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ABSTRACT

Twenty-nine samples of bauxites from different locations were ana-
Iyzed for thorium and uranium by gamma-ray spectrometric, alpha count-
ing, and wet chemical methods. The thorium concentrations range from
5.0 to 131 ppm and average 489 ppm. The uranium concentrations
range from 2.7 to 267 ppm and average 114 ppm. The thorium-to-
uranium ratios range from 1.5 to 209, with an average value of 51,
Zirconium determinations on some of the bauxites gave values ranging
from 0.02 to 0.65 percent Zr, and averaging 0.09 percent Zr.

The thorium, wranium and zirconium contents of the bauxites are
related to the type of source rock. Bauxites derived from nepheline
syenites contain more thorium and uranium than bauxites derived from
other rock types; bauxites derived from basic igneous rocks” have the
lowest thorium and uranium concentrations, and bauxites derived from
carbonate rocks have the lowest thorium-to-uranium ratios. The greatest
concentrations of Zr were found in bauxites derived from nepheline
syenites, and bauxites derived from carbonates contained the lowest
concentrations of Zr, 3

A study of samples from alumina plants treating Surinam and Ar-
kansas bauxites shows that during the process, over 70 percent of the
thorium and uranium in these two bauxites is concentrated into the red
mud, and the alumina contains very small amounts of these elements.

1 Based in part on a study conducted by K. A. Richardson as part of the requirements

for the degree of Master of Arts at Rice Institute.
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. mm"’ ﬂbo.fndimte_d that much of the thorium and uranium in baux-
v“? oceurs in either primary or secondary resistate minerals.

INTRODUCTION

- For some time it has heen known that certain bauxites contain greater

- amounts of thorium and uranium than the average crustal rocks. The
primary purpose of this study was to make a general survey of hauxites to
nvestigate the distribution of radioactive elements, and defermine the sig-
ificance of this distribution.

In addition to contributing to the geochemical knowledge of thorium
‘and uranium, the results of this study may have some economic value. The
possibility of by-product recovery of thorium is suggested, also the possible
‘use of radiometry in prospecting for aluminum ore,

PREVIOUS WORK

Although no data regarding the absolute thorium and uranium contents
of bauxites have been found in the literature, with the exception of recently
published papers by Adams and others, there are a number of papers that
give theoretical reasons to expect relatively high concentrations of these
‘elements in bauxites, and a number of qualitative reports that support the
theory.

The application of the concept of ionic potential to the behavior of ele-
‘ments during weathering has been discussed by Goldschmidt and, with par-
ticular reference to Arkansas bauxite, by Gordon and Murata. The latter
paper verifies Goldschmidt's statement regarding the effect of bauxite forma-
tion on certain clements, showing beryllium, chromium, copper, gallium,
lead, manganese, molybdenum, niobium, scandium, titanium, vanadium,
yttrium and zirconium to he concentrated, and barium, calcium, lanthanum,
magnesium and strontium to he depleted during the alteration of nepheline
syenite to bauxite.

Figure 1 is a plot of the ionic radius against the ionic charge for a
number of elements. Values for the jonic radii are taken from Ahrens,
The diagonal lines on the figure are the lines of equal ionic potential used
by Goldschmidt, and Gordon and Murata as the houndaries for the group of
elements with intermediate ionic potential values that are precipitated in
nature as hydrolyzates. Tetravalent thorium and uranium lie well within
these houndaries; hexavalent uranium is near the field of elements which
form soluble complex anions,

From consideration of the ionic potential alone, thorium should be con-
centrated in bauxites, whereas uranium might be oxidized and removed as
the soluble wranyl jon, UO,". Measuring the radioactivity of Arkansas
bauxite by beta counting, Frederickson found an equivalent radium content
of 13.1 X 10"* grams/gram of bauxite. This is larger by approximately

one order of magnitude than the average value for acid igneous rocks.

Frederickson believed that uranium was introduced into the deposit as uranyl
ions and concentrated hy adsorption on the aluminum minerals.

THORIUM, URANIUM AND ZIRCONIUM CONCENTRATIONS 1655

Similarly, Lovering concludes from investigations of radioactive iron
oxides that "'collui(lnl ferric oxide hydrate” adsorbs uranyl ion, and thus re-
moves uranium from solution.  Most of the thorium minerals resist weather-
ing and remain in their original form, but tetravalent thorium would also be
removed from solution by ferric hydroxide. During crystallization of the
ferric colloid adsorbed uranium is expelled and forms separate minerals.
Heinrich discusses radioactive gossans and laterites briefly, agreeing with
Lovering's conclusions,

Davidson states that some terra rossa deposits in Central Africa are
significantly radioactive. The radiocactive elements are again  reportedly
adsorbed on the iron hydroxides, but in contrast to the above authors. David-

rodius

fonic

lonic charge

Figure |, Grouping of certain elements according to ionic polential.

son believes that the parent uranium is largely leached and the radicactivity
is due to thorium series and uranium series daughter elements. '
Kiss and Mehes have studied Hungarian bauxites and reported their
radioactivity. Using nuclear emulsions, Kiss detected a small nn1(11{|\t.of
radioactivity in tabular inclusions within zircon crystals. l_\(ch(:s.. measuring
radioactivity in the field, found a relationship between radioactivity and ore

grade, with increased radioactivity also along lines of faulting and folding in

the bauxite.
Occurrence
according to Ristic, which *
the obtaining of uranium, because in the proce
concentrates itself in the so-called red mud.

