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Abstract

especially using the mineral zircon. A variety of analytical instruments have also now been developed 
using different micro-sampling techniques coupled with mass spectrometers, thus enabling wide usage 
of U-Pb radioisotope dating. However, problems remain in the interpretation of the measured Pb isotopic 
ratios to transform them into ages. Among them is the presence of non-radiogenic Pb of unknown 
composition, often referred to as common or initial Pb. There is also primordial Pb that the earth acquired 
when it formed, its isotopic composition determined as that of troilite in the Canyon Diablo iron meteorite. 
Subsequently new crustal rocks formed via partial melts from the mantle. U decay in those rocks added 
daughter Pb isotopes to the common or initial Pb isotopes in them, inherited from the rock’s sources. So 
the Pb isotope ratios measured in these rocks today must be interpreted before their U-Pb ages can be 
calculated. Various methods have been devised to determine this initial or common Pb, but all involve 
making unprovable assumptions. Zircon does incorporate initial Pb when it crystallizes. The amount of 
204Pb cannot be measured independently and accurately. It cannot be demonstrated that the initial 
Pb only consisted of 204Pb atoms. It cannot be proven that the Pb in apparently cogenetic U- or Th-free 
minerals is only initial Pb, and that it is identical to the initial Pb in the mineral being dated. Nor can the 
measured 206Pb, 207Pb, and 208Pb isotope ratios be used to somehow decide what proportions of them 
are the initial Pb without recourse to unprovable assumptions about the mineral or rock’s history or their 
interpreted U-Th-Pb ages within an assumed deep time history. Nevertheless, the ultimate foundation of 
this U-Pb dating methodology is the assumption that the earth formed from the solar nebula. However, 
from a biblical perspective the earth was created by God on Day 1 of the Creation Week before the 
sun and the rest of the solar system were created on Day 4, all only about 6000 or so years ago. Yet the 
earth would still have had an initial (created) Pb isotopic endowment. Once radioactive decay of U and 
Th started after creation, daughter Pb isotopes were added inside the earth. Then catastrophic plate 
tectonics during the Flood stirred the mantle and via partial melting added new rocks to the crust. These 
new rocks rapidly accumulated more Pb isotopes due to the concurrent accelerated radioactive decay 
of U and Th in them during the Flood. Thus, without being able to unequivocally distinguish the daughter 
Pb atoms produced by in situ U and Th decay from the initial Pb atoms in a mineral or rock, it is impossible 
to determine their absolute U-Pb ages. All the unprovable assumptions ultimately depend on an assumed 
deep time history. Its rejection is recognized as fatal to the earth’s claimed age of billions of years. There 
is thus no impediment to accepting and using the Bible’s account of Creation and the Flood as a reliable 
framework for unravelling the history of the earth and the Pb isotopes found in its minerals and rocks.
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ISSN: 1937-9056 Copyright © 2017 Answers in Genesis, Inc. All content is owned by Answers in Genesis (“AiG”) unless otherwise indicated. AiG consents to unlimited copying and 
distribution of print copies of Answers Research Journal articles for non-commercial, non-sale purposes only, provided the following conditions are met: the author of the article is clearly 

Answers Research Journal

Answers Research Journal.
The views expressed are those of the writer(s) and not necessarily those of the Editor or of Answers in Genesis.

Introduction

meteorites 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 

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

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 
geochronological studies, because of its ubiquity 

2001).

determinations require that the decay constants or 
half-lives of the respective parent radionuclides be 

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 the radioisotope age 

https://assets.answersingenesis.org/doc/articles/pdf-versions/arj/v10/radioisotope-dating_u-pb.pdf
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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 four or so decades, 

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

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 

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 

was the issue of how reliable are the determinations 
of the radioisotope decay rates, which are so crucial 

2016, 2017) reviewed how the half-lives of the parent 
radioisotopes used in long-age geological dating have 
been determined and collated all the determinations 
of them reported in the literature to discuss the 

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

U, and 235U which are used as the basis for 

showed that there is still some uncertainty in what 
the values for these measures of the 176Lu, 
and 235U decay rates should be, in contrast to the 

apparent agreement on the Sm, and U 
decay rates. This uncertainty is especially prominent 
in determinations of the 176Lu decay rate by physical 

determined values of the 

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

measurements of their decay rates should be the 

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

Ultimately, the 176Lu, Sm, and 
decay half-lives have all been calibrated against the 

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

spite of the fact that more recent thorough physical 

the “gold standard” is very questionable, as there are 
n small measured variations in the U/235U 

Tissot and Dauphas 2015), as well as uncertainties 
as to the U and 235

variation and uncertainty in half-life measurements 

in the half-life values result in large variations and 

minerals, and the question remains as to whether the 
half-life values for each long-lived parent radioisotope 
are independently determined. 

Nevertheless, accurate radioisotope age 
determinations not only depend on accurate 
determinations of the decay constants or half-
lives of the respective parent radioisotopes, but on 
the reliability of the other two assumptions these 
supposed absolute dating methods rely on. Those 
assumptions are the starting conditions and no 

circumvented somewhat via the isochron technique, 
because it is claimed to be independent of the 
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starting conditions and sensitive to revealing any 

than any of the model radioisotope age methods 

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.

dating methods are now the cornerstone in current 
geochronology studies. Thus it is imperative every 
aspect of the methodology used in these methods be 

results obtained by them are really as accurate and 
absolute as portrayed in the geological literature. 

(2009) listed the potential problems which cause 

2. deviations from closed system evolution (gain or
loss of U, loss of intermediate daughters such as

that damage to the host minerals’ crystalline

6. variations in the U/235

7. uncertainties in the half-lives of U and 235

U/ U ratio from secular
equilibrium.

common, whereas the last three they considered 

even found that these last three problems are more 
critical than they estimated, not least the variations 
in the U/235

and Dauphas 2015), and the uncertainties in the half 
lives of U and 235

Snelling 2017). Thus, it is to each of these potential 
problems we now turn. In this paper, we begin by 

composition, that is, common, initial, and primordial 

to the subsequent focus on the issue of common, 

Uranium and Lead 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 

It is insoluble in water, but is a chalcophile element 
 

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

In the course of the earth’s history, during 

U was concentrated in the liquid (melt) phase and 
thus became incorporated into the more silica-rich 
products. Therefore, the progressive geochemical 
differentiation of the earth’s upper mantle has 

in U compared to those of the upper mantle. At an 
average of 1.3 ppm U is the 51st most abundant 

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).

U is the dominantly abundant 
isotope in natural U. It and 235

abundant isotope, are the starting radioisotopes in 
U 

one of the early steps in the U decay chain. There 
are also several other trace U isotopes. 239U is formed 
when 
neutrons that are captured by other U atoms. 237U 
is formed when U captures a neutron but emits 
two more, which then decays to 237Np (neptunium). 
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And then 233U is formed in the decay chain of that 
237Np. 233U is also made from 232Th by neutron 
bombardment, usually in a nuclear reactor.

of which (206 207

of decay chains ( U, 235U, and 232Th respectively). 

which it is derived, and thus it is often called common 

of 
90% in thorium ores. Similarly, the ratios of 206

207

former two are supplemented by radioactive decay of 
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weight of lead is given to only one decimal place.  
210

in the 211 212

are short-lived intermediates in the 235U and 232Th 

traces of 209

of 223 235U 

short-lived radioisotopes.   

of the isotopes 206 207

is postulated to have been mostly “created” as a 
result of repetitive rapid and slow neutron capture 

questions about the so-called r-process in supernova 
which is postulated to generate all the elements 

should be noted that this is not an absolute value, 
but merely an artifact of the reigning popular model 
for the naturalistic formation of the universe and its 
component stars and planetary systems. 

238U and 235U Decay 
The decay of the uranium isotopes U and 235U to 

the stable lead isotopes 206 207

is the basis for the several most important 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 

from U or 235

to be primordial and thus is hypothetically used as 
an indicator of the 206 207

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 

As already indicated, U has three naturally 
occurring isotopes, U, 235U, and U, all of which 
are radioactive. The decay of 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

summarized by the equation
U  206 - Q

where Q
U 

that decays produces one atom of 206

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 

branched decay involving the emission of either an 

into separate branches but 206

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

207

235U 207 - Q

where Q

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

(1)

(2)
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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 

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 directly 

206 207

isotopes. As a result, the growth of these radiogenic 

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

Nd.

The U-Pb Dating Methods
The accumulation of stable daughter atoms from 

namely
D* = N (e t

where D* is the number of measured stable 
radiogenic daughter atoms, N is the number of 

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

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

subscript i
206 207

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

spectrometer, an ion-probe mass spectrometer, or 

solved for t using assumed values of the initial isotope 

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

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 in the original). In addition, the 

crystal structures of the U-hosting minerals, which 

so procedures have been devised to overcome that 
problem. 

are young. It is claimed that the numerical values 

(3)

(5)

(6)

207 204 207 204

207 235 204
2

Pb / Pb Pb / Pb1 ln 1
U/ Pb

it (7)

206 206 238

204 204 204
1Pb Pb U 1

Pb Pb Pbi

te

207 207 235

204 204 204
2Pb Pb U 1

Pb Pb Pbi

te

206 204 206 204

206 238 204
1

Pb / Pb Pb / Pb1 ln 1
U/ Pb

it
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cases reach large values.
The decay constants and half-lives of U and 235U 

Sciences (IUGS) Subcommission of Geochronology in 

U/235U ratio. 
Since then these values have been used in almost all 

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 

long-lived radionuclides because of their importance 
in the nuclear industry. Therefore, refractory 

) that 

It should be mentioned here that decay rates are 

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:

The issue of the abundances of the U isotopes 
and thus the adopted value of the U/235U ratio has 
already been discussed in great detail by Snelling 
(2017), so further comment is not warranted here. 

have been reported in the past decade. So until very 
recently there has been no compelling evidence not 
to base age determinations of terrestrial and lunar 

for the present-day U/235U ratio.

