






Uranium 

I. Sandstones 

Sandstones are subdivided into three categories in Table 92-K-1. The average 
eoncencrarion of uranium in the orthoqaaeeaiees is reasonably well known because 
cbe range of values among various orthoquarrzitie suites is eomparatively small. In 
orthoquarraltes, uranium may occur both disseminated in the quartz or as heavy 
resistare grains. The sites of radioactivity have been Icvesdgaced hy both MURRAY 
and AD......MS (1958) and ROGERS and RICHARDSON (1964). Both investigations showed 
that most of the uranium is held within the quartz grains themselves. 

Two special groups of graywaekes are reponed in Table 92-K-1 in addition to 
an estimated "average" for all graywackes. The Caribbean "volcanic" graywackes are 
important because they represent the average eomposition of rneks of the Caribbean 
orogen. As ROGERS and DONNELLY (1966) have pointed out, the low thorium and 
uranium ccnrenrs of eugeosynclinal materials indicates derivation from nearly un­
differentiated material of rhe upper mande. The Umpqua graywackes of Oregon are 
similar geologically and also radiometrically to the Caribbean orogenic waekes. 
The average graywacke estimate in Table 92-1-1 includes both the highly-volcanic, 
generally uranium-poor, graywaekes of the Caribbean and Oregon areas and also 
some more-highly radioactive rocks of the type which are generally elassified as 
graywacke simply because of their high day conreor. Arkoses have not been well 
studied, and the estimate in Table 92-K-1 for their uranium content is highly ten­
tative. 

II. Shales 

The abundance of uranium in eommon shaler (Fig. 92-K-1) sbown in Table 
92-K-1 is well established by several independent studies. Both ADAMS and WEAVER 
(1958), working with North American shales, and BARANOV el al. (1956), wotking 
wirh shales of the Russian platform arrived at almost identical values of approximately 
3.7 ppm fot the average uranium content. It is interesting to ncre [hat borh [he aver­
age thorium contents (Table 90-K-1) and uranium contents of ordinary shales arc 
very close to the values commonly cited for the average concentration in the conn­
nental crust. 

Both black and red sbales are distinct from the ordinary green and gray shales in 
thorium and uranium contents. The black shales have heen studied by numerous 
workers, and only summary reference is made in Table 92-K-1. A discussion of the 
economic significance of the black shales is given by BAn:5 and STRAHL (1958). The 
black shales characteristically have a vety high uranium concentration and compara­
ci very low thorium content with a consequently low Th/U ratio, The high concenrra­
non of uranium results presumably from absorption of uranium by organic material 
in the shale and/or reduction of uranyl ion in sea water to the less soluble uranous 
form by rhc decay of organic matter and consequenr precipitation of uranium oxide. 
The red and yellow shales are comparadvely enriched in thorium, and their relatively 
low uranium conrenr (1-2 ppm) gives them a high Th/U ratio, Depletion of uranium 
in the red shales presumably" results from the solubility of the oxidized uranyl ion. 
This discussion of sbalee shows the value of the Th/U ratio for the interpretation of 
the environment of Formation of sedimentary rocks (Fig. 92~K~2), 
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Fig. 92·K-2. Generalized distribution of thorium and unnium in sedimentary rocks. (From 
ADAlllS and WEAVER, 1958) 

m. Bauxites, Bentonites 
Bauxites and bentonites ate examples of the concentration of thorium and 

uranium in clays. In bauxites, the average uranium content (11.4 ppm) and thorium 
content (45.6 ppm; Table 90-K-l) are both abnormally high. Presumably during 
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weathering both the thorium and uranium have been concentrated in rcsistate residues 
and adsorbed on clays. Some tcndency for greater retention of thorium than of 
uranium is shown by the geceeally high Th/U ratios. 

IV. Carbonate Rocks 
Carbonate rocks (Fig. 92-K-3) have uranium concentrations in the range found 

for typical calcareous organisms. The uranium in calcium carbonate apparendy 
substitutes in the lattice in place of calcium, although some may accompany thorium 
in the insoluble residue fraction of limestones; (sce Section 90-K). Several studies 
have been made of the concentration of uranium in calcareous organic material. and 
reference may be made [Q TATSiJMoro and GOLDDERG (1959), SACKETr and POTRATZ 
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(1963), ROSHOLT and ANTAL (1963), and BELL (1963). Estimates of the average 
uranium content of carbonate rocks are quite uruforrn at approximately 2 ppm. 
These estimates include the North Amedcao limestones studied by AD.... MS and 
WEAVER (1958), the carbonate rocks of the Russian platform studied by BAR!LNOv 
r/ al. (1956), and the highly assorted suite of limestones investigated by BELL (1963). 
DEININGER (1964) shows, in general, little variation between limestones and dolo­
mites with respeet to uranium content. 