< of bauxites with uranium have been found in Yugoslavia,
. will apparently also become a source.for
ssing of aluminum, the uranium
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Samples of 29 bauxite
for this study. Tt is thoy
lection.  Among the sam

SAMPLES STUDIED

s (Table I) from different countries were analyzed
1ght that they constitute a fairly representative col-
ples are bauxites derived from both acid and basic

igneous rocks, metamorphic, clastic and carbonate sediments. Parent rocks

of Trish and Jamaican bauxite
giving their geographic locati

references,

Table I. List of Bauxite Samples

S were also analyzed. Table I lists the samples,
on, known or inferred parent rock, and literature

Bample Location . Pareat Rock Reference
‘ XR-1 French Guinea ovepheline syenite Fermor (1915) ,
Kn-2L Gold Comst voleanic ash Cooper (1936)
Xi-3 Dominican limestone Goldich and Pergquist (1947)
K-35 Republic
KR-A Jusaton White limestone Hartman (1955)
KR-4B v HiL (1955)
KR-5L =
KR-6L Bwmzil nepheline syenite Teixeirn (1952)
Other parent rock types for Brazilian bauxites, reported in Fischer's
1955) bibliography, are: granite (Knecht), gneiss (Froes), schists
Goodchild) and phyllite (Cuimarmes).
7L British Cuiana diabage Kersen (1955)
Harrinon (1910)
XR-8L Indis tasalt Fox (1923)
KR-9L Bintan, Bast hornfels Bemmelen (1941, 1949)
mu.'
KR-10 Mlas Telands tertiary voleanics Bridge and Goldich (1948)
-0 Istria, Yv e 1L U.S. Bureau of Mines (1953)
XR-12L Dalsatis. mesozolc limeatone Franotovic (1955)
Yugoslavi =
KR-131 Italy Harder (1949)
K-1AL Prance mesozolc 1imestone lapparent ' (1949)
KR-15L Greece Besozole limestone Frantovic (1955)
ll-:ll. Benry, Geargia xsolinite white and Benson (1952)
KR~ Georgia
MM-0L  Oregon alocene basalt Allen (1948); Litbey, tovry and
Mason (1946)
KR-22 Misslanippt Forters Creek shale Burchard (1924); Morse and Hand (1923)
-3 Missouri palacorolec limestone Keller (1944)
KN30 Surlnas {gmeous and metamorphic Kersen (1955)
KR-31 Surinas Meulen (1949)
K- Arennsas fephelloe syenite Mead (1915)
KH- Arkansas
An-80 Juamica White limestons (mee KR-K, above) ]
Kn-83 Jamalcs
e84 Antris, hasalt Byles (1952)
Northery I-eland
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ANALYTICAL M ETHODS

Thorium and uranium analyses were made for this study by gamma ray
spectrometry, alpha counting, and wet chemical methads. All of the bauxite
samples were analyzed by the gamma ray spectral method ; some were checked
by the alpha activity-fluorometric uranium method. All of the sam|
were alpha counted. ~One chemical thorium and a number of chemical zir-
conium determinations were made. Determinations of aluminum, jron, titan-
lum, and silicon oxides presented in this paper are the routine analyses made
by the Aluminum Company of America, g

Approximately half of the gamma ray results were abtained at the Shell
Development Company laboratory, Houston, Texas; other thorium and
uranium spectrometer results presented in the paper were obtained at the
Rice Institute. A full discussion of the spectrometry procedure is found in
papers by Hurley ; Adams, Richardson and Templeton and Whitfield, Rogers
and Adams. Thorium was determined by measuring the 2.62 Mey gammas
from thallium-208, uranium by measuring the 1.76 Mev gammas from bis-
muth-214, and thorium and uranium concentrations were both calculated
from counts made on a channel centered at 0.61 Mev. Potassium was de-
termined for some samples, using the 1.47 Mev gammas given off by potas-
sium-40. Potassium content of bauxite is low, but the measurements were
conveniently obtained, and are therefore included (Table IX). \

