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NOTES ON THE DIFFERENTTAL LEACHING OF URANIUM,
RADIUM, AND LEAD FROM PITCHBLENDE

IN Ho504 SOLUTIONS *
by
George Phair and Harry Levine
ABSTRACT

Two 5-pound samples from the "hot spot" of the pyritic dump of the
Wood mine, a past producér of pitchblende near Central City, Colo., showed
Ra/U ratios that were abnormally high but nearly constant at about 150
times the equilibrium value for both samples in spite of a sevenfold
difference in uranium contents. Analyses of oxidized but still black
Katanga pitchblende before and after leaching in very dilute, dilute, and
concentrated sulfuric acid soluticns showed that: (1) U0z is preferen-
tially leached with respect to UQpz, Ra, and Pb in all three solutions, (2)
the resulting residual concentration of both radium and lead effected in
the process is proportional to the total amount of uranium leached except
in concentrated HoS04, and (3) after leaching in concentrated Hp304 the
resulting residual concentration of radium relative to lead is much
lower, as might be expected from data published by Lind, Underwood, and
Whittemore in 1918 for the solubility of RaS04. Under simiiar leaching
conditions unaltered pitchblende from (reat Bear Lake lost only 1/10 to
1/15 as much uranium as the UCsz-rich Katanga ore. Both laboratory and
field results point to the same conclusion: in an oxidizing, highly acid
environment uranium is rapidly leached ard both radium and lead tend to

be fixed approximately proporticnally im the process. These results help

¥ This ropr ol soncerna work done on behalf of the Divieion of Raw
Materiales of the U. S. Atoxic Fnergy Commission.
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" to explain (1) why UOs-rich uranium minerals tend to give maximal
Pb/U ages and (2) why the search for high-grade uranium ore in and
around abandoned sulfide mines known to have produced pitchblende

in the past has beén consistently disappeinting.
INTRODUCTION

The compiex solutions involved in the leaching 6f pitchblende
in pyritic mines and dumps are characterized by relatively high con-
tents of free HaSO4 in these solutions; For example, water from the
Idaho Tunnel, 5 miles from Central City, Colo., has been found to
contain 0.13 g per liter of hydrogen ion and 18,260 ppm of SO0z ion
(Clarke, 1924). It is, therefore » & 0.13= normal solution of HzSO4.
Bastin and Hill '(1917) in describing the pyrite-rich Iron mine, in
Russell Guich near Central City, state, "The waters of this mine are
S0 corrosive thét the overalls of miners working in wet places are
sometimes eaten to shreds in a day or two, and iron rails, pipes and
nails must be freqpently'replaced." Pitchblende was recently dis=
covered in a mewly opened stope in this mine, but none has been found
on the leached walls of the older workings.

The results of tye redistribution of uranium and radium brought
about by such solutions have been. recognized by field geologists for
some time, but dittle attention has been given the proceéses involved.
This paper presents quantitative field and laboratory data on the
results of sulfuric acid leaching of certain pitchblende ores. The
conclusions are believed to have a direct application to the problem
of finding uranium in areas of sulfide deposition and to the problem

of age determinations by lead-uranium and lead-lead methods.
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several truckin-ds of heterogeneous dump material, but their attempts
were ursuccegsful. The writers then obtained negative results on ura-=
niuvm flux tests of radi~active samples from this mine, and these rezults
were ccnfirmed by iranium anelyses of radioactive samples collected by
Charles T~wle; AEC, =nd R. U. King. The foregeing tests indicated that
the very high r=dicactivity of the dump material was due either to the
preieace ~f dauvghter products of_uranium.or to the presence of & nemoer
~f *he therivm series.

