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ABSTRA.CT 

A study was JU.de of the radioaeti vi ty' and petrology 

ot speeiaens from Dine areas in northern Saskatellevan. Tile 

specimens studied ra.nged in eoaposi tion troa gran! te and 

pegmatite to diorite, and represented both areas.ot rfdioactive 

mineralization and areas ot no known radioaetive lli.neralizaticn. 

It was tcnmd that structure vas the li.Ost important 
' ' 

control tor ractioactivity with the highest radioactivity being 

collfined to the margins ot the gra.ni tie bodies. 

In two ot the areas studied there is a· direct relation-

ship between the radioactivity and the Jlieroeline content ot 

the rocks. The explanation suggested tor this is that both are 

deposited by th.e last phase ot the •epa tic solutions. 

A general hypothesis is suggested that the granites 

trom areas ot radioaeti ve mineralization are prenouncedly 1110re 

radi.oaeti ve than gra.ni tes troa areas ot no radioactive mineral-

ization. 

The study ot t~ eomposi tion o:t plagioclase from 

radioactive pegaatites of Charlebois Lake with the fiaae 

spectrophotometer when eom.pared with the optical determinations 

gave inconclusive results. 
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INTRODUCTION 

Object of a,._atch 

research was 
The object or this -efteaie is to study the graites of 

northera Saskatchewaa, petrographical~ and by radioactive measure
the 

meats withAhopeJ of discovering a geaetic relatioaship between 

uranium mirteralizatioa and its eaviroUlent. The samples studied 

range in composition fra.m granite and pegmatite to di~ite. They 

are from areas from which there are collectioms of hand samples a:b 

the University of Sasicatehswan and were mapped mainly by the 

provincial Geological SUrvey. None of the sa111ples used were 

collected with the view of use in radioactive studies. 

Some radioactive pegmatites were also studied Chemical~ 

as a check on previous optical work. 
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spectrophotometer was provided by' the Geological SUrvey of Canada 

on the recommendation of the National Advisory Committee on 

Research in the Geological Sciences. 

Previous Work 

Previous work on radioactive granites and pegmati tes 

us:ing the same equipment was done~ the Geology Department of 

the University of Saskatchewan in 1951-52 by G. L. Guming and 

P. Almond. The samples used in these studies were, however, 

adjacent to ore zones and not repr•sentative of the granite 

masses. 

Important work of this nature was done by Gross (1952) 

who reports the study of nine intrusives, the majority of which 

are in eastern Canada although one, the .&.thou. Jlass, is in the 

Goldfields area of Saskatchewan. 



METHODS OF RESEARCH 

t:1e · and other rocks 
The study of the radioactivity o.fJ\granitesl\was conducted 

with a PC-1 Alpha-Beta-Gamma Proportional Counter, manufactured by 

Nee1$~~ Measurements Corporation. This counter consists essenti~ 

of a g-as flow ionisation chamber connected to a scaler unit and an 

elec't;ronic timer. The use of a gas flow type of counter enables 

:In$ to place the sample within the ionization chamber itself, thus 

elimlnating the shielding effect of the geiger tube walls in a . 

normal counter. The gas used is 11 P-10 11 a mixture of 90 perfoent 

argon and 10 pe¢ent methane. By setting the voltage applied to 

the electrodes at 1050 volts alpha particles only are counted, whiue 

with the voltage at 1750 volts the sum of alpha, beta and gamma 

particles is counted. Since this counter is very inefficient for 

gamma radiation the count at 1750 volts may be considered as due to 

alpha and beta particles only and the beta activity may be found by 

subtracting the count at 1050 volts from that obtained at 1750 volts. 

Thus either an alpha or beta count ~ be obtained after correcting 

for background. 

It was found that considerable differences in background 

often occur within a time interval of an hour or so. Because of 

this and of the low.radioactivities measured,it was necessar.y to 

keep a close check on the background. Blank runs for background 

purposes were made before the initial measurement and then after 

every second sample. It was found that the 'background variation 

over an )lour or so generally showed a straight line relationship. 

Because of this t.he backgrounds A and B were averaged and then .i. ~~~· 
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. 
for sample #1, A and the mean of A and B were averaged, and this 

was subtracted from the count of sample #1 giving the corrected 

activity. Under ideal operating conditions the background varies 

from 45 - 65 counts per Dlinute with an average between 50 and 55. 

If the background is higher than this it suggests contamination 

of the counter chamber. If it is lower, it suggests dust on the 

center wire assembly or an insufficient flow of gas. In either 

case the s ensi ti vi ty appears to vary proportionately to the back-

ground and any readings obtained under such eondi tions would be 

erroneous. The <?bservation of background is probably the easiest 

and most efficient w~ of determining that the proportional counter 

is working correctly. 

" The samples used for radioaeti ve determination were 

prepared by breaking chips off a hand sample and then crushing them 

to less than 30 mesh size. Jb.enever possible, chips were taken 

from different parts of the hand specimen in an attempt to get a 

more representative sample. The rock chips were crushed by a hand 

operated rocker type crusher known as a bucking board. Uv·the crush-

ing a small amount of iron fragments is abraded from the crusher, 

however, the amount of iron present would be considerably less than 

one pe~ent thus diluting the sample slightly and therefore causing 

a very small reduction in the radioactivity. The crusher was car._ 

tul~ cleaned after each crushing operation in order to eliminate 

the contamination of one sample by another. Several times the 

amount of material needed for a sample was crushed in an attempt to 

obtain a more representative sample. The crushed material was not 

uniform in size but ranged between 30 :mesh and 1.50 mesh. It was 
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found that if the sample was crushed to -115 mesh the chamber of 

the proportional counter quickly became contaminated. Because of 

this the average size of the sample used was relatively coarse. 

