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" glacijal:gycle of: mqgor southward advance - recession -
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Thls pro;ect was undeft@ken to studv th,natterns

and proCesses of gla".l dlspergéi\pn local and reqlonal

scales _in- the Lac Mls%L351n1 ~-\Lac Wacon1ch1 area. The . s

v Quaterpary units in the area vere mapped and regional
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. . i o
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‘to copper mineralization at ‘the Icon Qulllvan Joxnt Ven—

ure mlnaqmFre investigated at a. detalled scale.
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\\Samples of glacjal drift w collected from natural

éndi!aanéde;exposures. Till pebbl 1ind striae orienta-

ti%hs were measured. Laboratory ana yses, mainly on tlll
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samples, were: (l) textural-analy3L of the minus 4 mm.

tlon, (3) carbonatg ana1g§;§ of t
tion;| and (4) heavy mineral analysi3
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nus 0. 063 mm; frac-
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‘contgct stratified drift and ablation till; unit €, basal
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The following® Quaternary units were/ determined #n the ™
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un't'A, basal till ofarégional extent; unit B, \ice-

till restrlcted to. the Waconlchl River valley; “anit D,

oufwmsh gravel' unlt E, varved clavey 511t, .and unit F,*
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<Wiscgnsinan and Hblocene as the products of a simple
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outwash gravel and postglacial/lake or*stream/sedlments.
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(malnlquuarrylng), transport, and de9051tlon durlnq the
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readvane that depos;ted unit.C. These processes were
orderly, not chaotic} It is pog®ible and useful to map
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Jﬂ‘j ni . Cly dhalc pyrlte hag.? clast mode
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.\\ L Mlsta551n1 - Lac\Waconlchl area»o\\Quebec. .The aref

was\selected on. thp §v1ce of Mr. A, J. Troop \?Ormerly oF

- u
[ . - ¢ :L
» . 5. A > “
~ . . - v
T e s ~ -
. ~— K] . - ' )
k ) . S~ e
. CHAPTER 1 !
~, Co :
INTRODUCTION
i : s . “.';: >

R

. Purpose and cooélof 1nvest1§atlon o ' \Q\E}
j as undertaken to 1nvest10ate Ouater

This project

. ~——
gLacialedispersal o rock and mineral partlcles in the

s

~—/TES; Sulilivan J01nt Vekture, because that organlzatlon s

e

pzeperty at the south’ en@ of Lac %1sta551n1 contalned a

copper ore dep051t wiNh &Qlch two dlspersal tralns were

1 .’

"associated. One of the traLns, called the Icon traln,

. - o
was. well exposed ‘on “the surkece and in mlnlng faces,

whlch fac111tated its sampllng and ﬁeasurement.

The perary objectlves ?f\thls prOJect were (1) to

'S

determine the shape- and size of the dispersal tralns,

S e E

(2) to determlne thelr mode df origin, and (3) to f1nd

—
.,,/

. the dowﬁglac1er abundange xrends of thelr components in

order to arrive at a~“ general model of the style of
glacial dlspersal bhat mlght be encountered while prbs-

,pecting in other areas.v Rerated'bbjectives were (a) to
v - Pl

compare traditional soxl geochem;cal.analytrcal surveys

.

with surveys involving he tra01n of mlnerallzed pebbles
J

L4 .
o

o .
\ T )
. —

u



°~both as, to thé quéllty of results and costs, (b) to
4 > *- L

compar basal''till to.ablatlon till and‘lge-contact

. strati ied‘dti;t as séﬁpling media in prospecting, ahd

. RN P .,
B (c) t ‘determine\;he grain size distribution produced by

*
v

« the glacial commlnutlon .of chalcopyrlte in order to « -

squeLt 51ze ranges for sampling- unox1d1&ed tlll by over-®
E

bupdén drilling in other, areas. .Secondary objectlves

were (i) to compare oxidized to unoxidized copper- and
: N ,

- carbonate-beafing‘till as samplind media in geochemical
"’ - Y N

-
~

prOSpecﬁing, (ii) to estimate the degth of erosion

. ‘caused by. the last glacier to override the copp?r ore
/}deposit, and (iii) to shew the regional glacial

| ’ . - . . .
’ trends of selected indicator rocks-usinag'samples of basal

»

till, ablation tiITT/;nd ice-contact stratified|drift.

dispersal

n

% .+ This thesis is not‘intended‘aé a replaéeme t for

prev1ous mapping reports on bedrock or surf1c1al ceoloqy,
- it wull however suggest p0551ble useful addltlons to )

ex1st1ng maps where pertlnent " Its main congerns will be.

to provide a detzfied study of the stratlgraphy,‘struc—

. tuge-and origin of the drift. units at and nearathe Icon

'.miie, andaeugges£ guideiiﬁés'for exploratioe prejects in

‘%ﬁper glecieted ereasl A o

4, ' .

" Locagion aﬁg'ascess -7 : :

rl

'Y . The study area comprises parts of Bignell, - -

o

O'Sullivan, Gauvin,-McOnat eqd Duquet‘Townships. De~ -

L]

tailed;work centréd around tMe Icon Sullivan Joint

. o, 3 v , -

*

EY




. » - - e .
F) K - 7 » ot N . . - . . R
PRI N ’ ' . v v N

. N Nenture property, Wthh 1s located at the south end of - ‘}Q
\'F\PQ Lac MlbtaSSLnl, at Latltude-sof {4' 15" North Lonqltud N
c‘ . \'L".’ ! 3

73°,@ﬂ 0" ,West (Fig. 1). Access‘t the mlne is Vi the
Q. @

o, e
>

“ °\\, A].(bafré'l,i?o*ad from Chlbouqamau, 64 km. to the. so'uthvgst. .
o -
The Albanel Road is an,all—weather g@avel roadvtraver51nq
4

- the region, and its branches and road cuets !rév1de Qood N -

s o ® e T

access tgQ the Quaternarv sediments’angd be&gocks of the

. . L
. k2
- . . < -

. "studv area. o - .

' "'/\,1//' - T .
f } - .h ) . - .l o
\ s Previous work " . -
. . < . . . i v
The most comprehénsive early geological obsérvations

Pl I

in the Chlbougamau - Lac Mlstass1n1 reglon are those.of

' Rlchardsoq (1892), Low (1885, 1896, 1906), and Faribault \

et al.(1911). Norman (1940) descrihed the Mistassini :

« ™

u-/ N PN
~ fault, a mMajor-feature now believed to be a‘sector“of“:_;*__~/,,,

< R = = 53

. the boundatry between;the Superior and Grenville Strﬁdtu;- . ~
al Pro%ince; of the Panadian Shield‘ \BerqerOn (1957) , , .
- stu&ied the sgtatlgraphy of the Mrsta351n1 Proup, wmlchwlfxl
he drv1ded 1n§p five Eornatlons. The upper unlt of‘the '5
& Mlsta551n1 Grbug, the,Temlscamle qum;tlon, g;e etudi?d . ;

by Quirkeé et al:(1960) and Neilson (1953, 1963) as a .
; | poégzblg seurCe 6f'iron ore. Gllbert (1958), Deland and
Sater (1969),:Gu1110ux (1969): Dquette (1970), Chown and . -

S ‘ Caty (1973), Caty and Chown 11973) 'and Gros (1975) de-

: 4((;’ek* scrlbed the lower units of the Mlsta531n1 Group as well’

[y

as the adjacent crystalllne rocks. The 'rmost detalled

study of the Chlbougamau Formatlon is that of Long’€I973)

"
. . 4
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*%, . .Base metal m1nera1 deposits of the“area ‘have been de-

N ’ » ‘- cir" "-

scribed by Guilloux (1972), Troop ‘pd Da:cv (1973), Catv

and Phown (1973), Calllns et al. (1974),and Gros (1975)

Radiometric ages for the Temiscamie Pormatrgn have been

-

determined by Quirke et al.l1960) and Frver’ (1972)

.

4
Radiometric ages of greenstones and gneisses‘oﬁdthe

‘.

. Superior Province in areaé south. and west of ‘thé-. ‘; i

e !

Mistassini basin were determined by Jones- ggféi.(1975)‘

: and Dallmeyer (1974).° -

Concerning the Quaternary geology of the reqion,

Low (1885, p. 32) made an early observation of glac1al
dispersal: "In the vicinity of Lake Mlsta551n1, fno
. . .

rounded boulders of limestone were met with in direc—

-~ tions to the east and north-west Qf the lake, and the

. probablllty 1s that the drift there was frorf north east v -
- to eouth;west. Later, Low postulated that the central . "
név% for the Laurentide ice eheet was between La;itudes
53° ahd 55°, midway betwsen the coasts of the Ouebec -
- Labrador peninsula, gecause of the lack'of elacia;'j o ’ .

features in this area and the radiating pattern of. ~
'striae around it. He stated that the depth of glacial
. erosien wasrnot'greater than 60 metres, and described*the

-~ -

drumlins, eskere, and terraces of the reqlon (Low, 1396).
D Farlbault et al (1911) ad&ed a description® of the crag -
‘and tall hills near Lac thonlchl and commen;ed on’ the

coarse texture of the tllls outside the Mistassinj b351n,

Norman (l938)surveyed the Lake‘Bariow—031bwav ‘ .

L]
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X .
wgf;an's
Al

" from the

L

\pratternsof ice receSs%?n toward the northeast. - Prest

-

- beaches near Lac Ooe sca, 45 km. weqt of Lac ”aconlchl.
e

‘

moraines [found below the elevations of the beacHes. -

-

(1935) conténﬁion that a remnant, ice cap advanced

-

outheast to form an endmoralne in the north and

who show, d Norman s endmoralne to be part of an outwash

complex. Both authors agreed on a general deglac1atlon

N [ 4
-

(1970, p. 7379 gave an age of 6,960190 radiocarben years
for basal organic sediments in the Chibougamau area..
~Allard”and Cimon' (1974) suggested that only a small

I

amount of:glacial erosion may have takeph place in the

.

~Chibougamau mining camp because of th preéence of caps"

. \
of deeply laterbtizeg rocks onesome of the ore deposits.

They suggested that this may have been due to ice stagna-
tion at the ﬁigh‘elevations of the caﬂg and/or deflection

~
of the most actively

dyaac1n parts of the ice sghget hy
hlqh hills of resistant rodk upglac1er from the camp..
.Warren (1974) . produced a.reportiand five surf1c1al
geologlcal mgps at a scale of 1:50,000 coverlng 1250 sq.
km. , inblud;ng the area of the ﬁrgsent.study., He mapped
the surficial aedimenks as hummocky~moraine—bedrock
complex, §1u£ing§} drumlins, glaciofluvial sand and

gravel, and esker sand and gravel. The project ;as el

specifically designed to proﬁide'bac%?round,iﬁformation

-y

v

. for prospécting parties working in this glaciated area of

-




rare outcr Gros (1975) collected stream sediment

o e ’

sqmplgs/within the ‘same area to test the usefulness of

° i

stream sediment geochemistry as a'prospectinq_tool.

/////'. Studies of glacial dispérsal trains for prospecting .
A : I "
purposes have mostly taken place in Fennoscandia, and .

many baperg on such studies are found in the volume of
Kvalheim (1967), ‘in -the prdéeedingsva? the Trondheim an&“

; Edlnburgh conferences on prospectlnq in areds of qlacial

o

terraln (Jones, 1973, 1975), and in Bradshaw (1975). ‘ °

«

-~ (Y
~

Canadian dispersal‘trains'tnat kave been mapped‘inclﬁée

the Steep Rock iron gre train (Dfeimanis, 1956); the

’//J

. train of sphalerlte bearlng bnulders/ét Georae Lake,

S —

Siskatchewan (Karup ~Moller and Brummer, 1970), theé trains

y derived from the ultramafic rocks at Thetford Mines, ‘ ~
. . Quebec (Shilts, 1973), the Kidd Creek, Ontario train °
0 S
(Sklnner, 1972), the traln related to the Fullbrldqe ore
s

deposit in Newfoundland (O Donnell ;973), ‘and the Mount’
. ° Plgagant train in MNew Brunsw1ck (Szabo et alq 1975).

O'Domnell (1973, pp 51-67) provided an excellent lltera~

ture review on the types of dlspersdf/tralns and the sedi~
3

@ )

ments found.in,them, and how such %rainsfxay be used in

"

exploration. N . -

¢
.
’ - v

History of exploréti?hl
e . The history of exploration of the Chibouggm;u -
A . , . .
Lac Mistassini ré@ion prior to discoVery of the Icon ,
Sullivan.JointIVenture copper deposit pravides an examole

N -
. . ¢ o .




TeAa .

P

u

: of‘how,dﬁrcumstanges add inadeduatg'understandrnq_of_

o

docal ‘geology mav combine to #nhibit the discoverv-of

an important bre deposit.

. TWO Ofe zOnes were present 3t the bedrock surface

°
© »

undér the bed of the Waconlchl Rlver at thé serond and

N

thlrd rapldE downstream from Lac Waconichi on the canoce

L ~

Foute to Lac Mlsta§51n1., A qlac;al dispersal "trdin con-
v e ‘ - >

taining chalCopyrlte bearlnq boulders *as. assoc1ated with,

the" subcrop of eath ore zone on the west bank off the

c

river. Since®1671, when Father Charles Albﬁn%l_passed'

throuqh the area on) his missdon to Hudson Bav, the

MO A

Waconlchl Rlver h é been the main canoce rOute for traders

and exolorers (TaBle 1): between qouthern p01nts such as
Chlbougamau and Lac gt. Jean @pd the LaC'MlstaSS}pl areaﬂ
out portaqes around';he rapids?ﬁeré made on the gast

benk. Low (1906) reportedlthat disSeminated chaioopyrite

had been seen;in 1905 in atkose of-tﬁeiChibouéa?au

) Formatioﬁ 2”km. upstream=from’the then;quiscovered ore

zones, . and in_ l9llt£gr1bault et al. reported galeng\\?d

T No Va .
"~

° sphalerite in dolostone of the/Mlsta951n1 Group at the

.
) N {

Hudson' Bay Co. post,®24 km.Adowhstream, beth shbwings
. ( .

o
43

being_on the cande route. These discoﬁeries undoubtedly

spurred interest in the area, but because the portages
A,

remalned on the east ‘bank of the river, the dlso?rsal

©

trains went unnoticed.

In‘1956, ﬁtr at Ltd. discovered thé copper-bearing
. P4 .
dispersal trains, but was unable to locate the bedrock
. i i ° ] . . 'g‘)
o ’ ’ /

>




. LA T . . - - - : .:" 5 + -
2 < . . - ) ’ - . [T
. ' . — e : 9 ’
™ :4’.. H . ’.- .
o < ‘ : ’ -~ - . - )
‘ ¢ ' oL ) . “ T e
R \r ” S ~ 1:‘- \\?4 & _'v
- Table 1. Exﬁiorers and orqanlzatl ns* us1nq the, camoe . -
E Zias PSPPIV ' - ’
+™  route betweenLac- Waconichi and Lac Mistassini in the
' - <.
veriod 1670-1900, ° .
s ‘—' \, ‘f:" ) ’o,, .
. _ . et \
- Explorer or. Organization . Year Referekce . \
s ﬁ-:¢ - ‘ ‘ﬂ ‘"J LA \«"
- , a . Py ) .- v ~\
Charles Albanel, S:d. 1671<72. Lows (1885, p. 12) . ‘\
e e -~ N [ 3
. - . e ‘ \
. * Andre Michaux,. Botanist 797 *" Low {1885, N 1B) ' \
Hudson Bay Company’ cil8l0-present TLow (1885, p,:\\l}) _ ‘..‘f 1.;1
.  North-west Coffany c.°1810-1821  ‘Low (1896, p. 14{ =
:f‘_ﬁ ' James Rlchardson 1874d Rlchardson (18-72)\ ‘
- . Prof. John -Galbraith 188 F'-lar‘i aixli_: et"*‘a_l; “\I-T_’v
. E - = N
, (1P . 38) I
C A. P. Low . .- 1885 Loy’ (1885) . A
\ ¢ - I - -
) Prof. W. J. Loudon, © 1889 Faribault et al
) =T ' (1911, p. —IOY‘ .
K3 . - ‘
A. P. Low 1892-93 Low (1896)
- . ' ) . ;
- ~R. W. Brock 1896 : Bglg (18997) -
’ . "T. E. Lemdine 1899 Faribault et-al
o - (1911, p. 43). -
., L / - -
[ P P . -
< s e ’,, N c
r . .
)‘ ’ .:= ’ .:‘:- . R
‘r - t. R i ’ '
g." = . ) ':: t o - ‘ )
* ;l 4 - R /, A "'.,‘,‘ . A
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S ~m5e¢ieving that, ng%ﬁénersal trains directiy overlay °

steeply dipping mineralized-zones. like those present in

. <}
dreenstone beltd of the Superior Province, Stratmat’

.
<

- drilYed 6 diamond drill holés at 45"deqrees throuagh the
traifhs (fig._2). The drilling results Q%re neqatib%t

* . _——s ° -~ - \\ -”;
vartly bécause, the strains werg: formed by qlaciat action, ’_'

not by in situ. weatherjing, and thereforezéere disolaced’

-
~
-

*. from their bedrock sburces,‘and Darély because éheg

. -

P mlnerallzation was ponformable°w1th qeptly d;oplng rocks
téf?f - - ¢ NG - .
of the MlSta551n1 Group AT1- the drlll holes Were

. -
- P

e

collared in the fqotwa&l rockq (G. Darcy,’oers. comm.d.
On Juhe 4,- 1965, tmi IconNSvndlcate began ground

-checking o electromagnetlc conductors found An its. alr—f

borne survey\W\in order'to dlsthgu1sh mlnerallzed zones in

the area from barren graphitic argilléte‘be@s. .Oniy two

days later, after the discovery of ghalcopyritefbearinq

o

"

ATboulders inm till on the—wést baﬁk of the Waconichi River

at the second rapld,_oy insﬁectorr?aul Bedard, thefentlre
- 4... '\f"’*,m_ e ¥
' field party was 1n§%lued ‘in a- systema%lc sedreh for o

’addltlonaI’boulders in &n attemot to. deflne tﬁe §punce of
et e - B "

the dlspersal traln. Sevan trenches were excavated expos-—*

b4 &
-

1ng the copper -rich ﬁlll”, Drllllng upglac1er from thé
tra;n confirmed the prsence ofgyan ore dep051t, and pro—

duction began May 24, 1967 (Troop and Darcy, -1973).

’ T
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o Methods of study

Samples.of glaéialddriit weré collected from natﬁralﬂ

an@ man-made exposures near- the Albanel Road vaerlna a

¢ Pog 'Y

dlstance of 25 km. parallel with: the qlacral trend. Sec;

Lo o~

tlons§were measured where strata wére wéll exppsed. LPill

®

pebble'orlentathns,were measur’d at sites where ti;l was

3 3 .
3 \ i - =

found in an undlsturbed states | * e

oz . B P

v

. Q At the Icon mlne, a basellnéborlented subnarﬁllel

3 -

to the local strlae was gut through theeforest Nestmof

< /
the Icon. disgersal train and,eleven crOSslines were'cut:
s o S o o
to cross ‘the traln at’ 61 m. (200 ft. ) 1ntervals. Samoles

I3
i

[
o

r‘T'were collected from test pltS at 80 5 m. (100 ft )‘spac1nqs
along the Crossllﬁes (Flgq 23) Sequentlal samples were N
cpllectedrfrpm sectlons exposed in minﬂhq'faces. ‘Till

c

pebbl@ omlentatlons and étrlae were measured at several

o

localltles at the mlne. Four bulk samples of approx— ’
*o a .
tely 50 to 60 lltres in size’ were collected from un- . .

B
“

0x1dlzed chalcopyrlte—bearlngctlll to determlne the grain

°

L
51ze dlstrlbutlon of glac1allv commlnuted chaldopyrlte.

©

The types of laboratory analyses that were,routinely

¢, u

performed were: 1) textural 3naly51s of the mlnus 4 mr.

fractlon- (27 llthOIOglg"anglysis of: the 4 to' 64 m‘

fracﬁlon, fAd (3) carbonate anaLy31s of the’ mints 0.063
‘3

. o

© mm. fractlon; Most of the.samples analysed routlnely
* were tlllu; Textural analy51s was_ by hydrometér anﬁ
sieve method5°us;ng a modlfled form of theaAmerlcan,

¢ »

Societx for°Test1ng and¥Materials (ASTM,A1964)°protedmre.43 .
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©

L4

... The lack of deep exposures prevented the detection of 0

<

©

the amount of calcite and dolomite in the samples. The
e o [ - * . ¢

° . -

o Y a Te - ~
N ~ q ¢ © .
Pe e o0 B J v ©
>’ " ° B s @ o ) ¥
. - N - ° y - & N
i . ] ° y . . '\ bl P
o . ° -~ P ¥ ’ M ) - .
BN n a
el I AR F 13
X > o ’ vE, S .
& po . o . [
- c 5. N ' - t. . .
. A modified form of the gasometTric methed of Dreimanis, - )
© T e * . .
.. - . of ) °
(1962) .wés usqd°i% the carbonate ainalyses to determine .~

o till quble Qrientatiqns were platted ‘as miﬁroréimaqé an%*n=
- , © . » o .

plunge-sensitive rose diagrams and as contoured stereo-
B - : R . . o
o . ,

© o © .
graphic profjectiens using a modified version of Starkey's
e " ) J - 3

(1970);comppEEr plotting programme. The four bulk samplés - “ 

o

_®f till were.split at 1 phi intérvals from -7 phi.to 10 .

P ] & e N .

a

phi, and for each fraction .the abundance®of chalcopyrit

was ;deternined volumetrically or by poiht® cbunting. More: - ° “

- s °
o

detailed Q¢scriptidn5=éf Ehe laboratory methods ar'e found

with. the approﬁiiateoappendices.

. ° .
." S N t, - ©
° Because only:.limited access was available to the

weﬁp énd’norﬁh’parta}of thk area, the mapping ‘and sampling
- of the Quateﬁnary ukits ©On airégional°€cale must bE con-
.. v ® - .

R4 - ¢ °

’ : ; . ol . . . » e
" sidered as reconnaissance. ' This applies‘in’pdrticular to-
n - N ¢ a . e g L3 N

the regional digtribution: of lithologic components in “unit

-
. .

. A as sh?rn on Figyres I6 to 20. ° The distribution of units

< C ;!h D (fi%.-?) was'n9t°fully fmapped. for the?same'igason.

.
< “ A

‘older Quaternary sédiments .which may be present in the

L} o .

g - ’

- area. 'In additiqn}\tiil pebbie otientatiéﬁiéweré measuted

gn%y on’ ¢6ne side of the drumlincid*%idgé shown on Fig; 9
‘ B ~ . o N

[+ - »

o o < L) ’
9 . ' s ° o
‘because only that side was accessible. PO

- o

1

°

o

o

§
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. » PART 2.1 Stratigraphy . : ¢
© ' .+ A study of the provenance of qlac1a1 drjft. units in .
. . - Q
any area. must 1nciude descriptibns of the rock tybes
- . . .
. ¢ . +« ., present in the bedroeks of that area‘and in the reglon/
¢ “ L ) ' ' >/

upglaCLer from it. 1In the Lac Mistassini - LaCoWaabnidhi

co area distinetive rock types which occur as bedrock in and

° o -

4 s upglac1er fxdﬁ tne study area were selecteéd as indicator.

. o~ rock types. The major bedrock units in this reglon are
. . . S

. ’descrlbed below and llsted in Table 2. All of these

°
Q

‘ units occur Within the study area except for the . ‘ i
v N . v — - R \
. ° 'Papaskwasatl, ChEno, Upper Albanel, and Temlscamle ’
¢ . B ° . ¢ .
a o Formatlons, whlch are found upglacier fromklt in the '
% - . Mistass;ni basin. - s et - o
) LR « ) ' .. G K L . " . °
. ‘ . .:" ) . \ oo : . J/ 1+ . v
) Archean’ SN . - g
s e _ ' The oldest rock in the area is the weconiéhi Fogma4¥ﬁ“_ﬁ
- . tlon, the lowest unit 1n‘the Roy Group (Duquette, 1970) ,
o A
whieh underlies the»wedge—shaped area between the
N Waconichi and Mistéssini faults (Fig, 3). The ‘rocks are -
' dark green amphibﬁlites derived from pilloﬁ}ﬁ basaits,
v © 9 ' Ce T Ce B Cae
,-'q » e ] 5 . "’ﬂ : = "
€ @ o . 1 ‘ e
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Table 2.

Bedrock units in the Mistassini basin, after
Ducquette (1970), Lona (¥¥73), and Catv and Chown (1973).
Southeastern Gneisses

N +

G

<
‘TECTONI%M

Biotite, hornblende gneisses
and granitic gneisses. May

include remoblllzed older
units.

A

Mistassimri Group
Temiscamie Fm.
o .

L}

~==DISCONFORMITY

Uoper Albanel Fm.)

«

Sideritic iron-formation,
‘"ferruginous slate

Pink and buff massive dolg<

. L, stone e
Lower Albanel Fn. ' & b
. . Member F . Pale grey to white dolostone
: Member E Brown la@inated dolostone
Member D 6rey dolostone, intraforma-
SN G tional breccias - ,
o Member C . ' 4 Laminated dolostone- o
8 Member B * .| Grey argillaceous dolostone,
& : graphitic aroillite
) Member A Stromatolitic and arenaceous
2 tt dolostone
o, |Cheno Fn. Black to grey quartz sand-
- stone and subarkose, aren-
° ) 8 aceous dolostone
Papaskwasati Fm. Green, grey, yellow quartz
: " sandstone and subarkose
——— UNCONFORMI'F¥.—s :
Chibougamau Fm. - Granitoid conglomerats, ark-
- .- ose, graded laminites,
. - , mixtites
——— UNCONFORMITY - e

Granitic intrusions

,Gneissic‘comﬁle‘!

Roy Group )
Waconichi Fm.

Hornblende svenxte to horn—
blende biotite *dYorite, .
. .. granite !

Hornblende aﬂd blotlte

Pillowed basdlt, basaltic

-

. gneisses

]

{ -

. i
H

flows, felsic pyroclastic'
T, rocks

i

7

~

!
I
|
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cp o F * . i
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¥
S
N .
- b 51°00" 4 & Wie® 51°00" o
r
Kilometres -
& -
- o KEY w
. . Proterozoic
‘9 Southeastern Gneisses
) 8 Temiscamie Formation: )
7 Upper Albanel Fmn. S 7
4 * Ly . i
5 6 Lower Albanel Fm. oy
: 5 Cheno Fo¥mation ~ - . : {
o 4 Papaskwasati FrP. \
. 3 Chibougamau Fm. )
* Archean
’ . 2 Undifferentiated Basement
¢ 1 waconichi Formation _# .
1] N -
-
13 * 9 - 1)
° 1¥ = Lac Waconichi
° "WF = Waconichi fault
J , Figure 3. Generalized bedrock geology of the Lac Mistassini area. ‘o
. Compxlamon from Wahl (1953), Gilbert .(1958), Neilson (1963, 1966},
5 v Deland and Sater (1967), Duguette (1970)% Long (1973), Chown and Caty
) . (1973), .And Caty and Chown' (1973). . . ° .
* - -~ . a

© B N '] .
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(RN

basaltic flows and felsIc.pyroclastic rocks. Metas2

- " -

morphic rank“of the amphibb;igg increases toward the

MlSUHSﬁ%nl fault. Jones et ai (1974) gave a rubidiﬁm—
Q-

stromtléh whole rock age for the Roy Group of 2206+85
L

m.y. khlch i

o

Dost-Archean, but may be ‘too young because

of thé proximity of” sorie of” ‘theiry sample sites to the
-a 4
ont. A few Small bodies of. metaqabbgp are

~

‘Grenviille

\ }
ithin the Waconichi Formation. . W

A large area north of LA@ Waconichi and west of Lac
N -4 ' . >
'_Mistasgini is underlain by gneissic.rocks. lihaée rocks
) 7 ,
are guartzo-feldspathic granitic gneisses with biotite,

-

hornblende, and garnet as the dominant accessory minerals:

Dallmeyer (1974) determined the 40Ar/39Ar incremental
release ages for .two samples of hornblende from these

gﬁeisses as 2517440 m.y. and 26101}0‘m.y. The_corrés—-

~

ponding potassium-argon ages are' 2504+56 m:i. and 2607+

62 m.y. These rocks are therefo;g ﬁhouqht to have been

1

last metamorphosed during the Kenoran orogeny.

.

A late intrusive body of plagioclase-rich horpblende

sxeﬁite extends westward from the northwest <shore of Lac

- « W

Waconichi.

-

Proterozoic . o : . o . -
) " ]

Chibougamau Formation ' v

- The clastic roclp of the CHibougamau ﬁg}mation

" (Long, 1973, 1974) overlie the Archean rocks with dfeat
’ : - [

unconformity around the eastern shores of Lac Waconichi

» t

‘e




¢

(Fig. '3). Th terms of thickness and subcrop areas, the .-

formation ié-domingted by varicoloured arkoses. Thick -o_s' (\
granitojd conglomerates cap the Lac Waconichi sections. ‘é'
Mixt}tes and laminated slaty argillites with dropstones .g

: : S

are intercalated with the arkoses in the lower portion of

.’

.the succession. The metamorphic rank of these rocks is ~
lower greenschist, and fﬁey are thought to be early ‘
Aphebian in age (McGlynn, 1970, p}‘59). :An age of 8
approxiﬁ;tély 1060 m.y.. for argillfﬁes from the Chibougamau

Faormation was determined by the rubidium-strontium whoh‘% -

= L]

rock method. The age is interpreted as a resetting of the
' : ”

rubidium and strontium abundances in tHe rocks by alkali
: ‘ ! . PR N

metasomatism during the Grenvillian Orogeny (B.J. Fryer,
! a

i ° *

pers.. comm.). Because no dolostone ciasts have been . . -
fouﬁd’in the Chibgugamau Formation around Lac Waconichi, ‘\,
it is believed that this formation is older than the

adjacent Mistassini Group (Fig. 3).