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

from the mineral had the same isotopic diffusion rate 

isotopic fractionation. The relationship between the 
207 206

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

This equation has several interesting properties 

1. it involves the 235U/ U ratio which at 1/  has
been regarded as a constant for all U of normal
isotopic composition on and in the earth, the moon,

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

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 

220), which requires that the differentiated functions 
in the ratio are differentiable over the entire open 
interval in question, that is, over millions to billions 

the decay rates of 235U and U are not equal, and 
therefore they are each functions of time and thus the 

rule, that is, there are four functions of time involved 
in the open interval 0 < t < ta. Nevertheless, applying 
this rule, the value of (207 206

time (t = 0) is

207 206

which forms by the decay of U and 235U over the 
time interval equalling the age of the mineral 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 

1 2, yields a value at the present time 
(t = 0) for (207 206

this procedure thus predicts a 207 206

1
2

ln 2 0.693t

(9)
207 204 207 204 235

206 204 206 204 238

2

1

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

i

i

t

t

e

e

(10)
207 204 207 204 207

206 204 206 204 206

Pb / Pb Pb / Pb *Pb
Pb / Pb Pb / Pb Pb

i

i

207 235
2

206 238
1

*Pb U
Pb U

(11)
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the radiogenic ratio of 207 206

of time. Thus it can be argued that ratio should be 
0/0 at t

right side of equation (11) is evaluated in the present, 
while the left side is evaluated at t = 0.  

The numerical values of (e 1t e 2t

are listed in Table 1 and yield the (207 206

ratios for increasing values of t ranging from 
t = 0 to t
equation (9) for t by linear interpolation based on 
the (207 206

Conversely, by determining the (207 206

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

207

206

the form x(t) = y(t) and the left side of the equation 
is differentiated by the independent variable, it is 
questionable whether it is logical to then assume 
that x(t) = y(t) dt is still valid.

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 

is due to the isomorphous substitution within the 
zircon crystal lattice of U  (ionic radius 1.05 Å) for 
Zr
by the differences in their ionic radii and may well 

U  is regarded 

to enhance their sensitivity as a geochronometer, so 
zircons have for several decades become increasingly 

The Wetherill Concordia

graphical procedure developed by Ahrens (1955) and 

govern the time-dependent increase of the 206

and 207

can be rearranged to yield ratios of radiogenic 206

U and of radiogenic 207 235U:

that there is no 206 207 t = 0.  
t = 0 at the 

formation of the earth and solar system, or when the 
mineral forms and remains a closed system. 

The values of e 1t  e 2t  

of t are listed in Table 1 and were used to plot the 

curve are the 206 U and 207 235U ratios that 

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 t 

(12)
206 204 206 204 206

238 204 238
1

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

i te

(13)
207 204 207 204 207

235 204 235
2

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

i te
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distinguish it from a different concordia diagram 
developed later by others. U-bearing minerals that 
contain no radiogenic 206 207 t = 0, 
while those containing radiogenic 206 207

located sequentially along the concordia curve.

grains that originally crystallized from a magma. 
At the time of crystallization, the zircons contained 

the concordia diagram. During the subsequent 
206 U and 207 235U ratios of the 

zircons increased by decay of U and 235U and the 
simultaneous increase of both ratios causes them 

there was an episode of thermal metamorphism 
during which some of the zircon grains lost all the 

t
be equally argued that these zircon grains may have 

a discontinuity in the equations describing the 
process and hence could invalidate the application of 

the other grains lost varying amounts of radiogenic 

discordia A

end of this short episode of thermal metamorphism 
the U in all the zircon grains did not stop nuclear decay 

and so the grains resumed accumulating radiogenic 

thermal metamorphism, the zircon grains that had 

that had previously lost varying amounts of radiogenic 

another. The net result is that the zircon grains now 
plot along discordia B
(the time elapsed since the thermal metamorphism) 

episode of thermal metamorphism (which occurred 

points, labelled P and Q
point Q
which represents the time elapsed since the original 

P yield 

of that date depends on the circumstances. If the loss 

point P is the time elapsed since that episode. This is 

grains. At the same time the thermal metamorphism 
should have caused loss of radiogenic Ar from other 

elevated temperature. In that case, the trajectory of 

Fig. 3.

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
207Pb*/235U

20
6 P

b*
/23

8 U Q

Discordia A

Discordia B

Concordia

P

1.0
1.5

2.0

2.5

3.0

3.5



130 A. A. Snelling

line that became non-linear near the origin (t = 0). As 

a lower intercept with concordia that corresponds to 

lower intercept point P

of an episode of thermal metamorphism.
Thus the concordia diagram can indicate the 

U-bearing minerals that plot on a discordia line 

a mineral, a discordia may represent a gain or loss 

of their masses (that is, fractionation). Thus, it has 

plot along a discordia below the date of their original 

cause its grains to plot along that same discordia 
above the date of their original formation and yield 

The Tera-Wasserburg Concordia

U-206

and 235U-207

postulated reason for this discrepancy is that these 
206 207

that was incorporated into these lunar basalts at the 

the initial 206 207

The number of 206 207

where 206
i and 

207
i are the initial 206 207

where the x
as follows:

and the y-coordinate is obtained by combining 

The concordia is constructed by solving equation 
(16) (x-coordinate) and equation (17) (y-coordinate)
for selected values of t
such parameters against each other, a postulated

be questioned as to whether these two parameters
are actually in a linear relationship to begin with.
Nevertheless, the results are listed in Table 2. The

dates.

206 206 238 1Pb= Pb U( 1)i

te

(15)
235

207 207 2UPb= Pb ( 1)
137.88i

te

(16)
238

206 1

U 1
Pb* 1te

(17)
207

206

2

1

1*Pb 1
Pb 137.88 1

t

t

e

e

t, Byr x y
0.2 31.746 0.05012

0.4 15.625 0.05575

0.6 10.256 0.05992

0.8 7.570 0.06581

1.0 5.959 0.0725

1.2 4.887 0.0801

1.4 4.122 0.0887

1.6 3.549 0.0987

1.8 3.104 0.1100

2.0 2.748 0.1229

2.2 2.458 0.1378

2.4 2.216 0.1548

2.6 2.012 0.1743

2.8 1.838 0.1968

3.0 1.687 0.2226

3.2 1.555 0.2524

3.4 1.439 0.2867

3.6 1.336 0.3263

3.8 1.245 0.3721

4.0 1.162 0.4249

4.2 1.088 0.4862

4.4 1.021 0.5571

4.6 0.9603 0.6393

Table 2.
x-coordinate is  

1/(e 1t y-coordinate is 
1/  [(e 2t e 1t

x- and y-values were 
calculated from data in Table 1.
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dates t1 t2
discordia line beyond t1 yields an intersection point 
I0 on the y U/206

means that the 206

when there is no U, and calculating the relevant 
values infers that the 206

times larger than the 207

case, the numerical value of I0 is the radiogenic 
207 206

between t1 and t2
follows:
 

1 2 are the decay constants of U and 
235U respectively, and t1 and t2 are upper and lower 

U/206

t1
207 206

accumulated by decay of 235U and U respectively 
until the system apparently recrystallized or 
differentiated at t2

207 206

t1
to t2 I0

plagioclase) formed during the recrystallization event 
at t2

207 206

ratio is equal to I0. 

The postulated U-bearing system represented by 
t2

event (that is, U/206

at the present time apparently formed by decay of 
the U isotopes after the end of the recrystallization 
event at t2
that both t1 and t2 are valid dates in the geological 

that t1 and t2 are obtained as result of where the 

Alternately, the radiogenic 207 206

represented by I0

recrystallized at t2. In that case, the discordia is the 

I0 and the 

the point of intersection at t2
the date derived from the coordinates of point t1 has 

I0

0.3
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0
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238U/206Pb*
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b/
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*
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1.0
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Discordia

Fig. 4.
on equation (16) (x-coordinate) and equation 
17) (y-coordinate) plotted from values in Table 

1( U) = 1.55125 × 10-10 yr-1,  
2 (235 -10 yr-1, and U/235
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0.4

0.6

0.8

1.0

1.2

1.4

1.6

238U/206Pb*

(20
7 P

b/
20

6 P
b)

*

plagioclase

Discordia

whole rock-1
whole rock-2

magnetite

3.91 Byr

T-W Concordia

207

206
i

Pb =1.46
Pb
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1972). The slope of the discordia line is m
and the intercept on the y U/206

The date that corresponds to the intersection point of 

determined graphically from equation (19).

0
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1
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U-206

(235U-207 207 206

moon supposedly inherited from the solar nebula 

 

sample had been dated by Turner et al. (1971) by the 
Ar*/39

plagioclase. The partial-release spectra indicated 

recommended decay constants.

line that intersects the y U/206

(207 206

linear regression of three data points representing 

fraction) analyses. The slope m of the discordia is 
related to the initial (207 206

This equation was solved graphically by Tera and 
207 206

i
of t

interpolating in a table values of the slope for selected 
values of t or by numerical iteration.

concordia yielded a date that is in good agreement 
Ar*/39Ar dates for this same 

207 206 U/206

time of crystallization of the basalt.

