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In T ROD UCTION

General Jtatement

¥hile working for the Quebec Department of Mines
(Mineral Resources SBranch) during the summers of 1955 and 19566,
the writer was asasigned the problem of investigating the
possibility of applying geochemical prospecting methods by soil
sampling in a heavily glaciated part of the Frovince.

The present distribution of base metals in glacial
soils has been brought sbout by the following processes:

a) Mechanical dispersion by glaciers of rock
material, unconsolidated surface deposits and
s0ll cover of pre-glacial origin. This
transported and mixed material forms the present
overburden.

b) Posteglacial redistribution of the metals
eontained in the bedrocks and the glacial
deposits by ordinary processes of mechanical
and chemical weathering and transportation.

Together, these processes have produced the sc-called second-

ary dispersion of elements from their bedrock source.

A review of the literature soon resvealed that
little has heen written on geochemical prospecting in recently
glaciated arsas. There is also little information available on

"+ she composition of the fine fractions of till, which is the



most abundant type of surficial deposit covering recently
glaciated regions. For the purpose of proaspecting, in a given
district, by soil sampling, therefore, it was decided that the
following investigations would provide a suitable background.

a} Study on a regional and local scale of the
bedrock geology of the district, including
a detailed examination of known base-metals
occurrences.

b} Study on a regional and local acale of the
glacial geology and surficial deposits, in-
cluding the processes of soil formation.

¢) General study of the mechanical dispersion by
glaciers of bedrock materials in the fine
fraction of tills,

d) Investigation of the secondary haloes and trains
of dispersion in the vicinity of known base-metals

occurrences.,

Concerning the third point of this program, the
author felt that a mechanical and mineralogical study of the
fine fraction of tilla would yield more information regarding
the dispersion processes by glaciers than would a chemical
analysis of the base-metal content of the same material, This

type of inveastigation has been called sediment-petrographic
study by Scandinavian geologista.

The present report deals mostly with the study of
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Fho mephanical chemical dispersio enorena in the fine
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Choics of the Area )
tn The selection of a suitable location for @xperi=

mentingz - with geochemical prospecting-methods was depondent-on
th‘ F JJ ! ‘ N 05 7‘(/”_:‘-, ‘a‘\“dj, ‘LT wren C{?C}d@d TROJ/

S T~ R

‘?&Tbe area had to be hﬁévii; giaclatod and show

Vet ET ML

evidence Gha#ﬂ;he ice moved in a single and well-defined
direction during the last period of the Pleistocene glaciation.
(Indeed;—4twas wdvisable-to completely avoid the complivations
caused by multiple directions—of fcw movement, )

e It was also desirable that the regional and local
geolozy be well knownx(go—tﬁii’onI? a complilationef-geo~

{tat Tht
log%cai~¢ata_uauld_haﬂnoeczutrfj,\Eincralisation in the district 7

-had=40) be fairly abundant; ;!%'égo mineral deposits had to be
relatively untouched by human activity to avoid contamination
of the s0ils and waters by development, mining and smelting

activities.

The Chibougamau Copper District fulfills these
conditions satisfactorily. It is located 3520 miles north of
Montresal, in Abitibi-East County. The closest base metal

smelter 13 at Noranda, some 200 miles southwest, Geological
614,‘&1 ekl adunned

mapping éadr—mtpccttng)in the uoa:wwuaalﬁml
~of the centuryj—it has increased sharply in the recent years
_since the district has hnnn_LLgkld_lizh_Lakoq&crﬂknu»4nr1ut>
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(Mﬂrﬂol—foaﬂ At the present time, only ono nine
e 8 operating within the ares Jsurveyed, It was inferred (m.—
& _few peneral studies on the glatiml geology Of Northwestern -
t o
M) he late Fleistocene history of the area J{:u rather

simple, and that the ice moved steadily across it from—a—stable
csnter—of acTumulstion, o~ a othuM Ki«l dinvetrem -

;ield work ﬂnd L_:_g_borat.or; E‘I‘echniguegf
N

Geo Surfi %)
L
) 2 ¢ Infomtion on the nature of surficial
deposite was gathered while sampling the soils and unweathered

tilla.tu—duczihod/bﬁom\ Roadcuts and gravel pits were

examined in some det.ailHrtrmnWm—whh-t-bv—

—particular purposs of mapping surficiel deposits .)

gl — —,,VPhld observations were utcndcd(on-&h&—moﬂ
\Dv\ a thorough examination of aerial photographs Q&oa—-at} a scale
of one mile to the inch angcr scale photographs,iere—only-
available for small areas about Dore and Antoinstte Lakes;)
therefore Int.crpuntion- are broad, and the map of surficial
deposits shows only approximate boundaries, especially in parts

where little or no sampling was done.

ediment-bineralogical Study of 11;1:@ )4&)

.S LA b T
. Twenty samples of the fine fraction of boulder

till were collected along two traverse lines approximately
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parallel to the direction of ice movement . One line followed
the Chibougamau highway from the Townsite to the bridge across
Chibougamau Rivor,’(”t.bho other followed the northwest shore of
Uore Lake 43» N.};n‘e No. 1). Thése traverses transsct the
ries at a high/angle. The spacing between

one mile, bu/ larger gaps were

A1l sta samples were Q;&oa—#erﬁnw
pits or exploration trenches, wedhtthmnmh}tho ooil cg"l&'
@xz\da.pon) About 500 gm of fine material (granule sise or
finer) were collected from each 1031t10n(Wthr~&eo~~ef—~
ed oI Its wuter-
and Ho
uaeh—ed——aurfae&)-&e aamples ao taken@ai‘e——cmratd’tred to
represent the matrix of undisturbed tills.

Mechanical mulylir;ﬂ"&ﬂlu /)
In the hbo:-atory
fraction of zills 'nre qu orcd to 80 to 100 ;u7 and a

o fnut.y mplu £ the fine

conp{otclyzuchanical nalysis mu made ., ﬁater al below 9
ueah (m) only was /studied; /he coarnr fraction was dis-
farded( by :1"/613) The procedure followed in the preparation

of the semples ual essentially that proposed by Krumbein and
Tht wk atenios L2900 Thanm 4w, woa ;f'wd-lﬁcjo,.((

Petti john (1938). s—met—in disperaing the
partieles because of the low content of clay in the samplessic d -'(*Picui—i?

e Cwn alt een d/I‘JQ}Q’L" wag TTL ?CLJ\""
Strong treatment such as boiling was not considered necessary,



. T e - - - -
-
-

CHIBOUGANAU T,

7
% fap,

CHIBOUGAMAU
LARKK

Q4 8" 12
Scale ( miles )
N\

l. Outwash sands and gré&gla.
‘¥K~11. Ground moraine ( hilli‘érounq )
111. Drumlinoia ridges field.
. FWC{?{




- i et 0
Ppetmrm—ne coagulation of the clay particles did Ef‘gié““b
after sosking the samples in a dilute sodium oxalate solution

for 24 hours,

Thc sunmples were wet sxeved thro bh & 200/ mesh
acreen to 3gparate the finast f actio plus 200 - min

¢ mesh mabbrial waa/then driod and sieved through set of

Tyler scroens on u Ho-Tap naghine for BO ninutea. The minps
200 megh fractizé obtainei/‘al added to /the fines previously

separated by wet sieving.

W‘b‘—d k‘-\ 31;7"3."""1 C.Ls-a-d e

The ninus 200 mesh laterial uaa aizcd in a settling
a‘ g E 4 ﬂ "{’__1 o
column. Two samples were ctudiad by the g}potto ncthod (ses

/

Krumbein and Pottijohn). All the samples’ wers thin ltudicd
by the hydrometer nc;hod (see Bouyouco:// 1630) which ig

much faster but loss'nccuratc. The results obtainod by the

two methods were ound to be fairly onparable, h

l‘chanical analyses by the hydrometsr method are considered

/to mest the refuirements pf the present study.
i ru.us 206 e SEe f\odm wad S0 2EAd b “5%;

gégt@qugeralogical study of tillf://3

The purpose of this study waa(épt—to“ubtttn—thi‘—*
°2!2l!&n—IiaeFalos&ea%—cafzfsttton—of“thi‘nmtrixﬂof—tiilu,
- M Mwm ~lariug, P\ofv_,;-{w&n} =

but—rather) to fdentify the most abundant ni?ornlséumiqnnlanrn
sewife @

xmmihg&rw in tho samples suifey 7los¢ Ji frorasus =
ch-,’ nes ga.wv‘;,,;[ ;,z:f A
“ b%f ta:&a;iéal~63rk—uaa—45§5;oa)thc rinus 100 -

£ the +:11
plus 150 mesh fracuon,\korithﬂtr‘rﬁwrrnﬁﬁ-)—n—h—theb wrlacfa

A T <_U{, < L NL LA
¢ 9




«“orth scale.

;’“H*b .
A Hrst leparation(§y—grav£t£)1nto a lighkt and a

st

heavy fraction wasﬂnadeiﬁg&ng—t—fttrubronoo%haaea+wearban

tetrachloride mixture—{densivy—£:85)7) am?

-~»\%~_~__~,_;£¢ light fraction was thinAwaahcg<i°r a short

e h 2% hvdrochler 3id solution eontainiag 10
percent of stannous chlorid - TSEOVE any surface coating
of the grains-with iron oxides. An examination under the
petrozrapalc microsoq revealed that the light fraction was
moatly composed of fresh looking, ¢olburless minerals, the
deterninations of which by ordipary microscopic methods would
involve tedious and lengthy épt gl work. It was therefore
decided to group the pérals composing the light fraction
into ths following four categories: quartz, potash feldspar
(microcline, orghoclase), plagioclases (of any composition),
and undetermified grains including light alteration products,
a few flodred flakes of biolite, etc., To recognise these
different groups easily, selective staining methods described

by Keith (1939) were used. The material was generously spread
N il

el




o—s—giase—plate covered Witha—thin layer of rubber cement, )

etched(?on_nhznz_ldnntuﬂ in hydrofluoric acid funoag and
stained with a solution of sodium cobalti-nitrite. The plates
were (washed; dFisdand)examined under a binocular micrescope.
Quartz was left untouched; potash feldspars were ¢overed with
a dright yellow stain of potassium cobalti-nitrite; and the
plagioclases displayed a white etched surface. Two hundred
grains from each slide were counted and results were recorded

in percent/volume.

The heavy fraction was examined under the petro-

graphic microscope after removing Sk magnetite with a

hand magnet. (5 eparation of the main minerals with the

-

1sodynamic separator proved to be inefficient because of the

abundance of alteration products such as saussurite, uralite, J
etic. Here ugain'fge minerals were grouped into four categories,

namely: amphibole-pyroxenes, biotite, epidote (saussurite)

and undeternined. The percentage of each mineral group in
the samples was again obtained by counting 200 grains.

™~
7

¢ Postglacial Secondary Dispersion of Base Metals

Soil Sampling Tools and Sample Containers: -

( Kost of the samples collected for base metal
o™
analysis were takcn,ﬁ% the top five feet of the unconsolidated

cover, (o thin th : }W%crc it was

essential to investigate the v-rtlcél distribution of metals



to a greater depth, samples were collected from as dcep as 15

feet below the surface.,

The heavily wooded Chibougamau district is mostly
covered by boulder till which is in places very rocky;
however, shallow depressions filled with swamp material are
abundant. 4 suitable soil sampling tool must be adnptod to

these conditions.

For shallow soll sampling, an instrument devised
by Ogden (1954) was adopted with a few modifications. It is
represented by Figure No. 2, The tool, which has an over-all
length of 60 inches, is driven to the necessary depth with
a 8ix pound sledge-hammer. If the surface is very rocky,
the tool {s used as a bar to sxplore the ground through the
moss and humus cover. It 43 hammered down to the required
depth, pulled out, cleaned and placed back into the sampling
hole; the sample is then collected by rotating the instrument
several times. The whole operation is very rapid under normal
conditions,

The

Thcrc—&s~tncﬁhag)inltrunent(’hntiﬂ for deeper

saepling 34 1s designed 80 that the soil filling the

head will be continucusly svacuated under the pressure of
newly introduced material, as the instrument is hammered down;
consequently, the sample recovered when the instrument is

pulled out represents the bottom few inches of the traverased
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soil. (photographtios—stows-how-the instrument s opersted:)

The steel rod is driven down with a sledge hammer, as in

shallow samplinch”;nditional four-foot steel sections threaded
at each end,are attached with special couplings whenever
necessary. 10 pull the instrument out, a tripod is erscted

and the rods are lifted by means of a 1-1/2 ton aluminuam rack
and pinion device, This lifting tool is required even for
relatively shallow depths of sampling, especially when the
sampling tool curves after hitting the side of a boulder,
Whenever a large boulder is encountered, the hole is necessarily

abandoned.

Peat samples were collected to a maximum depth
of 15 feet using an ordinary hand piaton ssmpler. The tool
is driven to the required depth with the piston down in the
sampling tube. The piston is then lifted by pulling up the
instrument about one half foot; the instrument is rotated to
lock the piston in the “up™ position and the lamplcféollcctld
by driving the instrument down a few inches bslow the depth
initially reached,

Experisnce-—showed—shaThe most practical container

for keeping soil samples gghaat:nni:h:if~eunas:nt”tiii
32" x b
(lity?iilﬁ is a thp'o—an&—oacfiaiiLhy—i&:—%nch) heavy paper

envelope 8ealed with waterproof glue. Handling and contami-|
nation of the sampls are reduced to a minimux by drying it
before opening the envelope. Aluminum tins were also used
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occasionally but were found less convenlent,

In the present study, a single sample of abdbout

/ﬁi;:iisiijz:;:; was collected from each sampling site., Studies

by the U.Z, Ceological Survey (Hawkes « 1952) have shown

that in most residusl soils, such & sample represents the metal

content within a redius of about five feet.

The reproducibility of analyses of spot samples
in glacial soils has been tested by the following experiments.

Figure Ko. S shows the analyses in copper and
ginc of two sets of samples taken approximately at the same
location (i.e., within one or two feet) within an interval of
one yeaur. Analyses were made by two different persons. The
copper assays for the two sets are very similar, and the
slight variations fall within the rangs of accuraey of the
analytical methods. The only aserious discrepancy was found
in the southernmost pair of samples; it {a very likely caused
by surface contamination of the richest sample, which was
collected in swampy ground in the immediate proxinity of a
diamond drilling site. The correspondence between the sinc
analyses may seem rather poor. The sinc values of the second
year in the south half are ouch higher than the first year

results, although they remain within the background range.
Such systematic differences will be discussed later; they

N

\

\
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, /
/ are probably inherent in the analytical technique used. Both }
f enalytical series show a similarly located pesk above the

backgsround value,

Fipgure No. 4 shows the analytical results of two
sets of samples, taken 19 feat apart. Kesults check fairly
well in the south half of the traverse, but to the north the
sample taken at location 600 ¢ 15 feet K is much higher in
sinc than the one taken at location 600 K.

Eoomp lung etboin - =
CDetailed 801l sampling and a limited amount of

water teating were first carried ocut near ssveral of the gadn
known oéigg;ggcts of base metals, The purpose was to investi-
gate the shape and intensity of secondary halos of dispersion
developed about these deposits. The sampling usually followed

oY night avgfes to cre-bratmg shucturgs Hiot Wit
picket lines cut by mining companies for their geological and

geophysical work, mostly-ast—right angles—to—theore~bearing
structures. Sampling traverses wers normslly spaced 200 to
800 feet apart, and samples along the traverse lines were taken
every hundred fest or closer., it—the—seme—time The background
values of copper, sinc, and lead in the solls of the district
nroif:aﬁ:ablhhcd%wﬂﬂ% by Tl wends

00il sampling was then sxtended to the ground
separating the main mineral depositas, and to the area south-
west of the known belt of mineralisation, %;yfi- direction in
which the ice moved during late Pleistocene time. The purpose
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was to determine whasther or not f?fﬁi.fﬂ? an increase in the
background values of base metals becauss of the integration
epﬂthe—ﬁ%iﬂ of mineralised material from deposits located wp -sowce-
upstream. In this case, soil sampling traverses were located
approximately one thousand feet apart;/;iitntod at right angles
to the direction of ice flow, Sampling points along the

traverses wers spaced 200 feet apart or mors.

A total of 4,500 soil samples were collected, s«

Lur,,u.“& = aqemxwaﬁ:\\‘ WH@\— L e R

Analytical Technique:.
warren and Delavault (1956) divide the total metal

content of a soil as follows:

a) Metal present as free ioni. Easily extractable
by water. Forms a smal) percentage of the total
metal content,

b) Metal lons loosely bound to ths surface of mineral
particles and organic matter. Can be extracted
with a ¢0ld solution containing a high soncentration
of exchangeable ions,

¢) Metal ions tightly bound by chelating (formation of
certain types of organic complexes), or by sntering
the clay particles. Mostly extractable with strong
acids.

d) Metal present as sulphides, secondary exides and
carbonates (hydrothermal and epigenic). BExtracte
able with mild to strong acids,




le

e) Metal contained in primary silicate and oxide
mdnerals., Can only be extracted by destroying
the mineral lattice with hydrofluoric acid,
potassium bisulphste fusion, etc.

The total content of a given metal in t?;ﬁzf?crial
sampled 18 seldom sought in geochemical prospecting. The
sanple is,/vsfieh, digested in such a way that most silicate
minerals are undamaged and only part of the metal present is
analysed; wmoreover, a great accuracy is not required, because
the intensity of the anomaly sought is ordinarily equal to

several times the background valus.

Two different analytical technigues were used 4in
the present work. Wwith the cold extraction method of Bloom
(1955) the samples were treated with a cold solution of
ammonium ¢itrate, and metals belonging to groups (a) and (b)
only were dissolved., With the hot nitric acid extraction
method of Bloom and Crowe (1953), metals belonging to groups
{c) and (d) were also brought into solution.

(;;_;;;;‘;;;;;;;:-;;;—;:::’;:;:137;ilaolvod during
the preliminary treatment of the sample are removed by a
dilute dithisone (diphenyl thiocarbasone) organic solution;

coloured metal dithizonates are formed and the metal content

i3 estimated colorimetrically.
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The analytical methods mentioned above were
developed by the U,S, Geological Survey primarily for the study
of residual soils and alluviun..(;hl‘ehibousamau—d&o&r&ct—ros&-
<4ua}—aeiie\a:a/V!??‘xcs:cnﬁa:\gggnlgszl¥—ibc¢nt) The second- 4

pGT&LCLJBOWﬁNMN‘Amh
ary halos of dispersion in the transported overburdcg..nstut;
forned:g;“chemical weathering, are geologically very recent and
consequently the anomslies are fairly weak. The original
analytical techniques were thus slightly modified to meet the

local requirements,

Hot Kitrie Acid Extraction,

All the till samples were analysed by the hot
nitric acid extraction method., In this way, the base metals
rexoved by the ice from mineralized bedrock and dispersed
mechanically 4n the till in the form of primary and secondary
sulphides and oxides ;::24 be detected. The results of these
analyses for sach metal are expressed in parts per million
{(p.pem.) of ths sample. For a matter of convenience, the
metals 80 analysed will be called readily soluble metals in
further parts of this €§1:2i;

The sensitivity of the nltric acid digestion
method was increased by using 0.85 to 0,50 gm. of minus 80
mesh material instead of 0,1 gm, WwWith this modification, the
smallest amount of metsl detectable was & p.p.m. The sampls

was digested for two hours in 8 ml. of 1:3 nitriec a¢id in a



£0

boiling water bath. In thias way, losses by bumping out of

the tube during bolling were completely eliminated, and the
extraction was complete. It was oé§¥¥¥ia that by using larger
amounts of nitric acid, the buffer solution used in the sinc

test became ineffective,

Lot
o than o 1l WGl helimokn
The ruproducability is evaluated by Dehn {I95%7)

to be plus or minus 504 of the amount prnacn:i_tor values

above 20 p.p.m. duch a ecorrespondence, or better, was usually

obtained between the field laboratory assays and assays

obtained at the Geochemical Laboratory of McOill University.
)

(}t times, however, both laboratories experienced difficultie

reachiny 100 cent of the amount present. The disécrepancy

between two Sets of samples shown on Figure No. 5, illustrates
tuation. The reason for these variations i{s not }

Figure Ko. O compares the assay results obtained

such a

in the field laboratory with those reported by the Geochemical
Laboratory of the U.S. Geological Survey, for a suite of 21
samples of mineral soils, Samples are plotted according to
decreasing copper and sinc values as deterzined by the writer
and his assistants, At the U,5, Laboratory, samples were fused
with potassium bisulphate prior to the determinatien of eopper
and sinc, so0 that the total metal content was breught into
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sclution., KNevertheless, the resultgéobcaincd by the Laboratory

/ﬁ:ire systematically lower[for above background vnluca)than

those of the uriter{ The shape of the two curves for copper
is very similar. There is aleo a general correspondence of

the sinc results.

Unsatisfactory results were obtained when using
the hot nitric acid extraction method for the analysis of
copper in humus samples. The background values did not exceed
S5 p.p.m,, and in many samples nc copper at all could be
detected., Results obtained by the U,S5. Geological Survey
Laboratory for a few samples of humus, after fusion with
potassium bisulphate, wers markedly higher. 4 series of 26
humug samples was then submitted to the Geochemical Laboratory
of FcGill University for analysis of copper after KH3Jg fusion;
the assay results are given in Table do. 1., Values obtained
by this method are considerably higher than those found after
the hot nitric acid digestion, but there is no systematic
relation between the two sets of values., It is probable that
when the sample is digested in hot aitric acid, part of the
copper becomes fixed in particularly stable orsahic complexes

and does not form copper dithisonates.

About one half of the chemical snalyses were
done in a field laboratory by the writer and other members of
the field parties during the summers of 1955 and 1956, The
remaining part was done at the Geochemical Laboratory at McGill
University.
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Armonium Citrate Lxtraction.

Y

used::mainly as an Ton the spot” guide to the field work.

The ammonium citrste extraction method was alaso

The results are semi-quantitetive and are expressed as cc. of
c¢ithizone solution used to obtain a blue~purple end colour,

They represent the cold extractable tbnnﬁ base metal content.

¢ For equal smounts of metals present, the reaction
obtuined 48 strongest for sinc, followed by copper and lead,

ihe predominance of either sinc, copper or lead in scils may
be detected by additional tests., N

<i/;;—;;;;;;;;::;:_;;;;:; {s the most widespread
base metal, and a specific field test for copper would there~
fore be more convenient. 4t the time the writer made the
surveyy there was no description of such a test in the litera-

WY
turc%“’apocifie methods for field determinations of copper in

s0ils have since been dcvolopcd.ky—ﬁutntn‘ft?ﬁtt:lnﬂ_na::‘n

and Delavault {PebeofisX somdunicastion)y.

The amount of s0il to be tested was measured
in & leucite scoop designed to contain 0.l gm. of dry sandy
material. Lluring the field work, this measurs was used for
soils of widely different composition and water content, so

that the actual weight of material analysed varied widely.

The sensitivity of the ammonium citrate extraction
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method was also increased, by using & more dilute working
solution of dithizone (0.001% weight/volume) than the one
ordinarily used by Bloom (0.0035% weight/volume). Unfortunate~
ly, very diluted dithizonc is 8o unstable 'hfﬁi“ is difficult

to use in the field[Vwﬁpt,&hia\;bajnnt*uany determinations were

made at the base camp.

4 "//’*’ﬁﬂTwo large soil samples, one cantaining backur;;;d
amounts of cold thractab10~ngtal and the othtr ‘6ne containe
//Lng anomalous amounts, were collociid>tg\ggf beginning of the
field season, Their ho-ogoqgity was achicvia\by thorcugh
mixing. chomica;//gscd in the field test wers rccularly
checked I@;yﬂotorioration or sontamination with these two

anples. The results were as a rule very constant.
~

e \
el \

‘///f”“ The results obtained by cold extraction with

with unprepared e variable amount of water which

tural soils, particularly in humus, \
\
is eliminated, and for the same type of material the differences '

may be present in the

are attenusted. 7The variation

es is decreased b discarding
h{cuh). This

1 soils boc;?so the larg-

in weight of cgﬂﬁlen assa
in the grain“%i:o of the samp

material above a eertain sise {(greater than 80

is particularly important for min
k est part of the metal analysed by the niua citrate

\\oxtraqgion method is loosely bound by adsorption to the surfa

\

—
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of minara;/g::;icles, hence\the amount of extractable metal 1;§
a

function of the surface areh (see McPhar, 195;\*5? Hawkes /
and Bloorx, 1658}, |

The relation between assay raesults obtained in the
field with wet samples and values found in the laboratory
for the same samples after drying and sleving is shown 4n
Figure Nuo. 8. The same volume of 30il was used in both series
of analyses so that more mineral and organic material was
analyzed in the laboratory test. (Por!7£o rcnsonl/ontltzfi:}
;gov , there—ts w tonsiderable variatfon detween the valu

(;6:::;24:\ For soils predominantly of inorganic composition

(B and C soil horirons), there is a marked decrease of the
rcold extractable” metal content with drying and sieving.
The values found for predominantly organic soils (mostly
Ao horison of podsols) éﬁ; the two series of tests are
statistically co-parablcs (Xhiu is in accordance with results
obtained by Berrange (1957) in organic soils of the Lenora
district of Ontarto};?izwzké»;¢aunn case, 1t ahe%;%_bo remember-
ed that by drying and aleving the 5a-plc,théf§?:;;lc material
gontained in the same volume is increased by two times or
more, The conclusion is that 4in all types of soils, drying
decreases the amount of dase metals extractable by mild treat-
ment.

i pkon 1% E}»M'N:t [ vt flaan uutuj}
Ko P Kethod '(seter—Testing)

A commercial McPhar water testing kit was used
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in the fleld for water analyses., In this method, heavy metals,
i.e., zinc, copper, lead, nickel, cobalt, tin and silver are
extracted from a buffered water sample by a dilute solution

of dithizone in chloroform. A pHy of 5.0 1s obtained when
using the buffer provided with the kit. At this ph, the une
used portion of dithisons, if any, remains in the organic

layer and the colour produced is a mixture of that of the

unu sed dithizonel(grecn) and that of the heavy metals dithie
sonates (red). In the McFhar enalytical procedure, 1 ml. of
dilute dithizone in chloroform is first added to the water
sample. After shaking, the eolour of the organic droplets

is observed, If the droplets are red, more dithisone is

added until the mixed purple shade indicating that all the
heavy metals have been transformed into dithisonates is reached.
The total volume of dithizone solution added is recorded;

using a diagram provided with the kit, this volume ean be
translated into parts per million of total heavy metal in water
as sinc equivalent., If, after addition ef the first =ml. of
dithisone solution a purple oclour is already obtalned, the
amount of heavy metals present may bs determined more accurately
by adding a few drops of amonia to the water sample. At &
basic pHy (approximately 9) the unused portion of dithizone

is soluble in the aqueous layer, and the organic laycq:%ﬁgus
4irer the true colour of the mixture of dithiszonates present.
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in the praseant study, the results of water tests
will ve indicated as ml., of dithisone solution (prepared as
per instructions of the McFhar Geophysical Co.) used to
cbtain the purple end point at a pHy of 5.5 with a water
sample of 50 ml.,

éh Measurements,

The procedure outlined by the association of
Official Agricultural Chemists (1950, p. 44) was followed,
All the measureaents were made in the laboratory with a
Beckman model ¥ pH~meter. For measurements oh mineral soils,
distilled water was added until a soil-water ratio of approxi-
mately lil was reached; the mixture was then stirred vigor-
ously and allowed to stand for 30 minutes. For organic soils,
the soil-water ratio adopted was 1l:% and the mixture was left 4
stand for 2 hours. Several readings were taken with each
sample; after sach meacurement, the eslectrodes were with-
drawn from the soil uaan.a(?ho initia roadin 8 often t u;E)
(\j:ccurato because ¢ u(iibriuu had pot been ob 1nod betwsen
th

slectrodes the soil lanc.

The materisl used had prcviously poen alr-dried

for sieving and chemical analysis. tf:2f:!nﬁ—cunmtugu—tietfya&&zsné&n*

consider that this treatment should not change éhc pH of the
2011 by more than 0.l.
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BoiGon Goui LY

Rezloual Geolozy.

AlY tie conesolldetbte. roclks in Uie G:';ib_oug;amau Cigtrict
are ol pre-oaubricli &oC.

The geworal dletribution of the mein roek (yres, ep
comprllod frow marps publishca by seversl Gukiors, 1o sooun
in Figwe Ho. &s @he minerslogicel ovamposition of these
rocig, which 1s of specisl intcrest to this stucy, wiil be
describes in detail., YThe resulis sre swmerized in

Table Lio. 2.
Gronites and Gneissess

<he continucus belt of granites v:é gnelisecs whiich

underdiy the sastermnzost part of the ares is belisved to

belong to the reocks eof the Gronville Lubprovimo
(Horman, 1¥L0), In the Chibougcmen-tistossind district,
these rocize hove beon mepyped by Longiey (1951), Gilvert
(1951) end Delend (1vS1). A decialled deseription of the

P

rocke 4e given by Gohl (1983) and Beillson {(1v53) who
vorked nurtheast of the eres covered by Figures ¥es. 6 end 7.
inese wuthors distinguish z belt of granitic rocks and

-

orthogueinses seversl mlles wilde dumodictelry epst of the

iine of sontuct with the voleunle end gelinentary roclis,
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TABLE X¥0.2

MINERALOGICAL COMPOSITION OF THE MAIN ROCK-~TYPES
CHIBOUGAMAU AXD MISTASSINI REGION.

-
ROCK TYPE .~ LIGHT MINERALS  EEAVY MINERALS
Granites and Gneisses Quartz~ Mlorosline (fresh) Blotite = Minor Hornblende
N (Grenville) ' " Plpgloclase (fresh) and Mascovite,
P ) ) . Sl
/—;rauitu end Gnolsses’ Quartz- Miorosline (freah) Biotite = Hinor Hornblende,
~ {(Wost of Mistassini) Plagloolame {fresh) '
Safis, Wot Feld: (fre=sh) Hornblende .
/ﬁlﬁ{./ Plaglodlans (freat] . N o ot AL
Granite Batholiths Quarts = Potash Feldspar
(w. and e. Weconichl) (fresh) Plaglioelase {fresh) Biotite « Minor Hornblends,
\ Chibougemss Lake granite. Quartz (up to L0%) « Chlorite (elteration of
Plagloelase (altered) blotite) A
Secondary albite, Seussurite galtmtim of
~. . plagioclase
b \..<Mstauin1 sedimonts, Dolomite = Caleite =~ Clay AT S Rt
minersls. L. i e Bl ity menni B o b
/Ql-lc:\’h_:\osi PRSIy (2 f"'('*«f/t(}x ) Qg...n..__&v:“..i;icl(fﬂ"‘z; ""‘f_""ﬁ’;f_iféi"fl.".‘.\‘fi"',:"';. TUSLLDTIR T L ' A’a AR t
Opemiska sediments. Plagioclnsieo « Quarts (falrly . Amphiboles - Mioas.
abundant) . L
Greenstonep, Ceche-Leke Plagloglase (moatly secondary  Uralite - Remmants of Diopside
gabbrog he o bonlie g albite) Very minor quarts. Saussurite - Actinolite = s;,,fm&w.
Chlorite Magnetite =

Jlmenite eto.

d

{.—ﬂ
1e
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Foriher east, povggueivses are predoecinant,  The grode of
mevamor; iy 1o deseribed as wedlwr to Rizh., The fyrical
mingrsl grocinblege i cunriz, potocsh feldsner (predouinently
micrecning), plugloelese {nredonivently obligoelese) and
Hiollie. Herrbhlende fu uwruclilis yrecent oniy oo o minor
mefic cunotlitvuent, cxeent in nornblence schicest buandz vhicre
1t oy formoup Lo TO pereenl of tlie rociy muscovite ic

owd e o minor conctituent of biotiile gnolises,

i lerge region or greaniies cnd gnelsses locoted in
the north centrel and west part of the mrecs 1ilusirated
by Figure N:o. & hes beon mepred and desceribed 4o gencrol

ras by Xindle (1912}, More detailed studics of its

&
Q
o
t
| Bead
[
3
n
@
fmd
ool
ct
b
r;?
i
*
&3
e
(4]

have been made by Schourin (1355),
fhaw {1y51), Gilbert {1vyIl) end Delond {1v1).

fhe scuthern part of Lifu svea is charasterinocd i ¥+
sy dence of gnelssic hornblende syenitc. Fink: potash
srer, $ocic plegioclase and horoblende ere the nain

uinerals; gquariz is only e minor conctituunt., In masepcus

Floaces, & wmeifenorphic gredation from feléspathic gnelis

g.:s
o
(&)

aryhibole gnelss end £1rally to & trpicel and only &lig
e tasobphored prevwnclre heg beon obscrvcd
cuthern belt, the arcn ic under-

&
?nciusos, gric.ives (five to wediuvr

i
[
0o
B
5,
o
o

-
£
Jeho .
e

o
r
5
o
-
o o

e gronite, She minersiogicol
canvsitlon ia guaris, nicrocline, rlbite, oligeeclose,

biotile, or hormblerwe {md: or. 411 cf these winerale ere



33.

g vumaltered.

Gipers fwsoriant grenitic intrusive muoses shouwld be

-

T A U
IR LTI O

1, The Laoc Fronces prev-rii ko gronive roeln (Gllberd, 1y51)

NG SR SR PR il W34 ol Lt ol uC.'.'-‘ 23 Sl widles costbt of
seesmicks Lolwe,  Ibs mineraloglual cormporitiow is Do to TG
pereent pole Peldspore (not speciftec), 10 To 3¢ percent
cuerbpy ond 20 yercent parsly cinloritised bhiotive,

2. The instrusive steci: leocsled sowo 1Y miles west of
Meconicii Laite L5 2 perplyritic groniie L Sehowrln, 1956)

containling pobash feldszare phonoerysic, socic plesicelese,

queris, niotite, ond miner lhornblonde.