"Mistassini Group . Y

" The stratiéraphy of the<Mist?ssini Group was first .
des;ribéd by BérgerQA”(1957Y, but modifications and mofé
’detailed descriptions have since been provided by - A
‘Neilson (1963, 1966), Delgnd and Sater (1967), Chown and,_

Caty (1973), ‘and Caty and Chown (1973). The group con-

, ~

sists of fiﬁe'formations, from base to top: the
 Papaskwasati, the Cheno, the Lower Albanel, the Upper

Albanel, and the Temiscamie (Fig. 3). .




. ;“ . & . Lo
. -+ As .described by, Neilson (1966) and Chown and Caty
- . R '; . .

(1373), the Papaskwésati'Fornation is a basal clastic
unit Jp_to 490 m.)thick found only around-!he:northgast
‘end of Lac Mistassyhi. The dominant iock types are pale

3
’

. gre'en to greyish white arkose, subarkose, and con-

-

_"

glomeratic arkose.; Because of similarity of rock types,

thicknesses, and internal stretigraphy, the Papaskwasati

Yy Formaﬁion‘is said by Chown and Céty (1L973) to'be correla-

tive with the‘Indicator:Fo;mation‘of the Otish Group,

-

which is exposed 40 km. northeast of the Papaskwasati.

~ v

The ChenO'Fo:matién.(Chown\\ d Caty, 1973) is also -

crestricted in distribution to the noXtheast end of Lae,. -

. 4
the Papaskwasati Formation, but'with asdark grey to b¥ack
matrix caused by fine sericite, chlorite,: iron oxides,

ang graphite. Black sandy dolostone and black ,sandstone

g

. are present in the upper member. . . : .
. . . 4 i Lo -

a Caty and Chown. (1973) have subdivVided the Lower
. - . * . 4

. Albanel Formation into six members (Fig. 4} which cahiﬁe

-~

traced along the length of the Mistassini basin. A dis-~

. h continuous regolith separates this formation from thg ~
. . underlying Archean rocks on the west and south gides of

T o -

limit at the Icon Sullivan Joint Venture operation cop- .

sist of’pebbie—sized fragments of angular, exﬁéiiated

the basiﬁ;\xTwo samples of the regolith from,its southern .
. \’ . . ’ .
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weathered gneiss cemented by dolomite and silica. The

lowest member of the Lower Albanel Formation, member A,

) . s

is a ‘thin grey arenaceous dolostone containing small R

]

stromatolites. Member B is made urp of laminated argil-
laceous grey dolostone intercalated with five graphitic

argillite beds, the lowest of which is the host for the

<

Icon Sullivan Joint Venture ore deposit (q.v., Fiq;.Sﬁ.

MemBex C is a thick, gre; flaqay¥bedded aqqillaceous

laminated dolostone. Member D i charaqterizéﬂ by manv

a

intraformational breccias and black chert lenses in grey
. ' (
doelostone. Rusty—weathering laminated’” grey dolostones

-

make up member E. iembe;‘F 1s transitional hetween the

Lower and Upoer Albanel Formatlons, changing from grey,

e

argillaceous laminated, dolostone at the base to pink-

N

weathering white massive dolostone at the top., Because .

the Lower Albanel Formation has a large subc¢rop-area «
; g

whlch is parallel to the glacial trend (qu. 3), none
m
of its rock .types is dlstlnctlve of local or distant

provenance when found in glacial sediments in thée study’
\

. area aQihfone may bejtraced to a feétridted source.
I

ontrast to the underlylng arglllaceous grey

» dolostones, the recks of the Upper Albanel Fermatlon are

v

maln;y plnk and buff massive dolostones ‘(Deland and Sater, . -

1967) . These hard and dense rocks cap a orominant cuesta
~ - a( )

bepween ﬁhc Albanel and Lac Mistassini.

. ' The Work of Wahl (1953), Neilson (1953, 1963), and

iqgirke et al, (1960) shows that the Temiscamie Formation.is -
-~ . N ~ he . f -




———.

: ¥ 4 ‘ A .
° : o
made up mostly of sideiitic iYon-formation and ferrugin- .

(4 M 0

‘ous slate. ' Its subcrop is‘between Lac Albanel and the *

Mistassini ﬁéult; and it disconformably overlies the

wer Albanel Formation. Qalrke et al. (1960) determined-

‘2 potassium-argon age for argillite From.the‘Tem;scamie
- ) N - N .
R Forﬁation of 1290 m.y., but they stated thls age could

9 .

only apDrox1mate the. tlme of lithification of the rock
because the saﬂple was of uncertaln origin and compo-—-
sition. Fryer (1972) found a rubldlum-strontlum whole-~

,rock age of l787+55 m.y. for,the Temlscamle Formatioh,_

S

»

b

Southeastern gneisses: . v

Most of the metamorphlc ESCkS of the ﬁrenVille

r v

Prov1nce 1n this reclon are llthologlcally 1ndlstinqulsh—

able from the gnelssic rocks of the Superior Province.

The rock types are domlnantly/ﬁiagloclaae quartz gnelsses ) .
e L . with hornblende.blotlte, and garnet as accessory miner-

als. Using the potassium—argon metth Qulrke et al. .

(1960) detefh}ned the age’ of blotité from Grenville

Prov1nce gnéiss at the northeast end of the Mistassini

4

- : ba51n to be lOOO_m.y. ‘ ‘_ L. L. . )

PART 2. 2 Structure . ’ -

The gneisses and ﬁetavolcantc rocks of the Superior

Province generally strike east—noftheast w1th°ﬁoderaté to
R . 3 o
steep dips, whetreas the metamorphic rocks of the Grenville
) - [ ' ) ’ ‘: e

Province hq&e a strong north-northeasterly strike.

et R P AN ERSTIT 15




. ®

. *

»

* an asvmmetrlc, canoe-— sha?ed synform’ oq the downthrown

- five to ninety degrees. Shearinq extends up to four

-

‘northwestern Timb dlD at between flve and twentv Eive

. Digand and Sater (1067) stated that. the rocks of the

,of_the group- wvas de-emrphaSrzed by Catgsfnd Chown (1973),

' N
';l‘he rocks of the Chlbouqam\ Formatlon <ire found in-

(northwest) elde of the“ﬂécon;chz fault Beds in the -

~

deqrees, wh;le the southeastern llmb ha% dlns%of\seventv—

-
[N

hundred métfeé,from the. fault (Long, 1973).

<

,

-.‘- 'S x, "Oe

Migstassini r‘roun form a nentlv north—nlunalnq svncllne,

-

the axis of whlch strlkes north—no;theast. The fol&}nc

" who thought €£aults were the most important struct%;ee‘

N

-

.

“»

-

Y

»

_northeast and "dip at low apqlesltoward the southeast.

echelonfto 1t. The Waoonlchl fault lS the northeastward -

o

: _ . .
affecting. the Mistassini Group. Stockwell (1970, p.- 52)

Dlaced the rocks Of the Mlstasqlnl Group, ﬂtkyh\Proup, ™

and Chibougamau Formatlon in the. Mlsta591n1 Homocllne, a
2 < £

sub@roylgce of the Superior Province.

A

.. In general, the rocks of the Mistassini Group strike

-

@

Near the Mistassini:- fault, the heds change.their attitude
. . - ¢ . - 1,

abruptly to have northeast strike and. steep nerthwéstwarﬁ

o

dipsi The Mistassini faultﬂis'an east-dipping thrust

TNo“gan, I%é?ﬁfwhlch hasggeen 1nterpreted as the 0051t10n
- ’3 o A
“of tﬁe Grenv1lle Front in this fegion (Laurln, 1969).

R E) - <
ae

Manxjfaults in the Mls§a551n1 basin are parallel or. en:

——

extension of the Gw1111m Lake fault, -which has aamlnlmum‘

strikezleﬁgth of 100 km. (Duquette,“LQ?é).
° N ‘e . /‘




PART 2.3 Mineral Deposits . S

. Copper ) : oo s T
—. . . o

-
. . = Occunrences of copper mineraliza®ion in .the o

Chibougamau FormationT(Fig. 4)‘have'been kmowngfor éany }

=S o

-

.7 e yeafs (Low, 1905; Farlbault et al" 1911, p. 2k2). Tha

v
. : Portage show1ng TGullloux, 1969) is found %t the foot Qf
w l
. Eh’ falls at the outlet of TLac Wacoglchl.f~Chalcqpyr1te
- ‘ v f ( \J? ’ )
. ' ocours there_ln a narrow northeasterlv—trepding quartz-—.
. . L . , < )

, carbonate lens and disseminated.fn the errclosing arkose.

. The. Bouzan showing (Guilloux, 1969) is found;neaf the -
northern limit pf Chibougamau Forration outcrop'on_Ehe .

. . . + -

west bank of the Waconlchi River. This oCcuernce is

. 51mllar.to, and Drobably an ektens;on of, the Pogtaqe

) o

showinq'(Gilbert,‘1958,oo. 34) .= The Blond;athhoq}nq o

? (Guilloux, 1969) is locatéd 1200 my west.of the ocutlet of

3

’

) Ilae Wacohichi, where large chaloopyrite grains occur with

quartz and calcite in small fractures. @lthough re-

- ..x-t.-

peatedly drilled, none of these show1nc§ has proved to be
. . : | B : e
' - -

economlc. ¢ T ) o v . - .

9 [S . 5": —

e Caty and Chown (1973) aﬂd Gros‘“lQTB) reported two
[y . © w) ’
< showangs of chalcopyrite W1th auartz—carbonate in’ brecc1ﬁ

. ated‘dolostone of member A of the Lower Albanel Formatlon"'

on the south shore of Lac Mlstassrnl west of the Icon

.,‘ .Sullivan Joint Ventuf&_propérty (Fig. 4). Drillinq of
. ) . ) ’ - L - L ’ o
- : these slowings encountered loy copper abundances over ’

narrow widths. e ) . .
;l - . ‘ . ” =4

.. The deology of;the Icon Sgllian'quqﬁ Venture copper

. - C . " Lo - .
Ll . 4 . . - ‘ - - . o
’ 4




depﬁsrt‘(Fiq 5) has been descrlbed bY°mrQOD and - ‘Darcv ~

‘ > Ty
2 ¢ s

(1973), Guilloux 11972), and Gros (1975) The ore 1s)a S
coarSe-qFalned auarfz—carbonaté-vein ranqina in verti al l

. o .
.thlckness from 0.3 m., to 13 m. yhlch occurs with the ) -

lowest of’ the f1ve qraphltlc ardlllrte beds in memper B
of’ the Lower Albanel Formatlon.?\fnls doncordant velnp
di?s.at-about % degrees to the northeast,‘e;cept wherefit-» -
has beenrunturned‘along éﬁi Mist%ssinr fault" The rij
est)ore is found ;L the north ilmbs of ;allrock mono-

=° I

'ncllnes, the axxal piaﬁes .of whlch\strike east~west and

Il

.dip'south/(Plate 1). S$\QSSOCIIHES reflect undu a- N

tions 1n/the beddlng of member A o the Lower Alban/l) . o

o

’ Formathh caused by the presence of stromatolltlc

(Troop and Darcy;.1973i Collins® et alm 1974)
Ao .

“The mineralogy &f the vein is Simple.. _Ouartg :
< . A - . i N S

ferroan dolomite are thethSb common minerals;

.

quartz is whlte and very coarse aralned Terminpted

equartz crystals'uo to 3 m. long and O 6 m. .in bhasal

S
. s

dlameter have ‘béen found (Plate 2). The ferroan dolomite .

° - -
> s . v

is ankerle;c, rusty—weathérlnq, and’ medium to csarse- > s

~i

grained: few large calc1te crystals have been found A

with the sulphldes. Chalcoplete,prrlte, marcasite, .

. s .
. pyrrhotite, sphalerlte, bérnite, - and millerj

) ’ e N - R o
h-3

e are the

.' Rl .{ ‘ ’ ) L. - . , . ) ‘ N . ,
abundant, and it is- usually. very cbaeselgxained; - :
N : o .

Most workers agree that this vein is of ,lovi- ’
tempkrature hydrothermal origin, ‘emplaced in dilatent
. ' ) L2 . »
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Plg?;e 1. View to east along strlke of numBet one ore zone
-at Icon mine. . Veir is light-toned tinit at base of section.
N‘oxth dlppmg lens of*sulpnldes (er}\) is in white quartz-
carbonate gangue on right -side qof vein exposure.

<

Plate 2: éua z crystals in chalcopyrlte in the number one
. ore zone at the Icbn mine.’ 5cale bar is 30 cm.

e mkeaho S 3




oo o Ao ’
. -\,)\ openings on a bedding-plane thrust fawlt associated with ,

>

. the Mistassini fault (Troop and:Darcy, 1973; Gdii}OUX!-

1972; Collins et al, 1974;_end Gros, 1975).
Between May 1967, when production begén,'ena o .
7 DeceﬁLer 1974, the mine proddced 43 ﬁilkion kiloqrame of
‘ -cipperafrom 1,460,450 tonnes of qre’cpnt;rninqien a;erage
=0 ’*W er 2. 94 percent EOpper.’ Thewore has:eiheusted and the
mlne clésed in May 1475~ (Flelder, 1975, p. 141): ”
e . 0

- p - - The Tr01&us Marcambeau Joint. Venture cooper Drospegt -

. * ~is located r3 km. northﬁnortheast of the;Icon mlne

(Fié. 4. The mlner&L&zeg‘gone\JB\%p the fifth and

so

o _‘;«k

5\
e . uonermost qraphltlc argifllte bed Of member B Sf the . °

e - u

Lower Alba&el Format&on. Th;s;depﬂsgt is mlneraloglcally
o L . 31m11ar*to the Icon deposit, excebt“that quérte and chal-

e ” copyrlte are- less abundant. The ﬂanerallzed q‘ﬁe has the

-

... ' same stratabound morphology, and 1ts relatlonshlp to the
c %

. Mlsta551n1 fault is the‘?ame as that of the Icon dep051t

3 ¢ c

S (Forgeron, 1971 Gros, '1975) . . : .

Lead and zinc' ~

. °
< ¢ . i ©

Cdty and Chown (1973) descrlbed several occurrences of

galena - sphalerite mlnereiazatlon xn,the area (qu. 4)

_ ;e ~ All.these showings are within concordant, iptraformational
st ... TS Ce « * A . ® . ‘/ . .
j; . _ breccias of member D of the Lower Albanel Fommation in .

« - _the fracturedthnnges of’ fdlds near mlnor faﬁlts. The
e ’ mlnerallzation éon51sts of coarse-gralnea galena, sphaler-"
] B P

4"
v s ' -1te, and carbonates between 1ntraclasts and in fractures
. ; Lo

P



[
L - ° -
v - - ! ° . .. i
- - .
) )
° . . Ve - .. - . 1
me - . - .
- L) - . 1
> . . .. . ‘
- . - 3 - T i
o ’ ) M - - ° v - -
} ° A ° . . v

g Q e 3 .ao. i
* - in the breccias.” Anthraxdlite’ is cormmonlv foynd

. . . Lo :
the sulphides. -

. g " [i4
%

) o » - ; .
“ :
. '
. . - 0- N
N
£ .
)
. . \ . ) .
T a B A
R . .
. R .
* > . .
- ° . [
. N o
. .
% N - N
N
- L] .
~ N - R e .-
> . ] R ) -
'  §
»
L ..
; -
- s . ,
. . ;
’ . s ‘ )
. . R
. Y “ .
’ . .
» ® . . .
< £l
F— . R , v
' - .o .
. LI - b -
’ = [}
- » . 4 ’ . ‘ i )l
. .
- . . . , .
. \ o . , ;
F’g ) - L4 P | ° i_
%, . | .
)
) Y k ’ . ) , L
- . A . . \ .
.
4 - ) \ .
s ' ‘0
. . - ' \ )
. i
i
- ¥
5 H
> " »
v - .
) 1
- , b
«
. - B . - P
< . , . .
. , "
) N .
v o -
N - '
. i . ]
° v
. . . ‘
' *
¢ -
< A .
. "
s ) -
] 5’“,
© - li
Y , .
e . . )
' .
‘ " hna .
‘ < . .,
. . o

. : , globules with

2 ' o ’

‘
-
.



‘." - ' <« ) PR o
- _ - CHAPTER 3 L
.i' ’

QUAZERNARY GEOLOGY

{ - . * ' ‘
- - // . o0 ..
.. 4 » »

PABT’§ 14 Surficial Geologx

-

Phxslograghxfand draxnage

- The study area 1includes the junctlon of four phy51o—
}
" graphic divisionhs of the Canadlan Shreid as deflned by

-

Bostock (1970) (Fig. 6a) The Abltlbl Upland and Eastmaln

) ’ 'Lowland\aré underlain by Archean.rock§ of the -Superior
RN . ) ' . oL .
s Structural Province. They are-areas of low relief and poor

o drainage. The Mistassini Hills are subparallel hills and

- . ¢

. ' valle?s partly inundated by Lac Miétassini. Most 6f the

ggllsrare subdued, horth- fac1ng cuesta; formed of the

e e g
" r el -

rocks of the Mlﬁta551n1 Group The Laurentlan nghlands
are underlain by the southeastern gneisses of the Grenv1lle
Proyinée. This division has a péneplained upland surface

and moderhte relijef.

o9 1
-

The.divide separating~draiqage into'James‘Bay‘from
- that- into the-St.‘Léyrence River fdllows the Gren&ille
‘i Ffont'OVer much bf its lehgﬁh (fig. 6b) . &he dralnage
ba51n that feeds Lac Mistdssini corresponds roughly with
the area of the Mlsta581q; Homocllne. -The lake'dralns’
igto James Bay Qia the RupertfRiVer system. Westward

-~

" . : .

KL M S M T R
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' 1 . M T .,
drainage of the Lac Mistassini - Lac Wdaconichi area is: -

blocked by a divide havingian elevation of about 440 m.

4 f

. Bedrock-controlled landscapes

dlthough the bedrock of the region is almost complet~

ely covered by drift, there are a few areas of abundént
. s !

outcropé (Fig. 7). Chlboqumau Formatlon conngmerates are -
well exposed on top of the hills north of Lac Wasonlchl,

and the more resistant units of the. Mlsta551n1 Group are

exposed in the Mistassini basin.

Within the-studyﬁéfea, there are no large exposures of

° eedrock exeept.ﬁhose of-tie Chieeugamau Formation.~‘Dfift
N " cover ;s'generally thick 25‘10_35 m.},'except near the o
. . drainage divides, where the bedroek‘surface rises to h%gher

: elevatiohs; there the drift‘cpver graddially becomes thin

T .‘ essithan 5 m.) but contlnuous N\

‘ / . In addltlon to the 1nfluence of the elevatlon of the
bedrock surface an drift thidkngss,-the @trycture‘of the
bedrock hae,apparently affected the glacial flow peth.

Glacial flow features (flutings, drumlihgid-ridges, and

. . striae) tend to be parallel to the strike of the bedrock.
‘ . ‘ s o 2 ‘
— This is best developed over Mistassini Group rocks where .
! 4 gfumlinoid ridges are parallel to the arcuate structure of
? . the bedrock units. ’ . . - 4
- 4 4 ‘%
' ’ ) 2 . : '
© : l ! ' . ' >
|- ‘ .0 Drum11n01d landforms ’

e " ‘Most of the area is a drumlanlzed t111 plexn (Fig. 7

)

U N ’
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Geology by R.N.W. Diléblo 1971-74

and after Warren (1974):4
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1971, 'p. 101) having

s .-
e
. : o)
. . , 24
- ' - B & -
. a

' [ ¢

‘énd Plate 3). Flutings and d:umlino#d.ridqes (Prest, 1968)

are the most. common Yandforms; "“ideal" drumlins (Flint,

h
N i,

‘g shape like the inverted bowl of a

'spoon are rare. * The drumlinoid ridges are up to 3 km.

long, 500 ﬁ? wiae, ana 50im;‘high,f&ith_straight sides and
level ~crests. On.the average, they are "1.8 km. long ;nd,
200 m., wide *(Warren, 1974); and tﬁglg\long axes trend
no;th—négtiéast.“These features are comﬁon in areas of

thick drift over relétively soft bedrock such as the Lower

Albanel and Waconichi.Formations. Most of the drumlinoid

- °

ridges are compesed entirely of compact silty sand till,

o

~although some of those overlying the Waconichi Formation

have bedrock bosses under their stoss énds.

a

-

<

‘Eskers and ige-disintegration landforms

Three eskers cross the ‘area (Fig. 7). -fhe tough end
of the &énerallj northeast-southwesthtreﬁd%né ‘istassinilj
eskef (Ignatius, 1958) forms a 1on§ narrow éenlnsula in
Baie du Posté bszac Mistassini and term;nétes in La

Waconichi. This esker is of the "giant" type, and was

first described by Norman (1939), who mapped it to the ﬂ

.4‘;

northeastern end of Lac Mistassini,

total distance oﬂ;
about 115 km. The eskep and its'asso iated flanking sand
deposits are up .to 3 km.\yide. Many s eep-sided ketti%?ﬂr

adjoip the shérp—c}ested ce @ which is up to 40 m.

higheitthan the surrouriding terrain. The southward-dip of
bedding and crossbédding of the esker sediments in-gravel

LY

o
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Plate 3. Glacial landforms near Waconichi River. Drumlin- ’ -
ized ridges (1) are dominant; _e¢sker segment (2) and ice- :
disintegration complex (3) also present. Compare to-Fig. 7. 2

From Canada, Dept. of Energy,: Mines and Resources air photo-

graph A 15266-41. Scale bar is 2 km. .

> < N
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pits indicates’ that those sediments were deposited by

3

southward-flowing ¢prrents._ A smaller.esker on the west

» -

side of Fig. 7, trends southward from Mistassini Post to

join thexmistassini esker at tHe southwest end of Baie du

o
3

Poste. ,. 0

. - 1

A small esker segment was found 3.5 km. south of the

o Icon mine and 2.4 km. east of the outlet of Lac Wacon1ch1 .
. c .
(Fig. 7). fhe esker is a sharp crested ridge w1th a north—

S

A .
ssouth trend, It is about 300 m. long, 25 m. w1de, and 15 m.

hlqh Its southern end onlaps the drumlinized till plain 4

T . and its northern end dlsappears in an area of knob-and-

» °

kettle topography (Plate 3). The kames and kettles in thie

hummocky area are interpreQed as ice-disirntegration deposits.:

S

No other large areas\gé humﬁocky drift were found in the -

study area. ) e T

; . * SR
Lacustrine plains and lake terraces
Y & - - } -

Véeverai‘auEhors‘<Nofﬁan, 1938, 1939- Shaw, 1944;

Ignatius, 1958; Gillett, 1962; and Prest 19 /& de-.. =

‘ e —

ial lake-phases in

(=}

51mnllst¢c view of Norman (1939) that

only one lake, Lake Barlow- Ojlbway, formed there in front
t

of the wasting Laurentlde 1ce shees is basically ‘correct.

“Prest (1970) disputed Norman's (1939) claim that this lake

' extended into the Mistassini basin as a single body of

water.g Prest (197%’, pPB. 723 ~725) ot'fered ‘an alterna i e

- .o e °

explanation by postulating ‘that t,-A— Were several separate




.y I . Lo ..

lake phases Hetween 8,400 B.P. and 7,500 B.P. in central -

ﬂQuebec, having different outlets dependlnq én the p051tlon e

-

, of the 1ce margln during the Cochrane advance southwest of

James Bay and a later !tlllstand east of" the bay

—

Wave- cut terraces were no;ed by Low (1896) around Lac
Waconlchl,at an elevation of 393 m. and by Neilson (1953)

°and Wahl (1953) around Lac‘Albanel at an elevation of 404 m.

A

. No hlGh leve; beaches have been found around the Mlsta551n1 -

;o ba51n,-and perhaps these terraces mark the highest stand qf

. /// afglacial lake there. -It is noﬂ known whether\\lacral iake
“ Opemiska (ffest,.l970, p. 724),.with its highest eastern .
sboreline at 438 m. (Norman; 1938), was coaqected to the
. lake in ‘the Mistassini basin, cutAthe author -believes 1he§ ‘

'were separate lake_phaSes because of the lower elevations

‘of beaches and glaciolacustrine«sediments_in theAbasin.

Lacustrlne plains-in the study area are small .peat— —- —

___--

cove;ed areas-at low elevations. One of the highest of

o

f

"’”ﬁffji_~m these surfaces is. ‘at the Icon mlne,(at an elevation of
) '381:m. Several occurrences of 1acustr1ne’s11t have been i
. . .mapped by Warren (1974)fnear the present‘elevation.of.Lac .
- . | " Mistassini (375 m.). - Undcubtedly; many othex small lacus-

trine plains will be .found under low-level bogs.

LY 2%
bl

- . -
T, -

;,,,,,;;;,;?;*””" Reglonal glac1a1 flow patterns - )
.« - The reglonal glacxal flow patterns areg)gst deflned by,

. o

the orientatlon of thé long axes of drum11n01d rldges, Dby

R ‘??& 5

W the orlentatlon of strlae and by the orlentatlon of elongate

\_Vt,. : ) . ‘ . . ) . -'\_*
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‘ jpegbles_in till (Fig. 8) . The dnumlln01d rldqes have little B

L)

variation in their'orientatlon w1th;n the_map area,

o * . - . + °
apparently- befng ‘controlled- by {the general flow path of the

R

. ) N - . o .
glacier. On the other hand, striae on the bedrock surface »

range throygh' forty degreesh qlac1al flow belnq "locally re— :

'»dlrected by 1rregular1t1es ‘of the bedrock surf ce. There @is

no ev1dence in the orlentatlons of the drumlinoi

- . o

ridges oxr
S

in more-

striae to indicate that glacial advance took pla

, . .- . . S .
than 6ne direction-. - : . i
. '}The orientations of the long axes of till pebHlles were

EOR -

méashred at -23 sites in the drumlinized tillipla' to deter-

’

m}ﬁéethe relatiohship between any‘oreferred,ori ntation of. “

'the'till'pebbles-and the orientatioJ}bf the loﬁq axes of .the

drﬁmlinoid tidges (Fig. 8). Thlrteen ef these *sites Were )

L ] - v
-

. . chosen 1n a-single drumllnpld fldge to search for varlatlop

v ‘ I
-in the- preferred orlentatlon of till pebbles in one of> -l

. these landforms (Flgs. 9,210) - ) i .¥ . ¥ <
| The data for each sife were processed with a modlfled\ﬁ “
VVerSLOn called FABRICB of«Starkey s-&b970) computer plottlnq‘ 5

* programmetwhlch proaucgi.scatter dlagrams, congpured d1a~‘[ T

T grams, mlrror image roée dlagrams, and plunge—sen51t1ve

- .
e - - . 2

rose dlagrams.' A modlfled verslon called’VEcTOR of the °

r

B computer programme of Andrews‘and Shlmlzu:(1965) was used

to calculate statistics applxcable to the_ data. .. The" . N

statlstlcs are tabulated in Appendlx A.

i,

'_~ er r-image rose dlagrams plotteﬁ by FABRICB have ‘:;

‘beéﬁ. efécted to repreeent the pebble orlentatlon dat&




“9

/

o1t 23
. 2ae
* Po< )

ELLOMLIRE:
“~

T3°45¢

: ..
— T —

- Figure 8.

e

t (unit A) in
the study arca. Each diagram

) ’ S -
Mut‘ur—maqe rose.q::rm‘ of till-.peuble vrgentations /
a scale circle at @ percent and is accompan-,

ied by i1ts site nunber, the calculated tesultent tréfd (also shown by a dashed
line), dnd p, the probakility of, randomness.
ridges are shown by dotted lines.
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Fiqurg 9. Mx:xror—xmd'r;': rose Jdiagrams of till pruble ori¥ntations in a drumli‘noxé ridge (unie A),
See Fig. 8 for locatign. OLlte numbwer as x%xdn 8 perchnt scale,circle. Calculated resdltant
o ; H
%rend 1s shown by-labelled daghed linc. p probability of raiidomness.
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(Figs. ' 8,.9, ro, gﬁc.}. sThese Higgramé show the orienta-,

_tions of the long axes of the'pebblés,:with observations

groﬁpéd in elasses of ten.degreeé. biréqtibn S plunge is

not considered. ; Acéompanyianéachrrose-diacram are the '
‘44)

4

StatlSthS calculated by VECTOR based on the two d1mens1onal

-, -

véctorlal technlgues,of Curray (1956). Because Curray's
(1956) equations do not consider’'the plunge of the pebbles,

and _the orientation angles areﬂdodbled'before being fe—

A - , . - - @«

. ¢ L -
solved into vector components, cancellation of vectors

.. ’ . N

does not occur., However, many distributions of till

pebble orientations ére\bimodal or multimodal, implying

e . -

"thé presence of more®than a single population. A vector
; : &

solution'performed on such data often producés a resultant

:

that lies between the modes and whlch may only be an arti-

fact of the method of calculdtion. . .- e -

.VECTOR,calculates the direction in degrees and the

‘~magnitude in percent of the resultant. ' It also uses the

Rayleigh formula to test for randomness in the two- .
. st PO
dimensional orientationm dis;rfﬂutionﬁ; The Rayleigh

fermula is expressed as follows: . T e
2 4. .

- p= e(-Lmn) (ro 7).

- - - & .
where 'L = Véctorlmagnftude'in percent. . . L

), n = number of obseggatlons Lo o

PSR p = probablllty of obtalnlng a greater vector

/

»

e'magnltude by a pure chance comblnatlon of

'»random.orlentatlons = prob. of randomnesé

! oy e

N A R s,



e

°
i

No resultant is considered acceptable’ unless the value for

p is less than 0.05, except for cases 1n whi'ch the data
¢}

distribution is multimodal, and a sub ective interpretation‘

of the'major mode may be made. :
. " A set of random nwmbers from Dixopn ant Massey (1969)
was treated,in the same manner 'as a set of real obséiva—

tions and is iwmtluded on all- figure$ showing roee‘diagiéps.

.

This synthetic set.was found to be‘les% random than several

of the real. ones.

,___»,4-

Of the rose dlaarams on Flgure 8, .only dLaqraWs number .