The crushed granite was placed in a bottle for storage and labelled 

to correspond with the hand samples from which they were taken, 

:e._t. l!Sl-161. For the measurement of the radioactivit7 the crushed 

granite ·was placed in a sh8l.+ow circul~ pan one eighth of an inoh 

deep and two inches in diameter, leveled and weighed to the nearest 

tenth of a gram. Since some of the •tal pans had become contamina

ted and were slightly radioactiveJ pans were made .from thin alnmim1m 

foil and discarded after use. 

The majorit,y of the measured samples were tested for 

combined alpha and beta radiation over a 10 minute period. This 

does not give accurate determinations for saBples of low radio

activity but serves to give an indication of the order of the 

radioactivity. Many of the low activities approach the sensitivity 

limit of this counter and probably could not be accurately measured 

with it. In a few eases aamples of very low radioactivity consistent

~ gave readings of less than background. The samples producing 

this effect were either basic in composition or else sulfides. A 

positive explanation of this phenome:ne~s lacking. However, two 

explanations have been suggested. One is that the sample absorbed 

radiation entering the chamber from below and thus depressad;~ the 

count below normal background. This hypothesis appears to be 

untenable since the thickD.ess of metal under ·the chamber is sever.al 

times the critical thickness for beta radiation. The second explana

tion,suggested by Dr. J. W. T. Spink~ is a difference in back-

6 
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scatter, that is, a difference in the ratio of' particles absorbed 

and refiected. 

All samples were converted to a constant weight of' 10 

graas, that is, for a sample weighing 7. 5 gr8JIS the value of 

alpha and beta radioactivity was mutliplied by a factor of' 10/7.5. 

The validity of this procedure is questionable due to the 

changeable density of the emitting lqer. Alpha particles fora so 

little of' the total count that it :aaq be assumed that the count 

is due to beta particles. The thickness of the sample is less 

than the critical thickness for beta particles therefore the 

et£ect produced by the changeable density of' the emitting layer is 

reduced. Converting the results to a constant weight is a simple 

and quick method of' obtaj ning comparable readings and probably 

does not add very much to the total error for a series of' specimens 

of' similar rock types. 

A relatively large error may be introduced in the 

iGI;pling procedure as there is a strong possibility that the 

:band samp~e is not Y,pical. of' the outcrop. This ef'f'eet could be 

considerably reduced or perhaps eli.Jiinated by taking chips f'r011. 

-various parts of the outcrop rather than a hand sample. 

Considering the sampling problem, the variations in 

background, the short :time of the runs and the changeable 

density or the emitting sample it· would. be expected that the 

total error is relatively large, possibly of' the order or 20 

to 30 percent. This large error should not undermine the. val.idi ty 

ot the results as they are more or less of a qualitative nature. 



So far as the present investigation is concerned, the results 

obtained suggest that the need for precise quantitative measure

ment is not necessar,r. 

8 

The accompanying maps show the specim.en location md 

also the approximate radioactivity by means of colors. The 

colors yellov, green, blue, and red are used to desigsate radio

activities: yellow Q-20 counts per minute; green 20-50 counts 

per minute; blue 50-100 counts per minute; and red for greater 

than 100 counts per minute. The use or a color code enables a 

visual picture or the radioacti~ity and makes the relationship 

of structure to radioactivity more obvious. 



---

\ 
\ 

' ~ 
\ 

\ 
\ 

~ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Map A 

ff\ I ) I • r. 1 \.(1 
. ... .... '~.. ... 



10 

DESCRIPTION OF AREAS STUDIED 

CHARLEBOIS AREA. 

History and General Geology 

The Charlebois Area was mapped by J. B. Mawdsley duriDg 

the field seasons of 1950, 1951 and 1952 (Mawdsley 1950, 1951, 1952). 

The general geology of this area may be described as essentiall.1" 

meta-sediments surrounding conformable granite masses. In general• 

much of the granite is confined to the central areas of folds which 

are probably anticlinal in structure. The larger of these granite 

masses have an east to northeast trend which conforms with the gaeral 

strike of the meta-sediments. 

Uranium mineralization is widely prevalent in the Charle

bois area as uraninite in fine grained pegmatites. The radioactive 

pegmatites are almost wholly confined to a narrow zone adjacent to 

calcareous meta-sediments. The close field relationships between 

the radioactive pegmatites and the granite masses suggest a genetic 

relationship. 

Types of Granite 

Kirkland (1952) has divided the granites of the Charlebois 

area into five types: oligoclase granite, banded granite, albite 

granite, fine-grained grey granite) and potash granite. Only one 

specimen of the latter was collected and Kirkland considers it to 

be a marginal t_.ac3:e·a of the oligoclase granite. Tables 1-4 show the 

modal percentage of the various gram tes as well as the corresponding 





radioactivity. The specimens studied are arranged in groups 

corresponding to the color code of the radioactivity. This 

procedure enables a rapid comparison of radioactivity with compo

sition. 