V. Phosphates 
Phosphate rocks, listed in Table 92-K-l, generally have a high concentration of 

uranium. A large number of studics have been made on the uranium in phosphate 
rocks and in apatite minerals because ofthe potential economic importance of uranium 
recovery from such rocks. The references arc summaciaed in a paper by MCKELVEY 
(1956) eited in the table. 

VI. Oceanic Sediments 
Uranium contents are givcn in Table 92-K~1 for a variety of modern oceanic 

sediments. With the exception of srcdies made prima.dly for the purpose of 
dating cores by means of various disequilibria methods, not a grear deal of arren­
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Uranium	 92-K-8 

Fig. 92-K-4 (Continued). List of symbols: 

C1 : Uranium in maio. mass of clastic mineral sediment, panicularly clay minerals, but 
exclusive of resistares. 

°c,,: 
1 : 

Uranium in resis[3tes or heavy minerals, sucb as zircon, apatite, and sphene. 
Uranium inhe.cenr to Living plants or animals, either bnd or marine types. 

O!: Uranium sorbed from SCI. water by solid or coUoidal carbonaceous remains of plankton 
senling from surface waters to bottom. 

0,: Uranium sorbed from stream water and SCI. water by either solid or colloidal organic 
matter derived [rom decaying land planes o[ the humic; type. 

PI:	 Uranium in phosphate preciplcated on 30d within sediment as oolites and nodules 
where hydrogen sulfide environment extends intO overlying water; also uranium in 
phosphatic fossil shells and bones. 

P::	 Uranium in phosphate preclpimred [rom, seeding through 30d exposed to SCI. water 
above sediment-water interface, and formed where hydrogen sulfide environment 
confined to sediment. 

5,:	 Uranium precipimred as colloidal-size unUlinite(?) from connate water by hydeogen 
sulfide formed and confined within sediment. 

51: Uranium precipitated ILS colloidal-size uraninire(?) from Sel water by hydrogen sulfide 
generated within 30d above sediment by anaerobic bacteria, and diffused into overlying 
water. 

don has been paid to the radioactive contents of oceanic materials. The low Th/U 
ratios reponed by BAR.ANOV and KHRISTIANOVA (1963) certainly do not match the 
ratios obtained for similar sediments by other investigators. 

In many sedimentary rocks uranium is eommonJy associated with organic matter. 
A typical example of this occurrence is the Colorado Plateau Province of rhe western 
United Stares, where uranium is found absorbed in petrified logs and also intimarely 
admixed with asphaltic bands in sandstones. The narure of the uranium mineral or 
minerals in these occurrences has been investigated in detail (KELLEY, 1963). On a 
hroadcr scale, the general associarion of uranium wirh organic material is well docu­
mented by the high uranium concentrations in black shales and also in coals, asphalts, 
and oil (Table 92-K-l). The site of uranium in these organic materials is uncertain. 
Some asphaltic deposits contain admixed uranlnlre, but the organic phases themselves 
also seem to be rich in uranium, which may be in the form of some organic complex. 
The term .. thuchollte " has been proposed for mineraloids containing thorium, 
uranium, carbon, hydrogen, and. oxygen. 

The reasons for the association of thorium and uranium with organic material 
have never been fully ascertained. Experimental work has clearly demonstrated that 
wood and other org:mic material arc capable of absorbing uranium from solution. 
It has also been proposed that rhe radioactivity of the thorium and uranium auy aid 
in polymerization of organic materials around the two metals.' Organic uranium 
geoc:hemistry is discussed more fully by BREGER and DEUL (1956). SWANSON (1963) 
shows quantitatively the amounts of uranium contribured to black muds and shales 
by various processes (Fig. 92-K-4). 
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92-L-1 Uranium 

n-L. Biogeochemistry 
Uranium is not known to be an essential element for the life process of any 

organism. The several parIS pet million concemracion of uranium in carbonate shells 
is probably explained by substitution of uranium in the calcium carbonate lattice. 
The concentration of uranium in woody and other plant residues is not easily under­
stood. Possibly the ocgantc matter simply aces as II reducing agent which causes 
precipitation of the comparatively insoluble uranous form. It is also possible, how­
ever. that the uranium Deems in some parrieularly stable organo-merallie complexes. 
Sulfate-reducing bacteria mn.y playa tole in the reduction and fi.:xation of uranium 
UENSEN", 1963). 'The association of uranium with organic and woody material is 
discussed in a number of p1pecs suounarized by BREGER and DEUL (1956). The bio­
chemical Importance of uranium i~ summarized by F. Koczr (1963) and EDGINGTON 

