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INTRODUCTION  

General Statement 

While working for the Quebec Department of Nines 

(Mineral Resources Branch) during the summers of 1955 and 1956, 

the writer was assigned the problem of investigating the 

possibility of applying geochemical prospecting methods by soil 

sampling in a heavily glaciated part of the Province. 

The present distribution of base metals in glacial 

soils has been brought about by the following processes: 

a) Mechanical dispersion by glaciers of rock 

material, unconsolidated surface deposits and 

soil cover of pre-glacial origin. This 

transported and mixed material forms the present 

overburden. 

b) Post•glacial redistribution of the metals 

contained in the bedrocks and the glacial 

deposits by ordinary processes of mechanical 

and chemical weathering and transportation. 

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

ary dispersion of elements from their bedrock source. 

A review of the literature soon revealed that 

little has been written on geochemical prospecting in recently 

glaciated areas. There is also little information available on 

the composition of the fine fractions of till, which is the 

3. 



most abundant type of surficial deposit covering recently 

glaciated regions. For the purpose of prospecting, 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 scale of the 

glacial geology and surficial deposits, in-

cluding the processes of soil formation. 

c) 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 investigation has been called sediment-petrographic 

study by Scandinavian geologists. 

2 

The present report deals mostly with the study of 



    

3 

r e me • aAical mical • apersio 	enomena in the fine 

 

Choice of the Area  

r.,-) The selection of a suitable location for €s eri- 

tcal ro specting-methods --was-dept 	ndent-on 

the 	 following 	requirement-Ir.) 7- ALD 
 w•c.-, cGc , de,d 

( :)The area had to be heavily glaciated and show 
f~tir 

evidence that-the ice moved in a single and well-defined 

direction during thé last period of the Pleistocene glaciation. 

iaabler~.o 0 
ca-u-sed - by -multi-ple -greeti 	 stvvsmrent . ) 

--It  was also desirable that the regional and local 

geology be well known6yr-tWit only a eoapilatie i -.f-g.o- 
iC t 

lagtea-1-data 	 aaari) n Mineralisation in the district 

-lard be fairly abundant; lest ttie mineral deposits had to be 

relatively untouched by human activity to avoid contamination 

of the soils and waters by development, mining and smelting 

activities. 

The Chibougamau Copper District fulfills these 

conditions satisfactorily. It is located 320 miles north of 

Montreal, in Abitibi-East County. The closest base metal 

smelter is at Moranda, some 200 wiles southwest. Geological 

mapping 	-proapectingTin the area 

need ■harpie in__tht--resent--years_._ 
sine the district__has been _linked with Lake -t.-.- 4ohn_by-ter 



(-.-,atrgray.i-poa)At the prosem-t-time, only one mine 

w 	operating wtiaft the area osurrd. It was inferred (f-raa- 

&  few  a 	 lon-the gla 	 — 

•:.àetyChe late Pleistocene history of the arei as rather 

simple, and that the ice moved steadily across it trom-a-atable 
el1-Ct.L011,4 	1-1,0 f r ~►èNt 

Meld v;ork lknd x.aberatory(TecWauel( 

$e 	Information on the mature of„ surficial 

deposits was gathered while sampling the soils and unweathered 

tills,. 	 > ftoadcuts and gravel pits were 

examined in some detail 

~ct.i~~rr 

-4101d observations were extended 	 oft 

b, a thorough examination of aerial photographs ̀ta in- at) a scale 
Ste. 

of one mile to the inch •I arger scale photographs, i.re -only- 

1'or small areas about Dore and_ Antoinettt►e-444th 
Ifimailfem*Lterprotations are broad, and the map of surficial 

deposits shows only approximate boundaries, especially in parts 

where little or no sampling was done. 

Sediment-Mineralogical Study of Tills  

Lath 	yam 	 - 

Twenty samples of the fine fraction of boulder 

till were collected along two traverse lines approximately 

4 
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lam` 

5 ) 	
\.“) 

parallel to the direction of ice movement. One line followed 

the Chibougamau highway from the Townsite to the bridge across 

Chibougamau Rivera the other followed the northwest shore of 

Dore Lake (See Fire No. 1). Th se traverses transact the 

geological bo i. ries at a high angle. The s cing between 

the sample- was normally abo one mile, bu y larger gaps were 

left w re till was absent or where no suitable location could 

be 	ound. ) 

1~1~~A bola.. 
L 	 All 	samples were Ct 

pits or exploration trenches, immediettiy-boneath)the soil pActiE.  

rdaaperr) About 500 gm of fine material (granule sise or 

finer) were collected from each location 	 -of-- 

~- ed-etas water- 
(A. 1 h.l.. .  
- he samples so taken 	 } to 

A 

represent the matrix of undisturbed tills. 

Mechanical analysis; f ittltad _) 

C

In the laboratory 	a ,wenty sass le s f  the line 
/ 

fraction of ills were qu ered to 50 to 100 gal and a 

completely/ chaanical nalysis was made. -Miaterliai below 4 

mesh (2mm) only was studied; the coarser fraction was dis-

arded(by sieving) The pros dare followed in the preparation 

of the samples was
/ essentially that proposed by Krumbein 

l
and 

j 

!j b 
C ' 	i. - :w..l 0. 	, U~ ,e44.0 1 t,c., .. c.L . • W1 . •.v O.d 5 ~h- / E C"3 Q,„„..G4 

Pettijohn (1938).  
A 

.part4elea because of the low content of clay in the sampletp0 cI ; (-R e i7 U- c,0 -mot 	8-is tv r , t 	-f--t._ ()~, ~- C-ta . 
Strong treatment such as boiling was not considered necessary, 



Scale ( miles T 

1. Outwash sands and gra .els. 

11. Ground moraine ( hilly hound 

111. Drumlinoid ridges field. ` 

F; c~ . 

6. 
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coagulation of the clay particles • 

after soaking the samples in a dilute sodium oxalate solution 

for 24 hours. 

Tie sample4 were wet sieved thro1 ,h a 

screen to sparate t e finest f action. T plus 

9 mesh mati¢rial was/then dried and sieved through 

Tyler screens on a'l ko-Tap machine for 20 minutes. 

200 me h. tracti / obtained as added to the finest 

separated by we sieving. 	
C1-1-+-d 

The minus 200 mesh material was sized in a settling 
Ly~jZ~ct.a . • 

% i u'" 1 

column.' Two samples were/ studied by the pipette method (see 

ürumbein 'and Petti, f ohn) . All the samples' mere thin studied 

by the hydrometer method (see Bouyoucos / 1930) which is 

much faster but less accurate. The redults obtained by the 

two methods were ̀found to be fairly g'omperable, h 

mechanical anal see by the hydromet r methgrd are considered 

Ito meet the re uiremente Of the present study. 
c. C_~~~.~.~~. 

iArnineralogical study of tills: ~ 

T~purpose of this study ras 6r 	in 	the 

- 	- - 	.. - 	 • 	• -e -~ttrix -~rl-tüi s, 
-•t'k)G ua.~ i -ttil.C- ./(4-41c0-~ uk. P,oc. 1 ii 4S 66 

emA-ryrthem) to identifynthe most abundant tinerals 	a 

 	__r:n`ntent) in the saeaple a, saltrov i 4e s e  
A 

'the minus 100 -►  
of- fke i- :11, 

plus 150 mesh fractiont 	 ) ..11e X-. 

200 me A 

20 - min 

set of 

The Winne 

previously 

~•-~~~ 

corn 

oYt _4; 



(I oarsest fraction in which most p,r nsarre ono 

ex ption made of 1 grained alterat n prod 

Separa ion b eavy liqu 	readily obt . ned; and ( 

The per 	es can be sa y identi 	•t 	• ;;bA0P.0 

Th 

	

	size range)io classified as very fine sand in the 'Pient- 

scale. 

A first separation ~rN;---trra.ti.ty) into a light and a 
~s 7~ 

 

16.  heavy fraction was made 	 e 4-Garb= 

aM00.0 

,be light fraction was then4washe or a short 
ion 

perce of stannous ch 	 any surface coating 

of the grain= ith iron oxides. An examination under the 

petroLraphic micros-. revealed that th light fraction was 

mostly composed of fresh coking, co urleas minerals, the 

determinations of which by o i ry microscopic methods would 

involve tedious and lengthy pt al work. It was therefore 

decided to group the 	rails composing the light fraction 

into the following ur categories: quarts, potash feldspar 

(microcline, or *class), plagioclases (of any composition), 

and undete •,ed grains including light alteration products, 

a few f1•.+ted flakes of biolite, etc. To recognise these 

Jiff- ent groups easily, selective staining methods described 

by Keith (1939) were used. The material was generously spread 
,\/) 

8 
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etched for thrah minute* in hydrofluoric acid fumest and 

stained with a solution of sodium cobalti-nitrite. The plates 

were ah , r 	)examined under a binocular microscope. 

Quartz was left untouched; potash feldspars were covered with 

a bright yellow stain of potassium cobalti-nitrite; and the 

plagioclases displayed a white etched surface. boo hundred 

grains from each slide were counted and results ware recorded 

in percent/volume. 

The heavy fraction was examined under the petro-

graphic microscope after removing OW magnetite with a 

hand magnet. (!i separation of the main minerals with the 

i odynamic separator proved to be inefficient because of the 

dance of alteration products such as eaussurite, uralite, 

tic. Here again} a minerals were grouped into four categories, 

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

and undetermined. The percentage of each mineral group in 

the samples was again obtained by counting 800 grains. 

~I 
Postglacial Secondary Dispersion of Base metals  

Soil Sampling Tools and Sample Containers: -) 

ç Most of the samples collected for base metal 
o"' analysis were taken , s the top five feet of the unconsolidated 

cover, ►ften-.within W9,110-1ue 	I 	_ 	\ Mt ere it was 

essential to investigate the vertical distribution of metals 



to a greater depth, samples were collected from as deep 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. A suitable soil sampling tool must be adapted to 

these conditions. 

For shallow soil sampling, an instrument devised 

by Ogden (1954) was adopted with a few modifications. It is 

represented by Figure No. E. The tool, which has an over-all 

length of 60 inches, is driven to the necessary depth with 

a six pound sledge-hammer. If the surface is very rocky, 

the tool is used as a bar to explore the ground through the 

moss and humus cover. It is 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. 

-7-4 e 
Thera-'le-a 	instrument ( buti-t) for deeper 

sampling..4i is designed so that the soil filling the 

head will be continuously evacuated 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 traversed 

10 
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soil. 	 a. 	 , : 	, 	 .. 	•~ 
The steel rod is driven down with a sledge hammer, as in 

shallow sampling o"Idditional tour-foot steel sections threaded 

at each end,are attached with special couplings whenever 

necessary. To pull the instrument out, a tripod is erected 

and the rods are lifted by means of a 1-1/2 ton aluminum 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. 

iehenever a large boulder is encountered, the bole is necessarily 

abandoned. 

Peat samples were collected to a maximum depth 

of 15 feet using an ordinary hand piston sampler. 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 sample collected 

by driving the instrument down a few inches below the depth 

initially reached. 

he most practical container 

for keeping soil samples 	 _rOtr 3/ „ 
(111MOP() is a 	 heavy paper 

envelope sealed with waterproof glus. Handling and contami-1 

 of the sample are reduced to a minimum by drying it 

before opening the envelope. Aluminum tins were also mead 



occasionally but were found less convenient. 

13 

attarn '. 

   

'..)In the present study, a single sample of about 

half an ounce was collected from each sampling site. Studies 

by the U.S. Geological Survey (Hawkes . l233) have shown 

that in most residual soils, such a sample represents the metal 

content within a radius of about five feet. 

The reproducibility of analyses of spot samples 

in glacial soils bas been tested by the following experiments. 

Figure No, 3 shows the analyses in copper and 

sine of two sets of samples taken approximately at the same 

location (i.e., within one or two feet) within an interval of 

one year. Analyses were made by two different persons. The 

copper assays for the two sets are very similar, and the 

slight variations fall within the range of accuracy of the 

analytical methods. The only serious discrepancy was found 

in the southernmost pair of samples; it is very likely caused 

by surface contamination of the richest sample, which was 

collected in swampy ground in the immediate proximity of a 

diamond drilling site. The correspondence between the sine 

analyses may seem rather poor. The zinc values of the second 

year in the south half are much higher than the first year 

results, although they remain within the background range. 

Such systematic differences will be discussed later; they 



are probably inherent in the analytical technique used. Both 

analytical series show a similarly located peak above the 

background value. 

Figure No. 4 shows the analytical results of two 

sets of samples, taken 15 feet apart. Results check fairly 

well in the south half of the traverse, but to the north the 

sample taken at location 000 s 15 feet t is much higher in 

sine than the one taken at location 000 N. 

Detailed soil sampling and a limited amount of 

water testing were first carried out near several of the IsAUt 

known o 	. 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 
e5 +v ore -b1nz 	fiu.t+"-€S -*& - wt„~. 

picket lines,,cut by mining companies for their geological and 

geophysical work,  

structuring Sampling traverses were normally spaced ZOO to 

300 feet apart, and samples along the traverse lines were taken 

every hundred feet or closer, 	 l-he background 

values of copper, sine, and lead in the soils of the district 
a-o 
 were established 	.--Z#--i-L2-,  

doll sampling was then extended to the `round 

separating the main mineral deposits, and to the area south-

west of the known belt of mineralisation, Vthe direction in 

which the ice moved during late Pleistocene time. The purpose 

14 
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was to determine whether or not there was an increase in the 
tot U 

background values of base metalssbecause of the integration 

(1:n-the tilt of mineralised material from posits located u `sc e-- - 

..upet-re*m-. In this case, soil sampling traverses were located 

approximately one thousand feet apart 	at right angles 

to the direction of ice flow. Sampling points along the 

traverses were spaced 200 feet spart or more. 

A total of 4,300 soil samples were collected, s-,A 
Lk, 

Analytical Technique:. 

Warren and Delavault (1958) divide the total metal 

content of a soil as follows: 

a) Metal present as free ion3. Lastly extractable 

by water. Forme a small percentage of the total 

metal content. 

b) Metal ions loosely bound to the surface of mineral 

particles and organic matter. Can be extracted 

with a cold solution containing a high concentration 

of exchangeable ions. 

c) Metal ions tightly bound by chelating (formation of 

certain types of organic complexes), or by entering 

the clay particles. Mostly extractable with strong 

acids. 

d) fetal present as sulphides, secondary oxides and 

carbonates (hydrothermal and epigenic). âxtractu 

able with mild to strong acids. 



e) Metal contained in primary silicate and oxide 

minerals. Can only be extracted by destroying 

the mineral lattice with hydrofluoric acid, 

potassium bisulphate fusion, etc. 

The total content of a given metal in the material 

sampled is seldom sought in geochemical prospecting. The 

sample is,0 ~ digested in such a way that most silicate 

minerals are undamaged and only part of the metal present is 

analysed; moreover, • great accuracy is not required, because 

the intensity of the anomaly sought is ordinarily equal to 

several tiles the background value. 

Tuo different analytical techniques were used in 

the present work. With the cold extraction method of Bloom 

(1955) the samples were treated with a cold solution of 

ammonium citrate, and metals belonging to groups (a) and (b) 

only were dissolved. With the hot nitric acid extraction 

method of Bloom and Crowe (19b3), metals belonging to groups 

(c) and (d) were also brought, into solution. 

both methods, the base metals dissolved during 

the preliminary treatment of the sample are removed by a 

dilute dithisone (diphenyl thiocarbasone) organic solution; 

coloured metal dithisonates are formed and the metal content 

is estimated calorimetrically. 

18 



The analytical methods mentioned above were 

developed by the U.S. Geological Survey primarily for the study 

of residual soils and alluvium. .(he 

y 

cry halos of dispersion in the 
fAL A 

formed^by chemical weathering, 

co 	 .~ The second- 

transported overburden, adeggibi 

are geologically very recent and 

consequently the anomalies are fairly weak. The original 

analytical techniques were thus slightly modified to meet the 

local requirements. 

Hot Nitric Acid &xtraction. 

All the till samples were analysed by the hot 

nitric acid extraction method. In this way, the base metals 

removed by the ice from mineralised bedrock and dispersed 

mechanically in the till in the form of primary and secondary 
GAL 

sulphides end oxides swald be detected. The results of these 

analyses for each metal are expressed in parts per million 

(p.p.m.) of the sample. For a matter of convenience, the 

metals so analysed will be called readily soluble metals in 

further parts of this t. 

The sensitivity of the nitric acid digestion 

method was increased by using 0.25 to 0.50 gm. of minus 80 

mesh material instead of 0.1 gm. With this modification, the 

smallest amount of metal detectable was 5 p.p.m. The sample 

was digested for two hours in 5 ml. of 113 nitric acid in a 

14 



20 

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

the tube during boiling were completely eliminated, and the 

extraction was complete. It was observed that by using larger 

amounts of nitric acid, the buffer solution used in the sine 

teat became ineffective. 

The reproducability,is evaluated by Dehn -y14 "  "4'14'1  am--- 

to be plus or minus 50 of the amount present for values 

above 20 p.p.m. Such a correspondence, or better, was usually 

obtained between the field laboratory assays and assays 

obtained at the Geochemical Laboratory of McGill University. 

(At times, however, both laboratories experienced difficultie 

with abnormally high values in the low range, especially or 

sine. Subsequent orifications would reveal variatio 

reachin. 100 	cent of the amount present. The d crepancy 

between - o ets of samples shown on Figure No. , illustrates 

such a t tien. The reason for these varia ons is not 

Figure Mo. 5 compares the assay results obtained 

in the field laboratory with those reported by the Geochemical 

Laboratory of the U.S. Geological Survey, fbr a suite of 21 

samples of mineral soils. Samples are plotted according to 

decreasing copper and sinc values as determined by the writer 

and his assistants. At the U.S. Laboratory, samples were fused 

with potassium bisulphate prior to the determination of copper 

and sinc e  so that th* total metal content was brought into 



Cu. 

P. 

P. 

M. 

21. 

Zn. 

- P. 

P. 

M. 

--0-- U.S.Geological Survey. 

----t--- Present author. 

(samples plotted at equal distance) 

Co n r i son of zinc and coo-er values obtained for 
the same soil samples by the U.S.G.S. and the author. 



solution. Nevertheless, the reeultsobtained by the Laboratory 

dotare systematically lower for above background valuea)than 

those of the writer. The shape of the two curves for copper 

is very similar. There is also a general correspondence of 

the sine 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 

5 p.p.m., and in many samples no copper at all could be 

detected. Results obtained by the U.S. Geological Survey 

Laboratory for a few samples of humus, after fusion with 

potassium bisulphate, were markedly higher. A series of E6 

humus samples was then submitted to the Geochemical Laboratory 

of McGill University for analysis of copper after gHS4 fusion; 

the assay results are given in Table No. 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 nitric acid, part of the 

copper becomes fixed in particularly stable organic complexes 

and does not form copper dithisonates. 

About one half of the chemical analyses 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. 

12 



Ammonium Citrate ,£traction. 

The ammonium citrate extraction method was also 

used, vainly as an "on the spot" guide to the field work. 

The results are semi-quantitative and are expressed as cc. of 

cithizone solution used to obtain a blue-purple end colour. 

They represent the cold extractable *USA base metal content. 

For equal amounts of metals present, the reaction 

obt4ined is strongest for sine, followed by copper and lead. 

The predominance of either sine, copper or lead in soils may 

be detected by additional testa y) 

\ In Chibougamau, copper is the most widespread 

base metal, and a specific field test for copper would there-

fore be more convenient. At the time the writer made the 

surveyx there was no description of such a test in the litera- 

t 	l"°  ure 	f pecif is methods for field determinations of copper in 

soils have since been developed, 

and Delgvault 6 4/1uQ,, 00+1 t,  

The amount of soil to be tested was measured 

in a leucite scoop designed to contain 0.1 gm. of dry sandy 

material. During the field work, this measure was used for 

soils of widely different composition and water content, so 

that the actual weight of material analysed varied widely. 

23. 

The sensitivity of the amnonium citrate extraction 
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method was also increased, by using a more dilute working 

solution of dithisone (0.001A weight/volume) than the one 

ordinarily used by Bloom (0.003p weight/volume). Unfortunate. 

ly, very diluted dithisone is so unstable that it is difficult 

to use in the field' 	 so_,many determinations were 

made at the base camp. 

Two large soil samples, one containing bround 

/amounts of cold extractable instal and the other one contain- , 
ing anomalous amounts, were collect`bdyin the beginning of the 

field season. Their homogeneity-was achieve1'by thorough „, 
mixing. Chemicals 3&ed-in the field test were regularly 

checked for diterioration or oontaaination with these two 

amples. The results were as a rule very constant. 

Thar results obtained by cold extraction with 

'dried and sieved soils are ex sted to be more uni ova than 

with unprepared 	les. 	ke variable amount of ater which 

may be present in the tural soils, particular in humus, 

is eliminated, and or tie same type of matera the differences al 

in weight of samples assa 	are attenuated. he variation 

in the grain sise of the *amp es is decreased 
	

discarding 

material above a certain sise L. eater than 80 eh). This 

is particularly important for min 1 soils because the larg- 

est part of the metal analysed by the 	'•niva citrate 

', extraction method is loosely bound by adsorption to the surfa 
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of minera particles, hence the amount of extractable metal is 

a func on of the surface are (see I4cPhar, 1956 end Hawkes 

and 	loos:, 1956) . 

The relation between assay results obtained in the 

field with wet samples and values found in the laboratory 

for the same samples after drying and sieving is shown in 

Figure Hv. 6. The same volume of soil was used in both series 

of analyses so that more mineral and organic material was 

analysed in the laboratory test. (Fort. reasons./outlin

abov ,th 	nc ei~ II •ariat 	between/the v ues  

tained. For soils predominantly of inorganic composition 

(B and C soil horizons), there is a marked decrease of the 

"cold extractable" metal content with drying and sieving. 

The values found for predominantly organic soils (mostly 

/to horison of podaols) fAir the two series of tests are 

statistically coaparable5 tThis is in accordance with results 

obtained by Serrange (1957) in organic soils of the Amore 
1,vw 	) 

district of Ontario i 1t the4dr sass, it should be remember- 
ootAt 

cd that by drying and sieving the sample) the organic material 

contained in the same volume is increased by two times or 

more. The conclusion is that in all types of soils, drying 

decreases the amount of base metals extractable by mild treat-

ment. 

1l 	r 

. 

A commercial bcPhar water testing kit was used 
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in the field for water analyses. In this method, heavy metals, 

i.e., zinc, copper, lead, nickel, cobalt, tin and silver ere 

extracted from a buffered water sample by a dilute solution 

of dithisone in chloroform. A piix of 5.5 is obtained when 

using the buffer provided with the kit. At this ph, the un-

used portion of dithisone, if any, remains in the organic 

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

unused dithisone (green) and that or the heavy metals dithi-

sonates (red). In the MaPhar analytical procedure, 1 at. of 

dilute dithisone in chloroform is first added to the water 

sample. After shaking, the colour 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 dithizonates is reached. 

The total volume of dithisone solution added is recorded; 

using a diagram provided with the kit, this volume can be 

translated into parts per million of total heavy metal in water 

as sine equivalent. It, after addition of the first ml. of 

dithisone solution a purple colour is already obtained, the 

amount of heavy metals present may be determined more accurately 

by adding a few drops of *mania to the water sample. At a 

basic ;At (approximately 9) the unused portion of dithison• 

is soluble in the aqueous layer, and the organic layern ohows 

-titer the true colour of the mixture of dithisonates present. 
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in the present study, the results of water tests 

will oe indicated au &l. of dithisone solution (prepared as 

per instructions of the Mahar Geophysical Co.) used to 

ootain the purple end point at a ptit of 5.5 with a water 

saule of b0 ml. 

01 Measurements. 

The procedure outlined by the association of 

Official Agricultural Chemists (1950„ p. 44) was followed. 

All the measurements were made in the laboratory with a 

Beckman model H pH-meter. For measurements oh mineral soils, 

distilled water was added until a soil-water ratio of approxi-

mately 1:l was reached; the mixture was then stirred vigor-

ously and allowed to stand for 50 minutes. For organic soils, 

the soil-water ratio adopted was ltb and the mixture was left410 

stand for 2 hours. Several readings were taken with each 

sample; after each measurement, the electrodes were with-

drawn from the soil sass.;-jCThe initia reading s often f f und 

/i'accurate because e;n iibrium had of been ob ined between 

t
il electrodes 	the soil spars.

wiliA 
The material used had previously li$mn air-dried 

for sieving and chemical analysis. titted-iind-c.i,,antledt,„4,,,, 
consider that this treatment should not change the pH of the 

soil by more than 0.1. 
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Re2;:102:4a1 Goolozy. 

All the co:Isolid&.te rocks in tir.e GilibouL;az-aau district 

are of pre-carian 

The 1-,onerz:1 distribution of the r.ltAn rock typos, tie 

fro maps publishod 	several attthors, is a'zIo= 

in FiElure Vo. 6. lbe mineralozio6.1 composition of those 

roc, which is of special interest to this study, will be 

describe,: in detail. The results are suraaarized in 

Table Vo. 2. 

Crrsmitos and Gneisses: 

1110 contiLuous bolt of t;ranites e.d1 Eneisecs which 

underly the easternmost part of the area is believed to 

belonz to the rocks of the Grenville kmbprovince 

(Norm, 1940). In the Chibougmnau-Listassini district, 

these rockx have boon mapped by Longley (1951), Gilbert 

(1951) and Deland (15l). A detailed description of the 

rocks is zive by Wahl (1553) und :Neilson (1953) who 

n(wtheast of the arcs covcred by Fi8ures gou. 6 and 7. 
These sythors disti:-cuish a belt of granitic rocks and 

orthozneinvos EV/CV-Fa nil wide iiodlately east of the 

line of contact with the volcanic and zedinentary rocks. 
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Ahas 

Granite Betholiths 
(a.f. and et. Weconlchi) 

Chibougamau Lake granite. 

outh- -Ar'___z--.Potashi\iaaeFeldsms  (h,fiiesh) 	/-Hfrblende4-N_,__ 
ftagoe  

Quartz - Potash Feldspar 
(froth) Plagioclase (fresh) 

Quartz (up to 40%) 
Plagioclase (altered) 
Secondary albite. 

Chlorite (alteration of 
biotite) 
Sauseurite (alteration of 
plagioclase) 

Biotite . Minor Hornblende. 

• • 4 

Amphiboles - Meas. 

trralite - Remnants of Diopside 
Saussurite Actinolite 
Chlorite Magnetite - 
limonite etc. 

TABLE NO.2 

MINERALOGICAL COMPOSITION OF THE MIN ROCK-TYPES 
CRIBOVGAMAU AND MISTASSINI REGION. 

ROCI Din 

Granites and Gneisses 
(Grenville) 

nites and Gneiss.. 
(West of Mistassini) 

• LIGITZ_MINERAL8  

Quarts. Microcline (fresh) 
Plagioclase (fresh) 

Quartz. Microcline (freah) 
Plagioclase (fresh) 

BEM MINERALS,  

Biotite - Minor Hornblende 
and Muscovite. 

Biotite - Minor Hornblende, 

\\ / 
--çMistassinisedimentS. 

ic,tcle,s,  4  
Opemiska sediments. 

Greenstones. Ceehe-Lake 
gabbro i 	*LC; t 	tk.4,1 	,S  

Dolomite - Calcite . Clay 
minerals. 

; •Mt( P. , 

-11:11140ert—ligt 

abundant). 

Plagioclase (mostly secondary 
albite) Very minor quartz. 
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.Further cast, paraelsncn arc 	 ale Grade of 

lz doscribeo az xodit,,n to 	The t77,1ea3. 

is quartz, potnth fcldet-r (predaainently 

oblisoclase) al,c1 

hern1:-12no in 	lre,lont only Ln a 

L:al'io CC): LtitlIC:t m  C:CO:..t in hornbice nchient 

it ;%c_:; fora: 11;'• Lo 7,") pct of tL'Ic 2'och4 nu,scc,vitc in 

fulL.d ne aor conntituc!:t of biotite z,;noi_sce. 

ThL1 	rcien on cranil.es ant: zneisses /ocate in 

the north central and went part of the areac 

by Ficiuro N . 6 has beon nmpl.cd and describcd in sencral 

termsb Kindle (191,2). Uono detailcd studicn of itn 

south 41.d eLst frinsce hao been made t 	bourin  

Shr' 	 Lnd Dclnd (17L:1). 

The scutherL ;:art of ti s licra is charactercd h c.;f1 

abu_da:-,ec of 6nelan1c hornblende eyonitc. 	potaah 

feldar, *odic pl=rloclase and hornblende are the nain 

mineral; qtartz is onlv.  n =inor conntltuant. In numeroue 

places, a metamorphic uadatien fro:u feldspathic gneiss to 

amv.hibole gneiss and fiz.ally to tz typical and on17 

lin.c boon observai 	north to 

kDart f: thin eouthern bolt, the arca lc under- 

lain by a 001.2.07. of ,i;;nci,l,en, 	 (fi:;e to nediurz 

sl.aine0), anL1 	 c,ranitc, ic nillcralei3lcra 

co:11,onition le quartz, microcljne, alblte„ olisoclosel  

biotite, or hornble_L.e (iî or. 411 of Vac.co rancrale are 
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Lte%Gâ' 	to tar. 	
}}itlï . .. 0 ^ )! c._Gr;. 1~:::ül , of 

H6I'e,' quartz, 01igC3;:lasti, za3.Ce`G;.t.0 	I1.i11-,G: hornblende) 

granite. Beth -IsLL~`; c ~:r .ac:r:.in arc intensity ~:3teroti: to (~.. 	• 
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e;;-rc: :d. tY dioritic border phase between the granite r‘r:d 

the 	'I !Grti:'1fG.r ".ii%:: lc cO'.•.^.ÿ oaC'C. mainly of s•r3i3.ssuï'it.iûeGt b`S1tiG-'5s.i1E, 

:3.Ji,oti t; ) .̀:..n%: c'<._o-•ltL'• derived fre:: biCiî'S i:e. 

4cü.1.t:^.en t4.rr rocks: 

The sctaiment:i of the Ls'.stasrli:zi series are large? ;; 

represented !.n the northeast c4rracr of t?-~/. orba i1iu.strated 

. 
	pure ~-'..' ~`'=;;Li:.»4 Jc1G • 	• The ~?O;s i. abundant ?~L: C'' typos   Ere 
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quartz 

bsit of ult:-...baLio, 	 1/2 to 1-1/2 :-...11cs 

II: a south 	-.;cst 

aczi:._ 

	

	 o-r 

It is 

1.1Lw-c..., of 	 L%d 

‘..r 

f 	bolt lis 	zonc of dior_tic ii 

rurt" 	 1^0t.:4L oGlat 4". 	trot -- 

o.lun-4.;ur.'itriztl.or. and ure.2.iticaticiI 	 avorsze 

of .5 -1:c..rot quartz. It is on:* cLbout 1/4 of a rilIc V.; id'  

woLt of 01-4ibL.u.-zuau Lal7s, but rechos a ;-Ith of ono iio 

c::,st of It. Thc diz,tribut1o':4 of tic 1ast two roi: 

bc,;o4. i-...;dietc,d 	LIIC 	 laaj:, 	th.c:y Lave 

a ri.4t1-..cr 11.cditca outcrol.i 

Anorthosite. (Figuro 1o. 6) 

:the unortLositc p  tozothor with its related Lzabbron o  

for%Ttn 	en.::::oo-ahapoC4 intrusive ba45-  in ths ClaibouGau 

Lake aPoa. 	 anorti..ic::.it,o in alt(;r6C., 

to 	and lialideley (Is)3::::.) and Lalc_rd. 	to a nass 

of ac.csnda.ry 	 obscur.c Jt oit- a1 

C 3tLO:.. 	LLI.uLL-arf.tizatiwa of 1-.14:qocial.:Eis anC,tie 

c...1oritization cf thc orici:a1 ferro-aaz.%e[,-Lcaa tUnerals is 

SO cc:.11.10to that tho rock ccrisistn :low of abundant zoisito 
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ar:C3 ol:.i2'IC)Lü;.ei:;o, tïlJ.ï.tG, Cx~i U.':l 4L' ~ .a'nCi L'G:.r•üG:â;,;"i.Go. 

ii.l (,7•;q: the .:.or th (..; Cc e of •lel.it: i,i.. ipZ' i.:..vii.L 4, C,  

,G :C?:: bent studied), û iuüi'ti:ciy 	 1, Vv'. 

feet +.Ide has been fCri°.ald. C }:•r:.:.:;r:," ~.:'t.:lerï..l.s 

are 	L.;iorîlt ., -â3.y~~ ~<•.'.'G:.. :.i.sâ~: 41ke. .-.~2...~{~:Y~~..i~)` ~' .L.. (:i.G.~.~.~- w........~i Ç•Lyo 

to th .t v,d the art 1`v'r'...~G-:,. t:'.I'_Gt:.ii:s:;1. tG 	f~r T.+ :. ' t ~~r.~,-.•"t° - 	:.._ 	; 

T.Jt3.`'Ce.li:t: of chlorite. 	Uo::.CE?n üi':.îi~~ 4'I«i..'. of =û-4,rr;C:i'+iiC; ~»r 
y 	

.,._ 

N...ryr

y

Lâ-.w...

j

1

y

{•~::.~~.JZ.x:: w

4

t:i.r.i~+~L.'..~ÇVF✓ 

'j~..

•~Z[.1ti~ ~~f,':.:11 i~i.':l:R..1.t• LE L. 

i~.!4~r.•..i•4- V.~i.:, n lir. L:1~ T~ 4:1•L a.. Liorüer, M:hG.+.iJc ♦ 

Local Gccl oy, 

kie.:;a..,rt i GEs o1, {G.;:)' : 

bcd:=oo:_ ge..loz of the area wiii.cix has 

been 	r v._ CC 	the > t3 C2 ~~ ~ ; ~; . on i:ctrr Lo.  7„ 

of tcz- rawdslC:y and Norman t293E; J. 

lax<we Macs of G.3.t;er ,i: gabbroido1 and ciiarât;C rooks.  

suro.t.:zc'wn~ Cr:cha "'nix described by kawdu3e7 r~.nr. Norman 

been  r~L_.. ~ ~ 	1 ~ 

{. y, 	

.. ~::.~

y

w..c~c: +~~.:: ~.2: ~~..

y
? b,,- G_•a~}~•.r, (~-9,L ); ha includes 

ti2.:v :. in ..~.~,:.~ L+a~~'r! A.t~ii.~ ~.n l~»T.`.ni Ÿo ^rion%'J.e~., 	;..~.:+ ch ^~_ 

	

, 	r;.~ 	rl r'r 0 
's~ic! îiûC~ ï;1tiL' a,cY2ar'VI.Os iv~ dz„Ci ' 	i t n ~r+ - border „ 	~ 	_rc.st: t1i.a.., i_ 	iCtC35. 
Zhu _ p /~ (~ 	, 	j 	 ~j~ ~y 	!~ i~iy. ~i•~lf.ywd....1.4.â.f-.:[il~ rock ~ 	l 	V[1 ~1L• 	.1.~ ~ 	 y ~c.~ ~.w;~ 3~ ~- co 	#; rr3.ncd gabbro, but 
i`I:i:: 4 '_'`j.;t.I'cC. C: 	̀i'~~.ti ~ : 	.. 	

__ 'i ïiC 	}éGC also been 
w c•GGÿ 	 rocks are Cora_",osC`C' of sai..L'•allrit'+i$Gd p.l.Rc',sG- 
c...Cii.Ci (1:p 1.:,7 10 percent), : 1.e.toc1'lrpLC yellowish g1^aC32': to 



bluish 7,en hornblemle, nt 	te 10 percent titanlfeT,ous 

rilsetite an individunl erTt,;trilf: or az 	 the 

Dier:7.t.le rocks baler in to the sar 

hr... c 	 eo.zi:oLitf.ens  but tIle 

atovnt of ratored 	 roachs 	“rcent. 

Altero d1orlt:Ie nra, 	 between 

the anorthos4te 	tIze fip.rcenntenec", 	 tix! 

boL Cer,c-4bc2 	Ulcfr ntt c.Lz; 77ons cbacurc. 

5e.eic1e7 nnd Norn,r;z1 	 the: i: an 	 cf thc 

f:rsnit(., unraf.r1Tin Ch1b3uau i ---1-1(;1-.• 	4-• „ 

th theao c.cia intsives, but he belicvcn ILLt the: 

ror,roaet ,':,sbbros of the Dare Lake coni7,1s:: 	hz.vc beon 

mo'lificc: by the A:',troducten of 

Excor,t1n the 25 to 3r.3: vel,cent of cuartz prenot 

1/16 to 	inch in d.I.ot;i:r, thorle 	 i1c:x12 of 

arldezinc rz:z: 	 :Lich arc 

ninerala characteristic of the gabbros. 

The attitIlde of cor.r7oLitl1 	wf.thin tLe c11-101,1- 

thositeGabbro 	suests that thre ic an.aLticlinal 

axis passin throuj.i 	 te-invzaded zone underlain by 

The b(at of ultrt.laic 	truiivc.i. ira thc 

no:7,torn pv.rt of the area studfed 12ay well reprount 

s7nclinal zone. 

¶Lh 	fcu1tLAaictcd on 727:12.e No. 7 Lay c bee:a dv4=n 

from ceolczical =ps by Grail= (1:66) aml Allard (156). 
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.L?.;i✓ ke:iLeiavG N<3T'!.'o+ï;: fault 4:,ïiil.h i4,::; iJeeii, encountered 

in é.iXld{2r6rotâT:4 +:Ioi'w.finza at the t3amliboi3. OhiUC3u:::t: Liïlos 

a,:d is :,:dic:>tpû farther ncrtheost by dias;otic c~~iil~zz; 

beYiG%_1 Dore Lake, 3.0 one of c sot of major xaor tletlsi.- 

i3::`C.'.Â.-•:.G ür iii:.`',~:sC::i.ïnL 	Y'e3,;:f.oil. 	The 5a1..rcG' 

structure has been tract>u. beyond the area siuctioa:. here by 

Le_wc:s.ieti;;' and lros°::.an. ILL role in the emçlc.cc=:ifex.'c of co;_p.rr- 

f;c:id nini;; fZ.i2.zf:t::.t3:: 	tJC 3:iE-•ntioI1Gd later. The 6::.Va;G 

Lai fault seems to iiti:éit on the north the extension of 

eG;=z-c'l'..aold bear'lrza structures. 