Individual limits of error for the gamma ray spectral values are not given.
The number of events recorded for each measurement was suﬁicne_nt to give
a statistical error of less than = 5 percent. Additional sources qf inaccuracy
are the “physical errors” inherent in this mcthr?«l. and _the possible ml.lom?-
geneity of the samples. A result of the very high thorium .mnccntrahon mn
batxites is the smaller error in thorium meastirements. N.mc_'ty percent of
the chemical thorium analyses made by Pliler agree to within 10 pert"cnt
with the gamma ray measurements. Hu\\‘e\tﬂ‘. the accuracy of the uramu;n
measurement suffers from the increased thorium contribution to counts m:n e
at 1.76 Mev. Uranium measurements are judged nccum_tc "’. \\‘C“h “’3t n
+ 20 percent, the greatest inaccuracy being in samples with high thorium-
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ratios. Potassium measurements are considered to he
ercent of the amount present. _

0 ‘and uranium concentrations from thallium-208
1ma activity is based on the assumption that the thorium
series are in secular radioactive equilibrium. Determina-
anium by two independent methods showed samples
L bauxites to be in equilibrium, but the fluorometric
does not apply well to bauxites, due to (i) the difficulty
the nranium from the sample, and (i) interference of
of many bauxites with the Auorescence. However, a
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Figure 3. Th end U date on beuxiter

‘m:llyud by this method and the data obtained (Table I1)

2, a plot of ( alpha counts per hour/fluorometric uranium)
ray thorium-to-uranium (Th/U) ratio,
ins too few data to lend itself to a definite interpretation,

. . [ Th
e k(D)

ave & smaller K, value than that determined by Adams,
Wpleton for a group of sediments composed predominantly
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of limestones and shales. The diagonal line drawn Fi i

from Adams et al. and represents the ahove relatiomhw e 2:ix taken
and 7.57 for K, and K'. respccﬁvcly. p Wi‘h v‘h‘” of vm

y determined wranivm f
or samples KR-10, KR-38 and Kll-&v)a m

ple homogeneity, to absence of radioacti
or, for samples KR-10 and KR-38. to in iy,

the chemical analysis,

RESULTS AND DISCUSSION

Distribution of Thorivm and Uran
uranium analyses of 29 bauxite samples
are divided into four groups on the basis of the type of rock from which they
were derived; the parent rock types are acid igneous, basic igneous, shale,
and limestone.  Average thorium and uranium contents for each of the bawx.
ite groups are shown in Table III, with averages for the parent materials
taken from the literature,

In some cases there is doubt reg;
the bauxite is derived. The loca
is known only by the country.
number of acidic or metamorphi
cific deposit was its source,

wm i Bauxitos.—The thorium and
are given in Table II. The bauites

arding the exact type of rock from which
tion of the Brazilian sample, for instance,
This bauxite may be derived from any of a
¢ rocks (Table T), depending on which spe-
The parents of other South American sai

are also questionable. Discussions by Goldich and Bergquist and Hill indi-
Cate some uncertainty regarding a purely limestone parent rock for the
Caribbean ores,

In grouping the bauxite samples the following relationships were con-
sidered : (i) the Caribbean and European bauxites, and the Missouri diaspore
clay have limestone parent rocks; (ii) the Georgia and Mississippi samples
are derived from shales, and included with them is the Bintan sample whose
parent is a low grade metamorphic hornfels: (iii) hasic igncO}t:c md\'s‘ are
the parents of the hauxite samples from the Gold Coast, Bnpsh G}nat'm,
India, Palau Islands, Oregon, U.S.A,, and Antrim, Ireland; (iv) acid g-
neous rocks, mainly nepheline syenites, are parents of the samples from
French Guinea, Brazil, Surinam and Arkansas, U.S.A.

It is evident from the data in Tables IT and III, not only that the
thorium and uranium contents of bauxites are gcne.rall_\- muc.h greater th:!n
the average for crustal rocks, but also that there is a dcﬁm_te relahonsh\p
between the thorium and uranium contents of a bauxite and its parent rock
type. :

'peFor the 29 bauxite samples the thorium concentration ranges from hs":

to 131. ppm and has an average value of 489 ppm; the uranium I_thg{’s i

27 to 267 ppm and has an average value of 11.4 ppm. _Thse) /

ranges from 1.5 to 209 with an average value of 5.1 (Fig. 3). -
The higher concentration of thorium and wranium in acid igneous rocks

v m
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as compared with basic igneous rocks is reflected by the bay

from them. The hauxites with acidic parents are ‘meumte;:':‘mm“m =
» 28 = richer in these elements than bauxites with basic parents. Bauxites dqing =
- from shales and carbonates are quite similar in both thorium and uraniv |
content and are intermediate hetween the other tWo groups. The com.
- B o parable radioactivities of the shale and limestone derivatives is not ;igg
SE(RE § 2 if one considers, as Hartman suggested for Jamaican bauxite, that the son ree
% of the residual lateritic material is the clay impurity in the limestone.
2 lsE 7 It is noted from the data in Table T that the group of bausites derived

from carbonate rocks has the lowest Th/U ratio, and those derived from
acid igneous rocks have the highest ratio. The low ratio for bauxites with
limestone parent rocks is particularly well exhibited by the Caribhean samples,
none of whose Th/U ratios is greater than 4.3.

