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INTRODUCTION 

For some time it has been 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 bauxites to investigate the 

distribution of radioactive elements, and determine the 

significance of this distribution. 

In addition to contributing to the geochemical know 

ledge 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 (Adams, Osmond and Rogers, 1959; 

Adams, Richardson and Templeton, 1958; and Adams and 

Weaver, 1958), there are a number of papers which give 

theoretical reasons.to expect relatively high concentrations 

of these elements in bauxites, and a number of qualitative 

reports which support the theory. 
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The application of the concept of ionic potential 

to the behavior of elements during weathering has been 

discussed by Goldschmidt (1937) and, with particular 

reference to Arkansas bauxite, by Gordon and Murata (1952). 

The latter paper verifies Goldschmidt's statement regarding 

the effect of bauxite formation on certain elements, show¬ 

ing beryllium, chromium, copper, gallium, lead, manganese, 

molybdenum, niobium, scandium, titanium, vanadium, yttrium 

and zirconium to be concentrated, and barium, calcium, 

lanthanum, magnesium and strontium to be depleted during 

the alteration of nepheline syenite to bauxite. 

Figure I is a plot of the ionic radius against the 

ionic charge for a number of elements including uranium 

and thorium. Values for the ionic radii are taken from 

Ahrens (1952). The diagonal lines on the figure are the 

lines of equal ionic potential used by Goldschmidt, and 

Gordon and Murata as the boundaries for the group of ele¬ 

ments with intermediate ionic potential values which are 

precipitated in nature as hydrolyzates. Tetravalent 

thorium and uranium lie well within these boundaries; 

hexavalent uranium is near the field of elements which 

form soluble complex anions. 

From consideration of the ionic potential alone, 

thorium should be concentrated in bauxites, whereas uranium 

mJ,ght be oxidized and removed as the soluble uranyl ion, 
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U02
++. Measuring the radioactivity of Arkansas bauxite by 

beta counting, Frederickson (1947, 1948) found an equi¬ 

valent radium content of 13.1 x 10“12 grams/gram of 

bauxite. This is larger by approximately one order of 

magnitude than the average value for acid igneous rocks 

(Evans and Goodman, 1941). Frederickson believed that 

uranium was introduced into the deposit as uranyl ions 

and concentrated by adsorption on the aluminum minerals. 

Similarly, Lovering (1955) concludes from investigations 

of radioactive iron oxides that "colloidal ferric oxide 

hydrate" adsorbs uranyl ion, and thus removes uranium from 

solution. Most of the thorium minerals resist weathering 

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 

(1958) discusses radioactive gossans and laterites briefly, 

agreeing with Lovering's conclusions. 

Davidson (1958) states that some terra rossa deposits 

in Central Africa are significantly radioactive. The radio¬ 

active elements are again reportedly adsorbed on the iron 

hydroxides, but in contrast to the above authors, Davidson 

believes that the parent uranium is largely leached and 

the radioactivity is due to thorium series and uranium 

daughter elements. 
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Kiss (1952) and Mehes (1951) have studied Hungarian 

bauxites and reported their radioactivity. Using photo¬ 

graphic plates., Kiss detected a small amount of radio- 

activity in tabular inclusions within zircon crystals. 

Mehes, 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. 

Occurrences of bauxites ivith uranium have been found 

in Yugoslavia, according to Ristic (1956), which "...will 

apparently also become a source for the obtaining of uranium, 

because in the processing of aluminum, the uranium con¬ 

centrates itself in the so-called red mud." 
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SAMPLES STUDIED 

Samples of 29 bauxites were analyzed for this study. 

It is thought that these bauxites constitute a fairly 

complete and representative collection. Included are 

samples from North America, South America, the Caribbean, 

Europe, Africa, Asia, Indonesia and the East Indies, Among 

the samples are bauxites derived from both acid and basic 

igneous rocks, metamorphic, clastic and carbonate sediments. 

Parent rocks of Irish and Jamaican bauxites were also 

analyzed. Appendix A lists the samples, giving their 

geographic location, known or inferred parent rock, and 

literature references. 

In addition to the individual bauxite samples, a 

suite collected on the Aluminum Company of America property 

at Bauxite, Arkansas, illustrates some of the types of 

bauxite deposits (see Gordon and Tracey, 1952) and stages 

in the development of bauxite from the nepheline syenite 

parent rock. A section of drill core from the same area, 

extending through the bauxite into the top of the syenite, 

was also studied. 

To trace the radioactive elements through the pro¬ 

cessing of bauxite to alumina, material balance samples 

from two treatment plants were studied. These samples con¬ 

sisted of the feed bauxite, calcined alumina, red mud and 

coarse sand, from plants operating on Surinam bauxite and 
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on Arkansas bauxite. 

The alpha activities of a number of aluminum metal 

samples were also measured. 

ANALYTICAL METHODS 

Thorium and uranium analyses were made for this 

study by gamma ray spectrometry, alpha counting, and wet 

chemical methods. All of the bauxite samples were analyzed 

by the gamma ray spectral method; some were checked by the 

alpha activity - fluorometrie uranium method (Adams, 

Richardson and Templeton, 1958). All of the samples were 

alpha counted; for the aluminum metal samples this was 

the only method of analysis used. One chemical thorium 

(Levine and Grimaldi, 1958) and a number of chemical zir¬ 

conium (Degenhardt, 1957) determinations were made. 

Determinations of aluminum, iron, titanium and silicon 

oxides presented In this paper are the routine analyses 

made by the Aluminum Company of America. 

