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The U,04 and eU,; 04 contents, and the activities of 226Ra and *!“Bi, have been determined for
samples from two distinctly different geological and environmental localities (Thailand and
southern Africa). In both cases, most of the samples show significant disequilibrium. On the basis
of these data, the potential difficuities which would be encountered if gamma ray spectrometers
(either airborne or surface) were used in the exploration for uranium in these situations are
discussed.

Using the same data, as well as information from the literature, it is shown that only a limited,
variable, and unpredictable amount of 22?Rn produced during the decay of #8U (and its
daughters) escapes from geological material; this amount is called the emanation factor (E). Thus,
in attempting to use *22Rn for exploration purposes, not only must the short half-life (3.8 days) and
other problems be considered, but at least of equal importance is the amount of 222Rn which can
escape from any sample.

On a déterminé les teneurs en U;0; et en eU;04 et les activités du 225Ra et du 2'*Bi pour des
échantillons de deux localités de géologie et de milieu de dépdt différents (Thailande et sud de
I’ Afrique). Dans les deux cas, la plupart des échantillons montrent un déséquilibre significatif. En
se basant sur ces données, on discute les difficultés potentielles qu’on rencontrerait si on utilisait
les spectromeétres de rayons gamma (aéroportés ou en surface) pour I'exploration de 'uranium
dans ces conditions.

En utilisant les mémes données en plus de 'information déja publiée, on montre que seulement
une quantité limitée, variable et imprévisible de 222Rn produite durant la désintégration de 238U
(et de ses filles) peut s'échapper des matériaux géologiques; on désigne cette quantité sous le
terme de facteur d’émanation (E). Ainsi, si on tente d’utiliser le 222Rn pour I'exploration, non
seulement doit-on considérer sa courte demi-vie (3.8 jours) et d*autres problémes, mais aussi, et
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Introduction

The importance of disequilibrium in the search
for, and mining of, uranium has been known for
ma{ly years. Recently Levinson and Coetzee (1978)
feviewed the subject with particular emphasis on
the implications of disequilibrium in the explora-
tion for uranium ores in the surficial environment.
Owever, there have been very few studies which
ave presented quantitative data on this phenome-

Non of practical interest to exploration geologists.
Hansink (1976) published one of the few quan-
lltat_ive studies on the practical importance of dis-
Squilibrium in the mining (not exploration) of
Uranium, based on a roll-front type of deposit in the
Owder River Basin, Wyoming. He verified previ-
Ous reports which indicated that the altered por-

avec autant d‘emphase, la quantité de 222Rn qui peut s'échapper d'un échantillon donné,

[Traduit par le journal]

tions of roll-front deposits are depleted in uranium,
whereas material from the front and unaltered sides
of the deposit are enriched. By comparing the
uranium content determined chemically (by
fluorometry) with that obtained radiometrically he
was able to establish that the ‘disequilibrium cor-
rection factor’, D, ranged from 0.80 to 3.0 in the
deposit, with an overall average of 1.20. The dis-
equilibrium correction factor, D, is defined as the
ratio of chemically determined uranium to that de-
termined radiometrically.