Shown in Table I1I are average concentration factors for thorium and
uranium during the formation of bauxite from the various types of source
rock. The magnitude of these factors is dependent on two quantities: the
fraction of the original rock mass removed in solution, and the amount of

acid
Umnium leached
Goodman (15h1)
ver (1958)

Uranios leached
Concentration factor

e

Iraniom Leached
Bastle Ignecuse

Concentrmtion factor

Pasic tgnecus rocks (6 samples)

! sj H thoriul:n.and uranium leached. Assuming'thc thorium remains fixed, then
g £a 13 the minimum concentration factor for this clcr_nent depends only on the
i ai amount of parent rock removed. In the alteration of limestone to hauxite
b o 3 i! the thorium concentration is greatest, averaging 40-fold, while the alteration
’ g 3 gi ot of shale results in less than 4-fold concentration of the thorium, As pointed
out by Adams and Weaver, if all the thorium and uranium occurred in
- " < s IS resistate minerals, lateritic weathering would concentrate both elements with-
% g g 2 ge out changing the Th/U ratio. For each of the four groups of hauxites, the
< ratio is higher than the average for the parent rock type. Using the assump-
H58 #23 28% 348 F| 28% B vEg Y83 | g9% $9% tion that no thorium is lost, the concentration factor for this element multi-
N plied by the uranium concentration of the parent rock gives the uranium
& = 2 o ) concentration that the bauxite would have if no uraninm were removed
"~ r~ ~ -] ~o o > . “ N & o >
) during bauxite formation. From such calculations it is estimated that ap-
proximately 20 percent of the uranium is leached from the igneous a.nfl si-r.\le
Se% Eod afane o] 232 503 nas agn | & parent rocks, and 75 percent from the carbonate rocks during lateritization.
This is in close agreement with Adams and Weaver's report that an average
Sde 220 2| 492 o] tow maa | 4ro 2ewm | = of 80 percent of the uranium in a carbonate rack can be hrought into solution
SS% TOn 8| Ran | 5o A6 | g 483 | 4 T by dissolving in weak acid. ‘
n " From the foregoing considerations, and the rather general data in Table
Soe god 2| 522 2| s9n oma | 2a0 rem | o 8 ITL, the following conclusions are drawn. In bauxites whose parent _rocks
A% K% 8| 894 A | 252 <24 RAT REEl S ¥ are carbonates, thé uranium retained is only the portion that occurred in the
3 é resistant minerals of the carbonate rock. Such a mnclus_inn may also Ee
:E: 3 a'.di 3R 48% EH® valid for bauxites derived from shales and igneous rocks. in which case 70
86 6 364 éé: GEE Ga8 'i to 80 percent of the uranium in shales and igneous rocks may o?cur _ﬂﬁ}e\‘
in primary or secondary resistate minerals. Because the Th/U rat:; :'l:
h g ? £ creases during bauxite formation, perhaps more of the thorium than

uranium oceurs in primary or secondary resistate minerals. v e
The reliability of the assumption that thorium is relatively immobile is

demonstrated by the low Th/U ratio found in stream and ocean \\:atufs.

Adams, Osmond and Rogers give a value of Jess than 001 for this ratio.
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bauxite samples from Arkansas, Jamaica and Northern 1, o m:‘;
samples of their parent rocks, nepheline syenite, limestone and ba 3
spectively, taken from the same areas as the bauxi

samples are taken from a drill core discussed in detail below.  The nepheline
syenite sample is somewhat kaolinized. The samples of Jamaican and Iv?:l:
parent rocks are fresh,

Regarding the Arkansas samples in Table IV, the nepheline svenite is
rather richer in thorium and uranium than the average acid igneous rocks «
the bauxite contains less than the average amounts given in Table 111 {ol:
similar bauxites. The actual thorium and yran;
dividual samples may not be highly significant, for it is shown later that the
concentrations vary considerably within this deposit, Furthermore, the
nepheline syenite, KR-55, is not quite fresh, and its thorium and uranium
concentrations and the Th/U ratio may be greater than the unaltered rock,

The Jamaican parent rock contains an average amount of uranium for
a_limestone, hut very little thorium, The typically low Th/U ratio of the
limestone is reflected by the low ratio, 3.4, in the bauxite, KR-80, The
thorium and uranium concentrations in KR-80 are close to the averages in

.3
.8
33
8.8
13.0
9.6
34
8.4
5.0

19
3.5
10.3
6.5
3.9
7.0
2.9
CH
214

N9
.0
571
0.5
66.8
.5
3.9
106.3

syeaite and
Near top of bauxite
7 2. above KR53
Same horizon as

KR-61)
overlying XR-6k

Veathered
te
Iom Of bauxite 51,8

6D Clay 14
from KR-58

KR-63 10 re. tonm.w
from KR-62

i1,
e,

KR-62 10 gt Borizontally
bauxite

-5

KR-58

KR-64 Granitic textured
te

KR-65  Clay veinlets in

KR-66  Pisolitic bauxite

mm;zmn,muv.n,mm,m

Bection 26

estimate, and assuming no thorium is lost during alteration, a thorium con-
centration of 0.048 ppm in the limestone would result in the observed con-
centration of 32.1 ppm in KR-80, the bauxite. The thorium content of the
limestone sample, KR-81, determined by gamma ray spectrometry is 0.19
ppm.  This concentration is close to the limit of sensitivity of the spectrom-
eter and is subject to large error. It is reasonable to conclude from the
thorium measurements that the White limestone could well he the parent rock
of the Jamaican bauxite.

