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Determination of the Radioisotope Decay Constants
and Half-Lives: Lutetium-176 (176Lu)
Andrew A. Snelling, Answers in Genesis, PO Box 510, Hebron, Kentucky 41048.
Abstract
Over the last 75 years numerous determinations have been made of the 176Lu half-life and decay
constant. However, even though the measurement technology has improved, the determinations over
the last 30 years have resulted in unexplained and unresolved discrepancies. Direct physical counting
experiments have resulted in two separate groupings of results with different 176Lu mean half-life values.
Early determinations based on comparisons of ages of meteorites gave different 176Lu half-life and decay
constant values than determinations based on comparisons of ages of terrestrial minerals and rocks. But
more recent determinations using meteorites have yielded 176Lu half-life and decay constant values that
agree with both determinations based on comparisons of ages of terrestrial minerals and rocks, and with
one of the groupings of determinations by direct physical counting experiments. Thus the 176Lu half-life
and decay constant values of 37.12 Byr and 1.867 × 10-11 per year respectively have now been generally
adopted for standard use by the geological community, based particularly on the determinations using
comparisons of ages of terrestrial minerals and rocks. The more recent meteorite determinations used
chondrite meteorites rather than the eucrite meteorites used for the earlier determinations, because
LW ZDV UHDOL]HG WKH ODWWHU KDYH VXIIHUHG WKHUPDO DQG VKRFN PHWDPRUSKLVP WKDW UHVXOWHG LQ VLJQLÀFDQW
disturbance of the Lu-Hf systematics among mineral phases due to open geochemical system behavior,
such as leakage of 176Hf. Yet the discrepancies in the determinations by the direct physical counting
experiments remain unexplained and unresolved. Furthermore, all the determinations using age
comparisons on terrestrial minerals and rocks and most of the more recent determinations using age
comparisons on chondrite meteorites have been calibrated against the U-Pb method, but even this
“gold standard” has unresolved uncertainties due to variations measured in terrestrial rocks and minerals
and meteorites of the 238U/235U ratio which is so critical to the method. So the U-Pb method should not
be used as a standard to determine other decay constants. This only serves to highlight that if the Lu-Hf
dating method has been calibrated against the U-Pb “gold standard” with its own 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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FRXQWLQJ ǄUD\V JHRORJLFDO DJH FRPSDULVRQV WHUUHVWULDO PLQHUDOV DQG URFNV PHWHRULWHV HXFULWHV
chondrites, discrepancies, U-Pb “gold standard”, 238U/235U ratio.

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 of
WKHHDUWK·VURFNV
However,
accurate
radioisotopic
age
determinations require that the decay constants of
the respective parent radionuclides be accurately
NQRZQ ,GHDOO\ WKH XQFHUWDLQW\ RI WKH GHFD\
constants should be negligible 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
SDVWIRXURUVRGHFDGHVVWDUWLQJZLWKWKHODQGPDUN
paper by Wasserburg et al. (1969), have not been
accompanied by any comparable improvement in
the accuracy of the decay constants (Begemann
HW DO  6WHLJHU DQG -lJHU   LQ VSLWH RI
ongoing attempts (Miller 2012). The uncertainties
associated with direct half-life determinations are,
in most cases, still at the percent level at best, which
LV VWLOO VLJQLÀFDQWO\ EHWWHU WKDQ DQ\ UDGLRLVRWRSH
PHWKRGIRUGHWHUPLQLQJWKHDJHVRIURFNIRUPDWLRQV
The recognition of an urgent need to improve the
VLWXDWLRQLVQRWQHZ IRUH[DPSOH0LQHWDO
5HQQH .DUQHU DQG /XGZLJ   ,W FRQWLQXHV
to be mentioned, at one time or another, by every
group active in geo- or cosmochronology (Schmitz
2012).
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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
2QHFUXFLDODUHDWKH5$7(SURMHFWGLGQRWWRXFK
on was this issue of how accurate and reliable are
the determinations of the radioisotope decay rates
(decay constants and half-lives), which are so crucial
IRU FDOLEUDWLQJ WKHVH GDWLQJ ´FORFNVµ 7KH UHOLDELOLW\
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 be circumvented somewhat via the
isochron technique, because it is independent of
the starting conditions and is sensitive to revealing
any contamination. This is especially the case when
mineral isochrons are used. Data points that do not
ÀWRQWKHLVRFKURQDUHVLPSO\LJQRUHGEHFDXVHWKHLU
values are regarded as due to contamination. That
this is common practice is illustrated with numerous
examples from the relevant literature by Faure and
0HQVLQJ  DQG'LFNLQ  2QWKHRWKHUKDQG
it could be argued that this discarding of data points
ZKLFKGRQRWÀWWKHLVRFKURQLVVRPHZKDWDUELWUDU\
and therefore is not good science, because it is merely
DVVXPHG´DEHUUDQWµYDOXHVDUHGXHWRFRQWDPLQDWLRQ
rather than that being proven to be so.
,QRUGHUWRUHFWLI\WKLVGHÀFLHQF\6QHOOLQJ  
documented the methodology behind and history of
determining the decay constant and half-life of the
parent radioisotope 875E XVHG DV WKH EDVLV IRU WKH
5E6UORQJDJHGDWLQJPHWKRG+HVKRZHGWKDWWKHUH
is still some uncertainty in what the values for these
measures of the 875EGHFD\UDWHVKRXOGEHDQGWKDW
WKH GHWHUPLQHG YDOXHV GLIIHU ZKHQ 5E6U DJHV DUH
calibrated against the U-Pb ages of either the same
WHUUHVWULDOPLQHUDOVDQGURFNVRUWKHVDPHPHWHRULWHV
DQGOXQDUURFNV,URQLFDOO\LWLVWKHVORZGHFD\UDWHV
of isotopes such as 875E XVHG IRU GHHS WLPH GDWLQJ
WKDW PDNHV SUHFLVH PHDVXUHPHQWV RI WKHLU GHFD\
UDWHVVRGLIÀFXOW7KXVLWFRXOGEHDUJXHGWKDWGLUHFW
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
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VHFXODUFRPPXQLW\LQWKHLUURFNGDWLQJPHWKRGV:H
WKXVQHHGWRIXUWKHUH[SORUHMXVWKRZDFFXUDWHWKHVH
determinations are for other parent radioisotopes,
whether there really is consensus on standard
values for their half-lives and decay constants, and
MXVW KRZ LQGHSHQGHQW DQG REMHFWLYH WKHLU VWDQGDUG
values are from one another between the different
long-age dating methods. Of course, it is to be
expected that every long-lived radioactive isotope is
OLNHO\ WR VKRZ VLPLODU YDULDWLRQ DQG XQFHUWDLQW\ LQ
KDOIOLIH GHWHUPLQDWLRQV 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.
Here we continue these investigations by exploring
the determinations of the lutetium-176 (176/X GHFD\
UDWHZKLFKLVWKHEDVLVIRUWKH/X+IPHWKRG
Lutetium and Lutetium-176 Decay
With an atomic number of 71, lutetium is therefore
element 71, which places it in the sixth period of the
periodic table. It is the last of the lanthanide series
and thus is the heaviest of the rare earth elements
5((V ,WKDVWZRQDWXUDOO\RFFXUULQJLVRWRSHVZKRVH
abundances are 97.4% 175/XDQG 176/XVRWKDW
the 175/X176/X UDWLR LV  'LFNLQ   7KHUH
has been some disagreement over this ratio, but the
value of 37.701 ± 0.028 experimentally determined
by Patchett and Tatsumoto (1980b) has been used
exclusively in all subsequent research. However,the
differences in the values obtained between that and
the few other determinations remain unexplained.
7KH JHRFKHPLFDO SURSHUWLHV RI /X DUH VLPLODU WR
WKRVH RI WKH 5(( 6P VDPDULXP  /XWHWLXP KDV D
valence of 3+ and an ionic radius of 0.93 Å, the latter
being similar to that of Ca2+ at 0.99 Å. This causes
/X3+ to be captured by crystals in place of Ca2+.
/XWHWLXP LV WKXV SUHVHQW DQG ZLGHO\ GLVSHUVHG LQ
DOO W\SHV RI URFNV EXW FRQFHQWUDWLRQV UDUHO\ H[FHHG
0.5 ppm and so it does not form its own minerals
in most geological environments. The average
FRQFHQWUDWLRQV RI /X LQ RUGLQDU\ URFNIRUPLQJ
VLOLFDWHPLQHUDOVDUHJHQHUDOO\ORZVRWKHDYHUDJH/X
FRQFHQWUDWLRQV LQ LJQHRXV URFNV LQFUHDVH YHU\ OLWWOH
with the increasing degree of differentiation from
basalt to granite (Faure and Mensing 2005). The
PRVWLPSRUWDQWPLQHUDOFDUULHUVRI/XLQWKHFRPPRQ
URFNW\SHVDUHDSDWLWHJDUQHWDQGELRWLWHSOXVWKH
UDUHU DONDOLULFK S\UR[HQH DHJLULQH DQG DPSKLEROH
DUIYHGVRQLWH(OHYDWHG/XFRQFHQWUDWLRQVDUHSUHVHQW
in Zr-bearing minerals such as zircon, baddeleyite
DQG HXGLDO\WH EXW WKH KLJKHVW /X FRQFHQWUDWLRQV
are found in rare-earth oxides such as euxenite,
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carbonates such as bastnaesite, phosphates such
as xenotime and monazite, and silicates such as
gadolinite and allanite. All such rare-earth minerals
are relatively rare and occur primarily in complex
SHJPDWLWHVDONDOLULFKLQWUXVLYHVDQGFDUERQDWLWHV
Thus these rare-earth minerals are not important for
GDWLQJ E\ WKH /X+I PHWKRG EXW WKHLU SUHVHQFH DV
DFFHVVRU\ PLQHUDOV PDNHV WKHLU KRVW URFNV VXLWDEOH
for such dating.
/XWHWLXPLVUDGLRDFWLYHDQGGLVSOD\VEUDQFKHG
LVREDULFGHFD\E\EHWD ǃ HPLVVLRQWRVWDEOH176Hf and
by electron capture to stable 176Yb. The frequency of
electron captures is of the order of 3% or less (Dixon,
0F1DLUDQG&XUUDQ*ORYHUDQG:DWW VR
in view of the long half-life of 176/XDQGWKHFXUUHQW
estimate of the frequency at only 0.095% (KWWSZZZ
QXFOHRQLFDQHWXQFDVS[) the slow decay to 176Yb can
be usually ignored. Thus current estimates for the
decay constant of 176/XDUHVROHO\EDVHGRQLWVǃGHFD\
to 176Hf, ignoring any potential electron capture.
176
+ILVOHIWLQDQH[FLWHGVWDWHDIWHUWKHǃHPLVVLRQ
DQG GHFD\V WR WKH JURXQG VWDWH E\ ǄHPLVVLRQ 7KH
relevant decay scheme is therefore depicted as:
/Xń176+Iǃ- + ǎ + Q