Oligoclase Granite 

Oligoclase granite, together with banded granite, forms 

the larger granite masses while the oligoclase granite alone forms 

some smaller outlying masses. Table 1 shows the modal percentage 

composition of oligoclase granite as well as the radioactivity. The 

average modal composition for the oligoclase granite in the different 

radioactive ranges of the color code is given in Table 5. In the . 

specimens studied the plagioclase forms 39% to 45%. It shows little 

variation in eomposi tion and there is no relationship to the radio

activity present. The quartz composition is very uniform. at 29% to 

34%. The percentage of microcline varies roughly in the same manner 

as the radioactivity. However, if the total potash feldspar, micro

cline plus orthoclase, is compared with the radioactivity there is 

no apparent relationship. Biotite is present in the same quantity, 

4%, in all groups. 

Banded Granite 

The banded granite is confined to the larger granite masses 

of which it forms the bulk. Modal percentages and radioactivities of 

the banded granite are given in Table 2. Table 5 shows the average 

modal percentages for the different radioactivity ranges. These per

centages are of very little value except in the 20-50 count per 

. minute range as there is only one sample in each of the other 
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groups. Larger quantities of plagioclase are present in the banded 

granite than the oligoclase granite, however the compoai tion is the 

same with 15-20 percent An. The greatest change is in the potash 

feldspar content which is down to 10% in contrast with 25% for the 

oligoclase granite. The average quartz content is also a few 

pe~ent less. Biotite averages 5% Which is 1% more than the oligo

alas e granite. The average radioaoti vi ty of the banded granite is 

less than that of the oligoclase granite. 

Albite Granite 

Albite granite is confined to an area west and south of 

Spreckley Lake. It is a medium grained muscovite-bearing granite 

which grades into a binar.y granite or a biotite granite. Its modal 

composition and radioactivity is shown on Table 3, while the 

average modal composition for the different radioactivity groups is 

given on Table 5. The main deviation from the previous tables is 

~he presence of muscovite. As the average percentage of muscovite 

increases there ·is a corresponding decrease in radioactivity. Taken 

as a group the albite granites are more radioactive than the banded 

granites but not so radioactive as the oligoclase granites. 

Fine-Grained Gre.y Granite 

A fine-grained grey foliate granite occurs in the radio

active zones along the northwest margin of the Pegasus granite mass 

and also those along Spreckley Lake on the west side of the Spreckley

Charleboil granite mass. This granite cuts oligoclase granite and 

from the writer's field experience appears to be the youngest granite 

14 
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TABLE 5 

AVERAGE CONPOSITION 
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in the area, probably with a close age relationship to the radio

active pegmatites. The modal composition is shown on '!'able 4. It 

is similar to that of the oligoclase granite with the exception of 

less plagioclase and a greater amount of potash feldspar and biotite. 

The fine grained, grey grani. tes have a higher radioactivity than the 

oligoclase granite. 

Potash Granite 

This is represented by only one sample from the southwest 

margin of the Spreckley-Charlebois granite mass. It is composed of 

50% potash feldspar, 30% microcline, 20% orthoclase and onl1 9% 

oligoclase (An 15). The radioactivity of this sample was measured 

at 25ocounts per minute which was the highest for granites from the 

Charlebois area. The importance of this sample is difficult to 

assess since it is the only one of its type from the Charlebois area. 

Structural Aspects 

Map No. 1 shows the color-coded radioactivity plotted on 

the geology. The most obviou~ structural feature is that the higher 

radioactivities are almost wholly confined to the edges of the gran! te 

masses irrespective of the composition of the granite. It also 

appears as if the northern sides of the granite masses are the more 

radioactive, which corresponds to the location of the main radio

active zones. It also seems as if a small granite mass is more 

radioactive than a larger one of the same composition. The least 

radioactive part of the larger granite masses appears to be the 

central portions. It is unfortunate that these granite masses were 

not sampled more extensively so that an attempt could be made to 

contour the radioactivit,y. 
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PINE CHANNEL AREA 

General Geolog 

The Pine Channel area was mapped by Dr. J. B. Ma:wdsley 

in 1946 for the Geological Survey of Canada and is discussed in 

Paper 49-27. The area north of Pine Channel consists of biotite 

and garnet paragneiss and garnet-diopside -pare.gneiss which are 

the results of high grade regional metamorphism. Granite is 

very limited in distribution and occurs as dikes and other small 

bodies. Small veins of pi t.ehblende occur in the Sucker Bay 

section. 

Discussion of Results 

Tbe samples tested for radioactivit.y from this area 

were mostly meta-sediments. The rock type, modal composition and 

radioactivity are shown by Table 6. Map No. 2 gives ·the general 

geology of the area, the specimen locations and the color-coded 

radioactivity. The granites tested were mildly' radioactive. The 

sediments, however, with four exceptions, either gave readings of 

zero or depressed the background. The four exceptions are from 

two small areas. There does not seem to be a~ definite relation

ship between types of the meta-sediments here present and their 

radioactivity. 
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STANLEY AREA 

General Geology 

The Stanley area was mapped in 1949 by Dm J. B. Mawdsley 

and F. F. Grout for the Saskatchewan Department of Natural Resources 

(Mawdsley & Grout 1951). The general geology consists of a series 

of highlY metamorphosed and folded sedimentar.y rocks invaded b,y 

granitic material. It is suggested that the wider granitic belts 

occupy anticlinal structures. A younger granite is also present 

and sb:>ws dike-like relationships with the older granite. Pegma

tite dikes and sills are locallY numerous and seem closely related 

to the younger granite. Some of these pegmatite dikes contain 

urani~bearing minerals. 

