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Abstract
During the last 84 years, determinations of the 238U and 235U decay constants and half-lives have been 

 All the geological age comparison studies have utilized those 
recommended values, in spite of the admitted philosophical circularity involved. And the critical reviews 
and reevaluations have all converged on these same recommended values because of the meticulous 
care taken in the 1971 direct counting experiments, which then gave those experimental results the 
dominant weight in the calculation of mean values. But there have still been repeated calls for more 
modern, more accurate direct counting experiments to more precisely determine the 238U and 235U 

238U and 235U half-lives because the 238U and 235U 
peaks in the -energy spectrum have to be accurately delineated where they overlap and from the 
background -particles. Secular equilibrium is also assumed, yet 234U in-grows during the time periods of 
the experiments, which of necessity have to be long enough to collect statistically large sets of counting 
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Introduction

is perhaps the most potent claimed proof for the 
supposed old age of the earth and the solar system. 
The absolute ages provided by the radioisotope dating 
methods provide an apparent aura of certainty to the 
claimed millions and billions of years for formation 

community and the general public around the world 

thus remain convinced of the earth’s claimed great 
antiquity.

require that the decay constants of the respective 

constant in time. Ideally, the uncertainty of the decay 
constants should be negligible compared to, or at least 
be commensurate with, the analytical uncertainties 
of the mass spectrometer measurements entering 
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al. 2001). Clearly, based on the ongoing discussion 
in the conventional literature this is still not the 
case at present. The stunning improvements in the 
performance of mass spectrometers during the past 

Wasserburg et al. (1969), have not been accompanied 
by any comparable improvement in the accuracy of 

2012). The uncertainties associated with direct half-
life determinations are, in most cases, still at the 

in the derived radioisotope ages. The recognition of 
an urgent need to improve the situation is not new 

time or another, by every group active in geo- or 
cosmochronology (Schmitz 2012). 

adioisotopes and the Age of The arth) 
project successfully made progress in documenting 
some of the pitfalls in the radioisotope dating 
methods, and especially in demonstrating that 
radioisotope decay rates may not have always been 
constant at today’s measured rates (Vardiman, 

long-age dating methods, but towards a thorough 
understanding of radioisotopes and their decay 
during the earth’s history within a biblical creationist 

on was the issue of how reliable have been the 
determinations of the radioisotope decay rates, which 

Indeed, before this present series of papers (Snelling 

attempts in the creationist literature to review how 
the half-lives of the parent radioisotopes used in long-
age geological dating have been determined and to 
collate all the determinations of them reported in the 
literature to discuss the accuracy of their currently 
accepted values. After all, accurate radioisotope age 
determinations depend on accurate determinations 
of the decay constants or half-lives of the respective 
parent radioisotopes. The reliability of the other 
two assumptions these supposed absolute dating 
methods rely on, that is, the starting conditions and 
no contamination of closed systems, are unprovable. 

via the isochron technique, because it is independent 

of the starting conditions and is claimed to be 
sensitive to revealing any contamination, which 

ignored because their values are regarded as due 
to contamination. That this is common practice is 

is arbitrary and therefore is not good science, because 
it is merely assumed the “aberrant” values are due to 
contamination rather than that being proven to be so. 
Indeed, in order to discard such outliers in any data 
set, one must establish a reason for discarding those 
data points which cannot be reasonably questioned.  

behind and history of determining the decay constants 
and half-lives of the parent radioisotopes 176Lu, 

Sm, and 

there is still some uncertainty in what the values for 
these measures of the 176Lu, and 
should be, in contrast to the apparent agreement on 
the Sm decay rates. This uncertainty is 
especially prominent in determinations of the 176Lu 

Ironically it is the slow decay rates of isotopes such 
as 176Lu, Sm used for deep time 

direct measurements of their decay rates should be 

because measurements which are calibrated against 
other radioisotope systems are already biased by the 
currently accepted methodology employed by the 

176Lu, Sm, and 
lives have all ultimately been calibrated against the 

for the Sm decay half-life whose accepted value 
has not changed since it was calibrated against the 

b dating of two meteorites in the 1970s, in spite 
of the fact that more recent thorough physical direct 

standard” is very questionable, as there are now 
U/235U ratio that 
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the U and 235

Therefore, the aim of this contribution is to further 
document the methodology behind and history of 
determining the present decay constants and half-
lives of the parent radioisotopes used as the basis 

just how accurate these determinations are, whether 
there really is consensus on standard values for 
the half-lives and decay constants, and just how 
independent and objective the standard values are 
from one another between the different methods. 

and uncertainty in half-life measurements because 

even small variations and uncertainties in the half-
life values result in large variations and uncertainties 

the question remains as to whether the half-life 
values for each long-lived parent radioisotope are 
independently determined. We continue here with 

U) and 
uranium-235 (235U) decay rates, which are the basis 

Uranium, 238U and 235U Decay, 
and the U-Pb Dating Methods 

The decay of the uranium isotopes U and 235U to 
the stable lead isotopes 206 207

is the basis for the most frequently used methods of 
radioisotope dating. These not only derive from the 
transformation of U and 235U to 206 207

respectively, but also derive from the time-dependent 
“evolution” of common lead 
intermediate daughters of U and 235U, and from the 
resulting isotopic composition of the accumulating 

based on the decay of U and resulting accumulation 

geological timescale based on radioisotope dating in 

mass spectrographs which they used in subsequent 
years to discover the naturally occurring isotopes 
of most of the elements in the periodic table and to 
measure their masses and abundances. The design 
of mass spectrographs was further improved in the 
1930s, but it was the mass spectrometers based 

measurement and interpretation of variations in the 
isotopic composition of certain elements in natural 

mass spectrometers follow his design and achieve 
a high level of accuracy and reliability of operation 
which enable isotope ratios to be measured for 
radioisotope dating, such as that based on the isotopic 

and of the sophistication of the instrumentation, 

are now regarded as the most precise and accurate 
geochronometers for determining the ages of 

Uranium geochemistry
Uranium is element 92 (Z = 92) and a member 

of the actinide series in which the 5f orbitals are 

 with an ionic 

2 ) in which U has a 

are soluble in water, so U is a mobile element under 
Z 

It is insoluble in water, but is a chalcophile element 
 

ions with ionic radii of 1.32 Å and 0.91 Å respectively, 

has the wrong ionic charge and the 
 ion has a smaller ionic radius that the U  ion.

the earth’s mantle  U is concentrated in the liquid 
(melt) phase and thus becomes incorporated into 

geochemical differentiation of the earth’s upper mantle 

in U compared to those of the upper mantle. At an 

as quite a common element in the earth’s crust with 
 The 

silicate minerals are uniformly low, on the order of 
a few ppm or less. Instead, U occurs primarily in 
certain accessory minerals in which it is either a 
major constituent or replaces other elements. These 
minerals include uraninite, zircon, baddeleyite, 
monazite, apatite, and sphene (titanite).
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238U and 235U decay
Uranium has three naturally occurring isotopes, 
U, 235U, and U, all of which are radioactive. 
U and 235U are the principal U isotopes that each 

parent a chain of radioactive daughters ending in 
U gives rise to 

what is called the uranium series, which includes 
U as one of the intermediate daughters and ends 

in stable 206 U to 206

be summarized by the equation

(1)

where Q

U that decays produces one atom of 206

emission of eight -particles. 
The parameter Q represents the sum of the decay 
energies of the entire series in units of millions of 
electron volts and calories of heat produced per 
gram per year. Several intermediate daughters 

involving the emission of either an -particle or a 
-particle. The chain therefore splits into separate 

branches, but 206

possible decay paths.
The decay of 235U gives rise to what is called 

207 -particles and four 
-particles, as summarized by the equation

(2)

where Q
per year (Wetherill 1966). This series also branches 

In spite of there being 33 isotopes of 12 elements 
formed as intermediate daughters in these two decay 
series (not counting 
than one series. In other words, each decay chain 
always leads through its unique set of intermediate 

isotope. The decay of U always produces 206

235U always produces 207

The half-lives of U and 235U are very much longer 
than those of their respective intermediate daughter 
isotopes. Therefore, these decay series satisfy the 
prerequisite condition for the establishment of secular 
equilibrium, provided none of the intermediate 
daughters escaped from the U-bearing mineral 

because it is a closed system, the decay rates of the 
intermediate daughters are equal to those of their 
respective parents, and thus the production rate of the 
stable daughter at the end of the decay chain is equal 
to the decay rate of its parent at the head of that chain. 
Therefore, the decay of U and 235U in minerals in 
which secular equilibrium has established itself can be 
treated as though it occurred directly to the respective 
206 207

means of equations (1) and (2), which are similar to 
the equations used to represent the decay of 

Sr and Sm to Nd.

