constitute the largest proportion of the felsic
volcanic rocks, Rock color is similar to the rhyolites, in
massive flows, being light shades of grey-green ﬁo buff. 1In
many instances, ‘these rocks are fragmental, in the form of
abundant cherty clasts bonded by a slightly darker,
chloritic matri%. The massive flows consist predominantly
of fjgz—grained ‘Qquartz and plagioclase, the latter often
being " reduced to epidote and Ehlorite; | Plagioclase
phenocrysts are common in magyb of these flows and, while
freguently fresh, are usﬁally replaced to some degree by
eithgr granular epidote or, to a less?r extent, 'by sericite
or calcite. in a. few instances, ﬁlagioclase phénocrysts are
almbst'entirely converted to a fine—éraingd, dusty epidote,
leaving a cloudy but identifiable feldspar relic. Mafic

minerals are uncommon, even as chlorite which, itself, is

restricted to fracthre;planes.‘
‘ t

Rhyolites are not a particularly common rock type,

although they appear slightly more abundant than in the

v
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lower ites. Rock color is - essentially light, or more

rarely, medium grey to green to  buff. They are seldom

deformed by post-depositional forces, but show occassional

signs of prima\ tuffaceous Bedding. - This bedding is

difficult to confifm due to 'the fine-grained, siliceous

character as observed in the "cherty" hand speciﬁéns.‘

Plagiéclase is a common pihé:al in.both phenocrysts and

matrix. It is frequently ffésh.bUt‘mbre' ofteh»afzered to

epidote and minor sericite, . with the degree of replacement

~varying from granular cores to a pexvasive,  dusty relic.

The phenocrysts are (someﬁimqs zoned and twinning usuvally
occurs as simple carlesbad twins. The matrig plagioclase is
very fine-?rained, and is difficuit to di;tinguish from the
accompanying quartz, - Quartz is predomin;ntly a matrix
mineral with phenqqry;E%\Peing extremely rare.  Streaks and

patches of sericite may indicate replacement of fine-grained

~Plagioclase, Parallel streaks of chlorite in the. matrix may

indic?telthe presence of either original bedding or pdst-
dep?gitional ‘shearing. Mafic minerals are” ~ uncommon.
Opaqhes are restricted to a few fine—érained pyrite cubes,
as single crystals and in tggiq\. !

{
5.6 AREA 5

-

Area 5 lies to the south of the regional synclinal

-axis, which, in turn, appears to run parallel to and 1.5 km.

south of Highway 113 (Figq. 5.1). Pillows top to the south
- 105 -
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+ but few tdpsing directions are available

A

along the hig'mu
to the south. ixiéﬁﬁréximafe ppsition of the axis is
‘'suggested, however, by graded beds topping nort#; in the
_ sedimentary unieﬁu in southwest Lesueur tbw’ship (i.e. the
eastern extremitj of. Area 51“. In additioE?7'this position
matches - well with the axial tfend established to the

southwest in Mountain and Grevet: Townships.

The oldest rocks encountered in Area § were found south

of Benoit Lake and are underlain by even older strata beyond

the study area, to the south (Benoit and Ruette townships}. L\\_/////

The rocks in this unmapped section are believed to comprise
a north-topping base for the sequence, on the basis of
government mépping to thg 'southweSt. ’ Massive mafic
volcanics are encountered south of Benoit -Lake ana merge

into a thin (1 km) sequence of massive felsic flows in the
.center of, and parallel to the long axis of the lake. The
strata reverts to massive mafic flows on the north shore of

Benoit Lake and continues upward toward the synclinal axis.

The strike parallels the regional no;theast-southwest
trend except in proximity to‘batholithic intrusions, . Dips
are stéep and flow units can commonly be traced for ,long
distances, especially along Benoit Lake, where exposures are’

abundant. . "
Y

The _wv6lcanic rocks are highly metamorphosed and

deformed adjacent to the batheliths. _Many samples were
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eliminated from the geochemical study when they proved too

highly altered. Such rocks are commoniy veined with quartz

aﬁd,piﬁk feldspar and were found up to one kilometer from
the apparent batﬁolithid margin. Tongues from several major
bodies extend considerable distances from east and west into
Bencit Lake, changing strike direction and ﬁetasomatizing
the volcanics for dist‘nces of up to 1l km., ‘It is believed

that this type teration, which often takes the form of

potasgium-f¢ldspar-bearing veinlets, is widespread and has

-infiuenced a large proporticn of nearby volcanics,

The penetrative nature of the batholith margins has
undoubtably altered the true stfatigraphic thickness in the
area. A rough estimate from a compilation of aﬁailable
mapping would suggest a stratigraphic interval of just over
20km, but more detailed structural mapping, ‘especially to
the south of the study area is required. It is also a point
“of bifurcation of the belt and should be the}target of more

regional study.

Area 5 comprises the western limit of actual sampling
for this project and specimens were obtained along a more or
less. north-south .tréverse, perpendicular to stratigraphy,

but with wide lateral sampling to confirm the strike.
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5.6.1 Mafic - Intermediate Volcanic ‘Rocks .

With the exception of a narrow fe151c band striking

through Benoit Lake, all of.the voleanic rocks in this area
are maflc to 1ntermed1ate. These dark, fine-grained rocks
are traceable for many kilometers along strike,  especially

through the excellent exposures in and around the lake.

' The base of the stratigraphic sequence was not reached
since it lies south of the limits of the study area. The
lowest unit examined is located along the southeast corner
of Benoit Lake and ie composed of a zone of andesitic lavas.

These are grey to green, fine-grained rocks, possessing

strong lineation in most samples. Stubby plagioclase

phenocrysts are occassionally present, but are uncommon.
Most'specimens contain fine-grained quartz- plag1oclase with
numerous, parallel seams of chlorite and 1nfrequent calc1te.
It is difflcult to determine if these rocks represent tuffs
or are simply sheared flows. These rocks probably correlate
with volcanics found ‘in the southwest arm of ' the lake, in
Duplessis Township. Here, the rocks’ are.not as strongly
foliated but are similarly altered to sericite, chlorite and
epidote. In addition, seneral basalts are present,
containing iess Plagioclase and quartz, and - much more
chlorite which is pseudomorphic after hornblenée, _This
iower unit proceeds upward. into a felsic flow unit which

will be discussed in the next subsection.

o
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Above the. felsic zone is found an alternating series of
basalt and andesite strata. These units are traceable for
several kilometers through shoreline exposures, although

Erequently disrupted along strike by intrusive bodies.

%

Basalts -are dark green, often foliated rocks,
containing fime-grained qQuartz, plagioclase, chlorite and
actinolite, Many samples have fine-grained, parallel seams
' ;flquarti and/or calcite, suggesting moderate shégring and
éossible alteration. The basalts seem to be less deformed
with increasing distance north of Benoit Lake, and become
massive as the highway in the northeastern part of the

townshipjis reached,

The andesites are dark grey to green, fine-grained,
moderate to strongly lineated rocks, composed of
plagioclase, quartz, minor sericite, actinolite, calcite,

epidote, and abundant chlorite, with lesser biotite, 1in

'parallel orientation. Ph%pocrysts are not common, but,
where present, are in random orientation, with severely
corroded margins. Mafic relics are present in the form of
chlorite pseudomorphs. Many of these éamples may be

.slightly recrystallized intermediate tuffs.

[

A
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5.6.2 ".Felsic Volcanic Rocks

A narrow zone of massive, felsic volcanics lies

-

approximately halfway up the stratigraphic column in this

area. It trends through and along the long axis of Benoit
Lake and forms a distinctive marker horizon, although

‘overall trends are deformed by large intrusives.

All sites examined seem .to consist of massive, fine-
+grained, grey volcanics, hith‘overall "cherty" appearance.
None appeared fragmental, Mineralogically, _they contain
fine-grained auartz, plagioélase, sericite, minor epidote,
and infrequent thorité .and actinolite. Phenocrysts are
present in. some specimens, with quartz predominating over
plagioclase, the latter.having corroded rims. Some samples

contain shear zones filled with narrow Ehlorite laths, while

others have very thin quartz-calcite veinlets.

-
-

5.7 SUMMARY
The Bachelor Lake region is"a synclinally downwarped
volcanic complex. Mapping and petrographic'study have shown

the lowed stratigraphy (i.e. Areas l, 2 and the base of Area

v

3) to consist mainly of extensive, platform-type volcanic’

flows, A majority of these rocks are basalts, generally

massive at the base of- the pile, but becoming increasingly -

pillowed and amygdular in higher strata. - The style of
. / . . . <

volcanism changes with wupward progression into the domal

sequence (Area 4 and extreme upper Area 3). There, the
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proportions of intermediate and felsic rocks increase to the
point where, together, they equal the abundance of mafic
volcanic roq&s. Within the domal sequence, pyroéigstics,
for the first time, become an important volcanic component,

especially toward the top of the sequence;

Distinctive sedimentary units are relatively uncommon
in this part of the Abitibi belt, but do occur at several
key horizons. Chemical sediments occur as thin, cherty and

occassionally graph&tic and carbonaceous bands toward the

top of the platform sequence, Clastic sedimentation is

restricted to a wedge, pinching out east and west in the
central part of the: study area, and marks the upper margin

of the platform sequence.

Most rocks in the Bachelor Lake region have been
subjected to  moderately high regional metamorphism,
Descriptige petrography, in preVious_sections, has shown
most samples to  consist of altered assemblages with little
primary mineralogy preserved. Mafic rocks tYpically consist
of actinolite and/or hornblende (not as abundant and
commonly uralitized), chlorite, plagioclase (ofteﬁ replaced
by epidote, sericite or calcite) and minor sphene and opague
minerals., fntermediate rocks are similar but have lower
proportions of mafic minerals and Ehe proportion and size of
plagioclase phenocrysts increases from that found in the
mafic rocks. Felsic rocks contain mainly quartz and

(/
{
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blagioclase, the latter often being altered to epidote,
calcite, or dusty inclusions. These rocks usually appear
less changed by metamorphism  than. their more mafic

counterparts,

Metamorphic grade is ‘fairly ' constant throughout the
region but does increase slightly (larger grain size) near
large batholiths and within narrow vo;canic arms running
between batholiths (e.g. northern Le Taé,Township - map in

rear pocket).

Overali, regional metamorphic grade appears to lie in
the upper greenschist to lower amphibolite facies, but the
exact _determination of this boundary 1is controversial
(Winkler, 1976, p.75). ' Several petrologists (Turner &
Verhoogen, 1960; ﬁénk & Keller, 1969; and Streck, 1969), .
following the work of Eskola (1939), suggest thé sudden
change from albite (An 0-7) to ocligoclase or andesine (An
15-30) as the high temperature boundary for 'greenschist
facies metamorphism of mafic rocks, This is supported by
Winker (1976, p.166) . who cautions that the boundary, as
defined by other mineral ehanges in pelitic rocks {such as .
the first appearance of cordierite or staurolite) fhay lie -

'20-40°C higher., . | s

Only 35 of,the Bachelor Lake rocks contained sufficient
plagioclase to use the ZRD method, ~ outlined in section

2.3.3, for measuring An content. All of these samples fall
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in the narrow range of An 14-28

(oligoclase),
that the

undergone
amphibolite facies) metamorphism.

indicating
rocks have

medium-grade (lower

S

o
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Chapter 6 .
GEOCHEMISTRY

~

-- chemical analysis alone can never provide a\>
basis for the genetic classification of rocks
-- its real value is to supplement the evidence
given by the microscope."
Shand (1927)

6.1 INTRODUCTION

A total of 318 rock samples from the Bachelor Lake

region was analysed for 18 elements, .giving a total of 5724

determinations. This large volume of data is treated in two

N,

ways. ‘ ™ \\

‘First, in order to ' evaluate the (g ochemical
.

characteristics of the region as ‘a whole, analyses are

plotted on the.following variation diagrams: an alkali-

silica plot; AFM plot; Church-Murata diagram; Pearce
diagram; Naldrett Plot; and Harker variation diagrams. This
enables comparison to be made with wvolcanic complexes in

other regions of the world.

Second, to detect variations within the Bachelor Lake
volcanic complex, variation diagrams are plotted for each of
the five areas described in Chapter 5. The laréest area,

-

Area 2, is subdivided into four subareas.

& - 114 -
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A third method of examining the data was attempted,
whereby sample analyses are projected onto three cross
sections: an eastern, a centralj'and a western section.
This was done to identify geochemical trends across the
volcanic belt. The considerable variation' in element
abundances, which exjst.éven within one flow, obscured any
trend that may exist across the belt. It was therefore
found that by treating analyses by area, instead of along a

traverse line, trends could be more easily identified.
: h |

fhe relagionship between geochemical énd petrographical

data 1is discussed in Chapter 8. Chemicql analyses for

individual samples are tabulated in Appendix‘E. Element and

selected ratio means and standard deviatjons for) éach rock

Ltype in the whole Bachelor Lake _region and each of thé five
Areas are listed in Tabké 6.1 . In addition, ' the

\\\_:Eoefficient of wvariation (i.e.”’ Mean/Std.Dev, ~commonly
expressed as a percent) has been calculated for each element
and element ratio. The coefficient of variation (V),
expresses the relative dispersion about the mean, and is

useful as long as the mean is not close to zero.
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TABLE 6.1 8
Geochemical Statistics for Bachelor Lake Data .
v
J ]
AREA 1 . .
Rhyolite Ticite Andeslte Basalt Pyroxenite Taclite

n=l nw2 n=l nelg n=5 n=4
7 3 v b4 a v ¥ s X 3 v X 5 v X s v
£107 74,37 - - 65.80 .21, 3 (60,70 - hg. 41 2.13 ] 56.24 2.5) ‘u 66.63 2,06 k)
Alzng | .m - - 15.30 0.18 15.00 - 12,65 1.62 12 3.64 -0.72 20 (14,19 1,14 -8
T 0.4k - - - 1.60 n.36 22 3.00 - 4,78 0.67 14 3.11 0.62 EL 1.37 0,48 35
FuG 0.06 - - 3.1z .70 22 5.8 - 9.27 1.h4 15 7.02 0.85 12 3.07 0.56 18
“Z0 a.f2 - - 2.86 .12 T4ww 2,22 — 7.28 2.17 30% |iT.01 1.77 10 3.00 1.00 34
£a0 1.57 - - 3,16 1,11 35% [ 4,67 - 9.65 1.38 14 B.00 2.02 25 .73 0.37 a
Nanh 3Lz - - 4.%0 0,61 13 4,16 - 2.59 1.09 42# | 0.79 0.42 53" | 4,22 0.8 a
Y2C 3.3 - - 1.50 (.49 32% | 1.23 - 0.09 0,03 33"} 0.12 0.02 17 1.36 0.B7 6y
TLI0L 0.07 - - 0.55 (.12 21 0.84 - 1.05 0.43 Lo® | 0.62 0.10 16 0.54 0,00 16
#20 T - - 6.10 (.02 20 0.16 - 0.21 0.02 9 0.16 0.04 25 0.08 o.01 17
Faug 0.43 - - 0.15 .01 4 0.21 - 0.11 0.05 4s® | 0.03 0.00 o 0.14 0,02 14
2 0.47 - - 0.01 (.01 100"% 0.0l - g.04 0.03 75| ©.01 0.01 100%t| 0,07 0.08 11
Ba 500 - - 362 52 14 27 - 90 26 28 113 23 50 268 38 1y
Pb 59 W - 35 6 17 25 - 1 1 1000 - 2 1 50% 32 16 &0
5p 85 - - 236 38 16 L] — 237 125 524 | 5B 20 e 212 55 20
Cu . - 11 4 36 28 - 70 54 7ee 60 BY 1hpee 22 10 us

In 72 - - 93 ,‘11 12 225 - 115 28 24 66 18 27 a7 21, ik
Co 1 - - 25 24 geeN [ - g 10 25 60 & 10 37 6 16
HEY o - - 21 29 130ee T - 92 97 oLws| 33k o2 u1 24 se
r./RL 1 B - 373 166 L5 Log - 684 323 ‘uye hs6 324 71w | 349 ™21
Ea/Ph 7 - - 10 3 300 1 - 67 18 26 18 12 67 10 L e
threp ] 0075 - - 0.15 0,05 31* | 0.10 - 0.00 0.01 200%%#} 0.03 -0.02 67%%}0.13 0.07 59,
LL/cn 0.n - - 0.6 3,8.133"% 0.0 - 1.9 1.6 Buss| 5.5 0.5 9 1.2 0.7- 58
T taan

3 Standard Deviation
¥ Cocrflelent of Variation (%)

Coeffilcient of Variaticn: Moderate (30-60%) *#
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APEL 2 " AREA 3 . .
Daclte findnsite Basalt Dacite ' Andesite Basalt Rhyolite ~ baact
n=l n=10 n=té n=3 e n=1l n=18 n=1 n=3
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AREA U AREA 5
hyolite Danite * Ande.site Basalt Rhyolite Dacite Andasite Basalt
nal n=9 n=.6 n=16 n=1 rn=8 n=1¢t nally
5 b 3 v X o v X 8 v X B v X s v X 3 v X 5 v
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AREA 5' TOTAL BACHELOR LAKE REQTON
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6.2 WHOLE BACHELOR LAKE REGION

" 'All.of the volcanic rocks in th€ﬁ§achelor‘Lake region,
with the exception of. alterqg samples, plotted . in the
subalkaline 'field of an alkali~silica variation .diagram
(Fig. 6.1);‘ It is ihterestidg'to note that‘the modified
dividing line sﬁggested by Irvine and Baragar (1971), _gives
a much better boundary for the Bachelor Lake suite, since a

number of éamples fall between it and the original liﬁe of

. MacDonald (1968).

Elements which most closely monitor the changing nature

of magmatic gifferdntiation are represented on an AFM
di%gram and are plotted for all fresh samplés in Figure 6.2
A, While widespread scattering.is evident, trends are
apparent for individual rock typeé. _ Ba;ths follow a

tholeiitic trend, 'from the pyroxenite grouping near the Mg0Q

apex, towards thé~Fe2d3+Ti02 apex. Intermediate to felsic-

rocks follow a calc-alkaline trend.

A further expression of differentiation trends is
provided by the Church-Murata blot (Fig. 6.3). The Bachelor
Lake rocks ‘plot at lower alumina/siiiéa-values and have a
slightly higher iron-magnesium-calcium index than the 1500
common volcanic rocks that were used by Church to construct
" the diagram. The_mean of each rock type lies outside or
clbse to the pe;imeter of the original 2/3 boundary curves

of Church " (1975). This may be due to a preponderance of
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more modern,’ high Al rocks in the derivation of Church's
original fields (see Fig. 6.6 & 6.7). The alkaline portion
of the diagram correlates well for the Bachelor Lake rocks,
for all rock types except basalt, which 15‘511ght1y low in

alkalies,

»

The Ti02-K20-p205° diagram of Pearce et al, (1975) (Fig.
6:4) 'reveals that most Bachelor Lake basalts fall in the
oceanic field, although some trail into the gontinental
field towards the K20 apex. The mean for all saméies falls

inside the oceanic field. .. . ;

As noted in Chapter. 3, the plot of Néldrett et
al.(1976) for (A1203 vs FeO/(Fe0 + MgO) was originally
developed to distinguish between'komatiitic and tholeiitic
rocks. Although no komatiitic trend is present in the
Bachelor Lake Sequence, the diagram does serve a useful
purpose in relating the alumina content of respective rock
types to the 1ron~magne51um ratio. Plots for alllbasalts
and pyroxen1tes are shown.in Figure 6.5.a, Most basalts can
be seen to lie in the tholeiitic fielqd, w1th approxlmately
one third lying across the main boundary in the intermediate

zone and a few in the komatiitic field,

2 :
Harker diagrams provide a convenient plot of mean

values for major elements in the various rock types (Fig.
_§.6). Similar curves are provided in Figure 6.7 for Daly's

(1933) and Nockold's (1954) average compositions for
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Phanerozoic rocks. The most obvious differences between the
;?Bachelor'take suite and these younger average rocks is the
lower alumina and potassium and higher magnesium in the

former,

“To illustrate the range of values for all rocks,
separate Harker diagrams were prepared for each elemgpt
(Appendix D). Bach diagram includes the mean value curves
and a set of two standard deviation curves on either side of
the mean. The latter allow statistical‘95% inclusion limits
to be placed upon the data, thereby excluding spurrious
values, The mean value line was chosen, as opposed to a
regreséion line because each element does not have a linear

relationship to SiO2 during magmatic differentiation.

Similar Harker diagrams were prepared for samples from

each of the five Areas in the Bachelor Lake region. The set

—— . L] : . ..
of two standard deviation curves for the whole region is
superimposed on each of these diagrams and 1is shown by
dashed lines (Appendix D). 1In this way, the curves for each

area can be compared with those for the region as a whole),

Where the mean-for any one of these five Areas is 1/2 a
standard deviation above (or below) the mean for the whole
region, the abundance of the element in that Area is

considered to be above (or below) normal,

)
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6.2.1 Area l

Trends on an AFM diagram, for Area 1 (Fig. 6.8), show a
di§tinctive tholeiitic pattern, from pyroxenites near the
MgO apéx through iﬁcreasingly iron—rich1ﬁésalt§. Tﬁe single
aqdesite séﬁple also plots in the tholeiitic field. The
basaltic mean 1is low in alkalies relaé}ve to all of the

basalts in the study area (see Fig. 6.2 B).

The Church-Murata plot (Fig. 6.9) shows a distribution
that is similar to the Bachelor Lake average, with alumina
slightly lower for given silica and alkalies lowef than

normal,

All basalts in Area 1 fall in the oceanic field of the
Pearce plot (Fig. 6.10). These rocks plot much closer to
the Ti0O2 apex than does the mean for all basalts in the

Bachelor Lake Region (see Fig, 6.4).

The Naldrett plot (Fig. 6.11) reveals that the basalts
lie in the tholeiitic field. The pyroxenites also lie in

the tholeiitic field but with extremely low alumina values.

