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Fig, 92-K-1, Histogram of umnium conceatrations in North American gray and greea
shales and Russian placform shales. (From Anasis and WEeaven, 1958; Russian placform daca’
from Baranov ef af., 1956)
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Fig. 92-K-2. Generalized distribution of thorium and uninium in sedimentary rocks. (From

Abpans and Weaven, 1958)
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. Bauxites, Bentonites
Bauxites and bentonites are examples of the concentration of thorium and

uranium in clays. In bauxites, the average uranium content (11.4 ppm) and thorivm
content (45.6 ppm; Table 90-K-1) are both abnormally high. Presumably during
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weathering both the thorium and uranium have been concentrated in resistate residues
and adsorbed on clays. Some tendency for greater rerention of thorium than of
uragium is shown by the generally high Th{U ratios.

TV, Carbonate Rocks

Carbonate rocks (Fig. 92-K-3) have uranium concentrations in the range found
for typical caleareous organisms. The uranium in calcjum carbonate appatently
substitutes in the lattice in place of calcium, although some may accompany thorium
in the insoluble residue fraction of limesrones; (sce Section 90-K). Several smdies
have been made of the concentration of uranium in ealearcous organic material, and
reference may be made ro TatsustoTo and Gorpperg (1959), SAckETT and PoTatz
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Fig. 92-K-3. Histogram of uraninm concentrations in aggregate samples of carbonace rocks.
(From Apams and Weaver, 1958; Russian platform daea from Baranov, Rowov, and
KunasHova, 1956}
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(1963), Rosuorr and Awntavr {1963}, and BeLr (1963). Estimares of the average
uranium conteot of carbonate rocks are quite uniform at approximarely 2 ppm.
These estimaces include the North American limesrones studicd by Apawms and
Weaver {1958), the carbonate rocks of the Russian platform studied by Baranav
et al, (1956), and the highly assorted suite of limestones investigared by Bevr (1963).
DEeminGEr (1964) shows, in general, little variadon between limestones and dolo-
mites with respeet to uranium content.

V. Phosphates

Phosphate rocks, listed in Table 92-K-1, generally have 2 high concentration of
uranium, A large number of studics have been made on the uranium in phosphare
rocks and In apatite minerals because of the potental economic importanee of uranium
recovery from such rocks. The references are summarized in a paper by McKELvey
(1956} eited in the wble. :

V1. Oceanic Sedi.rnents_

Uranium contents are piven in Table 92-K-1 for a variety of modern oceanic
sediments. With the exceprion of srudies made primarily for the purpose of
dating cores by means of various disequilibria methods, not a grear deal of atten-
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Fig. 92-K-4 (Concinued). List of symbols:

C,: Uranium in main mass of clastic mineral sediment, pamicularly clay minerals, but
exclusive of resistates,

C.: Uranium in tesisrates or heavy minerals, sucb as zircon, apatite, and sphene.

O,: Uraaium inherent to living plants or animals, cither land or marine cypes.

O,: Uranjum sorbhed from sea water by solid or colloidal carbonaccons remains of plankton
settling from sueface waters to bottom.

O, : Uranjum sorbed from scream warer and sea water by eicher solid or colloidal organic
matter derived from decaying land plancs of the humic type.

P,: Uranivm in phospbate precipitated on and within sediment as oolites and nodules
where hydrogen sulfide environmenc extands into overlying warter; also uranium in
phosphatic fossil shells and bones.

P,: Uranium in phosphate precipitated feom, serding through and exposed to sea waret
above sediment-warter inredface, and formed wherc hydrogen sulfhde environment
confined to sediment.

S;: Uraniurmn precipitated as colloidal-size uwrmninite(?) from connate water by hydrogen
sulfide formed and confined within sediment.

Syt Ucanium precipitated as colloidal-size uraninice(?) from sea water by hydrogen sulfide
generated within and above sediment by anacrobic bacreria, and diffused inro overlying
water.

tion has been paid to the radioacrive contents of oceanic materials. The low Th{U
ratios reportcd by Baranov and Kurisrianova (1963) cerrainly do oot match the
ratios obrained for similar sediments by other investigators.

In many sedimentary rocks uranium is eommonly associated with organic matrer.
A typical example of this occurrence is the Colarado Plareau Province of the western
United States, where uranium is found absorbed in petrified logs and also intimarely
admixed with asphalric bands in sandstones. The narure of the uranium mineral or
minerals in chese occurrences has been investigated in detail (KeLrey, 1963). On a
hroader 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-1). The site of uranium in these organic materials is uncertain.
Some asphaltic deposits contain admixed uraninire, but the organic phases themselves
also seem to be rich in wranium, which may be in the form of some organic complex.
The term ““thucholite” has besn proposed for mineraloids conmining thorium,
uranium, carbon, hydrogen, and oxyegen.

