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Abstract
Over the last 66 years numerous determinations have been made of the 187Re half-life and decay
constant. With the measurement technology having improved, the determinations over the last 20 years
have resulted in close agreement between the four determination methods—direct physical counting
and in-growth experiments, and radioisotope age comparisons using molybdenites and groups of
meteorites. Thus the 187Re half-life and decay constant values of 41.577 ± 0.12 Byr and 1.6668 ± 0.0034 × 10-11
per year respectively have now been adopted for standard use by the uniformitarian geological
community. These values are based on determinations recalibrating Re-Os model ages of molybdenites
by forcing them (essentially by circular reasoning) to agree with the U-Pb concordia-Pb-Pb intercept
ages of zircons from the same 11 magmatic-hydrothermal systems dating from ca. 90 Ma to
ca. 2670 Ma. This value is essentially identical to the best of the recent determinations using groups of
iron meteorites. It is also within the ± uncertainty range of the half-life values obtained by the best of the
physical direct counting and in-growth experiments. Yet, in spite of such experiments directly measuring
187
Re decay and its decay product 187Os respectively, preference has been given to the half-life value
determined by forcing the Re-Os data to agree with U-Pb dates. But many unprovable assumptions are
also involved, not least being that the radioisotope systems closed at the same time and subsequently
remained closed. Furthermore, even this “gold standard” has unresolved uncertainties due to the
U decay constants being imprecisely known, and to measured variations of the 238U/235U ratio in terrestrial
rocks and minerals and in meteorites. Both of these factors are so critical to the U-Pb method, as well
as the additional factor of knowing the initial concentrations of the daughter and index isotopes, so
it should not be used as a standard to determine other decay constants. In any case, the half-life of
187
Re has been shown to be dependent on environmental conditions such as the degree of ionization.
Fluctuations in nuclear decay rates have also been observed to correlate with solar activity for a few
other isotopes, while there is evidence decay rates of the radioisotopes used for rock dating have not
been constant in the past. This only serves to highlight that if the Re-Os dating method has been calibrated
against the U-Pb “gold standard” with all these uncertainties, then it cannot be absolute, and therefore
it cannot be used to reject the young-earth creationist timescale. Indeed, current radioisotope dating
methodologies are at best hypotheses based on extrapolating current measurements and observations
back into an assumed deep time history for the cosmos.
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Introduction
5DGLRLVRWRSH GDWLQJ RI URFNV DQG PHWHRULWHV
is perhaps the most potent claimed proof for the
supposed old age of the earth and the solar system.
The absolute ages provided by the radioisotope dating
methods provide an apparent aura of certainty to the
claimed millions and billions of years for formation
RI WKH HDUWK·V URFNV 0DQ\ LQ ERWK WKH VFLHQWLÀF
community and the general public around the world
thus remain convinced of the earth’s claimed great
antiquity.
However,
accurate
radioisotopic
age
determinations require that the decay constants of
the respective parent radionuclides be accurately
NQRZQDQGFRQVWDQWLQWLPH,GHDOO\WKHXQFHUWDLQW\
of the decay constants should be negligible
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compared to, or at least be commensurate with, the
analytical uncertainties of the mass spectrometer
measurements entering the radioisotope age
calculations (Begemann et al. 2001). Clearly, based
on the ongoing discussion in the conventional
literature this is not the case at present. The
stunning improvements in the performance of mass
spectrometers during the past four or so decades,
VWDUWLQJ ZLWK WKH ODQGPDUN SDSHU E\ :DVVHUEXUJ
et al. (1969), have not been accompanied by any
comparable improvement in the accuracy of the
GHFD\FRQVWDQWV %HJHPDQQHWDO6WHLJHUDQG
-lJHU   LQ VSLWH RI RQJRLQJ DWWHPSWV 0LOOHU
2012). The uncertainties associated with direct halflife determinations are, in most cases, still at the
OHYHOZKLFKLVVWLOOVLJQLÀFDQWO\EHWWHUWKDQDQ\
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UDGLRLVRWRSHPHWKRGIRUGHWHUPLQLQJWKHDJHVRIURFN
formations. However, even uncertainties of only 1%
LQWKHKDOIOLYHVOHDGWRYHU\VLJQLÀFDQWGLVFUHSDQFLHV
in the derived radioisotope ages. The recognition of
an urgent need to improve the situation is not new
IRU H[DPSOH 0LQ HW DO  5HQQH .DUQHU DQG
Ludwig 1998). It continues to be mentioned, at one
time or another, by every group active in geo- or
cosmochronology (Schmitz 2012).
From a creationist perspective, the 1997–2005
5$7( 5adioisotopes and the Age of The Earth)
SURMHFW VXFFHVVIXOO\ PDGH SURJUHVV LQ GRFXPHQWLQJ
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,
6QHOOLQJDQG&KDIÀQ <HWPXFKUHVHDUFK
HIIRUW UHPDLQV WR EH GRQH WR PDNH IXUWKHU LQURDGV
LQWRQRWRQO\XQFRYHULQJWKHÁDZVLQWULQVLFWRWKHVH
long-age dating methods, but towards a thorough
understanding of radioisotopes and their decay
during the earth’s history within a biblical creationist
IUDPHZRUN
2QH FUXFLDO DUHD WKH 5$7( SURMHFW GLG QRW
touch on was the issue of how reliable have been
the determinations of the radioisotope decay
rates, which are so crucial for calibrating these
GDWLQJ ´FORFNVµ ,QGHHG EHIRUH WKLV SUHVHQW VHULHV
of papers (Snelling 2014a, b) there have not been
any attempts in the creationist literature to review
how the half-lives of the parent radioisotopes used
in long-age geological dating have been determined
and to collate their determinations to discuss the
accuracy of their currently accepted values. After
all, accurate radioisotope age determinations
depend on accurate determinations of the decay
constants or half-lives of the respective parent
isotopes. The reliability of the other two assumptions
these absolute dating methods rely on, that is,
the starting conditions and no contamination of
closed systems, are unprovable. Yet these can
supposedly be circumvented somewhat via the
isochron technique, because it is independent of the
starting conditions and is sensitive to revealing any
FRQWDPLQDWLRQ ZKLFK LV VWLOO VLJQLÀFDQWO\ EHWWHU
than any radioisotope method for determining the
DJHVRIURFNIRUPDWLRQV'DWDSRLQWVWKDWGRQRWÀW
on the isochron are simply ignored because their
values are regarded as due to contamination. That
this is common practice is illustrated with numerous
H[DPSOHVIURPWKHOLWHUDWXUHE\)DXUHDQG0HQVLQJ
 DQG'LFNLQ  2QWKHRWKHUKDQGLWFRXOG
be argued that this discarding of data points which
GRQRWÀWWKHLVRFKURQLVDUELWUDU\DQGWKHUHIRUHLV
not good science, because it is merely assumed their
´DEHUUDQWµYDOXHVDUHGXHWRFRQWDPLQDWLRQUDWKHU
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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.
,QRUGHUWRUHFWLI\WKLVGHÀFLHQF\6QHOOLQJ DE 
has documented the methodology behind and history
of determining the decay constants and half-lives of
the parent radioisotopes 875EDQG 176Lu used as the
EDVLVIRUWKH5E6UDQG/X+IORQJDJHGDWLQJPHWKRGV
respectively. He showed that there is still some
uncertainty in what the values for these measures
of the 875EDQG 176Lu decay rates should be. This is
especially the case with determinations of the 176Lu
decay rate by physical direct counting experiments.
Furthermore, the determined values differ when
5E6U DJHV DUH FDOLEUDWHG DJDLQVW WKH 83E DJHV RI
HLWKHU WKH VDPH WHUUHVWULDO PLQHUDOV DQG URFNV RU
WKHVDPHPHWHRULWHVDQGOXQDUURFNV,URQLFDOO\LWLV
the slow decay rate of isotopes such as 875EXVHGIRU
GHHSWLPHGDWLQJWKDWPDNHVDSUHFLVHPHDVXUHPHQW
RI WKDW GHFD\ UDWH VR GLIÀFXOW 7KXV LW FRXOG EH
argued that direct measurements of their decay
rates should be the only acceptable experimental
evidence, especially because measurements which
are calibrated against other radioisotope systems
are already biased by the currently accepted
methodology employed by the secular community in
WKHLUURFNGDWLQJPHWKRGV,QGHHGERWKWKH875EDQG
176
Lu decay half-lives have ultimately been calibrated
DJDLQVWWKH83EUDGLRLVRWRSHV\VWHPV\HWWKHUHDUH
QRZ NQRZQ PHDVXUHG YDULDWLRQV LQ WKH 23882358
UDWLRWKDWLVFULWLFDOWRWKDWPHWKRG %UHQQHFNDDQG
:DGKZD+LHVVHWDO 
Therefore, the aim of this contribution is to
further document the methodology behind and
history of determining the present decay constants
and half-lives of the parent radioisotopes used as
WKHEDVLVIRUWKHORQJDJHGDWLQJPHWKRGV:HQHHG
WRH[SORUHMXVWKRZDFFXUDWHWKHVHGHWHUPLQDWLRQV
are, whether there really is consensus on standard
values for the half-lives and decay constants, and
MXVW KRZ LQGHSHQGHQW DQG REMHFWLYH WKH VWDQGDUG
values are from one another between the different
methods. Of course, it is to be expected that
HYHU\ ORQJOLYHG UDGLRDFWLYH LVRWRSH LV OLNHO\ WR
show similar variation and uncertainty in halfOLIH PHDVXUHPHQWV EHFDXVH WKHVH DUH GLIÀFXOW
PHDVXUHPHQWV WR PDNH +RZHYHU HYHQ VPDOO
variations and uncertainties in the half-life values