Harker diagrams, in ,Appendix D, indicate that the
distribution of chemigal elements, with'resﬁect to silica,
is Qery similar to that of the_whoie Bachelor Lake region
except for siightly low zinc, ‘nickel and cobalt values, and

a high K/Rb ratio.
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Figure 6.8: AFM Diagrams for a) Area 1 and b) Area 2
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6.2.2 Area 2

.Geographiqally, ‘Area -2 forms the - largest unit and
contains the largest number of sgmple stations, Because of
this, the area has been broken down into four Subaréas to

check distributions both along and across the belt,"

_Subarea 2a is located in the southern half of Boyvinet
and west central edge of Gand Townships, and consists of
rocks which lie~ stratigraphically and immediately ' above

those of Area 1 (Fig. 5.1 and map in rear pocket). Subarea

2b is found in the southérn part of Gand Township. The

rocks occupy a stratigraphic position between Subareé.Zg and
Area 3; Subarea 2c lies betwegn Bachelor Lake and Billy
Lake, 1in northeastern Lesueur Township, just below Area 4,
énd also includes a small.part of eastern Nelligan Township.
S;barea 24, in northern Benoit Toﬁnship,. occufs at the
western end of the study area and lies stratigraphically

below Area 4.

Distribution on the AFM diagram (Figures 6.12, 6.13)

reveals .a distin¢t tholeiitic trend with a slight bias

toward the iron apex. The mean basalt value for all of Area’

2 lies near that of Area 1.

The AFM diagram for Subarea 2a (Fig. 6.12°A) shows that
the ‘mean value lies close to the overall average for Area 2.
Further south, in Subarea’ 2b {Fig. 6.12 B), the mean is Mg-

rich, while in Subarea 2¢ (Fig. 6.13 A), the mean is found
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Figure 6.12: AFM Diagram - Subareas a) 2a b) 2b
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Figure 6.13: AFM biagram - Subareas a) 2c b) 24
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,\tl
to be Fe-rich. The mean for Subarea 2d (Fig. 6.13 B) is
similar to Subarea 2a. The few differentiated volcanics in

.the area are all 1located in Subarea 2a and plot in a calec-

alkaline trend.

Patterns for Area 2 volcanics in the Church-Mu:ata plot
(Fig. 6.14) show slightly lgy alumina values for given
silica, above normal iron-magnesium-calcium index, and

slidhtly low alkalli values,

Almost all basalts, as well as their mean value, are
classed as oceanic by the Pearce plet (Fig. 6.15 a). The
few continental values are from widely scattered localities

and do not represent a specific environment. °

ﬁasalts‘plot primarily 'in the tholeiitic field on the
Naldrett plot.with their mean lying close to that of Area 1
(Fig. 6.5), Samples from Subarea 2a (Fig. 6.16‘A) contain
less alumina, and are more iron-rich than ény other Subarea
except for 2c.  Subarea 2b (Fig. 6.16 B) has the highest
alumina values and is least Fe-enriched, with the mean lying
on the main boundary line. Samples from .Subarea'2c (Fig.
6.17 A) have high alumina and iron values, while those of

Subarea 2d (Fig. 6.17 B) are intermediate.

Harker diagrams (Appendix D) indicate that elemental
distribution is the same as that for the entire region., It
could be argued that the heavy sampling in this area bias’'

the averages.
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6.2.3 Area 3 . ' \

Area 3 appears at the eastern end of the .study area and

is fraught with the structural complexities outlined in

Chapter 5, Excellent sampling intervals were achie&ed-and

are sufficient to reveal geochemical trends. -

- Both tholeiitic and calc-alkaline trends appear.on the
AFM diagram (Fig. 6.18 A), with the basaltic mean being more
Mg-rich than that of any other area. The base of the pile,'
in the extreme south, contains Mg-basalts alternaéing with a
few Fe-rich basalts. A band of predominantly :andesites
occupies the central portion of tﬁe pile, and are overlain,
toward the top of the sequence, by a calc-alkaline group of

rocks.

' The Church-Murata plot (Fig. 6.19) shows that A1203 is
still slightly low for given Si02 but not as much as those
for Areas 1 and 2. Howevgr, basaltic ' alkalies are still

low.

Basaltic samples are classified as both oceanic and
continental on the Pearce plot (Fié. 6.15 B} although many
fall close to the boundary curve, as does the mean. Less
potassic (ie mofe qfeagic) basalts have a tendency for

higher P205,

The Naldrett plot (éig. 6.20 A) shows that basalts for

this area have quige high A1203 content and have the lowest

-
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FeQ/(FeQ + MgO» ratio (Fig. 6.5) . Most samples lie in the
uncertain triangular and high alumina fields. The mean lies
in the triangular area‘and is furthest from the tholeiitic

~ £ield of any area.

The modified Harker diagrams (Appendix D) indicate that

Al203, Ca0, MgO and Ni are high.with respect to thswzegional .

average, while Fe203, P205, TiO2 and Zn are low. Ni/Co is
above aGérage in the mafic rocks. Na20 and Cu are very

sliéhtly below average.

6.2.4 Area 4§

A blot of the AFM distribution (Fig. 6.18 B} shows a
definite calc~alkaline trend. Basaltit rocks, which occur
predominantly in lower parts of the do;al segquence, form a
relatively tight grouping (i.e.. narroJ:FeO-Mgo range) * but
have a more éfkaline mean (Fig. 63;) than all other Areas.

Andesites are also most abundant in lower parts of the

sequence, but form higher proportions 'in the upper strata,

relative to basalts. The effects of differentiation on
Ehése intermediate rocks is seen in thg wide FeO-MgO range.
Dacites become alsignificant member ogA the upper strata,
both as flows and pyréclastics. The AFM diagram indicates

the roughly Eqﬁal proportion of basalts to more

differentiated rocks, and is largely a result of increases’

in the latter at higher stratigraphic levels.
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.On the Church-Murata plot. (Fig. 6.21), Al203 is still
slightly lpé_for given Si02 but less so than in Areas 1 to

3, with means falling close to the 2/3 boundary curves. For

the first ;img,&‘ alkali values, for all rocks, including

basalts, are almost identical&ho Church's (1975) wvalues and

are within his boundary curves. ¢

TH@ Pearce plot »(Fig. 6:22 A) suggests a continental

environment, since virtually.all basalts lie within that”

field. This is the first instance where basalts haQe such
high K20. (& low Ti02) wvalues as to lie solidly, with their

mean, in this more "potassic™ field.
P

- Sample location - on the Naldrett plot (Fig. 6.20_ B)
shows basaltic distribution mainly between the tholeiitic

and triangular fields.
. »o

Harker diagrams show thafluﬁo and 2n are high and sr
and Sr/Ca are low, relative to the regional average. Na20
and Cu are slightly below ~average in basalts, but near
normal in the felsiq rocks. In the mafic rocks, RZO and Rb
éreﬂ%igh, but are below average in the felsic rocks.

P

6.2.5 “Area § S L

' 4 Area 5 appears only along. the western end-of the study
area and is well represented by numérous sampling stations
across the belt. While its relationship to other parts of
the belt . is somewhat unpe:tainh the area of sampliﬁé is

-
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I3 ' " !
believed to represent a continuous vertical stratigraphic

-

unit,

An AFM plot (Fig. 6.23) yield$ a pattern of calc-
alkaline affinity, from the closely grouped basalts in the
tholeiitic field, _acéoss the boundary toward the alkalic
apex. The trend is almost a lineaf distribution between
rock types and is a much aifferent pattern from the

tholeiitic-type basalts along the highway to the north.

The Church-Murata diagram (Fig. 6.24) reveals a pattern
~similar to much of the belt, with the characteristic low

alumina and slightly low alkali range for basalts.

An oceanic environment is suggested. for basalts by the
Pearce plot (Fig. 6.22 B), with the meak solidly entrenched
in that field. o

Most basalts fall in the tholéiitic field of the
Naldrett plot (Fig. 6.25).
. ’ s

Harker vafiations (Apﬁendix_ D) indicate that
stétistical distribution of elegénts is very similar to that
of the regional average, The oh1§ exceptions are unusually
high Sr, and slightly 1ow K/Rb, .Cu 1s above normal in

basalt, but near normal in the felsic rocks.

- 148 -



rh
Ararrivie

A =Na20+K50.
F "F #08998x Fe303
M=mg0

O RHYOLITE / ;
® DACITE ‘
A ANDESITE
B BasALT

X MEAN BASALT ;




oo¥’

- C0IS/E0°Y

ose’ 00¢” ose oge’ osr

oor

1 ] I i [

]
0%

+Q %ON

\\’.l/
.
-\
_ g
oY
vhﬂ)\ . /
/,
_Q\ |
e Y
I w ¢
1Yo /
v vy,
N 27N Y
|
sh. { \
[ w |
n | oz
a ]
" /
| ] _ _—c I\l
1 (6260 HI¥NHI 21| oo
! 17YSva NVIN X
17vsve m
Jiis3onv ¢ +0€
31I0v0 @
311704AH4 ©
) ¥ 1
ol Gl

Church-Murata Diagram - Area 5

(0D2+0bW)2/1+094+E028 -

Figure 6.24

- 150 -



18
»
®W-BASALT -
] | ) T 1 L) 1 1 )
02 04 06 08.. 1io0

FeO/(FeO+MgOQ)

P ]

Figure 6.25: Naldrett Diagram - Area 5

- 151 -

4

PRV



6.3 GEOCHEMICAL SUMMARY

Geochemical trends and patterns, outlined in previous
sections, have been summarized in Table 6.2 .  From this
table, it is readily apparent that major differences occur

b
between the geographic areas.
!

The platform sequence {Areas 1 & 2) consist mainly of
tholeiitic rocks, characteristic of an oceanic environment.
There are no major differences between any‘ of the four
Subareas in Area 2, although basalts in Subarea 2b- are
richer in Mg and are somewhat similar to the Mg-rich basalts
in Area 3,‘ immediately go the south. - Subarea 2c basalts,

. which occur near the topbof"the platform sequence, are Fe-
- rich and may be the énd-product of differentiation along a

theleiitic trend.

Rocks of the domal sequence (Area 4) are mainly cale-
alkaline and are more typical of a continental environment

(Pearce and Naldrett diagrams). Several elements are

anomalous on Harker diagrams, 2Zn in particular becoming an_

important trace element.

~ Area 3 contains elements of both platform (tholeiitic
trends, oceanic basalts, high Mgb and Ni} and domal {calc-
alkaline trends, continental basélts, high $i02) sequences

and will be further examined in Chapter 8.

,

»
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TABLE 6.2

High ##

Summary of Geochemical Variation Diagrams
CHURCH-
AREA AFM MURATA PEARCE NALDRETT HARKER
Tholeiitic Low *® -Gceanic Tholelitic. Similar to regional
Basalts High ®® Basalts average.
P§§§;°§$t° Slightly ‘low Zn, Ni,
* ' Ce.

Fel/FaQ=iig0, '

unlike moac, High K/Rb.

Komatiigic ’

flows.' -

Tholeilitic |[-Low * Oceanic
Basalta High #u Basalts Tholeiltic, Similar to regional
. average. r
C-Alk. Int. o g |miEh AL
to Felsic aa' 8
rocks ) low AL,
. Juighs Te'
Subareas: .
2cthigh Fe
2a
2d | -
2b|high Mg
Tholelitic {(low)® Oceanlce Widespread High AlpC3, Cal, MgO,
& C-Alk. & Tholeiitie to MgC, KL
trends. Continental high-Al trends.
Basslts _S Lg: Fep03, Ti0p, Pp0g
Slightly low Na20, Cu
C-Alkaline | Low * Continental | Tholeiitic High MnO, In
trend for Basalts basalts but
8ll rocks. with much Law Er, Sr/Ca

higher Al Slightly low Napd, Cu

than other in Yasalt.

Areas. K20, Rb high in
basalt, low in lelaig
rouks,

C-Alkaline—‘ Low ® Oceanic Tholetltie Hign Sr, Sr/Ca
trend for Basalts qualts basalts. Low K/Rb, Ba/Rb
all rocks. hava

Slightly low Zn

" Al503/5102

Fep03 + FeQ + I(Mg0 + Ca0) .

With respect to regional averages
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Geochemical traverses for basalts were not particularly
useful for displaying trends across the belt, probably due
to structural gompleiities. Comparison wusing variation
diagrams for . geographic areas (as outlined in Chapter 5)

proved more useful.
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Chapter 7
-

N MINERAL DEPOSITS

7.1 CONIAGAS MINES LTD., - BASE 'METAL DEPOSIT

7.1.1 Introduction

During extensive gold prospecting in the 1940's, a
strike was made south of Bachelor ake, by O'Brien Gold
Mines Ltd. The subsequent rush té/ihe afea included Dome
Explorétion Co. (Quebec) Ltd., who, in the followiné year,
1947, discovereé a'léad-zinc-silQer deposit, outcropping

approximately a kilomete}“hest of the gold prospect.

Del;neation of the ore =zone proved somewhat difficult,
due to the remote location of the property. A winter road,
south of [present Highway 113,  allowed a geophyéical survey
and 15,000' drilliné programme to be- carried out during
1948-49.- Property location and drilling plan have been
outlined by Graham (1957). The main highway and CNR line

“~were constructed in 1957. ;

By 1952, the drilling programme had outlined a.deposit .

of 365,000 tons of ore grading 13.55% 2n, 0.88% Pb and 10%50
oz/ton Ag. The property was purchased in 1955 Ey Conlagas
Mines Ltdf,‘who, in 1956, sunk a 1250', 3 compartment shaft

and performed lateral development on five levels. ‘Workings
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- 7.1.2. General Geoicgy
7.1.2.1 Host Rocks

-

were closed shortly thereafter, due to depressed metals

markets,

The mine was finally brought into production in March,

1961, at 300 tons/day, when the shaft was dewatered and

deepened to 1368', with 8 development levels. In addition,’

a small volume of high grade ore was removed by open pit

excavation, north of the headframe. The mine yielded alme

a million tons of ore, with a value of $10,000,000 beflore a

depressed market again forced closure in May, 1967.

» M s

The northwest 1part of the Coniagas progerty is
underlain by a iarge gabbro~diorite intrusion which extends
'several kilometeré NE-SW (Map 1 - rear pocket). To the
.southeast, . the mine series conéistsf of bands of felsic
eroclastics (cherty tuffs, = lapill?y and- lesser
agglomerates), alternating with %trata:‘of more mafic tukfs

and, floys.

-

Ore lense$ are contained almost entirely withig\ one

band of felsic pyroclastics (Fig. 7.1) which, itself, has

~"been highly deformed. Due- to the intense hydrothermal

activity associated with the ore deposition, few of these

enclasing rocks can bé termed fresh.

RS Pie 1.
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Figure 7.1: CoMjagas Mine Cross- Section (after Coniagas

Rept., 1967)
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$
7 1. 2 2 Structure

‘.

Y

‘The t1ghtly folded nature of 'the host pytoclostics and

'enclosed ore zones appears to be a direct result of the

Kenoran peried of fold1ng (Duquette, 1972). As a result,‘

most strata have steep to vert:calggip. Northwest of tlhe

.© mine serles, pildow toﬁs”fpdicate beds topping ‘south, ‘while
X T A : p

strata in F%gpre 7.1
ore zones. Thus, a
northwest of the

'kilometers southeast

Coniagas anticline,

indicate an anticline encompéss;ng'the
synclinal axis must be present slightly
mine, Pillows, approximately two

of the headframe top north 'towa;d the

while slightly south of these pilloﬁs, .

other tops point south. Thus, two minor anticlines occur to

-

the north of the regional synclinal axis. The Coniagas

deposit is associated“ with _the northernmost anticlinal

© Structure. = Mine maps show that the axis of this anticline

fstrlkes N60° W and plunges to the east-southeast. .-

Since the rotks

i M-
hosting the ores have been folded 1nto

a tight: ant1c11ne with secondary drag fold1ng, it is not

surprising-that axial faulting has occurred near - the main

and secondary aoexes. ThIs is most eV1dent in  the "main

fault® whlch b1furcates thEinorth and south ant1c11nal

”':limbs. . Shearlng also cut the ore lenses, whlch had already

been stretched by

fold1ng, ‘but -~ shear plsplacement bwas

generally of small magnltude.*



7.1.3 Orebodiee

 The Coniaeas orebodies occur as stretched lenses within
the enclosing, - regionally folded = felsic volcanics.
Outcropping at surface, the ores unduiate as a short series
of normal, tigﬁt folds, ‘before piunging steeely downward
along the Main Fault and thence. through a series of
irreqularly folded lenses.to the 8th level of the mine (Fié.
7.1).

Ore,‘-in situ on the edge of the open pit, consists.

mainly of mass1ve pyrzte, sphalerlte, pyrrhotlte, and galena
'layers interbedded with the felsic volcanics. Small amounts
of galena and 'natlve silver have been reported by Duquette
(1972).. to occur, mainly aleong frac;uree.tin cross-cutting

lamphropliyre dykes.

No copper ore was found in the mine, elthough Graham
(1957) reports % trace of veln chalcopyrlte in polish
sectlon from the Northeast lens. This may be s:gnificant in
that this  lens is stratigraphically lowest of those
delineatediand may thus indicate the presence of a copper

zZone at greater depth.

1

’ 7.1,4 Petrography
., Little evidence of the felationship of host rocks to
the ores can be made since workings were closed prior to

‘this stﬁdy, and all drill cores destroyed. A few samples
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were collected from surface outcrops near the open pit (Fig.

7.2} and were therefore in close proximity to the ore.:

The ore lenses are contained in felsic pyroclastics and .

outcrop at surface near the nose of a local .fold. These
hanging wall rocks have been termed tuff and agglomerate by
Graham (1957) and massive to fragmental rhyolite with minor

andesite and basic fragmentals, by Descarreaux 11973,-1976)¢

Outcfops closest to the open ﬁit are formed by light
grey, slightly cherty, fine-grained volcanics and invariably
show patchy alteratioﬁ in hand specimen. Thin section
analysis ' reveals highly altered mineralogy with aﬁ@ndant
epidote-sericite-(chlorite) patighes lin a\/faine—grained
‘quartz-plagioclase matrix. Small plagioclase\ phenocrysts
are occasionally rpfesent as well-terminated, .euheﬁral
grains, ranging from fresh to  heavily _sericitized,
,Plagioclaée composition, based on the method described in
'seétion 2,3.3, ranges from An 16-28 (oiigoclase). With'the
gxceptibn of quartz, alllf;ne—arained matrix matérial has
beén severely dec@éposed, Pyrite-— is the main opaque

.mineral.

Stratigraphically. above the felsic horizon (i.e. to the

south i“d east), the rocks become mpfe mafic. Mafic

agglomerates. are present in fhe nose of the fold, to the-
: v s ’

east Of the headframe and epritinue south of and parallel to

the Quebec.Stprgeon Mine road, for approximately 500 meters.

-
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N .
They contain mafic' fragments with abundant plagioclase
phenqcrysts and epidotized amggdul%s, in a grey—gqsgn,
chloritic matrix with abundant plagioclase Wicrolites., The
low An content of these basalts (An 6-10) indicates that
they have been albitized and. can therefore be cﬁlled
spiiites.' A few felsic fragments are sometimes présent.

Rd

Ogher specimens contain mafic fragménts cemented by a
carbonate matrix. )fn

-~ .
Southeast of the headframe, <;éveral ré&:ﬁively fresh

outcrops of grey to green basalt are present%: containing

&>

fine-grained hornblende, qctiﬁolite, plagioclase

chlorite. In some samples, numerous augite crystals ar

found, with euhedral forms and slightly uralitized rims. ~ -

~

\ - . N * .
G"The\?resence of fresh pyroxene is unusual in this volcanic

belt,\sther than in the pyroxenites of Area 1,

)

£
.

7.1.5 Geochemistry

Samples near the Coniagas deposit are restricted t& °
three, relatively wunaltered mafic flows with minor
agglomerate (L35, 38, 44), three altered mafic rocks {L3s6,
37, 39) and five.altered felsic samples (L41, 42a, 42b, 43;

-

45) that are closely associated with the ore..
. b A :

qﬁﬁ'élk;li-silica'éﬁ'gram (Fig;\_7.3 A) shows that most
Tocks lie in Ehefgubalkalinec‘field[ Altered mafic rocks

. show alkali' enrichment. . ’ B

) . . ‘ M
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Distribution on an AFM diagram (Flg. 7.3 B) indiéates
that the felsic rocks are s1m11ar to calc-alkaline dacites,
with slight iron enrichment due to the presence of chlorite
and ' pyrite, The relatively -~ fresh maﬁij>rocks resemble

tholeiitic Basalts. gg_

In order to test the hypothesis that the altered
baéalts are - s;gnlflcantly different from the fresher
vafieties, the two groups .were compared by means of the
Student's t and F tests (Tab, 7.1) . A Kolmogorov-Smirnov
(goodness of f1t) Qest was performed,‘ initially, . and no
indication of non-normality was gzlnd " despite the.small
numbers of sambles in' the groups.  The degree of alteratlon

is shown to be statistically significant, at the 95 percent

confidence level, for the major factors in the sericitic

alteratiop (i.e. O addition, Cd0 depletion). . Therefore,
division of the basdlts into two groups, for purposes of

this discussion, is
3

pnsidered valid. .

“ . . .
eviation an coefficient of variation

Mean, standééd
(}elétive %) are provided, for the fresh and altered
bésalts, and the felsic pyroclastics, in Table 3.2‘.‘ The
coefficient of variation is most significant in‘that a large
value indicates greater variation than elemenfs wlth lower
values. Th1s greater variation can be due to the processes

which occur during crystalllzat1on "of the lavas (magmat1c

& .