Pb-Pb Isochron Dating

accumulation of the radiogenic 206 207

U and 235U respectively. The same equations can 
be used with multiple samples to plot independent 
isochrons. The slopes of the U-206 235U-207

isochrons yield dates that are concordant only when 

of the variable losses of U by chemical weathering, 
which occurs not only at the earth’s surface, but also 

the loss occurred. If chemical behavior is the only 
consideration, then perhaps this assumption could 

Nevertheless, it is maintained that a date can be 

radiogenic 207 206

above: 

This is the equation for a straight line in coordinates 
of 206 x) and 207 y) whose slope m is

depend on the assumptions that all the samples that 

In addition, the U/ 235U/

dating by solving equation (21) for t by interpolating 

(19)

(20)

(21)

207 204 207 204207

206 206 204 206 204

235

238

2

1

Pb / Pb Pb / PbPb *
Pb * Pb / Pb Pb / Pb

1U
U 1

i

i
t

t

e

e

207235

238 206

2

1

1 Pb *U
U Pb *1

t

t

e
m

e

207
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1
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within Table 1. Alternately, equation (21) can be 
solved by iteration on a computer to any desired level 
of precision. 

method is claimed to yield the time elapsed since the 

206 207  

fact that what are interpreted as isochron lines may 

Common Pb Dating

earth, occurring not only as the radiogenic daughter 
of U and Th, but also forming its own minerals from 

 

magma generation and fractionation, hydrothermal 
and metamorphic processes, and weathering and 
other low-temperature processes at the earth’s 

isotopic compositions. As a result, it is claimed that 

The isotopic composition of this so called “common 

to have a constant weight, which suggested that it 
might also have a constant isotopic composition. 

different sources. These leads had nearly constant 

in their isotopic compositions, because increases 
in the 206

comparable increases of the 

largely fortuitous. Subsequently, Nier, Thompson, 

They demonstrated conclusively that such leads 
have variable isotopic compositions and proposed 

formation of the galenas.
This proposal stimulated the construction of 

quantitative models for the supposed isotopic 

The assumptions on which this model is based are:

(a postulated necessity for naturalistic modelling,
yet inherently biblical from Genesis 1:2, though it

metals in the periodic table, so considering the

and its isotopic composition has remained constant
since that time.

account for the isotopic composition of any given 

the decay of U and Th in the source regions and that 

separated from its parents and incorporated into 
galenas in ore deposits. The isotopic composition of 

mineral does not contain any U or Th.
The 206

T that has remained closed to U and all its daughters 
would be:

(22)
206 206 238

204 204 204
1Pb Pb U 1

Pb Pb Pbi

Te
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isotope fractionation t years ago, then the 206

This reduces to

where 
(206

t t,
(206

i
earth T years ago,

U/

earth at the present time,
t
from its source, and
T = age of the earth.

that the U and T and t.
Similar equations can also be written for the 235U 

and 232Th decay schemes. It is also helpful to introduce  
(206

i = a0 U/
(207

i = b0 232Th/
( i = c0 232Th/
Using these symbols, the equations for the isotope 

(206
t = a0 e 1T e 1t)

(207
t
 = b0 /  (e 2T e 2t)

( t = c0 e 3T e 3t)

3 is the decay constant of 232Th. These 
equations contain several constants (a0, b0, c0

T) for which values need to be provided before 
these equations can be used to date samples of 

ages”.
In order to determine the age of the earth it was 

assumed that the earth condensed from colliding 
matter in space from the solar nebula, which is of 

are also regarded as fragments of larger bodies that 
similarly formed early in the history of the solar 
system. During the formation of their parent bodies 

believed to have remained very nearly constant since 

of 206 207

the closest representative of the isotopic composition 

the meteorites are believed to have formed at the 
same time from an isotopically homogeneous solar 
nebula. This shows how model dependent all of this 
dating method is, because it depends on already 
assuming the solar nebula hypothesis is correct.

data he substituted t
thus reduces to:

This is the equation of a straight line (if T is 
a constant) in coordinates of 206 x) and 
207 y) that passes through a point presumably 

(a0, b0). The slope m of this line is:

T by interpolating in a 
table of values of slope m for selected values of T. It 
enables calculation of the age of meteorites from the 

206 207

a date of T
he used, though it is hard to believe this level of accuracy 

level of accuracy of his measurements would be better 
resolved if he had provided his measurements of the U, 

that the age of the earth is similar to that of 

the earth have a common age, and if they initially 

(23)

(25)

(26)

(27)

(29)

(30)

207 204
0

206 204
0

2 2

1 1

Pb/ Pb 1=
Pb/ Pb 137.88

t

t

T t

T t
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a e e
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1
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as to why should the earth and the meteorites 

same isotopic composition, which is based solely on 
the unbiblical assumption that the earth and the 
asteroids which parented the meteorites formed out 

argued it was a representative sample of terrestrial 

isotopic composition varies regionally and not all 

support the conclusion that the age of the earth 
is essentially the same as that of the meteorites, 
and that the isotopic composition of the earth’s 

(table 3).

of the ages of common leads that have single-stage 
histories. The model assumes that all samples of 

formed in closed source regions having differing 

and (26) can be used to calculate the 206

207 t 

10, assuming the age of the earth T

array of curved trajectories that spread out from the 

position of a point on a particular growth curve is said 
to indicate the time t
its source region and was subsequently deposited in 

P 

that was removed from its source at 3.0 Ga. This 
is termed the “model date” of the sample, which is 
regarded as a close upper limit to the age of the ore 

It should be apparent that to interpret the isotope 

t need to be determined. This is possible 
because from the two independent equations (25) and 

were combined into equation 

10 20 30 40 50 60

10

20

30

40

20
7 P

b/
20

4 P
b

206Pb/204Pb

Forest City
Modoc

Modern ocean sediment
Canyon Diablo
and Henbury

Isochron age = 4.55 ± 0.07 Ga
Nuevo Laredo

Fig. 6. Lead isochron for meteorites and modern ocean sediment that yielded from its slope the age of the earth as 

Table 3. 
Diablo iron meteorite.

Reference

9.307 10.294 29.476 Tatsumoto, Knight, and 
Allègre (1973)

9.3066 10.293 29.475 Chen and Wasserburg (1983)

206Pb
204Pb (a0)

207Pb
204Pb (b0)

208Pb
204Pb (c0)
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t
a family of straight lines, all of which pass through a 

They depend only on t, provided T
is, the assumed age of the earth as determined by 

removed from their sources at the same time t must 
lie on these straight lines, which are isochrons, 
because all single-stage leads that lie on a particular 

leads that grew in different source regions and were 
removed from them at the same time plot at the 
intersections of their respective growth curves with 
the isochron corresponding to their presumed age. 
A series of such isochrons representing different 
values of t
representing leads having t = 0 is called the geochron, 
because all modern single-stage leads in the earth 
and in meteorites supposedly lie along it and the 
slope represents the age of the earth as determined 

conventional algebraic methods to calculate the 

transcendental. Instead, it is solved to any desired 
level of accuracy by a graphical method, or by means 

of a table giving the slopes of isochrons as a function 
of t

side of which is equal to m. Its measured 206

and 207 a0 and b0 values 

obtain the slope, and then that slope corresponds to 

After the model date has been calculated, it can be 

value of the source region depend on the assumption 

assumption must be tested before the model date 
could be used to signify a presumed age of the ore 

1. the model dates of a representative suite of
samples from a given deposit must be concordant,
unless there is evidence of episodic mineralization

with isotopic dates of other minerals from the ore
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different event than the isotopic dates of the silicate 
minerals.

Ironically, the number of ore deposits that meet 
these stringent requirements of the single-stage 

that time) containing so-called “ordinary” leads that 

(1959) recognized that ore deposits containing such 
apparent single-stage leads occur in stratigraphic 

supposedly marine origin in volcanic island arcs 

(which in the biblical model of earth history were 

to have been derived from lower crustal and mantle 
sources and was emplaced by volcanic activity 

that yield erroneous dates by the single-stage model 

anomalous leads actually give negative dates that lie 
in the future because they contain more radiogenic 

of the sources of ore leads has probably increased 
with time either continuously or episodically.

reservoir was changed by geochemical differentiation, 
and then remained constant to the present. In order to 

average crustal 206 207

ratios with values derived from the average isotope 

in a common point, presumably because that point 

would be the average of the basaltic oceanic crust, 
the granitic continental crust, and the sedimentary 
veneer on both, weighted according to their respective 

conformable ore deposits.

U/ 232Th/
3.70 Ga the values of the U/ 232Th/
changed by chemical differentiation, and subsequently 
the reservoir remained undisturbed until the present. 
All leads that evolved in such a reservoir, and were 
removed from it at some time in the past, must have 
isotope ratios that lie on the growth curve between 
3.70 Ga and the present. The time of separation from 
the reservoir can supposedly be calculated using the 
isochron that starts at 3.70 Ga and cuts the growth 
curve between then and the present.