Approximately half of the gamma ray results were 

obtained 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 (195b); Adams, Richardson 



and Templeton (1958) and Whitfield (1958). Thorium was 

determined by measuring the 2.62 Mev gammas from thallium - 

208, uranium by measuring the 1.76 Mev gammas from 

bismuth - 214, and thorium and uranium concentrations 

were both calculated from counts made on a channel cen¬ 

tered at 0.6l Mev. Potassium was determined for some 

samples, using the 1.47 Mev gammas given off by potassium- 

40. Potassium content of bauxite is low, but the measure¬ 

ments were conveniently obtained, and are therefore in¬ 

cluded (see Appendix B). 

Individual limits of error for the gamma ray spectral 

values are not given. The number of events recorded for 

each measurement was sufficient to give a statistical 

error of less than ±5$. Additional sources of inaccuracy 

are the "physical errors" inherent in this method (Whitfield, 

1958), and the possible inhomogeneity of the samples. A 

result of the very high thorium concentration in bauxites 

is the smaller error in thorium measurements. Ninety 

percent of the chemical thorium analyses made by Pliler 

(1959) agree to within 10$ with the gamma ray measurements. 

However, the accuracy of the uranium measurement suffers 

from the increased thorium contribution to counts made at 

1.78 Mev. Uranium measurements are judged accurate to 

well within ±20$, the greatest inaccuracy being in samples 

with high thorium-to-uranium (Th/U) ratios. Potassium 
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measurements are thought to he accurate to within ±5$ of the 

amount present. 

Calculation of thorium and uranium concentrations 

from thallium-208 and bismuth-214 gamma activity is based 

on the assumption that the thorium and uranium decay series 

are in secular radioactive equilibrium. Determinations 

of thorium and uranium by two independent methods (Adams, 

Richardson and Templeton, 1958) showed samples of Arkansas 

and Surinam bauxites to be in equilibrium, but the fluoro- 

metric uranium procedure (Adams and Maeck, 1954) does not 

apply well to bauxites, due to i) the difficulty in ex¬ 

tracting all of the uranium from the sample, and ii) inter¬ 

ference of the high iron content of many bauxites with the 

fluorescence. However, a few samples were analyzed by 

this method and the data obtained (see Table I) are 

shown in Figure 2, a plot of (alpha counts per hour/ 

fluorometric uranium) against the gamma ray thorium-to- 

uranium (Th/U) ratio. 

Figure 2 contains too few data to lend itself to a 

definite interpretation, but it appears that the relation¬ 

ship 
Th 

alpha cph = Kh + Kp ( uJ, ) 

Uf 

for bauxites may have a smaller KQ value than that deter¬ 

mined by Adams, Richardson and Templeton (1958) for a group 

of sediments composed predominantly of limestones and shales. 
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Figure 2. a cph/U^ versus Th^/U^ 
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The diagonal line drawn on Figure 2 is taken from Adams 

et al. and represents the above relationship with values 

of 7.80 and 7.57 for Ki and K2* respectively. 

The departure of the fluorometrically determined 

uranium values from the gamma ray values for samples 

KR-10, KR-38 and KR-80 might be attributed to lack of 

sample homogeneity, to absence of radioactive equilibrium, 

or, for samples KR-10 and KB-3S, to incomplete extraction 

of the uranium in the chemical analysis. Because the 

thorium and uranium in a number of bauxites have been 

shown to be in equilibrium with their daughter elements, 

this paper continues on the assumption that this condition 

exists for all of the bauxites studied. 
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RESULTS AND DISCUSSION 

Distribution of thorium and uranium in bauxites 

The thorium and uranium analyses of 29 bauxite samples 

are given in Table I. The bauxites 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 bauxite groups are shown 

in Table II, with averages for the parent materials taken 

from the literature. 

In some cases there is doubt regarding the exact 

type of rock from which the bauxite is derived. The location 

of the Brazilian sample ., for instance, is known only by 

the country. This bauxite may be derived from any of a 

number of acidic or metamorphic rocks (see Appendix A), 

depending on which specific deposit was its source. The 

parents of other South American samples are also question¬ 

able. Discussions by Goldich and Bergquist (19^7) and 

Hill (1955) indicate some uncertainty regarding a purely 

limestone parent rock for the Caribbean ores. 

In grouping the bauxite samples the following relation¬ 

ships were considered: 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 
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Table I. Thorium and Uranium Determinations on Bauxites 

Parent Sample 
Rock 

ppm Th ppm U Th/U Uf 
ppm 

a cph* a cph 
Uf 

Carbonate 
KR-3 31.5 9.6 3.3 285 
KR-3B 34.8 8.1 4.3 194 
KR-4 43.7 18.6 2.3 17.5 306 17.5 

KR-4B 42.0 17.0 2.5 264 
KR-5L 46.5 26.7 1.7 346 
KR-11L 47.3 6.5 7.3 265 

KR-12L 43.8 8.4 5.2 243 
KR-13L 51.5 o823 6.2 280 
KR-14L 55.6 12.4 4.5 265 

KR-15L 59.2 7.5 7.9 306 
KR-23L 56.0 13.0 4.3 361 
KR-80 32.1 9-5 3.4 17.7 255 14.4 

KR-83 39.4 23.4 1.7 427 

Shale 
KR-9L 58.7 7.1 8.3 7.1 305 43.0 
KR-17L 46.9 13.5 3.5 321 
KR-18 34.6 15.4 2.2 239 

KR-22 36.3 5.9 6.2 179 

Basic Igneous 
KR-2L 21.2 2.7 7.9 2.9 176 60.7 
KR-7L 40.2 5.0 8.0 247 
KR-8L 23.2 6.5 3.6 215 

KR-10 5.0 3.3 1.5 0.4 12 30.0 
KR-20L 19.3 4.5 4.3 138 
KR-84 15.1 2.9 5.2 114 

Acid Igneous 
KR-1 127.4 24.1 5.3 1253 
KR-6L 54.3 15.7 3.5 419 
KR-26 72.0 17.0 4.2 520 