Y

dlfferentlatlon) or post crystalllzatlon mobilization dur1ng\

N~

hydrothermal alteratlon.
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TABLE 7.1

Significant Geochemical Differences Between Rock ané

Alteration Types a) Coniagas Minesite b)QSRMI,

a) CONIAGAS

b) QUEBEC STURGEON

Groups i Groups
l & 1 &2 3 &4
5102 S102 e
Alp03 Al303 (*)
Fe03 _ Fe03 ‘
FeO R Fe0
¥gd | (%) Mgo
Ca0 Ca0
Na»0 Nape | |
®o0. j ® Koo | (m)
Ti0> Ti0p
MnO Mno
P20s5 P;;_vO5
s S
Ba Ba )
Rb Rb ® ()
Sr ' Sr - [
Cu Cu
Zn Zn
Co Co
Nil N1
K/Rb K/Rb
Ba/Rb Ba/Rb )
Rb/Sr | BEb/8r *
Ni/Co . Ni/Co
GROUP 1: GROUP 1: ° =
Relatively Fresh Basalts Felsic Pyroclasﬁic Bocks
GROUP 2: . GROUP_2: [
Altered Basalts Potassicly Altered Telsia
: Pyroclastic Pocks
Mafic Volcanic Bocks
GROUP 4: )
Mica-Carbonate Altered afic
Volcanic Rocks
* Significant at the 95% Confidence Level
as determined by F and Student's t tests
(*) Significant ét the 99% Confidence-Level '
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Coniagas Geochemistr

TABLE 7.2

o~

¥ - Summary Statistics

-

_ FELSIC
FRESH BASALT ALTERED BASALT PYROCLASTICS
n=3 n=3 " n=5
‘ X ] \ X s v X s v

S10, |S4.14  1.56 2 |s7.51 4.25 7 |67.39 2.36 3
Alp03 [14.72 0.7 15.64 0.65 & 11.70 1.42 12
Fep03' | 2.64 0.31 11 2.5  0.35 13 2200 29.3€ 18
FeQ 5.23 0.64 12 [ L.9z p.7H 1S 3.88  C.71 13
420 9.56 0.40 4 5.64 0.92 16 1,91 2.1% 7
Ca0 6.24  1.47 23 5.16 3.00 AO**| £ 4L 2 28 3ok
Na20 2.4 c.7h 30% | b.90 1.48 34* | 2,97 1,01 4B
K50 1.53 0.4 30* [-0.53 0.36 7hi%#| 1.95 0,77 3%
T1032 0.70 0.08 11 0.82 0.04 5 | 0.47  p.CcE 12
Hnd 5.15  5.09  4s® Ju.ls, 0.08 26 0.28 0.05 17
P205 0.14 0.03 18 0.09 0.06 Go*#) 9,12 2,03 24
s 0.04  0.05 115%®| 0.04 0.05 129%#| 0.06 .13 151 %%
Ba 259 181 s4* | 140 75-. 53% | 171 37 22
Rb 24 8 35 9 7 LERL “5“ 9 43e
Sr 308 152 49%® | . 140 53  38% 56 15 28
Cu 23 22. g6 #+ chl 13 b2# 24 g 1w
Zn 126 23 17 93 8 9 1355 2714 zop*e
Co 43 3 8 35 . 8 24 9y 171 1824%%
Ni 106 116 109 %%| . ‘55" 31 56% 23 & 26

| x/rb 534 55 10 482 71 14 ' 362 4 17
Ba/Rb 10 2 23 17 - 7 Uhw 5 5 8o
Ro/Sr +{0.08 .0.01 13 |0.056 9.03 53% | 0.89 o.uu g
Hi/Co 2.1 2.7 T126%%| 1.6 n.9 55 0.% 0.6 101 ®*+

, N
X Mean ,
‘s Standard Deviation N
V Coefficient of-Variation (%)
‘oefficient of Variation: Npéerate (2c-€a%) #
HEigh (607 +) **
: B,
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The very limited sampling makes it difficult to
ihterpret the geochemical data. However, some apparent
variations can be related to geological processes, The

relatively fresh basalts 5how‘moderate variations in §a20,

K20, Ba, Rb, and Sr, all of which may be due to incipient.
\ :

reactions between the basalts and heatéd sea water. _ The

o PN

large variat'ions in S Cu, Ni© and*Ni/Co may be related to
’ N

" the mineralizing process. Thus, even the relatively fresh

basalts, overlying the host pyroclastics,_ appear to have
been  alteted to a minor degree by the hydrothermal

processes,

Altered basalts show a significant decrease in MgO and

- K20 and an appafent increase in Na20. These changes reflect

the intense albitization and minor chloritization of these

rocks. Decreases in‘Ba, Rb an Sr can also be related to

-

albitization, while the decrease in Ni may be due to its

release from ferromagnesian minerals during chloritization.

In almost all cases, .fhe' rglative_ variations (i.e.

, coefficient of variation) are higher in the altered basalts

than in the fresher group. -

As samples of fresh felsic pyroclastics werg not éeen

.near the Coe}hgas deposit, it is more diqjﬁcult’So determine

which elements ‘Ere added or removed.” ~Ti0O2 is ormally one
of 73R\\ most immobile elements | during ' %ydrothermal

élteration. If the Ti0O2 content (0,47 wt.%) for the altered

- 167 =
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pyroclastics has not changed, this value would ihdicate that
the rocks originally had a compositibn between a.rhyolite
and a dacite, i.e. a rhyodacite (see Table-s.l) . With, the
exception of Al203, Ca0 and Na20, all of the othef‘hajor
elements are within .about one standard deviation of the
expected values for éhyodacite.‘ .The 1low Al1203 and Na20,
abundant éao and moderately abundant K20 is reflected in the
-abundant epidote and sericite. The veryihigh variations in
S, 2Zn and péssible Co are due to reactions between the: ore

fluid and the fels1c.pyroc1ast1c rocks,

Ld

7.2 QUEBEC STURGEON RIVER MINES LTD. - GOLD DEPOSIT

7.2.1 Introduction

Trenching of @ a quartz-veined prospect (see Grahém,

1957, plate II), in the fall of 1946, by 0'Brien Gold Mines

Ltd., resulted in the staking of ground when modest gold-
— J

. : R - .
assay values were determined. The zone was traced for a

length of "400 feet over an average width of 7.7 feet". _On

the basis of further trenching and diamond drilling, the
company reported a deposit of 235,000 tons,~ grading 0.34 oz
Au/ton, in late 1949. ‘

* ) * =
F1nanc1ng problems and a complicated series of
.l1t1gat10ns eliminated the posszblllty of O Brlen Gold Mines

Ltd. bringing the property into-production and development

was suspended, - o ' R /

- . - 168 - - -
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In 1961, Sturgeon River Mines Ltd. optioned the _'
property and began‘ a drilling programme which incfeased
reserves to 480,000 tons averaging 0.326 oz Au/ton. . A.
permanent road was extended to the minesite from the
Coniagas property, in 1962, and Coniagas personel, who vere
supervising the development work, agreed to process any
recovered ore in Eheir mill, During this period, the early
surface trenches were cleared, expended, and sampled in
‘detail, Assay results show a narrow =zone of high grade
(over .50 oz Au/ton) ore oyer _66 meters in length with
average width ! 1 metem:J Values of greater than 0.02 oz -
JAu/ton were malntalned,Aon average, over at least two meters
width. The following year, n1neteen claims and a management
'conce551on were obtained from O'Brien Gold Mines Ltd. and
-the shaft completed to 1111 feet, with 7 levels at 150"
intervals (175'-1075'). However, little lateral development
was performed, Development was suSpénded until 1972 when
gold prices rose to $60/tr.oz. The property was purchased
and a new headframe and plant installed. Extensive lateral
worn brqught reserves to 967,026 tons averaging .195 oz/ton

(10% dilution).

"With a rise from $65 to $1éo/oz in 1973, extensine
development work began bringing reserves to 933,000 tons of
.217 oz/ton to tne 7th level. ‘Gold,.‘at $180/oz in 1974-?5
convinced the company to a tempt production. By 1978, no .-
production had began, but estimated pre- productlon costs had
risen to $6.5 m1111on (Northern Miner, Feb s).
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7.2.2 General Geology ,

-The ore zone of the Quebec Sturgeon deposit ig
contained within a series'of felsic pyroclastics and mafic
lava flows, apd strikes N70°E. It trends at approximate{y
90 degrees to the strike of the enclosiﬁg volcanics. To'éhe
east, the.mingraliieg area adjoins , and is underlain by the
intrﬁsive O'Brien granite Stock:’ )

‘ B . .

Reporting on field work performed in 1949, Graham
(1957, p.22) describes tﬁe'country rock,as’ "a formation of
interbedded agglomerate and tuff striking N33°W and dipping

80°NE, Mineralization is said to be contained in a vein or
- Id

series of lenses of milky quartz,  up to one foot in width,

lying along a narrow shear zone", This description of the
surface expression of - the deposit accurately conveys.. the

_ broad relationships at depth.

Dﬁring fieid’work_for the present'investigations, the

first level of the mine was examined and a series of 25 .

samples taken across the ;rend of the ore zone (Fig. 7.4)'£o
determine alteration effects on the host roéks.' These
_specimens traMegress two major rock types, imépped by mine
persqnei as ;felsicfpyroclasticé.(sémples L83 to L98) and
greenstone (L&& to‘Llpf). =

S k
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7.2.3° Orebodies

.

Ores at the Quebec Sturgeon broperty are contained in a

series of irregular bﬁt-'gen;rally east-vest trending veins,
lying 1n close proxlmlty tovthe O' Brlen gran1t1c stéck. The
veins plnch and swell into lens shtped str1ngers along this

trend.
"
AN
Mine. geologists have . " terme “ the vein material
"mylonite", a broken, altered, and impregnated material,

' consisting of wallrock fragm&mt@ and ‘quartz-carbonate

matrix, Samples of the veln, as observed in thin section,

appear to be" heaV11y impregnated with irreqgular quartz
~stringers, frequent carbonate ang. ‘ébundant pyrite.
Extremely inteﬁbe alteration of the wall rock fragments to a
- fine—graiﬁed dﬁaftz-sericite' mass accompanies the quaftz
“deposition: Such strong and pervasive decomposition is

indicative of intense hydrolitic activity.

7.2.ﬁ Petrography '

' Host rocks' at the Quebec Sturgeon deposit are felsie
pyroclastic rocks and associated mafic voﬂcanics.'_All rocks

-are more or less sheafed.
1

The felsic rocks contain mainly.fine—grained, quartz-

LLNE

. -~
plagiod&ase gfains.' Plagioclase phenocrysts are common and,

whlle not abundant, are dlspersed through the matrix, Méflc
minerals are conspicuously absent, even ag rgllcs, with
- ' : BN ‘
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chlorite being present only as ’ghih'stregké and wisps along
. - . ‘ ) '{.
fractures. Mineralogically, these rocks could be termed

dacites.

4

Most felsic rocks show some degree of shearing a

cut by'fi-Smm wide, pyrite4bearing quartz veinlets.

deformation apéears to increase progressively as the ore
vein in approached, at which time the quartz veining becomés

i

quite pronounced. - : J

-

I}

-

A short distance north of the main oée vein, the rocks
become a darker green color and have thus been termed -:.
‘n“greenstone“ by mine geologists. They are much less sheareé
_ than the felsic rocks and are void of QUartz veining and.
plagioclase phqnocry;EE}v/’In eséence, they ére dark, fine-
.gréingd an@-slightly foliated by ‘parallel orientation §f=
chlorite'ahd actinolite graiﬁs, which: form uﬁ to 30 percent
of the mode. The remainder is formed by plagioilase, _
quartz, sericite and minor epidote. At the northernmost //’//
‘éampling .locétion, -a smaller ore wvein was encéuntefed.
Colledtion-beggnd this point was érevented_py backfill.

hY

N ) “ o .
It should beé noted that accurate classification of

rocks in proximity to ‘the ore veins cannot - be made rwith

certainty. They have been ‘deformed andhsubjected to'varying . ¢
dégreeé'of hydrothermé; activity. This alferation‘,ggﬁ be ' .

divide&:iﬁto two,types{
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Altegétioh appears to be strongly controlled by the

shearing, and alteration increases toward the ore. This

N +
- t= M
.'\,S - ) . -
- .
- . .

,/h‘\../ {\ o r . .
1. PROPZLITIC ALTERATI ON g
he. felsic. rocks contain quartz, plagioclase
) and-abundant epidote. ‘Plagioclase is oligoclase

(An < 12). Mica and/or carbonate are minor or

absent. o -

. - The mafic rocks c¢ontain abundant actinolite,

plagioclase, quartz and epidote. Plagioclase is
oligoclase (An 16-24). Minor biotite but little

or no carbonate is present,

CARBONATE-POTASSIC ALTERATION

[

In felsic rocks, the common, higher grade
alteration minerals are sericite and/or biotite
and carbonate (d¢lomite). Epidote may be present
buta\is:mu "~ less common than in propylitically
alter%d samples. " The An conéent of plagioclase

variestfrom 10-28.

| In the mafic rocks, biotite and/or serigite
are 'moderate to abundant and there is litﬁle or no
epidote. Plagioclase in the rocks is albite to
oligoclaggffzn -6-20), except within 2 meters of

the gold-quartz veins, where An drops to near 0,

T
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incrpﬁse is shown by -greater alteration gﬁ the matrix;
increased sericitization of plagioclase phenocrysts-éﬁd, in
a few rocks, by the appearaﬁce of a pinkish hue, suggesting
poéash feldspar addition. Albitization 1is restricted to
within about 2 meters of quartz—cérbonate- filled shear
zones, while potassic alteration (sericite and/or biotite)
}orms a wider halo. These alteratién patterns strongly
suggest that alteration occurred at the time of and-probabiy

by the same mechanisms as that of/6§;~de osition.
) . _/

7.2.5 Geochemistrys

Sampling éf Fhe‘Quebec Sturgeon deﬁosit was restricted
to samples albng a first -level crésscut and drift. Twelve
'felsic pyroclastics were collected, .four of which had
undergone propylitic alteration (see section 7.2.4) _and the
femainder containing akmore intense, potassic alteration.
Ten mafic/volcanics were examined, half of which..were
pfopylitized and the remain@pr _containing a stronger,

carbonate-potassic alteration. e

All samples, with ‘the exception of those immediately.

adjacent to the ore veins, plot as subalkaline on an alkali-
silica plot (Fig. 7.5 A). Mafic volcanic rocks, within 1.5
m. of the veins lie jp/fgé alkaline field, indicating strong

potassium enrichment, while the remainder are subalkaline.
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Figure 7.5: Alkali-Silica Diagrams a) QSRML- b) Soquem
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All samples lie along a calc-alkaline trend, ,within the
calc-alkaline field on an AFM diagram (Figq. 7.6'A), strongly
‘polarized toward the A-apex. This position is reasonable

for felsic rocks but is unusual for "greenstones",. which

must therefore have suffered alkali-enrichment.

As witﬁ the Coniaéas suite, checks for significant
differences in chemical composition between propylitized and (
carbonate-potassic altered rocks were done using Student's t
and F tests {(Table 7.1 B) Again, a Kolmogorov-Smirnov
(goodnkss of fit) test was performed prior to these tests
and no‘significant departures from normality were noted,

despite the small-numbers of 'samples in each subgroup.

-

Mean, standard deviation and coefficient of variation

»

are provided for each rock’and~alteration type, in Table 7.3
The felsic rocks have geochemistry _similar to a fresh,
Average rhyodacite (i.e. between rhyolite and dacite in
Table 6.1) for Area 4, within which the'depoéit is located. - T
However, the least altered samples (those showing propylitic
alteration) contain slightly less Al203, .Na20, Sr, and Co,
and slightly more K20 and S than simflar, average, fresh
rocks. In addition, the coefficient of variatEOn.for iron
(Table 7.3) is considerably greater than in fresh rocks.

These features are consistent with low grade propylitic

alteration. -
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TABLE 7.3

Quebec Sturgeon Geochemistry - Summary Statistics

-

FELIICPYAOCLASTICS MAPIC VOLCANICS
Less Altered Potassic Alt. Less Alt. Carb=-Potassic Alt,
nei n=8 n=5 n=5
b s \i X 3 v T s v X s v

S10; [69.97 3.86 5§ |69.13 2.20 3 |56.49 3.45 5 |s4,38 4,31 7
Alp05(21.81 o.24 2 [12.44 1.09 8 [16.20 o0.91 & |13.29 1.06 8
Pepoy| 1.79 0.69  39% | 1.57 0.56 35% | 2,75 0.26 9 2.92 0.3% 11
Pe0 3.46 1.38 uc* [ 3.07 1.04 34% [ 5.33 0.51 10 5.69 0.5¢ 11
Mgo 1.75 0.57 32% | 1.42 og,u1 28 3.61 0.45 14 3.99 1.17 29
cao | 3.44 1.45 b2% | 3.52 1,57 w4e | S.40 3.04  u7* | 8.30 2.18 26
Nmy0 | 3.99 0.65 16 3.62 0.94 26 .97 1,72 uk b oz 1,27 an
X320 1.37 0.47 34% } 2.8k o.50 17 2.12 1.20 sS6% | 3.3% o0.7¥ 21
T102 | 0.51 0.15 29 0.52 0.11 22 0.94 0,14 15 £.91 0.13 14
Mno 0.13 0.06 45* | 0.11 0.05 47* | 0.17 o0.04 21 0.21 0.05 27
P05 | 0.12 o.o4  32¢ [ 0710 0.03 35% | 0,17 0.03 15 0.15 0.02 ' i9
s 0.16 0.19 117%*| 0.16 -0.08 52 0,02 0.01 27 0.61 0.50 B2
Ba 325 100  31¢ 332 83 25 372 363 97%®| 290 113 39+
b 30 12 4ov 58 15 28 S2 23 u4% | 107 20 19
Sr 111 28 25 108 33 29 157 u3 27 228 75 33*
Cu 16 She 30 17  58% 19 T 41w 53 LE.  TU M
In 1o 62  usw 112 51  fi5% 131 11 8 136 26 19
Co 14 17 12z ar 15 .17 1lg e 16 16 163w 29 14 5o
Nt 24 5 27 26 € 26 59 _ 23 4o» L7 38 81%y
X/Ro 388 154  bLoe 417 8 20 316 58 18 263 35 L
Ba/Rb 11 3 33 5 1 23 6 2 Rhee 3 ugs
Ro/Se [0.29 0.12 4o® | 0.59 wv.22 37% | 0.35.0.19 55%* | 0.50 0.15 30"
Ki/Co | 0.4 0.4 1oo®M o.4 o4 11Lk%*e] 4.0 3.8 95%8 1.5 9.6 us#
X Mean .
8 Standard Deviation
V Coefficient of Varlation (%)
Coefficlent of Variation: Mederate (30-60%) #

) High (605 + ) t=
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Table 7.1 shows that the most significant differences
bétween propylitic and carbonate-potassic \altgraiion of
felsic rocks are the increases in K20, Rb and Rb/Srfratio of
the latter. Table 7.3 also indicates that these are the
only elements that show significant bhanges, and is
undoubtably due to the intehse sericitization. . Despite
development of abundant dolomite, no significan;_increases
in Ca®0 or Mg0 occur. The sources of  these elemeniﬁ in

»

dolomite is apparently from the breakdown of epidote and

<
.

chlorite.

Chemistry of the mafic volcanic rocks is similar to a

fresh, average basaltic-andesite (i.e. between andesite and

basalt, in Table 6.1) for Area 4.° The propylitically .

altered samples contain slightly less Sr and slightly more
A1203, K20 and Rb than similar average fresh rocks,

consistent with a very low degree of sericitization.

5  Table 7.1 shows that there is a significant decrease in
Al203 and increase in .Rb,' in the more intensely altered
(carbonate-potassie) samﬁles. Table 7.3 indicates that K20,
5 and possibly Ca0O have also increased, .while $i02 may

. decrease. All  of these cﬁanges are consistent with
sericitization of feldspar and deposition of carbonate and
pyrite. Sdme silicé, released duriﬁg sericitizétioh, may be

removed and deposited in the quartz-rich ore zone,

L)
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The lower coefficients of variation for K20, Rb and
K/Rb in the more intensely altered rocks suggests that these
rocks equilibrated with a homogeneous K20 and Rb-rich ore

fluid,

7.3 SOQUEM LTé&. - BASE METAL PROSPECT ’ .

7.3.1 Introduction -

Earliest recorded exploration in northwestern LeTac
township was performed by McIntyre Gold Mines Ltd. in 1949.

. This included mapping and a certain amount of trenching.

In 1951, ground was acquired by Decary Minerals Corp.
Ltd. who later became Empire 0il and Minerals 1Inc. The
company initiated a 17,000' drilling prégramme. in 1951-52
and was fol;owed, in-1956, by an additional 11,000°'. In

conjunction with the drilling, -mabping and preliminary

geophysical surveys indicated zinc mineralization within

pyroclastic volcanics.

No further‘work' was performed in this area until a
property evaluation report was compiled by H.J. Bergman in
41965. A number of claims containing the mineralized ground
were purchased by J.J. Martell in 1970, who then conducted

an EM survey.

The c¢laims, along .with those of H. Belanger, were
optioned by Soquem Lté in 1971 and twenty mileés of survey

line were cut and followed by vertical loop and IP surveys
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in 1972, - Access to the claims was made by a winter road
which proceeds south from the Coniagas Mine road and thence

by a trail to the center of the property. A total of

18,682' of core was recovered fro . @ 1872-73. drilling
| programme and at that time, a detail d map was compiled by

R. DOUéet L

A final, unpublished company report (Doucet, 1973)
- suggetted that while known reserves were not econ mically
exploitable at that time; further regional explo a%iqn in

the same and surrounding townships could result | ﬁurther

L)

di'scoveries. To date, no further work has been done 'on the

property, except that all drill core has,been collected and
stored at the company's office at the Louvem Mine, near Val

d'0r.

7.3.2 General Geology

Rocks on the Soquem property consist of volcanics, 1in
close proximity to large, felsic batholiths to the nérth and
south. As such, they form a small arm, branchi g off from

‘the main greenstone belt.

A majority of rocks in the area have been classified as
pyroclastic (Doucet, 1973}, with alternating strata composed
of tuff (1-32 mm), agglomerate (32-256 mm) and lesser
intermediate to mafic lavas. Fragmeptf are descfibed as

acidic in a darker, chloritic matrix. A few outcrops of

rooo-182 - ) [



dacite were reported in . the northeastern part of the
property. All fine-grained fragmentals (tuffs) " were found

to bedstrongly foliéted.

‘The property was not examined during the present study,
due to extremely high water conditions, but a number of
Soguem drill cores were examined. - A rep;ésentative.
selection, across strike and through. -a one kilometer
distance, was-provided at 35m intervals. Samﬁle and drill
hole locations are plé;ted on the geologic property map

(Fig. 7.7). All holes were drilled to the north.

Rocks‘sampled from the cores traverse both country rock

and several zones of ‘Zn(Cu) miheralizi&ion.

-

7.3.3 Qrebodies

Drilling programmes during 1951-52, 1956 and 1972-73 °
. succeeded in delineating several potential ore . zones, and
are summarized by Doucet (1973). Locations of the main
mineralized zones aré illustrated on the géologic propertyl

map (Fig. 7.7) .