To pr-vide material for mineralcgic and chemicel study, two 5-ib
sample: «f the heterogeneous dump material from the Wood mine were
cnllected == cnz, Pla, from the surface at the cernter of the "hot spot”;
the cther; P5a. from directly below the first at & depth of 18 ft.
Tegother these gomples made up at least 10 rercent of the material in

the "hot sr-t".
STUDIES OF DUMF SAMPLES

The recognizable fragments in thesz tw~ 5-1b samples coneisted
chiefly of mrr. cr le: s decomposed granite wall rook together wita a
little quartz-ri-h vein material leached cof its pyrite. Most ~f both
5-ib camples corcisted of weathered “ciay" or "gouge" produced by the
decrmpersitien ~f both wall rock and vein material. Semiquantitative
spextrographic sralyses on splits of the crushed samples showed only
the crnstituerts typical rf granite with, at most, a very small per-
centage of metalliic elements including irron, cepper. and lead.,

Tne "2lay" wus haghly radicactive. WNo uranium minerals were ob=
sorved under the binocuisr wmicrostcpe. but & small amount o°f fine-

gr.ined pitchblende was extracted from both samples in methylene indide.



The chief metal minersis present in the heavy mineral fractioms, in order-
¢f ‘decreasing abundances, were chalcopyrite, pyrite, and sphalerite.

To minimize segregation both bulk samples were split with a Jenes
splitter, érushed to 60 mesh, mixed, and again split., All analyses ~-
gpectregraphic, chemical, and radiemetric -- were made on the same splits.
The equivalent uranium contents determined'by'laboratery'betaégamma
sounts averaged about 85 times the smount of urenium determined chemi-
cally. A vertiéal chamber ‘and an end-window counter were used in these

messurements; the resulte are, if anything, low due to the loss of radon
b& emanation, The same samples ﬁere analyged for thorium by the nephelo=
metric method (Grimaldi and Fairchild, 1946), for uranium by the fluori-
metric methqd (Grimaldi and Levine, 1948), and for radium by the radon
method (Curtiss end Davis, 1943),
The results cf these analyses (table 1) show that:

1. The high radieactivity of both samples 1s caused largely by
aa@&antraﬂ&ohs of radium., To satisfy the radium-uranium equilibrium; a
uranium eentent of 13 percent would be required in sample Pha; wherega
it contains enly 0,085 percent uranium, Thoria was negligible (0,002 by
weight percent in both aam@les)

'2. Both samples have redlum-uranium ratios which are abnermally
high but nearly constant in spite ¢f a 7-fnld difference in uranium
Q@ntqnt. The radiup-uranium ratios average lSO”times'their equilibrium
value,
| This high but newrly constant radium-uranium ratio suggests that
more than 99 percent of the uranium originally present in the "hot spot”
of ‘the dump had been leagled leaving the "hot syot's"‘radium content

fixed in situ. Such high concentrations of short-lived radium could have
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been formed only very recently, probably since the high-grade uranium
ore was thrown out on the dump. It seems difficult, if not imwpossible,
to conceive of any process which would introduce radium in & constant
ratio to the amount of uranium originally present, or introduce doth
radium and uranium in fixed proportions that exceed their equilibriun
ratio by 150-fold.

As both samples were closely associated one above the other on %tne
dump, it seems logical to assume that both steeped in the sawe susergene
solutions, and as a result the leaching of uranium from each sample was
proportional to the amount originally present. The simultaneous fixing
of the radium content is to be expected in view of the extreme ingoiu-
bility of RaS0O4 in dilute acids containing the common ion S0%. The
experimental results to be described confirm the residual concerntration of
both radium and lead and show that the amount of such concentration is
approximately proportional to the amount of uranium leached in diiute HaS04
solutions.