176

ZKHUHǃ-LVDǃSDUWLFOHǎ is an anti-neutrino, and Q is
the decay energy.
7KH ÀUVW /X+I JHRFKURQRORJLFDO PHDVXUHPHQW
was made by Herr et al. (1958), who attempted to
determine the 176/XKDOIOLIHE\DQDO\]LQJWKHLVRWRSLF
FRPSRVLWLRQ RI +I LQ WKH KHDY\5((ULFK PLQHUDO
JDGROLQLWH%RXGLQDQG'HXWVFK  ZHUHWKHÀUVW
to determine the 176/XKDOIOLIHE\GDWLQJ/XEHDULQJ
PLQHUDOV RI ´NQRZQµ DJH ZKLOH 2ZHQ DQG )DXUH
(1974) attempted to use the method to date common
URFNVDQGPLQHUDOVEXWKDGWURXEOHZLWKWKHLVRWRSLF
DQDO\VLVRI+IGXHWRWKHGLIÀFXOWLHVRILWVFKHPLFDO
VHSDUDWLRQ DQG LWV SRRU LRQL]DWLRQ HIÀFLHQF\ GXULQJ
thermal-ionisation mass spectrometry (TIMS).
+RZHYHU WKHVH SUREOHPV ZHUH ÀQDOO\ RYHUFRPH E\
3DWFKHWW DQG 7DWVXPRWR D  ZLWK D PRGLÀHG
DQDO\WLFDO WHFKQLTXH VR DIWHU WKLV EUHDNWKURXJK
WKH /X+I PHWKRG EHFDPH XVHIXO LQ WKH GDWLQJ RI
WHUUHVWULDOURFNVDQGPLQHUDOVDQGRIPHWHRULWHV
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

Thus here we will simply focus
determinations of the 176/XKDOIOLIH

on

the

Determination Methods
Two approaches have so far been followed to
GHWHUPLQH WKH ǃGHFD\ KDOIOLIH RI WKH ORQJOLYHG
radioactive 176/X
Direct counting
([FHSW IRU WKH YHU\ ÀUVW DWWHPSWV GLUHFW
determinations of the half-life of 176/XKDYHEHHQE\
ǃǄDQGǄǄFRLQFLGHQFHFRXQWLQJ
,QWKHǃǄFRLQFLGHQFHFRXQWLQJWHFKQLTXHWKHEHWD
ǃ  DFWLYLW\ RI 176/X ZDV FRXQWHG LQ D VXLWDEOH VROLG
/X2O3 source material using a proportional tube
VSHFWURPHWHUFRXQWHU 'L[RQ 0F1DLU DQG &XUUDQ
'RQKRIIHU0F1DLU3URGL)O\QQDQG
Glendenin 1969), and divided by the total number of
UDGLRDFWLYHDWRPVLQWKHNQRZQTXDQWLW\RI/XEDVHG
on Avogadro’s number and the isotopic abundance
of 176/X $W WKH VDPH WLPH D ORZOHYHO 1D, VRGLXP
LRGLGH  VFLQWLOODWLRQ VSHFWURPHWHUFRXQWHU GRSHG
ZLWK7OZDVXVHGWRGHWHFWWKHǄUD\VSHFWUXPDQG
WRPHDVXUHWKHHQHUJ\SHDNVRIWKHǄUD\VSURGXFHG
by the energy transitions of the daughter 176Hf as
it decays from its excited state to its ground state
$UQROG%ULQNPDQ$WHQDQG9HHQERHU
*ORYHUDQG:DWW  ÀJ 7KXVWKHGHWHFWLRQRI
the number of daughter 176Hf atoms produced can
EHFRPSDUHGZLWKWKHQXPEHURIǃSDUWLFOHVFRXQWHG
from the parent 176/XGHFD\$PRQJWKHGLIÀFXOWLHV
RI WKLV DSSURDFK DQG ZLWK MXVW ǃSDUWLFOH FRXQWLQJ
176

1
176

Lu
3.75 hr
176

Yb

Hf

10

ß-(0.40)
425 keV

K-capture

6+

ß-(1.1)

310 keV

4+
ß-(1.2)

190 keV

2+
89 keV
0

Fig. 1. The decay scheme of 176/X DV LQLWLDOO\ SURSRVHG
DIWHU $UQROG DQG 6XJLKDUD  'L[RQ 0F1DLU DQG
&XUUDQ ,QWKLVÀJXUHWKHUHLVD´µQH[WWRWKH
ground state of 176/XEXWWKLVLVDVSLQQHJDWLYHSDULW\
state.
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DUHSUREOHPVZLWKGHWHFWRUHIÀFLHQFLHVDQGJHRPHWU\
factors, the self-shielding or self-absorption of the
ÀQLWHWKLFNQHVVVROLGVDPSOHVWKHVWRSSLQJSRZHURI
the crystal source and the fraction of pulses appearing
LQWKH´SKRWRSHDNµ W\SLFDOO\LQFOXGHGLQWKHGHWHFWLRQ
HIÀFLHQF\ IRU VFLQWLOODWLRQ DQG VROLG VWDWH GHWHFWLRQ
systems). Furthermore, the escape of I (iodine) K
electron shell x-rays is an important factor in the size
RIWKHORZHVWǄUD\HQHUJ\SHDNZKLFKZRXOGRQO\EH
D VHFRQGDU\ FKHFN DJDLQVW WKH WZR SULPDU\ ǄUD\V
WKDWLVWKHDQGNH9ǄUD\VIRUGHWHUPLQLQJ
the amount of 176/XSUHVHQW $UQROG%HJHPDQQ
HW DO  %ULQNPDQ $WHQ DQG 9HHQERHU 
'L[RQ0F1DLUDQG&XUUDQ)ODPPHUVIHOGDQG
Mattauch 1943).
,QWKHǄǄFRLQFLGHQFHFRXQWLQJWHFKQLTXHRQHRU
PRUH *H GHWHFWRUV RU D ǄUD\ VSHFWURPHWHU LV XVHG
WR VLPXOWDQHRXVO\ PHDVXUH WKH ǄUD\ HQHUJ\ SHDNV
corresponding to those produced by the cascading
energy states of the daughter 176+IDWRP ÀJ 6LQFH
each daughter 176+IDWRPSURGXFHGE\ǃGHFD\IURP
each parent 176/XDWRPFDVFDGHVGRZQWKURXJKWKHVH
energy levels to reach its ground state, measuring
HDFKǄUD\HQHUJ\SHDNVKRXOGHIIHFWLYHO\FRXQWWKH
same number of daughter 176Hf atoms produced in
the given time of the experiment, which only after
correction for the number of decays which produce a
JLYHQǄUD\QDPHO\WKHEUDQFKLQJUDWLRIRUHDFKǄ
is equivalent to the 176/XGHFD\UDWH%RWK6JXLJQD
/DUDEHHDQG:DVKLQJWRQ  DQG*ULQ\HUHWDO
(2003) set out the mathematical principles by which
the 176/XKDOIOLIHLVFDOFXODWHGIURPWKHǄUD\FRXQWV
LQHDFKHQHUJ\SHDN,QRUGHUWRLQFUHDVHWKHFRXQWLQJ
UDWH6JXLJQD/DUDEHHDQG:DVKLQJWRQ  XVHG
three Ge-Ge detectors placed at 120° to each other
DURXQGWKHLU/X2O3 sample and shielded from each
176