The siratigraphically highest, "A", .zone contains

260,000 tonsveraging 3% Zn and ﬁ}% Cu. Most of the

mineralization is contiined in ,two NW-SE trending‘lenses and
occurs primarily as vein—fillings: and lesser disseminated .
material. The absence of stfétifé;m sulphides and the trend’
of mineralized lenses across the local strata at a steep
angle may be significant and will be discussed in Cﬁapfer 8.
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‘ . .n J
Mineralization of the "B" zone, dxrectly below the "A"
‘zone, is-of -minor volume and.is not cons1dered 1mportant in
overall ore calculatlong. ZLnes "ce and "D" are the 1owest'
stnatigraphic sulphide occurrences*and contain (35,000 ‘and
33,000 tons, respectively, of apnroxiﬁately 2.5% 2n and
minor copper. Ogerall tonnage of thése Zn-QU”gones'is noo

low to warrent further devélopﬁent.

7.3.4 Pettography e

Samples taken along the semi-cpntinuous driil traverse
‘pass through zones of base metal mineralization, whose
presence was expected to impose some degree. of alteration on
the host volcanics. Thin sectioq/’;halysis shgas that most

' samples have been subjected to intense shearing and high
degrees of alterafion A few specimens were found to be
: relatlvely fresh and are considered as background for this

small (1lkm. square) area.

The high degree nf deformation and alteration in these
rocks nosps_a problem fon their classification. Most, 1if
-not all, samples appear to" be dacitic in. compositinn.
) Evidence comes from the fact thft all have extremely un1form
Ti02 content " (a generally }mmoblle element durlng'
alteration) and are on strike with the dacite horizon in
Benoit Townsh1p (Area 5). In addition,. four sampleé of

sheared dacite occur 3 km, along strike, to the east.
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Samples within 8 meters oﬁ\\mineralization {Group .1)

were invariably found to contain abundant

“serjcite and chlorite. They are also highly sheared.
Saég}es more than 8 meters from mineralization were divided

into three groups:

- 1. GROUP 2. Highly sheared rocks, similar to those

near mineralization, except that sericite is not

carbonate,

P

k
* abundant. Carbonate and chlorite are .moderate to

abundant and the rocks contain little or no

epidote,. : ,\J
=~ \

2 i

2. \GROUP 3.  similar mingerglogy to those near

mineralization but much 1€s% intense alteration

and are not as highly sheared (massive to slightly

sheared). This groyp may be the closest approach

to background of any rocks in the area.

3. GROUP 4. Massive to moderately sheared rocks

(from one wunit - DDH-05) which contain abundant

epidote,

Petrographic examination revealed one

factor:  that - all rocks have been sheared and

' some degree. Most specimens contain cdrbonate,

for ‘3-10 percent of the mode. All plagioclase
anorthite content near An 6 and therefore

albitized,
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.The most massive rocks (Qroup"B) are fdpnd_maihly in

DDH—lO{ They are porphyritié, wiph piagioclase phenocrysts,

siightly_altergd“ td‘se:icite,./embedded in a %iﬁe—grained,~
quartz-plagioclase- thlérite) matrix. Calcite rhombs are’
present ih some specimens, but alﬁeration is generally of a

/”‘*yiower intensity than in other parts of the Soguem property.

o’

1

Specimens from otherwxdpill' holes are more ’sﬁfongly {

sheared, often. cohtéining chlorite schlieren. The most

intense shearing is usually accompanied by high ‘degrees of

. sericitization, often aiigngd into parallel bands - which

weave between lenses of fine-grained matrix material. It is
possible that this wrapping effect is " what Eaused Doucet
(1973) to terﬁ the horizon "agglomerate', but no evidenge of

primary, coarse-fragmental . material is present in ‘thin

section. Plagioclase phenocrysts are relatively uncommon in

, these rocks (possibly all decomposed) but where present:, are

frequently partially replaced by sericite. More cgﬁﬁ&ﬁ,is
the replacement of blagioclase-to calcite, which /is often
more abundant than sericite. The carbonate is dggseminéted
through the':ocks‘ both as irreqular masses and a§leuhedral
rhombs, It.'is also commonly aésociated with quartz, in

irregular veins.

Sheariing and alteration generally increase toward zones
of sulphide mineralization. Accompanying these changes is

an increase in sericite and/or carbonate ‘at the éxpense of

- 187 -
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plagioclase. These altqggtion products are, however,
" present ~ even in: the freshest specimens, as disseminated
'grains in pressure shadows around phenocrysts.

y !

7.3.5 Geochemistry’

a”

‘ Ail:sampfes shown in Fig. 7.7 were chemically analysed.
Those with. gréater than one percent sﬁlphur ‘were excluded
f%om further étudy, due to their extreme change, in
compositions. Since a lérge proportion of the ;ocks have
‘been sgveéeiy ﬁltered, " the plots are not expected to show
primary diétﬁibu;ion, but are useful 1in comparison with
local and regional \ﬁ}ends and to visualize. the state of

[}

alteration.

All rocks plot as subalkaline on an alkali-silica

diagram (Fig. 7.5 B) but no grouping is discernable. An AFM
diagram (ngi 7.6 B) shows most samples within the calc-
alkaline QEEIafgut, again, no groupings are present; In

general, they lie in the andesite-dacite fields.

It is difficult to interpret the significance of all
¢hem§cal differences because some may be due to original
inhomogeneities in the rocks. This is particularly true for
rocks in Group ;, whose TiO2 content (nofmally the least
mobile-’elpment. during hydrothermal aite;ation) shows

considerable variation. For this reason, * comparisons will

only be made between Groups 1, 2 and 3.f 0f these three
. ‘ .
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groups, Groub 3 appears to be the" least altered. It will

therefore be compared with the other two groups.ﬂ_

Significant differencés are evident (Table 7.4), at the
95% confidence level, between the fresher, relatively
massive rocks of Group 3 and the more altered and sheared
Groups 1 and 2., Group l is statistically different in Na20,
K20, MnO, Sr, 2Zn and Rb/Sr, while Group 2 is different in
Al1203, Ti02, MnO and ﬁ. Therefore, both are considered

valid divisions.

Mean, standard deviation and coefficient of variation
are provided for elements in each group in Table 7.5, and

distinct geochemical- patterns are evident.

Group 2 rocks, on average} contain ‘higher Mg0, MnO and
S, and lower Al203 than rocks of Group 3. This 1is

' consistent with the slightly higher degree of chloritization

in these more intensely sheared rocks. In addition, the .

Ti02 content of Group 2 rocks 1is slightly lower than in
Group 3, suggesting that the former ére marginally more
felsic. S and, perhaps, 2In ére also slightly higher in
Group 2, .as a result of minor sulphide deposition - from

hydrothermal solutions entering along shear planes.

A considerable change in chemical composition occurs in
the rocks within 8 meters of mineralization (Group 1).

These rocks contain higher K20, Ba, Rb, K/Rb. and Rb/Sr
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r TABLE 7.4
Significant Geochemical Differences Betwéen‘ﬁock and
Alteration Types in the Soquem Deposit

a

GROUPS  GROUPS
1 & 3 2 & 3

S107 . .
203 | -
Fea03 : :
- MgO
cas .
a0 (%)
X20- ]
T10> _ #
Mno * *
P05
] L . )
Ba '
Rb -
Sr (*)
Cu"
in (®) .
Co )
Ni
K/Rb
Ba/Fb
Rb/Sr *
Ni/Co '

GEQUP 1: <8m. from mineralization

GROUP 3: >8m. from mineralization & Relativel:r !asszive

¥ ZSignificant st the:

a Confidence L=2ve!l
as deternined vy T t
2

o
R
and Student's ©
[-4
?

(*¥) Significant at the Confildence lLeve

GROUP 2: >8m. from mineralization & Sheared N

et



Soguem Property Geochemistry - Summary Statistics

*,

TABLE 7.5

gls
hi
GROUP 1 @GRroup 2 GROUP 13 GROUP &
n=5 n=12 n=3 n=6 .
X s v s v X s v b4 3 v
5107 58,87 2.89 5 160.37 2,15 3 |60.25 1.89 3 164,03 2.56 u
A1203 |17.68 L1.74 10 |16.46 1.54 9 118.60 0.37 2 {17.31 2.23 13
pe203 2.30 3.50 22 1.81 0.30 17 1.59 92.15 9 1.58 0.37 2
Fa0 4,54 0,94 21 3.54 0.59 16 3.30 0.31 2 3.01 0.73 24
Mgo 6.63 2.29 34| 5.24 1.85 35® | 3.83 0.%1 8 .47 1.356  35°
cal 3.11 1.0k 33¢ 5.29 1.93 29" 5.35 2.94 56k 4,42 1.17 26
Naz0' 1.43 0.68 4re 3.06 0.91 29= 3.63 0.28 8 3.3 1.10 1%
K20 2.8 2.5 24 L.AT O S.oh O D LMY CLET 0 32% ) L.32 0 $.35 sg¢
T10; 0.56 0,06 11 0.46 0.05 10 0.54 0.02 ] 0.46 0.15 . 33+
Mno c.51 3.25 co* 0.18 3.07 43¢ 0.0% 0.04 1007%7 0,12 0.10 8u *N
P205 0,11 0,02 14 0.10 0.26 s 25 0.11 0.01 9 0.11 0.03 24
s 0.09 0.15 165%# :0.08 0.11 14584 0.00 0.01 - 0.01 02.02 183%™
Ba 535 151 28 373 154 41w 345 39 12 324 85 26
Rb 58 18 31 26 9 38 34 g 28 29 12 Lue
Sr 107 38 36 213 §5 300 28y 30 11 210 55 26
Cu ar: 21 58 & Exl 33 107 #4 21 9 L3 14 15 110 *H
In 708 126 18 294 2u7 AL e 143 78 55 137 39 29¢
Co 38 2 8 39 2 5 38 1 2 37 1 4
Ni 146 86 Go"M 116 40 35t 72 10 1h 82 45  56°
K/Rb 379 30 8 358 52 14 W6 19 6 364 18 5
Ba/Rb 9 b S51# 15 [3 o 10 2 21 11 2 22
Rh/Sr 0.59 0.2% e 0.13 0.0% 39¢# 0.12 0.05 37¢% 0.15 0.08 53'
Ni/Co 3.6 1.9 53¢ 3.0 0.9 32¢ 1.9 0.3 15 2.2 1.1 Su#
GROUP 1: Near Minerslization (<8m.} & Sheared
ORQUP 2: > Bm. from Mineralization & Sheared
GROUP 3: 2> 8m. from Mineralization & Relatively Massive
GROUP 4: > Bm. from Mineralization & Heavily Epidotized -
(sheared to masaive)}
¥ Mean o
3 Standard DPeviatlon
V' Coefflcient of Variation (%)
Coefficlént of Variaticn: Moderate (30-650%) *®
High (508 « ) an
' ’
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ratios and 1lower Na20, Ca0 and Sr, reflecﬁing the high
degreerf'sericitization. In addition, increases in Mgb,
MnO and possibly FeO, relative to rocks of Group 3, 1is due
to chloritization. =~ Higher KZn*=a:$' slightly higher Cu
accompanies the ser1c1txzat1on, as § phide grains, probably

deposited from the same hydrothermaf‘solutlons.

All . rocks on the Soguem property have been highly
dolomitiéed. MgO contents are considerably higher than
average fresh rocks.(Table 6.1), possibly as a result of
interaction with seawdter during alteration.- On the other
hand, ‘Ca0 contents are high, but not appreciably above
average, suggesting that calcium in the dolomite was

provided from redistribution in the rocks auring alteration,
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Chapter 8
o ~ DISCUSSION

"Ultimately, it will probably be field relations --
that will be diagnostic of tectonic environment”
Brooks & Hart (1974)

8.1 INTROQUCTION °

contained in large, low metamorphic gradF, E-W tréending
subprovincgé ér %§Bperbelts (Stockwell, 1964) .and are
separated by simila;ly trending, high-grade superbelts
(Wilson et al., 1976, 1977{ Goodwin, 1977; Gorman et
al.l978)}. The eastern and western Superior Province is
separated by a north-northeast trending structural
lineamént, the Kapuskasing gravity high, on either side of
which (Fig. 8.1), featurés of the volcanic belts are quite
different (Goodwin, 1972; Hutchinson, 197;; Kalliokoski,
1968). For this reason, comparisons of the Bachelér Lake
region to other areas will be mainly restficted to terrains
east 6f the lineament. Detailed'comparisons Qith Archean
volcanic belts on other continents will be similarly

restricted since they are unlike Canadian sequencesb'in all

but, the broadest features {(Jolly, 1977, p.328).
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Relationship of Volcanosedimentary Belts to the
Kapuskasing Feature (after Kalliokoski, 1968)

Figure 8.1
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This chapter attempts to draw conclusions from the data
presented in preceding chapters and thus form a hypothesis
for the evolutionary history of the Bachelor Lake region,

-~

8.2 STRATIGRAPHY , .

The Bachelor Lake Area has been shown by this study to
form a northeast-trending synclinal zone in the eastern
- Abitibi greenstone belt. As such, it represents a small
portion of an extensive Archean terrain, traceable beyond
the sfudy area to the northeast and souﬁhwest, but truncated
to the north and south by iptrusive, batholiths,
Descriptions of paxts of thi§ area are provided by Dresser
et 51. (15223,’ Grenief (1967}, and.Dﬁquette {(1968), and
sug@est, by macro-structufal patterns, that the area is a
typic;l, downwarped, interiof trough. Examination of the. .
supracrustal sequence, therefore, provides an éppreciation
of tQé\;vblution of the area and possible extrapolations té

P

13
other rts of the belt.

Geologic setting of thg. Bachelor ﬁake area is
-illustrated in the map in the rear pocketf'on which the rock
types have been plotted. The volcanosedimentary sequence is
estimated .at approximately 25 km.’ vertical thickness,
_éithough structural complexities may have exaggerated the
true thickness. This estimate is, howeifr, of similar
magﬁitude to other reported parts gf the Abiéibi belt, such

as the Noranda arqgﬁ@%ls km. - Goodwin, 1972) and the

Lo

/
/
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\Timmins-Kirkland Lake area (35 km. > Jensen, 1976). It
should be noted that the base of the stratigraphic sequencé"'

wés not reached 1in the study area and could be the subject

r

of fﬁrtber work. .
The'ﬁolcanosediméhtar; bile hés beeH‘divided iﬁto Areas
'Athrough. the reasons cited in Chapter 5. The lowest
stratigraph 'ﬂi*_z and lowest parts of 3 & 5, consist
predoﬁinéntly of mafi;\\Eodintermediate 'volcanics and are
foughly traceable through the length of the study area.
They form a platform sequence;.produced by largely gquiescent
volcanism, ﬁigﬁer in the stratigraphy (Area 4 & upper‘parts

of 3 & 5), a greater proportion of more §ifferentiated
volcanics and pyroclastic'focks are found. These rocks are
confined to a domai sequence, centered on Lesueur-township
/fgﬁgﬁd pinching out to the east and west, and a minor band in

Begott and LeTac townships. It is within this upper part of

the Sequence that the major ore occurrences are found,

.~ The rocks of -Area 1 are considered to be products of a
deep water environment,\ due  to the .absence of wvesicular
. flows. The unique feature of this part of the pile is the
presence of light-green, pyroxenitic bodies. They have
uﬁdergone only minor greenschist facies alteration. While
contacts with enclosing basalts were not seen, the unusual

geochemical composition of surrounding rocks suggest that

the pyroxenites are cumulates within thick flows.
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Morphological change is evident with incfeasind_height
in the pile, The lowes£'4-5 km. ", of Area 2 are massive and
similar to Area 1 {which is not .observed in the west due to
batholithic intrusion), and then p1llowed lavas commence to
ffeqentiy alternate :with massive flows. Vesicular lavas
(preservéd as amygdulér célcite fillings) also become more
common ' in the upperistra;gt These features strongly suggest
that the depositional environment -had changed to much

et P

Shallower water.

A further feature in the uppermost parts of the
~platform-sequence (Area 2) 1is the appearance of the first
' distinctivebsedimenfhry horizons. These apéear iﬁiti&lly as
chemical se‘:diments,i including several facies _pf iréh
forhation. It 1is significant that' the oxide facies Jgon
formation appears due north of Bachelor Laké énd progresses
eastward through carbonate and finally sulphidg= facies,
This 1is the .same sequence representéd regionally -and
considered to define shelf to basin bathymetry (Goodwin &
Ridler, 1970, p.5). Above the oxide iron formation and
alternating lava flows, the top of-the platform sequence is

approached and clastic . sedimentation - '(éreywabke,

conglomerate) begins, This- is ‘the first appearance of

abundant clastic accumulation and is present only in

B

position dlrectly below the domal seguence of Area 4, It
occurs on both sides of the regional syncline ' and pinches

out laterally.. It must be concluded that this 10-15 km,
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east-west zone was a basinal trough at the time of

deposition and that adjacent terrain was at least slightly

subaerial, to provide an erosionai environment for the -
dettitus. The presence of clastic sedimenta{:ion reveals an 4

unconform1ty at the contact‘jﬁ ﬁhe\zegge and the platform

n -
~sequence >

The highly mafic rock types and lack of Shailow-water
depositional features-suggest that most of Area 3, which is
on the south l1mb of the reglonal syncline, is equivalent to =
at least the deepest levels of Areas 1 and 2. In such case,
1nsuff1c1ent volcanlc accumulat1on is present to mirror the

.

sequence on the north. 11mb An explanatlon is suggested by
the exten51 e fault zones parallel to the str1ke ‘of the
volcanics. Q\@Qgggkgaults Tare lllust;ated by ther linear
pattern’ef lake"aud tiﬁer,systems and_‘by‘sheared.volcanics
_along these waterways. It isr proposed that the faults
Urepresent thrust planes along which the strata.of ‘Area 3

slid, resulting in tectonic thinning of fhi? part of the

pile. ‘ l | , 4

In the central part pf the s;udy area, ‘a domalfpile of
volcancsedimentary material is fbund; immediatelylabove the
clestic wedge of the upper platform sequence. if is the
. uppermost stratigraphic seqguence and eontains the regional
‘'synclinal axis. This,pil& coﬁtains the first appreciable

guantities. of pyroclastic rocks, as well as increased
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proportions of felsic and 'intermediaté flows (see Table

AN

| 6.1). The presence of 'pyroclastics in a 4 km. thick

sequence that p1nches out : lateralli) evidence of a
frequently exp1051ve volcanlc center, ~ located in west-

centrallLesueur township.

[N

The upper strata of Area 5 also contain an abundance of
felsic volcanic rocks but these occur almost‘echUSively'as
massive flows, - They ére therefOre products of a more

_effusive, quxescent volcanzsm than those,1n Area 4.

During the past decadé\ qhe -stratigraphy of many

: . 5 . !
Archean terrains has been documented on a regional scale.

In the Abiﬁibjﬁbelt, detailed ﬁépping has beeh performed
mainly within lOQ;km. around establi§hgd mining camps..

-

In the Noranda region. the sequené‘ begins with the

Munro and Bowman Groups (mainly -mafiec and Mltramafic lava
flows), progre551ng upward into the Garrlson K erev1s Group
(mafic to 1ntermedlate lavas and, very rarely, ultramai:c

lavas), to the upper, Noranda-Misema or Blake Rivqf Group

(mafic to felsic lavas, felsic pyroclastics; ultféQ? ic

lavas absent) (see Naldrett et al., 1977; Jensen, 18

Gelinas et al., 1977; dJolly, 1977, 1975; Spence, 1975}

Baragar, 1968), R'similar sequence

f Eeg1onal strike, in the Val d'0Or/region, to theleast (Imreh

1976; Latulllpe, 1972, 1976).

Vasgan and Dubuisson Groups (mafic to ultramafic rocks of

L

pped, along-:\

There, the_lowest, Lamptte~.

%
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the antiquated, Lower,Mal&;Rfc classification) are probably .

‘equivalent to &he, Muhro;Duparquet Group at Noranda), the‘
‘Jacola.Group (mafic &Q 1ntermed1ate rocks) equ1valent to thF »
Keno;ev1s Group, and the Heva Group (mafic to felsic lavas
of the old, Upperfﬁakgfzgé Group) coinciding with the Blake

River Group.

. l _
" To regleﬁ. a basal

- , - ) N -
ultramafic/sequence ha¥ : i, possibly because

‘of limitd - regi . ltramafic section does
occur, | : rth of the Joutel-Porier mining camp, a
few tens o ki ters to fhe‘south.! From published data
(Roberts, 1975;‘ Sharipe, 1968), the lowest known sequence at
Matégami is the Wabassee Group (mafic to felsic lavas),
overlain by the Watson .Lake Group (predominantly felsic
layas'and pyrociastic rocks}. A similar sequence occurs at
Chibougamau, to the east of Matag%mi, where, in the Roy
Group, the D'Obatagamau formation (mafic lavas) underlie the

Wachonichi foqmation (mafic to felsic lavas and felsic

pyroclastic rocks) (Gobeil, 1980; Allard, 1972).

Thus, the g:oés stratigraphies of many volcanic
complexes in the Abitibi belt are strikingly;similar. While
the lowest group, rich in ultramafic lavas does not always~
seem to be present, thlS may be more ;pparent than real.
The existénce of such primitive lavas has on}y been

recognized in recent years, in areas where much detailed
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mapping and chemical analysis ' has been pqrformed.‘ ' Similar
basal units may thérefqre be found in other regions upon

further stu

les, However, the middle and upper groups, in
- most Abitibi pi - Proceed from a platform sequence, of
predominantly mafic! lavas, " to an upper domal sequence of
mafic to felsic lavas and pyroclastic focks, the latter two
varieties becoming more abundant with higher stratiéraphic

position in each-sequence.

This upward, stratigraphic progression of. rock types
toward increasing{y differentiated varieties has beén well-
documented in the Canadian Shield (Goodwin & Ridler, 1970;
Goodw1n, 1971; wWilson & Morr1ce, 1977} and in other volcanic
belts throughout the world (Windley, 1973: Anhaeusser, 1971:
Goodwin, 1971; McCall, 1971; Viljoen. & Viljoen, 1959).
Abundant informationthas been gained from the ﬁpper parts of
these sequences since many domal, felsic pyroclastlc bear1ng
sequences contaln a majority of Archean ore depos1ts.’ Much
work remains to be done, however, to determine the
stratigraphy and structure .of intervening areas, between

‘'volcanic complexes.