These particular gquantitative results of the field sawoling apply
only to the material in the "hot spot" of the dump. Consideraole lateral

variation across the dump is to be anticipated in view of the large differ-
ences in amount and composition of the leaching solutiocns formed et widely
separated points. The process, however, probably operates throughout the

dump ares, and the differences are ones of degree of leaching.
LABORATORY LEACHING STUDIES

Available data on which to base a prediction as to the relative solu-
bilities of mechanical mixtures of U0z and UQa in HoS04 include, for example,

the fact that UOs forms uranyl salts in acid solution according to the
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relation:

UOs + HaS03 =——= UOs + SO0z + Hz0
and that these uranyl salis are very soluble in agueous selutiohs@ On
the other hand, U0, is relatively insoluble in nonoxidizing acids, in=-
cluding HF, and in their aquecus solutions.

The mixtures of U0z and U0z in the variable mineral pitchblende,
however ,are not mechaﬁical mixtures but show the predominant f&ce=centere&A
cubic structure of U0z, in spite of the presence of a minimum of 15 per-
cent UOy which is generally interpreted as the result of aute-oxidation.
Supergene oxidatieon ¢f pitchblendc resulis in greatly increased U+6/U
ratios with correspending deessase in specific gravity and hardness, but
the uraninite structure is retained until an advanced stage.

According to Brooker and Nuffield (1951) FSpnnimiyam[§f2xﬁ%ﬁ&iﬁindgj
relatively low in U® gave sharp X-réy pewder photegraphs. With increasing
US/U, back reflections became weak and diffuse, then low-angle reflecti@ns
became diffuse, and finally with U°/U = 85.0 % ne pattern was obtained.
The corresponding cell edges decreased from 5.45 kx for UP/U = 17.4 % as
compared to 5.46 for synthetic U0z, te 5939 fer US/U = 78.5 %. Therefore
in the 6 specimens the quality €f the X-ray pattern and the cell sizes are
related to the degree of exidation."

In view ef the predominance of the Ul structure it seems logical that
the U0z in the pitchblende would be less readily available for leaching
than the same amount in a comparable meghanical mixture. Aécordingly a
series of experiments was designed to test the relative leachability of
the varieus componenits of pitebhblende in HsS0,. solutiéns. Like the pitch-
blende found en the dumps and expezsed on the walls of the abandoned mines

the material selectad had undergone partial supergene exidatiom.
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Katangs pitchblende ore was handpicked to provide 10 g of high-grade
concentrate containing 67.31 ‘pemenﬂt uraniuvm. This concentrate comsisted
of nearly pure pitchblende with less than an estimated 2 percent of not
easily remcvable yellow secondary umniﬁm mirerals. Anelysis showed that
the pitchblende contained more UQOz than U0 although it wes black. The
10-g sampie was ground fine in & mortar and five 2-g splits were taken.

One of the splits was leached in concentrated HoSO4, one in 1.84N
- EpB04, aund one in O0.1TH HoSO4. Ovezé a three-day period & total of 31 ml
of acid (at room temperature) wae used for each. The solutions were
shaken for a few minutes daily, but dtlserwise no attempt was made to
keep them stirred. Each sampie was leached for 144 hours. At the end of
élh, 1}89 and T2 hours, 2 ml of each soluticn were rewoved for U analysis,
an egual quantity of fresgh acid being added after each removal to kesp the
volume constant at 25 ml, All colutions were amlyzeid fof uranium after
144 nours.

The results are more variable than was desired, but they indicate
that ir the more copcentrated solutions almost all the soluble wranium
went into solution within 24 hours and that thereafter the uranium content
of the solution remained fairly constent. Orly in the dilute (0.,1711) solu-
tions does the ureanium content of the solution show a stesdy iﬁcrease with
time, The data are as follows:

Uranium contents of HpS0s solutions in g/ml

Time ‘Cone. HpS04 1.84N H-S04 0.1TN EoS504

24 hours 0,013 0.020 0,008
48 nours 0.013 0,022 0.010
72 hawves 0.013 C.03k (2) 0.012

14 nours 0.01h 0.016 0.01k
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The leached samples were filtsred st the end of lhll hours; that
leached in concentrated E2§®4 was washed with about 30 ml of .disﬁi,«;l@@l,
water. The wash water was f@und to contain almest as much urenium
(0.013 g/ml) as was in the @@n@en‘tz;éated a,cii which #act suggests 'the
formation of a urapium sulfate welstively insoluble in concentrated
HzS04 but soluble in Hol. Because of this loss of uranium in washing,
the results of the uranium analyses of the corcentrated HzS04 solue
tioms camnot be used to compute the actual amount of uranium leached
from the 2-g sample, The results with the other ﬁwo s@lutions are

satisfactory and permitn such calculations to be made.

