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CONTRIBUTIONS TO GEOCHEMISTRY

NATURAL RADIOACTIVE DISEQUILIBRIUM OF THE
URANIUM SERIES

By Jorn N. Rossout, JR.

ABSTRACT

Many radioactive samples show radioactive disequilibrium because of the
numerous geochemical processes affecting ore deposits. As it is difficult to
interpret disequilibria by simply comparing radiometric and chemical assay
values of uranium, analyses should be made of the abundance of Pa?1, Th#9,
Ra2, Rn?2, and Pb9,

Uranium-series disequilibria, as shown by radiochemical studies of samples
representing a cross section of most of the significant present-day radioactive
deposits in the United States, can be classified according to six basie types.
Interpretations of the geochemical history of these types indicate that it may be
possible to date uranium deposition within a theoretical range of 2,000 to 200,000
years. Ages ranging between 6,000 and 30,000 years have been calculated for
several specific samples.

INTRODUCTION

In the greatly expanded search for uranium in the last 10 years,
disequilibrium in radioactive ores has presented a difficult problem
to geologists and prospectors. The magnitude and frequency of
disequilibria have been generally underestimated, although the im-
portance of disequilibrium in field and laboratory counting measure-
ments has begun to be realized.

Very few complete studies concerning disequilibrium in radioactive
deposits have been published. Variations in the protactinium:
uranium ratio have been reported by Schumb, Evans, and Hastings
(1939) and Wildish (1930). Ratios of Th®® to uranium in coral
limestone have been reported by Barnes, Lang, and Potratz (1956).
A few results of analyses of Ra? and U in mine-dump material have
been given by Phair and Levine (1953). T. W. Stern and L. R.
Stieff (1959) have reported several analyses of Ra*® and U in carno-
tite ores. Kuroda (1955) has provided a number of ratios of Ra*®
to Ra®¢ in high-grade uranium minerals. Urry (1948) has reported
several analyses of varved-clay samples containing radium. Other
reports primarily on radium isotopes have been written by Armburst
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2 CONTRIBUTIONS TO GEOCHEMISTRY

and Kuroda (1956), Koczy (1954), and Chlopin and Vernadsky
(1932).

The purposes of this paper are to tabulate and discuss the results
of a number of complete analyses of disequilibrium samples, to illus-
trate a proposed classification of disequilibrium patterns, to study
these patterns as clues to the understanding of the geochemical
history of the samples and of the deposits, and to point out some of
the difficulties when simply comparing radioactivity and chemical
analyses of uranium for interpreting equilibrium or disequilibrium in
samples.

To make a detailed investigation of the state of radioactive equi-
librium in ore-grade geologic samples, several key decay products
must be measured and their relative abundances evaluated. Figure
1 shows the parent isotopes and decay or daughter products of the
three principal naturally occurring radioactive decay series: the U,
U5, and Th*? series. Equilibrium is attained in a radioactive series
when all the daughter products decay at the same rate that they are
produced from the parent isotope. Thus, at equilibrium each of
these daughter products would be present in a constant proportion to
its parent isotope. The loss or gain, by geologic processes, of any of
certain important isotopes during the more recent part of the existence
of a mineral causes disequilibrium in the proportions of the parent
isotope to its daughter products. Even though a series is not in
complete equilibrium, many of the immediate short-lived daughter
products will be in equilibrium with their long-lived parents. Where
significant disruption of equilibrium occurs the natural radioisotopes
can be separated into the following major isotopes and groups of
established equilibrium shown in figure 1: the uranium group, Th?¥®
isotope, Ra?® isotope, Rn?? group, Pb* group, and Pa*! group in the
uranium series. U?® itself will remain in constant abundance with
U%# (Senftle and others, 1957); thus the U®5 content is determined
from the uranium analyses, which includes the isotopes U%8, U%5, and
U%* which are assumed to be present in constant abundance to each
other. In addition to these, the Th?®? group may be present in some
rocks and ores and add to the radioactivity.