Lu

8+
0.34%
401 keV
6+
99.66%
307 keV
4+
202 keV
2+
0+

88 keV
176

Hf

Fig. 2. The decay scheme of 176/XDVFXUUHQWO\SURSRVHG
DIWHU)LUHVWRQHDQG6KLUOH\*ULQ\HUHWDO 

other to prevent scattered coincidences, whereas
*ULQ\HUHWDO  XVHGDQǑǄUD\VSHFWURPHWHU
FRQVLVWLQJRI+3*HǄUD\GHWHFWRUV%HFDXVHRIWKH
better resolution of the solid state detectors, these
determinations would tend to be trusted more than
those determinations made with the combination of
SURSRUWLRQDO FKDPEHU1D, 7O GRSHG  GHWHFWRUV VHH
below in the discussion).
*HKUNH &DVH\ DQG 0XUUD\   'DOPDVVR
Barci-Funel, and Ardisson (1992), and Nir-El and
/DYL   KDYH DOO KLJKOLJKWHG WKH GLIÀFXOWLHV LQ
this approach, which has produced a wide range
RI KDOIOLIH UHVXOWV 7KHVH GLIÀFXOWLHV LQFOXGH WKH
FDOLEUDWLRQRIWKHGHWHFWRUHIÀFLHQFLHVYDULDWLRQVLQ
response of detectors to different parts of the source
VDPSOH DQG FRUUHFWLRQV IRU ǄUD\ VHOIDWWHQXDWLRQ
LQ WKH /X VROLG VRXUFH PDWHULDO WUXHFRLQFLGHQFH
summing depending on the source sample’s distance
from the detector, and internal conversion. However,
in their experiment Grinyer et al. (2003) arranged
WKH WZHQW\ GHWHFWRUV LQ WKH Ǒ ǄUD\ VSHFWURPHWHU
so each viewed approximately 13% of the solid
angle, and so that angular correlation effects were
minimized. Furthermore, they introduced to their
mathematical treatment of their data a lumped
HIÀFLHQF\SDUDPHWHUZKLFKZDVWKHSUREDELOLW\SHU
GHFD\WKDWDǄUD\SKRWRSHDNHYHQWZDVGHWHFWHGDQG
included the effects of internal conversion, solid angle
FRYHUDJHSKRWRSHDNHIÀFLHQF\DQGVHOIDWWHQXDWLRQ
RI WKH VRXUFH VDPSOH 7KLV OXPSHG HIÀFLHQF\
parameter thus appears to have been a model that
was applied to the real experimental data. Grinyer et
al. (2003) also applied another small correction factor
WR UHSUHVHQW WKH SUREDELOLW\ WKDW DQRWKHU ǄUD\ RU
the x-ray following internal conversion) entered the
detector at the same time, thus destroying a photoSHDNHYHQWWKDWVKRXOGKDYHEHHQFRXQWHG7KHVHDUH
JHQHUDOO\WHUPHGSHDNVXPPLQJFRUUHFWLRQV
1HYHUWKHOHVV MXGJHG IURP WKH IDFW WKDW PDQ\ RI
the direct counting 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 in whatever correction factors have been used, and
therefore the stated uncertainties are unrealistically
small and typically are underestimated. It can
therefore be argued that many of such experiments
are plagued by unrecognized 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
WUXH YDOXH )XUWKHUPRUH WKH SUHVHQFH RI XQNQRZQ
V\VWHPDWLF ELDVHV PDNHV DQ\ DYHUDJLQJ GDQJHURXV
,WLVSRVVLEOHWKDWUHOLDEOHUHVXOWVRIFDUHIXOZRUNHUV
listing realistic uncertainties, will not be given the
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weights they deserve—this aside from the question
RIZKHWKHULWPDNHVVHQVHWRDYHUDJHQXPEHUVWKDW
by far do not agree within the stated uncertainties.
Geological comparisons of methods
The second approach to the determination of the
176
/XGHFD\KDOIOLIHKDVEHHQWR/X+IGDWHJHRORJLFDO
samples whose ages have also been measured by
other methods with presumably more reliable
decay constants, particularly the U-Pb and Pb-Pb
PHWKRGV 'LFNLQ  )DXUH DQG 0HQVLQJ  
This approach has the disadvantage that it involves
geological uncertainties, such as whether all isotopic
systems closed at the same time and remained
closed. However, it is claimed to still provide a useful
FKHFNRQWKHGLUHFWODERUDWRU\GHWHUPLQDWLRQV,QWKLV
respect it is worth noting that Boudin and Deutsch
(1970) proposed a 176/XKDOIOLIHRI%\URQWKHEDVLV
RI/X+IGDWLQJRIWZRPLQHUDOVWKDWKDGDOVREHHQ
U-Pb dated, essentially the same as the 176/XKDOIOLIH
value of 32.7 Byr determined via direct counting at
the same time by Prodi, Flynn, and Glendenin (1969).
This approach entails multi-chronometric dating of
WHUUHVWULDOURFNVRUDPLQHUDO RUPLQHUDOV IURPWKHP
IRU H[DPSOH 6FKHUHU 0QNHU DQG 0H]JHU 
Söderlund et al 2004), or meteorites and a mineral
IURPWKHP IRUH[DPSOH$PHOLQ3DWFKHWWHWDO
2004), and cross-calibration of different radioisotopic
DJHV\VWHPVE\DGMXVWLQJWKHGHFD\FRQVWDQWRIRQH
system so as to force agreement with the age obtained
via another dating system (Begemann et al. 2001). In
essence, because the half-life of 238U is regarded as the
PRVWDFFXUDWHO\NQRZQRIDOOUHOHYDQWUDGLRQXFOLGHV
this usually amounts to expressing ages in units of
the half-life of 238U. This has increasingly become
the preferred method for determining the half-life of
176
/X
Results of the Lutetium-176 Decay Determinations
During the last 75 years numerous determinations
of the 176/X GHFD\ KDOIOLIH KDYH EHHQ PDGH XVLQJ
these two 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. 3. The data
points plotted have been color-coded to differentiate
the values as determined by the two approaches
WKDWKDYHEHHQXVHG³GLUHFWǃǄDQGǄǄFRLQFLGHQFH
counting, and geological comparisons with other
radioisotope dating methods.
Discussion
Since the early 1960s the reported half-life
determinations have scattered around 37 Byr,
although there are extreme outliers on the low side
at 21.8 Byr (Donhoffer 1964), as well as on the high
VLGHDW%\U 6DNDPRWR  WDEOHDQGÀJ 
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However, during the last three decades since 1980
the scatter has been very much reduced. So that
the differences and trends in the data can be more
easily seen, the relevant section of Fig. 3 has been
expanded in Fig. 4. The values of 40.8 ± 2.4 Byr of
1RUPDQ  DQG%\URI*HKUNH&DVH\
and Murray (1990), the latter obtained on a sample
enriched in 176/X WR  DUH PRUH WKDQ ǔ DERYH
each of the measurements preceding and following
WKLVZRUN WDEOH 1LUHODQG/DYL  VXJJHVWHG
the adoption of a half-life of 37.3 ± 0.1 Byr, which is
the weighted mean of the half-life determinations
RI %\U 6DWR 2KRND DQG +LURVH  
37.3 ± 0.05 Byr (Dalmasso, Barci-Funel, and Ardisson
 DQGWKHLURZQ%\U1LUHODQG/DYL
(1998) did not explain their selection criteria, except
that the adopted value should be calculated from the
JURXSLQJ RI YDOXHV LQ WKH UDQJH ²%\U 7DNHQ
DW IDFH YDOXH WKLV FULWHULRQ GLVTXDOLÀHV WKHLU RZQ
UHVXOWRI%\UEXWPDNHVHOLJLEOHWKDWRI.RPXUD
6DNDPRWRDQG7DQDND  RI%\UZKLFKWKH\
did not consider. These half-life differences do not at
ÀUVWJODQFHDSSHDUWREHUHDOO\VLJQLÀFDQWLQYLHZRI
the value being in excess of 30 billion years. However,
even a small difference in the half-life can mean a
huge difference when it is used to calculate the age of
DURFNRQWKHRUGHURIWHQVRIPLOOLRQVRI\HDUV
Patchett and Tatsumoto (1980b) produced a
/X+I LVRFKURQ IRU HXFULWH PHWHRULWHV ZKLFK EDVHG
on several lines of good evidence are regarded
to have all come from the same asteroid 4-Vesta
that supposedly differentiated at about 4.55 Ga
0F6ZHHQ HW DO   8VLQJ WKLV ´NQRZQ DJHµ
WKH /X+I LVRFKURQ \LHOGHG D GHFD\ FRQVWDQW RI
1.96 ± 0.08 × 10-11 per year, with uncertainty at the
FRQÀGHQFHOHYHOZKLFKLVHTXLYDOHQWWRDKDOI
life of 35.3 ± 1.4 Byr. This was subsequently updated
by Tatsumoto et al. (1981) to 1.94 ± 0.07 × 10-11 per
year (a half-life of 35.7 ± 1.4 Byr) by the addition
of three more eucrite meteorite analyses to their
/X+I LVRFKURQ +RZHYHU %HJHPDQQ HW DO  
argued that because some of the eucrites, notably
WKRVH DW WKH KLJKHU HQG RI WKHLU /X+I LVRFKURQ
have been interpreted as having an age of formation
that is 0.1 Ga younger than the main population
(Mittlefehldt et al. 1998), it could be argued that a
176
/X GHFD\ FRQVWDQW RI ð-11 per year (a halflife of 35 Byr) is the best value resulting from the
Tatsumoto, Unruh, and Patchett (1981) study.
In subsequent cosmochronology, geochronology
and corresponding chemical evolutionary studies,
the decay constant of 1.94 × 10-11 per year (half-life of
35.7 Byr) from Tatsumoto, Unruh, and Patchett (1981)
was used from 1981 to 1997. This half-life of 35.7 Byr
is 4% lower than the optimum value of 37.3 ± 0.1 Byr
VXJJHVWHG E\ 1LUHO DQG /DYL   %OLFKHUW7RIW
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Table 1. Determinations of the 176/XGHFD\UDWHH[SUHVVHGLQWHUPVRIWKHKDOIOLIHXVLQJGLUHFWSK\VLFDOFRXQWLQJ
H[SHULPHQWVDQGFRPSDULVRQVRIUDGLRLVRWRSHDJHVRIWHUUHVWULDOPLQHUDOVDQGURFNVDQGPHWHRULWHV
Determination of the 176Lu Decay Rate
Date
1938