Amount of uranium leeched frbm 2-g samples
of Katanga pltchblende

1.84N HoS04 C.1TN HoS04
ml U content motal . U §©nten‘t Total
(g/m1) Total mt (&7m1) ote

2 x 0,020 = 0,0hg o x 0,008 = 0,016

2 X 0,022 = 0,04k 2 x 0.010 = 0.020

2 x  0.03%34 = 0.068 2 x 0.012 = 0,024

25 x 0,016 = 0,400 25 x 0,014 = 0.330

Total U leached = 0,552 g/2-g| Total U leached = 0.410 g/fo-g
sample saaple

or 0.276 g/g or C.205 g/g

sampie sample

Percent of Percent of

original U leached; E&lo@@ criginal U leached: ::g{;&é
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The leached and unlesched splits were emdlyzed for U, Ulg,
UCs, Pb0, and Ra with the following results:

Percent by weight | Ra
U U0s U0s Po0 (Curies/g)
Unleached | s7.: | 339 |5 7.68 1.96 x 107
Leached
In conc. HzSO0. 63.9 | 46.48 27.60 10.86 1.99 x 1077
In 1.84N H»S0, | 68,16 | 145.06 | 28,46 | 10.19 2,67 x 207
In 0.17N HoS04 68.58 | u1.6% | 38.30 | 9,51 0.%57 % 10

Hillebrand's method.(l929) was used in the U0z analyses. The un-

leacked sample was found to contain only 0.013 percent by weight ThOs.
Effect of the HzS04 leach on the UQp/Uls ratio

The selective leaching of UCsg from the pitchblende in all three con-

centrations of HzS04 is clearly shown by the following date:

U0z /U0s (iea@hed) x 100

U02/00s ‘ T0o/005 (unleached)
Unleached 0.727 : -
Leached
In conc. HoS04 1.68 221
In 1.84N HoSO04 1.61 - 221

In 0,17N o304 1.25 171

If all the uranium lesched were in the form of UO3, the resulting
U0p/U0z ratio would be higher. We infer that some UOp was slso leached
in the process but the amount was reilatively small compared to the

change in Uls.
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Effect of the HpSO4 leach on the Pb/U ratio

Because of the relative insolubility of lead compared to U03 in
HoS04 solutiono, the pitchblende shows an increase in lead éoni@nt after
leaching in all thres solutions. The amount of this increase is faughly
rréportion&l tc the amcunt of uranium leached indicating that the greater
part of the lead contaired in the soluble uranium is fixed, pr@bably as
the sulfate. The rerulting increase -n the Pb/U ratioc was sufficient to
change the unccrre-ted apparent age: from approximately 760 million years
to av much 48 1,10 million year-.

Except in the concewtrated HZSO4 the relative increase in the Ra/U

ratic after leaching is similar to the relative incvrease in the Fb /U ratio,

Relative Relative

Po/U ratio Ra/U ratio
Unleached pitchblende " A 1-
Lexnched pitchblende
Core. HoS04 1. 48 : 1.07
1.84N HoS04 1.30 1.3k
0.17N HaSCy4 1.21 ‘ | 1.18

The large difference between the relative Pb/U ratio and the relative.
Ra/U ratio after lea.hing in ~oncentrated H»SO4 probably results from the
greatly increased sclubility of RaSO4 in ccncentrated HoSC4. According to
Ellsworth (1932) "... thovgh the presence of 50 percent sulfuric acid has
no appreciable effect un the sclubility (of RaS04); at higher acid concenw
tratione the solubility increasetr rapidly." The rélative increase in é@lu;
bility of FbS04 in cencentrated HoS04 is wuch less than the change in solu-

bility of RaS0,. Lind, Dnderwood and Whittemore ( 1918) measwed by the
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emanation method an extremely rapid increase in sclubility of RaSO4
with increase in concentration of HoSO4 above 65 percent. This is
shown as follows:

Sclubility of RaSO4 &t _room temp.