To describe adequately the long-term state of equilibrium of the
uranium series, the abundances of the long-lived isotopes, U, Pa®!,
Th?° and Ra?* should be known. Analysis for Rn?2 and Pb*?, as well
as for uranium, is desirable for investigating radioactivity anomalies,
for checking the accuracy of uranium and radioactivity analyses, and
for investigating emanation properties. With the exception of a few
important samples, the results on ores containing significant quantities
of Th*? are not included in this paper. Radiochemical assays by the
author are given in table 2 at the end of the paper.
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4 CONTRIBUTIONS TO GEOCHEMISTRY
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METHOD OF MEASUREMENT AND DEFINITION OF UNITS

All the daughter-product analyses were made by alpha-particle
measurements after radiochemical separations of the specific elements
were made with the aid of inactive carriers. The abundance of the
isotopes Pa®!, Th#®? Ra?® Rn??, and Pb*® was determined. The
methods used for these analyses have been described by Rosholt (1954;
1957b).

Equivalent uranium, expressed in percent eU, is the ratio of the
radioactivity of the sample to the radioactivity of a uranium-ore
standard which is in equilibrium with all of its decay products.
Uranium is expressed as U, in percent, and Th®? as Th*®2, in percent.
All the decay products are expressed in percent equivalent and thus
do not represent the actual amounts of these daughter products.
Percent equivalent is defined as the amount, in percent, of primary
parent, under the assumption of radioactive equilibrium, required to
support the amount of daughter product actually present in the sample.
This amount of primary parent may or may not be present in the
sample. For the Th*? series, the daughter products are calculated as
equivalent to Th?? and not to U.

Some graphic examples of the definition of percent equivalent are
shown in figure 2. The hypothetical sample in equilibrium is one
showing 1 percent uranium, 1 percent eU, and 1 percent equivalent
of all of the daughter products; that is, 1 percent ePa?!, 1 percent
eTh*? 1 percent eRa%® and so on. Sample 143 (Texas soil) has 0.65
percent U and 0.96 percent eTh*®. This eTh*® is present in excess of
the uranium content and if equilibrium were to exist between U?® and
Th?? then 0.96 percent U would be required in the sample.
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6 CONTRIBUTIONS TO GEOCHEMISTRY

Other units which could be used to express this type of result are
compared below with the equivalent units. As can be seen, the use of
equivalent units simplifies recording and interpreting the data.

Isotope Percent Percent 10-9 curies
equivalent grams of sample
Uz plug U2 1.0 1.0 3. 55
Pazst 1.0 3.37X107 .16
Tha2s0 1.0 1. 70X 10-% 3. 39
Ra%8 1.0 3.39x1077 3. 39
Rn222 1.0 2. 151012 3. 39
Phb21o Lo 4. 2810~ 3. 39

The use of percent equivalent has other advantages besides that of
illustrating or permitting direct comparison of uranium and daughter-
product abundances in the sample. It also demonstrates that an
overall material balance of parent isotopes and daughter products
must exist in theoretical equilibrium concentrations, although not
necessarily in the concentrations of parent and daughter products
found in the samples selected for examination. Stated again, percent
equivalent is defined as the amount, in percent, of primary parent,
under the assumption of radioactive equilibrium, required to support
the amount of daughter product actually present in the sample. This
amount of parent does not necessarily have to be present in the
disequilibrium sample; actually more or less than that amount of
uranium may be present. Thus the deficient amount of uranium or
the deficient amount of daughter product, in relation to its immediate
parent, must exist elsewhere than in the sample analyzed. To illustrate
this principle with sample 143 (fig. 2), 0.96 percent eTh*® shows that
there is a deficiency of 0.96—0.65 or 0.31 percent uranium which must
exist somewhere else unaccompanied by Th?¥*; also, the sample is
deficient of 0.76—0.24 or 0.52 percent eRn’* and 0.76—0.25 or 0.51
percent ePb?® which must exist elsewhere, unaccompanied by Ra?s.