3, The prenitic batholiih which aprears psrtly In the soutl-

IS £ $ 7 o~ 3ol Ty B orvae 3 A LA 2
veol eorocr of the avca filustroted by Piouwece Ee. 6 is,

. TE ~ 1T LY e g o—— - e
pocordling Yo Hormno eo.d Mewdeloy {(35735), composcd mosily of

o grey gquerbts, oligoslasc, biotite {ane minor hornblende)
grasite. Doth mwefic minerczls are intencily eltercd to
ehlorive snd scussurliization of the pla;ioclase ic wide~
srrcend. & dioritlic border phace between thie grenite and

the sneriheslic 1e coxmposed mainiy of paussuritized andesine,

Bicobltis

('7

, tné ghlorite derived from bictiie,
Sedimentory roeekss

The sodiments of the Eistassinl ccrice sre lorgely
represented fn the norihezst corner of the aree 1liuvstreted

b Figure Heo 6, The most ghuszdent roel iypos ere pure
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<he enortlioslle, togother with 1ts releted gebbros,

orng e cence-shoped intrusive body in ihe Chibougan

il

Leite ores, e byplcsl amortnecite 1o altered, according

ko

to Uormean aund Hewdsley (1y35) erd Allerd (IySd) to @ moos

0l secondary pninceals thol enlirely obscure 2is original

Cos.obition, Tie souscurilisation of plagiccisces and e

Coloritizetion of the origiral Fferrosepuecisn minerasls is

o s psew e eens S . § Tipmn e
vl GOOOLIL I iyl a8, LoOLVILy L

seiete that the rock econsists now of abundent zoisiteo

35.
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end chinozuizite, albitec, cuioriic, end corbonuics.
along the norbh edge of i wnorchoniie {uiich hos
been best studied), & bBorder gabbre phusc wn 6o 1,058
feet wide hos been fovnd,  Hore goein «il the Friocry aine
are whorowily sliered and Lae minerciosy is culive sisnilay
Lo @t of vie aliered enclhcsitc ezecpl for s much lurgs
borcenvege of chloerlvs, Joencentruiions of mapnetlic and
vitanifieroue mognetive huve bewn reparied fros scobiored

locoileices within vals border phasc.

Local Gecology,

Guneral Goolosys

e deinile? bodroel: gewlogy of the aven whiel has
been sirvercd by the svihor is shown on Figfre YNo. Ty

efter Fewdrliey and Norman (1934),

hes been ctudled 4n detall b Grahien (1954); he includes
thon in nic Dore Lele Intruzive zonmlern. ch tdso

-

includes the mnortliosite gnd ite border diffcrentictes,

ke predozinant voek trpe 1 & cosrse groined gabbro, but

L0 gredned phecer rng rorrhrrdtic tyres heve slso been
By el

reeen foed,  The rocks nre cannosed of saucsuritised piasi

cioee (up to 30 rercent), :leloolwoic rellowish greer to
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biluish srecn hornblende, mné £ tn 10 percent tlitanilerous
musretite ps Individunl ervsinle or o doclusicns 4a the

wher minersls,. Diorlitic roeits belenzin,; to the sanc
comlex eve £ sinilor wirsraleogienl conpocziticon, but iue
grrovnt ©f sliored »lucfoclese reachen YO rercent.

IR . ~ -
i dicleasle rotic ovterer boiveen

the "preenzteones", mortheact of the
rhove) thelr net ro 45 rore choowre,
eotetdar thew oo ¢ borie pizze of e
aranite ungerliving Chlibougmmeu Leke, Grale: grouvose then

— LR T

5lso witiy these celd Intrusives, bul he bollzves thet ther

royroeoent Sabros of the Dore Lalle compleor whlel hamve boen

potreongtiselly wodlfied by the drtroduztlon of curriz

ool e M )

Bxcovting the 2% to 3% percent of cuarts rreccit e

RS T
o ns Jraing,

o ddn e

17 g SN "l 2 Y s . [ . PR “ -, v
1/18 te 1/0 treh iz LLfacesr, thope rociy are mede wp of
!

r— i ey e S vy o~ e [ L
Gloed mrdezine ol hopnblonde-ollorlec

o \..- oe

minerole cherscteristic of the gabbron

fe attitude of comrocitlionsd berddins within tle enop-

thositegedhre comlox thet there i an ootlciinel

exis poooing throusl

le-~invaded gone wnderlelin by

S bousnne

":‘ » . - K3 +
sibovswen Lele,  The Lol D ultralosic intruslves in the

2
:
e
&
]
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-
[d)
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o
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£
t-n
[n]
Y
i
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5,
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]
-}
*
[p}
e
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e
o

cuted i Fistre Hoo 7 Love been drown

from gecion

}Ho

sl mups By Grabeom (1v56) and Allerd (1556),
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ihe Helonzie Hareoun fsull, whicl hus boeb encouniered

in underground workinge wt the Caumpbell Cnlbouguusu Elnec

end is iidieanted farilcr norilieast by diesond driiling

venentn bore Luke, ics owne of & scl of major northeact-
renting bronds trunssecbing tue reglon, e some

»

strucvurc bas beun traced berond ine ares studied hicre by

Eewdsiew end bhormen, Ite role In e esnplecancnt of copper-
gold minereiizevion will be uwentioned later, Gie Sovesc

Luole fowlt seecns vo Limit on the nortk thie extension of

copier=-gold bearing structures.
EBeonomic Goologyd

To tie present, all the base-ncial deposits of econcidce
veive honve been found in ke Dore Lake poction, within the
gebbro-anerthesite coxplex. Uhe mincrelizetion hos telen
place slorny northwest-to west~{rending gones of fruchiwing
&nd shearing whieh lie on either side o the McEKenzle
Harrows fault and are probubly associated structurally witn 1t,

Corpbell COhibougomau Kines, the only booe metel produccr
in this pert of the ﬁhibougamaﬁ niring canp, ie explolting
coppir=50ld Gopotits. Several zsoncs of minergliration which
were found ore presenily veing develope- Lor production,

Duweing recent yFesres, modern geophysiced mothods ¢f prospeciing
heve lec vo the locetion of slnilar ore-besring strucivre
in drlft covered ground and under the waters of Dore and

Cidbougamau Linke g ¥umerous mineral cecurrences of minor
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Importanse have elso boen resw ved tharoughwut tue erea.

N

Shie oot imnorta: baoe~-neitil OCCUrIeLCCh AVG & in ©

Corper-zold deposlits in ke ancrthosiia complex:

Asced {1y57) distinguishes two mein trpes of bese-umetal

aerocivs within the anvcrithosite cazxples.

dhwe fivel {yie Lo rejresented by eoupo olc cgeposivs
dlocaved on kerrill Isle:d, end ioeedietely northwect and
rertsh of AU on ke meinlend. The deposivs oceur within
norron Gyke-intruded zones of breceietion and shearing
virich trend northwest ecro:zs e gnorthosite mass, ihe
neit svlipnide minerals are pyrrhotlile, chalcopyrive and

wite. Wgll rock witersvion mineruls arc guorbe, cllioriie

h:
fl

gnd minor gmounve cf ecarbonales,
Camrbell~Hersill ore zones, the Kokko Creek deposit, snd
the wuebee Chibougezen Goldfiecld minerelised zones,

{he second type of doposit ls found furiler noriheast
clorng the chores and benecath Dore Leko. The northuest-to-
wvosb~trending ore besrlins structirces wre wide schist zones
couposed of verizble aiocunts of gericlie, cilorite, cihloritol
end eorvonsies.  The gehict is Impregneted ond cut by
velndets of cheleoiyrite contuining lesser aucunts of
ryrite, Devcosits of present ccononle vaiuve belonging to
thls estegory arc the Canpbell Chibougeumau-Coprer Rend Cedar

Lay Geposite, the Hachin roint deposite and the Ouibougenau
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ocouloel cro-gpones.  <he ecti ond wopl copier-gidorites gones
4 I

on cis properiy of Jo, yer C1LAFL Consolidoted Mining Corp.

eril: Conper CLIST mone on » Ceprer Rend property

e . s | RN A} [T S S N RN PR P I TR -

T Co_or ferd mlngrelicntlion ot Hoton Bey i lozs
T oy man - L3 P A Co I ] a.n 4. . - .
feeturer chrorasterlictlic of ot ecntojorics, and may e

concidurel e an interscdisis $Uho.
s boon swogested By ceveral authors thoet the copper-
soda mirecellioetien of the Dore Loke Clstrict io poreticrlly
o the Chdbovgomou LaXe grondie betholith, In the
oy iricen of thepe wvorkors, tho presence of minor smounts of
molybdonite csoocinted with tihe copper miincrsls sunported
“ s

h g P ~ 8 -y Y .. ~w o,
£ 0 A AICITLY - o - s A -
Aeeent dlomzomd drilling Wy the Toreoon I

rlorstion

e o

voopany withidn the guorthesite beli inmedistcly northeced

of e &rea studicd hao dntersectcd o new sone of pminercli-

the enes deseribed ghove, but conteiring

"

("
(8]
&

peticl: il
considerable mrmounts of niekel {w to lApercent) end gone
cobuld {ur to C.2 per cent) in wdlitior to the copper.

I? 11 the copner dencsiic of the enorthosiie belt hive been

opned by ldontical procercer, and there ls no supestion

-1

¢ thg conteairy, then itholr genciic essocleticon with the
gronive beeoses vory wndikely. They cre move probably

g et L T A pn T o S L . - »
gpenciltally releved to the brsic meopwzs roeonorsiblic for

oL

)

tiuglion of vhe geblwo-snortiiosite complex fisell;

this hypotliesis expleing bhetler the prossnce of nickel.

-
- L4
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Ircy sulphiide depocfitc alorg falisd

Hroasve sulphide replocement lenscs ocewr intermiitently
glors the souther: branch of the Savege Leike fault, Unc
fovit gure, whlch verics in widih fronm 1LG to over 1,000

feot, i eocentinlly composod of & cerbongte~chiiorite~

——t It .lA‘L
chiloritoid sehist, The predocinant sulphide within ithe

re;locencit bodicr Zn nyrite) subordinete amcunvs of

=rrhotite have elso been noticed., Acssays up to 6.5 porcent

‘o

ziie have been reparted by the Conper ClILS Gonsolidnted
Kining Corporation, Sim&lar miovnts of eopper, over g core
length of 50 fcet, have besn encountered farther enst by
Chibougmunv Jacvlet Mines. Hassive sulphiides have been
rerorted by Hawdsley and Hormen farther east et the hesd
of Chibougwmnan Lakc, on the poussible extension of the Savase
Lette feull.,  The precominent sulpinlde there is pryrrhotite,
VWecker minereliivatlon of e siniler tyﬁe hasg occurred
elony other zones of fmulting and elteretion, mainiy within

he preenstone belt,
Berrigen Lake pyrrictite-spholerite deposites

The Berrigen Loke deposits ere locuted on the prop tek vy

of Tache Lele Hines Lid,, 3,500 fcot east of the north tip
£ &ntoinette Lanle, dccording to Szith (1v33) sulphides

wve been found within sepontinized pyroxenites and dunites

the ultre~bezic belt, Conplex folds and faults have



conbtrelled the mincralisation.

mey be &' eiliguished on the basis

P
VR EV e ey g e e
uf.!c. Aem A i bl .

Lyars ] nr .. .., - e . v
e Licerlh deyozit

-~

gobo 20 feet wide,  Sulzliide s are
rrvelovite, sohnlerite, _clens, el
ercenoryrite. Golcoue is co: centre

iennez, Yhe sverare gine cortent

s, v [ N 3 e Hon . e .
g Dermisor zore folie. s ke

Leire for soverel hundred feet.

ere by far the most abundant sulrhid
is o minor constituent, The nain

Lo to 100 fect wide. Tho everags
percont, Xicikel essays ur te 1/2
revorged by the Company,

An Antense chloriic-carbonuate v
noteworthy eround both deposits,
hop

sphnleri

eronits

b an interco purface werthering,

"y - g orn .
@woe trien

Fyrrhotitc and

dlso been gbundently introduced,

Te have beer reroried from

Berrloun Loke ere chu

43.

of the pinerglellonl

2 oy b o~ ) - -

in ordor of Inporicuce:

g o 2. [P R P
mlecoryrite, rrrile and

Ted In o fev high srode
is I te 5 percent.

norllz shore of Lerrigen
gohnierite
minerals} cheleopyrlite
irhile bearing zone ic
sinc conbext is 3 to i

. LN
parcent

e
L ¢d]

suilvoel alteration

Pine grained greoy guorts

Iinor amounte of

severol s4:41ar zones of

to tho erst from the main Gepesits,

wastorized

LY
8.4

It heo be noticed that

the prrrhotite 185 of o irne porticulerly unsiaoble undeor

surfooe éenditions.,

of minecr:liised rocks.

& heavy possen often o



Re:icnel Glecicl Geolosy,
Bl .

Introduection:

The pur,.oze of this sectien is fo give & gencral idea
of the seguence of events relutsd Lo glecislion which occured
during late Flelistocene time 4in northweostern Juebct., Gleeial
fentures having & speclel eignificance will be considered iu
dctull,

45 & rule, the geolozists who have beer mapping the
Canedien Shield have prid very little ettontion to the distri-
bution of uncensolidated swrflficiel dopesits, therofore the
Information on ithe glacial geology of the rozicn le usually
scorce end very Imprecise. A fev studies on ihe disiribution
of ike morgholezlenlly most striking glacisl and fiuvio~
glacial deposits of some districis heve been made, using
eerial rphotogrephs. For the port of northwestern Guebee which

will be considered here, a compllietion of such studices has

44,

beern published by Normen (1¥38), Wilson (1338), end Sasw (19Lh).

Figure Ho. & shous the distribution of the glecisl and

'fuvio-gleeciel deposice which will now be desceribed.

Drunlins:

Tho literature on the gleeinl geolozy of northwestern
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/ ‘
wuchee does not eontaimeny compilution on ihe cceuryren

s

s

. - 7 - N .
of érwalins; nevertheless, such depopliis are mention

-

-7 . 5 2 e .
oziste who observed tien in the cours
e

several ey

e

[

<

/_
Gre major f.i.&.

of i1l ridzes,showing & cozplete grodoe-

3 J\/ {' >"1
tion rrom elongutedy shullon shepes to, typlesl drwaling opd
A&"V.AU}A%'U\‘&‘ m Lo

cxzoric from o mites soutl: of Ciibeugemev ond Unemicla
: m.-«*:,\a»yuu e ke aatee i
iakes $£0 the merilicasserrtornoroi—he—i6)F w&et, L0e north

cnd ecst boundarics of this ficldé are uvnimowsn. To the west,
druzding do rot extend far 1uto the wgshbosrd morsine field,

in the aren sbout Kistessind Lole, the ridgee mey be af

ol fhuq+4~w75£
lon; ae b miles, ond the ratic beftices len ik snd breadth as
J(L"" AL &bg)r MCLM b"b‘"“c( a’vﬂfoﬁd ‘g bouQJ‘ [\W‘ )
1ittle as 1/Luo The mexinuns height recerded e 1s LUV fect

7%
ﬂh@wygywmgﬁea but this is exceriional; the evergge height ic

belwecn 100 end 150 feet, These rldses reserble pors the

"Soretinows" described by Tyrrell (1893) in northern kenitobe,

SO OTeE—eF—bordd
TLOTe8 Ser-gcleyy
e .'-'

Further couthwest, in the Chibougesau Leke area, Lhe

cndd

ricd;ce are ccmfoooo.mamdjof sendy t11l.Ygere ther ere more

a h/\;@f‘f&. {5 Le
5 SR ETES

ﬁc_ '/i,c\_‘t—' ;C‘ JaAa
tyricelly drunmlinoid, with PR ol ST

between 1/3 ond 1/6.  The average length is 1,5 miles,

Washboard moraines:

,&grﬁuzmng;%nﬁf%ﬁ~maﬁﬁ\nf\mﬁshhnga¥m6§h£ﬁgh\gn¢m6§3/
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-

EJQEmEM&VHWWOkw& use\ e re eoLs=ATRONg S
Ye ared, tge ﬁri%cp~hﬁ' dGquigih Enni/f;\dctai*.

4 belt of washbourd meralnes exterds Trom Chibougwmssu

ve

Loize to Lvane Lebkes irn g genorsl northuest direction. The

- rove 8o Iy t e - - 1% RN
sroxinate boundarics are glven by Shaw (1915) who ket com-
kA

ﬁ'

Ce- ey oo s ' OLTABI
npiled mostl of tue dete fron ggiasedl photozreaphs., Fariher

[ 4]

southwest, there are indicntions thst similar nmorsines moy be

f‘&r"n‘ frims {f)WbUcu-.(J Cn oL A fi)(‘f(, £5
Ué@ydiLﬂy”%f/fkUM%M&A/A%UhN;ﬂ%¢1%42£L::Zg

covered by verved cluyd,
ihe firet decerition of woruines in thls beit wes ziven
by Huwdsley (1936) vho noticed them in the Upemicku Lalc
District and named them efter their charecteristic wackhboard
rattern., Hormen (1930) mepred them 4n deloll over o lurger
aree; he polnuvel out thelr similuriiy to morcines nmepied as

(X&)

carly &8 1389 by De Geor in Sweten Wwinter

moraines. Belleviig os De Geer #¢g 4in tholr cyclic annuel
reoncc, Mormno: callec trern orcnuel moreines,

yhe wechbunrd moralnes of the Opemiskea Lake repion are
long, nerrow ridges composcd of unsorveu bouider 11kl lying

rerpendiculsr to the goneral direction of ice novenent. The

[ &3
»

everase height of the ridges ie 1v feel, tue distance bLetweoch

suecossive eresto HOU to 1,000 feet, and the average length

about onc mile, slthioush shorier ones ore numercus. The sldes

of the ridges sro felrly stoep, vitb the north-fzeing side

,aié.-xb

stoepor than the south. The creutdit norrey ané lergo boulders

LAEIRA

are oftese perched upon it.

#pshiboerd moreincs have now boen recogni ized in many other
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>

porte of Canada, such as in the Canadlon Frelirics AZITox 35535
7530, the kastmuain River arca on the southea slicre of Hudaon
ﬁay)égdg%;/tyb&) &= poesibly in Central Labrador [Ivds] AMES4.
Aﬂhé ﬁncy hove olso been found in several places in Northern Xurcre.

Elser, studying morcines pluilear to the ones desceribed

~
b

-

ohove, in the TLiger MHiils reogion, Kanliloba, has edded several

importent pointe to previous desceripticns., IHe mentions that
veshbonrd moraines cwrve upsireon neer lorge csuere, end thab
srall eslkers pre often offscl by thou or mey overlic them.
He has node several pebble fabric analyses ené found thet, 4n
rost of the ridses, therc is & core canpored of corpact pondy
t111 with & fiseile choractor indleating lodgnment deposition,
ine pebulic fabric of the core showes
"o statisticel 3 cge*red orientction of
the long exicz of Individusl pebbles
pareilel vo thc cencral divecstlon of ice
movemert, when ine ridses ourve lmto
re~enirunts cuused by thintdng of the icce
along gplacicers dreinase choennels, o » tho
rebble febric is feithful to the genersal
¢irection of ice movencenit rather than
cuonging to beeome psrpendicular to the
gxie of the ridges”,
Tnls core is covered by a layer of t111 showin: clther e rendo:
pebble fabric or & prebble orientation perallel to the gxisz of
he morainle rldge. Tiis eurface laver 1s interpreted me en
cblation moroing,
£ shwort historicel review of hypetheses vhiech sttemnt to
explain the origln of washbocrd moraines ic given by Elson
(1v53, p. 95-9C). Until rece: tly, all ithe theories reuuired

the presence of decp proglecicl lakes in front of the ice WMArEin.
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Bewdsley thought thot these rid:es nre composed of morainic
meteriel washed i:to erevasses wvhich formued perallel te the
bordnr of & thinning lce sheebt Lloeting 1n & deep woler body,

De Guc&, er:d Normen {14308) considered that washbomrd corsines
were formed ot the front of & retrectisns ice ghiect chich

terpineted in decp rrogjleueinl lake, During the vinter, when

m

the ice wns stegrnant or slipghily rosdvenciyg, convection

currents werce set up in tie deep weter ob the ice morgin,

bringing weter ehove freezing venrporsture inte conlect with

the ice front, UThe morainic ridge wos procuced by lidberstion

aend dumping of the morainic meterlisl entlosed in the ice,
#eghboard moraines heve alto been interpreted as "puoh

nereines? formed ot the front of ¢ readvencing ilce sgheet and

Toumr moraines™ forrmed by slwmiing of superslacini meterdel

~ ks

et the steep front

T Chaes

Klson belleves that e eatisfactory theory of arigin of
washboard morelineg shoulé not require subagueous conditions
&s these ridgos undoubtedly exist in regions hich were never
submerged in vater (g in the Tiger Hills, Seskatehewan, and
Central Labraodor), He also points out tue insdeguacy of the
abeve thecrics to exploin the wobile fobric whieh he observed.
He offers the following hypothesisd

"Washbourd moreinces in vhe Killarney

11:in rrobably orizineted by subgleeiel
tiiickening of grovnd morsine at & zone
of thrusting deval ved vhere tiwe briitle
svrface 1ce of ihe glacier exiendecd to



49,

the sUD Lu@;&l Tiser and pinchoed out the
Lu»tic tee' (Figure Bo. Y.

Tiiis harrens Quring the winter when the fce-front 1ls stutionary,
ané the line elorg which the brittle ice laver pircheu cut th
wlostic dce fs statiorery.
"Tae avellebility of subglucisl debris to the
thruct plones nay be g wmore imporlont condtrol
tharn eyelleal climelic phiencuenc, The amount
of eblotlon serpine derived Trom thrust plance
hes o profouvnd effect on the rate of thinning

noar the placlier largin ord henco L“e recereion
of the ridge derositing thrust zone,"

widespreod ocgurrences of wabhborrd moreines, s round
in northwestern Guebec, suzsest & resuler retrest of the last
ice sheel iy the srea conccerned, Whether or not these
moraineos have & sirictly annual slgrnificsnce ies «till open
to discussion. Normasn hes notieced that in the Chibougmnsgu
istlrict,
"the intervel betwee:: the moraines avierosing
500 to 70U feet and reeeching 1,000 feet in
riaccs eorresponds perfoctliy with the
intervels §Zl; to E2U fecl betweon successive
veurly fronty of tlwe lce durling 1tz rctrect
I Juebee as calcu‘ated from yarve neasure—
rents by antevs™
4 sluller correlotion of moreline ridges wiih warved cloys
a8 made by De Goer (194,0). EHoppe {19L8), on the other hang,
found no such correletion in enother district wné believen
that woshbosrd moralinos have no pericdiec significarce. The
enswer to such contradictory coneclusiclns wry be thot weshw

bosrd moreines have only an amnuval sigrificance when conditions

for their development are optimws,
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Fileviosleselel Depositss

The only depcsits of this category wiileh wlll be mentloned
arc lerge eskers, wuhich Hormen (1%38) called retrogrescive
eskers, ond extenslive ouiwesh depositis ascocietcd with them,
dmellier feuturcs have never been studles eystemsticelly in
northwecstern wucbee, and in eny casc tkhey are not important
In werking oul the late Ylcistocene evolution of the district.

The distribution ol these lerge deposlis has been coopiled
Yor the extrome northwestern pert of the Province of Quebsc by
Wilson (1v30), znd for an ares extendlyg from Opexmiska Lake to
Efstassind Lake by Normarn (193G, 193v).

Hetrogressive esliorg cre deseribed by Hormen e followss

"Ihe centrol part « o +» is a feirly uwniform sherp-
erestved rldse with stecy slores, That may exniend
vitheut change for severel @ilces. %The central
sherp-crested pricie is bordered on ctch side by
& continuvous series of kLetile holes end
depresslions thet serarveie the ridses from
lateral outwash apron on the ouiside puris of
these esivrs o o » The sandploine « « » reserble
the lerge eskers in heving wids latersl apro:c
of outwashed sand, but iustesd of & prozinent
sharp-crestcd central ridse have & central
chaln of kettle holes. The sandplising very in
width fros 1,500 to 10,000 feet o o o e Lfew
measurencnts nade show thet they very in height
frem 60 to at lesst 180 feet above edjrcent
level ground®,

The eskers gpreond ocut to wide Tiat-torped send pleine
with terraced sides. These steep sldes are intercretod by
1ost suithors as being fore-sct beds, The Lelis of outwesh
sunds and grevels ere believed to represent succexrsive snd

coalescent deltaic doposiis formed in front of a regulorly
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retreating ice sheet.

The mojor eskore of the Upeniske~Kistacoini bell are
often found alony shallow northesstcerly trending wiicyes notl
occupnicd by stremms and lakes, This means thet the ground

~hy had @ movized corbrol on the locetion of gisclel

-
=

torogra

streane benesth the ice,

7
3

nejor eskers phovn on FPigure Koo 10 in the Opesishka-

3

.4 ldzites belt heve beor oblaliied from copnilatiocn by

Den

#“istnos
Hormean and Shew; only & part of thenm are of the gient
retrogressive {ype deseribed mbove, Yhe two eskers shovn at
the extreue west side of Figure Ko, 10 belong to another
najor belt of reirogrcescive eskeors describoed by wWilson,
Fluvioglascial derosits of the tyre described ebove beve
been ercountered in other peris of Horih suerica wnd Horthern
zuropec. Apperenily ihe irsgi occwrrences mentioned were in
erces vwhore varved cleys are abundent, and consegucntly all
thie early theorles on the mode of formetion of thoese deposiis
wore based upon the presonce of & largo_;roglaoial water body
whore the major subglecicl stromm emcrgeé.from the 1ce sheot.
In thils respect, the situation is quite similar to thot
rresented In the study of washboaré moraines, It 1s to be
noted that in recent yeors, retrogressive cskers esnd sand
pleins have been dereribed from aroas where there is no
evidence of the formicr existerce of externsive proglecisl vigter
bodies (Fortier, 1949; Wright, 1957)., It would apresr thet

when the lheevily losded river which derosited the esker ridoe
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in the subglecliel channel reached the 1co berder, 1ts trans-
perting ypower decrecescd ropidiy becavse of thie removel of
wwérostatie pressure, end lts load vas dropped, $hls scems

sufTicient Lo explalin the dollaic deporwiis of sand and gravel,

end e prescpee of ¢ proglacial water body 1o therefose ot
rreveguisite, IL there werc sucih & progloacisl lsite in the
Chibovgmmau region, cone would expect to find e gradabion fron
sund erd 811t te vearved clays bovond the outwash send >idge.

Tie finest melerial ic mozt llkely rewmoved foriher by the nmelt-

water of proglaclal streons,
Frogleeclel Lalc Doposits:

The bounderics of verved ¢lay and silt deposits believod
to heve foruod on the botba: of the proglecisl leke Borlow-
Cjibwey are shown on Figure No. 8. %The sediments represent
thie sastermmost pari ©f on exiensive celey belt covering most
of Kortherr Ontario, for a total of approximately 66,000 sguave
miles, -

The totml thicimees of these lecustrine deposits is not
very grect, gencrally lecvs than 2% feet bub reaching & meximm

8t feect., The greater part of the depositics conscisto of

interlaminated beds of elay and silb, s=eein: Frew LA Lo 3/

of an inch in thickness. %he contact of the stratilficc clay

and sillt with the underlying glecisl drift ie vsuelly gradetional,
the stratified clay and silt giving plass Lo eipatifies saud
vxics dn turn passes downwerd inte tyricsl glaecisl till.



54.

Froun his study of verved cleys and silts ef Northern
Onterico and nmorthwestorn Quebee, antevs (1y2%) hus congluded

et the everes;e aunuerl rale of retreev of the lee during

[
o]
ot
©
ket
[

clstocenc time hes beern 630 feev. A elready stuted,
this diptanee lc of the sane order of nognitude ge the nmean
¢istance betwecn successive ridzes in ithe washbozrd morsines

cf the district,
Late Fleistocene History:

the dlrection of flow of the lee durin: lete Ilelstocene
time 1u cleurly indicutcd by the céistridbution of gleelel and
fiuvioglacinl deposits, and by the potitern of zlaciel stristions
which are¢ shewr on Figure lo. O,

ozt of the eree wus sovered by ithe so~gelled Labraderisn
ice-sheet whose eonter, at leest ot o lete stoge of glaciution,
ves locoted mesr Shelferville, soane 350 miles northeest of the
northern tip of Histsssinl Lske., The dircetion of low varied
frow south 350 West In tho Mistassing Leke region to slmost due
gouth near the Lyth Persllel.

e extrere west peri of the sreo wae covered by ice of
the Zecwantin shect, the center of which wes probably somewhere
in iflugson Bay. Here thie direction of flow weried from south
L,5° Bact to south 1¢° Bast,

ihe two fce sheots net rlorg o northesouthwest 1ine located
betwecr longitude 77° exd 78¢ Foct; they formed as interlobate

moraine south of tne S0th Yarellel {sce Wilson, 1938). #Herther
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north, &b & lebtc stzze, recdvencirn; ice of the Keevotin sheet
enercached on the territory previously coverced by “Lebradorien”
ice., This is shown by aoutheaszt glacied strise cuttlng souvth-
west strise., The Keewobin fce deposited an dmportsnt recessionel
morgine, the Broadboci: moreine, which extends for more then one
hundred miles in o northecst direction, reeching, according to
Shaw, as far ecst e Evans Lake.

On o regicns SCQIe,‘it hee beon notlced that till derosited
by the Labrsdericun ice shoet, which spreod over exteounslve arous
of gronites and grelsses, ie espentlally sandy; on the olher
hend the Keewantin ice sheet, which overrode Faleozole sedincnts
in the Jamee Bay rogion, deposited abundant boulder olay.

There are strong indicetions thet the reireat of the
Labredorian ice sheet curing lzte Plelstocene tine hos dbeon
rosuler and contizucus throushout the erea wnder study, This
is shown by the abundence of washboerd moreines, and the
precence of scveral eckers of the retrogressive type with thelr
assocliated sand fornmstions. No end moreine or reccasional
moraine deposited by thie ice sheet has been found, The
retreat of the Eeewatln ice sheei, on the oilier hand, wes
narked by irportant pericods of irwmobllity or oven recdvances
on ground previously sbandoned by the Lsbraderic: ice shecot,

These differences in the node of retreat were probably
¢cousec by difforent climatic conditions over the resrcctive
centers of glecizntions,

©5

whe presence of extensive varved clay and s8ilt gerocsite
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Indicetee thet et lecst poart of the areo deseribed biore hes
been covered by an extveunsive progl pefiel lekc. BEarly suthors
for example Coleoman erd Antevs, considered gt the eastern
132t of tiile lele corresnonded closely to the linmit of ovterop
of varves, Hermon hos chelleryed their viswn, and postuleted
thet Ledse OJibwey-Borlow extended oo far cost as o few nilos
veronG ¥istassind Leke, neor to the preszent height of lend,
altinough he mentione that varved cloeys are laciing or very
rere 4in the Catbougensu ond Eistassinl Dlstricte. In an
erdicle dealins with the Opeslekn Loke disirict, Hormen dese-
eribed serics of wave cul terrpces and boulder besches which
he found eround several hills et elevations from 120 to 261
feet sbove the present level of Lele Opemicln, He concluded
thet the Openifcla éistrict ruct have been covered by deep
waters belonning to the progleecipl Loks (fibuer-iberlow. To
supiert these vicwe, he nlic mentvioncd the abundence in the
iigtrict of washboord moraines, anrd the presence of severel
esizers of the retrogrescive trype. Ib has beon showvn earlicer
in thls gheptor thoet such deposits do not constitute any
rdiitionel proof of the prescnee of deer water. In another
article {1v3%) Hormon sugoestes thot Loke Ojibvav-Burlos
cxtended much farther eact, becguse the conditions of glscial
wastaze mnd deposition {(i.e. fomcztion of washbeard moraines

v

e unifcro

P

and petregressive eskers) appeor to hove boon guii

P

rom oo point 30 miles southwost of Gpemisks Leke to st learct

as for ec KHistasneini Lake, Feor the uplend countiry esct of



this leke, he notlced e delinile chanze In the type of
glaciel deposition svd coucluded that the eastern liwmlt of
Lase Cjiibway-Barlow must have been locatod theres He docs
not, however, noic eny wave-cutl terraces similer to thosc
deseribed In Ui Opemisike district. Helloon (1¥53) end
wWelkl {1vh3) hove noticed in thc Albanel Lske ares poorly
developed terrceces extiending to about $O fect mbove the
present loie level, SLnilar featurcs have bocn noticed by
Horeeroft (1y57) ﬁné.the Frevent euthor in the Chibovgeomau
Lzke area, These terreces, which are more or less parallcl
to the present shoroe of these leokes represent former higher
levels, and zre beolleved to have & locsd sipgnificance only.
Consequentily, there 1s no avalleble evidence thet Lake
OJibwar-Barlow exiended east beyrond the Opemiske Lake aorea,
posyr the present boundary of the clay belt., It is probeble
thet et the time the ice front pasced throuvgh thie erec, s
low outlct wos open, perkiaps towards Hudson Bey, end the lake
was repidly crained. Inis would exploein the absence of wovecut
terraces and similar features from the present level of Leoke

Opsmiske to sbout 120 feet sbhove ii.

Locsl Surrieisi Geolooy,

Introdveiion:

Yhe looation of the area witieh heas been aurvcycu in
soise detall by the muthor is shown on Figure 30;8, . Umly

the lergret derosits of recent loke silis erc shown,
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The dircction of moveasent of the lee during lsatle

2

¥leicbtocene btimes it indlcatsd by abundent siviee, grooves,
poenic mouborneee” and druwaling, Azimuths vary usielly

C

N
G

betweon south 357 veszt to south 507 west, bul In Bone places,
the fce {loved in & more westerly dlrcction plong pre-glaeicl

vallevs,

o«

Fhyslographs

Az & whole, the Chibougameu ddstrict &ispleys the
slizhitly wndulgting pletform landscape typlcel of most of the
Canodian Shield peneplain. The topographkic surfuce, which
dips gently to the weot, is slishily modified by bedrock hills,
snd recent unconsolidated deposiis,

The ares which hae been cévcped by thies survey nmay be
cubdivided into threc main parts (sce Figure dc. 1 ). Thelr
meirn physiogrerhy features heve beoen described by Mawdsley
and Norman (193%5).

To the north, & belt of oulwash sands and gravels stretches
in & northeasterly directlion through the northern part of
EcEenzie township, Paerther southwest, In the vicinity of
Upexzieln Minecs, sinmilar scdimenis are lmow: to reach e thick-
ness greater than 100 feet,

The central cree 1s formed of two bells of ridzes separated
by lower ground; locel relief ranges from 300 to 600 feet.