The sample of basalt from Ireland is extremely low in thorium and
uranium. The thorium and uranium contents of the bauxite derjved from
the basalt are also low compared to the average in Table I11, hut the Th/U
ratio for the bauxite sample, KR-84, is 5.2. This is the same as the average
Th/U ratio for bauxites derived from hasic rocks.

Thoriwm and Uranium in Arkansas Bawxite—Thorium and uranium data
for the weathering sequence and drill core samples from Arkansas are pre-
sented in Tables V and VI, respectively. All of these samples. with the
exception of KR-54, are taken from residual deposits nf. bauxite that overlie
the parent syenite. KR-54, like KR-26 in Table 11, is from a pl_ashc.or
colluvial type of deposit which overlies the l\.hdfvay clays. KR-54 is tal\.en
from the top of a transported bauxite deposit, just below the contact with
sediments of the Wilcox Group.

The two transported bauxite samples, KR-26 and KR-54, have ey
similar thorium, uranium and Th/U values, but thes‘e values are not dis-
tinctively different from the analyses of the many residual bauxite samples.
It is thought ( Shepard, pers. comm.) that as a result of transportation of

(h.0)%e
5.2

2.9

(= 0.5 )s (co.2)e
5.1
.

Antria,
N. Ireland

Error approache: for such low level
** Prodabdle value :l:cm:d-n, Oszond, Rogers, 1959)

XR-84, bauxite
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the bauxite these samples have a smaller acce
hy'poﬂ'lesﬁd;lecmse of‘lccessory minerals does not :
amounts of thorium and uranium found in the baux Ry
elements must, then, be transported either in mmr i ii!
resistate minerals or in resistate hydrolyzate minerals, |
The Weathering Sequence samples were collected in Tp. 2 S, R,

Sect. 16 and 26, of Saline County, Arkansas. Fi 4 s V|.
From the analyses of these samples the following

section showing the relative locations of the samples taken fr.
16 mine,

are made:

i)_ The thorium and uranium concentrations increase by a (!.uw C
to 3, in the distance of a foot or so from the relatively fresh nepheline syenit
to the weathered, kaolinitic syenite. ‘ ‘

KR-55 |
i i |
KR-56 3
KR-59 KR-61, |
KR-57 KR-61,
v
KR-60 :
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Figure 4. Dicgrommatic section showing relative locolions of Arkansos samples.

ii) The thin limonite band in the kaolinitic rock and the clay material
between the nepheline syenite and the overlying bauxite contain less thorium
and uranium than the material immediately above or below. The hard
limonite band, about § inch thick, is similar to that described by Goldman.
If the uranium in bauxites occurred as ions adsorbed on the ferric hydroxide,
the limonitic band that is represented by sample KR-59 might be expected
to contain more than the measured 2.3 ppm uranium. The low radioactivity
of the clay, sample KR-60, is in agreement with Frederickson's total activity
measurements.

iii) The variations between samples KR-58, KR-62 and KR-63, and also
between KR-61, and KR-61, illustrate large changes in thorium and umnium
concentrations that occur in the distance of a few feet, with no apparent change
in bauxite texture or vertical position in the deposit. : e 1o

iv) Samples KR-64 and KR-66 from the Section 26 mine have higher
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es from Section 16 mine. The pisolitic bauxite
~more thorium than the underlying bauxite with granitic
the uranium contents of the two samples are approx-
The clay veinlets in these bauxites, as described by
are much less radioactive than the bauxite, comparable
of KR-60 is a sample.
samples were taken from a hole drilled in the NE }. SE
. Tp 14 W., Saline County. The 27-foot section of core
feet of pisolitic bauxite that grades into 4 feet of dark brown
ceous clay at the top of the section, and into 5 feet of
weathered nepheline syenite at the bottom. The lower
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Figure 5. Anolyses of Arkansas drill core.

half of the hauxite is predominantly gray in color, the upper half predom-
inantly red. Each sample listed in Table VI represents a 2-foot section of
‘the core except KR-79 which represents the hottom 3 feet. Figure 5 illus-
trates results of the routine analyses for iron, aluminum, titanium and silica
i = by the Aluminum Company of America, as well as the thorium, uranium,
zirconium determinations on the drill core samples.
is seen from Table VI that the thorium and uranium concentrations,
as the Th/U ratio, increase rapidly from the nepheline syenite to
~of the bauxite, remain fairly constant through the bauxite sec-
ase in the top, carhonaceous part of the core.
e syenite to the bauxite the uranium concentration does
the thorium concentration is almost quadrupled. The