Age (t) Ga Slope (m)
0 0.61761

0.2 0.63705

0.4 0.65509

0.6 0.67624

0.8 0.69923

1.0 0.72426

1.2 0.75158

1.4 0.78144

1.6 0.81415

1.8 0.85005

2.0 0.88952

2.2 0.93300

2.4 0.98101

2.6 1.03410

2.8 1.09295

3.0 1.15830

3.2 1.23100

3.4 1.31205

3.6 1.40257

3.8 1.50387

4.0 1.61743

4.2 1.74498

4.4 1.88849

4.6 2.05025

1 = 1.55125 × 10-10y-1, 
2 = 9.8485 ×10-10 y-1, 
T  = 4.55 ×109 y

Table 4. Slopes of isochrons (m) and corresponding 
model dates (t) of single stage leads based on equation 

Time, Ga

Start, Stage 1 4.57 9.307 10.294 29.476 7.192 32.208

Start, Stage 2 3.70 11.152 12.998 31.230 9.735 36.837

Present 0 18.700 15.628 38.630 9.735 36.837

206Pb
204Pb

207Pb
204Pb

208Pb
204Pb

238U
204Pb

(μ)
232Th
204Pb

(ω)

Table 5. 
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It needs to be noted that it is not clear where 

was in the mantle, because it was believed that it 

it appears that ore leads may have originated in 
sediments that were homogenized by repeated cycles 
of erosion, transport, and deposition before they were 

in the course of volcanic activity as conformable ore 
deposits associated with interbedded volcanic and 

plutons for deposition of ore deposits within them, or 

leads during transport, or by association with U- and 

it appears that leads in disconformable ore deposits 

both single-stage and two-stage models. Such linear 
arrays of isotope ratios can seemingly be interpreted 
regardless of whether the one- or two-stage model is 
used, provided they were caused by the addition only 

leads with different isotopic compositions.

the discovery that modern lavas, particularly oceanic 
basalts, yielded old radioisotope “ages” which led to the 

in the mantle where these lavas had been sourced 

data pertaining to mid-ocean ridge and ocean-island 

reservoirs in the continental crust, also characterized 

and crustal isotopic/geochemical reservoirs (whose 

actually represent is still somewhat uncertain and the 
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in mantle-crust dynamics models to the processes 
of plate tectonics through earth history in order to 

time as the upper and lower mantle have been 
stirred by the subduction of plates, convection, and 
the ascent of plumes. Such whole-mantle convection 
is also envisaged in the catastrophic plate tectonics 

plates still relatively cold at the base of the mantle 

mantle. Crustal growth has thus resulted, and has 

reservoirs.  

community handles the determination of, and 

used. These are the terms “error” and “uncertainty,” 
“accuracy” and “precision.” They are used frequently 

geochronology, as the dating results from the various 
analytical equipment are reported and contrasted. 
The goal of the geochronology community is 
understandably to reduce errors and uncertainties to 
produce better accuracy and precision. The fact that 
after a decade or more of intense intentional effort 
little progress has been made. The sources of error 
are still not “tamed” and “uncertainties” adequately 
reduced is testimony to the severe problems that still 

Schoene et al. (2013) described the use of the terms 
“accuracy,” “precision,” “error,” and “uncertainty” 

for discussing data measurement and reporting 
International 

Vocabulary of Metrology
“measurement error” as a “measured quantity 
value minus a reference quantity value.” This 
automatically introduces bias into the whole process 
because the reference value also must be previously 

as a “non-negative parameter characterizing the 
dispersion of the quantity values being attributed to 

against. In contrast, an uncertainty is a range (for 

true value with a given probability, often referred to 

offset from the measurand value) or systematic 
(consistently or predictably offset from a reference 

an uncertainty associated with it. These uncertainties 
are commonly referred to as systematic or random 
in reference to the error to which they relate. The 

the measurement precision (“closeness of agreement 
between indications or measured quantity values 
obtained by replicate measurements on the same 

of measurements. This standard deviation of the mean 
(historically referred to as “standard error”) represents 

does not reduce the actual scatter in the data (that is, 
the standard deviation of the population remains the 
same). The uncertainty related to a systematic error 

determined under differing conditions, that is, how 

reduced simply by acquiring more measurements. 
The use of the term “error” should be reserved 

term “uncertainty” should always be used. 

theoretical value deduced from application of current 
theories and/or laws of science and it may or may not 
be accurate. Thus the purpose of the measurements 

much determined by theory, that is, where the 

its timescale based on evolutionary assumptions. 

composition, inheritance when subsequently formed, 
contamination after formation, and accelerated 
nuclear decay during a past catastrophic geologic 

value and hence the uncertainty in what the true age 
might be.
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Although it is common practice for geochemists 

be reserved only for statistics relating to a total 
population (the population standard deviation). Since 

a population (rather than analyzing an entire granite 

the correct statistical term is s (the sample standard 

“standard deviation,” while the reported uncertainties 
derive from the standard error of the mean of isotope 
ratios, combined often with a statistical analog of a 

as described). These are ultimately combined with 

and from the isotopic purity and particle-counting 

by the random/statistical errors of the measurement, 
especially in situations involving very low count rates 
such as is the situation for long-lived radioisotopes 
such as U and Th. The result is neither a standard 
deviation nor a standard error, but an uncertainty 
which describes the dispersion of the resulting 
normal distribution.

The Problem of Initial (or Common) Pb 
or Primordial Pb

Among the potential problems which cause 

isotopic composition,” which they commented is 
“the most important and common problem of all” 
that is “recognized by most of the (geochronology) 

dated when it formed, which did not derive from the 
subsequent in situ decay of U and Th. Such common 

206 207

and 
is to determine how much 206 207

mineral when it formed, and how much 206 207

and 
and Th. The reality is that this most important and 
common problem of all is without doubt a consequence 

methods, which is that the starting conditions can 

a somewhat tenuous validity because it is based 

evolutionary history for the origin and formation of 
the earth. This again illustrates how one’s worldview 
affects the interpretation of the data.

The incorporation of common or 
initial Pb in zircons

choice. Indeed, it is usually claimed that zircon 

is because it is claimed that when they crystallize 

lattice structure. Thus it is presumed that all the 

radiodecay of parent U and Th atoms since the grains 
 atoms 

have too large an ionic radius (1.32 Å) and the wrong 
ionic charge to substitute for Zr  atoms (ionic radius 

 atoms have an ionic radius of 
 

 atoms can 
substitute for Zr  atoms in the zircon crystal lattice. 

igneous and metamorphic conditions appropriate to 
0 , it is not surprising 

accommodate some altervalent substitutions to quite 
high concentrations, even without charge balancing 

 for Zr ). So the 
reality is, as recognized by Amelin et al. (2009), some 

will always be present in zircons and other minerals 

produced results that overall are consistent with the 
low but variable levels of non-radiogenic (common) 

that for zircons grown from a high-temperature  
2 2

2 5

case of natural zircons immersed in zircon-saturated 
2 or 

2 5, the resulting zircon overgrowths 
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the small zircons grown by cooling aqueous solutions 
2 2 2 5

 was also 

plays a charge-

that because of the rapid, polythermal modes of zircon 

results are consistent with low but variable levels of 

 (lead hydride) is present 
in them. They also admitted that the presence of 

physically trapped in microfractures, and laboratory 

Determining the amount of common 
or initial Pb using TIMS

all zircon analyses have a component of common 

the zircon crystal structure and how much occurs 

analyses have further demonstrated the vanishingly 

zircons, as claimed to have been determined by 
the methods elaborated on below. Thus, although 

understood incorporation into radiation-damaged 

dilution thermal ionisation mass spectrometer  

by inclusions, present as surface contamination, or 
introduced during chemical processing.

remained the single most important requirement for 

And now that it is claimed that diamagnetic, clear, 

for the many samples with picogram levels of total 

substantial uncertainty in the magnitude of their 

usually the dominant source of error in each analysis 

laboratories is in airborne particulates, labware, and 
reagents, and the contributions from these sources 
can change over time. Thus most laboratories have 
characterized and adopted an isotopic composition 

that includes temporal variability.

even in the best geochronology laboratories the total 

an isotopic composition to this supposed indigenous 

calculated date and error associated with an analysis, 

most geochronology laboratories use two approaches 

a model composition corresponding to the nominal 

in a mantle reservoir, many silicic, zircon-bearing 

mantle, thus calling into question the applicability of 
this model approach. Another approach has been to 

recovered from them and that its isotopic composition 
can be determined.
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uncertainty in the composition of the initial or common 

many zircon geochronological applications, because it 
is believed its contribution is minimal in radiogenic 

and calibration of the geological timescale, where 
a complete description of uncertainties is vital 
to the interpretations, they maintained that the 
best procedure is for this systematic error to be 
propagated by calculating individual analysis 
dates and errors using reasonable bounds on initial 

means and errors for the resulting data sets, and 
appropriately supplementing the weighted mean 
error calculated from the assumed average initial or 

206

higher this ratio the less sensitive it is believed the 
analysis is to the content and compositions of both 

are claimed to be best rejected or given less weight 
in the age calculation, as the incorrect assignment of 

effect on the calculated age. This is especially true 
for analyses of young, low-U zircons where the 

words, samples that are considered too young are 
automatically rejected.

Schmitz and Schoene (2007) provided a 

isotope ratios and their corresponding uncertainties 

geochronology. Standard parametric statistical 
methods of error propagation are utilized to convolve 
uncertainties associated with the various sources of 

amount of both 206

dependent, Schmitz and Schoene (2007) considered 
the errors for each should be propagated on a sample-

the constituent data be reduced with a range of 

isotope ratios, and the variance in the resulting 
radiogenic model ages be then incorporated into the 

they of course mean assumption driven selection of 
suitable standards that produce the desired results 
based on their evolutionary geology model, because 
there are no objective absolute standards for initial 

After performing the error propagation 
calculations to derive the uncertainty in the sample 
(initial) 
the contributions of the errors associated with the 

found that due to the nature of the partial derivatives 
of radiogenic 206

the error contributions from these three variables 

a wide range of 206

contribution to the 206

amount uncertainty (being negatively correlated 
with 206 206

< 1000. They also found that zircon analyses with 
substantially lower contributions to the 206 U 

substantially mitigate errors associated with the 

reduced below 0.5 picogram, then the analysis 
of only 5 picogram of 206

required to essentially obviate errors associated 

uncertainties usually have contributions to the 
206 U error nearly two orders of magnitude 

error contributions apparently occurs at 206

contributions from uncertainty in the initial or 

sources of error.
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r) is subsequently added to the 

c) 
r c, 

and mainly affects the 207 235U system. They also 
c may 

feldspars. Since most analyzed zircons appear to 
c r c is 

introduced during chemical separation and analysis, 
and can apparently be distinguished from common 

as low as 0.2 picogram, including from dissolution, 
ion chromatography and isotope analysis. Such 

low-U and/or young zircons at high precision. Thus, 

 
r c ratios < 5, as the uncertainty on the isotope ratios 

the accuracy of the tracer calibration, as well as by the 
U decay constant uncertainty.