Discussion of Results 

Samples were selected from the granodiorite, sheared 

granite, granite gneiss and younger granites. Their locations are 

shown on liap No. 3 and their modal perfoent and radioactivity on 

Table 7. The composition of the granites is very variable, however 

there does not seem to be aQY definite relationship between mineral 

composition and radioactivity with the possible exception of 

microcline in the younger granite. There is perhaps a general 

relationship between potash feldspar and radioactivity. The 

specimens with a high percentage of potash feldspar generally have 

a relatively high radiDactivityJhowever there is no proportional 

relationship between potash feldspar and radioactivity. The younger 

granite is the most radioactive rock type and is followed by granite 

gneiss, sheared granite) and granodiorite, in that order. 
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TABLE 7 

S T A N L E V A R EA 

GRANO-
DIORITE GRANITE GNEISS 

SPECIMEN NO. 49- 13.7 1.0 zz.o g_z Z.6 17.4 1/./, 

RADIOACTIVITY 2.0.8 0 77.-f ~i~O ~2.tJ 3"- t. 1/.8 

QUARTZ zo l!i 2.0 a~ zo zo 

ORTHOCLASE 2§" ·~ 21i' !i 2~ 

ANDESINE 40 ~!i 

BIOTITE ' 7 8 7 /0 

HORNBLENDE ~ 7 Z.3 

PEN NINE + ~ 

APATITE + + + + 
TITANITE + + ..... 

MVRMEKITE I T 2. 

EPIDOTE 2 

IRON ORE + 
ALBITE ;o 

.4& 

OLIGOCLASE IZ 43 

MICROCLINE ~ 

MUSCOVITE 

DIOPSIDE 2 

5 AU S S U R'l T E H 

CHLORITE 

GARNET 
------ -- . l 

lf'.,r:J,oq< T;v,ry '?? c:D~wr:s /~'-/ /c j'?n .• 

H • fl•"flt 
+ :: Pr~-se-n-1-

8.8 

"'1-f 

25 , 

7 

~ 

..... 

~7 

H 

I 

SHEARED 
YOUNGER GRANITE GRANITE 

Z2..'S 11.7 175 to.s 10.7 4:3 2!1 

so.z S3.G 3lf.6 31-' e.,.o :18.6 '31.8 

zo ~0-t 30+ 30 35' 20 z, 
JO 20 zs-.. 

J, 
J F- t.s- /0- !6 

~ 

to /, 
+ ... + 

z. !i + I 

4 

zo .. .c 
'35' 2.7 40 

'35' ~0 10 Z7 I!# 

3 + 

+ + 
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Structural Relations 

It is unfortunate that nearly all of the specimens from. 

this area are from the edges of granite masses and relativelY few 

from the central portions. The specimens used were picked as 

representative of the main rock types. Since they have such a 

limited structural range it is impossible to discuss the relation

ship of structure to radioactivity. 

ROTTENSTONE LA.KE AREA 

General Geology 

The Rottenstone area was mapped by Dr. J. B. llawdsley in 

1945 (Kawdsley 19~). The general geology suggests highly granit

ized country of banded grani.te gneiss si~!ar to the banded granite 

in the Charlebois area. This area is cut by several faults and 

much of the granite is fractured and sheared. The copper-nickel 

mineralization associated with it is older than the granite gneiss 

and probablY occurs as tnclusions which were resistant to graniti

zation. No uranium mineralization is known in this area. 

Discussion of Results. 

Seven _granite specimens and three ore samples were tested 

from this area. The modal composition of the granite specimens is 

given on Table. 8, and the specimen locations and geology on Map No. 4. 

The granite samples are similar in composition with the possible 

exception of #4B Which has more ba~c plagioclase but still has a 

relativel;y high percentage of potash feldspar. There is no definite 

2) 
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relationsh~p between mineral composition and radioactivity for 

the granites. All three ore samples show a depressing effect on 

the background. The radioactivity of the Rottenstone granites 

is low. 

The relationship of radioactivity to structure is 

obscure mainly due to the complex nature of the banded granite 

gneiss. 

HIGH ROCK lAKE AREA 

General Geology 

Reconnaissance mapping was done on the northwest part 

of High Rock Lake by Dr. J. B. llawdsley in 1931 (llawdsley 1931). 

The shore line mapping suggests that the granite samples are either 

from small granite masses or from the edges of large granite masses. 

Discussion of Results 

Four specimens, ranging in composition from potash 

granite to quartz diorite, were tested. Their modal com.pesition 

and radioactivi~ are shown on Table 9 and their locations on 

Map Jo. 5. All four samples have an unusually high radioactive 

content. It is interesting to note that #184 contains only a trace 

of potash.feldspar,·the most basic plagioclase and has the highest 

radioactivity. There is no apparent relationship between mineral 

composition and radioactivity. 
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SPEAR lAKE AREA 

General Geology 

Reconnaissance mapping of the water route from Petite 

Lake through Spear Lake to Frobisher Lake was carried out by 

Dr. J. B. Mawdsley in 1931 (Mawdsley 1931). Seven specimens 

from this area, ranging in composition from granite to quartz 

diorite, were tested. Their modal composition and radi~activity 

are shown on Table 10, while the specimen locations are shown on 

Map No. 6. 

