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ABSTRACT

A rapid analytical method for radium-226 (uraniwm-238 decay

series) in sediment and soil, suitable for gecchemical prospecting for
urainium, has been developsd. The method discriminates against potassium
and the thorium decay series. Radon emanation into air is less efficient

than into water. The following conclusions are based on a study of 90

square miles near Bancrof't, Ontarlo, Canada (Latitude 45°, Longitude 78°).
Radium arid uranium in sediments are more useful in prospecting E
than are radon snd uranium in water. Clastic and organic sediments ave

both useful but clastic are superlor. In sediment surveys radium and

urariivm are equally useful. In reconnalssance progpecting using solls,
radium and vrenium In A and B horizons are all useful, and in detatilied
“ﬁ prospeching; all except uranium in the A horlzon are wseful. Radium is
highly preferable to uranilum 1f weathered rocks are used.
tadon in surface water and groundwater has a local source, nor-
mally within a few hundred feet. There 1s not sufficlent radiun-226 in
surface wabter at Bancroft to accouni: for the radon-222., Radon below the
water toble dees not generally mwove as a pas. Badium-226 in sediments
in the Bancroft area 1s high enough, on the average, to account for all
the radon-222 in water. -Results of stepwlse muitiple linear regression
support a model in which radon-222 1s added to surface water by decay of
radium=-226 in stream sedinments and by influx of groundwater, and lost by
aeration and radicactive decay. Organic materisl reduces the radon-
emanating effieiency of sediment.
Urarilum and, to o lesser extent, radium, are cancentrated by

organic sediments. Radium is hlgher In the A horizon of soll than In

Y LY
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J the B; uranium is not. Uranium is deplétéd relative to radium-226 in
“glastic gediments and weathered rocks. Radium and wranium in sediment

and radon in water have lognormal distributions.
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CHAPTER 1+ INTRODUCTION

STATRMENT OF THE_PROBLEM

‘The problem coamprises two dspects. The first 1s to test the
app%[icabi]ity of the geochemistry of radiw=226 (from the uranium-238
decay series) to prospecting for uranium. To do this 1t was required to
{1) '?.d'ei\'re'lcljp*-a---suitable‘.- analytical method; (2) carry out a geochemical
sutvey by collecbing-geocheiiical sanples  (water, sediment and soil),
analyzing them for radium-226, radon-222 and uranium, and comparing the
distribution of radlum-226 with that of radon-222 and uranium as related
to kiown uranium deposits and bedrock ‘peology. 'The second aspect is to
determine so far as possible the history of the radon-222 observed in
water, that is, to determine where the transmutatlion of radium-226 to
raden-222-tokes plaee, and hence vhether radon-222 arrives at its pre-
sent-location as the element orin the form of one of its precursors.

- Ag-dlscussed. in Chapter 10, these objectives were attained.

_ Radium—-226 can definitely be applied to prospect:_ing for uranium although
the. adyantage of this methed is siight relative to previously avallable
méthods using radon and uranium. A medel is proposed in which the level
of.l:ré,d@rji--irl aurface water is controlled by addition of radon through de-
'c'"_:i.éu" rof- r_a_dimn—-?%- indhe gsediments and influx of radon-charged grourd-
wat_é.fiﬁ-:._::gn'd__'.by Jogs of radon due to-acyation and radioactive decay. Re-
sults of stepwise Tleiple Mrear regression analysls of data colld.cted
for. 1823tr'eam sarple points are consistent with, and hence lend support
to, this-model,

. VWork:began.in the summer. of 1968 as part of a Geologlcal Survey
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of ‘Canads project 670030 ‘1ed by . Y. Smith (Smith and Dyck, 1969).
Sedment'-ﬁ.s_anples collected by the writer in 1968 were analyzed for radi-
um~226 4n the fall of 1968 at Cueen's. Results of this early work showed
- that measurement of radium-226 in sediments provides a reconnaissance
Eoollﬁby,gyanium prospecting. .This informatlon was considered signti-
cantenough ko ‘warrant. imnediate publication (Morse, 1969, a and b).

Motk continued in the summer of 1969 as project 690080 led by the author,

A comparison of radiun=226, radon-222 and uranium as geochemical indi-

cators for uranium {(Morse, 1970) was largely summarized from this thesis.

T, URANEUM. INDUSTRY

B ‘Upanium cres were fimt used a3 a source of radium.-for medical pur-
; posesDurmg the 1940's and 1950 's, exploration and production soared
m recponap to the militery demand. In the 1960's, a3 the military de-
m:md -_,dg:c‘];i,r_md, free world productlion dropped from a high of BH,000 tons
@I‘U3081n1959 to 20,000 tons in 1966.

__'__,_-__4_:@31@,.elegtriq generating indust_w will soon requdre large anounts

-O_Il.':;;_:pf_;"aniynfa.- ‘The mest recent forecast of uranium requirements knain to

S .t;r__';;}_'?s:'fi.-irj.fc;_er wag made . in . January 1969 by the BEurcpean Nuclear Energy

P Ag;encyandcnpd by Williams (1969). This study predicts that the anual

eommist demand will rise from. 12,500 tons U 04 in 1968 to between
73,000 and 106,000 tons in 1980, Willlams (1969) has made an exbaustive
lst;L:;___'dy_ o{‘ Canada's -fubure in uranium supply. On the basis of' reserves

-@r_lr;i-._.p_J.:th'h_l_c::t:l._Qn_-capa,c:i.ty, and the above predictlen, he coneludes that new

LA al

discoveries must-be mede and brought inbo productlen by 1973 or 1974, if




tion be carried on now. This is recognized

A numher of é'lémehts}'j"l'ﬁavéff'ﬁé%’éﬁiii’él'-ap}jli’catioh to prospecting
S dﬁi{mil' " They: ca"fr%)x*:ﬁéié’ enbers of two’ uraniwn decay serles as well
as r'cduc‘ts of Hatural flusion of m’;nium. "fErj this thesis, consideration

element

ee . Chant,er- 1!) as are sofie geophysicc,l nethods .

Uranium and radon-222
a geochei-
and 15 a
hesi f‘«pplication or Lhe o’chvr menbers s sug-
i'_:or' furthics Tes orm"h.

of‘?"a rapjd cmalyHcal frethod for vadimm-226, from

g em es:; -is--—arvimaor"tant:.cor_;,i;,x?.LbuLion of thts thesis.

:‘:hr,_ fmpU crlbl]jty of‘ r‘dd Lum g‘f‘ochon stry to prospecting ror

_a:.n;h_r_rn_:-was'nubjlc, Ized. :m Ifa,y, 1 JFQ, (Momo 1 169&1)“ it 13 still of no




g": con‘;oanlea because the ,\.conmermal laboratories camot pro-

_,vi le ,:Lnexpenswe anglytical services.

'anplmg mednwn, angfr natural material ean:potentially be

. Tnls t__he_'sifs'. however i limited to water, sediment and soil. J. In
- Malker (1968) warns that organic material in sediments should be avoided
because of Interference with analytical methods and highly erratic metal

. contents. At many places in the Bancroft area, the sediment is totally

: organlc, and clasi:ic rmaterial is nob avellable. Walker's reservation is
"-_,,:"3__te",1,ed in this thesis in the case of uranium and radium, and a statistical
LPchn:Lque ‘of mixding the results obta:med from organic sediment with those

obt,alned from clastic sediment is proposed. Walker (1968) goes on to

shat .. water sampling and analyses will work by exception rather
ari rule, and even in these circwrbtances this technigue is generally a
oumbw ome method of stream sediment sampling.” Results of this thesis

: _f._'hhe ‘hydrogeochemical iethods are mdlcatlve, but not as effective

b‘rream wedlments.

PHYSICS OF HE URANIUM-238 DECAY SERIES

-Mos_t of the naturally 1occur'iciif}gradioact:i.ve nuelides are members

' Kf:'one of‘ Lh:rce radioactive decay e_ri_;_}?s (see MTables 1,2 and 3). The

remu of‘ *Lbri se series are wranioe238, uranivm-235 and thorium-232.

ar'eni, nuclide decays. into a:--')f?adfi_’oactﬁ.Ve' daughter nucllde, which in

:um.-_decays., and 0 on, untLl & stable nuclide {lead) 1s formed. In ad-

':3-',_.5.::c1jf,ion to thp elements shown in ‘I‘able 1, 2 and 3, several of the trans-

':format:x ons mvolvp Pmlpﬁj cn of an alpha, partlcle or helium nucleus. The




Uraniunso3s Decay Series

o _.'1'.?_Pr{im,cifpa1,menbers only; Isotopes constitibing less than 0.2 per cent of
. -the decay products are omitted,

Uranium-238 G:_L5i x 10%)
Vo
'Ihoriwné’jh (—,él&.lOd)
v
Protactinium-234 (1.14m)
+ B
Uraniun-234 (2,48 x 10%y)
toa
Thorium-230 (8.0 x 10'+y)
Yoo _
Radium-226 (1,622y)
LA
Radon-222 (3.825d)
Yoo
Polonium-218 (3.05m)
v oo
Lead-21% (26.8m)
e
Bismuth-214 (19.7m)
AN
polormiwr-214 (1,50 x 207%)
Yo
Lead-210 (22y)
T
Bismuth-210 (%.,024)
_ iy
Polonium-210 (138d4)
.
Iead-206. (stable)

" faken from Tang, Griffith and Steacy (1962).




. Ureniune235 Decay Series

' Uranium-235' (actino-urantun) (7.13 x 10%)

o _'Actihiﬁmaéé?-Céiify)
(98, 8%)5 oo a(Len)
::_-,_""lhoriwn-—227 (18 6d) | _ o o Franeiim=223 (21m)
: R o B
Radium-223 (11.24)
R * _a‘- i
| Réd'on'_.éil'g'_ ) (3 92s)
Yoa |
Polonilum—2lb (J 83 x 107 3,)
Le‘ad»—?ll | (3_5 )
. ms_nmt'h;éll (2.16m) __
'(99 68%)a x . 8(0.32%) -
____Tha___ium‘?@? (14 76m) Polonium-211 (5.2 x 107 !s)
[ S T
Lead-207 (stable)

g, GRITLIGH and Steacy (1962).




Thorium Decay Series

Thorium-232 (1.39 % 101%)
e a.
‘Radium-228 (6.7y)
Actinium-228 (6.13h)
Thorium-228 (1.90y)
R
Radium=224. (3.643).
_ _C!.
Radon-220 (54.55) (pbpuiarly called thoron)
PR a.
Polonium-216. (0.158s)
. o
Lead-212 (10.6h)
B
o Bismuth-212 (60.5m)
N B | O (33.79)
© Polontum-212 (3.0 % 10°75)  maliwn-208 (3.m)
e e g L | z :

1ead-208 (stable)

" aken: from Lang, Griffith and Steacy (1962).




Zgjilatter 3oon plcks up two electrons to become atomic helium. Natural

aniur is 99.27% U238, 0.720% U235, and 0,006% U%3",. Natural thorium

'”Tis,lqo%;Th232.

“%“If. the  pavent  of ‘the series is'separated from 1ts daughters and

then the series is left undisturbed, then, after a time, the whole series

ffééqhes?eﬁuilibrium;;or'rather,:ggpfggghés it.asymptotically. 1In other

o 3{;ﬁéfdsjfeach-member of the series decays at the same rate. Fquilibrium is

";Qtﬁéined'in the U?%8 geries in about 1 million years; in the U?3> series

j;{finﬂéﬁout 100,000 years; and in:-the thorium series, in about 100 years.

'“7ﬁg]ybﬁﬁg_or.recentlyfweathered rocks, and in soils and sediwments, the {

. A1) three series are in equilibrium in most ores and rocks: however, in

1238

'“ﬁjﬁsefles caspecially can be out of equllibrium.

The -amount of a particular nuclide present at any given time

”*:_*afﬁéf-the.parEnt is separated.from the rest of the series ean be found

' %11ﬁyf§o1ving-the equations derived by Bateman (Kaplan, 1962}. Solutions of

{ ‘tﬁéSé.equati0ns for the U?38 series down to radon for several time peri-

':  ¢ds?are;presented in Table 4. The units used, equilibrium units, are the

”’fjﬁﬁmbgr_Of atoms tilmes the approprlate decay constant, assuming one equi-

:°T55}ibrium unidt of U238 initially. FEquililbrium units, in other words, ex-

“5f;press the amount of nuelide present as a proportlon of that present at

'-j?equiliﬁrium. 8ix of the entries are expressed as maxima as the Bateman

uequétions cannot glve an answer less than 0.01 equilibrlum units. Maxl-

"j maj1ég5,than this are found by assuming that U?3" was at its final level

- fof*theuwhole period and solving the Bateman equatlons for the shorter
series.
It s clear from Table U that any significant correlation be-

.;tﬁeéan238 and 1ts daughters below Pa23% 1in post-Pleistocenc material




238

23!

Pa23u
231

230

206
000

Tnitial

CTARIE 4

,003 026
<3x 1672 < 002
1070 < 0016

< 1077 < .0016

1000 years 10,000 yrs. 100,000 yrs. 1,

2k
.08
.08
.08

. mount of Nuelide Présent Starting with Pure U250 - Fquilibrium Units

000, 000
years
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':}not radloactlve production. Ifor

-__ed.there by some means other than the

'_lch to the phySlcs of the uranlum decay serles is

_-of equillbfiumeattained by panent and daughter

daugnter (see Appendlx”l)‘ Th d'gree of equllibrLum is expressed as a

ratio

N2A2 .
=l -

oMt (Equation 3, Appendix 1),

Wlﬁl

L. 1f multlplied by 100 as a percenb. Radon~222 is 507 in equilibrium

_-with radlum—226 .m 3. 8 days 90? in 13 days and 997 in 25 days. Radium

eradiunkfedon 1s the ba31s of the analytical method for radium discussed
. 1n Chapter 3 The same fact 1ndicates that in nature radon-222 will not

'.be far ren@ved in tlme from 1ts pdrent radiumr226

APPLIED GEOCHEMISTRY OF URAVIUM

York on the applica geochemistyy of uranium up to 1960 has been

'”feunmurl?ed by Hawkes and Webb (196?). In their words, uranium is "ex-

'?Lremely mobile under alkaline OXidIZlﬂg condztions...ﬂhe uranium con-
Lent of fresh,water A8 extrenely. effective as a'method of reconnaissance

exploration, .. " 'The:sane~authore.notewthe affinity of uranium for or-
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“ganic natter in peatbogs.

. nce‘been,tested in the Rancroft area by

ug{rChamberlain (196q) who™ measured uranium in over 1100 water samples and a
Tufewrsedimentssanples'OVGrranﬂarearof“1850'square‘mlles. He found the

: r?;;greatest potentlal use of ‘the: rethed to-be in reconnaissance prospecting,
.E.TOf 6¢talled prospectlnw he notes .

:**On a 1ocal scale anomalously;high uranium values in waters

organic 15 '”“1315. In,t] _invest gated area, ard presumably
over: mch of v’y Cahadlan Shield, uramium hydrogeochemistry
thus ‘offers only restricted:gu des ‘to 'specific ore targets.

e The-usefulneSS'of:uranium“injsurface'Waters as a reconnaissance
;pI%oSi_j'éét-ingﬁftodl ‘has been further substantiated by Smith and Dyck (1969) at

E*fﬁéﬁdfgff;idntério;*MﬁéDonald“(l§69)béf'Eéaﬁériodge, Saskatchewan and Meyer

715(196§):iﬁPLabraa5r, FEither lakes or streams can be used. Lakes are part-

:iiéE"érlyiuééfuliih;fhé1CﬂﬁadiaﬂfShield”dﬁé to their ubiquity and the sim~

:i”liéityiﬁfn'éhﬁliﬁg#ﬁhem,by-aircrgft. Reconnaissance samples can be

.Lijgpilected;af7théiraté:Of’téh*or5Mbré per hour, Meyer (1969) reported a
:".:fgéﬁtbfﬂé.fbid”inéréaséfin;Uranium‘eoﬁtéﬁt’of lskes from July to Septenber,

;*”z?;;iibﬁﬁ?MééDohéld-(1969)'fdund'no such variation,

branium 1n residual soil has’ been applied extensively to uranium
'prospectiny (Hawkes and Webb 1962)," "Analysis of plants for uranium
r:hasfbeen’oné“OE the most suceessful. of the geochemical methods used on

~the Colorado Plateau,"

Lo PPLIED GEOCHEMISTRY OF RADON

With an atomic nurber of 86, vadon is the heaviest noble gas.

mﬁqugitm;mmtgmmmmtamlkmgmb&ﬂmdiamqm,hmsahﬂfﬂi%
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of 3.8 days,
| The solubility.coeffiéient.of radon in water at various tenp-
eratures, taken from Sedlet (1966), 1s glven in Table 5. At 20° C,
under equilibrium conditions, the concentration of radon in water will
be 0.25 times the concentration in the gas phase. The abundance of radan
in the earth is extremely low and below the water table, in the absence
of a gas phase radon must exist in either the dissolved or the adsorbed
state, Uhleés a mobile gas phase is present--and this is extremely un—
likely in Precambrian terranes--the mobility of radon below the water
table is limited by the mohility of the groundwaber In which it is dis-
solved. Because groundwater moves under normal conditions at the rate
of only a few feet per day, radon will not nomnally move wore than a
few hundred feet before it has decayed to an undetectable level, The high
levels of radon-222 freqguently reported in spring and some mine waters are
dge to radium-226 in the solid material of the aqulfer, either by itself
6r.in uraniun minerals.

It has been suggested several times to the author that uranium
depqsits helow lake bottoms in the Canadian Shielid might be detected by
heasuring the radon dissolved 1n the water at the bottom of fhe lake,.

Tt is clear from the foregoing that radon will not "percolate’ upwards
from the vranium deposit as a gas phase, but will move in solution with
the groundwater.

Tn surface waber, nonequilibrium conditions prevail. Movement of
air above the water willl ensure removal of radon in the gas phase so that
here 1ts concentration is negligible compared with that for equilibrium.
Therefore, concentratlon of radon in surface water will be dependent
upon kinhetic factors such as diffusion and turbulence which contribute
to the movement of radon to the water-air interface. The effect

of turbulence on the level of radon in surface water 1s considered
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-hanter 7 Hawxes and U éstate that radon is Yextremely

noblle 35 a GleOJVGG vonstituent g0 :afer....” As showrt above. this

jcannot be true because (a) below the water table the short half-life

fr-ftogethef with the slow groundwater movement Drecludes its movement over
x?_jgreat dﬁstances, and (b)-egcape into the air will be rapid. (In a study
_,yofjradpn-in small streams in the Wasateh mountains, Rogers (1958) ob-

”   §éfved that'raqon levels dropped off to, zero within as little as 500

?f*flfeét d0wnstream from thé point of influx).
| In, the Bancroft area radonw??2 is found 1n hipgh concentrations
,;“several miles downstream from its ultimate source, uranium minerals.

iits'dispersion iglgreatly increased by the dispersion of its parent

5ﬁ-ffadigm~226. The source of radon 1n surface water is one of the pro-
z“ffbléms cbhsidered in this thesis,
The usefulness of radon in surface water as a reconnalssance

.kipféSpeéting-tool for urarium deposits has been demonstrated hy Smith

"?éhd-Dyck (1969) and Dyck and Smith (1968). As in tie case of uranium,

”I“ﬂheither ]dkes or streanm can be used with the same advantage of rapldity of

5f:fsamp11ng

Abovo the water table radon is more mobile because in this case

73{fdt 15 in the gas phase, The applled geochemistry of radon in soil has

'”fattracﬁed-COHSIGGPable attention, most vecently by Dyck (1969h), He has




| TABIE 5*,

Selubility ¢f Radon in Water
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- reported that radon determinations

152$diifhave outlined uranium-bearing
“ ‘rocks in’the ‘Gatineau Hills, Quebec, and the Flliot lake, Ontario areas

(Dyck, 1969b), and the Bancroft, Ontarlc arca (Dyck, 1968).

APPLIED GEOCHEMISTRY OF RADIUM

Tne geochemilstry of radinm in natural waters is probably control-
led by copreéipiﬁétion wi.th baﬁium'sﬁlfété, by adsorption to sediment or
bj'bihﬂihé“with c&gﬁﬁdc matter rather than by solubllity of radium itself.
o S%ériﬁ“(1963) has Shown Uhat radium in'fhefécean is adsorbed to sediments.

i’ 1s in addition to the well-known concentration of radium in ocean
sedinents due to Ghe preéipitatiéh of its insoluble parent thordium-230.
Théfaffihitf”éf"fdﬁium for ofgéhic matter in peat has been known to the
Rusisians since 1943 (Mtayeva, 1967). It is confirmed in this thesis
(Chapter 5). R

Tﬁe_appiieﬁ geochemlstry of radium has larpely been neglected.
_H&ﬁkésiéﬁﬂ”Wbe'(iQGQQ p. 371) mentlon that "radium deserves Investigation
_as;.'.:a":‘;-;sath:rjhd,ef*'.fo'r uraniuvm. " Ditayeva, 1967, Vinogradov, 1959, and
other Russion Selentists have studied radlum in soll and sediment. One
- would suppose that they have tested its application to prospecting, but
'7tﬁiéﬁﬁfiﬁér”wéé‘dﬁahie to find aﬁy'sﬂécifieumention o' it in the avail-
'a}'jﬁ].gé : 1:;Lerdi,ur’e (;,r'iznber-t (personal commnication) at the Commissariat
aI.‘FnomJ(‘ALoxniqlein I'énee has sbudied the geochemistry of radinm in
Béiisfihiaﬁ éffort to apply 1t to progpecting, bub has riot published any
peULLS, ana 1t 15 understood hes no immediate plans to do so.

" Chiew (1956) approachad the subject of the spplied geochemlstry of
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ddiunlwnen he HE&SUftd, uﬂfh a.ﬁengef counLer, radloactivity in madern

rea@igrggelg,;n the Celorado Flateau and found high values downstream
om fnines. Because most of the radioactivity of wvanium minerals is

- due to Tadiug-226 and its daughters, and because the uranium deposits in

~ the Colorado Plateau are poor in thorium, 1t is apparent that the in-
'"*-gneaséwinara@ioaCtivity associated with the uranium deposits was due to

‘potassium minerals, : N
;n,@anan it is frequently desirable to discriminate between ra-

‘dicactivity due to uranium and that due to thorium and potassium. Thor-

:fium;dépOSits>are common in both the Bancroft and Elliot Lake camps and
 cduue P&le?LtiVP anomalies that cannot be distinguished from those due

'to uranium. The ubiqulty and lrrepularity of glacial materlals rich in

'gpoLa“°)um and thorium add to the confusion. Chew's methed would be ure-

:aﬁlgfactory in this case. Determining radium-226, the method developed

dn this thesis, is, on the other hand, speclfic for uranium.