0.10N HpSO4 2.2 x 10™® g/25 ml solution
1.0N HoS04 2.2 "
10.0 percent HoS04 2.4 "
- 60 percent HoSO4 ‘ 6.3 "
65 percent HoSO4 6.4 "
70 percent HoSO4 > 79.0 " (sclution not saturated)

The data are as follows:

In 1.84N HoS04 In 0.1TN HoS04
&/g sample) - (g/g sample)
U leached 0.275 0;205
Calculated Pb in U leached 0.029 0.022
Apparent increase in Pb 0.023 . 0.017
Uncorrected
Pb/U ratio apparent age (M.Y.)
Unleached 0.106 0.760
Leached
Conc. HoS04 0,157 , 1100
1.84N HoS04 0.138 9715
0.17N HEoS04 \ 0.129 910

The apparent ages were interpolated from Wickman's graphs (1939).
Effect of the HzSO. leach on the Ra/U ratio

The average Ra/U ratio in the unleached oxidized pitchblende was

slightly low, 2.91 x 10”7 g Ra/g U as compared to 3.4 x 107 g Ra/g U
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at equilibrium, the figure generally accepted at present for'umaltered
uranium minerals (Ellsworth, 1932). A definite increase in the Ra/U
ratio took plaée after le&ching'in all three Hz304 solutions. The appar%'
ent increase in radium content of the two samples leached in dilgﬁe
solutions is roughly proportionzl to the amount of uranium leached. The.

increase in the Ra/U ratio is as follows:

-7
RaéU x 10

Unleached » 2.91
Leached
Conc., HzS04 3,11k
1.84N HoS04 3.917
0,17N HzS04 3&515

APPLICATICNS TO THE PRCUBLEM OF AGE DETERMINATION

These experimente are believed to havg a direct application to the
problem of apparent age determinations by lead-uranium and lead-lead
methods. The leaching of wranium minersls rich ia UO% as COM@afed to
U0z by natural HzS50, solutions may be expected to lead to an enriﬁga
ment in both tgtai lead and radium relative to uranium. Where comsid-
erable importance is to be attached to age determinations on a_iew
samples, and a high degree of accuracy in the final results ia desired,
not only should the samples be collected with special care, but their
geological environment should be fully déscribedm So=called "S®o€y”
pitchblende -=- the soft, esrthy v&riety.having very low specific gravity =--
seems particularly susceptible to solutioﬁ in'H28049 and for the present,
apparent ages based on. such material should be regarded with some skep-

ticism particularly when based on single samples. These conelusions agree



18

with the generalization of Ellsworth {19%2) to the effect that urenium
minerals with very high UOS/UOQ ratios; including altered uraninit@s

and most secondary uranium minersls, tend to have misleadingly high Pb/U
ratios.

The total lead extracted from uranium minerale differs from "normal
common lead" in that it conteins welatively greater proportions of the
uranium daughters, Pb2%® and Po2°7, as compared to the nonradiogenic =04,
For the present discussion the thorium-lead, Fb®°®, may be neglected. To

04 -
20¢ 48 generally

cbtain corrected lead-uranium and lead-lead ratios,; Fb
208 207

used as the common lead index and appropriate amounts of Fb and Fb

are deducted from the total lead in the proportion in which these isotopes

are found in so-called "ecommen lead". The excess Pb29® and Pb2°7 represent

the contribution of the U2 and U235 originally present in the sample.