In this paper we will also discuss the ‘emanation
factor’, E, which is equal to the amount of radon
emitted by a rock compared to the total amount of
radon which is in equilibrium with radium in the
rock (expressed in percent). An alternative defini-
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ELEMENT NUMBER
Uroanium 92 y239 y?38
248« m"y 4.51x10%
Protactinium 91 - o . / },552;4 /
. 230 234
Thorium 90 / 8 Ig’ o' Z’.u
Actinium 89 /
Radium 88 Ra%?6
1622y
Froncium 87
Radon 86 Rn?22
38254
Astatine 85 /
Polonium 84 Po 210 Poltt Pollt
138.3 l‘ o 1.58s 10;‘.2“ 3.05m
. .21 .
Bismuth 83 / 52" / 1’9’/"‘_ /
Lead 82 Pp20E Pb210 Py
STABLE 19.4y 26.8m
FiG. 1. The principal nuclides in the 238U series decay chain. bal'i‘i
tion would be the escape-to-production rate of southern Africa. Uranium is found in a minera) mot
radon (in percent). form (as boltwoodite, carnotite, and zippeite) ang mes
Figure 1 presents the nuclides and their relative  also adsorbed on to clays and carbonaceous mate- TE(
— positions in the 233U decay series. rial. The uranium values are selectively concep- toa
padoied oo ' trated in certain horizons characterized by high face
Lo Description of the Sample Occurrences carbonaceous and diatomaceous earth contents, part
:<’ Samples from two distinctly different geological, high moisture, and low densities. The deposit was tribt
[TI geographical, and climatic regions were selected emplaced about 40000 years ago, and because of ont
=) for this study. this young age and the fact that the movement of cm”
= s les from Thailand uranium and its daughter products is an active pro- rang
g_f_;z a&’,}iggf;;}” le;aolr?’;nated from a part of Thailang S¢S @t this time, disequilibrium among the nuclides 4.78
— for which ve P litt]e(% tailed eeolo ?cal information ™ the uranium series is prevalent. Further details the
,,_<: isravailable]}',l"he ar:a i pfgdon%inanlt]y dry aln on thi;degogsit, including pertinent isotope data geor.
A : . > .g., 234U/?38U ratio a und in the re a
-~ though in the vicinity there is sufficient seasonal l(fng;] st on/ etc[z; (197%))’ may be fo port :;ib
[ - "':' rainfall for the cultivation of rice. ’ ' (Rad
% Samples 1-5, and 6-9, are soil samples which Analytical Method cate
i €. were obtained on the surface from two different Sampl hed t roximately 100 samy
L traverses about 1.5 km apart. The first traverse was :;]mp gsh were c.rusd ed, Ot a%ﬁ) det ig]ation depe
~p=» about50minlengthand the samples were collected mfe; and homogenize T%no"ll:ho'] ed c err}} time:
S«E- from a cliff face. The second traverse was about ©f theuraniumcontent. Ihe Thailand samp ei were dau‘;
e 125 minlength within a trench. Both traverses were assayed fgr uranium by ﬂuorpme}ry at Loring | b =
== conducted on what is assumed to be a similar geo- Laboratories, Calgary, and uranium in the southern be«rinl
» . . . AT i S e
E’:?EE logical horizon, in a downdip direction, on a porous Afncatn S&%mpf]eli\' \éva; measmﬁi Ely i]g}tl:tes{);‘i- v deviz
sandstone believed to be Mesozoic in age. The trom? ;y ro armon, Michiga Th
K3 sandstone is considered to be nonmarine based on ve{:,n Y d port f each sample for mRa [ g)
T” the combination of cross-bedding, conglomeratic e measured portions of each samp 1
"1 pods, and the presence of some tree Stumps by the following procedure. Portions of 1% Wdel_“c Clm}?
‘ ) > : : - i ac
ZI="  branches, and other carbonaceous matter. Evi. fused withasodium carbonate flux and dissolvedin | 4s
i I . . HCI. Barium carrier was added and BaSO, precipi- e,
"y dence of some oxidation, such as ‘leaching’, has DO . ! i 1 botte
s been observed and it is from this oxidized zone that tated'. The precip itate was p urified l.)y. taking upin | di
the samples were taken.. alkaline EDTA solution and reprecipitated by the §  diame
. addition of acetic acid. Finally, the precipitate was 1  Inleg
Samples from Southern Africa filtered on a 2.5 cm diameter filter disc which was fr om
These samples originated from near-surface then mounted on a plastic disc. After drying, the intery
. . p B
(maximum depth of 7m) boreholes in an ex- disc was p]aced under a 400 mm? surface barrier rung
tremely arid region (average rainfall is SSmm) in detector in a vacuum chamber. Losses of lbcj
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TasLE 1. Analytical data and calculated eU;04, D, and E for the soil samples from Thailand