‘Mhis thesis has two purpcses: (1) to evaluate the usefulness of

"1radium peochenﬂstry per se as a tool for uranium prosp scbing and compare

iib witnrother methods, and (2) to determine as much as possible the hig-

'o”;$0f thh raden-222 observed 1n water, that is, to determine where the

ﬁﬁsmupation of radiwn-226 to radon-222 takes place, and hence whether

nw2P° arrlves at lts present location as radon-222 or in the form of

_jrado

'"Z;_}one of its precursora,

‘ﬁn* first poal was approached by collecting drainage samples

(ﬁ“ﬁeryaﬂd sediment) over a 90 square mile areaj analyzing the sediments

_fbrﬂraQJum and urardwn and the waters for radon, uranium and radiuvm; and

coiparing the response of the different elements in the two medis to




I"—b.

I{nownuramum deposits ahd” ocktype In additicn, a small collection
':--:-.-_.;.ij'_is'oilsif was analyzed for radium and uranium. This determines which of
'f; 3th¢3metth§;erks,and.which;wOPKSabéstﬁ= A suitable -analytical ‘technique

or }"adiwnwas ~developed to: accofr@lish-this .

Plogvess 'tgwar_‘ds_.:f.the:;-se'c'OndL.ﬁ"g;Oal, ‘the ‘source of radon-222 in wa--
tE’f,comesaoou{, largely-as a bypféductrioi!*the first. Consgideration is
gwentothe ‘emanation. of radon-222-by sediments. This-is also the
basis -of . the, analy'tieal-.nﬁthod' developed for radium. ‘Then the effect of

. several variables on the-radon :content of surface water is examined.
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CHAPTER 2 AREA STUDIED

Ansarea of 90 square miles at Bancroft, Ontario was selected for

:  ;Eﬁé?fol1bﬁing.reasons‘ It contains -several weanium deposits. Three of
“these have supported producing mines and their lateral extent is well
;known -The arca conprises two dlfferent geological terranes, the Hali-
f;bprtpanastings Highlands gneiss complex and part of the Hastings Basin

 ';é;éé5§f~manle,-pafagneiss-and anphibolite. A modern geological map on

“a Beale of one inch to one half mile is available.

'Hining'activity ceased in 1964 and exploration ceased even ear-

-ﬂj_lier, reducing the chances of contanination. 'The drainage downstream
_.;ffrom Bicroft and Taraday nunes may. have been contaminated by ae process-
':fEJng actlvi y, but this drainage can be Jeft off the geochenlcal maps

o ;With@ut d"Stmb’lng the seumle coverage Farms are uncommon and most of

" fth?farea is nearly pristine.

T contrast to some areas of the Canadlan Shield, streams and

";'éﬁreamxsediﬂﬁnts are abundant. In splte of the ublquity of outcrop, some
l.:-j'éfééS Of soll are svailable for pedogeochemical studies, notably over

"ngicroft and-Faraday mines.

The area is easily accesaible from Kingston or Ottawa by a two

'.or Lhreo hour drivc. Most of the san@le points can be reached by auto-
'.:ﬁnwblle or. by-a short walk. 'This-allowed the author to collect each sam-

'ﬁ[-plc andlnake obser'vationu personally.

LOCATION AND ACCESS

The area studled (Figure 1) comprises a rectangle of 90 square
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FIGURE 1

G_eolog;y'-and Ura,riium _Qccurrréné'e_s, Bancroft Area
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miles, 12 miles by 7.5 miles. It covers parts of four National Topogra-
phic mep. sheets, 310/13 west, 31D/16 east, 31E/1 east-ard 318/ west;
apdhparts.of Faraday township of Hastings cobnty and Cardiff township of
Haliburton county.

Access 1s provided by five paved highways, a rallway and an air-
port. A dense network of roads covers the area; no point is further
than 1.3 miles from a passable road or trail. York River and several

lakes provide access by boat to some of the more remote locabions.

GEOLOGY

The area lies in the GrenvilleProvince of the Canadian Shield.

The Grenville front is 160 miles to the northwest and the Paleozolc cover
rocks are 30 miles to the south.

~ The rocks, all of Precanbrian age, are of two main types (see
- Figure 1): (1) Grenville type metasediments, mainly marble, paragneiss
and. anphibolite to the south; and (2) plutonic rocks, mainly granite,
syenite. and. gabbro, together with their gneissic and hybrid equivalents
to.th@,northj These two areas are separated by a narrow band of syenitice
rpcks.anqg@phélinggneiss (Hewitt, 1959).

. Hewltt (1959) feels that the Grenville metasediments are the
oldest rocks-in the area. These were then intruded by gabbro and diorite,
fo}lgygd,by,ngphegine_syenites and theh by syenites and granites.

:;.,Théjgtructureeia.dominated by two areas of plutonic rocks, the
domealike;cardiff.plutonic complex, part of which is included by the

northivest corner. of the. area, and the south-dipping Waraday granite sheet
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which oceupies the northerii portion -of the area. Between these two plu-
tens; the metaseédinents, syenitic .rocks and nepheline gneiss have been
plastically deformed into a Ve-shaped synclinal reentrant. Similar domes

and reentrants are common nearby. Numerous steep faults cut the area.

URANTUM MINES AND SHOWTINGS

In an area U0 miles square centered 20 miles southwest of Ban-

croft are no less than 122 uranium ocewrrences (Cntario Department of

_._;Mihes5 Map .No. 1957b). Only U of these have produced cconomic amounts

of ore, 'They lie in a straight line stretching from 3 to 12 miles soubh-
west from Banecroft.

The -area’ studied contains 3 of the 4 abandoned mines and ten of
theuranium occurrences. All these deposifs are in or near the narrow

strip of syenitic rocks and nepheline gneiss which lies between the

- granitic-rocks on the north and the metasediments on the south. That

this distributilon is true in general can be seen N the Cntario Depart-
ment of Mines map of the larger Haliburton-Bancroft area (Map No. 1957b).
The iUranium deposits are of several types, but all the successful mines
are inieonplex bodies of granitilc or syenitic pegmatite. The following
brief descriptions are sumnarized from Satterly (1957).

Cvlw fThe Bicroft-opres are in a north-south zone of granitic bodies
occurriﬁ@jin“axband:Ofesyenitizedﬂparagneiss and amphibolite. The zone
iS—ié;OOOZfeet long-and extends. to the Croft worklngs (see Figure 1).

A -Faraday #the radicactive minerals occur in bodies of leuco-

pranite, leucogranite pegratite; and pyroxene granite (or syenite)
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pepmatite; cubting metagabbro and gabbroic amphibolite." (Satterly, 1957,
p.110) Ore has been developed in-a zone extending 2500 feet southwest
from: the shaft,.

The Greyhawk ores are in pegmatite in a northeast striking body
of ‘diorite and iretagabbro (see Figure 1). Development was limited to an
area extending 500 feet east.and northeast from the shaft. HNo ore has
been found south of the fault shown in Fipgure 1 passing through the mine

-area.

PHYSTOGRAPHY

Elevation ranges from 1050 to 1700 feet. The area 1s divided
into two physiographic terranes. The north half, underlaln by granitic
rocks and characterized by high relief, is part of the Haliburton High-
Nands.  The soubth half, underlain by metasediments with scattered bhasic
Antrusives and characterized by lower relief and lower elevation, is
part- of the Hastings Basin.

Nothing has been published on the Plelstocene geology. The
glacial features, as observed by the wriber,- are similar to those in the
~rest of the Canadian Shield, namely, polished rock surfaces with little
‘cheniical weathering, abundance of glacial till and erratics, dislocation
of-drainage and numerous deposits of -sand and gravel. Ice movement di-
rection innearby areas was 15 degrees viest of south (Geological Suvvey
“of ‘Canada, Map 1253A). Ice retreated from the general area about 12,000
years ago (Geological Survey of Canada, Map 1257A).

Mo rivers, the Crowe and the York, drain the area. The eastern
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 .-th~fifthS"dﬁains;to theﬁeastato;thé.York,River, the larger of the two.
ThéjYOrk inWS=northhto Join the Madawaska which then fleows into the

| Ottawa.  The remainder of the area is drained to the south by the Crowe
- River. The Crowe flows south inte the Trent which then flows into Lake
Ontario.

Swamps and lakes abound; there are over a hundred lakes large
enough to show on a 1:50,000 scale map. Individual streams alternate
-between fast-Clowing stretches with rocky beds and slow-moving swampy
areas. Beaver dams are abundant. The writer encountered 17 springs;

this suggests that they are relatively common.

SOTL AND VEGETATION

A soll survey of Hastings County, which includes Faraday township,
has been published (Gillespie, 1962), but none is available for Cardiff
tounship. However, because three quarters of the area studlied lies in
Faraday -township, -the following dlscussion, condensed from this report,

15 useful.

- Sevenby-flve percent of the area 1s mapped as rockland. This is
described as being "50 to 90% rock or thinly covered rock with small de-
posits of deeper soil materials In the crevices." Most of the remsinder
is mapped as sandy loam and loamy sand., Organic "muck" occuples several
small patches and bottom land (recent alluvial deposits) occupies one
small patéh. Txcept for muck, bottom land and a swall patch of gleysolic
soll;:the-goils.are all podzolic.

. The-area is covered with forest except for scattered patches of




feas of mixed hardwoods and coni-~
"__Qére7mést‘COmmon' These grado 1nto pure hardwcods on one hand, and
e'cenw:ers on “the other. The common ‘hardwoods “are* maple, poplar,

hy' elm and oakky the ccr.ifers ae cedar, spruce, fin henilock and pine,

labandoned favms have been planted to pine.

CLIMATE,

Tﬁé Canada Departient of Transport (D.0.T.) maintains a weather
-stdtion_at the village of Bancroft where. maximim.and minimum temperatures

and'”recipltatlon are- recorded daily., Monthly and yearly average of these

mes urements for part of the period 1931 to 1960 have been published

‘partisz:n.t of Transport, 1967). Comparative data for the period

& data are presented in Table 6, Snow accounts for about 204

"5 :[,~of the_total yearly precipitation. Table 6 shows that 1968 was a normal

el -_: V:f,normil JC‘&I’

‘CULTURE AND CONTAMINATION

Uhe area was irst sottled,in the: mld«nlnetepnth century.  Many

of Lhe fannb were abandoncd withln a few years, but a few scattered

farmb remain, Logglng continu* “to.be an important industry; the

" u§;0r1gLndl_pino forests were logged: off oarly and gave rise to sccond




s emperature and Precipitation at Bancroft

s VMean Temperature (degrees F)  Precipitation (inches of water)

o venh domal 1068 1969 Noml 1963 1960

- ?f;ﬂﬁéhT ‘””"1u;1”"' o > 59 L5 L
Cwe U - 1.68 2.19 .60
X3 - | 2,63 2.6 1.16

37,3 2.31 1.16 3.93
A - AL 2.h2 1.69 4.51
o i? fJune;_-; 60.9 60.8 59.3 2.61 i, 4 6.07
.'; ?-f?JuLy__ 653 65.6 64.5 2.85 1.82 2,76

oocAug. 635 62.3 2. 2.20
o gept 5.1 3.31 4,68
_. .;f§dth | 3.0 2,64 2,25
:::  ﬁ?ﬁQV 3L 2.93 3.53
"’”ﬂf}ﬁéc 184 2.76 3.90
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"?growth hamt;roods Inrecent years: tourism has become perhaps the mest

n@or'tant mdustry. 4 Tourists are attracted by opportunities for fishing,

huntlng, boatmg, ‘and. mmer'al collectlnp; Mining activity boomed during
-rithe nmeteenmf_‘lftj es but ceased. a]together' in 1964 when the uranium de-
'-'ﬁ:-_';"__-;mand.fell‘_ The Faraday mine, the lust to close, has a large amount of

s __'5'0ré -and 1s.in.a position to. resume production given a favorable sales

D contract

Orn processmg at the erof‘t -and Faraday mines may have added

i UI'EII’)ilHTI and 1tsdaughuer pI‘OdUCtS tOPaUdaSh ang Bow L.aj{es, respectively,
a : dtothe _;:_Stl’l_téax_lﬁ draining;them Ore. _!._rfaé not processed at Greyhawk
‘ nj{jié_,;,;_:gafi_’c;b@g},wasi::_e:__‘ dumos .and mine workings may have affected natural

e distrlbutiorl -of these elements.




' square mlles (Chapter 2), Saiple sites were selected, in general, on
S thebasisofaccessiblllty arid ‘lihifbr'm'?dén'sity'; however, some detailed

‘éér"r;o-jiﬁg"‘i&aié “carried out srownd Bieroft and Greyhawl mines. IT the lat-

S ter sanm] es are’ omitted along with oamples from Pavdash and Bow Lakes
-and the btreams draminp' the\m, which may be contaminated (sce Chapter 2),

”random" samp]e of 221 pomts yesults.

< fage Viater bodies: Streans, lakes, swamps, ponds and springs. Sbream

: sanp]eswem collected ag near the center as possible. Lakes, swamps
S and ‘porids were sampled near the edge except for two samples in Faraday
Ial{e, one in Coe Lake and eleven in Paudash Iake whieh were collected in

. ‘_"a."lbbat 3 Sediment at these locations was collected by dredging with a

o _'-rbucxet ona rc)pe The maximiin dep'th sampled was 37 Teet.

) .'f’b‘; partia] ly subme):'ging ‘the bottle and allowing it to £111 with a mini-

i mum 01“- turbulence Sedimerit samples were collected by hand and placed

e S R s S R G T A S ; x

'_'-_-;f’.,lst'of‘ 5and grravel and SJ.l and organic Sedjjmnts which consist of

ﬁ“"daj(ik;;_co_.__ofed, .soft-, " uneorsolidated organic material. Vhere present of
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'DRATNAGE SURVEY

" Dramagesamples were ‘collécted at 258 points over an area of 90

Water and. sediment sa.lm:nles yiere collected from all types of sur-

Hatpr .samplefs were collected in elpht-ounce (230 ce) glass bottles

raf G ;jépéf-’ﬁ’. envelopes.

TWO typ(,.;. of ﬂedjjnent were found: clastic sediments which con-

the same locabion, the two types were always separate snd distinet.
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Both types. were collected at every sample point at which they were round
together.  About a third of the sanple locations had both types of sedi-
ment, a third had only organic and a third had only clastic materlal.

At 37 locations bobtom naterdial consisted of a mixture of organic sedi--

rent and plant parts, both living and in vardous stages of decay. This

material was sampled and treated as sediment, but the results are treat-
ed separately in Chapter 5 and Table 17.

For each sample, an 80-space geochemical sanple information card
was filled out in the field. Of the information recorded, ail of which
is Jisted in Appendix V, the following cbservations are relevant to this
thesis: sample type, width of stream, depth, rate, turbulence, composi-
tion of sediment, possibility of contamination, water temperature and
pH. Except for pH, which was measured with a Beclanan Model N pH meter,

and temperature, all the cobservatlons were visual estimates.

o g e

Fighty-two soil samples were collected from four areas. Two
lines were run over Faraday mine and one over Bicroft mine. 5ix samples
vere eonllecbed from a small area well away from known mineralization to
give an indication of "background." ‘he Bicroft line is oriented east-
west with 1ts zero point 720 feet north and 300 feet east of No. 1 shaft.
The Favaday east line (Flgure 21) has its ordgin en a road at 15,109 feet
north and 14,105 feet east (mine grid) and is orlented at N 33° W. The
Faraday weat line (Figure 22) runs along the 13,000 foot east line from

4,250 to 14,850 feet rorth (mine grid). The writer is dndeblted to
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B, Y. Smith who esbablished the pickeb lines.
'.fﬂﬁorSOiJﬁhbbiZonsfHerewfbundJ*"IheﬁA“horizon, normally one to

”wpzinches;thickieis;black-ana~rich;in—@rganic material., 'The under-

_iﬁingfB_hbﬁizon;iSarustyabr@wnf-'No,leaehedfzone is-visible in the A

'ﬂfhgﬁiZOn.efIn,swampyfareas-the-rusty;browntlayer is not present, and

lack soll extends: to at least two feet.  TIn most areas soils are thin
andsstonys Outerop: 1s-abundant. - Maple forests cover the area of the

Csuryeys.

T 'SanpleS“were~colleetedfatffifty-foot intervals wherever the soil
© was-at ' least.a foot deep. Both A-and B horizon were sampled, A from
.'Jusﬁnbélaw the litter and B from a depth of about a foot., Where the

ty B horizon was net-present, only a sample of the A horizon was ta-




;7ViSiOhfoth“'Y“;Smifh "Thos collec d:in 1969 were analyzed at “the

?Geological Survey of Canadd in Ot:awa by the author, FbrtyétwO'weter

gsamples were analyzed for radium 1n7the field lqboratorv 3t Rarieroft,

Badium and uranium were determined in a]i sediment and e011 sam-

-ples._ Sampleb eollected in’ 1968 were ,11yzednfor Faiwn by the=writer
at” Queen,% Univerqitv,' The remaindepuofﬁﬁhe”faaidm deteriinations and
.all Lhe uran:lu.m determinations uerz, made by the writer at the Gecloglcal

Pvev of Canada.in Ottawa. ’

ﬁ‘Kﬁime 1imitaiions pfocluded a’ Lhorough analysls of the dibtribution
o:ranium thh grain size at difTerent distancee from the soursé. ~Such an
rould have determined which grain size shows maximun response At
%dietance downbtream from Lhe sourco “and which grain al?C to use
:Uat different ecales of prOSpecting Resultu of a sieve experlment on a
'Tciastic sample collected about a mile downstream from Greyhawk wine (Eeble
) ehow that updnium and radium are enriched An fine fractions; therefore,

'*fgthe minuo-BO (Tyjer) mesh fraction=was used for wanium analyses. Radium

'fi;iéhéj ses: require a 1arger samplo (about 50 pm), and a coarser fraction

.diﬁfy(minug 10 mosh) was used.

Urdnium detenninat]one werercarried out by fluorometry using the

:; method described by emlth and” Lynch (1969)




Solid sanples, that is so“' and shbream sediment samples,

are leached in hot 4 nitrle geid for 2 hours, An aliquot
of the leach solution iz diluted with U nitric acid to

glve the working sample solution., An aliquot of this solu-
tlon, equivalent to a sample. welght of 5 mg 1s evaporated

on a platinum dish. After a quick ashing of the sample dish
at red heat bo destroy organic matter, three grams of
carbonate~fluoride flux are added and fused in a muffle
furnace at 650° C for 10 minutes, Sawples are cooled in

a deslccator for twenty minutes, and the fluorescence read
on a (alvanck-Morrison Fiuorometer. Readings are callbrated
in terms of uranium content by comparison with standard
curves prepared. from uranium solutions of known coricentration.

A group of 20 Sémples, selecte «+ over the full range of chserved
coricentrations, were analyzed twice each.. Results are presented in Table
7. The standard deviation calculated according to Appendix IT is 23%.
The significance of analytical and sampling errors is discussed in Chapter
5, Smith and Lynch (1969) cite a detectlon limit of 0.5 ppm.

Four organic samples were ashed for 20 hours at 500° C and then
dissolved with hydrofluoric, nitric and perchloric aclds., Uranium de-
.'.~tefﬂﬂhations on the raw sample, the ashed sample and the dissolved sam-
pie'are presented in Table 13, It 1is clear the the simpler method, ana-
lyzing the raw sample, detects most of the uranlum, This level of accu-
racy ls adequate for geochemical prospecting,

The procedure- for water samples is simliar to that for sediment
and soll, A 5 ml aliquot is evaporated directly on the platinum dish.
Ebffsamples collected in 1968, the detection limit was 0,1 ppb (Smith
'aﬂd-Dyck 1969). A smaller-allquot (2.5 ml) was used for the samples
{collected in 1969, and a lower degree of preclsion resulted. Nine of the
' 1969 samples se]ected over the full range of concentrations, were run
'ftWige cach and the results are presented in Table 8, The standard devi-

atlon caleulated according to Appendix IT is 497,




Replicate Determinations of Uranium in Sediment and Soil

Sample Nunmbper

31D16
31FY
3114
31C13
31%4
31l
31D16
31RY
31EL
31¢13
31016
31F4
31FY
31T
314
31016
31FY
31FY
31016
31

. Standard deviation = 233

[ff'pF*Soil5$ample

3160
T0U7#
7057%
3154
3843,
6161
3178
3679
3178
3182
7024%
3730
3723
7073%
703&*
6049
T065%
3762
T078%
5029

TABLE 7

Uranium, ppm

51 46

hy 34

30 30

19 21

9.2 11.8
7.2 8.6
6.8 6.6
h,2 5.2
b0 3.2
3.0 3.0
1.3 1.0
1.1 1.0
0.8 0.7
0.4 0.8
0.5 0.7
0.5 0.6
0.7 0.4
0.4 0.4
0.4 0.3
0.5 0.2

33




TABLE 8

Replicate Determinations ef Uraniuwm in Water

Sample Number Uranium, ppb
31016 4151 11 12
3IF1 4153 10 11
31E1 - 4056 3.3 2.8
31D16 4154 1.3 .6
31D16 4155 1.0 .3
IR 4152 .9 1.2
31E1 - 4083 3
31013 4016 .3
31013 4037 A .1
" Standard.deviation = 49%
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Radon-222 in waber is determined by passing alr bubbles through

~. - the water to collect radon and then measuring the alpha activity of the

' gas mixture in a scintillometer. The method and apparatus used were de-
veloped by Willy Dyck. 'The following sumnavy of the method and brief

description of the apparatus is based on numerous personal commnications

| with Willy Dyck, of his publication (Pyck, 1969a) and on the writer's

| 'Oﬁﬁféxéériéncé. 'be"a-compléte‘discuséion, the reader is referred to
byck (1969a).
: © The apparatus consists of five comporients (see Figure 2): (1)
-.vacuum-liﬁé-with'pump and gauge; (2) radon extraction tube fitted at the
Eééé,ﬁiﬁh-éoérse'ffittedrglass dtscy (3) radon cell (Tnis is an airtight
“éylinder, 2.0 iriches in diameter and 3.0 inches long, fitted at one end
_with @ glass window and at the other with a "qulck-connector.” The in-
|  _éidé;is:bgated'with'silver”activated zine sulfide.); (4) photomultiplier
tube; " (5) electronic counter.

e wnter sample, 130 ml, is placed in the extraction tube, and
fﬁé7bélve:£o'théVVaccaum line closed. The radon cell is attached to the
'ﬁééﬁﬁﬁpline'énd evacuated.  The valve to the pump is ¢losed, and the valve
fsfﬁhéfékﬁfaction tube opened. Alr is admitted slowly to the extraction
| ﬁubE'thréﬁghAtﬁé'friﬁﬁéd disc until the pressure reaches atmospheric. At

this point virtually all of the radon 1s in the cell, and it is discon-

— Ten-minutes -after the first air wae admitted, the cell is placed
'dﬁfﬁhéfphpﬁpmultipiiéf-tgbe and QOuntedgfor two consecutive five minute

.ihféﬁﬁalé}'”Ihéide the'cell, a'pﬁlse of 1light is glven off when each




” ;éi§ha_pértic1e étrikeé"the¢éiﬁc;8ﬁifide. TheSe pulses are then convert-
“ed tO-electricity,:amélified by the ﬁhotomultiplier tube and counted by
.thé counter, - N

1@31:'3_The apparatus 1s calibrated with a 250 pc/1* radium solution
.fﬁém.which_the radon has been removed and allewed to gros in again ac-
féord££§;£;¥éqﬁé£;;é‘égwﬁﬁpeﬁdiﬁuij Bﬁulétting the standard equilibrate
foﬁ yarying times, one can obtain raden concentrations ranging up to
S 250 ?e/i;';ihe pggults of the calibrations are expressed as a cell con-
stant.in,termﬁgof;counts per.minute (com) per pc/l. The cell constant
for Dyck's" appératis is 0.333. ‘The amount of radon in a sample in pe/l
_is thaiééq.by di?idipg the ¢pm by the cell constant.