Tho northers ridses are underlain by ultrabssic rocks ond

grecnstones eepred by the younger Chibougsmsnu sediments,
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Livee of greenvvones. HWoot of

Tho souther: belt, which parelicis the northwest shore of

Dopre Loie s fer south us Csche Lake includes o gnorthicelic

intrusive capleox end subpareilel bunds of velcanle rocis end

Lebbroo grouped in the previous chapter under the genersl

ey

~

Giinan Leiko, the two belic Joln

[4

tc fora o vwide Ureet of kigh ground,.

e southicrn sros ie cccuplied by o field of drumilicld
rid;ces produclincy & low, roiling topograpilic swlace,

Ag 4t has elrepdy becen mentlioned, the greesl deprcecssion
of thie CGhlbougamau~-Dore Lake rogion 1s occeupled by granite, &
Tfolded sill~like mass of gebbro-prorihosite, intruded by
granitc siong the &xis of the antielinel fold. Belanger (ivio)
suggests that thie pre-~¥Pleistocone area vwas eliready & deprecsion
befere the beglrnlng of the gleciction, wihile lie ground to the
norihvest formed the rildgcs which remnmants can CLill'bG scoen
tedoya. Gloclal erosion urther lowered the ground unéerloin
by the granitc cnu procuced the cloged busins occupled now by
tiio twe lales,

The hydrogrephic network developed in soch phiysiographilc
divielon 18 quite characteristic, In the outwssh deposits,
streams ore geerce and flov An the direction of the general
iz € glope. The streaus of the hiily beli are coutrolled by
the strueture of the underlying rocks, and the main brooks
are subsegquent, In the southern gind western part of the ares,
sireama flow consistently in e southwest direection, following

-

dorresslons of "ocorruguied” or drumlinized till; in this part,
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the dreinecge system 1s poorly developoed gn€ Bwerps snG ponds
cre sbundant,

The preplecicl dreinsge potiern of the Rilly belt hes
beern modified te some exitend b pleeiel erosion end deposition.
The mein velicys hove becon medersicly deepencd; glucicel strise
imdiente thwel the fee vis fiveried from its regionnl dircction
or

ov bw sume of them. Deposition of till nss resulted in

o

fot

O

the Porm: tion of ponds ané swennl glong these vallers. dhe
sculhnviest dreiirace of the Bowrbesu Lelte resion wey reverscd
after the velley was poaritielly £11lled by coarse oubwash
gepcsits, Thic deposition of the sand plain on which the
Chibougemen townslte has been built resulted in the bloecling
of the norwmsl drilnese to the southwest end the fomutiocn of
Gllmon Lake, Along the hill glopes, mocst of the secondery
vulleys hove bee: fiiled with glacinl deroesite Lnd draiaaﬁe
is now accosplichied malnly by esecpogo.

That the hills vere ptrongly affected by glecicl erwcion
is shown by the high degrec of polishing of rocle ocuteropping
in elevated ground; elso the hill ereste have generally bocn

rounded or evern fluted in the direction of ice movenent.

B (2 [ S A .
L ) SPOUnU-igraiye

Growné moreine 45 the most common trpe of glecicl cenosii

-

i tho hilly peris of the Ohibougazesu district. It forme gn
Irreguler mantle varsing in thicimess fro: o few incher to

several teng of feet over poliched end stricted bedrock, and



1s plso found betwer. the drmmlin ridses where it fs often
covered by & thin layer of £ilt washed dows ivon Lhe drumlin
slopes, OGubtwoel sends end grovels cen be socn in seversl
places overlying gsrount morainc,

South of santoinciio Lok cad betwecn bavid end Coclie
Loites, ground mordaine dis; lers & cormuguled surlace whiech
rerresents o gredstion to the druslin ridges found Lertier

outii.

Fresh ground morsine is prescntly crnposcd elors recend
roadcuts ané other cxcaveticns., The sedlment is cospoet and
quite howozenous beneath the soll profile; no surlece leyer
of ablation moraire could be recogrized. 411 the sections

exanilned were interpreted as being compoced of o single t41l

sheets A studr of the mechanicel and minerciopical coarosition

of the tills lecad to the same couclusicn.
e nature of the metrlx of the ground moreine wnd oihor
glecial deposits will be discussed in detnil in Charter I,

(2) Druslins endé deunlincid ridoes

Iypical driwling ere restricted to the southern pert of
the erea surveyed., Yhelr long exes, oriented approximetely
south 300 east, vary In length between § and 1% miles; tho
length~breedth ratio Tluctunies fran 3 to 333 their meximum
heisht is estinated &t 150 feet,

few shellow and elongated t11l ridses are scaitered
throug hoxt the hilly velt, Ornly the most importaﬁt onee &re

indicated on thie accompanying mop.

61.



Several @rumline hove been opened up during tkhe recent
yeers 4An the com~se of rosd bullcing aund in the sesrch of
311 for underprewnd woriing 4 porticuleriy good exposwre

¢ be obeoerved neor the rood isading te Campbell CGhiboygonen

. - .. e ¥t o, r o 2
mires (oee rhcteoresi Be, 1), Che corc of the érumlin 4o

bi-foot leyer of stretificd, watcr-lzin moierlel vhose betding
mo-e 0F less porellels the surfuce of ke drunlin.  The swmaue
siructurcs have been recognized plong the mein highuey where
the expopures are older and partly obscurcé by elwyning. o

grunlineg having o bedrock core have becn noliced within ihe

Soutll of Seghic Leize severel draaliseid ridies entirely
conroucd of wellesoriod sand end grovel Lave beon epxplicited
for road melerial. These forames arc thougsht to be re-uoricd
ocutwaesh deposits erd have been indicasbed ns suchk on vhe
accomponying mep.

"Orap cnd $a211" $31) derosits are comuon southwest of

bedrock hillls, 4n excellent exwomple 1 found on the peninsuiae

scroreling Dore end Chibouwgamau lzites (sce lheotograph Ho. 24,

13
-

pr3
e
Jort

where & tongue of till extending muthwest from & bedroelk !
covers part of the Eeton Bay Correr doposit, Dlamond drilliing
dirclosed up to 1ED feet of overburden,

{3) Fluviosiceisl deuwoniis

The eoxtensive send and gravel deposlis which form the

62.

e
S bl
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nortn physiozraphkic divislion arc pert of o retrogressive
epizer-ond-delin system wirich extonds Intermitfently frozm the

northivest ond of Leke Albancl to the Gremiska Lake district,

P
.

Very 1ittle woerii hes been done by the writer in this eree,

therefore the deposlle wiil ot be studied hiere,

ixtencive oubweesh sends end graveis occur in the central
hilly erec, between the north ond south ridges, These sedl-
menve aprorently origineted in the Bourbeewn Lake arca, and
rey therefore belon; to the "rectrogressive outwash sysien”
rientioned ebove. The coarsest melerial, conpoced of coarée
to mediw: gravel 1, fiils partiy the velley extending from the
sovthwest bay of Bourbeau Lake, end continues for at lesst 2%
wiles. Sends aprear 1% nilles southwest of the leke end forms
& broed plain on which tihe Chibougemou townsite hes becern bullt.
The sedizents arc well bedded, end the beddins surfeccs dip
gently to the south and the southwest, indicating ithot the
gends form e brosd alluviecl fan., Further southwest, finec
outwosh occupices low ground in an aveca of "roches moutonnecs".

Ancther Lmportont occurrence of outwash deposits was
encountered fnmmedintely south of Cache Lake where thick
deposits of fine gravel and sand have been guarrled during
the constructlior of {the Chlbougamau highway. 4GThe sediments
heve beer reworkod by sdvaneciry ice and presont p druxmlinoid
guwrface which makes ther very hard to recognize Iraz true
glocial sediments on merisl photogrsphs, Yo the southeuent

the outwash deposlts grade inte low, swampy ground,



A few ordinory eskers heve been observed ond mapped
durins the soopling wori, One of them Lormod, southwest of
Herrill Island, & choeln of smell islends wl:dich heve becn com-

sletely reunoved by Caunvbell Chibougamew Hines end uscd ac

ctome~Pi11, The eslicy coibtirtes on the meinland, bebveen
Cechic and Dore lukes, {orairng in places two clusely sruted

ard perailel ridses.  FHhether or not 1t Iz directiy related to
tue extensive outwesh deposlis further southwest could rot be
determiieds LExecellent scctions geross this esker were cvalilablo
during the suwmmer of 19Y55. Funotogroihs ¥o. 3 bo 7 show o fow
tr;ical features.

() Rceent loke sediments

Sands, silts anc clayey silte are ofbten found in low
grovnd surrow ding lakes, The top few inches ere usunlly
couposed of coersec to medivn bend, end there i o gredation
wita dopth towerde finer meterigl, The sedlments arce 1isht
grey to blulch, which means that they have been deposited in
recuclig conditiono., They are siniler to nsterial being
eccwstdetod In the boitom of present lakes, and arc interpreted
ae repreceriing previouws hipher levele of these leler; this
Iinterpretation 18 gup;orted by the exitience of terraccs whith
heve becen: observed by the writer to lie wp to & few tens of
feet ebove the present level of the larger iskes, Horscreli't
{(Ferscial communicniion) hus found terroces slong the norih
ghiore of Chibougemsu Lalve,

Scuewint slniler scdinenis hove boen deposi%eé in derressions

separgling dmmlinoid ridges in the southern part of the arec.
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Soils oné Vepctation,

ntroduction:

The wmoot ecommwon mineral so0ils of tiwe southern pari of

-

the Canuiien dhield sre describod by Stobbe and Leahey (lyg3)

N

wiend pedscle bo byiecul grer-wosdod solls. Hydrasopphie
scilo are lso abundent becuuvse of the poor degrcee of into-

cration of the drelnege systom resuvitiing frow the Fieistocene

Yodzols cndé greye-wooded goils are both producis of
rodeoiizetion: w.der culteble conditions of tomperature,
rainrell end vegetation, sbundant ergenic zelids and otlior
subgtauces of groat polvent capacity are pro.uvced by thoe docay

- -

of swrleco organic matter, In toe podsols, these substences
renove Lfrom the solum most of the scluble molbs, such s
carbonates end suifeates, which may be originelly presont,

In grey=-wooded peile, which according to Stobbe and Lechey,
most often develop over calcarcous parent muterials, the saone
salts are removed from the upper soll horizone ané.mcre or
lecs concentroted in tho lower part of the soluxm. Grey wooded
solls ere, therefore, much less aeld than true poducis. In
&, & levere: s0il profile 18 produced 1n which
thie surlace organlic layer (4o, is underlein by s sene of
eluvizvion (AZ) from wiich most of the iron mnd alumivw: bos
bcen leached out; these metels, togciher with some colleidsgl

orzuenic meterlinl, are deposited as sesgui-oxides in & decper



fydromorphic solls develep when dreinage is poor,

cithier for topopraziiic reasons or beecsusze the sol
chicractoricstics prevent normel weoter filtrction.

- e Cyaste 4

WA g e pe s e T NPT s TP I - - v P F PR W 1
Intregenal solls wlicse mujor charactasristles are

1 profile
7n - <
iney ore

determined

by locul fezture rother than br climnte. Toe exireore mombop

cf thip esoil pgrour ic the boy £211 in vhich the
2] 1T

1z ¢t o nerr surfoce. There is e coxplete gredo

well droined podsclice soily end bog soils,

In the Cuibouvganau district, fully developed trues podzols

weter teble

tion belween

66.

are widespre:d in well droined terrene. PBrown podzolic soils |,

aich result from 2 less intense podzolizaticn, ereulss

comzon In some hilly parts, Ko groevewoodsd sclls

Tyrleel bog sclls, end hrdrozoryhilc types cuchk as

- %

2.8 ground weler podzolis hove developed where ton

co:.drticie gre favorchle,

Fodzolic soils:

vere obsery
Wil boge

oxrn:hic

el

Twe diffcrent types of podzolic so6ils heve becn receoznized

b: the writer in the Chlbougomau distriet: true

podsoels snd

browir podsolie sollis. The soll profiles chwracterizing theseo

Lo tyres ore shown in Figure lo, 11 (ofter Kallloux ondé

7‘1
&

by o manile of overburdon exceecdin: & few loct,

viries with the types of overburden, Corifcrous

Vesetation

trees, mostl

ie poedsols predanivete in well d&ruined terrancs covered
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Undecompcsed litter :
Partly decomposed organic m,, durk
Eluvial horison, light grey to white,
NNluvial horison, dark dbrown ( enri-
ched in humus, Pe and Al.)

T1luvial horison, yellowish brown,
mainly enriched in Pe sesquioxides.

Parent material,

TYPICAL PODIOL.

e ey By o o e by A

B KESE

P R e LU e i LA

L

. L T

oy
ol

Undecomposed litter. ‘
Partly decomposed organic m,, dark,
Mixture of humus and mineral =,
Ruvial horilor‘x light grey, often

: absent,
Illuvial horizon, dark reddish brown,

Nlluvial horison, yellowish brown,

Parent matorill light, p-oyi-h.

BROWN PODZOLIC SOIL.

g ey T

e ras e g
3 -

F'iq 11



ruce, predosinste over compuet boudder t1lls;
opley profer loosor and more sandy grownd sveh ws
iie layer of waber-washel scdiments eovering some drumiingg
pine 1s coungpicuous over culyesh: deposlite und sskers.

e A herluon of truc podzoli Gonelslo pertlelly of

X ot Y e,y -4 O . F. 1 SO, PO TR S
gecrored orgenic metier shoving o Librous or lamelinr

ruetuse;  thcre i3 only & thin sheet of well doveloped,

blec: hwenw at the botitom of this layer, e pom of
ciuvieiicn oy Aa Lhoripo:: ic well devolcped ond shar,ly

defired, IV is o vhite to grey, highly siliceous layer.

e I

s
C'
|.-A-

zon or gore of 1lluvistior may boe subdivicde! into
three portss  the le or upper gone is e thin, dntonscly
coleuwred layor in whiecx colleldzl humic materipl lentched
out of ihe swrleto organlc zone 1s fixed togelhier with some

no i o

1
[¢]

iron end eluwaisas sesguioxides) the underiyin 522
cozpact layer where cley mineruls tnd sesguloxides erc
acecumuloted; the E3 zone marke the frensition to the €

zen which i1s the unmodificd parent meteriel,

}

her
The depth of the podgolie golil deponds on local
conditions of drainaze and bBn the neture of the overburden.
e decpest solls gre found in arees of oubtwesh sance where
the combined widdhs of the B and C horlzons me: recch 36

s

ixnches

-

Eroun polnolic solils gre found in the csnirel Lilly

belt, In kizk ground and aleng frirly stecy slepes covurced -

kS
w

7 & tain layer of overburden. e forest cover ic counooed

68.
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of & mixtwre of syruce, belsoxn, and birch, with sbundsnt

Severzl imortent éifferences exiol bo veen the profiles
of breowr podsalic seils snd true rodzols,  In the brown podzolic
scils, (he A, horisen 25 rchsent or werifly develered,  She
surfoce A, layer of poartly decoryoned opgenic maticr io
seraraved from the B hopizon by & thin 4y leyer Torimed of o
pixture of orginic ond merginic moterial, She B horisoen 1o
charectorized by o weak concentration of seoiioxides, Soldon
hes cementntion or clay eceuwnuletion tolen Flaze, hence brown

redzolic £oils are generclly leoss end werl drained,

Hydrezorgric solls:

Kumcrous pent bogs ere scutlersd throughout the Chibougzamau
cigtrict ir low ground swrour -ding present lekos ana ponds,
vialieys vihich are moic or less ovbstrucied by 411l deposits,
end In {the derressions between druzling,

The lerzest reat-bogs, especially those_surfounding
breseut lakes, usually heve & boitox layer of seGimontary
peat mosily formed of reznonis of rond weed, water lilies,
etc, Overiying thie loyer 4c vericble thiclmiess of fibrcﬁa
peat which consicts levgely of purtly decouposed nmosses end
sphegmus. The top of ihe most umaturo boge is commo 1ly forned
ef & loyer of woody peat conteining sbundunt remanis of
cenifercus treece end under: srovti shirubs,

Veriptiors in the errangesent of prefile layers sre so

3

comuen that, as poinited out by Lyon, ot al 1s52), every peat



70.

At o rule, the thicime.z of pewat bogs in Colbougusia
doos not excecd U feel, clthough loeul accwndetions of
15 feel and more hove becn obscrved

ihe guriecc organic layer is conuoniy wederlaln by recent
iaze sedinmenis, which heve beeir previoucly dsoeribed.  In some
bozs of small size, the orgenic layer lumedlisztely overlie

rpical eoil hordzon called glel horizon and

1

bouider tili. & ©

cicrzcberizsed by ihe reduction of the ircn to the lerre
stete, has developed; It hus a lightl grey to bluish colour.

Vorious mocses anéd labrador teo form the consen under-
growik of Ciibougmmeu bogs. The trece eccover, 1 prescnt,
cosists ¢f gpruce sndé cedar, the iatier beiny in tie vi c¢1ity
of iekes.

I'. ol solls:

ihe pH of LO soil samples was determined in the leboratory,

using the procedure outlined in & previous section. The

results vary from 3.k to 7.0, which in terms of soils nmeans
xtremely acid to neutral conditions. In ell the verticel
rrofiles exomired, regerdlets of the soll {vre, the pl inercssces
stendily witlh deptih.
ihe mverege pH values found for the different horizons of
rodgoile solls In Chibougemau sre given in Table No. 3. Velues
reporied by Lyons et el, (1y52) for a well developed podzel

in Kew Zbrk State ere also tabulsted for Comparison.
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TADLE NU. 3

o,

Fii VALURS OF FODZULIC SCILS

Scil, horizon PR (Chibcugamau)" PE {Ye. York)
A 3.4 3.18
A2 3.9 Le20
B LT Le50
c 1.8 to 7.0 5080

Values obtsined for the two rejicns are fairly similsr
excent Tor the C horizon where, in Chibougemen, the pH
iricreszses with depth to values of 6 to 7, s shown in

Figure ¥o., , profilee 1 wnd 2, (Por the location of the
pl rrofiles, sce map No. 3 in backfolder,) In profile 2, the
pH of the C herizen varles with the coarseness ol the
scdiments, reaching the highest welues in cosrse sondy till,
It 1c Ainteresting to menlion thnt grey wooded solls have @
zone of gsecwmvdeitlion of celelun carbongte st o doptiy of 2 to
L feet (Leshey and Stobbe, 1943). AL this depth in
Chibougamau, the pH indicates gtill feirly aeld corcitlicns,
but higl pH valuce at grester depth mey indlecte the
precivitution of sovre taleliw: ceroonates, The Chibougamgu
80ils would then repyresent & transition type betwsen truec
podeols pnd grey=-wooded colls.

The pH of severel soil eamples collcected above heavily
carbonatized bedrock does not differ gipgnificantly from the
everone Tigures given cbove. 1In en arep of sbundent disscizina-
tion of pyrlic in the bedrccl, on the contrary, pH values of

L«G to L.l were obtrined in the B horizon of & podzol dGeveloped
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over & thin cover of boulder till, Those velues are well
below the ncrmal everase ond probebly here, the bedrock

composition has a Girect bewring on the pi of the overlyin:



YECHANICAL DISKz=RsIul BY GLACINES

troduction and Previous Warlt,

Fany investigctors in claciel geology, impressed by
the physiographic festwres displayed by differe:t types of
glacial deposits, have stucdled these deposits exclusivély
frosm the morrhologlcel point of view, and haove neglected to
gridly in their work the ordinery petrogreapnic methods
comzmonly used in the study of other sodlments. A4s a result,

littie is knowr of the petrography and minerclogy of glecial

73.

sediments althouvzh they cover extensive sreas of Narth Americe

and Europe.

In recent years, petrogrerhic methods of study of
glaclial sediments have been Increcsingly used in cases where
tze worpholozical epproach had felled to clarify the
stratigrephy of Pleistocene deposits, FPartmann (1956) gives
a deteiled review 6f these methods, whiech comprise mainly
meche:ical anelyses, fabric studies end petrogrephic -
minerelogical investigations,

Incouple to sediment-petrographic descriptions of tills
heve been published by authors who used for correlotion
purpeses the grain-size (Krumbein-19%33, Shepys, 1953), the
nuture of boulders and pebbles (MNacKintoch, 19ld;), and the
heavy minerals content of the fine fraction (Dreimenis snc

Reavely, 1953).
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Observations on the coarse meterigl of tills are
Teirly sbundent. They deal with the petrograrhic composition
of pebbles and cobbles, thelr reletion to the bedrocks, and
the disto ce this materiel has been transyoried by the ice.

Commenting on these studies, Gravenor (1951) writes:

"Fleistocene geologists have lon; cleimed
wat till Is lergely local in orisin o « o
that is the everaze distance of transport
iz orly e few nlles. This beliel i bused
primarily weon the tyre of pebbles found in
the &ill, and 1ittle sttention hus been
given to the fine fraction”.
Studyins heavy minerals from the fine fracivlon of tills
from south-western Ontario to evaluatc the contribution
of the Precambrian rocks of the shield to these tills,

Graﬁenor found that:

¥in gll eases bubt one, there wes more
crysinlline materisgl in the sand and
£ilt sizes thoen In the gravel sliges. . .
Tire t11il from Lindsay, Onisrio, contains
LE% erystalline materiel, yet a pebbie
count on the same ti1ll yielded only 18 =~
20% foreign material”,

Ixcellent studles on the pebble lithology of moraines
from the State of New York, Illinois and Montana-North
Dakota have been recently published by Holmes (1%52), An-
derson {195%), and Howard (1956),

Couplete seneral studles of Fi:nlsh glacilsel depositis
have boen published by Okio (194) and Kivekas (1946),
These writers have divided tills into seversl categories
depending on the predominant petrographic nature of the

sowrce bedrocik. They have deflined the mnechenical, chenmical,
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and ninerslogical cosposition of these different tills.
Eruger (1937) bhas nmade a compleve mechenical and

ninerslogical study of the sandy fraction of certaln tills

in ¥innesota with the purpose of confirmin: the main

strotipranhic divisions previously established by cther

metiods, Jucznefors (1v52) hos made & complete sediment-

petrogrernic study of the tills from tioc PeJels District

in northern Sweden, with the smue purpose In mind., Heference

will be made later to seversl of these publicetions.

MHechenicel anelysis of the fine fraction of iills,
Kechanisme of formotion of the fine fraction:

Fortmorn (1906) grouwps into three categeries the factors
vhich infiuvenco the grain size distribution:
g) Litholozieel natwe of the bedrock
b) Distance of transport
¢) Locul genetic conditions
The lithology of the bedrock, the bhardness and grain
slze of the rock-forming mirercls, esnd the degree of
racturing of the roclks are all imparbtant Tfactors to consider
when determining the effectlvenevs of glacisl erosion. Fine-
groined rocks and rocks forzed of coft minerals ave geubject
to severe abrasicn. Granitic rocks, on the other hand, are
ercdeé mostly by plucking or guarrying, ot least until ihe

suriace layer of weathered and open jointed material has been
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completely removed; then sbrasion nmey comnlete the glaciel
process of ercsion snd produce the polished rock surfaces
s0 characteristic of the Canwdlan shield.

Once tie rulerigl hes been seperoted from the bedrock
andé Incerporote. in the glacicr, ettrition mid erushing
become the sctive processes of mechanicel disintezrcoiion,
Holmes (1y52) has shown that the rotio between the distence
of transport of pevbles srd the rote of size reduction is
c¢ifferent for each litholozic trpe. He hos studied the
influence of the rock type on its size distribuetion within
the pebbie rene. Warling with an index grain size of & to
% of mn inch, he has found that the meximum freguency of

L
quartzite in tille oceurs close to the outcrous in the

'
direction of lice movement, while the same neximm for limestone
is located 25 mliles from the source in the same direction,
The reason 1s that the size of rock fragments detached by
plucking from quartzite outcrops is close to the index size
studied, waereas glacial ercsion of limestone procuces lerge
fragments seperated from the bedrock by plucking, as well as
evundant fine materiel erocdec by abrasion.

From these considerations, 11 is clear thet the bedrock
contributes In twe ways to the fine freection of tills: &
voriable smount of the fine Iraction 1s produceé by direct
ebrasion and the remainder is formed by mechanicel disintegra-
ticn of larger Traguents during thelr trausportetion by the ice.

Iy is also fmportunt to remerber that t11ls do not



necessarily and entirely form by direct erosicn of bedrocic
Sheprs (1y53) hes found in northeastern Ohio that the upper

piid, siaich 1g much fircr groined tharn the upaerlyin* ones,

15 mosbly composed of muterial derived from loese and ioke
seliirnis formed (uring the preceeding interglaclel period.

Krwsboin (1v33) has shown, fwthor, thet certalr tills of

3
Indicne and Iliinols gre comjos of sn epprecicble amount

Studert of glacial deposits in Scandineviac cormonly
Givicde tills into thﬁ Tollowlnz four categories, depend ng
on whicnh size group is predoxinenti grevel-tillis, sand-
tills, silt-tilis and cley-tills,

Kivekes (1vi6) hes ctudied the influence of the natwe
of thc bedrock on uhie mechanicel compesition of the tiil -
matrix in parts of Finlend where srecific rock-{ypes pro-
doninate large areas, He reechec tne conclusion thet,
regardless of the bedreck geology, sandy tills ere by far
the most sbundant sll over the country. A complete study
of the grain-size distribution, however, shows systematic
differences do exist, for exmmpled the mverage cley content.
of sencéy tilis derived mostiy from basic rocits 1s twice that
of tills formed fron grenites and gneisses; tllls in which
fine silt or soarse cley fractlon: predomircte cre conspi-
clously scarce; andc fine-clay tills form 22 percent of the

unsorted glseclial sedlments derived frow basic rocks,

It i1s evident then thet there is & preferenticl size to
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viiich rocke-material is reduced by glaciel crocsion, provided
it is trensporitcd suificiontly fer, This 1s probebly explained
by the fact tiet most rociis sre structurelly heterogencous;
vonen they ere subnmlttied to crushing, the fractures produced
tend tu pass preferentislly torow h grein boundaries cnd a
lerge proportion of the meteriel obiuined is of tle aversge
grein size of the rocit, The samc situation is commonly
observed in the producis of artificisl ecruchin; devices
(scc Gandir., 1926}, Once this preferentisl grain size has
been sttained, crushﬁng Tfollows the normal lavs, ab least for
minerals which have no proulnent cleevago, end the work
regulred to crush tae meterial further incresses in & geo-
- metricel retio witix s decretcse in particle size. Most of the
fine clay size molerial is not tle resull of progressive
recuction of larger particles by crushing; ratier,it is
produced by other processes such as
ard contains most probably minereslogicully diffcrent products.

Topogrophy and amount of water present during the
derosition of the t1ll ere mmong the most important genetic
factors influencing the grain-size of the metrix., 4bletion
vilis, which forms at & very lale stege in the presence of
sbundent meltweter, gpre often crudely sorted and the matrix
is coarser then that of ground moreine formed from sikilar
rogk materiel,

It has been noticod in central Sweder that ti11 covering

high ground and the upper rart of hill slopes is generally

|
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compact with e fine metrix end has & laricllel strictwre

which indicates thot it hos been deposited under a heavy

lowver vart of slopes end velley botioms 1s coarser and rich
3w loecal muterial (Okito, 1yldi)., 4n orp.czlitve sltuatlon is
deseribed by Hoimes {1yE2) in tls Stete of ew Yoriz, where
£ille ere more surndy and loose on hign parts ien in depressicns.
Torogrephy may thus lave an luportent influcnce on the
grein size distribution of moraiues, but its influeice is
difficult to eveluate,
hecnaL¢La1 coampos ition af thic firm Irection of
Chibongemau tills?
The Wentworth size elessifiertion, which will be used
in the followin; discussion, is glven for refercuce in Tgble
i
Yio. k. |
TaBLE HO. b

Part of Wentworth size classirication with correspbndmg
Stenderd Tyler Sleves

Porticle Dismeter Wentworth Clsssification

&m..".'......" 9 mesh*........ ’

Oot)lm (1/2) oo--otolnnocoun'.aio‘) coerse Band
O l17mae veeevnss 35 meshite.o.an,
0295‘4 1.“....., -6 mesl’l*.......‘
u.2f>mm (l/li) sssrsse st BRNE RIORRS

medaiwn sand

0,125 {1/€)eeeevivnsvoccsanass Tine sgnd

0.10, Tl noo»v.a.l!‘—:o mDSﬂ'f---..-c‘
G O .1....-..00200 me"’h'" LR 2 NN IS )

)
)
)
O lir}‘-—oﬁooon-vtﬁilou mOS?H.‘ ..'.‘.g
e ULET }
0.06 Pasonad ‘1/16}-----o--oonc--.-io)

very Iine sand

0.00Lan {1/256)!0!00--.0.0."4.0} ﬁilt
0-00].;13‘&1.....-...-_t,oo_t-out.oto-o.) 018}'

®screen slzes used in the dry sieving




Table No. 5 shows the result of the mechwnical enalyses
of nireteen till samples. %he seme dcte are represented in
Pigurc Lo. 12 in the ferm of cumulative curves. For
comnparison, two other curves describing sediments deposited
b" vater have been iicluded in the dilagrant the first one
gives the granuwlometry of a reworied outwash dercczilt (curve
To, 6) anéd the second one reprecgeris & rece:i lake s5ilt
collecied within the same gencral srec (curve L. 27). Tae
tills studied mey be grouped irto two mailn types.

The Lirst type of till is rerresented by all curves 1yving
between curves No., 16 and 12. It shows e wide rarge of grain

sizc which is characterlstic of secimerts deposited Cirectly

bereath the ice, away from the sorting actiocn of meltwater,

T e

Ground moraine, drimlins, ete. zre often composed of such
moterial, Udost of the curves lic within o nerrow renge of
veivees, Smzple No. 16 is coerser than ususl, while samiles
Fos. 7, 10 &nd 12 have a perticularly fine matrix; neverthe-
less, the gencral share of thelr cumulastive curves is
ginilar to that of the obher ti1ll samples belonging to the

same category end they most probably formed under similar

senples are within the decpest collectied,

Curves Nos. L, 2 and 26 represec:.t & sccond type of
till, in which the compurisons ore coicentrabed within s much
nerrover renge; they contain mor. ithan YUp of send perticles.

They cre locabed bebweon the typicsal till curves described




Table No. 5

MECHANICAL ANALYSES OF TILL SAMPLES

Orade Sizos in Millimeters
. Feat ¢ % % 2,0 0.7 0.295 0.149 0.100 0,074 0.05 0,01 0.005 minus
Sample Depth % Clay Silt 9and 0.L17 0.295 0,149 0.100 0,07k 0.05 0401 0,005 0.002 0,002

b0 32,9 6301 140 7.0 20,5 10.3 1.8 18,8 19.3 3.3 2.7 2.

21 5 0.3 3.5 65,2 1L.0 6.6 19.4 103 6.1 18,1 23.6 1.8 0.3
23 6.1 36,6 573 12,9 6.2 16,8 9.6 2.8 17.9 2hhi 2.3 2,5 b5
211 05 "5-6""" 9hoh h?oa 1205 2200 703 ho? 5 6

3 6 3.0 27,9 69.1  21.5 - 9e3 A3 9.7 1.0 12,6 17,9 3.7 3.0
h h 107 709 910h 3802 lhoh 27.6 7.6 205 2.6 3.5 1.7 1.6
5 k 3okt L2.h She2 1he2 6.6 19,1 9.6 1.2 1h.1 26,8 L4eO Lok
6 20 - - 10.0 8101 11.7 5'9 0.8 002 0-5 . ‘
7 10 Le9 5246 42,5 9.9 Le9 Ihe? 3.2 3.9 1148 396 6.0 3.3 2.7
10 8 7e1 18.9 LkieO 10,5 hLel 12.2 T7e2 5.0 19,2 29.7 kLe2 2.3 5.6
1 L 1.5 25,8 72,7 21.0 6.5 21,2 12,3 7.5 18.5 18.3 1.2 1.5
12 10 10.5 L7.7 418 842 kel 12,6 Te6 Lo 15.5 29.0 6.7 2.6 8.8
13 3 0.3 25.5 The?2 19.7 8.6 21,9 12,1 6.4 11.0 19.1 0.8 0.3
15 3 h.a 31‘-0 61.2 18.6 6.3 16¢3 902 6.0 9.8 zhil h.g hIB
16 5 1el 19,6 793 306 9.3 19,9 8.6 5.1 11.7 12,0 1.6 1.1
17 5 3e7 31.1 6542 20,5 6.5 169 9 5.6 12,6 20,7 3.2 2,3 2.2
18 5 1.8 33,0 65,2 19.h 6.8 16,3 Tl 3.7 23.518.1 2.8 1.2 0.9
10
b,
3
b
L

Ok 30.6 69.0 10.6 5.7 20k 10.7 5.8 15.6 20.5 2.2  0.L

0,07h 0,062 0,042 0,031 0.023 0,016 0.012 0,008 0,006 minus
0,062 0.042 0,031 0,023 0,016 0,012 0,008 0,006 0,004 0,004

s 5 2.3 308 66,9 18.2 8.1 181 8.7 7.4 5.3 5.3 59 S5a L7 27 2bh 3.0 1.6 23
260 2 1.6 8.1 90.3 LB8.015.3 17,0 3.7 2.5 3.8 1.3 Lh 10 1.6 0.5 1.0 0.7 0.7 1

# Pipstte method for the mimus 0.07L mm. fraction.

. "[8
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ebove , and curve Ho. 6 which represents & coarse oulwash
scdiment. Tills belonging to ti:is category heve been
deprived of mosl of their silt and cley content by water-
weshing either at the time of thelr cdeposition or lutor,
Suwaples Hos. 2 ond 26 viere collected at a perticularly
shallow depthh (1 to 2 feel). Sasple Ho. &b wus takern from
& pravel pit ot thie botton of & steep slope, in o crudely
svtatified till where the action of nmeltwator woe evident.
iZe percentege of sand, silt and cley in each sauple

has been computed in Table Koo 5 . The reictive content

of sund and silt varies cousiderably frosz one sample to the

next, but this is not perticularly significant beceousc the

predomivent grein size in most tills is either very fine

sencd or very coerse silt., 4 smell veriction in mecharnicel

conrosition produces ¢ large chonge in the sende-silt ratic.
A study of statistical constante given 4in Yeble No, 6,

end obteined froz the freguency curves, is more significant.

The velues tobulated may be defined es follows:

The I'irst guartile, Q1 i1s the grain-size corresponding to

thie 25% weight mark on the cumulative curve;

She median 1g the grain-size for the 50% weight mark on the

cumulative curve;

fhe thire guariile, @3, is the grain-size corresnondéing o

the T5% weight mark on the cumilative curve.