2 and 22 have values of P equal ‘to or greater thanKO.OS,

¢ L - .

and that is causéd by their multlmodai nature)/’dge till at

. site number 5 was found to be 1nterbedded with- sand and .

that at 51te 25 has been 1nterpreted as’ col%ﬂv1um, so they

will not be considered further. The. resultants at Jltes

23, 24, and 26, and the major modes at 51tes 2 and 2P have ‘

+
»

A an en echelon or "herrlng—bone" pattern relatlve to the
3long axis orlentatlon of the'drumlanLd ridges, whlgh is

\ . Js'degrees: The resultants found for sites i, 3,. 20°lmay be

Kitransverse“ to glacial flow (Holme%, 1941), or they may

iy B have been caused by‘creep of the till in the exposure The.

Kl e 1 .
-~ . latter is thought to have happened at:site 1. _ : %

Wlthln the drum11n01d rldge that was’ sampled‘ln detall
(Figs. 9, -10) ,: only the dlagrams at sites. 14, 17, 19, o
' "9, and 10 have P values below 0 05, and of the unacceptabLe .
:% ' - dlagrams, numbers 12, 16, and 15 are of the’ 51mple murt1- -

“modai tz/e;u ‘The ‘scatter at 81tes 6, 7A”8, 11," and" lB.ts .

¢




‘believed to have béen causéd by creep of thé till. The
reiyltants at sites 14, 19, and 9 and.the major modes at
[ ]

sites 15 and 16°show a "herring;bone" pattern relative to

«

the long axis orlentatlon of the drum11n01d ridge, ml5
degrees. This ﬁttern is smular to, but the reverse. of
that found by Shaw'and'Freschauf *(1973) in flutingg, near

Athabasca, Alberta. They noted that till pebble orlehta-

*

tions onlthe flanks of _a fIuting converged dowhqlachr

toward the akis of the flstﬂng, differing from the orienta-

-

tion of the ridge by about twenty dedrees. In the present

°

.study, many of the pebble orientations dlyerge downglacier

from the ax1s of the rldge (Fags 9, 10). Only the diagram

‘at site 10 has a resultant near 15 dearees.

o

An attempt cou&d be made to explaln the resultants at

SLtes 1, 3, 20, 8,- and 14, and the major modis at sites 12

and 18 by suggestlng that the till-was orlglnqlly de9051t’d
by a glaczgl‘advance from the west or east, and later
eroééd éne remolded iﬁte the»druml%hoid‘ridgee Py an‘ad-
vance from the.north-hérthggét.‘“Howeyer, thefe is no ’
stratigraphic,evidence.for such a phenomenon'in thehdrqmj
linoid rldge studled in detall (Flgs.‘9 10), and the
strlae at 51te 3 (Flg 8), where the east—west trend is
strongest in the tlll pebblee, are orlented at 10 degrees}'
No strlae in the area have an east-west orlentat1on. The
s;mplest explanatlon 1s)that the till in the drumllnlzed
till plaln was dep051tad by one glac1al advance from “the

/w/
.horthrnortheast, and “the t111 pe#bles are preferentla;ly

o . -
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o

the 4 to 64 mm. fraction of samples of the units. Data
ﬁrom,these“énalyseq are tabulateg_in.Appendix B. .

) 4
L4 " v - ' . ‘
- . , o«
. . .

3

aligned subéafallel to that glacial ‘flow direction (sites ;

2 9, 16, 14; 15,’I6, 19, 22, 23, 24 an® 26) or ate “trans- . ‘

verse" to it (sjtes 3, 12, 17 apd 20). - The original

orientations of the pebbles at sites 1, 6, 7, 8, 11, 18 and
25 have been changed by post-depositional creep of thé till

in the exposures.
&>

-

fART 3.2. Stratigraphy and Rrovenance

Many authors have-streégeduthe importance of under-*
standing thé.stratigraphy aﬂd ﬁistpry éf Quatérnary sedi-
ments when exploratioﬂ projects' are undertaken in glaciated
terrain. "Studies by Dreimanis (1960), Skinner (19%2),
Shilts (1971, 1973,‘%976), Kokkola (1975) and others have .

shown conclusivelycthét differences, in provenance and
.4' - .

. transport directiobn, mode of “transport, and depositional

°

'étyle will produce,basic“différences in the properties of
. z [ 4

3

the glacial drift units at a single site, hence the uﬁits‘

must be ,identified and 'théir %’story decip’red so that

.they may. be sen51bly used as gu1des to ore.

#y 8

This sectlon cohtalns descrlptlons ana 1nterpretatlons

of the Quatexnary 11thostratlgraph1c units (Table 3) in

)

the study area. The interpretations afejba%ed on outcrop

P-4
tracing, stratigraphic positipn, internal structure, geo-

'morpho1ogy;'téxture of the minus-4 mm. fraction, carbonate.

content of the minus 0,063 mm. fraction, and 1ithologyﬂof ‘

.

[y
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- Unit A . :' .- ~\

This unit is the oldest and most wigesp}ead of the .

" Quaternary units (Fig. 7). It is a massive hard "till con-

¥}

taining about 10 percent of clasts larger. than 4 mm. The
. ¢ Q,& Ed

*clasts are well abradea and striated. The min(is 4 mm.

e

»-

fraction (matrix) of the till is a sandy silf (Fig. 11),

L . ‘n'
according tq Elson's {1961) classification

o - <

0.063 mm. fracdtion of this till confains

The minus

étWeen 15 énd_30

< .

percent carbonates, almost all of whicly is dolomite. The

-

tiil guickly develops a subhorizonta
freQZe—thaw cxplés aboééﬁthe frogt I/ine (Plate 4). The
poist Mlour of the tiil m?trix rgKZ;g from dark qrey:
(5Y 4!1} Munseilg(f97l) to dark olive qxey~(SY‘3/2; when
unoxidized, to olive grey {(5Y 5/2) when. oxidized. Oxida-

tion redches 5 m. below surface at well-drained sites. TIts

. massive structure, poor .sorting, striated clasts, and its

'bccurreﬁce in drumlinoid ridges {Plate 5) ané overlying
striateq bedrock‘iqdicate that unit A #s 4 basal till.
.The orientat?dn of drumlinoid.ridées gnd\striae, aqd
stoss-;nd—lée rélati§nships on the bedrock surfaée indicatg
that the fill was deposiéed by a glacie% advapciné from the
ﬁorE?-northeast. . .' \' |

Ne oider,Quaternary”units were “found under unit A. TIts
"maximum exposed thickness is'lS'met:es,nat\the Troilhé":"
Marcafhbeau JOint.Veﬂtﬁre prbspeqt: At the Icon miné, thiﬁ~'

. A . S -
lenges of unit A were found between the bedrock and the

youhgef Quaterﬁqry‘pnits {Fig. 25), ahdlbkocks and slabs of’

L

’ . . - 1 4 .

fissility during o
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Plate 5. Transverse section through a drumlinoid ridge, ] .
’ composed; of unit A. Till pebble orientations measured in . - L. T,
A this section dre shown ‘in Fig. 10. S S ‘ o
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- ./ o 4
unit A were found in tnit C. ‘The- lithology of unit A 1n LAY
,relatlon to the Icon ore dep051t will ‘be dlgcussed in 3
ChaDter 4. -t T ' C R 3 .

An experlment was pexfoiped tOoexamlne the within- .
. site.varlabllltz of” unlt‘ A section of visual'ly homogen- -
! ~

. ous till in a drumlinoid MM dge was sampléd in a subdivided

N

Gért;cal chann@l. Five{samples-cohsisting of 1 kg. of ti¥l

'maﬁrix and 300 to 600 pebbles were taken from thé channel,
* o -each being from a Separate sequantial 0.62 m. (2 ft.) . °
r i .
[al - . . ° -
interval of ‘the channel. A sample was- taken from the full

- 3 . ‘< ~

N .xlength of the channel for comparlson. The res of the oL
. R ., / o - . - @
analyses pexformed on<Lhese samoles are presented in N
. NG
— ' !

Figure 12, L : - \ Coe

Thé onate contént, percent sand and silt, and
‘ . medlan diameter h@ve low vertlcgl varlablllty, and the'

H

results r the full channel sample agree well with the S ad

averages the five\interval sampled. The abundances ‘of

the rock ty es in the pebble-sized clasts'vary oyer ranges

a

.of up to 17 percent, but the aVerages of the interval

'samples are cldse to the values,for the channel sample.

The ldwest~samp1e which contained 284 pebbles, is farthest
T from the averages i

the 's; tha others contained 400

to 660 pebbles, bh. asis,‘a sample of at Least 400 o P
' pebbles 1s believed to be " representatlve of the 11thologic

abundances i? the till, ‘whereas a .1 kg. §ample of the matrix

-

is adegquate f%r carbonéte and textural analyses.. The dis-

agreement of the\results for the full channel sample y}th

-

B IR it

-
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. Unhit-B

beddedh

till'at a qiveﬂ\site; 1t is better to take the samDJecfrom

~» :1

the Iargést p0351ble area or 1n€erval when aeterﬁlnlnq the
b [

ayerage gropertLes Gf a. till. Whgh local\or detalled . -

varlatlons arﬁ'%ouqht, sequentlal ‘samples should be taken. .

. Q . e T DR > Y S
IR . e 4 . e
x . "’ o~ - . e . ;’.- . ]
. vnice- b . ' .I ® ) .." - . R ) . . .
- P . o “® , T e ' i “
Unit B consists,of-sghd, gravel, and till, It forms
. o ™ oo 0 a
“the eskers in the area o these,
¢ - [ ] a

-dominant sediments. The eskKer sedimentsrare irregularly
[ ] - ® - . .. S
and normal faults are common. The grain size of

X ~ [y P

sand: and .gravel‘are the -

béuﬂder'gravelﬁ ‘

no obvious beddinc

€,

. T K ) g

- .

. % = o . - - ’.
a‘SOuthward—flow;ng-deposxtlonah current.. .

i =5 ) ) ;

”The till;Ln url 1t B octurs'ln two forms: as irrequla% .

o % )
bod1es 1n*frf1nger1ng w1th°tha.esker sedlments, and as a.
. Ly _ ~o - ,
A . - t:“

dlscontlnuous tover over unjt A, ¢ °
|'| g 'F‘ ® L ‘8

Where the, t;ll occuys ‘as surf1c1a1 materla

«

w

over uhltg

o

A, 1ts propertles are*varlable.‘ It is usually a loo

. i ~

Weatherea boaldery sand tlll c?ntalnlnn 20 £o 50 percenﬁ of
clasts larger thap 4 mm The clasts are p‘BrIy s!rlated 3

the tlll 1s 31m11af to unxt A.

»

L1tholbq1cally,
ding exzsts in some exposures, and 1n§erbeds of sand Bha Q

gravel are eommonly =1 numérous thaﬁ t sedlment is a° ¢

o

? »

’,poor}y&sd%ted qrqvelly san&.

Unlt B 1s found ;n hummocky'

Crude bed—‘ s

’ - s L] .

' ® i - ! - Q = ‘ . B

. ‘ L . o ~

U ‘ . . \ f. 2 .

y W . "
.  the individual interval gampies is interpreted to meah that
P ks . . ) & “ ) : ' . - . ' s‘
a grab samgle fromA&ksmall area may not be, tvnical of the .
~ ~ A F 3 - < -
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v 3

landforms Wthh mask the streamllned landf’rms of unit A.
':ﬂ..'> L

at‘the Iconumlne.

Unlt B forms a large part°of the Ouaternary sequence
| Because the 1n$erpretatlon of the sedi-~
.- j° e : :

oo ‘ ‘

tments at the mine .is iTgprtant in the*discussion to'follow
-(Cha'p.ter 4)."

they were examifed rn detall
PRI

‘At Icon, unit B’
is a convex—upward lens of sand, gravel
. s ‘

.

. and tlll beds w th

of 7 0.m. (Plate 4).
‘ overlain by un’

~

'It is
_ . T
! structures are decapitated
along the contact) whtich i5 sharp. Thin patches of unit A .
‘L 7‘underlie upnit B. The matrix of the till beds in unlt'B is
+ 3 . o .
! silty sand with a dark’ grey (N 4/) unox1dlzed colour and
) -'i a tight olive grey (5Y 6{2) oxidized colour.

. content is about loﬁpercent

The pebble
and many ‘of the pebbles are
~The stratlfled drlft is, malnly massive flne

o

‘ strlated

. sand;’

»

a few lenses Qi’poorly sorteﬁ pebﬁle to boulder’
;;;;EYAaccu in 1t.’ Halrpln shaped folds 'in the sand and

M DR

gravel are’ assoclated w1th tlll lenses, thélr ax1al planes
de downslope relat%%e to the surface of the unit (Plate 7.

The £ill beds show gradatlonal contacts w1th the sand\and
L .,t'grayel and theytlnterfmnger wath the sand as tonques 2 to
" 5 cﬁ thick

‘ ’ ;; ~absent near the tlll

~

The beddlng,of the sand is contorted .or

-

These fleld relatlons and structures
support an 1nterpretation of unlt B as 1ce—contact stratl—

Ky
fled drift and” ablation till deposrted during wastage of
the glacler thét deposlted unit A.

Tedts of-this idea are,
explalned‘below. - ’

- 3
A *

,

* .

“The matrlx of an ablatlon tlll theoretlcally should be
’ v . . ° : ‘,«...';( LT

[

i
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o
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"u‘ -

Plate 6. Mound of unit B (sand with till interbeds) about
30 m. ?ownglacier'from the ’sﬁbcrop of "the num:.ber one ore,.
zone at Icon mine. Less .than U.5 m. of unit C ovérlies unit
B ip this section. - ' L. . -

-
3

© - hd

. =ﬁ s - "
Plate '7. Folded interbedded pebbly sand and till of unit B
overlain by thin unit C (dark, with rootlets).  Glacier that
deposited unit C advanced away from'the viewer.

. ' Y : o .




coarser than that ofrits assoc1ated basal tlll IGoldthwalt,‘

o

1971, p..17). Comparison of the %ill from unit B to-unit A,

"its most probabIe associated basal till (Fig. 1}), 'shows

that the tfll in'unit B is coarser than unit A, but the

N

separation of fields is poor. Using different particle size”

ranges in ‘order to ‘emphasize the.cdarse sand- and qranule

(4.0 €o 0.5 mm.) fraction'rmproves:the separation (Fig. »3) .
-J .4 . ) '~‘

of fields. Another'approach to this problem is to .compare

the cumulatlve curves of the tills (Fig. 14). The envel-

opes for the units show that the till in unlt B is coarser

than unit A, and t#le overall 51m11ar1ty of the particle -
. R R a

-§size distributionsisuggests that-the tilld are derived:in

1

\

'.part from the same glacial debris load with the addition ofi

L .

.relatively coarse englacial debris. to unit .

Ablation tills are formed at and near the qlacier.'
Jargin during ice wastage" fhe dehris from‘ice—meltinq‘
slldes or flows off the glacxer,and/or.gradually sub51des
onto the, substrata The sedlments proébced by these pro-
cesses may contaln more of the debr;s that was held en-
glacially than the assoc1ated basaL}till which is largely
dqrived from the basal debris load of thé glacier. Debris

b

becomes.- part of the englac1al load by compress1ve flow at

%
»obstructlons and by erog}on of bedrock bosses whlch Drotrude

above the basal part of the glacler In this way even soft

,debrls can be transported for long distances with only

mlnor comminution, deposxtlon occurrlng in the termlnal

zone of the glacier by wastage. 'Tills’qhich have been

. e
o
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interpreted as ablation-tills -on other grounds (internal

structure} tekture, and’geomorpholoéy) hdve been fonnd to

:contaln more far travelled rock types than the assoc1atedf'

¥

basal tills (Dreimanis, 1976; Shilts, 1973). Transporta- y
'tion as englacial'debris and depositiqgn by dOaneltinq may \\

be the best way to explaln the erratics derlved from dis= - °
s
tant/Sources which are found near the Wlscon31nan ‘glacial

.

limit in North America (Elint,'l97l, p. 176, p.-183).

e

If the till beds in unit B at the Icon mine are

ablation tills, they may contain. mdre of distal»rock types

L

thanhunit A. -The rock types of three formatlons were
Kz atr

-

selected as 1nd1cators of transport over , great distances.

¢
N t

. The iron formatlon ofi the Temlscamle Formation and the
sandstones of the Papaskwasatl and heno Formatlons outcrop —

“ c

-7 85 km. and 150 km. upglacier from the chn mlne (Fig. 3).
The combined abundance of these rock type§<was plotted,

' against the total abundance of igneous and qheissic rock

~— hd

types (common rock types both locally,aniidistally) in the

4 to GZémm. fraction of‘Samples from units.A adﬁ B, (Fig. .

15). It is opvious that unit B contains much fore of the
i I / .

distal rock types than does Wmit A, Thé unit/B field over-
laps the part of the unit A field which contglns the p01nts
for samples of unit A from the Icon mine.. |

., . This is 1nterpreted to mean’ that both units were
I--
formed from the  same giac1er, un1t Awfrom basal debris, and-

@ .

unit B frbm‘basal and englacia1~debfis. Together the two

unjits make up a basal tillrablation till "counle", display~

N
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so.

iné structurél textural, and lltholoqlc dlfferencbs caused

te
.

Ay

by their dlfferlnc processes of formatlon from the same ') .

glaC1er.u v , %

= : . t .
If unit A is tc be elevéted to formational rank_at a

v - 14

later date, unit B»should be 1ncluded 1n-the formatle:>§s a

member (A C S.N., 1970, A;tlcle 7a) .

. .
- , . .
s . -
.

Unit,C | Z
E'V’ v s .

Unltq@«has a small outcrop area, but because 1t con-
tains: the copperrbearlng dlspersal tralné%at the Icon mine,
it is the most 1mportant of the Quaternary unlts for .this
study. Unit, C is restrlcted°t0'the Waconichi River valley,

. D . l‘\-
Unit C is a till, the properties of which are deter- -

minéd by the locaL;upglacier eubsfrata. ,Where the.till'was
derived from the bedrock, it contains 20 to 35 .percent of
vclasts larger than 4 mm. 5oulders up to E m. by 3 m. bvy

4 m. were seen in thls tlll The"clasts are very"anqﬁlar

and non-striated. Clast~to-clast cOntacts\‘re abupdant.
giving the till.a rubbly aépearance (Plate 8). Angular,
no.n—striated'clastsuof ‘s.otft graphitic argillite"are‘ feurﬁad

in the part of the till' that was derived frdm,the Icon or
body. These features, fogether‘withvthe dispersal traiﬁziw\ |

that are found }n unit C (Chapter 4), ere‘consistent'with a -

sh&ﬁt dis?:ﬁbe of transport for most of this debris apd with

' .. . C . , . {
the domination of crushing over abrasion durxhq transport.

bhé tillfmatrix is compact and sandy. Coarse sand.lé
. { 1 .

more abdhdaht in this tiljl tham\ in units A or B (F1q 13)
‘ 7

-




"Plate 8. Rain-washed surface of unit C showing its io/agse
rubbly texture. (Child for scale is one year old. -

A




M \d v oS ) LIS
"On Fiaure 13, samcles of unit C containing detritus in-

e

, corporeted from units A and B plot in the fine end.of the .

.unit C field.  Samples cohtarﬁing abundant vein detritus
\ . 2 ‘
ot . .
plot 1n the’ centre of the field 'if they are unoxidized and

° . ’ .
in the coarse end of the field if -oxidized. B -

. The colour of the till matrix is variabie. Wheére it o

contalns abundant sand derived from unlt B it is grey {5V
5/1) when unox1d12ed, and llght olive grey (SY 6/2) when N

unoxidized. TIf detritus derived from member B of the =~ ..

. Lower Albanel §ormatlon, Wthh constitutes the rockq pver-
,O

“*i '1y1nq the vein, 1is domlnantz'the,ox1dlzed colour is ollve
LR Y i . il

brown "(2.5Y 4/4). “In the dispersdl trains( graphitic

‘argllllte from the vein colours .the unoxid
o -~

rzed till blac&
, (N 2.5/); iron-rich vein minerals alve the ox1dlzed E&ll a
A dark-brown (7.5YR 3/2) colour Lenses of till cemelted by

! : ma achlte are ggle green (5G 6/2); those cemented by limon-.

e are yellOW1sh brOwn (10YR 5%8) (Plate 9). , . -

r‘,

Where unlt C overlles bedrock striae having orienta-
i:ioﬂs Detween 10 and 20 .degrees are" found 'onlthe bedrock

v surface, ‘although most of the bedrock surﬁgce is angular.

N T
(Plate }0).  The contact betweern units C aéd units’-A and B o

I. .

.o is commoenly deﬁbrmed. Angular,yfracturea°blocks and 'slabs

of unit A, up to 40 cm. by 20 cm..by 20 cm., are displaced

4 . »

up to 80 cm vertlcally from thelr crlglnal posxtlon and
. .

. are found as 1solated boulders in un;t C (Plate ll) They

't‘ ) \ ' were probably transported downglac;er as ‘well as verti-

,‘,,,«?”’fcal}yﬁ Folded, stretched f ma351ve sand, from unit B

L ]

L/.) . ‘ ‘.
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- a' M ‘ .
Fla®e 3. Umt C chentedﬁbY'}ngnlte and malachite.

[ ’ B
' o ° i “

v o~
v~
) 14
». £
Plate 10. Unlt C. overiy_mg west. end of the Subcrop of numbe r .
- ' one ore zone at Igon mine. Note angnlar bedrotk : surface and -
dark -lens of cemented unit C (Plate 9. 1n contact w1th vein. ;
. Co Glacier advanced away from v1ewer. , i - e

.~




2

~are Found in“unit C. ©One 25 cm. thick sand lena is in a . e

R - .-
tlaht, asvmmegrlcal overturned antiform whoee ax1al olane - -

‘ -B.
dips north at about ‘10 deqrees (Plate 12). .Its wavelength -

. . [+]
"is about 1.0 m. and, its amplitude 2.0 m. The contacts of

-

the sand,with the enclosing till are diéfuse% Thrust. faults

@ - < “~ o . R .

in sand of unit B extend from the contact of unit C to ° - )
40 cm. vertically below the’contact. These faults dip

north at 15 deqrees: The bedding of wnit B is cleanly T

>

~truncated everywhere along the cnntacf, whiche is sharn and

clearly defined by the textural aﬁa\litholocic‘differﬁncee

[4 *

between the two unlts (Dlate 13) ‘umevous grooyes are . -
found in the surface of unlts A ancd-B where thev are over-

1a1n by unit C.-_The qrooves have amglltudes of. up tovS cm, ¢

and wavelencths of up to 20 cm/? and they are gval in plan

with major axis orlentatlons,trendlnq 10 to }G degrees

(Plate 14), One-anomalously large groove was found at the
. e . - ‘ -

.west erid of the number 1 open pit (Fig. ‘26).. Tt is 5.0 m. . \
deep and 8.0 m: wide, and is cut into .the vein on its weét :

" side and unit B on its east side. The base of thris groove

rises rap;qi?'te where it is onlv 1.5 ml:below-the surface _

at a distance‘ef 50 m.. ;outh-of its deeoest p01nt . P a .
. Unit € is uéuaily less . than l n" t(iCk ht“many

51tes 1t is so tiﬂn that‘;t is entlrel above the C horizon

of the SOll proflle, and in some case 1t 1s “only. found in

the ypper half of the Bohorlzon. It hag a measured thlck—

.)' . .
ness of up to 6 0 ﬁ. (1 e. in the aforementloned 1arge . T

gxoove{; but’ thesé measurements are vertical and not true




' ) .

Plate 11. Angular p¥feks of unit.A in unit C Sverlying ._1_n_J‘

. ) situ unit A.  Glacier tnat depoéitced,'unit £ advanced from
. .  right to left. " : :
\ ° . " LI
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Ylake 13. interbedded sand and tlll of unitg B in sharp
contact with overlyﬁng unlt c.” Glac1er that deiﬁﬁlttd anit
C advanced away from the vigwer.

i e

‘Plate 14. Horlzontal eprsurg of unit c fiilan oual groove
n surfdZe of unit A .-Glacxer" that deppsn.téd unlt C Lafi~ . B
¢ed from rlght to left. -,




. . s
4 - N . »

" " because unit C was dePOSited on pre—existino sl#b'

faces- (Plate 15). 'Ité max1mqm true‘thlckness 19 about 3.D ; -t

‘- . - S *

- omp (Fig. 25). Tt 1s 1nterpreted-as a*basal tlll

-

' - ’ Uriit C 1is at the surfate,ove{ most‘of.lts area of = . - ’ ‘

P i . .

- ., . occurrence. It is onlaﬁped.bycunité~D; E, and F in small . ' |

.

R areas neartthe Waconlchl Rlver. The transition from unit C

to. the younqer uﬁlts marﬁs a. chanqe from cla01al sedlmenta-

. . +tdion to fluv1al and lacustrlne sedlmentatlon. 3 -

e .
R

. g , .Although unlt C can be seen to overlle’hnlte A and B
® > " L -
. 1n Gectlons at the Icon mlne, the-qenetxc relatlonshlo be-~ ’

L tween unlf C and the older Ouaternarv unlts ;s unclear It

. .
- Y
-

"% belleved _that units A and B are a basal tlll ablatlon

: ;@ - “'fﬁi'tlll couple and that they are glacxal deooq1ts of re010n— DR
P \ B . ' s
w - al extént.™ Unit & is ‘a volumetrlcallv small ‘unit whlch 1s '

found only 1n~the Wacon1ch1 Rlver valle/ Fo determize the |

N - &

Y

~ . relatlonshlp between unlt C and the older unltau eéxpogires .

. ' Y S 4 o ‘ o

.,E . ) ) werQ‘examlned near tue subcrop of the number .3 ore zone at ‘.
f . -
¥

the Icon -mine (Flg 55.; Unit ¢* is present there as a - - e

bouldery 31lt t111 contafnlng contotted lenses of 511t,'ano
S ‘

e 3 .as crushed and deformed.pebble g:avel Neltherqpf the

g RN " older two unlts could be ldentlfled._ Sections noﬁth of Baie -
. - ;P ' ’ ’ 9 o ‘
N U Co du Posté contain only unlts A and B. . L -

3 >

'3“ ) 2 The southern edge of unit C'is dlfflgult to determlne. - .

Un1t G“thlns rapldry south of the mine, and it is' not found

o ln sectlons outsﬁde thé Waconlchl Rlver valley. The esker

. . “
§ -~ L L4

segment 3.5. km. south of the mlne (Flg 7) is lnterpqétéd ‘as

et ‘.unxt'B» Ifﬁthe a950ciated lce-dlslnteqratlon complex 1s o ;

‘ K T - e ) - 4 ' : PR




_Plate lj. ‘Miﬁggg“unit C from-.the Icon Train. Mound of unit

B is light-toned area exposed by stripping in left backyr
ground. Glacier that deposited unit.C advanced from right
to left. , . g

>
Y

.




-

interpreted as unit B which the unit C-depositing alacier
" . * . ' - . B . B Y

‘. verrode anﬁﬁb‘zn which it stagnated, the dce-disiptearation
. . - - " ‘ , - . , ) B
, tomplex is the kerminal position for the alacial advante
. hd : v i

ot

" that deposTted.unit Q. o

Unlt C is thus’ 1n%erpreted as a bhasal tlll de0051ted

’
-

\?ﬁununq a readvance of a small tonque of ice up the Waconlchl
o .

-Rlver valley. Unit C.is most probably part of the drlft e

r

unit contalnlng units A and B; they are: th% products of a‘
‘e 3 '
"major advghce (unlt A), retreat lunfit B), and minor re-

"advance (unit C), of the same ice shéét. _’f

! . ’-' . »z \ ’ ; 7\

-Unbt'D . ‘ T

as o ' * B S

' : This unit is bouldery gravel whlch fllls the Wéconlch;
( River valley. The sedlment has aq&lntact framework qnd is

' looé& and cfudely cross—bedded~ the’ crossbeddlng is var1—~

deoosfflonal current The clas s are qenerally wel}\

i Xid
“‘and a few a}g strlated they make up 20 to’ 50 pErcé

V’"'the sedlment vdlume. The matrlx qpn51sts of compact coarse
sand w1th a Low content df fine. sedlment Seven samples’df

'the matrlx,of unlt D have averagei of 59 pereent sand (4 0]

to 0.063 mm{), 38 percen&
. 3 s

ilt f0.063 to 0.002 mmaf, and 3 -

percéht.ciax_J;ess than 0.002,
..’ ¢

5. ) . %%e mlqus 0.063 mm.;“
" fraétlon of theseosamples ﬁontalns a

average of 20. 9 *
. w

- pércent carbonates. The(unlt fllls ‘a nor -south trough .

g’.

0

1n the bedxock surfgce at the Iébn mlne under’ the bed of

e . \ .

sthe Waconlchl Rlven.' It has a maximum’ hlckness of e*m*




in the middle of the trough.
v Ugit D overlies, unit C at the-north end of the Icon

. - - . o . . ) \. ’
dispersal train (Fiq. 25) .- The contact between the units

. is sharp -and may be er051onal : Unlt D is +the Ouaternary
? . ‘ '

unlt that overlles most of the subcroo of the number 1 .ore

o0 B n

zone_at the mine. NEVerthelE§s,‘only two bouldérs and.
- . . ‘ . .x A ‘ "‘ . a‘
riine pebbles dérived'from ‘the vein were found in it. Both

-

.boulders were well rounded quartz carbonate aangue contain-*

Iy ..

ing tjfces of cnalcdpyrlte (Plat;“IG) The transpoﬁtuqls—
f

tance rom their sources'Was probably-less than 400 m. ,

The - crudely crossbedded nature of this® unlt, 1ts
’ . L ]

gebmetrv, and the lack of vein rock tvnes 1nd1cat1ve of

e

local er051on support the conclu51on that unlt D- 1% a prox-
lmal outwash qravellwhlch was dep051ted in the Wacon1ch1

River valley durlng flnal deqlac1atlonw It has been recog-

.

nlzed as sand and.gravelly sand filling other valleys (qu.

Unit E '
—_— A )
Unit E consmsts of. sxlty varves Whlch flll depre551ons

1n the older unlts up to an. elevatlon of about 381 m.o It
. J -

has been found overlylnq unlts c.. ?Plate 17) ana D at . the/

- Idn mlné\dpdﬁ overlies” Unzts A and‘B at lower a@evataons
L ' } :
near lLac Mistasaxnl. Unlt E has a Egat,ér lake plaln land-

‘ — -/

usually aboutMiqk, dominai"ed by
\

form, and it is:upé%o 5. 0 m,‘thlck

. . o
e varves. ar

the silty ('S\Smer') .layer. » In,a sectlon overlqu the east-' )

.