“Radioactive decay must be corrected for unless the analyses are
| ,dQné:wiﬁhih”a:few’hOUES'Of collection. ‘This is done by dividing the above
}fifréSﬁif}iQ;EEZI.by efht (Bquation 1, Appendix T), where A is the decay
Tié@ﬁstantﬂfbrwradon~222,ﬁtnis,the,decaying time~and.e is the base of the

h;fsystem of natural logarithms, 2.718. Because of the volatility of radon,

 ”_1 theisam@le'must be kept in a tightly sealed glass bottle untll analyzed.

"[ ;fOther-isotQpes of radon from the thorium and uranium-235 decay

. sories do'not affect the count because of their short half-lives. FRadle-

 é¢tiviﬁy-from other sources, for exanmple, potassium-40, does not inter-
:fére either.

- ‘Analytical precision is determined by repeated analyses of the

|  -¢aiib£ating staridard. Seventeen analyses, over a range of radon concen-

"?tféﬁiQDSafrom 42 to 2M0 pe/l, pave a standard deviation of 12% (Table 9).

: '; -A;ﬁuriéfisuthé-quantity of a radloactive nuclide in whlch 3.7 x 10126

E-"'-'_ ;-'i".:_':";c}'js__'_:h{)__tfe.ga;_1‘ﬂat'io_1",15_-C)(-:ca.ilr'_ger gecond, or approximately one gram of B
oo A pleocurie (pc) is 10712 curie.




FIGURE 2

Radon Extraction Apparabus

© AL Complete assenbly for extracting radeon from water (after
“ Dyek, - 1969a)

1. Vacuum purp

2+ Vacuum guage
. Zine sulfide. cell

3
b, "Quick connectort

5. Drying column
6.“Radoﬁ;éxtract10nltube
7

8

9

7. Waber sample ,
. Fritted glass disc
. Valves:

B Attachment for exﬁracting; radon :from sediment and soil

.10, Water

111_;. Gas dispersion: tube

12, Fritted glass

13. Sediment or soll sample







' “Replicate: Detérminations of Radon-in Water

39

:T;[EBdonr222 was - deténnined 17 times ina 250 pe/l radium-226 standard by

*ifcontentfby 1 -g" A

'*, Standard deviation: =

results are norﬂﬂllzed to

Callo«lng it to equllxbrate‘for dlfférent lengths of time,
edium~2_6 ‘equivalent by dividing the radon--222

For comparison,

(Equétioﬂ 3 Appondix,l), where A is the decay con-

?{stant for radon and ¢ 1S the! time.

Badon—222
detnoted
opefi

135
110
37::
65
159
62
55
51
118
T
g5 -
204
15
B
»37'5L

T8

221

12%

Radiunh226
9qu1va1ent
pe/1




Lo

 __Qm$“€§bj¢;to¢thgt of . ‘the. analytilcal

.;_ﬁﬁPthd@ﬁgfqyfﬁaﬁipﬁpﬁndHpgagiqm;ﬁegauﬁajthg,range of concentrations used

-~ was Mudfed o the upper part of the natural distribution,

'-Thé 1afgest—Source-of error,-except in the case of high samples,

'Vﬂls_the statlstical error-of count rates. For a counting time of 15 min-

“ﬁ :;utes (5 mlnutes background and 10 minutes sample} the detection limit is
-;149?-2-P°/1f' Atrth}a-level-Of sensltlvity,_the output per assembly is
3f aboutIQTHSémples‘perfeiéhﬁ%hggﬁ]gﬁgﬁifgne-pePSQn can, however, operate
;ﬁore than one assembly.

h Applicatlon of the, method: is limited by the half-life of radon,

i '3,82 days.. InylS_days, a—32;pc/lﬁsampl@ (falrly~h1gn) would decay to

jrpp/l Analyses must therpfore be.. carrled out within a few days of col-

_Jectlgn.;;Th;@,pgqg;rﬁs;th@@;the;appargtus be set up in the field. Send-

ing the samples to.a comercial laboratory would be feasible only in

RADIUM

“” fTHé;diaéSi6éi¢ﬁéthod“for:débeﬁhihing radium-226 (for example,

*stémﬁaﬁi; iggufﬁppifﬁg;ugg’55ﬁ§ists of letting nascent radon-222 form

"f_szOr féﬁiunb?°6‘a000rding to Equation 3 (Appendix 1) and then measuring

'ke nascent radon,.'Radiﬁm+226‘in 1iquid'is determined by a simple modi~

 71fic’ ion of Dyck § (1969&}:method Solids, ‘i1 the c¢lassical method, are

7'  ;disso1ved or fu¢ed to release the radon. Development of a simpler meth-

 fod';or deterﬂﬂniﬁg radiun%??6 1n,sed1ment and 3011 described in the re-

"';Janaln ng:paft of this chapter, s a.nﬁjor contrlbution of this thesis




rquat,lon3 (Appendlx
;ﬁfLﬂééuiiiﬁfiﬁﬁ'ﬁiﬁﬁfﬁéaiﬂﬁ;226¥ﬁiﬁhﬁéfﬁéifgiifeuof-3.82 days. Thus the
- tmehmtatlonfor vadivi ‘detetiinations s exactly opposite to that of

I’adon thesr‘:lmple st :,itfor- ‘a'minimim of ‘a few days rather than a maxi-

RADLUM DETERMINATIONS IN WATER

TRadium-226"in water is determined in the same way as radon ex-

.wéépﬁ.féfhthiéhéhgés' fClj*Aiiftﬁe radon present initially in the water

S pemoved by ‘flushing with “air bubbles or by allowlng it to decay. The

'“gampiéﬁiéztﬁéﬁ:aiibwéaltb'$it‘fbf“SeVéfa1rdéyS for fresh radon to grow

cpm

" ...is*-;?h@!Qe@?-&;-__conﬁt.?.ljﬁ?-:f_or-'.rad_qmzz’;‘ and ¢ is the equilibrating

time (Buablon 3, Appendix T). Produckivity, precision and detectlon

RADIUM- DETERMINATIONS IN SELIMENT AND SOIT,

. Dis: 01 ingo » fusin ! SEdJ_ment or soil, a5 requived by the

 classical analybical method for radium-226, 1s & lengthy procedure and

afdéﬁgry'for’gﬁéchemical prospecting which requires cheap



iv2

analyses, In geochemical prospecting methods, dlssolving is usually
replaced by leaching with water or acid, or by partial fusion with a
flux such as potassium bisulfate. These processes are faster but are
less complete in freeing the element of interest. A major purpose of
this thesis is to develop an analytical method for radium-226 in sedi-
mgnt-and,soil-whicg,is simple enough and of sufficient precision and ac~
curacy to be of use-in geocherrical prospeeting.

- In the case of radium determinations, only the radon-222 must be
rgmoyed_from the. solid, because 1t is radon which is neasured. Radium-226
on or near grain -surfaces glves up its radon spontaneously. Radium in-
sidezlarge grains is not detected, but it is of less value to peochemical
prospecting than is adsorbed radium., Adsorbed radium travelled to its
present location in solution in the water, and this water can usuvally be
traced upstream to its source., The distribution of large grains with
enclosed radium, on. the other hand, was affected more by placiation, and
their source 1s less obvious.

" Rapid methods of radiwm-226 determination developed in this the-
éié?éan'bé divided into two types depending on the medium, alyr or water,
iﬁ wHiéh:néécent radon 1s stored as it is growing in., In this work, a
ﬁétéf:mediﬁm was used for routine determinations, because bottles were
:é?éilabie t6 the author whereas alrtight vessels must be manufactured in
'iéfée numbefs} Hosever, some pilot tests were made using air, and this
Méthod.was found to be simpler and more precise than those using water

(Tabie 16).

Methods Using Watér as 4 Suorage Medlum

iﬁd'ﬁéthods”WGre tried: the first gave erratic results; the sec—




i et e e e -

-_éjxrave beLLer I’epI'OCluclbl t—y -"-and‘.-w;éisl-uSed in routine determinations.
"i_rosu1t of replicate analyses of several samples using the two meth-

51L¢§s=are presented “n Table 10,

Method 1: In the first method, about 50 graws of sediment are
.?Qbﬁﬁaintb_a;éﬁozml-glaSS‘bottle which is then filled with water free of
:i"adon andf' :'f'adJiUfn'i-' ':Thj' 5 is -sha]:{e'rfE and  allowed to sit for several days.
f::The Jength of tlﬂE alloved depends on the sensitivity requived, Little

is gpnned dfter Len days. The water=is-bhen decanted into the radon ex-

'___f_;ra,ctlon tube and: radon—~222 in the vater is measured hy the method pre-
v1oule de%cribed above (pagﬁ;35)

T Radiwnll’l the sediment _in-.:pcﬁgjn should then be egual to

cpin. % ( 260 =~ V)
.\1‘)

cel] constani, x (l - W

m‘_'ré V'md ¥ are the velume in liters and the welpght in grams respect-

cly'ofithc smdinmnt ‘A is the deeay constant for radon-222 and & is

qu:Lllb:vdting time.  The exprééé’ion 0.260 - V is the volume of water

n ’rhe ':..pﬁo.;pjtlfé. The formmla assumes that all the radon gets into the wa~

T’nl.:l.‘a Lmllkely because -tbfe;i'-ﬁéir@le is left undisturbed for several

:\_“(:1-.-1:5. _Qp_g_anegl, s lost.

“Methed. 28 In the gecond methed, which is more precise, the water

P
A
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 Gonparison of Results Obtatned by Tuo Radium Methods
‘. . With Radiun Expressed fn po/em

o Sample NWamber.. . - - lMethod:l- . - Method 2

M6 363 L 337
3 257
L n

1.81 6.60
282 5.29
86 s.o1
£41,25 . _ _ 4,52

56.8 | ' | 75
76.1
98,4

Sren T
10.1
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:m bubbledinthe bottle bylettlng alr 1n through a glass gas disper-
_,e“gibn}ﬁub¢;;fﬁééég§§;ﬁhgs;wesathésmethoa used in routine analyses, the
d._et-éiied 'proc_edﬁré-eiiis;sfgivéhsr-in.fﬁpp‘éﬁaix' T11, and a brief description of
o the ‘method - follows

'Afterfebout 50 grams. of sample has been allowed to sit in the
e7bottle £113ed with water for. several Jays the 1id is removed and 50 ml
.'of water poured out and dlscarded fhen a two-hole rubber stopper 1is
‘.b'attached (see Figure 2) One hole contalns the gas dispersion tube
- whloh reaches uO about the top of the sedlment The other contains a
.;5short glass tube whlch,reaches only the bottan of the stopper and is con-
';enected at the tOp, to the drylng column Both of these tubes have stop-
-jiioocks These afe blosed and the bottle shaken. The cell is evacuated,
i d. t':“radon extracted by admlttlng air as a multitude of tiny bubbles

Jbthrough_the gas dlSpePSlon tube

'”ﬂehakcn v1gorously without radon belng 10ut to the bubble. Some radon is

: ffbroughly i the method of calculatlon

Using one assembly, the author was able to run 20 to 25 samples

f;eper 1ghtwhour day. One person could however, run two or three units

“'Le_”celfor an output of over 50 samples per day. Output per asserbly

couldabe 1ncreased by reduoing the countlng time with a sacrifice of

é:on and deteotion llnut

Chltbrat@on The apperatuS'waS calibrated using a 250 pe/l rad-

lslune226 standard,and a new “cel] constant" was arrived at, this time in




hé

}fterms of* cpnMpc Pourlng out 50 :;*bfﬁstandard reduces the volume fto
210 n& The bottle then contalns 0. 210 % 250(1 - e ﬂ) pc of radon,
::where A'is thevdeéaﬁfCOnsténtﬁfbr"fadon;222 and ¢ is the time that the

- standard was allowed to equilibrate. - The eell constant is then

‘cpm

210 x 2506-1_',_-*;:97'."”)

';S;Valueu of this cell constant and of the number of counts cbserved for

7seven calibration runs are presented in Table 11. 'The 95% confidence

L*.limlts for the cell condtant are 1.22. 4 0.16 (obtained from the Student

f;vt;dlstribUtion with six degrees of freedom).
| " The standard deviation of the cell constant is 0.175 or 1h%.
”'::fﬁyerage'of the nunber of counts obtained is 478, The standard error

fg?éffédunt_rates is equal to the square root of the number of counts, in

'w”-?fhisfgaseiéi.g'br .69, The.disparityfbetween these two error estimabtes

7'? ;iﬁdi¢ates5that_the,experinental error in determining the cell constant

 isféonsiderab1y in excess of that due to low count rates. Tt is also

'"ftgféater.thah”that-féﬁéftéd.by“ﬁyck (1969:). His 26 determinations of the

7g0eilfconstént-have o standard deviation of 8%. Because the rest of the
'ffﬁ@thqd-was identical to Dyck's, the source of the error must lie in the

" method of bubbling.

“Radon extraction efficiency: Dyck (1969a) reports that the ex-

"T}tpactlon efficiency of his radon extraction tube is 95%. The efflciency

'.ff us1ng the gas djsper81on tube, used in this study, is lower, about 50%.

'f:':fWIhls figure is acrived at in two ways.




.. Determination of Cell Constant for Radon System

Using Gas Dispersion Tube

Cdunfs Cell Constant
cpm/pce

5U0 1.09
270 1.11
Wiy 1.00
671 1.29
558 1.01
179 1.18
678 1.46

Average 478 1.22
Standard Error 21.9 175

_ j-Rélaﬁive Standard Error 4,64 149




" Radon Extraotlon Efficioney Using Gas Dispersion Tube
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"”F(l)TArSefieefof?éampleS Wesfﬁeéteé»Ee*o 3 times each in immedi-

;ate su00e531on, allowing no - timeﬂf'r radon to build up . (see Table 12).

:The fractlon of radon remainlng 1n ‘the water is the cpm divided by the

pm' 'of__ the irmnedlately Dreceding Tun. 'Ihe effieieney is one minus this
ratio The aver-age efficiency of five. pa:lrs was 57%.

: _.- (2) The cell constant using the. gas dispersion tube is compared
'lfiwwth that reported by Dyck. (1969a) -He glves_a value of 0.333 cpm per

;jpc/l-or-.becauseshe used.lSDfml”of:stendafd' 333 + .130 = 2.56 cpin per

el Because ‘this was based on an effic1ency of 95%, 100% of the radon
uwould give 2 56 ¥ 95'='2'70ncpm=pepgpe;' 'The ‘efficiency of the gas dis-~

;persion Luhe ib theén 1.22 = L2070 =55

T{TlRadon;extnactlon-with_the~gasadiepersion tube is both less pre-

fo e'l'i-‘a'l*id_"s:'jle’sé thorolgh than‘with the fadon - extraction tube. In spite of

,the"lnferior prec1sion of the gas dlSpEPSlOH tube applied to a standard
radium Qolution sediment and soil sanples can be analyzed for radium
,w1th;gpeater;preglsion.u51ng~the_gas.dlsper3lon tube Than using the re-

_don”extraction tibe.

C&Zaulatﬂon of radium: 1In caleulating the amount of radium in
the sedlnent, account should be taken of the reduction in volume of wa-

lrter by the volume of sediment. lf the pOPOSitJ of the sediment is as-

‘sﬁmedrto be 507, then the vohnne of- water available for radon storage is

" where V is the volune of- the sedjment When the sample is bub-

Otfgive up its radon A further ;0 ml of water is discarded. fThe

Volmne _f ._.Wd,ter’ tested is then 210 - V. Thus the fraction measured of

,the total fadon glven up by the sedlment is equal to




R

- Mhe ‘amount of radium in the sediment. or soil tested is then

v
opm | _26_0 ~ %

12201 ~ M) 210 - v

"”~i;1n pc/gm, where . is the welght of eample used Derivation of the cell
;3constant 1 22 was exolalned on pagel+6 Because some radon is trap-
';ped 1n the sediment when the 50 ml of water is discarded and then is

“releasedi&hen the bottle is shaken the discarded water contains less

'he1 the "avefage“ anwunt of radon,and this calculation will give an

4: answer whlch is sligntly uoo high In the extreme case where no radon
s -moves f‘rom the sedlment mto the water before the sample 1s shaken, the

t;radlum conccntratlon as calculated in this sectlon willl be a factor of

v
260 - %
210 - 5

,:, too hlgh that is about ?5? too hlgh A maximum analytical bias of Chis
’ffmagaltude is not serlous 1n geochenucal prospe cting. Precision is more
ﬁﬁfimportant than accufacy, and Method 2 vas the most precise method avail-

.fable to the author

The above catculation can be simplified by assuming that V is



:  ['the=SanE for every*sample;=‘NithﬁViédudlrto'NO'mly the formula reduces

o

1.16 cpm

W - e )

'z;nInVa:serie5£of-réplicate~ana1yses,-where 22 samples were analyzed 47

1i times3fthefdeCfeasé*inﬁprecision*reSulting from this simplification was

5ﬁfj1§1igbt‘(standardzdeviation, 5. = 32% compared to S = 31%), even though V

f:ﬁ?ﬁnged from 8:to 40 ml. Samples collected in 1968 were calculated by

o ,jthé simpler method; assuming ¥ = 40 ml., 'Those collected in 1969 were

}~  }¢31culated-by.both.nethods3.but only the resulls of the longer method

. are used in this thesis.

o fn;~ﬂ;ﬂﬁother*p035ibility is-to calculate the radium in parts per vol-

“ﬂf;ﬁme or pc?ﬁl,-?ihis is accomplished by substituting ¥ for W in the above

ti:ffbﬁmula,'”For the same set. of replicates, this again led to a slight de-

”f,preaSelin'preciSion (S = 33% compared to S = 31%).

Interference: ~Sources of interference are limited to alpha~

'?f;_fadibactive:gases originating in the samples. Other sources of alpha-

":i,ffédiatiOn,;suchLaSaimpuritieSfin-theeapparatus or laboratory air, are

f;cghtroljedhby checking the ‘background.

Exéept for the.0238,7U235 and thorium decay series, natural

ﬁf'uaiphawradioactivity is limited to lsotopes of cerium, necdymiun, samarium,

.'fxgédoliniung'hafnium arid platinum. These nuclides are too leng-lived and

 ;of “too: low abundéhbe to make a significant-addition to the alpha-radio-

”Jl:aétivity'Of'I@don‘ Moreoﬁep, none of them are velatile. In addition,




;;raﬁon,has several_solid~daughfef;§f;ducts.Which contribute alpha-radio-
f;&¢tivity'in the cell.
| Sources.of interference are limited therefore to menbers of the
f:.j U%§3,_U?35 and - thorium decay. series. Each of these three series con-
?~;;'tains"an:iSOtQpe”Of“radon'(Tables119 2; and. 3). None of the other mem-
 bers:are_vo1ati1e1
- In'natural uranium at equilibrium, Rn222 1s about 25 times as
active as Rn?1?, Purthermore, -the half 1ife of Rn219 is so short (3.92
_'$¢Qonds) that virtually all of it decays after it leaves the sample be-
o fore.it is -counted.
Interference from Rn?290 (thoron) from the thorium series is both
_mgpe-likely and;. from the point ‘of view of geochemical prospecting, more
'-;imPOrtant»- Thoron.has a-half-life of 52 seconds and has no long-lived
 'alﬁhahradioactive.daughters.r:Interference from thoron can thus be pre-
::.-fvented_withrdudicious timing. . A.-period of 10 minutes elapses between
sshaking the sample (releasing the short-lived thoron to the water from
-iﬁs solld parent Ra?2% in the sediment) and beginning the count. During

this 10 minutes virtually all the thoron will decay.

The-minimim level of thoron which will give a measurable count
‘can be calculated. Dyck.(1969a, p. 14). states that thoron gives a count

rate of 2 cpm/pe one minute after isolation firom its parent, 1In the.

interval, 10 ~ 20 minutes after isolation, thoron will give a total count

o oef

~11k0 o 1140
: —AE
— e gy w7 counts per pc

60 ' 60A
540 540




-or, because A = 0.0127 sec lrla-tOtaifCOunt of 3 % 107% counts per pe.
'_cDividing by..the number of minutes counted gives a count rate of 3 X o

.cpi/pe. The radon4222-c0unting rate for the same periocd is 2.56 cpw/pe

' v3 (see pawe Y. Thus, in terms of radioactivity, it takes 8500 times as

“nmch thoron as radon Lo produce the same count, Tn terns of mass of

232 238

and u in.eqU111brium, the same ratio is 26,000. ‘The thorium-
“::'uranlum-ratlo mist, @heﬁefore;fbe.well-in excess of 1000 in order to
’have a'significant effect on fadiﬁm deferminations. The ratio in ipneous
'.:roCRs ie"fairly consténtgat 3.5, and such an enrichment is extremely
“unlikely in the Baneroft “avea.