result in large variations and uncertainties in the
FDOFXODWHGDJHVIRUURFNVDQGWKHTXHVWLRQUHPDLQV
as to whether the half-life values for each long-lived
parent radioisotope are independently determined.
:H FRQWLQXH KHUH ZLWK GHWHUPLQDWLRQV RI WKH
rhenium-187 (1875H GHFD\UDWHZKLFKLVWKHEDVLV
IRUWKH5H2VGDWLQJPHWKRG
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Rhenium and Rhenium-187 Decay
:LWK DQ DWRPLF QXPEHU Z RI  UKHQLXP 5H  LV
element number 75 and appears in the sixth period
RQ WKH SHULRGLF WDEOH $OWKRXJK 5H LV FKHPLFDOO\
UHODWHGWR0QDQG7FLQWKHJURXSRUFROXPQ9,,%LWV
FKHPLFDOSURSHUWLHVDUHPRUHVLPLODUWRWKRVHRI0R
(Z  ZKLFKLWUHSODFHVLQ0REHDULQJPLQHUDOVVXFK
DV PRO\EGHQLWH 0R62  )DXUH DQG 0HQVLQJ  
5KHQLXPUDGLRDFWLYHO\GHFD\VWRRVPLXP Z = 76), its
neighboring element, yet Os is a member of the platinum
group elements (PGEs) in group VIII of the periodic
WDEOH³UXWKHQLXP 5X UKRGLXP 5K SDOODGLXP 3G 
RVPLXP 2V LULGLXP ,U DQGSODWLQXP 3W %RWK5H
and Os have several valences consistent with their
HOHFWURQFRQÀJXUDWLRQV³5H DQG DQG
2V DQG $GGLWLRQDOO\WKHLULRQLF
UDGLLLQWKHYDOHQFHVWDWHDUHLGHQWLFDODWÅ, and
both elements are strongly siderophile (iron-loving).
7KH LRQLF UDGLXV RI 5H (0.71 Å) is also similar to
WKDWRI0R (0.68 Å), and their electronegativities are
YLUWXDOO\LGHQWLFDO IRU5HDQGIRU0R ZKLFK
H[SODLQV ZK\ 5H FDQ UHSODFH 0R in molybdenite
DQG RWKHU 0REHDULQJ VXOÀGH PLQHUDOV )DXUH DQG
0HQVLQJ   )XUWKHUPRUH 5H tends to occur
LQ &X VXOÀGH PLQHUDOV SUHVXPDEO\ EHFDXVH 5H is
captured in place of Cu (ionic radius of 0.69 Å and
electronegativity of 1.9).
5HDQG2VFRQFHQWUDWLRQVDUHJHQHUDOO\PXFKKLJKHU
in chondrite and iron meteorites, in which they are
KLJKO\FRUUHODWHGWKDQLQPRVWWHUUHVWULDOURFNV )DXUH
DQG 0HQVLQJ   ,URQ PHWHRULWHV KDYH DYHUDJH
FRQFHQWUDWLRQV RI SSE 5H DQG SSE 2V
whereas ordinary chondrites contain on average only
SSE5HDQGSSE2V7KXVLWKDVEHHQIHDVLEOH
WR XVH WKH 5H2V GDWLQJ PHWKRG RQ LURQ PHWHRULWHV
2QWKHRWKHUKDQGWKHDYHUDJHFRQFHQWUDWLRQVRI5H
DQG2VLQWHUUHVWULDOLJQHRXVURFNVDUHOHVVWKDQSSE
IRU5HDQGOHVVWKDQSSEIRU2V+RZHYHUJUDQLWLF
JQHLVVHVDQGVKDOHVKDYHHOHYDWHG5HFRQFHQWUDWLRQV
UDQJLQJXSWRSSEPDNLQJLWSRVVLEOHWRXVHWKH
5H2V GDWLQJ PHWKRG RQ RUJDQLFULFK EODFN VKDOHV
ZLWKWKHLUKLJK5HFRQFHQWUDWLRQV 6FKPLW] WKH
only example of radioisotope dating methods having
EHHQ XVHG GLUHFWO\ RQ VHGLPHQWDU\ URFNV :KHUHDV
PRVW URFNIRUPLQJ VLOLFDWH PLQHUDOV KDYH ORZ 5H
DQG ORZ 2V FRQFHQWUDWLRQV PRO\EGHQLWH 0R62) and
&X1L3*( VXOÀGHV IRU H[DPSOH SHQWODQGLWH
FKDOFRS\ULWH DQG S\UUKRWLWH  KDYH KLJK 5H DQG ORZ
Os concentrations of 100–100,000 ppb and 6–900 ppb
UHVSHFWLYHO\ ZKLFK KDV HQDEOHG WKHLU XVH IRU 5H2V
GDWLQJRIVXOÀGHRUHGHSRVLWV5HW\SLFDOO\H[LVWVDWWKH
ppm level in molybdenite, whereas no Os is believed to
be incorporated into molybdenite during its formation
(Stein et al. 2001). Thus measured Os is assumed to
be radiogenic 187Os accumulated in situ from 1875H
GHFD\ DQG WKXV PRGHO PRO\EGHQLWH 5H2V DJHV FDQ
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SUHVXPDEO\ EH FDOFXODWHG IURP WKH 5H2V LVRWRSLF
analyses of single samples. For multiple molybdenite
samples assumed to have the same paragenesis the
5H2V LVRFKURQ DSSURDFK LV HPSOR\HG WR VXSSRVHGO\
verify zero initial or common 187Os and document
presumed isochroneity of the supposedly related
samples. The minerals magnetite, ilmenite, and
JDUQHW ZLWK DYHUDJH 5H FRQFHQWUDWLRQV RI ²SSE
have been suggested as having future potential for
UDGLRLVRWRSHGDWLQJE\WKH5H2VPHWKRG2IFRXUVH
this implies that the technique used has to accurately
measure very miniscule amounts of Os in small
samples supposedly hundreds of millions of years old
and then separate and measure from that miniscule
amount the radiogenic Os compared to the primordial
and cosmogenic Os.
5KHQLXP KDV WZR QDWXUDOO\ RFFXUULQJ LVRWRSHV
185
5H DQG 1875H ZKRVH DEXQGDQFHV DUH  DQG
UHVSHFWLYHO\ 6KLUH\DQG:DONHU  1875H
is radioactive and emits ǃ--particles as it decays to
187
Os, which is one of the seven naturally occurring
isotopes of Os. The relevant decay scheme is
depicted as:
5Hń1872Vǃ-ǎQ
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ZKHUH ǃ- LV D QHJDWLYHO\ FKDUJHG ǃSDUWLFOH ǎ is
an anti-neutrino, and Q is the total decay energy
0H9 
There are two parameters by which the decay
rate is measured and expressed, namely, the decay
FRQVWDQW ǌ DQGWKHKDOIOLIH W½). The decay constant
FDQ EH GHÀQHG DV WKH SUREDELOLW\ SHU XQLW WLPH RI
a particular nucleus decaying, whereas the halfOLIH LV WKH WLPH LW WDNHV IRU KDOI RI D JLYHQ QXPEHU
of the parent radionuclide atoms to decay. The two
quantities can be almost used interchangeably,
because they are related by the equation:t½ OQǌ ǌ
The decay rate of 1875H KDV EHHQ GLIÀFXOW WR
determine because the endpoint energy of the
ǃVSHFWUXPLVRQO\DERXWNH96LPLODUO\WKHWRWDO
GHFD\ HQHUJ\ LV H[WUHPHO\ ORZ DW NH9 HYHQ
compared with that for 875EDWNH97KLVPDNHV
measurement of the decay rate by direct counting
YHU\GLIÀFXOWMXVWDVLWKDVDOZD\VFDXVHGSUREOHPV
in the accurate determination of the 875EGHFD\UDWH
'LFNLQ)DXUHDQG0HQVLQJ 
Determination Methods
Three approaches have been followed to determine
WKH ǃGHFD\ FRQVWDQW DQG KDOIOLIH RI WKH ORQJOLYHG
radioactive 1875H VLQFH 1DOGUHWW DQG /LEE\  
PDGHWKHÀUVWDWWHPSW
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Direct counting
,Q WKLV WHFKQLTXH WKH EHWD ǃ  DFWLYLW\ RI 1875H
is counted in a source material over a designated
time period, and divided by the total number of
UDGLRDFWLYHDWRPVLQWKHNQRZQTXDQWLW\RI5HEDVHG
on Avogadro’s number and the isotopic abundance of
187
5H+RZHYHUGHWHFWRUVZLWKDQHQWUDQFHZLQGRZ
are not suitable for the detection of the spectral
shape and half-life of 1875HEHFDXVHRIWKHORQJKDOI
life of 1875H·V XQLTXH ÀUVWIRUELGGHQ ǃGHFD\ and its
ǃHQGSRLQWHQHUJ\RIRQO\NH9WKHORZHVWNQRZQ
LQ QDWXUH $VKNWRUDE HW DO   )XUWKHUPRUH
accurate counting of solid samples has proved
to be almost impossible, due to the absorption of
ǃSDUWLFOHVE\VXUURXQGLQJ5HDWRPV 'LFNLQ 
An alternative technique was thus developed which
XVHV HLWKHU D JDVHRXV 5H FRPSRXQG WR UHSODFH WKH
JDV ÀOOLQJ RI D SURSRUWLRQDO FRXQWHU RU D OLTXLG 5H
compound in a scintillation detector. In both cases
LW ZDV GLIÀFXOW WR ÀQG FRPSRXQGV ZLWK VXLWDEOH
SURSHUWLHV EXW %URG]LQVNL DQG &RQZD\  
using biscyclopentadienylrhenium hydride vapor
obtained a 1875HKDOIOLIHRI± 13 Byr by the former
method, and Naldrett (1984) using oxotrichlorobis
(tri-phenylphosphine) rhenium V obtained a value of
35 ± 4 Byr by the latter method.
The precision of such direct counting studies
was subsequently improved by the use of
microcalorimetric determinations in which all the
energy released in the ǃGHFD\RI 1875HLVPHDVXUHG
except that of the emitted neutrino (Alessandrello
HW DO  $UQDEROGL HW DO  $VKNWRUDE HW DO
 *DOHD]]L HW DO   $VKNWRUDE HW DO  
used a high-temperature quartz proportional counter
with metallo-organic biscyclopentadienylrhenium
hydride vapors (containing natural rhenium) added
to the counting gas (90% argon 10% methane) to
determine a half-life for 1875HRI± 1.3 Byr. On the
other hand, Alessandrello et al. (1999), Galeazzi et
al. (2001), and Arnaboldi et al. (2003) used cryogenic
microcalorimeters or low-temperature bolometers,
which consisted of a rhenium-containing absorber
that converted the energy of the incident radiation
into heat, a sensor that detected the temperature
YDULDWLRQV RI WKH DEVRUEHU DQG D ZHDN WKHUPDO
OLQN EHWZHHQ WKH GHWHFWRU DQG WKH KHDW VLQN $OO
three experiments used neutron transmutation
doped germanium thermistors with silicon chips,
but whereas Galeazzi et al. (2001) used a metallic
rhenium crystal for the absorber, Alessandrello et
al. (1999) and Arnaboldi et al. (2003) used silver
SHUUKHQDWH $J5H24) crystals instead. However,
in spite of using similar protocols, even all these
experiments using modern methods yielded results
for the half-life of 1875H ZLWK XQFHUWDLQWLHV DW WKH
several percent level (Galeazzi et al. 2001) that are
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VLJQLÀFDQWO\ GLIIHUHQW³± 3.5 Byr (Alessandrello
et al. 1999), 41.2 ± 0.6 Byr (Galeazzi et al. 2001), and
43.2 ±%\U $UQDEROGL HW DO   7KLV PDNHV
these half-life values unsuitable for high resolution
5H2V JHRFKURQRORJ\ SDUWLFXODUO\ ZKHQ FRPSDUHG
with other radioisotopic systems in use in the earth
sciences.
-XGJHG IURP WKH IDFW WKDW WKHVH GLUHFW FRXQWLQJ
experiments have yielded results that are not
compatible with one another within the stated
uncertainties (see below), it would appear that not all
the measurement uncertainties are accounted for, and
therefore the stated uncertainties are unrealistically
VPDOO DQG W\SLFDOO\ DUH XQGHUHVWLPDWHG 0DQ\ RI
VXFKH[SHULPHQWVDUHOLNHO\SODJXHGE\XQUHFRJQL]HG
systematic errors (Begemann et al. 2001). As the
nature of these errors is obscure, it is not
straightforward to decide which of the, often mutually
exclusive, results of such direct counting experiments
is closest to the true value. Furthermore, the presence
RIXQNQRZQV\VWHPDWLFELDVHVPDNHVDQ\DYHUDJLQJ
dangerous. It is possible that reliable results of
FDUHIXO ZRUNHUV OLVWLQJ UHDOLVWLF XQFHUWDLQWLHV ZLOO
not be given the weights they deserve—this aside
IURP WKH TXHVWLRQ RI ZKHWKHU LW PDNHV VHQVH WR
average numbers that by far do not all agree within