Determining the amount of common or 
initial Pb using SIMS

the 206 207

identical to the 206 207

geochronology. They maintained that the most direct 
method is by measuring 

f 206

that is initial 206

f = 206
init/206

tot

then f can be calculated from the measured 206

as 

assuming the ratio ( 206
tot is always a constant 

(2003) also maintained that the isotopic composition 

determined. The latter procedure involves circular 
reasoning. The composition of laboratory-derived 

physical location, assuming it never changes over 

Alternately, if a cogenetic suite of zircon grains has a 

zero U.

that 

abundance of 
procedure imprecise, particularly for young or low-U 
zircons with low 207

made from the 206

ratios, f being calculated as:

206

from the Th/U ratio relies on the assumptions 
that neither the Th/U nor radiogenic 206

ratio has changed throughout the zircon’s history, 

critical, as the factor relating radiogenic 206

to Th/U ranges only from 0.25 to 0.32 over the full 
range of postulated geological time. Ireland and 

low Th/U (<0.1), but becomes less precise for  
Th-rich zircon (Th/U >1) as radiogenic 206

approaches the 206

also prone to error, because altered zircon tends to 
lose 206

of this procedure devised by Andersen (2002) seems (32)

(33)
204 206

204 206

Pb/ Pb
Pb/ Pb

tot

init

f

208 206 208 206

208 206 208 206

Pb/ Pb Pb/ Pb
Pb/ Pb Pb/ Pb

tot rad

init rad

f
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if it is assumed the zircon analyses are concordant, 

using the measured 207 206

is iterative, for a calculation of f from

giving a corrected 206 U age, from which a 
revised f
is evidently applicable only to zircon so young 

analyses cannot be detected within the limits 
of analytical uncertainty. It produces a suite of 
radiogenic 206 U estimates that can be assessed 
for equivalence free of correlated errors propagated 

scatter in the corrected 206 U values. This is not 
necessarily a valid reason for discarding data which 

and the more reliable values may be scattered, so 
without objective independent standards for the true 
ages, such procedures are driven by the assumed 
evolutionary ages.

vulnerable to surface contamination (especially 
affecting the accuracy of 207 235U ages). The 

c) also causes 
displacement of data points off the concordia, but 
their trajectory is controlled by the composition 
of 207

c/206
c

sputtering time, indicating that most non-radiogenic 

the UCLA geochronology laboratory anthropogenic 
207

c/206
c

used to determine corrections are 207

(quasi-invariant for young zircon), or 

are over- or under-counting of the monitor common 

typically be avoided by using nearby reference 
Zr2

that are unresolved at the mass resolution  

unresolvable interferences, with their nominal mass 
resolution requirements in parenthesis, are  
(500,000), 232Th Nd16

2  (50,000), or  
 (sometimes due 

to contaminated Au targets used for applying the 
conductive coating), these interferences are much 
more detrimental for monazite (high Th) and rutile 

202 , 232Th Nd16
2 , or , 

respectively), or the suppression of the interference 

Determining the amount of common 
or initial Pb using LA-ICP-MS

maintained that using laser ablation inductively 

date zircon does not usually require large common 

 
analysis originates from the sample. Thus, its isotopic 
composition can be accurately estimated using models 

the 207

major problem with the 
is the required precise measurement of the miniscule 

dominated by isobaric interference of 
is often present in trace amounts in various 

one could calculate and subtract the appropriate 
amount of 

a large (several percent) uncertainty in the natural 

Thus uncertainties associated with the common 

(35)
207 206 207 206

207 206 207 206

Pb/ Pb Pb/ Pb
Pb/ Pb Pb/ Pb

tot rad

init rad

f
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precision on the resulting radioisotope ages. In 

can be suppressed. The necessity of the correction is 
then judged on whether the corrected 207 206

outside the internal errors of the measured ratio.

 
analyses, as it does not suffer from isobaric 
interferences. It seems suitable for a wide range of 

high Th/U ratio and thus high 

method is most appropriate for young samples that 

low 207 207 206 207 235U 
ages of such samples would not yield a geologically 
useful precision (that is, in evolutionary time), 
and therefore their 206 U ages are usually 

admitted that the assumption of concordancy in 

young zircons which contain unsupported 206

207 230Th and 
231

2001) (which is an admission that contamination 
occurs).

the 

samples’ preparation for analyses proved fruitless 
owing to the overwhelming contribution to the 
signals from 

that procedure is very sensitive to the measured 
232Th ratio and their samples were low in 

and 232Th concentrations, so they could not use 
that method effectively. Instead they selectively 

diagram. 
 

into the sample on a scale where it may encounter 

alteration, inclusions, fractures, and inherited cores, 
and on a timescale they believed where transient 
signals related to these features are commonly 
resolvable if a fast data acquisition protocol is 
used. It should be noted, however, that the isotope 
distribution in the crystal cannot necessarily be 

considered uniform, so the surface sample cannot 
necessarily be considered representative. Thus they 

elemental and isotopic composition of the sample with 

easily in the time-resolved signals of ablations 
that penetrated into them. They used appropriate 

ratios. They then selectively integrated only the 
most isotopically concordant portions of the signals, 
thereby hugely reducing the incidence of analyses 

good science when such selections are made with an 
a priori assumption that the isotopically concordant 
portions of the signals must yield the “correct” age of 
the sample being analyzed because of believing they 

diagrams was apparently the most effective method 
of evaluating, and correcting for, contributions from 

which clustered together on the concordia were 

grains. This is, of course, a selective choice of data 
which supports a pre-determined bias. Some data 
points plotted along an apparent discordia line, 

points intersecting the concordia that yielded older 

data points were interpreted to be due to inherited 

than the clustered concordant data points, and 
those having 207 206

apparent discordia line, were interpreted to be due to 

minerals such as apatite, titanite (sphene), and 

structures and thus arguably the major limitation 

using either concordia or isochron plots on a suite 
of co-genetic grains, or alternatively on individual 
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isotopic composition and employing several different 

pointed out that concordia or isochron plots on a 
suite of co-genetic grains (that is, grains of different 

instead require a large spread in the radiogenic 

a three-dimensional U/206 207 206

versus 206

assume concordance and apparently also yields 

isochron as all relevant isotope ratios are used at the 
U/

versus 206 235U/ 207

207 206  

component) are concordant to calculate accurate 
isochron dates. Another approach often employed 

projecting a straight line through the uncorrected data 

207 206

The U/206

lower intercept U/206

a weighted average of 207

concordia 207 206

equivalent.

have others, that the alternative approach involves 

age calculations. The best estimates of the initial 

207

as already discussed. The main advantage of the 

concordance. It does require accurate measurement 
of 206

 

the 
207

in the U/206 207 206 U/206 232Th 

space, respectively. The 207

and only requires precisely measured U/206

and 207 206

commonly applied. It requires the measurement of 
206 232Th/ U, and an appropriate choice 

of initial 206

the 

The Th contents of granulite-facies rutile grains are 

obtained using the 

of the software they recommend laboratories use to 

gave no details of whether that software had been 

Nevertheless, they claimed it is a set of suitable 

207 206

along with live concordia diagrams for visualizing of 
data while adjusting integration intervals. These live 

Such an assumption is arbitrary, unsubstantiated, 

reference materials investigated contain appreciable 

to the reference materials prior to corrections for 
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downhole fractionation and instrument drift. This 

207

or 
isotope compositions, for the accompanying standard 

so that those standards which contain variable 

the ages of these standard and primary reference 

other radioisotope dating methods, which involves 

assumptions in choosing their agreed ages, so these 
are not independent objective standards at all.

precisely measure 

so, they advised that the two principal masses 202

and 
even imprecisely, to allow recognition of common 

this, the cause of discordant data points can only 

demonstrated to be the case. Ultimately however, 

admitted that laser ablation is limited in its ability 
 

without scrutiny of the data scatter prior to 
correction, can mislead interpretations due to 

data point uncertainties after correction. In addition, 
false impressions of concordance may result as data 
are forced to the concordia by assuming potentially 

They admitted that this is potentially a problem at 
all scales of precision for each of these instrument 

207 206

U/206

can be seen, as well as the trend in the data indicating 
the appropriate composition to use for correction. 
Sometimes this trend is not visible within a cluster 
of data, and the analyst has no option but to assume 
a relevant composition based on other information. 

by initial plotting of data that are not corrected for 

due to the correction. Thus this procedure allows the 
smaller data point uncertainties to better resolve these 
components. Therefore, Schaltegger, Schmitt, and 

the data do indeed represent a single population, the 
fundamental assumption which must be adhered to if 

age and uncertainty can then be more appropriately 
207

population now better resolved with the uncorrected, 
more precise, data point uncertainties. Schaltegger, 

(2002) had highlighted the limitations of 207

requiring measurement of 

for systematic errors after correction were however 

the recommended uncertainty propagation protocol 

the need to calculate the uncertainty if an average of 

Then the ablation signal intensities need to be 

each signal intensity measurement, this correction 
should then be made. 