(1966). Some analyses of animal and plant materials are given by HOFFMANN (1941, 
1943). BOIVIE and ATl>.lN (1956) report 2,700 ppm uranium in an unusual fossil fish 
skeleton. 

I) Sprin6",-V<tl>~Berlin· Heidel""",, 1969 
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92-M. Abundance in Common Metamorphic Rock Types 
The abundances of uranium have been determined in a number of dijlerem 

metamorphic rocks, and the data are given in Table 92-M-1. The names used for 
rock designations are those given by the original authors. As might be expected for 

rocks derived from a variety of parent materials under :I. wriery of conditions, the 

range of compositions is quite broad. 

HillER and CARTER (1964) have summarized studies of the radiometry of various 
eclogites from metamorphic environments. They find an average of 0.20 ppm 

uranium and 0.38 ppm thorium in a total of 14 samples analyzed by various methods. 

Table 92-M-1. COlllmls oflira";lim;/1 /1Ulo/1/orphic rodu 

Rock type No. of U Method References 
samples ppm 

Gneiss, Japan 1 2.3 R EVANS and GOOD~IAN (1941) 
Augen Gneiss, Finland 1 2.1 R EVANS and GOODMAN (1941) 
Eclogite, SWitzerland 1 0.2 R EVANS and GOODMAN (1941) 
Amphibolice (Schwerawald, 3 3.5 R HUS~IANN (1956) 

Gem1llny) 
Biorirc-Hornbl. Paragneiss 2 2.0 R HUSMANN (1956) 

(Schwarzwald, Germany) 
Paeagneies (Sehwarzwald. 4 7.0 R HUSMANN (1956) 

Germw.y) 
Granulite (Schwarawald, 2 4.' R HUS~IANN (1956) 

Germany] 
Orthogneiss (Sehwarawald, 4 3.6 R HUS~IANN (1956) 

Germany) 
Meeaeeenee (Sehwarawcld, 4 4.8 R HUS~I_"NN (1956) 

Germ2ny) 
Diatecrire (Schwnrawald, 4 11.2 R HUSMANS (1956) 

Germany) 
Coedierlte Gneiss (Schwarz­ 5.8 R HUS~IA:-J:-J (1956) 

weld, Germany) 
Orthoclase metacrysrs 45 R Hl!5~I"'NN (1956) 

[Schwarawald, Germany) 
Marhle 2 0.17 L PLIIXI\ (1956) 
Slate (m:Linly Michigan) 
Phyllhe (mainly Arizona -

14 
7 

2.7 

I.' 
L 
L 

PLIIXI\ (1956) 
PLIIXI\ (1956) 

New Mexico) 
Schist (New Mexico) 4 2.5 L PLlIXR (1956) 
Mafic Rocks (Teeskei Ala 82 3.2 \V KRYLOV (1958) 

T.:JU .L\1ts.) (comp) 
Idaho Batholith Gneisses 12 2.2 L L"'I\~E:-J JI\. and GO"l'FII.IED 

(1961) 
(Almandine-Amph. Facies) 13 2.82 R BILLINGS (1962) 

Gneiss (Texas) 

<D SpMK"f_VC.l>K Il<tli,,· H.id.Jb<n; J%') 
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Rod type: 

(Almandine_Amph. Facies) 
Amphibolite: [Texas) 

(Almandine-Amph. Facies) 
Graphite Schist (Tcus) 

Marble (Grenville Province) 
(Amphibolite Facies) 

Light Gneiss (Langey, 
Norway) 

(Amphibolite: Facies] 
Amphibolite eLmS"}') 

(Retrograde Gneiss) 
Monzonite: (Lang"Y) 

(Retrograde: Gneis.s) 
Granite (L:mgey) 

Biotite: Schist (Front Range, 
Colorado) 

Biotite Hornblende Schiar and 
Amphibolite (Prone 
Range) 

(High Granulite: Facies) 
Monzonite (Lmgll)', 
Norway) 