the stated uncertainties.
In-growth experiments
An alternative approach to determining the
187
5HGHFD\FRQVWDQWDQGKDOIOLIHLVWRPHDVXUHWKH
amount of 1872V SURGXFHG E\ WKH GHFD\ RI D NQRZQ
quantity of 1875H LQ WKH ODERUDWRU\ RYHU D NQRZQ
period of time. This method has only been attempted
E\/LQGQHUHWDO  ZKRXVHGÀYHEDWFKHV
RIDFRQFHQWUDWHGVROXWLRQRISHUUKHQLFDFLG +5H24)
IRUZKLFKWKHSUHFLVHTXDQWLW\RIFRQWDLQHG5HZDV
carefully determined and from which all residual
FRQWDPLQDQW2VZDVUHPRYHG7RWKUHHRIWKHÀYH
batches were added precise measured quantities of
LQGHSHQGHQW VSLNHV RI WKH VWDEOH 2V LVRWRSHV 190Os
and 192Os in an effort to improve the precision of
their determination of the 875H KDOIOLIH 7R RQH RI
the other batches only a 1922VVSLNHZDVDGGHGDQG
then a 1902VVSLNHZDVRQO\DGGHGWRVHOHFWHGDOLTXRWV
as they were withdrawn after the respective growth
periods. To the last batch only a 1902V VSLNH ZDV
added, and then a 1922V VSLNH ZDV RQO\ DGGHG MXVW
before testing after the respective growth periods.
This procedure was adopted as an internal test of
chemical equilibrium and isotopic exchange. Since
RQH VSLNH ZDV DGGHG DW WKH RQVHW RI 187Os growth
and the other at the end of the growth period, any
VLJQLÀFDQW ODFN RI LVRWRSLF H[FKDQJH EHWZHHQ WKH
radiogenic 1872VDQGHLWKHUVSLNHZRXOGKDYHFDXVHG
a clear discrepancy between the results based on
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WKH WZR VSLNHV 7KH WLPH IRU WKH VWDUW RI LQJURZWK
accumulation of daughter 187Os was measured from
the end of the removal of the contaminant Os. The
ÀUVW EDWFK ZDV UHPRYHG IRU WHVWLQJ DIWHU  GD\V
and the other batches were progressively removed
for testing in intervals of approximately 200 days, the
ODVWEDWFKEHLQJUHPRYHGDIWHUDOPRVWÀYH\HDUV7KH
187
5H187Os, 1875H190Os, and 1875H192Os ratios in the
ÀQDOVROXWLRQVDWHDFKWLPHLQWHUYDOZHUHPHDVXUHG
by isotope dilution using inductively coupled plasma
mass spectrometry. The unweighted average of all
these determinations of the 1875HKDOIOLIHVWDWHGDW
WKH  FRQÀGHQFH OHYHO ZDV ± 1.3 Byr, with
the stated uncertainties amounting to ± 3% and
DOORZLQJ IRU WKH NQRZQ V\VWHPDWLF XQFHUWDLQWLHV LQ
WKHFDOLEUDWLRQVRIWKHVSLNHVDQGVWDQGDUGVROXWLRQV
as well as the random uncertainties (Lindner et al.
1989).
This technique thus relies on measuring the
ǃGHFD\SURGXFW187Os of a carefully measured amount
of radioactive 1875HDFFXPXODWHGRYHUDZHOOGHÀQHG
SHULRG RI WLPH :KHUH IHDVLEOH WKLV LV WKH PRVW
straightforward technique (Begemann et al. 2001).
In-growth measurement overcomes the problems
encountered with direct counting of large fractions of
low-energy 1875HHPLWWHGǃSDUWLFOHV,WDOVRFRPSULVHV
the direct 187Os product of any radiation-less decays
(which otherwise cannot be measured at all). Among
WKH GUDZEDFNV RI WKLV DSSURDFK LV WKDW WKH PHWKRG
is obviously not instantaneous. The experiment
PXVWEHVWDUWHGORQJEHIRUHWKHÀUVWUHVXOWVFDQEH
obtained because long periods of time are required
IRUVXIÀFLHQWO\ODUJHDPRXQWVRIWKHGHFD\SURGXFWV
WRDFFXPXODWH,QWKLVFDVHWKHSHULRGZDVRQO\ÀYH
years, which it could be argued might have been
WRR VKRUW D OHQJWK RI WLPH IRU VXIÀFLHQW GDXJKWHU
187
Os to have accumulated for the most accurate
measurements to be made. In-growth experiments
further require an accurate determination of the
UDWLRRIWKHWZRFKHPLFDOHOHPHQWV SDUHQWGDXJKWHU
187
5H187Os) as well as an accurate determination
of the isotopic composition of parent and daughter
HOHPHQWV5HDQG2VDWWKHVWDUWRIWKHDFFXPXODWLRQ
(Begemann et al. 2001). And Lindner et al. (1989)
GLG QRW WDNH LQWR DFFRXQW WKH HIIHFW RI WKH QHXWURQ
capture cross section of 187Os on 1875H GHFD\ ZKLFK
ZH QRZ NQRZ ZRXOG KDYH EHHQ KLJK GXULQJ WKLV
ÀYH\HDU PHDVXUHPHQW SHULRG DW WKH H[SHULPHQW·V
temperature and thus facilitating the decay process
(Segawa et al. 2007).
Geological comparisons of methods
The third approach to the determination of the
187
5H GHFD\ FRQVWDQW DQG KDOIOLIH  KDV EHHQ WR
date geological samples whose ages have also been
measured by other methods with presumably more
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UHOLDEOH GHFD\ FRQVWDQWV 'LFNLQ  )DXUH DQG
0HQVLQJ   7KLV HVVHQWLDOO\ LQYROYHV FLUFXODU
reasoning, because it is being assumed the other
UDGLRLVRWRSH GDWLQJ PHWKRGV SULQFLSDOO\ WKH 83E
method, gives the reliable dates to which the
187
5H KDOIOLIH FDQ EH FDOLEUDWHG WR EULQJ WKH 5H2V
radioisotope ages into agreement. It should be noted,
KRZHYHU WKDW WKLV LV KDUGO\ REMHFWLYH EHFDXVH DOO
WKHUDGLRLVRWRSHDJHVRIURFNVFRXOGEHZURQJGXHWR
the underlying unprovable and suspect assumptions
on which all the radioisotope methods are based.
Nevertheless, geological determinations of the 1875H
half-life have been made over the past 60 years using
WKH WHUUHVWULDO PLQHUDO PRO\EGHQLWH 0R62) and
groups of iron meteorites.
7KH ÀUVW DWWHPSW WR GHWHUPLQH WKH 1875H KDOI
OLIH XVLQJ 5H2V PRO\EGHQLWH GDWLQJ VWXGLHV FRXOG
only estimate the value as being between 5 and
250 Byr because the age of the molybdenite was
XQNQRZQ +HUU +LQWHQEHUJHU DQG 9RVKDJH 
Hintenberger, Herr, and Voshage 1954). Further
ZRUNE\+HUUDQG0HU]  RQPRO\EGHQLWHV
RINQRZQDJHVWKDWLVE\DVVXPLQJWKHDJHVRIWKH
PRO\EGHQLWHV ZHUH LGHQWLFDO WR WKHLU KRVW URFNV
narrowed the estimate of the 1875H KDOIOLIH YDOXH
to between 55 and 68 Byr. Then only several years
later, Hirt, Herr, and Hoffmeister (1963) and Hirt et
al. (1963) determined a 1875HKDOIOLIHYDOXHRI%\U
XVLQJPRO\EGHQLWHVRINQRZQDJHVZKLFKLVLQJRRG
agreement with the value of 41.577 Byr via a similar
determination more than 40 years later (Selby et
DO DUHPDUNDEOHDFKLHYHPHQWJLYHQWKHSRRU
age constraints for the studied molybdenites and the
ore deposits from which they came, and the very low
precision of the analytical techniques available at the
time.
The 1875H GHFD\ FRQVWDQW DQG KDOIOLIH KDYH DOVR
EHHQ GHÀQHG E\ WKH JHQHUDWLRQ RI 5H2V LVRFKURQV
IRUJURXSVRILURQPHWHRULWHVRISUHVXPHGDJHÀUVW
DWWHPSWHG E\ /XFN %LUFN DQG $OOqJUH   DQG
/XFNDQG$OOqJUH  ZKRREWDLQHGKDOIOLIHYDOXHV
of 42.8 Byr and 45.6 Byr respectively. The value for the
187
5HGHFD\UDWHKDVEHHQVXEVHTXHQWO\UHÀQHGXVLQJ
new chemical separation and mass spectrometric
WHFKQLTXHVLQRUGHUWRJHQHUDWH5H2VLVRFKURQVZLWK
higher precision for groups of iron meteorites with
SUHVXPHGDJHV7KXV6PROLDU:DONHUDQG0RUJDQ
  6KHQ 3DSDQDVWDVVLRX DQG :DVVHUEXUJ
  DQG 6KXNRO\XNRY DQG /XJPDLU  
obtained 1875H KDOIOLIH YDOXHV RI %\U %\U
and 41.8 Byr respectively, which are almost identical
to the determination of 41.577 Byr by Selby et al.
 XVLQJPRO\EGHQLWHVRINQRZQDJHV DFFRUGLQJ
to uniformitarian assumptions).
This method has the disadvantage that it involves
geological uncertainties, such as whether all isotopic
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systems closed at the same time and remained closed.
+RZHYHULWLVFODLPHGWRVWLOOSURYLGHDXVHIXOFKHFN
on the laboratory determinations by direct physical
counting and in-growth experiments. Nevertheless,
this approach entails multi-chronometric dating of a
mineral or groups of meteorites and cross-calibration
RI GLIIHUHQW UDGLRLVRWRSLF DJH V\VWHPV E\ DGMXVWLQJ
WKH GHFD\ FRQVWDQW RI WKH 5H2V V\VWHP VR DV WR
force agreement with the age obtained via another
GDWLQJV\VWHPXVXDOO\83E %HJHPDQQHWDO 
In essence, because the half-life of 2388 LV FODLPHG
WR EH WKH PRVW DFFXUDWHO\ NQRZQ RI DOO UHOHYDQW
radionuclides, this usually amounts to expressing
ages in units of the half-life of 2388
Results of the Rhenium-187
Decay Determinations
'XULQJWKHODVW\HDUVQXPHURXVGHWHUPLQDWLRQV
of the 1875H GHFD\ FRQVWDQW DQG KDOIOLIH KDYH EHHQ
made using these three methods. The results are listed
with details in Table 1. The year of the determination
versus the value of the half-life is plotted in Fig. 1, and
the year of the determination versus the value of the
decay constant is plotted in Fig. 2. In each case the
data points plotted have been color-coded the same
to differentiate the values as determined by the three
approaches that have been used—direct counting,
in-growth experiments, and geological comparisons
with other radioisotope dating methods.
Discussion
It is obvious from Table 1 that, in spite of the
UHPDUNDEOH DFKLHYHPHQWV LQYROYHG WKH HDUOLHVW
determinations of the 1875HGHFD\UDWHZHUHJURVVO\
LQÁDWHGGXHRIFRXUVHWRWKHUXGLPHQWDU\WHFKQRORJ\
available at the time. That is why most of them
were not plotted on Figs. 1 and 2. Indeed, the only
determinations prior to 1963 plotted were those
RI +HUU DQG 0HU]   DQG :DWW DQG *ORYHU
(1962), because they were within the same range
as all the later determinations. Those 1875H KDOI
life values are 61.5 Byr and 30 Byr respectively,
and they were obtained via comparison of the
5H2VDJHVRIPRO\EGHQLWHVRINQRZQDJHVGHWHUPLQHG
by other radioisotope systems, and via direct
counting with a proportional counter, respectively.
However, the error bars on the pre-1963 data (see
WDEOH VKRXOGKDYHUHÁHFWHGWKHXQFHUWDLQWLHVGXH
WRWKHDYDLODEOHWHFKQRORJ\VRLWPD\EHGLIÀFXOWWR
MXVWLI\GLVFDUGLQJWKDWSUHGDWDEDVHGRQO\RQ
the technology argument. If that early data were
retained, then it may conceivably be possible to
SRVWXODWHWKDWWKHHDUO\PHDVXUHPHQWVDUHUHÁHFWLQJ
a real shift in the decay constant with time.
Fig. 3 is a plot of all the post-1980 determinations
of the 1875H KDOIOLIH FRORUFRGHG WKH VDPH WR