Half-Life
(Byr)
40

Error

Method
direct counting
direct counting

Source

Notes

Heyden and Wefelmeier 1938
Flammersfeld and Mattauch
1943
Arnold 1954

1943

24

1954

21.5

±1

1954

45.6

±3

1957
1958
1961
1964

21
21.7
36
21.8

±2
±3.5
±1
±0.6

direct counting
direct counting (scintillation/
spectrometer)
direct counting (mass spectrometer)
direct counting
direct counting (spectrometer)
direct counting (liquid scintillation)

1965

35

±1.4

direct counting (liquid scintillation)

1965

35.4

±0.5

direct counting (liquid scintillation)

1965

36.8

±0.6

direct counting (liquid scintillation)

1967

50

±3

direct counting (spectrometer)

1969

32.7

±0.5

direct counting (liquid scintillation)

1970

33

±5

comparison of Lu-Hf and U-Pb ages
of two minerals

1972

37.9

±0.3

direct counting

1980

40.8

±2.4

1980

35.3

±1.4

1981

35.7

±1.4

1981

35.7

direct counting
comparison of Lu-Hf isochron of
eucrite meteorites with Rb-Sr, U-Pb,
and Sm-Nd ages
comparison of Lu-Hf and U-Pb ages
of Antarctic meteorites
comparison of Lu-Hf, Rb-Sr, and
U-Pb ages of the Amîtsoq Gneisses

1982

35.9

±0.5

direct counting

1983

37.8

±0.1

direct counting

1990

40.5

±0.9

direct counting (spectrometer)

1992

37.3

±0.5

direct counting

1998

36.9

±0.2

2001

35

2001

37.16

±0.46

2002

35.9

±0.5

2003

34.95

±0.21

2003
2003

40.8
36.77

±0.3
±0.75

2004

37.12

±0.09

2004

37.12

±0.09

2005

37.18

±0.43

2005

37.83

±0.24

direct counting
comparison of methods (adjusting
Tatsumoto et al 1981)
comparison of Lu-Hf and U-Pb
isochron ages of four minerals
comparison of Lu-Hf and Sm-Nd
ages of eucrite meteorites (based on
Sguigna, Larabee, and Waddington
1982)
comparison of meteorites with
Allende Pb-Pb ages
direct counting (spectrometer)
direct counting (spectrometer)
comparison of Lu-Hf and U-Pb ages
RI3UHFDPEULDQPD¿FLQWUXVLRQV
comparison of Lu-Hf and Sm-Nd
ages of chondrite meteorites
comparison of Lu-Hf and U-Pb ages
of phosphates from meteorites
comparison of Lu-Hf and U-Pb ages
of phosphates from meteorites

2006

38.3

±0.4

mean values

Albarède et al. 2006

2006

37.12

±0.05

mean values

Albarède et al. 2006

2006

35.39

±0.16

mean values

Albarède et al. 2006

2008

36.78

±0.12

comparison of Lu-Hf and U-Pb ages
of chondrite meteorites

Bouvier, Vervoort, and Patchett
2008

Dixon, McNair, and Curran 1954
Glover and Watt 1957
Herr et al. 1958
McNair 1961
Donhoffer 1964
Brinkman, Aten, and Veenboer
1965
Brinkman, Aten, and Veenboer
1965
Brinkman, Aten, and Veenboer
1965
Sakamoto 1967
Prodi, Flynn, and Glendenin
1969
Boudin and Deutsch 1970
Komura, Sakamoto, and Tanaka
1972
Norman 1980
Patchett and Tatsumoto 1980b
Tatsumoto, Unruh, and Patchett
1981
Pettingill and Patchett 1981
Sguigna, Larabee, and
Waddington 1982
Sato, Ohoka, and Hirose 1983
Gehrke, Casey, and Murray
1990
Dalmasso, Barci-Funel, and
Ardisson 1992
Nir-El and Lavi 1998
Begemann et al. 2001
Scherer, Münker, and Mezger
2001
Blichert-Toft et al. 2002

Bizzarro et al. 2003
Grinyer et al. 2003
Nir-El and Haquin 2003
Söderlund et al. 2004
Patchett et al. 2004
Amelin 2005

for Richardton (H5)

Amelin 2005

for Acapulco
for physical counting
experiments
for age comparisons of
terrestrial minerals
for age comparisons of
meteorites
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6
Direct Counting

Comparison of Methods

Half-life (x 10 Byr)

5
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0
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Year of Determination

Fig. 3. Plot of each 176/XKDOIOLIHGHWHUPLQDWLRQYHUVXV
the year of its determination, color-coded according to
the method of its determination.

and Albarède (1997) analyzed a number of chondritic
PHWHRULWHV IRU WKHLU /X+I LVRWRSH V\VWHPDWLFV DQG
UHGHÀQHG WKH PHWHRULWLF UHIHUHQFH SDUDPHWHUV IRU
+ILVRWRSHHYROXWLRQLQURFN\SODQHWVDQGDVWHURLGV
They used the decay constant of 1.93 × 10-11 per year
D KDOIOLIH RI %\U  IURP 6JXLJQD /DUDEHH DQG
Waddington (1982). This value is so similar to that
of Tatsumoto, Unruh, and Patchett (1981) that
this switch had only a small effect on Hf isotopic
studies of the earth and other planetary samples.
However, the discrepancy of ~4% between half-lives
from physical measurements and from meteorite
radioisotope ages remained, as well as the dispersion
in all determinations, so this problem still needed to
be addressed in future investigations.
Because naturalists postulate the origin of
the elements via nucleosynthesis in stars so that
WKH\ FRPPHQW RQ /X GHFD\ LQ WKDW FRQWH[W VRPH
42