If a large enough sample is represented, the parent and all the
daughter products will be present in equilibrium. However, this
sample may have to be so large that it could not be collected. It also
follows that the smaller the sample collected, the greater the proba-
bility of increasing the amount of disequilibrium found in the sample.
This seldom considered assumption may be important in collecting
samples.

COMPARISONS OF EQUIVALENT URANIUM WITH
URANIUM

Although it is common practice to compare a sample’s actual
uranium content determined chemically with its equivalent uranium
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(eU), misinterpretations can be made in comparing these two values
alone. Radon loss is the most common anomaly and may present
some misleading conclusions. Figure 2 shows some examples. Two
Colorado Plateau samples (Nos. 68 and 69) in relatively good equi-
librium with the exception of some radon loss show eU:U ratios very
similar to two other plateau samples (Nos. 22 and 24) which have a
deficiency of Th*®® and Ra?® together with a lesser radon loss. Thus
the comparison of eU and U will not always indicate whether the
sample is deficient in radon products alone or deficient in long-lived
daughter products also. Some samples may even be deficient in
uranium and still show a low eU:U ratio. Sample 143, of soil from
Karnes County, Tex., illustrates this extreme case. The extremely
high radon loss completely masks the presence of the long-lived
daughters that are actually in amounts in excess of the uranium. The
eU:U ratio would indicate major disequilibrium with deficient
amounts of daughter products, whereas actually it is the amount of
urapium that is deficient.

A routine eU analysis will not indicate the presence of low-energy
alpha emitters when beta-emitting daughter products are not present
in the sample. Sample 122, a marl from the Nebraska-South Dakota
border, illustrates this phenomenon. The large excess of Th® and
Pa®! is not indicated at all by the eU value because of the much lower
eRa?® and eRn?? content. Sample 1 (table 2) exhibits a somewhat
similar isotope distribution with a large excess of Th*?, but a lower
excessive content of Pa®'. The eU analysis will not reveal the high
Pa®! content which is evident in many samples, because of the lack
of sufficient intensity of beta emission from this group.

In a routine eU analysis the radon loss may completely mask the
additional radioactivity created by the presence of Th®? and its
daughter products, as shown by two samples from Prince of Wales
Island, Alaska. Only one is shown in figure 2, for they have very
similar analyses; neither is listed in table 2 because they are primarily
thorium ores, and complete disequilibrium analyses were not made
on them. The eU:U ratio seems to indicate good uranium-series
equilibrium, but actually the amount of Th*®? and the percent equiva-
lent of its daughter products are greater than those in uranium.
Equivalent Ra®? is also in excess of the uranium content.

CLASSIFICATION OF DISEQUILIBRIUM PATTERNS

Study of the isotope-abundance ratios of samples exhibiting signifi-
cant uranium-series disequilibrium shows that the various types seem
to represent certain patterns. With the use of the analyses of the
key isotopes UZ3-U=% Pa®! Th*° and Ra®® it is proposed that
practically all disequilibrium samples can be classified according to six
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RADIOACTIVE DISEQUILIBRIUM OF THE URANIUM SERIES 9

different types that can result from the most recent major process of
alteration. The classification is shown in figure 3. The second
column shows the number of samples that were analyzed and found
to fall in each type; the equivalent-abundance ratios are the average
values for the indicated number of samples. The first four rows of
equivalent-abundance ratios, (types 0-3) show the comparison of
equivalent daughter-product content to uranium content where the
U:U ratio is automatically 1. The first row (type 0) represents the
hypothetical sample of perfect equilibrium.