A: further control on Interference by thoron is provided by count-

fc_;iny for two five-minute 1ntervals 1nstead of one ten~minute interval.

'f'InLorference by thoron w111 be evinced by a sharp drop in count rate.

f;iMbnltorlng the two count rates during the course of the routine analyse

'“*ﬁshowed no interference from thoron.

Abcuracy‘- The accuracy of the method was tested by running

'iic;eleven sedlment Samples with a standard method. The samples were dis-

solved with hydrofluorlc, nitric and perchloric acids. The radon was

‘LfallowednLo-grow in and then was measured as previously described, except

' Tffthat ¥ 60 minute countlng time was used for greater precision.

Four organic: samoles were run. ‘They were each sleved to -25

: *4meSh and then split into Lhree portions. One portion was analyzed in

' mvahQ routlne manner by Method 2 above. ‘Mhe  other two were dry ashed for

.”eEO;houPS'at 500° ¢, The-ash was agaln eplit into two portions: one por-

L pgtion_waé analyzed by MEthod<2,;and,the-other-(l pm) ‘was dissolved. Re-

Tﬁ;ggjts_are-expresged in pe/em in Table 13. A correctlon has been made
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for weignt 1loss on ashing so that results in columns 3, 4, and 5 should
be the same for a given sample. The discrepancy in the weipht loss be-
tween the two ashed fractions of sanple 31E1 3155 cannot be explained.

A similar test was made on clastic material. Sample 31FY4 5169
was sleved into seven fractions, and each fraction was analyzed both by
the routine Method 2 and by dissolving. Dissolving was cariried out as
before except that the samples were not ashed. The coarse fractions
vere ground before being dissolved but not before the routine determina-
tion. esults are expressed as pe/ga in Table 14, |

The results are encouraging. The routine method detects most of
the total radium. A level of accuracy ls indicated that is adequate for
gaochemical prospecting.

A surprising resulf showm by Table 14 for the four finest frac-
ﬁions is that the routinz methoed gave a higher value than the more thor-
dﬁgh,determination on dissolved material. The two metheds are still
'close;however, if one excepts the finest fraction. The most likely ex-
planation is that scome radon has accumilated in the fine, dry sediments
and was rnot reinoved when the samnles were welghed into bottles. Tne
methed of ealeulation assumes that all such radon is lost. Radon is ap-
parently freed more readily when the sample 1z submerged 1n water and
shaken than when 1t is dry. Further evidence of this is gliven on page
6k,

The fraction detected by the routine method inereases with de-
creasing grain size. Either of two explanations 1s possible. (1) Radon
which had accumlated in dry sediments was, as would be expected, more
thorcughly removed fras coarse fractions than from fine before water was

addsd. (?) Sore radiuwm is Car enough inside the grains that ragdon
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deesn't get out, the fraction trdpped in this way belng higher for coarse

grains than for fine.

Precision and detection limit: Camparison of the precision of
Methods 1 and 2 can be made by calculating the standard deviation S as
described in Appendix I1TTI. The values used are those in Table 10.
Mehtod 1 gives S = 367 if all the samples are used, and 31% if only those
on.which replicate analyses were made by Mehtod 2 are used. Method 2
glves g = ]6N, In addition to better precision, Method 2 recovers and
detacts_a_larger amount of radon,

Because these tests showed that Method 2, the method using the
. géﬁ:disperSion tube, gave better precision, it was used for routine ana-
lyséaf  D@ring the course of routine analyses, Ul samples were run twice
eaéh.?~Thése were treated in exactly the same way as the other samples
and WQre gplected over the full range of radium values. In many cases
'Lho weight of' sample used and the length of equilibrating time used in
cach deterimination was varied.

_ Re sults of the replicate analyses are presented in Table 15, A

_otandavd dPV1dtion of 33% resulted from the 44 replicate determinations.
The standard deviation glven above, 16%, 1s lower because in that case

,adﬁoles contdinlnp larger amounts of radlum were used, and these samples

@ivé.IOﬁer;relative CYTONS .
| “Adlarpe part of this ervor is due to the randomness of radioac-
Ei@é)dgﬁéy. For high samples this error is unimportant, but for low
nes iﬁfis she most dmportant source of error. Another source of error

15 :-the dneonsistency of ‘transfer of radon from water to air in the bub-

51inéfﬁfbcéﬁure. The importance of this was demonstrabed on page 46
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‘Repleate Determinations of Radium in Sediment and Soil Using

the Routine Methed (Methced 2)

Saﬁple*Number Radium, pe/em Sample Number Radium, pc/gm

31016 3163 170 180 3K 3175 .60 72
31013 3154 5l 40 31PN 3790 62 43
S 3Ip63160 29 59 o 31E1 5160 U6 .53
L3I 5001 18 21 31013 3150 15 .80
S 3IDI6 7026% 19 15 3P4 5166 ) 49
U 3IE1 5005 12 10 31Fl 3695 A3 6
31163180 ' 11 3IE1 5165 .30 .55
O 3IEL 5004 9.2 31l 5167 Mg .30
3l 3409 3.2 31E1 5161 Y .19
31K 5092 2.7 31613 3158 .19 .27
o 3mis 318 3.3 3wk 3666 .26 18
3Rk 6137 3.2 3IFY 3723 .25 17
3 516k 2.1 3P 5168 .26 11
Co3ps B89 2 2.4 31D16 5051 .07 .20
' 31E1 6165 1 2.7 3R K022 .10 16
U 21m16 7019% 1 2.7 310l 3767 .10 Ll
BIEL 5162 2.4 1.8 31C13 3171 12 11

1

2

1

N O

(S

NN W e =3 W
W —3

e
RN

oo w

C31EL 5163 2.7 31C13 3189 .10 .06

1l 70364 1.5 3 3719 .06 .0l
17 3808 0. L2 Y 3788 .0l .06
3817 89 1.0 31013 3148 .ol .06

0353 .87 8 3 3693 05 .02

? u {$ﬁéndard deviation = 337
#3011 saiple
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13909§i$?éﬂﬁyyqu?ransﬁer;foradonffran'Sedinﬁnt to water is a further

 probablegource ‘oferror; Manipulatien errors, errors in weighing, ete.,

are unimportent-at this: level ofprécision., Electronic difficulties are
:ndt-Seriousv(Dyckg 1969a)-

A check was‘made to determine-whether the incomplete removal of
fadon=fr0m’thékdryfsample had -an-adverse-effect on the analytical pre-
¢i§i¢n;,f1n;2i of the replicate pairs discussed on page 57, the equili~
ubriuhrtinm vas different for the two menbers. If incomplete removal of
radon -is important, then longer-equillbration times will result in lower
:fadium"values; In 12 of the 21 palrs this resulted, in 7 the reverse
X was cbserved, and in three there was no change. The results are incon-
' cluSivé-&nd-cbuld'wellqbe fortuitous. On the other hand, retention of
radon gy have & small adverse effect on precision,

. | SéﬁSiﬁivity*iS-linﬂted by the error of low count rates, the back-
:grounaEOf;the ¢ell ‘and ‘the. amount of material avallable. During the

course of the analytical work, background increased from 0.1 cpm quoted

" by'chkw(1969H)tofan average . of sgbout. 0,5 cpm. Undoubtedly this was due

to-théfaCCumulation of' solid radioactive decay products on the cell walls.
'Samﬁlés with'ﬂet count “rates lower-than this will give unreliable results.
Hhe'émount of 'sample used was about 25 gm. If a 25 pn sample is left for
téﬁ%dgyS?and.gjvea?aanetzrateaof'O.S epm, its radium content is about
'O;OEﬁﬁéfgm}ﬁ'Thithhen=is-the detection limit. Eariler this writer
.flgégé)freported a-detection: 1imlt of-0.01 pe/gm.  This lower figure was
'éffesﬁlt*6fia*1owerfbackground; The detection 1lmlt could he lowered

and the precision inproved somewhat by  counting for a longer period.
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Methods Using Alr as a Storage Medium

The most exacting and time consuming step in the methods using
water as s storage medium ls extraction of radon from the water. Most
of the lmprecision of these metheds is due to variations in the effi-
ciency of extraction of radon from water. Some imprecision is probably
due to inconsistencies in transfer of radon from the sediment to the
water. An improvement in reproducibility, detection limit and produc-
tivity can best be achieved by storing the radon in some medium other than
water., Air is an obvious cholce., Radon is again determined with Dyck's
apparatus mimus the extraction tube,

Three different types of vessel were tried: glass and rubber,
plastic, and brass. Radon disappesred from both the glass snd plastic
containers. It may have leaked out or been absorbed by the container
walls. Sedlet (1966) reports that radon is adsorbed onto glass and dif-
fuses through rubher and plastic, Brass, however, gave good results.

Tn order to achleve an output of' 1000 ganples per week, a worth-
while output for a comercial laboratory, and still allow one week for
equllibration time, 1000 vessels would be needed. The unlt cost, there-
fore, is an important factor in choosing a design. The other require-
ments ares (1) a valve for letting radon out, (2) a means of connecting
this valve to the evacuated radon cell and (3) a means of opening the
container to change samples. Efficiency of radon extraction can be lm-
prOVed'by'ihstallihg-a second valve to admit fresh alr. The radon is
then flushed out stepwise by openiog and closing each valve slternately.

Two pilot vessels were built, at the Geologlcal Survey of Canada,,
of 0.36" T. D. brass tubing, about 30 inches long. TFor routine deter-

minations mueh shorter tubes could be used, six inches long would be




ampleg tach end is threaded on-the dinside and fitted with a valve.
Samples ave changed by unscrewing the valve. Cotton is placed between
the sedimént and the valve. for protection.

Original radon is.removed by connecting the tube to a vacuum
line and flushing several times with air. Radon is then allowed to grow
in for several deys. A radon cell (Figure 2) is evacuated and cornected
to a valve. Tiis valve 15 opened and then closed, Host of the radon is
now in the éeli; .The Second valve is openhed énd.closed allowing fresh
air to flos iInto the tube. Repeating this process several times forces
nearly all the radon into the cell. The cell is then counted in the
normal mannar.

Difficulty was experienced in obtaining an airtight seal between
the ﬁalve-and the brass tube, The problem was solved by coabing the
threads with teflon tape.

| Loss'of'radon is recognized by allowing the sample to equilibrate
for different Jengths of time and observing whether radon is accumulat-
ing according to Equation 3 (Appendix I). The results of such an ex-
perdrent on sample 310 5169 (not sieved) arve presented in Table 16,
ﬁheTSample-material vas not changed during the course of the experiment
50 that only two fractions of about 65 grams each were used with one
placed in each tube.

Table 16 shows that leakage of radon 1s not lwportant. A1l the
: vafiaxionfin_coluﬁmSHB_and 6 could be explained as due to count error®.

A close look at coluwm 5, especially the last dtem, reveals that values

*Gant:error,perc@nt Is equal to €§>c]00 where n is the runber of counts
cbserved, 17 a sample of constant activity is counted many times, then
68% of the results will 1ie within the count error percent of the mearn.
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-Results of Radium Determinations Using Air

1 2 3 i 5 6 7
Tube No. Counts Count Time cpm 5 Ra pe/gm
Coserved FError % Hours
1. ¢ welght
1 533 4.3 24 313 5.02 1.88
1846 2.3 125 300 4. 82
2927 1.8 2l 300 82
2 676 3.8 26 376 5.04 1.89
1431 2.6 65 367 .92
2304 2.1 125 © 374 5,01
6670 1.2 hol 353 4,73
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- dordrop. of Mrglightly with time; - &.uggesnga slight radon loss. The
nurbers in’colwm 6 ave-proportional to the radlum concentration. They
show - that the radium concentration is the same in both sanple fractions,
and that radon extraction efficiency s the same in both tubes. The pre-
cislon-ofthis method is mueh higher than that of methods using water
(Table 10).
~ " In-order to relabe results to radium coneentration, it is neces-—

sary to make some assumphion.abeut- the efficiency cf transfer of radon
from the sediments to the cell. One:hurdred percent is a logical First
approximation: This can be checked by comparison with the results of
the solution experiment (Table 14) and with the results obtained by the
routine ‘method.,

©The average of the values in eolunn 6 divided by the cell con-
stant will give the radium content. The cell eonstant of Dyck's appara-
tus ds 2,60 cpv/pe (see page 49).  Radium content is shown in column 7
andmth( same for both tubes.,
S The best radium value for sample 31FN 5169 is given in Table LN
at ‘the bottom of columi 7.  This is cbtained by weighting the individ-
,u_a.lff dlssolved: radium values {colum 6) by the proportion of the total

we‘i'g}_fs_tf-i-rjeija'féjsentecl by each:fraction (colum 3) and then summing. ‘The

el ;-.'_:.th_e.sa;ﬁe_-fcalculation for-the solid determination 1s shown at
Lhobottom of colurn 5,

Value‘:.of‘ padium for-sample 3101 5169 obtained by four different
J"f";.éﬁh(_ﬂfi’;i '&ﬁér-pfefseﬁﬁédin"Iﬂ_t‘ilfi 17 The. flve routine determinations and
tht“ 3,1:.'f:C:‘,_€J‘_O_"-.(léf;_ér'ﬁ‘d_nations “dn-giy represent seven separate portions of the

sanples The sieving experinent was carried ot on still another portion.

e close agreement between different runs by the same method shows that




6L

sampie inhomogenelty is not inpt&&énti The difference chtained between
methcds using air (2.0 pe/em) and using water (2.5 pe/gn) is therefore
real.

Choice between alternate gnalytical methods in geochemical pros-—
pecting 1s made on the basis of reproducibility or precision; simplicity;
and thoroughness of exhraction and detection, or accuracy. Using air as
a radon storage wedium is. simpler and much more precise than using water.
Eixtraction of radon into air, on the obher hand, is slightly less thor-
ough than inté water.‘ The difference in thorougimess between the two
netheds is slight however compared to the difference between them and
the "true™ value, 3.9 pe/gn, obtained by dissolving, There is little
cholce between the two methods on the basis of thoroughmess. The great-
er precision and sinplicity using air Qeighs heavlly in favor of that
method, thus anyone planning to do radium analyses on a commercial scale
should glve strong conslderation to using air. A large number of sample
storage containers, probably of brass, would however have to be con-
slhructed,

Guriosity iz aroused by the fact that more radon was recovered
using water as o storage mediuvm than using air. The best explanation is
that radeon emanation into water is miorve efficient than Into alr. An-
obher explanation worth considering s thal all the alr is not swept
frcm the tube into the cell. h sweeping efficiency of 2.0 % 2.% = 807
would;aécountfﬂf the difference. Such a lew efflciency 1s unlikely in
viéw“ef=the,3§epwise nature of flushing the tube. Wurthermore, Dyck
(1969a)rrébOPﬁs a radon extraction efflciency from water of 95%, and hic
procgedure dees not include stepulse [lushing., 'The conclusion remains

tha{ radon enbers water more easily than if enters air.



Radium Determination: (pe/gm) in Sample 3184 5169

by Four Different Methods

Welghted Average Routine Determination
of Sleved Sample Deterimination in Air
(Table 1Y4) (Method 2) (Table 16)

Hssolved HNot dissolved

3. 87 2.57 2.34 1.98
2.43 1.99

2.40

233

2,56
Average 2.1 1.99




Vinpgreadoy (1959, p. 165) coments:  "[Tn] molst sands...radon

diffuﬁes easily and is readily extracted by circulating water. Well

drzined solls are poor in radon. Dry. soils are relatively more radio-

active." 1In other words, radon is removed more efficiently from web

5oiis than feom dry.  Evidently the same process is active in the labor-

atory as in the field.
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CHAFTER 5 STATTSTTICAL PRESENTATION OF RESULTS

HEANS, RANGES, EIC.

Results of routine analyses are presented in Table 18 and Fip-
ures 3, 4 and 5. Drainape samples clustered around mines or in drainage
vihich may have been contaminated were omltted. Data for organic sedi-
rents include data for plant parts. For wranium in water only samples
collected in 1968, 76 in all, were included in the caleulation of median
and TarEe . T‘noée‘ :collected in 1969 were analyzed with less precision,
ai_f;d most were below the detection lmit of 0.5 ppb. Only 42 water sam-
ples.were analyzed for radium, and results were too low to be of use.

Some resulbs are worthy of note at this polnt. Both uranium and
radiun are enviched in organic relative to clastic sediments (see Chap-
ter 1). Uranium and radium ievels in samples containing plant parts are
interirediate between those for clastic and organic samples.

Hadon, on the average, 1s low In lakes and ponds, intermediate
in streams and swanps and hlgh in springs (Figure 3 and Table 18). Low
levels of radon in lakes and ponds ave belleved due to the depth of
these bodles and the resulting bigh ratio of water to sediment, the major
soucee o radon (see Chapter 9-'). High levels of radon in springs have
bwo- causes. (1)  Groundwater is in more intimate contact with (radiumn-

“inp) solids than is surface waber, The area of rock or sand in con-

tact with a glven voluwme off groundwater is much greater than the aves of
::;’e’tii;iirmmt in contact with the same volume of surface water. Thus, the
pabio of radivum bo water is hlgher for groundwater than for surface

water, (2) Raden is less likely to escape from groundwater due to the
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Statistical Presentation of Results

Sanpling Aﬁa-lytical Approxinate
“Error-$ Error % Detection
Tamit

L

Space |'Time

No. [Median| Range

o?géhié”Sé&iméﬁﬁfi68'" 02| L02=1j00 | 21
{ [Sjplant Parts 37| 66| .07-125 31 .02 pe/pm
43 §_G_le§g3,c_ Sediment|155| 28| .03-8.6] 35 | 38

Sl - _

~Organic Sediment 1627 3.4 <220 48
Elpyant parts | 37| 2.6 |0.6-170 23 9.5 ppm

o _
gl (ﬁ;igastic S_edim@nti 153 13 - <92 30 1 K0

i

Sodim

I

| ] ltreams 73] 23 |<ae,000°
\;L;ake" and Ponds | 43| 3 <9000
| HSwanips 10} 20 . | 4-150

?@5gpr¢ngﬁ e 191120 10--3350

1 | 57 12 1 pe/l

lstreans | 0.2 | <lo
Takes and Swamps| 26| 0.1 | <12 67 |117 49 .1 ppb
<h. b

: Te"!&.t@.? L

N

Springs

cifsbroans 19| 0.9 | <8
pL;)j(L% and Swanps{ 187 0.9 <@, _ 1 pe/l
Sopretngs Losl ol @) B

81

gfi;.ﬁoﬂiﬁ@n,_ gl 1z |1.5-180 |12

T

B hordzon | 36

L
A i
(S e
o}
o

IR hori zon o » ] 0.5
rlron 61 5 b ef _ _:} —1_13! m__.-..y

un
P
—
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- Distribution of Radon in Surface Water

Number of -
samples
10-
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Distribution of :Radivm and Uranium in Sediments

-(Asymmetfyqofxuraniumwhistpgi@ﬁg&isidue*tOrlack of sensitivity of ana-

lytical method at low levels,)

Nunber of
sarples

50~

ho-

30-

Organic

20 - sediments

Clastle

20 - sediments

S I | 0 - SO o |
a i ! ! k ¢ ! [ 1 § I ' ] i
e € B ZF 0 G O ST T A Sl & S S S v R
Fﬁ S LR N o s SR e T = B ¢ S S SR R 4 B £
LA I P = . . . LR o T AV e

'ﬁranium; ppm > Radium, pe/gn +




b el FIGURE 5

o Distribution of Radium and. Uranium in Soil

oo Areows indicate backerourd rag explained in Chapter 9.
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POpUlaLJ_Oﬂ dlstrioutmns for radium and uranium in sediment and
ralion in ‘water: ’a{re'-approxim_al:elyf lognormal - (Figures 3-and 4), 'This is
the usual.case for ‘trace elements (see Hawkes and Webb, 1962, pp. 25-26).
The'_'-'s::}_:«me"is_‘--'apparent'jy “truefor radium-and uranium in soll although not
e‘h‘(a;ugtm'.senif),ﬁles were collected to be sure (Figure 5).

Ha'd;Lur'nf is enriched in the A horizon of soils relative to the B,
whel’eaSthc oppogite is true for uranium: - The more likely explanation
is.-'.t.hat,.-the_--A_-f-horizon is the® Zotie of 1éaé.hing, and radivm is enriched
helr_{e rolative to urapium because it 18 less soluble. Further evidence
that. uranivm is- more readlly leached than radium is presented in Chapter
[ 'I't:-:: ds-also posgible that radium 1s concentrated preferentially to
Ui?&_!_]’li}.llﬂ. in plants:which-decay to form the A horizon, but there is no

- direct evidence to support this sugpestion.

SAMPLING ERROR

DRATNAGE: SURVEY

L Mwo i types of sampling eéxvor nmust be considered in drainage sur-
vc,yu -'-Sa_nj{jling;-'e'r‘?rc;r In ‘spacé 18 the variation 1n coiposition within a
] -13;~1ﬁ£i,i;ed-.-'ax*(ea--11981*- the sample point.  Sampling error in time 1s the vari-
3_ at"ionir ceomposition ab the same-polnt-over a pericd of time.
uan;pllng errop in-space. was determined by collecting rveplicate
_ ")('Hé).] ms, “ahout” 10 fEet apcwt, ab each ofa series of 18 sample polnts.