KR-27 130.7 14.4 9.1 405 
KR-31 74.2 3.6 20.6 3.1 442 142.6 
KR-38 75.8 19.8 3.8 6.6 348 52.7 

Average (2$ samples) 
48.9 11.4 5.1 



Table I. continued 

* for sample surface of 20.3 



Table II. Average Values for Thorium, Uranium and Th/U 
Ratios in Bauxites and Parent Rocks 

Rock Type • ppm Th ppm U Th/U 

Carbonat-2 rocks* 1.1 1.3 0.9 

Concentration factor (40.8) (9.9) (4-7) 

Bauxites derived from 
carbonates (13 samples) 

Uranium leached 
44.9 12.9 

(7c*) 
4.2 

Shales** 12.0 3.7 3.8 

Concentration factor (3.7) (2.8) (1.3) 

Bauxites derived from 
shales (4 samples) 

Uranium leached 
44.1 10.5 

(23*) __ 
5.1 

Basic Igneous* 3.9 0.9b 4.0 

Concentration factor (5.3) (4.4) (1-3) 

Bauxites derived from 
basic igneous rocks (6 samples) 

Uranium leached 
20.7 4.2 

am . 
5.2 

Acid Igneous* 13.0 3.0 5.0 

Concentration factor (6.9) (5.3) (1.6) 

Bauxites derived from acid 
igneous rocks (6 samples) 

Uranium leached 
89.1 15.8 

(24*) 
7.8 

* Evans and Goodman (1941) 
** Adams and Weaver (1958) 
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Bintan sample whose parent is a low grade metamorphic horn 

felsj iii) basic igneous rocks are the parents of the 

bauxite samples from the Gold Coast, British Guiana, India, 

Palau Islands, Oregon, U.S.A., and Antrim, Ireland; iv) 

acid igneous 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 I and II, not 

only that the thorium and uranium contents of bauxites 

are generally much greater than the average for crustal 

rocks, but also that there is a definite relationship be¬ 

tween the thorium and uranium contents of a bauxite and 

its parent rock type. 

For the 29 bauxite samples the thorium concentration 

ranges from 5.0 to 130.7 p.p.m. and has an average value 

of 48.9 p.p.m.; the uranium ranges from 2.7 to 26.7 p.p.m. 

and has an average value of 11.4 p.p.m. The Th/U ratio 

ranges from 1.5 to 20.9 with an average value of 5.1 

(see histograms in Figure 3). 

The higher concentration of thorium and uranium in 

acid igneous rocks as compared with basic igneous rocks 

is reflected by the bauxites derived from them. The 

bauxites with acidic parents are approximately four times 

richer in these elements than bauxites with basic parents. 
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Figure 3. Th and U data on bauxites. 



Bauxites derived from shales and carbonates are quite 

similar in both thorium and uranium content, and are inter¬ 

mediate between the other two groups. The comparable 

radioactivities of the shale and limestone derivatives is 

not surprising if one considers, as Hartman (1955) suggested 

for Jamaican bauxite, that the source of the residual 

lateritic material is the clay Impurity in the limestone. 

It is noted from the data in Table II that the group 

of bauxites derived from carbonate rocks have the lowest 

Th/U ratio, and those derived from acid igneous rocks have 

the highest ratio. The low ratio for bauxites with lime¬ 

stone parent rocks is particularly well exhibited by the 

Caribbean samples, none of whose Th/U ratios is greater 

than 4.3. 

Shown in Table II 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 thorium and uranium leached. Assuming the 

thorium remains fixed, then the minimum concentration 

factor for this element depends only on the amount of 

parent rock removed. In the alteration of limestone to 

bauxite the thorium concentration is greatest, averaging 

40~fold, while the alteration of shale results in less than 
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4-fold concentration of the thorium. As pointed out by- 

Adams and Weaver (1958), if all the thorium and uranium 

occurred in resistate minerals, lateritic weathering would 

concentrate both elements without changing the Th/U 

ratio. For each of the four groups of bauxites, the 

ratio is higher than the average for the parent rock type. 

Using the assumption that no thorium is lost, the con¬ 

centration factor for this element multiplied by the 

uranium concentration of the parent rock gives the uranium 

concentration that the bauxite would have if no uranium 

were removed during bauxite formation. From such calcu¬ 

lations it is estimated that approximately 20$ of the 

uranium is leached from the igneous and shale parent rocks, 

and 75$ from the carbonate rocks during lateritization. 

This is in close agreement with Adams and Weaver’s (1958) 

report that an average of 80$ of the uranium in a car¬ 

bonate rock can be brought into solution by dissolving in 

weak acid. 

From the foregoing considerations, and the rather 

general data in Table II, the following conclusions are 

drawn. In bauxites whose parent rocks are carbonates, the 

uranium retained is only that portion which occurred in 

the resistant minerals of the carbonate rock. Such a con¬ 

clusion may also be valid for bauxites derived from 

shales and igneous rocks, in which case 70 to 80$ of the 

uranium in shales and igneous rocks occurs in resistate 
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minerals. Because the Th/U ratio increases during bauxite 

formation, perhaps more of the thorium than of the uranium 

occurs in primary or secondary resistate minerals. 

The reliability of the assumption that thorium is 

relatively immobile is demonstrated by the low Th/U 

ratio found in stream and ocean waters. Adams, Osmond 

and Rogers (1959) give a value of less than 0.01 for 

this ratio. 

Comparison of the thorium and uranium contents of some 

bauxites i^rith their parent rocks 

Table III gives thorium and uranium data for bauxite 

samples from Arkansas, Jamaica and Northern Ireland, and 

for samples of their parent rocks, nepheline syenite, 

limestone and basalt, respectively, taken from the same 

areas as the bauxite samples. The Arkansas samples are 

taken from a drill core which is discussed in detail 

later in the paper. The nepheline syenite sample is 

somewhat kaolininzed. The samples of Jamaican and Irish 

parent rocks are fresh. 