Direct Counting

41

Comparison of Methods
(meteorites)

Comparison of Methods
(earth rocks)

Half-Life (Byr)

40
39
38
37
36
35
34
1980

1985

1990
1995
2000
Year of Determination

2005

2010

Fig. 4. Enlarged plot of the 176/XKDOIOLIHGHWHUPLQDWLRQV
since 1980 versus the year of their determination, colorcoded according to the method of their determination.
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explanations of terms they use are warranted here.
The s-process (or slow-neutron-capture-process) is
the nucleosynthesis process that evidently occurs
at relatively low neutron density and intermediate
temperature conditions in stars. Under these
FRQGLWLRQV KHDYLHU QXFOHL DUH ´FUHDWHGµ E\ neutron
capture, increasing the atomic weight of the nucleus
by one. A neutron in the new nucleus then decays
by ǃ- decay to a proton, creating a nucleus of higher
atomic number. This s-process is thus secondary,
meaning that it requires preexisting heavy isotopes
as seed nuclei to be converted into other heavy nuclei.
The rate of neutron capture by atomic nuclei is slow
UHODWLYHWRWKHUDWHRIUDGLRDFWLYHǃ- decay, hence the
name. Although considerable variability exists, it is
estimated that the current time between successive
neutron captures is about 100 years, whereas the
WLPH IRU ǃ GHFD\ LV DERXW RQH PLQXWH 7KXV LI ǃ
decay can occur at all, it almost always occurs before
another neutron can be captured. On the other
hand, the r-process, which differs from the s-process
by its faster rate of neutron capture of more than
one neutron, entails a succession of rapid neutron
captures (hence the name r-process) by heavy seed
nuclei, typically 56Fe or other more neutron-rich heavy
LVRWRSHVEHIRUHǃGHFD\WDNHVSODFH7KHUSURFHVVLV
WKXVUHVSRQVLEOHIRUWKH´FUHDWLRQµRIDSSUR[LPDWHO\
half of the neutron-rich atomic nuclei heavier than
iron, whereas the s-process produces approximately
the other half of the isotopes of the elements heavier
than iron 7DNHQ WRJHWKHU WKHVH WZR SURFHVVHV DUH
FODLPHG WR DFFRXQW IRU D PDMRULW\ RI WKH VXSSRVHG
JDODFWLF FKHPLFDO ´HYROXWLRQµ of elements heavier
than iron.
In any case, it should be emphasized that any
differences in the 176/XKDOIOLIHEHWZHHQWKRVHYDOXHV
determined by direct counting experiments and those
values determined by comparisons of radioisotope
ages of the same meteorites and terrestrial materials
cannot be accounted for by the branching in the
decay of 176/X EHFDXVH ERWK PHWKRGV PHDVXUH RQO\
the partial decay to 176+I ÀJ ZKLFKDFFRXQWVIRU
>99% of the 176/XGHFD\)XUWKHUPRUHDVSRLQWHGRXW
by Begemann et al. (2001), 176/XLVDOVRFODLPHGWREH
important as the only long-lived nuclide that is close
to 100% s-process in terms of its supposed stellar
origin, being shielded from r-process contributions by
stable 176Yb. Thus, according to naturalistic theory,
176
/XFRXOGEHXVHGWRFDOFXODWHWKHVXSSRVHGDJHRI
the galactic s-process. However, a consistent level of
early interest (for example, Audouze, Fowler, and
6FKUDPP  %HHU HW DO  0F&XOORFK 'H
/DHWHUDQG5RVPDQ EHFDPHWHPSHUHGE\WKH
realization that an excited isomer of 176/XWKDWGHFD\V
rapidly to 176Hf would have its abundance enhanced
by typical stellar temperatures. This thermal effect
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ZRXOG WKXV SUHYHQW DQ\ VSURFHVV ´DJHµ FDOFXODWLRQ
(Beer et al. 1984). In any case, this is not relevant
to these problems involving terrestrial, lunar, or
meteoritic materials, because at temperatures
up to 10 million degrees the 176/X KDOIOLIH ZRXOG
apparently be shortened by only a miniscule amount.
On the other hand, if the 176/X DWRPV ZHUH KLJKO\
ionized or buffeted by the high pressure waves which
occur due to cavitation, for example, during the rapid
ÁRZRIZDWHU DVZRXOGKDYHEHHQRFFXUULQJGXULQJ
the Flood), then changes to the decay rate could have
EHHQ VLJQLÀFDQWO\ ODUJH HYHQ E\ VHYHUDO RUGHUV RI
magnitude (Cardone, Mignani, and Petrucci 2009). It
only stands to reason that any process which reduces
WKHFRXORPEEDUULHURIWKHQXFOHXVFDQVLJQLÀFDQWO\
affect the decay process, especially a radionuclide
ZKLFKǃGHFD\V
The
discrepancies
between
different
176
determinations of the /X KDOIOLIH EHFDPH HYHQ
more apparent when in 2003 two independent
results of direct counting experiments were
published. Grinyer et al. (2003) measured a half-life
of 40.8 ± 0.03 Byr, whereas Nir-El and Haquin (2003)
reported a half-life of only 36.77 ± 0.75 Byr from their
experiment. Both of these published uncertainties
were claimed to be the actual uncertainties from the
presumed correct values for the half-life, given the
claimed elimination of measurement uncertainties in
the methods used in each case. Furthermore, further
radioisotope age comparisons had determined the
176
/XKDOIOLIHDV%\UEDVHGRQWKH83E
DQG/X+ILVRFKURQDJHVRIPLQHUDOVH[WUDFWHGIURP
IRXU HDUWK URFNV 6FKHUHU 0QNHU DQG 0H]JHU

2001), as 35.9 ± 0.09 Byr based on Sm-Nd and
/X+ILVRFKURQDJHVRIHXFULWHPHWHRULWHV %OLFKHUW
Toft et al. 2002), and as 34.95 ± 0.21 Byr based on
WKH/X+ILVRFKURQDJHRIDODUJHJURXSRIFKRQGULWH
and eucrite meteorites compared to the Pb-Pb
isochron age of 4.56 Ga for the naturalistic formation
RI FKRQGULWHV $PHOLQ HW DO  %L]]DUUR HW DO
2003) (table 1). The subtle discrepancies between
determinations were thus highlighted by Scherer,
0H]JHU DQG 0QNHU   LQ D GLDJUDP ZKLFK LV
reproduced here as Fig. 5. They added further 176/X
decay constant determinations based on the U-Pb
DQG/X+ILVRFKURQDJHVRIPLQHUDOVH[WUDFWHGIURP
PRUHHDUWKURFNVSOXVWKHLURZQ176/XGHFD\FRQVWDQW
determination based on comparing the radioisotope
ages of eucrite meteorites, to their previous study
6FKHUHU 0QNHU DQG 0H]JHU   WR VKRZ
that there are differences in the 176/X GHFD\ UDWH
as determined by physical counting experiments,
as determined by age comparisons of terrestrial
minerals, and as determined by age comparisons of
meteorites.
Albarède et al. (2006) continued the recognition
and discussion of this same observation. Their
diagram plotting the differences in the decay
constant between determinations using terrestrial
materials and determinations using meteorites, as
well determinations resulting from physical counting
experiments was based on the Scherer, Mezger,
DQG 0QNHU   GLDJUDP EXW DOVR LQFOXGHG WKH
Nir-El and Haquin (2003) physical counting result
and determinations by Söderlund et al. (2004) from
FRPSDULQJ WKH /X+I DQG 83E UDGLRLVRWRSH DJHV