THORIUM, URANIUM AND ZIRCONIU

drop in uranium concentration § o e
to the limits of error, is w&u::"“tg“*’; 0 KR.76,
the Fe O, concentration from sample KR - !gu:&?w

of n}r(;‘rc uranium from this level.
. The nine samples representin, bauxite portion ¢
tain an average of 88.r2epp]m of tghoﬁ:ieum. 8.1 ppm of d,.
aver;ﬁe ’}I"h/U ratio of 11.0, b
e histograms in Figure 5 indi e
similar to those observed gf::r “rm:::“ﬂ;dtmmmmm and deple :
oxide and titania, whereas silica behaves inversely. Three W’? o
zirconium sh(?w more than a S-fold increase from the : 5.1
the II;aum‘:e with apparently little change in concentration through the
i “or the decreased concentrations of aluminum and ferric hye g
e mcrea_sed concentration of silica, at the top of the drill core ther
two possible explar}anons tha.t suggest different modes of thorium
uranium occurrence in the bauxite. I the lateritic materials are leached
the top of the section by the influence of organic matter, the increased
concentration in KR-67 and KR-68 should be accompanied by an iner
of resistate accessory minerals. The decrease in thorium and uranium con-
centrations at the top of the drill core would then indicate that these elements.
had been held by the hydrolyzate minerals. On the other hand, if the com-
position of the top of the section is the result of dilution by quartzitic alluvial
material, the radioactive elements may occur in resistate minerals. The
approach of the Th/U ratio at the top of the section to a value typical of
common crustal material is perhaps a factor favoring the latter explanation.
Concentration of Thorium and Uraninm During the Processing of Bawsite.
—Material balance samples from the St. Louis plant, which treats Surinam
bauxite, and the Bauxite Alumina Works, which treats Arkansas ore, were
studied. These samples, representing seven days’ operation of each of the
plants, are comprised of bauxite, calcined alumina, fine red mud. and. clawﬁer
sand. The classifier sand is the coarser fraction of this mud. w!uch__qs_te_-
moved from the mud thickeners to reduce the load. The cla%lﬁcahon‘_oi‘
the red mud and the coarse sand is not perfect; a fine sand fraction remains ;
in the red mud. These samples were obtained through the courtesy of the
Aluminum Company of America. . A
The anal\'tic':lu results of the material balance shu}y are pmantad__ S
Table VII. Column 1 gives the weight of bauxite ref]mre.d N\d the
of mud and sand obtained in producing 1 Ib. of calcined alumina.
rav data are shown Tor all of the Surinam samples. but the Aﬂmnﬂ:o
sample, having an alpha activity of only 0.8 cph, W‘gs not amenable !
ray spectrometry. The uranium content of the Surinam
thorium content of the Surinam red mud were also measnmd o
by chemical methods that gave good agreement with
Fluorometric uranium determinations for the Arkansas



) K. A. RICHARDSON

method. This may have been the result
uranium in the fluorometric procedure. Such
ith the sample of Arkansas bauxite cited by
empleton, but the radioactive decay series were
& miple.
alumina produced from both Surinam and
low radioactivities. Most of the thorium and
| bauxite is concentrated in the waste products
red mud and the classifier sand. The red mud
of the waste material, and it contains much more
m than the classifier sand. The red mud from
ent plant contains 281 ppm of thorium and 11.6
his is 96 percent of the thorium and 82 percent of the
, originally contained in the bauxite. The red mud from
s bauxite treatment plant contains 120 ppm of thorium and 39.8

.

; this represents 73 percent of the thorium and 93 percent of
n the feed hauxite.
itions of uranium in the red mud and coarse sand samples
material balance are essentially the same, but the Th/U ratio
and 11.9 in the sand. This indicates that in the Surinam
s of occurrence of thorium and uranium may be different,
 occurring in finer grained particles than the uranium. In
s material balance the Th/U ratio of the red mud is much less
/U ratio of the classifier sand.
riated from Surinam and Arkansas red muds, consisting
n 6 micron size fraction, were alpha counted. The measured
and 1040 counts per hour, respectively, are not greatly changed
vities of the whole red mud samples. Thus, the alpha emitting
be retained in very fine grained material.
portion of the less than 6 micron Surinam sample was leached with
i€ acid. . Much of the iron was removed, and the sample weight
reduced by approximately 70 percent. The measured alpha activity of
e was 1,480 counts per hour, and the calcined leach, whose mass

ately twice that of the residue, had an alpha activity of 1,230

=i

ishing parent from daughter elements, or thorium from
series, the results of the leaching experiment show that roughly 1/3
emitters resist severe leaching, and remain in the residue of
The retention of these elements suggests that they are held in
It is also possible that some of the radioactive material in
removed from resistates. A further indication that thorium
state minerals is the fact that this element is in equilibrium
'S in the Surinam red mud sample (Table VII). The
dioactive equilibrium in this sample would be extremely un-
entire radioactive decay series were within a closed system,
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Table VIII. Zirconium in Buuxites