¢

in coarse

dravel of wnit D. Boulder iﬁs m. above contajk between .
‘unit D and southern subcrop elige|'of the numberione’ ore-
zone. | S ' ‘




Plate[17. Vafved clayey silt of unit E draped over
<halgopyrité>rich Loulder. in unoxidized unit €.
‘ ° . . &




. ‘\‘:\ , , . \ - : .

Ty - ] '
LTt e . « o . » " »
T — i B

“ern end of the number 1l o e zone of the Icon-mlne (Fi;qT §)$
‘210 varves were, counted in\an interval 2 0 m. thick. Be-

¢ _N\’f cause of ‘their thinness, ané\their‘lack of dropstones, cur-

p \\ " went bedding, and sand, they e intervreted as distal
{ B . o 3 .. . ) .
: varves. Three channel samples ©of unit ® have averages of
.t ) - 17 percgnt clay, 83 per®ent silt) and no sand. . The same
- “ - v

-

samples cgntain an average of 9.7 fercént carbonates.
"'. t . j ~ .
- R . (o , ‘
Unit P

”

Unlt F comsists of alluv1um and eat. [The allqyium 8

has a hlqh content of cones, twias, and velecvpod shells.

. - - It is up to 2.0 mo thack-on‘the béK the Waconichi Riwver,
: - S i U s
and layer supp@rtlna

"f.

. but was also seen as a thin (2 cmy)
. . -

’ o large articulated oelecypod shel overlying'uncxldlzed

chaléopyrlte-bearlng unlt C on th rlverbank. One samg}e

from the thickest sectlon of alluviumg contalned 9& pErcent
silt and traces of sand and clayv e sample conta;ned 7.3
) percent ca,rbonates 1n the 1ess than 0.0&3 mm. f'rac.tlen.‘

The peat is found 1n¢gqorly drained 31tes and often

-~

. -
> “directly oyerlies unit E. It’;s well strat;fled, com-
. r BN * - f : R
- . pressed, woedy and £ibrous. A maximym thickness of 1.0 me”
of peat was seen. Prest (1970, p. 737)gpaives a radiocarbon

* : #
L . .. . c. «

date of'6,960+90 years B.,P, for gytt.p benéath peat‘near

Chlbougamau, 5 km. south of the studv .area. He states

¥

tha_lthls date, 1nd1cate§ the onset of organ;c growth | an6

not the tlme of_geglaciatlonﬁ whlch probably;oécurred a few
. ] ‘ : . A tn Py s
hundred years before the.development of the peat.’ St

PR R - R ~

J o
. B . 3 ’ -
. . . ) 3 .
. . A . . R . .
v ! ‘ \ .
v, ‘ ! ’ - - : .. . . "
A . N . . ) . , f /
. . . . . ,




- Quaternary history |

Stratigraphié evidenée presented by Mchonald (1971),

B

. ~_ McDonald and Shilts (1971); Gadd (1971), ékinner (1973),

and Srant (1975) for areas on the oerloherv of the proﬁﬂmce .

1

of -Quebec supports a concLu51on that ‘the study area was ' v

covered by the Laurentlde ice sheet from the start of the .

s ‘ Wlscon51nan Stage untll deqlac1atlon durinag the Holocene ‘
The study area 1s near the presupeddstartlnq DOSltlon of X :

L
¢" :‘—'\

] . "the Laurentide. ice sheet the Labrador quava hlateau, and :;WNJ

ot
et \\

N ~ . 1t would have'bEen glatiated earlv in the hlstory of the

v.n:‘“

ice sheet. There 1is no ev1dence in the area to support a’

concept of qlac1al retreat north of the area, durlnc e1ther

2 .

the St Plerre or Port Talbot Interstadlal Therefore, all
[

“ the Ouaternary unlts -are "Wlscon51nan to«ﬁolocene" in age,

‘moreover, most of them are younq, the products of deglaci- .

‘%

3

. . . J o
-~ atlon. Prest s (1970) postulated degla01athn seguence
G !

. shows that the Lac Waconlchl ; Lac Mlsta551n1 area hecame

o o 'ice-free between 7,800 B.P. and 'y séo .years B.,P., so all

»

// ' the unlts.deposrted durlng deglac1atmon (unﬁts B to F) are -
S o
Holocene, 1 e., postﬁlo #60 yeaig/lh age (maqeman, 1971). P

.o ‘; The érea was gla01ated by the Laurent de i@e sheet, : -

. -
- ‘ -

L -which aévanoed from the north-northeast' al ng the elonqa-, DL
. . ey "

WU tion- %f the Mistassini basin. 6-'I‘he qlacxat on‘began xn the
(I - early Wlsconslnan, and through, a serles of osc1llatlons,

““»a-,- : event iy culﬁinated durlng the lesourl Stadlal (Dreimanis

A P .

and Karrow, 1972), when the ice margln reached southern

‘ .. N

. J S Ohlo. Unxt A was deposlted duran thls qlaclatlonf but it

' . 3 -




' . A . . ’

- L 4
¢ ,1s not known whether the tild was deocslted durlng the ‘

- b N

i advrance or .recession, or both. Unit A is the materlal in .

. 5 . 4+
“he drumlinoid/ridqes of the’area, which because of their

- ’ - S - :
streamlined morphology, are thought to have: formed during

; ot active “hases of ‘c‘;laciat'ion, but ‘the qlasi’érmav'have been

-

active Hre\\?tlnuously until deqlqc;atlen/was‘éomnleté.
ciewe - Bicause®. theSe " Tandforms were ice- covered until about 7, 700 R
vears B.P./ (Prest, 1970), the age of unit *A~¢an be "defined

b <an Db

no more narrowly than "Wisconsinap to Holocene"

. A'l .
. Whlle deglaca.atlon was progre531na and the alac1er
4 /‘ stagnant, unit B was dé‘9051ted. as eskers!‘ and ablatlon drlft, ‘

.

'@'r?chronous unit, i.e. it-was deposited later in the north

‘in-the south. Within the mappedyﬁarea, it is entirely

v L

cene irL' age, as are alj the,younqer units. -

5 L. - c

Sta(t ng from a*short stillstand w’hlch wi® orobab].v in

R T g e ST
i

. . . - N -
' -t Baie du Po te, a minor readv.ance up tﬁne Waconichi River
) valley de&o'sited unit C. The readvance eroded the older.
» " .~ .

Qué&.rﬁary units and the I&on vein, 'jwhich produced disper-

sai_ trains| in unitf C, . The readvance went no farther than

-

’ 3.A5 km. s,outh of the- mlne Based on. grést s (1970) de-
. glac:’fatﬂor‘m sequence, unlt C'lS abogt 7,700 years old.

G\lacu)fluvxal activity. fe].lowed w1th meltwater .

’ -
-

h - ‘ streame flowlng south from *the . recedu\qlglacfer margln..

This event produced the coarse proxlmal gravel of unit D.
A -

. ‘ L With continued‘rece,ssion; a small progla‘cia‘l “lake ber

. l ' ~
. came hed in theil 4

.
4




Mistassini, with its outlet probablvy westward via the

- - ! -
*

' [
* ' Broadback River system. During the lake phase, low-level
. . . J
varved sediments of unit E were deposjited. The lake is ‘.

interpreted to . have existed about 7,500 years ago, (Prest,
1970; Fiq. 16w); its-duration was at least 210 years ber
“'cause of varve counts. Further alacial, recessien to the

. northeast unblocked the Rupert River system, allowing
- ]
drainage of the lake.

The establishment of orqanid growth and modern gtreams

. »

in the area broduced unit F..

! ~
v .
2
L ‘ S . \,\
. ’ .

4
. - »

Regional- glacial dispersal ttends

) o ?he lithologic and textutral nlbpefties of unit A have

. .
been mapped to detect dispersal of rock tymes from known

sources and to determine the effect of variation in bedrock
texture gn the texture of till aerived from it. - Unit A Wwas
selected for this stully hecause it is a basal till 6f re-

gional extent gnd because it is the Quaternarv, unit that.is’

.. ‘ . . 4 .
. -, stratigraphically closest to the bedrgck. : -

a

»

The abuﬁdance.of Uppér Albanel Formation rock types in

L ]

"the pebble fraction .of unit A is .shown in Figure 16. This -
3 . . ’ N * Yﬁ

formatipp was chosen as an indicator because it has an out-.

. v oo ’ . » v

’ ,-’ ”. cropubéit (Fig. 3). whlch ig favourable to the development

.

- ' ¥

. of an orderly glac1al dispersal pattern and because its

rogk types are dlstlnctlvé The . abundance of Upp*r AlbaneL

. 4 -

Formation pebbles 1n the~t111 decllnes rapidly from values

- . between 12 and 22 percent to a plateau of values between q

4 »

R e N . ,

S . . e I i 2 7 . . o

| ] o ’ C : \ . ' 76
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P vy e

P

and 16 percent A second”raoid’decline*to abﬁadances"bf

less than 5 perceht 1s mapped on‘the downglac1er slde of

N Y

4 i ‘\“‘\
;theﬂolateaua‘ A regre351on line: of abundance versus dlS‘

l ' .
tange* downqlacier ‘from the Upper:y}banel Format'on outcrop

shovs the abundano‘ of nhese pebbles decrease. at a rate

of 0.45 percent per kllqmegre, but the scat er/ is ﬁiqh‘and

v . ’ ..

the mapped pattern appe%rs to be non-linear.’
.t ‘ ‘ -
Granitic rogks, gnelsses, angd amohlbolltes form a“large

., .~

part of the bedrock in the area: They are Qerped as

ignequs and.gemamorohic rocks for purposes of discussion,

Jand their abundance as\pebﬁles in.unit’ A is shown an qu'.@

.

17. Thelr abundance is low where the tlll overlles the

.’

2
Mistassini Sroup, but it rises rapidlv- for samples that are

only a short distance dowuqlacier from the contact hetween

y .

‘the Mistassini Group and the 1gneous and metamorphlc rocks.

N

The highest abundances were found for samples taken south-

- 2

east of Lac Waconlchr,.where unlt R‘ls thln and; bosSes of

) .

->

amphlbollte with rubblv lee sides pnotrude throuqh the

-7
-

- +

glacial drift.
These analyses (Figs. 16 and l7)'sﬁow that'the pebble
llthology of the !111 responds qulgkly to chanaes 'in the

begdrock llthqlogy Thls ﬁact, noticed in many other}*

studh S, hampers the use oﬁ pebble 1%2thology for the map-

ping of a tlll but converselv, 1t means that the pebble

litholBgy of a till may be used to map’ bedrock,mlndlrectly

N

determlne the .glacial flow dlrectlon, and trace distinctivé
- A , . oo

rock types to thelr_sources.. . . o _ /

-
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N Lo I the\séme‘wa?-as tﬁé’pehblefiitholoqy of the'till . .
. ) ~ \.1 ) - s

. reeponds to bedrock lftholqu. it was belieVed thag the ‘
o " texture ofcunlt A would rapldly %ho& the effects of the
. / T
\V//,~ ';.vunderlylnq Jbed¥ ck The texture of the till matrlx, shown

-

. < by medlan dlameter QQSO) on quure 18, respdhds sLow}v to L

-

chanqes 1n grain srze of the bedrock. The conten},of

-

;: . 1gneous'and metamorphlc (coaree qralned) pebbles (qu. 17)

RPN in t111 overlylng the ‘same- bedrock is .more than double its

+
¥

content where’ it overlies M15t3551n1,@rouo 2ocks (flne.

0 . . - .;= ‘ a , . \.'.
~ "grained). There i no similar-trend on Figure 18; 1n~fact,

the till is everywhere relativelyvfine arained, except -

. ~

’cwherefit is’ thin and ™ ¢ overlles amphlbolltes qouﬁheast of Lac

; . ﬁaconichi.,,' ere the till is flne Mained, the‘coarse

- grained‘bedr’ck is not°masked and protected by thick t111

.. . ) ]

- : because the pebblte lltholdby of the till (qu. 17) refchts'_f £

.\ - . that bedrock. Exam;natlon off the fbundance of .carhonates s

.
- * . ®

in the minus |Q.063 mm fraotlon of the same qamples (Fig.

. 19) showed fhat the carRonate content behaves 1n the same.

manner as e texture of the t111 ThlS was expected be-

a
- > s

i

- P cause‘the carbonate*content and texture of .tillg have been .
showh td'be dependent (Dreimanls and Vaqners, 1971)" in

L8 e ?. ~ . )

) carbonate bedrock terrains. The carbonate content of the -

PR L L ‘(‘.

t111 matrnw perSLsts here over the 1gneous angd metamorphlc
(]

bedrbck Comparlsoh of Flgures 17, 18, and I;\shows that

; L abrasion of coarse Lgneous and.metamorphlc bedrock cannot
el T ' _\ o 2. 0,
- ‘be the cause.of the per51stence of the flne texture of -the o
.7 . . k3 [ 3

jtlll'because the carbonate'cgntent does_not décrease over -
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that bedrock. 'ﬂQpAﬁentIyﬂgpe load of fine detritus 6{ the <

¢ o * - glacier %ésponded mOrq q]owly than thoApebhfo load~of the e
e ) qlacxer to chanqes 1n the squlaCLHI hedrock 11tholoqy qnd

3
.

.grain size.’ Plne grained c%Abonato dotr\tua may have been

L)

‘added tb the basal debris‘lﬁ4d of the alacier by confinued | -

.

e e

i . comminution of Mista sthilGr$ub pebbles (sce the downviaciﬁé ~
decrease in abuhdance'oﬁ*Upp.r‘Albanel Formatioh pebbles
in the till, Fig. 16). <The [low variability of the texture

and carbonate content of .thd till matrix for long diéténqﬁ%
. downglacier allb% their use|as till mapbinq twools., '
The eastexn llmlt of’ tLe Chlbouqamau Formation héq
t” e
o s lonq‘beep a snbjébt of dusqus510n,becaqu the limit should
i - ) -1ig\at tﬁe intéfsactioﬁ of*ﬁhe'Waconichi and Mistassini
' * 7 . faults' (Fig.’ 4y. Most authors (Gilbert} 1958; T}oop and,*g |

:‘ . R . . °©
'} Darcy, 1973; Long, 1973, 1974) placed the rastern limit

| . B .

N\ " . about 500 m. east of the Waconichi River, and Long’y (1973)..

7 _ pattern is. ‘shown on quures 4 and 20 ‘Puxlloux (196 )’ C

G-

.ot ‘\"mapped the formatxon at least 1000 m. east of the riyer. -
¢

B (qu. 20) shows that several samples contdin amounts of
~ “ *  this formatlon ‘that cannot be explalned by qlacial trans—
N»port alongothe 1ocal path. The pebbles in questxon are
’ greenish grey slaty argillltes contamning isolatéh qran-
Z; ," : ".’ itic granules (laminated argillites wmth dropstones, Long,
5%; - e 1973). A éew»of these samples contain rare’ quplgs of

. . 'dark grey fine grained limestone, a rock type that has not
. : ., f . . : -,

© ', 4 L] . .
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-
.

¢

‘ . : ' - : :
been reported from the Chibeugamau Formatdien or the ~  ,°
. . R oL . )

Misgassini Group. It is possible th#t there is an whmapped
bedrock.faulteshlock contajning Chibouqamau Formation rocks

and an: unknown liméstonc bd§ of the'Mgstésgint Group under- \

'1yénq and upqlacier from these sites. Suggested map re-
. - . ‘ L ! :
7 ! - : A
vigions to the castern limit of the Chibouagamau Formation. -
AV - . "' . .
are shown on Fiqgure 20.

»
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' - o \ DARPHRSALvTRAINS,AT,ICOﬁvMiNE R
. . | 5
d ' . ‘ ' » * ™, ’ \ ;"
| , , Two ﬁ%spvrsnj trains were discovered by the Icon:

3

Syndib%te and\jffn Suilivaﬁ Jnint Venturgmbv bodlder,and

L

pebble prOonctlnq and by standard soil qUOChemlral ana1y7

.7 Qo ’
ses £or.copper (Fiq. 21) 5011,$am01es were takan‘ngry 1
- 731 m. (100 ft.)-along 1inés spaced 62 or 124 f. apart, 8o
\T that the hébndarieq of the trains ma§ be-dbcufatelv'dé- 5

4 ‘ ‘f1ned Of 'the 666 qamples taken 1n }he s0il qurvey, 96

L

were ]udged to contain anomalously,hth amount of copner

i . ..a\/ f. (i.e., their copper contentg were above the 85th percentile
I B ’ ’ ofthe cumulative frequency)ﬁiptribution) The anomalous~
g? o -'\ - samples contained at least 60 parts per million copper.

,i ) ‘ Trdbp and’ DarCy (1973) stated that bacquound for copper

' }. : 1n the soil 18 about Esﬁparts pér million. Theﬁbqundaties.

4
of the trains (Fign 5) are piacediat the 60 parts per
]

w» - A3

million contodr of coppér in the éoil. ' Q

o

For purposes of discussion, the trains are called the
‘North Train and the Tcén Train. The Icon Train‘Was used in
. the gxplorat;pn proqram that discovered the mine, but the

'foorth Train was mapped late in the life of- the mine.
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(300 ft )

Loumier 3 oréizona dre shown upiglacier from the North Trnln‘l.ﬂ_).

- Y .

Poarspective plot of the spundanc

SUbckop of numbar | ore zona is shown be

of copprs in the B hotiron of the soi) . prrofibe ut
tid ractangles are 10.% m. (100 fL.) by vl m.
nd the Teon Train {xignt) ahe -uhufll¥ ot
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4 7

. . PART 4.1. The North‘Trni S

. ° . : N :

- Size and qhaLA , [ - .

The Nnrth_Train first rcaches tho sﬁrfﬁéo 430 1, *

4 . . \

“downglactier fﬁhn the eastorn;suhcrop’of'tho nudber 3 ore

“zone (Fiqg. 5). Soil geochemistry indicates that -the frain .

is not recognizable upglacier from thhtfpbint, and unfor-.

o

"' - ’ N 3 * 13 < . P . :
ow - .tunately, no information exists cdncerning the¢ nature of

“the tiil~oré‘coqtaét bebausédéf mining disturbances., If

the train éxists closer to tho'oro subcrop in the’qub* . .

qurfacp, if is maned by thé VaTVPd qllt and claylwﬁ unlt
’ Y *

. 1, whxch is the surfxc:al qodlment dowQ~lac1er from the'ore
’ ) shhcrop (Fig.. 7). " The traln is expoch d13cont1nuonLy for

] ; J a dlstancc of at least 1220 m. The downq]ac:on ond of thxq

- . ' train is. out51de the 11m1t aof the qeoch9m1ca1 gurvoy,_hut ’

it is at 1east 1650 m. downqlacxer from ,the ore zone."FBr'

. much of 1ts lenqth the train is‘narrow,'abqut,75 m, w1dn,
N ~°_ _ but it. 1qgakgy»reaches a w1dth of 185 m; . Tt is. 11near or o o
&Y. .—4' o A -5_2;‘ :.\w_\‘ Y .
L . ‘ finger—sﬁ%ﬂgﬁ; nob f!5> ﬂ‘ped as most giac1a1 disperqal i'

DN
%..% -
<@ » '5-'-. LA ‘v sh.»’ N

% ,.\ ) tralns have been Eald %B hﬁ GHawkes and Webb, 1962, pp
! i

S R SN

186~ 188;‘Lev1nson, 1974 pp, 455-459) The grain: Qoints Ty

. - , ’directly upglacier to the eastetn subcrop of the number 3
L) . } ' . ’ ’ ." h
' / ote zone (Figs. 5 and 21), and .is oriented.at LS deqrees ;f

‘ \': f;=/:' " Pits and xrenches exeavated-in .the 'North Train ex- ﬁ“
S < XV/ posed unit C~contaiqing rare quartz-cprbaﬁgta;élasts*de—1'\7 : :
e r;Ved from the’ vein.' The vein clasta were l;rqer and mone-
-; T o abundant in the ﬁpqlacxer part of the. frai;gthan they ware rr‘“ ,

o Soin the downglacier part, althouqh their abundance was not




~ .

pappnd. A few of these pebbles and bouldérs contained
e ) O ) v - v { °
. traces of chalcopyrite. Unit ¢ is 1.0 to 2.0 m. thick and
. * e ] N ® S Y

-

directly overlies barren member A of the Lower. Albanel - @

14 4

Formation. -

o - Thé soil developed on thé'fillris podzolic, and its B
— hor120n contains up to 2880 partq pnr mllllon copper. Six

. of the 35 anomalod? qampleq in the traJn.contalned more

than 300 parts per mlifgon copper, and thege high copper

»

~Alig. 21).  The contrast is qréat between the copper’
abindances Butsidc'the traiﬁ and those - within it; that is,

t.he boundarles of the train are sharp ahd the abundances

P

of copper in the, 3011 often changeq from bacquound outside

distance in which the boundary exists. When viewed as a

perspectivé;diagrém,of the soil.copper results (Fig: 21),
e . T S

\the North Train appears as a sawtootied ridge standing high

'9' . ' . ’ T ‘

. above a flat background plain’.

zone to the highegt Xpown eleVA;ion of -the ti)d in»the h

. transported upslope by'the glacier through a.vertical dis-

- tance of 55 m. in a horizontal path length of 1280 m.
-,
oo Therefore, detr1tus ,was transported up910pe at a gradient

PO

. of up to 43 m, per kilometre. 'This gradient is similar*to
(the steepeat ‘ones listeévngrlint (1971, P 111) for lonq

»

tranaport distances. ‘ - ‘ ) A I |

)

X J ’

abundances were found in the downqlacier part of the train .
. [

tho train to. 10 or 100 times background within thc‘31—metro

Comparlson of the elevatyon of thn top of number 3 ore,',

‘train indicates thatedetritus derived from the oré zone was

o

e "-\v\ég'

I




‘guhSrOp of the- number 3 ore zond

-

Origin

. e *

The. North Train was formel by erosion of the casteri’”
by the qLacfnl readivarice

&

which deposited unit ¢ 5 The subckop is fow small and arcu-

.

d .
ate (Fig. 5), and assuming its size

’ ‘ ¥
and shape are similar )
. o .

-

ta-what they were. before, oroqién, the\glaecier traversed a,
qubcrop wldﬁh of up, to 30 m. *(mostly aboat 10 m.) along ‘a

ﬂtrxv lenqth ‘)f lOO m., ‘mea8ured at.’riqh

.

Anales to the

L4 N °

> ore zone, con- .

[}
PN

dlrectron of qlac1al flow. Th1q part of t

tained abundant coppcr, a qtcoply north dlpplhs lens of

maq51ve chalcopyrlte up to Im., in qubcrop width was *found

L

o

in ¥t, The whole number 3 ore Zene, 1nclud1Qg weakly miner-

alxyed parts, contalned 144, 041 .tonnes of ore w1th an aver-

aqe COpper content of 7.28 percent (Troop and Darcy, 1973)

>

The qtrong linearity and’ sharp edqes of the traln are ~
)

ev1dence of consistent glacial flow in ona dlrectlon, along

[

’a,trend of 15 degrees as xndlcated bv the’ draentatiOﬂ of

F} B s o ’

.striae and the train. There apgarently were no major -

3

obstacles to glaélal flow because the trazn dggq not_ bgnd:

. nor broaden markedly. The glac1pr transported the detritus

K v

in an orderly manner and it was impeded dnly by the gradi-~

ent of the bedrock surface. It is 1nperest1ng to note that :
the txain -is usually narrowe; thap the strike 1enqth of

its source {100 m.). . This may.* mean that the traln, as dev
fined by the copper anomaly in the soik, was derived from

the iﬁggrpp of the small lens of ﬁwapive chalcopyrlte in

the eastexn part- oj-the number 3 ore zone, rather than

o ~
’

D




0 ’ .
3 IS o N 5 . 5 o 9 1
4 LS -, 4 ) .
" e ° g
. . , . - . . \ « !, o=
v, o {rom the entire mineralized subcrop. .. L
. -' ' 5 L) ° RN v, % » . * (.
. . L K The appnront downglacier decrease in the nbunganrv of "
¢ ' : .
- : & .
. vein pobhlvq may ipdicate that commlnuglon of the cdasts ¥ N
. . . Iy

< ' ! 4 . :

hrocooded dfring ransport. Oldef Ouaternary units do note
R N .n ° '

underlie unit C in the train, so dflution’ from such sources
. i 4

v S . . ~> - N &

of detritug was impossible. Only the Lawer Albanel Forma-

p "1%on could habb\suﬁplied detritus "(Figqg. 5).02 Yo | ‘ .
T S TBO high, COPPOr content of_a few of "the q0;1 samples ‘
: R ) . °
Teo . . gwﬁh caused bybmalaghlte, a product of the fixation as a o °» D: o
| —N °c*a,a:bonato of copper re&eas;d durinq.thn,oxidatinn'gf f c .

-~ - 3
. ,‘.o o

o 14 N
vha] opyrlte. No hydromorphic anomaly was produced down-
2 ) .

)
° B * > - E]
3

N
stope \from the train. The copper was fixed ndar jts. source R
PR} - -] \ °
S ‘ T o
0 in the_soi1l -hecause carhenates were abundant and pyglte,

< -

"w

o ,,_,} \

v 3 0 Y
o~ . .

: whicp’on weatherinq would produce acidic groundwater to ree- :

- .
I oY C o °*

° El

R 1m0§5 copng in solutlon, wag rare 1n the t111 - . o 4 '

¢
°
,,\ & ° “
L4 A d

3 One unexplalnqd problem is.the apparent 1ack of a dis~

: o

Ly ] . - s )
. perfal tifin derived from the westeﬁ% subcrop of the Qumborz )
m:; ¢ *

. + '3 org zeone (Flgs, 5 an‘>2}).v No anomalous s0il dispersal -

5

: o trafﬁ whlch should lie within the limits of the qeochemxcai ‘

.. survay was detected. The western subcrop,of the ore: zone
N e . : ‘ © E) : R o o
. . S

. howeder is smaller than the eastern one; the qlacier tra-
7 N . . ' e FLR

. ) versd@d a subcrop width of up to 50 m. along a striké - ° .

. A

< . S - . d

; length of 40 m. - In addition, the ore body here is only

) . 4 ¢ . -
: abou& 0.4 m, thick, and is wéakly mineralized ' Théfgmall ' *
) size ana low chalcdpyrite content of the\western subcrop
@ \

o Q °
of thp number 3’ore zona may. ekp1a1n°the absence of a rer

]

[

laae&.soil anomaiy A faw boulders of’ barren quartzr

\
~
AS
~

AR AR T RS AT



carbonate vein material are found, ih'unjt G where the.trgin.,

L4 L4 .t - P

Z‘ ' . -2 P ® 0
e Y . should bvy but no. qutematlv snarch for thnm waq conductad, -

) & a

ER R oxPsts, vaﬁtxaln w111 probahly contnln only“hnrrv -

o KR . ) -~

¢ - . . 3
s _uuartz-Carbonate < wﬂasts. . * o o7 v, - e .
. JQ 4 © o > * N - e
(=] ® N~ = .
. " S i ° X .e

", PART £.2. The Icon Train .- Lo o
@ - . R L) N L. ]
° S Size, shagﬁ,and'qtfucture . et - e,

¢

°> ¢ " J The goochemicdl 4011 qurvey rovoalﬁﬂ ﬁl'anomalopq ' »
°Q
A s gamples ipg tho 1300 Tranq,rywnuuarlﬂr from: the qubcr0p of

°

: $- .
K the numbcr 1 ore zone (Figs. 5 and 227 TWnntv—quht of.
e’ o a
" the qamnlnq %nnt31nod0moro\than=360 par+q ppr MQIlion
t‘ a ' Y -

copperu When ‘defined - hy “the soit anomaly (r1q 22),°thn .

" B . « 4 .

0 Q N . .
, traiﬁ is a, broad flame—shnpeddbody havirqg EWO hanas nf A
- c U= L]

. h{qh éoppor abupdance oriented parallal“to Who d]ac1a]
e c o ‘o 8 ) -
. e tranqport ¢1réct10n *5 determxned fanlétrlae orlontnd at
N c— - - ° ‘% !
c ) y 15 degreeq. The: train ddes not vary qreat}y rh width it

@ L]

isg 266 te 330 m. w1dey°mbaaured at rlth anqﬂes to the
@ o o

glac1a1 t;ansport direction, STt gg at "least ?30 m., 1onq

“ &

- ° - because anomg}ous siteg %§g fodﬁd thlB distance down-
Z ”,glaC1FF from the Ore subcrop, angjthevsampled area does:not |
..‘. . 1nciude ‘the downgiQCLen>éxtrem1tygof the train. _Wﬂén , o
- v1ewedﬁz§ a perspectlvé plot (Fig., 21), the soil aﬁomaly of ;

° . ° [ ar

3
./ . the .Icon Train appears. a8 a c&ggter of high peaks and

E. rldqes rislng ahruptry out df the flat, bacquound plain.

) .o Eight of the soil samples contained more than 1000 ? : .

E - e R parts per mllrion copper, the highest recorded abundanCP

- [
L] . o ?

> - was 3875 parts per million (0. 39 pércent) cbpper. These

R B ? s .




i

*

Icon Train. Dots are\sample.sites Subcro,

Contours ‘are at 60,

. 500 and 1000 partd

’

- -
Figure 22. Abundance .of copper in the B horizon of the soil profile wer.the.

of number Ll 'ore zone is shaded. .

r million copper.
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. hlgh COpper abundances were cauSed gy chalconyrlte gralns, , T

a

malachlte,'and azurlte.- Malachlte and azurite occur -as

.-

and s1zed‘qra1ns, as coatlngs on all slzes of .

graing®, and as cement in the soll- The presence of

)
C -

‘these minerals as the weatherinq products of chalcopyrite
1nd13ates that hydromorphlc dlsper51on of eopper has taken

place durlng soxt qene51s.

A

With the a» Erlorl knowledqe prov1ded by the soil sur-.
vey of the approx1mate locaglon, SLze, and shape Qf the oo

,_Icon Traln;;the author mapped the train by~determininq°the'-
"> abundance ofxpebbles of vein rock‘types‘ingthe till in the

. T N . -

train (unit C). This‘pfocedure was adopted in'order to map

a variable (percentage of vein pebples) whose abundance

o
would be prlmarlly controlled by glac1al (clastlc) disper-
. 4 . L

sal and not by hydromorphlc dlspersal AN

s !