The first three types of disequilibrium have values of U in excess
of eRa®. Type 1, daughter-product deficiency, is represented by
samples in which the generalized relationships are U>ePa®!>eTh®>
eRa?, Type 2, time-related daughter-product deficiency, is a very
special kind of type 1 disequilibrium in which each of these daughter
abundances must retain a specific relation with each other. This
relation must be such that the amount of growth of each isotope from
pure uranium, represented by the ratios of ePa®! to U, eTh®? to U,
and eRa*® to U, would require the same interval of time. Type 3,
Th*? deficiency, is represented by samples in which generally ePa®!
SU>eRa**>eTh®°, the key isotope being the anomalously low
Th=o,

The last three types of disequilibrium have values of eRa*® in
excess of U, and as the uranium content is so small, it and all the
equivalent daughter-product abundances are compared to eRa?*
instead of uranium, as in the first three categories. Type 4, daughter-
product excess, is represented by a low uranium content. The
remaining longer lived daughter products are often present in approx-
imately equilibrium amounts with one another. In some samples,
however, the equivalent amounts of the daughter products vary con-
siderably from one to another. Type 5, Ra*® excess, as shown in
dump material is a special case of type 4, daughter-product excess,
where generally eRa®?¢>ePa®!>eTh®? which is much >TU, the key
isotope being the significantly excessive Ra%® Type 6, the occurrence
of radium isotopes exclusively, is a peculiar and not too uncommon
type of deposit in certain localities. Here Ra?®, a daughter product
of Th®? is commonly found ﬁvith Ra#8, The radioactive components
are radium isotopes and their immediate decay products, and thereis
very little or no U, Th?°, Pa®! or Th*2,

SOME INTERPRETATIONS OF CAUSES OF
DISEQUILIBRIUM

The study of the distribution of the radioactive decay products in
the types of samples listed is still in its first stage; nevertheless it is
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possible to explain, or at least to postulate, some of the causes of
disequilibrium.

Two primary processes can be involved in the type 1 ores. Uranium
may have migrated to its present location at a time less than that
required by its daughter products to reach approximate equilibrium,
that is, less than 300,000 years ago. The alternative is that there has
been preferentially greater leaching of daughter produets than of
uranium. The latter explanation is the more probable in carnotite
and other types of deposits where uranium fixative agents such as
vanadium or phosphate are also present. Samples of this kind (type
1) that do not follow the normal U>ePa®!>e¢Th®>eRa®® pattern
(with eRa? nearly equal to or only slightly less than eTh®°) indicate
that some leaching of daughter produects has taken place. This kind
of deficiency in daughter-product distribution is shown by samples
21, 23, 40, 60, 62, 74, 81, 86, 87, 93, 104, 108, 112, 121, 142, and 144
(table 2). Ra?® has been found to be the most common, and, in most
samples of this type, the only long-lived daughter product which can
be leached. Deficiencies of Rn?? and Pb*° are not considered major
causes of long-lived disequilibrium. When the isotope abundance is
similar to that in type 2, considerable weight is thrown to the first
explanation (recent deposition of uranium). This distribution is
common in many of the pitchblende-type ores such as that at the
Happy Jack mine. Samples 20, 22, 24, 35, 45, 47, 52, 57, 60, 61, 62,
73, 86, 87, 104, 107, 118, and 142 may represent this kind of alteration.
Some of the samples may represent more recent uranium deposition
than is indicated by the abundance of the isotopes (see fig. 4). That
is, they may actually be type 2 material that was deposited where
some older uranium minerals already existed, or uranium may have
subsequently been leached out after the original, relatively recent,
uranium deposition. Samples 60, 62, 86, 87, 104, and 142 could
result from the combined effect of recent uranium deposition and leach-
ing of Ra%s,