238 206 4 -U Pb+8 He+6 +Q

235 207 4 -U Pb+7 He+4 +Q

Fig.1. The decay chain of U resulting from the successive emission of -particles and -particles from intermediate 
206
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The U-Pb dating methods
The accumulation of stable daughter atoms from 

(3)

where D* is the number of measured stable 
radiogenic daughter atoms, N is the number of 
measured parent atoms remaining,  is the decay 
constant (decay rate), and t is the time since decay of 

Since D* and N can be measured in a mineral, then 
t, which 

is thus declared to be the age of the mineral. Thus 
the accumulation of stable radiogenic 206 207

by decay of their respective parents U and 235U in 
a mineral is governed by equations derivable from 
equation (3) as follows

(5)

where 1 and 2 are the decay constants of U and 
235 U/ 235U/
of these isotopes calculated from the measured 

he 

subscript i refers to the initial values of the 206

and 207

by an appropriate analytical technique (usually 
isotope dilution), and the isotopic composition of 

spectrometer, an ion-probe mass spectrometer, 

solved for t using assumed values of the initial 

follows

(6)

(7)

206 207

respectively. They are independent of each other, but 
will be concordant (that is, agree with each other) if 
the mineral samples satisfy the conditions for dating 

and all the intermediate daughters throughout its

1

206 206 238

204 204 204
Pb P U 1
Pb Pb Pb

t

i

b e

2

207 207 235

204 204 204
Pb Pb U 1
Pb Pb Pb

t

i

e

206 204 206 204

206 238 204
1

Pb / Pb Pb / Pb1 ln 1
U / Pb

it

207 204 207 204

207 235 204
2

Pb / Pb Pb / Pb1 ln 1
U / Pb

it

Fig. 2. The decay chain of 235U resulting from the successive emission of -particles and -particles from intermediate 
207
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3. The decay constants of U and 235

occurrence of a natural chain reaction based on
235

5. All analytical results are accurate and free of
systematic errors.
The assumption that the samples being dated

only in rare cases because U is a mobile element in 

2005, 219, emphasis theirs). It is clearly hard to 

over the claimed millions or billions of years. In 
addition, the emission of -particles causes radiation 
damage to the crystal structures of the U-hosting 

other intermediate daughters in both decay chains. 

rarely concordant, so procedures have been devised 
to overcome that problem. 

that little or no 206 207

The decay constants and half-lives of U and 
235

Geological Sciences (IUGS) Subcommission of 

for the U/235U ratio. Since then these values have 

as to avoid any potential confusion by the use of 
different values. It has been continually claimed 
that the numerical values of the U and 235U 
decay constants and half-lives are probably more 

radionuclides because of their importance in the 
nuclear industry. Therefore, refractory U-bearing 

) that often yield 

(that is, adjust) the decay constants of other 

It should be mentioned here that decay rates are 

), but also by the 
parameter called the half-life (t½). The decay 

time of a particular nucleus decaying, whereas the 

of the parent radionuclide atoms to decay. The two 
quantities can be almost used interchangeably, 
because they are related by the equation:

Additionally, the issue of the abundances of the U 
isotopes and thus the adopted value of the U/235U 

in 235U because the 235U appears to have been consumed 

Lancelot, Vitrac, and Allègre 1975). The abundance 
of 235

compared to 0.725% in normal U. Thus the U/235U 

reactors appear to be rare. Therefore, until recently 
there has been no compelling evidence to the contrary, 

and minerals, and of meteorites and their minerals, by 

U/235U ratio.

can be minimized by calculating a date based on the 
207 206

from the mineral had the same isotopic composition 

isotopic fractionation. The relationship between the 
207 206

in the half-lives of U and 235U. The desired equation 

(9)

This equation has several interesting properties 

1. It involves the 235U/
regarded as a constant for all U of normal isotopic

and meteorites at the present time.

½t =ln 2/ =0.693/

2

1

207 204 235207 204

206 204 206 204 238

Pb / Pb U 1Pb / Pb
Pb/ Pb Pb / Pb U 1

t
i

t
i

e
e
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3. The left hand side of equation (9) is equal to the
207 206

(10)

isotopes.
t by algebraic

means because it is transcendental, but it can be
solved by iteration and by interpretation in a table.

when t = 0, because it yields the indeterminate result 

the differentiated functions are differential over the 
entire open interval in question, that is, over millions 
to billions of years. Applying this rule, the value of 
(207 206 t = 0) is

(11)

207 206

which forms by the decay of U and 235U at the 
present time is equal to the rates of decay of these 
two U isotopes at the present time. Substituting into 
equation (11) the relevant values for the 235U/ U 
ratio, and the decay constants 1 and 2 yields a value 
at the present time (t = 0) for (207 206

207 206

universe.)
The numerical values of (e 1t e 2t

listed in Table 1 and yield the (207 206

increasing values of t ranging from t = 0 to t
This table can be used to solve equation (9) for t 
by linear interpolation based on the (207 206

ratio calculated from equation (10). Conversely, by 
determining the (207 206

t) of 
the mineral can be calculated by linear interpolation 
between the (207 206

207 206

Although U occurs in a large number of minerals, 

methods. To be useful for dating, a mineral must be 

daughters, and it should be widely distributed in 

conditions include zircon, baddeleyite, monazite, 
apatite, and sphene (titanite). All of these minerals 
contain trace amounts of U but low concentrations 

range from a few hundred to a few thousand parts 

to the isomorphous substitution within the zircon 
crystal lattice of U  (ionic radius 1.05 Å) for Zr  

 is claimed to be 

sensitivity as a geochronometer, so zircons have for 
several decades become increasingly used for dating 

The several assumptions involved in the various 

have a somewhat tenuous validity, because they 

uniformitarian evolutionary past history. Thus 

failures of these radioisotope dating methods 
because of inheritance and contamination, contrary 
to two of three underlying assumptions involved in 

207 204207 204 207

206 204 206206 204

Pb/ PbPb/ Pb ( Pb) *
Pb/ Pb ( Pb) *Pb/ Pb

i

i

207 235
2

238206
1

Pb * U 
U Pb *

t, × 109 y e 1t e 2t 207Pb*/206Pb
0 0.0000 0.0000 0.04604
0.2 0.0315 0.2177 0.05012
0.4 0.0640 0.4828 0.05471
0.6 0.0975 0.8056 0.05992
0.8 0.1321 1.1987 0.06581
1.0 0.1678 1.6774 0.07250
1.2 0.2046 2.2603 0.08012
1.4 0.2426 2.9701 0.08879
1.6 0.2817 3.8344 0.09872
1.8 0.3221 4.8869 0.11004
2.0 0.3638 6.1685 0.12298
2.2 0.4067 7.7292 0.13783
2.4 0.4511 9.6296 0.15482
2.6 0.4968 11.9437 0.17436
2.8 0.5440 14.7617 0.19680
3.0 0.5926 18.1931 0.22266
3.2 0.6428 22.3716 0.25241
3.4 0.6946 27.4597 0.28672
3.6 0.7480 33.6556 0.32634
3.8 0.8030 41.2004 0.37212
4.0 0.8599 50.3878 0.42498
4.2 0.9185 61.5752 0.48623
4.4 0.9789 75.1984 0.55714
4.6 1.0413 91.7873 0.63930

Table 1. Numerical values of e 1t 1 and e 2t 1 and of 
the radiogenic (207 206

56, 1963). 
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depend on the decay constants or half-lives of U 
and 235

isotopic composition of U has to have been normal and 

or by occurrence of a natural chain reaction based 
235U, that is, the U/235U ratio 

at that value. So it is to the determinations of these 
crucial values we now turn.

238U and 235U Decay Half-Life 
Determination Methods

Three approaches have been used since 1932 
to determine the decay constants and half-lives of 
the long-lived radioactive U and 235U isotopes—
direct counting, geological comparisons, and critical 

determinations by both direct counting and geological 
comparisons.

Direct counting

determination of the 
weight of isotope. The -activity is counted using 
various appropriate instruments, and then divided 
by the total number of radioactive atoms in the 
sample used. In practice, determining the weights of 
samples requires: 
1. chemical analysis of the amount of uranium 

present, 
2. tests for the presence of other interfering elements, 
3. mass spectrometric analysis to determine the 

fraction of uranium present in the form of the 
desired isotope, and 

weight. 
Determining the -emission rate requires that 

negligible the overall statistical counting error, 
and

3. an energy analysis be made to determine the 
fraction of the total -activity derived from the 
isotope of interest (although an alpha spectrometer 
should not need an energy analysis with properly 
prepared samples).  

the isotopic composition of the parent element, the 
detection of very low-energy -decays, and problems 

238U decay rate
A review of the literature reveals that only nine 

U 

the U half-life remains the standard still currently 

nements to this 
directly counted value of the U half-life have been 
by critical re-evaluation of the corrected data from all 

comparisons.

determine the U decay rate various samples were 

in the form of U3
periment 

it began with a uranium compound being sprayed 

U3

1957). 

and Adams (1932, 1955) prepared their two samples 
3  out of 

chloroform onto aluminum plates. The plates were 
weighed before coating and subsequently when the 
thin U3
or surface densities of the U3
1.6 mg U3  per cm2. In contrast, Schiedt (1935) 
electroplated two samples of “natural uranium” 
on plates with a surface density of 1 mg per cm2 

a bunsen burner, presumably to U3 and weighed 
to determine the average surface density before 
measuring the -activity. And yet in a different 

both natural uranium and “highly depleted uranium” 

analyzing for residual uranium in the residual 
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al. (1971) went to great lengths to describe in detail 
the instrument they used and why they used it. They 

corrections are unnecessary when the measured 
-particles are restricted to those emitted at fairly 

large angles to the surface of the sample plate. This is 
due to the fact absorption in the uniformly-deposited, 
molecular-plated samples they used occurs only for 

-particles emitted at small angles to the samples’ 
-particles, arising 

as they do from multiple electronic scattering, are 

constant over the sample surface. Thus a counter of 

mount. In essence, this was all done so that the 

geometric corrections to the counting geometry.  