The reasons for the association of thorium and uranium with organic matedal
have ncver been fully ascertained. Experimental work has clearly demonstrated thar
wood and other organic material are capable of absorbing uranium from solution.
It has also been proposed that rhe radigactivity of the thorium and uranivm may aid
in polymerization of organic materials around the two metals. Organic uranium
geochemistry is discussed more fully by Brecer and Deuw (1956). Swansan (1963)
shows quantitatively the amounts of uranium contribured to black muds and shales
by various processes (Fig. 92-K-4).

Reviwd manuscripe meerived: July LBth, 1948
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92-L. Biogeochemistry

Uranium is nor known to be an essendal element for the life process of any
organism. The several parts per million concentration of uraninm in cacbenare shells
is probably explaioed by substitution of ugasium in the calcium cachonate lattice.
The concentration of uranium in woody and other planc residues is not easily under-
stood. Possibly the organic matter simply acts as a reducing agenc which causes
precipitation of the comparatively insoluble uranous form. It is also possihle, how-
ever, that the uranium occurs in some partcularly suable organo-merallic complexes.
Sulfate-reducing bacteria mny play a role in the reduction and fixation of uranium
(Jensen, 1963). The association of uranium with organic and woody material is
discussed in 2 number of papecs summarized by BReGER and DEur (1956). The bio-
chemical impoetance of uranium is summarized by F. Koczy (1963) and EnGineroM
(1966). Some analyses of animal and plant marerials are given by Horryann (1941,
1943). Bow!E and ATkiN {(1956) reporc 2,700 ppm uranium in an unusual fossil fish
skeleton.

Aevised manuscripe mecivel: July 6k, 1967
£ Sprinper-Verlar Beelin - Heidelbern 1960
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92-M. Abundance in Common Metamorphic Rock Types

The abundances of uranium have been derermined in 2 number of different
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 pareat materials uader a variety of condidaas, the
range of compositions is quite broad.

Herer and CARTER (1964) have summarized studies of cthe radiometry of various
edlogites from memmorphic environments. They find an average of 0.20 ppm
urapium and 0.38 ppm thorium in a toral of 14 samples analyzed by various methods.

Table 92-M-1. Contents of uranitm in nretamorpbic rocks

Rock type No.of U Method References
samples ppm

Gaeiss, Japan 1 23 R Evans and Goopyaxn (1941)
Augen Gneiss, Finland 1 21 R. Evans and Goopuan (1941)
Eclogite, Switzerland 1 0.2 R Evans and Goopaan (1941)
Amphibolite (Schwarzwald, 3 35 R Husmann (1956)
Germany)
Biotite-Horenbl. Paragaciss 2 20 R Husymann (1956)
{Schwarzwald, Germany)
Paragneiss (Schwarzwald, 4 7.0 R Husmann (1956)
Germany)
Granulite (Schwarzwald, 2 49 R Hussany (1956)
Germany)
Orthogneiss (Schwarzwald, 4 3.6 R Hussann (1956)
Germany)
Metatecrte (Schwarzwald, 4 4.8 R Hussann (1956)
Germany)
Diatectite {Schwarzwald, 4 i1.2 R Hussany (1956)
© Germany)
Cordierite Gneiss (Schwarz- 1 5.8 R Husmanw (1956)
wald, Germany)
Orthoclase meracrysts 1 45 R Husymann (1956)
(Schwaczwald, Germany)
Marhle 2 0.17 L PLiLen {1956)
Slate (mainly Michigan) 14 27 L PriLen {1956)
Phyllite {mainly Arizona — 7 1.9 L Prien {1956)
New Mexico)
Schist (New Mexico) 4 25 L Priier {1956}
Mafic Rocks (Terskei Ala a2 32 W KurrLov (1958)
Tau Mts,) (comp)
Idaho Barholith Gneisses 12 22 L Lansen [n, and Gorvrrrien
(1961)
{Almandine-Amph. Facies) 13 2.82 R BiLings (1962)

Gneiss (Texas)

& Springet-Veslig Heelin » Heidelberg 1265
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‘Table 92-M-1 (Condinued)