Regarding the Arkansas samples in Table III, the 

nepheline syenite is rather richer in thorium and uranium 

than the average acid igneous rocks; the bauxite con¬ 

tains less than the average amounts given in Table II for 

similar bauxites. The actual thorium and uranium concen¬ 

trations of individual samples may not be highly significant, 

for it is shown later that the concentrations vary con- 
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Table III, Thorium and Uranium Contents of Some Bauxites 
and Their Parent Rocks 

SAMPLE LOCATION ppm Th ppm U Th/u 

KR-55, Nepheline 
syenite Bauxite, 19.3 4.9 3.9 

Average of 5 
bauxites 

Arkansas 
(Drill Core Samples) 

52.0 6.2 8.4 

KR-8l, limestone ( ~ 0*2 ) * 1.3 <0.2 

KR-80, bauxite 
Jamaica 

32.1 9.5 3.4 

KR-88, basalt (~ 0.5 )* (<0.2) * (4.0)** 

KR-84, bauxite 

Antrim, 
N. Ireland 

15.1 2.9 5.2 

* Error approaches 100$ for such low level measurements 
** probable value (see Adams, Osmond, Rogers, 1959) 



siderably within a single deposit. Further, the nepheline 

syenite, KR~55j is not quite fresh, and its thorium and 

uranium concentrations may be greater than the unaltered 

rock. It is noted that the uranium concentration does not 

increase much from the syenite (4.9 p.p.m.) to the 

bauxite (6.2 p.p.m.), while the Th/U ratio is increased by 

a factor greater than 2. This suggests that in the 

slightly altered syenite sample (KR-55), the uranium 

concentration has increased more from the fresh syenite 

than has the thorium concentration. 

The Jamaican parent rock contains an average amount 

of uranium for a limestone, but 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 compare favorably 

with the averages in Table II. Hartman (1955) estimated 

that 667 tons of the White limestone would be required to 

produce one ton of bauxite of 50$ AlgO^. Using this 

estimate, and assuming no thorium is lost during alteration, 

a thorium concentration of 0.048 p.p.m. in the limestone 

would result in the observed concentration of 32.1 p.p.m. 

in KR-80, the bauxite. The thorium content of the limestone 

sample, KR-81, determined by gamma ray spectrometry is 

0.19 p.p.m. This concentration is close to the limit of 

sensitivity of the spectrometer and is subject to large 
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error. It is reasonable to conclude from the thorium 

measurements that the White limestone could well be 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 derived from the basalt are also low com¬ 

pared to the average in Table II, but 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 basic 

rocks 



Thorium and uranium in Arkansas bauxite 

Thorium and uranium data for the weathering sequence 

and drill core samples from Arkansas are presented in 

Tables TV and V, respectively. All of these samples, with 

the exception of KR-5^ are taken from residual deposits 

of bauxite which overlie the parent syenite. KR-5^* like 

KR-26 in Table I, is from a plastic or colluvial type of 

deposit (Gordon and Tracey, 1952) which overlies the 

Midway clays. KR-5^ is taken from the top of a trans¬ 

ported bauxite deposit, just below the contact with 

sediments of the Wilcox Group. 

The two transported bauxite samples, KR-26 and KR-5^> 

have very similar thorium, uranium and Th/U values, but 

these values are not distinctively different from the 

analyses of the many residual bauxite samples. It is 

thought (Shepard, pers. comm.) that as a result of trans¬ 

portation of the bauxite these samples have a smaller 

accessory mineral content. This hypothesized decrease of 

accessory minerals does not noticeably affect the amounts 

of thorium and uranium in the bauxite. The radioactive 

elements must, then, be transported either in extremely 

fine grained resistate minerals or fixed in hydrolyzate 

minerals. 

1) Weathering Sequence 

. Samples in the weathering sequence were collected in 



25 - 

Table IV. Thorium and Uranium in Arkansas Bauxite and 
Nepheline Syenite Samples 

Location* Sample 

Section 17 
KR-54 

Section 16 
KR-55 

KR-56 

KR-59 

KR-57 

KR-60 

KR-58 

KR-62 

KR-63 

KR-6I1 

KR-6I2 

Section 26 
KR-64 

KR-65 

Description 

Top of transported 
bauxite deposit 

Fresh nepheline 
syenite 

Weathered nephel¬ 
ine syenite 

Limonite band 
between KR-56 
and KR-57 

Weathered, kaolin- 
itic syenite 

Clay layer between 
weathered syenite 
and bauxite 

Near bottom of 
bauxite (pisolitic) 

10 ft. horizontal¬ 
ly from KR-58 

10 ft. horizontal¬ 
ly from KR-62 

Near top of baux¬ 
ite, 7 ft. above 
KR-58 

Same horizon as 
KR-6l1 

Granitic textured 
bauxite 

Clay veinlets in 
bauxite 

ppm Th ppm U Th/U 

65.9 15.7 4.2 

19.3 4.9 3.7 

45,9 9.4 4.9 

36.9 2.3 16.1 

49.4 10.9 4.6 

33.9 7.9 4.3 

51.8 3.5 14.8 

34.0 10.3 3.3 

57.1 6.5 8.8 

50.5 3.9 13.0 

66.8 7.0 9.6 

77.5 24.9 3.1 

36.9 4.4 8.4 
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Table TV. 

Section 26 

continued 

KR-66 Pisolitic bauxite 106.3 
overlying KR-64 

21.4 5.0 

Township 2 South, Range 14 West, Saline County, Arkansas 
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Township 2 South, Range 14 West, Sections 16 and 26, of 

Saline County, Arkansas. Figure 4 is a diagrammatic 

section showing the relative locations of the samples taken 

from the Section 16 mine. From the analyses of these 

samples the following observations are made: 

i) The thorium and uranium concentrations increase 

by a factor of 2 to 3, In the distance of a foot or so 
from the relatively fresh nepheline syenite to the 

weathered, kaolinitic syenite. 