A. A. Snelling

differentiate the values as determined by the three
approaches that have been used. All the half-life
values fall within a narrow range between 41.2 Byr
*DOHD]]LHWDO DQG%\U /XFNDQG$OOqJUH
1983), except for the value of 35 Byr obtained by
Naldrett (1984) (see table 1). The values of 43 Byr
obtained by Hirt, Herr, and Hoffmeister (1963)
DQG +LUW HW DO   YLD FRPSDULVRQ RI WKH 5H2V
DJHV RI PRO\EGHQLWHV RI NQRZQ DJHV DQG %\U
REWDLQHG E\ 3D\QH DQG 'UHYHU   YLD GLUHFW
counting of internal gas by proportional counter
are also within the narrow range of values obtained
from the post-1980 determinations, although their
uncertainties of ±%\UPDNHWKHPWRRLPSUHFLVHWR
be seriously considered. Yet by the same standard
the uncertainties of ± 3 Byr and ± 3.5 Byr in the direct
FRXQWLQJGHWHUPLQDWLRQVE\$VKNWRUDEHWDO  
and Alessandrello et al. (1999) respectively would
render their half-life values of 45 Byr and 43 Byr
similarly imprecise.
Therefore, to be able to better assess the post1980 half-life determinations, only those values that
fell within the narrow 41–46 Byr range were plotted
with their ± uncertainties in Fig. 4 according to their
method of determination. A distinction was also made
between determinations obtained by radioisotope
age comparisons of molybdenites and those obtained
by radioisotope age comparisons of groups of iron
meteorites.
Among
the
physical
direct
counting
determinations, the large uncertainties in the
$VKNWRUDE HW DO   DQG $OHVVDQGUHOOR HW DO
(1999) experiments causes the four results to
overlap throughout the 39–48 Byr range. Yet the
Alessandrello et al. (1999) result of 43 Byr falls
between the Galeazzi et al. (2001) and Arnaboldi et al.
(2003) results of 41.2 Byr and 43.2 Byr respectively,
but the ± uncertainties of these latter results are
small so that their uncertainty ranges do not overlap.
Nevertheless, the three most recent physical direct
counting results were grouped to produce a mean
187
5H KDOIOLIH YDOXH RI ± 1.42 Byr, which is
PDUNHGE\DYHUWLFDOGDVKHGOLQHLQ)LJWRJHWKHU
with the uncertainty range shaded. This mean 1875H
half-life value is virtually identical to the value of
42.3 ± 1.3 Byr obtained by Lindner et al. (1989) in
WKHLULQJURZWKH[SHULPHQWZKLFKZDVDUHÀQHPHQW
of their initial experiment (Lindner et al. 1986)
and so it is ignored in this discussion of the best
determination results.
The 45.5 ± 1.8 Byr 1875HKDOIOLIHYDOXHREWDLQHGLQ
WKH HDUOLHU /XFN DQG $OOqJUH   GHWHUPLQDWLRQ
via radioisotope age comparisons of molybdenites
is almost completely outside the range of the mean
half-life value from the most recent physical direct
counting experiments and the range of the half-
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Table 1.'HWHUPLQDWLRQVRIWKH1875HGHFD\UDWHH[SUHVVHGLQWHUPVRIWKHKDOIOLIHDQGWKHGHFD\FRQVWDQWXVLQJGLUHFW
physical counting experiments, in-growth experiments, and comparisons of radioisotope ages of terrestrial minerals
DQGURFNVDQGPHWHRULWHV
Date

Half-Life
(Byr)

1948

4000

1948

5000

1952

5000

1953

5000

1954

100

1954

5

1954

1,300,000

1957

240

1958

61.5

Error
(Byr)

Decay Constant
(yr-1)

Error

± 1000

&RPSDULVRQRI5H2VDJHZLWK
XQNQRZQDJHRIPRO\EGHQLWH

ĺ

± 50
± 6.5

Method
'LUHFWFRXQWLQJE\JDV¿OOHG
Geiger counter
'LUHFWFRXQWLQJE\JDV¿OOHG
Geiger counter
'LUHFWFRXQWLQJE\SURSRUWLRQDO
counter
Direct counting of tracks in
SKRWRJUDSKLFHPXOVLRQ
Direct counting by Geiger
counter

1.13 × 10-11

±0.12 × 10-11

1958

320

± 70

1962

120

± 40

1962

30

1963

43

±5

1965

66

± 13

1965

47

±5

1980

42.8

±1

1.62 × 10-11

±0.03 × 10-11

1982

45.5

± 1.8

1.52 × 10-11

±0.06 × 10-11

1983

45.6

± 1.2

1.53 × 10-11

±0.08 × 10-11

1984

35

1986

43.5

± 1.3

1.59 × 10-11

±0.05 × 10-11

1989

42.3

± 1.3

1.64 × 10-11

±0.05 × 10-11

1992

42

± 0.4

1.65 × 10-11

±0.011 × 10-11

1993

45

±3

1.54 × 10-11

±0.10 × 10-11

1996

41.6

± 0.13

1.666 × 10-11

±0.017 × 10-11

1996

41.7

± 0.9

1.66 × 10-11

±0.027 × 10-11

1997

41.8

± 0.1

1.658 × 10-11

±0.003 × 10-11

1999

43

± 3.5

1.61 × 10-11

±0.26 × 10-11

2001

41.2

± 0.6

1.682 × 10-11

±0.045 × 10-11

2003

43.2

± 0.15

1.604 × 10-11

±0.004 × 10-11

2007

41.577

± 0.12

1.6668 × 10-11

±0.0034 × 10-11

1.61 × 10-11

±4

Source
1DOGUHWWDQG/LEE\ 
6XJDUPDQDQG5LFKWHU

&XUUDQ 
*DXWKHDQG%OXP 
6XWWOHDQG/LEE\ 
Hintenberger, Herr,
DQG9RVKDJH  
+HUU+LQWHQEHUJHUDQG
9RVKDJH 

'LUHFWFRXQWLQJE\SURSRUWLRQDO
'L[RQDQG0F1DLU 
counter
Direct counting by Geiger
:DOWRQ 
FRXQWHURILQWHUQDOJDVWXEH
&RPSDULVRQRI5H2VDJHVRI
+HUUDQG0HU] 
PRO\EGHQLWHVZLWKNQRZQDJHV
Direct counting by Geiger
1DOGUHWW 
counter
Direct counting by Geiger
:ROIDQG-RKQVWRQ 
FRXQWHURILQWHUQDOJDVWXEH
'LUHFWFRXQWLQJE\SURSRUWLRQDO
:DWWDQG*ORYHU 
counter
&RPSDULVRQRI5H2VDJHVRI
+LUW+HUUDQG+RIIPHLVWHU
PRO\EGHQLWHVRINQRZQDJHV
 +LUWHWDO
'LUHFWFRXQWLQJRILQWHUQDOJDVE\ %URG]LQVNLDQG&RQZD\
SURSRUWLRQDOFRXQWHU