U in the -energy spectrum of the uranium sample 
was measured to determine the U half-life. As can 

measurement of the U half-life was incidental in 

who used depleted U as uranium nitrate samples 
painted onto platinum plates, which were ignited to 
U3  and weighed to determine an average surface 
density of 0.2 mg per cm2

were measured. Steyn and Strelow (1960) dissolved 
samples of natural uranium in an organic liquid 
scintillator and the -active daughters separated 

not stated, traceable to the National Institute of 

that were sealed in polyethylene ampoules. The 

aliquots had isopropyl alcohol added to them before 
being transferred to a cell in which the uranium was 
molecular-plated onto aluminum plates so that the 
surface density of U per sample varied from 0.3 to 
0.5 mg per cm2. Two different batches of depleted U 

by mass spectrometry analyses, then had their 
-activities counted.
Different instruments were used in these 

-activities 
to determine the U decay rate (half-life). Curtiss, 

Schmitt (1957), and Schiedt (1935) all used ion 
chambers, although they used various arrangements 
and alignments of the equipment. Ion chambers 
cannot distinguish between beta, gamma, or 
alpha radiation and therefore cannot produce an 

and Adams (1932, 1955) used a carefully drilled 
plate of collimator holes over their samples, so 
that each hole, in effect, acted as a low-geometry 
counter whose geometry factor could be calculated. 

(1935) used an ion chamber ( -particle counter) 
with “intermediate geometry,” whereas Curtiss, 

Leachman and Schmitt (1957) all used instruments 
with 2  geometry, the solid counting angle. In each 

self-absorption corrections needed to be calculated 
and factored into the determinations and their 
uncertainties. Such corrections, while feasible, are 

In contrast, Steyn and Strelow (1960) used a liquid 
 geometry (a wider solid counting 

Fig. 3.
intermediate-geometry proportional -counter used by 

gold conducting layer (~ 0.6 mg/cm2

voltage and signal lead.
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-energy spectrum, the pulse height is not easy to 

how they dealt with pulse pile-up where counts were 
high and during the dead times of the counters. They 
estimated the uncertainty due to dead-time losses 
was <0.005%. In any case, it is normally assumed 
that the -activity contribution of U to the total 

-activity of freshly separated uranium samples is 

interferences and thus separate and increase the U 
pulse height, samples highly enriched in U were 

can affect the determination of the 
to 
calibrate their instrument using National Institute of 
Standards uranium samples, although they did use 

of their samples for -counting.

determinations of the U half-life by direct counting 

(1971), and the fact that the U half-life value 
they determined is still the recommended value 
for use in geochronology (Villa et al. 2016), is an 

used. All the details of their equipment and their 
counting procedures are carefully elaborated in 

were statistical (standard error of the mean), based 

believed, as stated in their abstract, that if present 
any systematic errors would no more than double 

their reasons for this statement, although they can 
be deduced from their lengthy discussion assessing 
errors and uncertainties at each step in their 

several sources of systematic uncertainties were 

because the uncertainty in the U half-life value 

based on their statistical consistency tests employing 
various samples, their conclusions were found to be 

the U half-life value, based on that statement by 

that a precision alpha spectrometer with monolayer 
deposited samples has not been used subsequent 

this critical decay rate constant, since the necessary 

235U decay rate
A review of the literature indicates that 11 direct 

235U decay 

the 235U half-life have been by critical re-evaluation of 

235U
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235U half-life value 

used by convention in geochronology (Villa et al. 2016).

the 235

in the form of U3

clear how the uranium samples used were enriched 
in 235

material from recycled fuel elements containing 
235U.

The sample preparation procedures used in each 
are also not clear, but it appears that in 

solutions were electroplated onto sample mounting 
plates that were then placed in the instruments used. 

the U and 235U isotopes in the sample solutions 
and thus in the electroplated samples had to be 
determined by independent procedures. In the 

procedure involved titrations with solutions of acids 
and further weighing of the end products, whereas 

plates then used spectrophotometry or coulometry 
-counting 

spectrometers for these isotopic mass determinations.
Different instruments were also used in these 

-activities 
in the samples to determine the 235U decay rate 

chambers, although they used various arrangements 
and alignments of the equipment. It should be noted 
that ion chambers are primarily used to count  and 
 radiation, but they can be used to count -particles 

Cunningham (1952) used an ion chamber (as an 
-particle counter) with “intermediate geometry” 

state-junction detectors. As already described above, 

great lengths to describe in detail and why they used 

and Santos (1993) used a gas scintillator for the  
channel and a NaI (Tl-doped) scintillator for the  
channel.

The 235U half-life measurements were not easy to 

spectrum analyses the 235

the 
235

to 235U per unit time to obtain the 235U decay rate 
independently from the dominant U -activity 

(1993) used two different scintillators, so they 
235U by the -

coincidence from the respective channels obtained 
from respective scintillators. The gas scintillation 
proportional counter was used to measure the 
235 -activity of their 235U-enriched U3  
sample source, while the NaI (Tl-doped) solid-state 
scintillator simultaneously measured coincidently 
the 231Th, the immediate decay 
product of 235U in the same 235U-enriched U3  sample 

-activity of the 235U 
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-activity of the 

-activity of 235U by using a 
sample highly enriched in 235U (99.999%), which also 
increased the 235U pulse height and intensity (total 

-activity of 235U from the activity 
ratio 235U/ U using the full -energy spectrum. The 
235 U and 
6), and the total 235U -spectrum actually consists of 

235U 
-spectrum) lying in between and separated from the 
U and 

235U -activity and thus the 235U half-
life from the 235U/ U activity ratio depends on the 
estimate of the intensity (and associated uncertainty) 
of the central 235

the spectrum resolution, which is determined by 

sample, and the collimation of the detected -particles 

235

heights to determine their relative contributions to 

the overall 235

is differentially affected by energy straggling, this 
-particles. 

In a variation of this methodology, Deruytter and 
235U 

enriched sample to better determine the branching 
ratio of the dominant central 235

235U -activity is in the central 

7), which in the full -energy spectrum obtained 
from natural uranium disappear into the very large 

U and 
the intensity of the central 235

-counts in the tailing on the low energy side of the 

accurate than ± 3%.  

the U and 235U half-lives yielded results that 
are not compatible with one another within the 
stated uncertainties, it would appear that not all 
the measurement uncertainties may have been 
accounted for, and therefore the stated uncertainties 

have been plagued by unrecognized systematic 
errors. As the nature of these errors is obscure, it 
is not straightforward to decide which of the, often 
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intriguing that in spite of the determinations of the 
half-lives via geological comparisons and critical 

since 1971 the geochronological community has still 

listing realistic uncertainties, will not be given the 
weights they deserve—this aside from the question 

do not always agree within the stated uncertainties. 
In any case, there is a natural tendency for bias 
towards the most recent measurements as though 
the more “modern” equipment and methodologies 
guarantee better results, when in fact the earlier 

involved and careful with their equipment and 

U and 235U half-
lives are still the recommended values in use today, 
that at least discounts any overreliance by the early 

methodologies. In contrast, the more recent efforts to 
better determine these half-life values via geological 
comparisons and critical review reevaluations of 

computers, which has resulted in convergence of the 
recommended half-life values.

Geological comparisons
The second approach used by secular scientists to 

determine the U and 235U decay half-lives has been 
to use geological samples (uranium ores or uranium-

their 206 207

206 207

are then used to evaluate the U and 235U half-
lives via the present-day 235U/ U activity ratio. In 
some instances, the ages of the samples were cross-

procedures all essentially involve circular reasoning, 
because it is being assumed the radioisotope dating 

ethod, give the 
reliable dates from which the U and 235U half-

radioisotope ages into agreement. It should be noted, 
however, that this is hardly objective, because all the 

underlying unprovable and suspect assumptions on 
which all the radioisotope dating methods are based. 

the U and 235U half-lives by using uranium ores 
whose ages had been determined by measuring 
206 U and 207 235

measured 206 207

evaluate the present-day ratio R = (activity of 235U)/
(activity of 

235U half-life. 

on uranium-containing minerals that were relatively 
young so as to minimize any effect of partial leaching 

206 207

was used as being equivalent to the activity ratio R. 
U half-life, the 235U half-

life could be calculated.

determined values of the U and 235U half-lives by 

U/206

235U/207 207 206

and obtained large statistically equivalent datasets 
yielding 207 206

than the 206

concluded that these results suggested inaccuracies in 
the mean values for one or both of the U and 235U 
half-lives, so they used these datasets to calculate a 
new ratio of the U and 235U half-lives with very high 
precision (± ~0.02%) and thus new values for the U 
and 235

Such a restriction in itself already introduced a bias. 

younger samples were chosen so that the corrections 
for intermediate daughter isotope disequilibrium 

grains for the apparent perfect concordance of their 
U/206 235U/207 207 206

the U and 235U half-lives used in the age calculations. 
In all these studies the 235U half-life was determined 
from the 235U/ U activity ratio by assuming the U 

assuming the isotopic ratio U/235U is constant at 

This method has the disadvantage that it involves 
geological uncertainties, such as whether all isotopic 
systems closed at the same time in the various 

physical counting. Nevertheless, this approach 
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three different dates obtained from the radioisotopic 
235U half-life and 

thus the 235U/207

the U/206 U half-life is the 
accurately determined standard and the isotopic 
ratio U/235

Thus, because the half-life of U is claimed to be the 

the half-life of U. 