Sample 3
-
fuw
Buuxites derived from carvomate rocks
XR-3
XR-38 :":z’
KR=h 005
KH-4B
KA-5L Fild
XR-11L 0.00
KR-12L
s )
KR-141, 0.061
KR-15L 0.
KR-23L o.%
Averuge 0.083
Bauxites derived from shales
KR-9L 0.0
KR-17L O.nﬁ
KR-18 .10
KR-22 0.01
Avernge 0.0%%
Bauxites derived from basic igneocus rocks
KR-2L 0.0
KR-TL 0.132
XR-8L 0,108
KR-10 o.02
KR-20L 0.057
Average 0.068
Bauxites derived from acid igneous rocka
XR-1 0.65
KR-6L 0.153
m-26 0.07¢
KN-2T 0.2k2
KR~31 0.12%
Avernge 0.8

Arksnsas samples

KR-55 relatively fresh pepheline syenite 0.055
XR-56 0,068
KR-57 mmolinized nepheline syenite v.103
KR-T9 drill core syenite 0,085
KA-7h drill core bauxite 0.257
XR-69 drill core bauxite 0,353
Treatmeat plant samples
Surinam bauxite
KR-34 calcined alumina 0.01
KR-33 classifier sand o.u2
KR-26 classifier sand 0.078
KR-32 red mud 0.3%
KR-24  red mud (-6 micron) 0174
Arkadsas Bauxite
KR-29 clasaiffer sand o.\«g
KR-30 red zud (-6 micron) 0.862

material to consist mainly of anatase, with rutile, quartz, and possibly gypsum
and gibbsite in minor accounts. 4

The small amounts of thorium and uranium present in .?'u‘nples of cal-:
cined alumina (Table VIT) indicate that similar low radioactivity should be



aluminum metal. A number of aluminum metal
s and Richardson had alpha counting rates only
—Because of the chemical similarities between
onium many of the bauxite and associated samples
s element. Table VIII gives zirconium determinations
6 ite and nepheline syenite samples from Ar-
les from bauxite treatment plants.
of zirconium in bauxite appears to be related to the
which the bauxite is derived. A histogram of the dis-
1im concentrations, Figure 6, illustrates this relationship.
of bauxites derived from carbonates are uniformly
ging from 0.022 to 0.062 percent and averaging 0.048 percent.
derived from shales and basic igneous rocks have a wider range

PARENT ROCK TYPE

Carbonote

Shole

Bosic igneous

B8 a0o

Acid igneous

I

0.0 01 02 o3 X o5 06 o7
% Zr

Figure 6. Zirconium dota on bauxifes.

of zirconium concentrations, with average values of 0.059 and 0.069 percent,
- respectively. Bauxite daughters of acid igneous rocks have zirconium
~ contents ranging from 0.076 to 0.65 percent, and averaging 0.248 percent.
. relative zirconium concentrations in the 4 groups of bauxites compare
 with the relative zirconium concentrations quoted by Degenhardt
ch of the 4 types of parent rocks,
re appears to be no relationship between the zirconium contents of
and the thorium or uranium contents. A positive relationship be-
e elements might be expected if thorium and uranium were present
| minerals. Degenhardt refers to the corrosion of zircons in
states that portions of the bauxite drill core that
ved high assays for zirconium and contained no zirconium
lese considerations, the absence of a correlation between
mtent and zirconium content in bauxites is not im-
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Col?n'mctric zirconium de
centration of 0,055