' 'I.‘;_to_wate_f sanples were teo)lected ot each point, two organie sediments ab
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'-_"10 po:mts &nd two clabt,Lc Sedin’ents.at 13 points, Each of the samples
L Was. analyzed in the nor'mal way-. Résults are presented in Table 19.
'.Starﬂ;dard -cievi'at_-lcn:__'_wag‘ qalcul_ated according, to Appendix 1I1. In order
" to ._ac_hie.ve‘s ar'andomsa]Tple representative of the range of natural values
the .entfiejs jn-::the Vtop three rons of Table 19 were omitted from the cal-
culation. |
_ Sah]pling error in time was determined by collecting repllcate
"_f.s:ém@les at -differeri.t times, at least a month apart, from 24 sample points.
_ "'-'l‘f.s:.o;‘v.tater:‘.'-saj'rples were collected at 2:3=--po:‘mts, and two clastic sediment
%armjlesf 'af-- six poin'ts.. No orgéjiiC'I‘éplica,tes were collected. Each of
-the oanples *r:as anal‘,u:ed in the normal way and resulbs are presented in
Table 20, |
A'__"-ﬂxr'th__er’ estimate of the sanpling error in time for radon in
: '.!-iéi:er'ffwasi:.:rnaclez--.fby aang)}mg two points a large nurber of times, although
thjs method is felt to be inferior to: collect:‘mg replicate samples at
1&3“;}‘0 nurrbcri ol loecations as d@scrjbed above., The writer collected
| 32 .:.anq)]r‘ from a stream (3LFH 8169) and A2 from Bow Lake. The first 19
.g'lake 981][1)]6& weps f‘rom sample location 31FM %29 and the remainder near-
li.b,] at, sanple loccxtmn 3P4 3419, “Theraden level was essentially the
ame dt i,h(: t*-.'o Bow Lake. sitem R@ u1L were reported by Smith and Dyck
.:-_(1969) ; -The standard- dmndl,ion of‘ Padon levels in the stream is 15% and
.'*_tlj}:atg._ for Lh(, lake 18 30%. feans a’rboLh locations are about 120 pe/l,
muc,h : l%);l' gher than -aﬁemgca. The -sm;pl_ing .cv)r'mr* in time of radon in water
;mpc‘wtefi m “"ah]o 20, 57% B, 1 :ﬁ‘@ﬂ) .I‘rs::p]'*e'r:;é:ratai;ive of the natural slitua-
_t-i()_rl_;_l'becau S0 jt ‘1"!6.1_; bahf«*d on a 1511'9;0 nlmﬁhc]‘ of different somple polnts,
- ':f-_—seléctézd over -‘i;h‘e'- ul 1 -rag'lge. of mdm C!OT!C(;BHLI‘d_LiUI}c;. .

“amz)] mp“ errors are ccipared with snalytical errors in Table 18,
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value presented for
sum of anslylicad

umling erreor In

eyvaneed oy o abandard devistion greater than that for ana-
¢ sanple peints were not recorded to an

»

error in Gdme most be con-

FLien) ervor, sanpling error in space and

A gimnificeant sanmpling error In tise will be

& standard deviatdon groater Than that Tor senmpling ervor in

08 caee capared by rpans of the F distribution

a1

Srewrd, 1967, pp. 268-270).

Cfor - frabanes,

radivm In sediments iz not sipgrificant be-

is not maeh b bhan

for ssapling e

The fact theb one of the values, 21%, iz

bl ey s evidence of Uhe lmprecision in deter-

1z signiflicant hecause

shsnd blons are greater than analytical ervor.

siing oreor hebw
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¥

vrarr by ared radivs is nob sle

for organie sodinents:  the rull hypothesis Lhat

ridd B8E are egusl can be yodected ab the 907 but

Sommbing ar

Ay space ds o slgnd Cleantly
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i Coroupanium In waler, oy foe upardom or

stlyly due Lo
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Oraniun

A horizon

31016 7087
31D16 7085 . - 13
L6 7083 L

v o To

[N
S
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' Stand:m:i “deviation 734 7%

B.horizon.

Radium
A hordzon B horlzon
16 13 30 13
16 19 4o H
26 24 15 .0

12% 69%
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_f,;r’ urw ;m_a I ine A ‘hord z,on g_wJL"%.ran* mpfe:‘ error than the B; this daln-

f mcﬁ ..E_ 1 an’c even at tha 90 ‘eonfidence level,

Sarpling errors for soils are cempared with analytical errors in
Teble 18, Becauss soils; on the average, are 10 times as high in radium
' afiare sediments, ‘the analytical epror for vadium presented in Table 18
is determined by considering c}r'l'l;,i-:_ftiié' top 16 pairs in Table 15, that is,
the 1( pairs with highest radiun -conbent. Sampling evrors for radium in
&B an:i uraniumin the A nom?ons) are gifferent Trom the respective
-ari'eilvi;icél errovs ab-the 98% confidence levels. Samling errors for va-
-' '_-‘éjum in the A ?1'"615'3*;{2011'-&1'1(;1 upaniuin in the B are nob, even at the 907 level.
Co;’z:garrri%,u the ranse of concentrations found in nature, sampling errors

Cdn solliare low.




THE GROCHENISTRY

CBSERVATIONS O

GE BADIUM AMND URANIUM IR THE SURRICTAL ENVIRONMENT

Hadiuwn-226 in the lithosphere is clogely assoclated with its

-

parent wraniun-238. Equilibrium in the wranium-238 decay serles is es-

sentially complete in a million years (Table 4), and rocks at Bancroflt

are mich older than this. Rock containing 1 pc/gm radium-226 at equili-

brium cortains 2.9 ppm uranium-238 or, because uranium is 99% uranium-

238, 2.9 popm uranium,

The supficial environment in the Bancroft area has developed in
the 12,000 years which have elapsed since the retreat of the ¥leistocene
tee sheet {see Chapter 2). In 12,000 years radium will have reached

sarething less than 0.002 of its equilibrium level with uranivm (see

Table 4. In other words, if a sediment were deposited at the elose of
the last ice age with 100 ppm wranium and no radium-226, it will now con-
tain sorething less than 0,07 pe/gm radiua®.,  Closer approach to equili-
brdin than this means either that the materdal was equilibrating longer
than 12,000 yeara or that radium and uraniwe have shmilar geochendcal
hehavior,

The depres of equillbriumn in sediment and soll ecannot be detere-
mined asceurately by reference to roubline analyses heceuse radium analyses
were carpied oub on the ~10 and wrantun on the -80 mesh fractions.  Boe

*

siibs of dlssolving experbrents (Tables 13 and U1), on the obher hand,

plve an accurate indicantion of the depree of cout b,

. : Ao e L g o e e = N
As deseribisd in Chepter B, fovr organle sedipent samples were

£l
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[22 4 ¥ % R B, - P - i [ R SR S
Viept arhed argd thern disselved.  Hedlum and urendion were determined on

vaw sarpies, ashed sanples and dissolved samples {Table 13). bost of
the uraniumeradinm ratlios in Table 13 arve sbove 2.9 , the equilibrium
ratlo, ard the average ratlo of fused samples is 15, Even this small
aroant ot radium must have been precipitated: 1t has not had time to
grov In Trom decay of uranium. From Table 18, the averapge ratio in wa-
tey of pph urandum to pe/l radivm is rouphly 0.2, that is, the opposite
Lo that in organie sediment. Uranium is depleted in water and enriched
. : 15 . i

in organle sediment relative to radium by a factor of 622'": . Cleszrly
bolfh elerents are precipibated by organie mabtter bub uwranium much more
strongly.

A clastic sediment sample, collecled about a mile downstrean
from Greyhawk nilne,. was sieved Inle seven size Practions and dissolved
as described in Chapter 4, Each Craction was analyzed fPor radium and
51l bub ene for urandum (Table TH). ‘fhe ratio of ppm uranium o po/pm
radium s Palely constant and has an average of 0,735 caspared with an

equlldibrius ratio of 2.9, Two esplanations of the depletion of ureniun

velative to radium ave possible. (1) Aboub 90% of the uranium has beon
leached from the sedimenis, Clastle sediments orlpginate In the 11tho-

s An eautlibrlum, (2) Badium

b

sphera in wivich the wandum decay serles L
b been preciplbated on the sediment. e Slret case would indicate

dastde. trangport of radiom and the second, chamleal transport.  Both

Ao

(Table 14),

o relatbive o

-

a enrdehed In fiae Dpoo

s whleh sve pelabively Clne praoned, or (2
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radiun and araniun ave Lransporhed chombesily snd adoorped Lo the aurluce
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more radium and weaniom would be adsorbed to them.

3

1
o
et
I\
S

e questlion of physical or chemleal fransport is suggested as

a topde for further research., First, a heavy Mquid separation would
deterpdine if uranium and radium were in the heavy minerals, T7 they are,
physical transport Is indicated; obherwise, chemical bransport 18 sug
el t . This can be checked, In the case of radium, by making an aubo-
:r.’adi(s,{_.yagﬁ)ﬁ}'z of & thin section of a grain mount., If radiuvm is adsorbed to
grain surfaces, then 1t should be so detected In the autoradiopraph.
Uranium gives rise to less radiation than radium, and prebably would not

be detécted,

Heathered surfaces of four cuterops were sanpled, and the samples

analyzed for radlum.and uranium (Table 22), the purpose being to deter—

it f wWhich element; radium or uvanium, is more resdily leachied. 'The
roeks were from areas mapped by Hewlt6(1857) as syeniie, metapabbro,
gramiive and bornblende pacagnelss respectively. locations are whivers in
Apperdix VI, Each zanrple was separated inbo two portions, g and b,

ground and then dissolved with bydrolluceic, nitelc agd eiloric

aeids .,

eatdos of pom uraniun Lo po/on radium are lower

Bhart 2,93 which would be foursd in uiwenthered vooks ot eoul Libriug,

Clearly, vranium s been leachod fram these rooks more bhovoushly than

radivm, A mind of bhe ordglinal uraniusm bog boesn

aWay ,

o PR . o e s
aft bhe uraniom bag boon
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e i o yedtigs Drom wenthersd rooks
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Map Unit

Hesd b, 1957
g 3&(‘1 SR ALE
Metagsbbro

Hormnlepds
pavasnelss

TR

Radlum and UGranium In Weathered Hocks

“Saiple Nusber  Porbion  Uranium Hadium
ppm D

FEL 3203 a 126 132
b 186 115

31w 3813 a <0,5 1.06
h 0.6 1.26

31Fh 3818 a 0.8 0,84
b 1.0 1.04
31016 3217 a <0.5 .90
b 0.9 1.4

Uranium
Radiiom

<6

i le collected from an odterop of radioactlve pegmatife near Bicroft

e,
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siionld be an '?fi &6 for radivm fﬁt}ﬁé&’-f:ﬁl&_'h wranium.  Favly prospectors
in the Blind River ares were confused by higﬁﬁ radioactivity and low

urardun assays (Fang et AT, 1962, pp.. 128-29). "Joubin theorized that
because exposures...were strongly radicactive but samples showed little
nranivm orthoriim, these elements  might bHave been leached from the out-
erops ;- leaving strongly radicactive: daughter elements". Had the outerop
aa}r’i?lc peen analyzed for wadiuwe=226 rabher then uranium, the confuzion
mﬁlﬂ not-‘have arlsen. FRadium analyses are Just as easy and give a much
rope aceurate dindication of. the ‘opiginal ueanium content than do uranium
aralyaes. Tois-dées nob apply where the-uranium deposits being sought
are appreciably less than a million years old, and the nranium decay

gevies has not yet reached equilibrium.
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CHEPIER T ‘“"{?‘iﬁfﬁfﬁu AFTECTING THE IEVEL OF BADDN

T SURFACE WATER

LOSS OF RADOH F’hCi’ i SURFACE WATER

Two processes act to reduce the level of radon in surface water:
rodioactive decay and aeration. Radon-222, the chief isctope and the
G415 __-cam;iﬁ'e{e_d bere, deeays radioactlvely with a balf-life of 3.8 Jdays,

?ﬁd&ﬁ 'be._mg; a noble gas escapes rapidly Trom water when exposed
‘to air. To determine the magnitude.of this effect, an experiment was
yuns to determine the residence time of raden in still water. 4 three
gallon buckel with no cover was filled with water contalning 97 pe/l ra-
10} and no radium, and left sitting cubside. Radon in the water was
zr msured four Uimes in the next four days (see Figure 6). The last read-
mg_,*ﬂ belos the detection 1mlt of 1 pe/l. Plotbing the logarithm of
: 'f;,ij;é.-.f"r*a'cbicn of radon lefi against the lapsed time resulis approximabely

. -

line, that is, the decay is approximately exponential,

pro’l

_ ;?i A stedlent
2f

Ej{: half~Jife of 16 houre Is the tine ab which the fraction remining 1s

-

; t_ﬁﬂf: half, As the half-life for seration plus radiosctive decay (16 hours)
is F??J,f‘ﬁ shorter than the half-life for mdicactive decay alene (3.8 days),
duodsoelesr Shat asration 1s wore lmportant in removing radon from waber
Cthan i radioactive deeay.

The bucket experirent represents a speclal ease, snd different
values of half=1ife would be expeebed dn oature. AL depth, acrabion
won i 1esa. o Afeoelive, and the hall-14fe would approseh that Dor ra-

abior would Be mops

“dieactlve decsy, 308 daye.  Tootuiudent water,
£ fz ("“ e arel bhe paliS8 e shorter,  The palf-1i0e of 16 hours would

o4 mindmon Do still

- a E—g&z?gmjfﬁ 5"‘{3,:{- ‘( I }Ff’;} 015 Tj{}’;“ﬁ’ ",’}_ g
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of radon.

o of average stream *e.utz,h s Hhers sre 23 plcocuries

HCﬂmﬁﬁﬂ@phﬁmwk%&;mﬁhmﬁasthsmmmwiﬁ}ﬁMﬂu

r An 'vEﬁ 7y G.U’-"i d ni,r,{";_mtmn aeenr per second, the

wi g“s"“{:m*ﬂt. carr b ealeulated according to

kg b6 the radicpetive decay cons ’ant, for rador,
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—"Qf‘ ﬁ"mmz muu:tﬁm ‘f..(} bi.aﬂ-;_}i‘f 2% pleoccurdes of radon. o
Tumits from dig iﬂe:,eg:‘r*atw cx-u per second to pleccurdes, divide
Fad

5 by 037, This gives the -amount of radiwm (in picocuries),

230
= 130.

A3

Toug 130 pe of radlum will supply the radon in a Iiter of non-turbulent
g _"f?éz_t_u{g;rfagg_”_ stream water.. "Averagel.sedinent .confains 0.5 pe of radivm

per. gram, . Therefore, 220 grams. or, .agsuming a density of 1.3, 170 cc of

sediment will supply the above radon. ‘The average stream sampled was

_-_,-163'_0{'{;_.g}ezgp__._.____,_ A liter of water 16 cm deep has a base area of 62 am?.  The

g r*adh,un is avaiiablc in.the top. 2.7 em. Tnils is about what

.".:"'_.._’*(mild be c:fpec, ed from experience dn the laboratory. In the analytical

' "___'_f__thcfi r.i‘.Qp-_:-radium, radon iz removed from a layer of sediment about 2 om

.ﬂ)J c~}f wj th a-small awount of shaking, Although emsmation is probably

'rot 100 i._n Ehe. top 2.7 emy. some radon would come from deeper levels,

5&7»]3 Limr’e is mourjh radium in the SCdeﬁf‘ﬂb‘S, on the average, to ac-

i 'comlt i_on .2:1_:-1:].,; the radon in the averape stream water.

- theoretic

al wodel of the processes alfecting the level of ra-

don in. surface

wabee . can oy be proposed.  Two effectlve sources of ra-~

aber are Indicated: radium in seddments and radon in

-__f]";m procesaes -contribute to the loss of radon:

ation: . Ihe re mﬁd_@r, rsi Lhn r-mmi,r«'-r iz devobed to exzmin-

*-(,n {m eyl of radon in water and

vapi(gm@m rw f‘ar* Lnat rost of these relationships can

X 'ains u a__'n-- Ereygired _{-'_)_f_._jtf__"ifij.__.;J,];’s(j}._’f,_’:;ﬂ}?f_,:ﬂﬁii. reinforecs its validity. Re-

érsiéf“'ﬁ;ewzrai unexpected relatlionships ‘(j.ﬂda to the undersbanding




of the operation of the processes.in nature.

EFFECT OF TEMPORAL VARTATIONS ON TEVEL OF RADCN IN WATER

Ninety-one control water samples were collected to evaluate the
effect of Lemporal variations in rainfall, wind velceity and flow vol-
ure on the level of radon in surface water. bMost of these were collect-
ed in comnection with the recormalssance hydrogecchemical swrvey dirvect-
ed by A. Y. Smith mentloned in Chapter 1. Some of the results were pre-
sented by Smith and Dyele (1969).

Stream sample point 3PN 8169 (see sample location map in appen-
dix) was swmpled by the weiter 32 times in 1968. A point 200 feet down-
atream was sampled 17 times in 1969, Bow Lake water was sampled by the
sriter 42 times in 1968, The first 19 of these were Trom sample loca-

tion 20 3029, and the remainder nearby at sample location 31F4 3419,

I

To evaluate the effect of rainfall on the level of radon in sur
race water, rainfall is ploCted in Flpure 7 agalnst radon in water at
the two control sanple points. Rainfall was measured dally at Bancroff

by the Canada Department of Transport., 'Two conclusions can be dravm

!

from Wgore 7, (1) there is no apparent correlatlon hetween datly rain
#2411 sod raden level. The drep in radon content of the stream water on
June 24, 1969, folloaing the heaviest precipitation day of the sampling
perlcd 1s probably fortuitous. Chamberlain (19611 veports o slmilior
eonelusion for wranium in surface water, (2) There 15 no apparent cor-
relabilon in raden levels bebween the two control sarples,

Bessnse wind canses turbulence on open bodies of water, 1t was
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fell that radon level might be corpélsted with wind veleeity as manifest-
ed by the presence of waves. 1In Figure 8 and Table 23, Bow Lake control
samples arve divided into two groups. Tne group of samples from turbu-~
lent water has a wean of 108 pe/l and that from non-turbulent water 126
pc/1.  The null hypothesis that the two groups of samples came {rom pop~
ulations with the same mean cannot be rejected at the 90% confidence
level, but can at the 80%.% A more significant correlation might becoms
apparent 1f more samples were collected., On the basis of this experiment
it cannot safely be concluded that wind velocity, and hence turbulence,
have any effect on radon level in lake water, Because the Bow Lake sam-
ples were from water gbout a foot deep, the weakness of the correlation
may be explained by the waves stirring up sediments and releasing more
radon to the water., This additlon would tend to cancel oub the loss of
radon due to turbulence. A similar conclusion is arrived at later in
this chapter.

The effect of change in flow volwre on radon content of stream
water, at a single point, was tested in the summer of 1969 when, each
time a control sample was collected, flow rate was measured. This was
possible becsuse the control sample point was at the outlet of a square
wooden culvert. Flow rate was determined by timing the movenwent of sus-
pended material over a marked distance and measuring the water depth.
Results are plotted dn Figure 9. Neither radon nor uranium is strongly
correlated with low rate even though the flow rate varled by a factor
of 33.

sealeulsted using the Student-t distribution with 2N degrecs of Creedon
by the method deseribed in Freund, 1967, page 256,




Effect of Wind on Radon Level In Bow Lake
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REEILQ’H@?SIE(EQ HETWEEN VARCARIES FEASURED FOR BACH

MPLE POINT

A wentioned in Chapter 3, a standard Geological Survey of Care-
ada. 60-space geochemical field data card was filled out for each sample.
me data are explained and Iisted in Appendix V. The correlation of
the Tollowlng variables with each other is tested in this seckion:
width, depth, rate of flow, turbulence, flow volune, organic content of
sediment, prebability of contamination, temperaturs of water, pH of wa-
ter, radium in sediment, uvranium in sediment, uranium in water and ra-
don in water. Then the individual and collective effect of these vari-
ables on the level of radon in water is tested by stepwise multiple
inear rvegression,

The pH was measured with a Beckman medel M pH meter., Temnpera-
ture was measured in degrees centigrade, A].l the other observations are
approxieate visual estimates. Depth and width were estimated in feet,
Rate of flow was determined at the fastest part of the atream by timing
approzimately the movement of suspended matter past an estimated dis-
tance. Four secale divisions were used: no visible motion, up to onae

foct per second, one Lo three feet per second and greater than three

o

feet per second, ‘Turbulence was noted using four scale divisions: no
or very slight turbulence, ripples but water surface nob broken, water
Sl_l"ﬁl*félce broken and water falls. Orvganic conbtent was estlmated by eye to
’f;ﬁff nearest ten percent, by volue,  Contamination refers to potential
:orsimibn% fon of the uranium serles by culbural acbivities vizsible at the
sgmple site, mostly voad 111, Four scale divisions were used: none,

posstble, prebable and defindte. Flow volume was caleulated by L i Ly
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ﬁeigﬁtiﬁg[eééh-éampié-véihé.bjkfhéﬁféléﬁive'amount of that waterial
-(élééﬁi%*@f’orgahia)*asiéStinatéaiaﬁﬁthe location. Nabural logarithms
weie used for élement concentrations because trace element concentrations
are:1ogﬂormélly“disﬁfibuﬁed (sée Chapter 5 and Hawkes and Webb, 1962, pp.
_25¥267§”héhCéfﬁ§ihéflégé]gives better correlation.

Correlation coefficlents near zerc may have arisen by chance.
.Slgnificance of: correlatlon coeff101ents ig tested by the method des-
eribed tn Frewnd (1967, pp. 361 and 364). This method assumes that the

'VariableS“érésHOImally“distﬁibﬂféd”réﬁdém‘vériables. Flement concentra-
ftiéhs,af@rgivén“hérmalpdiStributiéhs*by?using*natural logs. It can be
- argued that some of the. varlables, for example turbulence, rate of flow,
: p0351b113Ly of contaminatlon and flow volume do not satisfy these as-
jgsumptlons For corre]ations 1nvolv1ng these varisbles, the following
;COhfiﬁehCe 1imits are only“apﬁr6Ximate; ' The positive correlation be-
tween tempéfétufe"and:pﬁﬁof'waﬁéf“ié‘pfbﬁéﬁly“due to the higher solubili-
ty of" COZ at” 1ower temperatures 'DiSSbivihg*GOQ in water lowers the pH.

”:Infthe ‘case’ of sticams, the null hypothes;s that any corrélation coeffi-

.'gﬁientgﬁeﬁﬁééh_;;15'and<+.15 1§ equal to #ero camnot be rejected at the
.-iLéS%fégﬁfidéhéé”level;-'In the "case ‘of lakes and swamps, the range is
£.28 to +.28, 'Cdfrelatﬁdhs=Wh10h”éré”sign{ficant'at the 95% confidence
 1eve1 are- 1ndicated in Table 24 by underlinlng.