Physical Counting
Norman 1980
Sguigna, Larabee, and Waddington 1982
Experiments
Sato, Ohoka, and Hirose 1983
Gehrke, Casey, and Murray 1990
Dalmasso, Barci-Funel, and Ardisson 1992
1.80 ± 0.19
Nir-El and Lavi 1998
× 10-11yr-1
Grinyer et al. 2003
gadolinite, 911 ± 2 Ma, Evje, Norway*
gadolinite, 911 ± 2 Ma, Evje, Norway
gadolinite, 911 ± 3 Ma, Gordonia, South Africa
xenotime, 997 ± 25 Ma, Hudson Highlands, USA*
xenotime, 1094 ± 11 Ma, Tvedestrand, Norway*
gadolinite, 1797 ± 3 Ma, Ytterby, Sweden
apatite, 2060 ± 3 Ma, Phalaborwa, South Africa*
gadolinite, 2823 ± 3 Ma, Cooglegong, Australia

Age Comparisons:
Terrestrial Minerals

1.869 ± 0.016
× 10-11yr-1
Age Comparisons:
Meteorites

eucrites, Patchett and Tatsumoto 1980b
eucrites, Tatsumoto, Unruh, and Patchett 1981
eucrites, Blichert-Toft et al. 2002
chondrites, Bizzarro et al. 2003
eucrites*
* data from Scherer, Münker, and Mezger 2001

1.961 ± 0.037
× 10-11yr-1
1.5

1.6

1.7

1.8

1.9

2.0

2.1 × 10-11yr-1

Ȝ Lu
176

Fig. 5. Comparison of the 176/XGHFD\FRQVWDQWGHWHUPLQDWLRQVVLQFHJURXSHGDFFRUGLQJWRWKHGHWHUPLQDWLRQ
PHWKRGE\6FKHUHU0H]JHUDQG0QNHU  7KHYHUWLFDOVKDGHGDUHDVLQGLFDWHWKHWZRVWDQGDUGGHYLDWLRQV ǔ 
from the mean values (vertical lines) for each method.
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Norman 1980
Sguigna, Larabee, and Waddington 1982
Sato, Ohoka, and Hirose 1983
Gehrke, Casey, and Murray 1990
Dalmasso, Barci-Funel, and Ardisson 1992
Nir-El and Lavi 1998
Grinyer et al. 2003
Nir-El and Haquin 2003
Age Comparisons:
Terrestrial Minerals

Age Comparisons:
Meteorites

eucrites, Patchett and Tatsumoto 1980
eucrites, Tatsumoto, Unruh, and Patchett 1981
eucrites, Blichert-Toft et al. 2002
chondrites, Bizzarro et al. 2003

1.958 ± 0.044
× 10-11yr-1
1.7

1.80 ± 0.19
× 10-11yr-1

gadolinite, 911 ± 2 Ma, Evje, Norway
dolerite, 954 ± 1 Ma, Karlshamm, Sweden
xenotime, 997 ± 25 Ma, Hudson Highlands, USA
xenotime, 1094 ± 11 Ma, Tvedestrand, Norway
dolerite, 1256 ± 1 Ma, Sorkka, Finland
apatite, 2060 ± 3 Ma, Phalaborwa, South Africe

1.867 ± 0.013
× 10-11yr-1
Scherer, Münker, and Mezger 2001
Sönderlund et al. 2004

1.5

Physical Counting
Experiments

2.1 × 10-11yr-1

1.9
Ȝ176Lu

Fig. 6. Comparison of the 176/XGHFD\FRQVWDQWGHWHUPLQDWLRQVVLQFHJURXSHGDFFRUGLQJWRWKHGHWHUPLQDWLRQ
PHWKRGE\$OEDUqGHHWDO  7KHYHUWLFDOVKDGHGDUHDVLQGLFDWHWKHWZRVWDQGDUGGHYLDWLRQV ǔ IURPWKHPHDQ
values (vertical lines) for each method.

RI 3UHFDPEULDQ PDÀF LQWUXVLRQV 7KHLU GLDJUDP
is reproduced here as Fig. 6. Albarède et al. (2006)
found that using the earth-based 176/XGHFD\FRQVWDQW
WKH /X+I DJHV RI FKRQGULWHV ZHUH FRQVLVWHQWO\ 
higher than their U-Pb ages, so the reconciliation of
WKH/X+IDQG83EDJHVUHTXLUHGXVLQJDGLIIHUHQW
meteorite-based 176/X GHFD\ FRQVWDQW ,URQLFDOO\
EXW VLJQLÀFDQWO\ $OEDUqGH HW DO   SURSRVHG
that this discrepancy between the terrestrial and
meteoritic decay constants could be because of
accelerated 176/X GHFD\ GXULQJ WKH ÀUVW IHZ PLOOLRQ
years of the supposed existence of the solar nebula
due to irradiation of the 176/XE\ǄUD\VHPLtted by
one or more supernova(e) exploding in the vicinity of
the solar nebula.
However, in the related context of nucleosynthesis
RI WKH HOHPHQWV LQVLGH VWDUV =KDR DQG .lSSHOHU
(1990) had found the absorption cross-section to
produce 176/X WR EH VPDOO DQG KHQFH KDG IRXQG
problems explaining their data. On the other hand,
176
/XLVSURGXFHGDWUDWKHUKLJKUDWHVLQKLJKHQHUJ\
accelerators, which of course means relatively high
cross-sections at energies above 1 GeV. Nevertheless,
they concluded that to reestablish the 176/X FORFN
for determining the supposed age of the s-process
elements would, in any case, require a quantitative
description of all processes feeding the ground
state as well as a reliable model for the s-process
environment, in particular for the temperatures to
which 176/X ZDV H[SRVHG GXULQJ LWV SURGXFWLRQ DQG
ever since. However, even though these effects of
ionization on the nuclear half-lives can be enhanced
inside stars due to the extreme ionization prevalent

there, such contexts are not relevant in the creationist
IUDPHZRUN IRU WKH KLVWRU\ RI WKH HDUWK DQG WKH
XQLYHUVH7KHHDUWKDQGLWVURFNVDQGWKHLUFRQWDLQHG
elements and isotopes, were all created before the
stars, the other planets, the moons, and the asteroids
from which the meteorites subsequently came. And
then in their history since their creation, neither the
HDUWK QRU WKH DVWHURLGV KDYH EHHQ VXEMHFWHG WR WKH
intense ionization inside stars.
In any case, Wimpenny, Amelin, and Yin (2013)
have pointed out that using the 176/XGHFD\FRQVWDQW
determined from radioisotope age comparisons
RI WHUUHVWULDO URFNV WR FDOFXODWH WKH /X+I DJHV RI
meteorites supposedly older than ~4.556 Ga results
in apparent ages that are older than the claimed
age of the solar system. They noted the suggested
possible explanation that the 176/X GHFD\ UDWH KDG
been enhanced (or accelerated) by photo-excitation of
176
/XE\ǄUD\V $OEDUqGHHWDO RUE\FRVPLFUD\V
(Thrane et al. 2010) shortly after supposed accretion
began in the early solar system. But they then sought
WRWHVWWKDWH[SODQDWLRQE\ORRNLQJIRUWKHGHSOHWHG
175
/X176/X UDWLRV DQG H[FHVV 176Hf such irradiation
would have produced in meteorites. They found no
V\VWHPDWLFGLIIHUHQFHVLQWKH/XLVRWRSLFFRPSRVLWLRQV
between terrestrial basalts and achondrite meteorites
HXFULWHV DQG DQJULWHV  )XUWKHUPRUH WKH /X+I
V\VWHPDWLFV LQ ZKROH URFN DQG PLQHUDO VHSDUDWHV
from angrite meteorites (Amelin, Wimpenny, and
<LQ  6DQERUQ &DUOVRQ DQG :DGKZD  
SURGXFH/X+IDJHVFRQFRUGDQWZLWKWKHLU3E3EDQG
Sm-Nd radioisotope ages rather than expected older
ages. Thus they concluded that together these data
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do not support the hypothesis of accelerated decay
of 176/X E\ ǄUD\ RU FRVPLF UD\ LUUDGLDWLRQ GXULQJ
supposed solar system accretion, which of course is
DQHYROXWLRQDU\FRQFHSWWKDWVLPSO\GRHVQRWZRUN
Now while Albarède et al. (2006) included in
WKHLU GLDJUDP ÀJ   WKH ODWHVW GHWHUPLQDWLRQV
from physical counting experiments and from the
FRPSDULVRQRIDJHVIRUPRUHHDUWKURFNVWKH\PLVVHG
including further more recent determinations
using the comparison of ages for more meteorites,
and for minerals extracted from them. Patchett et
DO   DQDO\]HG WKH /X+I DQG 6P1G LVRWRSLF
systematics for 19 chondrite meteorites and found
agreement between the calculated Sm-Nd and
/X+ILVRFKURQDJHVE\XVLQJD176/XGHFD\FRQVWDQWRI
1.867 × 10-11 per year (a half-life of 37.12 Byr) similar
WR WKDW REWDLQHG E\ 6FKHUHU 0QNHU DQG 0H]JHU
(2001) and Söderlund et al. (2004) from comparison
RI/X+IDQG83ELVRFKURQDJHVLQWHUUHVWULDOURFNV
and minerals. Similarly, Amelin (2005) obtained
/X+IDQG83ELVRWRSHGDWDIRUSKRVSKDWHPLQHUDOV
separated from the Acapulco (primitive achondrite)
DQG5LFKDUGWRQ RUGLQDU\FKRQGULWH PHWHRULWHVDQG
FRQFRUGDQW /X+I DQG 3E3E LVRFKURQ DJHV \LHOGHG
176
/X GHFD\ FRQVWDQWV RI ð-11 per year and
1.864 × 10-11 per year (half-lives of 37.83 Byr and