LC onc.:: i c Geology: 

To t:le present, all the bsse-r.2e tal deposits of ecorc:.:.:ec 

ve':.uc 	been found in the Dore Lake sections l: i t;<i.in the 

ga'aro-ar-~cx.°t3::osite coYcl:1.e:x. The mineralization ïxe.û tl.iwcn 

place alori..6; northwest-to we: t:-trcrrd*.n zonas of .frL.ct,urin;; 

and sliexsin which lie on e9.l, her side of the McEc::zie 

Narrows fault and are probably ,associuted structurally- with it. 

tsamp3aïl Ohiboucca.:au Linea, the only base zi3eta3. producer 

in this part of the G?hibov,gemau minzr>s camp, ie exp1 of tin 

coÿ..d-,e;r-c,o1e;. deposits. Severdl zones of mineralization  which 

were 1'oux:6 ur:: presently bes.nz ùevelope-_. for production. 

Diu'i.nLi; recent years, modern 6CoÿT'ty:::iCLt1 'methods of FrCi; l;CtiT':<; 

have led to 41=c • loc sti.oal of s.t.r_ila..r ore-iaec.riri;, structures 

in drift covçrc W Er curci and under the waters of Dore and 

enifCoi',samatl j.dala L. Numerous :ÿi:sCS'LLl occurrences of nf.iioY° 



imorançe have also bc.cn reurted throujaout the area. 

The nc:st izportant base-metal occurreees are own on 

,FiLlure No. 7  

Ool:10r-i3o1d deposits in the anarthoa complex: 

AssLd (1L67) distiuiches two an typ s of base-Lietal 

der..osits w:ti: n the anorthesite coplox. 

110 first tyl-e is represented by col4;,cr.Go1d deposits 

located G4 Lerrill Islad„ and imediately northwest and 

north cf it on the -mainland. The deposits occur within 

narrow dyke-intrude6 zones of brecciation and shearirc 

which trend northwest acros the anorthosite MAS 	The 

main sulphide minerals LIT pyrrhotites  chalcopyrite vnd 

roclz alterLtion mlm:vals arc (4uartn„ 

vaiacani:s cf carbonates. To this :Group bolonu the 

Ca=bell-Uorrill ore zones, the Kokko Creek deposits  and.  

th 2 ;;;',Iebec Chiboul;a:aau Goldfield mineralized zones. 

The second type or deposit is round further northeast 

alorz the chores und beneath Dore Lake. The northwest-to- 

weet-treLdinz are bearinz structures are wide schist zones 

cooed of ve.ribleai..lomts of sericitc, chlorite, chloritoid 

and ccIrbontes. 2ho schist is irErire6nated and cut by 

yelets of chalcolyrits conts.:nins lesser a=ounts of 

pyrite. De:rpcsits of present oconofalc value belonzinz to 

this catecory arc the Capbell ,C.lbousataau-Col:.per Rand Cedar 

Ea:;,  dei:rosits, the iiiachim i'oint deposits and the OhlbouGanau 

40. 
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Jaculet orc-zenes. The et and 'vest co.i• t-r-siderIte zones 

cn 	Irorerty of 00; 174.°r Cliff Conlidated M17,in: Corp. 

L; i1 the ECX(.1: Co-;pc: Cl!ff zone on .he Copper Rand rroperty 

b1,1c.n te this Gre,u;:. 

/kly 

fc 	ez,•aci;( • 1.ste of bot L eate:cries, and may be 

co=.11.drea 	interte 

It ha:-• been stu;ested by several authors that the cooper-

r.iLerLaitLt:on of the Dere Lake a:strf.ct le co oticall7 

relLted to the Claboa...=.0.11 Lake .z:ranite bt_thelith. In the 

oI.'%ion or these 1-:orkors, the presence of minor amounts of 

riolybacnIto asaeciater.i with the coTer 	er1z su;2orted 

Loi 	 0,41 	 • 

n 	& - 1 	iii 	anr. t On 

o:y w".t.1.14-n the an,orthesIte btat :Ltrle diately northeast 

of the 	e';'; tft udie-6 h intersected a new tone ofminercli-

tat.ien. si11r to the ones described above, but cantainen:-

considerable eariounts of nicl:el (11:7, to 1 perm:A 

cobLlt (ul_ to 0.2 pc2? cent) in 	tion to the copper. 

If z.-aa tho co'iser del.,esit,s; of the anorthosite belt 13.:Ne been 

fer,Le by identical prceerso.1.,, arid there is no suestion 

t1-A their Genetic association with the 

Granite becoesA..- ry unïlko2y. They sre more probably 

reax,teLl to 	 msn'aas ros;)oiblo for 

U. 	intraazioll of 1--; hc sabbro-anort:aosite complez itself; 

hyi:otl4esis c%pl&Ins bet Lci the presence of nickel. 

41. 
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Vaocive sulphide re•_,lacer::ent lenses occur intermittently 

the : ov,th{Srz. branch of the i:%vt:rze Lt?iiE! fault. '.1:.1L 

fault cW c, 1:M.ch vsrie:s in width from 150 to over 1,0;;0 

feet, is eLue:.tia1i,, composed of €. cs...rborsato-Cir+oritc:- 

ch1 

-`}

or i i .^..ft.d schist. The p r£Gio:::irsi:;l? t sulphide i: i t:hl it the 

bodies is pyrite;elluordinatC amounts of 

'r:hot` .G have also been noticed. Assays up to  percent 

zinc have been reported b; the Copper Cliff Consolidated 

M: r.4 nz; Corporation. Similar amounts of copper, over ,e core 

lenth of 53 feet, have been encountered farther etivt by 

Chybo%grar.lau Jaculet W.now. i:xssivc sulphides have been 

reron#;ed by Eawdsf.ey and EoZ*..~C??"i farther e,,ct et the head 

of C:.i.bour;a:'.aw Lake, or_. the possible e.?ctcns3.on of the Ziav€."e 

Le;:c s£,1LÎ.ta 	The pT'cC':o:.,:iiifsT:t 	 i:Z2c1'eâ w .~;:',~10~.3 vc ~~, 	. 

Weaker mineralization of  a similar typo ,his occurred 

c? onz other zones of i'riulti.xz.; and alteration, mainly within 

the ~►,re en s to ne belt, 

Berri.GQn Lake pyrr:îL7ti te-sf:i:..'_lcrii,{.! deposits; 

The i3errican Lake deposits are located on the property 

of Tache .Lake Ei.ne: Ltd., 3,500 feet east of the I2ort::, tip 

of Af2teiziCi:•t.c Lake. AcCo2'di13`; to tu•`:_1•t?.i (1.53) sulphides 

have been fo-,:ind within sepe;ntir_iz+ed r,}Troxenitos and cïuni.tes 

of the ultra-basic belt. CQmsïox folds and faults have 
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controlled the mincralization. Two types cf ocourroncs 

mC• be cretiizuished on 1.11 basis of the :::ineraloical 

2he North deyeit cont,ints of two joining broccia tones 

73 feet wiac. 	 arc, in orC.or of importance: 

	

s:3ha1critc, 	 1.-yric and 

arecnor,yrite. CiLlca is cocentrv.ted in a fe•-i 	Lrade 

lone:. The /Iverao tine co:- tont is 	to 5 percezA. 
m, 	

-ar zo7:r follos the north cihore of Lcrrigan 

Lake for several hundred feet. Pyrrhotite and sphalerite 

to-e by far the most abundant sulphide minerals; Chalcopyrite 

ic a inor constituent. The nain sulphide bearinc! zone is 

40 to 100 feet wide. The average zinc contc..It is 3 to 4. 

percent, 	assays 	to 1/2 percent arc .A.so 

roortea by the Conan. 

An intenss chlorite-carbonate Imilrock alteration is 

noteworthy around both do:posits. Fine grained grey quarts 

ban alno been abunaantly introduced. Kinor anoun ts or • 

.sphalorite bavo been reported fro everal 	zones of 

alteration emtendinc to the cant fraz the nain deposits, 

ninoral dcl.,osits of Brrian Lake are Characterized 

b7 an irtence surface weptherin3. It has been notiood that 

the pyrrhotite Is of a tpe particularly unstable undo',  

surfcc donditions. A heavy cossan often. narks 'talc outcrops 

of !%incr::lizo0 rocks. 



â3Ü1ftÎ'̀1.Clr':.i:  

RE3:7ioli::tl Glacial Geolo ^47'. 

Introduction: 

The ~.7ur;:o:;e of this section is to give a ge}.crai idea 

of the sequence of events related to glaciation which  ooctred 

c:L~rin;; late kloistocene tiw•x in northwestern Quebec. Glacial 

features hat-inE; a special eiGni.fi.c:►ncc will be considered in 

dctui.l. 

As r, rule, the ;,colozicts who have bee;, a±na;:pinc the 

Canadian Shield h.a,vc paid very little attention to the distri-

bution of unconsolidated L'iL:rfiC.;.al deposits, therefore the 

i:::.~orm...t' on o.: the glaci.al geQ3.o6z• of the region is usually 

scarce and very imprecise. A fE=i, studies on the distribution 

of the ::corphol.ci;;ics.11y most striking glacial and fluvio- 

e;1.«cïal deposits of some districts have been made, usina; 

aerial phrtoi;re.ylhs. For the part of northwestern Quebec which 

will be considered here, a compilation of such studies has 

becr: l;ubli:=hvd by iIormE:n (l . 33),  Wi.l: nn (1.';;3&), and Shaw a(1~~~~~:~ l a 	.9 	~ r 

Figure Ile, 8 shows the distribution of the t;;Zaci.al and 

f:f_r<vi.o-1,c:c5.a1 des osi s, which will now be described. 

Drumlins: 

Tho literature on ale glacial gsolojy of northwestern 

44. 
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//
-,;LiC'1?eC does not Cw:tai3?<ai!V cf3i.~S.%il:. t.'f.o~1Ui1 the oeCL'.:'S'C+Y2 

i,
.~1 of drumlins; I1eV:fciS#;C3.eu:>, such deposits are nâC.i'.etiC'.T1 d by 

several  Leo oict:: =âïo observed tÿ Lrl in the cours 

gec.lo;;?,;a1 mt_3iI3'•" and mapped ..:te?-'i to Show the 

u i+i'1 ..: ~.~.i.:.o1:. 

/-= 
QT-14.-major field of till Z'i4.1,-i:.Si :':â:31ïi3^g fi cG: ;~iGï:e {r.i£'t,('C«" 

tion from olor':gütedir̀e:aal3o:! shapes to t:77pici'al 	t1.mZ in* Si1aV , 
„.̀,t14-'stv4i e:i:ie:....e fro= ab -T.".-v .ryls: ~-ia°~T.-'- south of {ihitJouiI=au and ilŸ.c1'l.r•..Ct:a 

• -ecA. K,, ün•Lcc- , 
laÿLs to the 	,..~-M} 	4 r . 	~ 4..—c-:--«~e—tsi -szet.. :he north 

and east boundaries of this field are unkno<:n. To the west;, 

drum1.ir,: do ,_ot extend far ii:io the washboard moraine field. 

In the area about Eistcsâin1. Lake, the ridl,es may be as 

	

~r-- 	 -h,~~+~~~ 
lonz: ae miles, and the raLiob~•~ 1GY. 'w"j- c?- brcttidt:h as 

	

ôt~ r̀ a~4 c~5a) ; I>ti ~ r~ b-r. ~ c~-,.1~ 	c.~ uYxd `~ 
6oda~,i~ , ` 	 ^ 

little as 3./`~~. The I:iax;nuz .t]ciLht rcccrdedi.L-4'4=4: 1.6 !..'v:i feet 
~ 

APN7.141IWO but iia ï s 2s e«c e~.: t:ior ss. ; the avers.cc height is 

bet;wet.n 10 . and 1v feet. These rii;;ea resemble r.rs- the 

"i tatinows" described by Tyrrell (1893) in northern kanit-obat 

4,:.1e3 

i". ~ ♦. ~ 	~ 	 ~f:~-~~+i-c # 

Further southwest, in the Chi;aot:Gamttu Lake area, the 

~y 	ti{ . 
r~.d,cr~ are yG~„TAp~oJ~7Q 	~ of sandy t:~.ïl.~,~~ they are more 

~ 	
hr, iac4 tC,_ +z •Le #-~~ _~c.~,.-1- ~o 

typically   ~i.'~.~~. J•.i~o~. ~n, 4~; 1 ~tYâ 	̀,  

between 1/3 s:imd 1/6. The aavGra~,.'.o length is 	miles. 

Washboard  moraines; 

of mi;ioaaa 

y~ / 
) actual 	~ 

4, 
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:c 	t~ e ' r3.~c:r~~~~ s az ° _bed 	- ir}̀ dc il. 

;i bolt of washboard moraines +cxtC::.cls from C:Ai.bow;.c=s,u 

î.:i;::zi to 'Wens Lakes in V. general northwest direction. The 

a_ :. r_:i::ato boundaries are &i.vcn by ►.'k"'2aw (19L,0 ) who has con- 

,>i.lec:i',O:,t cf t:1c data 1'r= g~'~' ,~'1 ÿhoi:Orttï:tl.:,. Farther 

southi'r'est, there are indications that similar moraines may be 
7 

by 3iyc..r v C Ct clays.     covered  

The first  {i.Cscri~ ta o11 of 31ioréLiiaosi in this belt was z;ivGT'1 

M4:wc:s2oy (1936) uho noticed the::: in the U_aemi:.ku LaLe 

District and named them after their characteristic va:::raboarû 

pattern. Dorman (1938 ) napped them in detE;il over a larger 

area; he pointed out their simila:rit;; to moraines mar;i.ed as 

early as 17269 by De Geer in sreden 
f-rtX we. 

' Winter 

  

mcraines. &iâ eve. Ls Ds Geer 	in their cyclic annual cyclic  

¢orm . called then annual moraines. 

'rbe v+ .:.Lb.-rrd moraines of the O erziiska Lake region are 

ra.:.1-07+ rides cou?;-oscc1 of unser^sea boulder till Lying 

perpendicular to the ûonerml direction of ice movement. The 

iivcrae height of the rues is lti feet, the distance botwocn 

ùucccss.: ve crests Ou to 1,00v feet, end the averaLe lenE;th 

about One mile, althou"h shorter ones arc n lierous. The sides 

of the ridée: are fairly stoop, with the north-facing side 

steeper than the south. The crest is narre;; and largo boulders 

are o.ç-t-csIp; erched upon it. 

Washboard moraines have now been recognized in many other 
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parts of Canada,  £itch as in the Canadian I'ré triGtt 	. 

-1 ✓  the i:ths trlt'sin River area on the southeast shore of iiuclsori 

3a V  945441â n 47,7; possibly  in Central Labrador ador gy4..4JJx~J ,,,.. 

fLey have also been fout7d in several places in Northern Europe. 

Eason, , i4:c:yir;z moraines x,w.::;lu:r to the ones described 

above, in the iiE;er Hills ro ion, twa::.'k.toJû., has added several 

im_ortart points to previous d cucritic}s. Be mentions that 

washboard moraines curve upstream near Ra}ge eÇLV-'V' and tta a 

snail eskers are of te offset by éiiïo:i or may overlie them. 

He has made several zebnle fabric analyses and found that, in 

most of the ridges, there in a core ecrty.or:ed of ct::wpac:: sandy 

till with a fissile character Indicating lodgment deposition. 

The pebble fabric of the core show;,.: 

'a statistical preferred oi=ierSLv.t;â o:: of 
the long axis of individual rebb3.c s 
parallel Lo the "',f3nG3'ttl direction of ice 
3"J.ovemGst. irhe3'.: i.:,`:£ ridges curve into 
re-entrants caused by thinnin of the ice 
along glaciers drs,irhrcwe channels. . . the 
pebble fabric is faithful to the Lencral 
direction of ice movement rather than 
cïtartgj.z.J to become perpendicular to the 
axis: of the ric?gesu. 

Tills core is covered by a layer of till ashr= ina either a rand= 

pebble fabric or a pebble orientation parallel to the axis of 

the morainic ricrÿo. 1,lis surface layer is interpreted as an 

ablation  mora,Ÿne. 

A short  historical review of hypotheses which attempt to 

explain the origin of washbosrc'•, moraines is given by Eason 

t1*!;3, p. y'_yG}. Until rode_ tly, all the theories re:,uirc>.d 

the presence of deep proc;laci.rl lakes in front of the ice margin. 
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KaLWdsley thought that these ric?:ou are co.npo:,ed of norai.nic 

ma ter a1 washed iLto crevasses 0.3t.c1: formed parallel to the 

border of a thinning ice sheet f"! ostinz in a deep water body. 

De Goer, and Norâ.r.cr. (l3:3 ) co.sIrlercî t'a:..t washboard s.o,ra inas 

v:rere forme ._ at t: e front of ,M ret_ er.tw 	ice sheet 1:h'. ch 

terminated in a deep p,ragl =.:.cial lake. During the ;ni:cr ,when 

the ice vas :stag1';<<Int or slightly r£',IE3.dira%dC.f4.3'.t~, convection 

currents were set up in the deep rater at the ice margin, 

brim-:in;; water above fi`'[:e i ân:- Lc?:'ip{3r"F:.tU1'E' into  cCn:act  l, ̀ i%h 

the ice front. The rccrainic ridge was produced by liberation 

and dumping of the morainic material enclosed in the ice. 

6ashboard moraines have also been interpreted as "push 

moraines" formed at the front of a 2`cLhdi7ane:i.T'':'~.' ice sheet and 

"dump moraines" formed by clumpi.r.4 of superclescia';. material 

at the steep front of an ice shoot 

WI 

± Y7 

MA/A4YiiWit i 

Elam believes that a satisfactory theory of origin of 

washboard moraines  should not require subaqueous conditions 

as there ri. -os undoubtedly exist in regions 	were never 

submerged in vtttcr (an in the Tiger Hills, li:.:st:atciae.:an, and 

Ccintra1 Labrador). Re also points out the inadequacy of the 

above o theorie s to explain the _.anic fabric which ho observed. 

He offers the fol.lowi t; hypothesis: 

"Washboard moraines in the Killarney 
.1--1i.n probably originated by subglacial 
thickening of ground moraine at a zone 
of thru.0 ti.t;; developed where the brittle 
surface ice of the glacier extended to 



the subGlc;.cial fle:ar and pinched out the 
plastic i.cc:" tFi;;wrc No. 9). 

This ha;., e:fs dlxir_:; the winter when the ice-front is atc:ti.ons.ryr, 

and the 

,~lirat 

along which the brittle    ice layer pinches out the

L-.•:-~ i n t±. %i ice e d n e ta L .`:. C' nsry . 

"The availability of subülacial dcbri.e to the 
tli 	:  vla Ye . el r  be N mere important control 
than cyclical c? imrzti c s.,hena: :enC. The aemou:_t 
of 	a:3l etIC)n ..:lr'â.'i's.l..s.119 derived iî'o':. ÿ;:is'."i:~; Î. planer;
~ia â: ~i profound effect on the rate c1 th 1.=:n.:.iiG 
nee'. the 1;,.CrtC:l.er :.i::.r,:;iïs and hence the r(:cG::us.o2.: 
of 	the r'; k;f.? C1C'-z.o`v.°r.tinti.", tihrL;.:..t zone." 

Widespread occurrences of washboard m ort,i.ncc, ac found 

in narthwe::t,ern ‘zuebec, sue;4c•st a x'e4iulsr retreat of the last 

ice sheet in the area concerned. Whether or Lot these 

mor<<inoc have s. strictly annual wigrlifio4nee is e tiwl open 

to ci3.scucsioiz. Norman has noticed that in the Chibouvamau 

district, 

"the interval bc:t;.:eel: the :;scrct:.: oâ at°err.G._w 
,::C) to 7C-,v feet and aYac:chin;; 1,GvO feet in 
j.~.~~3cC:n çor Mree~: e3",.d~• perfectly vit tile 
~.?lte^vl~~.f~ ~j.;,i7 to 82i1 feet between cuCicee: Sve 
yearly frortte of the ice during its retreat 
in ,euebec as calculated from varve measure- 
xer:ts by Antcvs". 

A similar correlation of moraine r.i+rl,r;es with va.rvc:c: clays 

was made by ]?e Geer (1A ) . liop,: e (190), on the e Lher hand, 

found no such correlation in another district and believe:: 

trhat washboard moraines have no periodic ci.;;nificanca, The 

answer to such contradictory co._clusioLs may be f:.sst wac:1-" 

bor.rè. moraines have only an annual si.;;r_i.fica.nce when conditions 

for their development are optimum. 
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i/l/f%oÎ.i1ts : 

The only deposits of this category trhi.eh will be mentioned 

are .ltxEc eskers, which Norman (1)36 ) called retrogres:;ive 

+eskC:rs, and extensive outwa ;h ûe'T3 o; i tu associated with them. 

mù? ior features have never been studies cy: te1>.e.Licali;; in 

northzeestern~,~ucbcc, and in. any ease they are not important 

in wcri:i.:.4 •out the late Pleistocene evolution of the district. 

The dist;ri.bt:tior, of these lame deposits hae been copiicd 

for the extreme northwestern part of the Province of Quebec by 

Wilson (1930), and for an area extending from OpCmiska Lake to 

List:assi :i Lake by Norman (1938, 193)). 

3tetroüressszre eskers are describes: by Norman as follows: 

"The central part . . . is a fairly uniform sharp-
crested ridLlo with steep s3.oi es, that may Gztcna 
w t.-xcut charz„e for several :::i.lo:, . The central 
sharp--crcwtc-:ci ric{;e is bordered on each side by 
a continuous series of kettle holes and 
depressions that separate the rid;ses from 
lateral outwa3h. apron on the outside parts of 
these eai:.°t . . ; The saririï:i.ttiz~_c . . . resemble 
the larEc eskers in havina wide lateral aisro..c 
of outwashed sand, but instead of a Fro:::i::er:t 
sharp-erc.ct:ed central ri:c:L;,e have a central 
chain of  kettle holes. The aandG;3el.ze vary in 
width from 1,!,00 to 10,030 feet ... The few 
measurements made sho;. that they vary in height 
frcm 60 to at least 180 feet above adjacent 

ground". 

The eskers spread out to wide flat-topped sand plains 

with terraced sides. These  steep sides arc interpreted by 

vüst authors as being fore-set beds. The belts of outw•aah 

sands and gravels are believed to represent Fucce.: sive and 

coalescent deltaic deposits formed in front of a roctil,Grly 
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r4treatinz ice sheet, 

The major eskers of the O't:em:i::;:Cw.-ki'istaüG:I'_i belt are 

often found along  shallow northeasterly trC2ZtR.iT1g 1rtl.'I.ey s not 

occupied by streams and lakes. This iacr.nc that the ground 

tQpC3grL3:: iy had a marked control on the location of glacial 

str es.;::: beneath the ice. 

The major eskers shown on Figure No. 10 in the GpeiskH- 

sr~:tstusy: .. i la:Lcc belt have bekn obtc;i,:.cd fro= co~...i1~,tio:'. by 

Norman and Shaw; only a part of ttiicm are of the giant 

retrogressive type described above. The two eskers vtzorn at 

the extreme west side cf Figure no, 10 be;lozz,;, to another 

r.:ajor belt of retrogressive eskers described by Wilson. 

Fluv9.og3.ac#.al deposits of the ty?e described above l:at,►c 

been encountered in other parts of North America and norther._ 

:Europe. Apparently the first occurrences r4ent:ionf-.'C. were in 

areas where vr:rvcc: clays are abundant, and consequently all 

the early theories on the mode of formation of those; deposits 

were based upon the presence of a largo Iroglaaial water body 

where the major subglQcial stream emerged from the ice sheet. 

In this respect, the situation is quite similar to that 

presented 3.n the stud-  of washboard moraines. It is to be 

noted that in recent years, re treare,usive eskers and sand 

plains have been described from areas Where there is no 

evidence of the former existence of extensive proglaciaï water 

bodies (Fortier, 1949; k.i;~,;h,t, 1957). It would apsear that 

when t's1C heavily loaded river which deposited the esker rid.:o 
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in the skbglaeial channel reached the ic,o border, its trarts- 

pertin power decreased ralA dly becau::c of the raraoval of 

hydrostatic pressure,  and its lOar. wan dropped, This seems 

sufficient to explain the deltaic deposits of sand and gravel, 

body iI ~ presence of s ,~~r:a~;,l; fv's,al water body r'.:: therefo z e s _e3t 

:-:re:°ec;,tti:.s; te. If there were such a prog3ncial latte in the 

Chibotti;:Lms.0 regxo:t, one would expect to find a gradation from 

sand and silt tC varved clays beyond the outwash sand .'id;e. 

irac finest mat:c:r ~ üi is r•:o..t likely removed farther by the melt-

water of rrozlacial streams. 

Proglaci€l Lake Deposits: 

The boundaries of varved clay and silt deposits believed 

to have famed on the bottom of the prOg1aC°tai lake B:::rlo i- 

Oj:bN,ry are shown on Figure No. U. The ecC''neilts represent 

the easternmost pari: of an extensive clay belt covering most 

of  Noth+err_ Ontario, for a total of approximately 66,,00 square 

mlles. 

The total thickness of these lacu: trine deposits is not 

very great, generally le: s than 25 feet but raachixt,; a sl:a.arraa 
of 85 feet. The greater part of the deposits con sitts a 
inter3.amir_atod beds of clay and silt, .r.fk 	fr 	Lt. 34 
• of an inch in thickness. The contact of the stratified clay 

and silt w i tkj the underlying glacial drift iû usually gradational, 

the stratified clay and silt giviza pk:r~ 

which in turn passes downward into typical glacia]. till. 
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Pr= his study of ve.rv eü clays and silts of l+or ther. 

Ontario and northwestern uebcc, Antevs (1V25) hzzz concluded 

that the ever a;:e< rzhrival .,,ate of retreat of the ice during 

late 'slci.st:ocez:c time has been 	W 	As feet. 	already stated, 

this distance is of the same order of m~..~4_:i.t.txde as the mean 

distance between successive ridL;t:F1 in. the washboard mesrâ:.nes, 

of the di.stri.ct. 

Late Pleistocene History: 

`i21e direction of flow of the ice durinL late kle3.;,t;ocone 

ti.nle 3s clearly indicated by the distribution of ~ïa.cial and 

f i uvi.oglncwal deposits, and by the pattern of glacial striations 

which are ; Iscw r. on Figure Vo. 8 . 

Most of the area was covCrfsd by the So-Called Labradorien 

ice-sheet whose conter, at least at a late stati;;e of glaciation, 

was located near ShL .111 Gr vi l.iC', û,:t; 31.-.0 miles northeast of the 

northern tip of Mistassini Lake. The direction of flow varied 

froal south 35o nest in the Mistassini Lake region to s.lr;rol,:t due 

south near the 49th Parallel. 

The extreme west part of the area was covered by ice of 

the Keewatin Sheet, the center of which was probably somewhere 

in Hudson 	here the c'.irc:ctiflz-i cf flow varied fr>r ~ south 

45° ,Iÿaet to south l5a Last. 

The two fee sheets met dons a north-southwest line located 

betrree,. longitude 77° and 750 st; they formed a: interlobate 

moraine south. of the 50th I`ural? cl (see Wilson, 1938). Farther 
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north, at a late stao, rer-_dvanciry., ice of the Keewwtin sheet 

encroached  on the territory previously covered by "Labrac:orian" 

Ice.  This is Ehows2 by southeast glacial striae cutting south- 

west striae. The Keewatin ice deposited an important recessional 

moraine, the Broadbtic3•_ moraine, which extends for more than one 

hundred miles i.n a northeast direction, roaahin, accorc:3ng to 

Oha.r, as far east as Evans Lake. 

On a regional :scale, it has been noticed that till del,osited 

by tbe Yabradorâz:ri ice shoot, which spread over extensive areas 

of Granites and gnoissev, i.e essentially sands; on the other 

hand the Kecwatin ice sheet, which overrode Paleozoic sediments 

in the James Bay rosions deposited abundant boulder ola.,~,7. 

There are strons indications the.t the retreat of the 

Labrac.oritin ice sheet d•,:rt nc late Pleistocene time has been 

rcÜu.lar and continuous t.hrouzhout the area under study, This 

is shown by the abt;r:donce of washboard moraines, and the 

presence of several eskers of the retrogressive type with their 

associa.tsd sand t'vrrautians. No end moraine or recessional 

moraine deposited by this ice sheet has been found, The 

retreat of the Keewatin ice sheet, on the other hand, was 

marked by important periods of immobility or oven readvances 

on crc,u_nd rrevfously asaar-dor.ed by the Labradorian ice sheet. 

These differences in the mode of retreat were probably 

caused by different climatic conditions over the respective 

centers of glaciatitin.s . 	 - 

The presence of extensive varvod clay and silt deposits 



ind•?catc.c tle.et at l.e;::>t', part of the area dccc?^ibcd here has 

been covered '137 an extensive ►  rozaL,Ci.E•? lE:I,C. Lc;:rl; authorn, 

for ex:atgat Ccilc;r..an teed Anteve, considered that the eastern 

1.3.,_.A of this  lake corrc: al?c~e~~ cl~.~.cl~ to the Unit of outcrop ,.
. 

of verves.  V;:rme_'_ has Cher..ie?h::et+ their vieh::', and po„i+ulat;e!d 

that Lake Uji.b.tay-Ba_rlo., extended :e:•d Go far cast; ti.:: a few miles

âl~r~:iJ7Ld i~ûl CStw".Ûvii.:•j Lake, near I to the prfi~.~+enL height of lend, 

ril ti•1ceez.C: he ise:"xt.•'i..o.:e that vc:rvs:t.: clt;;; c are lE:eki=:: o::' very 

rare  An the Cei.'`Jougan;;i:: and E1.et:a: Si.ni Districts. In an 

article deal.nc with the t3ee;;i.s?:s, Lake dwetrsct,, ii.;.emkn des-

cribed aed sCr.z.ec  of wave cut tGr rt'..cet and boulder beaches which 

he found around several hills  at elevations from  120 to 261 

feet abeve the present level. o;' Lake Oremi.sl_a, lZe concluded 

that   i 	i erwin. n i J Lric t nu t have been covered by deep iÇi  

i•ii:t+er :+ :1e1.eDI2gin{, to the p3'Olrci al. La::.c Cjâ ::wi_y7Leâ'loL'1• To 

Auport these views., he al;'o mentioned the abundance in the 

district of wachboard nort;i.ncc, and the prGaerace of several 

eskers of the retroi;re::ivc type. It r..ac been shown earli.tr 

in this chapter that such deposits do not constitute any 

additional proof of the presence of deer water. In another 

article (1:39 ) Normcs. ci:jc:•s ;:c. . thev Lake Ojihway -Bc.x'? oti: 

Cï.tCis: ed .;s+u::l farther cast, bGci::.uâG the +Csl: G.:.t°. o:7:' of glacial 

wa eta;ee end deposition (i.e. form Ÿ:ti.o" of wft::Lbo.r c: moraines 

and retrogressive  eckcrN ) rL,.,•ea r to have been cluitcu,.~.~ c_ ..~ ^'f •i~- 

from zt point 3.; niloe southwoca•L• of Opcmie?.0 Lake to at ' leact 

as far ac Iii,st,w?r_i. La::e, Rear tiee upland coumtry ea.e:t of 
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this xaFce, he noticed a definite ehanee in the type of 

glacial depositior a_-.d concluded that the eae tern 	of 

Lake  GjibrYay..Be;r3ow muÿt have been located there, He does 

not, however, note any wave-cut terraces cimilar to those 

described in the Opc:::iuka district. ïieileon (1953 ) and 

Vela (153) have noticed in the Albanel Lake area poorly 

developed terraces cxten "cfir_G to about 50 feat above the 

present lake level. Sir":_.̀.lc'.r features have beG•1> noticed by 

llorscroft (l-67) and the present author in the 41zibous;a:.wu 

Lake area. These terraces, which arc nor() or less parallel 

to the present Shore of these lakes represent former higher 

levels, and are believed to have a local significance only. 

Consequently, there is no available evidence that Lake 

aj3bwa4--Barlaw extended east beyond the Openiska Lake area, 

near the present boundary . of the clay belt. It is probable 

that at the time the ice front p¢ac.erï through this area, a 

low ouület was open, perhaps towards Hudson Day, an; the lake 

was rapidly drained. This would explain the absence of wc;veeut 

terraces .and similar features from the present level of Leko 

t)pa,;:iska to about 120 .feet above it. 

l,oca3. SurV.cxs:1 Goe9.o ,g. 

introduction; 

The location of the area which has been surveyed in 

soi:e detail by the author is shrn::-. on Figure ido.8:. . Only 

the larEest deposits of recent lake silts are shown. 
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The direction of movement of the ice during late 

Pleistocene times is i..dicr~,t

q

~=d b~. ~c~ou:zc"r=n#; striae, grooves, 

isrd3cïl(~7 3:ioutornrlee:.~~ f4nLï drumlins. AZii:i?t:is vt..3y usually 

between soui:Î. 35d' west to south rjsiG west, but In sCz3'ûG- places, 

the ice flowed in Li more iiGEt+.=â•l4' t:.i2.'cct::. o : along pre-L:;lr.ciCxl 

valleys, 

Pizy s iogr aF:•hy : 

F.s a whole, the C::ibougn::=s.0 district displays the 

sli;Tl:tly- undulating platform landscape typical of  moNt cf  the 

Canadian Shield pcxeplaira, The topographic surface, which 

dips gently  to the west, is slightly mor:.if iB d by bedrock hills, 

and recent unconsolidated deposits. 

The area which has been covered by this ::Turvc;- r.ay be 

subdivided into three nain parts (see Figure lip. I ), Their 

main physiography features have bean described by liawds3 e3T 

and %'orms.n (1931.A. 

To the north, a belt of out:wrash sands and gravels stretches 

in a northvasterly direction through the northern part of 

McKenzie township. Farther southwest, in the vicinity. of 

0pQmiska Minos, similar sediments are known to reach a thick-

ness greater t'ca.zn 100 feet. 

The central area is formed. of two' belts of rides separated 

by lower ground; local relief razzes f.rdaw;, 300 to 600 feet. 

The northern ridges are underlai n by ultawabs.sic rocks und 

groenstones capped by the younr:.ar Chibou,gLûmûu $ec?imel-ts. 
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Tho souther!. belt, which parallels the northwest Shore of 

Dore Lake as far Louth us Cache Lake includes the a~.~o.l:-ll-Los:1.ic 

intrusive cOE: ie:: and Su'cÿc..rallel b;.:lri,. of volcanic rocks and 

,LabbrUc grouped in the previous chapter under the general 

l:i`..:.e of Üï'e{'2:n 	i3e:i. 	titf.: `` t of l:,''•_,i;::t,à:î Lake, the two belts join 

to f iJi:i. a wide tract of high ,7,i't}Lü.iü. 

The southern area is occu1:ied by a field of drz;mliz uld 

pr od:ic:.r a lou., 	tQl:ot;raie surface. 

As it i3r..s already been i:iei:tio_lc :"s, the groat depression 

of the Ghibouga:.cau-Dore Lake region is occupied by granite, a 

folded sill-like mans of gabbro-uravrthosite, intruded by 

granite along the amis of the anticlinal fold. Belanger (.i;,-6;A 

suggests that the }7i`L'^1'le.;i4ii.oCtâIlc area was ,L1rÇadV' a derre:..slori 

before the begi.-.i:in:; of the glaciation. ►.__ilc the ground to the 

northwest formed the rides which rerna.ats can still be seen 

tciay. Glacl.al erosion further lowered the crour:d underlain 

by the granite and produced the closed bssins occupied now by 

tho t:,ro lakes. 

The hydrographie network developed Sr each pxysi.ograpltic 

division is quite charucteristic. In the outwach deposits, 

streams are scarce and flow in the direction of the General 

âa d slope. The ctres :::; :tf the hilly belt are controlled by 

the structure of the underlying. rc.ckc, and the nain brooks 

are .r."L?bselluE:I:i:♦ In the southern L-:?_t7, 'western part of the area, 

strearu, flow consistently in a southwest direction, fol.l.i7wing 

depressions of 'corrugated" or dru:L3in:.zeî: till; in this part, 
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the drair.cac: system is poorly cc•uclvpe ,and swam,;s and ponds 

-7'c abundant. 

The prec? F:c' i.l crai4.e.;;,e pattern of the hilly belt has 

't)s:en modified to some e.'..•iiei:t by Llaai. l erosion and deposition. 

The main valleys have e'. beer._ moderately deepened; glacial striae 

indicate that the lee was diverted from its rc;,,ioral direction 

GL 	by àc; :e of them. Dei:esition of till ::.as resulted in 

2~;_'at.' fCrï:': t::io3i of =%oT'.12s and swan1.43 al'=l1;;, these valleys. 	The 

southwest C:.rl.]•i.:,f.a;;:: of the BDiû'bCGu Lake 3''G*oI: was revf°:rF:CCL 

after the valley was partially filled by coarse oütr:•e.sh 

deposits. The deposîtion of the scahci plain on which the 

ChibouL;a:ûau townsitc has been built resulted in the blockiry~: 

of the normal drainage to the southwest and the ,fornat:; on of 

G3.lmar. .bake, Along the hill slopes, Most of the secondary 

vealeys> have bec:, filled with 6la.cia3 deposits tnd drc.i;:aLc 

is now accomplished. mainly by seE:paLLi. 

That the hills were stron;ly affected by glacial erosion 

is ehown by the high degree of polishi.n;; of rocks outcropping 

in elevated ground.; also the hill crests have generally been 

roLrced  or even fluted in the direction of ice uiove..ier.t. 

•~iirf 1.i'rq;;i Deposits: 

0,) 	Ground,-::io.ra ;ne  

't,`rrol:r,d moraine is the most common  t:: pc of cic;ci.s.l deposit 

in the hilly parts of the Cl'zibüt..L;t4muL district. 3:t Loma an 

rirreo:.1.é:1' mantle var;'1rG in thickness  from aC: few i,i;tCSiÏer to 

several tens of feet over polished ar1d striated bedrock, and 



is alw:.5 ~.'ovnGf bCtS:ec:. t.ht: 	r'iCcs where it is often 

LIovGI'c4 by a thin layer of silt washed dom.-. fro:, the drumlin 

slopes. C.ztc:ash sands and gravels can be soen in several 

f?.i.acE'•: ovcr1:-inc, ï;roüY:`: :acrrai.tae. 

:iluutij of ,.r.t;o:'..T~iGLte Lalc, ar1d be tl.cn DaviG. i:S:c. Cat;:. .e 

rod i.orL::i.72E.` di::; la`•':r 2:: co.r.°ruv.`; t£rtL surface which 

reçrese_.t;, a i,rad:..t1.o,i to the d.„u:Air: r2d8.os found fes►.z:cr 

south. 