'LUHFWFRXQWLQJRILQWHUQDOJDVE\
3D\QHDQG'UHYHU 
SURSRUWLRQDOFRXQWHU
&RPSDULVRQRI5H2VDJHVRI
/XFN%LUFNDQG$OOqJUH
LURQPHWHRULWHVZLWK5E6U83E

DQG6P1GDJHV
&RPSDULVRQRI5H2VDJHVRI
PRO\EGHQLWHVRINQRZQDJHV 5E /XFNDQG$OOqJUH 
6U.$U83E
&RPSDULVRQRI5H2VDQG3E3E
/XFNDQG$OOqJUH 
ages of meteorites
'LUHFWFRXQWLQJE\OLTXLG
1DOGUHWW 
VFLQWLOODWLRQFRXQWHU
,QJURZWKH[SHULPHQWE\OLTXLG
/LQGQHUHWDO 
VFLQWLOODWLRQFRXQWHU
,QJURZWKH[SHULPHQWE\
LVRWRSHGLOXWLRQDQG,&3PDVV
/LQGQHUHWDO 
spectrometer
&RPSDULVRQRI5H2VDJHVRI
+RUDQHWDO 
LURQPHWHRULWHVZLWK3E3EDJHV
'LUHFWFRXQWLQJRILQWHUQDOJDVE\
$VKNWRUDEHWDO 
SURSRUWLRQDOFRXQWHU
&RPSDULVRQRI5H2VDJHVRI
6PROLDU:DONHUDQG
LURQPHWHRULWHVZLWK3E3EDJHV 0RUJDQ 
&RPSDULVRQRI5H2VDJHVRI
6KHQ3DSDQDVWDVVLRX
LURQPHWHRULWHVZLWK3E3EDJHV DQG:DVVHUEXUJ 
&RPSDULVRQRI5H2VDJHVRI
6KXNRO\XNRYDQG/XJPDLU
LURQPHWHRULWHVZLWK3E3EDJHV 
Direct counting by
$OHVVDQGUHOORHWDO
PLFURERORPHWHUGHWHFWRUV

Direct counting by cryogenic
*DOHD]]LHWDO 
PLFURFDORULPHWHU
Direct counting by
$UQDEROGLHWDO 
PLFURERORPHWHUGHWHFWRUV
&RPSDULVRQRI5H2VDJHVRI
PRO\EGHQLWHVDQG83EDJHVRI 6HOE\HWDO 
]LUFRQVIURPVDPHRUHERGLHV

100
7

Half-life (× 10 billion years)

6
5
4

Direct counting
Comparison of methods

3

In-growth experiment

2
1
0
1950

1960

1970

1980

1990

2000

2010

Year of determination

Fig. 1. Plot of each 1875HKDOIOLIHGHWHUPLQDWLRQYHUVXVWKH\HDURILWVGHWHUPLQDWLRQFRORUFRGHGDFFRUGLQJWRWKH
method of its determination.

Decay constant (× 10 per year)

life value from the Lindner et al. (1989) in-growth
H[SHULPHQW ÀJ VRIRUWKLVGLVFXVVLRQLVLJQRUHG
On the other hand, the very precise Selby et al. (2007)
187
5HKDOIOLIHYDOXHRI%\USORWVRQ)LJ
4 within the left side of the range envelopes of the
mean half-life value from the most recent physical
direct counting experiments and of the half-life value
from the Lindner et al. (1989) in-growth experiment.
It is also almost identical to the Galeazzi et al. (2001)
physical direct counting value for the 1875HKDOIOLIHRI
41.2 ± 0.6 Byr and within its uncertainty range.
Among the determinations obtained by
radioisotope age comparisons of groups of iron
PHWHRULWHV WKH /XFN DQG $OOqJUH ) 1875H KDOI
life value of 45.6 ± 1.2 Byr plots in Fig. 4 well outside
the range envelopes of the mean half-life value from

the most recent physical direct counting experiments
and of the half-life value from the Lindner et al.
(1989) in-growth experiment. Furthermore, it does
not in any way overlap with any other determination
obtained by radioisotope age comparisons of groups
of iron meteorites, so in this discussion it has been
LJQRUHG 6LPLODUO\ WKH /XFN %LUFN DQG $OOqJUH
(1980) 1875H KDOIOLIH YDOXH RI %\U IDOOV RXWVLGH
the ± uncertainties range envelopes of the four
post-1990 determinations by the same method,
even though the left-hand limit of its uncertainty
range of ± 1 Byr overlaps with some of the post-1990
determinations and their ± uncertainties ranges. The
post-1990 determinations utilized improved chemical
separation and mass spectrometric techniques, so
those four determinations plot close together in

2
1.8
Direct counting
1.6

Comparison of methods
In-growth experiment

1.4
1.2
1
1950

1960

1970

1980
1990
Year of determination

2000

2010

Fig. 2. Plot of each 1875HGHFD\FRQVWDQWGHWHUPLQDWLRQYHUVXVWKH\HDURILWVGHWHUPLQDWLRQFRORUFRGHGDFFRUGLQJWR
the method of its determination.
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46

44

Half-life (Byr)

42

40

38

Direct counting experiments
In-growth experiments

36

Comparison of molybdenite ages
Comparison of iron meteorite ages

34
1980

1985

1990

1995

2000

2005

2010

Year of determination

Fig. 3. Enlarged plot of the 1875HKDOIOLIHGHWHUPLQDWLRQVVLQFHYHUVXVWKH\HDURIWKHLUGHWHUPLQDWLRQFRORU
coded according to the method of its determination.
Ashktorab et al. 1993
Alessandrello et al. 1999
Physical
Counting
Experiments

42.47 ± 1.42 Byr

Galeazzi et al. 2001
Arnaboldi et al. 2003

In-Growth
Experiments

Lindner et al. 1986
42.3 ± 1.3 Byr
Lindner et al. 1989

Luck and Allègre 1982

41.577 ± 0.02 Byr
Selby et al. 2007

Age Comparison:
Molybdenites

Luck, Birck, and Allègre 1980
Luck and Allègre 1983
Age Comparison:
Iron Meteorites