37.18 Byr) respectively (table 1). Then Bouvier,
Vervoort, and Patchett (2008) similarly obtained
/X+ILVRWRSLFGDWDIRUDQRWKHUSULVWLQHFKRQGULWH
PHWHRULWHV DQG DGGHG WR WKHP WKH /X+I GDWD RI
Bizzarro et al. (2003) and Patchett et al. (2004) to
FDOFXODWHD/X+ILVRFKURQDJHFRQFRUGDQWZLWKWKH
presumed Pb-Pb isochron age for the start of the
supposed accretion of the solar system (Bouvier et
al. 2007), by which they determined a 176/X GHFD\
constant of 1.884 × 10-11 per year (a half-life of
36.78 Byr).
All the 176/X KDOIOLIH GHWHUPLQDWLRQV VLQFH 
are thus plotted in Fig. 7, color-coded according to the
different determination methods. At this expanded
scale for the half-life values it is apparent that there
are two groupings of values among those obtained
by the physical counting experiments, and another
two groupings of values among those obtained by
age comparisons using meteorites, each with their
own mean value and two standard deviation spread.
On the other hand, the half-life values obtained by
DJHFRPSDULVRQXVLQJWHUUHVWULDOPLQHUDOVDQGURFNV
cluster very tightly around a mean value of 37.12 Byr
(a decay constant of 1.867 × 10-11 per year) with a two
standard deviation spread of 0.43 Byr, which would
be much less if one sample’s value was ignored. The
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Table 2. Mean half-life values and two standard deviation spreads for the groupings of determinations by the
different methods as plotted in Fig. 7.
Determination Method

Grouping

Mean Value

Two Standard Deviation

physical counting

shorter half-life

36.93 Byr

± 0.41 Byr

physical counting

longer half-life

40.7 Byr

± 1.2 Byr

physical counting

prior to 1980

32.8 Byr

age comparisons
(terrestrial minerals and rocks)

37.12 Byr

± 0.43 Byr

age comparisons
(meteorites)

shorter half-life

35.39 Byr

± 0.88 Byr

age comparisons
(meteorites)

longer half-life

37.23 Byr

± 0.22 Byr

age comparisons
(meteorites)

all determinations

36.35 By

± 0.65 Byr

mean values and two standard deviation spreads
for all the groupings depicted in Fig. 7 are listed in
Table 2, including the grouping of all the
determinations using meteorites for age comparisons
WKHEODFNYHUWLFDOOLQHDQGFURVVKDWFKHGDUHDLQÀJ
7). For comparison, the mean (average) half-life value
for the 14 direct counting determinations made prior
to 1980 (from table 1) is listed in Table 2. At 32.8 Byr it
is much lower than the means of both groups of post1980 direct counting determinations. This is of course
DUHÁHFWLRQRIWKHEHWWHUUHVROXWLRQRIWKHVROLGVWDWH
detectors used for the post-1980 determinations, in
FRQWUDVWWRWKHFRPELQDWLRQRISURSRUWLRQDOFKDPEHU
NaI (Tl doped) detectors used for the pre-1980
determinations (as already noted above). In any case,
what is immediately evident from Fig. 7 and Table 2
is that the mean half-life values for the groupings of
shorter half-life physical counting experiments, age
FRPSDULVRQV XVLQJ WHUUHVWULDO PLQHUDOV DQG URFNV
and longer half-life age comparisons using meteorites
are virtually identical within their two standard
deviation spreads. That is why a 176/XGHFD\FRQVWDQW
of 1.867 × 10-11 per year (a half-life of 37.12 Byr), based
primarily on the age comparisons using terrestrial
PLQHUDOVDQGURFNVKDVQRZJHQHUDOO\EHHQDGRSWHG
by the geological community as the agreed value for
VWDQGDUGXVHLQ/X+IDJHFDOFXODWLRQV IRUH[DPSOH
$PHOLQ:LPSHQQ\DQG<LQ'HEDLOOH<LQDQG
$PHOLQ6DQERUQ&DUOVRQDQG:DGKZD
Thrane et al. 2010).
Three issues stemming from this choice need to be
resolved. First, why do a few of the physical counting
experiments yield a longer half-life mean value of
40.7 Byr, especially when the most recent of these
experiments (Grinyer et al. 2003) was reported at
the same time as the most recent determination in
the shorter half-life grouping with a half-life mean
value of 36.93 Byr in Fig. 7 (Nir-El and Haquin 2003)?
There was a difference in the methodology of these
two physical counting experiments. Grinyer et al.
 XVHGWKHǄǄFRLQFLGHQFHPHWKRGZKHUHDV1LU