Fresh ground lor~~.~3.nc: is prescL#:1y e: â;c.,t:c:. t.? tk; rece:..tr 

roasicuts and other excavations. The sediment is ccx:2 c;ct and 

suite homogenous beneath the soil profile; no surface layer 

of ablation moraine coulc? be recognized. ltill the soot ions 

examined were interpreted as being ct3 composed of a s:.T'«;~~,.c till    

sheet. 	A stud:- of the i!;ccil~~4iit~~'l ~1 C+' ~..i~i13~~i.u .~â:~ic~ 	„•. n0,t. t ` vt.:. 	+ 	~ {ioà:.'.~w ie .:.on 

of the tills lead to tile same co::;Cslu:::ies2. 

2nu3 nature of the matrix of the ground Loraine end other 

glacial depositu will be discussed in detail in OhaItor 

(2) ïrtn1ins txid tïrt;i::lsvoid rids  

TyE 3.cal, drumlins  are restricted to thc southern pert of 

the area surveyed. Their long exec, oriented al.Tro1 imate1;, 

300south 	east, tiTa.':7 in length beLv,cyen 	and 	mi.les, tbc 

length-breadth ratio fluctuates from 3 to 3D their maxim= 

b.ei.rht is estimate.,.., at 150 feet. 

A ft?i: shallow and elongated till ridges are scattered 

throughout the hilly belt, Only the most important ones, are 

indicated on the accompanying nap. 
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Several drumlins have bErc:i opened up. du..~°ini: the recent 

years  in the cok:-.. se of road buiidit:;~. and in the scc:?'CI: or 

fill for t:SSr.,'cÇ.tilrG?7tÀ i•orLi;iâ♦ 	1►  Fs.,~i..ri.Cu.i.'.rS'.3.-0x t;ooG. expG:i%LrC'. 

C.._ . be {tbF_`r»'7GL° Tie :x the reaC: ïGad1.Iî_; to üw...':pbell Cii4JOl:g; .>.au 

( :.r.:(' ri%% v: _ri i. _ _ 31'..%, 1), 	1h.~.,'` core ç+."~~. the drumlin .~.'. s 

C:,o::.f;. of unsorted, boL l LG.Cr y fine Oît:2Cli till Coi:-,:a1.ri:i.T`L; L' 

revs 2:::._1. pockets of silly clay. This core ;s covered by a 

41- feGt layer of stratified, water-lain material l~  we CE, aiLç 

:o-c 	loss  j•nta`y Cl• the surface of the CIu7yi. The Sale 

s tru-.^.i:ü''(: s::£vC' bct.•'i. 1'+eCoéii:i : e:â alCir;,J the nain ?i:i~...i;iay there 

t.:c exposures are older and partly obscured by elum~:.:r. Ea 

drui;:,.~1, ins :C`,,'.?'v`1.i:c ts bedrock core have been noticed within the 

aï' s bt . 

South of Cache i.ia.:e sc:'ex':'1d~M.:1li:_Qit; ric;w•c.: entirely 

C   	C  G. of 	7l -sCIv Cd sand 4 2d gravel have been CYi:: G lEi 

for t o: a nµ i. E:I' i i2.?. . These  fo.}.',: t: arc i.hoL:.;;;;]t to be re-worked 

outt,eoh deposits  and have been fr.dicatec1 as such on the 

acrco:.'_'any.i.rlz i.ûjJa 

tsCrrig rnd tail" till deposits are co=on southwest of 

bedrc,c:: hills. An excellent crc =;.le is found ox, the peninsula 

SGa2'Gtini; DGï.'C'• Eti:CL~,:i3bC12`.~,a,~;:Ltt. lzU:Cs (see ~~31

w

E:t;Q~;i't::~.`•i: l~ia. 20: 

4who've(t Z:4j:vL.4 of till extending southwest Y.iVj.~ a bedrock hill 

covers i4.rt of the Eaton Bay Co1.:ror deposit.. Diamond dri i lin;; 

disclosed up to 150 feet of overburden. 

t1~ c~~t.vic~t;lc.cicxl t<'c7,rw1.tk3  

The extensive sand and gravel dol,os3.tc which for= tne 

62. 
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north :> h,*siG4rt;f2h3.c division arc part of a retrogr essve 

es.:o^j-and-delta system 4.hich extends intermittently from ~the

nortiaF::est end: of Lake Al îaa..:ci to the {ir:e:~isk<i Lake district. 

Very little work has been done by the writer in this area, 

tdier f,w G:'L: th:. CiGU1,.'',it:: will not be studied here. 

LXt:en.^.-â.'s'e. CuZ:wa%Fl sands and gs'î:.`v`Ul.̀3 occur in the central 

hilly area, bctwccr: the north and south ridges. Thcec sedi- 

ments ar;z2e:remtly ori.iLiratE.d in the s3ourbcau Lake area, and 

nay therefore boleti:: to the "rctroLressive outzaas;; system" 

mentioned above. The coarsest material, COpcsf::: of iCtiarûE 

to ' nCd.iu::si. gravel, fills partly the valley extending from the 

southwest bati.. of Bourbeau Lake, and continues for at least 2~w- 

ni.i.es. Sands a3:;.-.ear ll miles southwest of the lake and forms 

a broad ;:latin on r.iu.cf. the +Ghibotaga::s:ru to...si.ta has been built. 

The sediments are well bedded, and the bedding surfaces dip 

gently to the eouth and the southwest, indicati.p,3 that the 

sands form a broad alluvial fan. Further southwest, fine 

outwasa occupier, low ground in an area of "roches mou.t:ons eeL", 

1nGtta.er important occurrence of outwash deposits was 

encountered immediately south of Cache Lake where tb.icr. - 

deposits of fine gravel and sand have been quarried during 

the construction of the Chii;du,rar.iau highway. The sediments 

have been reworked by advancing ice and present a d~.~t:.-~~i.noid 

surface which makes them very hard to recognize tram true 

g3,acittl sediments on aerial photographs. To the south-west 

the outrfash deposits grade into low, swampy ground. 
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A few ordinary eskers hc:vc, been observed and mapped 

di:ri s;;; the sampling work. One of them formG.) southwest of 

Merrill Island, a chain of small islands ~

q

ub~.ich have bcc.n com-

pletely removed by~ia=?bG:~.L il~îi~.~Cy"a:c~;,~•Y.iiî:. Zincs and used as 

The csk..r co:_ ti.r.t;c.o on the rnainla~ sr:, between 

Cache ctr:fi Dore lakes, i'or:::ixz; in places two closely spti:ûec, 
ti 

 

end 	
~ 

~endparallelparallelritl`;~:. iiI2C'ti1C':r or not ~.t', is directly relatedrelatedt:o. . 

the extensive outwash deposits further southwest could not be 

dG ter:â....:G CI. Excellent sections across this esker were avLt.''Lll] Jl{7 

during the summer of 19:S. Ÿxtatogre.y?.â: 1,U • 3 to 7 show a few 

t,, ;.cal features. 

(4) Recent  lake sediments  

Sands, silts and clayey silts are often found in low 

gro-winc3 s•.zrrou~ ciing lakes. The top few inches are usually 

co.::r.osed of coarse to n.edi.um  sand, and there is e. gradation 

with depth towards finer material. The sediments arc li.zht 

gray to bluish, which moans that they have been deposited in 

reduc::i:.g conditions. They are ai,::Uar to material bei. t,,s; 

accumulated in the bottom of present lakes, and are intc;rpreted 

as representing previous higher levels of these lakes; this 

interpretation in su3;ortc:cï by the existence of terraces which 

have been observed by :.ho writer to lie up to a few tons of 

feet above the present le.vel of the lari;;er lakes. i:orscr caf't 

er sc;:rb? cb::~r_unicLtion) has found terraces alorc the north 

shore of Ci_i.bou„amau yaie. 

Somewhat similar sediments have been deposited in depressions 

eeixarati.:g irur_li;aoi.cd ridges in the southern part of the area. 

( 
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Soils and Vei;ctcYti on. 

introduction: 

The most i1D.̀:i°-ioiâ mineral soils of the southern p£i3't of 

y,. 
	Canadian :.~ 	r.-i 	C 	~'.0 	~ i ~~ i' 	j: i 	: 	~ t„~i~ {•r£i3'::::i:..i..c~_a ü:î~.L'~ tS are C~G.3C li.St;tÀ J~ +atGJ )f. ~tii:s L~ühcy (lyLr.;i) 

as 	t~ _ i c~;? p cctirc? :> to t:J à: ict:_1. grey-wooded :.' ~`d ~.;~ • Ey c'.rcrorphic 

soils arc also abundant because of the poor degree of inte-

gration of the {:.:~L:.'a'.2ii: e syst:e:w resulting fro_;: the ks.eistoce:lc 

glaciation. 

l'odzols and grey-wooded soils arc both products of 

pocL:ol 3.zatiüxs: u.-:der suitable conditions of to.uperatu.r'c, 

rainfall and vos ûataon, abundant organic acide and other 

substances of great solvent capacity are pro..xceû by the decay 

of surface oZ'oa23's,c matter. In tat.. podzols, these substances 

remove fr•c<, the solum û ost: of the soluble salts, such as 

carbonates and sulfates, which may be originally present. 

In grey-wooded soil:, which according to 5tobbe and Leahey, 

most often develop over calcareous  parent x:_tGr".'tSl s,, the same 

salts ct_.c removed from the u,:. cr• soil horizons and r3drc or 

less concentrated ira tho lower part of the scltm. Grey wooded 

coils are, ti:Creforc;, much less acid than true podzols. In 

both :;toil 	Fi,, a l Fycrc i'. soil profile is produced in which 

the surface o. cisni'c layer (3:J ; is underlain by a zone of 

ÿli,`:4 °. , ûi;331 (As) from which most of the iron and aluminum has ♦Ÿ ~.~1  

boon leached out; these metals, togc-tner with some colloidal 

oraanie material, are deposited as sesqui-oxides in a deeper 
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tone of -11uJ1: t?ox: (B)r 

iydrO:Cïâti^ f3ilS develop when drainage iv poor, 

either fer tcDpcg3`a; hic reasons or bec::'wSe the soil profile 

characteristics ?'rCvcnt normal wa t. filtration. They arcC 

i::i:.:;'ûL`-.c1.._ soils b'r'hG'µe T•..C,jU'_' c'Làa.r:àc.''v:'iü v i.v:.' are determined 

by local feature rt:tncr than 	cw1r;: te. The e;i:rc;2e member 

of 'this Losl grouz: is the bo;; coil in which the ,.ctcr table 

iz at on near surface.  Tr ce e is c co.* 3t te Gradation bE ti  ,ec:  

well drained F,odzc1le &ailk and bog soils. 

Zn the C:Iibau;;s.:nnu district, fully developed true p odso"! :. 

are t.aeîe:T:re:_d in well drained te!, sl.e. Brown podzolic soils  i 

which result, from e les. Intel= podzc,lizat; cn, are:.,lEo 

common in some hilly parts. Ho grey-wooded soils were observed. 

tDc;, sel:;, and Eyc:Y'omC7r1:i.ic typon such. L:.`_'• half bUZ,. ~̂~. 

a.nd ground water podzols have developed whore 	'o. -~:'L•.,}l.ad..c 1C.. 	tG}: 	~ 

cc:..di t:ios• are favorable. 

ko :zolic soils 

Tr:c different types of podzolic roils have been reee,gfll.zed 

b,; 	the writer in the Chi.bot,gCmau district; true pod.: c:lc and 

brown pt%dF.o3ic soils. s. T32C soil }:rofilCw cht:r:::eterii,.'~i..::.-' these 

two t:-j:es are 

}}
.~f~o•..n in Figure 1~ca. 1.3. (afterr~aiilo~: and

('IrcC~.~7G',.t%, 1V54). 

Z:4e redUo1s prod=S.nat:c: in well drained terrt.nes covered 

by um 43:tle of overburden exeeedlr4; a few feet. Vettetz.on 

varies with the types of overburden. Cos.fe:.=cai: s trees, mostly 
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Loo Vndecorposed litter 
ho Partly decomposed organic ■., dark. 
AZ Bluvial horizon, light grey to white. 
B21 fluvial horizon, dark brown ( enri-

ched in humus, Pe and Al.) 

322 fluvial horizon, yellowish brown, 
Manly enriched in Po eesquiozides. 

C 	Parent material. 
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TYPICAL pODgOL.  

£oo IIndeconposed litter. 
to 	Partly decomposed organic no, dark. 
Al 	Mixture of hum' and mineral ■. 
A2 Ziuvial horizon, light grey, often 

absent, 
B2l fluvial horizon, dark reddish brown. 

an fluvial horizon, yellowish brain. 

1' , • ', 
• • 
• 	/ • 	• • 

• 
•  

• • 

•• ' 	 Q 	Parent material : light, greyish. 

36" 

BROWN PODZOLIC SOIL. 
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balsam 	spruce, predm.inate over compact boulder tills; 

birch and voplar prefer lootor and more candy grond such as 

tix layer of valtor-ashed sediments coverinL; some drumlins; 

1-ine is conapicuous over cut. ai de'i.ouita and eskers. 

horizon of truc y,od2o1 2.. c:onzsts ncrt1a117 of 

deere& or,Inic matter shein27 a fibrous o7 

ntructu2e; there is only a thin sheet of well developed, 

*vices.: hu=uL at tile bottom of this layer, d-.:.... 	t.... 

eluviLtion orA2  herico is well develoed and charly 

defined. It in a white to zrey, hichly siliceoun layer* 

The13 horizon or zoo of illuviaticE nay be subdivide:2 into 

three part n: the D21 
or upper tone in a thin, intensely 

coloured layor i his-.% colloidal humic material loathed 

out of the surface er4Lanic curie in fixed to4sethcr th s=e 

iron and 	 nonquioxidz; th.e underlyinz B22  none is a 

cmpact layer uhere clay 11.-lerals and tesquioxidon are 

accumulated; the D3 zone narks the transition to the 

horizon which it the unmodified parent material. 

The depth of the pedmolic toil depend on local 

conditios of drainage and tin the nature of the overburden. 

Tho deepest soils are found in areas of outwaah sads where 

tn.° combined widths of the B and G horizons .ma:: reach 36 

inchea. 

Brown podzelic coils arc found in the contrai hilly 

belt, in high ground and along fairly steel: slopes covered • 

bu a thin layer of overburden. The forest cover ic ccr,:posed 
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of e:::ixture of :rruce, balsa:r:, o.::,d birch, with abundant 

mountain '.;.û',.';.e in the uriG.Crrv::•L::+''~ . 

Several  ,_ 	 _ ~e~•e»~:.1 .L... 'or~,c~,txt differences el~ ,e:• ax';.t between the profiles es 
of brffw_. poG,`.;r71 it: soils e17d true ;_Cdryue !', ~ In the brown r'r ^ ~e[~..~,Clic 

r ;'C . S: 	the ~` horizon F~, absent -x 	1 ,i:.Rx.~' ; f.'t;lox,"Cc:. 	The ~ 	i•~ 	s ... 	. 	" ._t} nC;T::. or 	i.r.-~ 

S13'f 3:tey v lfyC3 of .,..ir t1'. GcCQ. 	>C: organic matter   ': 

separated from tic, B horizon by a t?:iw:t Ai l;"re2' formed ofY 	a 
mixture or L r 2iC and  Io?tï: _ii material. aiericl. ii

. 

C 	_0ï1tC: i: 

characterized by r weak concentration of ses:'.;1$G'x3.C:C;::y LCld= 

has cementation or clay accumulation y t> ;lace, Vt~.t~L~i ,~..~û~.c, iI(:nCE: b:i•UŸ:22 

po>dzolic soils are Generally loose and well drained. 

hycrcmor 	soils; ïc 	.~~.►i i 

Ku.crous peat bozo ere scwtt:ered. throughout the OhibLt.;gamau 

di ctri' ct 	lcr., t_rourtd ut~.̂,rcrurülr13 present lakes and ponds, 
valleys which are r?.o_ e ur . less obstructed by till cieooi ts, 

anc? in the depressions between drumlins. 

The 1: r:,:est perzt-bogs+ especially those surrounding 

present lakes, usually have a bottor.~ layer of sedimentary 

peat mostly formed of remnants of pond weed, water lilies, 

etc. Overlying this layer is a variable thickness of fibrous 

peat which consists  - 	3~:~~ge~.,,- of partly decomposed rosses and
..sphagnum.TileTile~F top of the MLl:.+~'3.: Ja:i.LuT°e bjitie is cam only r~+* fOr7;1C'.d 
of 	layer of woody peat coi;ta:r2i21z, abundant retn un:.s of 

coniferous trees and undergrowth shrubs. 

Variatiar:.s in the arrazk;cc.er.t of profile layers are co 

oom :.on that, as poi::ûcd out b^> Lyon, et all '=2), every peat 4 ~~  
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o:,:d requires  a F-c:'S:.ra1.o ii1ve ►1i:.'icsi.it3.C:n. 

L. 	., rule, the tixi ci,.~r.e:J s of peat bec in Gi::i vou,Lamau 

uoc3c not ehcecc: /"; £ceL, e"s.thot:Lh local accu:l:.ulc:tionL of 

15 feet and rwcrle :avo bce~, obscrtixt,.ï. 

:iï2E) siri.'i::.:;c 4,11'6C:i:'_iC: layer 

r•.4~«.~  	

3w 	i:_::rlfi1 by  recent 

LlMwr:\nw i 	have .141 previously dz:4Cr+l1Md. In some 

bao;:..- of =all  size, the or6c.nic layer irzmvü;.t.ely overlies 

boulder till. 1i ,. ~`~~'=e:.E.J. soil ~1Gri:,li.23 calledcalled&le:~ horizonhorizonant;. _  

{'itiL:rC:t tCir i;eC.i by the rGC3ut:t1'.oi.. or the iron iC the ferrous 

state, has developed; it h~~.~s a liG's:t Grey to bluish colour. 

Various mocsee and labrador tce, form the ctzx:aGn u.iccr-- 

ïrowtl, of Chibou:aar.au bo;;s. The tree cover, if present, 

cc::s3st:, of spruce and cedar, the latter being in the viciLity 

of lakes. 

II.; of soils: 

The pH of ira soil samples was determined in the laboratory, 

usirz4 the procedure outlined in a previous section. Inc 

results vary ,fro>. 3.4 to 7.0, which in terms of soils ne-ans 

extremely acid to neutral conditions. I:a ail the verticc:3. 

profiles examined, rc:6crczlo4.s of the soil ty-ot:, the pH increases 

steadily with depth. 

The average pH values found for the different horizons of 

r:od.zo'.~it: soils in Chibousa~sElu are Given in Table No. 3. Values 

ref,orlted by Lyons et al, (l‘,62) for a well tlovelo,ped. podzol 

3n Lec, l'cz°'.: State ere also tabulated for dtmparison. 



TABLETT «:  

VALn3 OF k. OLZüLIC SOILS  

Soil. horizon 

  

k Cia..1.bou„ati<<u } 	 Yorl. )  

    

=icj 	 3.4 	 3.48 
^i ~} 	 4.20; +' L 	 ~  

~ 4.7 	 650 
C 	 4.6 to 7,0 	 4.80 

Values obtained for the two re..!iczas are fa3r1y similar 

excc_:t for the C horizo:: where, in C: iboiti;;cimc.u, the pH 

increases with depth t© values bf 6 to 7, as shown in 

Figure No. 	, profiles 1 and 2. (For the location of the 

pH rro.fil.es, sec map 13o. 3 in bnck.foldcr. ) Ir. profile 2, the 

pH of the C horizon varies with the coarseness of the 

sediments, reaching 	.highest values in coarse sandy till. 

It is in üc:resting to mention that grey wooded soils have a 

zone of accur:iulaûioxs of calci= carbonate  at a depth of 2 to 

4 feet (Lea;aay and Stosa'ac, 1943). At this depth in 

Chibout;amau, the pH indicates still fairly acid conditions, 

but high pH valucse at greater depth may indicate the 

preclyltiltÿon of 6üxe ,calci= carbonate. The Chibougamau 

soils would then represent a t:ransïti.on, type between truc 

podzols and grey-wooded coils. 

The pH of several soil samples collected above heavily 

cr.rbonat:lz,ed back=ock does not differ si.L nifi.caat? y from the 

s,vc:ru7e .figures gi.vei. above. In an area of abundant di.somi.na- 

tion of pyrite in the bedrock, on the contrary, ph values of 

l;..v to 44 were obtained in the B horizon of a podzol developed 
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over a thin  cover of boulder till. These values arc vo:il 

bQ;io the normal avcra4;e a..d probably here, il_+c bedrock 

conl,oswtic_: has a direct bearin on the pH of the Crv e,rlyin:: 

soil. 
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Introduction and Previous Work. 

Many investigators in glacial geology, impressed by 

the phv siograr:hic features displayed by differe..t types of 

glacial deposits, have studied these deposits exclusively 

froc, the morphological point of view, and have neglected to 

a._,ly in their work the ordinary petrographic methods 

commonly used in the study of other sediments. As a result, 

little is known of the petrography and mincrology of glacial 

sediments although they cover extensive areas of forth America 

and Europe. 

In recent years, petrographic methods of study of 

glacial sediments have been increasingly user in cases where 

the morphological approach had failed to clarify the 

stratigraphy of Pleistocene deposits. Yortmann (1956) gives 

a detailed review of these Methods, which comprise mainly 

mecha<_ical analyses, fabric studies and petrographic 

ndneralo`ical investigations. 

Incomplete sediment-petrographic descriptions of tills 

have been published by authors who used for correlation 

'purposes the grain-size (Kru:ibein-1933, Shepj s, 1953 )2 the 

nature of boulders and pebbles (MacKintoch, 194i4), and the 

heavy minerals content of the fine fraction tDreimanis end 

Reavely, 1953) . 



Observations on the coarse material of tills are 

fairly abundant. They deal with the petrographic composition 

of pebbles and cobbles, their relation to the bedrocks, and 

the distal ce this material has beer_ trans orted by the ice. 

Commenting on these studies, Gravenor (1951) writes: 

"Pleistocene geologists hove lon;; claimed 
that till 1s largely local in origin . . 
that is the avera e distance of transport 
is only a few miles. This belief i:: based 
primarily upon the type of pebbles found in 
the till, and little attention has been 
given to the fine fraction". 

Studying heavy minorals from the fine fraction of tills 

from south-western Ontario to evaluate the contribution 

of the Precambrian rocks of the shield to these tills, 

Gravencr found that: 

"in all cases but one, there was more 
crystalline material in the sand and 
silt sizes than in the gravel sues. . 
The till from Lindsay, Ontsrio, 'certains 
L. crystalline material, yet a pebble 
count on the scone till yielded only 18 - 
20 foreign material". 

izcellent studies on the pebble lithology of moraines 

from the State of New York, Illinois and Montana-North 

Dakota have been recently published by Holmes (1952), An-

dersen (1955), and Howard (1956). 

Conplete zIoneral studies of Finish Glacial deposits 

have been published by Okko (1940 and Kivekas (194 6), 

These writers have divided tills into several categories 

dependin; on the predominant petrographic nature of the 

source bedrock. They have defined the mechanical, chemical, 



and raineralogical composition of these different tills. 

ISrz:ger (1937) has made a complete mechanical and 

mineralogical study of the sandy fraction of certain tills 

in Minnesota with trie purpose of confirrirc the main 

strc.4sgrc..+iic divisions previously.  established by other 

methods. Jaeznefors (1'62) has made a complete sediment- 

petro4re.l:-hic study of the tills from t:e Pa,)ela. District 

in northern rStiC'.(1Cn, with the same purpose  3.r mind. Reference 

will be made later to several of these publications. 

Mechanical analysis of the fine fraction of tills. 

Mech&:nisms of formation of the fine fraction: 

Fortmain (1`> 6) groups into three categories the factors 

which influence the grain size distribution_: 

a) Lithoio'ical nature of the bedrock 

b) Distance of trans p or t 

c) Local genetic conditions 

The lithology of the bedrock, the hardness and grain 

size of the rock-forming minerals, and the degree of 

fractu i n of the rocks are all important factors to consider 

when determining the effectiveness of glacial erosion. Fine-

grained rocks and rocks for_ed of soft minerals are subject 

to severe abrasion. Granitic rocks, on the other hand, are 

eroded mostly by plucking or quarrying, at least until the 

surface layer of weathered and open jointed material has been 
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completely removed; then abrasion may cow_.lete the glacial 

process of erosion and produce the polished rock surfaces 

so characteristic of the Canadian shield.. 

• Once the natorial has been separated from the bedrock 

and incorporate. in the glacier, attrition arid crushing 

become the active processes of mechanical disintogrrti.on. 

Holmes (1952) has shorar_ that the ratio between the distance 

of transport of pebbles and the rate of size reduction is 

different for each lithologie type. He has studied the 

influence of the rock type on its size d:i stribition within 

the pebble rani e. Working with an index grain size of-rte- to 

of an inch, he has found that the maximum frequency caf' 

quartzite in tills occurs close to the outcrows in the 

direction of ice movement, while the same maximum for limestone 

is located 25 miles from the source in the same direction. 

The reason is that the size of rock fragments detached by 

plucking from quartzite outcrops is close to the index size 

studied, thereas glacial erosion of limestone produces large 

fragments separated from the bedrock by plucking, as yell as 

abundant fine material erode by abrasion. 

From these considerations, it is clear that the bedrock 

contributes in two ways s to the fine fraction of tills: a 

variable amount of the fine fraction is produced by direct 

abrasion and the remainder is formed by. mechanical disintegra-

tion of larger fragments during their transportation by the ice. 

It is also Important to remember that tills do not 
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necessarily and entirely form bF direct. erosion of bedrock. 

(1'63) has found in northeastern Ohio that the upper 

till, which is much finer grained than the underlying ones, 

1.w-., mostly :SU::'.i:`Ose{.1 of material derived from loess and lake 

.rL1C3ï`:_C:d 	the ;}.-2'GcGGG.:ing interglacial period. 

Kri:3;:JG'.iil (1-)33) has shown, further,  th;:,t certain tills ow 

Indiana and Illinois are composed of an appreciable amount  ' 

of dune sand. 

L't:.de:=t of 6l  ac3.al. deposits :.23 Seand1.i28v:CL:  

divide tills into the followirk,,  four categories, dependi.rk; 

on `S:liic.t2 size group is predominant: gravel-tills, sand-

tills, silt-tills and clay-tills. 

Kivekas (1%AI)) has studied the influence of' the natty e 

of the bedrock on Uïie mechanical composition of the till 

matrix in parts of Finlend where specific rock-types pre-

dominate large areas. Ile reached the conclusion that, 

regardless of the bedrock geology, sandy tills are by far 

the most abundant all over the country. A complete study 

of the grain-size distribution, however, shows systematic 

differences do exist, for examples the average clay content. 

of sandy tills derived mostly ti, from basic rocks is twice that 

of tills formed from granites and gneieses; tills in which 

fine silt or coarse clay fraction; predom_i :cite are conspi-

ciously scarce; and fine-clay tills form 22 percent of the 

unsorted ;facial sediments derived from basic rocks. 

It is evident then that there is a preferential size to 
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which rock-material is reduced by glacial erosion, provided 

it is transported sufficiently far. This is probably explained 

by the fact that most rocks are structurally heterogeneous; 

when they are submitted to crushin , the fractures produced 

tend to pass preferentially throu;h grain boundaries and a 

large proportion of the material obtained is of tip average 

Grain size of the rock. The same situation is commonly 

observed in the products of artificial cruchirc devices 

(sec Gandii , 1926). Once this preferential grain size has 

been attained, crush 	follows the normal laws, at least for 

minerals which have no prominent cleavage, and the work 

required to crush tae material further increases in e. geo-

metrical ratio with a decrease in particle size. Most of the 

fine clay size material is not the result of progressive 

reduction of lamer particles by crushing; rather, it is 

produced by other processes such as 

and contains most probably mineralogically different products. 

Topography and amount of water present during the 

deposition of the till are anon; the most impoi tant genetic 

factors influencing the grain-size of the matrix, Ablation 

tills, which forms at a very late stage in the presence of 

abundant meltwater, g+@ often crudely sorted and the matrix 

is coarser than that of ground moraine forced from similar 

rock material. 

It has been noticed in central Sweden: that till covering 

hig11 ground and the upper part of hill slopes is generally 
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compact with a fine matrix and has a lamellal structure 

which indicates that it bas been deposited under a heavy 

ice cover; on the other hand, morainic material coverins the 

lower part of slopes and valley bottoms is coarser and rich 

in local material (O1ko, 	An o"r.•csite situation is 

described by Holmes (1-62) in theState of New York, where 

tills are more sar.dy and loose on hizh parts tari in depressions. 

Topography may thus have an izipor tant influence on the 

Grain size distribution of moraines, but its i=:fluthr.ce is 

difficult to evaluate. 

Mechanical composition of the firm fraction of 
Chibougamau tills:  

The Wentworth size classific:_tion, which rill be used 

in the fo:i.J.owf.na discussion, is given for reference in Table 
! 

No. 4. 
irr;I~ IIU. 4  

Part" of Wentworth size classification with corresponding 
Stanc3rd Tyler Sieves 

Particle Diameter  

2mm 	 : . 9 mesh* 	 ) 
0 . tjr.zm (1/2) 	 ) 

o tr.1.7mm 	 5 mesh*.......)          
0.2y5:: Wi 	 6 mesh* 	) 
n v.25mm (lft}.)  	...)  

0.l45-,r~.~.-~ 	100 mesh* 	,) 
ü.1L.5Ym (i/V).....► . 	  ) 

0.1.04w:1 	150 mesh.. 	 
G.G74:m-1 	200 mesh*..... • • 
0.062= (1/16) 	. 	 ) 

O. 0014nna (l/256 ) 	 

O.OV~f'r"' 	  

Wentworth Classification cation  

coarse sand 

medium sand 

fine sand 

very fine sand 

silt 

clay 

) 

) 
*screen sites used in the dry i9ievinz, 
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Table No. 5 shows the result of the mechanical analyses 

of nineteen till samples. The sane data are represented in 

Figure .;o. 12 in the form of cumulative curves. For 

co=grison, two other curves describin sediments deposited 

by water have been i;;cl sided in the d' egram: the first one 

gives the cranulometry of a re ;or .ed out wash de :oeit (curve 

No. 6) and the second one represents {:, rece__t lake silt 

collected within the sane general area (curve No. 27). The 

tills studied may be grouped Ito two main types. 

The first type of till is represented by all curves lying, 

between curves No. 16 and 12. It shows e wide raLge of grain 

size which is characteristic of sediments deposited directly 

beneath the ice, away from the sorting action of meltwater. 

Ground moraine, dr; filins, etc. are often composed of such 

material. Lost of the curves lie within s. narrow rare of 

v_lucs. Sample No. 16 is coarser than usual, t.hi e samples 

Nos. . 7, 10 and 12 have a particularly fine matrix; neverthe-

less, the general shape of their cumulative curves is 

sii4ilar to that of the other till samples belo,.ging to the 

esmc category and they most probably formed under similar 

co ;ditions. It is interesting to note that the last three 

samnlc_. are within the decrest collected. 

Curves ados. k, 24 and 26 rerrese:.t a second type of 

till, In which the corn arisons are co.:eentrated within a much 

narrower range; they contain mort than 0 of sand particles. 

Thcy cue located between the t«pical till curves described 



Table No. 5  

Peet 	% 	% 	% 
Sample Depth % Cam Silt Sand 

MECHANICAL ANALYSES OF TILL SAMPLES 

minus 
0.002 

2.0 
0.1417 

0.417 
0.295 

Grade 	Sizes in Millimeters 
0.295 0.149 0.100 0.071 0.05 0.01 	0.005 
0.149 0.100 0.074 0.05 0.01 0.005 0.002 

3 6 3.0 27.9 69.1 21.5 9.3 21.3 9.7 1.0 12.6 17.9 3.7 	3.0 
4 4 1.7 7.9 91.4 38.2 14.4 27.6 7.6 2.5 2.6 3.5 1.7 1.6 
5 4 3.4 42.4 54.2 14.2 6.6 19.1 9.6 1.2 14.1 26.8 4.0 4.4 
6 20 - - 	10.0 81.1 31.7 5.9 0.8 0.2 0.5 --•----- 
7 10 4.9 52.6 4.2.5 9.9 4.9 14.7 3.2 3.9 11.8 39.6 6.0 3.3 	2.7 
10 8 7.1 48.9 114.0 10.5 4.1 12.2 7.2 5.0 19.2 29.7 4.2 2.3 	5.6 
11 4 1.5 25.8 72.7 21.0 6.5 21.2 12.3 7.5 19.5 18.3 1.2 1.5 
12 10 10.5 47.7 41.8 8.2 4.1 12.6 7.6 4.9 15.5 29.0 6.7 2.6 	8.8 
13 3 0.3 25.5 74.2 19.7 8.6 21.9 12.1 6.4 11.0 19.1 0.8 0.3 
15 3 4.8 34.0 61.2 18.6 6.3 16.3 9.2 6.0 9.8 24.1 4.9 4.8 
16 5 1.1 19.6 79.3 30.6 9.3 19.9 8.6 5.1 11.7 12.0 1.6 1.1 
17 5 3.7 31:1 65.2 20.5 6.5 16.9 9.4 5.6 12.6 20.7 3.2 2.3 	2.2 
18 5 1.8 33.0 65.2 19.4 6.8 16.3 7.1 3.7 23.5 18.1 2.8 1.2 	0.9 
20 10 4.0 32.9 63.1 114.0 7.0 20.5 10.3 1.8 18.8 19.3 3.3 2.7 	2.1 
21 4.5 0.3 34.5 65.2 14.0 6.6 19.4 10.1 6.1 18.1 23.6 1.8 0.3 
23 3 6.1 36.6 57.3 12.9 6.2 16.8 9.6 2.8 17.9 24.4 2.3 2.5 	4.5 
24 1.5 --5.6--- 94.4 47.8 12.5 22.0 7.3 4.7 5.6 ----- 
25 4 0.4 30.6 69.0 18.6 5.7 20.4 10.7 5.8 15.6 20.5 2.2 0.4 

0.074 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 

3.4# 5 2.3 30.8 66.9 18.2 8.1 18.1 8.7 7.4 5.3 5.3 5.9 5.1 	4.7 2.7 2.4 3.0 	1.6 	2.3 
26* 2 1.6 8.1 90.3 48.0 15.3 17.0 3.7 2.5 3.8 1.3 1.4 1.4 	1.6 0.5 1.0 0.7 	0.7 	1.4 

* Pipette method for the minus 0.074 mm. fraction. 
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above , and curves Ao. 6 which represents esents a coarse outwash 

sedin:ent. Tills belongir; to this category have been 

derived of moat of their silt  and clay content by water- 

wa: liin6 either at the time of their deposition or later. 

za plec los. Wit. and 26 'were collected at a particularly 

sha!l0.7 dei,tel (1 to 2 feet). Sc ;le Vo. i. was taker_ from 

a gravel pit at the botta al of a steep C s10.C:, in a cr.:ccly 

statified till where the actions of neltwatc:r ;ras evident. 

~e pereenta<e of sand, silt and clay in each sample 

he,:: been computed in Table No. 5 . The relative content 

of sand and silt varies cox.si.dcrably from one sample to the 

next, but this is not particularly significant because the 

;:roda ii ant Grain size in nest tills is either very fine 

sand or very coarse silt. A small varicitiou in xrcchari cal 

com::os t3 on produces a 7 ar4e ehanL o in the sand-silt ratio. 

A study of statistical constants Given in Table No. 6, 

and obtained from the frequency curves, is more significant. 

The values tabulated may be defined as follows: 

The first quartile, Qi is the grain-size corresponding to 

the 25; ',eight mark on the cumulative curve; 

The median is the grain-size for the 50% weight mari on the 

cumulative curve; 

The third quartile, Q,3, is the grain-size corresponding to 

the i5% weight nark on the cumulative curve. 

The quartile deviation is R3 -  
2 
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,O. 6 

STATISTICAL Cl:'STiiî::v OF TILL SAULES 

Swm_.le 3rd cuaa izle 1.:at; quartile mcian quartile Difference 

3 FJ.3 jV 0.051 0.160 0.160 

4 0.6J0 0.173 0.310G• `" r̀;. 

5 0.250 0.325 0.096 0.109 

6 1.220 0.470 0.76 0.375 

7 0.182 0.03.65 :).047 0.032 

10 0.165 0.0245 0.056 0.070 

11 0.330 0.057 0.144 0.136 

12 0.150 0.0185 0.054 0.066 

13 0.330 0.060 0.151 0.135 

11; 0.315 0.036 0.115 0.139 

1.; 0.295 0.032 0.105 0.131 

16 0.510 0.070 0.205 0.220 

17 0.325  G. 042 0.115 0.141. 

16 0.310 0.052 0.08 0.129 

20 0.250 0.0460.106 0.102 

21 0.250 0.047 0.100 0.101 

23 r~.2L5 0.035 0.068 0.0ti5 
, 

21i. G.~GO 0.187 0.385 0.336 

25 0.290 0.052 0.126 0.117 

26 0,360 0.190 0.400 0.335 
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!'lut2:'c] No. 13 .^?i?oïiCi the variation of the median and the 

C.uwr t'=.,ie dcSi ?£• t? on al on7 the two till Sél-":r•l:ï.nL: traverses. 

i tG $ KaG grt7L?_ ✓..rit; into two dwst:...:Ut cL?t:e.7oric:s, as obt;t°.i3'?E'L 

fro:D t:_c direct wtur: of the c ut:l;,;t;. .-c curves, iû poLs_:,lc . 

For Û "̀:.^ 1"irCt ;-::'our cf t;-...:+ 	 bCcr f:ffecteC: 

b~ 	Cl iiŸ:.: t(..̀'1y. , ‘he .`C C:_.L?î.. varies usually bet::::,''c: v . ~.t~' j and -r 

(.1Cû =^?. The values fluctuate rather __re •7t1L.rly and there 

systematic v.r:.st7o, aleIlc the direction  of ice 

. 16

~ 
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.ert. ~~ e re"a ~for s~:,~e 	is as high as 0,215 mra . 

The clucrtile deviation follows closely the w'ecl:ai c:e:cic;tion, 

1 	a^~': F s e:u~.l to it or ~li~: r 	 . this 	~ c;.;~ i.. ~.... :ÿ 	x 	 ., u it1~ i~ii,hcr, ti/.? .. means 

that .::c.ter:I el finer than the median value is the more 

e?.nr:ant. Pan the tills which have been afieCted by 

rut_I,yr,; water, these values arc much hi-:her in the median 

v.2rics _rc_~ tr. r0 to u.47C~~. are the ç~~nt7 ~ 	~-~ .~ii 	r• 	 e 	' ~:..~ 	le deviation 

is 41a :s ma..~~I:c•.'3 J lower than the median deviation which 

indicates  that material coarser tha.: the median predominate. 