A dleUSSlon follows of the Teasong Tor the correlations shomn
'153Tab1é72957"cause and effect” relations among these variables are suim-
 marized in Figure 10-at the end of the chapter.
.iﬂeéébhs“fﬁff%ﬁéfédrrélatidﬁé”iﬁ stream sample data between the
"follownng palPS of varlahles gre obvieus: flow volume with width, depth

“and rate; urbulénce With deLh (riegabive corvelation) and rate; and
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vwidth. with «depth, - Eﬁrliéké.aﬁaﬁswam§fsample data, the correlation be-
" tween depth and turbulence issposifive:. This is because shallow water
‘near- shore :is protected.frmn,wind;ﬁand-deep water near the center is
open. - -In streams, shallow water causes turbulence due to interaction of
the -current-with-the bottam:
- he negative correlations of organic content of sediment with
- rate of flow, turbulence and flow volume is due to the fact that low
- flow allowsasettling:of.fluffyﬁorganiéﬂmaterial.- The negative correla-
tion-oﬂ.organic content of sediment:with temperature, in the case of
iflakes and;swamps.suggests-thatutheiorganismS:responsible thrive in colder
:3;water;~’The negatiVe$corre1atibna0fsz with organic matter in these data
_i§jprobab1y due-to:releaseuby:OrghniSmsrof C0, or H»S, or both (see
.'fGérpelS;apd;Christ5a1965,;pp¢ 380-83). Reasons are unknown for the cor-
rélatiéns;of rate with width.and . pH, and of temperature with depth.
o Correlations between  radium-and uranium are easily explained by
- a1commdn source in the lithosphere. -Also the correlation between radium
and uranium insediments s due in part to partial radiocactive equilibri-
,um'in:clastic:sédiments.- Clastic sediments are chips of rocks, and rocks
'_7é£¢Ban¢roft are in ‘equilibrium (see Chapteir 1). 'Therefore, except for
'.diijrential leaching, clastic sediments-are in equilibrium. Similarly,
.:the;cérfelétion%betWeen:radium in sediments and radon in water is due
,té}locélfradiqactiVEaproduction;ofﬁradon+222 from decay of radium-226
(Seepa%0588m90'1‘ho -correlations of radon with uranium in sediment
{‘:1aﬁd:wéter{are.due-toathe'faCE“thétxuraniumland radium have a common
éoﬁrCe-in;the 1ith05phere,-and.rédpn:is produced from radium.
| . The affintty of uranium and-radium for organic matter has been

kﬁwa for -some time (see Chapter 1). - The reason for the correlation
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bebween uranium in lakezand.sﬁﬁmﬁgﬁéﬁeffand organic’ content of sediment
1s unknom. The-correlationfof-radénciniiake and swanp water with or-
'gahicfmatterain sediment is probably due tc the concentration of radium
"ihforganic1matter*and;the%productiOn of radon by radium. The nepative
'_-fcoﬁrélatiOnsfbf radium.and uranium:in:-stream sediments wilth width, rate
féndfflGWwvolume.are,pr@bablyfdueatO“thetfact that these variables are
i.negativelyicovrelatediwith organic: eontent of sediment.
o “Radort and uranium in water, and radium-and uranium in sediments
_ are;negatively*correlatedg 1n-both'sets of data, with water temperature.
1-The$é:nﬁgative-correlatiOns suggest: that-these elements are brougnt into
.'thézdrainage?by influx of groundwater. . Groundwater maintains about the
: j mQ§n;ahHUairtenperature'andfisacolder;win-the sumer, than surface water,
;Tﬁy§k¢(personal.CQmmuniéétion)?fbﬁnd-a-similar negative correlation be-
'y tgeén radon%and*tempefatUPe-inrthe;Aﬁhébasca;=Saskatchewan, reglon.
. * fju'u-TheﬁnegativeJcorrelationfbétWeenﬂthese elements and pH is unex-
: pléined;-.FTcm-thefargument*in'the.prééeding paragraph, one would expect
:';Pa;pbsitiVe correlation- {see alsopage 110
. . Mé reason for the -negative correlation of uranium in lake and
; swém@-water'withidepth-is unknown. .~ The positive correlaticn, ’n the
Esﬁfé@nldata,-of radium, radon’ and. uranium.with possibility of contamin-
.;gtién}indicates.that-radium.andUURanium.are;sonetimes added to the drain-
' éééT5y_6u1tura1 activity -such as road building.
‘i-ﬁTfWi?f#Radon is:negatively%coffeiated}With depth, wldth, rate and flow
:"VQiUm€~‘ Thé*negativeVcbrrelatiohvwith+depth;is-due to the fact that
 d§ép€waterx1s,ton-théfaﬁerage,;farthér,than“shallow viater from the radon
fsbniéé:inathe,sediments.- Tn -other words,. the same emenatlon supplies

 vadon-to more water in deep than in shallow water. Pepth of streams,
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ffhoWeﬁef;;i%1hi§hl§fefqétic Water depth at: the sample point 1s not as
-frimpoptant as. average depfh over a. dlstance of several-hundred feet up-
._;fjn;stream from,the sample point. 'This quantity is difficult to measure,
'tltf_'Fiow Volume is- closelv felated to average depth and changes only at
"?fpoints-of.lnflux, Tt is ea51ly:determ1ned by multiplying width times
:_”l;ﬁepth times Tate-“all of which”éfé;hédeured‘at the sample point. As one
" of these quantities changes, the others must change sympathetically to

| :f'keep a constant flow: volure. Hbasurlng Tlow volume provides.a more pre-
. ’Jiqiee,lﬂdlgatipn Qﬁﬁaverage depth-than‘dOGS simply measuring depth at the
:l;inéample:ooint. Radon is-mofe'strongly correlated with flow volume (r =
q'fifﬁ 43) ‘han with. depth.(f = —=,17). A smaller random error is associated
flfw1th neasurinb flou volune than with measuring depth, and random errors

reduce correlation coefficients:

"Qﬂidth‘andsrate;aregnegqtlvely.correlated with radon in water

¢hecause-oggtheir;pg$itice;poﬁneletioniwith,depth and flow volume. Cor-
77%5felatiOQgoferadon:with;width-crzelf,38),is,stronger:than with depth (r =
. = A7) . This_iSnbecaﬂée width;;whichhis~strongly-correlated with average

- “depth and flow volune, is less erratic. than.depth.

*fH;BECawﬁe.Oftthe.rapidflOSS«ofaradon by acration, it was expected

5 thatwradon wouldfshowrasnegativewcorrelation,with turbulence. The lack
:'-of such:a. correlation probably indicates that turbulence stirs up the
.'Jsediments thUo releasing radon and cancelling the effect of acration.

H7*113A similar conclusion was reached on: page 93,

_o'lthe data in this section was only partially success-

_1onships dre con&lstent with the model being test-

eﬂq@d(wﬁp 9@;mﬁwamzfenm: mwlmk;mehﬁwwhmed%abysmpm

uffens from the disadvantage that.the vari-

”onjpfables are oon51dered only tyio at & time. Tn stepwise miltiple

i



':lllnear regress1on the technique usedflnstne next-section, the effect of
' neny dlfferent varlables on- the level of radon in surface water can be

:consldered at once.

. MULTIPLE LINFAR REGRESSTON

'”-!;Multiple_1inear;§egpessien3ennsists+of-fitting to the data an
: _-eqt_lation of the type

£ B0 SO BT 4 B
twbere Y. ds the: dependent varlable (radon) X, are the independent vari-
'i3ab}es and Bis. are constants.3=Therdegreerto-whlch the data. fits the egua-

' ”tlon 1s measured by the multlple correlatlon coefficient which has the

f{?;same qualltjes as the 31mp1e correlation coellficient discussed above.

The random error'assoczated W1th a-regression coefficient is ex-

'-”fpressed as a standard deviation.' Dividlng a regression coefficient by

.df'lts standard dev1atlon results in 4.t value. -If the number. of samples

'VHexceeds the number of variables by at least 50,. the. level of significance

.ﬂﬂrfof a: regress1dn_coeff101ent ¢an, be determlned by entering its ¢ value in

i'ftfthe normal dlstrlbutlon Thus the null hyDothes1s that a regression co-

'-3s§ef 1cient s;equa; to.zero cansbe& eJected at-the 95%. confldence level

1.96 or “Jess than -1, 96 and. at the 99%

: greater than 2 58 or less than ~2 .58,
f;;the tﬁchnique used here, fits the data to

a 1inear equat:on one varlable at a time First “the dependent variable
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arvk the wost sbrongly corvelated independent varisble are it to an

I"’”"ﬂe"l‘g;;i)].

Tne program* then selects the independent variable which, when added to
the ahove eguation, gives the greatest inprovement in fit.  The three

varishles gre then fitted Lo an equation of the type

o= fg b Xy + Baks

Toe program continues pdding vardables one ab a time and caleulating
successively longer equations until there are no variables lert which
will glve-assignificant diprovement An £1t. A each step it calculates,
anong-other things, the multiple correlation coefficient, the constant
beim By dnd, for each independent variable used, the regression cosffi-
cient and the standard deviation and ¢ values of the repression coefii
clent.

Stepwise repression analysis was applied to the data rom 182
strean sarples using the 13 vardables )dzted on page 97, with radon in

water as the denendent vardable.  Apaln natura) logardthms were used for

#he progran used 1g a4 subroutine: {(REGR) in fueents WAIFOR library, des-
*ibed In fﬁrr’ﬂn’“ i;mvo '.%,,g ("{mmt ng, Centey ‘j*ﬁrhnmrﬂ Pulletin -6-1.
g : e I 5-'1 .;/966 ( ,nrr L Progream 1ibrary
. perenslon resnlbs
c}m mﬂmﬂr}érf} t}ir* "ﬂf'p}(’ crn*'w-»fi B
oy 4150 uagm Ang wos done at the WATFOR terminal
TR 55} ffﬂ"wmi”cr*' "Eﬁ;' Fi5 iﬁzc@}’l 1GvEDN . OF GHesn's (,orfg.;ui.,,z_.rz.;{
P oon selecbing the progrom, sebiing 1L up and Interpreting
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trster 1 the proprafy selected radium in sediments as the wmost
rlghdy correliated Independent vardable. The stroppositive correlation

bebwesn radlum and radon s due mainly to production off radon-222 by
toeal deecay of radiam-226,

ihe begt Pitting eguation wsing one independent variable is

in raden = 3,41 + 0,869 In radium,

Peonuse _thf: regression coefTicient is close to 1, the relationship be-
t;-rr oY m:agn in waber and radium in sediments is roughly linear. This
supports the theory that wuach of the radon is derived Crom local radium.
If ali bhe radon were so derdved and no randoin ervors were involved, the
regrassion ceafficient would he 1.

Flow-vohim wad added in step 2 as the varlable which gives the

greatest Inproverent in £iL. The reason for the negative correlatlon
was explained on page 103 Addition of this varlable inereases both the
- vatue for radium in sedigent (12,13 to 12.81) and the mdbiple coyre-
lation eoelficient (0,671 to 0.758)., ‘Mhis indicates that large flow
volune reducss the radon level of waber ande‘p-m‘s::iétriiﬁ1_},1 of ita tendency to
padice The lsvel of radium in sediment (Table 243,

In step 3 the prog ream chose Woaniwn in waber as the independent
yariable whieh most :i o e the i ?mm Tabile U 46 i evident that
theve 1 no cauae ardd effect relavlonshlp betwesn wrardum and yadon dn

The disteibutions of both vwandom and radivm ace controllisd by

of uweimibim in the 1ithosphinie and henco these Lwo
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I -radium in sediment
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R IR 26

7. Stepwlse Regression Results for 10 Variables Measured

for Each of 182 Stream Sample Points

flatural log of radon in
water 1s the dependent variable.

‘o
T’ Regression ccefficients with ¢
0 o - values hetween -1,96 and 1.96
o 5 s 8 may have arisen by chance at
3 5 o o o the .05 probability level.
' 1 . O o o
Y ) C« il G4 4
PR £ Q s ! o]
& 8 LR @ o ‘@ © o
20, O g b ¢ T o g
- TIPS O AT
@dg ?3 b & >
ri%* ;:%’o &) r% ﬁ%ﬂi “+5 g
1 en 3 _
S 869 0717 12.13 In radium in sediment
L2 :.758 . 3.68
A 815 .0636 12.81 1n radium in sediment
~.025 .0034 -7.26  flow volume
3. .780 k.2 _
S 881  .0635 13.86 In radium 3n sediment
-.026 .0033 -8.03 flow, volume
_ -.099 .0254 -3.90 organtc content of sediment
479 499
- o .789  .0678 11.64 In radium in sediment

~,026 .0032 8,17 flow volume
.091  .0249  -3.67 organic content of sediment
L0R6 L0169 -3.31 temperature of water

1

Shrr800 0 B9 ' '
L - .768 L0679 11.32 In radium in sediment
=027 .0032 ~B.39 flow volume
-,091  .0246  -3.68 organic content of sediment
-,057 .0167 =3.39 temperature of water
.369  .1761 . 2,09 probabilify of contamination
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'”fWhéfe‘th’bbviousjﬁme the Arainape pattern, flow direction of streams

_-iSﬁgiVGH by arrowheads. In two places the course of streams is unknown,

' and they are terminated on the maps By arrowheads.

- Geology is represented on the peochemical maps by a single heavy

- broken ‘line separating metasediments (mainly marble, paragneiss and am-—

phibolite-to-the south) from plutonilc. rocks (mainly granite, syenite and
gabbro. to the north). A zone of syenitic rocks and nepheline gneiss
1 follows ‘this line in the west half”pfﬂthe map and parallels it about a
 -mi1e1n6rth'in the east half (see Figure 1). Uranium deposits are con-
- ceritrated along the heavy broken line. Major ore bodies are found in
| three:places (see Chapter 2): (1)"in a long zone extending from Bicroft:.
'mine5t0-thé‘Croft-Workings (see Figure 1), (2) in a limited area extend-
.ingﬂ2500 feet southwest from the Faraday shaft, and (3) in a limited
aréa:extending 500 feet. east and northeast from the Greyhawk shaft.
‘Geochemical prospectling using dralnage is based on the principle
that element: concentrations in water and sediment are higher near and
Bownstream from mineral deposlts then elsewhere. The degree of enrich-
: ﬁenffdepends on the size and grade of the deposit, the amount of it ex—
“posed to weathering agents, its distance from the drainage channel and
the amount of dilution from upstream.
- FEvaluation of geochemical prosperting techniques is based on the
- assumption that énrichment downstream-from mineral deposits is natural
'_and;notrcauéed by -working of the deposlt by man, Information for the
4 Sample'points downstream from the ‘tallings ponds at Bicroft: and Faraday
'.minéSLhas+been,left_off'the maps -because of the possibility that ore
proéessing has added members of the uranium decay series to the drainage.

The “dralnage -in gquestion is Bow Lake and Paudash Lake and the streams




draiming them. Tailinés;fr@mLthéfBiéﬁth_mill were piped across Deer
Creek to a tallings pond near.the headwaters . of a small trivutary. Any
leakage from this tailings pond would have entered Deer Creek downstream
from the sanmple point shown on the map. Contamination downstream from
Greybawk mine is unlikely because ore was milled elsewhere,

Seale and sampling density must be kept in mind when comparing
prospectingvtechniques..iRESults_gf;tQ%g survey, 1n which sanples were
collected-at a density of about 2.5-péﬁ,square mile over an area of 90

.‘square miles, are not directly,COmparable with those reported by Smith
zi_anquyck (1969), for which samples were collected at a density of 1 sam-
' ple per 2 square slles over an -area of 1650 square mlles. Nor are the
results.of the dralnage survey, presented in this chapter, directly com-
parable with thosé of the sell survey presented in Chapter 9. Prospect-
ing methods recommended for geochemical surveys at different scales are

- summarized in Table 29 in Chapter 10.

The maps (Figures 11 to 16) show that all the methods studied
,’are-userI in prospecting for uranium, All the maps show & positive
':ébrrelation of high values with the contact between plutonic rocks and
neﬁasediments, along which known uranium deposits are concentrated. All
the maps-show a positive response to Bilceroft and Greyhawk mines. In the
stream which rises one-half mile northeast of Bicroft mine (point a),
water and both types of sediment are high iIn all the elements measured,
ih résponse to the northward extension of the Bieroft radioactive zone.
The same is true for the stream which runs past Greyhawk mine dovnstream
from the mine. Although it may be argued that mining activity at Grey-
héwk mine has altered the natural distribution of eléments, this is con-

sidered unlikely for reasons given above, The chances of contamination
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 ? §:_Aat-pointiaware"ﬁegligible because actiVityﬁhere was limited to trenching
and dlamord drilling and this had cegsed ten or more years previous to
‘this study.
| As -a geochemical prospecting medium, sediments are clearly more
'useTUl-than wabter.
- Levels of radon and uranium in lake water are correlated with
.'ngiﬁher;proximity of uranium:deposits_ﬂor rock type. Uranium is higher
..'éﬁﬁthe:north.end of Centre lake, a mile north of Bicroft mine, than at
'tﬁefsduthyend-which'is-much,closer. The :opposite is true for sediments,

in which both radium and-uranium are much higher, near the mine than a

'"g:?ﬁiiegnprthj, Pond -water, on:the other hand, can be used in geochemical
;}@fﬁéﬁécﬁiﬂgéat;this scale, Water in the pord near Bicroft mine is very
- higﬁ§ih,both_radon and uranium. Ponds are more useful because, being

'7-3-;smaller, their-water has a more -local source.

N R
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The negﬁtive=COntPibutionwdf=1akelwate? as a pgeochemical progs-
pecting medium at this scale does not contradict the conclusions of
Smith and Dyck (1969), They found that levels of both radon and uranium
in lake water were positively correlated with broad areas of uranium oc-
currences. The snomaly they showed associated with the Baneroft uranium
camp is aimost'as-lafge:asuthe vholie area studled In this thesis, Be-
cause lake water samples can becollected cheaply and rapidly using air-
craft, they are useful in reconnaissance prospecting, but there is no
point incollecting samples at the present dénsity.

At the scale used.in-this thesis, stream water is more useful in
pPOspecting‘for=uranium than is lake water: Water in the stream which
rises ‘one-half wile northeast of Bleroft mine (point a) and water down-
stream ‘from Greyhawk mine are high in both radon and wranium.

“Strean. sediments, however; are again more useful than stream
water.

Water in Deer Creek downstream from Bicroft mine has backpround
,1evelsﬁQf"radon and uranivm; however, sediment at the same locatlon is
high in radium and uranium. Flow rate in Deer Creek is the hiphest in
the area except for the York and Crowe rivers., Uranium-poor water fiom
Gentre Iake, a half mile upstream, dllutes any local influx of urarivie-
| rich water. The low level of radon has two possible explanations: (1)
radon-poor water travels the half mile from Centre iake sc fast that 1t
doesn't bhave time to pick up a large amount of radon from the sediments
of Deer Creek, which ig swift and turbulent, or (2) the large Tlow vol-
ure indicates a high ratio of: average depth to arves of strems bed whiclh

results 1n a low ratio of radon in water to radium ixn sediments (Chapler

(R
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The smal;.stream,§h9ﬂn;ﬁ§§g€?@t§day[mine rises in a spring di-
rectly above the workings. Its water !s high in radon and its sediment
is high in both radium and uranium. Uranium in the water, however, is
lower than in several streams not associated with known uranium deposits.
The reason for thls is not known

The stream which flows past Greyhawk mine has a tributary (point
b) enterlng 1t from the south about a quarter of a mile downstream from
the mine. Water in.this‘tributary,is high in radon but the sediment is
low in radium. No uranium deposits are known in this area. Flow volune
at this sample point is one of the lowest in the area. The stream is
1Q§s_than:an inch deep, less than a foot wide and barely moving. fThe
high_level of radon in the_wateriin.spite of the low level of radlum in
sedirent 1llustrates the concgpt developed in Chapter 7: the low flow
voluyﬁ and hence average depth result in a low ratio of wabter to emang~
tions, thus a high ratio of radon in water to radium in sediment.

At three key places--Deer Creek, Faraday mine and the tributary
downstream from Greyhawk minefeatr?am water sampling and analysis give
misleading results. Stream sediments at these places give "correct" re-
sultﬁ. Similarly, sediment in Centre Lake glves a more accurate indica-
tion of the proximity of the Bicroft uranium deposit than water does.
Thus, Walker's (1968) generalization on hydrogeochemistiy (see Chapter 1)
is true for urenium and radon in water: "...this technique is gencrally
a cumbersome method of stream sediment sampling."

Sediments should generally be used in preference to water except
L for two cases: (1) in reconnaissance prospecting where lake water can be
sampled-cheaply and rapidly by aircraft, and (2) where rapid analytical

feedhack *is possible and necessary. Measuring radon in water 1s the fastest
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_jgtechnlque avallablemwa,p,,,able radon»detectlng apparatus is .avallable®

i nWthh permuts On“Thewspot ana1y81ﬂ'*qMEaburlng-radon in sediménts might
'j_beggustaasgpapidﬁaawandfmoneyeﬁfaetiﬁe5than?inawatér, but has not beén
tried. Tt -wc_:suzlafkbfef-‘"lés:s-;-feﬁfé'otia{ie"ﬁf-tﬁah'."ﬁeas'urihg- radiun in sedimerts by

't'thé?WﬁitéﬁIS¥méthéd The- 0h01ce between ‘measuring radon  and uranium in

VT.fiFeconnalssance lake water survey_?should e based on-logistics. If a

'ﬁf7fsm311 1aboratory can be set up 1nathe field ‘and - 1f ranid analysis is

7f_fimp0rtant then: radon should befused IfﬁsanpleS»must he sent to a cen-

'a*tral 1aboratory, then uranlumfmust?be uaed
T kinda of sedlment organlc ‘and “elastie, are found in the

izﬂvaancrOft area (see Chapter 3) ‘”Both_types were found at about one third

:féf'of the sample points, Cl&Sth alone ‘at ‘ohe third, and organic alone at

;}?one third Both radlum and uranlunlare ‘enriched in organic sediments

latlve to: clastlc (Table 18) Analytlcal results are plotted on four

'5_?maps (Figufes 13 to 16), two eac fbr Padlum and uranium.