Critical review and reevaluation
Several studies focused instead on critically 

reviewing and reevaluating all the laboratory direct 
counting determinations of the U and 235U half-lives. 

the -ray energies and emission probabilities of each 
of the isotopes in the U decay chain, and the - 
and -particle emission probabilities to reevaluate 
the U decay half-life value. Similarly, de Laeter 

assessment of the recommended values for the U 
and 235U half-lives, presumably based on a review of 

The most comprehensive and thorough critical 

of U and 235

direct counting data and divided them into four 
groups. 

In Group 1 were the direct measurements of 
U and 235U (decay rate per 

microgram of the particular isotope). They listed the 
requirements to thus accurately determine the U 
and 235U half-lives as:
1. accurate chemical analysis of the sample material

2. mass-spectrometric analysis to determine the

3. a sample-preparation technique that ensures each
sample to be decay-counted contains an accurately

Then an accurate and precise measurement of the
-emission rates of U and 235U requires:

-emission rate by

5. analysis of the -energy spectrum using the

resolution to derive the fraction of the total
-activity associated with the U and 235U isotopes 

uncertainty is the square root of the number counted. 
Since uranium today has a very long half-life, it 

a small uncertainty.
Additional requirements they cited are the 

accurate determinations of the counting solid angle 
), and scattering effects due to the sample 

and apertures must also be reliably estimated. 
U 

and 235U isotopes in the respective samples used also 
minimizes systematic uncertainties, in particular 
with respect to the 
6 again). Thus they highlighted that compared to 

characterized by sample materials with very high 
isotopic enrichments—(99.9790 ± 0.0001) atom % and 
(99.9997 ± 0.0001) atom % for the two batches of U, 

235U.

U employing natural uranium samples. With this 
method the total -activity of natural uranium was 
measured and the contribution of 

-activity was 
due to 235U, secular equilibrium between U and 

U, and a virtually constant U/235U ratio. Where 
it was assumed U and U were not in secular 
equilibrium, the -activity due to 

-activity.
Then in Group 3 they placed measurements of 235U 

relative to U. This was done by using an -particle 
spectroscope to determine the activity ratio 

(12)

The 
U, 235U, and 

235U -activity is 

the dominant U and 
of the 235U -spectrum is hidden under the U and 

problems inherent in estimating the intensity of the 

relative uncertainties in the estimated branching 

measurements by Ghiorso (1951), White, Wall, and 

ratio N(235U)/N( U) (usually written as 235U/ U) 
was assumed to be constant.

235 238

235 238
235 238

( U) / ( U)
( U) / ( U)

R A A
N N
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published 235U decay data for -ray, electron, and 
-particle emission probabilities and produced a 

revised 235U decay scheme. They also tabulated the 
235U half-life 

virtually the same mean and weighted mean values.  

International Union of Geological Sciences (IUGS) 
with the independent reanalysis and reevaluation 
of the available data on determinations of the U 
and 235

the 

Then after a lengthy discussion of the dependence 
of the determination of the 235U half-life value on 
the adopted U half-life value, the effect of the very 
recently recognized variability in the U/235U ratio, 
and various analytical effects such as instrumental 
mass fractionation, Villa et al. (2016) saw no 

the 235U half-life and its associated measurement 

Results of the 238U and 235U Decay 
Half-Life Determinations  

of the decay constants and half-lives of U and 235U 
have been made using these three methods. The 
results are listed with details in Tables 2 and 3. The 
year of the determination versus the value of the U 
and 235

10 respectively, along with the error bars for each 
determination as per the error values or uncertainties 
listed in Tables 2 and 3 respectively. In each case the 
data points plotted have been color-coded the same to 
differentiate the values as determined by the three 
approaches that have been used—direct counting, 

critical review and re-evaluation.

Discussion
The decay of U and 235U to 206 207

respectively, forms the basis for one of the oldest 

there has been intensive and continuous effort 

) 
in particular has been the focus of thousands of 

235U relative to U. These involved the determination 
of the present activity ratio R [equation (12) above] 
by using inverse geochronological methods from the 

207 206

ratio the radiogenic 207 206

by subtracting the initial (207 206
i ratio at the 

time of mineral formation. The basic transcendent 
relationship then is

(13)

The present activity ratio R is thus determined 
from the ages of the minerals (t), the half-life ratio 
is obtained from the present 235U/ U ratio (which 
is assumed to be constant), and thus the 235U half-
life is determined relative to the U half-life (which 
is assumed to have been accurately determined). 

in a plot of 207 206 t for a given , each 
curve characterized by a certain activity ratio R. The 

R.

determinations of the U and 235U half-lives in 

from their further consideration due to perceived 

aware of a demonstrable problem in any of their 

from the remaining accepted revised half-life values, 
the internal uncertainty (from “error propagation” 

uncertainty (based on the scatter of the data) were 
estimated, and the larger of the two was usually used 

mean values of the U and 235 half-lives and their 

et al. (1971) for both isotopes, and therefore essentially 
U 

measurements carried out with natural uranium 
only the revised values and associated uncertainties 
assuming that U and U are not in equilibrium 

the results obtained for the 235U half-life relative to 
the U half-life depend on the adopted value of the 

238 235207 235
238

206 238
238

exp ( U / U) ( ) 1Pb * U
exp( ) 1Pb * U

R t
t
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geochronological studies, because of its ubiquity 

2001). Such resistance to isotopic resetting is claimed 

zircons and thus isotopic resetting due to radiation 

No decay constant or half-life of any radionuclide 
used for geochronology has been (or, arguably, can be) 
more-precisely measured than those of U and 235U—
a consequence of the mode of decay (alpha), favorably 

short half-lives, and the availability of large quantities 

accepted as reliable by the geochronology community 

limits) of 0.11% for 235U, with the 
somewhat cryptic statement that “systematic errors, 
if present, will no more than double the quoted 
errors.” Thus it is hard to believe those quoted errors, 
given the measurement apparatus used in these 
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U 
and 235U decay half-lives they essentially doubled the 
uncertainties.

Not one U-Pb dating method

geochronology on such minerals as zircon, in 
1976 the IUGS Subcommission on Geochronology 

et al. (1971) must be the basis for any standard set of 

not addressed by this recommendation, however, 

the effects of the uranium decay constants or half-

portions of the respective isotopes:
1. The 206 U age, from t 206 U)/   

[equivalent to equation (6) above]
2. The 207 235U age, from t 207 235U)/ 235  

[equivalent to equation (7) above]

3. The 207 206

207 206 235t t 235U/ U)today
[equivalent to equations (9) and (10) above]

the intercepts of the linear trend of the analyses
of several cogenetic samples with the concordia

207 235 206 U
(Wetherill 1956), or “Tera-Wasserburg” (Tera

U/206

y = 207 206

206 U-207 235U age-concordance can be
assumed.

constants or half-lives in different ways (Ludwig 

clear-cut way to implement the recommendations 

straightforward solution is to select the 206 U 

Year Half-Life (Byr) Uncertainty (Byr) Instrument Notes Source

1932 4.508 ±0.018 Ion chamber Grid collimator Kovarik and Adams (1932) 

1935 4.42 ±0.03 Ion chamber Intermediate geometry Schiedt (1935)

1941 4.514 ±0.009 Ion chamber 2  geometry Curtiss, Stockman, and Brown 
(1941)

1949 4.511 ±0.005 Ion chamber 2  geometry, Natural U Kienberger (1949)

1949 4.489 ±0.010 Ion chamber 2  geometry, 238U Kienberger (1949)

1955 4.507 ±0.009 Ion chamber Kovarik and Adams (1955)

1957 4.56 ±0.03 Ion chamber 2  geometry Leachman and Schmitt (1957)

1960 4.457 ±0.007 Liquid scintillator 4  geometry Steyn and Strelow (1960)

1971 4.4683 ±0.0024 Proportional counter Intermediate geometry

1990 4.468 ±0.005 Reevaluation of non-
neutron nuclear data

Coursol, Lagoutine, and 
Duchemin (1990)

1994 4.47 ±0.020 Reevaluation of 
measurement data

Duchemin, Coursol, and Bé 
(1994)

2004 4.468 ±0.005 Weighted mean
Critical review of 
corrected experimental 
data

Schön, Winkler, and Kutschera 
(2004)