Sample U;Os (ppm) 22%Ra activity  2!*Bi activity ., El
No.  (fluorometry) (pCi/g) (pCi/g) eU,0,* Dt ()
1 12.2 36.6 33.0 128.2 0.10 10
2 101.0 61.2 61.2 214.3 0.47 0
3 152.0 270.9 284.4 948.6 0.16 —
4 7.8 30.2 27.6 105.7 0.07 9
5 3.3 10.1 9.6 35.4 0.09 5
6 24.6 17.8 15.6 62.3 0.39 i2
7 44.7 34.7 29.4 121.5 0.37 15
8 52.4 13.5 13.4 47.3 1.10 1
9 18.9 19.1 21.6 66.9 0.28 —

equilibrium,

activity.

must result from analytical errors.

bartum carrier during the chemical procedure were
monitored by the use of 1*3Ba tracer which can be
eeasured by the gamma ray spectrometer (an OR-
TEC™ Ge(Li) detector of 15% efficiency compared
W a standard 3 in. X 3 in. Nal detector). The sur-
fce barrier detector was used to measure the alpha
particle spectrum from 226Ra. The radium is dis-
tributed throughout the BaSO, precipitate which
on the disc has a thickness of no more than 1 mg
€m™2, This is approximately four times less than the
fange of alpha particles emitted by 226Ra (energy
478 MeV) and a well defined peak is exhibited in
the pulse height spectrum. Corrections for the
Eometrical factor, overlap of counts from daugh-
activity, and background counts were made by
ibration using a standard radium solution
iochemical Centre, Amersham, U.K.). Repli-
€ analyses from further portions of the same
Amples revealed that the dominant source of error
¢pended on counting statistics. Longer counting
€S, however, give rise to the grow-in of
dughters and corresponding corrections have to
Mmade. The optimum counting time was found to
4h. Errors quoted are derived from the standard
lation of the Poisson distribution.

he remaining portions of the samples (about
) were kept in an air-conditioned laboratory for
onth in open dishes. At the end of this period
Sample was placed in a sealed plastic bottle of
tm inside diameter to a height of 4 cm. The
Ue was placed on the entrance window (4.9cm
eter) of the Ge(Li) gamma ray detector. The
8rated counts in the 1.76 MeV gamma ray peak
M 2B were compared with counts in the same
Val from a 4% U standard (USAEC New
- MSwick Laboratory). Fortunately the matrices
€ standard and the samples were very similar

*eU, 05 based on 226Ra activity and the fact that 100 ppm U (118 ppm U;0,) should yield an activity of 33.6 pCifg at

1D, the disequilibrium correction factor, is the ratio of the amount of U0y determined chemically to the amount of
eU;03 determined radiometrically. To be consistent with Hansink (1976), eU;03 has been determined from the 226Ra

1 E, the emanation factor, is the ratio of the amount of radon (?22Rn) emitted by a rock to the total amount of radon in
equilibrium with radium (226Ra) within the rock. E may be calculated from the 214Bif226Ra activity ratios, at equilibrium, as
214Bj is a prompt daughter of ?22Rn. Because the ratio (2!*Bi/?26Ra) x 100 is the amount of 222Rn (in percent) which did
not escape from the rock, E is the difference between this percentage and 100. Dashes (—) represent negative values and

as regards density and gamma ray absorption. The
latter aspect was checked by mounting a 83Y
isotope point source above each sample and the
standard, and monitoring the absorption of the
1.84 MeV gammaray line. Minor corrections (a few
percent) for differences in self-absorption were
made. In all the radiometric measurements the
counting intervals were sufficiently long to reduce
the statistical error to 1% or less. Replicate mea-
surements yielded values well within these limits.

Results

Table | presents the analytical data determined
(U504, and the activities of 22°Ra and 2!4Bi), as well
as the calculated eU;0q4, D, and E values, for the
soil samples from Thailand. Figure 2 graphically
presents the comparison between uranium deter-
mined chemically and radiometrically. Clearly, the
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Fi1G. 2. Comparison between uranium determined chemically
and radiometrically on the soil samples from Thailand.
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TABLE 2. Analytical data and calculated eU;0s, D, and E for the samples from southern Africa*

U305 (ppm)
(alpha
spectrometry)

226Ra activity
(pCi/g)

Sample
No.