It follows that, where uranium has been leached, the corrected amounts of

P'b206 207

and Pbo will be too high, and, depending upon the extent ol the

293 B

leaching, the apparent ages based upon the Pb20% /U238 and Pu2°7 /U5 ratios
will be increased accordingly. Tn general, the effect upon the Po207 fyZ3S
age will be greater than that upon the Pboo /US° age, but both will be
incressed. The relative change in a Tertiary apparent age is of course
much greater than that in a pre-lambrian for the same amount of leaching.
Recent leaching (being a chemical process) has little effect upon the
P27 /P28 ratios. When, however, such leaching hes been achive over a
considerable interval of gecologle time, the residual concentration of short-
lived radium could lead to increased corrected ratios of Pb2%® relative to

207 207

Pb resulting in impossibly young P 208

/Pb spparent ages. Unfortunately
lead-lead ages are so sensitive to experimental error and to the composition
of the common lesd used in the correction that they are of little value

in age determinations on minerals younger than 200 million years (Holmes,



1946). As & result, in dealing with geologleslly young minerals impos- E
sibly young ages are usually attributed to experimental error in the
isctopic analyses., Cur data are scanty and based upon impure m&ﬁeri&l.
but adequate to show that unaltered pitchblendes having the normsl B
large excess of U0z over Uls are much less resdily attacked by suliuric
acid solutions, and from this point of view they can be expected to
yield more reasconable appareunt ages.

Weyhandapi@ked the laboratory collsction of ore from Great Bear
Lake and obtained 20 grams free from slteraticn products. It é@ﬁtained
a bigh percentage @f metallic impurities, chiefly @@baltanickél arge-
pnides, and as a result had a low total uranium content (42.46 percent).
The arsenic probably had a reducing effect during the analysis upon any
Uls present because nearly all the uraniuxm was found to be in the quadri-
valent state, In view of their unrveliability the figures for U0z are not
given, The results @f the leaching of a 2-g sample in sulfuric acid solu=-
tions are as follows:

Uranium contente of HaS04 solutions in g /ml

Time ‘onc. EpS04 1. 84 Ho804 0. 17K HzS04
24_ hours 0,0006 0.0027 (2) OOOQl’-L
48 hours 0.0006 0.0008 ©.000k
72 hours 600007 0.0013 0,0006
14k hours 0.0006 0.0012 G, 0004

Again there is no systematic incresace in uranium content of the solutions
with respect to time.

CalculatiQHS ghow that the percentage of the original uranium leached
from the UQg-rich Ketanga sample is 10 to 15 times that leached from the

Great Bear Lake pitchinlende iz the geme sclutions. It is apparent that
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figures for the "solubility" of pitchblendes have little medning unless

the UOE/UOS ratio is specified at least approximately.,

Amount of uranium leached from 2-g samples .
of Great Bear Lske pitchblende

1.84N HsS04 - 0.17N HzS04
U content U content
ml Total 1 Total
(g/m1) © . (g/ml)
2 x 0.0027 = 0.0054 2 x C.001k = 0.0028
2 x 0.0008 = 0.0016 2 x 0.000% = 0.0008
2 x  0.0013 = 0.0086 2 x  0.0006 = 0.0012
25 x 0.0012 =  0.03%00 25 x 0.000% = (0.0100
Total U leached = 0.0396 g/2=g Total U leached = 0.0148 g/o-g
sample sample
or 0.0198 g/g or 0.0074 g/g
sample sample
Percent of Percent of
original U leached L .66 original U leached 1.7Th

APFPLICATIONS TC URANIUM SURVEYS IN MINERALIZED AREAS

These results show clearly that unaltered pitchblende is itself

relatively insoluble in even the most concentrated solutions of HzSO0g

at room temperstures.