8.3 PETROLOG&

Pervasive, low to med1um grade regional metamorphism
has altered most original mineralogy, in the Bachelor Lake
reglon, to secondary assemblages. These changes’' make

petrograbhic interpretation extremely difficult and it is

r
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often necessafy to rély'on normative mineral calculations to
establiéh.primary trends. _Especiélly useful in this respect
is the ratio of normativeéguartz to normat4 olivine, since
these calculated minerals: are strongly indicative of the

"extent of fractionation in basalts.

-

As noted by Turner & Verhoogen (1960, p.209), high Sio2
and low MgO and.alkalies favor the appearance 'of quartz in
the norm, Fractidnatiqn along a tholeiitic trend, from MgO
rich to Mgo pobr results in. the disappearance of olivine
frgy the norm and appearance of quartz, Therefore, the
normative quartz/olivine ratio should increase as
fractionation progréﬁses. This fs in general agreémént with
discussions by Carmichael, Turﬁé} & Verhoogen (1974, p.455),

Frey (1974, p.5515) and Ringwood (1975, p.123-138).

The normative quartz/olivine ratios for rocks in the-

@

Bachelor Lake Areas, that were classified as basalts using

i

the modified Irvine-Baragar scheme and the Jensen scheme are

listed in Table 8.1 , Note that the ratios are nearly

identical, regardless of the classification scheme used.

8.3.1 Platform Sequence

Basalts toward the base of Area 3, thought to be the
oldest lavas /in the Bachelor Lake region, are less mafic
than the 9&554 sequence of many Abitibi complexes, although,

as previously explained, the 1owest'§r6 s of thigrsequence

- 202 -

M



TABLE 8.1

T:¢

3TesSed Ay | 31eseq-3n J1eseqg-od

11eseq

NOTLVOIJISSVID

NOILVOIMISSVID

HYHVHYE-INIAHI QIIATAOH

NASNEL

Quartz-Olivine Normative Ratios For Bachelor Lake Areas
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wéré not reached. Metamorphic processes have reduced most
ofiginal mineralogy, with mafic minerals surviviné as
chlorite-amphibole-sphene;masse; asd plagioclase partially
altered to epidote or sericite masses. Relic textures are
much less frequently preserved than in Some other regioqs.
-Qbservéble proportions of mafic to felsic alteration relics,
however, indicate that very mafic basalts are cbmmbnuat éhe
bqsq of the sequence but,becomé{ less mafic upward and begin

-

to include a few intermediate and felsic rocks.

~

Areas 1 .and 2 form a Sequence - of mainly basaltic and

[

andesitic lavas with mineralogy'similar to the central

portion of Area 3. " .

The platform sequence (Areas 1, 2 and 3)  has roughly

egqual abundance bf quartz and oliviné"nqrmative basalts.,

Both varieties alternate, upward ‘in the'sequence,' with no
particular pattern; thereby suggesting primary magmatic
fluctuations., SucP alternations may have rgsulteg frbm
vafying degrees of partial meltiﬁg and/or effusion through

multiple vents gn the thin, unstable Archean crust.

L

Basalts of Area 1, though near the base of the platform

sequence, have an unusually high quartz:olivine ratio. This
is probably due to removal  of Mgo thfough crystal settling
of earI}-formed pyroxene, wvhich accumulated to form the

/
proxenite bodies,
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The preservation of essentially fresh clinopyroxene,
seems incongruous in a region which is almost devoid of

-
»fresh rocks. The pyroxenites do not possess textures of

_ultrama}ic flows, but neithér are they nééessarily younger
than the surrounding volcanics, since .Eontemporaneous
ultramafic rocks are known from other, * highly -altered
settings.‘ Imreh (i976, p;62) describes well-preserved
ultramafic rocks in the base of the Lawer Malartic sequence
(Lamotte~Vassan Group) near Val d4'Or. A further example is
"the presence of fresh peridotites and pyroxenites in the
highly metamorphosed Thompson belt of Manitoba (Paktunc,
1980, per.comm.). Baragar (1972; p.131) states that mafic

sills containing fresh pyroxene and olivine are common in

c

the lower parts of greenstone belts.

Similar differentiation trends are observable 1in less
metamorphically altered platfprm seguences, such as the
Noranda region (Jolly, 1975, 1977; Goodwin et al., 1977;
Gelinas & Brooks, 1974). There, olivine and Ca-rich
plagioclase appear to be the earliest crystalline phases,
followed by ciinopyroxene and Fe-Ti opaques. Thus, the
liquidus for this platform Sequence appears to be olivine
and plagioclase, with clinopyroxene and Fe-Ti opaques added
when the liquid reaches intermediate composition. Jolly's

(1977, p.319) crystallization seguence:
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OLIVINE + PLAGIOCLASE; CL I‘NOPYROXENE + OéAQUES ;
ORTHOPYROXENE
N ﬁ, ‘
is supported by experimental phase data on mantle
compositions, c¢rystallized at low confining pressures. An
'extremely significant observation was the cht that, through
an increase of oﬁly a few kilobars pressure, orthopyroxene
" becomes an early crystallizing phase and thus lead Jolly to

the conclusion that these magmas underwent fractionation at

shallow levels (see also: Winkler, -1967, p.131).

B8.3.2 Domal Sequence

A dramatic change occurs in the transition from the

platform to domal sequences. - .In addition to.their less
mafic nature, the basalts-are”léss abundant (see Fig. .5.1)
;ith respect to intermediate ;ﬁé felsic rocks. Extruded
with these latter rock types are significant'vélum?s of
pyroclastic and brecciated material, indicative of a ‘more

fluid-rich magma.

) A large increase in the quartz-olivine normative ratio
(Fig. 8.1) 1is evident for basaltic lavas and suggésts that
this magma is much less "enriched in the more mafic

components than that of the platform magma. ' ”

Mineral data from the domal sequence«of - the less highly
metamorphosed Noranda volcanic complex shows that the

7
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earliest basaltic lavas contain olivine, clinopyroxene,
plagioclase and Fe-Ti opaque mineralogy (Jolly, 1977), with
orthopyroxene being, again, a late crystallizing phase.

Thus, the liquidus for this magmatic sequence appears to be:

OLIVINE + CLINOPYROXENE + PLAGIOCLASE + FE-TI OPAQUES:;
 CLINOPYROXENE

and is supported by experimental data similif@te\Fhat in the

platform sequence.

The presence of clinopyroxene as an earlier liguidus

phase neccessitates a 'higher pressure in the magma chamber
(Eggler, = 1974). Clinopyroxene, - therefore, suggests
formation of the magma at deeper levels. This is supported
by the pervasive presence of FefTi oxides in all domal
sequence rocks, a'feature enhanced by high water or oxygen
pressures (Osborn, 1965). These oxides are generally absent
in the mafic members of the platform sequence, and, taﬁen
with other evideng;, mentioned above, illustrates the

importance of fluid pressure in domal sequence volcanic

rocks.

8.4 GEOCHEMISTRY

Chemical variation ﬁithin the Bachelor Lake wvolcanic
pilé is reflected in the petrographic changes, previoﬁsly
described, for specific rock types at various stratigraphic
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levels. However, the chemical trends give a more intuitive
. .
view of the magmatic, evolution and suggest reasons for

preferred stratigraphic ore mineralizgtion..

Interpreéation of the chemical trends 1is aided by
statistical analysis, especially the data-reducing features
of factor analysis.” The summary in Table 8.2 was. obtained
by combining the chemistry and mineral data sets. Many of

the component loaéings in this summary are the same as when

the chemistry was factored separately (Table 8.3), showing

that chemistry is dominant in the mineral-chemical analysis.

The compohent variables are members of the input data

which, when sorted by factoring procedures, are ranked into

stronger. to weaker factors, in the order in which they

account for the variébility. pattern. They can then be
interpreted ’in terms of geologic significance, which is
aided by the offsetting positive and negative correlations
in each fac;or. Percentage of variance, or, contribution of
each factor 1is useful in comparison of similar éomponent

variables in the different geographic Areas. . Residual

factors are those with minor geologic significance.but which

do account for a small amount of*the overall variation.

8.4.I" Platform Sequence

Many platform sequences have recently been subdivided

. . . . . N
into two major units, a lower, mafic-ultramafic &cﬁlnated

/
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TABLE 8,2

Factor Analysis Summary -~ Mineralogy & Chemistry

b COMPOHENT GEQLOGIC '
AREA {1 PACTOR |CORR. | VARIABLES FEATURE % of VARIANCE
1 Too Few Cnses --- No factors possible
2 1 * FPe203,Fe0,T102,2n Differentiation 35
- 5102,A1209 .
2 + Ca0,Co, N1 Differentiation 20
- Pa0g
3 + Cu,Chlor Cu-metasomatism 12
- Rb '
] + Deform, Fragm Poat-Depositional 7
Tectonics
5-101% + Ba,Horn,Peld,Carb ,Ep Single Residuals 27
-\ Pyx
3 1 + Fezog,PeO,Mgo,CaO,Mnc, Differentiation 39
Co,N
- | 8103, Feld,Na20 .
+ K,Rb,Altern Mica Sericitization 15
+ Ti0s,Hormn Differentiation 13
- Quartz,Cardb
4 5,Cu,Act Cu-metasomatism (?)
5 Daform,Pragm Post-Depositional
Tectonica
6 Ba,3r / Residual [
' T=-9 + In ﬁeaiduals 13
- Hern ,Ep .
4 1 + | Pep03,Pe0,Ca0,Mn0,Co,N1,| Differentiation 35"
. Actin
- 5103 ,Nay0
2 + Al203,Mg0 Differentiation 19
- 51Cy,Pltern,Quartz
3 + K,Bb,Zn Metascmatism 12
4 + T103,P205 R&siduals 10
5-8 + Ba,S,Sr,Cu,Deform, Residuals 21
Pragm
5 1 + Fep03,Fe0,Mg0,K20,Mn0, | Differentiation b2
Ni,Co,Altern,Chlor,Quartz :
- 5102,4A1207 o
2 + Naz0Q,Ba,Rb,Sr ,Mica Cu-metasomatlsm 28
- Fez03,Cu
3 + Ca0,Hbld . Restduals g9
Yy //’1‘\\ T10>,S Residual 6
5‘-'{_\1-—J + Deform,Pragm,Actin,Carb | Post-Depositional 15
. Tectanlics
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TABLE 8.3

Factor Analysis Summary - Chemistry

COMPONENT
AREA FACTOR CORR. VARIABLES £ gf VARIANCE
1 Too Few Cases. --~ No factors possible
2 1 o+ Fe203,Fe0,T103,2n b7
2 + K20,Ba,Rb 26
3 + Mg0,Ca0,Mn0 13
4 4 Mg0,Co . 8
5 + Cu & )
3 1 +. | MgO,Co,Ni 56
‘ © - $105,Nas0
2 + Fe03,Fe0,T100,Mn0 16
3 + K»0,Ba,Rb 14
4 + "S,Cu
-5 + Sr
4 1 + Fe>03,Fe0,Mn0 45
- S105,Naz0
2 "+ | K20,Rb,Zn- 23
-l 3 +<] T102,P205 12
Uy + | A1203,Mg0 12
) - | 8%0p
5 + | S,Cu 9
5 1 + | Fez03,Fe0,Mg0,Ca0,N1 65
~ ' 5102,Nap0,K50 .
2 + Al03,X20,Ba,Rb,Sr _I;F\\\¥;
| - Fep03,Fe0,Cu '
. 3 + P505,8 10
4 + | T105,Mn0,Co 8
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(Magnesian) serieé, and an upper, mafic Fich*(Tholeiitic)
.series (Jensen, 1978, 1956; Jolly, 1977, 1975; Goodwin et
al,, 1977; Arndt, 1976; Naldrett. et al, 1;76; Nesb%tt et -
al.g’ 1976). While the mineral and chemical differences
between these units are not as obvith'as the change to the
domal sequence, i tﬁey are, nonetheless, distinct. Thé
changes ére usually éradual and somewhat efra%ic, due to
interlayefihg of rock (basalt-dacite-basalt) and series

(tholeiitic, czlc—alkaline, etc.) types.

| Rocks of“the'magnesian, basal unit have been described
in other regioqs (Viljoen & Gﬁljoen, 1969; Brooks & Hart,
1974; Arndt, '1976; Naldrett & Turner, 1977; Naldrett &
'Goodwin, 1977; Arndt et al., 1977) asrcontaining substantial
volumes of ultramafic lavas. These flows é%e characterized
by high MgO (10-40%), Ca/A1203, Ni (>150 ppm), Cf (>150 ppin)
and low FeOt (10-15%), Al203 (4-15%), TiO2 (<1%) \FeO/(FeO +
Mg0)  (<0.65) and' alkalies (K20 £0.15%), as |well as a
characteristic "spinifex™ texture. These rocks are further
subdiQided inté basaltic, pyroienitic and peridotitic, as
discussed.in section 3.4.8, and form a distinctive field on
the Naldrett plot. It has been pgip;gé. out that these
ultramafic lavas are interlayered with mafic and, more

rarely, intermediate volcanic rocks.

In the Bachelor Lake region, no true komatiites have

been found (lack of textural criteria) but some véry mafic
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flowg have been found in'the‘ﬁaéal section of Area 3. These
f;bws 'have ‘chemistry _;iﬁilafn . to .the least wultramafic
komatiite rocks .and fall iﬁ thé:"kbmatiitic“ field on the
Naldrett plot (Fig: 61%0).'; Thus, a.very mafic-ultramafic
base seems to be present’, and 1is supported by fhe chemic;l

factor analysis (Tables 8.2 and 8.3) for Area 3. . There, the

mafic components in Factor 1 (Mgo, Ni, Co) are inversely

correlated with felsic components ($i02, Na20) and account

for over half the total wvariance.

Slightly higher in the stratigraphy (i.e. central Area. .

3, and Area 1), and interlayered with thé sequence described
above, rock chem}stry changes to® a more iron-rich,
magnesium-depletéd composition, characteristic- of the
tholeiitic magma series. Here, MgO has decreased (4~10%),

in the mafic rocks, - while FeO (12-18%), Tio2 (>1%) and

alkalies (K20 = 0.15-0.35%) have all increased with respect .

to the magnesian sequence. Al203 remains fairly consiant
(10-14%), "except for the ultramafic bodies in Area 1. ~The
transition to a tholeiitic trend is éonfirmed by chemical
factor analysis (Fig. 8.2 and 8.3) in Area'2. FeOt-TiO2
have become accountable for a far greater proportion of the
total variance thaﬁ in the more mafic-ultramafic components,
such as MgO0, Ni and Co. These changes can be explained by
either "magmé fraétidnation, or' lower degree of pariial
melting.

-y

- 212 -



= T . ’ U e S

. P
L . . . R . .
st N /” .

MY ) B o

e . .
. . . . . ¥
P i v

e . - -

The compositions for rocks in Area 2 agree well with N Y

a2 iy el

vaiﬁes listed for-‘tholéiitfc sequences.ﬁin the references
cited above. They are indicative of - rélatively primitive
magmatid material. In addition, trace element comppsi@ions
have also’changed, usualiy Following the-tepdency of ioni?.
substitution for major elements. Thus, Ba and Rb increase
following large cations such as sz; Zn, Cu and S increase,
prabably as independent sulphiaes, and Ni and Co decrease,
mirroring the MgO decline. Unfﬁ%tunately, many studies fail
%o include trace element informapion making comparative data

relatively . scarce. Limited published trace element

information (Baragar, 1977; Goodwin, 1977; Larson & Webber,

1977) tends to confirm the platform daE?.
. , =

‘Several authors (Jensen, 1976, 1978; Jolly, 1975, 1977;
| Chdrqﬁif'1975)- have disparaged the use of alkali values'fq
variation diagrams as well as in general geochemical trends,
citing kigh elemental‘mobility. The low énd constant alkali
valueé ;; thesé mafit'iavas preclude their contamination by
seawvater réaction or metamorphic mobilizatioﬁ.
Conscientious sampling techniques on large numbers . of
specimens eliminates this problem, exceﬁt for very lgcal,
isochemical changes.'

—

Workers harbouring an’ alkali anxiety may prefer a
diagram'exciuding these phases; in lieu of the-"ﬁbre stable™

elements. Both the Naldrett and Jensen diagrams (Fig. 3.5

k]
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and 3.10 ) ‘are useful for thls purpose, the former being
more su1table fofw;ef1c and ultramaflc vdlcep;c rocks.‘ The
~ value of such dzagrams in evaluation Q@ stratigraphic field
date is well illustfated by the plots 'in Chapter 6 and by a

comparison with similar volcanic complexes in other regions.

Such diagrams are available for “the Noranda complexA
* (Fig. 8.2). There, ahEEFority of data points from the
basal, magnesian suite (i.e. Munro-Bowman-Hwyll groups) fali_
in the "komatiitic" field, with the few interlayered
tholeiitic rocks lying in the tholeiitic to' intermediate
.basalt’fields. Basalts in the upper platform sequence {i.e.
loﬁ;r Garrison‘Group) fall 1n the tholelitic to 1ntermed1ate
t1eld vhile the highest platform stratlgrephy (1.e£ upper
Garrison Group) contains considerably more intermediate and
numerous .alumina-rich rocks. This progression in the
platform sequence forms a dramatic illustration of the major
chemical trends involved in the MgO to FeO-rich and finally
independent, Al203-rich trahsitions. Similar,-although less
detailed results have been documented fqr.oﬁher Archean
platform sequences (see Fig..3.6) . Naldrett plots for the
Bachelor Lake platform (Fig. 6.11) are also strikingly

similar to the Noranda complex, except for the minimal

magnesian suite,

Rocks of the platform Sequence, Areas 1, 2 and 3, form

a unimodal Si02 distribution, strongly skewed to the left
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Figure 8.2: Major Chemical Trends in the Noranda Complex
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(Fig. 8.3 A). In this respect, it is similar to other
platform sequences, such as,thé average Abitibi groups -and
the Proterozoic Burin Group of Newfoundland (Fig. 8.3 C;D).
These lognormal distributions are common in such primitive
.volcanic piles which contain a predominahce of mafic~

"ultramafic rocks.

8.4.2 Domal Sequence

Rocks éf' “.domal—" sequences _ are 'perhaps the best
d?cumented of any Archean strata, since they contain the
majority of .economic mineralization. The transition from
tholeiitic rocks of the upper platform_sequepce is suddenly

apparent in the calc-alkaline dominated chemistry, but as in

the lower stratigraphic sequences, some interfingering (in

this case with tholeiitiec flows) is maintained. These
. o .

chemical trends are overshadowed, to some degree, by the

increased nce of intermediate to felsid rock types.

However Ahe changes: are most apparent when considering
N\

basalts, tégreby allowing comparison with lower seguences.

I —
- - v

: i

Most/ noticabﬂe'is{ the cessation of the tholeiitic,
iron-enribggsyt*\gigzg}f In fact, averages of both iron
(11-12%) and magnesium (5%) decrease considerably in these
basalfs, with a slightly smaller Fe/Mg ratio than in the

tholeiitic sequence.

_further important change is an

increase in alumina f15-17%) and alkalies (K20 > 0.50%)
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relative to both iron and magnesium. These trends are
clearly shown on the AFM and Naldrett plots in Chapter 6 and
result in continental classification on the Pearce plot,
Alkali values in basalts of the domal sequence continue to
increase from the base to the upper strata.. Trace eleﬁeﬁts
closely follow major element trehds, with Ba (>200 ppm) and

Rb (>20 ppm) inéreasing with K20. :

Factor analysis component groupings (Tab. 8.2 and 8.3)
show that the FeOt~TiO2 dominance, present inrthe upper -
platform sequence, is considerably reduced, with FeOt now a
substantially weaker componént loading and Ti02 shifted to a
third factor of minor significance. As -1in the lower
sequences, differentiation is still - the most important

factor, governing about half the overall variation.

Silica distribution for rocks. in the domal sequence
(i.e. Area 4 and extreme upper Area 3) forms a unimodal
pattern, very slightly skewed to the left (Fig. 8.3 B). The
lower frequency of mafic rocks questiGES“thg//;;thod of
sampling and strafigraphic division, since some other areas,
such as the Proterozoic 'Marystown Group of Newfoundland
(Fig. 8.3 E) retain logarithmic distribution for the domai
seguence, However, the unconformity between the Bachelor
Lake platform and domal sequences Segm; toi’be a logical
stratigraphic divisiop, and sampling procedures were

carefully standardized.
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- These features all suggest that the domal séqhence is a
more evolved, primitive;continental sequence, containing
increased volumes of intermediate and )felsic rocks. It ‘is
similar in chemistry to other Aabitibi regions including
.Noranda. Figure 8.2.shows the lower Fe/Mg ratio and higher
Al203 distribution of Blake River (Domal) basalts, relative
to the corresponding platform sequence.

’

8.5 A MODEL FOR THE EVOLUTION OF THE BACHELOR LAKE BEGI(BN

8.5.1 The Crust in the Early Archean

The nature of pre-greenstone terrain® is controvefsial
and poorly defined. It is a subject beyond the scope of
this study, bpt is important in considerations of the
tectonic evolution of thesé volcanic belts. Many authors,
particularly those in the northern heﬁisphere (Windley &
Bridgewater, 1971; Goodwin, 1972; Windley, 1973, Kroner,
1976; Bald, 1977: Baragar & McGlynn, 1977; and Gorman et
al., 1978) have provided convincing arguements that the
early Archean crﬁst-(i.e. 3.8 - 3,5 by) developed an upper
sialic fayer upon which the younger (i.e. 3.5 - 2.5 by)
volcano-sedimentary sequences were deposited. The older
units are preserved as high-grade tonalitic gneisses/plutons
~and amphibolites, due to polycyclic mobilization. Thus, the
bésic assumption for the model of greenstone belt evolution,
proposed herein, is that the crust contained an extensive

sialic component at the time of greenstone depésition.
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Another,. coﬁmonly accepted éssumption, is a much
thinner crust than in lqtef eras. This crust was rendered
fairly supple by its lesser thickness and by the greater
héat flow due to radiocactive and grav1tat10nal energy
feleases. The formatlon of granite-greenstone te:razns may
héve helped- to. decrease the upper geothermal gradlenp,
allowing a more stable thickness of crust. |

-

8.5,2 Greenstone Belts

_ Any model proposéd for the formation of greenstone
belts must account for common features found in these
supracrustal regimes throughout .the  world. It pust,
however, be flexible _enough  to allow thé inherent

differefices in each belt.