2004 4.449 ±0.017 Mean
Critical review of 
corrected experimental 
data

Schön, Winkler, and Kutschera 
(2004)

2006 4.4712 ±0.0031 Geological comparisons Schoene et al. (2006)

2010 4.4674 Geological comparisons Mattinson (2010)

2016 4.4683 ±0.0096 Critical review of 
experimental data Villa et al. (2016)

Table 2. Determinations of the 
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system as the standard for age normalization. Ages 
derived from this system are supposedly the least 
affected by decay constant or half-life uncertainties 
of any simple system, and they are without the 
complications of the dual-system ages of schemes 
(3) through (5) above, whose precision advantages

any case. At any rate, because of the complicated

differential effects of the two U half-lives, it is 

concordia-intercept, or “concordia” ages always 
include the effect of the half-life uncertainties. 

can improve the precision of the ratio of the two U 

Year Half-Life 
(Myr)

Uncertainty 
(Myr) Instrument Notes Source

1939 713 ±16 Mass spectrometer
Geological comparison using 
activity ratios of U ores of 
“known” ages

Nier (1939)

1949 880 ±110 Ion chamber ion-chamber 238 Kienberger (1949)

1950 753 ±22 Ion chamber 235U Knight (1950)

1951 707 ±33 Ion chamber Measured from activity ratio Sayag (1951)

1952 713 ±16 Ion chamber 235U Fleming, Ghiorso, and Cunningham 
(1952)

1952 710 ±16 Correction of Knight (1950) Fleming, Ghiorso, and Cunningham 
(1952)

1957 767 ±43 Ion chamber Measured from activity ratio Clark, Spencer-Palmer, and 
Woodward (1957)

1957 684 ±15 Ion chamber Measured from activity ratio Würger, Meyer, and Huber (1957)

1965 692 ±9 Si solid state detector Measured from activity ratio Deruytter, Schroder, and Moore 
(1965)

1965 713 ±9 Solid state detector 235U White, Wall, and Pontet (1965)

1966 708.6 ±7.3/2.9 Mass spectrometer
Geological comparison using 
activity ratios of U-bearing 
minerals of “known” ages

Banks and Silver (1966)

1971 703.81 ±0.48 Proportional counter 235U

1974 685 ±9 Si solid state detector
235U activity using central state 
branching ratio

Deruytter and Wegener-Penning 
(1974)

1993 704 ±1 Gas and NaI 
scintillator

235U by -  
conincidence Bueno and Santos (1993)

2000 703.05 Geological comparisons of 
zircons <200 Ma Mattinson (2000)

2003 703.7 ±1.1
Critical review—International 
Union of Pure and Applied 
Chemistry report

De Laeter et al. (2003)

2004 706 ±7 Mean Critical review of corrected 
experimental data

Schön, Winkler, and Kutschera 
(2004)

2004 704 ±1 Weighted mean Critical review of corrected 
experimental data

Schön, Winkler, and Kutschera 
(2004)

2006 703.06 ±0.04 Geological comparisons 
(anchored to 238U half-life) Schoene et al. (2006)

2009 706 ±9 Mean
Reevaluation of corrected 
(Schön, Winkler, and Kutschera 
2004) 235U decay data

Xiaolong and Baosong (2009)

2009 704 ±1 Weighted mean
Reevaluation of corrected 
(Schön, Winkler, and Kutschera 
2004) 235U decay data

Xiaolong and Baosong (2009)

2010 703.05 ±0.58 Geological comparisons 
(anchored to 238U half-life) Mattinson (2010)

Table 3. Determinations of the 235
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can be realized. 

More accurate determinations still needed
As stated earlier, it is incredible that a precision 

alpha spectrometer with monolayer deposited 
samples has not been used subsequent to the 

critical decay rate constants, since the necessary 

raised the question of whether these two uranium 
isotopes “will continue to provide the most accurate 

recommended values for the U and 235U half-
lives because they felt the weighted mean values 
and their uncertainties their critical review and 
reevaluation provided are obviously dominated 

as “far from satisfactory,” as in the intervening 

with comparable accuracy. In their judgment, 
recommended values of the U and 235U half-lives 
would require at least two concordant results of 

they regarded the unweighted mean half-life values 
as more reliable within their uncertainties, they still 
miss the accuracy demanded by the geochronologists 
who use them, so they are thus of limited use. Indeed, 
based on the enormous increase in accuracy of mass-
spectrometric measurements, geochronologists 
now consider the uncertainties of the U and 235U 

mass-spectrometric techniques further improving 

concerted efforts be made to re-measure the U 
and 235U half-lives with improved accuracy. They 
argued that chemical and mass-spectrometric 

highly enriched samples and be combined with the 

order to achieve accuracies in the order of 0.1%. 

accuracy better than 1% is a tall order even with 

-XL and 
-  coincidence counting could be advantageously 

applied for decay-rate measurements on U and 
235U samples, respectively. They suggested that high-

235U). 

techniques should also be considered as appropriate 
counting methods, as already demonstrated in their 
view by Steyn and Strelow (1960) in determining the 

determining the 

Philosophical considerations

“Call for an improved set of decay constants for 
geochronological use,” per the title of their paper. 
They had concluded that among all radioisotope 

et al. (1971) has never been repeated with a claim 
for a comparable accuracy. Therefore, they conceded 

(1971) decay constants and half-lives are “gospel.”

ages based on the decay of uranium are used currently 
as standards to derive the decay constants and half-
lives relevant to other radioisotope dating systems 

constants and thus half-lives derived from counting 

To then say as they do that it is thus almost a 
philosophical question whether or not this calibration 

radioisotope half-lives should be changed by repeating 

that geochronologists have chosen not to do further 
direct counting determinations of these half-lives 
lest the results overturn their neat scheme of cross-
calibrations against the accepted U half-life value. 
In other words, they admit that, because they tacitly 
assume the different parent radioisotopes should 

in them must have all started at the same time zero 

the assumed millions of years at today’s measured 
rate, it is legitimate to adjust the other half-lives 
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that there are some lingering doubts as to what the 

errors, if present, will no more than double the 
quoted errors” might have been based upon. Indeed, 
it is hard not to have serious doubts about the stated 

of improving on the accuracy of the decay constants 
and half-lives of both 235U and U would still be that 

al. 2000), and that in turn has implications as to 

all the relevant decay constants and half-lives are 
in need of improvements, especially those of U 
and 235U. They agree that ideally redeterminations 
should be attempted by repeating direct counting 

technique. They still favored cross-calibration with 
geological comparisons, even though they had 
already admitted that such age comparisons by their 
very philosophical nature eliminate the possibility 

should not be considered in determining basic 
physical “constants” such as decay rates. They can 

calibrations by geological comparisons certainly 
would strengthen their “belief” in any new values 

they suggested it would be necessary to involve 

ut then is it fair 

desired level of accuracy will hardly be attainable by 

being a side effect of measurements with entirely 

dedicated to the special purpose of improving the 
accuracy of the decay constants would bring the 

room for improvements by employing isotope dilution 
methods to determine the number of radioactive 

unbiased NIST standards must come into play in 

instead of the biased standards employed in the Ar-

Ironically, the more recent scathing “meta-analysis 

the geochronology community. Their “meta-analysis” 

determination study:

2. It must describe the radioactive sample in detail,
including weight, and elemental and isotopic

5. It must not be superseded by, or included in, later

6. It must include measures of uncertainty derived
from presented data.
What they also stated was that “decay constants

are, literally, physical constants,” which was an 
admission of their bias that radioisotope decay rates 
cannot have varied in the past but must have always 
been constant.

235U 

of the 

not applying objective criteria, and suggested that 
the paucity of reliable U decay studies is far more 

et al. (2001) for new determinations of the U and 
235U half-lives, and stated that a priority for the 
geochronological community must be support of 
new, high precision and accuracy measurements. 

system for geochronology, the U and 235U decay 

al. (1971), although analytical capabilities have been 

concluded that the availability of highly enriched 
235U and its short half-life relative to U suggests 

superior precision and accuracy. And until the U 
decay constant is remeasured through laboratory 
equipment, other geochronological systems (

Sm, etc.) should instead be calibrated to 235U rather 
than 
increase the 235U half-life uncertainty by more than 

radiometric systems is the limiting parameter in 
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achieving absolute age accuracies of better than 

decay system, absolute time accuracy requires 

of half-lives, but “this cannot occur if we continue to 

incomplete, 1970s-era nuclear physics reports.” 

and accuracy using the best contemporary facilities.” 

community to abandon their assumption of constant 
radioisotope decay rates!

Limitations of age comparisons
Determining the U and 235U decay constants and 

half-lives from age comparisons has been attempted 

et al. (2001) rightly point out, changing perspectives 
on which criteria guarantee that a geological event 

force a revision of some of the results based on this 
approach. At present, more often than not, the 
uncertainties assigned to decay constants and half-

of zircon and other mineral grains were obtained and 

mass spectrometry analyses, as per equation (13) 
above. To legitimately do so there are requirements 
that need absolutely to be met: 

components of them are primordial (that is, the

to U decay, and what components have been lost
207 206

U/206 235U/207

(Tera and Carlson 1999).
2. The uncertainties in the determined radiogenic

been derived by U decay) have to be propagated
into the derived decay constants and half-lives.