Cnece, however, it has become partly oxidized by

contact with oxygen either in the air or dissolved in the mine waters,

the pitchblende is readily susceptible to solution by the HsS04 invariably

present in and around sulfide mines.

Mine waters containing at least as

much Ho504 a8 the 0.17N soluticms used in some of these experiments are

inferred to be common in the pyritic wmines of the Central City district.
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Although the pitchblende remeining on the walls of the mine workings .i?,s
on the whole less readily permeated by the solutioms than were the

' pulpe used in these experiments. @,m:ule time has ib;een available for the
leaching (20-50 years). The leachimg cn the sé&l@ indicated by the
analyses of the dump material and él@ﬁ@nstmted in the lsboratory helps
to explain several presemt-dey pecvlisrities in the distribution of
uranium in the Central City district, lacludings

1. The scarcity of fiitchblende and of secondary uranium minerals
on the dumps of the chief pitekblende producers.

2. The nearly complete absence of pitchblende amnd of secopdary
uranium minersls from the surface outerops of mineralized veins kmown
to carry pitchblende at depth,

§° The apparent a?gsen@@ of pitchblende from the oxidized gone. Very
little pitchblende has been found within 100 feet of the present surface
although the records show that the two largest uranium pmdu@@rs -= the
Kirk and Wood mines =~- have levels at 50 and 97 feet ,9 respectively, which
were worked for gold.

Lk, The scarcity of pitchblende apd ursnium minerals in the abandoned
devwatered mines that are known to have produced pitchblende in the pest.
The evaluation of the wreniuvm potential of such mines by radiometric surveys
and by shallow @M@@l sampling has been consistegdly @i@cguragingo Impor-
tant new dié@QverieS throughout the Froot Range have generally been the
result of relatively recent stoping.

In a highly acid, oxidizing enviropment it is apparent that a small
amount of pitchblende remaining on the surface of the l@ached mine walls
may be indicative of @@n@idgrqbgy l@a gar smounts at greater depth in the

walls. Only by deep chamuel sampling or by drilling could the uranium
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reserves of such a mine be properly assessed. Local high concentrations
of radium relative to wranium commonly found inm such Wbrkings.have gener=
ally been neglected under the assumption that the radium.has been trans-
ported in the mine wgters aud redeposited. The possibility for large-
scale movement of radium in these sulfuric-acid-rich waters seems rewmote.
The alternative interpretation that such radium concentrations are resid-
ual and as such may indicate the presence of unleached uranium ore at
greater depth within the walls should be tested by deeper sampling methods,

Radium analyses, new a matter of routine in many lab@ratories,‘are
necessary to establish the fact that the radicactive constituent of a given
"hot spot" is radium and not one of a number of other radiocactive elements
belonging to the uwranium and thorium series, all of which are much more
readily transported ip dilute HoS04 sgiutions,

Many "hot spots", clearly of recent origin and generally assumed to
be due to "tramsported" radium--in particular the high radiocactivity shown
by some rusted mine rails and pails =- may be due tc an eriginal copre-
cipitation of iron oxides and ionium, the thorium daughter of UZ3% which
in turn decays to radium. Also the effects of the erratic and short-lived
high radicactivity resulting from the occlusion of radon on moist gwmel =
and similar material are familiar to anyone who has made extensive radio=-
metric surveys in uranifercus sulfide mines.

Where the analytical data show (1) that the high radicsctivity of two
or more samples from the same "hot spot™ is due to radium and (2) that the
radium is presernt in constant (but excessive) proportions toc the ureanium,
the concentrations are almost certainly residual. In such cases the Ra/U
ratic can be used to estimete, within the limits of the sampling, the

amount of uranium lost from the exposed walls through leaching processes



during the recent past, say within the lagt 50 years. Where pre-
dictions as to hidden uvranium reserves of badly leached mines must
be based very largely oa the resuite of shallow sampling, the gquanti-

tative implications of the Ra/U ratieimay assume particulsr imporiance.
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