214B; activity
(pCi/g)

eU303
(ppm)

578 83
579 37
580 243
581 2128
582 579
583 2672
584 578
585 1884

190
207
207
379
169
867
207
344

o N

N WWna=—=OO
oo —ha=b | T

*All notes in the footnote to Table 1 are applicable here.

results show that, except for sample 8, all samples
are strongly depleted in uranium (D ranges from
0.07-0.47).

Table 2 presents the analytical and related data
for the borehole samples from southern Africa. In
this case, D values are both less than 1, indicating
depletion of chemical uranium by comparison with
that determined radiometrically (samples 578 and
579), and greater than 1, indicating the reverse situ-
ation (samples 580-585). As shown by Ralston et
al. (1978): (1) this deposit is young in age (it formed
about 40000 years BP), hence the daughter 2*Bi
has not had time to ‘grow-in’, and (2) fluctuations in
the water table in this arid region have caused sep-
aration of the uranium isotopes 2*¢U and 238U from
other long-lived isotopes, specifically #**Th and
226Ra, because of the different mobility rates of the
individual nuclides within the uranium decay
series. The first observation, that is, the young age

2800~

"URANIUM

Rodiometric
Vi cremicol

U305 (ppm)

580 581
SAMPLE NUMBER

578 579

F1G. 3. Comparison between uranium determined chemically
and radiometrically on borehole samples from southern Africa.

of the samples, explains the high D values n sam-
ples 580-585, whereas groundwater fluctuations,
analogous to leaching, explain the low D values
(similar to those in Table 1) in samples 578 and 579,
Figure 3 graphically presents the comparison
between uranium determined chemically and
radiometrically.

Discussion

The data presented in Tables 1 and 2, obtained
from samples collected in two distinctly different
geological and environmental localities, have im-
portant practical implications which exploration
geologists frequently overlook. The most impor-
tant implication, of course, is that high gamma
activity does not necessarily reflect uranium
mineralization at a particular site. Conversely, low
gamma activity does not confirm the absence of
mineralization. Owing to their different mobility
characteristics in various geochemical environ-
ments uranium, radium, and other isotopes in the
decay series may become separated, j.e., dis-
equilibrium may occur (Levinson and Coetzee
1978). Only direct analysis for uranium by some
appropriate method (e.g., fluorometry, delayed
neutron activation) can conclusively confirm the
presence or absence of this element. Disequilib-
rium may be manifested by the almost complete
removal of uranium in some cases (samples I, 4,
and 5 in Table 1) or by an excess of this element by
comparison with radiometric measurements (sam-
ples 580-585 in Table 2). The problem is particu-
larly difficult in those cases where the degree of
disequilibrium varies over short distances. )

Another very important concept to consider In
the concept of disequilibrium is the volume (or
scale of sampling) within which the disequilibrium
occurs. If it is smaller than the sampling volume.
then disequilibrium will be of no practical sig”
nificance. A case in point would be an airborn¢
survey in which the movement of the nuclides may
be tens of metres, but the disequilibrium problemis
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mitimized by the large sample volume examined by
anairborne gamma ray spectrometer. On the other
hared. if movement of nuclides was only a few cen-
timetres but only 1g of sample was analyzed, then
disequilibrium will certainly be indicated.

dke E values in Table 1 are particularly sig-
nificenit from the point of view of the use of radon in
the exploration for uranium. Inherent in the use of
radoa 1s the concept of its mobility, that is, its
ablity to move as a gas for various distances up-
ward {some claim distances of hundreds of metres)
before it decays by virtue of its half-life of 3.8 days.
Hewever, the very similar activity ratios for 226Ra
and 2**Bi in Table | indicate that very little migra-
tion, or emanation, of 222Rn took place because if it
did, ***Bi activity values would be lower than those
for 2*Ra. (There was a 1 month interval between
the analysis of the 226Ra activity and 2!*Bi activity
and in this period the samples were exposed to the
air.) The lack of radon mobility is reflected in the £
valtes which range from 0-15% or, in other words,
only @2 maximum of 15% of the 222Rn emanated from
the samples.

The emanation factor, E, for the samples from
southern Africa range from 26-79% and, in this
situation, the use of radon for exploration purposes
would appear to be feasible, at least on a qualitative
basis.