Horan et al. 1992
Smoliar, Walker, and Morgan 1996

41.78 ± 0.38 Byr

Shen, Papanastassiou, and Wasserburg 1996
Shukolyukov and Lugmair 1997
39

40

41

42

43

44
Half-life (Byr)

45

46

47

48

Fig. 4. Comparison of all the 1875HKDOIOLIHGHWHUPLQDWLRQVVLQFHLQWKHUDQJHRI²%\UJURXSHGDQGFRORU
coded according to the determination method. The vertical color-shaded areas indicate the two standard deviations
ǔ IURPWKHPHDQYDOXHV FRORUHGYHUWLFDOOLQHV IRUWKHJURXSLQJVRIGHWHUPLQDWLRQVLQHDFKPHWKRG
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Fig. 4 and together yield a mean 1875HKDOIOLIHYDOXH
of 41.78 ± 0.38 Byr. This mean value is very close to
and between the 1875HKDOIOLIHYDOXHVRI%\U
of Selby et al. (2007) obtained by radioisotope age
comparisons of molybdenites and 42.3 Byr of Lindner
et al. (1989) obtained by an in-growth experiment.
Its uncertainty envelope of ± 0.38 Byr also fully
encloses the Selby et al. (2007) 1875H KDOIOLIH YDOXH
of 41.557 ±%\U ÀJ DQGLVLWVHOIIXOO\HQFORVHG
within the uncertainty envelopes of the Lindner et
al. (1989) in-growth experiment half-life value and
of the mean half-life value of the three most recent
SK\VLFDO GLUHFW FRXQWLQJ H[SHULPHQWV 7KXV XQOLNH
the determinations of the 875E DQG 176Lu half-lives
(Snelling 2014a, b), here there is essential agreement
on the 1875H KDOIOLIH YDOXH REWDLQHG E\ WKHVH IRXU
different determination methods, but only if the pre1963 determinations are ignored.
But how was such agreement obtained? In
SDUWLFXODUKRZREMHFWLYHZHUHWKHGHWHUPLQDWLRQVE\
the radioisotope ages comparisons? The Selby et al.
(2007) half-life value of 41.557 ± 0.12 Byr and decay
constant value of 1.6668 ± 0.034 × 10-11 per year are
now regarded as well-established and thus used
by the geochronology community (Schmitz 2012).
<HW WKHVH DUH GHULYHG YDOXHV VXEMHFW WR JHRORJLFDO
uncertainties and cross-calibration with other
UDGLRLVRWRSH V\VWHPV WKDW DUH HTXDOO\ VXEMHFW WR
similar geological uncertainties and assumptions, as
already noted (Begemann et al. 2001). Furthermore,
direct physical counting of decay events should be the
best measure of the decay rate, followed closely by ingrowth measurements of the resultant decay products
over a given time period. However, these more direct
PHWKRGV DUH UHOHJDWHG WR RQO\ SRWHQWLDOO\ DIÀUPLQJ
the determinations obtained by the radioisotope
age comparisons of molybdenites and groups of
iron meteorites, whereas due to the direct nature of
the physical counting methods the age comparison
methods with their inherent assumptions involved
VKRXOGEHVXEMHFWWRFRQÀUPDWLRQE\WKHP
If we consider only the post-1990 determinations
via radioisotope age comparisons which utilized
improved
chemical
separation
and
mass
VSHFWURPHWULF WHFKQLTXHV WKHQ WKH ÀUVW VXFK
determination was by Horan et al. (1992). They
SHUIRUPHG 5H2V LVRWRSLF DQDO\VHV RQ HOHYHQ LURQ
PHWHRULWHV DQG FRQVWUXFWHG D 5H2V LVRFKURQ IRU
a group of six iron IIA meteorites, obtaining a
5H2VLVRFKURQDJHIRUWKHPRI0DXVLQJWKH
Lindner et al. (1989) 1875HGHFD\KDOIOLIHRI%\U
However, according to the conventional naturalistic
model for the formation of the solar system (even
though there are several good reasons to not accept
this model) these iron meteorites could not be older
WKDQWKHDJHRIWKHVRODUV\VWHPDVGHÀQHGE\&KHQ
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DQG:DVVHUEXUJ  DW±0DEDVHGRQWKH
mean 2073E2063E PRGHO DJH RI ÀYH FRDUVHJUDLQHG
Ca-Al inclusions (CAIs) in the Allende carbonaceous
FKRQGULWHPHWHRULWH6R+RUDQHWDO  DGMXVWHG
the 1875HGHFD\KDOIOLIHWR%\ULQRUGHUWR´IRUFHµ
WKH5H2VLVRFKURQDJHRIWKHVHLURQ,,$PHWHRULWHV
WR DJUHH ZLWK WKH &KHQ DQG :DVVHUEXUJ  
Pb-Pb model age. This then was how the Horan et
al. (1992) determination of the 1875H KDOIOLIH ZDV
obtained, with several accompanying assumptions,
not least being the presumed age of the solar system,
the presumed identical age of the Allende CAIs and
these iron IIA meteorites, and the reliability of the
Pb-Pb radioisotope systems, all of which cannot be
proven.
6XEVHTXHQWO\ 6PROLDU :DONHU DQG 0RUJDQ
  XVHG 5H2V LVRWRSLF GDWD IRU VL[ ,,,$%
´PDJPDWLFµ LURQ PHWHRULWHV ZKLFK WKH\ DVVXPHG
formed as part of the primary sequence of
crystallization of an asteroidal core, to generate a
5H2V LVRFKURQ ZLWK D VORSH RI ± 22 (2ǔ).
They then assumed that the age of these IIIAB
iron meteorites was 4557.8 ±0DLGHQWLFDOWRWKH
Pb-Pb model age of pyroxene separates from two
angrite meteorites as determined by Lugmair
and Galer (1992). Note that the uncertainty in the
3E3E DJH IRU WKH DQJULWHV GLG QRW KRZHYHU WDNH
into account uncertainties in the decay constants
for 2358DQG 2388DQGWKHFULWLFDO 23882358UDWLR7KH
assumption of a similar age for both these IIIAB iron
meteorites and the two angrite meteorites was made
because of the similar 530Q53Cr ages of IIIAB iron and
DQJULWHPHWHRULWHV +XWFKHRQHWDO+XWFKHRQ
and Olsen 1991). However, that assumption is
based on the further assumption that the 530Q53Cr
ages of those IIIAB iron and angrite meteorites can
be calibrated against the Pb-Pb model ages of two
eucrite meteorites and Allende CAIs (Chen and
:DVVHUEXUJ0DQKqV*|SHODQG$OOqJUH
%LUFNDQG$OOqJUH 7KHKLJKSUHFLVLRQ5H
2VLURQ,,,$%LVRFKURQREWDLQHGE\6PROLDU:DONHU
DQG 0RUJDQ   FRPELQHG ZLWK WKH DVVXPHG
Pb-Pb model age for the IIIAB irons, permitted
WKHPWRIRUFHWKH5H2VLVRFKURQWRDJUHHZLWKWKH
Pb-Pb model age in order to determine a more precise
and accurate decay constant for 1875HRIð-11
per year, corresponding to a half-life of 41.6 Byr.
6PROLDU :DONHU DQG 0RUJDQ   FDOFXODWHG
a ± 0.31% uncertainty for the derived decay
constant value from the regression statistics of their
5H2VLVRWRSLFGDWDIRUWKRVHLURQ,,,$%PHWHRULWHV
+RZHYHU FDOLEUDWLRQ RI WKH 2V VSLNH WKH\ XVHG
included a systematic uncertainty of up to ± 1.2%
ǔ  DVVRFLDWHG ZLWK WKH QRQVWRLFKLRPHWU\ RI
the Os salt used to prepare the standard solution
0RUJDQ HW DO   VR WKLV ± 0.31% uncertainty
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EDVHG MXVW RQ WKH UHJUHVVLRQ VWDWLVWLFV LV OLNHO\
much lower that it really should be. Furthermore,
in assuming that the iron IIIAB meteorites have
DQLGHQWLFDO5H2VLVRFKURQDJHWRWKH3E3EPRGHO
DJH IRU WKH DQJULWH PHWHRULWHV 6PROLDU :DONHU
DQG 0RUJDQ   ZHUH DVVXPLQJ WKDW WKH 5H2V
3E3E DQG 0Q&U UDGLRLVRWRSH V\VWHPV DOO
isotopically closed at the same time and have not
been subsequently disturbed. Those assumptions
cannot be proved. Nevertheless, the uncertainties
LQ WKH GHFD\ FRQVWDQWV IRU WKH 8 LVRWRSHV DQG WKH
assumption of identical closure ages for Pb-Pb in
DQJULWHVDQG5H2VLQ,,,$%LURQVSHUKDSVFRQWULEXWH
less to the overall uncertainty in the decay constant
than the stoichiometry issue.
7KH UHVXOWV IURP WKH 6PROLDU :DONHU DQG
0RUJDQ  VWXG\DUHLQJRRGDJUHHPHQW ZLWKLQ
± 0.4%) with results published subsequently by
6KHQ3DSDQDVWDVVLRXDQG:DVVHUEXUJ  ZKR
obtained a 1875HGHFD\FRQVWDQWRIð-11 per year
and a half-life of 41.7 Byr, but who used a different Os
VWDQGDUGIRUVSLNHFDOLEUDWLRQ6KHQ3DSDQDVWDVVLRX
DQG :DVVHUEXUJ   SURGXFHG D 5H2V LVRFKURQ
for several iron IIAB meteorites on which other
iron meteorites they analyzed also plotted. They
estimated a ± 1.6% uncertainty in their tracer Os
calibration and a combined uncertainty of about ± 4%
in converting an isochron slope to an absolute age.
Nevertheless, in order to determine the 1875HGHFD\
constant of 1.66 × 10-11 per year and half-life of 41.7 Byr
they assumed that the Os tracer calibration was
FRUUHFWDQGDVVXPHGWKDWWKH,,$%LURQV·ZKROHURFN
5H2VLVRFKURQDJHVKRXOGEHDGMXVWHGWRFRUUHVSRQG
WRWKHVDPHDJHDVWKH0D3E3EPRGHODJHIRU
$OOHQGH&$,V &KHQDQG:DVVHUEXUJ0DQKqV
*|SHO DQG $OOqJUH   WKH VDPH DJH DV WKDW IRU
the oldest Pb-Pb model ages obtained for phosphates