' he edge of the triép 1s placed at .the 10 percent con-

©

toufv(Fig. 23), The till at sites out31de theaerﬁf; usually°

’ 4 contains less than ‘5 percent of ve1n pebbles, and-a 5 per-
- » - 12

cent contour would almost c01nc1de w1th the la,percent cqﬂ-

tour, so the cholce of the 10 percent contour as the edge
"3 -

of the’ traln AS Justlfled.1 Deflned in thls way, the traln‘

is 570 m. long aﬂd 240 to 270 My w1de. The tralnsls flame—

o ’- v ]

shaped not fan shaped, and 1s orlented parallel ‘to ‘the e
o.~ glaclal trapsport dlrectlon,'ls degrees. A belt~of high - . "

abundances of Veln pebbles trends at about 345 degrees 3

;\g}thin tne traln and wmll'be considerzd in the discussi8n
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v!‘iqure 23:. Abun"cﬁnec of;vezn rock types in tie 4 to- 64 mm.* tzacmon of umit C
in tbe Jeon Train. Deots abu samrple s'h.es.,. Subcrop of nhumber, 1 ore zone 18’
shaded. Contours age at 10, 30, 50, 70 and 90 percept vex/ock types.
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2

A perspective plot of the | same data (F‘!‘ 24) shows .

3

the contrast between the,low abundances ‘outside’ the t;fln
) I

(flat areas) and’ the hnqh abundances w1th1n Lt.. The l@t-

. eral edges of the tralﬁpare.sharp.- The downglac1er d cay

of aburidance of vein pebees is non—llnear; it is logarlthml_c—'
S, @,“. .. i ) . . o - e R
like. 1In the upglacier half of'the train, the abundances

decllne steeply from above 90 perdegt to about 30 percent.

The abundances decllne more qradually to below Scpercent in

-~

-
the - downglacler half of the/traln (Flgs. 23, 24) : -t a

The test-p;ts and mlnlnq faces whlch weré excavated in,

»

¥ : .
-§.’ R the Icon Train allowed examlnatlon of its thlrd d1men$1on.

, < 2
‘\j~\-“i“‘“\§t\;§§\then p0551ble to descrlbe the train as a threev

7/

»
R dlmen51ona1 body aad to suggest ways in’ whlch 1ts morphology

and llthdlogy hav%‘%een 1nf1uenced by the substrata 1 Ini

longltudlnal sectlon (Flg: “25), the train has the shape of

an eiongated an? attenuated tear-drop. Its upglac1er end

o g LY

Coverlies ‘a cohvex-upward 1ens of sam® and ablatlon tlll :7# o

longing to unit.B. (Plates 6 ana 1%} .. The t111 ‘that form

<

“the train,’ﬂn;t C. 1s up to 6.0 m, thlck and dlps steeplyo

B

o

northward on the upglacxer side of the mass of unit B

<

. The attltude of .ynit C conforms td‘the attltude of the bed-

& ¢

rock surface 1n the downglac;er part of the traxn, there

. unlt C is, less than l 0 m thlck.n In a transverse sectlon

_ across the upgla01er end of the traln cFlg. 26), unlt c ”

~. appears to be "draped” over unit B- and the bedrock _Exam-

1natron of the‘contact'betweennthese unlts-shpws that unit”

et ., N ' : \ . : D"
C fills grooves cut im unit B°and bedrock. Where unit C

-,
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P ig'thlckeg&, on the west qido of the train, only 1tq~1pWGst

L -

L
l O m contains abundant sedlment derlved .from the. veln,l
N . wd’ 4
It grades udhard into phyqxcally s1m1lar t111 the llth—

oloqy‘ of whi;ch is&, domlnated by another local r' t‘\*pe, the :

arglllaceous dolostone of member B of tho Lower Albanel
\

’Formatlon, whlch is the rock overlying. and formlnq the

4 [} L
)

' hanging Wall;of the vein. )

-

In summary, the Icon Traln is w1th1n unit C, and is a
lltholoqlcally dxstgpct part of &hls till becauqé it ‘con-

'“;a%ns abundant getrltus derived frqm the suhcrom‘of the
L. ) e ST s
V4 ‘numBer 1 ore zone at the ﬁine.niThe three—diﬁéﬁé&enalwshape
| of: the ;rafn is?si@iIar to the shape of the invertedvbowl
‘ . . % . . » - 4
A of a spoeré convex ppyard,icqﬁcaye downwexa, with’é}thicke;

steeply -north-dipping upglacier, end and .a.thinner, gently

. north-dipping downglacier ends . Bt . )
| origip- - -. ' | e e

?‘ ‘ "+ -.Obviéusly, the Icon Train was formedlbf the glacial

erdsion of the subcrpp of the number l‘ore’zone followed by

I ;
dep051t10n of the detrltus as basal tlll a short dlstance
P .4
; ‘ downglacier f?om 1tb saunce. -Assumlnq the ‘size and shape

of the subcrop 3§e,81milar to what they were.before ero~. .

°

sion, the glacier traversed a sﬁbcrop Width of 20 to 80 m. °. -,

e :‘ ';along a strIke length-of 370 n., measured at right angleﬁs
: . '@ -

r

to the direction of. glac1al flow (Fxg. 23)~ A more spe01f1§

and detailed explanatiﬁn of the orxgin of the Icon Tra1n4

may’ be p0551b1e.- The sallent facts which ‘must be’ con-
. . ) )7' ‘e
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51dered_1n_the egplanatlbn are ouzf*ned below...

»The t111 cbntalnlnq the traln (unlt C) 1ncrudes un—‘

- ~

deformed or folded blecks and Blabs of the undnrlylnq
Quaternary unitsn and thé eontact between un1t C and the
older unlts is marked by grboves and thrust Faults whlch ;l
must -be - glaclal in oragxn TPlatee 11, 12‘§nd 14) The till

in the train is everywhere rubb (Plate 8) and ‘contains
» ‘, . ‘. S,
several large veln boulders Rock flour 1s‘scarce in’ thei"
. AR -

till where it.-was. derlved from the veln a}%ne . The txll gs

LN

thlckest (Vertlcallyi on the lateral and/qulac1er edqee of .,

LN
-

a mound of older drrft (qu. 26, we55/51de, qu 25, norsth

»

easurements of thegorlentatlon.of pebbles-in unit C_ .../

N 1 . . ST : B

in (Fig. -27) indibate that tbe.till was acted

N A
‘upon by fo ces from E?e north-northeast (srteq 21 and 3#)
and north—northwest (eltes 28 and 33). The map of abundance

"ovae1n pebbles in the tall (FXg. 23) shows a belt of hlqh

\
percentages thh a north*northye&{ trend WLthln the traln,

.

~wh1cn contrasts~w1th the general north—northeast trend of

the traln. - The veln subcrop from}whlch the train: was de— ’

AN

-rlved lay on Yhe top and on the downglacxer side of a.

o

‘sllght bedroqk structural tldge (Fig. ‘28). The down-“'

3

'.glacuer and lateral faces of _the veifsubcrOp are’ ragged

:and rubbly (Plate LO) All the strlae on the bedrock under

'ﬂfonlt'C arg,orlented north northeast.' If the 1nterpretat- .

Aon of the acial hlstory of the area 18 correct, the

AYA

: traln as formed by a- minéf glacial readvance up the

Waconichi River valley by a small qlacial tonque ;éne

i v .
A
*
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) - .

) 1. N ! . . .
- glacial tongue was probably thin; and the ¥ormation of the
J ' - . ¢ 5 , i ¢

Icon ‘'Train occurred mear its margin.

o -’

]

-t

The coarsé rubbly~texture of the till is sugqgestive of

quarried (crushed and plucked) sedimeut; The ‘ragged faces

_of the vein subcrop are quariied surfaces. ~fhe structure
andihinetalcgyVOf the.vein would have made jt amenable to

. duarrying. Thin, incompetent qraph{tic a;eillite lensés PR

. withiﬁ\the yein_ané“at its_contacts wtth t%e wallroc)ss°

would'facilitate the pIucking of blocks of vein‘rock . ‘The

quart’,mésses 1nd crystals in the veln are brlttlo and

v—— -

hlthy fractured The carbonate minerals are ea511y

» -

' b . - o o
clcaved.” The contactS;between quartz, carbonates, and sul-
- a . . .

phides are offeq larqge crystaf=faces.with*minor inter—

# growths, whfch*hould act as planes of weakneSs. <3Ee posit-

’ ion of the veln subcrop en the downqlac1er side of a bed—
- o w
rock rldge (Flg 28) 15 analogous to the- quarrled 1ée side

-of whaleback bedrock 1andforms, except for the west end of

-

-

the subcrop, whlch is on a surface that r1;as’downglac1er.

-

No conclu51oas can be reached concernlnq othe exact mechan-

©

il
1sms of quarrylnq, vht~1t lS belreved that pludglnq domin-

ated over crushxng because the mlneralod? and structure of
) ¢

the vein rock-makes 1t amenable to plucklnq:wlthout much

I
=

glacial crushlng._ The west end ‘of the subcrop apparently

-

was not- s%rongly eroded because unit C éontalns 1ow amounts e

'of vein rock types downglacter from: 1t (qu.623) ‘,d: Q:

mess than 100 m! downglacxen from the vein s,!crcp,

- ‘\

the glacler carrylng ‘thé guarried deb:;s met and overrode

-4

ST ISR I AR R N O W

v




@

the dlder mound of, units A and R ‘(Fig. 25) which stdod at
. ) : : c s o
;o - ‘least 7.0.m. higher (Fig. 26) thar the substrata immediately

. , . . . ‘

. . hd A v .
. --upqglacier from it. This mound of older drift apparently
“ o ‘v v v . . .

P . - obstructed glacial flow, and the.ice was redirected locally

N L4
. ° .
« LI «? . . © ! v o

R L aréund it:. The fact’ that unit C is thickest®on the up- s

- - -,
. ~ . A . o - ('\
- 'nlacsbf énd and sides of this mound angd ie’in steep conta

. ' ‘\thh the scdlments in the mound supports thlS view, "The =4

. 2
IS LA R, - c
- de%rls-rxch 1ce,stgeamed around. the obstacle, cutting .

qfooves and deﬁEsit@nq 111 in ‘them. The north-northwest -

I [}

pebble=orientations (Fig 27, sites 28 and 33) on the cast

> I

. ‘éide*bﬁ the train may fefbecp*locai deflectiops of ‘glacial

e flo&, with the .ice¢ generally moving from"the north-northeast

/ ’
: (Fiq.'27, sifes 2l'and 34) .. However,, the results of the

' pebble ori ntatJon measurements may simply, reflect between-

-

site var1 blllty in unit C. The abundance df veln pebbles

in the tr¥in (Fig. 23) indicateé/ﬁhat the normal transport

i . . L] L4 N [

. of debris\was from the north-northeast to south-southwest
9 - (outliné off trfain), but the belt of high abundances on the T
« L . //
v east side of:'the *train also shows that a large amount of
» N N ° . ’ v * R o

the debris may have been redirected toward the south-

N
1) J «

southeast.;

.2

The bedrock surface, which the downglacier

i: part of t train overlies, dips to.the east-northeast
C ) d )
. ‘ . (Fiq. 28). The combined effects of glacial,motion from
3

the north+northeast agalnst thls east- northeast-dlpplng .
‘ 7/

slope may have anrease the tendency £Or the glac1al *

. i debrle to be redirected parallel to]\he north—northwest

. *strlke ol the bedrock surface. The downglaczer decrease




c . N -
. TN s
¢

) * 'in abandance.of vein pébbles in anit ¢ was caused bv cqmmin-
o~ N, ' .
ution during transport and by dilution throuq?/}ﬁgornoration

/.

of clasts from thd older Quaternary un S and other bedrock. *

° N .

. A problem arises concerning the interprotation of the

mound of unitg A and R as an oBstagle to glacial ftow. wWhy

o .
LN °

weFe the sbft sediments in this mound ;osistént to. erosion
by the readvaﬁcinqrdﬂécial 1obevth$t depositnd.unit C?° One
explanatfnn is tﬁat ;ho ;ound was frozen. Sﬁbalacial Qpr::L
frost is common ﬂear glacial gquiﬁy. The discroee inclu- ;

sions of units A and B.in unit C'are compatible with this

hypothesis, bécause they are thin and tabular, the shape —j,

o

that is most-amenab to glatial plucking by thrusting out

< - of frozen substrata (Boulton, “1972, p. 9). The thrust
i . . )

. faults which extend into unit B from ité éontact with-unif e
° < .
- ) C would be the incipient leading edges of tabular ‘;rust
»

} . B : ) .
’ blocks. Subglacial permafrost would theoretically aid:
‘ - .
h quarrying of the ore zone (Boulton, 1972, n. 8). However,. -

3 4 E

o if the mound is considered as a frozen mass, it is diffi-

cult to account for the till *(unit C) négrlyinq its’ up-

<

- glacier end and infilling grooves on .its sides. %hé theo-
} -+ - =Y ries ad&«qbservdtions of Boulton (1972, 1974) and others-

h ‘ have’ shewn that lodgement o;ﬁtilllis aréatly supresse% where
y there is n© water and where slip does not ‘take place at the

.‘é;acier-,sole.. A ‘ o o - .

An azlternative explapation is that units A and B under

-

- the glacief were not frozen and that net basal melting of
i the glacier w § occurring.- AQcordihéxzanoultonl(1972, .
. 7/,q o <2 . "; \

R .
¢ - . :
) . . . . [
f . .
M . . - . .
N - N .
. v » . " - q
“ . »
.
P




__addltlon,.the ‘incorfjoration of dlscrete slabs of soft sub-

*efféctive normal pressyre (ice pressure minus paessure of’

frozen substrate.

fr

_advance and melting began-while if was under the glacier,|

P. 12; 1974, p. 5%2) lodgement till octurs when the !

'y . B
[ “f o - "

¥

water between ice and, subefféta) is areater thaw»t?e ratio

of: the shear streqs at_the aglacier:- sole to the coeff1c1ent o

- “

of friction of\the bed:! -The porous sediments in-unit B .
, 5 :

could transmit\fhe subglacial wdter better tHan the bed— T e,

<

rock, which woul\d 1ncrease the effectlve normal opressure. ‘ a

bver the moqnd, ﬁirhgps to a p01nt at which lodaem%nt 03 -_, v

" till rather than erosion would occur.o.In this wayl the

mound would act as an obstacle to flow, lgcalizinq'éyosion .

bt

and till deposition dn its sides (zones pf'relatively lower
o Q* ° ¢

e

’ ' ]
-effectlve normal oressure) and t111 dep051t10n on 1ts up-

<

glac1er surface (zone of hlqher eFfectlve ngrmal pressure) o

However, thln ice has lgr ice DreSGMre,‘whlch would limit -~ - >

R e & 14 N
the power of the - lac1er to deposit till bv lodqement. *In Jf A ]
¢ . s o

- D 1] - = ‘. o 13

strata into unit C is difficult to visualize for an un-

e 9 [} ) . °

All the features observed in the. mound cannoe be ex-

-

g .
plained by 51mply.5tat1nq that, lt was either froven ox ot

~
-
e !

en. It is more probable»that the thermal reglmefchanqed .
. ~’“ / o " .
ith time,_ i.e., the mound waS'frozen;pripr to the g}ac1a;
. ° B Q:, . . - i

] ~ ;

br the mound was not frozen prior to the advance and ofreez-

ing began while it was under the glacier;f'Theiformer ex— .
-a s ¢ .

planation is preferred ‘by the author becguse permafrost is

most common HEyond the marglns of qlac1ers (Boulton &972).




0 a

: Y &
: because\;t,gsqulredgverx dittle blatting.

¢ *

‘The mound would have acted as an obstacle to.flow when net

*basal meélting begah

é& o M ~ R4 - n R
figures for the till ore.were tabulated separately from

~ . O
L] ) ‘ E 7 2

¢ - : D .
? L “ s » , . 5 . " J

-~ o ) ‘ o
o * ’ . - ,J
i

Depth of er051

.o
A ® R N
'

) Icon Gulllvan Joint Ven&ure‘mined the tili in the

R a U
i ‘gnd

traln because of the h agh cooper content of the till

"

Thé production

Al

- -
,

L4

'othef ore, é&“it is'pos§ib1e’to estimate the depth of ero-*

sron of the subcrop of the number 1 ore zone by the glacief?

that deooslted‘the Icon Traln v M ,
L co
J : -

& ; .

The compeny m1he9 60 823 tonnee°oﬁ7t111 contalnlnq an -

°c,

average o%}l 276 pe ent copoer from the train JG.c"Darcv,° o

-, e

. yomm. ). Thls ore céntalned 685 tonnes of!copper.

.

in place in the number 1 ore zdhe ﬂontalned 3. 23

2
(Troop and Darcy,°l973) ’ The dlfference he*- L

o

percent copper

%Ween the copper content of the ore, in pLace (3 28 oercent)

[
To

and the - tlll ore (1 276 percent) heans that’ ihe detrltus
b IS o
der;ved from the- veln was dlluted by about¥ 60 percent be-

-0
tween the site ,of erosion and the site of dep051tlon, about

CY

o

& 4

100 m, from the source. The total welght of the eroded

o
PR

:~ve¢n rock w uld’be 20, 900 tonnes, based on a cOpper con-=

tent of 3.28 percent andAa weight of 685 tonnes of con- yi

N [ 4
»taxned copper. Ore contéum.n‘g‘B 28Jpercent coppe.would

° °

" ‘be about 10 percent sulphldes an% 50 perCent ganque mlnere

als by VOlume. 6peC1f1c grav1ty Nalues supplled*by Sequ1n"

amd Laroche (1975) lead to a calculatlon bf the specxflc

N
¢ DN . L4

, e X i
2 » P o
% .
[ . . . / . . ¥
° s o - o
. } . } .
. . - g ,
"




.- \\;234360 tOnnes and 5pe¢1f1c grath& 3 0‘would have aevolume

L

5

",1mproper to conslder the t11L as derlved from~an area. the 50 }

'Y

‘g g"_ti 6f the ore of aboﬁt 3.0.. A boav‘oﬁAorefwith mass

R " o

>

er'
2 Q -0 ’

of 6967 cublc metres. Assumlnq the tllL was abnadéd from .

ug'

the partvdf the subcrop that 1s upglac1er9from the Brain e K
Ay AN & . s o
(Figsy 23)T it Was derlved from an area, oF 8 000 square .
- . . . .
metres,'lndrcatlng that the depth of er051on was e. 87 m. ‘
N . f - L A 9 ' e

* .The volume of enoded ore is’al, “um estLMate becausev

. a o o

‘on1§ the,rekatively ri@h upqlagler end of the graln was
mlned, and because xhe copper content of the ore in Dlace ‘
used in the calcnlation- (3 28 percent) is’ probablv to0.

s ,,/ do A . C . R

hagh- The veln has an average copper content of onlv&ﬂ 29 - ‘ F
pef—ﬂht in 8 drill holes near “the downqiac1er ‘edqe of the e,
"\- PRI

present subcropt so ‘a better estlmate of the copper content

Ve N ° .

“of the ore 1n place would he about 2. 8 perceﬁt prorn these .t

revgsed numbers, xhe volume of eroded ore was probably abou

« o

20,000 cubgc metres. whlcb woulﬁ,lndicate a depth of ero—' R A
2 i N : ¢ - o -
sron of 2.6,m.”° . ] * :;: Tt ’ N
] Fﬁbm the fore901ng dlsgu551on of the or1q1n of the ' . e
: .~ a

Icon Traln, 1t cen ‘be seen that the tlll was derlved f;om <

the veln mostly by guarrxlng an& not by abraslon, so 1t is N
"/ L f

3

. : ’ I °

’same 51ze as the present’subcrop . stng the mlnlmum vold&

Hnl

. of 6967 tublc megres’and a max1mwm of 2Q 000 cublc metregp Ce
ob. Qe e % PPN )

‘a calculation. of the area of vein eroded may be performed U

s >
T, <

for ‘a glven thicknegs of Vein. The veln h&s an ?veraqe : N
thlckness of 2 8 m, in 9 ﬂrlll holes near the doqulac1en )

v s . 3 ° -

edqe of the pr&sent*qubcrop. The ‘area” of the 'véin that was =~




<
v

eroded=igotherefere?betweeh 2490 and 7140 square metfes.

=3
P 1

The zone of erosxon was probablyra,marrdw band on the

downglac1er edge of the present subcrop Regardless of the
[ ) . - o
uncertaantles, nvoLved 1n°the foreq01ng Calculatlons, the

[ e m

-3

depth of er051on thus lndlcated due to a mlnor glacial re-r

- [ , L] e @

advance is 51qn1flcant. :

N <«

°

, =2 .
¢ - o ' \‘. «

* <
B
. o

ComparlsOn of prospecting methods o

o o .

*The map of the coppen content of tbe 5011 developed on .

c B

9

‘the’ Icon Train - (Fig. 22)/1§ a good: quide’ to the p031t10n of

o s
° - 5 hd g

°

‘ . “ e L, s €
the numﬁ:r 1: orq{zone; In qeneral however, soiJ analyses.

© “D - .
have 1 tatlons and thelr results oan be misleading. JA
soil‘ﬁhlch is devefoped on detrital materlal, w1th 5011‘

° - - . ¢ o

watet hav1ng tranSported metal 1ons, wlll\contaln an anomaly

whlch 1s partly crastlc and partly hydrbmorthc\, The flela

i [

s e worker -may. Sampl 50113 developed on dlfferent sedxments RS

< a ©
<

(e.g.jtill, gIaciofluVLal sands, qlac1olacustr1ne sllts,
alluvlum) while: bellev1nq they are. all the same. The Shlp— '
5 . :

p;ng Jndgnalysls of the s’amplesn takes val‘uable time and

c

the laboratory is-a further sourCe ‘of error. 1Is there a

- < v

better way to map a sulphlde-bearlng dlspersal train. for
- ! - e . ,
prospectlng purposes° N Tl A
Flgure°29 shows the abundance Qf ohalcopﬁi??‘-bearlnq

. et
iebbles (4 to 64 mm.). in unlt C, the-t1ll tn the Icon TraLn.

. Chalcopyrite-bearing pebbles are found up to 540 ‘m. down—
L

*a
glac1er from the- subq;op. The area cove:éd bv thls-map is

< : K
the same as that shown on Flgpre 22. In form and gn style




Figure 29. Abundance of chaltopyrlte-bearan pebnles (4 to b4 mm.) i ungt C.,
in the, “Icon Traih. vots ar:ibample sites. Schrop of number 1 oOre ibne is

”lhaded. Contour labelled ‘PRESENT encloses sites where unit C conteins any
chalcopyzxte—bearan pebbrbs. cher contouts are at-3, 5 and 9 percent.




e

,i;
g

00

-,place.

till is free of hydromorphic effects;

© to its source.

JONEFR L

‘recqver the pebbles, giving the s

'clast-rlch tlll.

" of “the samples.

- . Y

° . - «
[

the. two’mapped patterns are 51m1Lar. Both show two bands

of hlqh abundance parallel with the dlrectlon of qlac1al

transport.

~“The anomalzggf chalcopyrlte—bearlnq pebbles is

smaller, because 1t*1s.solelv detrital {not hydromorbhlc)

“in’ orlgln and because qlac1al comminution of sulphide-

.
.o . ce s

,bearlnq pebbles produced flner detrltus which was detected

(-3

farther downglacier in the soil survey. The two maos vield

[}
v

the same - 1nformat10n about the p051t10n of the ore 1n

ConS1deratlon .of the orocedures used in. qatherlnq

° 0

'the data for the maps allows a choice 'of the most use ful

[ s

‘map of the two. T e

»?‘ N
' The apundance of chalcopxrlte-bearlnq pebbles in the

vt
-

The pebbLe anomaly

can therefore be more, easily interpreted because it is a -

detrital:gne. The aﬁomaly can_be traced dlrectly upqlac1er

The collectlon of pebbles_from the tlll is
less:prene tb sampllng error becagze a p1t<must be duq to

plér~&ﬁ‘opportunity to

inspect the sediment and identifn‘lt.

Twenty man days of fleld work were reagui‘red to collect

The same number of

e

the lll Samples shown on quure 29,

19011 samples could probably Sg rollgcted in about 5 man-

,. days, unless dlfflcultles are encountered in auqerlnq the

The major. advantage of collectlng pebbles

from the tlll arises out of the tlme involved in analysls

Whereas soil samples»must ke shipped to a

laberatory’for‘an expensive form of ‘analysis, the abundahce°

Al

. ) . . .

o L ‘ o L ‘ “1? 2

\;




us

' of chalcopyrité-bearina. pebbles cap be easily determined in

A

i the ffeld by an analyst with eiementary qeological'train—

ce o O

ing. Identlflcatlon of the pebbles concurrent with sampllnq

provxdes feedback to the sampler so that sample 51tes may

’ A .

be chosen eff1c1ently andffe—examlned while in the field.

The conclusion that is drawn "from this comparison is

- -

that wherever pebbles or even cobbles.and boulde:s contain-

rd

iéq cconomi&ally interestinq minerals are found in till,

. A the abundance of. ;que clasts should be mapned On—site

o

and simultaneous analy51s provides rapld return of informa-

tion at low cost, and the abundance of the clagts-in the
s

£ill is a good guide.to thelr bed;ock source.
N . "‘Drainage of surface water and ground water into

Waconichi River from the Icoanrain,cwhich is part of the’
: . . ; riverbed" (Fiqg. 265 could have supplied copper ions to the
river water. In'addition,‘fluvial erosion cf Ehe.chhlcc-°

¢ - pyrlte-bearlnq tlll ghould have added cha1c0pyr1te qralnsy
to the'edlment load of the rlver. A

,Gros (1975) experlmental stream sedlment survey in--.

- cluded most of the area of the Icon Sullivan Joint‘VentUpe ﬂ

property. Of the’ 137 stream sediment sampleé collected at

o

“a sampling density of about 2 samples per équaré kilometre,
14 were judged by Gros to be éncmaloué‘with réspgct to-

copper. None. of the andmalous samples gives any indication
- « :

e about the locatlon of the Icon oré zones. _They afe from

. »
3 + N

streams in dlffereﬁt drALnage systems 8 4 to 10.8 km. west

voﬁ Wacon1ch1 Rlver. The,sample in the most fayourable

o

»




L

. location, in the Waconichi River ?7€0 . downstream “from the’

Icon Train, .did not detect the copper¥5earinn trll. -
Lake segiments have been squested as sampling media

for reconnaissance geochemical exploratidn in the Canadian

*  Shield (Alla

et al., 1973; Nicol et al, 1975).  Samples are

4 i P
of a lake .the assumption that the sediment .at a centfe— . B
W . . o

lakeg”"site best reflects the chemlstry of the. surroundlno‘

terraln A core 25 cm. long was collected from Baie. du

s i

. Poste, 17 km. downstrea@-from the‘Icon Train,(Alian'and
Timperley; 1975). r?ibe samples taken~at“equal intervals
down the ¢ore contained between 14 and 17 parpts per million

copper, whichlgives‘no clpe-tOxthe'location'of the Icon .

Train.

o

o

Where chalcopyrlte bearlnq unit. C in the‘Icon]Train <
) _ " forms the bed of Wacon1ch1 Rlver, it is overlaln by about

¢ 2 cm. of f055111ferous oxldlzed sand of unlt F (alluv1um)

ABelow the alluv1um,.the glll 1S‘fresh and unoxldlzed, so

- i °

. " relatively few copper. dons'could be moving from the till

©

into the river water. Thls partly explalns why the stream : o

and lake sedlments denlved from the Icon Traln area ‘do not

o @ - -
IR - contain anomalous amounts ot copper.

2

”

H [ . - . ;
: ' . : S
y

- IR Cc;mpanson of umts * BLC and, D as. sampl;a:ig media

. -

mhe Quaternary unlts near the subcrop of thé number I
i o ‘ore zoﬁe at the Icon mlne were: examlned 1n order to evalu- ‘.

ate them-as sampllng media for prospectlng by qeochemlcal

| [




Ks

~drift and ablation till deposited’from a wastinn iceisheeb.

- unit has a hlgh content of sedlment derlved from dlstant

u}iit D - . '“ ' : -« . N .

~ - . L i
,and lltholoqlcal methods of anaLy51s.° The qrientatiOn'of

v

tlll pebbles 1n unlts A and ‘B- and strlae under unlt B (qu

30) indiCate that their sedlments ‘must have been,trans—

ported’aoross the vein subcrop alonq a path similar to -that

followéd by the ‘glacier. thdt. deposited qnib c. - .-

Fiqures 31 and 32 show theﬂabundance of-vein oebbles

and chalcopyrlte—bearlnq pebbles in units A, B C, and D.in

sectlons overlylng and downqlaCLer from the sqbcrop of the

-

number 1 ore zone. It i's obvxous that unlt C is rlcher -in

* 3,
-pebbles derxved from the vein than are the other Ouaternary

unlts.; Unit B has been shown to be ice- contact stratified
thholoqlc analyses of ltS pebbles (qu 15) show ﬁhatithis

sources. . Its dep051t10n at the Icon mlne 'was from streams

running off'the ice and byﬂflows of till“from the ice. De-"

 position was the main local process, and local erosion was’

e

the local bedrock Unlt D 1s a coarse proxxmal glac1o“’”

fluv1al gravel contalnlng low pertentages of veln pebbles

It is belleved to have been dep051ted over the subctOp of
the number 1 ore zone by a glacial stream 1n;whlch,the dotm-

. inantulocél'prodess was aggradation. Erpsion of. the vein'

subcrob was low because the suberop was'iapidly buried hy .