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 1/2 inch thick, is similar to that 

described by Goldman (1955). If the uranium in bauxites 

occurred as ions adsorbed on the ferric hydroxide, the 

limonitic band which is represented by sample KR-59 might 

be expected to contain more than the measured 2.3 p.p.m 

uranium. The low radioactivity of the clay, sample KR-60, 

is in agreement with Frederickson's (1947) total activity 

measurements. 

iii) The variations between samples KR-58J KR-62 

and KR-63, and also between KR-Sl^ and KR-Sl.^ illustrate 

large changes in thorium and uranium concentrations that 

occur in the distance of a few feet, with no apparent change 
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in bauxite texture or vertical position in the deposit. 

iv) Samples KR-64 and KR-66 from the Section 26 mine 

have higher radioactivity than the samples from Section 16 

mine. The pisolitic bauxite (KR-66) contains more thorium 

than the underlying bauxite with granitic texture (KR-64), 

but the uranium contents of the two samples are approx¬ 

imately the same. The clay veinlets in these bauxites, 

as described by Goldman and Tracey (1946), are much less 

radioactive than the bauxite, comparable to the clay 

layer of which KR-60 is a sample. 

2) Drill Core 

The core samples were taken from a hole drilled in 

the NE 1/4, SE 1/4, Section 26, Township 2 South, Range 

14 West, Saline County. The 27-foot section of core 

includes 18 feet of pisolitic bauxite which grades into 

4 feet of dark brown sandy and carbonaceous clay at the 

top of the section, and into 5 feet of kaolinitic clay 

and weathered nepheline syenite at the bottom. The lower 

half of the bauxite is predominantly gray in color, the 

upper half predominantly red. Each sample listed in Table 

V represents a 2-foot section of the core except KR-79 

which represents the bottom 3 feet. Figure 5 illustrates, 

by means of a series of histograms, results of the routine 

analyses for iron, aluminum, titanium and silica made by 

the Aluminum Company of America, as well as the thorium, 
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Table V. Thorium and Uranium in Drill Core Samples of 
Arkansas Bauxite 

Sample Footage ppm Th ppm U Th/U Lithology 

KR-67 136-138 24.5 5.4 

KR-68 138-140 71.8 6.6 

KR-69 140-142 94.8 8.3 

KR-70 142-144 87.5 8.4 

KR-71 144-146 85.3 8.6 

KR-72 146-148 91.8 8.6 

KR-73 148-150 88.1 8.1 

KR-74 150-152 94.7 7*8 

KR-75 152-154 90.4 7.1 

KR-76 154-156 87.3 6.9 

KR-77 156-158 73.6 8.8 

4.5 Dark brown, sandy 
carbonaceous clay 

10.9 Brown, carbonaceous 
clay, and gray, 
fragmental, pisolitic 
bauxite 

11.4 Pink and gray, frag¬ 
mental, pisolitic 
bauxite 

10.4 Red and gray, frag¬ 
mental, pisolitic 
bauxite 

9.9 Red and gray, pisol¬ 
itic, fragmental, 
slightly sideritic 
bauxite 

10.7 Red with some pink, 
pisolitic, fragmental 
slightly sideritic 
bauxite 

10.9 Red and gray, pisol¬ 
itic, slightly sider¬ 
itic bauxite 

12.2 Gray with some red, 
pisolitic, slightly 
sideritic bauxite 

12.7 Same as above. 

12.6 Same as above. 

8.3 Same as above, with 
occasional kaolin- 
itic flecks 
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Table V. continued 

KR-78 158-160 51.6 7.2 7.1 Gray bauxite and 
sideritic clay with 
kaolin fragments 

KR-79 160-163 24.7 4.8 5.2 Gray with some pink, 
kaolinitic, slightly 
sideritic, weathered 
syenite 
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uranium, and zirconium determinations on the drill core 

samples. 

It is seen from Table V that the thorium and uranium 

concentrations increase rapidly from the nepheline syenite 

to the bottom of the bauxite, remain fairly constant 

through the bauxite section, and decrease in the top, 

carbonaceous part of the core. 

From the nepheline syenite to the bauxite the uranium 

concentration does not quite double, while the thorium 

concentration is almost quadrupled. The drop in uranium 

concentration from KR-77 to KR-76, although it is close to 

the limits of error, is considered real. Figure 5 shows 

a similar drop in the FegO^concentration from sample KR-78 

to KR-77. It is suggested that the decrease in uranium 

content may be related to a change from a true residual 

deposit to overlying transported material. Another 

possibility is that corrosion of resistates, for example 

zircon (Degenhardt, 1957), has permitted the leaching of 

more uranium from this level. 

The nine samples representing the bauxite portion of 

the drill core contain an average of 88,2 p.p.m. of thorium, 

8.1 p.p.m. of uranium, and have an average Th/U ratio of 

11,0. 

The histograms in Figure 4 indicate that concentrations 

and depletions similar to those observed for uranium and 

thorium occur for alumina, ferric oxide and titania, while 
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silica behaves inversely. Three analyses for zirconium 

show more than a 5-fold, increase from the nepheline 

syenite to the bauxite with apparently little change in 

concentration through the bauxite. 

For the decreased concentrations of aluminum and ferric 

hydroxides, and the increased concentration of silica, 

at the top of the drill core there are two possible 

explanations which suggest different modes of thorium and 

uranium occurrence in the bauxite. If the lateritic 

materials are leached from the top of the section by the 

influence of organic matter (McLaughlin, 195*0 * the ln_ 

creased silica concentration in KR-67 and KR-68 should 

be accompanied by an increase of resistate accessory 

minerals. The decrease in thorium and uranium concen¬ 

trations at the top of the drill core would then indicate 

that these elements had been held by the hydrolyzate 

minerals. Gn the other hand, if the composition of the 

top of the section is the result of dilution by quartzitlc 

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. 
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Concentration of thorium and uranium during the processing 

of bauxite 

Material balance samples from the St. Louis plant 

ttfhich 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 classifier sand. The classifier sand is the coarser 

fraction of the mud which is removed from the mud thick¬ 

eners to reduce the load. The classification of 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. 