The quertile deviation is &3 - Q1
2
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STATISTICAL CULSTANTS OF Tl TILL SANFLES

Saxmile 3rd quertile let quartile medion @Quertile Difference
3 G370 0.051 5.166 0.160
L U650 0.17¢ G.310 C.2bt
5 0.250 0.328 0,096 U.109
6 1.220 UL 70 0.76 0.375
7 ©G.182 0.0185 0.0L7 ¢.082
10 0.165 0.0245 G,058 G. 70
i1 0.330 0.057 0.1l ¢.136
12 0,150 0.0185 0,05l C.066
13 0,330 0,060 0.151 0.13%
1l 6.315 0.036 0,115 ¢.139
1c 0.295 0.032 G.108 (.131
16 0.51C 0.070 0.208 0.220
17 0.32% ~ 6.0L2 0.115% 0.1l
15 0.310 0.052  ©.038 0.129
20 0.250 0.046 0.106 0.102
21 0,250 c.047 0.100 0.101
23 G.225 0.03% G. 068 0.095
2l 6§60 0,167 0.385 0.336
25 0.290 0.052 0.126 0,117

26 0.860 0.190 C.Lo0 0.335
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Pigare Ke, 13 shovws the variction of the medien and the

-

cuertilie ceviction slong the two 111 senrling traverecs.
ihe emme grouring into two distlincet calegorics, ss obtuined
from the drect study of the cumuloative ciwrves, 1s pocsiblo,.
For theo fivet growy of tiils viich &inve rot boen offected
by meltwaber, the mcdlor varies usunlly between C.057 end
(a160 rmm. The vazlues fluctuate rather irreswderliy snd there
Iv e svstenotic varistion elong the direction of ice move-

ient, The medlizrn for smuyle Ne, 16 is es high s 0,235 o,

The guortile deviatlon follows closely the medicn decistion,
tut is als equal to 1t or =lightly higher; thic meens
that e lel finer ther the medlan wvalue is the more
ehundont, For the tills which have been affecied by

ruinin: woalter, these vealues ere much hirher in the mcéian

is elwars morkedly lower tharn the medisn deviztion which

indicates thct material cosrser the: the median predominste.
Coneclusions and Comparison with other regions:

As o rule, the tills of the Chibougamsu district have

»~ .

a natrix composed predosinantly of fine sand., Furely sandy
varieties arc often founé near the surface, wherc most of

the finer particles have been resoved by rumning water, The
deepest semples collected, however, show a slight predominence

of the 2ilt fraction over the sand., Locally, where meliwater
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from the ice vwas involved, sedimentetion, a cosrse sandy

P

£111 Gisplevinz a crude strotificsiion wes Geposited.
Exeluding these verieticns due to local circumstances, the
tille studied have o very conslaont mechanical composition,

-~

lecharical composition hes bocn used for correleating

»
...

t111 shects by Xrumbein (1933), D"Clmani' ard Reentley
(19E3) ond others, Kruw beln, Invesbigsting the stretigrazhy
of glecial derosits ir the northern United States, has

shown thet mechericel varigtions cosparable to thoce cghown
on Figure Ho. 1. are normally found within e siigle till
shect., The present stud; indicates that zll the t111
sam:;les collecicd in the Chibougemau district wercec taken
from/giagle geologiczl unit.

Table Ho. 7 gilves the averege content of the Chilbougamau
tills 4n send, silt and ecley., Samples Fee, L, 2 cna 26
hzve not been included in the couputation of this avera:e
s they represcrt modified types. The results obiained by
several workers in the Scandinevien Frrecambrian shleld are
also tabuloted for comparison., All the data have beon: recel-
culated for the size fraction below 2 mm, usirng the Wentworth
class limits.,

The similerity between the resulis obtalned by Jzeznefors
and the presgent auther i1s striiting; Okike!s results cre also
very similer, with a slight lncrease in the sand coniont

eseinst the silt percentege.



Table Nb.]if

SAND, SILT AXD CLAY CONTENT OF TILLS
Author. Location.  Fo. of  Send S11t Clay
samples, ave range. ave Tange ave TANZS .
T , ) ,
S. Ve B& CMbmgmz 16 61.9 !LI;B-T?-B 3’.(..6 19.6"52.6 3.5 0-3"1005 '
8. Ve E& Ch’.bougam 3 92.0 . 9003-9hdh Tl 5.2"8-1 0.9 ool]."lt?
Jaernefors P Pajala, K. E 61.6 3546 2.8
(1952) Swede,
Okko Rorthwest 2 70.6 26.0 4.0
Kivekns Finland ' rmmerous 56.5 ' 33.5 10,0
Same Sames' Same 47.5 32.5 20.0
Seme Same ‘ 143 62.5 29.5 8.0
Same Bame 48 37.5 51.5 11.0
1, Semples no. 3,5,7,10,11,13 to 18,20,21, 23,25,
2, Samples no. L}yZ’.L,ZGo
3, Granite~gneiss till.
. Basic rocks till,
5- Sm&y t1l1l.
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Fart of the date contoifed in Teble No. 7 15 represented
grayhicaily in Figure Neo. 1. The everage mechanical
compositior of Chlbougemau tilis is very close to thet of the
gverace sendy till of Finlaend, The clay content in Chibougemau
is notably lower, but it should be remembercd thant the avefage
Pimmish figure 15 partly mede up of sandy t1ils produced from
extersive bacic bedrccks, which y¥ileld s reletively high clay

freetion, The curve rerresenting the Chibougameu tills 1s

- 1 ) .
slso close to Hivekas?! avera’c curve for granite-gneiss tills,

with the esane restrictions concerning the elay content,

Mineralogical study of the fine froction of tills.

Introduction and previous work:

Host of what has been said cn the mechanism of fonmétioh
of the fine frection of tills (sce scction previous) has &
direct bearing on its minercloglcal composition,

To the knowledze of the writer, only two workers have
rublished results of complete‘mineralogical stucdles of the
fire fractlon of tills.

Kruzer (1937) has established the mineralogicel cheracter-
ietics of the fowr main till sheets In Kinnesots, woriting on
scts of widely spaced samples. He hos found thet the dis-
tribution of light minersls (mostly gquartz and feldspears) is
very irreguler and consequently, these minerals tonnot be

used in correlaeting shects, Concerning the heavy minerals,
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n

he considers thet slthough the minerslosy i1s rather complex
the diifferent shects of glacial drift can be ldentificd by
their tyricel heavy minerels assembloges.

Jaezgnefors (1952) hes studled the mineralogicel com-
position of the fine froction of tiils stretigravhically,
end Tfrom the varictions in minerslogy within g single till
sheet in the direction of ice movement. He found thet in
the two 111l sheets Investlgated the compositibn o’ the
1light fraction was rather conslan:t a2long the traverses., A
good distinetion between the two tilils was obtained on the
basls of the magnctlite content. Regsrding the conposition
of the fine fraction of tills 1In relation to the underlying
bedrocks, Jaezgnefors showed that the relatively essily |
weethered greenstones appesr very rapidly in the Line
fraction of tills in the form of gbundant hornblende grains.,

Kivelas ' (176) study of Finnish moraines does not
izelude any ﬁineralogical exorinotlion of the fine frection

of these scdiments; rether, he analysed chemically the

9l.

minus O0.2mm fraction and calculated & thereticel mincralogical

composition from the anslyticszl results.

Kinerclogical compesition of the fine fraction of tills:

The results of the mineralogical study of the minus 100 -

plus 150 mesh fraction of t1lls are given in Teable Yo. 8.
The mineralogicel composition of a reworked outwesh deposit

represented by sample No. 6 is also given for comparison,




TABLE No._8
MINERALOGICAL _COMPOSITION OF 100 = 150 MESH FRACTION OF TILLS

Light Fraction

Heavy Fraction

Total Quarts Plaglo Kfeld Sericite
Sample W % v % v vV % v %
3 92,9 46.5 38 11 4.5
4 84.4 47.5 35,5 13 4
5 94.4 49.5 34,5 12.5 3:5
6 8l.9 42.5 38 11 8.5
7 93:86 46.5 37.8 11 5
10 95.4 47 40 - 10 3
11l 92.9 49.5 33:5 12,5 4.5
12 92,4 48B.5 37 9.8 5
13 02.7 53,5 32 9.5 5
14 92.8 47.5 37 11 4.5
15 94.6 47.3 33.6 13,9 5.2
16 83.6 48.5 31.5 11.8 8.5
17 83 49.5 39.5 7 4
18 5.1 47.3 34.1 10.9 7.7
20 93:.4 47.5 38,5 14.5 1.5
2l 83.7 46 36.5 12 5.5
23 94.3 47.5 34:5 14 4
24 92.1 53 31 12 4
25 95 62.4 29 . 10,5 8.1
26 85 45 37 14 4
Av, cat. .
Noi 1 83,7 48.4 35:3 11.3 5
Av. cat. :
No, 2 87.2 48.5 34.5 13 4

Z6

i~

Total Magn Amph* Epidot* Biot* Undet.*
W % W% Vb V % vV % Y %
7.1 4.9 67.8 9.5 - 5.2 17.5
15.6 239 69-5 10.5 8.5 11.5
5.6 8.7 62.5 4 6.5 27
18.1 13.6 64.5 4.5 7 24
6.4 6.3 69,5 3 8.5 19
4.6 5.9 67.5 7 5.5 20
7.1 5.1 73.5 4 7 15
7.6 4,1 57 8.5 4 30,5
7:3 3.8 65.5 5 6.5 23
7:i3 4,8 57.5 8 7.5 27
5i4 3.3 62 6.5 10.5 21
6.4 5.6 59,5 10.5 14 16
7 4,6 69 6.5 6.5 ls8
4,9 8.6 68 10.5 8.5 13
8.6 5.6 ©69.5 3.5 8 18
6.3 4,2 66,5 ] 5.8 19
5.7 4,4 63.5 3 13.5 20
7:9 18,2 65 3 7.8 24.5
5 7 58 3 8 30
15 10.8 56 - 4 17.5 22:5
6.3 5.3 64.8 6.3 8.4 20:5
12.8 10.6 ¢€3.5 5.8 10.7 20
7.3 6.1 64.6 6.2 8.8 20.4

* Volume percent in the heavy fractioh minus maghetite.
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The same data are graphliczlly exsressed in Figure Ko. 15
end 16, where the samples from two traverscs hes becn
grouped.

Thie weipht percentege of heavy =inerals in the undisturbed
tills is falrly uniforri it verlecs from l,6 to 7.C end
averezes 6.3 percent. There 1s no eprarent systenctic
relcotion between the mechanicel compositlion of the tills
gnd their henvy mirersls content, nor is there a systemsziic
variation irn the hezvy ninerzls contert in the dirceticn of
lce movement.

The heevy mincerals content of glacial sediments which
have becn affected by rurning water (Fos. l, 2l and 26) is
ustelly much higher. The &veraze for the threc samples
studied is 12.8 weight percent.

The mineraloglcal cqmpogitlon of the index size fraction
of Chibougameu tiils is expressed g aphically in volime
percent in Figures Nos, 15 and 16.

In the 1lizht fraction, ouartz 1s by far the most
abundant rineral, with en averaze volume percent of L&.4
in the 19 till samples exaemined. The anouwnt veries usuelly
within very narrov limits excert in saeples Fos. 13, 2 end

S where it receches 53 percent. Greins src tyricelly angular,

The group of potash feldspers conteins slso a fev flakes
of muscovite. The eversge veiwume percentage 1s 11.6.

Ihe plagioclase group includes scarce greins of olbite -

ricl saussuzitizetion products. The average volume percent
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fer the grour ic 3.2

The weln part of the undetoernined grovp forms an
intericdicte Irietion of nimeral ;[rains hoving a density
ppproochiing 2.8% (vhileh ls the density of the llguld used
1n the grovily separation), This group is mude up of
abundant clowdy praing reoyresenting various alteration
products. Sericlte Lio often o major consilluent as thown
by the spobiy wellou stain.rosultjn freon thwe zodiw coboltl-
nitrite treatuent. It conteins also chilorlitic graing, end
fou fluaes of biebtite which did not siplk during the heovy
liguid seporation,

Thero is no systematic variatlon in the percentose of
minerals comnocging the 1ight fractio. alorng the two travorse
iines (in the direciion of the icc flow); also, Lhere is no
differonce in the proportion of these miierals betwoen
undlsturbed billis ond glaclal scdlwents sorted to come
extent by water.

The heavy ndnerals fructlon hes o much nove varled
composition,

The mroup termed amphibole in Teble Moo & 1s actually
o conposlte grceuy containing the iol]onin; in order of
decreasirng abndanced dork green to bluleh groeen, strongly
rleiochrelic heornblende; more or lecs urallticed auglte with
9 variable cmount of l1lmenlte incluslons secattcered or

concentrated along clenvage planes; very pele green to

yellowlsh actirolite; end a few greins of Lroech pyroxene.
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Tids group 1s by fur the rniost abundant In the heavy
fraction of tills. Its volume percentaso in the heavy
minerals frectlon varies from 57 to 73.% percent, In the
first traverse (4) there-is a morked incrence in amphibole-
pyroxcne content towerds the south; the scuthc.rmmost sample
Ho. 16, mokes exceprtion to this genersl trend. In the
second traverse, somrles Nos, 11 ond 15 have a moro erratic
M stribution of these minerales, but rercontsies erc as a
rule hisher than avernse.

In the gsussurlte colura of Table Nlo. 9 is Indicated
tho volume percentase of zgrains posltively 1ldentified as
o mixturo of molslie and other zlteration produwects. The
undetermined grovp probably conteins sinilaor materlal which
could 1ot be 1dentificd with certeinty. The averaje for the
19 till smmiles 1z 62 volume percest of the heavy Lraction,

with a variation rrom 3.0 to 10.5.

-
!

The blorlte percentoge is highly varlable, probably
becouss of ti:e ense with which this minersl is concentruted
by flototion. The averaze content is 8.8 poreent by volume,
and variations from h to 17.5 percent were rccordod. A
smuli rart of the blotite was floated oif with the light
minerels so ihat the flgures glven arc slightly below the
true content.

The undetermined grovp of minerals 1s modo up of a
erlety of minerasl speeles formaing the usuel sulie of access-

orles of intrusive rocks, a2 few grains of dolormliie, various
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vrrecognizable rrodvets of alterntlor, and wlreral grains
conted with ireon oxidos. The mount of wndetermined mihornls
averai;es 20 percent by volimo end vorics fuom L1.3 te 30.5
percert. This vorintion depends parily on the degres of
weothoring of the natorial studled; 1t hae o diicet berring
on the recorded amovet of idertified mirerels of the heevy
fraction.

The veriotlone in the rercentse of the Sl ec lust
grouvps of heavy mi:erals cre wnrclotced to the i pesg of metberial
sampled. There 1s no svstow tie change in the direction of
the ice Tlow.

The axncunt of magnetite is expre ced iIn woeizht percent
of the heavy frretion. Undisturbed tills centeln Trom 3.3
to 7.0 percent of this ninerasl, averailn; £.3 rerceut. The
magnetite cortent In samples Nos. 2l ond 26, shich khave been
pertly woaterwunshed, i1s ruch higher, being 13,2 nnd 10.8
percent resvectively. S8Ssnple No. I, which reprosents o
crudely stratified till, has only 2.9 pcreent magnetite,
Thi. compercs with 13.6 peorcent in the reworlied oulwach
depnoslit represented by somple M, 2, Alonyg tho traverses,
the varistions 10 magnetlite are incousistont.

The estimnted denelties of the differcnt ﬁincyal
groups described above are rs follows:

Light nincrnls - T o 1 S <11

-

(Flagiceluoos (avern 6-
oligoclise ), 2,66

(

il feldspars -imlcrocline

( & orthoclase).2,55
(
(

Unidentified.iseecossnes2.85
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Hoavy minerols - (Avgite 2 urnlibe...vevsves 325
kSaussuritc (r1ch in zoizlte,3,25
gBiotite.....................3.01
(Unide: iflecde v iiivevevenes3l.30

Uain: theze velucs, and tazing into accornt lhe average

ratlo of hecvyy wingrels to light wminerals, the overage
mnernlogical composition of the two main types of tllls
rapresented in Chibougeamau hos becn calculsted, 'he

resulis avre given Iin Table W . 9 .
Coneclizions and conmparlson with previous work:

Tho prcce: t study hrs shuwn thet there is litble or
Lo relation bediroen (e comresition of the fire Ifractlion of
t1lls ord the =obture of the widerlying bedeocikn.

Troverses A is alimost entircly wmnderlain by "grecnstones
and gobhrole roclzs.  Its south end ropchas the Chibevgamau
grauite, and anorthoslite moy be present in a drift covired
arca between he granite cnd the Cache Lalie ;ebbro. Traverse
B sturts, ot 1isc north end, nceer the "eroonstone' ancrthosite
contact, ond 1s cntirely underlairy: by oncorthesite, Yet the
nincratesisol coyositlon of the landex size froctvion of tills
pcved clony; e two lirves i very cisilor,

A lor_e part of the 1cdentiflied 1i;ht miicrals, which
maize v os auch ag 90 percent of tle index size froction, has
been derived from the vast areans of grovlies and gneisses

located west and east of Histavel.d Luke, twenty miles or




TABLE RO. 9
RECALCULATED MINERALOGICAL COMPOSITION - 100~150 MESH FRACTION

OF TILLS
T1ll Group. Quartz Plaglo = K- Feld. Hornblende Hagnetlits Blotite Sauss. Unid.
Washed T1ll 11.2.3 30.2 10.9 701{. 1.2 l.1 . 007 603
Outwash (n006} 31].07 31.1 8.6 10¢3 262 1.0 0.7 11.3

. "00T
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more in the direction from which the iecc moved, Fart of the

]

nertz and plegioelnse grains probably belon: to the Opemlska
godinments, Jimmediately goubth of the granltcs ond gnelsncs,
Moot of the amchilbole tnd vyroxence (v 'ng, which form

nore than half of the bhenvy mirersls fractlon, have a moro
local oripin. Althoush scarce in the gronites and pgrelsses,
these mincerelns constitube as el as EO percent of the

" snd nossoclated

Cremisico proywacles vna tho Noner natones
roclzs. WYeaverse B iz locatzd enbtirely south of tho hilly

helt wnderloin by these rocis, wvhile troaverse A starts
within these hilis to end in the lower ground south of them.
Thie hoernblende-vyroncne content of t1lills in thie northern
vort of troverse A 1ls morlzeodly lower thar that of all the
other sem:lrs,  This may Indicsate that the hor:blende-pyroxene
content reaches o raximen, In the indesr size Zroction,
Inmodlcately zovrth of the hillls which were sironply alfected
by gleeial cresion vnbll the lotest stoge of tho Rleeciation,
and provided an abundonce of these mirciels. e hornblende
co: tent drors ot the southern end of botll: traversces, probably

bocause thii

Q

anily cleaved minceral hag undergone Duarther.
divigion and ig concentrated in fractiong fliicr than tho cone
studied,

The low content of tho indexn slize fractlion in products
of mavssuritizatlon 1s notewortly, consrdering the abundance
of thls materinl in all the roclic of the CLib.ougamau dlastrict,

4 on experiment, a plece of Utynical anorihosite from the
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Dore Lake area was crushed and the minus 100~ zlus 150 mesh
fraction was seporated by sleving. 4 grovily separation wiﬁh
the liguid used for the till samplies rroduced a hicavy froction
containing v0 perces.t of the orlginal moatericl. An exoamino-
tion under e microéCOpe showed en abundaice of grains rich
in fine crystals of' zolzlte and o fev grainc of chloritle
material in the heavy frection, and wlbite rich grains In

the 1lizht frection. ALl the maberlal was readily identifi-
eble. The conclusion 1s thirt the anorthosite does not
contribute to any ncticeable extent to Lhe index slze fraction.
of tillé{@ﬁdcrlain by that roclk. h

‘hé{ﬁéavy minorels proportion in Clilbovgeaau Tilis ié
quite compgfablc {o the anounts glven Ly Krugecr for different
t111 shects in Minnesota. Fimnish t1lls arc rnerkecly rilcher
in heavy milnerals., Kivekas gives on aversge of 7.5 percent
for basie moraines and 10.2 percent f'or graniiic moraines,
and Jeezuelfors found that in northern Sweden tho heavy
nineral contont of tho ffine sand fraction of tills fluctuates
between 15 ond 20 percent.

Tne composition of the 1ight ninerals fraction is also
very similer to that glven by Kruger. It ie difficult to
nalke a comparison with figures given Ly Jaccnelors because
this cuthior grouped the light minercls according to thoir
refractive indlices, so that part of ithe piagioclases were
included in the guartz group wvhile thio remainder was counted

together with potash feldspers. Kivelkas has calculated the
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average quartz content of granltic noralnes to be 7.6
percent by weight, which is very closo to the Ifigure
obteined in the present study.

The bonsic rockes of the "greenstene" belt have contributed
to the licavy minerals content of tills deposited nearby in
the direction of ice-novement, Tids coi tribvtion is in the
Torm of o rwriked ircrecze of hernblende, A sgsimllar situa-
tlon hog bee: roporied by Jacznelors,

In conclusion, the fine frection of Chibouvgamau tills
vas lergely devived froa the reglon of granites and
gneisaes storting east und weslt of Mistassini Lake and
extondiig far to the north., The distance of travel of this

matericl erceeds twenly mllos.
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Hq.

Ho.

10

DESCRIFTION OF TILL MATRIX BAMIILUS

«uebec Clidbougmman Gold fielde property - 1,000 feet .

southeast of shaft. Low, oval-shaped 111 ridge,
Opencd up for "gravel” extrection.

Unsorted boulder till, with boulders up to several
feet In dlamoter. Matrix light grey, very sandy.
Sampled about 6 feet below Burface, In wweathered

nateriecl.

Coprer Renid property - Ceder Bay bloeli, Junction of!
Copper Cliff coreshack trail and old tractor road %o
mebee Chiibougampou Goldficld!s property, In gravel
1t
%ery coorsely stratified ground moralnes, on the
southenst flank of steep hill, Very stouny with a
coarse anndy matrix, DBoulders up to 3 fect in
diameter. SBampled about . feet below surface, in
unwe: thered meterial,

100 fecet coutheast of Co per Rand Fowder liouse, on
Copper Rand Property (Cedocr Bay block). Stripped
gurlace for voad construction, Grommduoraine., No
perticuwler moryphology. Unsorted, sandy with a few
very large anguler boulders, Sampled about i feet
below suwrfazce, in unweethered nmatoriesl.

Copcer Hpnd property - Gouln Feninsula., 1,000 feeb
southesst of shaft No, 2. In gravel pit,  "Crag and
tail" ridge. Reworked outwash deposit. GCrudely
bedded sandy to gravelly matericl. sbundent

scattered boulders, Smaplod 20 fceot below surface,

Obaleldd Hines (1945) property - In "gravel pit" just

north of highway te Cumpbell Mires, 1,000 feet north-

west of Obesil camps. Drumlinold ridge. Unsorted

boulder till with silty netrix. Light groy. Sgmpled

agbout 10 feet below surfaco.

On: peninsule ecast of Cedar Bay -~ Copper Rand property.
Grovnd moraine, no particuler morphology. Unsortod -

sandy boulder t411l. Sampled at an average of 8 feet

below strlace.

Chibovgamau Jeculet property, ot the shaft site.
Ground moraine forming an Irrogulor mentle on sough
sloping foace. Compect sandy boulder till. DVepth
of sampling li feot.

On nox-tlr slde of highway to Coppor Rand Mines. Ab
the northerst end of Gilman Leke, Heavy cover of

ground noraine on socuth freing slope (15 feet exposed),

Depth of samplingt 10 fcet, .
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No. 26 One nile ond one helf northeast of NWo, 25,. In
shallow excavation. At the north end of a "ecrag
and tail" ridse. In coarse sundy boulder 111,
Depth of samplingt 1 to 2 fect.
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CHAPTER V

DISPDRSION OF BASE METALS IN SOILS

.................................

The lformal Base=lMetal Content of Surficial Deposits =

It has been established by previous workers
"studying geochemical prospecting that when dealing‘with
podsolic‘soils the best results are obtained by sampling the

B horizon (Bischoff etc.}. Therefore, for the regional soil
survey of the Chibougamau district it was decided to sample the
B horizon. However, where bog soils were encountered,the blei
horizon underneath the'surface,organic‘layer wherever possible
was sampled. Bischoff (195L) considers that material from the
glei horizon can be used for geochemical prospecting., A
reconnaissance soil survey of the Chibougamau district showed
that soil conditions in this area are similar to those which

exist in the areas described by the authors mentioned above,

The soil sampling tool described earlier can
not be used for a direct examination of the soil profile,
However, the sample obtained could be fairly accurately related
to one of the soil horizons once local pedological conditions

were known,
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Unless specified otherwise the soil samples
which will be described in the following sections were all
collected from the B horizon. 'BY samples were usually
obtained from the upper part of'tﬁe B22 horizon of typical
podsols, or from the top part of the B21 horizon of brown
podsols. The B2l horizon of true podsols was avolded because

of its variable content of organic matter. Humus samples were

collected from the Ao horizon; the most decomposed material being

selected because commonly it is the most homogeneous,

The normal base-metal content of material from
the B horizon of podsolic soils and gleified material from bog

soils was first established and then compared with that of the

& and C horigons of podsolic soils: To insure that true back-

ground values were obtained the samples were collected from

soils which were removed from any knowvm mineralized bedrocks

The Normal Content of Readily Soluble Metals in Spils

The normal base~metal content of 'B' soils of

the Chibougamau district is as follows?

Al

Zinc : 10 to 45 p.psw.
Copper 5 to 25 p.paml
Lead ¢ less than 5 p.p:ms

The average zinc content was found to be
25 p.p.m. and the average copper content 15 pip.m. 'B? samples

collected from such different.types of surficicial dépésits
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as outwash sands, boulder %ill, etc., were found to have

a similar background metal content..

The background base-metal content of the glel
horizon of peat soils is very similar to that of the ''BY
horigzon of podsolic solls; the frequency curves givenriﬁ
Figure i? illustrate the similarity and represen£ the zine
and copper content of B! and glei soils from the southwestern

part of Herrill Island;

As a rule, there is no systematic difference
between the normal base~metal content of the 'B! and 'C! horizons.

The variations of background wvalues found in vertical profiles

are small and cannot be distinguished from differences caused

by inaccurate chemical analyses. In well developed podsols

over medium to coarsc outwash deposits zinc tends to be slightly

concentrated in the 'B' horizon.

The A2 horizon is a zone of intenge leaching in
which the background is as low as 10 p.p.m. for zinc, 5 p.p.m.

for copperj lead is absent.

The Ao horigzon or humus layer is a zone of zinec
and in some instances lead concentration. The copper content
of humus is similar to that of 'B! and 'C! soils, but was
mentioned earlier that organic éoﬁpoundé inhibits the extraction
of copper by dithozone and as & consequence the humus background

values of O to 5 p.p.le may be too low.

The zinc content of normal humus ranges from




15 to 90 p.p.m. with an average of 35 p.p.h. Thirty—six'i{
pairs of samples were collected in different parts of the ’&n--}§% 
surveyed area and for each pair the zinc content of the Ao 'f\ a
and !'B! horizon was compared. It was found that the Ao
hqriéoﬁ'contains more zinc than the 'B! horigonj the averagé
concentration factor is l.4. However, in an area where the:
bedrock contains abundant pyrite the 'B' soils were found to
havé an average zinc content of 25 p.p.@; and the humus an
average zinc content of 50 p.p.ms. (mean of 50 analysed samples).
This is a concentration factor of 2.0 and it compares with the
concentration factﬁrs of 2.0 to l;,0 found by Schmidt (1955)

in his study of the humus layer of the more mature podsols of

New Brunswick.

Scarce, erratic lead values which attains a
maximumn of 40 p.p.m. are found above barren 'B! and !C!?

horizons,

It is possible that lead which is retained in
the rootlets of certain plants would prove toxic if it occurred

elsewhere in the plants.

The above conclusions concerning the distribution
of base=metals in the soil profile are generally verified by
data given in the soil literature Wright (1955). However, it

should be kept in mind that soil scientists usually refer to

the total metal content of the material analysed whereas geochemists

usually refer to the soluble metal content of the material

analysed,
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Cold Extractable lietals Background

A very dilute solution of dithozone .(0.001%)
was used to establish the background values of metals using

the cold extraction method. The following results were obtained:

Mineral Soils (B and C Horizon) O to 1l
Organic Soils (Ao Horizon) 0.5 to 5
(Usually 1.5 to 2.5)

For mineral soils, the grain size of the material analysed did -
not have any apparent influence on the results obtained. Sands,
silts and clays have a similar range of background values,
However, Byers (1956) from his study of the soils of the Flin-Flon
districﬁ, Manitoba reached a different conclusion, He found a
definite increase in background with an increase in the clay
content of soils; the background for sand ranged from 0.5 to 1.0;
the background for silts ranged from 1 to 2; and the background
for clays ranted from 2 to 5. Riddell's studies (personal |
communication) of soils'of the Canadién Shield do not confirm
Byers! conclusions,

Secondary Haloes of Dispersion around Known Mineral Depositg

Campbell=~Merrill Ore Zcne

The Campbell=Merrill ore bodies are within a
zone of sheared aﬁ% brecciated anothosite which is approximately
500 feet wide and extends across the northeast part of HMerrill
Island into Dore lake, Figure Ng.l7 shows the surface outline

of almost rmassive sulphide lenses as mapped by Graham (1956)
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together with the writer!s soil sampling results. The heavy}
sulphides which are overiain by a thin gossan occur southwest
of the highest part of the island, The wall rock is fracture&R.
for sevebal tens of feet away from the ore with the fracture
surfaces heavily stained by iroh oxides; in general,/there is
no copper stain. Assays of surface samples taken across the
main or; zone fanged from 2.0 to 2.5 percents The mineral

assemblage has been previously defined.

The northeast part of Merrill Island is a rock
hill whose top is 200 feet above the level of Dore lake, The
hill slopes are gentle to the west and scuthwest, and steep
or vertical in other directions, Overburden is thin and
entirely composed of sandy boulder till. The soils developed

are true podsols,

Because the surface plant of Campbell Chibougamau
Mines is located over the northwest part of the ore zone it
was not possible to survey this part of the zone. In the summer
of 1955 it was still possible to swrvey the central part of the
ore zone since Merrill Island Corporation had not begun its
large program of underground development, In this area the only
possible source of contamination was a small ore dump which
contained material extracted during an earlier period of shallow
shaft sinking and underground exploration. The soils around the
dump may have been enriched by base-metals leached from the
dump and for this reason these soils were not sampled, For the
same reason, diamond drilling sites and surface drainage channels

were also avoided when sampling. It is believed that the
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distribution of base-metals in the soils such as is illustrated

in Figure No., has been produced by natural factors.

All, but two, of the 'B! soil samplés collected
directly over the zone of mineralizaﬁién are strongly
anomalous in copper; values range from 70 to 4,000 p,p.m. or
from 5 to 266 times the'background. In the same samples the
distribution of zinc is errétic, and only 50'peréent of the
| samples yelild anomalous values. The zinc assays attain a max-
- imum of 1,200 p.p.ms The two barren samples were collected
over the centre of the bfe"éoné'frpm a thih soil which probably
had been strongly leached, The writer suggests that the low
base-metal content of the two samples can be related to the"
soil, In addition to copper and zine the two samples located
south of point A of Figure No. 17assayed 60 and 160 p.p.m. of
lead, ‘

For several hundred feet southwest of the ore zone
downslope of 'BY horizon of the soil has anomalous base-metal
values, with éoﬁper assays of samples ranging from 2 to & times
background; here, as elsewhére, the zinc occurs in inSignificaht

amounts erratically distributed.

The isolated anomaly in the little swamp south
of the ore gone is definitely related to a small outcrop of
sheared anorthosite which was observed to contain dissceminated
pyrite and chalcopyrite. The soils south and west of the swamp
are slightly anomalous in copper and it is not known ﬁhether or
not the anomaly has been caused by weak mineralization of the

bed rock or by dispersion of copper from the main zone by glacial.
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transportations

Northeast of the main ore zone the occasional
anomalous soil sample probably reflects local concentrations
of base-metals in the bedrock., During thé most easterly traverse
an anomélous sample collected from a locality southwest of the
shaft was later found to contain 30 p.p.m. lead as well as copper

and zinc,

Figure No.18" shows a-profile AA' which extends
south from the main ore zone. At cach lbcation; samples from
the Ao and the 'B' horizons were collected; and it should be
noticed that thé éoncentration of copper and zinc in the Ao
horizéh at the base of the slope exceeds that of the Ao horizon
directly above the ore. However, the !'BY horizon at the base of
the sioPe shows no corresponding increasé in base=metal content,

There is a thin layer of organic material in the swamp which

- attains a maximum thickness of three feetw It has only a back~

ground base-metal content and it is apparent that base metals
transported down the slope from the nmineralized outcrops did not
reach the swamp, but were concentrated in the humus at the base

of the slope,
Berrigan Lake Deposits

Only a limited ambﬁnt'of geochemicai.work vas done
in the vicinity of the Berrigan Lake zinc deposits. The results
are given in Figure No.1l9 . The Berrigan lzke deposits present |
such unusual features for the Chibougamau district as the pre-
dominance of zinc over copper, the existence df local concentra-

tions of galena within the ore, and the intense weathering of the

- >
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ore near surface. Thé'deposits occur within the highest hills
of the distriect where the preglacial drainage system has largely
escaped the effects of glaciation., It is interesting to compare
the distribution of base-metals in this district with that
found by Riddel fl954) in his study of the Federal Ifines zinc-

lead area, Gaspe Peningula where conditions are somewhat similar,

Glacial striae and grooves, which are oriented
south 25 to 35-west regardless of the direction or grade of the
surface, indicate that topography did not influence to any large
extent the direction of ice movement. The overburden is thin
and largely composed of sandy boulder till., Rock slumping has
occurred locally forming a talus which is composed of various

bedrock fragments and glacial sediments.

A limited amount of trenching and a large amount
of diamond drilling may have, to some extent, disturbed the

normal distribution of base-metals in soils of the area.

Soil samples were collected along three parallel
traverses located 50 feet apart and extending from the west ehd A
of the Berrigan zone on the north shore of the 1ake, across the
north zone and down to the bottom of a deep valley. The Berrigan
zone is indicated by soils which carry more than eight times the
average background amount of zinc. The copper content is near
the upper limit of the regional background while lead is general~
ly absent. The soils collected between the Berrigan and the
North zones contain as much as 10 times the average zinc back-
ground and indicate that zinc is disseminated throughout thé.area.

Several samples contained lead in larger amounts than background,
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Soil samples collected in the vicinity of the North zone |
contained large amounts of zinc (maximum: 2,000 p.p.m. or 100
times the average background), while, with few exceptions coppér
values are background. The lead assays of samples collected
from the west braﬁch of this ore zone ranges from 10 to 1,000 p.p.n
Two soil samples were collected at points 800 and 1,100 feet
east of the showings on the extension of the fault which follows
the east branch of the ore zone., The two samples contain large
amounts of zinc and copper, and it is probable that the fault
served as a channel-way for mineralizing solutions. Samples
from the soils downslope from the north zone yielded high, but
erratic zinc values, while two samples collected at the bottom
of the slope near its junction with the valley flat yielded
slightly anomalous zinc values, The writer velieves that such
a distribution of metals in the soils of the slope indicates
that dispersion of base-metals is facilitated by slumping rather
than by solution and transportation of the metals in the ionic
state. The writer'!s belief is further supported by the high
lead anomaly (33000 DPaPelis) which is to be found 350 feet from
the north end of the mineralized outcrops. Here the anomaly is
caused by the ﬁeathering of galena and the precipitation of
insoluble secondary lead minerals in the immediate vicinity of

the mineralized outcrops.