of the ablation/selection, then the correction should 

made using compositions based on independently 

variable within the host material, then this common 

propagation is made later. 
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should now be propagated to quote the result as an 
age. These uncertainties are:
1. the ratio uncertainty of the primary reference

material used for normalization (noting that the

its agreed age, so this is not an independent
objective standard at all),

materials,
3. the decay constant uncertainties, and

on the measurement average.
These uncertainties are then propagated,

since systematic uncertainties constitute limiting 
uncertainties (the uncertainty level below which 

be reduced by increasing the number of data 

the propagation, they would evidently be reduced 

uncertainty related to systematic errors must be 
applied to the ratio uncertainty before calculation 
of the age uncertainty. It is not clear whether they 
advocate the propagation of the errors in the actual 
age calculation, but it would appear they imply it.

reference material is used to calibrate or “correct” 
the data for the sample and validation materials. 

maintained it is vital that reference values for the 
primary material are well characterized (which 
would generally be determined by isotope dilution 
methods), and that these values appropriately 

206

230

is describing the 207 206 206 U, 207 235U, or 
232Th age, or the concordia age which represents 

Instead, they maintained that it is the relevant 
isotope ratio that must be used to normalize the 
corresponding data for the sample and validation 

230Th corrections should be used 
depending on whether this correction has been made 

typically tabulated as ratios corrected for common 
230Th 

disequilibrium. Unless these corrections have 

(and this is generally not the case), these ages and 
ratios will be the wrong reference values to use for 

materials.

standard 91500 consistently demonstrates slight 
discordance, resulting in a lower 206 U ratio 

assumed concordant at the age given by its 207

206

0.3% inaccuracy in one of the normalization factors 
if only one of these ages is assumed to represent the 

al. (2016) demonstrated an even larger inaccuracy 

respective ages represented by the 206 U and 
207 206

U/235

that standard is measurably discordant. Thus, 

data. And the cause of this discordance at least in 
part stems from inaccuracy in the decay constant of 
235U relative to the decay constant of 

U/235U ratio (Snelling 2017). 

the same features can be seen in monazite reference 
206

from initial 230Th disequilibrium result in an 
otherwise reversely discordant “Stern” monazite 
standard being “concordant” at an age older than its 

“concordant” material is, however, the composition 
of material sampled during laser ablation analysis 
and therefore provides the correct reference ratios 
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to the data prior to normalization.

et al. (2016) demonstrated that a single “reference 
 

230Th disequilibrium should be used 
(assuming that these corrections have not already 

 
reference values will be inaccurate, because the 
concordia age is not equivalent to either ratio value. 

a number of non-zircon U-containing minerals are 
required as reference materials but show variable 

material compositions is through “reference models” 
which have this variability built into the calculations, 

analytical data to be submitted for publication. That 
would record details of the sample, ablation signal, 

the date and concordance of the data points. The size 
of at least one ion beam signal should be included 
to allow all the others to be estimated via the 
ratios reported. The measured ion beam sizes and 

used for the different ion beams would allow others 

analytical limitations within the data. All these 

it is to accurately determine what is the true age of 

materials, then how dependable is the resultant 

206

where 206
model is the 206

207 206

readily to the established reporting protocol of the 

more easily replicate the plots described instead 
of requiring them to recalculate ratios and rho 
values which could lead to errors in rearranging 
data. The uncertainty level on the concentration 
estimates should also be described, highlighting 

how the concordance values have been calculated, 
the systematic uncertainty components and their 

source of the decay constants, the U/235U ratio, and 
especially the source of the primary reference values 
used for normalization.

faced with archiving a rapidly-growing quantity of 

faced is to ensure that the data meet the highest 
standards for precision and accuracy, and that 

there is little consensus with regard to analytical 
strategies and data reduction protocols for  

interlaboratory bias, and both underestimation and 
overestimation of uncertainties on calculated dates. 
This situation only decreases the value of data in 
repositories where the data is archived with the 
analytical results from participating laboratories. 

presented free open-source software that implements 
new algorithms for evaluating and resolving many 
of these discrepancies. Their solution is the result 

data analysis and interpretation, publication, 
community-based archiving, and the compilation 
and comparison of data from different laboratories 

the main problems with automated software is that 
if users do not understand and appreciate what the 
software does and what the quality of the input data 
should be, then the resultant recorded output will not 
be all it is supposed to be, and thus as good as others 

(36)
206 204

206 204

Pb Pb 100
Pb Pb

model

measured
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the measured intensities of ion beams through to 

interpretations based on those dates, such as 
weighted means, regressions through discordant 

pointed out that all data reduction protocols generally 
follow the same established pattern. That starts 

 

This is followed by calculation of the relative 

materials to quantify laser and mass-spectrometer-
induced elemental and isotopic fractionation, 
applying these average or time-dependent 

density function. Data reduction and uncertainty 

uncertainty propagation protocols described in 

c
samples where 

c 

206 207 206 U, 
or 232

If there is no usable 207

correction can be made using a user-input or Stacey-
206 207

concordia diagram and will only give the resulting 
corrected dates in the data table.

that there are two different types of uncertainty in the 
c isotopic composition required when evaluating 

c 
isotopic composition. That is propagated as a random 
contribution to a weighted mean uncertainty and can 

be reduced as the number n of analyses included in 
the weighted mean increases. The second estimated 
uncertainty is the systematic uncertainty in the mean 

c isotopic composition, which is propagated 
into weighted means and does not decrease with 
n. Clearly, if there is grain-to-grain variability in

increases the uncertainty of whether the common

measured, and thus increases the uncertainty of
whether the resultant calculated age for the sample
is really its true age.

Initial or common Pb still unresolvable

these protocols and statistical “manipulations,” 

(2017a, b). Indeed, Tera (2017a) noted that implicit in 

supposedly millions or billions of years ago as a magma 
that acquired the source’s isotopic composition at 

simple scenario was presented by Tera (2006), who 

where the isochrons of each subgroup intersect each 
other at a single point apparently corresponding to 
the present-day composition of a parental reservoir, 

many magma reservoirs, formed at different times, 
each having a distinct isotopic composition.

an isochron to an inferred reservoir. The slope of the 
line is said to equal the in situ decay ratio *207 206

which yields the age. In contrast, on the 206

versus 207 206

with the y 207 206

would fall on the other end of the isochron, which 

potentially two visible end-members.
Tera (2017a) reasoned that subsequent to 

the minerals within them) may have had their 

remobilized through bombardment, heat, and 
other metamorphic agents, in events referred to 
collectively as “disturbances.” These disturbances 
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up of the samples. These disturbances may be strong 
enough to change the isotopic composition of some 

impotent to reset the isotopic composition of initial 

the entire terrain or at least a very large portion of 
it, which sometimes does happen if the intensity of 
metamorphism results in partial melting to produce 

multitude of superimposed disturbances on a terrain, 

composition they all inherited from their source.
Tera (2017a) thus proposed a method for determining 

method was inspired by the premise stated above that 

inerasable, irrespective of the multitude of disturbances 
that may have subsequently been superimposed on 

that is representative of a terrain, when plotted on 

that tapers toward a single spot. That single spot (once 

isotopic composition for that terrain (as interpreted).

decay as applied in geochronology, Tera (2017a) 
claimed that there was evidence for the potential 

correlations to always meet in a point that yields the 

episode by the same constant factor 
F = ( U/ pc/( U/ cr, and/or the same
constant factor K = (232Th/ U)pc/(232Th/ U)cr,

from superimposed post-crystallization event(s),
and the subscript cr indicates a value that

(including different multiple stages with different

values for the geochemical parameters F and 
K), which happen to accidentally have the same 
average F and/or the same average K

members, one being the actual composition of the

that heterochrons seem to occur because the 

claimed that this circumstance allows for various 
combinations of the parameters to “accidentally” 
produce the same radiogenic isotopic ratio. This of 
course begs the question as to how it is determined 
which are the “accidentally” produced isotopic ratios, 
and which are the real radiogenic isotopic ratios. 
Nevertheless, Tera (2017a) presented an application 
to a terrestrial terrain, one of the four he separately 
discussed in a companion paper (Tera 2017b), which 
he claimed further illustrated the validity of the 
rationale and the practicality of his proposed method. 

what he called “Thorogenic, Uranogenic, Lead 

diagrams combining the three isotopes 207

and 206

radiogenic isotope 

K = 232Th/ U. 
The majority of such lines may converge to meet 

isotope composition of that terrain (that is, by his 

considerations, numerical demonstrations, and an 
application to a terrestrial terrain.

(2017a) admitted this was thought to have already 

heterochrons, he concluded that the determination 

alone may remain subject to some ambiguity. 
Nevertheless, he described a methodology for the 

in the same terrain.
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naturalist, Tera (2017a) maintained that the 

terrain in this fashion is a necessary step toward 
elucidation of the early evolutionary history of 
the earth, that is, its condensation from colliding 

he admitted, such a step falls short of reaching 
that goal. Interestingly, he also admitted that an 
accepted precise age for the earth is not yet available, 

Nevertheless, he conceded that full chronometric 
elucidation of earth’s history requires complete 

composition. As he then admitted, this is not readily 
tenable. 

So Tera (2017a) proposed a procedure introduced 
as an alternative that he termed “Congruently 

isotopic composition is partially resolved into two or 
three stages. According to Tera (2017a), in general the 

that a method for determination of all the stages of 

and three stages (depending on certain constraints) 
is possible, with the dates of these stages being 

to three stages becomes possible, if at least two 

from it, then it is not possible to resolve the initial 

addition, both the age of a reservoir and its isotopic 
composition are determinable only if more than one 

isotopic composition has been shown to be routinely 
determinable according to his method, the resolution 
of its multi-stages may someday become possible. 