Conclusions and Comparison with other regions: 

As a rule, the tills of the C«Libotgamstt district have 

a 7î1e tris, Co= osCd i:ric''.:.o:.̀.:_:":1îi.i`l •lJ of fine sand. Ÿ'i'.E:Iy sandy 

often tI'c .: t✓ f ot.'.21C. near the surface, whore most of 

the fier particles have been removed by running water. The 

deepest sF`:-j?1t3s collected, however, show a slight TrrGdoL:-'!_?îQrtce 

of the silt fraction over the sand. LoC£lily, where meltwater 
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from the ice was involved, sedimentation, a coarse sandy 

till diS_:.lay iI ; a crude stratification was deposited. 

Excluding these variations due to local circumstances, the 

tills studied have a very constant mechanical ccripocition. 

L echa_:ical composition has been used for correlating 

till sheets by +Srumbein (1933), Dreimanis and Reantlea 

(19 3)  and others. Kru• bc1n, investigsrtinz the stratiCra •hy 

of glacial de :osits ir the northern. United States, has 

shown that mechanical variations co. parable to those shown 

on Figure Lo. i1. are normally found within a sip, le till 

sheet. The present study indicates that all the till 

sama.les collected in the Chibougamau district were taken 
a 

fro:./si..gle geological unit. 

Table No. 7 gives the avcra;e content of the Chibougnmau 

tills in sand, silt and clay. Samples Ives. 4,  24 , nd 20 

have not been included in the co,:.putation of this averck ;e 

as they represent modified types. The results obtained by 

several workers in the Scandinavian krecambrian shield are 

also tabulated for comparison. All the data have been recal-

culated for the size fraction below 21:m, using the i entworth 

class limits. 

The similarity between the results obtained by Jaeznefors 

and the present author is stri ,in ; Okko cs results are also 

very similar, with a slight increase in the sand content 

against the silt percentage. 



Table NoIL.  

SAND,. SILT. A1TD CLAY CONTENT OP TTttt  

Author. Location. No. of 
gamiest. 

Sand 
ay. 	range, 

Silt 	Clay 
ay. range ay. range. 

S. IN E. 

S. V. E. 
aaernefore P 
(1952) 

Chiboagamau 	16 	61.9 41.8-79+3 
2  

Chibougastau 	 3 	92.0 90.3-94i4 
Pa,iala, Itg 	 4 	61.6 
Swede. 

34.6  19.6.52.6 3.5 0.3-10.5 

	

7.1 	5.2-►8.1 0.9 0.4-1.7 

	

35.6 	2.8 

Okko 
(1944) 

Sivekas 
( 1946) 

Same 

Same 

Same 

Northwest 
Finland. 

3 
Finland 

4 Same S. 

Same 6  

Same 

29 	70.6 

rstmercas 	56.5 

Same 	47.5 
143 	62.5 

48 	37.5 

26.0 

33.5 10,0 

32.5 20.0 

29.5 8.0 

51.5 11.0 

1, Samples no. 
2. Samples no. 
3. Granite»gne 
4. Basic rooks 
5. Sandy till. 
6. Silty till. 

3.5,7,10,11,13 to 18,20,21, 23,25. 
4,24,26. 
iss till. 
till. 
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Fart of the data contüitied in Tv.ble No. 7 is represented 

graphically in Figure No. 14. The average mechanical 

comx.ositio_. of C hibougamau tills is very close to that of the 

average sandy till of Finland. The clay content in Ciiibouga<:.au 

is notably lower, but it should be remembered that the average 

Finnish  figure is partly made up of sandy tills produced from 

extensive basic bedrocks, which yield a relatively high  clay 

fract;.o =. The curve _'e~ fis@_.-1._tg the vh.iboug:].1:3ati tills is 
~ t 11 

also clos to tLiv c~.as i a.vera:e curve for gra:•.ite-gneiss tills, 

with the same restrictions concerning the clay content. 

Mineralogical study of the fine fraction of tills. 

Introduction and previous work: 

Most of what has been said en the mechanism of formation 

of the fine fraction of tills (soc section previous) has a 

direct bearing on its mineralogical composition. 

To the knowledge of the writer, only two workers have 

published results of complete mineralogical studies of the 

fine fraction of tills. 

Eru,;er (l37) has established the mineralogical character- 

istics of the four main till sheets in Minnesota, working on 

sets of widely spaced samples. He. has found that the dis- 

tribution of light minerals (nos tj. y quartz and feldspars) is 

very irregular and consequently, these minerals cm-mot be 

used in correlating sheets. Ooncerninb- the heavy minerals, 



he considers that- although the mineralogy is rather complex 

the different sheets of glacial drift can be identified by 

their typical heavy minerals assemblages. 

Jaeznefors (1952) has :studied the mineralogical com-

position of the fine fraction of tills str•atigraphically, 

and from the variations in mineralogy  within a single till 

sh_et in the direction of ice movement. Be found that in 

the two till sheets investigated the compositibn of the 

light fraction was rather constaL.t along the traverses. A 

good distinction between the two tills was obtained on the 

basis of the magnetite content. Regarding the composition 

of the fine fraction of tills in relation to the underlying 

bedrocks, Jaeznefors showed that the relatively easily 

weathered. greenstones appear very rapidly in the fine 

fraction of tills in the form of abundant hornblende grains. 

Kivekas's (1946) study of Finnish moraines does not 

i .clade any mineralogical examination of the fine fraction 

of these sediments; rather, he analysed chemically the 

minus O.2ma:m fraction and calculated a theretical mineralogical 

comps tion from the analytical results. 

Mineralogical composition of the fine fraction of tills: 

The results of the mineralogical study of the mints 1O0 

plus 150 mesh fraction of tills are given in Table No. 8. 
The mineralogical composition of a regorked outwash deposit 

represented by sample No. 6 is also given for comparison. 
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TABLE No. 8 

MINERALOGICAL COMPOSITION OF 100 - 150 MESH FRACTION OF TILLS 

Light Fraction 	 Heavy Fraction 

Total Quartz Pla io Kfeld Sericite 	Total Magn Amph* Epidot* Biot* Undet.* 
Sample, 	W%  _LA_  V 	V% ..2.J.-- 	,W%,  r94 V%  V.% ,Yi  Y%  

3 92.9 46.5 38 11 4.5 
4 8444 47.5 3545 13 4 
5 94.4 49.5 34.5 12.5 3.5 
6 8149 42.5 38 11 8.5 
7 9346 46.5 37.5 11 5 
10 9544 47 40 10 3 
11 9249 4945 3345 12.5 4.5 
12 9244 48.5 37 9.5 5 
13 9247 5345 32 945 5 
14 9248 47.5 37 11 4.5 
15 9446 47.3 3346 1349 5.2 
16 93.6 48.5 3145 1145 8.5 
17 93 4945 3945 7 4 
18 9541 4743 3441 1049 747 
20 9344 47.8 3645 1445 1.5 
21 9347 46 36.5 12 5.5 
23 9443 47.5 3445 14 4 
24 9241 53 31 12 4 
25 95 52.4 29 . 	1045 841 
26 85 45 37 14 4 

Av. cat. 
Noi 1 93.7 48.4 3543 1143 5 

Av. cati 
No. 2 8742 48.5 3445 13 4 

Total Av. 92.7 48.4 35.2 11.6 4.8 

7.1 4.9 67.8 9.5 5.2 17.5 
15.6 249 69.5 10.5 8.5 11.5 
5.6 4.7 62.5 4 6.5 27 
1841 13.6 6445 4.5 7 24 
644 643 69.5 3 8.5 19 
4.6 5.9 67.5 7 545 20 
741 541 7345 4 745 15 
7.6 441 57 845 4 3045 
743 348 65.5 5 6.5 23 
743 448 57.5 8 745 27 
544 3.3 62 6.5 10.5 21 
6.4 5,6 59.5 10.5 14 16 
7 4.6 69 6.5 645 18 
449 846 6810.5 8.5 13 	• 
646 545 6945 3.5 8 18 
643 442 66.5 9 545 19 
547 444 63.5 3 13.5 20 
749 1842 65 3 745 2445 
5 7 58 3 9 30 
15 1048 56 - 4 1745 2245 

643 543 64.8 6.3 8.4 2045 

1248 10.6 63.5 5.8 10.7 20 w N 
7.3 6.1 64.6 6.2 8.8 20.4 

* Volume percent in the heavy fraction minus magnetite. 
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The sane data are graphically expressed 4n Figure No. 15 

and 16, where the seml:les from two traverses has been 

grouped. 

The weight percentage of hsavy = iner•als in the undisturbed 

tills is fairly uniform: it  varies fraT. 4.6 to 7.6 and 

avera;ec 6.3 percent. There is no apparent systematic 

relation between the mechanical composition of the tills 

and their heavy miner lam, content, nor is there a s:'s te=tic 

variation in the heavy minerals conte :-.t in the direction of 

ice movement. 

The heavy minerals content of glacial sediments which 

have been affected by ruining water (Nos. 4, 2. and 26) is 

usually much higher. The averaze for the three samples 

studied is 12.E3 weight percent. 

The w ineralo .Lcal cor:!positi en of the index size fraction 

ofvhibouv;a au tills is exoree,sed graphically in volv.me 

perce, et in Figures Nos. 15 and 16. 

In the light fraction, quartz is by far the most 

abundant mineral, with an average volume percent of 48.4 

in the 19 till samples examined. The amount varies usually 

within very narrow limits except in samples Nos. 13, 2. and 

25 where it reaches 53  percent. Grans arc typically angular. 

The group of potash feldspers contains also a few flakes 

of muscovite. The average volume percentage is 11.6. 

The plagioclase group includes scarce grains of albite - 

rich saussuzitization products. The average volume percent 
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for the grolz.: is 1,.2. 

Tho ;nain part of the :unc?Ctcrl.li.nC`C.t 4:,r, up forms an 

i lttrrl:lf,d .. ai:e .{._'z C: t ? o22 of „i nez.'al ,,râ.a.:i.?1c hav3. •r 	density ~r =i: a 

2.8;; (which is the ckr;:si.t;;- of, .the liquid used 

in the ;„rruü:l.t."•j sr iic.rati.on ). 	This tsroup is i~..ide up of 

abünc!.tt33i: cloud é,;.ï'Z!i'.JtJ rO,j":%'(?sE?i1t3212 vïiî'UU.Û alteration 

prCiLlLicty. 	jc;r..c :he Is often a major cU:1s4:t 'i,t.C.T:t as ...Z2oî',72 

by ,lle spotty~~c?.lo stain ~.•nstaltin~; fz~c::i i.i:_c soc?it~a~~ cobalti-- 4 

nf tr3.t;r; trc r..tvent. 	It contains also ctx.l_ur:'.tic L;r.:i.xis, £:?1d a 

feu f3.a.;.es of b:.otito which cs:td .:oi; :;Soh c't:rii{; the heavy 

liquid cse::c.r: tion. 

There is no sy s tE,acltic variation in t.:ze percentrytwe of 

minerals corl}':ùsi.rg the light frnct:io;. along the two traverse 

lines (in the direction of Vile ice flow); also, there is no 

difference in t,le Iz•ot,ortion of these r.li.ncrols between 

undisturbed tills and glacial sediments sorted to some 

extent by water. 

The heavy i..il:ez^al:s fraction has a much more varied 

co::mosit:ton. 

Tho croup terned a?:xphlbole in Table 2•Ic. a is actually 

a co:14:03iJe "roup contn:itlin 	follovai3L; :3.n order of 

clecrcas:ir,,.; abundance:  dark green to bltzich ;;rce:n, strongly 

;.7.eioc:xroic hornblende; more or les.; tirali.tizecl atx2;:Lte with 

a variable mount of limonite inclusions scattered or 

concentrated along clo,.ivaa.e planes; vc,ry pale green to 

yellowish actS.Lolite; and a few grains of fresh p,,•rofena, 
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This group is by  far the nost abundant in the heavy 

fraction of tills. It., volume pereEnta.ci in the heavy 

minerals fraction varies from 57 to 73.; percent. In the 

first traverse (A) there-is a marked :Lncx•e:ase in £u:lZlhi.Liolti-- 

p4rro1•,".cnn content towards the south; the :3vL!ti't2cnT:1o:i t sample 

rio. 16, riakc:s ey:ccrtion to this "enerc.]. trend. In the 

second traverse, snxar'•los Nos. 11 ai?d lj have n more erratic 

cl•i.str:ibt.tion of these minerals, but rcrconta.c,cs arc as a 

rule hishcr than averae. 

In the satussurite column  of Table no. 9 is indicated 

the volume I;ercc.ntar;e of ;rains positivelJ identified as 

a mixture of rroisite and Other alteration procïa;cts. The 

undetermined grow) probably contains similar material r:hich 

could ::ot be idoe:i;ifiei,i with certainty. The aivcrae for the 

19 till sa;:__ l cN i: 62 volume f;crce;!:t of the hcav fraction, 

with a variation :. I' OI:, 3.0 to 10.5. 

The bicsri :' e percentai.t:;e is highly variable, probably 

becaztzeo of tï::o ease with which this mineral is concentrated 

by fl otcA:i.on. The averae content is 3.8 pc:.~'cr Yzt by volume, 

and variations from 4 to 17.5 percent were recorded. A 

small part of the i>:ioti te was floated o;.f with the light 

minerals so that the figures given arc slightly below the 

true content. 

The ur_c.etemined group of minerals is made up of a 

variety of ::},.i;or.i.l spec:tcg for.li2i,; the usual suite of access-

ories of intrusive rocks, a few grains of do].or;:ii te, various 
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ut:recoE,ni znb~.e r:rc,czL.cts of r•?li:err:tioi , r._ 	mi' oral c;rains 

coated with iron cr^:S.C:Ie^. The mount of tuncicrtc:rn _tned minerals 

averai.ÿC`J 20 T:Lrccr_t by volrmo and v`'1°i(:G "?">Y'? 11.3 to 30.5 

percert. 	This vv.rintio]: der:t;ncl, x,r
.
ri::i;; c:n the tic„rc:c of 

i•rc,,.t'_r.ri nc, of the material studied; it has r i`_i.:: cct hc': rinG 

on tI!-e, recorded ti,:lot'l:.t of i.de, t3.fi ed 1:+_:._erc'.? e o::' ti]-t- heavy 

fraction. 

The v.:.r:I. ,t:i.'i.c in the r•crce:t: ,e of I,he ti..,. ec 1-st 

Groui.3 of heavy r.i. _ c,rctls are unrelated te tF:c t: re;s of :..~:.terial 

sampled. There is no syston,'t'.c ehanLx: in the direction of 

the ice flea. 

The 	c,.:dcur_t of m:r ,net3.t•e i:; p_:r.re • c o :: in v(: i-Mat percent 

of the heavy fr:. ction. Undisturbed ti? :? o contain from 3.3 

to 7.0 perccr!t of this miTier,1, `tvcra.t::.l.n: :.3 r ercc-.t. The 

ITl!-Z;.',netite cortent in 3 t1:,'.ples Nos. 2); "nll i-:%, 	.i '!i.c:h have been 

partly ,rnter:.:,.::' :ec1, is -.-t1cl? I7i:xl:.;r, 	12.'2 r,ncc 10.8 

percent r. c:sl.•oct•I vely. 3-•mp1.o No. 1{., which represents a 

crudely stratified till, has only 2.9 percent l.:z~i e tita. 

CO:I1TlRY'(.`•S with 13.6 percent in Ole ro:,'':rLcCi eut.F;r,ch 

deposit rep:c°e ser.ted by sam2le iI Î. 2. Alen, tno traverses, 

the vvrir.t.;.onU id mn.L;neti te are inccadciste3xt. 

The eStin ~ItCCI densities of 'i•ie.,. different r.IinC"Pl 

Groups dcsCriboci above are "3 f':A1ow:; : 

L Glit T1in(:r .'!.ls 	(qv .:.7't:J 	  :1.65 
~ 

1 	/s 1 	/ 	T ( 	}~ (1~l f~~ (Jc •~L:GC s {::ti [~~'4:.,0 - 
(((  

tIt  feldspars - i!ni crocJ_ine 
( 	 ~ o.rthoclasa ) . ?_.55 
( 
(Unidentified 	 2.85 
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Heavy minerals - 
	

(Ancito & uraltto 	 ......3.25 
I. 
(Saulicurito 	111 ZOiZ1te.3.25 

(Biotite 	 3.01 
( 

3  30 

thc..e values, and ta!:In into accornt the average 

rçttio of hervy w.l.ncrals to 154;ht -olinc:rals, the averaGe 

m!_nealoGical composLtion of the two main types of tills 

ropresonted in C:Ilbougamau has been calculted. The 

msultc aPe 	in Table N . 9 

Canonisions and comTarison with previous work: 

Tho prcsa:t study hns shl:wn thct tliera is little or 

z() reltion botween :ho comrosltlon of thc fiYe fraction of 

tills a2'd the nture of the 11.,derlyin6 bedrocks. 

Travcrce A is almost entirely underlain b:! "greenctones" 

anc, 	 POC!CO. It::: south end roachs the Chibouumau 

(1.1plit.".• anorthunite may be present in a drift covcred 

area betwoun Ale Granite and the Cache Lahe GE..bbro. Traverse 

B starts, at I c north end, near the "Exe,::nstono" anorthesito 

contact, and is entirely underlain bj anorthesitc. Yet the 

raincraleIcol colToition of the index size fraction of tills 

collected :.-.1orL.; 'L,he two lies is very si!Alz,.r. 

A lar; a part of the identtfied liGht laluErols, which 

m&:e vp as much as 90 percent of the index size fraction, has 

been derived from the vast areas of Grf:nites and. Gnoisses 

located west and east of Mista2s..i Lake, twenty miles or 



33.2 10.2 3.9 0.3 0,5 

30.2 10.9 7.4 1.2 1.1 	. 

31.1 8.6 10.3 2.2 1.0 

0.4 6.2 

0.7 6.3 

0.7 11.3 

TABLE NO. 9 
RECALCULATED MIIQERAL0GI0AL COMPOSITIaN - 100..150 WAR FRACTION 

0F TILLS 

Till 	Group. 	Quartz Plagio = H•. Feld. Hornblende Magnetite Biotite Sauss. Unid. 

Normal Till 	45.3 

Washed Till 	42.3 

outxash (no.6) 	34.7 



more in tho direeton from which the ice moved. Part of the 

nuartz and placioclase grains T,robri.bly belon:: to the Opemiska 

nodiments, irqmodiately south of the granitus cnd gnoisnee. 

Most of the amphibole f).nd tyroxene uv'xis, which form 

more than half of the heavy mirerals frnetion, have a MoPo 

local orinin. AlthouJI scarce in the Gr7rnit-)s and gneisses, 

these mi3lerls constitute as much an 50 i)ercent of the 

Operdska 0?ey7nclr.es znu the "i7eenatones" md associated 

rocks. Traverse B is located entirely south of the hilly 

bolt underlain by these rocks, while traverse A starts 

within these bills to cne, in the lower grovnd south of them. 

The hrnblenje7ro:rene content of tills In the northern 

part of traverse A is mar!:edly lower tha.2 that of all the 

other sazin. This nay indicrAe that the hernblendo-pyroxene 

content reacher: a r:Entniln, in the inden size fraction, 

immediately sel:th of to hills which we,,e stn)nly affected 

by clacial ereson rntil thn latest stace of the blaciation, 

and provided an abundance of these niPerp.ls. Tho hornblende 

co; tent droy:s at the southern end of both. traverses, probably 

because t.i2. eaily cleaved nineral has undw.?,-7ono further. 

divisi42n and is concentrated In f:., ctions filler than tho one 

studied. 

The low content of the Inden sine fractIon in products 

of saussuritization is noteworthy, eonElderinr the abundance 

of thin matel-iial in all the rocks of Vie 	 dlatrict. 

As an emperiment, a piece of tr31cal anorthosite from the 

101. 
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Dore Lake area was crushed and .,_:-e minus 10,)- plus 150 mesh 

fract:i.on was sela:rated b,: sieving. A gravity separation with 

the liquid uzod for the till samples 1. roe.l:.cc:: a heavy fraction 

cozz •ts.i;ii_n,, >0 l:r:rces.t of the original material. An exami.ras- 

tion under die rdicroscope : iio;.od on ab ̂ ida:.c e of grains rich 

in f:La.e crystals of zoiziLe and a feu grains of c?ilori.Lic 

material  in the heavy fraction, and albite rich grains in 

the licht fraction. Ail the material was ruac'i.ly identifi-

able. The conclusion is that the anarthos 9.te does not 

contribute to any noticeable extent to the ludo): 4rLe fraction 

of tills i?i7dorlain by that rock. 

The heavy minerals proportion in Ci:ibotsL;z::::s.0 tills is 

quite comparable to the amounts given by Kruger for different 

till sheets in Minnesota. Finnish tills are r::..r'•Lcd3.y richer 
~r 

in heavy minerals.ifive3Cb~Li given an average of 7.5 percent 

for basic moraines and 10.2 percent for ;rani_i;i.c moraines, 

and Jaez:,efors found that in northern Dwode:l ti:o heavy 

mineral content of the fine sand fraction of tills fluctuates 

between 1.5 and 20 percent. 

Tho composition of the light minerals fraction is also 

very similar to ',hat given by Kruger. It is difficult to 

make a comparison with figures given by Jaeznefors because 

this author grouped the light minerals accoruirk; to their 

refractive indices, so that part of the plagioclases wero 

included in the quartz group while the reraail,dcr was counted 

together with potash feldspars. ILivekas has calculated the 
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average quartz content of granitic uorn:i._ies to be 47.6 

percent by „ei"ht, which is very close to the figure 

obtai.ned in the present study. 

The basic rocks of the "greenstone" belt have contributed 

to tbe heavy minerals content of tills def:oÿited nearby in 

the Ql.rect.i.on of ice-movement. `l'_iis co: trib~.tion is in the 

form of a narked i : croa::e of hornblende. A slm:i.lur situa- 

tion has bec . reported by Jaoz_iei'vrs. 

In conci., si on, the fine fraction of C,iibou;;nn:?a.0 tills 

was lt_rge1; derived from the region of granites and 

gneiscYos atart:.n, east and west of Mistassini Lake and 

ertonai iz far to the north. The distance of travel of this 

naterial e_,ceecic twenty miles. 



Chibougatnau Jaculot property, at the shaft site. 
Ground moraine forming an irregular mantle on sough 
slopin' face. Compact sandy boulder till. Depth 
of sampling I. foot. 

On nos• L:, side of highway to Copper Rand Mines. At 
the norther st end of Gilman Lake, Heavy cover of 
ground moraine on south facing slope (15  feet exposed). 
Depth of sampling: 10 feet.. 

104. 

DESCRIFTION OF TILL MATRIX SAMPLES 

No. 3 	4uebec Clajbougnnau Gold fie:ldr: property - 1,000 feet 
southeast of shaft. Low, oval-shaped till ridge. • 
Opened up for ngraveln  extraction. 
Unsorted boulder till, with boulders up to several 
fret In diameter. Matrix light grey, very sandy. 
Saripled about 6 feet below f3ua'face , in unweathered 
material. 

No. Copper R,:r.nd property - Cedar Bay block. Junction of: 
Copper Cliff coreehack trail and old tractor road to 
. uoboc Cliibouga ?!au Gol diield is property. In gravel 
pit. 
Very coarsely stratified ground moraines, on the 
southeast flank of steep hill. Very stony with a 
coarse nand) matrix. Boulders up to 3 feet in 
diameter. Sampled about I{. feet beloN surface, in 
unvre. therod material. 

N. y 100 feet southeast of Co •r'er Rand Powder House, on 
Copper Rand Property (Cedar Bay block). Stripped 
surface for road construction. Groundmorai.ne. No 
particulnr morphology. Unsorted, sandy with a few 
very large angular boulders. Sampled about 4 feet 
below surface, in unweathered material. 

No. 6 Copper Rand property - Gouin Peninsula. 1,000 feet 
southeast of shaft No. 2. In gravel pit. • "Crag and 
tail" rice. Reworked outwash deposit. Crudely 
bedded sandy to gravelly material. Abundant 
scattered boulders. Sampled 20 fèet below surface. 

No. 7 	Obalski Minos (1745) property - In "gravel pit" just 
north of highway to Campbell Mines, 1,0::0 feet north-
west of Obaski camps. Drumlinoid ridge. Unsorted 
boulder till with silty mtrix. Light grey. Sampled 
about 10 feet below surface. 

On peninsula east of Cedar Bay - Copper Rand property. 
Ground moraine, no particular morphology. Unsorted 
sandy boulder till. Sampled at an average of 8 feet 
below surface. 

No. 10 

No. 11 

No. 12 
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37o. 26 One mile and one half northeast or No, 25.. in 
shalloa excavation. At the north end of a "crag 
and tail" rik.:c. In coarse w.;r.d boulder till..
Depth of sampling* 1 to 2 feet.' 
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CHAPTER V 

DISPERSION OF BASE T;PETALS IN SOILS 

The Normal Base-Metal 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 ' us decided to sample the 

B horizon. However, where bog soils were encountered the bici 

horizon underneath the surface organic layer wherever possible 

was sampled. Bischoff (1954) 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. 'B' samples were usually 

obtained from the upper part of the B22 horizon of typical 

podsols, or from the top part of the B21 horizon of brown 

podsols. The B21 horizon of true podsols was avoided 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 gleifiod material from bog 

soils was first established and then compared with that of the 

A and C horizons of podsolic soils. To insure that true back-

ground values were obtained the samples were collected from 

soils which were removed from any known mineralized bedrock. 

• 
The Normal Content of Readily Soluble Metals in Soils 

The normal base-metal content of 'Bi soils of 

the Chibougamau district is as follows: 

Zinc 	: 10 to 45 p.p.m. 

Copper : 	5 to 25 p.p.m: 

Lead 	: less than 5 p:p:m: 

The average zinc content was found to be 

e5 p.p.m. and the average copper content 15 p.p.m. 'B' samples 

collected from such different.types of surficicial deposits 
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as outwash sands, boulder till, etc., were found to have 

a.similar background metal content.. 

The background base-metal content of the glei 

horizon of peat soils is very similar to that of the "B' 

horizon of podsolic soils; the frequency curves given in 

Figure 17 illustrate the similarity and represent the zinc 

and copper content of ?Bt and glei soils from the southwestern 

part of Merrill Island.. 

As a rule, there is no systematic difference 

between the normal base-metal content of the 1B! and 'CI horizons. 

The variations of background values found in vertical profiles 

are small and cannot be distinguished from differences caused 

by inaccurate chemical analyses. In well developed podsols 

over medium to coarse outwash deposits zinc tends to be slightly 

concentrated in the 'B# horizon. 

The A2 horizon is a zone of intense leaching in 

which the background is as low as 10 p.p.m. for zinc, 5  p.p.m. 

for copper; lead is absent. 

The Ao horizon or humus layer is a zone of zinc 

and in some instances lead concentration. The copper content 

of humus is similar to that of 113 1  and tC' soils, but was 

mentioned earlier that organic compounds inhibits the extraction 

of copper by dithozone and as a consequence the humus background 

values of 0 to 5 p.p.m. 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.m. Thirty-six 

pairs of samples were collected in different parts of the 

surveyed area and for each pair the zinc content of the Ao 

and 'B1 horizon was compared. It was found that the Ao 

horizon contains more zinc than the IB1  horizon; the average 

concentration factor is 1.4. However, in an area where the 

bedrock contains abundant pyrite the 'B1  soils were found to 

have an average zinc content of 25 p.p.m. and the humus an 

average zinc content of 50 p.p.m. (mean of 50 analysed samples). 

This is a concentration factor of 2.0 and it compares with the 

concentration factors of 2.0 to 4.0 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 

maximum of 40 p.p.m. are found above barren IB? and 'CI 

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 geochemiats 

usually refer to the soluble metal content of the material 

analysed, 
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Cold Extractable Metals 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) 0 to 1 

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. 

district, 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. Riddelss studies (personal 

communication) of soils of the Canadian Shield do not confirm 

Byers' conclusions. 

Secondary Haloes of Dispersion around Known Mineral Deposits  

Campbell-Merrill Ore Zone 

The Campbell-Merrill ore bodies are within a 
ti 

zone of sheared and brecciated anothosite which is approximately 

500 feet wide and extends across the northeast part of Merrill 

Island into Dore lake. Figure N0.17 shows the surface outline 

of almost 4tmassive sulphide lenses as mapped by Graham (1956) 
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together with the writer's soil sampling results. The heavy 

sulphides which are overlain by a thin gossan occur southwest. 

of the highest part of the island. The wall rock is fractured 

for several tens of feet away from the ore with the fracture 

surfaces heavily stained by iron oxides; in general,'there is 

no copper stain. Assays of surface samples taken across the. 

main ore zone ranged from 2.0 to 2.5 percent. 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 southwest, and steep 

or vertical in other directions. Overburden is thin and 

entirely composed of sandy boulder till. The soils developed 

are true podzols. 

Because the surface plant of Campbell Chibougamau 

It-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 survey 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 TB' soil samples collected 

directly over the zone of mineralization 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 erratic, and only 50 percent of the 

samples yeild anomalous values. The zinc assays attain a max-

imum of 1,200 p.p.m. The two barren samples were collected 

over the centre of the ore zone from a thin 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 zinc the two samples located 

south of point A of Figure No. 17 assayed 60 and 160 p.p.m. of 

lead. 

For several hundred feet southwest of the ore zone 

downslope of TB? horizon of the soil has anomalous base-metal 

values, with copper assays of samples ranging from 2 to $ times 

background; here)  as elsewhere, the zinc occurs in insignificant 

amounts erratically distributed. 

The isolated anomaly in the little stamp south 

of the ore zone is definitely related to a small outcrop of 

sheared anorthosite which was observed to contain disseminated 

pyrite and chalcopyrite. The soils. south and west of the swamp 

are slightly anomalous in copper and it is not known whether 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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transportation. 

Northeast of the main ore zone the occasional 

anomalous soil sample probably reflects local concentrations 

of base-metals in the bedrock. During the most easterly traverse 

an anomalous 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 each location, samples from 

the Ao and the 1B' horizons were collected; and it should be 

noticed that the concentration of copper and zinc in the Ao 

horizon at the base of the slope exceeds that of the Ao horizon 

directly above the ore. However, the 'B" horizon at the base of 

the slope shows no corresponding increase in base-metal content. 

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

attains a maximum thickness of three feet. It has only a back-

ground base-metal content and it is apparent that base metals 

transported down the slope from the mineralized outcrops did not 

reach the swamp, but were concentrated in the humus at the base 

of the slope. 

Berrigan Lake Deposits 

Only a limited amount of geochemical work was done 

in the vicinity of the Berrigan Lake zinc deposits. The results 

are given in Figure No.19 	The Berrigan lake deposits present 

such unusual features for the Chibougamau district as the pre-

dominance of zinc over copper, the existence of local concentra-

tions of galena within the ore, and the intense weathering of the 
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ore near surface. The deposits occur within the highest hills 

of the district 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 (1954) in his study of, the Federal Mines zinc-

lead area, Gaspe Peninsula 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 mere collected along three parallel 

traverses located 50 feet apart and extending from the west end 

of the Kerrigan zone on the north shore of the lake, 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 the area. 

Several samples contained lead in larger amounts than background. 



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 copper 

values are background. The lead assays of samples collected 

from the west branch of this ore zone ranges from 10 to 1,000 p.p.m 

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 byslumping 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 (3,000 p.p.m.) which is to be found 350 feet from 

the north end of the mineralized outcrops. Here the anomaly is 

caused by the weathering 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 33errigan lake. Samples 

were taken at stations 200 feet apart along the banks of the 

valley at points slightly above the valley flat. The sampling 

procedure is identical 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 zone into the 

valley. Samples collected along the north side of the valley 

yielded consistently background values in base-metals, whereas 

on the south side two samples slightly anomalous in zinc were 

collected downslope from the north zone; these two samples were 

described previously. Samples collected 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.. 

Samples 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.p.m. 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 zinc 

content well above the regional background; at several locations 

copper and lead were found in slightly anomalous amounts. Notably 

high assays were obtained from soil samples collected in the 

vicinity 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 Nine 	Gaspe, 

but it differs from the Gaspe area in so much as no concentra-

tion of zinc was found at the junction of the valley slope 

and valley flat. 

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 accompanied by small amounts of pyrite anc chalco-

pyrite embedded in a pale brown 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 Mines 

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

The mineralized zone follows a steep slope which 

is covered by a thin layer of boulder till; a typical podsol 

overlies the boulder till. The gangue rock is massive and coated 

by a thin layer 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 

~J 
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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 tBt  soils is narrow with 

the maximum concentration at a point 50 feet downslope from 

the mineralized bedrock. In the Ao horizon the zinc anomaly is 

similarly located. Within the anomaly, there is no relation 

between the zinc content of the Ao and i3 horizons. For both 

horizons there is very slight increase in zinc at the bottom 

of the slope. The A2 horizon has a low zinc content and as a 

consequence only weakly reflects the zinc content of the 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 flit Zone 

The Quebec Chibougamau 'Iit zone is a northwest 

trending shear on the west shore of Dore lake,, about l'> miles 

north of the Campbell Chibougamau Mines. Although the zone has 
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a maximum width of approximately 150 feet the sulphides are 

confined to two contact zones where intrusion , of 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 as 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 feet. A well developed podsol overlies the till. Surface 

weathering of the ore is moderate andfresh 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 University and by the time 

the assays were available 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 extends 

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 

closely 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 bedrock 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 downslope. 

The existence of two mineralized bands within the shear zone is 

suggested 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 most samples collected from soils south and southwest of the 

ore zone have weak anomalous copper values. East of line 30E 

the weak copper anomaly can be attributed to the transportation 

of copper in solution downslope from the ore zone. however, 

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 'Hr  zone by glaciers. 
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Only a few samples collected from the '131  , zone 

area were anomalous in zinc and those that were usually had 

a•high copper content.' Samples collected along lines 21, 24 

and'30E were analysed for lead and only background values founds 

North Copper Cliff Zone 

The north Copper Cliff zone is northwest of Cedar 

Bay and lies within the ;abbroic border phase of the anorthosite 

in a chlorite-siderite schist zone. The schist zone is 200 feet 

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

south branch of the Savage Lake fault: Pyrite and chaicopyrite 

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 the overall grade calculated 

from widths of 50 to 100 feet ranges from 0.5 to 1.0 percent 

copper. 

Figure No. 22shows the outline of the North 

Copper Cliff zone and the results of the writer's geochemical 

survey. The surface outline of the zone as illustrated 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 till is a few feet thick in the 

west and approximately 15 feet thick over the mineralized zone. 

Near 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 21E in the vicinity of the north boundary of the Savage 

Lake Fault zone. East of the diamond drill holes were started 

from locations 200 to 400 feet south•,*est of the North Copper 

Cliff Zone and drilled to the east, but some holes were drilled 

towards the vest from locations northeast of the mineralized. 

schist. 

A narrow but well defined copper anomaly marks 

the presence of the North 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. Along 

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 zone many had a slightly anomalous 
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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. Wherever possible, soil samples were taken to 

a depth of 5 feet along three traverses (lines 30, 31 and 33E) 

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 Ao horizon and then another 

collected from the B horizon; deeper samples were also taken 

at different levels within the C horizon. The results are 
23A 

shown in Figure No.23/:  and even though the profiles are incom- 

plete they permit a few conclusions to be drawn. At several 

locations near 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. Samples 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 second anomalous zone exists 
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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 layer a superimposed 

halo. 

Kokko Creek Copper Zone 

The Kokko Creek ore zone is about one mile north 

of the Campbell Chibougamau Vines. Graham (1953) states that 

the mineralized shear has a maximum width of 50 feet and dips 

vertically. It is in anorthosite and extends for a distance of 

2,000 feet northwest 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 decreasing abundance 

pyrrhotite, chalcopyrite, pyrite and sparse sphalerite. 

The mineralized schist, which is a few tens of 

feet above 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 Campbell 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 Creek 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 its purpose 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. 24. Ogden 

(195.) made a similar survey along the same traverse line during 

1954. 

On the traverse line the ore is near the top 

of a small rock knob which protrudes from almost level ground. 

Near to and southwest of the ore zone 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 or 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, 1J31  or 'G' sample was collected at each sampling 

site; if the C horizon was present it was also sampled to a 

maximum depth of 5 feet. 

The copper anomaly in. the II horizon of the soil 

over the Kokko Creek ore zone is intense but narrow with maximum 

values obtained directly over the ore. '13' soils show a 

slightly higher increase in zinc, as well as 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 bisulphate methods only contained background amounts 

of copper... 
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No superimposed anomaly 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 either 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 soil 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 zone is on Gouin Peninsula 

34. miles northeast of the Campbell. Chibougamau Mines. It is 

situated between Dore and Chibougamau lakes and extends beneath 

Eaton Bay of Chibougamau lake. Large 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 "crag and tail" which is composed of boulder till; 

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 of shearing and 

alteration, the oxides have been oxidized to a reported depth 

of several hundred feet; the oxidation probably occurred before 

glaciation. Shallow diamond drilling 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 No.25 shows the results of the geochemical 

survey. Soil samples were collected at 50. and 100 feet intervals 

along two parallel traverses across the Eaton Bay ore zone. 

The overburden over the mineral deposit is estimated to` be 

seventy feet thick. Above the ore, in both traverses, a very 

weak copper anomaly which extended for a distance of 300 feet 

was found in the 'B' soils. The highest assay is 45 p.p.m. copper 

or three times the average 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 not known. 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 '13e  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 tft.  horizon. 

It would have been very interesting to investigate 

the vertical distribution of base-metals in the soils above the 

Eaton Bay deposit, but unfortunately the boulder 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 secondary 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, vas 

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 amounts of pyrite occurring in fgreenstones'o After the 

anomaly had been discovered additional soil samples were taken 

along several east-west lines. Figure I3o. 1 and Maps No. 1 & 2 

(see back folder) show 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 soil 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 containing 

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

The main copper anomaly in the IB' soils covers 

an area of approximately 275 acres; it is underlain by anortho-

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 1$50 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 zinc anomaly in the 
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1B3'? 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 lar,gé anomalies located west and east. 

The copper content of humus is compared to that 

of the underlying 'B' horizon Figure No.27 , along several 

traverses covering part of the main copper anomaly. Both the 

humus samples and 'B7  samples were leached with hot nitric acid. 