Another set of soil samples was collected along
the sides of the valley to the north of Berrigan lake., Samples
were taken at stations 200 feet apart along the banks of the
“wvalley at points slightly above the valley flat., The sampling
procedure is identicai to that adopted by Riddel for his Gaspe

survey. The writer's survey extended 1,000 feet west and 1,200
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feet east of the downslope projection of the north gone into the
valley. Samples collected along the north side of the valley
yielded’consistently baékground values in base-metals, wvhereas
dn the south side two‘samples slightly anomalous in zinc were
collected downslope from the north zonej these two samples were
described previously. Sampies cpllected west of the north zone
along the line of traverse contained quantities of copper, zinc
and lead which did not exceed the regional background values,
Samplés collected at points 600 feet or more east of the North
zone along the line of traverse were moderately anomalous in

base-metals,

Soil samples were also collected along the north
shores of Berrigan lake at points slightly above high water level.
The assay results were as follows: 25 to 300 p.p.m. zinc;

30 p.p.m. copper or less; 100 p.pem,. lead or less., Similar
results were obtained from samples collected on the south shore

at points on the steep north facing hill slope.

It is clear from the above description that the
soils which cover a large area around Berrigan lake have a gzinc
content well above the regional background; at several locations
copper and lead were found in slightly anomalous amounts. Notably
high aésays were obtained from soill samples collected in the
viecinity of mineral deposits. The geochemical anomaly extends
over an area of complexly faulted and brecciated rocks, but it

can not be related to any particular rock type.

The base~metal content of soils from the Berrigan

lake area was found by the writer to be similar to that reported
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by Riddel for a large area around the Federal Mine - Gaspe,
but it differs from the Gaspe area in so much as no concentra-
tion of zine was found at the junction of the valley slope

and valley flabte.
Copper Cliff Zinc Zone

The Copper Cliff zinc zone is west of Cedar Bay.
It lies within a wide siderite-sericite~chlorite schist zone
which trends northwest and dips vertically; outside of the
schist zone anorthosite is the most common rock. The mineral-
ized zone is only a few feet thick and contains abundant
sphalerite hccompanied by small amounts of pyrite anc chalco-
pyrite embedded in a pale brovm carbonate-rich matrix, In the
vicinity of the area surveyed samples taken across 6 feet of
the zone have been reported by Copper Cliff Consolidated IMines

Lﬁd., to assay as much as 12 percent zinc,

The mineralized zone follows a steep slope which
is covered by a thin layer of boulder tillj a typical podsol
overlies the boulder till. The gengue rock is massive and coated
by a thin léyer of iron oxides formed from weathered carbonate,

whereas the wall rock schist is more deeply weathered,

Surface workings consist of several narrow
trenches across the mineralized zone and a number of diamond
drill holes whose locations are 150 feet or more south of the

trenches.

Samples from the Ao, A2 and B horizons were

collected at intervals of 50 feet along one traverse which
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started 300 feet south of}the mineralized bedrock and ended .

at the edge of Towle lake.. To avoid collecting samples from

soil which had been contaminated by surface work the traverse

was located to pass mid-way between two of the surface trenches,.

The results of the traverse are given in Figure No.: 20,

The zinc anomaly in the 'B! soils is narrow with
the maximum concentration at a point 50'féet downslope from
the mineralized bedrocks In the Ao horizon the zinc anomaly is
similarly locateds. Within the anomaly, there is no relation
between the zinc content of the Ao and B horigons. For both
horigons there is very slight increase in zinc at the botton
of the slope. The A2 horizon has a low zinc content and as a
consequence only weakly reflects the sinc content of ﬁhe under-

lying bedrock.

Considering the aize of the Copper, Cliff zinc
zone and the fact that the local topography would permit deep
weathering of the zone, the geochemical anomaly is weak. Two
factors probably account for the weak anomaly. Firstly, the
ore contains only a small amount of iron sulphide and hence
very little'sulphuric acid was produced from the weathered ore,
Secondly, the alteration of siderite formed a thin but compact
coat of iron oxides which prevented deep weathering of the

sphalerite,
Quebec Chibougamau 'H!' Zone

The Quebec Chibougamau 'H'! zone is a northwest
trending shear on the west shore of Dore lake, about 14 miles

north of the Campbell Chibougamau HMines. Although the zone has




400
300
200

{o]s) //'

ST N

0 ATl lut N Meacmmaen T e e
| _ High Grade zn. \ N
0 200 400 600 800

PROF ILE ACROSS HIGH GRADE ZINC ZONE,.

e v 4 i i S g e

RAAN



e

123.

GEOCHENMICAL SURVEY
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a maximunm width nf‘approximately 150 feet the sulphides are
confined to two contact.zones where intrusion 0f several basic
dykes has taken place. Finely disseminated pyrrhotite, chalco-
pyrite and minor pyrite are concentrated into irregular shaped
lenses which attain a maximum width of 20 feet and are 50 feet
or more in length. The widest channel sample reported by the
company assayed 2 percent copper over a true width of 22 feet.
Narrower channel samples assayed &s much as 4 percent copper.

The zinc content of the ore is negligible,

The ore outcrops along a moderate slope which is
covered by sandy boulder till whose thickness ranges from
1 to 6 feets, A well developed podsol overlies the till., Surface
weathering of the ore is moderate and fresh chalcopyrite has

been found within one or two inches from the bedrock surface,

The first traverses were made along lines 24E
and 30E and later traverses were made along lines cut by
Quebec Chibougamau Goldfields Company for a geophysical survey.
Samples collected on the first two traverses were analysed at
the Geochemical Laboratory, McGill Universitf and by the time
the assays were availéble the company had completed a magneto=
meter and self-potential survey; because the two geophysical
surveys revealed geophysical anomalies additional soil samples
were collected and analysed in the field laboratory. The H zone
was subsequently uncovered by stripping and surface diamond

drilling proved that it dipped steeply southwest.

It is interesting to compare the location of

the geophysical and geochemical anomalies with the mineral outcrop.
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The south part of the self-potential anomaly covers the north
half of the shear zone while to the east the anomaly ektends
far beyond the ore over fractured and rusted bedrock. The
north part of the self-potential anomaly covers barren rock and
can not be explained. No anomaly was obtained over the south

half of the shear zone.

The north limit of the geochemical anomaly very
blosely follows the north boundary of the shear zone. The best
ore occurs between lines 30 and 31 50 and here most of the
samples collected above the ore zone assayed are more than eight
times the average copper background. Along line 33E the under-

lying.bedrobk is almost barren and the high copper values

obtained from samples collected along this line are best explained

by the transportation of copper in surface waters dowmslope.
The existence of two mineralized bands within the shear zone is
suggeéted by the distribution of copper in the overlying soil.,
The maximum concentration of'copper in the soils occurs down~
slope from the ore zone. The copper content of soils north

and west of the ore zone does not exceed the regional background
but moét samples collected from soils south and southwest of the
ore zone have weak anomalous copper values, East of line 30E
the wealk copper anomaly can be attriﬁﬁted to the transportation
of copper in solution downslope from the ore zone, lowevery,
west of line 30E the topography is such that the weak copper
anomaly could not be attributed to the transportation of copper
in solution and it is suggested that copper was transportated

from the 'H! zone by glaciers.
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Only a few samples collected from the ' zone
area weére anomalous in ginc and those that were usually had
a high copper content, Samples collected along linesvzl,‘24

and 30E were analysed for lead and only background values foundi
North Copper Cliff Zone

The north Copper Cliff zone is northwest of Cedar
Bay and lies within the gabbroic border phase of the anorthosite
in a chlorite~-siderite schist zones The schist zone is 200 feet

wide and dips steeply southwest, to the north it joins the

~ south branch of the Savage Lake faulti, Pyrite and chalcopyrite

are concentrated, within several narrow bands, on the footwall
side of the schist zone, Individual sulphide?rich bands assay
as much as 3 percent copper, but she overall grade calculated
from widths of 50 to 100 feet ranges from 0.5 to 1.0 percent

copper.

Figure No. 2fshows the outline of the North
Copper Cliff zone and the results of the uriter?s geochenical
survey. The surface outline of the zone as illﬁstra‘ced on the
figure is only approximate and has been drawn from sections
provided by the Copper Rand Company. East of the southwest flow—
ing creek the mineralized band trends down a moderate slope
while west of it the band follows a gulley through a fairly steep
scarp; A sandy boulder till covers the area and increases in
thickness from west to east; the $ill is a few feet thick in the
west and approximately 15 feet thick over the mineralized zone.
Wear the junction of the two creeks in the southwest corner of

the area the overburden is interbedded sand and silt, The soils
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developed, grade from true podsols to brown podsols over‘most
of the area except in the south where the water table surface

is shallow and a half-bog has formed,

No trenches were dug over the North Copper Cliff
zone, but a few trenches and a shallow pit were dug to explore
weakly mineralized subsidary fractures near line 27E, In
addition a trench had been dug to explore a massive pyrite lens
near line Z21E in the vicinity of the north boundary of the Savage
Lake Fault zone., Most of the diamond drill holes were started
from locations 200 to 400 feet southwest of the North Copper
Cliff Zone and drilled to the east, bubt some holes were drilled
towards the west from locations northeast of the mineralized

schisgt,

A narrow but well defined copper anomaly marks
the presence of the Nofth Copper Cliff zone. It is slightly
displaced downslope such that the northeast boundary of the
anomaly lies vertically above the southwest boundary of the
mineralized schist. To the south the anomaly is limited by a
small valley. The highest assay is 12 times background. Albng
line 27E several samples were collected near the surface
workings mentioned above. The samples were anomalous for copper
and it is probable that the soil from which they had been col=-
lected was contaminated during the trenching operations. A few
anomalous soil samples were also obtained near the north boundary
of the Savage Lake fault zone., Samples collected north of the
copper zone had only background values, while those collected

south and southwest of the gone many had a slightly anomalous




129.

copper content, Similar to those of the Quebec Chibougamau
'H' zone the weak anomalies may have been caused by glacial

dispersion of the copper,

Several soil samples collected near the copper
bearing schist have a moderately anomalous zinc, as well as,
copper content. Weak zinc anomalies were also found within
the fault zone and southwest of the copper zone., Samples

were not analysed for lead.

The vertical distribution of copper and zinc
in the overburden near the North Copper Cliff Zone was also
investigated. Vherever possible, soil samples were taken to
a depth of 5 feet along three traverses (lines 30, 31 and 33L)
across the mineralized band. At several locations attempts were
made to reach bedrock, but they were unsuccessful because of
the rocky nature of the overburden. At each sampling site a
sample was first collected from the Ac horizon aund then another
collected from the B horizon; deeper samples were also taken
at different levels within the C horizbn. The results are
shown in Figure No.za/?sénd even though the profiles are incom=
plete they permit a few conclusions to be drawvm. At several
locations neaf the mineralized zone, where the overburden is
thick, there is a marked concentration of copper near surface,
in the B horizon, and sometimes in the top part of the C horizon
(line 31E etc.). Zinc tends to be concentrated in a manner
similar to copper. OSamples taken immediately underneath the
anomalous layer have a lower metal content which is either,
slightly anomalous, or background., Although the overburden
covering the mineralized zone could not be sampled close to bed-

rock there are indications that a seccond anomalous zone exists




L30E

E 3 ~ A

050% (v /65" (dtoc/{ _____ _q){u ®
100’ i
|

l

/A, E
- L L
&/‘ — | X\
/ i \\‘\ ,’X
a8o%cu/70’ e
’ i : -
50 T Sl
| X
|
X BEDROCK SVRFACE ((FROM DD.M) | NORTH COPPER CLIFF ZONE.
O SOIL SAMPLE i HORIZONTAL ScALE 1" = too'

VERTICAL ScALE :
Taoro. PROFILE : I' = 100’

..r‘
o
C
0
I\)
(€N}

L 2

SOIL SAMPLING PROFILES' | = /0

"0ET



pr— ;

. L33FE A

S
]
i~
N
0 © © 5 \_,/"‘
b° o o © © ©
[T o
m ‘. é
. S
(o]
(¢}
(o]
—_— o PRSI
m e U_;'?;cc
) Minf.zo.é,'}.d Jore

N NORTH COPPER CLIFF ZONE

" !

HORIZONTARL SCALE | 100

VERTICAL SCALE :
Toro. prorFite : 1" = 100’

SOIL SAMPLING PROFILES: 1" 10"

X BEDROCK SURFACE ((FRoOM D.D.H)

0O S501L SAMPLE

icure 23 A

m

-

CTET

“«h_



132.

close to bedrock {line 31E etc.). A distribution of base-metals
in thick transported overburden similar to that which has been
just described has been noted by other workers, Hawkes (personal
communication) calls the upper anomalous iayer a superimposed

halo.
Kokko Creek Copper Zone

The Kokko Creek ore zone is aboﬁt one mile north
of the Campbell Chibougamau Mines. Graham (1953) states that
the mineralized shear has a maximum width of 50 feet and dips
vertically. It is in anorthosite and ecxtends for a distance of
2,000 feet northweét from the northwest shore of Dore lake., The
deposit, which has a similar mineralogy to that of the Campbell-
Merrill ore zone, contains in order of decreaéing abundance

pyrrhotite, chalcopyrite, pyrite and sparse sphaleritec.

- The mineralized schist, which is a few tens of
feet ahove the level of Dore lake, is in rather low ground., At
the north and south end of the shear zone where the shear has
been exposed in several trenches the overburden is very shallow,
Channel samples assayed 1 to 2 percent copper over 7 to 42 feet.
The central part is reported by geologists of Cémpbell Chibougamau
Mines Company to be covered by overburden which ranges in thickness
from 10 to 20 feet. It has only been investigated by diamond
drill holes which were collared 200 feet or more northeast of

the projected'surface outline of the ore,

The soils near the Kokko Creck ore zone grade
from true podsols to bog soils. The type of soil formed depends

on local drainage.
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Only one traverse was made across the Kokko
Creek ore zone and its4purpose was to investigate the width
of the secondary halo of dispersion which is developed in
transported overburden forming level ground near an ore deposit.
The results of the survey‘are shown in Figure No., p4. Ogden |
{1954) made a similar survey aiong the same traverse.line during

195k,

On the traverse line the ore is near the top
of a smail rock knob which protrudes from almost level ground.
Near to aﬁd southwest of the ore gzone the writer found the
overburden to be 2 to 4 feet thick and not 10 to 20 feet as had
been previously reported. It is also probable that southeast and
northwest of the sampling line, along the strike~of the ore the
overburden is not as thick as reported. The sampling procedure
is similar to that used over the North Copper Cliff ore zone
where an Ao, 'B! or 'G! sample was collected at each sampling
site; if the ¢ horizdnfwas présent it was also sampled %o a

maximum depth of 5 feet.

The copper anomaly in the B horizon of the soil
over the Kokko Creck ore zone is intense'but narrow with maximum
values obtained directly over the ore., 'B! soils show &
slightly higher increase in ging, as weli és copper content,
From the Ao horizon only one sample taken directly over the
ore was anomalous for copper and humus samples collected from
either side of it which were analysed using hot nitric acid and

potassium_bisﬁlphate methods only contained background amounts

of copper..
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No superimposed ancmaly such as the one
described over the North Copper zone was found near the Kokko
Creek copper zone. Samples collected along the bedrock surface
on eiﬁhér side of the ore zone were slightly anomalous in
copper, and at the sampling site 200 feet northeast of the ore
the copper content of the soll increased steadily from the top

to the bottom of the sample hole,

The results obtained using the field test and
those obtained using the hot extraction method correspond while
the field test results are also very similar to those obtained

by Ogden who used the same field test,
Eaton Bay Copper Zone

The Eaton Bay Copper gzone is on Gouin Peninsula
34 miles northeast of the Campbell Chibougamau Mines. It is
situated between Dore and Chibougamau lskes and extends beneath
Eaton Bay of Chibougamau lake. Lerge amounts of pyrite, chalco-
pyrite and pyrrhotite occur within the footwall of a zone of
shearing and alteration, 500 to 700 feet wide, which dips 50 to
the southwest. Gangue minerals are siderite, quartz, sericite
and chlorite., Pyrite and chalcopyrite are also widely scattered
between the ore zone and the fault that;makes the southwest
boundary of the schist zone. Dikes are present along the mineral-

ized zone,

Near the ore deposit the bedrock surface is
covered by a Yerag and tail" which is composed of boulder ©ill;
in several places diamond drilling has proved the overburden to

be as much as 150 feet thick., Part of the ground surface is
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covered by a boulder pavement and this makes soil sampling
very difficult. Less than 1,000 feet to the north rock

outcrops are plentiful,: The soils of the area are true podsols.

No information is available on the grade or
degree of weathering of ore near the bedrock surface., Along the
fault forming the southwest limit of the zone oflshearing and
alterétion, thevoxides have been oxidized to & reportéd.depth
of ééveral hundred feet} the oxidation probably occurred before
glaciation, Shallow diamondrdrilling has indicated that the |
best ore lies underneath Chibougamau lake. In the area covered
by the soil Survey a diamond drill intersected at a point 80
feet below the level of Dore lake, of which 29 feet of ore

assayed@ 1,20 percent copper,

Figure llo.25 shows the results of the geochemical
survey. Soll samples were collected at 50 and 100 faet_intervals
along two parallel traverses across the Eaton Bay ore zone.

The overburden over the mineral deposii is estimated to be
seventy feet thick. ' Above the ore, in both traverses, a very
weak copper anomaly which extended for a distance of BOO‘feet
was found in the 'BY soils, The highest assay is L5 p.p.m. copper
or three times the éverage background. Several samples,
collected on the southernmost traverse at points away from the
ore zone had a slightly anomalous copper content, The signifi-
cance of these Samples is noﬁ knovn, The zinc content of samples
collected along the two sampling lines varies erratically with
several samples having zinc in excess of the background amount.
In addition to samples from the B! horizon, Ao samples were

collected at points within 250 feet of either side of the ore
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zone, The copper content of the Ao samples was the same as
the regional background and the zinc content varies as

erractically as that of samples taken from the 'B' horizon.

It would have been #ery interesting to investigate
the vertical distribution of base-metals in the soils above the
Eaton Bay deposit, but unfortunately thelbouldér pavement on
surface and the abundant boulders in the till prevented vertical

sampling,
Merrill Island Corporation Mainland Property

The geochemical anomalies described in previous
sections.are gsecondary haloes of dispersion developed near well
defined sulphide deposits with an economic or sub;economic
base-metal content, whereas the geochemical anomaly about to be

described cannot be related to any well defined sulphide deposit.

A series of soil samples collected at the end of
the first field season on the mainland northwest of Campbell
Chibougamau Mines yielded anomalous copper values over the sur-
prising distance of 4,000 feet. No mineral deposits were known
in the immediate vicinity, and the topography almost excluded
the possibility that the anomaly was caused by a single zone of
mineralization such as has been described previously. The ground
was examined, and a wide area of fractured and rusted rocks in
which as much as 10 percent pyrite occurred, either scattered
through the rock or concentrated on fracture surfaces, was
roughly outlined. Minor amounts of chalcopyrite was found in
several places associated with pyrite. The sulphides are to be

found chiefly in anorthosite and its gabbroic Border‘phase with
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lesser amountsfof\pyfite occurring in fgreenstones" After the
anomaly had been discovered additional soil samples were taken
along several east-west lines, Figure No. | and laps No, 1 & 2
{see back folder) sﬁow the geology of the area and the results

of the geochemical survey.

The topography is rugged and the boulder till
cover seldom exceeds a few feet. True podsols cover most of
the area while peat bogs are found over limited areas around

lakes and in the bottom of valleys.

At the time the soll survey was performed; the
Merrill Island mainland property and the adjacent claims to the
west were almost free of surface exploration workings, but at
the end of the summer of 1956, a diamond drill had explored the
area‘of.anomalous soils; and wide rock sections contalning

abundant pyrite and assaying 0.1 to 0.2% copper were intersected.

The main copper anomaly in the 'B? soils covers
an area of approximately 275 acres} it is underlain by énortho;
site. Several tongues of soils anomalous in copper extend into
the "greenstones", .Within the anomaly, the distribution of
copper is somewhat erratic although there is a marked concentra-
tion of high values west and south of the small lake shown in the
center of Figure No. 26, The highest copper assay is 1850 p.p.m.
while with a few exceptions, the zinc content of the soils
(within the copper anomaly) does not exceed the regional back~

ground,

A broad and weak semicircular gzinc anomaly in the
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1B* horizon of soils borders the copper anomaly to the west

and north, cutting across_geological contacts.  Zinc assays
range from 50 to 2000 p.p.m. The copper values, with a few

exceptions are of background range.

The writer believes that the space relationship
between the copper and zinc anomalies reflects a zoning of
these metals in the underlying bedrock. It is interesting to
note that the zone of shattering and weak mineralization
described above lies on the northwest extension of the Campbell=

Merrill ore zone,

A third anomaly, of much smaller size, follows the
bottom of a_valley in the southwest corner of the area., The
soils are enriched in both copper and zinc. It is probable that
here, base-metals have been concentrated from waters draining

the two large anomalies located west and east.

~ The copper content of humus is bompared to that
of the underlying B! horizon Figure No.27 , along several
traverses covering‘pért of the méin copper anomaly. - Both the
humus samples and 'B' samples were leached with hot nitric acid.
Even though it has.béen shown earlier that this procedure is
not entirely satisfactory, there is nevertheless a general
agreement bebtween the results obtained for two different soil
horizons. The copper'anomaly in the humus is of'ten stronger
but more restricted in space than the corresponding anomaly in
the 'BY horizon, Several humus samples collécted along traverse
A (Figﬁre‘ﬁo.77 ) were also analysed after having been fused

with potassium bisulphate to extract more copper., Higher copper
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results were obtained for a few of these samples, but the

humus anomaly is still smaller'in gize than the one found in
the 'BY horizon, At several locations, on sloping ground,
anomaléus values in the humus are found 100 or even 200 feet
upslope from the corresponding anomaly in the 'B! horizon, and
this probably means that when the overburden ié felatively thin,
In thin overburden base~metals are picked up from the weathered
bedrock surface and later integrated into the swface layer of
decaying organic matter. Water cbntaining‘base*meﬁals leached
from the bedrock moves predominantly downslope and reaches the
upper part of the mineral soil at some distance from the bedrock
source, Base-metals washed from the enriched humus layer by
run off water may also be deposited in 'B?! goils at some distance

downslope,
General Character of Secondary Halos of Dispersion

The following conclusions may be drawn from a
study~of the above descriptions of secondary halos of dispersion
in the Chibougamau district:

a) Base~metals are present in anomalous zmounts in the overburden
covering known mineral deposits. The existence of such deposits
is still clearly indicated in surface and subsurface material
through 15 feet of sandy boulder till, With 70 feet of similar
overburden, only a very weak and broad anomaly was found in the
'BY goil horizen. No mineral deposit covered by a thickness
6f'bverburden intermediate between the above figures was known

in the district., It is assumed therefore, that for local
conditions of mineralization and weathering, the limit of

sensitivity of the soil prospecting method is reached with a
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cover of 30 to 4O feet of sandy to silty boulder till, This
compares with the following figures given by Bischoff (1954)
for northeastern Canada; 30 to 50 feet of clay and 20 to 30
feet of fine sand. ' |

b) The vertiecal distribution of zinc and copper in the over=
burden depends on the depth of it. When the overburden covering
a mineral deposit is shallow, the’distribution of base?metals
throughout the 'B! and 'C? horigzons is fairly uniform. When the
ovefburden ié tﬁiék (mofe.than lolféet), the anomalous values
maj be concentrated at two leiels; at the bottoﬁ of the 'C!
horizon near the bedrock surface, and in the upper few feet of
soil, The intervening zone msy be slightly anomalous or have

only a background base metal content.

The A2 horizon is always strongly leached of its
metal content and reflects very weakly the presence of base-metal

deposits in the underlying bedrock.

The use of humus in geochemical prospecting has
been so far very limited in Canada. Séveral avuthors {Bischoff,
1954; Byers, 1956) have expressed the opinion that the base
nmetal content of surfaéé material is erratic under northern
conditions. In Norway, s everal workers are reported to have
cbtained satisfactory results with humus, but their findings
have not been published as yet. The base—metai content of the
Ao horizon of podsolic soils has been compared ariier:to that
of the underlying mineral'horizohs in background areas. The
| compoéition of the same material over several mineral“deposits
is given in the ébovekparts earlier. From this information,

it appears that in the Chibougaméu‘district, the Ao horizon
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refiectsvfairly accurately the preseﬁce of base-metal_
concentrations in the undérlying,bedrock. These conclusions
afe prébably only vélid for areas of uniform vegetation'where
pousolic soils are widely dlstrlbuted. If important changes

in vegetation occur within a district, the distribution of base-

metals in the Ao horizon may be compllcated by the difference

\” - L] V ‘ kg » &€
in the capacity of the predominant tree species to concentrate

‘these metals (for example birch is a strong accumulator of zinc).
¢) The shépe and size of a secondary halo of dispersion depends
primarily on the geometrical characteristics of the mineral
deposit from which it is formed; Topography also is a most
important factor, as it has been shdwn repeatedly in previous
paris of this chapter that both coppér and zinc travel for
considerable distances from their source along the hill slope.‘
One should not expect, however, to find important concentrations
of base-metals in the soils at the bottom of slopes several
hundred feet away from their bedrock source as reported for areas
covered by residual soils. Dispersion of ore minerals from their
bedrock source in the fine fractidn of glacial deposits in the
direétibn of the ice movenent may apparently also have some
influence on the size and shape of secondary hales of d15persxon.
This point will be discussed further.

d) Provided that base-meuals are present in the bedrock in
apprec*able amounts (i. €. well above traces) the intensity of the
secondary halo of dlsperglpn depends more on the degrec of weather—
ing of the mineral deposit than on its actual metal 6ohtenti

In Chibougamau, the preéglacial surface weathering zone has been

removed by glacial erosion from most, if not all, the mineral
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deposits investigated. Vherever allowed by topographic
conditions, the surface layer of mineralized bedrock undergoes
presently active oxydstion. This prpcéss is particularly intense
in the presence of pyrite and pyrrhotite which both desintegrate
with production of abundant sulfurié acidj the mineralogy of
 the mineral deposit plays therefore also an important role.

This explains how on the Merrill Island Corporation mainland
property, Conditipns being ideal, concentrations in the bedrock
of the order of 0.1 to 0.2% copper are reflected in the 'BY

- horizon of the soil by a highly anomalous copper content.,

e) The influence of the nature of the overburden on the
development of secondary halos of dispersion from base-metals
deposits could not be investigated properly in the Chibougamau
district because of the wniformity of the overburden covering
these deposits. It should be mentioned, however, that on the
Merrill Islend Corporation moinland property, a large majority
- of the samples carrying highly anomalous amounts of zinc and

copper contain an unusually high proportion of clay.

Dispersion of Base-Metals in the Drainage System

Heavy Metals Content of Water

A very limited amount of water testing was
carried out during the field scason of 1956, The summer was
extremely rainy, and in August, when the survey was performed,

the water level in lakes and streams was still very high.

The characteristics of the drainage system in the

Chibougamau district have been given earlier. In low ground, the
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well organized preglacial drainage pattern has been replaced

by a disrupted and immature system comprising an abundance

of lakes and swamps. In hilly areas, the main preglacial
valleys are now occupied by ponds and swamps, and small

tributary streams along till covered hill slopes are scarce.

'water'Samples were tested in three areas which
the writer considered asiﬁeing‘most suitable, namely in the
vicinity of the Berrigan Lake zinc'deposits, near the North
Copper‘Cliff zone and on the mainland property of Eerriil

Island Corporation.

Results of the water survey in the Berrigan
Lake area are shown in Figure‘No.lQ + They vary between 0 and
1 indicating a maximum heavy metals content of 0,005 p.p.m. zinb
equivalent, The highest readings were cobtained in the water
from Berrigan lake, near the outcrops of the Berrigasn zone and
at the discharge of the lake, and in a small creek flowing
northward across the swamp occupying the northeast corner of
the area. Five hundred feet downstream from Berrigan lake, the
heavy metal content of the water had already dropped vonsider-
ably. Along the 3/4 of a mile sampled, the main southwest
cereeck did not contain any detectable amount of heavy metals,
This stream is meandering through a swampy valley flat, and it
is suggested that base=metals brought into the valley by waters
draining the south valley flenk are tied up in the bog material

before reaching the creck.

Water samples from the cireek flowing across the
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Savage lake fault zone and'the North Copper Cliff.zbne showedii
the same range in heavy metals content (Figure No, Page ) as
waters from the Berrigan léke area. The maximum réadiﬁglwas J;

obtained<immediately'downstfeam from the copper‘zoﬁe, but
detectable amounts of heavy metals were also found-furthér 2
upstream, where the creek flows over the fault zone, In thé,"
same area, it has been shown that the zinc content of soils ié
somewhat above the regional background. Water from diamond drill
holes which intersecved the mineralized schist contain but low

concentrations of heavy metals,

On the mainlond property of Merrill Island
Corporation, water samples were analysed within the soil
anomalies described earlier. Assays fluctuated between O and
%, indicating a maximum heavy metal content of 0,0025 p.p.m.
zine equivalent, Two samples tzken downstream from vhe anomalous
area for soils cdid not contain any detectable amount of heavy

metals.
Base lietals Content of Stream Sediments

The base-metals content of stream sediments was
investigated in the Berrigan lake area; results are shown
in Figure No.19 . Samples were taken in the active channel of
the stream approximately two feet below the bottom of the water,
The stream sediments show a gradation from medium sand to silt.
Variations in the zine content (of stream sediments) can be
correlated with the distribution of this metzl in the bedrock.
The highest assay OLO p.p.m., was obtained in fine sand collected

in the ecreck draining Berrigen lake, near the junetion with the
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main'southwest valley. A silt sample from the small stream
flowing'ﬂdrthward through the 3wamp in the northeast corner

of the area ylelded 31m11ar results. Along the southwest valley,
the zinc content of utream sediments varies from 70 to 240 PeDsMe
Values up to 100 p.psm. are probably w1th¢n the normal background
for this Lype of materlal' hlgher assays are related to zinc
concentrations 1n the bedrock south of the creek, The copper
content of all the samples fluctuates between 30 t0 50 pa.panis
which ig apparently within the bachgrOQnd range for stream
'Sediments in the area, Lead is also present in detectable amounts
(5 pepems or more) in all but one sample. Values up t0 10 p.p.m.
are regarded as the normal background. For higher valucs,

there seems to be a direct relation between the szinc and the

lead content of stream sedimentss The highest lead assay,

45 pip.me occurs together with the highest zine velue.

The anomaly found along the valley draining part‘
of the ﬁainland property of Merrill Island Corporation and some
adjacent grouwnd t¢o the west has already been mentioned earlier.
Background limit values used in outlining the boundaries of the
anomaly are the seme a5 those established for ordinary soils,
which as has just been shown for the Berrigan lake area, may
net be correct, Some results, however, are well above the

expectable background even for creek sediments,

S5ilt samples were collectel on the bottom of
Dore lake, between the northeast tip of lMerrill Island and the
northwest shore of the lake, by the staff of Campbell Chibougamau

Mines, They were analysed at the mines using the col
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extraction method of Bloom (see results in Figure No.

pagé )». The writer obtained part of these samples tﬁréugh the
courtesy of the Company, and in turn handed them to Schmidt
who was at the time'investigating the base~metal content of
lake sediments‘f?om other localities (see Schmidt, 1956). A

set of thirteen samples which had given with the cold extraction
method results ranging from 1 to 14, were analysed by the hot

nitric acid extraction method, - Results varied between very

narrow limitvs, giving an average of 30 p.p.n. foi* ziney 10 p.pe.m.

for copper and less than 5 p.pem. for lead. The discrepency
- between the two methods will be discussed. Schmidt studied
two of the samples by differential thermal analysis and came
to-the conclusion that sediments from the bovtom of Dore lake
are essentially made up of quartz and probably one of the

clay minerals,
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SUMMARY AND CONCLUS IONS

Prom the present study the following conclusions

can be drawn concerning the distribution of heavy metals

in the soils of the Chibougemau district:

1.

2,

3.

A very rapid examination of the physiography and

vegetation of a distriet may be of great help in

outlining the arese favourable for geochemical prospecting.

There is a olose relationship between the gine and
copper content of the humus layer in podsolic soils

end their distribution in the B and C horizons. The Ao
horizon may be of greater use in geochemical prospeoting
than has been previously considered.

The secondary healoes outlined in the Chlbougemau
dlstriect are similar to those which occur in transported
glacial soils in other parts of the Cenadian shield.

The 1imit of sensitivity of the soil prospecting method
is reached with a depth of 30 to 40 feet of sandy to
81lty boulder +4ill. For the Chibougamen district soil
sanpling along traverses 200 feet mpnrt is adequate;
Along the traverse lines sample locations should be
spaced 100 feet apart on sloping ground of 3 percent

or more and 50 feet apart on lavel ground,
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4., When the overburden covering a mineral deposit is
only a few feet thick, the distribution of +the
base metals in the B and C horizons is fairly uniform
(apart from a maximum concentration immedistely above
the bedrock surface). When the overburden is thick,
the snomslous values may be concentrated at two
levels} et the tottom. of the G horizon just above
the bedrock surfacej and in the upper few feet of soil,
The intervening zone may be slightly anomalous, or
have only a background content in heavy metals.
The B horizon is consequently the best
level In which to collect soll samples. The depth
of sampling may vary from a few inches to about two
feet depending on local dralnage.
5. The A2 horlzon should always be avoided because 1t
is intensely leached. The zinc content may be as
low as one tenth of what is in the immediately
overlying end underlying Ao and B horizons,
6. There is no general increase in background values
of soils in the drumlinoid ridges southwest of the
main area of mineralization in the Chibougemau
district. Only a few very widely spaced samples
are slightly anomalous.
T. The "cold extractlion" field method of anslysis described
by Bloom (1955) has a limited application in Chibougamau

although in many instences satisfactory results may be
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obtained. Even by increasing the sensitivity of the
method to the maximum, weak but significant copper
anomalies may be overlooked. Peat assays are sometimes
negative even though a high concentration of copper

is present. Conseqﬁently 1t is unsafe to rely on.

the results obtained by this method.

A sample of the so0il should always be
kept for further studies when the "cold extractionn
technique 1s used in the field.