D1scussion of Results 

Specimens #190, #192, and #195 are from the area adjacent 

to Petite Lake. They are similar in composition ranging between 

potash grmite and quartz monzonite. They all appear to be part 

of a relatively large granite mass. Specimens #201 and #204 are 

from Spear Lake. The composition of #201 puts it on the borderline 

between granite and quartz monzonite while #204 is a granodiorite. 

Specimen #201 shows relatively high radioactivity while #204 has BO 

appreciable radioactivity. The Rowan-Fortier Lake section is rep

resented by specimens #207 and #211 which are quartz diorite and 

potash granite respective:cy-. The radioactivity of #2ll is unusual.ly 

high while that of #207 is relatively high for such a basic rook. 

Specimen #2ll appears to be part of a fairly large granite mass 

while #207 is in an area marked as sediments. 

Taking all the samples as a group there appears to be no 

uniform trend between composition and radioactivity. In general 
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the more acidic, the potash granites show higher radioactivity, 

however, #207, the most basic present, has the second highest 

radioactivity and #192 which contains the highest percent of 

potash feldspar has the second lowest radioactivity. 

There are not sufficient specimens and the mapping was 

not in sufficient detail to show structural relationships. 

HAULTAIN RIVER ROUTE 

General Geology 

Reconnaissance mapping was done along the Haultain 

River by Dr. J. B. Mawdsley in 1931. From the samples collected, 

five granite samples were picked for study. Their modal composi

tion is shown on Table No. 11 and their locations on Map No. 7. 

Discussion of Results 

The composition of these "granites" varies from potash 

granite (#121, #132, #139) to granite (#123) to quartz diorite 

(#130). Specimen #123 is a micro breccia and is probablY adjacent 

to a fault zone. There is no apparent relationship between compo

sition and radioactivit.y and there is insufficient detail to tell 

if there is any structural relationship. It is interesting to 

note that the highest radioactivity is from the micro breccia 

(#123). 
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HEAGLE LAKE PLUTON 

Gsmoral Gtolggy 

The Neagle Lake Pluton, 20 miles northwest o£ Flin Flon, 

is a complex intrusive, which intrudes the Allisk group. It consists 

or rocks ranging trom quartz monzcmi te to diorite. It is the 

youngest iiatrusi ve in the W.sk Lake area. Table 12 shows the modal 

eam.positions as reported by w. J. Pearson (1951) aa well as the 

radioactivity. Map No. 8 shows the speeillen locations md radio

activity superimposed on Pearson 1 s geology. Sultides occur near the 

contacts ot the pluton on the northeast and south sides. lo radio

active mineralization is known in the immediate area. 

Discussion Qt Results 

Arter measuring the ra.dioactivi ty ot the specilaens listed 

on Table lo. 12 it was decided to test :more SSDiples in order to get a 

better picture of the relationship with structure. The radioactivity 

ot the add.i tional sa11ples is shown on Table No. 13. The samples 

tested ranged in composition. f'rom diorite to quartz diorite to grano

diorite to quartz monzonite. The most striking feature is the 

relationship of the radioactivity to the edges ot the pluton. The 

quartz aonzoni te shows a general higher radioactivity than the other 

rock type. It is interesting to note that the radioactivity varies 

approxiaately with the rock types in the same order as Pearson1s 

age relations&pe~ with the youngest being the :aost radioactive. 
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JOHNSON LAD ABEl 

General. Geology 

Johnson Lake is situated approx:i.:Da tely five :rai.les 

north. of' the north boundary of the Neagle Lake Pluton. The 

eight specimens studied r~resent a cross section of a syntec

tonic granite li&Ss to the north of Johnson Lake. The radio

aetivi ty and CPJBPOSi tion are shown on Table 14 and the general 

geology and specimen locations on Map No. 9. This map and the 

specimen composi tiona were made available from unpublished 

intoraation through the courtesy-, · or Dr. A. R. Byers. 

Discussion o.f Results 

The specimens show a slight variation in composition. 

The ones nearer t11e edges of the mass show biotite exceeding 

hornblende while in the center the opposite occurs. Micro cline 

compriSUi:>approxim.ately 10% ot the rock at the edges and onlJ 

1% to 2% in the central portions. l!pidote bee011es increasingly 

eOlf&On towards the south. The radioactivity is low and is 

mainly concentrated on the margins with the south edge the 

lllOre radioactive. OJii t ting the lll8l"gins the granite m.ass shows 

increasing radioactivity towards the south. This roughly agrees 

vi th the amount or mierocline and epidote present. 
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RELATIONSIEPS AND COllCLUSIONS 

PETROLOGY 

There does not ~ear to be ~ definite relationship 

between variations in the percentage of the rock forming . JB:i.nerals 

present in a granitic rock and its radioactivity. There are, 

however, a few generel. relationships. 

Potash Feldspar 

The younger graD! te from the Stanley cea, the gran:i te 

from the Johnson Lake area, and perhaps the oligoclase granite 

from the Charlebois area show a general relationship between their 

lli.crocllne content and the radioactivity present. However 1 if' one 

cOJBpa:res radioactivity with the total potash feldspar present, 

miurocline plus orthoclase, no relationship exists. This suggests 

that only a .traction of the radioactivity Jresent is due to the 

radioactive potassiua isotope KAO which gives ott beta rqs. 