Even though it has been shown earlier that this procedure is 

not entirely satisfactory, there is nevertheless a general 

agreement between the results obtained for two different soil 

horizons. The copper anomaly in the humus is often stronger 

but more restricted in space than the corresponding anomaly in 

the TBr  horizon. Several humus samples collected along traverse 

A (Figure No.77 ) were also analysed after hailing been fused 

with potassium bisulphate to extract more copper. Higher copper 



results were obtained for a few of these samples, but the 

humus anomaly is still smaller in size than the one found in 

the iB? horizon. At several locations, on sloping ground, 

anomalous 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 is relatively thin. 

In thin overburden base-metals are picked up from the weathered 

bedrock surface and later integrated into the surface layer of 

decaying organic matter. Water containing base-metals 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' soils 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 Ohibougamau district: 

a) Base-metals are present in anomalous amounts 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 

'B' soil horizon. No mineral deposit covered by a thickness 

of overburden 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 40 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 vertical 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 'V V  horizons is fairly uniform. When the 

overburden is thick (more than 10 feet), the anomalous values 

may be concentrated at two levels; at the bottom of the 'C' 

horizon near the bedrock surface, and in the upper few feet of 

soil. The intervening zone may 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. Several authors (Bischoff, 

1954; Byers, 1956) have expressed the opinion that the base 

metal content of surface material is erratic under northern 

conditions. In Norway, several workers are reported to have 

obtained satisfactory results with humus, but their findings 

have not been published as yet. The base-metal content of the 

Ao horizon of podsolic soils has been compared :e,rlier to that 

of the underlying mineral horizons in background areas. The 

composition of the same material over several mineral deposits 

is given in the above parts earlier. From this information, 

it appears that in the Chibougamau district, the Ao horizon 
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reflects fairly accurately the presence of base-metal 

concentrations in the underlying bedrock. These conclusions 

are probably only valid for areas of uniform vegetation where 

podsolic soils are widely distributed. If important changes 

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

metals in the Ao horizon may be complicated by the difference 

in the capacity of the predominant tree species to concentrate 

these metals (for example birch is a strong accumulator of zinc). 

c) The shape 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 shown repeatedly in previous 

parts of this chapter that both copper 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 fraction of glacial deposits in the 

direction of the ice movement may apparently also have some 

influence on the size and shape of secondary halos of dispersion. 

This point will be discussed further. 

d) Provided that base metals are present in the bedrock in 

appreciable amounts (i.e. well above traces) the intensity of the 

secondary halo of dispersion depends more on the degree of weather-

ing of the mineral deposit than on its actual metal content: 

In Chibougamau, the pre glacial surface weathering zone has been 

removed by glacial erosion from most, if not all, the mineral 
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deposits investigated. Wherever allowed by topographic 

conditions, the surface layer of mineralized bedrock undergoes 

presently active oxydetion. This process is particularly intense 

in the presence of pyrite and pyrrhotite which both desintegrate 

with production of abundant sulfuric acid; the mineralogy of 

the mineral deposit plays therefore also an important role. 

This explains how on the Merrill Island Corporation mainland 

property, conditions being ideal, concentrations in the bedrock 

of the order of 0.1 to 0.2 copper are reflected in the 'B' 

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 uniformity of the overburden covering 

these deposits. It should be mentioned, however, that on the 

Merrill Island Corporation mainland 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 Drainane System 

Heavy Metals Content of Water 

A. very limited amount of water testing was 

carried out during the field season 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 as being most suitable, namely in the 

vicinity of the Berrigan Lake zinc deposits, near the North 

Copper Cliff zone and on the mainland property of Merrill 

Island Corporation. 

Results of the water survey in the Berrigan 

Lake area are shown in Figure No.19 . They vary between 0 and 

1 indicating a maximum heavy metals content of 0.005 p.p.m. zinc 

equivalent. The highest readings were obtained in the water 

from Berrigan lake, near the outcrops of the Berrigan 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 consider-

ably. Along the 3/4 of a mile sampled, the main southwest 

creek 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 flank are tied up in the bog material 

before reaching the creek. 

Water samples from the creek flowing across the 
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Savage lake fault zone and the North Copper Cliff zone showed 

the same range in heavy`metais content (Figure No. Page, ) as 

waters from the Berrigan lake area. The maximum reading was 

obtained immediately downstream from the copper zone, but 

detectable amounts of heavy metals were also found further 

upstream, where the creek flows over the fault zone. In the 

same area, it has been shown that the zinc content of soils is, 

somewhat above the regional background. Water from diamond drill 

holes which intersected the mineralized schist contain but low 

concentrations of heavy metals. 

On the mainland property of Merrill Island 

Corporation, water samples were analysed within the soil 

anomalies described earlier. Assays fluctuated between 0 and 

1, indicating a maximum heavy metal content of 0.0025 p.p.m. 

zinc equivalent. Two samples taken downstream from the anomalous 

area for soils did not contain any detectable amount of heavy 

metals. 

Base Metal, Content of Stream Sediments 

The base-metals content of stream sediments was 

investigated in the Berrigan lake area; results are shown 

in Figure Igo. 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 zinc content (of stream sediments) can be 

correlated with the distribution of this metal in the bedrock. 

The highest assay 640 p.p.m., was obtained in fine sand collected 

in the creek draining Berrigan lake, near the junction with the 
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main southwest valley. A silt sample from the small stream 

flowing northward through the swamp in the northeast corner 

of the area yielded similar results. Along the southwest valley, 

the zinc content of stream sediments varies from 70 to 240 p.p.m. 

Values up to 100 p.p.m. are probably within the normal background 

for this type of materià4 higher assays are related to zinc 

concentrations in the bedrock south of the creek. The copper 

content of all the samples fluctuates between 30 to 50 p.p.m. 

which is apparently within the background range for stream 

sediments in the area. Lead is  also present in detectable amounts 

(5 p.p.m. or more) in all but one sample. Values up to 10 p.p.m. 

are regarded as the normal background. For higher values, 

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

lead content of stream sediments. The highest lead assay, 

.5 p.p.m. occurs together with the highest zinc value. 

The anomaly found along the valley draining part 

of the mainland property of Merrill Island Corporation and some 

adjacent ground to the west has already been mentioned earlier. 

Background limit values used in outlining the boundaries of the 

anomaly are the same as those established for ordinary soils, 

which as has just been shown for the Berr.gan lake area, may 

not be correct. Some results, however, are well above the 

expectable background even for creek sediments. 

Silt samples were collected on the bottom of 

Dore lake, between the northeast tip of Merrill Island and the 

northwest shore of the lake,-by the staff of Campbell Chibougamau 

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

page ). The writer obtained part of these samples through the 

courtesy of the Company,, and in turn handed them to Schmidt 

who vas at the time investigating the base-metal content of 

lake sediments from other localities (see Schmidt,..1956) . A 

set of thirteen samples which had given with the cold extraction 

method results ranging from 3 to 14, were analysed by the hot 

nitric acid extraction method. Results varied between very 

narrow limits, giving an average of 30 p.p.ra. , for zinc., 10 p.p.m. 

for copper and less than 5  p.p.m. for lead. The discrepancy 

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 bottom of Dore lake 

are essentially made up of quartz and probably one of the 

clay minerals. 
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SUMMARY AND CONCLUSIONS  

From the present study the following conclusions 

can be drawn concerning the distribution of heavy metals 

in the soils of the Chibougamau districts 

1. A very rapid examination of the physiography and 

vegetation of a district may be of great help in 

outlining the areas favourable for geochemical prospecting. 

2. There is a close relationship between the zinc and 

copper content of the hnmte layer in podaolio soils 

and their distribution in the B and C horizons. The Ao 

horizon may be of greater use in geochemical prospecting 

than has been previously considered. 

3. The secondary haloes outlined in the Chibougamau 

district are similar to those which occur in transported 

glacial soils in other parts of the Canadian shield. 

The limit of sensitivity of the soil prospecting method 

is reached with a depth of 30 to 40 feet of sandy to 

silty boulder till. For the Chibougamau district soil 

sampling along traverses 200 feet apart 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 level 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 immediately above 

the bedrock surface). When the overburden is thick, 

the anomalous values may be concentrated at two 

levels; at the bottom, of the C. horizon just above 

the bedrock surface; 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 soil samples. The depth. 

of sampling may vary from a few inches to about two 

feet depending on local drainage. 

5. The A2 horizon should always be avoided because it 

is intensely leached. The zinc content may be as 

low as one tenth of what is in the immediately 

overlying and 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 Chibougamau 

district. Only a few very widely spaced samples 

are slightly anomalous. 

7. The "cold extraction'' field method of analysis describe& 

by Bloom (1955) has a limited application in Chibougamau 

although in many instances 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. Consequently it is unsafe to rely on. 

the results obtained by this, method. 

A sample of the soil should always be 

kept for further studies when the "cold extraction" 

technique is used in the field. 

8. The water testing method used could not detect less 

than 0.01 p.p.m. zinc equivalent. This was the 

maximum concentration found in anomalous waters in 

the Chibougsunau district. Therefore, more sensitive 

methods of analysis must be employed for geochemical 

prospecting by water testing in the area. 

9. The heavy metal content of the B and C horizons is 

quite consistent regardless of the type of material. 

There is no systematic 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 zinc content varies from 10 to 40 p.p.m.; 

the copper content from 5 to 25 p.p.m.; and the lead 

content is less than 5 p.p.m. The most frequent 

background.valueso are 25 p.p.m. zinc and 15 p.p.m. 

copper. 
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10. The A2 horizon is typically a zone of leaching. 

The background is 10 n.p.m. for zinc; 5 p.p.m. for 

copper; and lead is absent. 

11. The Ao (humus) horizon in podsolic soils is a zone 

of concentration of zinc and in certain instances 

lead. 

The average background for zinc is 

35 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 reach the value of 2.0 when light over-

burden covers rocks rich in disseminated pyrite. 

A concentration factor of 2 to 4 has been found by 

Schmidt (1955) in the more mature podsolic soils 

of New Brunswick. 

Erratie lead values reaching 40 p.p.m. 

are found above barren "B" and "C" soils. 

The copper content found in the Ao 

horizon in background areas for "B" and "C" soils 

is usually as low as 5 p.p.m. It is possible that 

when only small amounts of copper are present in 

organic soils this metal can not be detected by the 

analytical technique used because stable organic 

complexes of copper are formed in the solution. 

These conclusions are generally 

verified by data given in the soil science literature 

(see Wright, 1955). However, it should be kept in 

mind that soil scientists refer to the total heavy 
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metal content of soils; they use an analytical 

technique in which the lattice of the silicate 

minerals is completly broken down. 

12. Too little work has been done on humus materials 

from swamps in background areas to reach any 

conclusions. However, it has been noticed that 

in certain circumstances, peat material concentrates 

zinc but not copper. 
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Samples No. Soil Type • S.H. 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 

r^-77 
Outwash & till 
B.C. 	(thin on bedrock) 

B 
B 

20 
5 

5 
0 

0 
50 plus 

4- $ Gritty outwash B 10 10 25- 
2- 9 Residual B 20 0 0 
2-10 Pebbly outwash B 20 5 0 
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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Samrle Ivo, S.T. S.A. al, ~ Pb, 

25- 
25- 
0 
25 
25 

3- 1 
3- 3 
3- 5 
3- 7 
3- 9 

Boulder clay 	 B 
Clay 	 B 
Residual ? 	 B 
S.G. 	 B 
Stratified sand & gravel B 

25 
5 
10 
10 
5 

5 
0 
0 
5 

3-11 Sand and clay 	B 15 0 0 
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 0 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. S.T. S.A. Zn. Gtii. Pb. 

3- 2 Fine outw ash B 100 75 0 
3- 4 Fine sand B c 0 100 
3- 6 Till B 10 0 25 
3- 8 Till B 5 0 0 
3-10 Boulder clay B 10 5 0 
3012 Boulder clay B 10 0 0 
3-14 Boulder clay B 5 0 0 
3-16 Boulder clay B 50 0r; 0 
3-18 Boulder clay (till) B 15 10 0 
3-20 Outwash B 20 5 25 
3-22 Till like (but)? B 15 0 0 
3-24 Till B 25 0 25 
3-26 Sandy till B 15 0 25 
3-28 Outwash B 10 5 0 
3-30 Till mantle B 15 0 0 
3-32 Sandy till B 20 0 25 
3-32A Till mantle B 20 5 0 
3-34 Till B 20 0 25 
3-36 Outwash (swamp) B 200 150 75 
3-38 Boulder clay B 10 0 25 
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Sample No, S. T. S. A. Zn. Cu. Pb. 

4-- 1 Coarse sand B 20 0 25- 
4-- 3 Gravely sand B 25 0 0 
4- 5 Silt B 25 0 25 
4- 7 Sind B 25 0 0 
4- 9 Residual B 20 0 25 
4-11 Sand B 20 5 25 
4-13 Sand B 15 0 25 
4,15 Leached sand B 20 0 0 
4-17 Coarse sand B 20 0 0 
4-19 Clay-sand B 25 10 25 
4-21 Sand B 15 0 0 
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Sample No, S. T. S. A. Zn. Cu. Pb. 

4- 2 Outwash (fine) B 25 0 0 
4- 4 Outw a sh B 15 0 0 
4- 6 Boulder clay (till) B 25 0 20plus 
4- 8 Fine outw ash B 25 5 0 
4-10 Silt (gritty) B ? 25 0 0 
4-12 Residual B 25 0 25 
4-14 Till B 25 5 0 
4-16 Pebbly outwash (leached) B 75 60 0 
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Soil Type. 	 S.H. 	Zn 	Cu 	Pb 

5- 1 	 Residual 	 B 	25 	10 5- 3 	 Clay residual 	 B 	 5 	10 	p 5- 5 
5- 7 	

B-Clay 	 B 	20 	25 	0 B-Clay 	 B (just top) 	45 	10 5- 9 	 B-Clay 	 B 	 0 
5-11 	 35 B-Clay (pebbly) 	 B 	 250 
5 -13 	Residual clay 	 B 	 100 

	
0 

5-~5 	 Sandy 	 B 	15 	10 	0 
5-17 	 Clay 	 B 	10 	25 	0 
5-19 	 Till 	 25 	10 	0 
5-21 	 B 	15 	10 Sandy 	 B 	25 	10 	0 5-23 	 B-Clay 	 H-B 	40 	10 	10 5-25 	 B-Sandy clay 	 B 	10 	10 	0 5-27 	 Sand 	 B 	15 	10 	0 5-29 	 Sand 	 B 	 5 	10 	0 5-31 	 Sand 	 B 	 35 	10 	0 5-33 	 Sand 	 B 	 5 	10 	0 5-35 	 Sand 	 B 	10 	10 	0 5-37 	 Ferrug sand 	 B 	 0 	10 	0 
5-39 	 Ferrug sand 	 B 	 0 	10 	0 5-39b 	 Sand 	 B 	15 	10 	0 5-41 	 Sandy 	 B 	 100 5-43 	 Sand 	 B 	 5 	10 	0 

Samples No. 
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Samples No. Soil Type S.H. Zn Cu Pb 

5- 2 Sand B 25 25 0 
5- 4 Outwash B 10 10 0 
5- 6 Outwash B 50 10 0 
5- $ Till . 	B 10 10 0 
5-10 B-Clay B 50 10 0 

/.5,-12 B-Clay B 5 10 0 
'•14 Outwash B 5 10 0 

5-16 Outwash B 20 10 0 
5-1$ Till B 10 10 0 
5-20 Till B 25 10 0 
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Samples No. Soil Type S.H. Zn Cu Pb 

6.. 1 Boulder clay B 15 4. 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 4 
6- 7 Coarse outwash A 5 0 0 
6- $ Sand B 20 0 0 



S.T. 5.11, Zn. Cu. Pb, 

'Sand B 5 0 25 
Clayey sand B 25 20 25 
Sand and boulders B 20 10 25 
Boulder sand B 25 0 0 
Sand B 10 10 0 
Sand B 5 0 0 
Sand A 10 0 25 
Sand B 15 0 25 
Fine sand B 15 0 0 
Sand (fine) B 10 0 0 
Residual B 25 0 0 
Sand B 25 10 25 
Boulder clay B 10 0 0 
Sand B 25 0 25 
Sandy boulder clay B 20 0 0 
Sandy boulder clay B 25 0 25 
Sandy boulder clay B 15 0 50 
Residual ? B 20 0 50 

B 30 5 0 
Sandy boulder clay B 20 0 25 
Sandy outwash, B 15 0 25 
Till B 25 5 25 
Gravely boulder till B 5 0 25 
Coarse sand B-C 10 0 25 
Fine outwash B 25 10 25 
Sand outwash B 5 0 50 
Sandy outwash B 5 0 25 
Boulder sandy clay B 15 0 25 
Outyi ash B 15 5 25 
Till 	- B 25 0 0 
Till B 25 5 5 
Boulder till B 20 0 25 
Moraine B 25 0 25 
Moraine B 75 25 50 

180. 

Sample Not. 

7- 1 
7- 3 
7- 3A 
7- 5 
7- 5A 
7- 7 
7- 7A 
7- 9 
7- 9A 
7-11 
7-11A 
7-13 

_________ 7 
7-15 
7-17 
7-19 
7-21 
7-23 
7-25 
7-27 
7-29 
7-31 
7-35 

--- 

	

	7-37 
7-39 
7-41 
7-43 
7-45 
7-47 
7-51 
7-53 
7-55 
7-57 
7-59 



'-' 

Samnles No. S.T. S•A, Zn. Cu. Pb. 

7- 2 Till (fine mat ) B 20 15 25 
7- 4 Till B 15 0 0 
7- 6 Boulder clay B 0-  0 0 
7- 6A Leache zone 5. 0 0 
7- 8 outwash B 25 5 0 
7-10 Boulder clay B 15 10 0 

_,_.,_ Boulder clay B 5 5 0 
7-14 Outwash B 25 0 0 
7-16 Outwash B 15 0 0 
7-18 Boulder clay till B 20 5 25 
7-20 Boulder clay B 25 0 0 
7-22 Sandy mat. B 20 0 0 
7-24 Till (sandy) B 25 0 0 
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Samples No. Soil Type. S.H. Zn 

182. 

Cu 	Pb 

8- 1 Sandy B-Till B 20 0 
$- 3 B-Till sand B 10 0 
$- 5 Sandy outwash B 10 0 
$- 7 Fe sand B 25 0 
$- 9 Gravely outwash B 20 0 
/k-11 Outwash sand B 10 0 

-13 Fine gravel B 35 0 
$ -15 Gravely outwash sh B 10 0 
$-17 Sandy outwash B 15 0 
8-19 Sandy outwash B 25 0 
$-21 Sand (gravelly) B 5 0 
$-23 Sand & gravel outwash B 40 0 
$-25 Boulder sandy Till B 10 2 
$-27 Fine outwash B 10 1 
$-29 Clayey outwash B 0 0 
$-31 B Till & sand B 10 0 
$ -33 Fe outwash sand B 10 0 
$ -35 Fine sand B 50 0 
$-37 Sand outwash B 15 0 
$-39 Outwash B 5 0 



183. 

Samples No. Soil Type. S.H. Zn Cu 	Pb 

8- 2 Sandy B-Till B 20 0 
8- 4 Boulder (sandy) B 15 0 
8- 6 B-sand B 10 0 
8-8 Till B 15 0 
8-10 Residual B 15 0 

,-,8-12  Outwa sh B 20 0 
8-14 Outwash (resid.) B 5 0 
8-16 B-Clay B 5 0 
8-18 Outwash  B 15 0 
8-20 Till B 10 0 
8-22 
8-24 

Boulder sand 
Residual 

B 
B 

0 
5 

0 
0 

8-26 Outwash B 20 0 
8-28 Outwash B 20 5 
8-30 , 
8-32 

Outwash 
Outwash 

B 
B 

0 
25 

0 
0 

8-34 Sandy Till B 10 1 



Sample No.  S.T. 	 S.A.Zn . Cu.  Pb. 

9- 1 Sand and small boulders B 50 25 0 
9- 3 Sand (outw ash) B 15 0 0 
9- 5 Sandy moraine B 15 0 0 
9- 7 Sandy outv,ash B 20 0 25 
9- 9 Sand and boulders B 25 5 25 
9-11 Sand and boulders B 25 0 25 
9-13 Sand and boulders B 15 5 0 
9-15 Sand (outw ash) B 10 0 0 
9-17 Part residual B 20 5 0 
9-19 Sand (outwash) B 20 5 25 
9-21 Cuty. ash (sand) B 5 0 0 
9-23 Thin sand cover B 10 5 50 
9-25 Residual B 15 0 25 
9-27 Fine gravel B 15 0 25 
9-29 Sand and gravel B 25 0 0 
9-31 Clayey residual ? B 15 0 50 
9-33 Sand and boulders B 20 0 50 
9-35 Sandy till B 25 0 25 
9-37 Boulder till B 10 0 25 
9-39 Till (clayey) B 20 0 25 
9-41 Boulder sand till leached A 25 0 50 
9-43 Sand B 15 0 25 
9-45 Sand B 5 0 50 
9-47 Boulders,gravel & sand B 25 0 25 
9-49 Sand B 15 10 0 
9-51 Sand B 25 0 0 
9-53 Sand B 5 5 30 
9-55 Sand B 5 0 25 
9-57 Till (sandy) B 20 5 0 
9-59 Fine sand B 10 10 25 
9-61- Sand B 10 5 0 
9-63 Sand A-B 25 0 25 
9-65 Sand (clayey) B 5 0 0 
9-67 Sand (clayey) B 5 0 0 
9-69 Sand B 10 0 25 
9-71 Clayey sand & pebbles B 5 5 0 
9-73 Sandy till B 25 0 25 
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-^ 

Sample No.  S.T. S.A. Zn. Cu. 

'•.. 	. 	'185. ~ 

PUZ 

9- 2 Outw ash 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 
9-11) Outtvash B 25 0 0 
9-12 Boulder clay or sand B 15 5 25 
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 
9-26 Outwash B 10 0 25 
9-28 Drift B 25 0 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 
9-36 Boulder clay B 10 0 25 
9-38 Boulder clay B 15 0 25 
9-40 Top esker (Gl,Fe) B 25 0 25 
9-42 Outwash B 20 0 25 
9-2M Boulder clay B 45 0 0 
9-46 Boulder clay B 10 0 25 
9-48 Boulder clay B 10 10 0 
9-50 Boulder clay B 15 5 0 
9-52 Boulder clay B 15 0 25 
9-54 Sandy ou tw a sh B 100 5 50 
9-56 Sandy till B 25 0 25 
9-58 Sandy outwash B 15 5 0 



San-inles No. ST. S. A. Zn. Cu. Pb. 

10- 1 Outy ash B 25 0 12 
10- 3 Till B 5' 20 12 
10- 5 Till B 10 0 25 
10- 7 Till B 15 0 25 
10- 9 Outra ash B 10 0 35 
10-11 Boulder clay B 25 0 25 
10-13 Till B 5 0 0 
10-15 Outvaash B 5 0 25 
10-15A Outwash B 5 0 25 
10-17 Till B 5 0 0 
10-19 Till B 0 0 0 
10- 21 T3,11 B 5 0 25 
10- 23 Outwash B 25 0 25 
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Samples No. S.T. S A. Zn. Cu. Pb. 

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 Outwash 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 
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Samples No. 	 S T. 

Boulder sand till 
Sand 
Boulder sand till 
Fe sand 
Sand 
Sand (little gravel) 
Gravel (fine) 
Sandy gravel 

S•  A. 	Zn. 	Cu. 	Pb. 

B 15 	0 	25 
B 15 	0 	25 
B 35 	0 	0 
B 5 	0 	25 
B 15 	0 	25 
B 25 	0 	0 
B 20 	0 	0 
B 25 	0 	0 
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Smzmles No. S. T. S. A. Zn. Cu. Pb. 

11- 2 Boulder clay sandy B 15 0 25 
11- 4 Boulder clay B 0 0 25 
11- 6 Till B 10 0 25 
11- 8 Till B 20 0 25 
i1-10 Till boulder B 15 5 35 
11-12 Till on bedrock B 50 0 0 
11-14 Till B 20 0 0 
11-16 Till B 5 0 0 
11-18 
11-20 
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Sample No, S. T. S. A. Zn. Cu. 
/ 

Pb. 

12- 1 Sand (Fe) B 10 0 0 
12= 3 Boulder tills resid. B 15 0 0 
12- 5 Boulder till B 15 5 0 
12- 7 Boulder till B 20 5 25 
12- 9 B.till very sandy B 15 0 50 
12-11 Boulder till B 20 0 25 
12-13 Boulder till B 10 5 25 
12-15 Boulder till (sandy) B 25 0. 25 
12-17 Sand & gravel outwash B 25 0 0 
12-19 Sandy outwash B 25 0 0 
12-21 Sand B 15 0 25 
12-23 Sand outwash B 10 0 0 
12-25 Sand outwash B 10 0 0 
12-27 Sand outwash B 10 5 0 
12-29 Boulder till B 25 0 0 
12-31 Sandy outwash B 15 0 0 
12-33 Sand B 25 0 0 
12-35 Sand B 20 0 0 
12-37 Sand B 10 0 0 
12-39 Sand B 10 0 25 
12-41 Sand B 5 0 0 
12-43 Sand B 5 25 25 
12-45 Boulder till B 10 5 0 
12-47 Sand B 15 0 25 
12-49 Gravelly till B 5 5 0 
12-51 Sand B 10 0 25 
12-53 Boulder clay B 10 0 0 
12-55 Sandy till B 10 0 25 
12-57 Sandy boulder till B 20 0 0 
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Sample No.  S.T. S.A. Zn. Cu. Pb. 

12- 2 Outw ash B 15 o 25 
12- 4 Clay B 15 20 0 
12- 6 Outw ash ( coarse) B 25 5 25 
12-8 Till B 15 0 Q 
12-10 Till B 25 10 0 
12-12 Till B 25 25 25 
12-14 Till B 10 0 0 
12-16 Till B 25 15 25 
12-18 Till B 20 15 25 
12-20 Till B 20 0 25 
12-22 Till B 10 0 25 
12-24 Till B 5 0 0 
12-26 Till B 10 0 0 
12-28 Till B 25 10 0 
12-30 Esker mat. B 25 0 0 
12-32 Till B 20 0 0 
12-34 Outw ash B 25 5 0 
12-36 Outwash B 20 6 5 
12-38 Outwash B 15 0 25 
12-40 Outwash B 10 0 25 
12-42 Till B 20 0 0 
12-44 Till B 10 0 0 
12-46 Till B 15 0 0 
12-48 Till B 15 0 25 
12-50 Till B 20 0 25 
12-52 Till B 10 0 25 
12-54 Till B 10 0 25 
12-56 Till B 15 0 25 



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

13- 1 Sand and 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 C.sand and boulders B 20 10 0 
13-31 Boulders, sand A 20 10 0 
13-33 Silty and pebbles B 20 0 0 
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 Residual? B 15 10 0 
13-49 Sand B 20 0 25 
13-51 Sandy B 0 0 26 
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 
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Samples No. S.T. S.A. Zn. Cu. Pb. 

13- 2 Boulders sand B 5 0 0 
13- 4 Boulders sand B 5 0 25 
13- 6 Till B 0 0 0 
13- 8 Till B 25 0 25 
13-10 Till B 10 0 0 
13-12 Till B 5 0 25 
13-14 Outwash B 15 0 0 
13-16 Outwash B 25 10 25 
13-18 Boulder clay B 15 5 25 
13-20 Till B 20 15 25 
13-22 Till B 15 0 0 
13-24 Outwash B 25 0 25 
13-26 Outwash B 25 15 25 
13-28 Till B 15 0 25 
13-30 Boulder clay B 25 0 0 
13-32 Outwash B 10 5 25 
13-34 Outw ash B 15 0 0 
13-36 10 5 25 
13-38 Enriched 44' 20 0 25 
13-42 Outwash B 20 0 0 
13-Z'1. Outwash B 25 0 25 
13-46 Till B 10 5 0 
13-48 Till B 15 5 25 
13-50 Outwash B 25 0 25 
13-52 Till B 0 0 25 
13-54 Outwash B 15 0 25 
13-56 Outwash B 10 0 0 
13-58 Outwash B 0 0 25 
13-60 Boulder sand B 15 0 0 
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194. 

Samples No. Soil Type. S.H. Zn Cu 	Pb 

15- 1 Till B 25 10 
15- 3 Till B 50 0 
15- 5 Residual B 15 0 
15- 7 Residual B 25 0 
15- 9 Till B 20 5 

_r-  15-11 Till B 5 0 
15-13  Till B 25 0 
15-15 Till B 15 0 
15-17 Till B 15 0 
15-19 Till B 20 0 
15-21 Till (gravely) B 20 5 
15-23 Till B 20 0 
15-25 Till B 25 0 
15-27 Residual B 20 0 
15x.29 Till B 25 5 
15-31 Till B 10 0 
15-33 Till B 15 0 
15-35 B Clay B 60 10 
15-37 Till A & B 10 5 
15-39 Till B 25 0 
15-41 Till B 25 10 
15-43 Till B 10 0 

` -'15-45 Till B 20 0 
15-47 Till B 20 0 
15-49 Till B. 25 0 
15-51 Till A,& B 25 25 
15-53 Till B 20 0 
15-55A Residual B 10 0 
15-55 Till B 20 0 
15-57 Till & Residual A & B 20 10 
15-59 B-Clay A & B 15 0 
15-61 B-Till B 10 5 
15-63 Till B 10 10 
15-65 B-Till B 10 40 
15-67 Residual ? B 5 25 
15-69 Till • B 20 10 



195. 

Samples No. Soil Type. S.H. Zn Cu Pb 

15- 2 Till B 0 0 
15- 4 Leached till B 25 10 
15- 6 Outwash B 10 0 
15- $ Till B 50 0 
15-10 Till B 15 0 

r-15-12 Till B 15 0 
15-14 Outwash B 10 0 
15-16 Outwash (coarse) B 25 5 
15-1$ Till B 25 5 
15-20 Till B 10 0 
15-22 Outwash B 25 0 
15-24 Till B 10 0 
15-26 Till B 15 5 
15-2$ Till B 15 0 
15-30 Outwash B 25 5 
15-32 Till B 15 0 
15-34 Till B 25 0 
15-36 Outwash B 25 0 
15-3$ Till B 20 0 
15-40 Till B 40 0 
15-42 Outwash B 15 0 
15-.44 Outwash B 25 0 

r-•l5-46 Till B 15 0 
15-4$ Till B 15 0 
15.,50 Till B 100 10 
15-52 Till B 30 0 
15-56 Till B 35 20 

j 15-5$ Till B 10 20 



Saznnle No, a-T 	S.A. Zn. Cu. Pb, 

16- 1 Residual and till 	B 25 20 
16- 3 Thin till 	 B 25 50 
16- 5 Till 	 B 15 0 
16- 7 Sandy 	 B 0 0 
16- 9 Till (sandy) 	 B 0 0 
16-11 Blue clay 5 20 
16-13 Till 	 B 20 20 
16-15 Till 	 B 10 0 
16-17 Till 	 B 15 0 
16-19 Till 	 B 10 0 
16-21 Boulder till 	humus & clay 50 25 
16-23 Till 	 B 25 0 
16-25 Residual 	 B 25 0 
16-27 Till 	 B 25 0 
16-29 Till 	 B 5 0 
16-31 Clay 	 B 15 0 
16-33 Till 	 B 25 0 
16-37 Tmll 	 B 20 50 
1639 Till 	 B 20 0 
16-41 Fe sanày 	 B 15 0 
16-43 Ti11 	 B 20 0 
16-45 Till 	 B 20 0 
16-49 Till residual 	 B 25 0 
16-51 Till 	 B 25 0 
16-53 Till ? 	 B 5 0 
16-55 Till 	 B 10 0 
16-57 Residual 	 B 10 0 
16-59 Till 	 -B 25 0 
16-61 Till 	 A-B 60 5 25 
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Sample ïv o .  S. T. S. A. Zn. Cu. Pb. 

16- 2 Till B 15 15 
16- 4 Till B 5 0 
16- 6 Residual 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 Till B 25 0 
16-16 Till B 15 0 
16-18 Till B 20 0 
16-20 Till B 25 0 
16-22 Till B 15 0 
16-24 Till B 10 0 
16-26 Till B 100 40 
16-28 Till B 20 0 
16-30 Till B 10 0 
16-32 Till B 15 

16-36 Till B 20 0 
16-38 Till B 0 0 
16-40 Till B 10 0 
16-42 Till B 15 0 
l6-211 Till B 20 0 
16-46 Till B 15 0 
16-48 Till B 10 0 
16-50 Till B 0 0 
16-52 Till B 20 0 
16-54 Till B 15 0 
16-56 Till B 25 10 
16-58 Till B 35 0 
16-60 Till B 25 0 25 
16-62 Till B 15 0 0 
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198. 

Samples No. Soil Type S.H. Zn Cu Pb 

17- 1 Sand B 15 0 0 
17- 2 Sand and till B 10 0 25 
17- 3 Till B 50 0 25 
17- 4 Till B 25 0 25 
17- 5 Sandy till B 20 0 25 

--17- 6 Sand 13 25 0 0 
17- 7 Sand B 20 0 25 
17- $ Sand B 30 . 0 25 
17-- 9 Sand B 30 0 0 
17-10 Sand B 30 0 50 
17-11 Till ? B 50 0 25 
17-12 Residual B 150 0 25 



Smoles No. S.T. S.A. Zn, 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- 9 Sandy residual B 15 0 50 
18-11 Till B 25 0 25 
18-13 Till B 25 10 25 
18-15 Till 15 0 25 18-17 Till B 5 0 25 ' 
18-19 Till B 25 0 25 
18-21 Till B 15 0 0 
18-23 Clayey B 10 o. 0 
18-25 Clayey till 10 0 25 
18-27 Till and residual B 15 0 50 
18-29 Till ? B 15 0 25 
18-31 Resid 25 0 25 
18-33 Till B 10 10 
18-35 till B 10 10 
18-37 Till B 50 10 
18-39 Sandy till B 50 10 
18-41 Till B 45 10 
18-48 Till 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 Residual B 25 5 
18-5? Till .B 25 5 18-59 Residual B 15 5 
18-61 Boulder till B 20 5 
18-63 Boulder 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 
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Sanale No, S. T. S. A. ,gns  Cu, Pb. 

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 25 
18-12 Till B 25 0 0 
18-14 Till B 35 0 25 
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-d4 Till B 25 10 
18-46 Till B 10 5 
18-48 Till B 20 5 
18-50 Till B 10 5 
18-52 Till B 15 5 
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Samples. No. Soil Type S.H. Zn Cu 

19- 1 B Till B 15 5 
19- 3 B Till B 5 5 
19- 5 B Till B 50 5 
19- 7 Till A & B 15 5 
19- 9 B. Till B 15 10 
7'9-11 B Till B 25 5 
_)-13 B Till B 90 5 
19-15 B Till B 80 5 
19-17 B Till B 25 5 
19-19 B Till B 20 5 
19-21 B Till B 10 5 
19-23 B Till B 15 5 
19-25 B Till B 25 5 
19-27 B Till B 20 5 
19-29 Till-Residual' B 25 _-5 
19-33 Till B 20 5 
19-35 B Till B 25 15 
19-37 B Till B 10 5 
19-39A Residual B 25 10 
19-39 B Till B 20 10 
19--41 Residual B 10 5 
19-43 Residual B 20 10 

9-45 Residual B 15 10 
19-47 Till B 15 10 
19-49 Sandy till B 30 10 
19-51 Sand (outwash) B 15 10 
19-53 Residual A & B 25 10 
19-55 20 10 
19-57 B Till B 20 10 
19-59 B Till B 25 10 
19-61 B Till A & B 10 10 

201. 

Pb 



Samples No. Soil Type S.H. Zn Cu 

19- 2 Till B 25 5 
19- 4 Till B5 5 
19- 6 Sandy Till B $Ô 5  
19- $ Till (sandy) B 25 5 
19-10 Sandy Till B 20 5 
19-12 Till B 15 5 
19_14 Till B 25 5 
19-16 Till B 20 5 
19-1$ Till B 10 5 
19-20 Till B 15 5 
19=24 Till B 10 5 
19-26 Till B 15 5 
19-30 Till B 70 5 
19-32 Till B 10 5 
19-34 Till B 25 15 
19-36 Sandy Till B 20 15 
19-38 Till B 20 10 
19-40 T5tl1 B 25 10 

202. 

Pb 



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 1$ 0 
20- 9 B Till B 12 25 0 

- 	-11 B Till B 12 50 0 
—g.013 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 1$ 12 0 
20-37 Clayey till ? B 25 1$ 0 
20-39, B Till B 37 25 0 
20-41 B Till (sandy) B 12 6 0 
)2-0-43 Sand B 12 12 0 

-45 
20-47 

Sand 
Sand & fine gravel 

B 
B 

25 
37 

12 
6 

0 
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 



r 

204. 

Samples No. Soil Type. S.H. Zn Cu Pb 

20- 2 Till B 31. 12 0 
20- 4 Till B 31 25 0 
20- 6 Till B 12 12 0 
20- $ Till B 6 6 0 
20-10 Till B 6 6 0 
-20-12 Till B 12 12 0 
20-14 
20-16 

Till 
Till 

B 
B 

6 
6 

6' 
12 

0 
0 

20-1$ Till B 25 12 0 
20-20 Till B 12 25 0 
20-22 Till B 37 1$ 0 
20-24 Till B 25 12 0 
20-26 Till B 12 12 0 
20-2$ 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 
20-3$ Till B 1$ 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 
20-4$ Till B 25 12 0 
20-50 Till B 25 25 0 
20-52 Till B 6 6 0 
20-54 Till B 12 6 0 
20-56 Till B 50 12 0 



Sample No, S.T, S.A. Zn, Cu, P b, 

21- 1 Residual B 20 0 0 
21- 3 Boulder till A-B 20 0 25 
21- 5 Till B 20 0 0 
21- 7 Boulder till B 15 0 25 
21- 9 Residual and till B 25 15 0 
21-11 Till & residual ? B 10 0 100 
21-13 Till B 20 15 0 
21-15 Till B 15 5 0 
21-17 Boulder till B 35 15 25 
21-19 Till B 5 0 0 
21-19A Residual B 25 0 25 
21-21 Reside & little till B 25 0 0 
21-23 Residual B 50 10 0 
21-25 Residual B 100 10 25 
21-27 Residual B 25 5 0 
21-29 Sand (Fe) B 25 0 25 
21-31 Sand B 50 20 0 
21-33 A humus & residual 20 0 0 
21-35 Residual B 50 25 20 
21-37 Residual A-B 20 20 20 
21-39 B 70 20 0 
21-41 Residual B 60 20 0 
21=43 Sandy B 50 0 25 
01::45 Residual B 15 10 0 
21-47 Sandy till B 15 15 0 
21-49 Sandy till 20 20 25 
21-51 Sand B 5 0 0 
21-53 Sandy till B 20 10 25 
21-55 Residual B 10 5 0 
21-57 Boulder till (sandy) B 25 0 0 
21-59 Boulder till B 50 0 0 
21-61 Boulder till B 5 0 25 
21-63 Sandy till B 5 0 25 
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~~ipJ.e ~v7o~ S. T. S. A. Zn. C~u . Pb, 

21- 2 Till B 15 10 25 
21- 4 Till B 15 0 0 
21- 6 Till B 30 0 0 
21- 8 Till B 25 0 0 
21-10 Till B 20 0 0 
21-12 Till B 25 10 0 
21-14 Till B 5 0 50 
21-16 Till B 25 0 25 
21-18 Till B 25 0 0 
21-20 Till B 15 5 25 
21-22 Till B 15 0 25 
21-24 Till B 10 0 0 21-26 Till B 25 0 25 
21-28 Till B 20 5 25 
21-30 Till ( sandy) B 20 0 25 
21-32 Till B 25 5 25 
21-34 Till 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 Residual B 10 0 0 21-41 Till B 50 0 0 21-46 Residual B 25 50 0 
21-48 Till B 20 20 0 21-50 Till B 10 0 0 21-52 Till B 25 20 25 21-54 Till B 25 0 50 21-56 Till B 20 5 5 21-58 Till B 15 0 100 21-60 Till B 5 0 0 

206. 