The water testing method used could not detect less
than 0.0l p.p.m. zinc equivelent. This was the
maximum concentration found in anomalous waters in
the Chibougemau district. Therefore, more sensitive
methods of analysis must be employed for geochemical
prospecting by water testing in the area.

The heavy metal content of the B and C horigzons is'
quite consistent regardless of the type of meterial.
There is no systematlic difference between the content
of the B and C horizons; in very well drained soils,
zinc tends to..be slightly concentrated in the B
horizon. The zine content varies from 10 to 40 p.p.m.}
the copper content from S to 25 p.p.m.3} and the lead
content is less then 5 p.p.m. The most frequent
background values are 25 p.p.m. zinc and 15 p.p.m.

COppeI' .
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1l.

The A2 horizon is typleally a zone of lsaching,
The background is 10 p.p.m. for ziney 5 p.p.m. for
copper; end lead is absent.
The Ao (humus) horizon in podsolic soils is a zone
of concentration of zinec end in certain instances
lead,

The average background for zinc is
3% p.p.m. and represents a concentration factor of

1.4 when compared with the average zinc content of

the underlying B and C horizons. This concentration

factor may reech the value of 2.0 when light over~
burden covers'rocks rich in dleseminated pyrite.
A concentration factor of 2 to 4 has been found by
Schmidt (1955) in the more mature podsolic soils

of New Brunswick.

153.

Errotic lead values reaching 40 p.p.nm.

are fopund above barren "B" and "C* soils,

The copper content found in the Ao
horizon in background areas for *"B" and "C" solls
is usually as low as 5 p.p.m. It is possible that
when only small amounts of copper arc present in
orgonlec soils this metal can not be detected by the
analytical téchnique used because stable organic
complexes of copper are formed in the solution,

Thegse conclusions are generally

verified by data given in the soll science literature

(see Wright, 1955). However, it should be kept in
mind that soil sclentists refer to the total heavy
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154. .

metal content of sollss they use an analytlecal
technique in which the lattice of the silicate
minerals is completly broken down.

Too little work has been done on humus materials
from éwamps in background areas to reach any
conclusions. However, it has been noticed thet

in certaln circumstances, peat material concentrates

zine but not copper,
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Samples No. Scil Type S.He Zn Cu Pb

2- 1 Boulder clay B 15 0 0

2- 2 B.C. (edge of moraine) B 15 10 0]

2- 3 B.C. {thin cover) B 10 10 25~

2« 4 B.C. outwash B - 50 15 0

2~ 5 Boulder clay B 20 5 25~

2- 6 Outwash & till B 20 5 0
77 B.C, (thin on bedrock) B 5 0 50 plus

<= 8 Gritty outwash B 10 10 25~

2- 9 Residual B 20 - 0 0

2~10 Pebbly outwash B 20 5 o

2-11 : Boulder clay B 15 0 25 plus

2=12 - - - - -

2-13 Boulder clay B 15 15 25~

2-14 Thin (clayey) till B 25 75 25~
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Sample No,. S.T. S.A. Zn, Cu, Pb.

S~ 1 Boulder clay B 25 25~
3~ 3 Clay B S5 5 25~
3~ 5 Residuagl ? B 10 0 0
3= 7 S.G. B 10 0 25
3= 9 Stratified sand & gravel B 5 5 25
3-11 Sand and clay B 15 o] o)
3=13 Sandy outwash B 5 10 20plus
3=15 Fine sand B 150 125 25
3=17 Stratified sand & clay B 20 0] 0
3-19 Clay and sand B 15 0 0
3021 Sand (gravel) m B 20 0] 0
3-23 Sandy clay B 25 0 0
3-25 Boulder clay B 30 o) 0
3-27 Silty clay B 15 0 50
3=-29 Boulder clay B 5 0 0
3-31 Residual ? B 10 10 25
3-33 Boulder clay B 20 0 0
3-35 Shaley sand B 5 0 25
3=37 Residual ? B 20 5 0
3-37 Residual B 10 0 0-
3-39 Sand B 100 50 25-
3-41 Residual ? B 10 0] 0
3-43 Clay-sand B 25 10 0




Sample No,

Fine outwash
Fine sand

Till

Till

Boulder clay
Boulder clay
Boulder clay
Boulder clay
Boulder clay (%ill)
Outwash

Till like (but)?
Till

Sandy till
Outwash

Till mantle
Sandy till

Till mantle
Till

Outwash (swanp)
Boulder clay

erkvsRvsRvelveRusRusRosRosReshurRusRurlvelvsRosRuaReskvios

200

Pb,

Cu,

75 0
0 100
0 26
0 0
5 0
0 0
0 0
O 0

10 0
5 26
0 0
0 25
0 25
5 0
0 0
0 25
5 0
0 25

150 75
0 25
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S.T.

—————

Coarse sand
Gravely sand
Silt

Sand
Residual
Sand

Sand
Leached sand
Coarse sand
Clay-sand
Sand

S.A. Zn, Cu. Pb,
B 20 0 25~
B 25 0 0
B 25 0 25
B 25 0 0
B 20 0 25
B 20 5 25
B 15 0 26
B 20 0 0]
B 20 0 0
B 25 10 25
B 15 0 0

175.
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Szmple No, s.T, S.A.  Zn. Ca.  Phbs

4- 2 Outwash (fine) B 25 0 0
b 4 Qutwash B 15 0 o)
4- 6 Boulder clay (till) B 25 0 20plus
4~ 8 Fine outwash B 25 5 0
410 Silt (gritty) B? 25 0 0
4-12 Residusl B 25 0 25
4..14 Ti1L B 25 5 0
4-.16 Pebbly outwash (leached) B 75 &0 0
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Samples No.

Soil Type.

Residual
Clay residual
B-Clay

B-Clay
B-Clay
B-Clay (pebbly)
Residual clay
Sandy

Clay

Till

Sandy

B-Clay
B-Sandy clay
Sand

Sand

Sand

Sand

Sand

Ferrug sand
Ferrug sand
Sand

Sandy

Sand

w

[y .
oot

L

£ W w

B (just top)

o o)
lus]

fRechevieeRvelovlvoResRevhechooly vl W wmw
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Samples No. Soil Tvpe

S.H. .-ZE _C_u m

5~ 2 Sand B 25 25 0

5- 4 Outwash B 10 10 0

5~ 6 Outwash B 50 10 0

5- 8 - Till B 10 10 0

5-10 B-Clay B 50 10 0

A=12 B-Clay B 5 10 0
.14 . Outwash B 5 10 0
516 Outwash B 20 10 0

5-18 Till B 10 10 0]

5-20 Till B 25 10 0




179.

Samples No. Soil Type S.H, Zn Cu Pb
6= 1 Boulder clay B 15 L 10
6- 2 Fine outwash B & fresh rock 20 0 0
6~ 3 Boulder clay B 25 0 0
6- 4 Clay sand B 10 0 0
6- 5 Boulder clay B 25 5 0
6~ 6 Blue clay Fresh C ? 5 0 A
T he 7 Coarse outwash A 5 0 0
6~ 8 Sand B 20 0 0



180.

Sample No, SaTe Sehe Zn. Cu. Ph,

T~ 1 ‘Sand B 5 0 25

- 3 Clayey sand B 25 20 25

7- 3A Sand and boulders B 20 10 25

7= 5 Boulder sand B 25 0 0

7= S5A Sand B 10 10 0]

T 7 Sand B 5 0 0

T~ TA Sand b\ 10 0] 25

a 7= 9 Send B 15 0 25
7=~ OA Fine sand B 15 0 0

7-11 Sand (fine) B 10 - 0 0]

7-11A Residual B 25 0] 0

7=13 Sand B 25 10 25

o 7=13A Boulder clay B 10 0 0
~15 Sand B 25 0 25

7=-17 Sandy boulder clay B 20 0] 0

7-19 Sandy boulder clav B 25 (O 25

7-21 Sandy boulder clay B 15 o 50

7-23 Residual 7 - B . 20 0 80

7-25 : B 30 5 0

7=27 Sandy boulder clay B 20 0 25

=29 Sandy outWash,,_?' B 15 0 25

T=31 Till ' B 25 5 25

7-35 Gravely boulder i1l B- 5 0 25

— =37 Coarse sand B-C 10 0] 25
' 7=-39 Fine outwash B 25 10 25
T=4], Sand outwash B 5 0 &0

7-43 Sandy outwash B 5 0 25

T=45 Boulder sandy clay B 15 0 25

=4 Outwiash B 15 5 25

7-51 Tiil - B 25 0 0

7-53 Till B 25 5 5

7-55 Boulder till B 20 0 25

7-57 Moraine B 25 0 25

7-59 Moraine B 75 25 50



181.

Semples Ho. | 5.1 8.4, Zn.  Cu.  Ph.

T 2 Till (fine mat ) B 20 15 25

T & Ti1l B 15 0 0

7= 6 Boulder clay B O 0 0

7~ GA Leache zone 8 0 0

7= 8 outwash B 25 5 0

. 7=10 Boulder clay B 15 10 0
: S A =12 Boulder cl B 5 S 0
7-14 Outwash d B 25 0 0

7-16 Outwash B 15 0 0

7-183 Boulder clay till B 20 5 25

7-20 Boulder clay B 25 0 0]

7=22 Sandy mat. B 20 0 0

e 24 Till (sandy) B 25 0 0




182.

Samples No. Soil Type.

S.H. Zn Cu Pb

8- 1 Sandy B-Till B 20 0
8- 3 B-Till sand B 10 0
8- 5 Sandy outwash B 10 0
8- 7 Fe sand B 25 0]
8-~ 9 Gravely outwash B 20 0
A1l Outwash sand B 10 0

=13 Fine gravel B 35 0
8-15 Gravely outwash B 10 0
8§-17 Bandy outwash B 15 0
8-19 Sandy outwash B 25 0
8-21 Sand (gravelly) B 5 0
8-23 Sand & gravel outwash B L0 0
g-25 Boulder sandy Till B 10 2
8-27 Fine outwash B 10 1
8-29 Clayey outwash B 0 0
g-31 B Till & sand B 10 0
8-33 Fe outwash sand B 10 0
g8-35 Fine sand B 50 0
8-37 Sand outwash B 15 0
8-39 Outwash B 5 0




Samples No,
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Soil Type.

Sandy B-Till
Boulder (sandy)
B-sand

Till

Residual
Outwash
Outwash (resid.)
B-Clay

Outwash

Till

Boulder sand
Residual
Outwash
Outwash
OCutwash.
Outwash

Sandy Till

.
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n
3
0}
-

Sand snd sm2ll boulders
Sand (outwash)

Sandy moraine

Sandy outwesh

Sand and boulders

Sand and boulders

Sand end boulders

Sand (outwash)

Part residual

Sand (outwash)

Cutwash (sznd)

Thin sand cover
Residusl

Fine gravel

Sand and gravel

Clayey residual 7

Sznd and boulders
Sandy till

Boulder till

Till (clayey)

Boulder sand till leached
Sand

Sand
Boulders,gravel & sand
Sand

Sand

Sand

Sand

Till (sandy)

Fine sand

Sand

Sand

Sand (clayey)

Send (clsyey)

Sand

Clayey sand & pebbles
Sendy till

o
' .
sslvelusRevlvoRevResRosRvsRvsRoiRusRvilocRvoRvel-MosNovlvshvsResBusRushosRvoNusRosRrvRusHoe o NurRosRusRovlor)

ZN. Cu. Pb.
50 25 0
15 0 0
15 0 0
20 0 25
25 5. 256
25 0 25
15 5 0
10 0 0
20 5 0
20 5 25

5 0 0
10 5 50
15 0 258
15 0 25
25 0 0
15 0 50
20 0 50
25 0 25
10 0] 25
20 0 25
25 0 50
15 0 25

5 0 50
25 0 25
15 10 0
25 0 0

5 5 30

5 0 25
20 5 0
10 10 25
10 5 0
25 0 25

5 0 0

S 0 0
10 0 25

5 5 0
25 0 25
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_ .. -185.0
Zn, Cu, Pb,

Sam'ole NO! S.T. ~ Svo

9- 2 Outwash B 20 10 50
9- 4 Outwash B 15 0 0
9- 6 Outwash B 20 5 30
9- 8 Outwash B 25 0 25
9-180 Outwash B 25 0 0
9~12 Boulder clay or sznd B 15 5 26
9-14 . Boulder sand B 35 5 50
9-16 Outwash B 20 0 50
9-18 Till (sandy) B 5 5 25
9~20 Till : B 25 0 0
9-22 Till B 25 5 50
9-24 Outwash (sandy) B 15 5 0
D-26 twash B 10 0] 26
9-28 Drift B 25 o) 25
9-30 Boulder clay B 10 0 25
9-32 Till (leached) B 20 15 0
9-34 Till (sandy) B 25 0 0
0-36 Boulder clay B 10 o) 25
9~38 Boulder clay B 15 0 25
9-40 Top esker (G1l,Fe) B 25 0 25
0-42 Outwash B 20 0 25
0-44 Boulder clay B 45 0 0
9-46 Boulder clay B 10 0 25
9-48 Boulder clay B 10 10 0
9-80 Boulder clay B 15 5 0
9=52 Boulder clay B 15 0 25
0-54 Sandy outwzsgh B 100 5 50
9-56 Sandy till B 25 0 25
9-58 Szndy outwash B 15 5] 0



186.

Szmples Mo, 8.1, S.A.  Zn. Cu.  Fb.
10- 1 Cutwash B 25 0 12
10- 3 Ti1l B 5 20 12
10~ & Ti1l B 10 0 25
10- 7 Till B 15 0 25
10~ © Outwash B 10 0 35
10-11 Boulder clay B 25 0 25
10-13 Till B 5 0 0
10~15 Outwash B 5 0 25
10~15A Outwash B 5 0 25
10-17 Ti11 B 5 0 0
10-19 7111 B 0 0 0
10~21 Ti1l B 5 0 25
10-23 Oatwash B 25 0 25




187.

Szmples Wo. Sel. Seh, Ze Cu. Phb.
10- 2 Till B 15 0 0
10- 4 Till B 5 0 0
10~ 6 Till , B 25 0 12
10~ 8 Outwash B 5 0 25
10-10 Boulder clay B 0 0 25
10-12 Till B 5 0 0
10-14 Outwash B 5 0 12
10-16 Cutwash B 10 0 25
10-18 Till (sandy) B 50 0 12
10-20 Till B 20 0 12
10-22 Till B 10 0 25




188.

Samples No, S,T. SsA. Zn. Cu. Pb.
11- 1 Boulder sand +ill B 15 0 25
11= 3 Sand B 15 0 25
11~ 5 Boulder sand till B 35 0 ¢)
11- 7 Fe sand B 5 0 25
11~ 9 Send B 15 0 25
11-11 Sand (little gravel) B 25 0 0
11-13 Gravel (fine) B 20 0 0
11-15 Sandy gravel B 25 0 0
11~17
©11-17A
11-19
11-21

11-23




Szmples No.

1l-
11~
11~
11~
11~10
11-12
11-14
11-16
11-18
11-20

SN RIER Y}

S, T,

Boulder clay sandy
Boulder clay

Till

Till

Till boulder

Till on bedrock
Ti1l1

Till

&
>

Towoww o W
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Sample No,

Sand (Fe)

Boulder till 4 resid.
Boulder till
Boulder till

B.till very sandy
Boulder till
Boulder till
Boulder till (sandy)
Sand & gravel outwash
Sandy outwash

Sand

Sand outwash

Sand outwash

Sand outwash
Boulder till

Sandy outwash

Sand

Sand

Sand

Sand

Sand

Sand

Boulder till

Sand

Gravelly till

Sand

Boulder clay

Sandy till -

Sandy boulder till
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Pb.
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Sﬂ“”!le NO‘ SoTo S-A.. Zn. Cu.o
- 2 Qutwash B 15 o)

: %%— 4 Clay B 15 20
12- 6 Outwash (coarse) B 25 5
12- 8 Till B 15 0
12~10 Ti1ll B 25 10
12-12 Till B 25 25
12-14 Till B 10 0
1le~16 Till B 25 15
12-18 Ti1ll B 20 15
12-20 Till B 20 0
12-22 Till B 10 0
12-24 Till B 5 0
12-26 Till B 10 0
12~28 Till ’ B 25 10
12-30 Esker mat. B 25 0
12-32 . Ti11 B 20 0
12-34 Outwash B 25 5
12-36 Outwash B 20 B
12-38 Outwash B 15 0
12-40 Outwash B 10 0
12-42 Ti11 B 20 0
1l2-44 Till B 10 0
12-46 Ti1l B 15 0
12-48 Till B 15 o)
12-50 Till B 20 0
112-52 Till B 10 0
12-54 Till B 10 0
12-56 Ti1l B 15 0

NN
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192.

Samples No. S.T, S A Zn. Cu., Pb.

13- 1 Sand znd boulders B 15 0 0]
13- 3 Sand B 5 0 25
13- 5 Clayey and boulders B 5 5 50
13- 7 Sandy B 0 0 25
13- 9 Sandy B 20 0 25
13-11 Course sand B 10 5 0
13-13 Silt B 25 15 25
13-15 Sandy residual B 25 0 25
13-17 Sand B 10 5 25
13=19 Sand B 5 0 0
13-21 Sand B 10 5 25
13-23 Sand B "0 0 25
13-25 Sand B 30 0 25
13-27 Sand : B 10 0- 25
13-29 Cessand and boulders B 20 10 0
13-31 Boulders, sand A 20 10 0
13-33 Silty and pebbles B 20 0 o)
13-35 Residual B 15 0 25
13-37 Residual B 15 0 25
13~39 Boulder till B 20 5 0
13-43 Residual B 20 0 25
13-45 Clay B 25 0 0
13-47 Residugl? B 15 10 0
13-49 Sand B 20 0 25
13-51 Sandy B 0 0 28
13-53 Sand B 15 0 0
13-55 Sand B 15 5 25
13-57 Sand and boulders B 5 0 0
13~-59 Boulders B 10 0 25
13-61 Residual B 10 10 25




Sembles No.

13- 2

13- 6
13- 8
13-10
13-12
13-14
13-16
13-18
13-20
13-22
13~24
13-26
13-28
13-30
13-32
13-34
13-36
13-38
13-42
1i3-44
13-46
13-48
13-50
13-52
13-54
13-56
13-58
13-60

Boulders sand
Boulders sand
Ti11
Ti11
Till.
Till

Ttwash
Outwash
Boulder clay
Till
T4i11
Outwash
Outwash
Til1l
Boulder clay
Cutwash
Outwesh

Enriched
OCutwash
Outwash
Till
Till
Outwash
Till
Outwash
Outwash
Outwash
Boulder sand
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Samples No,

1
O~ W -

=
v\
)

15«
152411
15-13
15-15
15-17
15-19
15-21
15-23
15-25
15-27
15229
15-31
©15-33
15-35
- 15-37
©15-39
15-41
15-43
T 15-45
15-47
- 15-49
15-51
- 15=-53
15-554
15-55
15257
15-59
15-61
15-63
15-65
- 15-67
- 15-69

Soil Type.

Till
Till
Residual
Residual
Till
Till
Till
Till
Till
Till
Till
Till
Till
Residual

Till

Till

Till

B Clay

Till

Till

Till

Till

Till

Till

Till

Till

Till

Residual

Till

Till & Residual
B-Clay

B-Till

Till

B-Till

Residual ?

Till

(gravely)
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Samples No.

15-

Soil Type.

Till

Leached till

Outwash
Till
Till
Till
Outwash
Outwash
Till
Till
Outwash
Till
Till
Till
Outwash
Till
Till
Outwash
Till
Till
Outwash
Outwash
Till
Till
Till
Till
Till
Till

(coarse)

»
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Sample No,

16~
16~
16~
16~
16~
16-11
16~13
16-15
16-17
16-19
16-21
16-23
16~25
16-27
16-29
16-31
16-33
16-37
1632

16-41
16-43
16-45
16-49
16-51
16-~53
16-55
1657
16-59
16-61

O~Jo W

Sal.

Residual and +till

Thin till
Till

Sandy

Till (sandy)
Blue clay
Till

Till

Till

Till
Boulder till
Till
Residugl
Till

Till

Clay

Till

TRll

Till

Fe, sandy
Til1

Ti11

Till residucsl
Ti11

Ti11l ?

Ti1l

Residual

Till

Ti11

Uoww wwiiww

humus & clay

b0 0 9 b b b0 b 60 b B bt b b B b b b

.
»
1

Pb.

V)
i lelele

(o)

SlejelojelefolololoRoNololololoXo o)

25

196.



Sample No. S.T. S.A. Z1, Cu.
16= 2 Till B 15 15
16- 4 Till B 5 0
16- 6 Residuzl B 15 10
16~ 8 Residual or till B 10 0
16-10 Till B 5 0
16-12 Till B 25 0
16~14 Ti1ll B 25 0
16-16 Ti11 B 15 0
1618 Ti11 B 20 0
16-20 T411 B 25 0
16-22 Ti11 B 15 0
16-24 Till B 10 0
16-26 Ti11 B 100 40
16-28 Till B 20 0
16-30 Till B 10 0
16-32 Ti11 B 15

16-36 Till B 20 0
16-38 Till B 0 0
16-40 Ti11 B 10 0
16-42 Till B 15 0
16-44 Till B 20 0
16-46 Ti1l B 15 0
16-48 Till B 10 0
1650 Till B 0 0
16-52 Till B 20 0
16~54 T3i11 B 15 0
1.6-56 Till B 25 10
16-58 Till B 35 0
16-60 Till B 25 0
16-62 Ti1l. B 15 0

197.



Samples No.

17~ 1
17- 2
17- 3
17- 4
17- 5
~17- 6
C17- 7
17- 8
17- 9
'17-10
17-11
17-12

Soil Type

Sand

Sand and till
Till

Till
Sandy till
Sand

Sand

Sand

Sand

Sand

Till ?
Residual

.
fou o]
.

vRuelvsNesRuslveRveRvslvsResRuslev) !U)

15
10
50

20
25
20

30

30
50
150

2
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199.

Samples No. S, T, Ssh. 40, Cu. Pb,
18~ 1 Boulder till B 20 0 0
18- 3 Boulder clay B 25 . 0 25
18- 5 . Thi, residual B 25 0 25
18- 7 Residual _ A 15 0 25
18~ © Sandy residual B 15 0 50
18-11 Till B 25 0 25
18-13 Till B 25 10 25
18-15 Ti11 B 15 0 25
18-17 Till B 5 0 25"
18«39 Till B 25 0 25
18-21 Ti1l B 15 0 0
18-23 Clayey B 10 0. 0
18-25 Clayey till B 10 0 25
18«27 Till and residual B 15 0 50
1829 Ti1l ? B 15 o 25
18-31 Resid B 25 0 25
18-33 Ti11l B 10 10
18-35 till B 10 10
18-37 Til1 B 50 10
18<39 Sendy till B 50 10
18-41 Till B 45 10
18-48 Ti11 B 20 10
18-45 Till B 30 10
18<47 Residual B 50 20
18-49 Residual B 45 5
18-51 Residual B 15 5
18-53 Residual B 45 5
18«55 Residugl B 25 5
18-57 Till ‘B 25 5
18-59 Residual B 15 5
18-61 Boulder till B 20 5
18-63 BolGlder +till B 15 5
18-65 Boulder till B 20 5
18~67 Boulder till B 25 5
18-69 Boulder till B 50 5
18-71 Till B 45 5




200.

Sample No, S.T. S.A, Zn,. Cu, Ph,
18- 2 Till B 50 0 25
18- 4 Sandy till B 25 0 0
18~ 6 - Till B 15 0 50
18- 8 Till B 10 0 0
18-10 Till B 15 0 256
18-12 Till B 25 0 0
18-14 Till B 358 0 20
18-16 Till B 30 0 25
18-18 Sandy till B 25 0 50
18-20 Till B 20 0 25
18-22 Till B 10 0 50
18-24 Till B 50 0 0
18-26 Till B 10 0 0
18-28 Till B 20 0 25
18-30 Till B 100 10 25
18-32 Till B 15 10
18~34 Till B 135 20
18-36 Till B 45 10
18-38 Till (sandy) B 15 10
18-40 Till B 25 10
18-42 Till B 35 10
18~44 Till B 25 10
18-46 Till B 10 5
1848 Till B 20 5
18-50 Till B 10 5
18-52 Till B 15 5]




Samples. No.

19~ 1
19- 3
16- 5
19~ 7

9

Residual

B Till
Residual
Residual
Residual

Till

Sandy till
Sand {outwash)
Residual

B Till
B Till
B Till
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Samples No.

18-
19-
12
19-
19-10
_19-12
19-14
19-16
19-18
19-2¢
1975¢
19-30
19-32
19-34
19-36
19-38
19-L0

ROVE W

Soil nge

Till

Till

Sandy Till .
Till (sandy)
Sandy Till
Till

Till

Till

Till

Till

Till

Till

Till

Till

Till

Sandy Till
Till

T9ll
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203.

Samples no. Soil Type S.H. Zn Cu Pb
20- 1 B Till B 12 6 0
20~ 3 B Till B 6 6 0
20- 5 B Till ‘B 12 12 0
20~ 7 B Till B 6 18 0
20- 9 B Till B 12 25 0
- =11 B Till B 12 50 0
“eY=13 B Till B 25 25 0
20-15 B Till B 6 12 0
20-17 B Till B 6 12 0
20-19 B Till A& B 25 12 0
20-21 B Till B 6 6 0
20-23 B Till B 12 12 0
20-25 B Till B 37 12 0
20-27 B Till B 6 12 0
20-29 B Till B 6 12 0
20-31 B Till B 25 25 0
20-33 Clayey till B 6 12 0
20=35 : Clayey till ? B 18 12 0
20-37 : Clayey till ? B 25 18 0
20-39. , B Till B 37 25 0
20-41 B Till (sandy) B 12 6 0
2043 ~ Sand B 12 12 0
T J=45 Sand B 25 12 0
20=47 Sand & fine gravel B 37 6 0
20-49 Sandy till (?) B 25 12 0
20-51 Sandy till B 12 12 0
20-53 Sandy till B 25 12 0
20-55 ' B Till B 50 12 0
20=-57 B Till B 37 12 0
20-59 Coarse sand B 62 25 0
20-61 B Till B 37 12 0
20-63 B Till B- 0 6 0




204.

Samples No., Soil Type. S.H. Zn Cu Pb
20- 2 Till B 31 12 o
20—~ 4 _ Till B 31 25 0
20- 6 Till B 12 12 o)
20- 8 ' ‘Till B 6 6 0
20-10 : Till B 6 6 0
-20-12 ' Till B 12 12 0
~20-14 Till B 6 6 0
20-16 Till B 6 12 0
20-18 Till B 25 12 0
20-20 Till B 12 25 0
20-22 Till B 37 18 0
20-24 Till B 25 12 0
20-26 ' Till B 12 12 0
20-28 Till B 25 12 0
20-30 Till B 6 12 0
20-32 Till B 12 12 0
20-34 Till B 12 6 0]
20-36 Till B 25 6 0
20-38 Till B 18 12 0
20-40 Till B 25 12 0
20-42 Till B 25 12 0
20=-44 Till B 25 12 0
20-46 Till B 25 12 0
- 20-48 Till B 25 12 0
20-50 Till B 25 25 (O
20-52 Till B 6 0
20-54 Till B 12 6 0
20-56 Till B 50 12 0




Sample No,

21~
21~
21~
21-
21-
21-11
21-13
21-15
21-17
21-19
21-19A
21-21
21-23
21-25
21-27
21-29
21-31
21-33
21-35
21~37
21-39
21-41
21-43
Blsas
21-47
21-49
21-51
21~52
21-55
21-57
21-59
21-61
21-63

O~

Residual

Boulder till

Ti1l

Boulder till
Residual and till
Till & residusl 7
Till

T111

Boulder till

Till

Residual

Resid, & little till
Residual

Residuzl

Residual

Sand (Fe) -

Sand

A humis & residual
Residual

Residuzal

Regidual
Sandy
Residusal
Sandy till
Sandy till
Sand

Sendy till

"Residugl

Boulder till (sandy)
Boulder till
Boulder till

Sandy till
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206.

fc);éuﬁ ! )-le I\TO P S o T . S » -Ao zn . -.CI_LI. E_b,[.
21~ 2 Ti11l B 15 10 25
21- 4 Ti1ll B 15 0 0
21- 6 Ti11 B 30 0 0
21- 8 Till B 25 0 0
21-10 Till B 20 0 0
21-12 Tiil B 25 10 0
21-14 Ti11 B 5 0 50
21-16 Ti11 B 25 0 25
21-18 Till B 25 0 0
21-20 Ti1l1 B 15 5 25
21-22 Ti11 B 15 0 25
21-24 Till B 10 0 0
21-26 Ti1l B 25 0 25
21-28 Till B 20 5 25
21~30 Till (sendy) B 20 0 25
21-32 7411 B 25 5 25
21-34 7111 B 15 0 0
21-36 Till B 0 5 0
21-38 Till B 20 0 20
21-40 Till B 20 5 25
21~-42 Residusl B 10 0 0
21-44 Till B 50 0 0
21-46 Residual B 25 50 0
21-48 T4i1l B 20 20 0
21-50 Ti11 B 10 0 0
21-52 Ti11 B 25 20 25
21-54 Ti11 B 25 0 &0
21-56 Ti1l B 20 5 5
21~-58 Ti11 B 15 0 100
21~-60 Ti11 B 5 0 0



'/‘\,

Samples No.

22-
22-
22-
22~
22-
22-11
22-13
22-15
22.17
22-19
22-21
22-23
22-25
22-27
22-29
22-31
22-33
22-35
22-37
22-39
22-541
22-43

O ~J\vi\w

. 22-45

. 2247
- 22-49

22-51

. 22_53
. 22-55
- 22-57

22-59
22-61
22-63

Soil Type.

B Till

Till & Residual
Residual
Residual
Residual ?
Residual
Residual
Residual
Residaal
Residual

"Residual

Sandy Till
B-Till
B-Till
B-Till
B-Till

Sandy

B-Till ?
Sandy B Till
B-Till :
B-Till sandy
B-Till
B-Till
B-Till sandy
B-Till
Residual
B-Till
B-T$11
B-Till -

Till and Residual
B-Till sandy
B~-Till
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Id

Samples No.

22- 2
22~ 4
22- 6
22~ 8
22-10 N
22-12

P

T R2-14

22-16
22-18
22-20
22-22
22-2L
22-26
22-28
22-30
22-32
22-3L
22-36

. 22-38

o,

22-40
2242
22=Liy

Soil Type.

Till
Till
Till
Till
Till
Till
Till
Till
Till
Till
Till
Till
Till
Till
Till
Till
Till
Till
Till
Till
Till
Till

wwmmwwwwwwmwmmwmwwwwww 'U)
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Szmoles No

23-
23-
23-
23~
23~
23-11
23~13
23-13A
23-15
23-17
23-18
23=-21
23-23

©O=~Jw K

SeTe

Fe (saznd) ?

Till

Till (sandy) res.
Sandy materisgl
Boulder till fine
Till :
Till -

Till = Residual
Residual (till)
Sand

Till

Ti11

Sand

[ssXusRvsRusNuehuelvefusRusRevivelue o)

25
15
25
10
10
20
10

15

20
10
20
25

IO EO RGO RS IV TG RO RGO T N6 Ré) Nég)
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210.

Samples No S.T. Sehe Zn, CU. Pb,.
23= 2 Sand outwash B 15 5
23~ 6 Residusl B 20 5
23~ 8 Cutwash sand B 5 5
23=-10 Boulder till B 25 5
23=12 Till B 20 5
23-14 Boulder till B 25 5
23-16 Till and resid B 15 S
23~18 Boulder till (Fe sandy) B 10 5
23-20 Till (residual) B 5 5
23-22 Sand B 20 5
23=24 Sand B 15 5



211.

Samples No . S, T,

' } SeA, N Cu. Pb,
24-1 Boulder till B 20 5
24..3 Till1 B 15 5
245 Till B 20 5
247 Boulder till B 20 5
24.9 ? B 25 5
24-11. ? B 25 5
24-13 ? B 20 5
24-15 ? B 15 0
2417 ? B 25 0
24-19 ' B 25 0
2421, B 10 0
2423 ? ' B 15 0
24-25 Fine sand B 5 0
24-27 ‘Sand B 15 20
24-29 Sand B 20 0
24.31. Sand B 15 0
24..33 Sand B 20 0
24-.35 ? B 30 15
2437 Sand B 10 0
24539 . 20 0
24.47 15 0
24-43 20 0
2445 - 20 5




212.

Semples Mo Se Ty Sele Zn. Cu.- Pb,
- 2 Ti11 B 25 5
24~ 4 Till B 25 5
24~ 6 Till B 15 5
24~ 8 See notes B 15 5
24-10 ? ' B 10 5
24-.12 ? B 10 5
2414 ? B 10 0]
24-16 ? B 10 0
24-18 ? B 20 0
2420 B 25 ¢
24-22 B 10 0
24-24 Sand B 10 0
24-26 Sand B 20 15
24--28 Sand B 15 0
24~30 Sand B 25 0
24=32 Sand B 10 -0
2434 Sand B 15 0
2436 Till B 5 0
24-.38 5 0
24..40 20 0
24-4.2 10 0
24-44 25 0
2446 A 25 5




Samples No.,

oo owoooUdstowowwo oo mo o !U)
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214.
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Samples No., Soil Type.

25~ 2 Residual B R5 25 0
25- 1 B, Till A& B 25 25 0
25- 6 B, Till B 25 25 0
25- 8 Ti11 18 12 0
25-10 Till B 18 6 0
25-12 Till B 12 25 0
1 Till B 12 6 0
<5=16 Till B 12 6 0
25-18 Till B 12 6 0
25-20 Till B 25 12 0
2522 Till B 18 12 0
25-214 Till B 12 12 0
25-26 Till B 12 6 0
25-28 Till B 12 6 0




Samples No.

26~ 1
26~ la
26~ 1b

26~ 3
6~ 3a

26- 5
26~ 5a
26- 5b

26- 7
26~ 7a
26~ 7b

26~ 9
26~ QOa
26- 9b

26-11

7 6=13

- 26-13a
26-13b
26-13b

26-15
26=15a
26-15b

26-17
26-17a
26-17b

26-19
26-19a
26-19b

26=21
26-2la
26-21b

26-23
26-23a
26-23b

26-25
26-25a
26-25b

26-27
26-27a
26-27b

Soil Type.