There is a strong possibility that the apparent relation

ship between the radioactivity and the microeline content is JD.Ore 

than coincidence. It is generally considered that solutions of 

igneous origin, which are relatively high in radioactivity, are a 

late igneous event. Often in grani tie rocks m.ierocline along with 

late quartz are the last lllinerals to form, forming at the expense 

of earlier feldspar. It is, therefore, suggested that the appar.ent 

relationship between mieroellne and radioactivity is dominantly due 

to the ;;,eetion of late solutiDDS rich in volatiles wldch deposit 
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lllicrocline and qaar~ and cause sulaieroscopic radioactive llinerals 

to fora along grain boundaries. 

A somewhat similar view is held by Larsen and leevil 

(1947, p. 491-492) who state, 

• The curves of activity, Si02, K2'>, and('.PbO, slope 

in the same direction and all tour oxides c~es) are relatively 

low in the gabbros and increase progressively as the rocks approach 

granite. PbO follows K~ closely as it is concentrated in the 

potash minerals, bu.t activity follows K~ only because both are 

concentrated in the residual liquid as the activity is very low 

in the potask minerals and is concentrated in the accessory l'linerals 

zircon, apatite, allanite, sphene, and monzonite.• 

Qa.artz 

. It is general..ly considered that there :; is a strong 

relationship between the quartz content of a rock and the radio

activity present, i.e. a granite is more radioactive than a 

gabbro. As a generality this is undoubtedly true, but it is 

doubtru.l if it is for individual specimens. The present study 

did not 1ndicate 8JlY direct relationship between the quartz 

content of a series of sillilar rocks and the radioactivity. 



Accessory Minerals 

The radioactivity of granites is almost entirely due 

to the presence of accessory minerals such as zircon, apatite, 

allanite, sphene, and monzonite. Quite often these accessory 
grains 

mineralsAare so small that they are not visible under the petro-

graphic microscope. It has been determined, however, by 

autoradiographs (Gross 1952 J· E). 725) that these minute crystals 

occur along the boundaries of earlier and larger crystals and 

hence were probably deposited by late magmatic solutions. 

Nearly all of the thin sections from the rock specimens studied 

showed minor amounts of some of the above accessory minerals. 

Some thin sections of the more radioactive granites showed 

considerable greater amounts of the accessory minerals, in 

some cases approaching 1%. The High Rock Lake area is an 

example of this type. With such occurrences the radioactivity 

may not have entirely the same meaning as it has where the 

accessory minerals are almost entirely confined to sub-micro-

scopic crystals along the grain boundaries. Where the accessory 

minerals are early and relatively large, late solutions may 

have been of very little importance. There seems to exist a 

rough parallel between the type and amount of accessory minerals 

present and the radioactivity, however, this is natural and is 

to be expected. 



RADIOACTIVITY 

Radioactive High in Areas of Uranium Mineralization 

There appears to be a general relationship between tle 

radioadtivit,y of granites and the presence of radioactive mineraliza-

tion. This may be seen by comparing the color-coded radioactivity on 

the maps of an area of uranium mineralization, such as the Charlebois 

area, and that of an area with no known radioactive mineralization, 

the Neagle Lake pluton. In the former most of the central areas of 

the granite masses show a radioactivity of 20-50 counts per minute, 

while in the latter the radioact).vity of the central areas ranges 

between 0-20 counts per minute. In such a comparison it is probably 

necessary to use samples from the central portions of the granite 

masses in order to avoid the effect of concentration of radioactivity 

around the margins. It is probable that the samples from the central 

portion are good indicators of the radioactivity of a mass. The 

writer, therefore, trd:'V\meks the hypothesis that the granites from 

areas of radioactive mineralization are more radioactive than those 

from areas of no radioactive mineralization. 

The data reported by Gross (1952) seems to agree with 

this hypothesis. Of the nine intrusives he studied one was the 

Athona st,ock in the Goldfields area of Saskatchewan. The radio

activity of this stock 5is in the order of 2 to 3 times that of areas 

with no radioactive mineralization. 

The above hypothesis was used by the writer with fairly 

good results in directing prospecting with an aerial scintillometer 

for Dee Explorations Limited. 



Discussion of f4td.ioact1vity of Areas 

It is possible to group the areas studied into three 

main groups of relative radioactivity, high, medium and low. 

High 

Charlebois Lake Area 

High Rock Lake Area 

Spear River Area 

Med.iU11l 

Low 

Stanley Area 

Pine Channel 

Haultain River Area 

Rottenstone Lake Area 

Johnson Lake Area 

Neagle Lake Pluton 

It should be noted that for some of the areas studied 

there were insufficient specimens te~ted and the regional structural 

geology is not well enough known to make the radioactive valuation 

definite. Such areas studied are High Rock Lake, Haultain Ri VEl' and 

Spear Lake. The specimens tested from the Stanley area have too 

limited structur&l distribution to give much information on the 

radioactivity of the area. 

In the study of the Pine Channel Area the majority of 

the specimens studied were meta-sediments. Of these sediments four 

werb slightly radioactive and confined to two localities. These 
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localities may represent areas underlain at shallow depths 

b.1 crests of granite masses or localities of pitchblende mineral

ization. 

Conclusions 

1. In order to get an accurate view of the radioactivity 

of granites of an area it is necessary to have sufficient 

specimens to get a statistical viewpoint, and also to make 

allowance for the structural position of the specimen. 