Type 2 ores are of special significance because the isotope abun-
dances are such that each isotope indicates nearly the same age for
the uranium deposition. The required isotope abundances must
match the time intervals when compared to figure 4. For the results
of testing of these samples actually to represent the age of the ura-
nium mineral, three conditions must be met: (a) uranium free of all
decay products must have been deposited in nearly nonradioactive
host rock, (b) there must have been no significant leaching of uranium
or long-lived daughter products after deposition, and (¢) the rate of
deposition must not have been too slow compared to the rate of
growth of daughter products. Evaluation of the effect of some of
these conditions has been made (Rosholt, 1958). Table 1 shows the
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12 CONTRIBUTIONS TO GEOCHEMISTRY

isotope ratios and the possible age of the uranium for all the samples
represented by this category. Some anthropological evidence and
carbon-14 measurements (Wendorf, Krieger, and Albritton, 1955) for
the same stratigraphic location from which sample 141 was obtained
support the premise that the age given in table 1 is of the correct
order of magnitude. Type 2 disequilibrium is not very common,
but increasing knowledge of favorable geochemical and geological en-
vironments is now providing a greater probability of locating ores of
type 2 disequilibrium. Radiochemical data and field evidence are
now being accumulated for a paper devoted primarily to geochemical
interpretations based on this kind of disequilibrium.

TABLE 1.—Age determination based on ratio of equivalent isotope to uranium

Isotope ratio Age (years) on the basis of—
1
Sample No. ePa2il eTh2s0 eRa226 Pazst Thaso Ra2t
U U U
13 0.24 0.13 0.13 14,000 16,000 18, 000
14 - 39 26 .27 25,000 35, 000 38, 000
38, 10 .053 . 053 5,000 6,000 9, 000
39 088 . 022 .021 4, 500 2, 500 4, 500
£ R, - 27 15 .13 16, 000 18,000 18,000
1 10 045 .034 5,000 5,000 6, 000
55 - 45 .18 .16 30,000 23,000 22, 000
BB e e e e s 25 .15 .10 14, 000 19,000 15,000
i .37 .26 .22 23,000 35, 000 31,000
143 e .33 18 .10 20, 000 23, 000 15,000

1See table 2 for description of sample.

Type 3 disequilibrium is believed to be the result of rather recent
deposition of uranium contaminated with significant amounts of
daughter products other than Th*°, and with silica and salts. This
type of disequilibrium is often the result of evaporation of solutions
containing some of the long-lived isotopes, along with silica and vari-
ous salts. The low Th*° content must reflect the relative deficiency
of this isotope in the solutions. Sample 67, a hyalite-opal, appears
to have this mode of origin. Samples 78, 79, and 80, stratigraphically
below three samples (75, 76, and 77) of other classes, are most prob-
ably of this mode of origin (R. G. Coleman, oral communication).

Many samples with anomalously high radioactivity are of type 4.
In general, disequilibrium of this type, found in samples taken from
an oxidized environment, is the result of leaching of uranium. Daugh-
ter products may possibly have been added to the host rock, but it is
difficult to select samples definitely showing that this occurred. A
few samples (4, 36, 37, 42, and 82) have an abnormally low eTh%°
content, which may indicate daughter-product addition when one
considers that type 3 samples also have a low eTh*? content. A few
samples (1, 46, 49, 71, and 72) have a low ePa®! content which may
have resulted because sufficient time was available for a greater frac-
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tion of Pa®! than Th®® to decay after the uranium was leached. The
fact that there is little eRa?® in many samples of this type does not
appear to be too sigpificant, for radium is easily leached in many
different environments.

One very significant anomaly present in many samples of type 4,
especially some of the high-grade black uranium minerals, is the high
Pa®! content and near equilibrium abundances of U, Th®? and Ra?-.
Samples 41, 59, 61, 65, 66, 68, 69, 89, and 144 show this anomaly.
One explanation seems most plausible—uranium and the other decay
products are preferentially leached to a greater degree than protac-
tinijum. This may be due to the greater ability of protactinium to
become hydrolized and reprecipitated immediately from the leaching
solutions (Elson, 1954). Additional possible evidence of this high Pa®!
content in many uranium minerals is furnished by Kuroda (1955).
The high ratios of Ra?® to Ra?® that are characteristic of many of
the uranium minerals he analyzed may reflect a high Pa®! content.