Most greenstone belts consist of distinct metavolcanic
and metasedimentary assemblages as previouslyﬁ described.
The sequence of a magnesium-rich, ‘gometimes komatiitic,
basal member, overlain by a "tholeiitic group and followed,
in turn, by a calc-alkaline upper group is extremely common
but ié not found in all regions due to incomplete
preservation of the lecano~sedimentary pile. " The
proportion of sediﬁentary rocks is variable, forming narrow
horizons in some regions and major belt components in
others. The - supracrustal units form synformal structures

wh1ch lie between extensive granlte and gne1551c bedies.

>
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‘8.5.3.1 Creation of a Platform Sequence

- Mafic and ultramafiec volcanic rocks, present in the
lowest part of greehstonq cycles were probably erupted
through a tensional fracture in the primitive crust, with
distribution of fissures controlling the geometry of surface
volcanism, Few fissures would provide a low shield volcano

due to the very low magmatic viscosity, interflowing with

other volcanoes produced some distance away. More abundant

.local fissures would pProduce greater volumes of lava and

thus increase the vertical thickness of the pile,
Composition of these initial flows would depend upon the

depth of rifting (i.e. depth of tapping into and composition
of that part of the upper mantle), the degree of partial
melting, and the speed of ascent ané level of emplacement of

the magma.

— ! L]

Due to the greater density of mafic—ultramafic'rocks
(sG = 2,9 - 3,3) overlying the presumed sialic crust of
tonalitic composition (S6 = 2.7) some depression of the
crust must have inevitably occurfed via gravitational
forces. Greatest deprqu}pn‘ would occur closest to the
centers of volcanic effusion, ~ thereby keeping the rift
active. A buildup of material at the cuter edge’ of the
volcano {(and possibly from nearby volcanoces) may have causeq
marginal subsidence. Continued subsidence of the central

portion of the pﬁle, due to additional wvolcanic
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accumulation, would result in further weakening of the
basement and creation of a central basin. STtutation
represents the tectonic regime in effect ¢ during the
formation of the lower, platform sequence in the Bachelor

Lake region (Areas 1, 2 and 3).

Evolution of the greenstone belt, to this point, is
similar to that envisaged by Gorman. et al,(1978) in the
early stages of their model (Fig., 8.4). Their discussion,
based»upan the tectonic-density modelling of Ramberg (1971,
1373), indicates that the marginal subsidence of the complex
caused centripetal and upward mpbiiization of the basement
into plutonic domes. Tﬁese tonalitic plutons could be
generated by partial melting of garnet-amphibolite/eclogites

or from remobilized cruyst.

Further central subsidence would lead to some degree of
lateral shortening and a steeper topographic gradient toward
thé center of the basin. The depression of a thick pile
(10-15 km) of_ dense volcanics, as wéll as the underlying
sialic basement, into the deeper’ crust may account for the

hiatus in volcanic activity.

'y

s n

.This cessation of volcanism, as described in section
5.3.3. is shown initially by the appearance of thin*bédded
chemical sediments, interéalatgd with tholeiitic volcanics
and finally a 1-2 km. thick clastic wedge. The wedge, found

in NW and SW Lesueur Township, on either side of the
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[2] oomar  vorcamics B scoments
PLATFORM VOLCANICS SIALIC BASEMENT

a) Subaqueous deposition of Platform sequence volcapicu.
b,¢) Additional voleanic a:cumulation and depression of the pile via gravitational instabllity.
Hote lateral shortening and progression to shallow water deposition.

Eroslon of erxposed landmasr to produce clastic wedge.

Biuae of pile 15 fuprther depressed and partially melta to form & calc-alkaline magma.
Hute lateral compress.on.

a

~—

e) Continued partial mel.ing forms more magma and creates the Domal {subaquecus and
subaerial) sequence.
Lateral compression continues. : . .

£} Pinal tectonic expresiion (le. pre-erosicnal aurface). .

Figure 8.4: Sehematic Illuskration of Greenstone Belt
Evolution (mod. after Gorman et al, 1978)
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- regional synclinal axis, has been noted to pinch out east
and  west. - Depqsition of such coarse clastics, including

cobbles and boulders of granitoid composition, - implies a

reasonably close source area, with deposition aided by the

steeply sloping central basin, The elongate nature of the

clastic wedge suggests that the original basin was elongated
! . . - .

in a NE-SW direction, since there is no indication of later

structural elongation.

B8.5.3.2 Creation of a Domal Sequence

Depression of suprac?ustals} ‘and underlying sialic
baézment‘ intg deeper crustal regions eventually leads to
their melting and remobilization, This activity forms the

"inverted-mushroom" of Gorman et al.(1978), causing the

partial melting of garnet—ambhibolite- at depth, thereby

producing calc-alkaline volcanism within the center of the
baéiq (see Yoder & Tilley, 1%62; Green & Ringwood, 1966,
1967; Best, 1969; Green, 1972;. Cawthorn & O'Hara (1976)).
'fhis does not imply éhat volcanism becomes entirely calc-
alkaline, for tholeiitic. lavas confinue to be extruded and
‘intercalated. Rather, ‘extrusives of calc~aikaling
volcanics, andesites;in particular, become more frequent and
volu?etric éomponents of the pile. As the calc-alkaline
magma aifferentiates; felsie- rocks, 1including pyroclastic

var#eties, become more abundant.

(%9
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Late plutonic rocks are also products of the cale-

. alkaline magmas. In the Bachelor Lake region, these include

synorogenic gabbro bodies in eastern and western Lesueur -

Township and late granitoid bodies near Bachelo;“ and*Billy
'Lakes (Map - rear pocket). Gorman et al.(1978) sﬁggest that
contemporaneous basement uplift forms iarge plutonic
structurgs (the "gregarious batholiths" of MacGregor, 1951)
which fﬁrther compress the volecanic pile and, through
erosion, provide detrital sédiments to the central basin.
The present study, however, indicates that some basement
remobilizétion began earlier than their ﬁrOposéd final
stage, since ‘much sedimentary detritus wég- transported
before and during _the early stages of calc~alkaline
volcanism.

L

8.5.3.3 Evolution of Greenstone Belt Magmatism '}

Archean volcanic complexes display the same maéhatic
progression, from magnesian to tholeiitic to calc-alkaline,
in th@} evolution of the Bachelor Lake and other volcanic

piles. Whilé not completely preserved in all regions, the

transition is ubiquitous, and evidence for a genetic link

between the magmas must be considered.

- A

The magnesian magmatic series is always oldest and
production of such lavas reguires a'high degree of pértial
melting in the mantle (Viljoen & Viljoen, 1969: Green, 1972,
1975; Brooks & Hart 1972, 1974). It is difficult, however,
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to bring a peridotitic magma to -surface without:

*

crystallization, 51nce ;he liquidus phases would constantl{f

W

struggle to separate.

4
o

. Melting could be achieved at 1560-1700°Evunder deep
qlevel (200 km), anhydrous conditions (Arn&tﬁ 1976- Wyll1e;
1971) 'aﬂé must then rise adlabatlcally to ‘crustal levels.;
The  instigating factor for the initial~-melting is
controversial and suggestions ' have lneludee‘ removal of
crustal naterial and shock penetrarion of .the_mantleflby
meteorite impact. Timing of najor meteerite‘showers-'is
somewhat displaced from the'perlon of Archean ultramefic
production, _however (Naldrett +.1973) and a more ‘plausible
explanat1on may be melting over conductive mantle plumes and

subsequent rift- -tapping (Neldrett and Turner, 1977, p.90);

The need to .retain a propqrtﬁen of tne ultremaflc
cumulus, 1lest the magma fract1onate to.a maf1c comp051t10n,
~_requ1res rapid and probably turbulent ascent To this end,
several authors (Green, 197%,‘ 1975; Brooks & Hart, 1972,
1974; Arndt,p1976; Naldrett and Turner,01977) have proposed
a diapiric ascent of the magma, Naldrett and Turner (1977,
p.92-95) have produced convinciné arguments that the process
must -include a multi-stage or possibly continuous removal of
interstitial liquid, thereby remouing garnet, the densest
"phase, and extrudiné basalt. . This, in addition to the high

temperature, maintains positive buoyancy and allows the melt

NE

)
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to risé’ near surface where it conszsts of 65-70% olivine
crystals and 30 35% melt. Future stud1es expanding on
sketchy rare-earth trace eiement da;a i(see Sun & Nesbitt,
1978; Hawkegworth & O'Nions, 1977; Naldrett & Turner, 1977;
Nisbet et al., 1977; cCondie, 1976) 'may improve'thig part of
the model. '

It is unclear if the wultramafiec magmas described above
are parent. to the overlying tholeiitic sequences {(once
g:;:tionated), but'it‘is,a strong possibility fér at least
part of the sequence, once the ultramafic components ar;
extruded. Few ultramafic f}ows occur in the tholeiitic
sequence, suggesting a cessation of ultramafic éblcanism.
However, ultramafic 1ntrusxons, such as the bodies 1n Area 1
at Bachelor Lake, may be connected to the once-diapiric
chambers. In any case, new thole11t1c magmas are probably
added to the volcanic regime, as discussed in section 8.3.2,
Gravity subsidence of the basinal structure would carry
partially hydratéd 'crustal material a short distance into
the crust where a relativelg low degree of partial melting
would produce Eholeiitic magma‘(Kﬁshiro & Yoder,‘ 1969).
Major element and miner?l composition of -this material
should be fairly close to that of the final, fractionated
' stage of the magnesian magma. StudieS'qf rare-qgrth element

data may, again, .prove useful in delineating parentage of

these rocks.
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One parameter of tholeiitic lavas in the Abitibi belt
is'quite certain: the lavas fractionated at shallow depth
(Naldrett, 1970; Baraéar, 1972; Jolly, 1972, ‘1975). The
latter author explains this phenomenom by the absence. of
early drthopyroxeng& Abundént experimental evidence
indicates that pres;h?e_above a few kilobars precipitates
this’ﬁiase at an early stage of fractionation (see also:
Winkler, 1967, p.131).

r Transition to the calc-aikaline magmas, dominant in the

-t

1

domal sequence, has been described in previous sections as
‘sudden,and distinctive, dﬁe'reason for the rapid_éhange'in
the Bachelor Lake region is ° that, during transition’'of the
magma series, a' hiatus in volcanism occurred and may
therefore have limited transitional 1lavas. This cessation
is marked by the clastic sedimentary wedge, described in

Chapter 5.

It must be remembered that the centrfl basin continued

to subside, as discussed ' in previous sections, bringing -
]

quantities of ‘hydrous supracrustals deeper into thb crust.
Higher water cgftent in these rocks allows considarably
lower-melting Ltemperatures and decrease in the degree of
partial melting..= It Qould be expected, therefore, that all
" rock tgpes would be less mafic (i.e. lower FeOt, MgO; Higher

Al203, alkalies) than the platform-sequence.

N
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The increased water content in calc*alka}ine magmas has
further importance since it 1éads to terminat{on of the
iron-enrichment trend present in the iholeiitic series.
Jolly (1975,1977) cites experimental evidence that higher-
£02 allows  rapid production of Fe-Ti oxides, yielding Fe
depleted 1liquids. In addition, consumption of Fe by

clinopyroxene also prevents iron-enrichment. Additicnal

evidence for the increased water content in the magma is

-provided by a parallel increase in more felsic and 

pyroclastic rocks,

A

Chemical trends on most variation diagrams provi

relatively smooth curves for many elements. For example;

Al203 andralkalies tend to increase é;r_each rock type, at

higher stratigraphic levels, while Mgo, Ni and Co

correspondingly decrease. These patterns suggest magmatic -

evolution but are complicated by the interfingering of both
fock and magmarseries types, especially pear‘%he contacis of
" the three_main sequences., This is true'ében'fﬁr detailed,
small-scale, peffochemical studies such.as that of Larson &

Webber (1977) in the central part of the Noranda region.

J

the evolution of a particular magma, the volcanic complex is

. seen as a progression in vertical tectonic style, possibly

with numerous volcanic sources of one or two magma series .

operating concurrently. Naturally, these developments are
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preserved only because of increased stabilization of the

ustal structure.

Structural Features of Greenstone Belt Orogenesis

genic processes during late-stage formation of
greenstone belts placed severe strain' upon the supracrustal
rocks and some evidence Bf adjustment to' those forces has
been preserved. Explanation of these tectonic‘ features

helps to interpret present relationships within the belts.

The orogenic modelling experiments of Ramberg (1971,
1973) have shown that, for the conditidns previously cited,
most forces are compressiye; Baéement mobilization at_the
margins of the . belt are most intense, with the strain
released in recumbent folds and, finally, \\high angle
thrusting along bedéing planes, The degree of thrusting is
dependent upon thé magnitude of marginal mobilization but is

1

always directed to the center of the synclinal pile.

qaulting éppears in Area 3 of the Bachelo; Lake region,
where it is displayed by the regularity of the Opawica Lake
drainage system,’ parallel to the bedding. These were
originally »l considered strike-slip - faults, until
petrochemistry revealed the area as the most mafic suite in
the entire study region. This was surprising in view of its
close position to the regional schlinal axis. In the

central part of the région (Area 4), similar stratigraphy
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occurs on both sides of the axis, whereas in the'eastf the

predomlnantly tholeiitic lavas of Areas 1 and 2 are mlrrored

by a much more mafic sequence in Area 3. . The hypothesis of

northward thrusting in the.latter is supported by a few

narrow bands of calc-alkaline andesites within the
'predqminantly magnesium~rich basalts. These andesites are
interpreted as remnants of higher stratigraphic slices
caught wup in the displacement. The northern 1limit of
thrust&ng occurs at the Gand-Lesperance township boundary,
north of which stratigraphy appears very similar to Area 4
to-the west. These include theWharacteristic felsic lavas
and pyroclastics as well as éalc;alkaline intermediate
lavas. The entire sequence, however, appears displaced to
the north by NNW-trending faults. '

Toward the center of the volcanic pile, the compressive
forces were less severe and are represented by less intense
1soc11na1 folding. Several m1nor_:sync11nal features are
shown in the map in the rear pocket.  Annhaeusser (1974)
suggests that, in this part of the tectonic regime, high
angle thrﬁst faults tend to shear out anticlines. The
degrge of isoclinal folding ‘is more apparent in detéiled
underground structural mapping at the Coniagas minesite

(Fig. 7.1),

A schematic illustration of this type of orogeny (see.

Fig. 8.5) is provided by Gorman et al.(1978), and suggests
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the appéarancel in plan, of greenstohe belts eroded to
various crustal levels. The plans involve a high degree of
baéement mobilization, perhaps similar to 'some of .the
arcuate belts in the western Superior Province, However,
allowing for a less intense deformation, as in the Abitibi
belt, . they do resemble some of the features of the Bachelor
Lake region. Similar structural features have been reported
by Wilson et al.{(1977, p.361) in the western Superior
Province, ‘ ! “ '
Gorman et al.(1878, p.33) state that thrusting in
greenstone belts is rarely reported, but do cite a few
worldwide examples, including two in the western Superior
Province. An indication of thrusting in the Norandd region
(Cadillac break) is also mentioned. It is proposed by
Gorman that both the Porcupine-Destor and Larder Lake-
Cadillac fault systems represent similar high-angle
thrusting since both. sysfeﬁs dip steeply toward the center
of the basin (Jolly, 1975, p.201)., Other, possibly similar,
systems.in the Abitibi belt are illustrated (Fig. 8.6) by
Kalliokoski (1968) and Jolly (1976). The lack of
recognition of these systems .as gravity-induced, thrust
sheets may lie in the absence of detailed structural mapping
and scarcity of petrochemical  evaluation of the

stratigraphy.
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8.6 RELATIONSHIP OF OREBODIES TO ARCHQ_N VOLCANIC BELTS

8.6.1 Ore Deposits of the Lower Platform Sequence

Major occurrences of Ni- sulphides have been documented
1ﬁ recept years, as intimately associated with spec1f1c host
rocks (Eckstrand, 1972; Naldrett, 1973; Arndt, 1976, 1977;
Naldrett & Turner, 1977; Arndt et al., 1977: Wfl#on'et al.,,
1976, 1977). Although they may occur in a wide variety of
tectonic environments (Naldrett, 1973), a majority bf_
important Ni-sulphide concentrations in Archean ;reenstone
belts are found within lower platform sequences, and,\ in
particular, with the most ultramafic rock types. These are
the ultfamafic bodies of Naldrett's class 1-(ii), occurring
in ° "orogenic belts"” and tied to contemporaneous,
eugeosynclinal volcanism (i.e. prior to major folding). The
scarcity of wultramafic rocks in the Bachelor Lake region
virtually precludes this ore type, but their common presence

in other regions makes them an\\iggggziﬁf feature in

greenstone belt evolution.

Potential réserveS'of this type of ore are provided by
Naldrett (1973, p.4-6) and illustrate the superior volume of
production plus reserves in the Australian and South African
shields, with respect to the Canadian shield. The reason
for this disparity must be investigated, in view of the
_ apparentlf common occurrence of suitable rock types and-

magnesian sequences in Canada.

- 235 -



e

One strand of evidence for the lack of major Canadian
nickel deposits of this type is provided by an observation
of Arndt (1976, p,647). He states that, although the mafic-
ultramafic rock assemblage of Munro Township has mény
similarities to those of regions with Ni-sulphides, no
ultramafic .rocks with greater than about 36% Mg0 are
preseht. Numerous references are cited and show that highly
alivine~rich rocks-are' host for. most of these deposits,
especially thése of the Eastern Goldfields 'region, in
Australia (see Naldrett & Turner, 1877). Naldrett &
Gasparri (1971) and Eckstraﬁd (1972)  describe some of the
small, Ni-sulphide bédies in the southern Abitibi belt and,
while yelating that some of these have nearby spinifex~
textured flows, all the sulphides are contained in the more
massive ultramafic boéies, . as basal intercumulus
depositions. Howéver, T little published whole-rock
geochemistry is available for these host rocks. The nafure
of the metal-host association must lie in the formation of

highly ultramafic lavas.

Most Ni-sulbhide‘ deposits are considered to form from
emplacement of a -sulphide magma, generally {q intimate
association with an ultramafic host silicate melt. Assuming
that the sulphur is dérived from a primary mantle source, it
'would be necessary to tap {(see subsection 8.5.3.3) deeg
nickel and sulphur bearing levels (300+ km) . This can be-
achieved only by a deep, 50-70% partial melting of pyrolite

el
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(primitive mantle composition - Green & Ringwood, 1967) and
long, adiabatic rise before separation of thé partial melt
“and refractory residuum. Lesser partial melting (30-40%f or
higher crustal melting would produce only a basaltic m;gma
{Green, 1972; Naldrett, 1973), incapeable of Nifsulphide
mineralization, Arndt (1976, p.GSQ) cites evidence that the
Munro lavas . were, in .fact, of 'initial pyroxenitic

composition. This could have resulted from either a lower

degree of partial melting or fractionation of the olivine-

rich magma, but, in any case, they were more evolved than
the peridotitic magmas assgc1ated with Ni-sulphide deposits.
High degrees of partial melting, following a rapid diapiric
rise will ensure a molten state for the sulphides, thereby
allowing their solution in the silicate melt "and eventual

co-effusion, It is probably the original depth of diapir

formation and subsequent rapid ascent to surface that-

determines if a magma will contain suspended Ni-sulphides,

It has been suggested (Naldrett, 1973,. p.10) that the

preponderance of Ni-sulphide ores in the Archean and early
Proterozoic was caused 2? sulphur depletion of the mantle
during these eras. Sulphides present would -tend to
concentrate in partial.melts, ‘ leaving a sﬁlphur-depleted
mantle after successive partial ﬁelting. In a similﬁr
rcontéxt, it may be useful to note that greenstone'bel£5‘with
larger and more abundant Ni-sulphide déposits (Australia,

%
South Africa) have been noted to formearlier (3.0-3.5 by)
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than the less Ni-rich Canadian belts {2.7-2.9 by), possibly

reéﬁlting from this time-oriented sulphur depletion,

A useful indicator of potential mineralization in these
mafic-ultramafic sequences lies in metal ratios of the host
rocks (Table 8.4) . Average Cu/{Cu+Ni) ratios associated
with NaLdrett s class 1-(ii) bodies are very low (Australia:
0. 062‘ Rhodesia & South Africa: 0.048), reflecting the
pr1m1t1ve, magnesium-riéh* host magmas. The tendency for
thlS ratio to increase in rocks from per1dot1te to norlte is
welll known - and may therefore be a gauge of magmat1c
evolution. For instance, the less primitive nature of the
Munro Townshiﬁ sequence has a strikingly higher  ratio
(0.226) and is even- higher for more evolved (i.e. less
'ultramaf1c) bodies (Naldrett 1973, p.4-6). Metal ratios
for rocks hosting small, cCanadian Ni-sulphide deposﬁts of
this type have not been published. The increasing

1mportance of copper relative to nicKel, in less ultramafic

bod1es is supported by a few small Cu-Fe sulphide
(e.g. Potter and Potterdocal mines in Munro Township) in soms

lower platform seguences.

Significance o6f the above discussions to the Bachelor
Lake region may be questioned, - in view of the previously
mentioned scarcity of dltramafié (i.e. lower magnesian
sﬁﬁtel rocks. However; a few specimens collected in the
lowest stratigrabhic _ﬁnits ‘of Area 3 are chemically
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Selected Metal Ratios for Potential Host.Rocks of Ni-

TABLE B.4

sulphide Deposits

'
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¥ Naldrett (1973, p. 415)
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‘in Area 3 basalts (Table 8.4) are lower than anywhere in

equivalent to basaltjic komatiites and thus have mafic-

ultramafic affinities.

Mean basalt. ‘values for Area 3 (Table 6.1) are tﬁe-moﬁt
maflc (1.% high.MgO, Ni, Co, CaO S5r; low FeO, Tioz)'in “the
region, ThlS is supported by the strong component loadings’
of “these elements in the Yhemical factor analysis (Tables .
8.2 and 8.3) » Of particular importance i; the factoggé“
chemical components is the very high proportion of variance

(within the firs factor) of Ni and Co, with subordi té Cu

(factor 4) and residual 2n. Furthermore, Cu/(Cu+Ni) f tios
he
platform Sequence and similar-to Naldrett's values for lower
Abitibi sequences., They are probably tog. high to be
significantly-nickel-bearing, but are important in that they -
increase upward in the stratigraphy and thus indicate an

evolving magma.