2. The relative radioadtivity suggests that both the 

High Rock Lake and Spear Lake areas are probably areas of 

uranium mineralization. 
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Structural Relationships 

Both areas sampled in detail, Charlebois and Neagle 

Lakes, show much the same radioactive pattern with the strong

est radioactivity j.n the marginal portion of t..he granite masses. 

This is probably shown better in the Charlebois· area where in 

all cases the margins are more radioactive. It also appears as 

if small granitic areas are more radioactive than the larger ones. 

This is to be expected since the small masses probably represent 

cupolas of larger granitic bodies and, therefore, consist entire

ly of the marginal phase. 

It is to be expected that the radioactivity of the 

marginal. phase is higher due to the concentration of late solutions 

there. This concept may be explained by almost any of the main 

theories of magmatic differentiation. Of these theories, perhaps 

the most important are fractional crystallisation and differential 

pressure. 

The late solutions are probably lighter than the solid 

fraction, in part due to the higher concentration of volatiles. 

Because of the density difference, the late solutions will tend 

to rise upward through the mush of crystals. When they meet lower 

temperature conditions deposition vd.ll take place (fil!tl~ Pafi2~~ ) • 

If the magma is deeply hurried and sealed the late solutions will 

tend to concentrate on the top and sides of the igneous mass. The 

above theory of differential density would probably be aided if 



• 
t 

Figure l 

SV~FAC£ 19 r Ttl¥£ 
OF' 

""'A6!YRTIC: hCTIOIV 

t '<. -- PRE:JCNr 
• . SU*FJIICC • 
• • 

L_. 

SeCTION S£C.TION 

OF IIVT'fU61VE OF lfVTRLIS!vE 

PI..IIN OF //"rtrUSIV£ 

AT P~ESi!?NT E.f'OSIOIV /'tt>lftz.ON 

PART /9 

a £19RLY Cl{y~TALS 

L.. t'ITA' £.t'9UtP 

PL.~N' OF INT/?USIVE 

AT P~ESEtvr E,.f'OSNHV NO,f'/Z.o~ 

Theoretical Intrusive 

44 



45 

the walls of the magma chaaber were partially perm.eable te the gas 

phase, the ditf'erential pressure resulting forcing the late mapatie 

solutions to the llal"ginal phases of' the intrusive. 

The presence of lew pressure areas as caused by faults 

or fractures oeeuring in the vicinity or an intrusive will tend 

to .cause the late solutions to now towards these low pressure 

areas, tlms resulting in a radioactive high (Fig. 1- Part B). 

Radioactivity and Mineralization 

Gross points out that there often is a radioactive high 

adjacent to ore deposits. He states, •Late solutilms which are 

relatively high U·Jradioactivity may or 111.q not be ore carriers 

but norm.ally they move along the same structural c:hannelwqs as 

the ore.• (Gross 1952, Page 726). 

Unfortunately the areas studied did not contain any non

radioactive ore d~osita of' importance with the ,zc~tion of' the 

Rottenstone area. The saaples from the Rottenstone area suggest a 

lowering of' the rad:ioaeti vi ty in the areas adj aeent to the sulfide 

mineralization. Gross assum.es that this is the normal occurrence 

since the wall rock alteration would remove the radioactive minerals. 

However, in the Rottenstone area the sulf'ide mineralization is 

believed older than the granite. Unfortunately, there are sufficient 

saaples to get a de:f'ini te picture of' the relationship between the 

sulfide mineralization and the radioactivity of' the surrounding granite. 



~OMMENDATIONS 

Potassium Ratio 

In aqy fUture work of this type using the present 
ft(f;r; 

equipment it would be advantageous to make a. correction "ef ih e 

amount of potassium since the potassium isotope K40 emits beta 

particles. Rankema and Sahama (1950, Page 42.3) state the ratio 

of K40, to total potassium is constant at 0.012%. It would, 

therefore, be relatively easy to measure the beta activity of 

potassium minerals such as potash feldspar and then apply a 

correction for the amount present in the rock as determined from 

the thin section. A :raore accurate :methoci would be to measure 

the emount or potassium present in the rock with a flame spectro

photometer and then apply a correction for 1.40. There is a 

possibility that the effect of K4D is not so important as 

generally thought. Very few rocks contain m.ore than 50 per cent 

potash feldspar and potash fledspar contains 14 per cent potassillll. 

This brings the K40 content of the rock down to 0.00084 per cent. 

This low percentage suggests that the greatest amount of radio-

activity present in a rock is due to accessory minerals. 

S8!pling 

The total error could be reduceci considerably by a 

change in the sampling method. If a series of chips was taken 

from all over the outcrop rather than a hand sample, the resul-t-

ing sample would be far more typical of the radioactivity of the 

outcrop. 
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There is a possibility that a hand scintillometer mq 

be sufficiently sens:iti ve to eliminate the need of' taking saaples 

and thus measure the radioactivity directly. It would probably 

be preferable to take such readings at a given distance above the 

rock surface in order to get a llOre comparable f'igure. 

Detailed Study-

Same radioactive studies should be made in more detail 

than the present. In any gra.ni te mass selected for detailed stuc:b" 

every traverse should be a specimen traverse vi th specimens taken 

at approxi.Jaately quarter mile intervals. The areas selected for 

detailed study should include at least one granite mass tmm an 

area of no knl'JWn mineralization. Others shoul:l include detailed 

studies adjacent to a base metal orebody, an uranium orebody of 

the pegmatite type and an urani\UD. orebody of the pi tchliende type. 