Most of the samples represented by type 5 disequilibrium occur in
pyritic ores or ore dumps and are the result of differential leaching
of all components. Sulfates formed in these materials would retain
the radium even though it might migrate somewhat, whereas the sul-
furic acid formed would leach and remove uranium. Further dis-
cussion of this type of disequilibrium is presented by Phair and
Levine (1953).

The occurrences of radium isotopes exclusively (type 6 disequi-
librium) are commonly associated with oil- and gas-field brines.
Radioactive hot-spring deposits also show this type of disequilibrium.
These sometimes highly radioactive deposits are the result of copre-
cipitation of radium with barium sulfate, strontium sulfate, and
occasionally iron hydroxide from large volumes of water. It is also
believed that the reason for the deposition of radium isotopes, essen-
tially free of other radioactive isotopes, is that the water contained
only radium as a significant radioactive component. The radium is
believed to come from the pore space of the country rock from which
the water is flushed. Materials containing significant amounts of
Ra®® (without Th*2) must be of very recent origin, less than 30 or
35 years old. Samples 28, 127, 129, and 133-140 are of materials with
recent additions of radium. Further evidence that many of these
materials are of recent origin is the low Pb?°® content. Sample 128
is a drill cutting from a depth of 2,530 feet and was obtained from
rock below a well which was first drilled approximately 25 years ago
(A. P. Pierce, oral communication). The well was deepened recently
when the sample was collected. The ratio of Pb?® to Ra®® yields an
age of 24 years. Further work describing many of the other aspects
of oil-field radioactivity is presented by Gott and Hill (1953).

485002—59——3



‘M 0L
‘o “S ¢\ ‘12 908 ‘UAPIOH JO 1SAM{I0T
‘omp  JIeYonJ, ‘40Buoe jins] wojuog

........ o 2 nE %" R RREREEE 'Y (1B 280" p -urejunog 03003 JnEJ-ISnIY] Jo [eUuBy) qQ-vo 9.966 | ¢
‘M TLY U8 P "9g 199s feulu
........ 63" £g” 0g" 49 08" R 41 |t ¥ ‘I “asTyas egtoqrydus uy Ec)s)wbwm@ ¥e-9e-A N9 880812 | ¥
M “S P L ‘g8 098 LMN AN “orep
-0[P] 189U 9SEI[ JYSLIA 00 Furdl S[IY
-1004 "99BJINS 1B JOAI BIODOI] Ul UIBA 0)1
........ G600 01°0 ero 210 €10 |77 20070 S90°0 ¥ -8WOY-23480D YOII-UOJ] SSOIOB [QUUBYD "UI-Q ge-1-3 0" Hevee | €
P
m £yunor) wosiagar
<
s 000 ‘[OPOJA 180U SWIB[O UIIIBIAL HIID
= ‘oous)sqns snousSusW PUB SNOUISNLILY
H 10°0> | L0 180 i Z00°0> | 100> |77 2000 °0 29°0 9 Ay3res uo [elejew sjruowi] Jo o[dwes diyjo 0LLeY O eFv688 | T
Q
m fyuney seunuy se]
&)
P
m Q22 "I, ‘28 "0es ‘Supeyjee M S[QBIIPISUOD
03 199{qns A9[[BA Ul 93PLI 9UO)ISPUBS WIOIF
m ........ 6T 97 6°¢ gc 61 |- 280°0 3T 13 {gurure)s UoJl JOUTW UJM 8uojspuss ABID 9z31-90'1 160922 | 1
m £juno)) jusg
(=) oavao1od
a
m 828 | onedd f2a0e: [Y7ack: osglL L 158d | el n ne oﬁaaﬂw oN o
. ON
4 -qIInbs uo13e00] pue uordrosacy ‘ON PIoTd A1078100877 |o1d WBY
m JU9[BAINDO USRI T U8 g -SIQ