Features described labove for the lower Bachelor Lake
stratigraphy provide evidence of a magnesian sequence which
ﬁas been encountered at the lowest stratigraphic level in
the present study.. Future mapping may encounter deeper

levels in the pile and further delineate‘phis sequence,

8.6.2 Ore Deposits gg‘the Upper Platform Sequence

Metallic mineral concentrations in t@e thick,

predominantly tholeiitic wvolcanic Successions of the upper
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platform sequence rarely form economic mineral deposits

(Wilson, 1976, 1977). Reasons for this may include the low

——

volatile content of magmas and lack of localized heat

sources near surface, résulting in' the absence of an

enduring geothermal system.

~ "

The transition from ultramafic volcanism in the lower

platform sequence to mafic effuSion in the upper piatform

. sequence removes the availability of nickel sulphides, as

-discussed in the last subsection. Tholeiitic volcanism may

result from eitiﬁf fractionat%on of the pmreviously formed
ultramafic magma ; or lesser degree of partial- @elting to
aroduce new magma sources (or a combination of botf§). In,
any event, deep mantle tapping does not occur. Confersely,

the volcanic pile has not evolved sufficiently to produce

-deposits as found in the upﬁer, domal sequence.

Mean basalt values for . Area 2 (Table 6,1) shqy-that,

relative to the lower platform. sequence, nickel has
&) . :

decreased ‘buf both copper  dnd zinc 4re significantly

increased. - Similar' conclusions are prpviaed' by the

Cu/(Cu+Ni) ratio (Table 8.4) which is higher for Area 2,

‘thereby revealing a more a vanced magmatism. Increases in

both zinc and copper maiptdin Zn/(Zn+Cu) ratios at levels

similar to the lower“platform sequence.

~_

"'Suppogt is leant to these trends -by chemical factor

analysis (Tables 8.2 and 8.3). 1t 1is significant  that

-
-
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‘nickel and cobqlt ‘have fallen from are first to second

A,
factor, while zinc has become one of thelcomponent variables
in thé first ﬁabtbrg Copper, however, seems to be a.
residual factor. Both copper and zinc tend to increase

upward in the stratigraphy of Area %:

Explanation of the trends, described above, can be
found in the nature of .magmatic evolution of upper platform .

R [}

sequences. As explained in section B.5.3, density inversion

created . by mafic-ultramafic rocks of the lower platform

-

- sequence would cause a depreSsion.'of the upper crust into
“the lower crust and upper mantle. - Partial melting would
' then produce ‘baséltic magmas. Since the crust, at this

time, had‘presumably evolved to /‘some degree of Sialic
geochemistry (see sectiqn‘B.S.l),"zinc and copper, among
other elements, .would be expected in greater ‘abundancé in
the newly-formed magmas. Increases in'abungdnces of these
‘elements would be expected as increasiﬁg volumes of material

were added to the pile, thus continuing subsidence and the

recycling process. :

Thé 'abo e process'ﬂis- gradual, however, with no
mechanism available to concentrate the metals. .Only a few
minor ores até’formed, such as the Maybrun deposit, Ontarig -
(Wilson et al., 1§76; 'p.14)7  There, chalcopyrite occur§>
interstitialiy to  basalt pillows. . Other, r'mingr

concentrations are present in upper platform sequences as
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scattered shoﬁings and prospects of sﬁb-economic importance
(see Grenier, 1967; Duquette, 1970}. Further evoluticn of
the volcanic complex 1is required concentrate these

N

elements.

8.6.3 Ore Deposits of the Domal Sequence

8.6.3.1 Introduction _

| Ore deposits accompanylng the ‘transition to the
dominantly calc- alkallne volcanism in this sequence . would/é
expected to be markedly different from those of the .lower
magneéian and tholeiitic-rich ijolcanism and:Jggﬁociatéd

tectonics. Here, the metals \which became .incrdasingly

abundant, upward'ﬁn the platform sequence (Zn and Cu, among
ofhers) become suff1c1ently concentrated, for the first
time,  to form massive sulphide dep051ts. These are
represented, in the Bachelor Lake region, by the Coniagas
orebody and, with less certainty by the Soquem proépect. it
is proposed that this final ;tage of greenstone belt
evolution is essentiélly a recycling stage, possibly begun
~in  the upper . part of the , platfor®__sequence, and
concentrating, by hydrothermal leaching of previously formed

crustal material.

8;6.3.2 . Coniagas Massive Sulphide Deposit _
Common features of this type'of ore deposit héve been

o !
- well documented (Hutchinson, 1973, and others 1971, 1973;
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Sangster, 1§72, 1980} Mennard, 1973; Spence, 1975) and only
a brief review is neccessary for comparison with the

Bachelor Lake ores: | - I
' . ~
l. Occur within a domal volcanic complex (30 km. in

diameierf. . .

2. Ore deposits tend to occur in clusters (one or two
large-deposith and numerous smaller ones) within

the domal complexes.

3. Associated with the loci of abundant felsic
volcanic rocks, wusually at or near the upper part

of a mafic to felsic volcanic succession.
. . .

4. Ores are conformable with the enclosing

stratigraphy.

5. 1Individual deposits contain, on average, 6 million

tons of ore, grading 6% combined base metals.

6. Metals, in Archean depdsits, occur in. a rough

ratio of-4:1:§i_for Zn:Cu:Phb,

7. Prominent miiii zoning, in undefdrmed deposits,
with 5 barren pyrite top, underlain - by a
sphalerite-galena-pyrite unit, which.is “usually
bandedrparallel to the host rocks, followed by a

chalcopyrite-rich base. J
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8. Distinctive alteratiom zone beneath the ore

deposit, usually atcompanying a stringer ore zone

‘ with fra;}pcg<fi}led host rock. .
Many of these" features are illustrated by Figure 8.7,
shoding the geology of some deposits in the Noranda region.

Description. of the Coniagas orebody, in Chapter 7,
.revealed many of the above characteristics. The general
environmént is similar (i.e, within a,large, domal complex,
containing abundant intermediate and felsic volcanic rocks.
‘ However, the depositj appears to be unique in that despite
intense local exploration, it is the only concentration of

. economic massive sulphides.

Coniagas ores occur within the upper part of a mafic to
felsic succession (Fig. 7.1}, and are conformable to the
host. rocks. Ore volumes are loﬁ, with'respect to average
Canadian deposité of this type.{see-Sangster) i980) but this
may be explained in terms of the metal ratios (Zn:Cu:Pb =
13:0:1). During mining in the mid' 1960's, when metal
markets were highly volatile for base metals, the company
excavated much of the extremely rich zinc ore, but depressed
metals markets forced closure before all known.reserves were
removed. Little deep explorétion ~ of the intensely
isoclinally folded deposit had been carried out and, thus,
undepermin;d copper-rich ores mﬁy lie at depth (see section

7.1.3). Thus, the metal ratios of removed oré may reflgct
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only'the upper, zinc-rich zone, Future exploration of -deep
levels has been proposed by company personel, hould
economic conditions prove feasible, and might result in

discoveries which would increase orebody tonnage and balance

the grade.

B.6.3.3 Speculations on the Genesis of Massive Sulphide
Ores '

Volcanogenic massive sulphide deposits, once
considered as hydrothermal replacement bodies, are now
commonly considered to have formed, subaqueously, by
fumarolic activity. Base metals are seen to have been
carried from depth by hydrothermal brines, upward through .
aquifers, now evident as stringer zones and alteration
pipes, and deposited on the sea floor (Kinkle, 15966;
Hutchinson ét al., 1965, 1971;.$angster, 1972), _HoweQer,
the reason for these ores occurring in the particular
setting of the calc-alkaline, domal sequence, described
eariier, rather than in the lower strat;gifphic
positions, has not been well é%cumented. It is suggested
that the present location and original source of base
metals is a product of the tectonic style of the domai

sequence.
4

Formation of . massive sulphide ores requires a
process of metal concentration and transportation more

effective than that which moderately increased copper and
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zinc values in the upper platférm .sequence. Following
the model developed in section 8.5.3, gravitational and -
lateral depression in the central part of ‘the platform
sequence eventual;y leads to a large volume of
supracrustal rocks being downthrust toward the mantle.
This is the earlies£ known process to carry large volumes
of relatively water-rich, moderately evolved rocks down
to mantle depths. The effects are predictable: increased
water content lowers rock melting ;emperatﬁres and water,
réleésed by métamoéphic reactions, mixes with overlying
pore fluids and.. begins to circulate and dissolve a
variety of elements, Solutions will probably become
brine~rich, since alkali elements are most soluble, and
will preferentiaily concentrate geochemically ‘gcarce
trace elements (Skinner and Barton, 1973; Barnes et al.,
1967). - Concentration of metals by leaching from .a
volcanic pii; has been proposed by other investigato;s
(Anderson, 1969; Boyle,  1959: Kinkle, 1965). These
brines would be confined by overlying 'impenetrable.
strata, either natural or hydrothermally sealed: see
Hodgson & Lydon, 1977, p.103). The premise of metals
being obfained by leaching of the volcanic pile, as
opposed to coming from the mantle, is supported by

isotope studies (Krauékopf, 1967).

- Transport and deposition of hydrothermal solutes has

been lucidly described by Barnes, 1967 and Sk'inner and
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Barton, 1973.‘ Hodgson & Lydon (1977) suggest that in a.
caldera {(i.e. domal) environment, the most faQorable
conditions “for release of hydrothermal fluids occurs
during resurgent doming. Permeability of thé‘cap rock is
greatest at this stage, due to co}lapsg fracturihg of the

early caldera.

Similar processes acting in other regions of high
heat flow are seen as the reason for clustering of
sulphide orebodies and similarities in metal tonnages and

ratios, as described by Sangster (1980, p.78).

-

-,

8.6.3.4 Guides to Base Metal Exploration

| Surface expre551on -of ma551ve sulphlde orebod1es is not
restricted to the relatlvely local extent of the metallic
ores. or closely associated geophysical anomalieé.
Hydrothermal = fluids, which carried the metals to their
‘emplécément spread beyond the immediate conduit to- produce
an alteration halo of decrea51ng 1nten51ty, outward from the
highly modified alteration pipe. Tpe latter, intense
aitpration Has_been documented in the footwall rocks of most
massive suiphide ofébodies, but the extent of the lower
gf%de, oﬁter alterations have only been studied in a few
cases (Giimour, 1965; Meyer & Hemley, 1967; Hutchinson &
Hodder, 1972; Franklin et al., 1975). The alteration
seéuence, from periphery to core,. appears to be propylitic;
quartz-sericite : - chloritic and has therefore been compared

L4
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to patterns in porphyry copper deposits. The importarice of
hydrothermal alteration associated with . base metal
mineralization ig shown in. the factor analysis summary (Tab.
8.2 & 8.3), where elements associated ' with seriéitization
(K, Rb) are found, together with Zn in the same factor, for

the first time in the volcanic pile.

| . .

In the cade of an orebody, - such as the Coniagas
| deposit, where footwall' rocks are concealed by intense
folding, the question arises as to whether geochemical
anomalies cgh be detected in hanging wall rocks. A few
ddcumented cases have been found to have such alterations
(Fig. 8.8 a) (see Gilmour, 1965, p.71-72 and Govett &
Goodfellow, 1975), .but »S;ngster (1972) indicates that
hanging wall alteration is rare. ‘1 samplingféraverse over
the Coﬁiagas deposit (Fig. 7.2) showed intense mineral and
chemical changes in these rocks and anomalous metal' values.
It therefore seems apparent. that fumarolic activity
continued to occur after deposition of the next volcanic
succession began. Similar features may be present in other
deposits if studiés loék beyond the secondarﬁ metamofphic

overprint., .

Studies have . been made, alluding to the many
similarities, albeit in different tectonic styles, between
massive sulphide and porphyry copper deposits (Hutchinson &

'Hodder, 1972; Sawkins, 1913Y. Investigators of porphyry
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Fostwail Hitic natf, brmcesa, rpshite, 416

. Schematic sectlon of 2 fypirul Kuroko orebody
showing clay nlterallon zomes surounding the deposir, Zone 1:
monimorliionlle, zrolites, ¢ilticbalite, Tonr 1: wricite, ine
Tersirailfied sericlie-montmorillunite, Fe/Mg cMorite (aibite,
K-feldspar). Zowe 3: sericlte, Intersirallfled sericlie-
monimoriliunite, Mg <hlorile, ksollnite. Toms 4: guerir,
sericits, Mg chiorile. Modified from Lambert and Sate, 1974,

C) - Maswve ore

Sirmger ore

1. Schemailc section showing the alteration pipe
below & massive sulphide orebody.
2. Schemaiic representation of gains and lusses in the footwall
alang sectjon AB. ]

1. Schematic diagram Hlustrating main Realogical features of an

undeformed volcanogenic mansive sulphide depaait,

2. Same deposit as 4 but modilied by shearing in the sense
shown by heavy arrows above and below the arebody,

-

Figure 8.8; Wallrock Alteration in Massive Sulphide ‘
Depesits a),b) (after Gannicott et,al, 1979) c)
(after Sangster, 1976) J
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copper deposits (Armbrust et al., 1971; Oyarzum, 1974; Olade’

& Fletcher, 1975) have determined that Rb and Sr, in
conjuhcti;n with alteration studies, prove valuable
pathfinder elements. Rb and Rb/Sr ratios increasé
ﬁroéressively inward in hydrdthermgl alteration zones,
following bincreases in potassic and phyllic alteration,
wheréas Sr decreages in the same'ditéction, from high values
ih peripheral propylitic and argillic alteration. These
pafhfinder’halos' are often much larger‘ than those of the

major elements. ‘

‘/Outcrop exposure at the‘Coﬁiagas depositiis too scarce
to provide adequate lithogeochemical analysis for these
minor element patterns. The Mmited traverse (Fig. 7.2)
does; however, proviae'an indication that Rb is anomalous in

the central zone, while Sr ' increases toward the periphery,

- even in the weak, hanging wall alteration. Of greater

significancé is the result of factor analysis on all fresh
récks of the domal sequence (Area 4 in‘Table 8.3) . Zinc
becomes a factor second only to t?e dominant differentiation
factor and is a co-factor of positive correlation with K20
"and Rb.~ This is‘interﬁreted. as direct correspondence of’
zihé mineralization with hyarothefmal alteration, as opposed

to metals which have no associated hydrothermal alteration

(e.g. Area 2), !
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8.674 Ores of Uncertain Stratigraphic Location

8.6.4.1 QSRML Gold Property |

‘ éold ores of Quebeé Sturéeon River Mines Ltd. are’
unlike either the magmatic-cumulus, Ni-sulphide deposits 5r
strataform.and stratabound, massive sulphide ores, aeséfibed
in previous sections. The goid occurs in discordant veins,
crossing the stratigraphy at high angles and has éoﬁe

aspects of hydrothermal emplacement.

. : S )
Geochemical and petrographic. data suggests that the

aﬂvhost_rocké are andesitic to dacitic, with relatively narrow
hydrolitic alteration halos around the ore veins. Several
features suggest that. less intense alteration is more
. widespread. It has been shown (section 7.2.4) that parallél
sggaring becomes less intensé outward from the ore veins but
is present, to.some-degree, in mpst local rocks. Thi;
sheariﬁg is accompanied by sericitiga;ion which also
decreases outwards. Quartz and albitizatior occurs- near the
veins. In addition, the K/Rb ratio increases away from the

[

ore, revealing a Rb halo,

Gold mineralization of - diséordant, guartz-vein type
-occurs in many environhents in greenstone belts_(i.e, from\\‘
lower to upper sequences) Eut' is almost universally {
assocféted with areas of structual and lithologic \\‘
complexity. There is bbvipusly a strong structural coentrol

”
for the emplacement of the ore, but the metal source remains
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‘problematical. Various authors have suggested that go;d
ores formed initially as exhalative éedimentary (Ridler,
1975; Hutchinson et al., 1971, 1975; Fryer et ai., _1979),
granitic (Ferguson, 1966), or ultramafic (Pyke, 1975; Imreh,
1976)-metal components.  Whatever the source, the gold has
been mobilized (SEQvAnhaeusser, 1976; Fyfe & Henley, -1973)
and concengrated by hydrothermal solhtions. These solutioqs
may be produced by ﬁeating of near surface.waters at a local
heat source, by dehydratlon of rocks during m¢tamorph15m,
and/or throué\\ggrt1al melting of the source rocks and
separation of an aqueous phase from the resu1t1ng magma
(Hutchinson-et al., 1971; Sawkins, 1972, p.389; Sk1nner,
1973, p.187). Genetic factors require further study. b
8.6.4.2 . "Soquem Base Metal Property

-, Sub-economic sulphide erositsvhave been described for
the Soquem property, 1in northwest LeTac- Toqnéhﬂb {section '
7.3). They ére-containeq in a narrow volcanic arm, hetween
large regional batholiths, which follows albng strike to the
massive felsic lavas in central Benoit Township (Area. 5)
(Map - rear pocket). Structural detail between Area 5, the
Soquem propefty and Area 4 is extremely scarce. The Area 5
- Soquem‘property sequence may, in fact, be a second, albeit
smaller, doﬁél sequence of similar stratigraphic position to
Area 4. Much additional detaiied structural mapping remains

to be done to confirm or refute this position.

-
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Host rocks for the sulphides have been described by
Doucet (1973) as fine to coarse felsic and intermediate
pyroclast1cs. This study has shown the rocks to be

1ntense1y sheared and, altered (sectxogab 3.4) varieties of

the massive felsic and 1ntermed1qte lavas of Area 5 (gection

5.6). Fragmental textures »in these rocks seem to be,EE/

dynamp-metamorphi(ab{fgin. Alteration is much more intense
and 'pervasive than would be - expected from .normal

hydrothermal processes associated with .sulﬁhide .ore

emplacement. This may be a result of penetrative '

deformation by the nearby batholiths. and subsequent

percoiation of hydrothermal fluids. . The alteration becomes
extremé upon approaching the ore veins,. suggesting

superposition of reg1ona1 alterat1on nupon the.,syngenetlc,
1

ore~related alteratlon. 1 o, .o

.

Variation diagrams suggest that most rocks lie in the-

normal décitejandesite' fields, as foppdsed’ to 'normative
calculations which make them much more*ﬁafic. Both A1203
and K20, major components in many var1at1on diagrams, aré
mﬁch higher than normalﬂ and are
sericite content. 21203 may . not bé eh}1ched however, since
removai of Si02, -(i.e. from plag1oclase decompos1ton) would
cause an apparent incre%se in the alumina . ' Relatxve
immobility of TiO2 allows coﬁparlson‘ of that oxide with

rocks in other Areas and indicates that most of theég_rocks

are in fact, daci%es. - This is suPpofgéd bf the ‘lack of

mafic minerals. , .
© . ] .
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Soguem . mi{neralization is of minor, volume and will
probably be sub-economic for many years. The volcanic
succession in Area 5 is puizling in its.rélationship to
sequences in the northeast. . It is a pfogressivelf
differentiated group of lavas where the mafic rocks 1(ax:'tfe

chemically similar to lower platform sequences, but central

 felsic rocks and metallic m{ne:alizatjon resemble domal

successions, Further efforts will be required to sort out

‘the relationships in this bifurcation peint in the volcanic

belt:

A
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Chapter 9
SUMMARY  AND CONCLUSIONS

"9.1 CONCLUSIONS

X-ray fluorescence spectroscopy has developed:

into a. rapid method of whole-rock geochemical

analysis. Improvements in XRF techniques, during

the present project, have allowed the analysis of

large numbers of samples which’ are essential for -

checking systematic variations. An understanding

of the limitations of the techniques’ is useful in

evaluating the data.

¢

Commonly used classification schemes are

+

largely unacceptable for use with Archean volcanic

rocks. Mineralogical schemeg are unworkable and

‘current chemical methods do not accommodate the

[ o

of alteration of

these early crustal rocks.

The presegi study uses ‘a workable scheme, -

i .

based upon that of Irvine & quagar' {(1971) but
requires the addition of a, ilica’ screen to remove

rocks with unusual compositions. In addition, a

~t
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modified Al203 vs FeO/(FeO + Mg0) (i.e. Naldrett-

type) ‘diagram is useful for mafic-ultramafic

rocks.

’

Development of a universal system of
classification, agreed upon by a consensus of

reseacchers, is essential if valid comparison of

results are to be made between different studies.

It is also necessary- to allow meaningfui

computation of local and regional average rbckj

compositions and gevg{:phic and .Stratig:aphic

- volumes.

<

£

Attempts to display petro-chemical variations
using cross-sectiénal traverse plots, in- the
manner of Bagagar.(1968, ’1972), Wilson et al.
(1976, 1977), and others, proved unsuccessful.
Many of these earlier works dealt only with the
extreme upper platform and domal sequences and did
not encounter'ﬁgizspructu;al complexities of thick

v

platform sequences.

This study‘ foynd that .systematic variations
could be better presented, by tabulations and
pioﬁtipg on selected variation diagrams, groups of

samples from successive stratjgraphic iptegvals:,

Division of the pile into Such iﬁtefvalsfiééﬁ be

e e



.éccomplished by \ field data, , supported by
laboratory work..  This ﬁeth&d much  better
illustrates the trénds in magmatic evol;:?bn than
do plots of stratigraphic traverses, which tend to
be erratic because of tectonic overprinting.

¥ . ' .

The Bachglqr Lake complex is typical of many
Abitibi volcanic piles, in ,being/,afn
downwarped belt with a lower p{é&form ana{:zzer
domal seqﬁence of, overall, A progressiwvely

synclinally

. £ -
differentiated rock types. These sequences have

been divided by structural and petrochemical -

methods, described petrographiéally in Chapter §
and geochemically in- Chapter 6, Ore deposits have
then been examiﬁga within these settings (Chapter
7)."