In his companion paper, Tera (2017b) applied 

composition of the so-called South of Isua terrain in 
Greenland, because of the availability of a large high-

separates. Accordingly, his results for this terrain 
demonstrated the apparent feasibility of routine 

by his developed methodology, once large databases 

the caveats admitted by Tera (2017a, b), if there is a 

for a terrain by his methodology is in fact the true 

a consequence, elemental fractionation can induce 

effects: 

composition, and

(because of the possibility it was affected by

always be meaningful.  
Tera (2017b) again claimed that the ability 

opens the possibility for eventual unfolding of 
details of the assumed evolutionary history of the 

be satisfactorily achieved without additionally 

the South of Isua terrain in Greenland, only a two-

U/

U/

upper limit, and in a multi-stage solution, if and when 

shorter, and its meaning may be elucidated. As he 
admitted, for now “it remains subject to qualitative 
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speculations” including the possibility of being 
associated with core formation, or an early impact 

in his evolutionary speculations underlined to him 
the crucial need for a methodology to resolve the 

the basis for dogmatic assertions about a precise age 

Discussion

confusion over them in the geochronology community. 

used synonymously, but they are not necessarily 

a common origin in a mantle or crustal reservoir from 

that the isotopic composition of the inherited initial 

source from which it was formed.

is still a problem to geochronologists trying to use 

similar routine of assigning all the measured 

procedures have been adopted according to the 
instrument and analytical technique being used (ID-

isotopic composition of the samples being dated and 
to thus determine what component of that is common 

interference from the 

the same assumed age that contains no (or negligible) 

mineral being dated. This is supposed to be viable for 

method of evaluating and correcting for contributions 

only those points that plot near the concordia are 
then used to determine the ages, and any discordia 

isotopic composition in a sample by using the Stacey 

the 206

uses the measured 207 206

claimed to be a very precise correction for common or 

geochronologists in their quest to determine the 

is the problem of sources of contamination within 
their laboratories. Such sources include airborne 
particulates, labware, reagents, and the procedural 

surfaces of minerals are analyzed by an ion beam 

from the polishing compounds and any coating 
materials. To combat this, most laboratories have 

change over time, so most laboratories have adopted 

with realistically large uncertainties that include 
temporal variabilities.

Measuring ratios, not absolute quantities

with, there is one other major pitfall that must be 

operated to primarily measure isotopic ratios, not the 
absolute quantities of the individual isotopes. This 
is rarely mentioned or discussed in the conventional 

the relative abundances of isotopes present, usually 
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information on their absolute abundance to the same 
precision.” In other words, the absolute quantity of 

And any attempt to directly measure the absolute 
quantity of 
by interference from the 

This is not a trivial matter, because it is assumed 
that all the measured 
not derived by radioactive decay from a precursor 

measuring the absolute amounts of 

isotopic composition mentioned above involves using 

an absolute amount of 

in the samples, especially a deep time history for 
the earth and its origin, as well as for a deep time 

ages derived using those assumptions are then used 
to construct that deep time history. So, the outcome 
is model dependent, and the model chosen will be 
dependent on one’s worldview.

It should also be highlighted here that the 

 

to determine the isotopic composition of their common 

the use of all the various procedures to determine the 

outlined, including their attendant problems and 
the assumptions made in those various procedures. 
The so-called 206 207

 
ages within an assumed deep time history.

Primordial Pb

the foundational assumption upon which the chain 

of assumptions is built, namely, that there was a 

components were formed out of the solar nebula, 
including the earth and the asteroids (from which most 
meteorites are derived), and they had a particular 

earth’s primordial formation in the uniformitarians’ 
assumed deep time history of the earth. 

was determined have already been provided above. 

the age of the earth is essentially the same as that 

troilite. This was based on the assumption that 
the meteorites are regarded as fragments of larger 
bodies (mostly asteroids) that formed from the solar 
nebula along with the earth early in the history 
of the solar system. During the formation of the 
meteorites’ parent bodies it is conjected that the iron 

free of U and Th, so the appreciable concentration of 

troilite is believed to have remained very nearly 
constant since crystallization. It appears to be the 

the lowest quantities of 206 207

such it is believed to be the closest representative of 

because the earth and the meteorites’ parent bodies 
are believed to have formed at the same time from 
an isotopically homogeneous solar nebula. This chain 
of reasoning involves rather speculative assumptions 
based on models which are in serious doubt.  

The values for the isotopic ratios of this primordial 

from the Canyon Diablo iron meteorite. They were 

that any allegations contrary to the earth’s primordial 

founded, which is a rather subjective approach to a 

objective evidence to support this emphatic claim. 

including 
implies that the earth thus had an initial endowment 
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of 206 207

derived from radioactive decay of U, 235U, and 232Th 
respectively.

apparently in the troilite when it formed, some of the 

by the decay of those U and Th isotopes, which have 
thus simultaneously been lost due to that decay. This 
only serves to add to the dilemma of just how much 

billion years to the supposed time when the troilite 

troilite, which is circular reasoning. 
This then has consequences for the compositional 

subsequently formed during the earth’s history, 
through the evolutionists’ assumed deep time 
history. This is because once U and Th radioactive 

changing, as more 206 207

their minerals formed from that primordial material 

evolution models.
So this all means that the isotopic composition 

to the earth’s initial formation consists of that 

have formed subsequent to the earth’s primordial 
formation. Various events subsequent to the earth’s 

isotopes in the sources from which the minerals and 

isotopes into their crystalline structures, and other 

sample today may have resulted from repeated events 

isotope ratios measured today. That this is so is well 
illustrated in the case studies used by Tera (2003) to 
attempt to unravel the meanings and implications of 

Pb isotopic evolution models 
This brings us to consider the uniformitarian 

data available from the numerous ongoing research 

accurate determinations of the isotopic compositions 

still used as standard practice in all geochronology 
laboratories without even consideration of more 

which mass spectrometer systems are used, the 

Clearly, they are holding onto a failed model because 
a better model has not yet been developed.

This becomes a major problem for accurately 

is the assumption of the isotopic composition of 

according to their contents of U and Th, and assumed 

disturbances have occurred to the assumed steady-

many such disturbances have occurred varies from 
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and virtually impossible to unravel the history of the 

melting from a mantle or crustal source. There 

isotopes in the source which partially melted were 
transferred into the melt that became the magma. 
In fact, partitioning of various elements and their 

crystallizes from the magma the various elements 
and their isotopes are partitioned into the different 
mineral phases according to how the various 

lattices of those minerals based on each element’s 
ionic radii and charge as well as its chemical 
properties. Similarly, when a sedimentary or igneous 

Again, the various elements and their isotopes are 
partitioned into those new mineral phases according 

each element’s ionic radii and charge as well as its 

is never any guarantee that all the atoms of U, Th, 

mineral inherited from its source within that region.

that time, based on that being the supposed age of 

lead characteristics shows that no single worldwide 
differentiation event occurred in the early Archean 
to initiate the second stage of the two-stage model. 
Therefore, the two-stage concept can only be an 

Central to the construction of their two-stage model 

thirteen conformable metal ore deposits of various ages 

isotopic composition on a 206 207

diagram. Their objective was to match these galena 

was dependent on using the previously determined 

So again, circular reasoning was used in the 

model assuming a deep time history, which was then 
used to assign deep time model ages to those galenas 
and feldspars. In any case, as already quoted, Stacey 

All of that has been overturned by the very recent 

reality presents a far more complicated picture.  

supposedly all sourced. Instead, the isochrons whose 
slopes are said to be equal to the in situ decay ratios 
of *207 206

compositions and the in situ decay *207 206

ratios (the y 206

versus 207 206

compositions may not always be meaningful.
According to Tera (2017a, b), in general the initial 

that a method for determination of all the stages of 

resolution to two and three stages (depending on 
certain constraints) is possible, with the dates of 

and dated region, the determined duration of the 

stage solution whose meaning “remains subject to 

evolutionary speculations underlined to him the 
crucial need for a methodology to resolve the initial 

ratios can be used in their processing methodologies 
and statistical treatment protocols to so precisely 
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years old, and has been superseded by a methodology 

“qualitative speculations” in an assumed deep time 

Mantle and crustal reservoirs
As already stated earlier, it was in large part the 

discovery that modern lavas, particularly oceanic 
basalts, yielded old radioisotope “ages” (Gast, Tilton, 

where these lavas had been sourced (Snelling 2000). 

compositions in the mantle by which a variety 

data pertaining to mid-ocean ridge and ocean-island 

reservoirs in the continental crust, also characterized 

and crustal geochemical reservoirs (whose isotopic 

represent is still somewhat uncertain and the subject 
of ongoing investigations. And it must be noted that 

These geochemical reservoirs and their isotopic 

dynamics models to the processes of plate tectonics 
through a deep time earth history in order to solve 

upper and lower mantle have been stirred by 
the subduction of plates, convection, and the ascent 
of plumes. Crustal growth has thus also resulted from 

of 
the various mantle and crustal isotopic reservoirs. 

in 
different crustal terrains and regions at the earth’s 
surface, each having its own individualized multi-

 

found that even for a well-dated region its own 

history was unresolvable. And no wonder, because 

geochemical/isotopic reservoirs are located inside 
the earth, and the indications are from the surface 

history which we may never be able to fully unravel. 

data in assigning them to reservoirs whose locations 

effects on the mantle of the production of mid-ocean 

evolution in which a sequence of hotspot and ridge 

and mid-ocean ridge basalts and their left-behind 
residues, while plate subduction had recycled and 

the mantle. After the assumed billions of years, they 

“plums” of incompatible-element rich veins within 

They maintained that the observed geochemical and 

thus have been produced by a recipe which assumes 
that throughout earth history these two sequential 
stages of deep plume and shallower ridge melting 
would both have created and reprocessed the “plums” 

their model involved convection of the whole mantle 

suggested also seems consistent with the geophysical 

That the geochemical/isotopic reservoirs inside the 

resolved, is still the case, as admitted by Tera (2017a, 
b). Thus it becomes virtually impossible to be certain 
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for geochronologists to be so dogmatic that they can 

declare their results as absolute ages.