U/235U
ratios must be propagated into the derived decay
constants and half-lives.
Ironically, charged by the IUGS with the

and guidance on determining from critical review 
and evaluation of all previous measurements and 
evaluations of the U and 235U half-life values, Villa 
et al. (2016) did not substantiate or even reiterate the 

direct counting determinations of the U and 235U 
half-lives with at least comparable, if not improved, 
accuracy. The fact that they do not call for such new 

of the U and 235

futile.

determinations of the 238U and 235U half-lives

instrument. This appears to have escaped the notice 

it is clearly evident that apart from the U half-life 

higher that those obtained in the 1960 and 1971 

obvious from the details provided in Table 2. The pre-

to count the U, whereas the 

and a proportional counter respectively. Any new 

several different types of counting instruments with 
the same counting geometry and the same samples 

the choice of counting instrument type.
In contrast, there are no discernible differences in 

the determined 235U half-life values using different 
types of counting instruments. In their critical review 

determination because it was so obviously in their view 
an outlier with huge uncertainties, as can be clearly 

235U half-
U half-life 

determination using the same equipment) because 

U half-life determination using 
the same equipment is acceptable, the rejection of 
his 235U half-life determination may only be due to 
the assumption of constant decay rates made by 

the 235U half-life values determined by ion chambers 
235U half-

life values determined by solid state detectors vary 
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might harness liquid scintillators as an appropriate 

a gas scintillator and a NaI (Tl) scintillator for -  
coincidence determinations, but that was due more 
to their use of a correction factor being deemed 
inappropriate.

In any case, no one thus far has attempted to 

the U half-live values obtained using ion chambers 
versus using a liquid scintillator or a proportional 
counter. It could be due to the media used in each 
instrument through which the -particles have to 
travel from the sample to the detector. In the early 
ion chambers this was typically ambient air, whereas 

at low pressure, which is now typically used and is 

liquid scintillator used by Steyn and Strelow (1960) 
the medium would have been a solvent consisting 
of aromatic organics such as benzene or toluene, 
with typically some form of a surfactant, and small 

scintillators. The choice of medium used within the 
instrument thus determines how the -particles will 
interact with it. A medium with larger molecules 

-particles so they 
are not counted, as will a denser medium in which 
the molecules are closer together. Thus any new 

of different media in different counting instruments. 

type of solvent is critical in determining the counting 

the problem of the medium. 
Allied to the choice of instrument type is the 

geometry of the sample sizes to the sizes of the 
detector windows, which is related to the construction 

any -particles which have emission trajectories 

not be counted. That is why it was argued that the 
instruments with the widest counting angles should 
have given the best results, because the detectors 
count more and miss fewer -particles. This is why 

counting geometry corrections are so fundamentally 

the direction of -particles emitted is random, then 
one can treat the detector as receiving a random 
sample within a given solid counting angle. All of the 
emitted -particles can be calculated using the ratio 
of the solid angle of the detector with the solid angle 
of a sphere surrounding the 
factor, and whether natural or enriched uranium was 
used as the samples to be counted, does not appear to 
be more important than the type of instrument used.

the U half-life determinations is the fact that 
the -particles emitted by U decay span a wide 

-particles emitted 
by U decay have a narrow band of energies that 
when count numbers are plotted against energies 
results in a distinctive and large 

-particles emitted by U 
decay have lower and higher energies on the edges 

to that is the problem that the energies of some of 
the -particles emitted by 235U decay overlap with 
not just the tails of the energies of the 
but also with the energies within the 

-particles 

to use separate samples enriched in U and 235U 
respectively, so as to minimize and even eliminate 
the overlapping of the energies of -particles 
from U and 235U (and U). Nevertheless, there 
still remain two issues crucial to the accurate 
determination of the U half-life and the quoted 

for measuring the number of counts ( -particles) 
in the 
across the remainder of the energy spectrum should 

-particles, or other 

to all determinations of the U half-life regardless 
of the counting instrument used and its counting 
geometry, and whether natural or enriched uranium 
is used for the counting sample. 

the total -activity measured is due to 

of 
the -activity was due to 235U, secular equilibrium 
between U and U, and a virtually constant 

U/235U ratio. Where it was assumed U and 
U were not in secular equilibrium, the -activity 

due to 
U 



23Determination of the Decay Constants and Half-Lives of Uranium-238 (238U) and Uranium-235 (235U)

unrealized variations in these assumptions so that 
they can be factored into the determined U half-

secular equilibrium between U and U, and 
the U/235U ratio. So this is why enriched samples 
are preferred, but even then such samples need to 
be carefully analyzed not only to determine their 
purity, but also the identity of any impurities so that 
their effects can be factored into the U half-life 

of U with very high isotopic enrichments, namely, 
99.9790 ± 0.0001 atom % and 99.9997 ± 0.0001 atom 
%, but some atoms of 235U and U were still present 
which would still have had some minor effects on the 
statistics of the U half-life determination.

Similar considerations apply to the 235U half-life 
determinations. Two procedures have been adopted—

235U primarily using 
samples enriched in 235U, or measuring the U/235U 
activity ratio using natural uranium samples (table 3). 

to measure the total energy spectrum of -particles 
and to then distinguish and quantify accurately the 
separate -particle spectra contributions of U, 
235U, and U. The 235U -spectrum in particular is 

-spectrum for natural uranium samples because it 

U and U 

the 
bandwidth chosen for measuring the number of 
counts ( -particles) in the 235

counts across the remainder of the energy spectrum 
-particles. 

Allied to all these considerations is the necessary use 
of the U/235U ratio in these two procedures, and also 
when a mass spectrometer is used to analyze for the 
isotopic ratios. Up until recently the U/235U ratio 
has been assumed to be essentially constant, though 

considerations have resulted in much uncertainty 
about the accuracy of the 235U half-life determinations, 
and very much larger error margins being attributed 

U half-life 

quoted error margins listed in Tables 2 and 3.

-activities, the detection of very low-energy 

atoms compared to the size of the -particle, some 
-particles will inevitably be absorbed within the 

samples, never getting emitted beyond the samples’ 
surfaces, and thus are not counted. Then there are 

-activities, even for highly 
enriched samples. Thus one has to be sure that the 
counting period is long enough to accumulate a large 

-particles to ensure 

and counting of the very low-energy -particles. 
And the last important aspect to be considered are 

includes, but is not restricted to, the reaction and 
recovery times of the ionizing gas in the ion chamber 
or proportional counter, and of the scintillator in 
solution in the liquid scintillator, and the dead-times 
in between the generated pulses being transmitted 
to the recording end of the instrument and pulse pile-
ups during high counting episodes, that is, through 
its electronics.

to the determined U and 235U half-life values and 
the error margins that should be reported, so that 
the accumulative impact of them all is substantial. 

that the half-life values have been determined 
accurately and to also quantify what the total 
uncertainty might be for each determined half-life 
value. The combined effects of these uncertainties 
have a huge impact on the accuracy and uncertainties 

determined U and 235U half-life values.

Dependence on the 235U half-life 
on the 238U half-life

There is no question that every determination 
of the 235

the U half-life. This is clearly evident from 

U 
half-life is used in the calculation of the 235U half-
life. This is not only apparent in the direct counting 

mineral samples (Villa et al. 2016).
This necessity compounds the problems and 

uncertainties of accurately determining the 235U half-
life. The uncertainties associated with determining 
the U half-life add to the greater uncertainties in 
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determining the 235U half-life, as already discussed. 
U -spectrum 

235U -spectrum 
U 
U 

and 235U half-life determinations, especially the latter 
because of the branching ratio that results in the two 

235

enriched in U and 235U respectively for separate 

some of these issues, one still has to assume secular 
equilibrium between U and U.  U is produced by 
decay of 

through the counting period. That disequilibrium has 
been recognized as a problem is noted by Villa et al. 
(2016), who pointed out that geological comparisons 

for ingrowth of U. And then there is always the 
-energy spectrum which 

has to be accurately evaluated and subtracted from 
the U, 235U, and 

Variations in the critical 238U/235U ratio
There is also no question about the critical 

U/235U ratio 
in both determining the U and 235U half-lives, and 

U 
and 235U half-lives. It is also worth noting here, that if 
there was accelerated decay in the past during some 

235U and U 
decay constants changed proportionately, then the 

U/235U ratio may have been higher in the past, say 

of today’s 0.72%) 235U at the time of the nuclear 

235U and 

group 2 U half-life determinations and their groups 
235U half-life determinations all required the 

use of the U/235U ratio, which was assumed to be 
constant. It appears in equations (12) and (13) as a 
necessity for calculating the 235

the essential conditions necessary to achieve reliable 
206 207

that is, the U/235

if this ratio is a discontinuous function of time then 

U/235U ratio 
appears in equations (9) and (11) for calculating 
207 206

2005). This demonstrates how the U/235U ratio is 

and thus their viability and accuracy hinge on that 

U/235U 
ratio in natural uranium was reported widely in 1976 

had already been investigating this discovery for 

Vitrac, and Allègre 1975). Investigators had been 
searching for some time for isotopic variations in both 
uranium ore minerals and uranium ore concentrates 

available instruments was inadequate to quantify 

1960). Nevertheless, the search continued for more 
than two decades for variations in the abundance of 
235U, and thus in the U/235U ratio in uranium ores, 