207. 

Samples No. Soil Type. S.H. Zn Cu Pb 

22- 1 B Till B 15 10 
22- 3 Till & Residual B 45 25 
22- 5 Residual B 25 10 
22- 7 Residual B 35 10 
22- 9 Residual ? B 30 5 

-22-11 Residual B 20 5 
22-13 Residual B 35 5 
22-15 Residual B 25 5 
22-17 Residual B 20 5 
22-19 Residual B 30 5 
22-21 Residual B 10 5 
22-23 Sandy Till B 15 10 
22-25 B-Till B 30 1Q 
22-27 B-Till 
22-29 B-Till B 15 0 
22-31 B-Till B 25 10 
22-33 Sandy A 15 10 
22-35 B-Till ? B 20 10 
22-37 Sandy B Till B 25 10 
22-39 B-Till B 20 5 
22-41 B-Till sandy B 25 5 
22-43 B-Till B 25 5 
22-45 B-Till B 25 5 
22-47 B-Till sandy B 20 5 
22-49 B-Till B 15 5 
22-51 Residual B 15 5 
22-53 B-Till 
22-55 B-T$11 B 40 15 
22-57 B-Till B 10 5 
22-59 Till. and Residual B 15 15 

22-61 B-Till sandy B 20 5 
22-b3 B-Till B 10 5 



208. 

Samples No. Soil Type. S.H. Zn Cu Pb 

22- 2 Till B 40 15 
22- 4 Till B 20 ~5 
22- 6 Till B 25 10 
22- $ Till B 20 25 
22-10 Till B 60 10 
22-12 Till B 20 10 
22.14 Till B 15 5 
22-16 Till B 25 '5 
22-1$ Till B 40 5 
22-20 Till B 30 10 
22-22 Till B 30 10 
22-24 Till B 150 30 
22-26 Till B 35 5 
22-2$ Till B 35 0 
22-30 Till . B 30 10 
22-32 Till B 30 10 
22-34 Till B 70 10 
22-36 Till B 10 10 
22-3$ Till B 20 5 
22-40 Till B 15 5 
22-42 Till B 20 5 
22-44 Till B 15 5 



Samnles No S. T. S. A. Zn. C,~. Pb. 

23- 1 Fe (sand) ? B 25 5 
23- 3 Till B 15 5 
23- 5 Till (sandy) res. B 25 5 
23- 7 Sandy material B 10 5 
23- 9 Boulder till fine B 10 5 
23-11 Till B 20 5 
23-13 Till - B 10 5 
23-13A Till - Residual B 15 5 
23-15 Residual (till) B 20 5 
23-17 Sand B 10 5 
23-19 Till B 20 5 
23-21 Till B 25 5 
23-23 Sand B 5 5 

209. 



Samples No 	S, T. 	a A, 	an, 	CU. 	Pb. 

23- 2 Sand outwash B 15 5 

23- 6 Residual B 20 5 
23- 8 Outwash 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 5 
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 

210. 



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

24-1 Boulder till B 20 5 
24-3 Till B 15 5 
24-5 Till B 20 5 
24-7 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 
24-17 ? B 25 0 
24-19 B 25 0 
24-21 B 10 0 
24-23 ? 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 
24-37 Sand. B 10 0 
24Q,  39 20 0 
24-41 15 0 
24-43 20 0 
24-45 20 5 

211. 



Sanmles No S.T. S.A. Zn. g,a.•• Pb. 

24- 2 Till 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 
24-14 ? B 10 CII 
24-16 ? B 10 0 
24-18  ? B 20 0 
24-20 B 25 0 
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 
24--34 Sand B 15 0 
24-36 Till B 5 0 
24-38 5 0 
24-40 20 0 
24-42 10 0 
24-/Y1 25 0 
24-46 25 5 

212. 



- 

213. 

Samples No. Soil Type. S.H. Zn Cu Pb 

25- 1 B Ti11 B 12 6 0 
25- 3 B Till B 12 6 0 
25- 5 B Till B 12 6 0 
25- 7 B Till B 12 12 0 
25- 9 B Till B 18 25 0 
25-11 B Till B 6 18 0 
25-13 B Till B 31 12 0 
25-15 B Till B 6 18 0 
25-17 B Till B 12 6 0 
25-21 Fe sand B 12 12 0 
25-23 Sand B 12 6 0 
25-25 Fe sand B 6 25 0 
25-27 B Till B 12 25 0 
25-29 B Till B 12 25 0 
25-31 B Till B 12 6 o 
25-33 B Till B 18 ?5 0 
25-35 B Till B 12 6 0 
25-37 B Till • B 12 18 0 
25-39 B Till B 18 6 o 
25-41 B Till B 12 6 o 
25-43 B Till B 12 6 0 
25-45 B Till B 12 6 0 
25-47 Sand B 12 18 0 
25-49 Sand B 37 25 0 
25-51 Sand B 12 6 0 
25-53 B Till B 25 6 0 
25-55 B Till B 6 6 o 
25-57 Sand B 6 6 0 
25-59 Sand B 6 12 0 
25-61 B Till B 6 12 0 
25-63 B Till B 6 6 0 
25-65 B Till B 12 12 0 
25-67 B Till B 37 25 0 
25-69 B Till B 6 12 0 



214. 

Samples No. Soil Type. S.H. Zn Cu Pb 

25- 2 Residual B 25 25 0 
25- 4 B. Till A & B 25 25 0 
25- 6 B. Till •B 25 25 0 
25- 8 Till 18 12 0 
25-10 Till B 18 6 0 
25-12 Till B 12 25 
=14 Till B 12 0 

,.5-16 Till B 12 6 0 
25-1$ Till B 12 6 0 
25-20 Till B 25 12 0 
25-22 Till B 1$ 12 0 
25-24 Till B 12 12 0 
25-26 Till B 12 6 0 
25-2$ Till B 12 6 0 



215. 

Samples No. Soil Type. S.H. Zn Cu Pb 

26- 1 Till & Residual B 100 15 0 
26- la Till & Residual A 25 15 0 
26- lb Till & Residual B 90 15 0 

26- 3 B. Till B 200 10 0 
r^6- 3a B. Till B 1000 30 0 
_6- 3b B. Till B 525 25 0 

26- 5 B. Till B 600 6o 0 
26- 5a B. Till B 600 25 0 
26- 5b B. Till B 350 10 0 

26- 7 B. Till B 3500 200 •3000 
26- 7a B. Till B 225 25 0 
26- 7b B. Till B 500 10 0 

26- 9 
26- 9a 
26- 9b 

B. Till 
B. Till 
B. Till 

B 
B 
B 

100 
200 
450r 

10 
10 
100 

5 
0 
5 

26-11 B. Till 	(trench) B 2500 300 600 

6-13 B. Till B 700 25 35 
26-13a B. Till (trench) B 700 25 10 
26-13b B. Till B 2000 1000 0 
26-13b Residual B 100 15 10 

26-15 B. Till B 125 25 0  
26-15a B. Till (trench) B 200 25 50 
26-15b B. Till (trench) B 2000 90 10 

26-17 
26-17a 
26-17b 

B. Till 
B. Till 
B. Till 

B 
B 
B 

1750 
250 
100 

25 
25 
10 

15 
300 
0 

26-19 
26-19a 
26-19b 

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

B 
B 
B 

300 
100 
50 

25 
25 
10 

75 
10 
5 

26-21 B. Till B 300 10 10 
26-21a B. Till B 350 50 100 
26-21b B. Till B 250 10 0 

26-23 B. Till B 250 35 0 
26-23a B. Till B 200 25 10 
26-23b B. Till B 200 15 5 

26-25 B. 	Till 	. B 100
0 15 25 

25 
26-25a B. Till 
26-25b B. Till B 200 25 0 

26-27 B. Till 75 25 15 
26-27a 
26-27b 

B. Till 
B. Till 

B 
B 

300 
100 

25 
10 

25 
0 

de 



216. 

Samples No. Soil Type. S.H. Zn Pb 

26-z9 B. Till B 60 30 0 
26-29a B. Till B 25 10 0 

26-31 B. Till B 60 10 0 
26-31a B. Till B 45 15 65  
2,6y3lb B. Till B 60 15 0 

26-33a B. Till (trench) B 900 30  0  
26-33b B. Till B 35 15 0 



217. 

Samples No. Soil Type. S.H. Zn Cu Pb 

26- 2 B. Till B 45 15 0 
26- 4 B. Till B 250 25 100 
26- 6 B. Till B 250 6 60 
26- $ B. Till B 200 10 0 
26-10 B. Till B 450 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 
26-1$ 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 
2626 B. Till B 100 15 - 	0 
26-2$ B. Till B 300 30 0 
26-30 B. Till B 50 10 0 
26-32 B. Till B 50 25 0 
z6-34 B. Till B 250 25 15 
26-36 B. Till B 275 25 50 
26-3$ 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 



( 

218. 

Samples No. Soil Type. S.H. Zn Cu Pb 

27- 1 Clay B 600 25 0 
27- 3 Clay B 600 10 0 
27- 5 Residual B 55 35 0 
27- 7 B. Till B 60 10 5 
27- 9 B. Till B 45 l0 0 
27--11 Residual B 50 10 . 0 
'7-13 Residual B 75 10 0 
27-15 B. Till (in trench) B 2500 400 15 
27-17 Clayey Till B 35 10 10 
27-19 Compact clay B 150 50 0 
27-21 Compact clay 3 1250 150 5 
27-23 Compact clay B 30 25 5 
27-25 Clayey Till B 60 75 0 
27-27 Clayey Till B 25 10 0 
2 7-29 Residual B 60 50 0 
27-31 B. Till B 200 15 0 
27-33 Outwash sand (?) B 25 5 0 
27-35 Outwash sand (?) B 15 10 0 
27-37 Sand B 35 10 0 
27-39 Sand B 50 15 0 
27-41 Sand B 15 10 0 
27-43 Clayey B 25 10 5 
7-45 Compact clay B 25 25 0 

27-47 Clayey B 30 10 0 
27-49 Clayey B 25 15 0 
27-51 Bluish clay - 10 25 0 
27-53 Boulder clay B 10 25 0 
27-55 B; Till B 25 30 0 
27-57 B. Till B 25 15 0 
27-59 
27-61 B. Till B. 15 45 0 
27-63 Sandy Till (trench) B 15 25 0 
27-65 Clay under coarse sand A & B 35 10 0 
27-67 Sandy Till & Residual B 35 25 0 
27-69 Residual clay B 15 15 0 



219. 

Samples No. Soil Type. S.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 
,Z7-12 Sandy Till B 75 15 0 
'-14 Till B 50 10 0 

'z7-16 Sandy Till B 30 15 0 
27-1$ Sandy Till B 15 10 0 
27-20 Sandy Till B 30 15 0 
27-22 Sandy Till B 25 25 0 
27-24 Sandy Till B 25 15 0 
27-26 Sandy Till B 25 15 0 
27-2$ Sandy Till B 25 10 0 
2 7-30 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 
27-3$ Sandy Till B 35 10 0 
27-40 Sandy Till B 75 15 0 
27-42 Till (in trench) B 35 15 0 
27-44 Till B 10 15 0 

("'7-46  Till B 25 10 0 
-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 1010 0 
27-56 Till B 25 15 0 
27-5$ Till B 10 25 0 



220. 

Samples No. Soil Type. S.H. Zn Cu Pb 

2$- 1 Till B 35 10 0 
2$- 3 Coarse sand (outwash) B 10 0 0 
2$- 5 Sand (outwash) B 25 25 0 
2$- 7 Sand B 10 10 0 
2$- 9 Sandy Till B 35 10 0 
2.-11 Sandy Till B 25 10 0 

-13 Sandy Till B 10 10 0 
2t5-.15 Sandy Till B 25 10 0 
2$-17 Residual clay B 15 10 0 
2$-19 B. Till (clayey) B 10 0 0 
28-21 Sandy Till B 25 5 0 
2$-23 Sandy Till B 10 10 0 
2$-25 B. Till B 10 0 0 
2$-27 B. Till B 25 10 0 
2$-29 B. Till B 35 5 0 
2$-31 B. Till (sandy) B 10 10 0 
2$-33 B. Till (sandy) B 35 5 0 
2$-35 B. Till (sandy) B 50 10 0 
2$-37 B. Till B 45 15 0  
2$-39 B. Till (clayey) B 25 10 0 
2$-41 B. Till B 25 5  0  
2$-43 B. Till B 10 25 0 
24-45 B. Till B 25 5 0 



221. 

Samples No. Soil Type. S.H. Zn Cu Pb 

2$- 2 Residual B 45 25 0 
2$- 4 Till B 35 0 0 
2$- 6 Till B 25 0 0 
2$- g Residual & Till B 10 10 0 
2$-10 Residual & Till B 35 25 0 
2$-42, Boulder clay B 35 25 0 
2$-14 Till B 100 15 0 

-̀̀ 2$-16 Till B 30 30 0 
2$-1$ Till B 10 0 0 
2$-20 Till B 15 0 0 
2$-22 Till B 35 0 0 
2$-24 Till B 25 10 0 
28-26 Till B 45 10 0 
28-2$ Till B 35 50 0 
28-30 Till B 50 15 0 
2$-32 Till & Slump B 50 5 0  
2$_34 Till B 75 10 0 
2$-36 Till B 45 10 0 
2$-3$ Till B 10 15 0 
2$-40 Till B 10 10 0 



222. 

Samples No. Soil Type. S.H. Zn Cu Pb 

29- 1 Mostly residual B 10 10 0 
29- 3 Till & Residual B 30 15 0 
29- 5 Till & Residual B 4.5 10 0 
29- 7 B. Till B 60 10 0 
29- 9 B. Till B 30 10 0 
29-11 B. Till B 25 10 0 

-- `?9-13 Residual B 30 10 0 
29-15 Clayey Till B 25 15 0 
29-17 B. Till B 10 10 0 
29-19 6reamy clay B 35 10. 0 
29-21 Clayey residual B 15 10 0 
29-23 Boulder clay B 10 1.0 0 
29-25 Till & Residual B 15 10 0 
29-27 B. Till B 25 10 0 
29-29 B. Till B 25 10 0 



Zn 

30 

25 
100 
300 

75 
200 

25 
25 
75 

300 
75 

110 
50 

Samples No. Soil Type. S.H. 

29- 2 Residual B 
29- 4 Till B 
29- 6 Till B 
29- $ Slump (?) B 
29-10 B. Till B 
29-12 B. Till B 

X29-14 B. Till B 
29-16 B. Till B 
29-1$ Residual B 
29-20 Till B 
29-22 B. Till B 
29-24 B. Till (trench) B 
29-26 B. Till (trench) B 
29-2$ Slump B 

Cu 

223. 	• 

Pb 

5 0 

10 0 
25 5 
30 0 
25 25 
25 0 
15 0 
10 5 
25 0 
30 0 

. 35 0 
25 0 
10 45- 



Samples No. Soil Type. S.H. Zn Cu 

30- lA Humus Ao 30 25 
30- 1B Residual (leached) Al 10 5 
30- 10 Residual B 25 5 

30- 2A Humus Ao 20 25 
30- 2B Residual (leached) Al 20 5 
30-,2C Residual B 25 5 

30- 3A Humus Ao 50 20 
30- 3B Residual (leached) Al 15 5 
30- 3C Residual B 15 5 

30- 4A Humus Ao 50 40 
30-- 4B B. Till 	(leached) Al 10 5 
30- 4C B. Till B 40 10 

30- 5A Hùmus Ao 35 20 
30- 5B B. Till 	(leached) Al 5 5 
30- 5C B. Till B 40 10 

30- 6A Humus Ao 30 20 
30- 6B B. Till 	(leached) Al 10 5 
30. 6C B. Till B 60 50 

3L.- 7A Humus Ao 300 40 
30- 7B B. Till 	(leached) Al 50 5 
30- 7C B. Till B 220 5 

(taken between two well mineralized trenches) 

30- $A Humus Ao 160 20 
30- $B B. Till 	(leached) Al 50 5 
30- $C B. Till B 350 5 

30- 9A Humus Ao 100 25 
30- 9B B. Till 	(leached) Al 5 5 
30- 9C B. Till B 100 5 

30-10A Humus Ao 240 40 
30-10B B. 	Till 	(leached) Al 60 5 
30-10C B. Till B 100 5 

30-11A Humus Ao 20 25 
30-11B B. Till 	(leached) Al 10 5 
3041C B. Till B 25 5 
30-12A Humus Ao 30 15 
30..12E B. Till 	(leached) Al 10 5 
30-12C B. Till B 20 5 

30-13A Humus Ao 30 25 
3043B B. Till 	(leached) Al 20 5 
30;'-13C B. Till B 25 5 

224. 

Pb 



Samples No. Soil Type. S.H. Zn Cu 

30-14A Humus Ao 30 25 
30-14C B. Till B 20 , 	5 

30-15A Humus Ao 30 25 
30-15B B. Till (leached) Al 10 5 
30-15C B. Till B 25 5 

.16A Humus Ao 30 25 
30-16B B. Till 	(leached) Al 10 5 
30-16C B. Till B 25 5 

30-17A Humus Ao 25 25 
30-17B B. Till 	(leached) Al 5 5 
30-17C B. Till B 10 5 

30-1$A Humus Ao 60 80 
30-1$B Coarse sand B 35 5 
30-1$C Fine sand B 25 5 

Note: Humus samples assayed at McGill. 
Results expressed in p.p.m. in ash. 

225. 

Pb 



Samples No. Soil Typee S 	n Zn Ltiz 	Pb 

31., 1 B Till (Clayey) B 50 5 
31- 3 B Till A&B 5 10 
31- 5 B Till B 10 10 
31- 7 B Till B 15 10 
31- 9 B Till B 25 10 
31-11 Residual B 50 40 
31-13 Residual B 100 40 
31-15 Residual B 65 5 
31-17 Fe Sand B 25 15 
31-19 Till (Sandy) B 25 10 
31-21 Sand B 70 10 
31-23 Sand B 150 100 
31-25 Till B 25 5 
31-27 Till B 35 10 
31-29 Till B 75 10 
.31-31 Till B 50 5 
31-33 Till B 20 5 
31-35 Till B 30 5 
31-37 Till B 35 10 
31-39 Till .B 50 15 
31-41. Till B 75 5 

.31-43 Till B 135 25 
31-45 Sand: B 20 10 
31-47 Clayey Sand A 25 10 
31-49 B Till B 20 10 
31-51 Till. B 25 5 
31-53 Till B 15 10 
31-55 Till B 50 5 
31-57 Till B 50 10 
31-59 Till B 15 10 
31-61 Till. B 25 15 
31-63 Sandy Till B 25 10 
31-65 Sandy Till. B 20 5 
31-67 Sandy Till B 20 5 
31-69 Sandy Till B 10 10 
31-71 B Till A&B 5 5 
31-73 B Till (Sandy). B 40 35 
31-75 Gravelly Till B 70 35 
31-77 
31-79 B Till B 15 10 
31-81 B Till B 0'_: 10 
31-83 B Till B 40 10 
31-85 Clayey Till B 80 15 
31-87' 
31-89X Residual A & B 25 5 
31-89Y Residual L &B 60 5 
31-91 B Till B 20 0 
31-93 Coarse Sand B 50 10 
31-95 Sand B 20 15 
31-97 Fine'Sand B 45 10 

226. 



Sample No, Soil Tyne. S 	. 

B 
B 
B 
B 
B 
B 
B 
B 

-B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 

ZT! 

40 
30 
20 
25 
25 
50 
10 
15 
10 
15 
15 
15 
20 
10 
20 
10  
80 
125 
25 
b0 
20 

Cu 

25 
5 
5 
5 
5 
15 
5 
5 
5 
5 
5 
15 

5 
25 
40 
5 
15 
8o 
15 
10 

5 

227. 

Pb 

31- 2 
31-  4 
31- 6 
31- 8 
31-10 
31-12 
31-14 
31-16 
31-18 
31-20 
31E22 
31-24 
31-26 
31-28 
31-3o 
31-32 
31-34 
31-36 
31-38 
31-40 

-.31.412 

Till 
Till 
Till 
Till 
Till 
Till 
Till 
Till 
Till 
Till 
Till 
Till 
Till 
Till 
Till 
Slump 
Till 
Till 
Till (Clayey) 
Till 
Till 

1 



228. 

Samples No. Soil Type. Zn Cu 	Pb 

'32- 1 B Till B 10 10 

32- 3 B Till (Clayey) B 15 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 
32-13 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 B 50 20 
32-25 B Till B 30 10 
32-27 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 

32-45 B Till B 20 10 

32-47 B Till (Sandy) B 65 5 
32-49 Sand B 15 25 

32-51 B Till B 15 20 

32-53 B Till B 5 	, 10 

32-55 B Till (Sandy) B 15 20 

32-57 B Till B 15 5 
32-59 Sand B 40 20 
32-61 Med. sand B 20 15 
32-63 Died. sand B 15 20 
32-65 B Till. B 50 10 
32-67 B Till (Sandy) B 20 10 
32-69 B. Till B 10 10 

32-71 Gravelly sand B 25 10 

32-73 Sand B 45 5 
32-75 Sand B 10 5 
32-77 Sand B 10 5 
32-79 Sand 13 25 5 
32-81 Sand B 20 5 
32-83 Sand B 75 100 
32-85 Sand B 10 5 
32-87 Sand B 25 5 
32-89 Sand B 20 5 
32-91 Sand and boulders !i & B 125 75 



Samples No. Soil Type S.H. 7.n Cu Pb 

32- 2 Humus Ao 40 15 
- 2 Till A 15 5 
2 Till B 25 15 

32- 4 Humus Ao 15 15 
- 4 Till (sandy) A 10 5 
- 4 Till (sandy) B 65 15 

32- 6 Humus Ao 15 25 
- 6 Till A 15 5 
- 6 1111 B 25 15 

32- $ Humus Ao 500 500 
- $ Till and slump A 50 75 
- $ Till and slump B 70 100 

32-10 Humus Ao 300 300 

32-12 Humus Ao 40 40 
-12 Till A 25 10 
-12 Till,  B 70 15 

32-14 Humus Ao 25 25 
-14 Till A 10 5 
-14 Till B 40 10 

32-16 Humus Ao 10 10 
-16 Till A 15 5 
-16 Till B 25 5 

32-1e Humus Ao 25 25 
-1$ Till 	• A 10 5 
-1$ Till B 15 10 

32-20 Humus Ao 15 15 
-20 Till A 15 5 
-20 Till B • 25 10 

32-22 Humus Ao 20 20 
-22 Till A 5 5 
-22 Till B 15 10 

32-24 Humus Ao 50 $0 
-24 Till A 25 45 
-24 Till B 50 160 

32-26 •Humus Ao 30 30 
-26 Till A 0 5 
-26 Till B 10 5 

229. 



' 

Samples No. Soil Type S.H. Zn Cu Pb 

32-2$ Humus Ao 40 40 
-2$ Sandy till .A 20 30 
-2$ Sandy till B 20 10 

32-30 Humus Ao 15 15 
-30 Till A 15 5 

/-̀ -30 Till B 100 15 

32-32 Humus Ao 15 15 
-32 Residual A 15 5 
-32 Residual B 5 5 

32-34 Residual B 5 10 
32-36 Till and residual B 10 5 
32-3$ Till B 20 15 
32-40 Till B 15 5 
32-42 T$11 B 15 10 
32-44 Sandy till B 28 5 
32-46 Till B 10 ;: 5 
32-4$ Till B 15 5 
32-50 Till B 15 5 
32-52 Till B 15 10 

,.32-54 Till B 25 5 
2-56 Till B 20 5 

32-58 Till B 15 5 
32-60 Till B 20 10 
32-62 Till B 20 5 
32-64 Till B 15 15 
32-66 Till B 10 10 
32-6$ Till B 25 10 
32-70 Sandy till B 20 5 
32-72 Till (sandy) B 10 10 
32--74 Residual L A 30 5 
32-76 Till B 70 5 
32-7$ Till B 40 5 
32.80 Till B 25 10 
32-82 Till (washed) B 20 10 
32-84 Till B 30 5 
32--$6 Slump and till B 25 10 
32-88 Till B 10 30 
32-90 Till B 15 10 
32-92 Till B 20 5 
32-94 Till B 15 10 
32.96 Till B 10 10 
32_9$ Till B 25 15 
32-100 Till B 20 10 
32- X Till B 15 50  
32- Y Till B 20 10 

230. 



231. 

Samples 'Noo Soil Type. S: H. Zn Cu Pb 

33- 1 B Till. B 25 10 
33- 3 B Till B 15 5 
33- 5 B Till. B 30 10 
33- 7 B Till B 25 10 
33- 9 B Till B 35 10 
33-11 B Till B 15 10 
33-13 B Till B 20 10 
33-15 B Till - B 15 10 
33-17 B Till B 35 10 
33-19 B Till B 20 10 
33-21 B Till B 25 10 
33-2.3 B Till B 20 5 
33-25 B Till B 95 5 
33-27 B Till B 20 5 
33-29 B Till B 15 10 
33-31 B Till B 30 15 
33-33 B Till B 	, 25 10 	. 
33-35 B Till B 25 25 
33-37 B Till. B 15 5 
33-39 B Till B 50 10 
33-41 B Till B 	~ 20 15 
33-43 B Till 75 r, . 
33-45 B Till B 45 15 
33-47 B Till B: 35 10 
33-49 B Till B '35 5 
33-51 B Till B 30 10 
33-53 B Till B 20 5' 
33-55 B Till B 2'5 10 
33-57 B Till B 75 10 
33-59 B Till B 25 .5 
33-61 B Till B 20 5 	. 
33-63 B Til] B 15 5, 
33-65 B Till B 25 10 
33-67 B Till B 20 5 
33-69 B Till B 20 5 
33-71 B Till B 25 5 
33-73 B Till 13 25 5 
33-75 B Till B 15 5 
33-77 B Till B 15 55 
33-79 B Till B 20 5 
33-81 B Till B 25 5 
33-83 B Till B 5 5 
33-85 B Till B. 25 5 

33-89 Sand B 15 5 
33-91 Sandy B Till B 10 5 
33-93 B Till B 25 5 
33-95 B Till B 75 5 
33-97 B Till B 15 5 
33-99 B Til]. B . 	20 5 



232. 

Seroles No. Soil Type. S . Zn Cu Pb 

33- 2 Till B 30 5 
33- 4 Till sandy B 45 10 
33- 6 Sandy Till B 15 5 
33- 8 Till B 25 10 
33-10 Till B 40 10 
33-12 Till B 15 10 
33-14 Till B 10 10 
33-16 Till B 25 10 
33-18 Till D 90 10 
33-20 Till B 35 10 
33-22 Till B 30 10 
33-?l;. Till B 175 60 
33-26 Till B 20 10 
33-28 Till (Clayey) B 40 10 
33-30 Till B 25 10 
33-32 Till B 60 10 
33-34 Till 13 20 5 
33-36 Till B 15 10 
33-38 Till B 85 30 
33-40 Till B 25 10 
33-42 Till B 25 10 
33-44 Till B ~5 5 
33-46 Till B 40 20 
33-48 Till B 50 10 
33-50 Ti1.1. 13 45 10 
33-52 - - - - 
33-54 Till B 20 5 
33-56 Boulder Till B 30 20 
33-58 Till B 20 5 
33-60 Till (Residual) r 20 5 
3' 62 ~ -- ' 1__ Till fi 25 10 
33-64 Till. B 15 5 
33-66 Till. (Sandy) B 25 ~5 
33-68 Till B 15 5 
33-70 Till B 20 5 
33-72 Till B 20 5 
33-74 Till n J F 20 5 
33-76 Till (Sandy) B 25 5 
33-78 Till. (Sandy) B 15 5 
33-80 Till B 70 5 
33-82 Till. B 25 5 
33-84 Till B 10 30 
33-86 Till (leached) 11 10 15 
33-88 Till. E 20 35 
33-90 Till B 20 35 
33-92 Till (Sandy) D 35 35 
33-94. Till D 15 15 
33-` 6 Till 10 10 
33-98 Till 13 25 30 
33-100 Till B 20 35 
33-102 Till P 10 25 
33-1.04 Till B 10 25 



Zn 	Cu 	Pb 

40 
20 
10 
25 
30 
15 
30 
40 
15 
15 

15 
15 
10 
10 
10 
45 
90 
100 
10 
20 

30 5 0 
75 50 0 
30 5 	. 0 
40 25 0 
35 50 0 
25 5 0 
25 10 10 
10 5 0 
45 t 5 0 
10 5 0 
30 5 0 
45 5 0 
35 5 ,0 
25 5 0 
50 . 	5 0 
25 10 0 
30 5 0 
50 5 0 
25 5 0 
25 5 0 
15 5 0 
30 5 0 
10 5' 0 

1370 50 0 
45 5::, 0 
60 5 0 
50 10 0 
25 5 0 
10 5 0 
10 30 0 
45 5 0 
30 5 0 
10 20 0 
35 30 0 
30 20 0 
30 5 0 
35 10 0 
25 10 0 

' 45 10 0 
30 5 0 
25 5 0 
?5 10 0 
25 5 0 
25 5 0 
25 5 0 

233. 

Samples No. Soil Type S.H. 

34- 1 B Till B 
34- ? B Till B 
34- 5 B Till B 
34- 7 B Till B 
34- 9 B Till B 
34-11 B Till B 
34-13 Thin B Till & Residual B 
34-15 Mostly Residual A & B 
34-17 BTill B 
34-19 B Till B 
34-21 B Till A& B 
34-23 Mostly Residual B 
34-25x B Till B 
34-25y Residual B 
34-27 Residual B 
34Q29 Residual B 
34-31 Residual B 
34-33 Residual B 
34-35 Residual B 
34-37 B Till B 
34-39 Residual B 
34-41 Sandy Till B 
34--43 Sandy Till B 
34-45 Sandy Till B 
34-47a B Till B 
34-47b B Till B 
34-49 B Till B 
34-51 B Till (Sandy) B 
34-53 B Till (Sandy) B 
34-55 B Till B 
34-57 B Till (Sandy) B 
34--59 B Till B 
34-61 B Till B 
34-63 B Till B 
34-65 B Till B 
34-67 Sandy B 
34-69 Sand B 
34-71 B Till (Clayey) B 
34-73 BTill A&B 
34-77 Fe sand B 
34-79 Sandy Till B 
34-$1 B Till B 
34-83 B Till B 
34-$5 Gravelly Till B 
34-87 B Till B 
34-$9 B Till B 
34-91 B Till B 
34-93. B Till B 
34-95 B Till B 
34-97 Sandy Till B 
34-99 B Till B 
3 4-101 B Till B 

B Till B 
3~-1Ô5 B Till .0 
34-107 B Till B 



Som-11e ; Yo. 	Soil Ty 2e. ~~. 	7n 	Cu 	Pb 

234. 

34-- 2 

34- 4 
34- 6 
34- 8 
34-1C 
34-12 
34-14 
34-16 
, 3 ~; -18 

34-2o 
34-22 
34-24 
34-26 
34--20 
34-30 
34-32 
3/-34 
31.-36 
34-38 
34-40 
34-42

. 

34-44 
34-46 
34-48 
34-50 
34-52 
34-54 
34-56 
a1._,-58 
34-60 
34-62 
34-64. 

34-66 
34-68 
34-70 
34-72 
34-74 
34-76 
34-78 
34-80 
34-82 
34-84 
34-86  

Till 
Till 
Till 
Till 
Till 
Till (Û1iimp) 
Till (Ler• ched ) 
Till 
Till 
Till 
Till 
Till 
Till 
Till 
Till 
Till 
Till 
Till (Slump) 
L•ea ch ed 
Till 
Till 
Till 
Till 
Till (Sandy) 
Till 
Till 
Till 
Till 
Till 
Till 
Till 
Till 
Till 
Till 
Till 
Till 
Till 
Till 
Till (Clayey) 
Till 
Till 
Till 
Till 

B 25 	5 
B 20 	5 
B 10 	10 
13 	 15 	5 
B 15 	10 
n 	15 	10 

15 	10 
P, 	 15 	25 
B 150 	300 
B 15 	20 
E 15 	5 
P 15 	5 
B 15 	5 
n 15 	15 
B 20 	10 
1? 	 25 	10 
B 2C 	15 
B 15 	10 
Pl 	 15 	15 
B 	 20 	15 
13 	 25 	10 B 	25 	10 
B 15 	10 
13 	 5 	15 
B 15 	10 
B 10 	10 
B 15 	5 
B 15 	5 
B 10 	10 
B 20 	5 
B 20 	20 
B 20 	10 
B 10 	10 
B 20 	10 
B 25 	10 
B 15 	5 
B 15 	5 
B 2C 	10 
B 25 	10 
B 25 	~5 
B 20 	10 
B 25 	5 
B 25 	20 



Samples No. Soil Tyne. S.H. Zn Gu 

35- 1 Slump B 30 10 
35- 2 Till B 10 5 
35- 3 Till B 15 10 
35- 4 Till B 25 10 
35- 5 Till B 25 20 
35- 6 Till B 35 15 
35- 7 Till B 40 15 
35- 8 Till and Slump A & B 10 5 
35- 9 Till B 30 10 
35-10 Till B 15 15 
35-11 Till and Slump B 40 70 
35-12 Residual, Slump B 25 10 
35-13 Till B 25 10 
35-14 Residual B 20 5 
35-15 Till B 35 15 
35-1b Till r ~ 10 5 
35-17 Till B 20 5 
35-18 Till B 15 5 
35-19 Till B 25 5 
35-20 Till B 50 5 
35-21 Slump B 75 5 
3 5-22 ZAh te sand B 45 r 
35-23 Till a 10 5 
35-24 Till B 30 10 
35-25 Till B 15 5 
35-2b Slump B 20 10 
3 5-27 Till B 20 10 
35-28 Till B 25 5 
3 5-29 Till B 20 5 
3 5-30 Residual B 25 10 
3 5-31 Till B 50 5 
35-32 Till 13 15 5 
35-33 Slump B 10 5 

Pb 



236. 

Samples No. Soil Type S.H. Zn Cu Pb 

36- 1 Till sandy (leached) A 15 10 0 
36- 2 Till sandy B 25 10 0 
36- 3 Till B 10 5 0 
36- 4 Till B 15 5 0 
36- 5 Till B 10 5 0 
36- 6 Till B 10 5 0 
36- 7 . 	Till B 25 10 0 
~~- $ Till B 25 10 0 
,'6- 9 Till B 25 10 0 
36-10 Till B 10 5 0 
36-11 Till (sandy) B 25 10 0 
36-12 Till (sandy) B 50 15 0 
36-13 Till B 40 50 0 
36-14 Till t 10 .5 0 
36-15 Till B 40 10 0 
36-16 Till B 30 10 0 
36-17 Till B 40 10 0 
36.-1$ Till B 25 10 0 
36-19 Till B 40 10 0 
36-2o Till B 40 l0 0 
36-21 Till B 50 25 0 
36-22 Till B 30 5 0 
36-23 Till B 30 10 0 

,---6-24 Residual B . 	75 35 0 
_6-25 Till B 45 15 0 
36-26 Till B 30 15 0 
36-27 Till B 10 5 0 
36-28 Till B 40 10 0 
36-29 Till B 	. 10 5 0 



237. 

Samples No. 	Soil Type  

	

37- 1 	 Sand ? 	 B 	30 

	

37- 2 	 Sand ? 	 B 	 30 

	

37- 3 	 Till 	 B 	100 

	

37- 4 	 Till 	 B 	30 

	

37- 5 	 Till 	 B 	 30 

	

37- 6 	 Till 	 B 	40 

	

7- 7 	 Till 	 B 	25 

	

.7- $ 	 Till 	 A & B 	30 

	

37- 9 	 Till 	 A & B 	$0 

	

37-10 	 Till 	 B 	30 

	

37-11 	 Till 	 B 

	

37-12 	 Till 	 B 	 65 5 

	

0 

37-133 	 Sandy till 	 B 	110 

	

37-14 	 Sandy till 	 B 	 45 

	

3 7-15 	 Sandy till 	 B 	250 

	

37-16 	 Till 	 B 	125 

	

37-17 	 Till 	 B 	 30 

	

37-18 	 Till 	 B 	1.0 

	

37-19 	 Sandy till. 	 B 	25 

	

37-20 	 Sandy till 	 B 	 45 

	

37-21 	 Sandy till 	 B 	10 

	

37-22 	 B Till 	 B 	200 

	

,_.37-23 	 Sandy till 	 B 	10 

	

17-24 	 B Till 	 B 	10 

	

37-25 	 B Till 	 B 	10 

	

37-26 	 B Till 	 B 	10 

	

3 7-27 	 B Till 	 B 	 75 

	

37-2$ 	 B Till 	 B 	6o 

	

37-29 	 B Till 	 B 	30 

	

37-30 	 B Till 	 B 	40 

	

37-31 	 B Till 	 B 	45 

	

37-32 	 Sandy till 	 B 	 45 

	

3 7-33 	 Sandy till 	 B 	 5 

	

37-34 	 Sandy till 	 B 	10 

	

37-35 	 Sandy till 	 B 	15 

	

37-36 	 Sandy till 	 B 	 30 

	

37-37 	 B Till 	 B 	45 

	

37-3$ 	 B Till 	 B 	75 

	

3 7-39 	 B Till 	 ,„ 	B 	50 

	

37-40 	 Sand ? 	 B 	. 75 

	

37-41 	 Sand ? 	 B 	 45 

	

3 7-42 	 B Till 	 B 	75 

	

3 7-43 	 B Till 	 B 	75 

	

37-44 	 B Till 	 B 	 25 

	

37-45 	 B Till 	 B 	45 

	

37-46 	 B Till 	 B 	25 

	

3 7-47 	 B Till 	 B 	 40 

	

37-4-8 	 B Till 	 B 	 10 

	

3 7-49 	 B Till 	 B 	40 

	

37-50 	 B Till 	 B 	 40 

Cu Pb 

5 0 
5 0 
5 0 

10 0 
10 0 

5 0 
10 0 
10 0 
5'. o 

10 0 

0 
'5 0 
5 0 

$0 0 
10 0 

5 0 
5 0 
5 0 
5 0 
5 0 

120 0 
5 0 
5 0 
5 0 

10 0 
20 0 

5 0 
10 0 
20 0 
10 0 

5 0 
5 0 
5 0 

10 0 
5 0 

40 25 
20 0 

5 0 
5 0 
5 5 

10 0 
5 0 

15 0 
10 0 
• 5 0 

5 0 
5 0 
5 0 
5 0 

S.H. 	Zn 



' 

238. 