from ordinary chondrite meteorites, and the same
age as that for angrite and eucrite meteorites (Chen
DQG :DVVHUEXUJ  *|SHO 0DQKqV DQG $OOqJUH
/XJPDLUDQG*DOHU 
6KHQ 3DSDQDVWDVVLRX DQG :DVVHUEXUJ  
UHSRUWHGWKDWWKHLU5H2VLVRWRSLFGDWDIRUSDOODVLWH
PHWHRULWHV SORWWHG DORQJ WKHLU VDPH ZHOOGHÀQHG
5H2VLVRFKURQIRUWKH,,$%LURQPHWHRULWHV6RXVLQJ
WKHLUSUHOLPLQDU\5H2VGDWDIRUSDOODVLWHPHWHRULWHV
6KXNRO\XNRYDQG/XJPDLU  KDGWKXVFDOFXODWHG
a 1875H GHFD\ FRQVWDQW RI ð-11 per year
DQG D KDOIOLIH RI %\U E\ DGMXVWLQJ WKH 5H2V
LVRFKURQWRD0Q&ULVRFKURQDJHRI0DIRUWKH
Omolon pallasite meteorite obtained by calibrating
that age against the Pb-Pb model age of pyroxene
VHSDUDWHV IURP WKH DQJULWH PHWHRULWH /(:
(Lugmair and Galer 1992). This calculation also
involved the assumptions that the Omolon pallasite
meteorite formed contemporaneously with other
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SDOODVLWH PHWHRULWHV DQG WKDW WKH 0Q&U DQG
5H2VUDGLRLVRWRSHV\VWHPVFORVHGDWWKHVDPHWLPH
as well as the assumption that the Omolon pallasite
meteorite is the same age as the Pb-Pb model age
DVWKHDQJULWHPHWHRULWH/(:2QFHDJDLQDOO
those assumptions cannot be proved.
6XEVHTXHQWO\%LUFNDQG$OOqJUH  REWDLQHGD
5H2VLVRFKURQDJHRI0DIRUDPL[HGFROOHFWLRQ
of iron meteorites, which they interpreted as too high
FRPSDUHGWRWKHDJHRIWKHVRODUV\VWHPRI0DDV
GHWHUPLQHGE\WKH83EV\VWHPDWLFVRI$OOHQGH&$,V
0DQKqV*|SHODQG$OOqJUH 7KH\WKXV
concluded that a better measurement of the 1875HGHFD\
constant and half-life was highly desirable, but in the
meantime the value of the 1875HGHFD\FRQVWDQWVKRXOG
EHDGMXVWHGWRDYDOXHEHWZHHQð-11 per year
and 1.666 × 10-11 per year.
It is interesting to note that these groups of iron
PHWHRULWHV KDYH VRPHWLPHV \LHOGHG 5H2V LVRFKURQ
ages older than the presumed age of the solar
system, so that the 1875HGHFD\FRQVWDQWKDVKDGWREH
DGMXVWHG EDVHG RQ UHFDOLEUDWLQJ WKH 5H2V LVRFKURQ
ages with the accepted age of the solar system based
on Pb-Pb model ages of other meteorites and their
components. However, there is also the possibility
WKDW LQVWHDG WKLV GLVSDULW\ EHWZHHQ 5H2V LVRFKURQ
ages and Pb-Pb model ages is perhaps related to
the extreme sensitivity of the 1875H KDOIOLIH WR WKH
strength of the nuclear force, and to variations
LQ IXQGDPHQWDO FRXSOLQJV DQG WKH ÀQHVWUXFWXUH
FRQVWDQW DV ÀUVW GLVFXVVHG E\ '\VRQ   DQG
more recently discussed by Olive et al. (2002, 2004)
and Olive and Qian (2004). This is obviously worthy
of further investigation, but is beyond the scope of
this present contribution.
Consequently, in order to resolve this lingering
disagreement over the 1875H GHFD\ FRQVWDQW DQG
half-life and to obtain a better measurement, Selby
HW DO   HPEDUNHG RQ D GLIIHUHQW DSSURDFK
XVLQJ FURVV FDOLEUDWLRQ RI WKH 5H2V PRO\EGHQLWH
DQG 83E ]LUFRQ FKURQRPHWHUV IURP PDJPDWLF
K\GURWKHUPDORUHV\VWHPV7KLVDSSURDFKZDVWDNHQ
EHFDXVH WKH 5H2V PRO\EGHQLWH JHRFKURQRPHWHU
has been claimed to be highly robust (Stein et al.
 DQGEHFDXVHWKH83E]LUFRQPHWKRGLVZLGHO\
acclaimed by uniformitarians as the most accurate
and precise method of geochronology as a result of
the claimed highly robust nature of zircon, the dual
83E GHFD\ VFKHPH XWLOL]HG DQG WKH FODLPHG PRVW
precisely determined decay constants (Bowring
DQG 6FKPLW]  +HDPDQ DQG 3DUULVK 
-DIIH\HWDO6FKRHQHHWDO 6HOE\HWDO
  WKXV DVVHPEOHG WKH 5H2V PRGHO DJHV IRU
PRO\EGHQLWHV DQG 83E FRQFRUGLD3E3E LQWHUFHSW
ages for zircons from 11 magmatic-hydrothermal ore
GHSRVLWV DSSDUHQWO\ VSDQQLQJ IURP FD 0D WR FD
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0D7KHDQDO\WLFDOXQFHUWDLQWLHVZHUHDWOHDVW
0D IRU ERWK WKH 5H2V PRO\EGHQLWH DQG 83E
zircon age determinations, and yet they assumed
that the timing of crystallization of magmatism
causing these magmatic-hydrothermal systems as
UHFRUGHG E\ WKH 83E ]LUFRQ DJHV PXVW EH VOLJKWO\
ROGHUWKDQWKHVXOÀGHPLQHUDOL]DWLRQ ZKLFKLQFOXGHV
the molybdenites) in the magmatic-hydrothermal
systems themselves. Nevertheless, they still found
DJUHHPHQW EHWZHHQ WKH 83E ]LUFRQ DQG 5H2V
molybdenite ages with an excellent correlation of
1.0004 ± ǔ DQGSUREDELOLW\RIXVLQJWKH
187
5HDQG8GHFD\FRQVWDQWVRI6PROLDU:DONHUDQG
0RUJDQ  DQG-DIIH\HWDO  UHVSHFWLYHO\
This was statistically indistinguishable from a
correlation of 0.9984 ± ǔ ZLWKDSUREDELOLW\
of 0.98, using the 2388 GHFD\ FRQVWDQW RI -DIIH\ HW
al. (1971) and the 2358GHFD\FRQVWDQWRI6FKRHQHHW
DO   7KHQ XVLQJ WKH 5H2V PRO\EGHQLWH GDWD
WRJHWKHUZLWKWKH83E]LUFRQDJHVIRUHDFKGHSRVLW
new individual 1875H GHFD\ FRQVWDQW YDOXHV ZHUH
calculated for each of the 11 magmatic-hydrothermal
V\VWHPV E\ IRUFLQJ WKH 5H2V DJHV WR DJUHH ZLWK
WKH 83E DJHV ,Q WKLV ZD\ 6HOE\ HW DO  
declared the weighted average of these 11 values of
1.6668 ± 0.0034 × 10-11SHU\HDU ǔZLWKDSUREDELOLW\
of 0.97) to be the new 1875HGHFD\FRQVWDQW HTXLYDOHQW
to a half-life of 41.577 Byr), which is now in standard
use by uniformitarians in geochronology (Schmitz
2012).
Selby et al. (2007) claimed their cross calibration
EHWZHHQ WKH 83E ]LUFRQ DQG 5H2V PRO\EGHQLWH
chronometers provides an important independent
test of the previously used 1875H GHFD\ FRQVWDQW
because the methodology, sample materials, and
preparation of the Os standard solution differ greatly
IURP WKH VWXG\ RI 6PROLDU :DONHU DQG 0RUJDQ
(1996). Indeed, in many cases the molybdenites and
zircons analyzed were found together in the same
URFN VSHFLPHQV VXSSRVHGO\ HOLPLQDWLQJ WKH QHHG
to infer genetic relationships that was necessary in
analyses of different meteorite groups. However, it
is well-established that minerals even found sideE\VLGH LQ WKH VDPH URFN VSHFLPHQV PD\ QRW KDYH
formed at the same time (for example, Bucher and
)UH\  &R[ %HOO DQG 3DQNKXUVW   \HW
that is the assumption that was necessary for this
83E5H2V FURVV FDOLEUDWLRQ VWXG\ 1HYHUWKHOHVV
Selby et al. (2007) did show that their weighted
average 1875H KDOIOLIH YDOXH RI ± 0.12 Byr
XVLQJ WKH 8 GHFD\ FRQVWDQWV RI -DIIH\ HW DO  
is identical within the calculated uncertainty limits
to the value of 41.6 ± 0.13 Byr obtained by Smoliar,
:DONHUDQG0RUJDQ  ZKLFKLVDOVREDVHGRQ
WKH8GHFD\FRQVWDQWVRI-DIIH\HWDO   ÀJ 
Furthermore, their weighted average 1875H KDOI
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life value of 41.524 ± 0.12 Byr using the 2388 GHFD\
FRQVWDQW RI -DIIH\ HW DO   EXW WKH 2358 GHFD\
constant of Schoene et al. (2006) is also within the
calculated uncertainty to the value of 41.6 ± 0.13 Byr
REWDLQHG E\ 6PROLDU :DONHU DQG 0RUJDQ  
ÀJ 0RUHRYHUWKH\DOVRVKRZHGWKDWFDOFXODWLQJ
WKH5H2VPRO\EGHQLWHDJHVXVLQJWKH 1875HKDOIOLIH
values obtained by other meteorite radioisotope age
FRPSDULVRQ VWXGLHV UHVXOWHG LQ 5H2V PRO\EGHQLWH
DJHVZLGHO\GLYHUJHQWIURPWKH83E]LUFRQDJHVIRU
the same magmatic-hydrothermal systems.
+RZHYHU WKLV 83E ´JROG VWDQGDUGµ GDWLQJ
method has come under similar scrutiny in the two
last decades. Even in their study, Selby et al. (2007)
admitted that in many of the magmatic-hydrothermal
V\VWHPV WKH\ 83E ]LUFRQ GDWHG WKH GDWD ZHUH
GLVFRUGDQWDQGVKRZHGVFDWWHUZKLFKOLNHO\LPSDFWHG
WKHDFFXUDF\DQGSUHFLVLRQRIWKH83EFRQFRUGLD3E
Pb intercept ages used in the cross calibration with the
5H2VPRO\EGHQLWHDJHV,QGHHGPRVWRIWKHUHSRUWHG
83EDJHVZHUHREWDLQHGE\DQDO\VHVRIPXOWLJUDLQ
zircon fractions, which can accentuate the effects
RI DQ\ 3E ORVV DQGRU LQKHULWDQFH )XUWKHUPRUH
Ludwig (2000) has demonstrated that, although
almost universally ignored, the effect of the errors
LQ WKH 8 GHFD\ FRQVWDQWV RQ 83E FRQFRUGLD3E3E
LQWHUFHSW DJHV DUH VLJQLÀFDQW EHLQJ D 0D HUURU
IRU D 0D DJH ZKLFK DPRXQWV WR DOPRVW D 
HUURU7KH83EPHWKRGDOVRGHSHQGVRQWKHFUXFLDO
238
82358UDWLREXWGLVFUHSDQFLHVDQGYDULDWLRQVKDYH
been found between the 23882358UDWLRLQ8EHDULQJ
WHUUHVWULDOPLQHUDOVDQGURFNVDQGWKH23882358UDWLR
LQPHWHRULWHV %UHQQHFNDDQG:DGKZD+LHVVHW