7411 & Residual
Till & Residual
Till & Residual

B. Till
B, Till
B. Till

B, Till
B, Till
B. Till

B, Till
B, Till
B. Till

B. Till
B. Till
B, Till

B, Till (trench)
Till

B. Till
Residual

B. Till
B. Till (trench)
B. Till (trench)

B. Till
B, Till
B, Till

B. Till
B. Till (trench)
B. Till
B, Till
B. Till
B, Till
B. Till
B, Till
B, Till

B. Till

B. Till

B. Till

B, Till
B. Till
B. Till

B. Till (trench)

Ww Www wow womto Tww Wow Dow ook U Oow oWw wow wow W= FD '
, =
L ]

Zn

100
25
90

200
1000
525
600
. 600
350

3500
225
500

100
200

L5060

2500

700

700
2000
100

125
200
2000

1750
250
100
300
100

50

300
350
250

250
200
200

100
250
200

75
300
100

Cu

15
15
15

10
30
25

60
25
10

.200
25
10

10
10
100

300
25
25

1000
15

25
25
90

25
25
10

25
25
10

10
50
10
35
25
15
15
25
25

25
25
10

300

215.
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Samples No,

26-29 .
26-29a

26-31
26-31a
26-31b

26-33a
26-33b

Soil Typee.

o wow o
L] L ] L]

Till
Till

Till
Till

- Till

Till
Till

(trench)

Tt W o

900
35

30
10

10
15
15

30
15

216.
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217.

Samples No. Soil Type. S.H. Zn Cu Pb
26- 2 B. Till B L5 15 0
26—~ L B, Till B 250 25 100
26- 6 B. Till B 250 6 60
26- 8 B, Till B 200 10 0
26-10 B. Till B L50 25 100
—~26-12 B, Till B 350 75 0
26-14 B. Till (trench) B 900 - 30 10
26-16 B. Till (trench) B 600 25 5
26~18 B, Till B . 200 10 0
26-20 B. Till B 500 10 0
26-22 B. Till B - 25 22 0
26-24 . B. Till B 10 10 0
26-26 . B. Till B 100 15 0
26-28 B. Till B 300 30 0
26-30 B, Till B 50 10 0
26-32 B. Till B 50 25 0
26-3L B. Till B 250 25 15
26-36 B, Till B 275 25 50
26-38 B. Till B 35 25 0
26-40 B. Till B 900 70 0
26-40a B, Till B 160 10 10
26-42 B. Till B 900 450 0




Samples No.,

27~ 1
27- 3
27~ 5
27~ 17
27- 9
—~27-11
27-13
27-15
27-17
27-19
27-21
27-23
27-25
27-27
27-29
27-31
27-33
_27-35
27-37
27-39
2741
R7-43
T 27=45
27-L7
27-49
27-51
27-53
27-55
27-57
27-59
27-61
2763
27-65
27=-67
27-69

Soil TVEe .

Clay
Clay
Residual
B, Till
B, Till
Residual
Residual

B. Till (in trench)

Clayey Till
Compact clay
Compact clay
Compact clay
Clayey Till
Clayey Till
Résidual

B. Till

Outwash sand (?)
Outwash sand (?)
Sand

- Sand

Sand

Clayey
Compact clay
Clayey -
Clayey
Bluish clay
Boulder clay
B; Till

B. Till

B, Till

Sandy Till (trench)
Clay under coarse sand
Sandy Till & Residual -

Residual clay

nsRuoReclucRochvshuchuslesNocResRoeRushveRueRsyRechyshecRuslurhovhesRoshos] !m

Wwreomw Wt

..
j=s}

& B

218.

Zn Cu Pb
600 25 0
600 10 0

55 35 0

60 10 5

L5 10 0

50 10 .0

75 10 0

2500 L,00 15

35 .10 10

150 . 50 0
1250 150 5

30 25 5

60 75 0

25 10 0

60 50 0
200 15 0

25 5 0

15 10 0

35 10 0

50 15 0

15 10 0]

25 10 5

25 25 0

30 10 0

25 15 -0

10 25 0

10 25 0

25 30 0

25 15 0

15 L5 0

15 25 0

35 10 ¢

35 25 0

15 15 0



219.

Samples No. Soil Type. .H. Zn Cu Pb
27- 2 Slump B 35 25 0
- 27- 4 Till & Residual B 75 10 0
27~ 6 Till B 50 10 0
27- 8 Till B 35 10 0
27=10 Till B 30 15 0
;27—12 Sandy Till B 75 15 0
714 Till B 50 10 0
27-16 Sandy Till B 30 15 0
27-18 Sandy Till B 15 10 0
27-20 Sandy Till B 30 - 15 0
R7=22 Sandy Till B 25 25 0
27-21, Sandy Till B 25 15 0
27-26 . Sandy Till B 25 15 0
27-28 Sandy Till B 25 10 0
27-30 Sandy Till B 35 25 0
27-32 Sandy Till B 30 15 0
27=34 ' Sandy Till B 25 5 0
27-36 Sandy Till B 25 10 0
27-38 Sandy Till B 35 10 0
27-40 - Sandy Till B 75 15 0
27=42 Till (in trench) B 35 15 0
27-4L1 Till B 10 15 0o
2 7=46 Till B 25 10 0
L 7-48 Till ' B 25 10 0
27-50 Till (Fe rich) B 10 10 0
27-52 Till B 10 15 0
27-54 Till B 10 10 0
27-36 Till B 25 12 0
27-58 - Till B 10 25 0




Samples No.

28-
28-
28-
28-
28-
28-11
. -13
25-15
28-17
28-19
28-21
28-23
28-25
28-27
28-29
28-31
28-33
28-35
28-37
28-39
28-41
2843
ARaL5

O~ H-

Soil Type.

Til1l

Coarse sand (outwash)
Sand (outwash)

Sand

Sandy Till

. Sandy Till

Sandy Till
Sandy Till
Residual clay
B. Till (clayey)
Sandy Till
Sandy Till

B. Till

B. Till

B. Till .
B, Till (sandy)
B. Till (sandy)
B. Till (sandy)
B, Till '

B, Till (clayey)
B. Till

B, Till

B. Till

ot

oot wo W owicw IUD
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221.

i
5
2
k

Samples No. Soil Type. S Zn
28~ 2 Residual B 45 25 0
28~ L Till B 35 0 0
28~ 6 Till B 25 0 0
28- 8 Residual & Till B 10 10 0
- 28-10 Residual & Till B 35 25 0
28=-12- Boulder clay B 35 25 0
,’~28-lh Till B 100 15 0
28-16 - Till B 30 30 0
28-18 Till B 10 0 0
28-20 Till B 15 0] 0
28-22 Till B 35 0 0
28-24 : Till B 25 10 0
28-26 Till B L5 10 0
26-28 Till B 35 50 0
28-30 Till : B 50 15 0
28-32 : Till & Slump B 50 5 0
28-34 Till B 75 10 0
28-36 Till B L5 10 0
28-38 Till B 10 15 0
28-40 Till B 10 10 0




Samples ‘No,

29~
29~
29-
29~
29~
29-11
—9-13
29-15
29-17
29-19
29-21
29-23
29-25
29-27
29-29

WO -~Jwvn\w i+

Soil Type.

Mostly residual
Till & Residual
Till & Residual
B. Till

B, Till

B. Till
Residual

Clayey Till

B. Till

Greamy clay

- Clayey residual

Boulder clay
Till & Residual
B, Till

B. Till

»
=
.

Twowowooowoww oW IU)

10
30

60
30
25
30

10

35

10
15

25

10
15
10
10
10
10
10
15
10

10

10
10
10
10
10
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Samples No.

29-
29-

Soil Type.,

Residual

Till

Till

Slump (?)

B, Till

B, Till

B., Till

B. Till
Residual

Till

B. Till

B. Till (trench)
B. Till (trench)
Slump

jas)
.

svieeRveRuviveRovhvelorhoeNuchoelochvelvs) IUJ
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Samples Noe

30-
30-
30-

30~
30-

30

30-
30-
30-

30-
30~
30~

30~
30~
30~

30~
30~
30~

jb .‘.

30~
30-

30-
30-
30=

30~
30=
30-

1A
1B
1C

2A
2B
2C

3A
3B
3C

LA
LB
LC

54
5B
5C

6A
6B
6C

7A
7B
7C

84
8B
8C

9A
9B
9C

30-104A
30-10B
30-10C

30-11A
30~11B
30~11C

30-124A
30-12B
30-12C

30-134
30-13B
30113¢C

Soil Type.

Humus
Residual (leached)
Residual

Humus
Residual (leached)
Residual

Humus
Residual (leached)
Residual

Humus

. B. Till (leached)

B. Till

Humus
B. Till (leached)
B. Till

Humus
B. Till (leached)
B, Till

Humus
B. Till (leached)
B, Till

Humus
B. Till (leached)
B. Till

Humus
B. Till (leached)
B, Till

Humus
B. Till (leached)
B, Till

Humus
B, Till (leached)
B. Till

Humus
B. Till (leached)
B, Till

Humus
B. Till (leached)

B. Till

(taken between two well minerzlized trenckes)

S.H, Zn
Ao 30
Al 10
B 25
Ao 20
Al 20
B 25
Ao 50
Al 15
B 15
Ao 50
Al 10
B L0
Ao 35
Al 5
B L0
Ao 30
Al 10
B 60
Ao 300
Al 50
B 220
Ao 160
Al 50
B 350
Ao 100
Al 5
B 100
Ao 240
Al 60
B 100
Ao 20
Al 10
B 25
Ao 3C
Al 10
B 20
Ao 30
Al 20
B 25

N

N

N =
v\ oo M\ n\n i \n (6,00, Y@ BEERW, AN, 1V, | (G, AV, ¥

|

n
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Samples No,

30-14A
30-14C

30-15A
30-15B
" 30-15C

30-16C

30-17A
30-17B
30-17C

30-18A
30-18B
30~18C

Note: Humus samples assayed at McGill,
Results expressed in p.p.m. in ash,

Soil Type. .

Humus
B, Till

Humus
B. Till (leached)
B. Till

Humus
B. Till (leached)
B. Till

Hunmus
B, Till (leached)
B. Till

Humus
Coarse sand
Fine sand

30
20

. 2

10
25

30
25
25
10

60
35

225.



Sampleg No,

31~ 1

31-3

31~ 5
31- 7
31- 9
31-11
31-13
31-15
31=-17
31-19
31-21
31-23
31-25
31-27
31-29

31-31

31-33
31-35
31-37
31-39
31-41

- 31=43

31-45
31-47
31-49
31=-51
31-53
31-55
31=-57
31-59
31=-61
31-63
31-65
31-67
31-69
31-71
31-73
31-~75
31-77
31-79
31-81
31-83
31-85
31-87°
31-89X
31-89Y
31-91
31-93
31-95
31-97

gSoil Type.

B Till (Glayey)

B Till
B Till
B Till
B Till
Residusl
Residual
Residual
Fe Sand

" Ti11 (Sandy)

Sand

Sand

Till

Till

Till

Till

Till

Till

Till

Till

Till

Till

Sand
Clayey Sand
B Till
Till

Till

Till

Till

Till
Till |
Sandy Till
Sandy Till
Sandy Till
Sandy Till
B Till

B Till (Ssndy).
Gravelly Till

B Ti1l
B Till
B Til1
Clayey Till

Residu=l
Residual

B Till1
Cosrse Sand
Sand

Fine Sand

s

WDl WY oy Y D D o i w W e

Woww i

&

&

&
W

B

B

50

10
15
25
50

100
65
25
25
70

150
25
35
75
50
20
30
35
50
75

135

25
R0
25
15
50
50
15
25
25
20
20
10

40
70

15

40
80

25

60
20
50
20
45

100
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227.

Sample No, Soil Typs. S.Ha Zn Cu b
31- 2 Till B 40 25
31~ J Till B 30 5
31- 6 Till B 20 5
31- 8 Till B 25 5
31~10 Till B 25 5
— 31-12 Till B 50 15
31-14 Till B 10 5
31-16 Till B 15 5
31-18 Till - B 10 5
31-20 Till B 15 5
31622 - Till B 15 5
31-24 Till B 15 15
31-26 Till B 20 5
31=28 Till B 10 25
31-30 Till B 20 40
31-32 Slump B 10 5
31=34 Till B 80 15
31-36 Till B 125 80
31-38 Till {Clayey) B 25 15
31-40 Ti11 : ‘B 60 10
L N3=iz Till B 20 5




228.

Samples No, Soil Type. S.He Zn Cu Pb
32- 1 B Till B 10 10
32= 3 B Till (Clayey) B g 10
32= 5 Sand B 15 5
32- 7 Send B 20 35
32- 9 B Till B 20 10
32-11 B Till B 10 5
3213 Till B 10 5
32~15 Residual B 20 20
32-17 Residual B 700 160
32=19 .Residual B 10 70
32-21 Residual B 10 10
32~23 B Till E 50 20
30-25 B Till B 20 10
3227 Coarse sand B 20 10
32=29 Fine sand B 20 10
32-31 B Till B 25 5
32-33 B Till B 80 5
32-35 B Till B 30 10
32=37 B Till B 20 5
32-39 B Till B . 45 10
32-41 ' B Till (Sandy) B 25 10
32-43 Sandy Till B 10 10
3245 B Till B 20 10
32«47 B Till (Sandy) B 65 5
3249 Sand B 15 25
32-51 B Till B 15 20
32-53 B Till B 5 10
372-55 : B Till (Sandy) B 15 20
3257 B Till B 15 5
32-59 . Sand B 40 20
32-61 Med, send B 20 15
32-63 Med, sand B 15 20
32-65 B Till ' B 50 10
32=-67 " B Ti1l (Sandy B 20 10
32-69 B Till B 10 10
32=-71 Gravelly sand B 25 10
3273 . Sand B 45 5
32=75 Sand B 10 5
3277 Sand B 10 5
32-79 Sand B 25 5
32-81 Sand B 20 5
32-83 Send B 75 100
320-85 Sand B 10 5
32-87 Sand B 25 5
32=-89 Sand B 20 5
4 &B 125 75

32~91 Send and boulders




229.

Samples No. Soil Type S.H. Zn Cu Pb

©32-2 Humus ' Ao LO - 15
- 2 Till A 15 5
e 2 Ti1l -~ B 25 15
32~ L Humus ‘v‘ Ao 15 15
- i Till (sandy) A 10 5
o~ = b Till (sandy) B 65 15
32- 6 Humus Ao 15 25
-6 Till A 15 5
-6 T91l B 25 15
32- 8 Humus ' Ao 500 50
-8 Till and slump - A 50 . 75
-8 Till and slump B 70 100
3210 ‘ Humus | Ao 300 300
32-12 Humus . _ Ao LO L0
-12 Till A 25 10
=12 Till. B 7G 15
,“32-14 Humus ho 25 25
T A1l T411 A 10 >
=14 Till B . LG 10
32-16 Humus Ao 1C 10
o =l6 Till A 15 5
-16 Till B 2 5
32-18 Humus Ao 25 25
-18 Till - A 10 5
-18 Till : B 15 10
32-20 © Humus Ao 15 15
-20 Till o A 15 5
-20 T1l B - 25 10
32-22 ‘Humus Ao 20 20
-22 Till A 5 5
-22 T3li B 15 10
32=24 Humus Ao 80 80
—24 Ti11 A 25 L5
=24 ' Till B 50 160
32-26 -Humus ho 30 | 30
_26 Ti11 A 0 . s
-26 . Til1 ' B 10 5




Samples No.

32-28
-28
-28

32-30
-30
230

32-32
=32
-32

32-34
32-36
32-38
32-40
32-42
32-44
32-46
32-48
32-50
32-52
~32=-54
' 2-56
32-58
32-60
32-62
32-61
32-66
32-68
32-70
32~72
32-74
32=76
32-78
32-80
32-82
32-84
3286
32-88
'32-90
13292
32-94
'32~96
3208
:22.100
32~ X
32~ X

Soil Type

Humus
Sandy till
Sandy till

Humus
Till

Till -

Humus
Residual
Residual

Residual
Till and residual
Till

Till

T211

Sandy till
Till

Till

Till

Till

Till

Till

Till

Till

Till

Till

Till

Till

Sandy till
Till {sandy)
Residual L
Till '
Till

Till

Till (washed)
Till

Slump and till
Till

Till

Till

Till

Till

Till

Till

Till

Till

= tﬂbg W =
s
W
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Sanmples No,

DU E OO T Y Y Y OO W O W W Wty LI W W Wt b

Soil Tvpe,

B
n

Till
Till
Til)
Ti111
Til1
Till
Till

Ti31 -

Till
Till
Til1
Ti11
Ti11
i1l
Till

Till-

Till
7311

‘Til1

Till
i1l
Ti11
Till
Till
Till
Till
Till
Ti11
Ti11
Till
Ti13.
Till
Ti1l.
Till
Ti11l
Ti11
Ti11
T3i11
Ti11
Till
Ti11
Till
Till

Sand

Sandy B Till

g o

Till
Till
Ti1l

Till

Yoy Howowdwoodowowodww oot wnodwowdons Yoo W

DoWwwmw

45

25
20
20
25
25
15
15
20
25

25

15
10
25
75
15
20

"

AMAG AV, RE, BN, BN, ; \n\n\n\n‘\nm\n\nm\nc}n\n\ﬁ
.
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Sampnles No,

33~ 2
33~ 4
33- 6
33~ 8
33~10
33-12
33-14
23-156
33-18
33-20
33-22
2324,
33-26
33-28
22-30
33-32
33-24
32-36
33-38
33-40
33-42
33-44,
33-46
33-48
33~-50
33-52
33-54
33-56
33-58
33-60
33-672
33-6/
33-66
33-68
33-70
33=72
33-74
33-76
32-78
33-80
33-82
33-84
33-86
33~88
332-90
- 33-92
33-94
33-96
33-98
23-100
33-102
32-104

Soil Type.

Till
Ti11

sandy

Sandy Till

Till
Til1
Till
Till
Till
Ti1l
Till
Ti31
Till
Till
Till
Till
Till
Till
Till
Till
Till
Till
Till
Till
Ti1l
Till

Till

Till
Till
Tiix
Ti3]
Till
Till
Till
Till
Till
Till
Till
Till
Till
Till
Ti1l
Till.
Till
Till
i1l
Till
Till
Til1l
Tily
Till

(Clayey)

~ Boulder Till

(Residual)

(Sandy)

(Sandy)
(Sandy)

{eached)

(Sandy)

:
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Samples No.

TotocwoWow @ w

Soil Type

B Till
B Till
B Till
B Till
B Till
B Till

Thin B Till & Residual

Mostly Residual
B Till

Mostly Residual

Residual
Residual
Residual
Residual
Residual
Residual

B Till
Residual
Sandy Till
Sandy Till
Sandy Till
Till

Till

Till

Till (Sandy)
Till (Sandy)
Till

Till (Sandy)
Till

Till

Till

Till

B Till (Clayey)

Fe sand
Sandy Till
B Till

B Till

-Gravelly Till

B Till
B Till
B Till
B Till
B Till
Sandy Till
B Till
B Till
B Till
B Till
B Till

w
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- T
Samnles Yo,

34- 2
34= 4
34~ 6
34- 8
34-10
3417
3.4,"1/;,
34-16
34~18
34~20
3422
34-24
3426
- 34~28
24-30
34-32
34=34,
24-36
34-38
3440
2442
34=44,
3/{-"46
34-48
34~50
34-52
34-54
34-56
34-58
34-€0
34-62
: 34"64
34-66
34~68
34~T70
34=72
34“74
34’76
34-78
34~80
34-82
3/4-" 84—
34-86

Til1
Till
™11
Ti11
Till
Till
Til1
Till
Till
Ti11
Till
Till
Till
Till
Till
Till
Till

(Slump)
(Leached)

(Slump)

Leschad

Till
Ti11
Ti11
Till
Til1
Tiln
Till
Till
Till
Ti1l1
Till
Till
Tiil
Till
Till
Till
Till
Til1
Ti1l
Till
Till
Till
Till
Till

(Sandy)

(Clayey)
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Samples No.

35-1
35- 2
35- 3
35- 4
35- 5
35- 6
35- 7
35~ 8
35~ 9
35-10
35-11
35-12
35-13
35-14
35-15
35-16
35-17
35-18
35-19

 35-20

25-21
3522
35-23
35=24
35-25
35-26
35-27
35-28
35-29
35-30
35-31
35-32

35-23

Soil Tvne,

Slump

Till

Till

Till

Ti11

Till

Till

Till and Slump
Till

Till

Till and Slump
Residusl, Slump
Till

Residuel

Till

Till

Till

Till

Till

Till

Slump

~ Vhite sand

Till
Till
Till
Slump
Till
Till
Till
Residual
Till
Till
Slump
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30
10
15
25
25
2

40
10
30
15
40
25
25
20
35
10
20
15
25
50
75
45
10
30
15
20
20
25
20
25
50
15
10
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Samples No,

Wl oW
1
W R~JOWNEF W
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LW AN
]

Soil Type

Till sandy (leached)
Till sandy
Till

Till

Till

Till

Till

Till

Till

Till

Till (sandy)
Till (sandy)
Till

Till

Till

Till

Till

Till

Till

Till

Till

Till

Till
Residual
Till

Till

Till

Till

Till
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237. -

Samples No. Soil Type S.H. Zn Cu Pb
37~ 1 Sand ? B 30 5 0
37- 2 Sand ? B 30 5 0
37- 3 Till B 100 5 0
37~ 4 Till B 30 10 0
37~ 5 Till B 30 10 0
37- 6 Till B L0 5 0
PN Till B 25 10 0
U7~ 8 Till A& B 30 10 0
37~ 9 Till A &B 80 5 0
37-10 Till B 30 10 -0
37-11 Till B 30 5 0
37-12 Till B 65 5 0
37-13 Sandy till B 110 5 0
37-14 Sandy till B L5 5 0
37-15 Sandy till B 250 80 0
37-16 Till B 125 10 0
37-17 Till B 30 5 0
37-18 Till B 10 5 0
37~19 . Sandy till B 25 5 0
37-20 Sandy till B L5 5 0
37-21 Sandy till B 10 5 0
37-22 B Till B 200 120 C
/&37—23 Sandy till B 10 5 0
17-24 B Till B 10 5 0
37-25 B Till B 10 5 0
37-26 B Till B 10 10 0
37-27 B Till B 75 20 0
37-28 B Till B 60 5 0
37-29 B Till B 30 10 0
37-30 B Till B 40 20 0
37-31 B Till B L5 10 0
37-32 Sandy till B L5 5 0
37-33 Sandy till B 5 5 0
37-34 Sandy till B 10 5 0
37-35 Sandy till B 15 10 0
37-36 Sandy till B 30 5 0
37-37 B Till B L5 40 25
37-38 B Till B 75 20 0
37-39 B Till “ B 50 5 0
37-40 Sand ? B 75 5 0
37-41 Sand ? B 45 5 5
37-42 B Till B 75 10 0
3743 B Till B 75 5 0
37-4L4 B Till B 25 15 0
37~45 B Till B L5 10 0
37-46 B Till B 25 "5 0
37=47 B Till B L0 5 0
37-48 B Till B 10 5 0
37-49 B Till B LO 5 0
37-50 B Till B 40 5 0




238.

Samples No. Soil Type S.H. Zn Cu Pb
7-51 B Till B 25 10 0
7-52 B Till B 25 15 0
7-53 B Till B L5 15 0
7-5L B Till B 25 25 0
7-55 B Till B 25 10 0
7-56 B Till B 25 10 0
7-57 B Till B 10 5 0
7-58 B Till B 25 10 0
7-59 B Till B 25 10 0
7-60 B Till B 10 15 0
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Samples No.
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Soil Type

Till
Till
Till
Till
Till

B Till
Till
Till
Till
Till
Till
Till
Till
Till
Till
Till
Till
Till
Till
Till
Till
Residual
Slump
Slump
Residual
Slump
Slump
Slump

Till & Slump

Till
Slump
Slump
Till
Slump
Slump
Slump
Till
Till
Till
Till
Till
Till

Till & Slump

Till
Till
Till
Till
Till
Till
Till

Till (sandy)

Till
Till
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Samples No.

38-108
38-110
382112
38-11y
38-116
38-118
~38-120
S ,8-122

Soil Type

Till
Till
Till
Till
Till
Till
Till (sandy)

Till (clayey)
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Samples No. " Soil Type

8- 1 Medium sand B 10 5 0
8- 3 B Till B 50 10 0
8- 5 B Till B - 250 150 0
87 B Till B 65 20 0
g- 9 B Till B 25 20 0
g-11 B Till B 25 5 0
8-13 B Till B 25 5 0
3-15 B Till B L5 25 0
8-17 B Till B 40 20 0
g-19 B Till B 25 10 0
8-21 B Till B 25 10 0
g8-23 B Till"- B 25 15 0
8-25. B Till B 30 30 0
8-27 Residual B 30 25 0
8-29 Residual & Till B 30 30 0
8-31 Till (sandy) B 25 5 0
8-~33 B Till B 25 5 0
8-35 - B Till {sandy) B 30 5 0
8-37 B Till (sandy) B 30 20 0
8-39 B Till B 30 80 0
8-41 B Till B L0 10 0
8-43 B Till B 25 15 0
8-45 B Till (sandy) B 25 5 0
8-47 Till (sandy) ] B 30 5 0
8-49 Till (sandy) : B 30 5 0
8-51 B Till : " B 25 10 ?
8-53 B Till B 55 5 S
8-55 Coarse sand B 80 10 £
8-57 Coarse sand B 50 10 L
8-59 - Residual B 25 5 2
8-61 Residual clayey B 40 L0 0
8-63 Coarse sand B 30 5

8-65 Coarse sand B 60 60

8-67 B Till B 75 5

8-69 Coarse sand B 25¢ 5

g8-71 B Till B 25 10 )
g-73 B Till B 10 5 2
8-75 B Till B 10 15

8-77 B Till B 35 5

8-79 Fine sand B 5 5

g-81 B Till (sandy) B 25 10

8-83 B Till B 10 5

8-85 Coarse sand B 5 5

8-85A B Till B 5 5

8-87 Pebbly sand B 5 5

28-89 BiTill B 5 -5
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242.

Samples No. Soil Type. S.H Zn Cu Pb
9~ 1 Sandy till B 5 5

9- 3 Sand & clay A& B 5 10

9« 5 Coarse sand- " B 20 5

9- 7 Clay B L5 L0

9- 9 Fine sand B 15 5.

9.11 Blue clay B 20 15

9-13 Clay-sand B 5 5

9-15 Fine sand B 15 15

9-17 B Till B 10 20

9-19 Fe sand B 15 10

0-21 " Sandy till? B o, 10 5

9-23 B Till A&B ' 20 15

0-25 B Till B ' 10 10

9-27 Sandy till B 15 5

9-29 Sandy till B 60 10

9-31 B Till (sandy) B 40 5

9-33 Gravelly sand B 50 .5

9.35 B Till (clayey) . B 10 .10

9-37 B Till B 50 15

9-39 Residual B - 80 5

9-41 Till & Residual B . 100 5

9«43 Residual B 80 5

9-45 Residual B 200 250

9-47 B Till B 70 10

9-49 B Till B 20 5

9-51 Gossan ‘ B’ 80 40

9-53 B Till (sandy) B 15 5

9-55 B Till B 25 5

9-57 B Till (sandy) _ B 20 10

9-59 Fine sand B 30 10 0
9-61 Clay A& B 25 . 50 0
9-63 Clay B 30 10 0
9-65 Residual (clayey) B 25 10 0
9-67 B Till B L0 5 0
9-69 B Till B 30 10 0
9-71 B Till B 25 10 0
9-73 B Till B 25 10 0
9-75 B Till B 5 10 0
9-77 B Till B 30 10 0
9-79 Fine sand B 40 10 0
9-81 Fine sand B 40 25 0
9-83 Medium sand B 40 25 0
9-85 Fine bluish sand - 30 10 0]
0-87 B Till (Sandy) B 30 10 0
9-89 Sandy clay B 30 10 0
9-91 Sand B L0 25 0
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Samples No.,

Soil Type.

Residual
Residual
Residual
Till

Till

Till

Till (leached)
Till

Till

Till

Slump

Till
Residual
Slump

Slump

Till

Till

Till

Till

Till

Till (clayey)
Outwash sand
Till
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244.

‘Samples No. Soil Type. S.H. Zn Cu Pb
LO0- 1 Sand 4 & B 25 10 0
4,0~ 3 Fine sand A&B 25 10 C
40~ 5 Blue clay - 30 15 0
LO- 7 B, Till ' B 10 10 0
40- 9 B, Till (sandy) B 25 15 0
4,0-11 B. Till B 25 10 0
40-13 B. Till. (sandy) B 10 10 0
T15 ~ Sand B 25 10 0
4u-l7 Fine sand B 10 5 0
4L0-19 B. Till (sandy) B 25 0 0
4L0-21 g B. Till (sandy) B 25 0 0
40=23 Fine sand B 25 0 0
L0-25 Sand B 10 5 0
40-27 Sand B 15 5 0
L0-29 Sand B 40 0 0
4L,0-31 Sand B 10 0 0
4L0=-33 Sand B 25 0 0
L40-35 B. Till B 25 25 0
40-37 B. Till B 25 0 0
4,0-39 B, Till B 10 5 0
LO-41 B. Till A& B 30 0 0
L0~43 B, Till (sandy) B 50 25 0
,0-45 B. Till (wsandy) B 50 10 0
12ZL7 B. Till (sandy) B 25 5 0
o =49 B, Till (sandy) B 40 5 0
L0-51 B, Till A 30 15 0]
L4L0-53 B, Till B 30 15 0
L0-55 B, Till A&B 30 25 . 0
L0-57 B. Till & Residual B 25 10 0
4L0-59 B. Till B L0 15 0
L0-61 Clayey sand B 15 10 0
40-63 Sandy Till (?) B 10 0 0
L0-65 Residual B 30 0 0
L0-67 B. Till B 30 10 0
L, 0-69 B. Till B 30 5 0
C40-71 B, Till B 25 10 0
4L0~73 B. Till B L0 10 0
4L0-75 B. Till (sandy) B 30 25 0
L,0-77 B, Till B 25 10 0
L,0-79 B. Till B 25 5 0
4L0-81 B. Till B 25 15 0
40-83 B. Till B 30 5 0
40-85 Sandy Till B 25 10 0
L0-87 Sandy Till B 25 0 0
L0-89 . Sandy Till B 25 10 0
40-91 Sandy Till B L0 10 0
4,0-93 Sandy Till B 10 5 0




Samples No.

4,0~

50-100
40-102
L,O=10k

Soil Type.

Blue clay (gritty)

Sand
Till
Till
£ill
Till
Till
Till
Sandy Till
Sandy Till
Till
Till

'Till

Till

Till

Sandy Till
Sandy Till
Till

Sandy Till
Till
Sandy Till
Till

Till ~

Till & Slump

Till (leached)

Sandy Till
Till
Till
Till
Till
Till
Till
Till

Till (sandy)

Till
Till
Till
Till

Till (coarse sandy)

Till (sandy)
Till (coarse
'Till (coarse
Till (coarse

sandy)
sandy)
sandy)

Till (leached) ,
Till (coarse sandy)

Till (sandy)

Till (leached)

Till
Till
Till

-Till

Till
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246.

Samples No. Soil Type. S.H. Zn Cu

S.H. Zn Cu Pb

1,0-106 Ti11 B 5 10 0
4,0-108 Till B 15 10 0
5,0-110 Till B 25 10 0
50-112 7511 - B 25 10 0
1,0-114 Till g 10 10 0

- ~L0-116 Ti11 L0 10 0




Samples No.

Soil Type.

Till

Till {sandy)
Residnal
Residual
Residual
Residual (?)
B. Till (?)
Residual
Residual
Residual

B.
B.
B.
B.

Residual (?)

*
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Sandy Till

B.

Clayey Till

Bo
B,
B‘
Bo
B.

v wtow

*

Till
Till
Till
Till

Till
1331
Till
Ti11
Ti11
Till

Till

Till
Till
Till
Ti1]
Till
Till
Till
311
Till
Till
Till

Till

Till
Till
Till
Till
Ti11
Till
Ti11
Till

Til?

w
.
ja sl

td wmmmtuwwwwwwwmwmmmwwwwmwwwmwmwmwmwwwmwwmwwwwm I

e bt -
INENE VI NS ST ) ™

W
DN NI

W N
AW

OO

O ONONONONO\ONO ONONONONONONONOYN CNONONONON

247.

I3

o OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO



- Samples No.

41-

248,

Soil Type. S,H, Zn Cu Pb
Till B 10 20 0
Till B 10 5 0
- Till (clayey) B 10 30 0
Till B 10 15 0
Tiil B 10 5 0]
Till B 10 5 0
Till B 10 15 0
Till B 10 10 0
Till B 80 4,000 0]
Till B 25 250 0
Till B 5 300 0.
Till B 10 L0 0
Till (sandy) B 25 80 0
Till B 10 40 0
Till B 30 30 0
Till (sandy) B 0 20 0
Till B 25 200 0
Till B 10 25 0.
Till B 10 40 0
Till B 12 30 0
Till B 12 - 30 0
Till (clayey) B 25 80 0
Till B 12 10 0
Till B 12 15 0]
Till B 12 10 0
Till B 12 15 0
Till (leached) A 12 10 0
Till B 12 5 0]
Till B 12 .5 0
T911 (Fe stained) B 12 10 0
Till ' B 30 10 0
Slump & Till B 12 10 0
Till B 6 10 0
Sandy Till B 12 10 0
Clayey Till B 18 15 0




Samples No.

L2~ 1
L2- 3
L2~ 5
L2~ 7
42- 9
L2-11
~b2-13
©R-15
L2-17
L2-19
L2-81
L,2-23
L2225
L2-27
L2-29
L2-31
L2-33
LZ2-35
L2-37
L,2-39
L2041
L2-43
L2-L5
~mhZel T
- 42=49
L2-51
42-53
L2=55
L2-57
L2-59
L2-61
42-63
L,2-65
L42-67
42"69
L2-71
L2-73
L2-75

Soil Type. !

B. Till & residual

Residual
Residual
Residual
Residuval
Kesidual
Residual

B. Till & Residual

B. Till

Residual
Residual
Residual

B. Till

Residual (7?)
Residual (?)