creasing to 0.103

TABLE 1x
Porassium e Bauxites
Sa
mple Description, Location 9
l,g:gl. gnuxlu-. French Guinea "‘;k
-~ auxite, Gol 03
KR-3 Basitey T R e 0.07
ity 0.29
KR:iB Bauxite, Dominican Republic
Bauxite, Jamaica 004,
KR-4B Bauxite, Jamaica —005
o 0.24
CR-5L Bauxite, Jamaica
KR-6L Bauxite, Brazil s
KR-7L Bauxite, British Guiang :g
KR-SL Bauxite, India
K—R-QL Bauxite, Bintan, East Indies ::;
KR-10 Bauxite, Palau Tslands 0.
.04
ISR-HL Bauxite, Istria, Yugoslavia 0.13
FER-IZL Bauxite, Dalmatia, Yugoslavia 0.3
KR-13L Bauxite, Italy '
o
}SR-HL Bauxite, France 0.08
b:R-lSL Buuxite, Greece 0'30
KR-17L Bauxite, Henry, Georgia 0:12
}\:R-IR Low grade bauxite, Georgia 0.24
l\_R-Z(lL Composite sample, Oregon 0.12
KR-22 Low grade bauxite, Mississippi 0.19
FSR-ZJL Diaspore Clay, Missouri 1.3
KR-26 Bauxite, Surinam 0.21
KR-27 Bauxite, Arkansas 0.41
KR-31 Bauxite, Surinam material balance 015
KR-32 Red mud, Surinam material balance 0.60
KR-33 Classifier sand, material balance —0.04
KR-34 Calcined alumina, Surinam material balance -0.22
KR-37 Red mud, Arkansas material balance 021
KR-38 Bauxite, Arkansis material balance =0.10
KR-55 Nepheline syenite. Arkansas 5.62
KR-64 Granitic textured bauxite, Arkansas 0.02
KR-67 Carbonaceous clay, Arkansas drill core 0.21
KR-68 Clay and bauxite, Arkansas drill core 0.03
KR-70 Bauxite, Arkansas drill core 0.00
KR-79 Nepheline syenite, Arkansas drill core 21
KR-83 Bauxite, Jamaica 0.3

From the size of the negative values and other considerations, the estimated error in.
measurements i less than 0,1 percent K.

CONCENTRATIONS 167y
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ble their value of 0.13 percent Zr in the bauxite. Degen-
averaging 0.071 percent Zr for nepheline syenites, and
‘European bauxites derived from limestones.
material balance samples show that approximately 75 per-
bauxite is concentrated in the red mud. The
s from 0.126 percent in the bauxite (KR-31)
the red mud. Zirconium is present in the calcined alumina
low concentration. Because the concentration of zirconium
- sand and in the less than 6 micron fraction is lower than in
zirconium must occur in an intermediate grain size fraction.
urinam samples, the Arkansas classifier sand and less
of the red mud contain equally high zirconium con-
‘This suggests a more uniform distribution of zir-

sizes in the Arkansas bauxite.

5 on

ECONOMIC CONSIDERATIONS

relatively high concentration of thorium and uranium in bauxites
‘convenient radiometric method of prospecting for this ore.

more detailed work would be required on individual bauxite
‘ ed that a usable relationship between the radioactivity

Another economic consideration is that of recovering thorium as a by-
product of the alumina process, The concentration of 281 ppm of thorium
in the red mud of the East St. Louis alumina plant indicates that for each
ton of alumina produced, 4 Ib of thorium is concentrated in approximately }
ton of red mud. This alumina plant alone, having an annual capacity of
more than 300,000 short tons, might produce 40.000 Ibs of thorium per year,
assuming 50 percent recovery.

SUMMARY AND CONCLUSIONS

The principal conclusions of this study are:

1. Bauxites generally contain concentrations of thorium and uranium
greater than the earth's crustal average.

2. A relationship exists between the type of rock from which a bhauxite
is derived and the thorium, uranium and zirconium contents of the bauxite,

3. There are a number of indications that thorium and uranium are held
in either primary or secondary resistate minerals in bauxites,

4, In the process of extracting alumina from bauxite, over 70 percent
of the thorium and uranium are concentrated in the red mud. The alumina
and aluminum metal contain very small amounts of these clements.
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he metal being 7 I
within statistical limits of 3

ational decrease in purity in the series of samples KR-46 through
s not cause a change, within statistical limits of error, in the radio-
ies of the samples. A sample taken from an anode of the electrolytic
um purification process has a measured alpha activity of 4.3 counts
our per square centimeter. This is approximately the activity that
ild be expected for a sample containing 5 to 10 ppm of thorium and

TABLE 2
ALPHA ACTIVITY OF ALUMINUM METAL SAMPLES
Alrha
activity Sample description
0.13 N.B.S. #601: 4.389%, Cu, 0.39% Mg, 0.889%, Si, 0.52% Fe, 0.81% Mn,
0.16 0.020% Cr, 0.015% Ti.
0.16 N.B.S. #602: 4.44%, Cu, 1.49% Mg, 0.130% Si, 0.289%, Fe, 0.63% Mn,
0.18 0.007% Cr, 0.012% Ti.
'S 0.34 N.B.S. #603: 0.29% Cu, 1.019, Mg, 0.52% Si, 0.21% Fe, 0.24% Cr.
- 0.33 0.037% Ti.
0.79 Aluminum produced from Arkansas bauxite in 1918,
E: 0.69
- KR-43 0.41 Aluminum produced from Arkansas bauxite in 1920.
3 0.24
~ KR-44 0.24 Aluminum produced from French or Trish bauxite in (907,

0.07¢ Aluminum produced recently from Surinam bauxite,

0.089 Aluminum samples KR-46 to KR-51 are produced from Arkansas
fas bauxite. This series grades from 99.9% purity in KR-46 to 94% in
3??9 KR-51. KR-48 has the composition typical of modern aluminum.
0.059

0.089

A activities in counts per hour per sq cm from solid metal surface.
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