The analytical results of the material balance study 

are presented in Table VI, Column 1 gives the weight of 

bauxite required, and the weights of mud and sand obtained 

in producing 1 lb. of calcined alumina. Gamma ray data are 

shown for all of the Surinam samples, but the Arkansas 

alumina sample, having an alpha activity of only 0.8 cph, 

was not analyzed spectrometrically. The uranium content of 

the Surinam bauxite, and the thorium content of the Surinam 

red mud were measured by chemical methods which gave good 

agreement with the spectral analyses. Fluorometric uranium 

determinations for the Arkansas bauxite gave markedly lower 
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values than the gamma ray method. This may have been the 

result of incomplete extraction of the uranium in the 

fluorometric procedure. Such a problem was encountered 

with the sample of Arkansas bauxite cited by Adams, 

Richardson and Templeton (1958), but the radioactive decay 

series were shown to be in equilibrium in that sample. 

The samples of calcined alumina produced from both 

Surinam and Arkansas bauxites have very low radioactivities. 

Most of the thorium and uranium introduced in the feed 

bauxite is concentrated in the waste products of the Bayer 

process; the red mud and the classifier sand. The red 

mud makes up 80$ to 90$ of the waste material, and it 

contains much more of the thorium and uranium than the 

classifier sand. The red mud from the Surinam bauxite 

treatment plant contains 28l p.p.m. of thorium and 11,6 

p.p.m. of uranium; this is 96$ of the thorium and 82$ 

of the uranium which was originally contained in the 

bauxite. The red mud from the Arkansas bauxite treatment 

plant contains 120 p.p.m. of thorium and 39.8 p.p.m. of 

uranium; this represents 73$ of the thorium and 93$ of 

the uranium from the feed bauxite. 

The concentrations of uranium in the red mud and 

coarse sand samples of the Surinam material balance are 

essentially the same, but the Th/U ratio is 24.2 in the 

mud and 11.9 in the sand. This indicates that in the 

Surinam bauxite, the modes of occurrence of thorium and 



uranium may be different, with the thorium occurring in 

finer grained particles than the uranium. In the Arkansas 

material balance the Th/U ratio of the red mud is much 

less than the Th/U ratio of the classifier sand. 

Samples elutriated from Surinam and Arkansas red muds, 

consisting of the less than 6 micron size fraction, were 

alpha counted. The measured activities, 1215 and 1040 

counts per hour, respectively, are not greatly changed from 

the activities of the whole red mud samples. The majority 

of the alpha emitting nuclides must be associated with 

very fine grained material. 

A portion of the less than 6 micron Surinam sample 

was leached with hydrochloric acid. Much of the iron was 

removed, and the sample weight was reduced by approximately 

70$. The measured alpha activity of the residue was 

1480 counts per hour, and the calcined leach, whose mass 

is approximately twice that of the residue, had an alpha 

activity of 1230 counts per hour. 

Without distinguishing parent from daughter elements, 

or thorium from uranium series, the results of the leaching 

experiment show that roughly 1/3 of the alpha emitters 

resist severe leaching, and remain in the residue of the 

red mud. The retention of these elements suggests that 

they are held in reslstate minerals. It is also possible 

that some of the radioactive material in the leach was 
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removed from resistates. A further indication that thorium 

occurs in resistate minerals is the fact that this element 

is in equilibrium with its daughters in the Surinam red 

mud sample (Table VI). The existence of radioactive 

equilibrium in this sample would be extremely unlikely, 

unless the entire radioactive decay series were within a 

closed system, i.e. within resistate mineral grains. 

X-ray diffraction analysis of the leached red mud 

residue showed this material to consist mainly of anatase, 

with rutile, quartz, and possibly gypsum and gibbsite 

in minor amounts. 
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Radioactivity of aluminum metal 

The small amounts of thorium and uranium present in 

samples of calcined alumina (see Table VI) indicate that 

similarly low radioactivity should be characteristic of 

reduced aluminum metal. Measurements of total alpha activity 

were made on a number of samples. The alpha activities of 

the metal samples were measured, as were all other alpha 

measurements given in this paper, on an area of 20.3 square 

centimeters. The metal samples are discs, 1/8 inch thick, 

2 inches In diameter. Table VII gives the alpha measurements 

for 7 samples of recently produced aluminum, 3 samples of 

aluminum produced 30 to 40 years ago, 3 National Bureau of 

Standards aluminum alloy samples, and a copper-aluminum 

alloy sample taken from an anode in the electrolytic 

aluminum purification process. 

Most of the metal samples have counting rates only 

slightly above background. As a result of the low activities, 

the statistical error (shown in Table VII) in many measure¬ 

ments approaches 100$. For comparison, the calcined alumina 

sample of the Surinam material balance has an alpha activity 

of 1.1 ± 1.2 counts per hour, and contains 4.9 p.p.m. Of 

thorium and 0.3 p.p.m, of uranium by gamma ray analysis. 