Uranium

Rock cype

Method Reference

(Almandine-Amph. Facics)
Amphibolite (Texas)

{Almandine-Amph. Facies)
Graphite Schist (‘Trxas)

Marble (Grenville Peovinee)

(Amphibolite Facies)

Light Gneiss (Langoy,
Norway)

(Amphibolite Facies)
Amphibolite {Langay)

(Rewrograde Gneiss)
Monzonite (Langoy}

(Retrograde Gneiss)
Graaice (Langey)

Biotite Schisc (Front Range,
Colomada)

Biptice Hornblende Schistand
Amphibolire (Front
Range) :

{High Geanulite Facics
Monzooite (Langey,
Norway}

(High Granulite Facies)
Baaded Gaciss (Langay)

{(Low Granulite Facies)
Gneiss (Langoy)

{High Amphibolite Fzcies)
Gneiss {(Langoy)

14

No.of U

samples ppm
033

3 349

2 0.36

5 <2.5

7 < 1.06

2 < 1.25

8 <0.94

9 4.7

4 4.7

3 0.61

4 0.22

5 . 0.88

3 1.22

R
R
L
R
R
R
R
L
L

R

Bruranes (1962)

Biroings (1962)

Dotz (1962)

Herer (1962 b)

Heen (1962b)

Hexer (1962b)

Heren (1962h)

Puar and Gorrrerien {1964)

Puamr and Gorrerrieo (1964)

Heren and Apass (1965)

HELER and Apaxs (1965)
Heser aod Apams (1945)

Herer and Abpaxs (1965)

Bevised mangacriph regzived: July 18ih, 1967
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92-N. Behavior in Metamorphic Reactions

The mobility of the uranyl ion in surface waters plus the tendency for pomssium
and uranium to occur together lead to the presumption that uraniom is highly involy-
ed in metasomatc actvity. Unfortunately, data for meramorphic rocks are not yet
adcquate to test the hypothesis. HErer and Apawms (1965) have proposed that high-
rank rocks in one arza in Norway are impoverished in uranium in comparison with
lower-rank rocks owing to upward movemenr of uranium. This evidence of mobility,
however, has nor been confirmed in other areas owing to lack of adequare samples.

Revised manascripe reorived: July 18, 1967

@ Sprioger-Verlag Berlin « Holdelberg 1949
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92-0O. Economic Utilization

Aside from very minor uses as a pigment and chemical reagent, the ¢conomic
utilizarion of uranjum has been dominated in the first 40 years of this century by a
demand for radium and since 1942 by a demand for fissionable macerials, The demand
for radium for medical and industrial purposes led to widespread exploration for the
parent uranium in the first quarter of this century, but this exploration was drastically
cut back after the discovery in 1923 of the rich uranium deposits in Katanga (then
the Belgian Congo). The Katanga source and the Great Bear Lake, Canada, sgurces
of rich pitchblende discovered in 1930 were more than adequate to meet the demand
for radium,

Beginning in 1943 a seeond widespread explorztion effore was initiated to develop
urznium supplies for milirary purposes. This military demand for uranium was sub-
stantially oversaturared in che U.5.A. by 1958, when guaranteed prices were cestricted
and rew import arrangements ccased to be made. A sready exploration effort contin-
ved in France, Sweden, and other countries,

As of this writing (1966) uranium-fueled nuclear reactors ire competitive in
many areas with conventonal power plants for the generaton of electriciry for civilian
uses. To the exrenc that this competidon eontinucs to shift in favor of the nuclear
teactors, 2 new and still larger demand for uranium will be created, leading to a
third widespread cxplomation cfforr,

The last vear for which world production figures of uranium .are reasonably
available is 1963. Amoog rthe countries reporiing producdon, the leader is the
Unired Srates, with 14,218 short tons of U;Oy during the year; the U.S. is followed
by Canada, with 8,141 shorr tons, and Sourh Africa, with 4,532 shotr tons. Other
countries rrporung signifiar productien are the Congo, France, and Porrugal.

Most of the uranium production in the United Stares 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 the Northwest
Territories, wirh large reserves in the Blind River conglomerate. South African
production is aimost exclusively a by-product of gold mining in the Witwatersrand
area, where pitchblende mineralization has apparently accompanied gold deposition.
The largest reserves are disseminated in sedimeants, usually sandstones. The majoriry
of smaller deposirs are pitchblende veins such as those of Grear Bear Lake, Canada;
Erzgebitge, Germany and Czechoslovakia; Kawmnga, Congo; and Portugal.
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