Examlnatlon of tbe maps shows?that bobh radlum and uranium re-

' tiapond LO TOCkrtype and distributlon;of Uranium deposits more accurately
'iatin clastic than 1n organic sedlnent&. S

=ﬂthr oxample ‘one” WOuld cxpect radium.and uranium levels in Mink

't_j§Creck to drop off gradually as it leaves thetarea of uranium deposits and

utflows towarda Paudash Lake, that 15, along the portion-of the map near
';ﬁffthe label “Mlnk Creek” For~both~e1enents-the drop-off is more regular
a:tin clautlc than Jn organlc sedlmenta;,'Thé?ﬁrend'réverses-for radium at

 _*[the fartheat dounstream gample polnt where clastic sediment is hiph.

wc¢*Bondar»Clegg & Company Limited; Z68A Belfast Road: (M.R. 1), Ottawa 8;
McPhar- Geophy81cs Limited, 139 Bond.Avenue DPon Mills, Ontaflo
- S_RHAHT M1 rue Emerlau Paris 15e, France,
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This point is cornected to the Bicroft mine area by a low swampy area
through which radiummay have moved into Mink Creek.

At :several points not,rélated to knowm mineralization, organic
sediments are high in radium or uradium but not both. These points are
" indicated: on the maps by the letters d to g for radium, and h to 1 for
uranium. - The anomalies -are-beélieved to be spurious, that 1s, not relat-
“ed to uranium-in the 1lthosphere but-dué to local chemical conditions in
the drainage. Support for this Interpretation is given by the fact that
these samples are high . in only one of ‘the two elements and low in the
other. Similarly, clastic sediment at location g is fairly low in radi-
um-and -at location J, fairly low in-uranium. With the possible exception
of :points e, j and k, -discussed later; further investigation of these
spurious anomalies for econgnic reasons is not recommended.

-~ Theaffinity of radium and uranium for organic material in sedi-
ments- (Chapters 1 and 5) apparently:is strong enough, in some cases, to
mask therelationship between radium and uranium in organic sediments

_ahd:inathg~lithosphere. This does not mean that organic sediments should
7 -beiovéﬁlooked, A survey using only_clastie sediments would leave
uhacceptable gaps in .the coverage because they are not everywhere present.

- oSeveral anomalies in clastic sediment, not related to known
uranium:deposits, need to be explained. The high level of uranium in
clastic sediment in the small lake (m) at the northeast end of Paudash
Lake is probably due to. contamination.from road fill. Scattered high
values along the line joining Bicroft mine with the Croft workings (p)

are due to the northward extenslon; along this line, of the Bicroft



pegﬁatitesf(see“Chapter 2). 'The high uranium value in clastic sediment
nearby at point q may be explained in part by the fact that this sedi-
ment contains 30% organic material.

" Five anomalies, still unexplained, are worthy of further
consideration, but none of them are as intense as those associated with
theamines. The most'interestiﬁglis south and east of Bow Lake at point
r,_where'tuo sample'peiﬁts.haﬁe'sedimeﬁt high in radium and uranium,
and one has water high in radon and uranium. The second is the triangle
formed by Albion Lake and points e and J, which contains several high
values The third extends off the northeast edge of the maps at point s
wnere three streams dralning from the northeast into York River cantain
hlgh Values The fourth is at p01nt k north of Greyhawk mine, wherc
-water and organic sedlment are high 1n uranium The least interesting
'anomaly is at p01nt t at the northeast end of Coe lake, wherc organic
sedlment is moderately high 1n uranlum,and radium.

| | The lack of intense anonelles is no surprise. The areca has been
: well prospected by both amateurs and professionals and has been mapped
geologically at a scale of two 1nches to the mile. This was one of the
':reasons for selectlng the area Probably all the uranium deposits with
_ good surface exPosure have been disoovered Discovery of anomalies was
not a prlmary purpose of thls the51s |

Interpretatlon of sediment surveys can be facilitated by plotting

tge:results for both organic and;clastic“sediments on the same map. Re-

sults for organic sediments cannot, however, simply be added to maps
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:]Lishow1ng radlum or urdnlum.ln_c;as _édiments Relationships between

'f“ij;o“ganic and clastic sedlment at the_same “docations are shown in Figure

: 17 fbr radlum and Flgure 18 For uranlum Logarlthmlc (base 10) scales
“:ﬂfe-Used_in_bOth~qa§esfbecausefthey-give a better fit. Best fitting
_dStTéi%ht.lines-were:eetimated;Vienadly in both cases. Hguations of
:f:thGSe linés: tQEEthePfﬁithJCOPrelation coefficients (0.83 for radium and

0.7 for uranium), are shown on the figures.

The line which hést fits the two types of radium data is

= 0.50 + X,

':‘;-where X and Y -are logarithms. (base 10) of the radium eontent, in pico-

'ﬁ"ffjcurles per gram, of clastle and. organic sedlments respectively. Radium

| 7"f=1n organlc sediments is, on the average, 3.5 (the antilog of 0.54) times
5_-as hlgh as in clastlc sediments at the same location. Thus, before
'”tifplottlngnthe resulte;for,organ;c,sedinents on the same map as those for

'7elastic; it is neeessary'tOtreduee them.to the same "scale" by dividing

27:dfthe 1evel of radium An organlc sedlnenis by 3.5. Flgure 19 shows the

laff_resulte for radlumtln the two types of sediment plotted on the same map.
f,:For sanple p01nts with.both types of sediment the results for clastic
'n-only were-used.m Where organic.sedinents only were present, the radium

"if;value was - divided by 3.5 and the réesult was plotted.

A more compllcated correction.procedure was needed for uranium

',ﬂendata, }Thﬁ best fltting line shonn‘ln Figure 18 is

Y= .18 + 1.27X,

dl7Where.Xﬁandlreare=logarithms (bage 10) of. the uranium content, in parts
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 Plot.of Fadium in Organic Sediment .

- Versus Radivin in Clastic Sediment
| E?Ch pOlnL '_ r'epr’esents ‘one sample location.

- logyp redium dn organic sediments o i i

X'F 10pyg radium in clastic sediments
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Plot of Uranium Iln Organic Sediment
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c¥sed1nents respectlvely. Results

1fortclastlc according to

_zwhere X’ 1s the. 1ogafithm of' the ”corrected“ value of uranium in organic
fsedlments.i These “corrected” values were plotted on. the same map as

furanlum in. clastlc sedlﬂents (E&gpre 20) . Again, wherever both types of

flaedlnent were, avallable, only the reagipggfor clastic were used.

The chotce between analysing for radium and ureniun in sediments

?:_iegpotkebyiqgeh-;ihe,t@o elementefappeargto respond equally well to geo-

”1ogy-and_the,dis ibhtioh;Of.uréﬁium-deposits. Results of larger sur-

'_;veys or_under dlfferent conditions: may indicate a preference. Radium

'eﬂgdetermlnations .can’ be made With a portable radon apparatus which 1s on

?the{pﬂ xet. *_ Thus a 1aboratory for determlnlng radium in sediment could

';-eé§$1y:be set up. in the fteld even without electrdcity. The apparatus
:efférgdepeyr ning;uren;gm in sedlm?ntg}s,mgchuleSS—portable and reguires

. elecbricity.. On the other hand, several days equilibrating time is re-

quired for precise radium analyses. At present, radium analyses are nob

'-:faval qbieﬁcbmm¢rQi311¥$vth??éfore3“ﬁhe"indUStry is generally limited to

#S¢e footnote, page 126



CHAPTER 9  INTERPRETATION OF RESULIS OF SOIL SURVEY

AND RECOMMENDATTONS' FOR GEOCHEMICAL PROSPECTING

Two approaches nust befﬁékeﬁ to.the interpretation of the results
of the soil Study First' applibatiohﬁrto detailed pﬁospecting are €s-
-tabllshed by comparlng the dlstrlbuti@n of radium and uranium in soils
to bedrock"geologyias known from mine workings. Second, applications to
reconnalssance prﬁépecting'are-estahliShed by comparing levels of radium
_and vranium in soils over nnnes with those in "background" soils collect-
‘ed some distance from knOWH uranlum deposits.

Distribution of radlum and:uranium-ln soils is compared to bed-
rock geology at the Faraday east line in Figure 21 and at the Faraday

west line in Fipure 22. The figures, show, on a loparithmic scale, levels

e of ‘radiuin-and uranium in the A éhd'thorians at each sample point. Gaps

indicate places where no soilfﬁas avéilable. Lines intersecting the
bottom of the rigure indicate analyégs-below detection limits. Distrib-
_ution_qf-rock types and ore zones is based on conversations with and
'Vminé?piénswprgvided by R. Moss of Can-Fed Resources Corporation. Con-
_ tacLs were projected upwards from the adit level (elevation 1180 feet),
' us1ng_a strike of N 70° E and a° dlp of 55° 8., Surface elevation and
':-other features are also shown, Ore zones_and pegmatites at Bicroft are
'too:i&régular to project to surface. Because the property was inactive,
.ﬁo mine staff were available for gonsultation.
~ The surface-at the Faraday east line (Figure 21) slopes continu-
ousiﬁ to fﬁe south. Uhderlyihg-bédrOCK ts gabbro and one pegratite dike.
" A strong geochemical response to the uphill edge of the pepma-

titeiiéiapparent in the soil,.éhiftéd about 100 feet downhill. 'The



138

] DOMH !-.lrllrl.lll

UOT38ASTH

nOOﬂH -
7S L00h
!

>

Spring

-, 008 1002 : 00T

CHERRLICE!

i
g
jaan
0
|

o uoztxouw g
ovouozTacy y o - wdd fmmwman o o
I0ZTIOY Y - WB/ed fumTped o




139

dowmhill shift is due to one or ﬁéﬁhﬁéf'two reasons: (1) material has
moved downhill due o gravity, éithé}'ﬁhySiCally or in solution, (2)
material was transported southward by glacial activity.

Response to the uphill edge of the pegmatite 1s shown by radium
in the A horizon, which increases 6-fold, by radium in the B horlzon,
about 40-fold, and by uranium in the B horizon, about 15-fold. Urani.m
in the A horizon does not respond to the pegmatite. The 2-fold increase
in uranium in the A horizon direéﬁ;y.over the uphill edge of the pegma-
tite could easily be due to éamplihg error (see Chapter 5).

~ Response to the downhill conféﬁt of the pegmatite is marginal.
Values.drob slightly at 50 and 100 feect south. Apparently material has
moved fromithe pegimatite all the way to the south end of the line.

Points 300 and 350 feet south are covered by a swamp, and a
spring rises between them. No B horizon is present. Both uranium and
radiunhﬁalues in the black organic soil at this point are extremely high.
This may siaply be an example of the affinity of both elements for or-
pganie ﬁétter (see Chapters 1 and 5). On the other hand, the high values
may be a direct reflection of the spring. A diamond drill hole near
the spring provides a path by which groundwater might be communicating
with ore bodies.

The surface at the Faraday west line drops from north to south
until near the south end where it starts up a small hill. Ore bodies
and pegmatites are less regular in.this part of the mine than elsewhere,
and contacts shovn in Figure 22 may be misplaced by 50 feet. ‘The ore
body shovm is actually 50 feet east of the line.

Hlgh values at the north end of the line, except for uranium in

the A horizon, are apparently velated to the ore body. The uranium pesk
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iii;ilﬂ Che A hor1zon at 700 feet je:jn”xplalned High radium values south of

'lthe intermitteht creek are relati_ ;o ,ne pegmatite uphill, The fact that

| 'uranium.is lower at 250 feet than at 300 Teet supggests that the uranium
*'a'peak'at 300 feet is related to the 1nterm1ttent creek rather than to the
u;fcf;pegﬂatite. o

b | Some general conclusions -are ev1dent from Figures 21 and 22, Radium
f_and uranium in the B: horizon and radium in the A horizon are useful in de-

_ italled prospecting for uranium. Uranium in the A horizon bears no relation
J'r';;to bedrock and little to uranium in the B horizon or to radiuvm, Tt has
Jaiifno‘appllcat on to detailed Droapectlng. In the B horizon, radium and
'if%;ﬁféﬁigﬁpéferequally:Usefu14 Should:the A horizon be collected in a de-
iigfftalled survey, it ahould be analyaed for radium,rather than uwpaiium. A

'fejfshnildr conclusion regarding weathered tock was reached in Chapter 6.

The usefulnese of radlum and tranium levels of soild in prospecting
Sl e a'fider sca]e for uranium is eatablished by comparison of these
'aliflevels in. soils over mdnes with those in "packground" soils., Time

'”tn?:inutauion precluded collecting different tvpe of soll over different

?eidrock.typeo.' An indicatlon of replonal background was cbiained by sawpl-
"afdiing three p01nts about 20 feet apart at Lhe southeast tip of Monck Lake,
;l:ithS pOint is. a mile “from the- nearest known uranium occurence, Nearby
*iffrlcks are: mapped bj granltic by Hewitt (1957), Both A and B horizons
Fﬁ};ierc.sampled Results are expressed in Table 28 where each of the first

’*;fthree colunms represents a. separate sample. The range is an indication

':;?of regional background‘

Support for thia background is glven by the three northerrmost
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"-BaquroundﬁvaluesforERadiﬁm:and{UraniUm-invSoil e

Range
-'Uzéanium'-ﬂ'ppm CooAhordzen: a5 < <5 <5

Bhorlzon. <5, <6 . <5 <.6

Radium pé/gm A Hordzon L83 .61 .37 A~ .8
e ot D Brhordzon o G o a6000 . 30 - .34 .3 - .0




points on the Faraday east lihe (see Figure 21). These points overlie
gabbro; pegmatites and ore wones-are further downhill to the south, The
B horizon values of radium and wranium aré in the range given above.
Values for the A horizon are slightly higher than those given above
(radium values are 1.3 to 1.5 pe/gm,.-and uranivm up to 1.0 ppm).

Data cited by Vinogradov® (1959, Tables 121, 122 and 123) give
gsome support to the radium -background shown in Table 28. The A horizons
of ten soils from the U.S.S.R. have;radium.contents ranging from 0.5 to
1.1 with a mean of 0.9 pc/gm. Eighty-six soils from different parts of
the world, undifferentiated as to horizon, have radium values ranging
from 0.1 to 3.8, with a mean of 1.2 pc/gm. Six soils sampled at various
depths below 11 cm have radium values ranging from 0.22 to 1.1 pc/gm.
‘The background expressed in Table 28 is consistent with this data.

Upranium values clted in the same publication are substantially
highéf than those obtained at Monck Lake and at the north end of the
Faraday east line. The A horizons of eight soils from the U.S.S.R. have
uranium values with a range of 2.6 to 4.0 and a mean of 2.8 ppm. One
soil sampled at 40 cm and lower has uranium ranging from 2.4 to 2.7 ppm.
The lack of agreement between the Baneroft data and that cited by Vino-
gradov is surprising in view of the variety of soll types which he con-
sildered.

On the basis of the preceding four paragraphs, the radium back-
ground in the Bancroft region can be considered to be well established
st 0.1 to 0.8 pe/gm for the A horizon and 0.3 to 0.6 pc/gm for the B.
Uranium background is not well established, but can be assumed with
reservations to be less than 1 ppm in both horizons.

Results of radium snd uranium determinations in soils are ghown
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‘ 1nFigure 5. I:?e.s.u'lts; for 301lsover'm1nes are presented in the form of
iiogarithmic histograms. Regiohai.backgrounds are shown by arrows,
:_dé}lbie'fended for radium andsingle—endedforuranlum

) Four different methddé'éffpfospéEting are provided by the two
l.'1 {elem§htSLinf£hé twogépithorizbns,ibInLall‘four cases, most of the values
o ‘ovor niines- ave. higher bhan Dbackground, - Bvidently all four methods may be

'_uééfulfih intermediate prospecting. . -

AR




CHAPTER 10 = SUMMARY

GENERAL, CONCLUSIONS

l. ' A rapid anwlytlcal method has - been developed for measuring radi--
unhE?o in sedlment and soil. The 5anp]e is immersed in water in a seal-
ed bottle and, after several days equjlibrating tine nascent radon-222
in the water 1s measured. The amount of radium 1s calculated by divid-
ihg-the ameant of radon by 1 - e -A where A 1s the decay constant for
Iadon and ¢ is the eQU111brating tlHB. Other sources of radiocactivity
such as the thorlum,decay eeries and pota551um.do not interfere.

-é. Using a single radon neasuring aoparatus one person can make 20
.to 2b radium.determinations daily, however one person cculd operate two
or more. apparatus and achieve an output of greater than 50 per day.

3.. Accuracy and pre01310n of the method are adequate for geocheri-
cal proapectjng |

ﬁ; The detection liwit is 0. 02 picocuries per gram, but no samples

;were below the 1imit

5; An alternate method in which eamplea are stored dry and radon
builds up in,brass tubes glves superior pre01sion. It appears to be
81mpler but because only a few samp]ea were treated, 1its productivity

annot be assesed

6,. Rddon emanation is 1ese effiolent from dry sediment than when
the sample is immtrued in water that ls a larger proportion of radon

produced escapes from wot than from dry sediment.

7. Lombined sampling and analytical errors for radon in water and

for fadium and unanium,ln“sedinent and in A and B horizons of soll are
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"-jjlow comparcd to the range Iound in 'ature, Uranium in water 1s a useful

. ffprospecting tool 1n splte of 1ts hlgh sampllng error relative to natural
. range. _ L S

'8. | The advantage of 1ow analvtlcal error for radon in water is de-

"';stroyed by the high sampllng error tlme

'_Qs.r o The sampllng error for radlum 1n the A horizon of soil is lower

-than for radium in the B and for uranlum in the A hroizons.

,10;: ) Radlum in surfdce water 1s geterally below the practlcal lower

| -.detectlon l:Lmit of 1 pc/l o

:ii)i H_ Under condltions prevalling at Bancroft and under the assumption
nthat contanunatlon has been Tecognized radon and uranium in lake and stream

'-twater and radlum and uranlum 1n organlc and c]astic sediments are all use-

'-]_ful 1n reconnalssance geochemlcal prospecting for uranium With the possi-

':'ble exceptlon of radon and uranium 1n 1ake water, all of these are useful

S '_'in detailed prospect:!ng{ Methods usins sediment show a more acouratie re-

.tppifT*”“

'”3sponse to uranlum dep051ts than do nethods uslng water.

Radium and uranium show a more accurate response to uranium de-—

"'5fp051ts 1n clastic than in organie sedlments.

::ij:ie" Data for clastlc and organicisediments can be plotted on the same

',nep by applylng a correction factor,._”

'-:1H, o In dnalnage sedlment survey'jlradium,and uranium show equally

:_lfaocurate response to uranlum deposlts.

'*1;15. - In detai]ed prospecting usi'g soils radlum and uranium in the B

o jhorlzon and radium in the A are equally useful but uranium in the A

*.j-horazon 1s of no use! :

{r36 ' Radlum.and uranium in both horlzons are useful in dntermediabe. .
_ prospectlng. | _ |
_e17;' Radlumm226 is enrlchod reldtlve to uranium in clastic sediments.

A M8 b AT F A Fhat y1Rantim haa hmcm Tearhad mit A £hat vadiom
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rffdhas been precipltatedfaHﬂﬁ??
75a518f55ﬂ Uranlum.ls depleted relatlve to radium-226 in weathered rocks
,4s°1ndicates that uranlum 1s more thorOUghly leached than is radium.

194 Radon-—222 dlsappears e}cponentlally with a half-life of 16 hours

'7ﬁfftlfronlonemfoot deep, Stlll water exposed Lo the: atmosphere.

'”V<,20¢ Radon 1n surface water and groundwater generally has a local

'f'source w1th1n afew: hundred fEet hIn'other words, radon is immobile.

"*:21;' Rad1um~226 1n,surface water at: Baneroft is net sufficient to

"1fi”;account for the padon—222

'ijgé;d Radon below the water table does not; -In general, move as a gas.

Rad1um—226 in sediments 1n the Bancroft area is high enough, on

fdthe average3 o account for all the radon—222 ‘in. water,

| *ﬂfmﬂdel'lS“prOpose | ;whlch the devel of radon-222 in surface
'ater 1s controlled by addition of radon through decay of radium-226 in

'5fgthe sedlments and 1nflux of radon_charged groundwater, and by loss of

:*f{?radon due to- aeratlon and radloactlve -decay. Results of stepwise rulti~

"f;ﬂ;ple linear regresslon analys1s of data ‘collected for 182 stream sawple

.pOJn s}lend strong support to this model

“V*f?5§_ Slmple correlatlon coefficients areless useful than stepwise

dlffimultlple llnear regression An. evaluatlng ‘this model,

o . ~In additlon to suoportlng the above medel, the results of step-
i“]t;ple llnear regression show that .obher: things being equal, the
1 adonm222 1n water Agt inversely related to the amount of or-

”terial in’ the sedlment EVldently.OPganlC material reduces the

Hadlum,and uranlum are concentrated in organic relative to

.afgﬁélastic_sediments. Sediment samples containing plant parts have radium
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| ; jiand ﬁranlum leﬁels 1ntefﬁed1ate bety,eﬁfiﬁﬁée~bf organic and clastic
S .  sedinents |
”'i_j?25£7 ; Hadon is" low in lake. and pond water, interiediate in stream water
:°and hlgn in ﬁprlng water.
-71   égf” “Tognormal dlstributions are ‘exhibited by radium and uranium in
“’-[ sed1nen and by radon in water
1: 30f4"f ‘Radium . is hlgher 1n the A than the B’ horizon of soil. Uranium
. : }19 about the same In both hOPlAOﬂS or sllght]y higher in the B.
"77; 31; Hadlum,and uranitm-are both pr801pitated from surface water by
-;}organlc matter. Pre01p1tatlon of" uranlum,lq ‘much more thorough than
~ radium.