L4

- . - Y . g~

It remains o be’ explalned why ynit, A, wh;ch ls

<

stratlgraphloally closer to the bedrock than unit c, con-"

.

v

‘negligible,. so’ that’ the lithology of unit B does not'reflect'w o

7y
M



~
- o EEEE ‘ssoumopuel jo Xarriqeaord s ‘d puk (suty o!.-a. v kg asoysyoste] N <
F482131 pajernotes awny Ag POTUTINOSTT $T PUP ITOITD WIS Juddrad S SPISUT Tocunu 9118 say wey weibvip ysea .
. ‘PUIS Y U0 FGTep SOTwT A @ ITUAC UT TTTI ‘79 B3ITS IO WIHYIP :3egur .lu:ououvu 3103 usmoys st gz °brg
. 103 prib Eutthows oy c(7 b1z Sv eaie mzes Ul ut >~u§ ‘Utel) OO SYI 2IPUN (SSTIITI usdo). g 3Tum pue :
CoHERTIINC taviyy Jo vv.w:nu SPITS, W 11UN T SUCTIPIUSTIO 390& 1133 30 suwiberp asox SHEUBI-202ITR  -0Of eambry

v = 0 Jm4 T . T Y = N .




. 3 . . e
: g . Ox0
. . : *ﬂﬂ_. oxd .
. o0 1
R . e . - - )
e *' ' 13Aves s3oinog |
o 8- A a unn
. « | ' B . ) . o_.L *
ML NOILVgY ,
\ . : L “ - ~ 1sv3
' m k\»&\w - D .- B . . /
[ 1] . - -1 %Ko __N.mw q n-NKmo 4 Umo\w . ] ~°C=D‘U . . . ,
’ 2 05 . . e T OWotuodomM. o . .
. e 9. . "0 1INN g ¢ B : o
, ., mnman m . ’ . . N .
65- g <x98 9ix O_NQVF . “~ ‘o ° s o ~ Qr -
’ Qf&u 1x9 . . o, . =
66 o . . : . . i
- . - L )
-,V Tisag, - . - : :
‘ ) ' - - . : * ’ °
< B ) Q\X ... ® '
y ¢z D4 v . . . X ) . . ) ‘x peyiow T -L.
. il $2(Gqad Bu1i00q-24144de310Yyd %4 Buipniou} $90A) ¥d04 ueA % GQ elit6R |
co:woo. UIDJL  UOD| @Yy O 9pIT (SO #Y{ UO SUOHISS Ul Qg pUD D ‘g 'V shun
L ew m =) | Ti0 co.:.uo:. WW 9 of v Yy uy $8dA; ¥d0u uea o ,,Quco,.vm:a< Ie siobig
S . [ . ) ] - et
» 2 y _ ) N . . 1Y “ . . ‘ . i . o
) k L | , BRI T 3 7
N ’ t y N ) - a ‘ L . ’ -
. y.. . . Al C . ‘ . 3 ) o . .c;.. - . ) ' ,v
’ ‘ . : : - L ’ v N ‘. . . o
kS .. ’ ¥ : . ’ i ’ ..v,, ’ ‘ L} Lo
o . i g o g " - o ol
, ] ) AN ” 2% TrT R WSS L




118

ox9 .
aNvS AT13AVYHO

ox¢’
9714 NOILv8

v OxS' g 1iNn

o
. . . A .
. WO =
. < N ~ - I nh L X . -
N T R . L "X v.-,:/oE s’
- :“obu*o. . 10 s31qq2d Buipeg-94114dodjoyd- % & Duipmoul 39dK} ¥301 UIMA % 68
uoiy - . . . . \
j0 = X,68 CUIDJIL UOI| 9YI O IPIS S9M By} U0 SYO{idasS. Ul D puD g sjun |-
L1 T I I JO UOIIIPI} WWHG B p Yy "ul 83dA} ¥D02 UleA jo eduopunqy “2¢ -eunbiy
] . N L R . . ) . , . . . ’ ,.u{v
o . . . - / G
. ’ . / ; .
- oo
2 N 5
- ] B
o . mA ’
s . ., . .
\ , ~ A [ I3 . . "
M ST AR YL TSR T .d-il)::d.«"lll.l&-".x ‘su\‘%&n’a‘»v [ T T ’ "J«..““Bﬂ'll .-

W dev g oW

-t <. i .- . -
[ ﬂu!!..ir PRSI « - = T S
. ! A " v




k ‘J
. "

o (& &
1 ’ .
*
) s, - el
. A 119
tains only low,percentages of vein pebbles.VFig. 31). “
Unit %s ‘a basal till of regional extent which was de- s .
- - - ' <

pos;ted‘by an ice sheet advancing from the north-northeast.

If thg orientation of the till pebblas at site 32 (Fiq. 30)

is assumed to. be "transverse" to glacial flow, then all

thrge ‘measurements from this till (siies 27, 31, and»32-
Fig. 30) 1nd1cate that the glacier that devosited unit A &
advanced southward across: the subgybp of the ore zone.

Therefor&, unit A should contain larqe quantities of det-
, N 3 ‘ \
ritus denibed from the vein. .

The rare Vein pebbles in unit A are weathered, and

e

weathering'pits in the pebbles are' packed with tgil matrix.

[

The weathering is probably pré—Wisconsiﬁaﬂ; the presence ¢f
the pebbles in unit A indicates thﬁf/khe,vein was at least
partly exposed to erosion at the‘onset of glaciation. The

vein pebbles are dlstrlbuted in the till in dlscontlnuous

bands commonly only one pebble' thick. The ban $ of vein

pebbles in unit A are ipterpreted as reflecting simultane;“

ous glacial transport and éomminuiiOn of the clhsﬁ% along o
—. c. = ) v ’ ‘

discrete planar paths.

One poOssible explanation. for the- low content of vein-
i} ' \ N - - .
pebbles in unit A is that the vein sﬁberop was masked during

<

deposition. of unlt A by an older drlft unit that has 81nce

]
we 2

- been removed from the veln subcrog by er031on durlng post-

unlt A t;me. Thls explanatlon is unsatlsfactory because

tbere is no physical evidence that an older unit ex1sted.' .

)’Another'bossible éxp;anation is that'the‘basé of the ice’

o 7 ¥




oy

sheet that'depositeﬁ unit A was at its pressure-melting

point. This would make abrasion and crushing the main

erosional processes and lodqgement of till the main deposit-

ional process at the base of the ice sheet (Boulton, 1972).

Local inhomogeneities in subglacial water pressure would ‘

\)

. qgovern the distribution of zones of erosion and deposition.

" “The. fine-grained texture of, and the lack of rubble in unit

) ‘- . X [

A is evidence that plucked sediment i$ a minor local componﬁ

ent of the till. Itlis believed at lodqemg&i of till was’ Fﬁﬁ
tge*main process ocgurring at the Icon Sullivan Joint Ven-

ture p}opertyfduring deposgﬁion‘?f unit A, but th{s hypoth- ’
esiéJcanndt be tested'b9cause'of a lack of phygiq@l evi- ~~

o

dence.

e 7

Comparison of the Icon Train to other sulphide-
& v 0]

bearing disperéﬁl trains

v 0

The Icon Train is listed in Table 4 with other sul-

phide-béaring glacial dispersal trains’(see‘Bradshaw,ﬁlQ?S,

\ .
pp. 104-107-and pp. 190-193 for additional examples). The -
J * ' ’

_train§ a're variable in size and , methods of definition, but -
they are qénerally finqer—shaped or'flame—shapéd in plan,
.and all havé abrupt&Lateral edges. The large trains.that
were defined w1th 1ow sample den51§1es, Kidd Creek and

Mt. Pleasantq are detectable by reconnalssance-scale : -
h Y
gsampling. Szabo et El"1975) stated that a sample density
"y . , . / ’ o
of 0.2 samples per square kilometre would be adéquate to

detect “the Mt.’g;easdnt train. .Smaller trains require a

y = .. -

. "
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hiﬁher“samole‘dénsity, & to lO qamples ver sauare kllo—

a3

metre. Increa51ngt%he°samole den51ty to SNN or even 2000

samples per square kilametre (Table 4) is penulred f ba dg-

‘talled trac1nq of trarhﬁ

The use of hlgb samnle densities, in soite‘of the high

bl o .

_&dst, pravides information which ‘quides other "exploration

.

il

@ethods. Detailed sampling more accurately defines the

edgeé and‘§hape~of“é'tra§n, and it faciliiages location 'of"
, ) - ’ .

the bedrock. squrce of the metal or-rock being traced. Once

3 o ) - o .

the source is known, studv of: the till in.relation to ‘its

v

spurce may give detailed informatdion on the processes of

‘glacial erosion and deposition. .fkv/

- A , .
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GLACIAL COMMINUTION OF CHALCOPYRITE , .
’ :Q - )
- ot s - e [ e . PR 6.0 . . o «

o . 3
¢ - . . ¢

. _Unoxidized %£ill, e _ . e

. - o o B : pA
) . VYagrners (1969) ana/greimanis'and5Va s.(l97l)'haye' ‘

ehown‘that minerals a:e gkacially’commin ted (crushed'and
* - e . Y i o T
abraded) so thaE the-mlneral soe01es havg.peaks of abun-

13 % ©

dance in specific particle 512e ranoés. Nea} the .souxnce.

of +a mlneral, a clast-size- mode domlnaﬂes, whereaq far—

- PIEN

thér from the source,:a_matrlx moﬂe appear5°and the clast-

o
o

v s, si‘ze mode. diminishes. With gontinﬁed transport, the s

> @

matriX‘mode does<hot'become'f1ner; BTHe”procgss of de--
: < / a ¢
velopment of the. matrlx mode% may be analogous to the

o

e@ull;bglum parxlcle~51ze.dlstr1butlon observed by
N - o /. -/

%

Ne

s . Bradshaw [(1951), Theiher (1952) and Kelsall (1965) for . ..
" f"art1f1c1ally commlnuted mlneral$ .‘ . g '° :",
o o ‘I > . - . ‘/

‘ The selectlon ‘of the opthum partlcle 512e ranges

- @ . e e . .
L4

for - llthologhcal or . geochemlcal analyses of tlll for

.
4 c. <

. prospectlng purposes should take into account the particle

a -

©

. .s;ze ranges to Whlch ore mlnerals ‘are glacially commin-‘

P | ‘uted The selectlon of these size ranﬁgs becomes espec1~

2
°

> ’ 'ally xmportant when samples are collecteq by overburden ©
. ., .
drlfilng technlques, °'in wh1ch small samples are ‘recovered’

- *




ffcm subsurface tills that are‘difficult to identkfy.

An experiment was péfformed to determine the abundance‘of

chalcooyrlte 1n dlfferent partlcle size fracplons of till.

Four samples of 50 to 60 litrés of ungx1dlzed till
wére collected from unit @, the tlllﬁln the Icon Traln;
}“ fhe,sample sites were selecéecmto giye a‘wide ranqe in st
‘éisﬁance of glacial transpcrt, localTprovenance; and totalf,'
. :

chalccpy}ite content (Table 5)- 'The laboratory . pfqtedures

and carculatlons are similar to those of- Vagners (1969,
o L 2
-]

pp 14- 41), except “that volume! or numer percentaqes were

=)

used as much as: ooss1ble instead of weight percentaqes to’
' *

S
s e 9
°

" av01d blases resultlng from the “extreme dlfferences be-'
tween the spec1f1c grav1t1es of chalcopyrlte and- the other
%" ."u-’"'
minerals. The apparent percentage of chalcopyrlte (Ap) =

N .

uwas determined for each og 17 size fractions. from 128 mm. .

to less than 0’002'mm by separation and voluﬁetric

'£¥ measurement of the’ plus 4 mm . fractlons and by polntc

,countlng of the finer 31zes.q The abundance of sediment

D
oo

(all mineral-species) in -each size fraction-(Goj,was

determlned from partlcle size analyses whlch were Der—-

o

" formed volumetrlcally for fractlons cbarser then Q.. 063

= ° [

.mm. apd from hydiometer analyses of the finer, fractxonsu

“sThe true percentage of chalcopyrlte in each fractlon (TpY

rd

was determined by multlplylng Ap tlmes &p for each frac-

- tlon. The suﬂlof the Tp is the total chalcopyrlté cohtent

'_ ofothe sample (Table 5) In brder to compa e the four

samples, the true relatlve percentage of cha1c0pyr1te in
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) 3 » Table 5. ° Description of samples referred to in text ‘in determigatidns
' , °"of abundance ofyﬁhalcopfrite in till- ; i - ’ -
~z;%’ s S , co .
‘e . % *Ji P ) £ ¢ » ' ,
- . 3 . hd . .
N » o« v 9 ) - - : l M . 5 <
-~ ° o Sample NumbeE’ ©73-56' 73-57 +73-58 < . 73-74- 72-12FU46 72-12FU56
® . . ‘ , ' . 4 : * . o ., T ’
.. Location 14258, 14208, 2+35%,” 34055, ,2+508, 2+508,
. “ . - 3+415E. . 3#20E = 9+70E 10+70F. 8+20L 8+20E &
S . (Fig.23) “(Fig.23) (Fig.27) (F#q.27)"(Fig.2Z7) .(Fig.27)
W' Lo - A . . . * - ; . P , . P ..
’ g ’ : . ‘J,‘ o . & .
. + Gross' Textur'e Fine. . Fine % . Coarse ‘Coarse Coarse Coarse-
& . T PR x . e < ' ®
. . Transport - 10 to - 10 to 90 to <110 to. 90 to a0 to -~
. : distance, 50 m., 50. m. 125 m. " 150 m. 125 m. 2125 m. -
[ . - N
Provenance - ] . ” a - e et
. pf clasts- Vein Vein )@4&‘ Vein Vein Vein
. s ¢ DI G ) - * v
, ° Provyenance Unit B % Unit B o - )
o . » of matrix (sand) ‘(Sand) , Vein Vein' Vein Vein =
éi - °" . 7 chaleopyrite . L . . ) ¢
g : _content 14.32% - 3.00% 3.48¢%¢ 23.29% - 2.79% . 15.99%
o v . N 'b' i : b l . c «

.

o o Degree of . - .
r . ;oxidation Nil . , Nil ‘ Nil Nil + _ Moderate High




. . 26
‘@ . . ' L,
= . each fraction (Trp) was calculated by converting the To in

each fraction to a percentage of the total Tp. The Trp
%ill be ihe-main‘variable considered in the followino dis-

cussion,’and 311 results are taqylated in Appendir C.
‘The trﬁe«relative percentages (Trp) of chalcopyrite
in the. four samples are presented as frequency polygons on

~

T Figure 33. All-samﬁles have a*clast—size.mode or modes in
. dor -

the 8 to 1 mm. Tange, and ‘three samples have matrix modes
in‘the.d 25 to O'OlG;mm ranqe The two sagples w1th
relatlvely short transport dlstances (73 56 73—57) have

’.strong clast ‘modes and weak or 1rregular matff& modes

” . LS

The partlcle size range an the- clast modes is belLeved to

. ' reflect the frqcture pattern of the chalcopyrlte in place, \\"
but thls cannot be quantlfled ' The sam&les w1th relatively

» - . -
- [

long transport dlstances (73 -58, 73-74L have ‘the strongest

\\) i matrlx modesreven-though these»samples are relatively

. . . : . . [ . ¢
coarse-grained (Table 5). . B ' ’ . - .
The,efgeet of incorporation of sand from unit B into |

1 - - i N v ° .

4 the till can be seen- in. the frequency pelygon for sample L
_ 73-57. An‘-ifregular 'peak -occurs in the size range 0.25 to

. . -
o . . 2 ‘ -

. 0.032 mm, Examination of the data for this sample iAppen-.

, dix c)y shows that this peak is art1f1c1al and caused by anf

. abundance of sedlment (hlgh Gp) An thls size ranée, not by.
abundant chalcopyrite (Ap).. Hence, the real matrix modes

o F'igpre 33 are betweeh 0.063 and 0.016 %un (s'amples 73-
P 58, 73—74'). ' ‘ L

-

From the foregoing discussien, it can bé‘Seen'that
3 . Lo .
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within 50 metres of the sourge, chalcopyrite is glacially
B ‘ .comminuted,folproduce a well—defined clast mode in the 8

to 1 mm.‘ranqe '~A matrlx mode is not developed in less
¥ >~

than 50 m. of transport With transport of more thanAlOQ , -

metres, . a matrix mode develOps'in the 0. 063'to 0.016 mm.

¢

range. Therefore, it is suqqested that 0 063 to 0.016 mm. .

be selected as or 1ncluded ‘in ‘the analyzed partlcle size

~ A -

range when unox1dlzed basal ‘till is s&mpled for aeo=-
= chemical analy51s. Analysis of thg,héavy mineral_frac;:

. tion’ of this'particle size“range will~remove"unwantédf’
. - - v N ’ )
» - light mlneral contamlnants and w111 enhance the geo-- L
roT ; .
r ; chemical response of the-samples. thholoqlcal analy51§ Lo

. of the 8 to 'l mm. fraction may brovid& useful informa—
. y- ; . o .
" tion, especially'near the source of the chalcopyrite. "

The suggestlons qlven above have 11m1tat10ns. It*is
S ’ ‘6bv10us that pebbles of solld chalcopyrlte w1ll mever be
found in till derived from f1ne~cra1ned or dlssem;nated e

ore -in which the'mamedmISize of chalcopyrite grains is

’

lass than 1 mm. The chalcopyrlte clasts and qralns seen
» in this study were all angular and chalcopyrlte oowder was

rarea whlch agrees with the 1nterpretat;on of the detrltuSL
in unit C as crushed sedlment detived from “the veln by

.

o'.guarrylng,‘ Irf other glaciated areas where ‘abrasion has
been the mainieroslonal process, theudetritus derived from .
an'ore?ZOne should beé finer-érained-"%his type of study
must be reéeated for tllls derived by abrasion ofcfjne~
grained ores'before positive statements°canﬁbe made’Abopﬁ ‘

o .
. . ey

T AMEIA A ol ¥ AL Ml . i s At el .4k e .




‘“’

‘,@‘
,

g T

the optimnm~particle sf&e ranges for qeochemiéal analysis
of unoxidized till. Other ore minerals should be investi-

B \\ ’ ‘,
gated to broadep the scope of future studies. .

.+ Weathering of chalcopyrite-bearing till

Thevsurficial weathering of unit C in the iIcon Train

has changed the mlneralogy of ' the till.  Feérroan dolomite,

pyTrite, and chalcogyrlte from the veln and marca51te frOm

-.the g;aphltic argllllte hoet rock have all been weathered

Quartz is unaltered. Pyrite and marca51te are rare in the
oxidized till. Ferroan~dolom1te'1s present‘ae~powdery

llmonltlc pseudomorphs where the tlll 1s stronqu OXLdlZed

.and as soft, ox1dx2ed gralns where the till is léess

A

j

weathered;\ The relatlve weatherinq resistdnces of chalco- °

~pyrite aﬁd ferroan dolo ite were‘eétimated by examining

clasts contalnlng these mlnerals and by comparlnq thelr

.rellef relatlve to qua tz crystalsuln the same clasts.

Quartz crystals}prbtr de 1'to 3 mm; from ma551ve chalco-
pyrlte whereas ferroan dolon1te 1s weathered l to 2 mm,
1nto the chalcopyrlte. Therefore ‘&erroan dolomlte has

°

weathered more rapldly than chalcopyrite ) Weathered

: chalcopyrlte clasts are brown- to dark brown (7 SYR 4/2),

K [~ . . s

hcoated with 0.5 to 2.0'mm; of limonite> leynlte alsp

dgceurs .in’ fractures that are 0.5 to 1 0 mm w1de in: the
14 H

chalcopyrlte. Under the llmonlte, the chalcOpyrlte 1s

fresh. The author believes that: a coatlng'of 11mon1te

: )y 7
impedes further ox1datxon of the chalcopyrite. b

4y

b



- Malachite and limonite are the main secondafy . o

¢ R . . N R

- minérals in the tifl “Limonite is presehf as cement, ’

. sand-siied grains, and coathgs on chalcopyrlte grains.

. PR -

leOnlth surfaces are usually coated w1th malachlte. :

*Malachite ocecurs aS‘cement sand-sxzed grains, and banded'
»

botryoidal masses in’weatherlnq pits in the till. Azuri%e
isﬁfdundxwith tHe malacﬁite,'but it is much less common.
ft-dsoélly forhs a finel§ crystalline -coating on botr-.
yoidal malachite, end‘it is a cement oelow malachite in
cemented’sediments:--Where oxidized unit C over;ies unit -
B, malachite and azorite ;?e cement rn unit B up Eg 5 c¢cm. .
oelow the contace:' Bornite arid ﬁhalcocite form a tsrnish
on”a few chelchyrite érains on{y in the slightly oxjdized
perts of the till. Rare dolostone peobles plated wich.
native copper were found riear the surface of the t111

.

An experlment was performed to estlmate tH% emount bf

chalcopyrlte destroyed durlng the weatherlnq of un@t C a¢d

/ to find the optlmum grain size ranges for geochem1¢al and

/ . ) .

/ 11tholog1ca1’anelyses of ox1dlzed chalcopyrlﬁQrbearinq«—~«‘

/ Eill. 'Samples of 1 to 2 /kg. of 0x;dlzed t111 were col— -
lected from the B éndiclﬂorlzons of the soil proflle ‘de-. ‘ﬁ.,’

.velobed on unit c.”” Ea saﬁple.was split in;d‘li.size

fractlons be tween 64 wn. and 0. 037 mm' and theﬁweight

percentage of heavy m nerals (chalcopyrlte, malachate,
.anq‘llmonlte)‘was determined. for each fraction after sepa-. ‘.

“ration in tetrabromoethane (s. Q.,= 2.96). Malachite and .

1, e

‘limonite were removed from the splits with a weak h&dro- : -;'

N
s . . ‘ - “a




"thcric acid wash.. The abundance of chalcdpyrlte in the ’

e

) remalnlng heavy mlnerals was' COnverted to true relative’

-~ o A *

"percentage (Txp) for each spllt in the same wav as for the .
unox1dlzed till- samples already descrlbed excent_chat the
data were wemght percentages.~ The resuLtstf these anaiy—:'
ses are ‘tabulated ip'ﬁppendix D. ' | o \‘
fhéﬂabundanCES Qf,heaby’minerals (Hp?~and chalco-.
pyrfte kAp).in‘sample 72-12EUS6 ane'shown'oa Figqure 34.
This sample is from.the B horizon<s0.3 m. below che‘eug-
face of the soil profilevdeyeloped on unit C. The gap
between the curves is fhe perceﬁtaqe of halachite plus
rimonite present ‘in the sample. Malachite and limonite
:are most common in the pafticie size range O.SFto %.057
mm. » The true diffribution of chaicdpyrite (Trp) in tMe
"eame saﬁpie is show; dn Figufe 35.. A strong clagt fode
appears id the'ranée 32 to 8 mm,,:and.no matrix mode ‘is
Present;' The sample ia frém:téil'that~caé transdo&ted at
ieast-loonmu from ics sourCe"(Table 53. SO that modes ,

were expected in the same partlcle 51ze-ranges thgt were

E)
S

-found for unox1dlzed till samples 73 58 and 73-74 (Flg: 33).
. .

‘Either the till at ‘site 72-12EU56 eveg had a ﬁatrix mode

* to the removal of the fiwer chalcq yrlte. _
L . A sample of ox1dlzed till (sample. 72 12EU46) was col-D‘
lected 0.3 m. below sample 72- 12EU56 from the less strongly

"oxidtzed C. horlzon of the 9011 proflle. The true distri-

-
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v

bution of chalcopyrite.(Trp) in'this sample (qu. 35) has *
a clast mode in the range of‘4 to 2 mm, 'and a broad
shoulder if the sand 51zes This indicates that ‘the till
did contain a matrlx mode,9f chalcopyfite which has been
partly Qr)entirely removed deoéndﬁnq on the degéee‘of
T oo ,

weathering. | The finer chalcopyrite grains disappéar
earliest, and coarser qrains are altered as weathertnq
ﬁtoceedsﬁoc ’ " | - .

It should be noted that these samples are small and
many do hot contain the fuli range of particle sizes

(e.g. no ‘chalcopyrite: gregter than 16 mm..in sample :

72-12EU46, Fig. 35), but the following consistent relation-

+ ships are present from sample to sample (Appendix D):

>, ,
a)  The abundance of Ehalcopyrite has an inverse

»~ relationship to the abundance of malafhite plus lironite

with respect to particle size
)b)'The finer sizes contain the'highést amounts of
- ) M '7 N . ; ",
malachite plus limonite and the lowest amounts of chalco-

pyrite.’ )

Tgls means that when samples of ox;dlzed chalcopyrlte—
bearlng till .are collected for qeochemlcal analy51s, 0.5.
to 0 037 mn. is the optimum partlcle 8ize range because 1t
is 1n thls range that most of the malachlte 1s found

ThlS coﬁclu510n can onfy be made ‘for tills that contain

‘ /

,detr;tal carbonate m1nera1$ and have a low éqntent qf

such sulphldes as- pyrlte, pyrrhotlte, and marca31te._
i Ll
weathprlng of detrital carbonate minerals and,rocks pro-




o

, -
’ ducgs carbonate ions °which' fix’ copper ions as malachite.
X i p _

~

-,

-

~ " Without a source of carbbnate ist( the copper ions frpm
: N :

weathering chalcopyrite could be mobilized agd'wouldfref
main in the soil only as adsorbed ions. A high content Sf

. pyrite-like mingrals might produce enough acid to nobilize:

o : C . . e . B
both copper and carbonate ions. The importance of carhon-

ate itons. from other sources (%.91

H

a%nf air) 1in malgchiﬁg
' formation iy unknown for thi's ﬁilla B . ‘

- , o About.1,700‘ygérs‘ha§e élapsed~sigpe unit 'C was r

.iﬁitially exposed to significant wéather%ng (Prest, i970,

ltfPP- 7247755). ;In éhis period, most éhalpopirité qiéins ig

a

¢ the tT11 finer than 0.5 mm. and within 0:§ ™ of the sur-
R " face have been altered Eo'maiaéhite plus Aimi;iiif Limon=
* ite is_believed-to'have formed la:éely in pl3®e, as the c

L

. “inéoluble résidue of.chalconyritet“ The occurrence. of mala-.
. chite as cemept/in unit.B up to 5 cm. below its contact -, .
r : )

.- » with weatgé;ed unit € ig- ewidence of the mobility of acopper
released during'weatheriné of—chalcopyrite, but most ©of
¢he malachite is in unif C, fixed locjlly by carbonate

ions released during weathering of ferroan‘ﬁolomite‘anﬂM—***'

s dolostone.- .
- . - . @ . 7 °.




CHAPTER 6

CONCLUSIONS "AND RECOMMBNDATICNS.

»

a
. Conclu31ons /(// (:j’—

(1) ' The, Quaternary uniss in _the Lac Mi assini -

Lac Waconlch} area are the products of a sample glacial
. - *
3 7. L ¢
cycle of: major advance, -‘recession’ - minor readvance -
completed ‘recession - glafiofluvial'sedimentation -

- N S ., . . . i .
glaciolacustrine sedimentation - organicsedimentation._
"3 . - © 5 ) ~ . L]

- Thesé events occurred-during the Wisconsinan and Holocene.

~ ceh e

The unlts are tlme transgre551g§ and many of the events
were: partly synchronous within the area. S <
(2) The - pebble lltholo;y of. the most W1despread till
“in the area (unit A) closely reflects the llthology of the
‘ underlylnq bedrockq Thls hampers the use of pebble
11thology g;r the mapplng of t111 but converselv, it
means that the pebble lltholoqy qen be used to map hed¥
rock 1ndlrectly determlne glaelal flow dlrectlon, and
ttace distinctive»rdck'types to their sources. The
teXture and carbonate conﬁent of the tlll mattlx respond
slowly to changes in the tegture anéxcarbonate pent@ht of

. the bedrockr.whlch also aquws thelr use as mapplng tools.

‘for basal tllls. The textﬁre and carbonate content of the
! '




» . N v €= B @

N . o . H i . ’ i - . 1@7
Q- tlll matrlx appear to have been lnfluenced by addltlon of
iane sedlment to the debris load of thé clac1er throuqh

:

comminution Q'rlng transport of the coamser part of the

ans load. S ‘
°~(3) The copper- bearlnq dlspersal tralns at the Icon
R

ine were formed by glacial erosion, transport, and’ depo— : e

. o - e

o . 2 . , . . L .
ition during the minor readvance that deposited unit C.

The processes bf:fonmation_ofcthe trains were orderly, not

chaotic. 4 -

* .
- . N <

' (4) The dispersal trainS'are‘Three—dimensional .

°

v' bodles, the shape and ;1tholqu of rhlch were stronqu

I 1nf1uenced by the substraté They are rgbbon— .0x flame—'f
b
-shaped in plan v1e~’fihe Icon, Traln has a lonq1tu&1nal .
t N ) - ‘3 Lol
' shape llke an elongdted and attenuated tear-drop. The

. . - o
i trains.have sharp edges ang high geochemical and litho-

s .
. ) o B s ¢ . .
’ q‘

logipal contrast to the surroundlng £ill. It is bossible

- - .

=’ sto map dispersal trains--at a deta;fed scale.

O

(5)°, 1t is estiﬁatea4that between 7,000 and 20,000
- . énmdc metres of rock=were°erbded from the subcrép of the-

ne at the Fcon mine by the small dlacmal

N :lumber 4l ore
- i ngue that depdgitéd urit C.‘ These volume estlmates are,

equlvalent to-a slab ofbroqk 2.8 m. thick Wlth an area .

between 2440 and 7140 square metres. *The erosion 1s be- '3 -

lleved to have taken place malnly by quarrylnq of the

2

s ) _” downgla01er édge of the veln sqbcrop

v

N 46) Mapping the abundance of chalcopyrlte—bearlnq
v . F L 4 ’ o

pebbles in the Icon Traln lS a %Dre-eff1c1ent guide to

N . . R i : N oo
" . - a . “ : ‘ . L3
. . R .