14

*sosA[eue A[189 o) Ul POUIUIIOIIP 10U SBM 18] :(JUS[BAINDS Jue0Idd) g8 g

*KoAlng (80130100 ‘F *[1 2U3 JO SIoq ULl IJ8)s AQ pourioyad 910m sesfjBusr wnlusin oy, :(3uedred)

*AoAIng 180130100f) 'g *[) ‘T0JOBYOG T (I Pus ‘wsuumyg ‘J ‘g ‘OpSuV ‘D " Aq pouriojtad oJoA SABSSB ()9) WnIUBIN JUIBAINDe oy,T, :(juedred) Ne
(GYI-8VT XIA ' “d PUS gy ‘Aeuus) "0 “J 'T§1 O[3I8Y "H ' ‘6T ‘WOPAH “f “H '8eT ‘48T ‘DM V ‘I1SSNY "L ¥ ‘TeT “UTH "M "f ‘9€T1-GET ‘081851 ‘90I0Id "d "V gl ‘DBaIS "M "
FeT-131 ‘WU 'f “H (EIT-0TI ‘S9UOL 'S *H 60T ‘350 A “H *9TI-¥11°80T ‘90D “d "D 0T ‘ROWIYIF P "W ‘90T ‘60T ‘320084 "| (I ‘06T ‘8TT ‘LIT ‘30T ‘T Y °I ‘10T ‘SIOM
VT "d ‘00T ‘A8 “f "M ‘26 ‘dIByS "N "M ‘06 ‘88 ‘HOSDIARQ " '(] ‘98-%8 ‘DHV ‘SUSA)G ‘D " {08-§. ‘UBWRI0N "p "Y ‘B ‘€L ‘UOSPN "W "H ‘gl ‘12 1B £ "M ‘0L ‘UOTIR0LT [V
19 St ") " '99-Fp SOYLLL " [V DUB MouQ T, Y gf SUSAd1G D "H ‘Z4-6¢ ‘OHY ‘UNSRY 'Y °§ ‘pe ‘8¢ 0 wddo( BpUOOSY ‘GUAT (I Y ‘8¢ ‘UOUUB( USOH ‘762 ‘LG
"ZUBYOST, “TAL Q) 66 ‘¢ ‘02 ‘O Y ‘AMOART 'V " 81 ‘8T ‘WOSIOIL "I, "D ‘611 ‘86-€6 ‘16 ‘68 ‘48 ‘¢8~T8 ‘P1 ‘€1 ‘0@ V “If ‘VNID "M "H ‘oY ‘T ‘9YBI( AI2AV ‘01 ‘6 ‘DI8U0Y] " '
'§-9 ‘9J00INL "g ' ‘g-¢ ‘SWIM ") Y T ‘Sipus "Y ® :(PejsdIpul oSIAIeNI0 §SO|UN ASAING [BO180[00D 'S "[1) SJUIMOIO] 87} A PIIIUIQNS JO Pajadrioo seldweg :Jequnu e[dwey

sa)dwins 9yp [0 ©02DI0] 102YdDib036 fiq PobuDLID $28fi]DUD WNLLQLINDISIP SILLIS-UWNIUDL)—'F ATV ],



15

RADIOACTIVE DISEQUILIBRIUM OF THE URANIUM SERIES
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SUMMARY

Radioactive disequilibrium is a fairly complex phenomenon, and it
18 not an easy task to provide simple and straightforward explanations
for the various daughter-product abundances. An approach through
multiple hypotheses whose possible acceptance or rejection will be
based on further interpretations provided by geological, geochemical,
and chemical evidence will undoubtedly be necessary. The initial
goal of this study was to investigate the complexity of disequilibrium
and the distribution of its types. Unfortunately many of the early
samples that were analyzed did not have adequate enough descriptions
to permit more detailed interpretations.

Some of the many possible explanations of the causes of disequilib-
rium have been presented here although some of these may have to
be revised when further evidence is available. Even without accept-
ance of an hypothesis, radioactive-disequilibrium studies provide
important clues to the geological and geochemical history of deposits.
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