U/235U 

a consequence of the difference in nuclear sizes and 
shapes of isotopes. Unless both uranium isotopes 

235U with 
an odd number of neutrons has a smaller nucleus 
relative to nuclei with an even number of neutrons, 
such as those of U. This results in different bond 
strengths, with U preferentially incorporated into 
the more condensed solid phase. Schauble (2007) 

U/235U ratios 

with the highest U/235U ratio in more reduced 

the electron cloud shifts due to the orientation of the 
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ab initio 
relativistic molecular orbital study for the U-235U 
pairs showed that the nature of ligands surrounding 
uranium atoms effects isotope fractionation caused by 

difference of the various uranium isotopes would be 
the dominant cause for fractionation if those isotopes 
are in elemental form.

to detect much smaller variations in U/235U 
ratios than in the past. This has been because of 

(per mil) for U/235

though it easy to be dubious about the quoted error. 
Thus recent investigations of natural terrestrial and 

in the U/235

mil) deviations from a U/235

the hitherto fore accepted value which has been, and 

than four decades. 

characterize prepared natural and synthetic uranium 

ratios that can be therefore used as U/235U ratio 
standards against which the deviations in U/235U 

et al. (2010) reported a study in which a frequently 

was reanalyzed in a collaborative effort by several 

found that whereas the consensus U/235U ratio value 
for this standa
indicated that the value is actually 0.031% lower at 

that accurately. Independently, Condon et al. (2010) 
rminations of the U/235U ratios of a 

suite of three commonly used natural and two synthetic 

They reported the U/235U ratio values they obtained 

Variations in the 238U/235U ratio 
in uranium ores

Among the natural uranium samples that have 
been tested for their U/235U ratio values are 
uranium ores and ore concentrates from various types 

ago Cowan and Adler (1976) reported a statistically 
U/235U ratio 

ore standard. Interestingly, they found that the 
variations in the U/235U ratio values when plotted 
grouped into two modes, one for “sandstone” type 

the standard value, and one for what they termed 
“magmatic” type ores whose mode plotted just below 

depleted values in the “sandstone” type ores were due 
to chemical differentiation of the U isotopes during 
transport of the U in solution in groundwaters and 

suggested that the different U/235U ratio values 
for different uranium ores provided unique isotopic 

from three Australian mines, though their U/235U 

added to them high precision U/235U ratio values 

representing the same two uranium deposit types. 
They found that samples from the tabular sandstone-
type uranium deposits whose ores precipitated from 
groundwaters at low temperatures were depleted in 

0.0

238U/235U

235U137.88

Fig. 11. Summary plot of the U/235U ratio values for 
natural and synthetic uranium standard samples 
obtained by Condon et al. (2010), showing the absolute 
and epsilon  scales relative to the consensus value 

reproducibility, and the lighter grey band represents 

).
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235

uranium deposits whose ores precipitated at 
high temperatures. They attributed this offset to 
temperature-dependent fractionation of the U isotopes 

reduction of U  to U  in ambient temperature 
groundwaters during ore deposit formation. 

U/235U 

forty samples of U ore concentrates from three 
major uranium depositional settings based on 

quartz-pebble conglomerate deposits. Their results 

to form the ore deposits is the primary factor 
affecting U/235U fractionation, because the low-
temperature deposits are, on average, isotopically 

U/235U ratios coupled with 235U/ U ratios in the 

transition (U  to U ) at low temperatures is the 
primary mechanism of U/235U fractionation, and 
that preferential leaching from aqueous alteration 
plays a very limited role, if any, in fractionation 
of the U/235U ratio. They concluded that the 

direction and magnitude of this fractionation 
consistently follow the predictions of the nuclear-
volume effect associated with heavy elements (Abe 

and are opposite to the fractionation patterns of 

Such investigations also focused on U-bearing 
minerals, not just on uranium ore deposits (Uvarova 

variations in the U/235U ratio values for 126 
uranium ore mineral samples (primarily uraninite, 

uranophane, and becquerelite) and nine samples 
of the rhyolite which is regarded as the source of 

ore minerals from calcrete, diagenetic phosphate, 
quartz-pebble conglomerate, intrusive (magmatic)-
related, metasomatic-related, volcanic-hosted, 
sandstone-hosted, vein-type, and unconformity-
related uranium deposits. Their results are plotted 

U values of these uranium 

0/00 for 

mineralization associated with igneous systems, 
including low-temperature calcretes that are sources 
from U-rich minerals in igneous systems, have low 

the crustal source of uranium and the effectiveness 
of the trapping mechanism. Uranium minerals in 
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Fig. 12. 235U contents of various global 
uranium ores as determined by Cowan and Adler (1976) 

distribution of samples’ values, with “sandstone-
type” ores being offset to lower (235U wt.%) relative to 
“magmatic-type” ores.

CRM129-A 238U/235U = (137.631 ± 0.018)
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Fig. 13.
study plotted by depositional style and U/235U ratio 
values. The solid lines represent the average group 

U/235U ratio values and the two standard deviation 
error is shown for each depositional style in dashed 
lines. The reported U/235
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basin-hosted deposits have higher and more variable 

grade unconformity-type, vein-type, and sandstone-

They concluded that the U/235U fractionation 

variations in U/235U ratios are small in high-
temperature magmatic- and metasomatic-related 
deposits and in cases where mobilized uranium from 
an igneous protolith is effectively precipitated in 

U/235U 

a result of U enrichment as U  in the reduced 
2

alteration/recrystallization of uraninite wherein 
235

2
U values of uranium minerals are 

controlled by the isotopic signature of the uranium 

2 systems, and the degree to which uranium was 

from temperature of ore formation and later alteration 
of the ore. All these conclusions have subsequently 

Variations in the 238U/235U ratio in 
U-bearing accessory minerals

U/235

geochronology (zircon, monazite, apatite, titanite, 

metamorphic petrogenetic settings and geographic 
U/235U 

to any petrogenetic, secular, or regional trends. The 

latter titanite and two other samples are not shown in 
 because of also yielding high U/235U values, 

that variation in U/235U between comagmatic 

) indicates crystal-chemical 
control (magmatic or mineral crystallization) and/or 
petrogenetic control (incorporation of uranium from 
a protolith with fractionated U/235U into a parental 
magma) on U/235U fractionation processes that 
operate at magmatic temperatures. 

U/235

range of ~1

baddeleyite fall within the U/235U compositional 

a mean U/235

deviation of 0.022. They thus proposed that this 
) should 

composition and variability of terrestrial zircon, and 
it is broadly representative of the average crustal and 

U/235U composition.

Variations in the 238U/235U ratio in meteorites
The U/235U ratio has also long been assumed 

al. (2010b) reported variable U/235U ratios for 
calcium-aluminum-rich inclusions (CAIs) from the 
Allende carbonaceous chondrite ranging between 
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ages. They also found a correlation of the U/235U 

Th/U and Nd/U), which they reasoned provided 

strong evidence that the observed variations of 
U/235U ratios in the CAIs were produced by the 

Cm) in the postulated 
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evolutionary scenario for the early solar system. 

be convenient ways to yet again come up with an 
unprovable deep-time evolution-based hypothesis 

U/235U 
ratio analyses for a wide variety of meteoritic 
materials have now been reported by Amelin et al. 

In their study, Goldmann et al. (2015) combined 
their U/235U ratio analyzes with those from the 

16). They found the U/235U ratios range between 
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the U/235U ratios of 20 of the 27 meteorites they 
analyzed overlap within analytical uncertainties 

U/235U 

the average U/235U ratio of all investigated 
meteorite groups overlaps with that of terrestrial 

et al. (2015) did not show a negative correlation of 
U/235

235U 
Cm 

in the early solar system. They concluded that the 
solar system must have a broadly homogeneous 

U/235U composition, because only a limited number 
of meteorites appear to display detectable variations 
in U/235 Cm 

the U/235U ratio variations detected in CAIs and 
ordinary chondrites, respectively. 

Therefore, Goldmann et al. (2015) calculated 
the average U/235U ratio of the investigated 
meteorite groups (including the data compiled 
from the literature) and the terrestrial basalts as 

all propagated uncertainties). They thus argued 
that this value represents the best estimate for 
the U/235U composition of the earth and the solar 
system. They also argued that this value should now 

materials, provided the precise U/235U composition 

Variations in the 238U/235U ratio 
in natural materials

measurement of U/235

were established, some of the earliest investigations 
of the natural fractionation of U/235U were those 

who analyzed seawater, groundwater, river water, 

manganese nodules, banded iron formations, and 
uraninites. Tissot and Dauphas (2015) analyzed the 

U/235U ratios in a large number of a wide variety of 

and evaporites. They then combined their data with 
that available in 32 studies reported in the literature, 

including the studies of uranium ores and minerals, 
and of meteorites already discussed. These data are 

Tissot and Dauphas (2015) found that in the 
modern ocean, strong positive isotopic fractionation 

U value 

range of U/235

, with a few minerals up 
U/235U 

they calculated an average U composition for the 
 which corresponds 

to a U/235U ratio of 137.797 ± 0.005. 

the variability of the U/235U ratio in earth and 
meteoritic materials, Tissot and Dauphas (2015) 

the U/235

they require corrections if the U/235U ratio of the 

such corrections for a 1% fractionation in the 
U/235

206

207 207 206

crustal U/235U ratio of 137.797 ± 0.005 be used to 

for what value of the 235U half-life should be used in 

already discussed.