@ o - b,
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e Wn
:

iy

-

‘till, When clasts.containing econohically interesting

_minerals are discovered-im a till, the abdﬁdancecof those

. er llthologlcal'mpllng of glac1a1 drlft 1n mlneral ex-

o »

the 1ocat1oﬂ4g} the ore HF prace than qeochemlcal analyses

e

°

« for copper in the 5011 ,on, the. traln Chalcooyrlte 1s most
fabundant in the ranqe 32 to 8 mm. 1n~stronqu'ox1drzed

¢ °

clasts should be. mapped. ‘

al

(7) 1In unoxldized till, chalcopyrite has a.clast
. ‘ &, . 2 s ) e, -

mode between 8 and 1 mm. aﬁd a matrix mode from O.b63 to
0.01é mm. ?helclast mode develops after short. transport

distances and the matrix modé requires at,least 100 m. of
0, \ i . * B 0'
.transport to develop. The size range to be analyzed for

© copper should 1nclude the matrlx mode when samples are

3
-

collected from uno&adlzed +£ill by subsurface sampling

ptechnlques dhrlng mlyeral exploratlon programmes

-{(8) Ox1d1zed tlIl contalnlng chalcopyrlte plus

- . R

carbonates has abundant malachite in the range 0. 5 to

4

- 0. 037 i, Sampllng of ox1dlzed till for prospecting

-

purposes should 1nclude thlS slze range. .This .conclusion

-

_ appl;es oniyVEor ‘tills that have not been completely

' leached~of carbonates.

{9) Basal tllls (unlts A and C) reflect the loCal
b} Vs
bedrock llthology better than ablatlon tlll (1n unlt B),

ice- contact stratlfled drift (in unlt B), outwash g&avel ’

R Y
i

. a

N ce TS

'(unlt D),’and postglac1a1 stream or lake sedlments {unit

‘ Fj.- Basal..tills aré. the preferred medla for geochemlcaln

s ®

) ploratlon. Un;t C contalns more detr;tus derlved from ‘the
. , \ .




Y

~whergas the'domlnant ‘process durlnq deposition of unit A

. mapped ‘in a larger part of the MlstaSQ1n1 basin to deter-

L) s
-

Icon ore zones than does- unlt A because the dep051tlon of

unit C.,was accompanled bv strona local alac1al qua2§v1na,

=3

—

was lodgement‘with minor erosioh of the ore zones. = . ‘ r

7’ -
L
.’

, <. Recommendations for future research ' .

c €

'(I) The llthology and texture of unit A shoyld be

¢

- -

mine regional tren?s in the properties of this till. -/

H

(2) Other-glacial dispersal trains should be mapped [

at a detailed scale to provide additiomal examoles of the

size, shape, and structure of dispersal trains. Such

studies are useful for interoretind alacial processes and \
‘they provide guidelines for mineral exploration in glaci-. "\

L} - . \
- e i

(3) The abundance of chalcopyrite with respect to

ated terraln.
grain size should be determihed for unoxidized and okidlzed
. r ’

tills derived‘frbm textural;y'and structupally'df{ferent

ore deposits in other areas.
(4) The abygpdance of other ore minerals (e.q.
Sphalerite) with respect to grain size should be determined

Sor unoxiaized énd oxidized tills in other areas.

e T Y TR PRI b
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APPENDIX AQ@

(1) exca-

qcraplnq

""‘.‘ 2 . . L . N N
v ~,f T Analysls of tlll;pebble orlentatlons
» : . ® -
. . ' , The fleld. methods used bv JgLhee author were: .
L & N
Taa f‘,vatlon bf a horlzoﬁgél benth in the tlll to,a dem@h at —
N whlch VISUally massrve fréﬁh tlLl was met, (2)
Tt Q- . . y '

- . ‘ﬂf the bencﬂ:surfgce to expose: the tlll Debbles, {3)

;ﬂ'. i \.measurement of thg,t rend aad Dlunag Qf the 1onq axis of
- N o -\ ‘

; ) ;fanv oebble w15h a lonq 1ntermedlate4a§§al ratlo agreater

, 0 Phan 302y e s

7 . - “w e . IS

v ¢ oty . . ’.\‘,;"’-if" ') I "'1' " . ' ..'x “‘i.;;;':v" * "" - ®- -

"L ’ ;wﬂ. Tables A Pl and % 2 confain;theﬂStatistits balculated

- 4, QRS 4 t %’r e - "

S '*; fxom the fleld datanwgéhe vec;orlal technlques of Andrews
) e fd Shlﬁlzu (1966)1p',fuce a trend and D} unge fof each '
e ! - %%éultant, and three other 0tatlstlcs ( able A-1). Vec-
e N :’.t;,: (3 - -
L) v U )} ‘ -
K 'n maqn*tude, R, 1s§tested agalnst A n 11 hypothe51s @f
T rég@pmness u51ng wBtSdh“s (L956}‘€ermula. -
/: . o * -," -~ ;A e v " A ¢ R '3 . T . M; ' - .

. @ 4 L . =t ,

2 A Y /
[4 hY) P ' e - [
'.:. © R ) . A ' . ~ - L. -
s e U R s wo "
4 ,.’::‘ . “,‘ Lo . ..2 . g - [ . . v )
e Ly Where X 95 is, the value for ch1 équare w1th 3 degrees of

oo .

. N A . oo
;;£. ﬁg% freedom and N LS tﬂé number of oebblﬁSan the sample. If-
EOUF E ..

- N is equal to 100 R (for acceptance) should be ‘BoVe -

h.16 13 at the 95 percen; level

1

e 3 .t

"resultant are produced.

.mater, k, (Watson, 1936) is calcllated from

S%'. - 3~"Ryshould,be abdye 11.39. Confidence limits,, C, on the
P
i

P

and if N is equar to 50,

I - , .
The estimate of precigion para-

)




- o .. " .. -~
Lo s ’ ) h N
_If k is equal to or greatg#t .than 3, the sample avoroxim- .

,ates‘a spherical-normal distribution.
. . The technique of Andrews and.Shimizu_(1966) was de-

.

signed’to calcuiaﬁe a three-dimensional vector sum of the-

o e
L3Ras

"individial measurements at.a site, the lonc axis of each

]
. * -

pebble beino-considere@ as .a lineation havino a trehd:and

Tox, a plunge. Unfortunatelv, most Debbles have a plunae

3

. 'relatlvé to the horlzontal of less than twenty degrees

dhd the distribution of pebble oriéntations mgy be such
. ' {

S

thatemany pairs of pebbles have't}ends that are diametri-
cally opposed These properties'onoduge a carcellation
. of vectors gutlng a three dlmenSLOnal summation, result—'

f‘ vt
‘T\_ﬂx\‘lng in the calculatlon of re%ultants hav1ng low magni-
tudes and erroneous dlﬁfctlons Andrews and. Shimizu-

o (1966) spggested the use oF a, rotation of the reference

N

‘vlane - through nlnety dedrees about an axis whose dlrectlon

mist be chosen on an & Ef’orl basis. Thls approach has
. ’ - ’

' been tested and cr1t1c1zed by Mark (1971, 1973) on the
gmounds that sugh rotatlons always result in:the-rejec—

tion of the null ﬁ?poth%sisVof WatsohéifﬁIQSA) testithat‘:
*the data are drawn from a spherically random population;
; In addition, many distributions of’tiil pebble orienta-a:
tions are bimodal‘br mu;timodal) implyino'the DresenCe of
more than a s{néle population. Ay ﬁ;ctor solutlon per-.




formed'on'such data often-oroduces a resultant that lies |

between the modes and which may onlv be an’ artlfact of

the method of calculatlon. ‘ L .
¢ * )

The vector maqﬁltude, R (Table A-1),; is alwavs ahove

the llmlt of acceotance, although many of the d;aqrahs s
L

<

- oroduced from the same data are indecipherable (Figs. 8,
9, 10)-. The.estlmite of.precﬂsron parameter, kK, is al-

wavs less than the- lower limit oT acceptance of the

[N o

hypothe51s that the samples are drawn from a spherlcal-’
normal distribution. o N A - . \
. ’: ’ e 4 . < . . °

! For the above reasons, the ‘statistics calculated by .

VECT@R'for %hree-dimensional vectorial analysié o¥% the ., .

&

tlll pebble Srientation data have not been considered.

The statlstlcs are tabulated in Table A-1 simply for .
’ L3
/comparlson w1th those calculated by VECTOR for’ the two- '
. ® e. .
dimensional treatment, which are found'ln‘Table A-2.

5 °

Curray's (1956) formulae produce a resultant trend,
, * .. * -~

a vector magnitude, L, d@nd a probability of rahdomneés,"b

p, whi are listed in Table A-2. - These etatistics

accompany each rose diagfam (Flgs ‘8, 9, 10, etc.)aand

- .

+they are explalned ln Chapter 3s B .
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Table A-1. Statistics calculated by VECTOR for three-
dimensional analysis of till pebble orientations, based
on the technigques of Andrews and. Shimizu (1966).

. [} - .

o

SITE RESULTANT RESULTANT o o °  NUMBER
NUMBER TREND . PLUNGE- -~ R =~ C° k  UNIT OF
» (DEGREES) - (DEGRBES) (%) (DEG.) : PEBBLES
. . e T v ’ .- : i
7351 49 T 589; 36.14 19.0 1.55 A 10D
T2 112 39 37.89 18.3 1.59 A 100
a3 357 - .62~ 33.70 ,20.0 1.49 A 100
5 57 - 44 41.67 - 16.9 1.69 A 100
6 -+ 213 55 - 32.85, 20.4 1.47 A 100
7 325 78 . 31.75 20.9° 1.45 A 100
8 26 71 23.47 25,9 1.2 A 100
9 280 80 20.50 “ 28.3, 1.25 A 100
10 2374 59 29.52 22.1 1.41 p 100
11 . 70 . A4l 39.54, 17.7 1.63 ' A 100 .
12 - 2. . 720 -24.99 24.8 1.32 A 100.
14 ©o124. - 58 32.53 20.6 1.47 *-A 100
15. -~ 115 ' 59 . 27.91 -23.0 1.37 , 2 .100 _
16 332 .56 .~ 32.81 20.4 1.47 A 100
17 145, 58 30.99 21.4 1:43 & 100
18 L1114 70 28.94 22.4 1.39° -A., 100
19 ° 40 . 54 25.61 ,24.4. 1.33 A .100
20 -, 37 ' 58 24:41 .25.2 ‘1.31 A 100
21 . 9 65 30.25° 21.7 1l:41 C - 100
22 © 230 76 . °  24.42, 25.2-1.31. A 100
23 .47 72 .0 . 20,89 27.9° 1.25 A -~ 100
T2d 239 , 73 - 24,51 " 24.1 1. A 100 -
- 25 74 39, 4342 16.3 1.75 A 100
26 © 49 .o 61 - 30.46 21.6.1.42 . A 100
27 22 68 . 24.34 - 25.3 "1.31. A 100
28 10 41 38.00 18.2.)1.80 C 100
-29 360 65 31.90 20.9 1.45 B 100
30 : 25 . 49 42.12 16.7 1.71- B 100
31 ~* 125 44 32.85 20.4° 1.47 -A .100 -
‘32 271 54  .36.30 18.9 1.55. A 100
33 234 83 ° 30.97 21.3 -1.43 ‘C 100
34 - 290 © . 55°  34.20.20.3 '1.48 -Cc 1pon
35. 326 ., © 53 .- 19,15 26.0 1.59 C 50 ..
39 283 87 . 13.05 34.8 1.33 ¢ 50-
40 159 - 79 .17.70 27.9 ‘1.50 C 50
54+ , .. 6 .+ 28. 44.38 16.0-.1.78 . C 100
55 33 41~ -43.36 16.3 1,75. C 100
61% /- 344 © 38" © 49.09 14.5 1.95 B 100

RaNDOM - 129° | - - 80 35)15 19.4 1.53 100




- .

5

4

>
Statistics calculateﬁ hv VECTOR for two-

* Significant gt the 95 Jpercent level
g B Bimodal distribution,.

D Pebbles disturhed by roots, rejected
. C Colluvium,

rejected.

-

. Table A-2.
. -dimensidnal analysis of tlll pebble orleﬂtatlons, based
‘on technlques of Curray (1956).
. .
SITE RESULTANT PROBABILITY OF
NUMBER TREND L , RANDOMNESS, b
. (DEGREES) (%) . '
73-1 %79 © 19 0285 X
. 2 9 - © 11 .3238 B
3 116 . 33 .0000 *
s 5 78 A 4 . ¥ .0000 *
. 6 100 . . 8 : .5243
7 67 - 10 . 3789
[ 8 129 , 18 . 0444 *
, 9 T 170 21 L0123 *
. 100 18 .. . @6 *.0000 *
N 11 . 148 11 . L2994
(::i/’# . 12 7 . 148 : » 10 .3497 B
: 14 148 ' .21 . .0138 *
Py 15 16 13 .2048 B
16 156 13 1921 B
, > 17 129 24 . L0027 *
v 18 .. 78 9 .4072
. 19 -~ ,28 26 .0014 *
20 “117 22 .0096 % °
) 21 . .18 27 .0006 *
22 : 9 17 ° .0542 B
23 24 34 . .0000 *
24 10 33 .0000 *
25 113 24 L0033 * C
. 26 28 39 .0000 -*
27. 153 55 .0000 *
28 160 25’ .0017.*
) . 29 25 11 - ve3122
SN 30 161 20 . .0193 *
oy 3 39’ 20 +.0198 * °
S~ f ; 32 a7 45 .0000 *
.o 33 ‘ 152 33« .00N0 *
X Y | , 34 , 23 B4 .0064 * .
35 118 "33 - .. .0045 * D
39 . 157 - . - 13 L .4252 D -
. 40 . 42 PR S ..0002 * D
w - 54 "19 .14 .1588
- -1 *  '158 ‘g . 4797
ml 8 45 .000n *
DOM . 62 Cy 12 .2125
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APPENDIX B _ - .y
’ : i E
[ R . N . .
. Methods and results of textural’, carbonate, and
: vlithologic analyses of Quaternary units ¢

'Field methods * * .

At each site, a bulk sampie of approximately 1 kg. '
TN . R - ‘ ’
of sediment was taken by channelling the sédiment. At

;ﬁ

least 300 pebbles (4 to 64 mm.). were collected at fandom

*p

from the sediment.

]

Laboratory analyses

Textural analysis B |
After air drylng, each bulk sample was dry-sieved on,‘

a 4 mm. 51eve and thg oversize added to the pebble sample

and the underslze retalned for anaIySLS ’ A‘subsample of
100 grgmsfof the mﬂhus 4 mﬁ. sedimant was wet-sieved on a >

0.037 mh. 51eve and the over31ze was dried and retalned
l” N
and the under31ée funnelled 1nto a sedlmentatlon cyllnder

for hydromete; analy31s. qu plus 0 037 mm., fraction was.

< . y .
dry-sieved to determine the weight percentage in size
: [N - *

" ranges between 4.0Amm.-and 0.037 mnr, " The hydromefef
. analysis proceduge was'similar to the ASTM procedure )

D422-64 (ASTM, 1964),Iexcept that a water—bath was not
a . ® . - ; T
used and the-plus 0.037 mm. fractiop was not present in
the sedimentation cyliﬁder; The teiiural ciasses used

"were sand (4.0 to 0.063.mm,xn,si1t»(O,CEB.to %.002 mm.,) |

and clay (minus 0.002 mm.). ' .

- -~ g




Carbonate ahalvsis L. g
’ ‘ . R .

The weight pefcentaqe of calcite and dolomite in the °

,,minps 0.063 mm. fractkon of each sample was’ found USlnG a,
"modified version of the method of Drelmanls (1962) In

this method, hydrochloric acid (20%) is added'to’a .weighed

2

‘sample and t§E volume of CO evolved is recorded after 30
seconds and about 30 mlnutes (or complete dlssolutlon)

The first readifig is used to calculﬁte welght percent

w ﬁ kY

calc1te, and both readlngs are used to calculate welght 1

percent dolomite. The modlflcatlon of the.method is the

PR

use of a stopwatch instead of a time-calibrated acid

’

hurette to'time the first 36 seconds. .

- ) . A : B '
Because the samples contained mostly dolomite and

» N . .,

only traces of calcite,*samples of'1.70 qramvaené used. B
Two analyses of each sample were' performed uMalach{te

and azurlte react like dolomlte (slowly) in thisinro-

cedure, and samples of ox1dlzed urit C contalnlnq abundant

carbonates (Table B-3) are those containinq abu‘hant :

L - . . -
malachite and azurite. =~ S o '

. .
. . A
F Y L, E
B

. Pebble lithology

Each sample of pebbles (4 to 64 mm.) was soaked. in a
\ ‘ .
'dispersant solution (0.5% sodium hexametaphoéphate) for

about 24 hours to remove adherlng matrlx. ‘Thé dispersant
\" was &canted and replaced w1th hot hydrochloric ac1d
(58) for 30 seconds to complete ‘the matrix removaf. . The

pebbles were wet-sieved with cold water on ‘a 4 mm. sieve
,"«I ' ‘ ‘
¥

»

§
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'mm.) and clay (minus 0.602 mm.). Ca;bonéte abundance

N

d -

to complete ‘the washing. The plus 4 mm.. fraction Was‘

dried and classified lithologically. T

’ ' . . N - .

«» . v‘ - P , .
gépulation 5f analytical ;ééults .

1 " °

4

” v . .
The results of the foregding analyses are listed in,
Tables B-1 to Br4. 1In these tébles,'texzure is recorded = -

as percent sand (4 to 0.063 mm.j, silt (0.063 to 0.002 .-~

(CARB) is recorded as percent in the minus 0.063 mm.

fraction. Pebble lithology .is recorded as the vercentage

of.yaridUs rock types imt the 4 to 64’ﬁm. fraction. "Thg

2

column headings for pebble litholoay are V (total vein), o

CP (chalcopyrite-bearing part of-V, vein), PCH (Papa-’
\ L]

] -

skwasati plus Cheno Fm.), ™' (Temisgamie Fm.}, LAQ?L0wer
Klbanel Fm.), UA \(Upper Albanel Fm.), CﬁB’(Chibouqamau

Fm.), IGMT (ignedus and metamorphic' crystallines),_ and

- 4
NUM (number of pebbles ih the sample) .

.
-

-

. RrZ Y
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Table‘p-l, Texture and lighology of u‘ﬁt A.

SAMPLE TEXTURE (3) CARB ° PEBBLE LITHOLOGY
NUMBER = SN® SLT CLY ) PCH TM LA UA _ CHB

72-1-1 43 ‘50
72-1-2 44 50
72-1-3 39 54.
72-2-1 50 44
72-2-2" 47 47
72-2-3 49 43
72-5-2 45 49
72-6-1 62 .36
72-7-1« 61 34
72-77% 62 30
72-1, 70 27
72- 1gw& 65 30
72-13<1 71 .27
72-14-1 50 45
72-1472 '52 42
72-14-3" 56 39
73-1-1 45 46
73-1-2- 42 49
73-2-2 42 53
73%-1 52 43
73-10-1 47 49
73-11-1 43 S0
73-12-1 48 48
73-13-1 47 45
73-13-2 46 47
73-14-2 45 49,
73-15-1 46, SO
73-16-1 49 ' 46
73-17-1 50 44
73-18-1 49 46
73-19-1 45 47 ;
73-20-1 37 57
73-22-1 45" 47
73-23-1 46 49
73-24-1 48 47
.73-25-1* 20 52
73-26-1 38 50
73~27-1//3o 58
73-31-1/29 61
73-32-1 41 51
73-36-1, 50 42
73-37-17 54 37
73°67-3, 49 44
73-67-2", 47 46
73-67-3 42 -so(f
73-67-4 43 50\
73-67-5 45 47

L 73-69-2-4 = =
73-69-6 ~ - -
73-73-1 53 4
'74-13-1 25 6l 14
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.Table B-2. Texture and lithology of unit B, -
SAMPLE ¢ TEXTURE (%) CARB PEBBLE LITHOLOGRY -
NUMBER SND SLT CLY () V.CP PCH T LA UA  CHB IGMT. NUM

.. o ‘ = N ) * 3
Till.in unit B at the lcgn mine: - . n ‘
TI-12AL06 50 38 -6 332 0 0 5.5 0 65.6 10.2 0 .18.7 343 '
72-12BLO6 64 8 22.0 0 4.5 0 67.212.3 0°16.0 399 )

. 72-12B1% 61 337 7 22.51.% .3 4.3 0 63.0 11.2 L 20.4 392
72-12BL4 67 28 S 37.7 5 0 I.8 .7 70.9° 4.8 G 1674 426
72-12CLO6 60 .33 7 19.2 2.3 .2 8.3 .2 59.3 12.2 0 17.7 435

~ 72-12CL2 64 26 10 21,6 0 0 11.8 .3 59.8 7.4 0 20.8 .366
72-12CL4 63 30 "7 26.6 4.4 0 4.1 .5 62.5 12.1, -0 16.5 413
72-12DpL06  64° 30 6 19.9 N ¢ 14.6 .3 59.2 7.4 . .3 18,2, 390°
72-12pL2 63 32 5 18.9 .3 0¢.11.3 0 62.0 8.4 0 18.1 382
72-12DL4 63 33 4 20,6 1:6 0 9.4 .3 61.8 7.6 - 0 19.0 406
72°12EL1 S2 .40 8 18,0 ‘0 0O 7.8 0 63.7 8.8 0 19.7 295
,72-12FL3 60 34 6 '20.4 0 0 10.9 7 5.3 2.9 .5 19.4° 396
72-12G6L06 €7 27 6 19.7 0 0 18.F . 0 38.6 6.1. 0 35.7 311
268-SE-F -~ - - 1,3 9 7.0 0 58.9 12.0 0 20.9 158 ’
6S—BE-F 61 36 3 23.9 .8 0 3.8 .4 79.3.5.9 0 9.7 237
71-3 66 30 4 21.0 0 0 l4:6 - 0 55.1 8.4 --21.9 .356
71-15 - - - - R0 4.6, 0 76.4 @ 1 0 g2 259
71-18 - - = - .7 o'19.9 050,27 8.0 0 21.1 302
73-61¢1 41 54 5 20.3 3 0 1.2° 0 83.6 5.1 . 0 9.8 604 . -
74-9-1 65 30 S 21.6 .5 0O 7.7, .558.3 6.0 " o27.0 182 o
71-4 62 35 3 17.3 .9 0 16.4. .9 48.3 ,6.9 0 26.7 116
73-64-15-17 - - = - o5 0 2.7 e-q0.#11.2 0 14.9 &d2™

-73-65-233 - - - - .1 0 6.4, .370.3-11.3  0,11.7 1140 ~ .
71-30 60, 37 2 25.4 .3 0 4.8 .6 71.5 9.8 n 13.1 337
71-31 41. 56 3 19.6 .9 .9 0 ‘0 80.5 8.9 0 9.7 13
74-5-2 57 .39 4 3%.0 -.- - - - - - - -,
6S-11E-L o~ - .- - 0° 0 D, 0-92.6 3.3 0 4.1 122
1os-1zg I - . 0 0 2.0 2.0 78.2 %1.6 0 6.2 147
10s8-12 g 84 8 4.5 & 0 _ 0 0 89.8 3.4 0 6.8 59 °
Tce-contact stratif#d drift in unit B at the Icon mane "'-‘ :

' 35-3D-E - - - - A.1 & 1I.&€ 0 8l.5 4.9 0 19.9 184
73-62-9-11 - - - =/ 6 0 m.2 0 85.1 €.5% 0 6.6 .321

. 73-62-18 - = .- ~ 0 0 1.9 "0 87.4 5.1 0. 5.6 214
73-64-13,14 - - - - o ® 2.5 .281.8 5.3 0 10.3 610
73-64-19 - - - - 4 0 5.6 0 8.9 10.1 0 15.0 1351
73-64-20 , -~ - - - 0 0 .6 .1%4.2 6.7 D 8,4 1163
74=5=1" 89 9 2-35:9 0 0 18.0 0 54.5 5.6 0 21.9 517 .
72-12F2 85 13 2 30.8 -°- - -7 - - - - ¢
72-12F06 45 51 -4:15.7 - - - - - - - - -
72-12G2 57 39 4 T4.7° - - - - .- - - - v
73-66-2 61 37 2 20,3 = - - - - - - - -

73-62-19 - - 0 . 1.8 0 86.7 #6 .0 6.4 218
Till in unit B elsewhere in the study area: ’ -
T2-5-1 80 18 2 16.4 .2 0 .9 .2 46.4 '6.5 1.3 34.7 81
72-8-1 - - - - 0 0-1.2 0 38.7 8.8 14.7 36.7 251
72-8-2 e - = =7 .4 0 2.7 0-44.1 3.5 16.4 32.8 256
73-63-1 - - - -, 0 0. 1.1 018.3 - 0 -4.4 76.2 1041
73-72-1 - ---. 0 0 1.3 06 44.6 2.8 2.8 48.5 634 ..
Ice<“contact stratified drift in unit B elsewher?® in the study area:
72-3-1 81 17 2 23.6 .4 0 1.2 .3 45.0 8.6 .1 -44,3 733
72-4-1 "~ - 85.14 1 28.3 .5 0 2.9 0 44.0 9.9 0 42.8 587 »
72-9-1 o ~ .4 0 8 0 46:2 8.8 12,5 31.3 349
73-53-1 - =& -"70 0 1. 1 43.5 6.0 .4 48,8 1147
73-43-1 - - - -, 1.0 0 2.4>\.1 52.2 13.6 0 30.7 1436
73-44-1 - - = _=7"1.1 0 3.4 \6 51.5 15.2 0 28.3 1493
73-45-1 - - - - .2 0 2.7 )0 76.6 15.2 0 5.3 1332
73-46-1 Y 72 0 3.8 76.9 12.0 -0 6.9 1289
73-41-0* - - .- 1.7 0 7.9 28.5 10.3 0 S1.6 808
73-42-1 - = = = .9 0 3.6 43.0 14.6 0 37.8 1435
> ) o
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Table B~3. Textdre and lithology of unit C. .
. - : #
. SAMPLE TEXTURE (%) CARB . ., . PEBBLE LITHOLOGY .
: NUMBER SND SLT CLY (%) Y CP PCHTM LA .UA CEB IGYT NUM . .o
6 § . A = 2 " : .
. Unoxidized: . .
71-2 63. 30 7 35.4 100.0 36.6 0 O 0 0 O 0 172
- 71-42 50 45 S5 24.0 86.8 22.4 6 0 12.3 .65 0. 3 357 .
(71-43 59 37 4 2223 48.2 30.2 1.4 0 43.7 2.7.0 ‘4.1 222
; 71-44 45 51 4 26.6 .6 06 0 ©097.9 .4 0 .6 337
73-54-1 © 59° 36 5 2%.0 -56.9 4.2 1 0 38.7 .2 0 4.1 1799
73-55-1, 72 21 7 26.0 96.4 3.1 .0 .u 3.t 0 0 0 2421
R3-56 . 56 40 4 24.6 - R
73=57 - 53 44 3 23.3 - - - - - - - X -
73-58 * 61 34 5 25.1 - - - - s - -
73-74 70 26 4 25.4° - R
. 74-4-1 51 41 8 6.4 S_.7 .5 0 0 48.6 0 0 .3 367
74-12-2+ 65 26 9 17.2 77.6 4.7 .1 0 22,2 -0 O .1 B17
74-14-1 67 27 6 $4.5 88.6 11.0 0 .0'11.2 .0 O 0 975 .
73-69-1 - - - -, 67.5 2.5 .8 ©0 30.8 0 O .8 120~
, 73-69-5 - - - - 52.6 17.1 0 0 43.4 1.3 0 2.6 76 9
73-69-7 - - - - .97.535.3 0 ¥ 2.5 0. 0° 0 122°
73-69-8 -- - - -  74.5 36.4 0 025.1 0 0 .4 247
73-69-9 - - - - 13.8 .7 0 0 8.2 0 0 0 290
73-69-10 - - - 55.8 27.9 0 043.01.2-1n 0 g6 ¢
73-68-3 - - - 41.4 19.0 3.4 N 53.5 0 A 1.7 58
. 73-68-4 - - -4 42.0 12.4 1.2 0°53.1 1.2 .0 2.5 )81
. 73-68-5 - - - .49.318.7 0 0577 0 0 D *is ey
71-8 36 49 15 13.9 0 0 .4°0093,53.0 0 3.0 263 °
) 71-9 64 29 7 23.4 5 o 2.1 0 88.0 3.2 0 6.1 376 . .
T 71-10 70 23 7 23.8 5¢ 01.1 .389.5 3.0 0 5.7 371
. -~ 74-12- b - - "109.0 39.0 0 0 0 0 0 0 308
' Oxidized: ' ' . s
Ti- 64 33 3 9.3 77.4 4.8 0 0 22.1 0 0 .5 208 ’
. 71-14 - - - - 6.7 0 .5 087.1 0 0 5.8 224
71-17 - - - - 52,3 O .9 039.5 0 0 7.3 109,
71-19 - - - - . 30.1 .8.1.6 0610 0 0 7.3 123
71-20 - - - - 0 0 4.3 0774 0 0 18,3 115 K :
) 71-21 - - - - 2.6 0 2.0 077.3 0 0 18.1 343 . .
 71-22 - - - - 2.0, 0 0.792.7 0 0 4.6 151
. D . © o 71-23 - - - - .5 0 0 098.4 0 ® 1.1 184
‘ . 72-12AU2 74 23 3 28.9 62.8 7.0~ .4 o0 1.2 3.0 0 2.7 529
72-12AU4 . 80 17 © 3 B.7 94.1, 3.6 , 0 0°56 0 O .3 609
. 72-12AU6 -63 33 4 8.6 74.0 9.77 0 026.0 0 O 0 1381
. 72-12BUé 64 32 ° 4 5.4 69.3 7.4 © 030.7 0 0., 0, 6 401
. ¢+ 72-12CU6 67 .29 L4 11.3°69.9 5.2 0 029.6 0 O .5 601
£92-12DU5 69 28 3  A.2 74.5 5.7 0 0.25.3 "0 O .2 597
- 72-12EU46 68 27 5 11.4 84.7 8.2 .3 0 13.8 ,5 O .7 588 _ .
L . \‘j72—12E036 70 - 27 - 3 4.3 '71.0 15.8 0 029.0 0 O 0 590
- 72-12FU3 71 25 4 14.4 86.2 5.1 .4, 011.8 .4 0 1.2 507
72-12FU4 58 .38 4 2.8 76.4 9.5 0 023.6 0 0 .0 454 \
72-12GU36 74 22 4 . 5.4 93.2-5.4 .0 @ 6.8 0 0 0 636 @
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Table 813; cdntinued T ’
” Y . . .
SAMPLE TEXTURE (%) CARB PEBBLE .LITHOLOGY . v
NUMBER | SND SLT CLY (%) -V CP PCH T™ LA UA CHB IG"T NUM
A : 1
S, ( A } R : B
73-33-1 16 69 15 ' 6.5 82.8 2.0 0 0 16.3 0 D .9 449
73~-34-1 - 34 . 59 7 14,6 73.2.10.9@ .3 0229 2.1 & 1.5 .67}
‘e, T 73-62-17 51 -1 3 .6.9 14.8 .5 .4 0 83.9 0 0 .9 569
. ‘ . 73-64-18 54, 43 3 ¥.0 89.3 3.8 0. 0-9.8. 0 0O .9 346 L
- 73-66-1 56 41 . 3 -28.1 - - - = = = = - :
. S : 74-10-1 67 27 6 14.1 97.7 3.8 0 0 2.3° 0 0. 0 686
e oo, 13-65-22 . - - - - " 73,5 2.4 .7 0 ?248.3 0,0, 1.4 845
e - 73-70-3 - - - N - 7 = 98.5 7.% 0 8 1.5 0" 0 0 192
. . ‘ 73-68-6 - - - - 1.0 0 -0 0098.0 °0 0 1,0 100
St . - 73-68-7 - - - = 0 0, 0 0 98.6.1.4 0 0 69
73-68-8 - - - - 3.0 1.5 0 097.0. 0 -0 "0 66
‘ * 73-68-9 =4 Pl Y 0 a 0 97.7- Qg 0 2.3 86
| R >. . 73-68-10 - - - - 1.9 0 0.0 96.2 n 0 1.9 52
- 73-68-11 - o - - 1:5 -0 0 0 97.0 9 0 1.5 ° 68
. Oxidized samples from the qrid showp on Figs. 23 and 29:- The sjite 1in

the, noxthwést corner of the qud 1s O5-CE and

the most southwesterlw
site is 20%-~1E: o

-, o'