B. Till
1311

B, Till
B. Till
. Till
. Till
. L33
. 1111
. Ti1nl
. Till

B. Till

(sandy)

(sandy)

Medium sand
Fine sand

B, Till

Sandy Till
Sandy Till

B. Till
B; Tall
B, Till
B. Till
Bo'Till
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250.

Samples No. Soil Type. S.H. Zn Cu Pb
L2- 2 Sandy Till B 12 10 0
L2~ I Till B 6 10 0
L2- 6 Till B 12 5 0
L2- 8 Slump B 12 5 0
L,2-10 Slump B 12 10 0
L2-12 Residual B 12 5 0
42214 Till B 25 5 0
- L2-16 T§$11. B 12 5 0
L42-18 Till B 12 5 0]
4220 ' Till B 12 5 0
L,2-22 Till B 12 5 0]
E2-24 Till B 12 5 0
L2-26 Till B 12 5 0
42-28 Ti11 B 3 5 0
42-30 Till B 12 5 0
L2~32 Till B 12 5 0
L2-34 Till B 12 . 30 0
L2-36 Till B 12 10 0
L2-3¢8 Till B 12 10 0
L2-L0 Till B 12 5 0
L2-L2 Slump B 12 5 0
L2-=L1L Slump B 12 10 0
42256 Slump B 12 30 0
42-48 Till B 75 3000 0
42-50 Slump B 12 60 0
L2-52 Slump B 25 . 20 0
L2-54 Till B 12 20 0
L2-56 Till B 12 5 0
4 2-58 Slump B 25 10 0
L,2-60 Residual B 25 110 0
L2-62 Till B 25 10 0
L2-6L Till : B 12 5 0
4, 2-66 Till (clayey) B 12 30 0
L2-68 Till B 12 15 0]
L2-70 Residual B 12 10 0
L2-72 Till . B 12 10 0
L2=-7L . Till B 25 5 0
L,2-76 Till B 150 20 0
L2-78
42-80 Till B 150 10 0
L,2-82 Till B 12 15 0
1,2 -8, Till B 25 5 0
- 4,2-86 Till B 25 35 0
4,2-88
42-90 - Till B 12 5 0
- L2-92 Till B 12 15 0
L2-94 Till B 12 20 0
- 4,2-96 Till B 12 15 0
1,2-98 Ti11 B 12 10 0
L2~100 Till B 25, 5 0




251.

Samples No. 8oil Type. S.H. Zn Cu Pb
4L2-102 Till B 12 5 0
L2-104 Till B 25 15 0
L2-106 Till B 15 10 0
4,2-108 Till B 12 5 0
42~110 Till (sandy) B 25 10 o)
~42-112 Till (sandy) B 25 15 0
C W 2-114 Residnal B 25 10 0
L2-116 Till B 25 -5 0]
42-118 Till B 25 10 0
42-120 Till B 12 10 0




252.

Samples No, Soil .Type Se.H, Zn Cu Pb
L3- 2 Till B 15 10 0
L3~ 4 Till (sandy) B 30 20 0
L3~ 6 Till (sandy) B 70 25 0
L3~ 8 .Clay B 5 5 0
43-10 Till (sandy) B 10 10 0
43-12 Till (sandy) B 5 5 0
L3-14 Till (sandy) B 5 5 0
B N ¢) Till (Fe rich) B 10 25 0
43-18 Till B 40 30 0
4L3=-20 Till B 10 15 0
4L3=22 Blue clay - 15 5 0
L3-24 Till B L0 10 0
L3-26 Till B 15 10 0
4,3-28 Blue clay - 10 10 0
43-30 Sandy clay B 15 10 0
43-32 Clay B 15 10 0
4L,3=34 Sandy clay B 10 5 0
4L3-36 Sandy Till B 40 5 0
4L3-38 Sandy Till B 25 5 0
L3-40 Sandy clay B 10 5 0
L3142 Blue clay - 25 10 0
L3 =44 Blue clay - 15 15 0




Samples No,

bh- 2
Li- 4
Li- 6
Li- 8
LL=10
Li-12
=1l
Al=16
§4,-18
Ll -20
L =22
Ll =21,
Li-26
L1,-28
41 -30
Ll ~32
Ll =34
4436
L4-38
8440
Ll =42
Li-LY

Ll

Soil Type.

Blue
Blue
Blue
Till
Till
Till
Blue
Till
Till
Blue

clay

clay

clay (leached)
(sandy)

clay

clay

B. Till

B. Till

B, Till :

B. Till (sandy)

Blue

clay

Sandy clay
Sandy clay

Fine
Fine
Fine
Fine
Med.

sand
sand
sand
sand
sand
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Samples No.

Soil Type.

B. Till (sandy)
Blue Sandy Clay
Fine clayey sand
Brown clayey sand
Blue clay-

Blue clay

Blue clay

Blue clay (sandy)
Sandy till (?)
Sandy till (?)
B, Till

Fine brown sand
Fine sand

Fine sand

B. Till (%)
Brown sand
Brown sand

Blue clavey sand
Blue clay

Blue clay

Blue clay

B. Till '
B. Till (clayey)
B. Till (clayey)
B. Till

B. Till (sandy)
B. Till (sandy)
Sandy clay
Rusted silt

B, Till '
Blue sandy clay
Blue clay
Residual, rusty
B. Till(?)

Clay

Blue clay

Blue clay

Fine sand

B. Till

B. Till

B. Till

B, Till

B. Till

Fine sand

Fine sand

Fine sand

Fine sand
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Samples No.

Soil Type.

Sandy clay
Sandy clay
Sand

Clayey sand
Till (clayey)
Sandy clay
Blue clay

Clay

Till (clayey)
Blue clay

.Sandy clay

Sandy Till
Sandy Till
Till (Fe stained)
Till (sandy)
Till (sandy)
Till (sandy)
Till {sandy)
Till (sandy)
Blue clay
Till (sandy)
Till

Blue clay
Till (Fe stained)
Till

Till (Fe stained)
Residual

Till (Fe rich)
Sandy clay
Blue clay
Coarse sand
Clay

Sandy clay
Sandy clay
Blue clay
Blue clay

Blue clay
Clay

Clayey till
Clayey till
Clay

Clay

Clay

Sandy till
Sandy till
Sandy till
Sandy till
Clayey till

.
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Samples No,

L6~ 1
L6~ 3
L6~ 5
L6~ 7
L6- 9
L6-11
146-13
T =15
4,6-17
4L6-19
L,6-21
L,6-23
L6-25
L6-27
L6~29
L6-31
4L,6-33
L,6-35
L6-37
46-39
L6-41
L6-L3
L6-45
A6=47
.6=-49

Soil Type.

Blue sandy Clay

- B. Till

Sand

Blue clay

Blue clay

Blue clay
Clayey sand

B. Till (sandy)
Clayey sand- Blue
Blue clay

Blue clay

B. Till

Sandy Till
Clay

Clay

Blue clay

Fine sand
Clayey sand
Sandy Till
Sandy Clay
Clayey sand

“Sandy Clay

Chayey sand
Fine sand
Fine sand

. .
o
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Samplés Nb.

L6~

Soil Tvpe.

Blue clay
Blue clay
Clay

Clay

Till

Till (sandy)
Residual
Residual (sandy)
Sandy till
Clayey till
Clayey till
Sandy. till
Sandy till
Sandy till
Sandy clay
Sandy clay
Sandy till
Sandy till
Clayey till
Sandy till
Sandy

Sandy

Till

Till

Till

Fine sand

Blue clay

Till

~ Sandy clay

. Till
Till
. Till
Till

leelveRosRur

B. Till

Blue sandy clay
Sandy clay
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Samples No,

L7~

=
ﬂ
!
WR-JONWES WK

~

Soil Type.

Blue clay

Blue clay

Blue clay

Blue clayey sand
Fine blue sand
Fine sand

Sand

Med. sand

B. Till (sandy)
B. Till (sandy)
Clayey blue sand
Med. sand

B. Till (sandy)
B, Till

B, Till (sandy)
Fine clayey sand
B. Till (sandy)
Blue clayey sand
Blue clayey sand
Blue clayey sand
Fine sand

B. Till (sandy)
Blue clay

Med. blue sand
B. Till (sandy)
B. Till

B, Till

B, Till

Med. sand

Sandy till

Sandy till

Sandy till (Fe)
Sandy till

B. Till (sandy)
B. Till (sandy)
B. Till

B. Till

B. Till

B. Till (sandy)
B. Till

B. Till

B. Till

B. Till

B. Till

B, Till (sandy)
Blue clayey sand
Med. sand

- Fine clayey sand

Fine sand

Fine sand

Blue clayey sand
Blue clayey sand
B, Till (sandy)
Sand ..

Micauous sand
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.

W | Yoo | oo toodtowowoodoo P Oy 1 owirtow ! oo oot

N B
VUi O U O Uit O\

258.

I3

OOOOOOOOOOOOOOOOOO0.000000000000000000000000000000000000



Samples No.

R S
NN

R
[0))
N

Soil Type.

‘Clayey blue sand

Fine sand

B, Till (sandy)
B. Till (sandy)
B. Till T

B. Till

Fine sand

Dark clayey sand
Fine bluish sand

. Med. sand

Brown clay

Clay

B, Till

Blue clay

Blue sand '
Blue clayey sand
Fine sand

Blue clay

B, Till (clayey)
B. Till

B. Till

B. Till

B. Till

B. Tili

B. Till
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Samples No.

L8~ 1
4L8- 3
L8~ 5
L8~ 7
48~ 9

4,8-11
<813

Soil Type

Clayey, residual
B. Till

Clayey till

B. Till (clayey)
B. Till '
B, Till (clayey)
B. Till (sandy¥
B. Till

B, Till

B. Till

Clay
B. Till

B. Till (clayey)
Residual (rusty)

Sandy clay (blue)

Fine sand

B. Till

Blue clay

Fine sand

Clay

Blue sandy clay
Blue clay
Clayey sand
Bandy clay

Blue sandy clay
Blue clay

Med. sand
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Samples No.

L8~ 2
L8~ &
L8~ 6
L8~ 8
4,8-10
L8-12
w3=16
L8-18
L 8-20
4, 8-22
4L8-2L
L8-26
4, 8-28
4L,8-30
4L8-32
L8-34
L8-36
4,8-38
4L8-40
4L8=42
Pty
- 348
4L 8-50
1,8=-52
LE-5k
4L8~-56
4,8-58
48-60
L 8-62
LB-64
L,8-66
4 8-68
i, 8-70
L,8-72
L8~
48-76
4 8-78
',8-80
4, 8-82
L, 8-84
L8-86A
4, 8-86
L6-88
© +46-90
© 14,6=92
4,694

Soil T 2 PE s

Sand _
Sandy clay

Till (sandy)

B, Till

Till

Till

Till (Fe stained)
Till

Till

Till

Blue clay
Blue clay
Blue clay
Blue clay .
Sandy clay
Sandy clay
Sandy clay
Clay

Sandy clay
Sand (Fe)
Sandy clay
Sandy clay
Blue clay
Sandy clay
Sandy clay
Blue clay
Biue clay
Sandy clay
B, Till (sandy)
B, Till (clayey)
Clay

Sandy clay
Sandy clay

Clay

Clay

Clay

Clay .
Sandy clay

Till (sandy)
Till (clayey)
Till

Till

Till (clayey)
Till '
Till

Till

Sandy clay

Till
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Samples No.

L9~ 1
L9~ 3
49~ 5
L9~ 7
L9~ 9
49-11
,/"')_13
~r9"’15
4,9-17
49-19

Soil Type.

Fine clayey sand
B, Till

B. Till (sandy)
Sandy Till
Brownish clay
Sandy Till (?)
Blue clay

Clay

Sandy Till
Fine sand
Light bpown clay
B. Till

B. Tii11

Coarse sand
Coarse sand

B. Till

Sandy Till

B. Till

B, Till

B, Till

B. Till

B. Till & coarse sand

Residual
B. Till
B, Till

B. Till & Hesidual
B. Till & Residual

B. Till
B, Till
B, ¥i11 & humus

Residual Sandy Clay

B. Till

B, Till
Residual (?)
Fine clayey sand
Fine clayey sand
B, Till {(clayey)
B, Till (sandy
B. Till (sandy)
B. Till (sandy)
B. Till (sandy)
B. Till (sandy)
B. Till (sandy)
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~

Samples No.

L,9- 2
L9~
49- 6
49- 8
49-10
49-12

49-14

L9-16
L9-18
4,9-20
49-22
L9-24
4,9-26
49-28
L9-30
L9-32

Soil Type.

Residual
Residual (humus)
Residual

Coarse sandy Till
Residual

Till .

Till

Till

Till

Till (sandy)
Gray sand

Gray sand

Till

Till

Till

Till

w

TUEEY O ot e ©

550
200
4,000
90
15
160
90
10
10
20

b,
160

55
40
20
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Samples No.

20~
50~

Soil Type.

Coarse sand
Gravelly sand
Sandy Till
Sandy Till
Sandy Till
Beach sand
Fine sand
Green sand

B. Till

Sandy Till
Sandy Till
Fine beach sand
. Till

"Till

. Till

Till

. Till

. Till

. Till

oslsulvolusRvelvoRus)
L]

Coarse beach sand

B. Till

B, Till (sandy)
B, Till

B, Till

B. Till (sandy)
Coarse sand
Coarse sand
Med. sand

B, Till

‘B, Till

B, Till
B, Till
Sandy (till?)

.
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Samples No,

20~

Soil Type.

Sandy till
Residual
Residual (leached)
Residual
Residual (leached)
Till

Till

Blue clay, sandy
Sandy till

Sandy clay

Blue clay

Sandy clay

Sandy clay

Blue clay

B, Till

B. Till

B. Till

B. Till

B, Till (sandy)
Sandy Till

Sandy Till

Till

Blue clay

Sandy clay

Till

.Blue clay
Till (Fe stained)

Till
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266.

Samples No. ' Soil Type. S.H, Zn Cu Pb
51- 1 B. Till B 5 5 . 0
51- 2 B. Pill B 5 5 0
51- 3 B. Till B 5 5 0
51- 1, B, Till B 5 5 0
51- 5 B. Till B 5 5 0
51- 6 B, Till B 5 5 0

T l- B, Till B 10 10 0
51- 8 B. Till B 5 5 0
51- 9 B, Till B 30 10 0
51-10 B, Till B 5 10 0
51-11 B. Till B 5 15 0
51-12 B. Till B 20 10 0
51-13 B. Till B 10 10 0
51-14 B. Till B 15 5 0
15-15 B. Till B 10 10 0
51-16 " Fine sand B 15 10 0
51-17 Clayey sand B 30 20 0
51-18 . . ~ Sandy Till B 50 15 -0
51-19 Bandy T&ll B 30 30 0
51-20 B. Till . B 30 20 0
51-21 B. Till B 35 20 0
51-22 B. Till B 20 5 0

~51-23 B. Till B 120 10 0
,1=21 B. Till B 20 15 0]
51-25 B, Till B L0 25 0




Samples No.

52~
52~
22-
52~

U
N
H
W R-gowWnSwnoH

Soil Type.

Clayey blue sand

B. Till

B. Till

Sand

Sandy B. Till
Sandy Till
Gravelly sand
Gravelly outwash
B, Till

Fine sand

B, Till

B. Ti11

B, Till
Residual & Till
B. Till

Fine sand

Fine gravel
Med. sand

Med., sand

Fine sand

Med. sand

Fine sand

Fine sand

Fine sand
Sandy Till (?)
Sandy Till
Sandy Till

Compact white clay

Fine clayey sand
Blue clayey sand
Sandy Till

B, Till

B, Till

B, Till

» .
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Samples No.

,\n\n\n\n\.n\.n\.n
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ecivviiueloclviRvellvillviBueReelesRuelvy
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H H
] [
[ [

. Till
Sandy Ti
Clay
B. Till

B. Till (sandy)

Sandy B-
Till & S
B. Till
B. Till
Residual

& sand

11

Till
lump
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Samples No.

5~
Sh=
Sh-
- 5L
" Sh-
5h-
Sk~
/““.LP_
S5k
54-10
54-11
54-12
54-13
Sh=1d
54~15
54L-16
S5L-17
54-18
54-19
54-20
54-21

O R~ OWREF W N

Soil Type.

B Till

Med. sand
Blue clay
Sand

Med. outwash sand
B-Till
B-Till
B-Till (clayey)
B-Till :
B-Till
Clayey sand
B-Till

Blue sandy clay
B-Till
B-Till
B-Till
B-Till

Blue clay
Till

Clayey till
Blue clay
Sandy Till
Till

Till

Till (clayey
Till :
Till

Sandy Till
Sandy Till
Sandy Till
Till

Till

Till

Till

Ui oWoOwoy Ow DTwow wooowwotdm ow
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2.70;': :

Samples No. ype.

Soil T S.H. Zn Cu Pb

55- 1 B Till B 15 10 0
55- 2 B Till B 40 10 0
55- 3 B Till B 15 30 0
55- L B Till B 15 10 0
55- 5 B Till B 20 10 0
55- 6 B Till B L0 10 0]
S5~ 7 B Till B 90 15 0
- 8 B Till . B 50 10 0
55- 9 B Till B .30 10 0
55-10 B Till B 40 10 0
55=11 B Till B 50 10 0
55-12 B Till B 20 10 0
55-13 B Till B 30 20 0
55-14 B Till B 25 10 0
55-15 B Till B 20 10 0
55-16 B Till (sandy) B 25 25 0
55-17 B Till (sandy) B 55 10 0
55-18 Till B 20 10 0

{/ ~




L2710

~Samples No. Soil Type. .He Zn Cu Pb
56- 1 B-Till B 15 10 0
56- 2 B-Till B 20 10 0
56~ 3 B-Till B 140 5 0
56- I B-Till B 20 20 0
56~ 5 B-Till B 30 20 0
56- 6 B-Till B 10 15 0
Ab- 17 Sand B 15 10 0
- 8 B-Till B 25 10 0
56- 9 B-Till B L5 20 0
56-10 B-Till B L5 10 0
56~11 B-Till B 50 20 0
56-12 Blue clay B 10 15 0
56-13 B-Till B 35 15 0
56-14 B-Till B 20 20 0
56-15 B-Till (sandy) B 15 10 0
56-16 B-Till (sandy) B 10 10 0
56-17 B-Till (sandy) B 20 15 0
56-18 B-Till (sandy) B 10 10 0
56-19 Fine clayey sand B 15 15 0
56-20 B=Clay B 10 10 0
56-21 B-Clay B 35 20 0
56-22 Sandy clay B 10 20 0
56-23 B-Till B 10 10 0
A4.2l, B-Till B 20 15 0
L 0=25 B-Till B 25 20 0
56-26 | B-Till B 110 15 0
56-27 B-Till B 35 15¢ 0
56-28 B-Till B 15 10 0
56=-29 B-Clay B 15 10 0
56-30 B-Clay B 30 15 0
56-31 Sandy clay B 20 10 0]
56-32 B-Till (sandy) B 40 10 0
56-33 B-Till (sandy ) B 20 15 0
56-34 B-Till B 60 15 5
56-35 Sand B 15 25 0
56-36 B-Till (sandy) B 45 .5 0
56-37 Clay B 20 10 0
56-38 ~ Clay B 25 5 0
56-39 Till B 10 5 0
5640 Clay = - B 30 5 0
56-41 Blue clay B 25 5 0]
56-42 Blue clay B 15 10 0
56-43 Clay B 40 5 0
5641 Till B 20 10 0
56w45 ' Sandy Till B 10 5 0
5646 Sandy Till B 30 15 0
5647 Ti1l” (leached) A 15 5 0
56-1,8 Blue clay B 10 15 0
56-49 Till | B L0 20 0
56-50 Till (clayey) B 30 10 0
56-51 - Till (sandy B 40 10 0
56-52 Till %sangy% % %8 %8 8
6~ Till (sandy

26-22 Fine sand B 15 10 0
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Samples No. Soil Tyvpe. S.H. Zn Cu Pb
6-55 Till B 15 10 0
6-56 Till B 50 25 0
6-57 Clay B 10 5 0
6-58 Till B 20 10 0
6-59 Till B 20 - 10 0
6-60 B-Till B 50 10 0
6-61 B-Till B 10 . 10 0
662 B-Till B 35 10 0
6-63 B-Till B 30 10 0
6-64 B-Till B 40 10 0
6-65 B-Till B 10 10 0




Samples No, Soil Type.

Blue clay

B, Till

B, Till

B. Till

Sandy Till
Sandy Till
Sandy Till
Sandy Till
Sandy Till
Sandy Till
Residual, clayey
Residual, claysgy
Till '
Till

Till

Fine sand

Till

Brown clay
Till

Till

Till

Till (sandy)
Till

Till

Til1

Till

Till

Till

Till

Till (sandy)
Till

Till

Till

Till (sandy)
Till

Till

Till

Till (sandy)
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7=43 Till

7-50 | Slump & Till
7-51 Slump & Till
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Samples No.

Soil Type.

Blue clay and Sand
Sand

Blue sand
Till (sandy)
Till (sandy)
Till (sandy)
Till (sandy)
Yellow clay
Sand :
B-Till (Sandy)
Blue clay
Yellow clay
B-Till
B-Till
B-Till
B-Till
B-Till
B-Till

Sand

Till (sandy)
Till (sandy)
B-Till
B-Till
B-Till
B-Till

Sand

Blue clay
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Samples No.

58~ 2
58- 4
58~ 6
58~ 8
58-10
sg-lz
8-14
/53-16
58-18
58-20
5822
58-24
58-26
58.-28
58-30
58-32
58-34
58-36
58-38
58~40
5842
58l
58~46
~S8-48
8-50
8-52
8-54
8-56
8-58
8-60
8-62
8-6l
8-66

AN, 00 A0, 00, A0, 20, AV AV, AN

Soil Type.

- Till

Till
Till (sandy)
Till (sandy)
Till
Till (sandy)

Till (clayey)

Sandy clay
Till

Till

Till (sandy)
Till

Till

Clay

Sandy clay
Sandy clay
Clay

Till

Clay

Fine sand
Till

Till

Fine sand
Till

Till

Clay

Till

Sandy Till
Till
Coarse sand
Fine sand
Sandy till
Till

b0 to by b0 bt b0 b b b0 0 60 b0 o b o b b b 10 b b B B0 b0 B b b0 b 6 b0 b o ’m
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Samples No,

59~ 1
59~ 2
59~ 3
59- 4
59« 5
59~ 6
e 7
_J- 8
59~ 9
59-10
59-11
59-12
59-13

Soil Type.

B-Till

Clayey sand
B-Till

B-Till

B-Till (sandy)
Blue clay
B-Till

B-Till

Coarse sand
Sandy Till
B-Till
Gravelly Till
Gravelly Till

™ .
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Samples No.

60~ 1
60- 3
60~ 5
60~ 7
60~ 9
60-11
60-13
/ -15
60-17
60-19
60-21
60-23
60-25
60-27
60-29
60-31
60-33
60-35
60-37
60-39
60-41
60-43
60-45
—

-J=47
60-49
60-51
60-53
60-55
60-57

60-59
60-61
60-63
60-65
60-67
60-69
60-71
60-73
60-75
60-77
60-79
60-81
60-83
60-85
60-87
60-89
60-91
60-93
60-95
60-97
60-99

Soil Type.

Clayey Sand (Blue)
Gravelly sand

Fine sand

Coarse sand
Gravelly sand
Clayey sand
Gravelly sand
Gravelly sand

By Till ,

B. Till (Bluish)

- B. Till (Bluish)

Till (Sandy, bluish)

Fine clayey sand {Boulders)

Clayey, residual (?)
Clayey sand

Clayey sand (Blue)
Clayey sand (Blue)
B. Till (Clayey)

B. Till

B. Till

B. Till

B. Till '

B

. Till (very sandy),
packed

B. Till

Clayey sand
Clayey sand

B. Till

Blue clay

B, Till

B. Till

Till (sandy)
Till

Blue clay
Yellow clay
Clayey sand (yellow)
B. Till (clayey)
B. Till

B, Till

B. Till

B, Till

B, Till (Bluish)
Till (sandy)

B
B
B
B
B
B
B
B
B
B
B
B
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Samples No.,

60-101
60-103
60-105
60-107
60-109
60-111
60-113
750-115

Soil Type.

Till

Till (sandy)

Clayey sand (Brown)
B. Till

Clayey sand

Clayey sand

B, Till

Till (sandy)

o bt bt & o b 2
' o
[ ]
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Samgle No.
60~ 2

S.T.

Till (clayey)

Sand (washed)

sand

clayey ‘sand

till (sandy)

£ill (coarse sandy]
cl%yey s%nd

till (sandy)
ti1l1 "

sandy cigy
" i

till

sandy t%ll
1

1 ]

till
sandy till
u tH )

t£ill
I'ine sand

Fb
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Samples No.

61-
61-
61-
61~
61~
61-

/ -
vl-
61-
61-10
61-11
61-12
61-13

61-14
61-15
61-16
61-17
61-18
61-19
61-20
'/F21-2l

1-22
41=23
61-24
61-25
61=26
61-27
61-28
61-29
61-30

61-31
61-32
61-33
61-34
61-35
61-36
61-37
61-38
61-39

61-40
61-41
61 -42
61-43
6Lkl
61-L5

W oe~Jon\nsw

Soil Type.

B. Till

B. Till

B, Till
Blue clay
B. Till

B. Till
Sand (med.)
Till (sandy)
B, Till

B. Till

B. Till

B. Till

B. 01ay

Sandy clay (Blue)
B. Till

B. Till

B. Till

B. Till

B, Till

Blue clay

Blue clay

Blue clay

Blue (clayey)
Coarse sand

Fine clayey sand
Brown clay

B. Till

Blue clay & sand
Blue clay

Blue clay

Sandy clay (yellow)
B. Till

Yellow clay (Till?)
Yellow clay (Till?)
B, Till

B. Till

B. Till

Till (sandy)

Fe sand

Fine sand

B. Till

B. Till

B. Till

B. Till

B. Till (sandy)

oW oo w

»
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Samples No.

62~

62~

62-

62-

62-

62~
62-
¢ 3

o -

W oR-JoWnHFwn -

ul~-

62-10
62-11
62-12
62-13
62-14L
62-15
62-16
62-17
62-18

62-19
62-20
62-21
~62-22
2-23
62-24
62-25
62-26
62-27

62-28
62-29
62-30
62-31
62-32
62-33
62-34
62-35
62-36
62-37
62-38

62-39
62-40
62-41
62-42
62-43
62-L
62-L5
62-46
- 62-47
62-48
62-49

oo wowoow

Soil Type.

B. Till (clayey)
B. Till

B. Till

Sandy till

Sand

Find sand (Blue)
B. Till

B. Till (clayey)
Brown clay

B, Till
Coarse sandy mat.
B, Till
B, Till
Till
Till
Till
Till
Tiil

e & & @

Till
Till
Till
Till
Till
Till
Till
Till
Till (clayey)

*

Clayey sand

B, Till (sandy)
B, Till ‘
Clayey sand (Blue)
Till {sandy)
Boulder Till
B, Till idlayev)
B, Till (sandy)
B. Till (clayey)
Bl Till

Clayey sand

B. Till (Clayey)
B. Till ?claye )
B. Till (sandy

B. Till (sandy)

B. Till (sandv)

B. Till (sandy)

B, Till (very coarse)
Sand (medium¥
Ti1l (sandy)

Till (sandy)
Clayey sand (blue)

poUwwotwod W™ Uty Cooowooww owodwwoow m_mwwbwmww IED )
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Samnles No.

63- 1
63~
63~
63-

esRueNevluvhvelor)

282.

Soil Type. S.H. Zn Cu Pb
B. Till B 60 60 0
B. Till (clayey) B 55 90 0
B, Till B 50 10 0
B. Till B 20 10 0
B, Till B 30 15 0
B. Till B 15 20 0
B. Till B L5 90 0
B. Till B 35 160 0
B, Till B 20 L5 0
B. Till (clayey) B 20 30 0
B. Till B 15 60 0
B. Till B L5 180 0
B. Till B 45 4,00 10
Slump B 10 L00 0
Clayey Till B 55 600 0
Yellow clay B 30 L5 0
Yellow clay (sandy) B 55 260 0
B. Till : B 35 25 0
B. Till B 35 30 0

. Till B L5 30 0

. Till B 15 10 0

. Till B L5 15 0

. Till B L5 10 0

. Till B 30 10 0

. Till B 20 10 0
Clayey Till B 20 10 0
B., Till B 15 10 0
Yellow clay B 50 35 0
Med. sand B 556 10 0
B, Till B L0 10 0
B, Till : B 55 55 0
B. Till (clayey) B 85 30 0
B, Till B 50. 25 0
B. Till B L5 30 0
B. Till B 50 L5 0
B, Till B LO 25 0
B, Till B 50 20 0
B. Till B 50 15 0



Samples No.

6. -
6l -
6L~
64 -
64~
6lm

OR-goOMIFWwWN -

Soil Type.

Beach sand

B. Till

B. Till

B, Till

B, Till :
B. Till (sandy)
Yellow clay

B. Till
Sapdy. Till (?)
B. Till (?)

B. Till

Yellow clay

B. Till

B, Till

Sand

Blue clay

Med. sand
Sandy Till
Sandy Till
Med. sand

Blue Clayey sand

Till (sandy)
B, Till

B, Till

B. Till
Sandy Till

B, Till
B, Till
B. Till
B. Till
B, Till
B, Till

Uowwmys DU Dooww oododooDoo mw oo w
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284.

Samples No. Soil Type.

S.H. Zn Cu Pb
65~ 1 B. Till B 55 5 0
65- 2 B. Till B 50 10 0
65~ 3 B. Till B 60 L5 0
65- 4 B. Till B 15 10 0
65- 5 B. Till B L5 15 0
65- 6 B. Till B 35 20 0
~- 7 B. Till B 10 10 0
L.- 8 Sandy Till B 50 15 0

- 65- 9 B. Till B 30 35 0
65-10 B. Till (clayey) B 35 20 0
65-11 B, Till B 50 20 0
65-12 B. Till . B 30 20 0
65-13 B. Till B L0 10 0
65-14 B. Till ‘ B L5 15 0
65-15 B. Till (sandy) B 60 15 0
65-16 Blue clay 35 20 0

- 65-17 B. Till B L5 L5 0
65-18 B. Till B 35 30 0
65-19 B. Till (clayey) B 30 10 0
65-20 B, Till (clayey) B L5 15 0
65-21 BTl ( a ) B L5 30 0
65-22 B. Till B 35 20 0
QS 23 B. Till B 55 20 0
=R B. Till B 30 15 0
v5=25 B Till B 35 20 0
65-26 Brown clay B L5 15 0
65-27 Blue clay B & C 35 15 0
65-28 Blue clay 40 21 0
65-29 B, Till B L0 30 0
65-30 B. Till B L5 15 0
65-31 Blue clay : L0 15 0
65-32 B. Till B 40 30 0
65-33 B. Till B 30 10 0
65-34 B. Till B 30 15 - 0
65-35 B. Till B 25 5 0
65-36 : B, Till (Fe stalned) B 35 10 0




Samples No.

66~
66-
66-
66-
66~
66-
réé_
06~
66-10
66-11
66-12
66-13

. 66-14
66-15 -
66-16
66-17
66-18
66-19
66~20
66-21
66-22
66-23

C—H6=24
6=25
66-26
66-27
66-28
66-29
66-30

- 66-31
66-32
66-33
66-34
66-35
66-36
66-37
'66-38
66-39
66-40
66-4L1
66=42
66-43
66-414
66-45

woe~3onnmFwH

Soil Type.

Blue clay
B. Till

B, Till

B. Till

B, Till
Blue clay
Clayey sand
Blue clay
B. Till (clayey)
B. Till

B. Till

B. Till

B. Till

- B, Till

Beach sand (blue)
B. Till

B. Till

B. Till

Fine sand

B. Till

Blue clay

B. Till (sandy)

B. Till (gravelly)
B, Till (gravelly)

B, Till

B. Till

B. Till |

B, Till '

B. Till (sandy)
B, Till

Clay

B. TQll

Clay

Clay

B, Till

B, Till

B. Till

B. Till

B. Till

Fine sand

Blue sandy clay
Sandy Till

B. Till

Beach sand (Fe stained)

Sand & Blue clay

lea

bt o o bt 0 0 b B0 0 U0 B0 bo B0 o b 10 o 0 B0 B0 o Unpww wowodw Wh.owowwr

& C 45

10
45
15
35
20
15
15

10
15
20
10
15
10
10
15

15
10
10
10

15
15
20
15

25
20
10
20

25
10
10
15
20

10
20
25

30
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Samples No.

67~
67-
67-
67~
67~
67~

.

~ oW

Soil Type

Brown clay

B clay

B clay

B Till

Clayey Till
Clayey Till
Residual clay (?)

w
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Samples No.

~J O\

Soil Type.

Fine sand (esker)
Med. sand (esker)
Coarse gravel (esker)
Fine sand (esker)
Clay (bluish) (esker)
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Photo 7

FYhotes 3 - 7 = Secticno nero:s colcr betueen
Caclhie and Dore Lokes.



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138
	Page 139
	Page 140
	Page 141
	Page 142
	Page 143
	Page 144
	Page 145
	Page 146
	Page 147
	Page 148
	Page 149
	Page 150
	Page 151
	Page 152
	Page 153
	Page 154
	Page 155
	Page 156
	Page 157
	Page 158
	Page 159
	Page 160
	Page 161
	Page 162
	Page 163
	Page 164
	Page 165
	Page 166
	Page 167
	Page 168
	Page 169
	Page 170
	Page 171
	Page 172
	Page 173
	Page 174
	Page 175
	Page 176
	Page 177
	Page 178
	Page 179
	Page 180
	Page 181
	Page 182
	Page 183
	Page 184
	Page 185
	Page 186
	Page 187
	Page 188
	Page 189
	Page 190
	Page 191
	Page 192
	Page 193
	Page 194
	Page 195
	Page 196
	Page 197
	Page 198
	Page 199
	Page 200
	Page 201
	Page 202
	Page 203
	Page 204
	Page 205
	Page 206
	Page 207
	Page 208
	Page 209
	Page 210
	Page 211
	Page 212
	Page 213
	Page 214
	Page 215
	Page 216
	Page 217
	Page 218
	Page 219
	Page 220
	Page 221
	Page 222
	Page 223
	Page 224
	Page 225
	Page 226
	Page 227
	Page 228
	Page 229
	Page 230
	Page 231
	Page 232
	Page 233
	Page 234
	Page 235
	Page 236
	Page 237
	Page 238
	Page 239
	Page 240
	Page 241
	Page 242
	Page 243
	Page 244
	Page 245
	Page 246
	Page 247
	Page 248
	Page 249
	Page 250
	Page 251
	Page 252
	Page 253
	Page 254
	Page 255
	Page 256
	Page 257
	Page 258
	Page 259
	Page 260
	Page 261
	Page 262
	Page 263
	Page 264
	Page 265
	Page 266
	Page 267
	Page 268
	Page 269
	Page 270
	Page 271
	Page 272
	Page 273
	Page 274
	Page 275
	Page 276
	Page 277
	Page 278
	Page 279
	Page 280
	Page 281
	Page 282
	Page 283
	Page 284
	Page 285
	Page 286
	Page 287
	Page 288
	Page 289
	Page 290
	Page 291
	Page 292
	Page 293
	Page 294