Effects on U-Pb and Pb-Pb ages
Thus, the isotopic composition of the common 

critical and essential for determining accurate and 

demonstrated.
206 207

model ages. Note that the initial values of the 
206 207

separately from the 206 207

ages to agree with each other, the correct values for 

equations. It is usually claimed that the choice of 

Fig. 9.
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To the contrary, the choice made by Tera (2017a, b) of 
a well-dated region on which to test his methodology 

that he could not resolve what the common or initial 

isotopic evolution which still remained a “congruent 

207 206

the initial 206 207

appear in the derivative equation (10). So again, if 

accurately determined, then by merely depending on 
the measured 206 207

essentially the same as the radiogenic 206

and 207

the undetermined values for the initial 206

and 207

the 207 206

Indeed, even if it is argued that the 206 207  
207 206

concordant), that is really only because the values of 
the initial 206 207

the relevant equations are all the same, in spite of 
them not having been accurately determined. So it 

initial 206 207

because they cannot be accurately determined does 

the loci of all the concordant 206 207

ages, simply because those 206 207

concordia curve will be no more accurate or absolute 
than the 206 207

the measured 207 206 U/206

samples are plotted, and based on them a discordia 

(19). The values for the initial 206 207

but as already noted the mass spectrometers used for 

these absolute quantities with any certainty, but can 
only measure the present-day isotopic ratios of the 

isotope ratios cannot be determined with certainty 
from the measured present-day isotope ratios, as 
all 206 207

they were in the samples initially or have been 
added by subsequent radioactive decay of U and 
235U respectively. Similarly, the value of the initial 

207 206

to determine the age of a lunar basalt, Tera and 

initial 207 206

It should also be noted that often one of the discordia 
intercepts with the concordia curve (usually the 

ratios on which this whole concordia methodology 

rendering any obtained dates suspect and certainly 
not absolute.

isochron is constructed, while equation (21) is for 

isochron age. The values of the initial 206

and 207

(20) so that the radiogenic 207 206

determined, without which no meaningful line can be
plotted that will be a valid isochron yielding a valid

elements are partitioned between different minerals

get evenly distributed into the resultant mineral

not guaranteed to have the same amounts of initial



160 A. A. Snelling

been emphasized, it is not possible to distinguish 

being able to reliably determine the initial 206

and 207

the derived isochron age is even a true absolute age.   

diagram from the 207

y  where 206 x
206

intersects the 207 y
the 206 x 207

on the y

isochron age of samples containing only common 

by in situ radioisotope decay of U or Th after the 

206 207

assuming the meteorites and the earth formed at the
same time from the solar nebula by uniformitarian
evolutionary processes with the same primordial

isotopic compositions of galena samples of assumed

And again, the initial 206 207

ratios simply cannot be accurately determined using
mass spectrometers measuring the 206

207

mass spectrometers cannot distinguish between the
initial 206 207

formed 206 207

isochron dating cannot provide accurate absolute

 

a region to their source. Instead, the isochrons whose 

ratios which yield their supposed ages may simply 

And if we cannot determine with any certainty what 

are true isochron ages, or whether they are simply 

with them.

of earth history
The biblical model of earth history has a 

radically different timeframe than the conventional 
uniformitarian/evolutionary model. The timeframe 
over which God created everything in the universe 

so years ago, based on the genealogies in Genesis 5 
and 11 and the timeframe of the patriarchs and their 
descendants in the history of Israel, effectively the 

evolution over billions of years of radioisotope decay 

can be validly made. It is entirely reasonable 

earth history it is not necessary to assume that the 

of the Canyon Diablo iron meteorite’s troilite. To 
the contrary, the evolutionary model starts with the 

formed subsequently out of the sun, whereas the 
biblical account of God creating the universe starts 

on it covered with plants and surrounded by seas 

planets, moons, and asteroids of the solar system 

was created. 

the earth with its initial endowment of all four stable 

by radioactive decay from U or Th isotopes. And since 

gave the earth was not that of the Canyon Diablo 

isotopic evolution models on the created earth could 
be very different to that assumed by evolutionists. 
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endowment might have been we obviously cannot be 

such a model, we are left to speculate and propose 
various combinations that could then be used as the 

206 207

and 

Diablo iron meteorite’s troilite (table 3).

different. The scriptural record only states that when 

was anything under the waters, but it seems logical 
to assume that God also created the differentiated 
internal structure of core, mantle, and a crust on Day 

soil and plants on its surface. Alternately it could be 

water on Day 1 and then fashioned them into the core, 

is less tenable in light of the evidence in the geologic 

the earth’s original crust and surface on Day 3 is 
not described, but it is reasonable to suggest earth 
movements occurred to uplift sections of that crust. 
If those earth movements were accompanied by any 
melting and subsequent cooling and crystallization, 

during that Day 3 “Great Upheaval”. 

the earth’s crust would have been relatively stable so 
as not to disrupt the plants and animals living on its 

into being bad things, then perhaps when the ground 
was cursed radioactive decay was triggered so that 
U and Th isotopes became unstable and started to 
decay. Some creationists prefer that option over 
radioactive decay already happening during the 

the parent radioisotopes. It is not so much that the 
“decay” process is bad, because it is effectively only 
the transmutations of parent atoms into daughter 

atoms, the latter being just as good as the former. 

process which is harmful to plant and animal life. So 

there must have been no harmful radiation and thus 

surface, or all the radioisotopes were only deep inside 
the earth in the mantle and core where the harmful 
radiation from their radioactive decay would be 
absorbed. 

Therefore, if radioactive decay was always 
present inside the earth from the initial creation, 

movements and reorganization of the earth’s crust to 

Day 3 would have caused a major disturbance that 
redistributed various elements and their isotopes, 

radioactive decay was not triggered until the Curse 

occurred from the Curse onwards.
In either case, though, it is argued that the 

more years of radioactive decay. Apart from the 
radioisotope ratios there is no physical evidence, such 

of billions of years’ worth of radioisotope decay in the 

endowment of helium was, so we cannot assume the 

during which huge amounts of accelerated nuclear 

Indeed, we have the physical evidence of radiohalos 

(Snelling 2005a, b).

totally reshaped the earth, including the mantle and 
especially the crust. The assumption of uniformitarian 
process rates for the geologic processes involved over 



162 A. A. Snelling

some 600 million years or so is rejected. Instead, all 
the geological changes occurred in the year of the 

as the earth recovered from that convulsion.  All the 

model of geochemical/isotopic reservoirs inside the 
mantle and crust during that supposed 600 million 
or so million years could conceivably still have 
been accomplished by catastrophic plate tectonics 
within this young-earth timeframe (Austin et al. 

accelerated nuclear decay as postulated by Vardiman, 

thereof were sequentially added to crustal minerals 

interpret as great apparent ages. 

uniformitarian approach to their interpretation 

of years of assumed radioisotope decay at today’s 

cannot distinguish with certainty from today’s 

crustal geochemical/isotopic reservoirs that seem 

isotopic reservoirs have themselves been changed 

provide absolute ages of millions and billions of years 

The earth’s deep time history has only been 
assumed, not proven. To the contrary, the infallible 
divine eyewitness account in the Scriptures provides 

supernatural creation processes during the days of 

evidence consistent with grossly accelerated nuclear 

without any substantiation. 
The challenge then is to now build an alternative 

isotopic endowment at the earth’s creation on Day 

of the subsequent supernatural events during

added to the model. Then depending on when it is
assumed radioisotope decay began, the model would

evolution the grossly accelerated radioisotope decay

formation cycles occurred to build the earth’s present

various contributions to, and thus matched, the

numerous iterations in this modelling process with

isotope endowments, until the endowment which best 

earth’s history.

Conclusions
Uniformitarians assume that when the  

endowment, which is referred to as primordial 

composition of troilite in the Canyon Diablo iron 
meteorite. Subsequent radioactive decay of U 

mantle and crust through the earth’s history have 

mantle and crustal geochemical reservoirs with 

isotopes obtained from their sources. Subsequent U 

them. 
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the sophistication of todays’ analytical equipment, 

produced by U and Th decay in it since it formed, 
assuming constant rates of U and Th decay at today’s 

atoms can be distinguished from the initial inherited 

are today. And the absolute quantities of each of the 

methods have been devised to determine the initial 

ratios as distinct from the radiogenic (daughter) 

be routinely determined by these methods and can 

that cannot be proven. Zircon does incorporate 

cannot be measured independently and accurately. 

consisted of 

measured 206 207

used to somehow decide what proportions of them 

deep time history.

dating methodology is the assumption that the earth 
formed out of the solar nebula and that its primordial 

troilite of the Canyon Diablo iron meteorite. This 

would migrate to the inner planets rather than the 
asteroids which appear to have parented most of 
the meteorites, especially iron meteorites which are 
believed to be derived from the cores of asteroids 

a biblical perspective, though, the earth was created 

and the rest of the solar system were created on Day 

the mantle and via partial melting added many 

accelerated radioactive decay of U and Th in them 

Therefore, without being able to unequivocally 

assumptions ultimately depend on an assumed deep 
time history. Its rejection is recognized as fatal to 
the earth’s claimed age of billions of years. There 
is thus no impediment to accepting and using the 
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