FELDSPAR INVF.STIGATIOI 

Object 

Plagioclase feldspar from radioactive pep.atites of 

the Charlebois area was analyzed in order to compare the chetaical 

composition of the plagioclase with its optical properties. 

Meth9d 

The pegu.ti te was crushed to less than average grain size 

and then e:xamined under the binocular microscope. Jrains shoving 

the characteristic polysynthetic albite twinning of plqioclase were 

picked out w1 th tweezers. · The plagioclase vas ground to approx:imately 

200 ush and .4000 grau were weighed into a platinua crucible. 

Mixtures of b1drofiuoric and bypocbloric acids were added in the 

ratio 3/1, 1/3, and 2/15, and then evaporated to d:eyness. After the 

last evaporation the residue was dissolved in hydrochloric acid and 

diluted to 100 ml. The anion present was the chloride. This pro

cedure tor treating the sample was developed at McGill University 

and was obtained through coJIIBlUllication between Dr. Riddell and Dr. 

Mavdsley. 

Sodium and potassium determinations were made with a 

name spectrophotometer while the amount of calcium. present vas 

determined by precipitating the calciua as an oxalate and then 

titrating vi th potassillJI. perm.anganate in an acid solution. 

The graphs used for determining sodium. and potassiwa were 

prepared by measuring 10 known standard chloride solutions from 0 

to 100 ppm. The unknown solutions were diluted to tall into this 
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range and then analy'sed. No butter solutions were added. Several 

attempts were made to determine the calciua eontent with· the flaae 

spectrophotometer; however, these proved unsuccessf'ul due to the 

interference caused by the aluminua ion. An attempt was made to 

remove the aluminum ion by preci~itation an an hydroxide, however, 

the results obtained ~were not unif'orm. A combination of precip

itation or the aluminum and a butter solution seemed more promising 

but still vas not much more successtul. 

All the feldspar samples were analYzed tor lithium 

with the flame spectrophotometer. Lithium, it present, was in 

less than measurable quantities·. After getting the negati-re 

results the mineraJ. tentatively identified as li thiUJD. mea by 

CUJmldn.g {1952) was analyzed for li thiUJB.. It contained no. 

measurable quantity of li thiua. 

Seural duplicate samples were tee ted wi tq the name 

spectrophotometer in an attempt to check: the method or preparation of 

the sample and the repetition of the results. The duplicates 

tested for sodium and potassium showed variations ranging from 

1 in 300 to 1 in 800. 

Resu1ts 

Table No. 15 shows a comparison of the anorthite 

content as determined by optical means by Kirkland and the 

results of the chemicaJ. analysis. In general the agreement is 

poor although a few show close agreement. The chemical anaJ.yses 

almost exclus-ively show a marked decrease in anorthite as ccompared 

with the optical determinations. The deviation between 5()-1341 

and 5D-134B, two specimens from the same bulk sample, is extreaely 



TABLE 15 

AlJORTHITE 0011PARISON 

Specimen-Ltlo. Plagioclase composition 

Optical Chemical 

Plagioclase facies 

1450-1)6 20 ;sAn· '18 76An 

M50-11+) 24 14 

M51-198 27 19 

1~50-277 23 10 

M51-2)9 26 24 

Potassium facies 

1·150-1)1 ? 12 

• ;'hA 17 4 ( > '-l-'.()V- ) .rt.) ? 4 

lJQ0-1)4(B) ? 18 

Ivi50-137 25-30 25 

M50-1)8 25-30 5 

lv150-206 15-20 6 



surprising. This could ·be explained by the anorthite content 

changing rapidly over short intervals due to the amount ot Ca 

absorbed from the wall rock or by a seriow error in· analysis. 

The poor agre•ent between the two different methods 

of anorthite deterlllinations suggests the possibility of a large 

error in the chellical determinations. This D18.Y be due to an 

error produced in the sodium and potassiUJI determinations by the 

interference of the aluminum ion or by serious errors in the 

calcium determinations. The inconclusive results suggest a care

ful checking or all procedures used. 
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LEGEND 

RECENT AND PLEISTOCENE 

Extensive areas of alluvium and glacial drift containing no bed 
rock outcrops. 

Pegmatite: outcrop of dyke 'or sill with strike unknown: strike 
known; large exposure. 

Granite, granodiorite and quartz-diorite qneisses: a small amount 
not gneissic; minor amounts of qronulites and schists. 6A, areas 
known to be intruded by dykes and masses of younger granite. 

Altered peridotite, pyroxenite and gabbro. 

LA RONGE GROUP 
Gneisses and schists containing metacrysts or auqen; injection 
qneisses; minor amounts of igneous gneisses, and granulites 
and schists. 

Marble and impure marble. 

Hornblende and biotile granulites and schists; quamite and 
impure quarl:zite; diopsld&·labra dorlte qranuJite. 

Volcanics: altered basalt. andesite and rhyolite. 
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SYMBOLS 
Geological boundary (defined, assumed) . 

Beddinq (inclined attitude unknown, vertical. contorted) 
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Schistosity (inclined, verttcaD . 

Drag-fold, lineation (pitch shown) .. 

Fault (showing dip and direction of movements) probable fault . 

Beds folded Into anticline and syncline (axis shownl . 

Rapid, fall, portage . 

Muskeq . 

Reef • 
Concession Une, Survey monument .... 

Indian reserve . 

Buildings . . ' . 
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