Samples No. Soil Type S.H. Zn Cu Pb 

37-51 B Till B 25 10 0 
3 7-52 B Till B 25 15 0 
3 7-53 B Till B 45 15 0 
37-54 B Till B 25 25 0 
37-55 B Till B 25 10 0 
37-56 B Till B 25 10 0 

,,--,3 7-57 B Till B 10 5 0 
37-58 B Till B 25 10 0 
37-59 B Till B 25 10 0 
37-60 B Till B 40 15 0 



239. 

Samples No. 	Soil Type  S.H. 	Zn 	Cu 	Pb 

38- 2 	 Till 	 B 	 15 	10 	0 38- 4 	 Till 	 B 	 25 	5 	0 38- 6 	 Till 	 B 	30 	5 	0  
38- 8 	 Till 	 B 	10 	5 	0 
38-10 	 Till 	 B 	10 	5 	o 
38-12 	 B Till 	 B 	 25 	5 	0 $-14 	 Till 	 B 
8-16 	 Till 	 B 	 25 	5 	0 38-18 	 Till 	 B 	15 	5 	0 38-20 	 Till 	 B 	15 	5 	0 

38-22 	 Till 	 B 	 25 	5 	0 
38-24 	 Till 	 B 

38-34 	 Till 	 B 

38-96 	 Till 	 B 
38-98 	 Till 	 B 	30 	200 	0 
38-100 	 Till 	 B 	45 	5 	0 
38-102 	 Till (sandy) 	 B 	150 	10 	0 
38-104 	 Till 	 B 	15 	5 	0 
38-106 	 Till 	 B 	15 	10 	0 

B 	5 	15 	ô 



240. 

Samples No. Soil Type S.H. Zn Cu Pb 

3$-10$ Till B 10 5 0 
3$-110 Till B 25 10 0 
38-112 Till B 50 5 0 
3$-114 Till B 10 10 0 
3$-ll6 Till B 10 15 0 
3$-11$ Till B 10 5 0 

~$-120 Till (sandy) B 10 5 0 
- 	,$-122 Till (clayey) B 45 5 0 



241. 

Samples No. 

38- 1 
38- 3 
3$- 5 

38- 9 
38-11 

8-15 
38-17 
38-19 
38-21 
38-23 
38-25 
38-27 
38-29 
38-31 
38-33 
38-35 
38-37 
38-39 
3$--41 
38-43 
38-45 

j8-49 
38-51 
38-53 
38-55 
3$-57 
38-59 
3e-61 
38-63 
38-65 
38-67 
38-69 
38-71 
38-73 
38-75 
38-77 
38-79 
38-81 
38-83 
38-85 
38-85A 
38-87 
38-89  

Medium sand 
B Till 
B Till 
B Till 
B Till 
B Till 
B Till. 
B Till 
b Till 
B Till 
B Till 
B Till 
B Till 
Residual 
Residual & Till 
Till (sandy) 
B Till 
B Till (sandy) 
B Till (sandy) 
B Till 
B Till 
B' Till 
B Till (sandy) 
Till (sandy) 
Till (sandy) 
B Till 
B Till 
Coarse sand 
Coarse sand 
Residual 
Residual clayey 
Coarse sand 
Coarse sand 
B Till 
Coarse sand 
B Till 
B Till 
B Till 
B Till 
Fine sand 
B Till (sandy) 
B Till 
Coarse sand 
B Till 
Pebbly sand 
Bi>Till 

	

10 	5 	0 

	

50 	10 	0 

	

250 	150 	0 

	

65 	20 	0 

	

25 	20 	0 

	

25 	5 	0 

	

25 	5 	0 

	

45 	25 	0 

	

40 	20 	0 

	

25 	10 	0 

	

25 	10 	0 

	

25 	15 	0 

	

30 	30 	0 

	

30 	25 	0 

	

30 	30 	0 

	

2525 	5 Ô  

	

3o 	5 	0 

	

3

o 	20 	0 

	

o 	80 	0 

	

40 	10 	0 

	

25 	15 	0 

	

25 	5 	0 

	

30 	5 	0 

	

z5 	lô  

	

$Ô 	l
55 	

Ô  

	

50 	10 

	

25 	5 

	

40 	40 

	

30 
	bô 

	

75 	5 
.25 .̀ 	5 

	

25 	10 

	

10 	5 

	

10 	15 

	

35 	5 

	

5 	5 

	

25 	10 

	

l0 	5 

	

5 	5 

	

5 	5 

	

5 	5 

	

5 	.5 

Soil Type 	 S.H. 	Zn 	Cu 	Pb 



242. 

Samples No. Soil Type. S. H. Zn Cu Pb 

39- 1 Sandy till B 5 5 
39- 3 Sand & clay A & B 5 10 
39- 5 Coarse sand B 20 5 
39- 7 Clay B 45 40 
39- 9 Fine sand B 15 5 
39-11 Blue clay B 20 15 

X39-13 Clay-sand B 5 5 
39-15 Fine aazjd B 15 15 
39-17 B Till B .  10 20 
39-19 Fe sand B .15 10 
39-21 Sandy till? B 10 5 
39-23 B Till A&B '20 15 
39-25 B Till B ' 	l0 10 
39-27 Sandy till 
39-29 Sandy till BB 60 	1 0 
39-31 B Till (sandy) B 40 5 
39-33 Gravelly sand B 50 . 	5 
39-35 B Till (clayey) B 10 . 10 
39-37 B Till B 50 15 
39-39 Residual B 8o 5 
39-41 Till & Residual B 	. 100 5 
39-43 Residual B 80 5 
39-45 Residual B 200 `250 

^39-47 B Till B 70 10 
39-49 B Till B 20 5 
39-51 Gossan B $0 40 
39-53 B Till 	(sandy) B 15 5 
39-55 B Till B 25 5 
39-57 B Till (sandy) B 20 10 

39-59 Fine sand B 30 10 0 
39-61 Clay A&B 25 50 0 
39-63 Clay B 30 10 0 
39-65 Residual (clayey) .B 25 10 '0 
39-67 B Till B 40 5 0 
39-69 B Till B 30 . 	10 0 
39-71 B Till B 25 10 0 
39-73 B Till B 25 10 0 
39-75 B Till B .5 10 0 
39-77 B Till B 30 . 	10 0 
39-79 Fine sand B 40 10 0 
39-$1 Fine sand B 40 25 0 
39-$3 Medium sand B 40 25 0 
39-$5 
39-$7 
39-89 
39-91 

Fine bluish sand 
B Till (Sandy) 
Sandy clay 
Sand 

B
- 

 
B 
B 

30 
40 

3ô  1 ô ô  
10. 
25 

0 
0 



S.H. 	Zn 	Çu 	Pb 

B 40 
B 	45 
B 	 25 
B 25 
B 30 
B 50 
A 	 40 
B 10 
B 30 
B 25 
B 25 

B 
40 

B 	 25 
B 10 
B 25 
B 25 
B 25 

B ô  30B  

B
B 	 15 

5 
B 	 25 
B 25 

	

10 	0 

	

10 	0 

	

10 	0 

	

5 	5 

	

5 	0 

	

25 	Ô 

	

5 	0 

	

5 	0 

	

10 	0 

	

5 	0 

	

25 	0 

	

10 	0 

	

10 	0 

	

10 	0 

	

10 	p 

	

15 	Ô 

	

10 	0 

	

25 	0 

	

10 	0 

	

250 	0 

243. 

Samples No. 	Soil Type, 

	

39- 2 	 Residual 

	

39- 4 	 Residual 

	

39- 6 	 Residual 

	

39- 8 	 Till 

	

39-10 	 Till 

	

39-12 	 Till 

	

39-14 	 Till (leached) 

	

/-9-16 	 Till 

	

9-1$ 	 Till 

	

39-20 	 Till 

	

39-22 	 Slump 

	

39-24 	 Till 

	

39-26 	 Residual 

	

39-2$ 	 Slump 

	

3 9-3 9 	 Slump 
39-32 	 Till 
39-34 	 Till 
39-36 	 Till 
39-3$ 	 Till 
39-40 	 Till 
39-42 	 Till (clayey) 
39-44 	 Outwash sand 
39-46 	 Till 



244. 

Samples No. Soil Type. S.H. Zn Cu Pb 

40- 1 Sand A&B 25 10 0 
40- 3 Fine sand A&B 25 10 0 
40- 5 Blue clay - 30 15 0 
40- 7 B. Till B 10 10 0 
40- 9 B. Till (sandy) B 25 15 0 
40-11 B. Till B 25 10 0 
4P-1
1 3 

B. Till. (sandy) B 10 10 0 
Sand B 25 10 0 

4u-17 Fine sand B 10 5 0 
40-19 B. Till (sandy) B 25 0 0 
40-21 B. Till 	(sandy) B 25 0 0 
40-23 Fine sand B 25 0 0 
40-25 Sand B 10 5 0 
40-27 Sand B 15 5 0 
40-29 Sand B 40 0 0 
40-31 Sand B 10 0 0 
40-33 Sand B 25 0 0 
40-3 5 B. Till B 25 25 0 
40-37 B. Till B 25 0 0 
40-39 B. Till B  10 5 0 
40-41 B. Till A&B 30 0 0 
40-43 B. Till (sandy) B 50 25 0 
40-45 B. Till (sandy) B 50 10 0 
1• ~-4? B. Till 	(sandy) B 25 5 0 
L. 	-49 B. Till (sandy) B 40 5 0 
40-51 B. Till A 30 15 0 
40-53 B. Till B 30 16 0 
40-55 B. Till A &B 30 25 0 
40-57 B. Till & Residual B 25 10 0 
40-59 B. Till B 40 15 0 
40-51 Clayey sand B 15 10 0 
40-63 Sandy Till 	(?) B 0 

3ô 
0 

ô 40-65 Residual B ô 
40-67 B. Till B 30 10 0 
40-69 B. Till B 30 5 0 
40-71 B. Till B 25 10 0 
40-73 B. Till B 40 10 0 
40-75 B. Till 	(sandy) B 30 25 0 
40-77 B. Till B 25 10 0 
40-79 B. Till B 25 5 0 
40-$1 B. Till B 25 15 0 
40-$3 B. Till B 30 5 0 
40-$5 Sandy Till B 25 10 0 
4g-$7 Sandy Till B 25 0 0 
40-$9 Sandy Till B 25 10 '0 
40-91 Sandy Till B 40 10 0 
40-93 Sandy Till B 10 5 0 



' 

245 . 

Samples No. Soil Type. S.H. Zn Cu Pb 

40- 2 Blue clay (gritty) - 5 0 0 40- 4 Sand B 10 25 0 40- 6 Till B 5 25 0 40- $ Till B 0 10 0 40-10 Till B 0 10 0 40-12 Till B 0 10 0 40-14 
'0-16 

Till 
Till 

B 
B 

5 
5 

5 
10 

0 
0 

40-1$ Sandy Till B 5 5 0 
40-20 Sandy Till B 10 5 0 
40-22 Till B 10 10 0 
40-24 Till B 5 5 0 
40-26 Till B 
40-2$ Till B 10 0 0 
40-30 Till B 5 0 0 
40-32 Sandy Till B 5 5 0 
40-34 Sandy Till B 15 25 0 
40-36 Till B 60 60 0 
40-3$ Sandy Till B 25 10 0 
40-40 Till B 0 10 0 
40-42 Sandy Till B 10 25 0 
40-44. Till B 0 5 0 
40-46 Till B 10 10 0 

,,at~,0-4$ Till & Slump B 15 200 0 
0-50 Till 	(leached) A 10 10 0 

40-52 Sandy Till B 5 10 0 
40-54 Till B 5 25 0 
40-56 Till B 0 10 0 
40-5$ Till B 5 10 0 
40-60 Till B 0 5 0 
40-62 Till B 5 5 0 
40-64 Till B 5 10 0 
40-66 Till B 5 o o 
40-68 Till 	(sandy) B 0 5 0 
40-70 Till B 5 10 0 
40-72 Till B 5 10 0 
40-74 Till B 30 5 0 
40-76 Till B 10 10 0 
40-7$ Till (coarse sandy) B 5 10 0 
40-$0 Till (sandy) B 5 10 0 
40-$2 Till (coarse sandy) B 50 15 0 
40-$4 Till (coarse sandy) B 25 5 0 
40-$6 Till (coarse sandy) B 40 10 0 
40-8$ Till (leached) A 5 10 0 
40-90 Till (coarse sandy) B 25 10 0 
40-92 Till 	(sandy) B 5 5 0 
40-94 Till (leached) A 5 50 0 
40-96 Till B 0 10 0 
40-98 Till B 25 5 0 
40-100 Till B 25 10 0 
40-102 
40-104 

Till 
Till 

B 
B 

10 
10 

10 
25 

0 
0 



246. 

Samples No. Soil Type. S.H. Zn Cu Pb 

4.0-106 Till B 10 0 
40-10$ Till B 15 10 0 
4.0-110 Till B 25 10 0 
40-112 Till B 25 10 0 
4.0-114 Till 10 10 0 

;-4-0-116 Till 4.0 10 0 



247. 

Samples No. Soil Type. S.H. Zn Cu Pb 

41.- 	1 
41- 3 
41- 5 
41- 7 
41- 9 
41-1.1 
41-13 
41-15 
41-17 
41-19 
41-21 
41-23 
41-25 
41-27 
41-29 
41-31 
41-33 
41-35 
41-37 
41-39 
41-41 
41-43 
41-45 
41-47 
41-49 
41-51 
41-53 
41-55 
41-57 
41-59 
41-61 
41-63 
41-65 
41-67 
41-69 
41-71 
41-73 
41-75 
41-77 
41-79 
41-$1 
41-$3 
41-$5 
41-$7 
41-89 
41-91 

Till 
Till (sandy) 
Re sidual 
Residual 
Residual 
Residual 	(?) 
B. 	Till 	(?) 
Residual. 
Residual 
Residual 
B. Till 
B. Till 
B. Till 
B. 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 
B. Till 
B. 	'fill 
B. Till 
B. Till 
B. Till 
Sandy Till 
B. Till 
Clayey Till 
B. Till 
B. Till 
B. Till 
B. Till 
B. Till 
B. Till 
B. Till 
B. Till 

B. Till 

B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B. 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 

B 

25 
25 
37 
12 
25 
12 
12 
12 
12 
12 
12 

 12 
12 
12 
25 
12 
12 
1$ 
12 
25 
25 

6 
12 
12 

6 
12 
25 
12 
12 
12 

6 
12 
12 
12 
12 
25 

6 
37 
12 
12 
12 
25 
12 
12 

12 

5 
6 

18 
6 
6 
12 

6 
6 

12 
12 
12 
12 
12 
12 
37 
12 
12 
25 
12 
31 

6 
6 
6 
6 
6 
6 
6 
6 

12 
6 
6 
6 
6 
6 
6 
6 
6 

50 
6 
6 
6 
6 
6 

 6 

6 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0  
0 
0 
0 
0 
0 
0 

0 



248. 

Samples No. Soil Type. S,Ht  Zn Cu Pb 

41- 2 Till B 10 20 0 
41- 4 Till B 10 5 0 
41- 6 Till (clayey) B 10 30 0 
41- $ Till B 10 15 0 
41-10 Till B 10 5 0 
41-12 Till B 10 5 0 
.1-14 Till B 10 15 0 
:1-16 Till. B 10 10 0 
41--1$ Till B $0 4000 0 
41-20 Till B 25 250 0 
41-22 Till B 5 300 0. 
41-24 Till B 10 40 0 
41-26 Till (sandy) B 25 $0 0 
41-28 Till B 10 40 0 
41-30 Till B 30 30 0 
41-32 Till (sandy) B 0 20 0 
41--34 Till B 25 200 0 
41-36 Till B 10 25 0 
41-3$ Till B 10 ' 40 0 
41-40 Till B 12 30 0 
41-42 Till B 12 30 0 
41-44 Till 	(clayey) B 25 $0 0 
41-46 Till B 12 10 0 
.p1-48 Till B 12 15 0 
41-50 Till B 12 10 0 
41-.52 Till B 12 15 0 
41-54 Till (leached) A 12 10 0 
41-56 Till B 12 5 0 
41-5$ Till B 12 5 0 
41-60 T311 (Fe stained) B 12 10 0 
41-62 Till B 30 10 0 
41-64 Slump & Till B 12 10 0 
41-66 Till B 6 10 0 
41-6$ Sandy Till B 12 10 0 
41-70 Clayey Till B 1$ 15 0 



Samples No, Soil Type, S.H. 7n Cu 

249. 

Pb 

42- 1 B. Till & residual B 25 10 0 
42- 3 Residual B 12 20 0 
42- 5 Residual B 37 10 . 	0 
42- 7 Residual B 12 10 0 
42- 9 Residual B 12 5 0 
42-11 Residual B 12 10 0 

~42-13 Residual B 12 20 0 
.2-15 B. Till & Residual B 12 5 0 
42-17 B. Till B 12 15 0 
42-19 Residual B 50 15 0 
42-1 Residual B 12 15 0 
42-23 Residual B 300 20 0 
42-25 B. Till B 12 10 0 
42-27 Residual 	(?) B 12 60 0 
42-29 Residual 	(?) B 12 5 0 
42-31 B. Till B 12 5 0 
42-33 B. 	till B 12 5 0 
42-35 B. Till B 37 l0 0 
42-37 B. Till B 25 30 0 
42-39 B. Till B 12 . 	5 0 
42-4.1 B. Till (sandy) B 12 5 0 
42-43 B. Till B 12 10 0 
42-45 B. Till 

B . 	x.11 . B B 
12 
25 5 0 

42-49 B. Till (sandy) B 25 30 0 
42-51 B. Till B 25 5 0 
42-53 
42-55 
42-57 

Sandy Till 
Sand 
Medium sand 

B 
B 
B 

25 
25 
25 

30 
10 
30 

C 
0 
0 

42-59 
42-61 

Fine sand 
B. Till 

B 
. B 

25 
12 

5 
5 

0 
0 

4z-63 Sandy Till B 12 30 0 

42-65 Sandy Till B 12 5 0 
42-67 B. Till B 12 5 0 
42-69 Bi Till B 	, 25 10 0 
42-71 B. Till B 12 10 0 

42-73 
42-75 

B. Till 
B. Till 

B 
B 

25 
25 

5 
10 

0 
0 



Cu Pb 

10 0 
10 0 
5 0 
5 0 

10 0 

5 0 
5 0 
5 0 
5 0 
5 0 
5 0 
5 0 
5 0 
5 0 
5 0 
30 0 
10 	. 0 
10 0 
5 0 
5 0 
10 0 

	

3000 	Ô 

	

60 	0 

	

. 20. 	0 

	

20 	0 

	

5 	0 

	

10 	0 

	

' 10 	0 

	

10 	0 

	

5 	0 

	

30 	0 

	

15 	0 

	

10 	0 

	

10 	0 

	

5 	0 

	

20 	. 0 

	

10 	0 

	

15 	0 

	

5 	0 

	

35 	0 

	

5 	0 

	

15 	. 	0 

	

20 	0 

	

15 	0 

	

10 	0 

	

5 	0 

250. 

Samples No. Soil Type. S.H. Zn 

42- 2 
42- 4 
42- 6 
42- 8 

Sandy Till 
Till. 
Till 
Slump 

B 
B 
B 
B 

12 
6 
12  
12 

42-10 Slump B 12 
42-12 Residual B 12 

'42-14 Till B 25 
42-16 Till B 12 
42-1$ Till B 12 
42-20 Till B 12 	. 
42-22 Till B 	. 12 
42-24 Till B 12 
42-26 Till B 12 
42-2$ Till B 6 
42-30 Till B 12 
42-32 Till B 12 
42-34 Till B 12 
42-36 Till B 12 
42-38 Till B 12 
42-40 Till B 12 
42-42 Slump B 12 
42-44 Slump B 12 

,.-. ,42-46 Slump B 12 
42-4$ Till B ?5 
42-50 Slump B 12 
42-52 Slump B 25 
42-54 Till B 12 
42-56 Till B 12 
42-5$ Slump B 25 
42-60 Residual B 25 
42-62 Till B 25 
42-64 Till B 12 
42-66 Till 	(clayey) B 12 
42-6$ Till B 12 
42-70 Residual B 12 
42-72 Till B . 	12 
42-74 Till B 25 
42-76 Till B 	, 150 
42-7$ 
42-$0 Till B 150 
42-$2 Till B 	. 12 
42-$4 Till B 25 
42-$6 Till B 25 
42-$8 
42-90 Till B 12 
42-92 Till B 	' 12 
42-94 Till B 12 
42-96 Till. B 12 
42-9$ Till B 12 
42-100 Till B 25. 



251. 

Samples No. Soil Type. S.H. Zn Cu Pb 

42-102 Till B 12 5 0 
42-104 Till B 25 15 0 
42-106 
42-108 

Till 
Till 

B B  15 
12 

10 
5 

0  
0 

42-110 Till (sandy) B 25 10 0 
x...42-112 Till 	(sandy) B 25 15 0 

r2-114 Residual B 25 10 0 
42-116 Till B 25 5 0 
42-11$ Till B 25 10 0 
42-120 Till B 12 10 0 



252. 

Samples No. Soil Type S.H. Zn Cu Pb 

43- 2 Till B 15 10 0 
43- 4 Till (sandy) B 30 20 0 
43- 6 Till (sandy) B 70 25 0 
43- $ Clay B 5 5 0 
43-10 Till (sandy) B 10 10 0 
43-12 Till 	(sandy) B 5 5 0 
43-14 Till (sandy) B 5 5 0 
-16 Till (Fe rich) B 10 25 0 

4.3-1$ Till B 40 30 0 
43-20 Till B 10 15 0 
43-22 Blue clay -- 15 5 0 
43-24 Till B 40 10 0 
43-26 Till B 15 10 0 
43-2$ Blue clay - 10 10 0 
43-30 Sandy clay B 15 10 0 
43-32 Clay B 15 10 0 
43-34 Sandy clay B 10 5 0 
43-36 Sandy Till B 40 5 0 
43-38 Sandy Till B 25 5 0 
43-40 Sandy clay B 10 5 0 
43-42 Blue clay 25 10 0 
43-44 Blue clay - 15 15 0 



253. 

Samples No. Soil Type. S.H. Zn Cu Pb 

44- 2 Blue clay - 25 20 0 
44- 4 Blue clay - 20 5 0 
44- 6 Blue clay (leached) A 20 5 0 
44- 8 Till 	(sandy) B 5 5 0 
44-10 Till B 10 5 0 
44-12 Till B 10 5 0 
• %4-14 Blue clay - 20 5 0 

-~ 4-16 Till B 15 15 0 
44-18 Till B 70 J2 0 0 
44-20 Blue clay - 15 10 0 
44-22 B. Till B 5 5 .0 
44-24 B. Till B 5 10 0 
44-26 B. Till B 5 5 0 
44-28 B. Till 	(sandy) B 20 30 0 
44-30 Blue clay - 15 10 0 
44-32 Sandy clay B 15 10 0 
44-34 Sandy clay B 10 5 0 
44-36 Fine sand B 15 5 0 
44-38 Fine sand B 10 5 0 
44-40 Fine sand B 20 5 0 
44-42 Fine sand B 35 10 0 
44-44 Med. sand B 15 10 0 



254. 

Samples No. Soil Type. S.H. Zn Cu Pb 

45- 1 B. Till 	(sandy) B 5 15 0 
45- 3 Blue Sandy Clay 10 10 0 
45- 5 Fine clayey sand B. 20 15 0 
45- 7 Brown clayey sand B 15 15 0 
45- 9 Blue clay 20 20 0 
45-11 Blue clay 40 20 0 

-45-13 Blue clay 20 20 0 
45-15 Blue clay (sandy) - 15 15 0 
45-17 Sandy till (?) 10 10 0 
45-19 Sandy till (?) B 15 15 0 
45-21 B. Till A & B .5 5 0 
45-23 Fine brown sand B 10 10 0 
45-25 Fine sand B 10 15 0 
45-27 Fine sand B 15 10 0 
45-29 B. 	Till 	(?) B 10 15 0 
45-31 Brown sand B 20 30 0 
45-33 Brown sand B 15 20 0 
45-35 Blue clayey sand - 20 20 0 
45-37 Blue clay - 30 15 0 
45-39 Blue clay - 35 20 0 
45-41 Blue clay - 15 15 0 
45-43 B. Till B 40 40 0 
45-45 B. Till (clayey) B 20 20 0 . 
45-47 B. Till (clayey) B 30 25 0 
45-49 B. Till B 10 - 35 0 
45-51 B. Till 	(sandy) B 5 40 0 
45-53 B. Till (sandy) 

B 
30 

15 Ô 45-55 Sandy clay 
45-57 Rusted silt B 15 5 0 
45-59 B. Till B 140 . 120 0 
45-61 Blue sandy clay - 40 30 0 
45-63 Blue clay - 25 20 0 
45-65 Residual, rusty B 15 15 20 
45-67 B. Till(?) B 20 30 0 
45-69 Clay B 120 50 0 
45-71 Blue clay - 30 25 0 
45-73 Blue clay - 25 15 0 
45-75 Fine sand B & C 200 60 0 
45-77 B. Till B 60 15 60 
45-79 B. Till B 10 10 0 
45-$1 B. Till B $0 50 0 
45-$3 B. Till B 80 15 0 
45-85 B. Till B 10 10 0 
45-$7 Fine sand 

BB 
0 

ô 45-$9 Fine sand 15  ô0 
45-91 
45-93 

Fine sand 
Fine sand 

B 
B 

15 
20 

10 
20 

0 
0 



255. 

Samples No. Soil Type. S.M. Zn Cu Pb 

45- 2 Sandy clay B 20 15 0 
45- 4 Sandy clay B 15 15 0 
45- 6 Sand B 10 10 0 
45- $ Clayey sand B 15 15 0 
45-10 Till (clayey) B 30 10 0 
45-12 Sandy clay B 15 20 0 
1,5-14 Blue clay 10 15 0 
(5-16 Clay B 25 20 0 
45-1$ Till (clayey) B 20 10 0 
45-20 Blue clay - 10 5 0 
45-22 Sandy clay B 15 5 0 
45-24 Sandy Till B 35 5 0 
45-26 Sandy Till B 15 20 0 
45-2$ Till (Fe stained) B 10 5 0 
45-30 Till (sandy) B 5 5 0 
45-32 Till (sandy) B 10 '5 0 
45-34 Till (sandy) B 20 20 0 
45-336 Till (sandy) B 15 25 0 
45-13$ Till (sandy) B 15 20 0 
45-40 Blue clay - 15 15 0 
45-42 Till (sandy) B 20 20 0 
45-44 Till B 25 50 0 
45-46 Blue clay 20 35 0 

.'-- 5-4$ Till (Fe stained) B 15 10 0 
45-50 Till B 15 50 0 
45-52 Till (Fe stained) B 10 10 0 
45-54 Residual B 10 10 0 
45-56 Till (Fe rich) B 10 10 0 
45-5$ Sandy clay B 35 30 0 
45-60 
45-62 

Blue clay 
Coarse sand 

- 
B 20 

5 
10 0 

45-64 Clay B 15 5 0 
45-66 Sandy clay B 20 10 0 
45-6$ Sandy clay B 20 10 0 
45-70 Blue clay 25 15 0 
45-72 Blue clay - 15 5 .0 
45-74 Blue clay - 30 25 0 
45-76 Clay - 5 20 0 
45-7$ Clayey till B 15 10 0 
45-$0 Clayey till B 10 20 0 
45-$2 Clay B 20 5 0 
45-84 Clay B 25 15 0 
45-$6 Clay B 5 30 0 
45-88 Sandy till B 10 10 0 
45-90 Sandy till B 5 5 0 
45-92 Sandy till B 10 5 0 
45-94 Sandy till B 15 15 0 
45-96 ClaYey till B 10 40 0 



256: 

Samples No. Soil Type. S.H. Zn Cu Pb 

46- 1 Blue sandy Clay - 10 10 0 
46- 3 B. Till B 10 5 0 
46- 5 Sand B 20 25 0 
46- 7 Blue clay - 40 10 0 
46- 9 Blue clay - 10 10 0 
46-11 Blue clay - 20 10 0 
46-13 
"----)-15 

Clayey sand 
B. Till (sandy) 

B 
B 

10 
20 

10 
20 

0 
0 

46-17 Clayey sand- Blue - 10 10 0 
46-19 Blue clay - 20 10 0 
46-21 Blue clay - 20 10 0 
46-23 B. Till B 20 40 0 
46-25 Sandy Till B 10 10 0 
46-27 Clay B 20 10 0 
46-29 Clay B 20 10 0 
46-31 Blue clay - 20 10 0 
46-33 Fine sand B 30 20 0 
46-35 Clayey sand B 10 10 0 
46-37 Sandy Till B 30 10 0 
46-39 Sandy Clay B 10 10 0 
46-41 Clayey sand B 10 10 0 
46-43 Sandy Clay B 20 .10 0 
46-45 Clayey sand B 10 10 0 

,-1.6-47 Fine sand B 20 10 0 
.6-49 Fine sand B 10 10 0 



257. 

Samples No. Soil Type, S.H. Zn Cu Pb 

46- 2 Blue clay - 5 25 0 
46- 4 Blue clay - 30 15 0 
46- 6 Clay - 15 15 0 
46- 8 Clay - 20 20 0 
46-10 Till B 20 15 0 
46-12 Till (sandy) B 5 2.0  0 
)±,6-14 Residual B 5 10 0 

-16 Residual (sandy) B 5 40 0 
4b-18 Sandy till B 5 5 	. 0 
46-20 Clayey till B 15 5 0 
46-22 Clayey till B 15 5 0 
46-24 Sandy. till B 10 30 0 
46-26 Sandy till B 15 25 0 
46-28 Sandy till B 20 5 0 
46-30 Sandy clay B 15 10 0 
46-32 Sandy clay B 15 5 0 
46-34 Sandy till B 15 5 0 
46-36 Sandy till B 35 5 0 
46-38 Clayey till A 10 5 0 
46-40 Sandy till B 20 5 0 
46-42 Sandy B 35 5 0 
46-44 Sandy B 10 10 0 
46-46 Till B 25 5 0 

`
L6-48 Till B 5 5 0 
i-50 Till B 5 .5 0 

46-52 Fine sand B 30 10 0 
46-54 3o 5 0 
46-56 Blue clay - 40 10 0 
46-58 3o 10 0 
46-6o 20 10 0 
46-62 Till B 20 10 0 
46-64 Sandy clay B 20 15 0 
46-66 20 10 0 
46-68 40 50 0 
46-7o 50 15 0 
46-72 B. Till B 10 5 0 
46-?4 B. Till B 10 5 0 
46-76 B. Till B 20 10 0 
46-78 B. Till B 10 10 0 
46-8o 5o 250 0 
46-82 20 40 0 
46-84 20 10 0 
46-86 20 20 0 
46-88 B. Till B 10 10 0 
46-90 10 20 0 
46-92 l0 15 0 
46-94 20 20 0 
46-96 Blue sandy clay - 20 15 0 
46-98 20 20 0 
46-100 Sandy clay 30 20 0 



258. 

Samples No. 

47- 1 
47- 2 
47- 3 
47- 4 
47- 5 
47- 6 
,k7- 7 

'- $ 
0- 9 
47-10 
47-11 
47-12 
47-13 
47-14 
47-15 
47-16 
47-17 
47-le 
47-19 
4 7-20 
47-21 
47-22 
47-23 
/"17-24 
Y1-25 
47-26 
47-27 
47-2$ 
47-29 
47-30 
47-31 
47-32 
47-33 
47-34 
47-35 
47-36 
47-37 
47-3$ 
47-39 
47-40 
47-41 
47-42 
47-43 
47-44 
47-45 
47-46 
17-47 
47-4$ 
47-49 
47-50 
47-51 
47-52 
47-53 
47-54 
47-55 

Soil Type, S.H. Zn Cu Pb 

Blue clay - 20 15 0 
Blue clay _ 30 20 0 
Blue clay - 20 30 0 
Blue clayey sand - 10 10 0 
Fine blue sand - 30 20 0 
Fine sand B 20 10 0 
Sand B 10 
Med. sand II 10 10

5 
0 

B. Till 	(sandy) B 10 15 0 
B. Till (sandy) B 20 10 0 
Clayey blue sand - 20 10 0 
Med. sand B 20 10 0 
B. Till (sandy) B 10 10 0 
B. Till B 10 10 0 
B. Till (sandy) 
Fine clayey sand 

B 
B 

20 
20 

10 
10 

0 
0 

B. Till (sandy) B 20 10 0 
Blue clayey sand 20 15 0 
Blue clayey sand - 20 10 0 
Blue clayey sand - 20 15 0 
Fine sand B 40 3o 0 
B. Till 	(sandy) B 20 10 0 
Blue clay - 20 20 0 
Med. blue sand - '20 50 0 
B. Till (sandy) B 10 20 	~ 0 
B. Till B 40 40 0 
B. Till B 10 10 0 
B. Till B 10 10 0 
Med. sand B 40 50 0 
Sandy till B 10 10 0 
Sandy till 
Sandy till. 	(Fe) 

B 
B 

10 
10 

5 -5 0 
0 

Sandy till B- 20 40 0 
B. Till (sandy) B 30 
B. 	Till (sandy) B 40 25 0 
B. Till B 60 35 0 
B. Till B 25 10 0 
B. Till B 40 5 0 
B. Till 	(sandy) B 20 5 0 
B. Till B 45 50 0 
B. Till B 10 15 0 
B. Till B 20 5 0 
B. Till B 25 20 0 
B. Till B 10 5. 0 
B. Till (sandy) 
Blue clayey sand 

- 
- 

40 
20 

10 
15 

0 
0 

Med. sand B 10 5 0 
Fine clayey sand 
Fine sand 

B 
B 

20 
10 

5 
5 

0 
0 

Fine sand B 50 10 0 
Blue clayey sand 30 20 0 
Blue clayey sand 20 15 0 

7 

B. Till (sandy) 
Sand 
Micauous sand 

B 
B 

10 
40 

45 
20 

0 
0 



259. 

Samples No. Soil Type. S.H. Zn Cu Pb 

47-56 Clayey blue sand - 20 10 0 
47-57 Fine sand B 20 5 0 
47-5$ B. Till (sandy) B 20 45 0 
47-59 B. Till (sandy) B 20 10 0 
47-60 B. Till B 30 5 0 
47-61 B. Till B 20 5 0 
4Z-62 

-63 
Fine sand 
Dark clayey sand 

B 
B 

10 
30 

5 
5 

0 
0 

4j-64 Fine bluish sand - 20 5 	. 0 
47-65 Med. sand B 120 30 0 
47-66 Brown clay 

BB 47-67 Clay 40  5 0 
47-68 B. Till B 10 5 0 
47-69 Blue clay - 20 5 0 
47-70 Blue sand - 20 `;5 b 
47-71 Blue clayey sand - 30 5 0 
47-72 Fine sand B 20 5 0 
47-73 Blue clay - 20 10 0 
47-74 B. Till (clayey) B 10 20 0 
47-75 B. Till B 15 $0 0 
47-76 B. Till B 20 10 0 
47-77 B. Till B 10 5 0 
47-7$ B. Till B 20 10 0 
.)-7- 79 B. 	Till. B 40 40 0 

-$0 B. Till B 40 5 0 



260. 

Samples No. Soil Type S.H. Zn Cu Pb 

48- 1 
48- 3 
48- 5 
48- 7 
48- 9 
48-11 

r'$-13 
.$-15 
48-17 
48-19 
48-21 
48-23 
48-25 
48-27 
48-29 
48-31 
48-33 
48-35 
48-37 
48-39 
48-41 
48-43 
X1,8-45 
8-47 

48-49 
48-51 
48-53 

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 
Sandy clay 
Blue sandy clay 
Blue clay 
Med. sand 

B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
- 
B 
B 
- 
B 
B 
- 
- 
B 
B 
- 
B 
B 

120 
1200 
50 
80 
30 
10 
30 
20 
60 
60 
30 
20 
40 
50 
15 
20 
20 
20 
30 
30 
30 
20 
10 
10 
10 
10 
10 

1000 
600 
200 
550 
160 
80 
160 
80 
160 
80 
10 
5 
20 
600 
10 
35 
20 
20 
5 
15 
15 
10 
5 
10 
10.  
5 
5 

60 
160 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



261. 