(High GCllfiulitc Facies) 
Banded Gneiss (G.ng0Y) 

(Low Granulite: Facies) 
Gneiss (Langey) 

(High Amphibolite F~cies) 

Gneiss (Langey) 

Uranium 

Table 92-M-l (Condnued) 

Reference 

BILUNGS (1962) 

BILLINGS (1962) 

DOE (1962) 
HEIER. (1962b) 

HuEa (1962b)
 

HEiER (1962b)
 

Hlma (1%2b)
 

PHA.lil, and GOTTfRIED (1964)
 

PHAIR IUld GOTrFRIEO (1%4)
 

Hf.u.a and AOAMS (1965) 

HuEa and ADAMS (1965) 

&Ea and AOAMS (t 965) 

HEIERand AD,UIS (1965) 

No. of 
samples 

14 

3 

2
 
5
 

7 

2 

8 

9 

4 

3 

4
 

5
 

3
 

U 
ppm 

0.33 

3.49 

0.36 
<2.5 

< 1.06 

< 1.25 

<0.94 

4.7 

4.7 

0.61 

0.22 

0.88 

1.22 

Method 

R 

R 

L 
R 

R 

R 

R 

L 

L 

R 

R 

R 

R 
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92-N. Behavior in Metamorphic Reactions 
The mobility of the uranyl ion in surface waters plus the tendency for potassium 

and uranium to oCCUt rogeeheelead to the presumption that uranium is highly involv­
ed in metasomatic activity. Unfortunately, data for metamorphic rocks are not yet 
adequate to test the hypothesis. HEIER and ADAMS (1965) have proposed that high­
rank. rocks in one area in Norway are impoverished in uranium in comparison with 
lower-rank. rocks owing to upward movement of uranium. This evidence of mobility, 
however, h:LS nor been confirmed in other areas owing to lack of adequate samples. 

il<n.cd ...........",:P' <o:rind: July llkh. 1961 

iO Spriopo-Votdog Balin' Hddell>erg ll.l69 



92-0-1 Uranium 

92-0. Economic Utilization 
Aside from very minor uses as a pigment and chemical reagent, the economic 

utilization of uranium has been dominated in the firSt 40 yeats of this century by a 
demand for radium and since 1942 by a demand For fissionable materials. The demand 
for radium for medical and induerrial purposes led to widespread exploration for the 
parent uranium In the first quartet ofthis century, but this exploration was drastically 
cue back after rhe discovery in 1923 of the rich uranium deposits in Katanga (then 
the Belgian Congo). The Kaesage source and the Great Beat Lake, Canada, sources 
of rich pitchblende discovered in 1930 weee more rhan adequate to meet the demand 
for radium. 

Beginning in 1943 a seeond widespread exploration effort was initiated to develop 
uranium supplies for milirary purposes. This military demand for uranium was sub­
sranrially oversaturated in the U.S.A. by 1958, when guaranteed prices wcrc restricted 
and new import arrangements ceased to be made. A sready exploration effort contin­
ued in France, Sweden, and other countries. 

As of this writing (1966) uranium-fueled nuclear reactors are competitive In 
many areas with conventional power plants for the gecerarioc ofelecrriciry for civilian 
uses. To the exrcnr that this competition eontinucs to shift in favor of the nuclear 
reactors, a new and still larger demand for uranium will be created, leading to a 
third widespread e.xplorution effort. 

The lasr year for which world production figures of uranium .are reasonably 
available is 1963. Among rhe eounrries reporting production, rhe leader is the 
Unired Srarea, wirh 14,218 short tons ofUaOg during the year; [he U.S. is followed 
by Canada, with 8,141 sborr tons, and Sourh Africa, with 4,532 shorr tom. Other 
countries rtporcing significanr production are the Congo, France, and Porcugal. 

Most of the uranium production in the United Scares is from mineralized sand­
stones in the Colorado Plateau province centering around Wyoming. Urah, and New 
Mexico. Canadian production comes primarily from vein deposits in rhe Northwest 
Territories, wirh large reserves in the Blind River conglomerate. South AfriCln 
production is almost exclusively a by-prcducr of gold mining in the Witwatersrand 
area, where pitchblende mineralization has apparently accompanied gold deposition. 
The largest reserves are disseminated in sediments, usually sandstones. The majoriry 
of smaller deposits are pitchblende veins such as those of Great Bear Lake, Canada; 
Eeagebiege, Germany and Czechoslovakia; Karanga, Congo; and Portugal 
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