Is there a trend in the determinations 
of the 238U and 235U half-lives?

It has already been noted that among the U 

between those obtained using ion chambers before 
1960, and those obtained in 1960 and 1971 by liquid 
scintillator and proportional counter respectively 

Schmitt (1957) determination value because “no 

available for assessment of the validity or accuracy 

for the same reason (without providing further 
details), and revised slightly upwards the Schiedt 
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Fig. 17. Compilation of the U values obtained by Tissot and Dauphas (2015) in their study and from the literature. 

minerals, ore deposits, past sediments, and meteorites and inclusions. Note the different vertical scales of the two 
panels. The horizontal blue line is the average seawater 

syenite, and mica-schist. Achondrites include howardites, eucrites, aubrite, and acapulcoites.

(1935) determination value (apparently to correct 
for the 235U contribution to the total -activity). 
Nevertheless, if the Schiedt (1935) and Leachman 
and Schmitt (1957) determination values are 

U half-

the Steyn and Strelow (1960) determination value 

their liquid scintillator counted a lower number of 

-particles due to scattering in the organic liquid 
scintillator, and their use of a natural uranium 

in separating the 
minor 235 -energy 

as the range of an alpha in most scintillators is very 
short. Additionally, the loss of  counts due to the 
escape of -particles should have been corrected 
for if proper counting protocols are used. Thus if 
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the Schiedt (1935), Leachman and Schmitt (1957), 
and Steyn and Strelow (1960) determination values 

which the U half-life values decreased between 
1932 and 1971. The U half-life values then leveled 
out sharply after 1971, primarily because from 
then until 2016 the results of all critical reviews, 
reevaluations, and geological age comparisons 

(1971) U half-life value, even though there were 
continual calls for more accurate direct counting 

A similar decreasing trend in the determined 235U 

if only the direct counting determined 235U half-life 

decreasing trend in the 235U half-life values between 

result “inconsistent” without specifying any reasons 
 235U 

of the direct counting determined 235U half-life values 

U half-life values determined by critical review, 
reevaluation and geological age comparisons, the 

235U half-life values determined by critical 
review, reevaluation, and geological age comparisons 

(1971) 235U half-life value, even though there were 
continual calls for more accurate direct counting 

It is all too easy to dismiss or downplay the 
accuracy of the earlier measurements due to the 
supposedly more rudimentary equipment used in 

of the earlier half-life measurements they suggested 
adjusted half-life values and slightly increased the 

values were higher than the original measurements, 
so that tends to enhance the decreasing half-life 
values trend for both U and 235

as stated earlier, the natural tendency for bias 
towards the most recent measurements as though 
the more “modern” equipment and methodologies 
guarantee better results is unfounded, because the 

involved and careful with their equipment and 

U and 
235U half-lives are still the recommended values in 
use today, that at least discounts any overreliance 

direct counting methodologies. In contrast, the 
more recent efforts to better determine these half-
life values via geological comparisons and critical 

data have heavily relied on computers, which has 
resulted in convergence of the recommended half-
life values. Thus if we instead treat the earlier 

of acceptance, then these decreasing trends in the 
U and 235

years would appear to be real.

decreasing trends in the U and 235U half-life 

reported several lines of compelling evidence for an 
episode of accelerated nuclear decay in the recent 
past, when radioisotope decay rates would have been 

to today’s measured rates. This evidence includes 
many systematically discordant radioisotope dates 

radioisotope decay rates would not have simply 
dropped abruptly to their currently measured values. 
Instead, the radioisotope decay rates would have 

recent history. And if the accelerated decay episode 
was in the recent past, such as during the biblical 

of the radioisotope decay rates may have continued 
even up until the present time. Thus it is entirely 
possible and reasonable that these subtle decreasing 
trends we observe in the U and 235U half-life values 

these radioisotope decay rates after the episode of 
grossly accelerated radioisotope decay rates in the 
recent past, as suggested by Vardiman, Snelling, and 

The implications of these determinations 
of the 238U and 235U half-lives

agrees that the U and 235U half-lives have not yet 

And what bothers the conventional geochronology 
community is that these imprecisely determined 
values for the U and 235U half-lives result in larger 
uncertainties in the ages they obtain when they use 



33Determination of the Decay Constants and Half-Lives of Uranium-238 (238U) and Uranium-235 (235U)

U/235U 

natural materials due to fractionation between the 
U and 235U isotopes not only greatly increases the 

uncertainties in the 235U half-life value recommended 

widespread variations could also invalidate the entire 

if the U/235U ratio is a discontinuous function with 

the methods for determining the 235U half-life and 

on the U/235

remedy is to determine the U/235U ratio for every 

the laboratory routine during the mass spectrometer 
analyses of them. Second, the tendency of the more 
recent critical reviews, reevaluations, and geological 
age comparisons has been to simply reinforce the 

U and 235U 
half-life values as the recommended values for use 

the other radioisotopes used in radioisotope dating 

been determined by cross-calibration against the 

uncertainties in the 
the determinations of the half-lives of all the other 
parent radioisotopes and thus the radioisotope ages 
calculated using them.

rates have always been constant, the conventional 
geological community has been trying to demonstrate 
that they are constant, instead of allowing the 
half-life values determined by the direct counting 

because it actually measures the half-lives directly) to 
dictate their conclusions. If they did, they would have 

U and 235

U 
and 235U half-lives have not only not been precisely 
determined, but since the slightly decreasing trend 
in the U and 235U decay rates in the recent past 
may still be continuing, they may never be able to 
precisely determine the U and 235U half-lives. 

U and 235U half-
lives, the half-lives of 176Lu, Sm, and 

cannot be precisely determined by cross-calibrations. 
Thus the differences between those half-lives and    
the U and 235U half-lives as also measured in direct 

176Lu, Sm, U, 
and 235U half-lives simply cannot be trusted to be 
accurate absolute dates. 

176Lu, 
Sm, U, and 235

radioisotope ages cannot be accurately determined. 

young-earth creationist timescale, especially as 
current radioisotope dating methodologies are at 

deep time history for the cosmos, contrary to the actual 

evidence suggests radioisotope decay rates may still 
have been decelerating in recent decades after the 

these radioisotope decay rates during the biblical 

Conclusions

of the decay constants and half-lives of U and 235U 

and geological age comparisons, as well as by critical 
reviews and reevaluations of all those determinations. 

U and 235U half-life values with small questionable 
uncertainties which in the decades since have been 
repeatedly recommended as the values to be used 

comparison studies have utilized those recommended 

U and 235U half-life values, 
in spite of the admitted philosophical circularity 
involved. And the critical reviews and reevaluations 
have all converged on these same recommended 1971 

U and 235U half-life values because of the meticulous 

comprehensively determine the U and 235U half-life 
values with the lowest possible uncertainties, which 

the calculation of mean values. 

calls for more modern, more accurate direct 
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the U and 235U half-lives. This has been because 
the 

U and 235U half-lives are well documented. In 
particular, the U and 235 -energy 
spectrum have to be accurately delineated where 

-particles. 
Also, secular equilibrium with U is assumed, while 

U nevertheless ingrows during the time periods 
of 

enough to collect statistically large sets of 
counting 235U half-life is 
always ultimately determined from the 
determined U half-life by assuming the U/235U 
ratio is constant. And the assumption of a 
constant U/235U ratio is 

U/235U ratio have been 
measured in all natural materials 

dated.

concerns are the clearly observable trends of 
dec easing U and 235U half-life values obtained 
from 

most 
weight in determining the U and 235U half-lives, 
because in them the numbers of parent U and 235U 
atoms that decay over given time periods 

U and 235U decay 
rates may not have been constant in recent decades 
is tantamount to admitting that the U and 235U 
half-lives might have been many orders of magnitude 
shorter several thousand years ago and may never 
be determ since the 

176Lu, Sm, and have 
all been determined by cross-calibration with the 

and meteorites, none of these decay 
half-lives are 

176Lu, 

radioisotope ages cannot be accurately determined 

cannot be used to reject the young-earth creationist 
timescale, especially as current radioisotope 
dating methodologies are at best hypotheses based 

for the cosmos, contrary to the actual observable 

suggests that radioisotope decay rates have been 
decreasing in recent decades. This is consistent 
with the several lines of impeccable evidence that 

orders of magnitude during the year-long biblical 

episode the decay rates decelerated. That we may still 
be detecting the radioisotope decay rates decelerating 
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