The fact that radon has an emanation factor, E,
which must be considered by all exploration
geologists, is rarely mentioned in the exploration
literature. However, it is well known by those con-
¢erned with the environmental aspects of radon in
the mining of uranium. Among the many studies on
the rmadon emanation characteristics, or the ability
of radon to escape from rock and mineral samples,
those of Barretto (1975) and Austin (1975) will illus-
trate the point we are trying to stress, i.e., that in
most cases only a small percentage of the 222Rn
generated in rocks can emanate and be available for
detection by alpha counting. Barretto (1975)
showed that rocks have a wide range of radon leak-
age with values ranging from 1-20%; the stronger
‘manations were found among granites and con-
8lomerates whereas basic and calcareous rocks
‘ShOWed the lowest values. Accessory minerals,
tven though high in uranium, show low radon ema-
Nations (generally less than 2%). Austin (1975)
found that the emanation from about 800 samples
from 100 mines and drilling areas in the United
States averaged about 21% and ranged from
l‘.9_1%; the average values of samples from the
Mining areas he studied ranged from 8-57%. Sum-
- Marizing Soviet experiences, Perel'man (1977, p.
75) states that the mean emanation factor for acid
Bneous rocks is close to 10%, but granites in
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faulted and fractured zones are characterized by a
factor of 25% (up to 32%). He states that sedimen-
tary rocks generally emanate little radon (6%) but
under favorable circumstances the factor may rise
to 20%. The presence of uranium minerals in either
igneous or sedimentary rocks increases the emana-
tion factor drastically and, in some cases, the factor
may reach 92%, but averages 20-40%.

The factors controlling the emanation of 222Rn
are complex and most are difficult to quantify.
However, most workers (e.g., Barretto 1975; Au-
stin 1975) will agree that mineralogy of the ore,
particle size of the minerals, porosity and permea-
bility of the ore, uranium distribution in a mineral
(accessory) or rock, and the type of rock are all
positively related to radon emanation. Other fac-
tors, such as ore grade, geologic age of the rock,
and moisture content, have been considered in
connection with the emanating power in specific
instances, but the evidence for their influence is
inconclusive. :

From the above excerpts from the literature, as
well as from the E values in Tables 1 and 2, it is
clear that the use of radon for exploration purposes
will be limited, in the first instance, by the amount
of 222Rn which can emanate from a sample. Other
factors,. such as the distance 222Rn can migrate
before it decays (half-life 3.8 days), diurnal varia-
tions, etc., must also be considered when using this
element for exploration purposes.

Acknowledgments

This study has been supported by grants from the
National Research Council of Canada.

AUSTIN, S. R. 1975. A laboratory study of radon emanation from
domestic uranium ores. /n Radon in uranium mining. Pro-
ceedings of a Panel, Washington, DC, September 4-7, 1973.
Publication STI/PUB/391. International Atomic Energy
Agency, Vienna, Austria. pp. 151-163.

BARRETTO, P. M. C. 1975. Radon-222 emanation characteristics
of rocks and minerals. In Radon in uranium mining (Proceed-
ings of a Panel, Washington, DC, September 4-7, 1973). Pub-
lication STI/PUB/391. International Atomic Energy Agency,
Vienna, Austria. pp. 129-150.

Hansink, J. D. 1976. Equilibrium analysis of a sandstone roll-
front uranium deposit. In Exploration for uranium ore de-
posits. International Atomic Energy Agency, Vienna, Austria,
Publication STI/PUB/434, pp. 683-693.

LEvINSON, A. A., and CoeTzEE, G. L. 1978. Implications of
disequilibrium in exploration for uranium ores in the surficial
environment using radiometric techniques—a review. Miner-
als Science and Engineering, 10, pp. 19-27.

PEREL'MAN, A. L. 1977. Geochemistry of elements in the
supergene zone. Israel Program For Scientific Translations.
Keter Publishing. Jerusalem, Israel. (English translation of
the Russian published in 1972.)

RaLston, I. T., LEVINSON, A. A., and HArRMON, R. S. 1978.
Uranium series disequilibrium in a young lacustrine uranium
deposit from an arid environment. In preparation.