41.524

± 0.12

6HOE\HWDO  XVLQJȜ238U of Jaffey et al. (1971)
DQGȜ235U of Schoene et al. (2006)
41.577

± 0.12

6HOE\HWDO  XVLQJȜ238U of Jaffey et al. (1971)

41.6

± 0.13

Smoliar, Walker, and Morgan (1996) with 0.31% uncertainty

41.4

41.5

41.6
187

41.7

41.8

Re Half-life (Byr)

Fig. 5. Plot comparing the 1875HKDOIOLIHYDOXHVGHULYHG
IURP6HOE\HWDO  WRWKHYDOXHRI6PROLDU:DONHU
DQG 0RUJDQ   7KH XQFHUWDLQWLHV DUH DW WKH ǔ
level.
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al 2012). These discrepancies and variations remain
unexplained, especially in the context of the 2388DQG
235
8 GHFD\ FRQVWDQWV DQG KDOIOLYHV )XUWKHUPRUH
the fact that there are these variations in the crucial
238
82358 UDWLR LQ WHUUHVWULDO PLQHUDOV DQG URFNV RQ
ZKLFK WKH 83E GDWLQJ ´JROG VWDQGDUGµ GHSHQGV
ZKLFKKDVEHHQXVHGWRUHFDOLEUDWH5H2VLVRFKURQ
ages to determine the 1875H KDOIOLIH DQG GHFD\
constant, only underscores that these radioisotope
methods cannot provide the absolute invariable
´GDWHVµWKH\DUHVRFRQÀGHQWO\SURFODLPHGWRSURYLGH
In any case, there is the additional assumption in all
WKH UDGLRLVRWRSH GDWLQJ PHWKRGV RI KDYLQJ WR NQRZ
the original concentrations of the daughter and index
LVRWRSHVZKLFKLVYHU\VLJQLÀFDQWLQWKH83EPHWKRG
because the original concentrations are assumed
not to be zero, in contrast to the K-Ar method. Yet
there must be great uncertainty as to what those
initial values were in the unobserved past, despite
the isochron and concordia techniques attempting
WR QHJDWH WKH QHFHVVLW\ IRU NQRZLQJ WKRVH LQLWLDO
YDOXHV 7KXV WKH 83E PHWKRG VKRXOG QRW EH XVHG
as a standard to determine other radioisotope decay
constants.
Indeed, it would remain prudent to be very careful
with these geological comparison methods for two
RWKHU UHDVRQV )LUVW WKHUH DUH VLJQLÀFDQW ÁDZV LQ
the basic assumptions on which all the radioisotope
GDWLQJ PHWKRGV GHSHQG 6HFRQG WKH 83E PHWKRG
UHOLHV SULPDULO\ RQ ǂ GHFD\ ZKHUHDV WKH 5H2V
PHWKRGUHOLHVRQǃGHFD\$VREVHUYHGE\ERWK$XVWLQ
(2005) and Snelling (2005), these different decay
modes seem to yield different ages for some earth
URFNV XVLQJ WKH VDPH VDPSOHV ZLWK HVVHQWLDOO\ WKH
same methodology. Furthermore, these different
DJHV\LHOGHGE\WKHVDPHHDUWKURFNVDUHRIWHQZLGHO\
divergent, even up 100–200% different, which is
such a huge divergence that it renders these dating
methods highly suspect, even if the differences in
the determinations of the half-lives of the parent
radioisotopes seem miniscule and therefore trivial
by comparison. However, it was considered prudent
to still document here these seemingly miniscule
differences in half-life values, because they may be
LQGLFDWLYH RI RWKHU XQGHUO\LQJ IDFWRUV DW ZRUN DV
DOUHDG\ GLVFXVVHG EULHÁ\  DQG WKH\ FDQ VWLOO OHDG
WR YHU\ VLJQLÀFDQW GLVFUHSDQFLHV LQ WKH GHULYHG
radioisotope ages that might otherwise appear to be
acceptably accurate to uniformitarians.
In any case, as with 176Lu, there is a dependence of
the half-life of 1875HRQHQYLURQPHQWDOFRQGLWLRQVVXFK
as the degree of ionization (Begemann et al. 2001).
And the effects are not entirely negligible, as is often
DVVXPHGVRWKH\PXVWVLJQLÀFDQWO\LPSDFWWKHGDWLQJ
of terrestrial and meteoritic samples. Indeed, Bosch et
al. (1996) and Bosch (1999) successfully measured by
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two independent methods the bound state ǃ- decay of
fully ionized bare 1875HQXFOHLDQGGHWHUPLQHGDKDOI
life of only 32.9 ± 2.0 yr, compared to the nine orders
of magnitude greater 41.577 ± 0.12 Byr half-life for
neutral 1875HDWRPV0RUHUHOHYDQWLVWKHUHSRUWIURP
-HQNLQV 0XQG\ DQG )LVFKEDFK   FRQÀUPLQJ
that the previously detected correlations between
VRODUDFWLYLW\DQGQXFOHDUGHFD\UDWHVZHUHOLNHO\QRW
due to seasonal variations in the sensitivities of the
respective laboratory detectors, which were too small
WR SURGXFH WKH REVHUYHG ÁXFWXDWLRQV 7KXV WKH\
FRQFOXGHG WKDW WKH REVHUYHG ÁXFWXDWLRQV EHWZHHQ
solar activity and nuclear decay rates could arise
from a direct interaction between the decaying nuclei
DQGVRPHSDUWLFOHVRUÀHOGVHPDQDWLQJIURPWKHVXQ
However, calculated solar neutrino absorption cross
sections are too small to explain the observed effect,
and other mechanisms have been investigated, such
DVJUDYLWDWLRQDOHIIHFWV &KRZQ.RVWOHFNìDQG
7DVVRQ   :LWK VXFK HQYLURQPHQWDO LQÁXHQFHV
established, it begs the question of how certain can
anyone be that the nuclear decay rates of 1875HDQG
RWKHU SDUHQW UDGLRLVRWRSHV XVHG LQ URFN GDWLQJ E\
uniformitarians have remained constant at today’s
measured slow rates through the claimed >4.5 Byr
history of the earth and solar system.
Nevertheless, all the age comparisons on terrestrial
URFNV DQG PLQHUDOV DQG WKH DJH FRPSDULVRQV
RQ PHWHRULWHV XVHG WKH 83E PHWKRG WR ÀQDOO\
determine the 1875H GHFD\ FRQVWDQW RI ð-11
per year and half-life of 41.577 Byr, which are
within the ranges determined by both physical
direct counting and in-growth experiments. Thus
5H2V DJH FDOFXODWLRQV DUH XOWLPDWHO\ FDOLEUDWHG
DJDLQVW WKH 83E PHWKRG +RZHYHU WKLV 83E
´JROG VWDQGDUGµ GHSHQGV RQ ZKHWKHU WKH 8 GHFD\
FRQVWDQWV DUH DFFXUDWHO\ DQG SUHFLVHO\ NQRZQ DQG
on the crucial 23882358UDWLR<HWGLVFUHSDQFLHVDQG
variations have been found between the 23882358
UDWLRLQ8EHDULQJWHUUHVWULDOPLQHUDOVDQGURFNVDQG
the 23882358UDWLRLQPHWHRULWHV7KHVHGLVFUHSDQFLHV
and variations remain unexplained. This only serves
WRKLJKOLJKWWKDWLIWKH5H2VGDWLQJPHWKRGKDVEHHQ
FDOLEUDWHG DJDLQVW WKH 83E ´JROG VWDQGDUGµ ZLWK
its own uncertainties, then the claimed accuratelydetermined 1875H GHFD\ UDWH FDQQRW EH DEVROXWH
HVSHFLDOO\JLYHQWKHHQYLURQPHQWDOLQÁXHQFHVNQRZQ
WRDOWHUQXFOHDUGHFD\UDWHV:LWKRXWDQDFFXUDWHO\
NQRZQ 1875H GHFD\ FRQVWDQW DQG KDOIOLIH DFFXUDWH
5H2V UDGLRLVRWRSH DJHV FDQQRW EH GHWHUPLQHG
7KHUHIRUH 5H2V GDWLQJ FDQQRW EH XVHG WR UHMHFW
the young-earth creationist timescale, especially
as current radioisotope dating methodologies are
at best hypotheses based on extrapolating current
PHDVXUHPHQWV DQG REVHUYDWLRQV EDFN LQWR DQ
assumed deep time history for the cosmos.
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Conclusions
There have been numerous attempts to determine
the 1875HKDOIOLIHDQGGHFD\FRQVWDQWLQWKHODVWVL[W\
six years by four methods—direct physical counting
and in-growth experiments, and radioisotope age
comparisons using molybdenites and groups of
LURQ PHWHRULWHV :LWK WKH PHDVXUHPHQW WHFKQRORJ\
having improved, the determinations over the last
 \HDUV KDYH ÀQDOO\ UHVXOWHG LQ FORVH DJUHHPHQW
Thus the 1875HKDOIOLIHDQGGHFD\FRQVWDQWYDOXHVRI
41.577 ± 0.12 Byr and 1.6668 ± 0.0034 × 10-11 per year
respectively have now been adopted for standard
use by the uniformitarian geological community.
These adopted values are the weighted averages of
HOHYHQ GHWHUPLQDWLRQV LQ ZKLFK WKH 5H2V PRGHO
ages of molybdenites were re-calibrated by forcing
WKHP WR EH WKH VDPH DV WKH 83E FRQFRUGLD3E3E
intercept ages of zircons from the same 11 magmaticK\GURWKHUPDO V\VWHPV VSDQQLQJ IURP FD 0D WR
FD0D
This adopted half-life value of 41.577 ± 0.12 Byr
is virtually identical to the 41.6 ± 0.13 Byr value
REWDLQHG E\ IRUFLQJ WKH 5H2V LVRFKURQ DJH RI D
group of iron meteorites to agree with the presumed
Pb-Pb model age for the solar system obtained from
pyroxene separates from two angrite meteorites.
Furthermore, the ± uncertainty range of the adopted
41.577 ± 0.12 Byr half-life value lies within the ±
uncertainty range of the 41.78 ± 0.38 Byr mean halflife value of the four post-1990 determinations using
5H2V3E3E DJH FRPSDULVRQV IRU JURXSV RI LURQ
meteorites. And the adopted value also lies within
the ± uncertainty range of the 42.3 ± 1.3 Byr halflife value obtained by an in-growth experiment, and
within the ± uncertainty range of the 42.47 ± 1.42 Byr
mean half-life value of the three most recent physical
direct counting experiments. Yet even though
there is this close agreement between these four
determination methods, the half-life value obtained
E\ FRPSDULVRQ RI 5H2V PRO\EGHQLWH DJHV ZLWK
83E]LUFRQDJHVKDVEHHQJLYHQSUHIHUHQFHRYHUWKH
values obtained by direct counting and in-growth
experiments which directly measure 1875HGHFD\DQG
the 187Os product of 1875H GHFD\ UHVSHFWLYHO\ DQG
so are independent of all the assumptions involved
with the radioisotope dating methods. Indeed, model
GHSHQGHQW UHVXOWV VKRXOG QRW WDNH SUHFHGHQFH RYHU
the direct experimental evidence.
All the age comparisons on molybdenites and
JURXSV RI LURQ PHWHRULWHV XVHG WKH 83E PHWKRG
to determine the 1875H GHFD\ KDOIOLIH DQG WKXV DOO
5H2V DJH FDOFXODWLRQV DUH XOWLPDWHO\ FDOLEUDWHG
DJDLQVWWKH83EPHWKRG+RZHYHUWKLV83E´JROG
VWDQGDUGµ GHSHQGV RQ KDYLQJ SUHFLVHO\ NQRZQ 2388
and 2358 GHFD\ FRQVWDQWV DV ZHOO DV RQ WKH FUXFLDO
238
82358 UDWLR <HW WKHUH DUH VWLOO XQFHUWDLQWLHV LQ
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WKHPHDVXUHG8GHFD\FRQVWDQWVDQGGLVFUHSDQFLHV
and variations have been found between the 23882358
UDWLRLQ8EHDULQJWHUUHVWULDOPLQHUDOVDQGURFNVDQG
the 23882358UDWLRLQPHWHRULWHV7KHVHGLVFUHSDQFLHV
and variations remain unexplained. This only serves
WRKLJKOLJKWWKDWLIWKH5H2VGDWLQJPHWKRGKDVEHHQ
FDOLEUDWHGDJDLQVWWKH83E´JROGVWDQGDUGµZLWKLWV
own uncertainties, then it cannot be absolute.
In any case, the half-life of 1875H KDV DOVR EHHQ
shown to be dependent on environmental conditions.
Fluctuations in nuclear decay rates have been
REVHUYHG WR FRUUHODWH ZLWK ÁXFWXDWLRQV LQ VRODU
activity, and the degree of ionization of 1875HDWRPV
can result in a change of nine orders of magnitude
in the measured decay rate. Furthermore, there
is evidence that nuclear decay rates have not been
constant in the past. Thus without an accurately
NQRZQ 1875H GHFD\ FRQVWDQW DQG KDOIOLIH DFFXUDWH
5H2V UDGLRLVRWRSH DJHV FDQQRW EH GHWHUPLQHG
7KHUHIRUH 5H2V GDWLQJ FDQQRW EH XVHG WR UHMHFW
the young-earth creationist timescale, especially
as current radioisotope dating methodologies are
at best hypotheses based on extrapolating current
PHDVXUHPHQWV DQG REVHUYDWLRQV EDFN LQWR DQ
assumed deep time history for the cosmos.
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