Samples No. Soil Type. S.H. Zn Cu Pb 

48- 2 Sand B 10 5 0 
48- 4 Sandy clay B 20 10 0 
48- 6 Till (sandy) B 20 8o 0 
48- 8 B. Till B 30 35 0 
48-10 Till B 10 10 0 
48-12 Till B 10 . 	5 0 
'-'8-14 
.1.8-16 

Till (Fe stained) 
Till 

B 
B 

5 
5 

10 
10 

0 
0 

48-18 Till B 20 10 .0 
48-20 Till B 20 2.5 0 
48-22 Blue clay - 20 5 0 
48-24 Blue clay - 10 5 0 
48-26 Blue clay - 30 10 0 
48-2$ Blue clay 10 10 0 
48-30 Sandy clay - 10 10 0 
48-32 Sandy clay - 20 15 0 
48-34 Sandy clay - 10 5 0 
48-36 Clay - 40 10 0 
48-38 Sandy clay - 20 5 0 
48-40 Sand (Fe) B 10 10 0 
48-42 Sandy clay - 30 5 0 
48-44 

,.1...8_46 
Sandy clay 
Blue clay 

- 
_ 

20 
30 

15 
20 

0 
0 

8-48 Sandy clay - 30 15 0 
48-50 Sandy clay - 10 5 0 
48_52 Blue clay - 20 5 0 
48-54 Blue clay - 20 . 10 0 
48-56 Sandy clay - 10 15 0 
48-58 • B. Till 	(sandy) B 15 15 0 
48-60 B. Till 	(clayey) B 20 20 0 
'48-62 
48-64 

Clay 
Sandy clay 

B 
B 

20 
10 

10 
10 

0 
0 

48-66 Sandy clay B 20 15 0 
48-68 Clay B 20 20 0 
'48-70 
48-72 

Clay 
Clay 

B 
B 

10 
30 

10 
25 

0 
0 

48-74 Clay B 20 30 0 
48-76 Sandy clay B 40 50 0 
48-78 Till (sandy) B 30 30 0 
48-80 
48-82 
48-84 

Till (clayey) 
Till 
Till 

B 
B 
B 

20 
10 
30 

40 
30 
50 

0 
0 
0 

48-86A 
48-86 
46-$8 
46-90 

Till (clayey) 
Till 
Till 
Till 

B 
B 
B 
B 

40 
20 
20 
30 

120 
45 
50 
60 

0 
0 
0 
0 

46-92 
46-94 

Sandy clay 
Till B 	1 ~ô $ 

450 
3ô 



262. 

Samples No. Soil Type. S.H. Zn Cu Pb 

49- 1 
49- 3 
49- 5 
49- 7 
49- 9 
49-11 
~1-13 
,9-15 
49-17 
49-19 
49-21 
49-23 
49-25 
49-27 
49-29 
49-31 
49-33 
49-35 
49-37 
49-39 
49-41 
49-43 
X4:9-45 

9-47 
49-49 
49-51 
49-53 
49-55 
49-57 
49-59 B. 
49-61 
49-63 
49-b5 
49-67 
49-69 
49-71 
49-73 
49-75 
49-77 
49-79 
49-$1 
49-$5 
49-$5A 

Fine clayey sand 
B. Till 
B. Till 	(sandy) 
Sandy Till 
Brownish clay 
Sandy Till (?) 
Blue clay 
Clay 
Sandy Till 
Fine sand 
Light buown clay 
B. Till 
B. 	Till. 
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 & Residual 
B. Till & Residual 
B. Till 
B. Till 

Till & 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) 

B 
B 
B 
B 
B 
B 
- 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 

B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 

20 
10 
15 
25 
20 
15 
25 
25 
15 
10 
25 
15 
5 
10 
10 
25 
15 
60 
15 
35 
6o 
300 
5 
5 
20 
35 
10 
l0 
10 
140 
10 
40 
50 
10 
5 
40 
15 
250 
15 
40 
40 
25 
40 

15 
5 
5 
10 
10 
5 
5 
5 
5 

15 
20 
5 
5 
5 
5 
5 
10 
15 
5 
40 
140 
$00 

5 
5 

150 
550 
70

. 

5 
lo 
270 
5 

5o 
40 
5 
5 
25 
5 

140 
15 
45 
10 
$0 
80 

0 
0 
0 
0 

30 
o 
0 
0 
0 
0 



r  

263. 

Samples No. Soil Type. S.H. Zn Cu Pb 

49- 2 Residual B 10 550 0 
49- 4 Residual (humus) A & B 55 $00 0 
49- 6 Residual B 350 4000 0 
49- $ Coarse sandy Till B 15 90 0 
49-10 Residual B '30 15 0 
49-12 Till B 40 160 0 
49-14 Till B 45 90 0 
49-16 Till B 20 10 0 
49-1$ Till B 30 10 0 
49-20 Till (sandy) B 30 30 0 
49-22 Gray sand B 30 5 0 
49-24 Gray sand B 55 160 0 
49-26 Till B 15 5 0 
49-2$ Till B 40 55 0 
49-30 Till B 20 40 0 
49-32 Till B 35 20 0 



264. 

Samples No. Soil Type. S.H. Zn Cu Pb 

50- 1 Coarse sand B 50 25 0 
50- 3 Gravelly sand B 35 10 0 
50- 5 Sandy Till B 15 5 0 
50- 7 Sandy Till B 30 10 0 
50- 9 Sandy Till B 30 15 0 
0-11 Beach sand B 45 10 0 
).-13 Fine sand B 15 10 0 

'0-15 Green sand B 15 10 0 
50-17 B. Till B 10 5 0 
50-19 Sandy Till B 15 5 0 
50-21 Sandy Till B 20 5 0 
50-23 Fine beach sand B 15 5 0 
50-25 B. Till B 30 10 0 
50-27 B. Till B 40 5 0 
50-29 B. Till B 35 5 0 
50-31 B. Till B 40 5 0 
50-33 B. Till B 20 5 0 
50-35 B. Till B 40 5 0 
50-37 B. Till B 40 10 0 
50-39 Coarse beach sand B 40 5 0 
50-41 B. Till B 35 20 0 
50-43 B. Till (sandy) B 35 5 0 
-40-45 B. Till B 30 5 0 
_0-47 B. Till B 30 5 0 
50-49  B. Till 	(sandy) B 25 5 0 
50-51 Coarse sand B 20 5 0 
50-53 Coarse sand B 20 5 0 
50-55 Med. sand B 15 5 0 
50-57 B, Till B 20 10 0 
50-59 B. Till B 35 5 0 
50-61 B. Till B 40 30 0 
50-63 B. Till B 30 10 0 
50-65 Sandy (till?) B 40 10 0 



265. 

Samples No. Soil Type. S.H. Zn Cu Pb 

50- 2 Sandy till B 15 5 0 50- 4 Residual B 10 5 0 
50- 6 Residual (leached) A 10 5 0 
50- $ 
50-10 

Residual 
Residual (leached) 

B 
A 

15 
10 

5 
5 

0 
0 50-12 Till B 20 10 0 

7_50-14 Till B 15 5 0 
50-16 Blue clay, sandy B & C 35 60 0 50-1$ Sandy till B 25 5 0 
50-20 Sandy clay B 30 20 0 50-22 Blue clay - 20 10 0 
50-24 Sandy clay B 40 10 0 
50-26 Sandy clay B 25 60 0 
50-2$ Blue clay - 15 5 0 
50-30 B. Till B 20 5 0 
50-32 B. Till B 35 5 0 
50-34 B. 	Till 	. B 40 15 0 
5o-36 B. Till B 15 10 0 
50-3$ B. Till 	(sandy) B 15 5 0 
50-40 Sandy Till B 30 45 0 
50-42 Sandy Till B 10 10 0 
50-44 Till B 5 10 0 
50-46 

,--, 50-4$ 
Blue clay 
Sandy clay 

- 
B 

5 
5 

5 
5 

0. 
0 

50-50 Till B 15 5 0 
50-52 ,Blue clay - 5 15 0 
50-54 Till (Fe stained) B 5 10 0 
50-56 Till B 5 10 0 



266. 

Samples No. Soil Type. S.H. Zn Cu Pb 

51- 1 B. Till B 5 5 0 
51- 2 B. Till B . 5 5 0 
51- 3 B. Till B 5 5 0 
51- 4 B. Till B 5 5 0 
51- 5 
51- 6 

B. Till 
B. Till 

B 
B 

5 5 0 
"1- 7 B. Till B 10 10 0 
1- $ 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 
51-1$ Sandy Till B 50 15 0 
51-19 Sandy n11 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 
)1-24 B. Till B 20 15 0 
51-25 B. Till B 40 25 0 



267. 

Samples No. Soil Type. S.H. Zn Cu Pb 

52- 1 Clayey blue sand - 15 10 
52- 2 B. Till B 10 5 
52- 3 B. Till B 10 10 
52- 4 Sand B 5 5 
52- 5 Sandy B. Till B 10 10 
52- 6 

---'2- 	7 
Sandy Till 
Gravelly sand 

B 
B 

15 10 

.,2- $ Gravelly outwash B 20 10. 
52- 9 B. Till B 30 10 
52-10 Fine sand B 10 10 
52-11 B. Till B 15 10 
52-12 B. Till B 10 10 
52-13 B. Till B 15 10 
52-14 Residual & Till B 10 10 
52-15 B. Till B 10 
52-16 Fine sand B 10 10 
52-17 Fine gravel B 15 10 
52-18 Med. sand B 10 5 
52.-19 Med. sand B 10 10 
52-20 Fine sand B 10 . 	10 
52-21 Med. sand B 10 5 
52-22 Fine sand B 10 10 

,.52-23 Fine sand B 5 10 
2-24 Fine sand B 10 10 

52-25 Sandy Till (?) B 15 10 0 
52-26 Sandy Till B 15 10 0 
52-27 Sandy Till B 10 10 0 
52-2$ B 10 5 0 
52-29 Compact white clay B 20 20 0 
52-30 Fine clayey sand B 20 20 0 
52-31 Blue clayey sand B 20 20 0 
52-32 Sandy Till B /i0 25 0 
52-33 B. Till B 20 10 0 
52-34 B. Till B 90 10 0 
52-35 B. Till B 20 10 0 



268. 

Samples No. Soil Type. S.H. Zn Cu 	Pb 

53- 1 B. Till B 15 30 
53- 2 B. Till B 20 
53- 3 B. Till B 15 10 
53- 4 B. Till B 15 10 
53- 5 Sand B 40 10 
53- 6 B. Till B 25 10 

7 ,53- B. Till B 15 10 
3- $ B. Till B 20 5 
73- 9 B. Till B 20 5 
53-10 B. Till B 20 10 
53-11 B. Till B 20 10 
53-12 B. Till B 15 5 
53-13 B. Till B 15 5 
53-14 B. Till B 10 5 
53-15 B. Till & sand B 15 15 
53-16 B. Till B 10 10 
53-17 B. Tî11 B 15 5 
53-18 B. Till B 25 10 
53-19 B. Till B 15 5 
53-20 B. Till B 15 10 
53-21 Sandy Till B 20 10 
53-22 Clay B 10 10 
53-23 B. Till B 10 10 
r5,3-24 B. Till 	(sandy) 	. B 15 10 

3-25 Sandy B-Till B 20 20 
53-26 Till & Slump B 15 15 
53-27 B. Till B 15 10 
53-28 B. Till B 10 5 
53-29 Residual B 10 10 



Samples No. Soil Type. S.H. Zn Cu 

269: .~ 

Pb 

54- 1 B Till B 45 150 0 
54- 2 IIed. 	sand B 40 20 0 
54- 3 Blue clay 50 15 0 
54- 4 Sand B 50 15 0 

' 	54- 5 Med. outwash sand B 40 10 0 
54- 6 B-Till B 35 10 0 
54- 7 B-Till B 20 15 0 

/-̀ 4- 8 B-Till (clayey) B 25 15' 0 
54- 9 B-Till B 30 10 0 
54-10 B-Till B 0 
54-11 Clayey sand B 15 	• 5 0 
54-12 B-Till B 60 30 0 
54-13 Blue sandy clay • 10 5 . 0 
54-14 B-Till B 15 30 0 
54-15 B-Till B 15 10 0 
54-16 B-Till B 25 20 0 
54-17 B-Till B 10 35 0 
54-18 Blue clay 20 5 0 
54-19 Till B 10 5 0 
54-20 Clayey till B 30 3.0 0 
54-21 Blue clay 10 20 0 
54-22 Sandy Till B 5 10 0 
54-23 Till B 5 5 0 

„,-54-24 Till B 15 10 0 
)4-25 Till (clayey) B 15 10 0 
54-26 	• Till B 50 15 0 
54-27 Till B 40 15 0 
54-28 Sandy Till B 10 10 0 
54-29 Sandy Till B 20 10 0 
54-30 Sandy Till B 15 10 0 
54-31 Till B 10 5 0 
54-32 Till B 25 10 0 
54-33 Till B o 
54-34 Till B 30 10 0 



270. 

Samples No. Soil Type. 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- 4 B Till B 15 10 0 
55- 5 B Till B 20 10 0 
55- 6 B Till B 40 10 0 
r~- B Till B 90 15 0 
- $ 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 
55-1$ Till B 20 10 0 



271. 

Samples No. Soil Type. S.H. Zn Cu Pb 

56- 1 B-Till B 15 10 0 
56- 2 B-Till 8 20 10 0 
56- 3 B-Till B 140 5 0 
56- 4 B-Till B 20 20 0 
56- 5 B-Till B 30 20 0 
56- 6 B-Till B 10 15 0 
$-6- 7 Sand B 15 10 0 
)- $ B-Till B 25 10 0 

56- 9 B-Till B 1+.5 20 0 
56-10 B-Till B 45 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 
rai-24 B-Till B 20 15 0 
,6-25 B-Till B 25 20 0 
56-26 B-Till B 110 15 0 
56-27 B-Till B 35 15ç 0 
56-2$ B-Till B 15 10 0 
56-29 B-Clay B 15 10 0 
56-30 B-Clay B 30 15 D 
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 
56-3$ Clay B 25 5 0 
56-39 Till B 10 5 0 
56-40 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 
56-44 Till B 20 10 0 
56-45 Sandy Till B 10 5 0 
56-46 Sandy Till B 30 15 0 
56-47 Till (leached) A 15 5 0 
56-4$ 
5 6-49 
56-50 
56-51 
56-52 

Blue clay 
Till 
Till (clayey) 
Till (sandy) 
Till (sandy) 

B 
B 
B 
B 
B 

10 
40 
30 
40 
10 

15 
20 
10 
10 
10 

0 
0 
0 
0 
0 

56_53 
56-54 

Till (sandy) 
Fine sand 

BB 
 15  ô ô  



,272: 

Samples No. Soil Type. S.I. Zn Cu Pb 

56-55 Till B 15 10 0 
56-56 Till B 50 25 0 
56-57 Clay B 10 5 0 
56-5$ Till B 20 10 0 
56-59 Till B 20 10 0 
56-60 B-Till B 50 10 0 

,_56-451 B-Till B 10 10 0 
642 B-Till B 35 10 0 
56-63 B-Till B 30 10 0 
56-64 B-Till B 40 10 0 
56-65 B-Till B 10 10 0 



Samples No. Soil Type„ S.H. Zn Cu 

57- 1 
57- 2 
57- 3 
57-4 

Blue clay 
B. Till 
B. Till 
B. Till 

B 
B 
B 

15 
5 

15 
10 

10 
5 
5 
10 

57- 5 Sandy Till B 10 10 
57- 6 Sandy Till B 10 10 

7 Sandy Till B 10 5 
5' 	$ Sandy Till B 10 5 
57- 9 Sandy Till B 5 5 
57-10 Sandy Till B 10 5 
57-11 Residual, clayey B 10 5 
57-12 Residual, 	clayeyy B ' 	5 5 
57-13 Till B 5 5 
57-11+ Till B 5 5 
57-15 Till B 20 5 
57-16 Fine sand B 10 10 
57-17 Till B 300 100 
57-18 Brown clay B 10 10 
57-19 B. Till B 10 10 
5 7-20 B. Till B 15 40 
5 7-21 B. Till B 10 10 
57-22 B. Till 	(sandy) ir 10 15 
57-23 B. Till B 10 10 
5; 24 B. Till B 15 10 
5 	25 B. Till B 30 10 
5 7-26 B. Till B 40 5 
57-27 B. Till B 15 15 
57-2$ B. Till B 15 10 
57-29 B. Till B 10 5 
57-30 B. Till 	(sandy) B 10 10 
5 7-31 B. Till B 20 10 
57-32 B. Till B 10 10 
57-33 B. Till B 10 10 
57-34 B. Till 	(sandy) B 10 10 
57-35 B. Till B 10 25 
57-36 B. Till B 15 5 
57.737 B. Till B 20 15 
57-38 B. Till 	(sandy) B 25 50 
57-39 B. Till B 25 15 
57-4D B. Till B 15 10 
57-41 Till B 40 $0 
57-42 Till B 30 30 
57-43 Till B 25 60 
57-44 Till B 30 30 
57-45 Till B 20 20 
57-46 Sand B 10 20 
57-47 Sand B 25 40 
57-48 Slump B 15 25 
57-49 Till B 15 25 
57-50 Slump & Till B 15 10 
57-51 Slump & Till B 15 10 

273 

Pb 



274. 

Samples. No. Soil Type. S.H. Zn Cu Pb 

5$- 1 Blue clay and Sand B 15 10 0 
5$- 3 Sand B 10 
5$- 5 Blue sand B 15 10 0 
5$- 7 Till (sandy) B 20 15 0 
5$- 9 Till (sandy) B 15 10 0 
5$-11 Till (sandy) B 10 5 0 
/A-13 Till (sandy) B 10 15 0 

-15 Yellow clay B 5 10 0 
5$-17 Sand B 10 5 0 
5$-19 B-Till (Sandy) B 5 5 0 
5$-21 Blue clay 25 15 0  
5$-23 Yellow clay B 10 10 0 
5$-25 B-Till B 20 10 0 
5$-27 B-Till B 15 10 0  
5$-29 B-Till B 30 20 0 
5$-31 B-Till B 20 10 0  
5$-33 B-Till B 25 10 0  
5$-35 B-Till B 45 10 0  
5$-37 Sand B 15 10 0 
58-39 Till (sandy) B 25 20 0  
5$-41 Till (sandy) B 20 15 0  
5$-43 B-Till B 25 20 0  
5$-45 B-Till B 45 15 0  

r`8-47 B-Till B 60 35 0  
,$-49 B-Till B 35 20 0  
5$-51 Sand A. 55 20 0  
5$-53 Blue clay 30 15 0 



275. 

Samples No. Soil Type. S.H. Zn Cu Pb 

5$- 2 Till B 10 10 0 
5$- 4 Till B 10 10 0 
5$- 6 Till 	(sandy) B 20 10 0 
5$- $ Till (sandy) B 10 5 0 
5$-10 Till B 20 10 0 
5$-12 Till (sandy) B 10 15 0 
$-14 Till (clayey) B 10 10 0 
1-16 Sandy clay B 10 10 0 

5$-1$ Till B 15 10 0 
58-20 Till B 10 5 0 
5$-22 Till (sandy) B 50 25 0 
5$-24 Till B 45 15 0 
5$-26 Till B 30 10 0 
5$-2$ Clay B 30 15 0 
5$-30 Sandy clay B 15 5 0 
5$-32 Sandy clay B 15 10 0 
5$-34 Clay B 30 25 0 
5$-36 Till B 45 25 0 
5$-3$ Clay B 15 15 0 
5$-40 Fine sand B 10 20 0 
5$-42 Till B 15 20 0 
58-44 Till B 20 25 0 
5$-46 Fine sand B 15 25 0 
,--Ç8-48 Till B 10 10 0 
,$-50 Till B 20 5 0 
5$-52 
5$-54 

Clay 
Till 

B 
B 

15 
10 

25 
10 

0 
0 

5$-56 
5$-5$ 
5$-60 
5$-62 
5$-64 
5$-66 

Sandy Till 
Till 
Coarse sand 
Fine sand 
Sandy till 
Till 

B 
B 
•B 
B 
B 
B 

30 
40 
60 
30 
15 
20 

35 
15 
10 
10 
10 
10 

0 
0 
0 
0 
0 
0 



276. 

Samples No. Soil Type. S.H. Zn Cu Pb 

59- 1 B-Till B 30 15 0 
59- 2 Clayey sand B 20 35 0 
59- 3 B-Till B 30 50 0 
59- 4 B-Till B 20 5 0 
59- 5 B-Till (sandy) B 20 15 0 
59- 6 
,r-q- 7 

Blue clay 
B-Till B 

30 
40 

25 
10 

0 
0 

j- $ B-Till B 35 10 0 
59- 9 Coarse sand B 45 20 0 
59-10 Sandy Till B 20 25 0 
59-11 B-Till B 20 10 0 
59-12 Gravelly Till B 45 35 0 
59-13 Gravelly Till B 20 5 0 



277: 

Samples No. Soil Type. S.H. Zn Cu Pb 

60- 1 Clayey Sand (Blue) 15 15 0 
60- 3 Gravelly sand B 20 30 0 
60- 5 Fine sand B 15 5 0 
60- 7 Coarse sand B 25 25 0 
60- 9 Gravelly sand B 10 10 0 
60-11 Clayey sand B 25 5 0 
60-13.. Gravelly sand B 40 10 0 -15 Gravelly sand B 20 10 0 
60-17 B9 Till B 10 15 0 
60-19 B. Till (Bluish) B 15 15 0 
60-21 B. Till (Bluish) B 20 5 0 
60-23 Till (Sandy, bluish) 	B 15 10 0 
60-25 Fine clayey sand (Boulders)B 15 10 0 
60-27 Clayey, residual (?) 	B 10 5 0 
60-29 Clayey sand B 35 15 0 
60-31 Clayey sand (Blue) 25 10 0 
60-33 Clayey sand (Blue) 15 15 0 
60-35 B. Till (Clayey) B 10 5 0 
60-37 B. Till B 15 10 0 
60-39 B. Till B 25 10 0 
60-41 B. Till B 10 5 0 
60-43 B. Till B 5 5 0  
60-45 B. Till (very sa

packéd B 20 5 0 
-J-47 Sandy till (?) packed B 20 25 0 
60-49 B. Till B 25 10 0 
60-51 B. Till B 20 15 0 
60-53 B. Till B 20 15 0 
60-55 B. Till B 20 20 0 
60-57 B. Till B 20 5 0 

60-59 B. Till B 35 10 0 
60-61 B. Till B 10 10 0 
60-63 B. Till B 50 30 0 
60-65 Clayey sand B 45 30 0 
60-67 Clayey sand B 25 15 0 
60-69 B. Till B 25 15 0 
60-71 Blue clay 30 15 0 
60-73 B. Till B 35 15 0  
60-75 B. Till B 25 5 0 
60-77 Till (sandy) B 50 10 0 
60-79 Till B 15 5 0 
60-$1 Blue clay 20 10 0 
60-$3 Yellow clay B 20 10 0 
60-$5 Clayey sand (yellow) B 35 10 0 
60-$7 B. Till (clayey) B 25 10 0 
60-$9 B. Till B 40 10 0 
60-91 B. Till B 25 10 0 
60-93 B. Till B 65 10 0 
60-95 B. Till B 65 15 0 
60-97 B. Till (Bluish) B 15 10 0 

60-99 Till (sandy) B 30  5  0 



, 

278. 

Samples No. Soil Type. S.H. Zn Cu Pb 

60-101 Till B 10 10 0 
60-103 Till (sandy) B 30 10 0 
60-105 Clayey sand (Brown) B 25 10 0 
60-107 B. Till B 30 10 0 
60-109 Clayey sand B 25 10 0 
60-111 Clayey sand B 15 10 0 
60-113 B. Till B 30 10 0 
50-115 Till (sandy) B 25 10 0 



	

Sample 	No. 	S.T. 

	

60- 2 	Till .(clayey) 

	

4 	Sand (washed) 

	

b 	sand 

	

(s 	clayey:sand 

	

10 	till ksandy) 

	

12 	till (coarse sandy? 

	

14 	clayey sand 

	

lb 	ii 	ii 

	

ltd 	till (sandy) 

	

20 	till 	ii 

	

22 	i' 

	

24 	sandy clay 

	

20 	iiii 

	

2b 	till 

	

30 	,i 

	

32 	sandy till 

	

34 	ii 	It 

	

36 
	

II 	II 

	

38 	 till 

	

0 	
sandy till 

1 	ii 	II 

44 
Il 	it 

	

1-b 	
n 61 

	

14 	
ii 

	

.72 	till 

	

54 	tine sand 

	

b 	 ii 

	

d 	ii 	II 

	

610 	. 	ii 

	

62 	ii 

4' 

S. H. Zn Cu Pb 

279. 

Lab no. 

B 
i 
ii 

. 
ii 
ii 
,, 
Il 

ii 

11 
it 

ii 
II 

ii 
Il 

i: 

Il 
II 
ii 

i i' 

ii 
ii 

. 

" 

" 

25 
15 
25 
20 
15 
30 
35 
30 

32 
70 
3 
35 
25 

28 
35 
1-1.5 
32 
35 
30 
50 
35 
35 
4.5 
25 
20 
40 
27 
10 
20 
2~ 
3o 

3~;  

20 
10 
1) 
lu 
3o 
20 
~5 
10 

l0 
15 
3 
l0 
10 
10 
lo 
10 
15 
10 
15 

15 ô 4 
15 
15 
10 
10 
l0 
15 
10 
20 
10 
10 

0 
0 
0 
0 
0 

0 
0 

0 
~ 

0 
0 
0 
o 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 9 

10294 
5 
b 

'( 
0 

3ID0 

1 

2 
3 ~ 

5 
6 
7 
0 

9 
lo 
1 
2 

2 
7 
d 
9 
20 
1 
2 
3 
4 



280. 

Cu 	Pb Samples No. Soil Type. S.H. Zn 

61- 1 B. Till B 20 
61- 2 B. Till B 35 
61- 3 B. Till B 30 
61- 4 Blue clay 25 
61- 5 B. Till B 30 
61- 6 

"^,_ 7 
B. Till 
Sand (med.) 

B 
B 

15 
10 

01- $ Till (sandy) B 15.  
61- 9 B. Till B 25 
61-10 B. Till B 15 
61-11 B. Till B 30 
61-12 B. Till B 35 
61-13 B. clay B 35 

61-14. Sandy clay (Blue) 30 
61-15 B. Till B 5 
61-16 B. Till B 50 
61-17 B. Till B 20 
61-18 B. Till B 10 
61-19 B. Till B 15 
61-20 Blue clay 20 
61-21 Blue clay 

10
45  

/-61-22 Blue clay 
il-23 Blue (clayey) 15 
61-24 Coarse sand B b0 
61-25 Fine clayey sand B 20 
6126 Brown clay B 35 
61-27 B. Till B 15 
61-2$ Blue clay & sand 20 
61-29 Blue clay 20 
61-30 Blue clay 20 

61-31 Sandy clay (yellow) B 15 
61-32 B. Till B 15 
61-33 Yellow clay (Till?) B 30 
61-34 Yellow clay (Till?) B 15 
61-35 B. Till B 55 
61-36 B. Till B 55 
61-37 B. Till B 25 
61-3$ Till (sandy) B 10 
61-39 Fe sand B 10 

61-40 Fine sand B 20 
61-41 B. Till B 25 
61-42 B. Till B 30 
61-43 B. Till 
6 1-44 

B 70 
B. Till B 35 61-45 B. Till (sandy) 

105  

	

10 	0 

	

15 	0 

	

15 	0 

	

15 	0  

	

15 	0 

	

10 	0 

	

5 	0 

	

15 	0 

	

25 	0  

	

20 	0 

	

10 	0 

	

25 	0  

	

20 	0 

	

20 	0 

	

10 	0 

	

15 	0 

	

25 	0 

	

15 	0 

	

20 	0 

	

5 	0 

0 

	

10 	0 

	

35 	0 

	

15 	0 

	

20 	0 

	

10 	0 

	

20 	0 

	

10 	0 

	

15 	0 

	

10 	0 

	

10 	0 

	

15 	0 

	

15 	.0 

	

40 	0 

	

30 	0 

	

15 	0  

	

10 	0 

	

5 	0 

	

10 	0 

	

5 	0  

	

15 	0 

	

45 	0 

	

15 	0 



Cu 

281. 

Pb 

10 0 
5 0 

10 0 
10 0 

5 0 
15 0 

5 0 
5 0 

15 0 

15 0 
10 0 
10 0 

5 0 
5 0 

15 0 
20 0 

5 0 
10 0 

10 0 
15 0 
15 0 
10 0 
10 0 

5 0 
10 0 
10 0 
5 0 

10 0 
15 0 
15 0 
30. 0 
25 0 
10 0 
15 0 
20 0 
10 0 
$0 0 
15 0 

10 0 
15 0 
15 0 
20 0 
15 0 
10 0 

105 0 0 
15 0 
10 0 
10 0 

Zn 

20 
30 
25 
15 
15 
15 
15 
10 
15 

15 
15 
20 
15 
15 
30 
35 
10 
15 

20 
25 
50 
15 
25 
25 
25 
35 
15 

30 
10 
10 
15 
20 
20 
25 
25 
30 
~5 
25 

30 
25 
25 
25 
20 
30 
0 20 0 
30 
10 
25 

Samples No. Soil Type. S.H. 

62- 1 B. Till (clayey) B 
62- 2 B. Till B 
62- 3 B. Till B 
62- 4 Sandy till B 
62- 5 Sand A 
62- 6 Find sand (Blue) B 
62- 7 B. Till B 

- $ B. Till (clayey) B. 
u2- 9 Brown clay B 

62-10 B. Till B 
62-11 Coarse sandy mat. B 
62-12 B. Till B 
62-13 B. Till B 
62-14 B. Till B 
62-15 B. Till B 
62-16 B. Till B 
62-17 B. Till B 
62-1e B. Till B 

62-19 B. Till B 
62-20 B. Till B 
62-21 B. Till B 

,^62-22 B. Till B 
,2-23 B. Till B 
62-24 B. Till B 
62-25 B. Till B 
62-26 B. Till B 
62-27 B. Till (clayey) B 

62-2$ Clayey sand B 
62-29 B. Till (sandy) B 
62-30 B. Till B 
62-31 Clayey sand (Blue) 
62-32 Till (sandy) B 
62-33 Boulder Till B 
62-34 B; Tilldlayev) 

(san dy) 
B 

62-35 B. Till B 
62-36 B; Till (clayey) B 
62-37 B1 Till B 
62.3$ Clayey sand B 

62-39 B. Till (Clayey) B 
62-40 B. Till(clayey) B 
62-41 B. Till 	sady) B 
62-42 B. Till (sandy) B 
62-43 B. Till (sandy) B 
62-44 B. Till (sandy) B 
62-45 
62-46 
b2-47 

B. Till (very coarse) 
Sand (medium) 
Till (sandy) 

B 
B 

62-4$ Till (sandy) B 
62-49 Clayey sand (blue) 



Samples No. Soil Type. S.N. Zn Cu 

282. 

Pb 

63- 1 B. Till B 60 60 0 
63- 2 B. Till (clayey) B 55 90 0 
63- 3 B. Till B 50 10 0 
63- 4 B. Till B 20 10 0 
63- 5 B. Till B 30 15 0 
63- 6 B. Till B 15 20 0 

1"---";3- 	7 B. Till B 45 90 0 
ô3- $ B. Till B 35 160 0 
63- 9 B. Till B 20 45 0 
63-10 B. Till (clayey) B 20 30 0 
63-11 B. Till B 1.5 60 0 
63-12 B. Till B 45 1$0 0 
63-13 B. Till B 45 400 10 
63-14 Slump B 10 400 0 
63-15 Clayey Till B 55 600 0 
63-16 Yellow clay B 30 45 0 
63-17 Yellow clay (sandy) B 55 260 0 
63-1$ B. Till B 35 25 0 
63-19 B. Till B 35 30 0 
63-20 B. Till B 45 30 0 
63-21 B. Till B 15 10 0 
63-22 B. Till B 45 15 0 
63-23 r-~ 
63-24 

B. Till 
B. Till 

B 
B 

45 
30 

10 
10 

0 
0 

63-25 B. Till B 20 10 0 
63-26 Clayey Till B 20 10 0 
63-27 B. Till B 15 10 0 
63-2$ 
63-29 

Yellow clay 
Med. 	sand 

B 
B 

50 
55 

35 
10 

0 
0 

63-30 B. Till B 40 10 0 
63-31 
63-32 
63-33 
63-34 
63-35 
63-36 
63-37 
63-3$ 

B. Till 
B. Till (clayey) 
B. Till 
B. Till 
B. Till 
B. Till 
B. Till 
B. Till 

B 
B 
B 
B 
B 
B 
B 
B 

55 
45 
50. 
45 
50 
40 
50 
50 

55 
30 
25 
30 
45 
25 
20 
15 

0 
0 
0 
0 
0 
0 
0 
0 



283. 

Samples No. Soil Type. S.H. Zn Cu Ph 

64- 1 Beach sand B 35 5 0 
64- 2 B. Till B 50 30 0 
64- 3 B. Till B 20 25 0 
64- 4 B. Till B 40 25 0 
64- 5 B. Till B 25 5 0 
(L- 6 B. Till 	(sandy) B 35 30 0 
L 	- 7 Yellow clay B 20 20 0 
64- $ B. Till B 25 35 0 
64- 9 SaOdy. Till 	(?) B 55 60 0 
64-10 B. Till 	(?) B 35 5 0 
64-11 B. Till B 50 10 0 
64-12 Yellow clay B 50 40 0 
64-13 B. Till B 40 30 0 
64-14 B. Till B 50 15 0 
64-15 Sand B 25 20 0 
64-16 Blue clay 50 20 0 
64-17 Med. sand B 30 25 0 
64-1$ Sandy Till B 50 25 0 
64-19 Sandy Till B 50 15 0 
64-20 Med. sand B 30 10 0 
64-21 Blue Clayey sand B 20 5 0 
64-22 Till (sandy) B 45 5 0 
'--23 B. Till B 40 15 0 
..~-24 B. Till B 25 15 0 
64-25 B. Till B 40 20 0 
64-26 Sandy Till B 50 25 0 

6427 B. Till A & B 20 15 
64-2$ B. Till B 10 10 
64-29 B. Till B 5 5 
64-30 B. Till B 15 10 
64-31 B. Till B 15 15 
64-32 B. Till B 15 20 



284. 

Samples No. Soil Type. S.H. Zn Cu Pb 

65- 1 
65- 2 
65- 3 
65- 4 
65- 5 
65- 6 
~~- 7 
- $ 

65- 9 
65-10 
65-11 
65-12 
65-13 
65-14 
65-15 
65-16 
65-17 
65-1$ 
65-19 
65-20 
65-21 
65-22 
6_5-23 

-24 
o5--25 
65-26 
65-27 
65-2$ 
65-29 
65-30 
65-31 
65-32 
65-33 
65-34 
65-35 
65-36 

B. Till 
B. Till 
B. Till 
B. Till 
B. Till 
B. Till 
B. Till 
Sandy Till 
B. Till 
B. Till (clayey) 
B. Till 
B. Till 
B. Till 
B. Till 
B. Till (sandy) 
Blue clay 
B. Till 
B. Till 
B. Till (clayey) 
B. Till (clayey) 
B Till 	(  
B. Till 
B. Till 
B. Till 
B Till 
Brown clay 
Blue clay 
Blue clay 
B. Till 
B. Till 
Blue clay 
B. Till 
B. Till 
B. Till 
B. Till 
B. Till (Fe stained) 

B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 

B 
B 
B 
B 
B 

BB 
B 
B 
B 
B & C 

B 
B 

B 
B 
B 
B 
B 

55 
50 
60 
15 
45 
35 
10 
50 
30 
35 
50 
30 
40 
45 
60 
35 
45 
35 
30 
45 
45 

55 25 
30 
35 
45 
35 
40 
40 
45 
40 
40 
30 
30 
25 
35 

5 
10 
45 
10 
15 
20 
10 
15 
35 
20 
20 
20 
10 
15 
15 
20 
45 
30 
10 
15 
30 

15 
20 
15 
15 
21 
30 
15 
15 
30 
10 
15 
5 
10 

Ô 	Ô 0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



285. 

Samples No. Soil Type. S.H. Zn Cti Pb 

66- 1 Blue clay .. 50 10 0 
66- 2 B. Till B 35 45 0 
66- 3 B. Till B 35 15 0 
66- 4 B. Till B 40 35 0 
66- 5 B. Till B 35 20 0 
66- 6 Blue clay 35 15 0 
66- 7 Clayey sand B 45 15 0 
r  5- $ Blue clay 35 15 0 
o6- 9 B. Till (clayey) B 35 10 0 
66-10 B. Till B 70 15 0 
66-11 B. Till B 55 20 0 
66-12 B. Till B 45 10 0 
66-13 B. Till B 35 .5 0 
66-14 B. Till B 45 15 0 
66-15 - Beach sand (blue) 65 10 0 
66-16 B. Till B 55 10 0 
66-17 B. Till B 55 15 0 
66-1$ B. Till B 40 15 0 
66-19 Fine sand B 30 5 0 
66-2o B. Till B 45 15 0  
66-21 Blue clay 60 10 0' 
66-22 B. Till (sandy) B 35 10 0 
66-23 B. Till (gravelly) B 45 10 0 

-66-24 B. Till (gravelly) B 20 5 0 
,6-25 B. Till B 35 15 0  
66-26 B. Till B 120 15. 0 
66-27 B. Till B 50 20 0 
66-2$ B. Till B 35 15  0  
66-29 B. Till (sandy) B 45 5 0  
66-3o B. Till B 90  25 0  
66-31 Clay B & C 45 20 0 

66-32 B. 1111 B 45 10 0 

66-33 
66-34 
66-35 
66-36 
66-37 
66-3$ 
66-39 
66-40 
66-1L1 
66-42 

Clay 
Clay 
B. Till 
B. Till 
B. Till 
B. Till 
B. Till 
Fine sand 
Blue sandy clay 
Sandy Till 

B 
B 
B 
B 
B 
B 
B 
B 
B & C 
B 

30 
15 
30 
50 
70 
50 
45 
20  
35 
30 

20 
5 
25 
10 
10 
15 
20 
5  
10 
20 

0 
0  
0 
0 
0 
0 
0 
0  
0 
0 

66-43 
66-44 
66-45 

B. Till 
Beach sand (Fe stained) 
Sand & Blue clay 

B 
B 
B & C 

35 
140 
45 

25 
15 
30 

0 
0 
0 



286. 

Samples No. Soil Type S.H. Zn Cu Eb 

67- 1 Brown clay B 30 10 0 
67- 2 B clay B 25 5 0  
67- 3 B clay B 30 10 0 
67- 4 B Till B 25 5 0  
67- 5 Clayey Till A & B 30 5 0 
67- 6 Clayey Till B 60 15 0 

,/-!7_ 7 Residual clay (?) B 20 25 0 



287. 

Samples No. Soil Type. S.H. Zn Cu Pb 

H- 1 Fine sand (esker) C 43 3$ 0 
H- 2 Med. sand (esker) C 25 1$ 0 
H- 5 Coarse gravel (esker) B 25 31 0 
H- 6 Fine sand (esker) C 37 25 0 
H- 7 Clay (bluish) 	(esker) C 56 25 0 



288. 

1f101.0 1 — 

	

	 .1. 

Vl a....J 

khoto 2- "C%eoL; and tail" or i,enniuuula sclraratik; 
llo;:.c und ChibouK;zawau Lake. 



• A I.-,  • :1:14.-3` 

es var. 

• 

• 

riloto 3 

289. 

Photo 14. 



290. 

Photo .5 



Photo 7 

Ehotori 3 - 7 - Secteno ncro 	en17er betueen 
Cache and Dore Lakes. 
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