The average alpha activity of the seven modern aluminum 

samples is 1.8 counts per hour. This figure is approximately 

twice as great as the measured activities of the two alumina 
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Table VII. Radioactivity of Aluminum Metal 

Sample 
Alpha 
counts 
per hour* 

Description of sample 

KR-25 87.0 + 8.6 Anode alloy from electrolytic purifi¬ 
cation process. Composition: 40$ Al, 
45$ Cu, 5.5$ Si, 5.5$ Fe, 0.7$ Ga 

KR-39 2.6+1.1 
3.3 ±1.4 

N.B.S. #601j 4.38$ Cu, 0.39$ Mg, 0.88$ 
Si, 0.52$ Fe, 0.8l$ Mn, 0.020$ Cr, 0.015$ Ti 

KR-40 3.3 + 1.5 
3.6 ±1.3 

N. B.S. #602: 4.44$ Cu, 1.49$ Mg, 0.130$ Si, 
O. 28$ Fe, 0.63$ Mn, 0.007$ Cr, 0.012$ Ti 

KR-4I 7.0 ±3.4 
6.8 ±3.0 

N. B.S. #603: 0.29$ Cu, 1.01$ Mg, 0.52$ Si, 
O. 21$ Fe, 0,24$ Cr, 0.037$ Ti 

KR-42 16.1 + 2.8 
14.1 ±2.1 

Aluminum produced from Arkansas bauxite 
in 1918 

KR-43 8.4 ±1.7 
4.9 + 1.5 

Aluminum produced from Arkansas bauxite 
in 1920 

KR-44 4.8 ±2.6 Aluminum produced from French or Irish 
bauxite in 1907 

KR-45 1.5 ±1.1 Aluminum produced recently from Surinam 
bauxite 

KR-46 

KR-47 

KR-48 

1.8 ±1.0 

2.9 ±1.3 

1.4 ±1.7 

Aluminum samples KR-46 to KR-51 are pro¬ 
duced from Arkansas bauxite. This series 
grades from 99*9$ purity in KR-46 to 
94$ in KR-51. KR-48 has the composition 
typical of modern aluminum. 

KR-49 2.2 ±1,2 

KR-50 1.2 ±1.1 

KR-51 1.8 ±1.1 

* For 
p 

metal surface of 20.3 cm . 
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samples counted. The reduction of alumina to metal is 

accompanied by a decrease in mass of almost 50$. Provided 

all of the alpha emitters remain with the aluminum, the 

metal’s activity per gram should be just about twice that 

of the oxide. 

The gradational decrease in purity in the series of 

samples from KR-46 through KR-51 does not cause a change, 

within statistical limits of error, in the radioactivities 

of the samples. It appears that most of the alpha emitters 

present in the alumina stay with the aluminum through re¬ 

duction and purification. The concentration of alpha emitting 

nuclides in the anode alloy (KR-25) is not great. Some 

of the radioactivity of this sample may be due to the copper 

or other materials added in the purification process. 

The National Bureau of Standards samples, KR-39, KR-40 

and KR-41, containing 93$ to 98$ aluminum (see compositions 

in Table VII) exhibit alpha activities somewhat greater than 

the samples of modern aluminum. Probably the increased 

radioactivity was added to the alloys with one or more of 

their minor metal constituents. 

The three old aluminum samples are 2 to 8 times more 

active than the modern samples. This might be caused by 

a greater radioactive impurity in the sample when it was 

produced, or by build-up of radioactive daughters from a non¬ 

equilibrium condition. 
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Zirconiumi in bauxites 

Because of the chemical similarities between thorium, 

uranium and zirconium (Adams, Osmond and Rogers, 1959) many 

of the bauxite and associated samples were analyzed for this 

element. Table VIII gives zirconium determinations for 

25 bauxite samples, 6 bauxite and nepheline syenite samples 

from Arkansas, and 7 samples from bauxite treatment plants. 

The concentration of zirconium in bauxite appears to 

be related to the type of rock from which the bauxite is 

derived. An histogram of the distribution of zirconium 

concentrations, Figure 6, illustrates this relationship. 

The zirconium contents of bauxites derived from carbonates 

are uniformly low, ranging from 0.022$ to 0.062$, and 

averaging 0.048$. Bauxites derived from shales and basic 

igneous rocks have a wider range of zirconium concentrations, 

with average values of 0.059$ and 0.069$, respectively. 

Bauxite daughters of acid igneous rocks have zirconium contents 

ranging from 0.076$ to 0.65$, and averaging 0.248$. The 

relative zirconium concentrations in the 4 groups of bauxites 

compare well with the relative zirconium concentrations 

quoted by Degenhardt (1957) for each of the 4 types of 

parent rocks. 

There appears to be no relationship between the zircon¬ 

ium contents of bauxites and the thorium or uranium contents. 

A positive relationship between these elements might be 
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Table VIII. Zirconium in Bauxites 

Sample Zirconium 
% by Wt. 

Bauxites derived from carbonate rocks 

KR-3 
KR-3B 
KR-4 

0.05 : 

0,049 
0.05 

KR-4B 
KR-5L 
KR-11L 

0.053 
0.022 
0.040 

KR-12L 
KR-13L 
KR~l4L 

0.049 
0.062 
0.061 

KR-15L 
KR-23L 

Average 
Bauxites derived from shales 

0.048 
0.049 
0.048 

KR-9L 
KR-17L 
KR-18 

0.022 
0.044 
0.10 

KR-22 
Average 

Bauxites derived from basic igneous rocks 

0.07 
0.059 

KR-2L 
KR-7L 
KR-8L 

0.030 
0.132 
0.108 

KR-10 
KR-20L 

Average 
Bauxites derived from acid agneous rocks 

0.02 
0.057 
0.069 

KR-1 
KR-6L 
KR-26 

0.65 
0.153 
0.076 

KR-27 
KR-31 

Average 

0.242 
0.126 
0.248 
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Table VIII. continued 

Arkansas samples 

KR-55 relatively fresh neoheline syenifce 0.055 
KR-56 0.064 
KR-57 kaolinized nepheline syenite 0.103 

KR-79 drill core syenite 0.085 
KR-74 drill core bauxite 0.257 
KR-69 drill core bauxite 0.253 

Treatment plant samples 

Surinam bauxite 
KR-34 calcined alumina 0.01 
KR-33 classifier sand 0.112 
KR-28 classifier sand 0.078 

KR-32 red mud 0.346 
KR-24 red mud (-6 micron) 0.174 

Arkansas Bauxite 
KR-29 classifier sand 0.460 
KR-30 red mud (-6 micron) 0.462 
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expected if thorium and uranium were present in zirconium 

minerals. Degenhardt (1957) refers to the corrosion of 

zircons in laterites* and Frederickson (1948) states that 

portions of the bauxite drill core which he studied showed 

high assays for zirconium and contained no zirconium minerals 

With these considerations* the absence of a correlation 

between thorium or uranium content and zirconium content in 

bauxites is not improbable. 