E;olutﬁon éf magmatism <in° the * pile is
confirmed by both petrography and -cheﬁistryf
Relic Mmineralogy shows thqt basalts, the most

| common rock type, become become less mafiéxupward

in the strétigraphy, a fact substantiated by their

.

normative quartz:olivine ratios. . Transition _to

the domal sequence shoys that, in addition to a

pﬂgp@%ﬁionafeiy lowgr\ggfume of basalts, they are

¢

also less mafic.



-

Parallel trends are confirmed in basaltic

-

. chemistry as the - averages of élpments- most

susgéptible to fractionation processes {(i.e.\ 5i02,

' MgO, FeOt, TiO2, alkalies) 5how.lc$s mafic upward

tendencies. Of. particular  impdrtance - in

confirming “the chemical trends is the use  of
factor analysis which statistically  supports the
field and petrographic d%visions of the platform

ﬁ;ngr magnesian, upper tholeiitic trends) and

démal (calc-alkaline trend).

' s

Development  of greenstoie "  belts, as

exemplified by the Bachelor Lake region, 1is seen

as__ an evolutionary process, through change in

~

I

magmatic and tectonic styles.

£ " .
Initial volcanism of the magnesian suite

(i.e., lower platform sequence\ ) may have been

instigated by mantle processes) and aided by

‘crustal rifting. Diapiric rise prevented undue

fractionation at depth. The lavas, become le'ss

, ultramafic with late fractionation. Petrochemical

trends v are complicated . because magmas . from

different vents lying in close proximity'may have

formed from different degrees of partial melpihg

and/or fractionation.

~ 260 ~
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Volcanic deposition progressed to shallower

water conditions and, finally, became SUbaerial,

allowing erosion to pgoduge a coarse clastic wedge

in subsiding basins. @§eld evidence suggegts that

the volume of material in platform sggue ce_{lows
gradually decreased to the point where, during
clastic sedimentation, it consisted of very minof,

thin flows.

'\//{@5” As farge ’quant@éiés of water-rich crustal

rocks were carried down by graﬁitational
instability, tﬁe"style "of _magmatigm changed.
Rélétively- low mélting temperatures would cause
paitiai meltiﬁg bethse relatively wet rocks and
diapiric rise ;fo' a .,lower. pressure regime,

following an adiabatic cooling curve.

~

o

The change to calc-alkaline volcanism in the

3

domal sequence, barring a few intercalations from
waning tholeiitic platform vo%panism,_is much more
dramatic than the gradual transition from

magnesian to tholeiitic volcanism in the platform

sequence, Intermediate and felsic flows -become’

much more prevalent, with respect to basalts, but
distinct chemical changes are present even within
the latter mafic rocks. A ‘decrease in the Fe/Mg

3 . 9 . 0 .
ratig,fé?ﬁlts in disappearance of -the tholeiitic
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trend and alkali values increase ' from the base to
upper domal strata. In addition, alumina values
,igg;ease and trage elements closely follow major

element trends.

These features sdggest that the calc-alkaline
"series" is formééigy cannibalistic. recyc;ing of
ﬁreviously déposited and - slightly hydrate@ rocks,

' father than being a primary - magma or a
differentiate of a tholeiiéic br other magma type.
This could account for the fact that intermediate
and felsic fogks are much more - common anda,t)
extensive in calc-élkéline suites, which may be
fractiqnatéd\ at high 1level from a less mafic

. source than the tholeiitic magma suites of the .
'platform_sequence. In this sense, formation of
the domal ‘sequence is seen as a process of crustal
stratification,. with recycling caugiﬁg an early,

- upward concentration in inqohpétible.elements. It
also 'represe?ts an increasing‘ degree of upper
crustal evolution since these domal rocks gpproachli*
a more continental composition ({i.e. higher K20,
-A1203, relative to-F§203 and MgO and smaller Fe/Mg

ratio).

7. ST .
The Bachelor Lake region lies 1in close

.proximity to‘other',greenstone complexes (Noranda,
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val 4'or, ‘Mﬁtagami, Chibougamau): but contains
-rocks with a highér, overall, ' degree of regional
métamorphism. The reason may lie, not in deeper
burial, _but  the fact that the belt is much -
narrower than.other regions and may therefore have
absorbed a proportionately higher degree of
strain, ‘Supporting evidence is féund in Qhe
narrow arm of volcanics which contain the Soquem
base metal prospect. There, the belt decreases in
.width to a narrow =zone of highly sheared rocks
which often give the ores an appearance of

structural control. o _ '

Since most originai mineralogy and textures
have been obliterated, “the extrapolafion of suchy
data from the nearby Noranda complex is useful for
placing constraints on the nature and emplacement | *

of magmas.

Metallié-mineral concentrations are ‘closely

tied to this gvoiutibnary process. Nickel .
minerals occur mainly with the most ultramafic and\\
primitive rocks in the 1lower platform seguence,
and then disappear gé'thesé hagmas ‘are depleted,
Copper then becomes predominant in the middle and
upper platform Ssequence by£ only. rarély forﬁs_
ecopomic concentrations. ' It is present, to_somei
_ _ .
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extent, in the magnesian suite, but is predominant
~in the tholeiitic suite. Then,"ds recycling
processes begin'in calc-alkaline volcanism of the
domal sequenée, -hydrothérmai processes begin to

4 concentrate copper and zinc mineralization.
|

,

Exploration for metallic minerals in

¥
} H

greenstone belts -must fBe directed toward the
magmatic environment in which they form, Ni-.
sulphide ores  occur in  'basal sequences as
~ cumulates of the most ultramafic flows. Arndt
(1976, 5.649) describes lateral exploration
~methods once a favorable horizon has been found.
ﬁydrothérmal ores, on the otHer hand, are ﬁot
intimatelyxtied.'to the rocks in which they afé
found, * although they do ocgur, at preferred
'iithologié horizons. Due to eXtensive alt;rq}ion
‘'processes near the channelways in which they form,
iarge aléeration ‘halos can be found by combined
_mineral and chemical rock éurveys. ‘This has been
gemonstfa%ed to occur in both hanging wall and-
footwall rocks of massive sulphide deposits and
| positp
‘These - halqu are’ not easily detectgd dusz:
exploration, ikspecially since ‘tﬁé_ ‘

parallel to veining in gold-vein type

: outer
L Iy . S
- _J iﬁ.ﬁdest, propylitic alteration is often masked by
' later metamorphic overprinting. Use of ‘the
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statisical technigues, - outlined in the text, are
successful in separating hydrothermally . altered
samples from those that are relatively fresh (i.e.

background).

9.2 SUGGESTIONS FOR FURTHER WORK

1.

‘Further mapping to determine the nature of deeper

volcanic "horizons (i.e. delineate the basal

magnesian suite in the lower platform sequence).

" Extended . mapping beyond the study area to
'dete;mine the relationship of .thq Bachelor Lake
' region to other domal complexes ‘aﬁdﬁ most
' impoétantly, o the geology of intervgniné areas.
.The 1atter; part is critical to the interpretation

" of greenstone belt: evolution, for most studies are

concentratpd near the domal complexes and little

correlation is possible,

Detailed examination of the ultramafic bodies in
Area 1 and determination of their relationship to

the enclosing volcanics. . . F -
' A

*

A study‘of the composition of intrusive bodies

around and within the Bachelor Lake volcanic belt,

. to determine the possible existence of basement

material and to determine if the'%maller intrusiye)'

bodies may be subvolcanic feeders?
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P

Determination-—and study ‘of rare-earth elemeng

'(RQE) dgéa for rocks at progressive stratigraphic

/
%evels in° the Bachelor Lake. ' This information

would provide valuable constraints on the methods

of magma genesis, discusseéd in the text. In.

addition, sulphur isotopé study of sulphides on
the Sogquem property and . Coniagas debosit would

assist speculation on the source of the sulphides.

U e . - A
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Appendix A
PRE??RATIQN AND ASSESSMENT OF PELLETS

Q

The following ' is a discussion of the analytical

procedures that were used in this study. _ I

-+

A.l PREPARATION OF PRESSED POWDER PELLETS
' The most serious problem involving the use of powders
is the partigle effect, the phenomenon where fluorescent

intensity .is  proportional “to the degree of physical

homogeqeity (Claisse & Sampson, 1962; Bernstein, 1962).

Shalgesky (1960, _ p.134) has  suggested, that the
effective depth of penetration of x—rays is " only a few
thousandths of . a centimeter and it therefore becomes ev1dent

that preparatlon of the specimen surface is of utmost

importance. Thls surface must be as homogenous as p0551ble-»

to glve cons:stent results. Sample powder must be carefully

prepared in gr1nd1ng and adequately mixed to avoid "induced

=
heterogeneities,

‘.

.Pewders'shsuld:be ground so that particle.size is much

iess then -tﬁe critical depth to avoid large particles

ﬂief}ng smaller ones. Satisfa;tory results are best

ebraineq by staaderdizing' -grinding\\\:nd pellerizing
- Y]

L
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procedures. Par@icie effects are minumized if g;inding
reduces grain size to 200 ﬁesh (74 ) or less {Note:
Ovengrﬁnding mey 'induce hetefogeneity due to differentiel
hardness’ of graxn types), and if the sample

is rotated dur1ng ana1y51s. Particle size range should be-

similar in both standards and unknowns.

A.2 FUSION AS AN ALTERNATIVE TO PRESSED POWDERS

A Multi-sample, automated Claisse fusion apparatus and -

torrable Mettler weighing scale vere added to the XRF

L

laboratory at the Unxver51ty of Ottawa in 1978. Excelient
results haveJQJen reported by Hartree (Per.Comm.).

1 ' <

- As a check on results 1optained from pressed powaer
B . T : . ¢
pellets, ' fused pellets  were. prepared from nine of the

pbwdered samples. The technique involves fusion of 1,5gm

sample powder. with 4.5gm Lithium getraborahe '(LiZB407);f
0.5gm -githium' Carbonate (LiC03 }owers the"%melfing'

" temperature of the flux), and ' a small amount of Ammonium

Nitrate (to maintain oxldlzlng conditions in the_preSence of

'sulph1des or sulphates). Samples are fused 1n.,plat1num

cruc;bles and molds; or, 1in the presence of high sulphiagsu‘

¢ s,

in carbon moldss
K- .

This technique successfully removes*the paq;lcle 51ze -

effect .and diminishes inter- element ‘ abSorpt;on' and

-enhancement. The latter, however, is accompiishqd“by having

» . . or
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- ; ‘
;U;;/‘;:;x to sampleikgt—z (1e. high dllutlon"‘ 10:1 ‘to

00 1) -which —-often leads 59~ decreased sensitivity,
espednally at  low elemental concentratlons. . It has been
founﬁ that the probiem-is partlally Tesolved by malntalnlng
a :low I‘1_:.-;1tic> (3:l)ég ~ The 1ntere1ement and enhanpemgnt
effects, lameﬁteg by Czamanske (1966) can then be eliminated
by a series of absorption coefficient correcti'ons.~ These
have been dhlchiated bf de Jongh (1?75) or can be compﬂted

as described in Appendix B. They ayg\essential for accurate

determination using either €used di s or pressed powders.

I

It is suggested that, in futufe, major qleménts-should o
* be deterézxed by fusion technigues, due to better defined
'calibration urves, - But powder methods are only ;slightly
less reliablé‘Eor' major elements and superior, .in ﬁany.
instances, for traces, especially over ;rest:icted

T

concentration ranges.

As’' evidence of the satlsfactory nature'of the powder

,method ) cdmparlson of results on selected Bachelor Lake
. "-——-
rocks is prOV1ded in Table A.1

.S:‘"
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. TABLE A.l
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Appendlx B
(A CORREC'I‘I ON QF ANALYTI CAL DATA

-

Ideally, ! all-energy‘of excited electrons is discharged

as fludrescence; in XRF a%alysis, but in fact, several:
. L - -

factorg serve to mask the theoretical calculations. dnd cause

inaccuracies in the energies recorded.

~.

B.1 CORRECTION, FOR BACKGROUND EFFECT \—'bn |
The contribution by 'baékground to ¢ t' rates .was

removed from element .intensities by a computer programme

-

designed to calculate net intensities. For major elements

the programme allows the background-under-peak value to be
7 .

3.calculat%§ by a single satellitelisfkground reading (where

background is level), by ‘linear interpolation from -two

S : ;
satellite background readings (where background slopes

linearly) or by a polyngmial (Newton-Gauss) interpolation .

.—-—'—’—""\\._/' .
from four equispaced background readings, Torrection is

also maée for blank/con;amination readings and for K-beta

interference from appropriate elements.
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B.2 CORRECTION FOR' INCERELEMENT INTERFERENCES

The most comﬁon interfereﬁ%es result from overlap of
spectral lines. {ﬁany of these lines can be resolved by
using specific operating parameters as suggested in‘Tables
2.1 and B.2 . Several of thé more serious problems are
discussed below.. ' '

Spectral interference is a ‘miner problem.for major

element analysis but is important for $uch determlnatlons as

phosphorous- calclum. Here, addition tog\the’count rate

occurs through reflection of the second order calcium peak,

bup. is resolved by use of a germaniﬁm (GE} analyséa‘&b

crysial. .

For certain elements, the normal K-alpha lines are not
practical for measurement. In the case of barium, the
2-theta angle 1is toc low for significant intensities and
measurement must therefore be made on the L-series lines.
Even there,  minor Ti-K-alpha interference 1is present,
indicating better resolution is to be obtaiﬁed from beta

-

radiaticen.

Elements within a few atomic numbers of an element
being analysed, when esent in the matrix, maf accentuate
the intensitf of its zjgk. An example is the Co-K-alpha
line (1.791A) which is accentuated by the nearby Fe-K-beta
line (1.757A). Certain parameters such as a long collimator
and scintillation counter can aid resolution, although
decreasing_the intensity. .
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_ TABLE B.2 .
Suggested Operating Parameters {(after Allman & Lawrence
- 1972)
4 r
=
: 2
! ; 3 5 a .:. . s
1 u . w X =
v k£ i g g5z . &% 2
- - - T = w - wrg T oz 3
o o % - - o= w2 X : “~ 2
- Oz 1 [=] [ 1-] Q ] .
« & < & o o a0 x EO £
M N Xa © 480u  Gypsum or  2uPolycrbonate Vac  Fow .
AP, o 3 Flashed Mylsr ;
REAP. Thinne witdows on [ow
' - counter will improve count
1l Mg = & 420  AOP or 2u Potycarbonats Ve Flow [
: B KAP. or I Flashed Mylar
. RbA P, .
3N K & 80 FEor " 3u Flashed Mytsr  Vac  Figw
' AP, B Fixshed Mylar
W & K o 48 MEor JuFimnedMyiwr  Vac. Flow
AP, 6p Flashad Myier
% P K3 Cr 430s PLE Ju Fleshad Mylar Ve Flow
19 £ Ka Cr.orW 480w PE By Flzshed Mylar Vsc  Flow
M Ca Ka CreW 450 PRE SxFlashed Mylsr ¥oc  Flow
» BN W 18 W, ’ Ve T gutfers inteedaranca Ui, ,,
Pretecably O Rashad Myl or Flow pives better separsuon. but 13
L, Aie not obisinable with 1ome
’ pectrographa.
B Mo Kz Wor 480 Lt o0 Vac  Fiow Fiow counter gives similar count
: Au W Sy Flashad Mylar o or e but lower background.
. Alr Scim Dexd nma 18 g problem wnth
. - . Righ counte
- - 28 Fe Ka Wor 180 Uity ey 8u Flashad Mylar Vez  Fiow Flaw counter has lower
. Ay . or o heckgroynd, Dead tna s a
Alr Scint problam. Air path normally
. pelaciad wheraver p is lof
. . - © coftvstienge,
4 3 Kx C - 480 Pg 3 PolyCarbonate Vac  Flow Recent developments with thus
- window on Flaw Counters may
17 O Xa GCr 480y PE 2y PalyCarbonats Vec  Flow WNDROve the detection limits,
Ju Fimshad Myiar .
- MO oMo Wo 180w Ul o - Ale  Scint
Au e - -
7 Ab Ka' WMo 180s LY, or - Ar Seint
Ay 1re
¥ S Kz WMo 1B Lil,, o - ' A Sam
L wll.
MY Ka WMo 1680 L oy of — Abe Scint
Ay Lity e N
0 Z Ka WMo 480 Lt _ Me  Sdim
Ay
M 8.t W 1800 L or By Flashed Mylsr Vac  Flow Husvy sisments may sufer
™ * (S or . Interference from tranmition
AN slomante.
. W la ln Wor 480x Lif oy OF Si: Flashed Mylar Vac  Flow I concantrations are suspected
‘ Ay L e or thay must be chec-ed,
Adr
T la Wor 480w UM —_ A Scim
Au .
2 P la Moor 4y e, -— A Scim
w ; N
- »
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In general, parameter optimization should be made -where |~/
interferences are suspected and, if the matrix is tbtally
unkno}n, it should be scanned to semi-quantitatively

determine the compbsisio /. ’ 4

B.3 CORRECTION FOR MASS“ABSORPTION. . _
In the simplest casé, all energy of an ahsorbed x-ray
goes>into kinéﬁéc energy of a %hotoelectron and thence into
the potential eﬁefgyioﬁ an excitéa atom. The ;xsfultant o
secoﬁdary, fluorescent radiation. would prodice maximum
- intensity of the characteristic spectrum. “For a pure
element, then, its ﬁeasured‘intensity would be egual to the
mé;imum fluroescent inténsity, * multiplied -by its weight
percentage and absgrption would be controlled wholly by the
element. - However, in multielement samples, mea;ured
intensity of the characteristic x-ray, iine depends not only

on the . mass concentration of an element but also upon the

nature and abundance of other tonstituent elements.

In relation to thé element * being analysed, lighter -
elements will “absorb less and heaVier elements more.
?Therefore, if lower atomic number- elements are present,
relatively more characteristic radiation will emerge from
the sample than is directly attributable to the element's
weight iraction. Conversely, elements of higher atomic
number will produce a negative effect. A cggtain degree of

cancellation will occur in a mixed sample but the overall
n : : '

tha
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(

absorption will probﬁbly be skewed in one direction or the

2

otheﬁ$/, Unless correction~és made, noen-linearity enters the

calibration gurve as heavy elements in a light matrix cause
an upward bulge and visa versa. The effect of absorption

and inciden? wavelength on count rates is shown in Table B.3

-

-

‘Calibration -would not Ef,ﬁ&ffgculf in céses where
standards Qege compositionally very s;milar to unknown
samples, ‘but lack of sufficiently well;:&alysed standards
over a systematic compositional range fand the normal

diversity of rock-element composition create a more complex
f . /_\ ;

In this project, mass absorptions . Major elements

were call lated and programmed dir ly. into the net

intensity pr

ramme. Since major elements create most of
the ‘absorption in a sample (certain exceptions) . and since
they are usually analysed as oxide weight percentages, the
total mass\absarption of the elemental oxides is required tb\f)

correct for absolute.abundances of the trace elements..

Since each element has a specific absorbing effect (_u)
on radiation, proportional to its dénsity, t en a mass
absorption.factor can be found “for that element at a certain
radiah; wavelength. Using absorption values published by
Victoréen'(l§49), Heinrich (1966), Champion et al (1968f,

~and de Jongq’jlg7§§, the mass absorption coefficient for the
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TABLE B.3

th Wavelength & Matrix (after

i
Salmon,

1964)

Variation of Count Rate w
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o

f T

element is obtained as Ehe_ product of the mass'absosption

‘times the specific wavelehgth value,. Thé. major elements,

analysed as oxides, necéeséitaté the addition of an oxygen
mass absorption factor. The .fihal absorption is Eherefqré
obtained through the equation: -

AT At \ Ka AT Ka

oxide = el. x el + 0 x o]

For elements under consideration in this study, oxide .

"absorptions are shown in Table B.4 . These values were then

entered in a short Fortran programme which calculates mass

absorption on major element percentages for all samples,
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TABLE B.4

Correction

ion

ts Used for Mass Absorpt

icien

-

Qxide Coeff
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Y
BRATION CURVES

lcation of the neccessary' correction

ppocedures, calibration curves were constructed-a$ a basis
of'determining samples of unknown composition. Count ratios’
or net intensity measurements of a group of known standard

samples (Table B.S5). -are plotted against their " accepted

~values, for respective elements, to form a roughly linear

curve. Composition of the unknown specimens can then be

‘determined by applying their count ratio or net intensity to

the curve.

A thorough discussion of célibration techniéues is
provided. by Leake et al (1970) ‘and reference is ‘made to
their paper for assistance and crit@cigm of the ﬁeﬁhads. A
few comments are sufficient to assess fhe‘curvqs used in

this study (Figures B.1l). Not all calibration Qurveé are

strictly linear and for this ;;ééon,_ "best-fit" lines have

been applied to some distributions. - A curve may fail to

pass through the origin if béckground is, tod high, if

particle effects -are present, if interfeﬁence oceurs from

another element, if-incor;eét standard values are used, or

if rock matrix’{and therefore mass absorption) changes over
' AW

. ~ .
the range of calibration. Proper sample eparation- removes
A - [y -t 4

—

much of the particle effeét, interelement correctionsfcan be
applied; and standards covering the expected range of
unknowns removes the matrix problem. Thus, .tﬁe only
unaccounted factor is background, which can be ignored if
sfahdaqu and unknowns have similar matrix.
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woo J
‘Samples beyond the range of the standards must be
ektrap§lated and  values. thérefore indiqafe‘ order of
magnitude rather than absolute Qpantities. The amounts,

however, are proportional to each. other and thus Fepfesent

relative concentrations.
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Appendix D - _ .
HARKER VARIATION DIAGRAMS - BACHELOR LAKE' GEOCHEMI s(rny -
> Harker-type zaniafidn -diagrams have been pletted for

each elemedf\end selected element ratios of all fresh rocxs.

Values are in welght percent oxlde for major elements and in

PPM for trace elements.

»

The first plot (ie. "Total") for each element or ratio
contains data points for all fresh rocks in the Bechelor
Lakg Reglon. Three 11nes are located on thlS plot, jeining
the mean, plus, and minus 2 standard dev1atlon f%catlons for
basalt, andesite, dacite, and,rhyol:te rock types. These
lines are ‘transposed to the corresponding plots of each
geographic area (ie. A.1 to A.5) as dashed lines, for

comparis with each new set of mean and 2 standard

deviation lines.

™~

The correlation coefficient (r) is listed on each plot,
to.give an indication of the degree of linearity of the

1

data.
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