R . o . R
- ~ '6S-5E-E 33 65,r2 ..2.0 23.7°° 01.8 .9 67.6 2,6 Y0 3.5 114
¥ - 6S-8E-E 49 4% S5 0.0 47.3 2.0 2.7 0 41.9 .7 O  7.4° 148
8S-BE-E 15 71 ‘g 0.0 66.7 6.7. "0 0 33.3 -0..0 . 0 30
- 12S-8E-E* 22 73 4.2 10.5°1.2,2.3.080.2 0 0 7.0 84
; - 14s-10E-E 38 ' 58 4 .10.2 6.7 .2" .7 0 74.8 .2 0 7.6 564
| : © 145-1]E-E %7 41 2 -24.9 3.8 .2 1.4 .2 82.06.4 0 ,6.2. 629°
: - 16S-9E-E 51 46 .3° 24.7 12.6 0 "5 0 75.6 583" 0 6.0 398
l Oxidized sawoles from the grid, oebble lithologV onlv: -
?‘ . * DS-0E-D - - - = 0. 0 .6 0 93.3 0 0, 6,1 163
: 25-0E-D - - - - ] 001.5 0.89.5° 0 0 9.0 134
25-1E-D - - - .- .8 0" .8 095.9 0 0 2.5 121
1 25-3E-D - - - - 18.8 - .9 ..9 0 795 0 O .9 117
: 2S-5E-E z - = ~ . 3.7 1.7 0°-065:8 0 0- 2.5 1290
h . 25-6B-D .-, - - - 24.6 .9 0 0-75.4 0 0 0 ,110
. 2§-7E-D - A - = - 79.8 0 0 ®20.2 0 0 -0 114
"4S-0E-D - - - 3.5 .7 1.4°-0 91.6- -0 O 3.5 144
4S-1E-D° - - -~ 6 0 -0 098.4 0 0 I:6° 127
4S-2E-D . - - - - 3 01.6 f.87.7 o0 0 7.4, 122
" 45-3E-D .- - - - .4 0 3.6 .7,85.7 <0 0 8.6 139
45-4E-D° - "~ - - - 2_.°.93.7 0833 0 0 2.9 108
4S-SE-D - - - 6 .81.6 0 44.3 0 9 2.5 122
45-6E-D - - .- - 0 7 0 0.48.9 .0°-0 5.1. 137
45-7E-D*° - - - - 9 L 014.2° 0 32.3 0 -0 14.7 127
. . 4S-7E-E - - - - .8 1 2.8 061.7 0 0 5.7 141
- 4S-8E-D - - - - x-0 @ 6.0 0 0 .9 116
- 4s-9e-p ° - - . . - 06N\'0°036.3 0 0 - 0°102
6S-OE-D - S - 0 44 .7 87.1 .7 0 7.1 140
- 6S-1E-D - - - - < .6 0 4.3 08.5 0.6 8.6 163.
i 6S-2E-D - - - - 7 -2.1..,0. .7 0951 0 O 2.1° 142
6S-3E-D - - - - 2.9 0 .7 0 87.8 0 0 8.6 139
65-4E- D'u - - - - 2400 0, .8 0 72.1. .0 0.3.1 129
, *Incorporation of Unzt B 1n,unit C. ) . .
N , - ) * -
) 3 . . \‘\
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Table B-3, continued
[~
SAMPLE v PEBBLE LITHOLOGY
NUMBER \% CP PCH ™ LA UA - CHB IsMT  NUM
6S-4E-E 26.3 0- 1.9 ‘0 66.2 0 0 5.6 160
6S-SE-D 31.9 1.3 3.1 0 57.5 0 0 7.5 160
6S-6E-D 54.4 .7 2.0 0 42.3 .0 0 1.3 149
65-7E-D° 3723 1.8. 3.0 0. S6.1 9 0 3.6 169
6S-8E-D 65.5 1.8 0 0 27.5 3.5 0 3.5 "113
6S-92-D " 80,5 7.1 0 0 9.5. 0 0 0 113
65~-10E-D £6.3 8.9 1.2 0 “32.5 0-, 0. 0. 169
6S-L1E-D 2.5 0 1.7 0- 93.3 1.7 0 .8 120
8S~0E-D .8 0 1.6 Q. 92.8 0 0 4.8 125
8S-1E-D 0 0 0 .6 N97.9° .7 o 1.4 147
8S-2E-D 0+ 0 .9 0 “95.6° 2.6 ~ 0 .9 117
8S-3E-D"- 7.1 .7 .7 0 871.2 0 0. 5.0 140
8S-4E-D 21.9 0- .6 0 76.6 0 0 1.9 155
- 8S-5E-D 43.0 . 0 ‘4.4 .F 46.2 0 0. 5.8 158
8S-6E-D* 12.2 .6 3.0 0 70.8 ¢6,7 0 7.3 165 .
8S-7E-D* ' 31.1f .7 -, .7 - 0 55.4 ‘5.4 0 7.4 .1l48
8S-8E-D ,26.6 0 .8 0 66.1 0 e 6.5 124
85-9E-D 42.9 0 0- 0 S0.7 1.6 0 4.8 126
8S-10E-D €8.3 8.1 .8 G 27.6 O 0 3.3 °.123
8$-11E-D 4.9 - 0 .6 0-87.3 0 b 7.2  l€6
8S-12E-D .8 .+ 0.1.5 © 90.0 .8-X,0 6.9 132
108-1w-D .8 0 . 0 0 95.4 0-*0 3.8 130
10S-0E-D, 4.1 0 0 0 87.6 0 1.4 6.9 145
10S-1E-D. 3.9 0 3.9 0 89.4 n 0 2.8 _ 180
10S-2E-D < 3.8 Q -1.5 ".8 89.4 n 0 4.5 132,
10S-3E-D 1.5, 0 2.5 0 90.1 - .58 0 5.4 203
-10S-4E-D  39.3 0 .9 " 0 5%6.4 0 N 3.4 117
10S=5E-D 60.3 .8 .Q 0 34.8- 0 0. 4.1 121
10S~6E~D 45.4 4.3 5.7 0 41.1 Y 0 7.8 141
10s-7E-D  23.3 1.5 5.3 0 61.6 0 0 9.8 133
-108-8E-D 22,7 2.5 ‘3.4 B 57.0 3i4 . 0 13.5 . 118
10S-9E-D 5.8 e 1.3 0 88.4 B _ 0 .4, 155
10S-10E-D. 39.3 -3.3- € 0- 60.0 0 0 . 158 |
10S-13E-D . 0 0 .6 0 95.0 ‘o 0 4. 159
12%0E-D 1.1 0 3.4 0 91.0 - O 0 4, 179
12s-1E-D . 2.7 0 .3 0 93.2 ")0 g 3.4 148
125-2E-D .7 0+ 0. .7 90,0 443 0 4.3 138
12s-3g-p  33.1 /*0 1.4 0.60.0 0 0 5.5 145+«
12S-4E-D* 23.1 0 5.4 0 64.6 o 0, 6.9 130"
12s-Sg-p  15.8 . .8 2.4 0 77.8 . .8 6 3.2 127
125-6E-D, 36.5 6.1..6.1 0 46.1 0 0 §1.3 115
126-7E-D /1149 .6_ 3.4 .6 .65.9 2.3 - 0 I5.9 176
12S-8E-D*. 4.8 0\ 9,7. O 75.0 4.0 0 6.5 124
. 128-11E-D 37.7 0 0 6- 56.1 - .9 0 _53- 114
128-12E-D - .7 0 2.3 0 85.0 2.1 9 9.3 140
* Incorporation oF unit B in unit C. °'- . q 2

&
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Table B~3, continued 4

s

‘. T
’ . . . . '
SAMPLE ‘ _ PERBLE LITHOLOCY {. .
NUMBER ' \% CP, PCH ™ LA - UA CHB IGMT NUM
14S-0E-D 1.3 e .7 0 96.0 0- 0. 2.0.,153
14S-1F-D 2.1 o .7 0 92.9 0 0 .-4.3 140
14S-2E-D .0, 0 0 o 67.2 0 _0 ¥32.8 116
7 14S-3E-D 1.4 .0 .7 9,900 1.4 0 5.6, 143+
'~ 14S-4E-D 239 0.2.9 .;84.65.4 n 0- 7.8 38
145-5E-D- 8.2 4.1 3.4 ¢* 99.6 ‘0° 0 8.8 147
14S“6E-D "9.9 8 4.1 .8 65.4 3.3- 0 'W.5. 121
14S-7E~D* 190.7 "8 5.5, 0 54.3 .8 0 19.7% 127
14S29E-D ~ 10.4 n2.6 0 8l.R O.. 0 ° 5.2, 1%
148-10F-D »22.5 ~.7 .7 ¢ 0.70.7 .7 0 5.4 147
148-11e-D 11.0 2.2 0 n '83.2 2.2 0 3% <137
165-0ZsD ~ 1.5 0 2.3. 0. 90.% "0 0 5,3 132
168~1E-D 3.2., 0 0 _0 90.3 ) 0, -6.5 "124 -
16S-2E-D. 0 0 2.7. "0, 93.8 0.... 0 3.5 113 .
.168-3E-D. 10.2 ,8 ,8- 0 74.2 0 0 I4,8. 128
168-48-D , 3.2 0 1.6 0 55.2 0 0 .°40.0°"1125
16S-5e-D  11.5 1.5 1.5 0 65.6 .8 ~0.-20:6 131
16S-6E-D - 21.3 1.6 2.4 0 55.9 0 0 .22.8 127 .
16S-7E-D  14.9 0 4.1 -0 71.9, (0 O 9.1 121
16S-9E-D 22.8 1.0 1.0 0 95.2 °*0 0, 1,0 101
16S-128-D 0 -0 1.2 "0 79.2 4.3 .6 Y4.,7 . 163
188-0OE-D I3-T0 .7 0 97.2 _ 0 .0 .4 147
188-2E-D .. .4 f 9 .9 69.3. 0 0. 29.8 1I4
185-3E-D iPA7 0.. 0 0 91.3 n ¢ 5.0 161
18S-4g-D . 1 0 0 .7 0 42.% " .0 56.7 141
19S-8E-D<" - .7 0. .7 Q+¥8l.5 -0 0:. 17,1 140-
20S-1E=D" 3.2 0 6.4 0 '8l.5 0 oo 8.9 .124
"20s-38-D 0° 0 n 0 95.6 .7 9. . 3.7¢ 136
205-4E-D .8 9 0 0 38.5 0 0: 60.7 122
208-6E-Ds  §.9 n 2.0 0 64.3 0 0. 24.8 101 g

S




' . ' —Table B-4. Texturfe and lithology of ynits-D, L, and F.
I ‘ . i ~

“ - - -
‘ LA .. ’ i i -
.- L } e - - . — = ': £
s e SAMPLE- TEXTURE (3] CARB PERBLL LITHALAAY ot
NUMBER SND SLT.CLY (%) . V CP gg4 T _ LA - UA Czjﬁ‘fﬂ‘{'.“ N £
Unit D Proxiral gutwash Sravel: . - .
. 71-13 .67 31 2 18.6 0 8 4.3 92 78.8 73.4 0 16.5° 23 .
7125 - = =+ =~ 1.3 0 .7 0-83.3 2.7 0 .10.0 1%0
oo J1-26 - - - - .4 0 1.1 "0 B4.1° 4.8 n 9.6 271 o
s Y 127 - - = .- .6 0 .6 0’'784.0 5.5. 0 9.3 343 . ¢
3 . .771-32 57 .40 ¥ 23.0 0 *0- ~5&4.3 B4.8 1.8 "0 12.6 388 R
. R 71-33, 61 34 5 2.1 0. 0 73 _6° 84,9 3.¢¢ 0 11,2 338 . - .
; .. 71-34- 70 .26 4 19.1 .8 0 1.6 ..3 84™ 4.3 0 813 373 -
; ’ -71«37 48 49 3 21.1 Q0 O .4 p_-~87.0° 2.9.-0 9.8 24§ -
- ' 71-39 54 43 3 18.9 - .5 0 2.0 0 60.6 4.4 -0 32.5 203 . _
ceT » 71-44 53 °.44 3 19.8 . @ © -.4 0 56.6 &.7 0 40.2 256 ’
"+ Uit E Lacustrine silts! ¢ - P T, h - .
. -11 -0 78 22. 7.6 . =% - "= = - - - - -
T7de28 c0 89 117710030, - £ - W - = - :
- - -+ 71-36 0o 82 .18 11.3% -~ - - - -, = - - z
- s Unit F Alluvium:. : L p o,

P .71-39 5 ©®1 4 7.3 ~ , - - - % - -2 -
"' . . - -
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True distribution of chalcopyrite in unoxidized till

R N e N -~

Vagners (1969, op. 4-7) described the Ebncept of true

&

o and apparent dié;ribution of a mineral in till ih the )
- . e .
"followina way: 2& o L.

- . . ) 4 -

- ’ ~ .
.

"In most ... till studies, the’ oercentaces Dfieach -
mineral have been determined for edch grain dize fraction
separately, and ‘then presented in a table or-as a histo= -, .
C gram ... This'is an apparent distribution because it‘'is
"valisd only for each particle size fraction, bhut does not
give tHe true dlstrlbutlon of the mlneral throuchout the
entire till sample. N ) -
-t The true distribution of earh:nlneral in the entlre'
. o N t111°3ample-depends upon two factors: .
\ . - (1) the abund@nce of the mineral in each nartlcle
‘ size fraction .
[ (2) the- relatlve perc;ﬁtace of all mlneral matter im
e . " each particle size’fractioy in relation’to the total till
. ' . © sample,.i.e.- the granulometric comp051t1on of. the.tlll
_ . . If these two factors" are con51deredr then the true Vf&\'

distribution of a mineral ... may ‘be determlng as® fol- . .
T + .. Tows. Firgt the"™true percentice of each mineral, in

‘ relationsh to the total til] sample, ‘has to be deter—.
mined. The *true percentage {(Tp) of a mineral in each ° °
-grain size fractlon is calculated using the basxc formu-- A

w®w - la: o A CoWl

v

- c . ‘ G .
' N _ To = AP X 1oy »
Lo i where Ap . is the Dercentage of the mineral in the arain
‘ . Size cbn51derei (from the’ apparent distrib®ion), and Gp
-. 1is’ the percentage of ‘all mineral rBtter pregent in the-
‘same grain‘ size fractioh in ‘relation to.the total Fill
sampLe (from’ the granulometric composition 6f th® tiill).
' © 4Because JLthe sums of the tru® percentages of each
- mineéral for all grain size fractions are not constant in B
> o L all the till ;amples, it is difficult to. compare the s
o S distributions' of the minerals and impossible to calculate ~ . _ ..
' - " . percentages for their-average distributions. Therefore - O
C o relative percentages haye to be determined for each grain wte S
< .. size, con51der1ﬁg Qme sum-of these percentages for all the-: "+
' grain .size fractions of each mineral as one hundred per- ‘

S . cent. The followzng fozmula 1s used for this da}culatlon.

T




Relative true pertentage (Tro) =.ZEE%ELQQ', L 0T

s
r

where Tp is the true vercentage of a mineral in a arain ~
size fraction and STp is the sum of the true, percentages

0of the mineral in all ‘the grain sizes of the sample
investigated. The dlstrlbutlon of these relatlve oercent-‘
ages in.all the grain sizes is termed true distribution g
of each mlneral investigated." ce -

4

Table C¥l‘lists the Ap, Gpo, Tb;'and mro for the four

bulk samples of unoxxdlzeﬁ cha%cOnv;Lte—bearlna tlll

-
(unit Cr. i
. R . .
~ “ >
. - )
‘ o, ’ . B
K
2 * - \ -
- . o
& o <
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‘A
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v l
2 Y “
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» L3
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s . - §
. / ‘ ‘
- A - ,
-~ ~
IS Pl - .
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Tane'C—l. Abundarice of chalcoovrlte with, resoect tQ :
grain gize in unqzs%zed till samples. -
-
Sample number: 73-56 . . ..
* Fraction % . )
(mm ., ) Ap . Gp To Trp
\Qflzg 64 28.3  2.04 .49 3.42
645 31.2 4,44 1.39 9.7
32‘16 27.1  5.02 1.36 9.50
16-8 30.8 - 4.79 1.48 10.34 .-
«8-4 36.8 3.63 " 1.34 _ 9.36 .
4-2 38.6 .5.30 ° 2.05 14.32 /
2-1 '33.2  5.75 1.91 1%.34
1-.5 31.2  4.85 1.51 10.55
‘ .5-.25 13.2 6.77 .89 6.22
s, -+25=.125 6.3 '8.46 .54 3,77,
V4 .125-.063 4.8 7.44 .36 2.52
. .063-.032 3.7 10.33 .38 2.65
.032-.01¢ - 2.5  8.25 .20 1.40
.016-.0078 3.0. 7.21 .22 1.54
.0078-.0039 " 2.6 3.84 .10 .70
:0039-.002 2.1~ 2.08 .04 .30
<-.002 ° 1.5 3.52- ., .05 .36
Totals 93.72 14.32- 100.00
. :
Sample number: 73-57. °
Fraction N
(mmp. ). _Ap Gp . Tp Trp ©
128-64 .0 1.39 .G .0
64-32 4.9  3.89 .19 6.39
'32-16 5.3 6.09 ., .32 10.65
" 16-8 7.4  4.%2 %' .35 ,11.65
8-4 9.1% 4.46 .41  13.43
T 4-2 8.5 2.58 .22 7.29 -
. “2-1 7.3 3.22 .23 *7.79
1-.5 5.0 3.76 .19 6.29
.5-.25 2.4 6.98 .17 5.49
.25-\125 " _ 2.0 13.21 .27 8.5% "
+1253:063 1.8 11.81 .21 7.12° G
.063-.032 1.3. 20.30 ; .27 8.92 o
.032-.016 1.0 :7.01 / .07 2.26
. .016-.0078 1.3 4.27 /7 .06 1,83
, .0078-.0039 1.2 2.98¢' .04 1.23
‘ *.0039-.002.- 1.1 .89 .01 . .30
< 002 .5 2.17 - .01 .33
‘¢ Totals 99.73. 4€.00 99.98
. . N T
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-

¢ \
"Table C-1, cantinued.
9 o . ' “ » J » ‘
P« — — -
Sample numberf 73-58 R
" Fraction' . A ‘
. T (mm.) Ap Go Tp Trp
‘ . N 128+-64 L0 3,040 , .0
o ;\H} 64-32 1.56. 7.70  M20 3.45
Core o 32-16. 2.18 10.12 .220 6.32
" 16-8 2.95 '8.94  .264 7.58
. 8-4 4.06 7.94  .323  9.27
. 4-2 .57 8.80 . .138 3.96 .
T o2-1 2.60 11.21 291, 8.36. '
1-.5 3.54  7.47  .264 ~7 7.58
.5-.2?6 3.38  6.56 .222 6.37
| .25-.1%5. '2.63 5.56 , .l46  4.19
N o .125-.063 6.20. 3.07 - .190. 5.46
.063-.032 + ~ 6.81 5.54 .377 10.82
.032-.016 6.45 5.42 ¢ ,350- 10.05 °*
.016-.0078 5.66° 4.17° .236 6.78
. -.0078-.0039 5.24  3.24 .170  4.88.
.0039-.0D2 .5.35 2.43  .021 .60
-< .002 4.41° 3.42  ,151. 4,34
Totals ~104.63 3.483 100.02
3% c s e
- ' Sapplé number: 73-74
: o : )
¥ . - Fraction : o
) (mm. ) Ap Gp < To ' . Trp .
128-64 24.8  1.84  .456- 1.96 -
: Y 64-32 40.9 3.50 1.43 6.14
- 32-16" .21.7 7.47 1.62 6.96 -
} 16-8 27.2 7.00°, 1.90 - 8.16
L e 8-4 35.3 7.21. 2.55 10.9%
. 4-2 . 23.7% 10.79 . 2:56 . 10,99
. 2-1 24.1" 14.49° 3.49 14,98
. 1-.5 25.9 9.10 2.36 '10.13
. 25-.25 22,3 ~#,7.19 1.60 6.87
—55-.125 - 16.6- 6,77 1.12_ Male1
. ¢ .125-:063 | 20.4 3.8L - .78%.7.3.35
~ . v .063-.032 8.7 8.327 '1.56  “6.70
‘\> : .032-.016 N\ 18.2  3.431 ; .624 2,68
i . .016-.0078 17.2 2.70 - .464 '1.99
, ©.0078-.0039 14.4 2.70 © .389 1.67
.0039-.002 10.2 1.61  .164 .70
. ﬁ L+ <002 - 7.86 2.99 .225 .97
Totals, T 100492 23.292 01
. .”}I . ;;*
o - ’ N ;'
, // .
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S . APPENDIX D *°

] ’ = -
A Distribution of héavy minerals and chalcopvrite in )
v oxidized till : .

The results of the analyses of the oxidized chal-

) . -

..copyrite-bearing till are listed’ in Table D-1. The .
calculations performed are the‘same as -for the wn-
Sxidized samples (Appendix C),.and for explanations of,’

Ap,.Gp, Tp and Tro éee Avpencix C. Ho is the weight co

percentage of heavy minerals (chéléopyrite,_halachite,

. - . -
H N -

nd\limonite). - ° . . . . . )




<

.

. e ” ‘Table D-1. Abundance of heavy minerals gnd chalcoovrite .
. in oxidized till samples. L . K LA
. ) A .
. 'S . -
Sample number: 72-12BU6 : .
; 4 ’
Fraction & .5 .+ - ’ -
, (mm.) * """ Hop Bp  Op To Tre - -
: ’ 64-32 .0 0. .0 .0 .0
¢ T32=T6 "13.7 13.7  35.0 4.80  49.%
SR 16-8 . - 6.2 s 6.2 17.6  1.09 11.2 "
- v 8~4 - - 8.6 . 8.6 9.1 0.78 870
- e 4-2 12.7 10.0 5.5 0.55. 5.7
2-1 17.5. 14.1 -5.9 0.83 B.6 .
v N 1-.5 °° 22.7°.715.8 - - 4,2 0.66 ,6.8
’ . .5=.25 - 25.3  13.9 3.3 0.46° 4.7 ‘
.25-.125 ' 33.0 - 9.6 .3.4 0.33, -3.4
.125-.063. 32.8 . 6.4 2.3 0.15 1.5 s
. LA .063~.037 ©31.0 © 2.1 2.6 0.06 0.6
. : <~ 037 ND - ND - ~11.2 ND ND ) .
/ Totals. - = -100.1 9.71, 99.9
/‘ o =l
R € o’ y -7 <
' ’ Sample -numbex: TFSI2EU46 . \
’ s k-3 ) ‘ ’ ' “' .’ N
-Fraction - . )
- (mm.) ° Hp Ap Gp “Tp Trp
., 64-32 .0 .0 5.0 0 L0 -
: 32-16 -0 .0 18.8, .0 T -0
16-8 .0 .0 19.5 .0’ .0
- 8-4 -6.4 6.4 -11.9 0.76 27.2
) 4-2 9.5 7.4 6.7 0.50  17.9 -
' 2-1 * 8.8 7.2 6.4 0.46 16.5 _ -
N 1-.5 . 10.9 8.2 5.2 0.43 15.4 ¥
: .5-.25 " 10.6 7.2 - 4.7 0.34 - 12.2
b 24-.125 12.3.. 4.1 4.4 0.18- 6.5 R
, .125-.063 14.5 2.7 .7 2.9 0.08 . 2.9
~ ..063-.037 15.7 143 " 3.1 0.04 1.4 :
- v <'.037. ND ‘NI -11.4 gg ND :
Totals. 100.0 2. 100.0

3

.
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Table D-1, continmed
s . "~

! Sample number: 72-12EU56

Fraction . , .
- (rmm. ) . Hp AD 5D To Trp
64~-3R .0 .0 4.0 .0 .0
32-16 21.1 21.1 37.2 7.85 49.1
16-8 — 18.5 18.5 .,21.2. 3.92 24.5
8-4 . 16.8  1€.8 8.7 1.46 9.1
4-2 21.4% 16.2 - ' 4.4 0.71 4.4
2-1 24.2° 17.2 4.8 0.83- 5.2

o 1-.5 25.6 14.9 3.?7 0.49 3.1

- .5-.25 ~29.4 12.1 2. D.34 2.1 _

. .25-.125. 3'6.6 7.9 .3.0 - 0.24 1.5 .
.125-.063 33.0 5.3 1.9 0.10 0.F€¢
.063-.037. 31.5 2.4 2.0 .05 0.3

< .037¢ . ND. ND - 6.8 - XD ND
Totals - » 100.® 15.99 ) 99.9 1
| ﬁ / I A

4 ( - I
Samcle rurber: 72-127U36 i
- ST e ™ / :
Fraction Do . .

(.}  , Hp AL, Gp iy Trp A
6432 N .0 0 .0 .0
32-1¢€ .9 .0 32.3 .0 . .0
<16-8 5.9. 0.9 2076 .19 l16.4
8-4 2.2 2.2 10,1 .22 19.0
4—2"" 2.3 _.1.9 7.5% .14 12.1
2-1 t,o- 3.4 2.7 6.9 .19 l16.4 .
1-,5 5.4 . 3.7 4.5 .17 14.1
.5-.253 4 6. 3.1 3.3 .10 .8.6
.25<.125% 2.7 2.8 3.9 =08 - 6.9
.125-.063 14.1. 2.1 1.9 “.04‘ 3.5
.063-.037 13- 8 1.5 2.1 o -03 2.6
© < ,037 . ND. WD 7.-8 ND . ND
,qugi§ : »100.0 . 1.16 100.2
\ .‘ 1.7 R . ) ‘l
oo . S '
‘.- " - ‘- . i
ol ¢ ‘ . * ¢



-

4 ’

-Table D-1, éontinued . ' : ‘

Sample number: 72-12FU3 . LN
Fraction . .
‘ (mem. ) . Hp = Ap Gp Tp Trp
64-32 0 .0 N .0 .0 . ,
32-16 0 .0 30.8 .0 . .0 ‘
. . 16-8 1.2 1.2 24.7 .30 14.3 <
’ 8-4 4.7 4.7 8.2 .39 18.6 -
. 4w 6.1 5.4 4.8 .26 12.4 U
o 2-1 7.9 ' 6.% 5.3 .35 16,7 s e o 5T
v 1-.5 11.0° 7.5 . 4.7 ,.,.350 5 T67F Hoe S )
s .5=:25 10.1 8.0 #53 -022-7 10.5 )
.25-.125 .. k4vE 7 3.8 -3.9 . .15 7.1 ,
L em o ied2B¥U063 . 13,3 2.2 2.7 .06 2.9 . L
L e 063-.037, 0 13.0. 0 .5 3.1 .02 1.0 .
WG T "< ,037 . ND ND 7.5 ND v ND L
- ’ ~ Totals ) ~ 160.0 2.10 100.2 <. |

Sample number: 72-12FU4 ‘ ‘“.r e’

L o " Fraction-
0 (mm. ).
- 64-32"

32-16 1.

4

l16-8 - 3.

: '// ©o8-4. - 8.

o
s
o]
(o]
@
ie
~
5
o

LOwLuU O
* @

O

oo

Nw

-,

z 4-2 " . 19.
, 2-1 - w17
C s 1-.5 1€,6
S 15-.25 .17.7 -
, ,.25-.325 +20.6
- .125-.063 *16.6
: .063-.03% ' 15.3
oo < ,037 ND .

iy
.
(S
ZHWUWONWWoWH |

15 .

.
PR

B OB N WU Y O

SlovH N LWL LY I,
olo o s o ove oo
[ 28]
N
w0
L]

Totals
——




( , |
) a ) - . L&
> Table D-1I, continued
* Sample number: 72-12CUS6 )
Féaction « - .
] (m.') . .,
) €4-32 L 0 .02 .0 ) . 0
32-16 .0 .+ .0 33.8 20, 0 e O -
v 16-8 - 10.8- . 10.8.*719:6" T2.12 45.0
S . REESE A P 6.2 10.1 .63 13.4
- 4-2 9.7 8.3 6.2 .51 10.8
2-1 11.6 9.3 "5.3 .49 10.4
.5 . 14.4  10.4 13.7 .38 8.1
‘ .5-.25 16.5 8.9 3.2 .28 5.9
:25-.125 17.6 5.6 3: - .19 4.0
.125-.063 18.9 2.7 2.3 _ .06 1.3
Y .063-.037 - 20.0 1.8 2.6 .05 1.1
A .037. ND W %.9.8 .,ND _ ND
- Totals *~100.0 4.71 100.0

7
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