Colorimetric zirconium determinations on Arkansas 

samples show a concentration of 0.055$ Zr in the freshest 

nepheline syenite sample* increasing to 0,103$ in the 

leathered syenite* and reaching 0.257$ In the bauxite. 

This compares favorably with Gordon and Murata's (1952) 

spectrographic determination of 0.050$ Zr in the nepheline 

syenite* but is double their value of 0.13$ Zr in the 

bauxite. Degenhardt (1957) gives values averaging 0.071$ 

Zr for nepheline syenites* and 0.051$ Zr for European 

bauxites which are derived from limestones. 

The Surinam material balance samples show that approx¬ 

imately 75$ of the zirconium in the bauxite is concentrated 

in the red mud. The zirconium concentration increases from 

0.126$ in the bauxite (KR-31) to 0.346$ in the red mud. 

Zirconium is present in the calcined alumina in an extremely 

low concentration. Because the concentration of zirconium 

in the classifier sand and in the less than 6 micron fraction 

is lower than in the red mud* zirconium must occur in an 



intermediate grain size fraction. In contrast to the 

Surinam samples, the Arkansas classifier sand and less than 

6 micron fraction of the red mud contain equally high 

zirconium concentrations, 0.46$. This suggests a more 

uniform distribution of zirconium in all grain sizes in 

the Arkansas bauxite. 
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ECONOMIC CONSIDERATIONS 

The relatively high concentration of thorium and 

uranium in bauxites presents a convenient radiometric 

method of prospecting for this ore. Since the beginning 

of this study, it has been reported (Georges Carrette, pers. 

comm.) that an airborne gamma ray spectrometer survey of 

bauxite deposits of Jamaica has been made. A strong thorium 

and uranium anomaly was found over these deposits. 

Although more detailed work would be required on 

individual bauxite deposits, it is suggested that a 

relationship of the radioactivity to the grade of the ore 

might make possible the substitution of a field radio- 

metric technique for some of the drilling and laboratory 

analyses now used in bauxite mining operations. 

Another economic consideration Is that of recovering 

thorium as a by-product of the alumina process. The con¬ 

centration of 28l p.p.m. of thorium in the red mud of the 

East St. Louis alumina plant indicates that for each ton 

of alumina produced, 1/4 lb. of thorium is concentrated In 

approximately 1/2 ton of red mud. This alumina plant alone, 

having an annual capacity of more than 300,000 short tons, 

might produce 40,000 lbs. of thorium per year, assuming 

50$ recovery. 
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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 bauxite 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$ of the thorium and uranium are concentrated in 

the red mud. The alumina and aluminum metal contain very 

small amounts of these elements. 
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APPENDIX B . POTASSIUM IN BAUXITES 

Sample Description Location fo K 

KR-1 Bauxite, French Guinea 0703 
KR-2L Bauxite, Gold Coast 0.07 
KR-3 Bauxite, Dominican Republic 0.29 

KR-3B Bauxite, Dominican Republic 0.04 
KR-4 Bauxite, Jamaica -0.05 
KR-4B Bauxite, Jamaica 0.24 

KR-5L Bauxite, Jamaica 0.15 
KR-5L Bauxite, Brazil 0.27 
KR-TL Bauxite, British Guiana 0.21 

KR-8L Bauxite, India 0.14 
KR-9L Bauxite, Bintan, East Indies 0.12 
KR-10 Bauxite, Palau Islands 0.04 

KR-11L Bauxite, Istria, Yugoslavia 9.13 
KR-12L Bauxite, Dalmatia, Yugoslavia 0.3 
KR-13L Bauxite, Italy 0.21 

KR-14L Bauxite, France 0.08 
KR-15L Bauxite, Greece 0.30 
KR-17L Bauxite, Henry, Georgia 0.22 

KR-18 Low grade bauxite, Georgia 0.24 
KR-20L Composite sample, Oregon 0.12 
KR-22 Low grade bauxite, Mississippi 9.19 

KR-23L Diaspore clay, Missouri 1.3 
KR-26 Bauxite, Surinam 0.21 
KR-27 Bauxite, Arkansas 0.4l 

KR-31 Bauxite, Surinam material balance 0.15 
KR-32 Red mud, Surinam material balance 0.60 
KR-3 3 Classifier sand, material balance -0.04 

KR-34 Calcined alumina, Surinam material 
balance -0.22 

KR-37 Red mud, Arkansas material balance 0.21 
KR-38 Bauxite, Arkansas material balance -0.10 

KR-55 Nepheline syenite, Arkansas 5.62 
KR-64 Granitic textured bauxite, Arkansas 0.02 
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Appendix B. continued 

KR-67 Carbonaceous clay, Arkansas drill core 0.21 
KR-68 Clay and bauxite, Arkansas drill core 0.03 
KR-76 Bauxite, Arkansas drill core 0.09 

KR-79 Nepheline syenite, Arkansas drill core 2.11 
KR-83 Bauxite, Jamaica 0.3 

Prom the size of the negative values and other considerations, 

the estimated error in these measurements is less than 
0.1 fo K. 
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