-“Noneﬁofchefelémént7di$tﬁibutibnsLCbﬁSidered, radium and uranium

'»:;fiﬁ;ﬁedimént'éhd'rédéh3and7&fahiﬁﬁ:in'watef,'are'correlated with the

. " The level of radon in siirface Water is not correlated with daily
"¢¢béily=1evé1'offfadoﬁfin:a~é¢n£fol'iaké 1s not correlated with

; 1n a; control stream

Correlatlon between.the 1eve1 of radon and turbulence in surface
1;ﬁé£¢r 1s:weakoP nonexlstent-

-:'”;éggff_ Seasonal chang@,in Plow’ volume measured for a control stream is

i;f'not or very weakly, correlated wlth the level of radon in the water.
| ﬁ{'fBZﬁ RadJum and uranlum are’ ‘Gnriclied in fine relative to coarse

:E 2fract1ons of clastic oedlmcnts.
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- FECOWENDATIONS “FOR: GEOCHEMICAL PROSPECTING

Recommendatlons for geochemdcal prospecting for uranium are sum-

~1dlmarlzed in Table 29. Material to collect and elements to determine are
'_,1nd10ated for three sampllng denSltleS
At the early reconnalssance-stage (less than 1 sample per 2

’ff'squafe miles); dralnage surveys should be:used. Sediments give better
= ftf;results, but lake. waters are- often ebeaper to collect. Clastic sediments
H,:;should'beucollected—whereverapossible:and-organic sediments otherwise. A
“f;correctlon nust. be: applied,before show1ng results for erganic and clastic
'ii;fsedlnents on the: same map -Eitherwradlum-or-uranlum can be used, with
| tl-equal SUCCESS. If-waters~are-u$ed,,the;chdice between radon and uranium
eddshould_be based on. loglstlos.f”lf,apsmall«lab can be set up in the field,
:ﬁil}llthengradon can'be-used~*otherwlse urenium must be used.

i | CAL: the later . intermeuiete stage¢CQ;5 to 2 samples per square
Iefxnlle), sed:nents are. preferred If rapidranalytical feedback is impera-
...ﬁftlve then stream-or. pond waters can:be: collected and analyzed for radon.

L“t:jflf:dralnage is>: lacklng, then the A or-B horizon of soils can be used.

ltlfIn sedlment and s0il: SUPV@JS at thls scale radium and uranium are both
"f:useful., Clastlc sediments are more. useful than are organic.

AL the detalled prospecting stage (more than 20 samples per

“jdsquare mi]e) sampling is denser than the drainage system allows. The

"'3lB horlzon of 50115 may be analyzed for ‘radium or uranlum, If the A hor—

_ 'Hizon 15 Sampled then on ly radium. can be used. Soil gas can be analyzed
d*ftor radon at the: sample Joecation (Dyck, 1968), but the results of this
.ﬁteehn;queahdve.not;beenﬁeompared,with the .methods  considered here.

.deaﬁium;in:plant{paptg;has3been¢used (Hawkes -and Webb, 1962, p. 376).




: 'iue use 01 fadlUHlln plant part “ﬁggésted but has not been tried,

S I weathered rock is oollecte_, and 1f the uranium minera?- are older
',_ than about a million years, then radium ‘andlyses are highly preferable

o tourantum.

- SUGAESTIONS ' FOR FURTHER RESEARCH

”"if(i)"- " 'The mode of transport;,chemigal_or physical, of radium in drain-
- age can be determined by analysing heavy mincral separates for radium,
Zﬁiahdﬁthen,-if radiumiis-netVtraneperted in heavy mineral grains, making

ﬁ@an autoradlograph of a sectlon of a grain mount. A concentration of

:radjoact1v1ty on graln surfaces would indicate that radium 1s transported
hemically and then prec1p1tated
rGamma spectrometry might be more- Uuerl in analyzing for radium

wftTan;lS the method presented here If radlum in sediment can be detected

.:*ﬂ;;by.this Method, then. Carrying 8 portable gama, spectrometer along streams
””tt@mlghb be an effective method of prospectlng

*’t?et(éjti Results of geochemlcal surveys such as those presented here
"‘“ffphould be -compared wlth results of geophJ31cal surveys such as ground and

wialrborne gammarspectrometry, to determlne which method is more erfective

vﬁ_{ﬂand'efflclent.

The biogeochemjstry of radium applied to prospecting for uranium

-.jfijbhould be_tnvestlfated.

1}'}?(5)" Application of the other nembers of the two uranium decay series,

-':fias'well as the flsston producte of uranlum - Lo geochemical prospecting

i jfor*uran1um 1s-worth;cqns1derlng-
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RecomnEndationsFf@ﬁféébﬁhemical Prospecting

o Scale of Survey 'l Material Sampled Elerent Determined
-:andiSampllng Den51ty ' o

Sedimentq

Clastlc preferably Radium or uranium

Grganic if no Radium or uranium

ed Cheaply | Clastlc

- Reconnalssance = 7y collect— '

|<1 sample/2 sq. mi,

- Lake water 1f sampllng bj Radon if a small
-alr‘CPaf t o field lab possible

Uranium if not

. o4 Clastic preferably | Radium or uranium

| Sediménts f——————r '

B T | preferably |. ‘Organic if no
-H,Inbe_;edlate H1Z_Tf.Tf.f;5j clastie. -

Radium or uranium

0 5= 200 amples per b
B | Water if rapid analytical Radon
o - | feedback 15 imperative

= ?‘A o1 B horlzon of" soil if no - Radium or uranium

' density‘greater than

Radiwm or urantum
Radium

Radon

Detalled

.n} f5;>2OOsamp1es/Sq i, R uranium has been
e Aprants - e o used
s e rimn n e eeest;, try radium

T Radium if' older than
i Weathered:irock 1'million years;
| - - uranium if younger




152

: j}lCanada Department of TTanSpoft Meteorologacal Branch
' 1967 TEm@erature and"reclpltatlon tables for Ontario, vol. 4.

E-thChamberlaln, 3. A _ -
'3?}196“ R Hydrogeochemlstry of uranlum in the Bancroft-Haliburton region,
“ Ontario, Geol Suru Cbn ,+Bull. 118,

-*:-1-.j_f-_}'-_.Chew, Randall T: TIT- L T
e 1956 Study of - radloacL1V1ty-1nfmodern stream gravels as a method
oft pPOSpectlng, u. S. GeoZ Surp, , Bull, 1030-E.

"'i".{'.Dyck Wllly R
8 1968 Radon~2¢2wemanatlono=from a uranium deposit; Eeon. Geol.

‘:.}:E'.'_.:ﬁl.:;l_9'63;9_3}':2_-_' i

 5-:;9Q3 ’=Deve10pment of “uranium exploration methods using radon;
TR Ceol Surv Cbn 53 Paper 69““6

Dyck W111y and,A Y Smlth
968 “Use ‘of radon-222 in surface waters for uranium geochemical
,wf . proSpectlng, Cun..b%ntng J., April pp.- 100-103.

5 Faul womy)
i 195“‘ Nuclear geology, John Wiley and Sons, ‘New York.
"'rfeund Jomn E. -
1967: “Modern elementary statistlcs 3rd:ed., Prentice-lall,
e ~ New: JerseJ.‘ e e

"'J-'jGa.rrms, R. I, and C. L. Christ
: f1965 ‘ Solutlons, minerals, and équilibria; Harper and Row, New York.

Geological ‘Survey. of:Canada . .
- 29685 G1a01a1 map of Canada :Map 12534,

Retreat of Wiecon81n and recent ice in North America,

"7fi959?
_ 'f' Map J257A.7. ' -
7_ llleuple, J E., R F chklund and N R Rlchard°
: '1)6¢ ‘Soll survey of Hastings: Countyy Can, Dept, Agri. and Ont.
Agrt- CbZZ Cuelph Ont Soil burveJ Rept No. 27.

"'f?Glnzburg, I, I el i - _ |
- 1960: Principles: of geochemlcal ppospecting, Pergsmon Press, New York.




153

;"\ Hawkes, H, E, and J. S, VWebb
S ”1962‘ ‘Geochemistry in mineral exploration; Harper and Row, New York,

Hewitt, D. F.
1957 Cardiff and Faraday Townships; Ont. Dept. Mines, Map 1957-1,

- 1959 Geology of Cardiff and Faraday Townships; Ont. Dept. Mines,
' 66th Ann, Rept., pt. 3.

Kaplan, Trving
1962: Nuclear physics; 2nd ed,, Addison-Wesley Pub, Co., London,

Tang, A. H., J. W, Griffity and H. R. Steacy
1962 Canadian deposits ‘of uranium:and thorium; Geol. Surv. Cai,
Econ. Geol, Ser. No, 16, 2nd ed.

MacDonald, John A

1969 An orientation study of the uranium distribution in lake waters,
Resverlodge district, Saskabchewan; Quarteriy of the Colorado
School of Mines, Vol. 6l, No, 1, pp. 357~376.

1969: Uranium in lake water from the Kaipokok region, Labrador;
Quarterly of the Colorado School of Mines, Vol, 64, No. 1,
PP 377-394,

" Mason, Brian
'4[_1966; _ Principles of geochemistry; 3rd ed,, John Wiley and Sons , New York.

B
5

" Morse,. Robert ‘H. _
1969a:  Radium geochemistry applied to prospecting for urarium;
Can, Mining J., May, PP. TH-15.,

1969 Radium geochemlstry applied to prospecting for uraniurm;
presented at ann. reeting, Geol. Assn. Can,

+1970: Geochemical exploration for uranium: radium joins wranium,
o padon -as indicator; Northerd Miner, March 5, p. 2L.

Ontarilo Department of Mines
1957 Haliburton-Rancrolt area, Map 1957h .

Ontario Waber Resources Commlssion N
1968: Tnterim report on radiologlcal water pollution in the Elliot

Lake and Bancroft areas.

Rogers, Allen S
1958 Physlcal pehavior and geologic control of radon in mountalin
streams; U.5. Geol, Surv., Bull, 1052-E.

Satterly, J.
1957 Radloactive mineral occurrences in the Bancroft ares; Ont.

Dept. Mines, 65th Ann. Rept., pt. 6.




'_Sedlet Jakob : St
1966 © Radon and radium; Treatise on analytical chemistry, Pt. IT;
- pp. 219-366, IntBPSCIGHCG Publishers, John Wiley and Sons,
New York.

Smith, A. Y. and J.J, Lynch

: 1969: o Upaniiadn soil ; -streamn sediment. and water, Field and labora-
i 3' ‘ tory methods. used by ‘the Geological Survey of Canada in geo-

eol: Sury. Can., Paper 69-40.

chemlcal surveys:;: Report 11,_

Srnlth A Y cand Willy Dyck oo o
1969 The applicabion of* radon nethods to geochemical exploration
- ;__for uranium; presented at ann “gen. meeting, Can. Inst.
Mining Met. :

Starik, T. E.
:1963;“' Geochemistry of radioactlve isotopes; in Chemlstry of the

earth’s crust, A, P,Vhwgﬂ&w,emtm?\ml 1, Moscow, p. 396.

'-'-Tltayeva, N, A.
'.*’1967 ~ Association of radlum.and uranium with peat; Geochem. Int.
- vol.: Hi no, 6, pp.- 1168~ 117&

ffﬁVinogradov, A Pas = G : _
_ :,1959 The. geochemlstry of rare and dlspersed chemlcal elements in
: SOllS 2nd:ed: ; Transly: Ru551an Consultants Bureau, New York.

..7;Wa1ker, Jo L

'f¥<;:l968 “Notes on geochemical field and laboratory procedures;
e Barrlnger Research Limited, special publication.
"JW1lllams, ? M.
1969 Cenada's future in uranium supply; Bull. Can. Inst. Mining
Met., Dec., pp. 1340-1355.

o ",Wilson, E. B.
: 1952 An introduction to scientific research McGraw-Hill, New York.

e R e e L e S e e e

1
A




—
(9
[}

* APPENDIX T

NATURAL RADIOACTIVETY

The material of this section is found in many textbooks on »u-
clear physics and nuclear chemistry, for example, Kaplan (1962).
The rate of transmubation of ‘a radiocactive nuclide is proportion-

al ‘to the amount of the nuclide present, thus:

Ay
at

where N, is the nuwber of atoms of the parent nuclide, £ is the time and
A 15 a decay constant in units of-% unique for each radicnuclide. The

solution of this differential equation is

Ny = N()e'”;\t
or :
Ny
NO Fr=
P (1)

where Vo 1s the number of atoms of parent present at t = 0. The half-
11fe or amount of: time for half of the parent to decay is E%g.

The daughter species forms at the rate at which the parent decays,
ANy, -vihere A1 is the decay constant of.the parent. If the daughter is
radioactive it decays at the rate XN, where A, is the decay constant

of the -daughter and ¥, is the number of atoms of the daughter. Thus:
iy

e TR AJN‘J - AzNz .
at '
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©ne golution of this differential equation is

iﬁ““*f“ffff
ngle™ - 702

Ny = 5
20 -
o 2 }\ ...(2)

'ifaSbunung no. daughfer was pr&sent anltlally

If the Darent is 80. long 1ived that it doesn't change appreci-

e t 1s=olose to 1 and, furthermore, if the

ff]-ale durlng the exmefiment K
'*a??daugﬂter is very -short 11ved relatlve tO the Pafent X2 >> Ay, and (2)

aﬂ;reducea;to

| 1-~ e—}‘zt e (3)

“:gﬁféafja certain time eszt

becomes: cloge to zero so that

ol No Bl gy

i In_othpr words, Lhe rate of decay of Lhe parent la equal to the rate of

_ zatho daughter._ Thls situation is known as radioactive equili-
45??brium,_ Radloactive equilibrium i° approached with the half-life of the

a;;da ghtor Startlng w1th pure parent?fdaughter act:vity is egual to one--

:haif~life, three quarters after

'filhalf parent acLLvlty afLer one daught'

-a?ﬁtwof:alfﬂllvcs, LtC._ Radon—222 anproacheu equi]ibrlum with radium-226

i'f‘faSJmptotlcajly in.a few weeks ;

R



Analytical error: or pr80151on 15 determlned by running a set of

' ':isamples more: than: once each,and 1s expressed in terms of the standard

. , 5deV1at1on ‘g The: formula is given by w1lson (1952, p,. 2U5):

'ﬁ;:t;og3offthasgth_sample, X3 18 the mean of the Jth sample and

~For trace'elements, whichﬁhaﬁeﬁan approximately logrnormal dis-
l¥§ tPibUt10n absolute errors associated w1th high samples are much hipgher
:'2 ;than.thoSe aDSOCiated with low samples ‘relative errors should therefore

“ff bbc uqed This is done by dividing each deviation from the mean by the

'- ;3 mean,Ior that sample Thus

i

ar eaCh_samplefisjanalyzedfdhly*twice, this reduces to 3
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*rfat random over 1hc range of concentrd ions con51dered the above

:{f formu1a wii1 give an unbiased es natefof the stardard deviation.
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| APPENDIY TTL
PROCEDURE FOR MEASURING RADTUM-226 TN SEDIMENT AND SOIL

Weigh 40 ml of sample (~10 mesh) into g numbered bottle. Add
about 50 ml water which is low in radium and radon. Replace 1id and
shake vigorously to wet the sample.: Fill with water. Record time and
date. ILet sit.several days.

The:next three sﬁeps-are ldentical to those described by Byck
(19692, p. 29):

Switch:counter. on and -let 1t-warm up-for about 2 minutes
before making measurements.

~Evacuate cell and admit alr to cell through drierite
trap. (Make sure that drierite is not used up.)

Place cell cn. photomultipller tube after checking 1f
pm tube and cell window are clean, Put cap on pm tube and
engage high voltage switch., Wait one minute for the de-
excitation of light in the c¢ell with counting switch on.
Zero scaler and timer and count "background" for 4 to 5
minutes,

Open bottle and pour out 50 ml of water to make room for bubbling.

Install stopper with gas dispersion tube. Close both stopcocks, shake
vigorously and corinect to vacuum line.

Evacuate cell and close valve to pump. Slowly open outlet and
theﬁ inlet valves to achieve a slow bubbling rate so that pressure in the
vacuum line reaches atmospheric in eignt minutes. Detach cell, place it
-on;pm tube, and replace llght shield. Start counter and observe the
‘céﬁnt.rate;level off as the light de-excltes. This may take a minute or
twd,' Again Dyck's (1969a) procedure is appropriste:

Exactly ten minutes after the start of the filling procedure

zero. the scaler and timer and take two five-minute counts.

. Record:date, . sample. rnunber, time of day, cell nunber,
backerourid counts/minuteés, sampWe counts/minutes .

Inmedlately after: completjon of counting of the sample,
evacuace the cell ‘and flush three times with air by filling

and. evacuating the cell.

s A e e




.Sample nalculad:lon o

© o eight = 25.0° o

Water . added? JO 00 AM, August 10

| ;.~Count started 12 OO Noon Augl,ist 20

E .-E‘qulllbratmg t:une 21{2 hours .
.. 1_ - U= 839 (Appendlx ]V)
. Background 3 counts/B lmnutes - 0.6 cpm
. Sample count. : lb- counts/B--mmute.&.

31 counts/lo mmutes = 3.1 cpm

,2-. 5 cpm:

= 0 l’-l pC/gm
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"fie=;AP‘ENDIXfV :
[IST OF DRAINAGE DATA COLIFCTFD

'eIhisfappendex'1¢st5wdata~collected for each of the dralnage
_-;edmnle points shownon: the sample 1ocau10n map- (Appendix VI). Sample
'4numbers are abbrev1ated by dropping the nurber 31. Data for each sanple

-1ocatlon occupiee three lines the flrst 1ine for the water sample (W),

' :ithe second and. thlrd,for the: sedlnent samples (5) at the same location.

fWhere only ‘one sediment sample was collected -the third line is blank,
Several of the sample p01nts shown on the map represent more

5:fthanmgnefsaupleusen. Locatlon of these duplicate samples can be found

":'3uffpy'refefehceTtoﬁthexfollowlng:table;»,u-f.

eeLocation on map '”Sample nUmbers' " Iocation on map  Sample numbers
. 31pa6 8oko  300u%, NoMo  3iFA 81kl nH1, W42
©3IDI6 81550 3186, M155 - 31PN 8135 4135, 4136, 3685
- .f'?';-i31D16 8058 4058, 4059. .. . 3IF4 11789 3789, 3595%
_"F31D16 8165 _3183,_u165 . 31P4 8067 4067, 4068
C0U3IEL 11163 3163, 3025% 31RW 8069 4069, 4070
~.31E1 8100 - -ulooa;317u,,3026* 3P4 8169 4169, 3408
U 31EL 11159 3159, 3027 .. . 3184 8145 1k, U6
' 31E1 8055 hos5, Mos6 . 3 11826 3826, 35h5%
C31ELC807L w071, Moy2 3P4 8120 N300, U122
o 31wk 8073 - Wo73,HOTd - o 3IRE 11667 3867, 3530%
3P 11714 371, 3534% . 31F . 8030 4030, 4031
3wl a7l 377l 3548 3174 - 8032 h032, 3533%
C3IRM 8180 180 3677 3Py 8021 4021, 4022, 3800
3 8181 1181, 3680 1P 8027 4027, 3532
3Ipk 11766 3766, 3/k6% . 31FM 8082 4082, 3531
TR 11769 3769, 3vWTE 31613 11157 3157, 3001%
3l 17792 3792, 3501%  31C13 11162 3162, 3002%
3Fh 8137 4137, 4138 0 - - 31013 8037 4037, 4038
31Fh 8139 4139, 4140 31C13 8105 1105, 3300
¥ater Sanples only. Not included in 1ist of data.




]f;lected 1n,1969 (numhers above MOU

=
o
R

' fnt anmples are not shown’ on’ the map (Appendix

fV), but can ‘he- found by referenc éewater sanmple nurbers., Samples col-

_iéfé%listéd*in the first part of the

:*tdble 1n numerjoal OPQer.; Samples collected in 1968 (numbers from 3000

ot Hooo) are llsted later in a1ph'*etica1 ovder: Sample polnts 4177 to

"*f_u179 sre ofT the map on the Crowe;Rlver. |

i hry explanatlon of each column nollows.
'l;ﬁfSamnle number followed by (W3- fbn water samples and (S) Tor sediment

: samples

”tffi;Elenent concentratlons radon—222 content of water (W) pe/l1, and radium

"~fw226 content of Scdlnent (S) c/gmgfollowed by uranium content of

o :;wateragw)ﬂppb_and,sedimgnttpbjlppmJ(ﬁl indicates no analysis).

lE_Type of drainage eampled '1faf5tfeams 2 = pond, 3 = swanp, f§ = lake,

.ﬂ_ﬁ#:§;5 spring and 6 = drlll hole

wﬁﬁiwzdth | of water body in- feet for streans, ponds, swamps and springs.

Area in bquarc kilomcters for lakes .

: .-';'Depth ._ln fect: at eample point. -

li?Vegatatlon (3 columns) Flpst twé‘columns are in Geological Survey of

. A: water level: 1 = dry, 2 = low, 3

Canada code. Thlrd lndlcateo 1ntensity of tree cover: O = open,
;;1 x.sparse, 2 = moderate, 3_=;well Wooded.:

‘normal, Y = high, 5 = fleod.

i

._ifC;jetU?buience= Sée?pag?:

il

-7CD;,;§necipitate: 0 = none, 1 = Fe 2 = M.
E: sample position: e rsght bank, 1 = center of stream, 2 = left bank,

3 = shofe of lake, N = center of lake.




:.;. By watefcoior'O': clear-,'L: r.-zh:Lte, 2 =yellow, 3 = orange, ! = red,
5 = browm, -6 = black, --7-$.-.gi?éeﬁ. |
Rt sedim_e.nt color; 0 = wni'_:te_,: 1= buff, 2 = yellow, 3 = orange, U =
pink, 5 xred,6x br'oxm,[-f( = dark .b:r*own, 8 = bléck, 9 = prey.
Composition of sedime_nf, (6 colums): First column is gravel, second is
coar‘se 's."ajnd_, thirdis -:f;in_é f::_és;an,d‘_,-_:f_‘Ourth is s1lt, fifth 1s clay,
sixthis or'gan_ic,. mater'lal EnLr'y ihdi_categ proportion of that
,lmat_g.rial- in t’enths.., _ _
_ ']‘yDe of éfavél f‘rag;ments " (GRAV) Geological Survey of Canada mnemomic
| code.,
Coni;anlix}ation: refers to contamination evident at sample location:
). = none, . 2 = possible, 3 = probable, U = definite,
- Temperature of water.

- pH of water.
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1963-65
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of Mines, Sunmer, 1967
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Canada, Summers, 1968 and 1969

Governor-General's medal, Wainwright
{Alberta) School Division, 1956

Queen Elizabeth Scholarship, University of
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"Radiumn geochemistry applied to prospecting
for uranium®, Con. Mining J., May, 1969
"Geochemical exploration for uranium: radium
jolng radon, uranium as indicators", Novrthern
Miner, March 5, 1970, p. 21

"Comparison of geochemical prospecting methods
using radium with those using radon and
uranium', Third Int. Geoch. Expl. Sympos.,
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