(ODQG+DTXLQ  VLPSO\XVHGǄFRXQWLQJ7KH
ǄǄFRLQFLGHQFH PHWKRG KDV PRUH SRWHQWLDO
GLIÀFXOWLHV LI QRW GRQH FRUUHFWO\ VR WKH GLUHFW
ǄFRXQWLQJ PHWKRG PD\ JLYH D EHWWHU UHVXOW
However, that must not explain this difference in
WKH GHWHUPLQHG KDOIOLIH YDOXHV EHFDXVH WKH ǄǄ
coincidence method was also used by Sguigna,
/DUDEHHDQG:DGGLQJWRQ  EXWWKH\REWDLQHG
a half-life value of only 35.9 Byr, whereas Norman
 XVHGWKHǄFRXQWLQJPHWKRGDQGREWDLQHGD
half-life value of 40.8 Byr, the same as Grinyer et
al. (2003). And the different half-life values obtained
FDQQRW EH H[SODLQHG E\ WKH /X VRXUFH PDWHULDO
used, because both Grinyer et al. (2003) and Nir(ODQG+DTXLQ  XVHG/X2O3 powder, whereas
1RUPDQ   XVHG /X PHWDO IRLO 2I FRXUVH WKH
JUDLQ VL]H RI WKH SRZGHU FDQ PDNH D GLIIHUHQFH LQ
the effective density of the powder and therefore
the absorption correction. So these disparities in
the determined half-lives between these physical
counting experiments remain unresolved.
Second, why do the earlier determinations using
age comparisons of meteorites yield a shorter half-life
value than the more recent determinations using age
comparisons of meteorites? Bouvier, Vervoort, and
Patchett (2008) seem to have the answer when they
FRQFOXGHG ´WKDW WKHUPDO RU VKRFNPHWDPRUSKRVHG
meteorites (such as eucrites) cannot be used to reliably
determine the 176/X GHFD\ FRQVWDQWµ DQG ´WKLV LV
especially true when multiple meteorites or meteorite
JURXSVZLWKGLVWLQFWWKHUPDODQGVKRFNPHWDPRUSKLF
histories, and parent bodies are included in the
UHJUHVVLRQµ WR GHWHUPLQH WKH 176/X GHFD\ FRQVWDQW
Patchett and Tatsumoto (1980b), Tatsumoto, Unruh,
and Patchett (1981), and Blichert-Toft et al. (2002)
all used eucrite meteorites, and Bizzarro et al. (2003)
used both eucrite and chondrite meteorites, whereas
Patchett et al. (2004) and Bouvier, Vervoort, and
Patchett (2008) only used chondrite meteorites,
and Amelin (2005) used phosphate minerals from
chondrite and primitive achondrite meteorites, not
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eucrite meteorites. As Amelin, Wimpenny, and Yin
(2011) and Sanborn, Carlson, and Wadhwa (2012)
IRXQGWKHUHLVHYLGHQFHRIVLJQLÀFDQWGLVWXUEDQFHRI
WKH/X+IV\VWHPDWLFVDPRQJWKHPLQHUDOSKDVHVLQ
some meteorites after initial closure of the isotopic
system due to open geochemical system behavior,
VXFKDVOHDNDJHRI176Hf.
Third, the favored radioisotope method used for
age comparisons to most reliably determine the 176/X
decay constant and half-life is the U-Pb method. All
WKHDJHFRPSDULVRQVRQWHUUHVWULDOURFNVDQGPLQHUDOV
6FKHUHU 0QNHU DQG 0H]JHU  6FKHUHU
0H]JHU DQG 0QNHU  6|GHUOXQG HW DO  
and the age comparisons on meteorites by Amelin
(2005) and Bouvier, Vervoort, and Patchett (2008),
used the U-Pb method to determine the 176/XGHFD\
constant and half-life. So the values of 1.867 × 10-11
per year and 37.12 Byr now routinely adopted for
/X+IDJHFDOFXODWLRQVDUHÀUPO\FDOLEUDWHGDJDLQVW
WKH83EPHWKRG<HWHYHQWKLV83E´JROGVWDQGDUGµ
has come under similar scrutiny in the last decade.
The U-Pb method depends on the crucial 2388235U
ratio, but discrepancies and variations have been
found between the 2388235U ratio in U-bearing
WHUUHVWULDOPLQHUDOVDQGURFNVDQGWKH2388235U ratio
LQPHWHRULWHV %UHQQHFNDDQG:DGKZD+LHVV
et al. 2012). These discrepancies and variations
UHPDLQ XQH[SODLQHG VR WKHLU SRWHQWLDO VLJQLÀFDQFH
from a creationist perspective awaits further study,
especially in the context of examination of the
determinations of the 238U and 235U decay constants
and half-lives. Furthermore, the fact that there
are these variations in the crucial 2388235U ratio in
WHUUHVWULDO PLQHUDOV DQG URFNV RQ ZKLFK WKH 83E
GDWLQJ´JROGVWDQGDUGµGHSHQGVZKLFKKDVEHHQXVHG
WR FDOLEUDWH /X+I LVRFKURQ DJHV WR GHWHUPLQH WKH
176
/XKDOIOLIHDQGGHFD\FRQVWDQWRQO\XQGHUVFRUHV
that these radioisotope methods cannot provide the
DEVROXWH LQYDULDEOH ´GDWHVµ WKH\ DUH VR FRQÀGHQWO\
proclaimed to provide. Thus the U-Pb method
should not be used as a standard to determine other
radioisotope decay constants.
Finally, it would remain prudent to be very
careful with these geological comparison methods
IRU WZR RWKHU UHDVRQV )LUVW WKHUH DUH VLJQLÀFDQW
ÁDZV LQ WKH EDVLF DVVXPSWLRQV RQ ZKLFK DOO WKH
radioisotope dating methods depend. Second, the
83EPHWKRGUHOLHVSULPDULO\RQǂGHFD\ZKHUHDV
WKH /X+I PHWKRG UHOLHV RQ ǃ GHFD\ $V REVHUYHG
by both Austin (2005) and Snelling (2005), these
different decay modes seem to yield different ages
IRUVRPHHDUWKURFNVXVLQJWKHVDPHVDPSOHVZLWK
essentially the same methodology. Furthermore,
as described earlier, the differences in the 176/X
decay constant and half-life values determined by
SK\VLFDO Ǆ FRXQWLQJ DQG ǄǄFRLQFLGHQFH FRXQWLQJ

A. A. Snelling

experiments remain unexplained and unresolved,
when these direct counting methods should be
expected to yield reliable and consistent 176/XGHFD\
constant and half-life determinations. However, at
the low counting rates which are involved even small
corrections to the data can easily cause the observed
GLIIHUHQFHV 6R ZLWKRXW DQ DFFXUDWHO\ NQRZQ 176/X
GHFD\ FRQVWDQW DQG KDOIOLIH DFFXUDWH /X+I
radioisotope ages cannot be determined. Therefore,
/X+IGDWLQJFDQQRWEHXVHGWRUHMHFWWKH\RXQJHDUWK
creationist timescale. Indeed, current radioisotope
dating methodologies are at best hypotheses
based on extrapolating current measurements
DQG REVHUYDWLRQV EDFN LQWR DQ DVVXPHG GHHS WLPH
history for the cosmos. Nevertheless, although the
SURGXFWV IURP WKH PXOWLELOOLRQ KDOIOLIH RI /X DUH
a seeming challenge to a young age for the earth,
they have been already explained by the evidence
for accelerated radioisotope decay during a past
catastrophic event, such as the Flood (Vardiman,
6QHOOLQJDQG&KDIÀQ 
Conclusions
There have been numerous attempts to determine
the 176/XKDOIOLIHDQGGHFD\FRQVWDQWLQWKHODVW
\HDUVE\WZRPHWKRGV³GLUHFWFRXQWLQJRIWKHǄUD\V
emitted by the daughter 176+I DV LW ´IDOOVµ IURP DQ
excited state to its ground state after being derived
E\ WKH ǃ decay of its parent 176/X DQG FRPSDULVRQV
RI/X+IDJHVRIWHUUHVWULDOPLQHUDOVDQGURFNVDQG
meteorites, with ages derived by other radioisotope
systems, especially U-Pb. The estimates of the 176/X
half-life have not been consistent, even since 1980
as improvements have been made in measurement
technologies. Indeed, there are two distinct separate
groupings of determinations obtained by physical
direct counting experiments with mean halflife values of 36.93 Byr and 40.7 Byr, with these
differences apparent in two experiments performed
in the same year (2003). This discrepancy has still
neither been explained nor resolved.
The initial use of meteorites to determine
the 176/X GHFD\ FRQVWDQW DQG KDOIOLIH  YLD DJH
comparisons also suggested a disparity with the
176
/X GHFD\ FRQVWDQW DQG KDOIOLIH  GHWHUPLQHG E\
the physical counting experiments and with the
176
/X GHFD\ FRQVWDQW DQG KDOIOLIH  GHWHUPLQHG
by age comparisons of terrestrial minerals and
URFNV +RZHYHU PRUH UHFHQW GHWHUPLQDWLRQV XVLQJ
meteorites for age comparisons have produced a
distinct separate grouping with 176/XGHFD\FRQVWDQW
and half-life mean values virtually identical to those
obtained by age comparisons of terrestrial minerals
DQG URFNV DQG WR WKRVH LQ WKH VKRUWHU KDOIOLIH
grouping of physical counting experiments. It was
thus realized that the eucrite meteorites used for
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the earlier determinations by age comparisons were
QRWDVVXLWDEOHEHFDXVHRIVLJQLÀFDQWGLVWXUEDQFHRI
WKH/X+IV\VWHPDWLFVDPRQJPLQHUDOSKDVHVGXHWR
RSHQJHRFKHPLFDOV\VWHPEHKDYLRUVXFKDVOHDNDJH
of 176Hf. Consequently a 176/X GHFD\ FRQVWDQW RI
1.867 × 10-11 per year (a half-life of 37.12 Byr), based
primarily on the age comparisons using terrestrial
PLQHUDOVDQGURFNVKDVQRZJHQHUDOO\EHHQDGRSWHG
by the geological community as the agreed value for
VWDQGDUGXVHLQ/X+IDJHFDOFXODWLRQV
Nevertheless, all the age comparisons on
WHUUHVWULDOURFNVDQGPLQHUDOVDQGWKHPRUHUHFHQW
age comparisons on meteorites, used the U-Pb
method to determine the 176/X GHFD\ FRQVWDQW RI
1.867 × 10-11 per year and half-life of 37.12 Byr, and
WKXV/X+IDJHFDOFXODWLRQVDUHXOWLPDWHO\FDOLEUDWHG
against the U-Pb method. However, this U-Pb
´JROG VWDQGDUGµ GHSHQGV RQ WKH FUXFLDO 2388235U
ratio, and yet discrepancies and variations have
been found between the 2388235U ratio in U-bearing
WHUUHVWULDOPLQHUDOVDQGURFNVDQGWKH2388235U ratio
in meteorites. These discrepancies and variations
remain unexplained. This only serves to highlight
WKDWLIWKH/X+IGDWLQJPHWKRGKDVEHHQFDOLEUDWHG
DJDLQVW WKH 83E ´JROG VWDQGDUGµ ZLWK LWV RZQ
uncertainties, then it cannot be absolute, especially
as the 176/XGHFD\UDWHKDVDOVRQRWEHHQDFFXUDWHO\
determined by physical direct counting experiments.
:LWKRXW DQ DFFXUDWHO\ NQRZQ 176/X GHFD\ FRQVWDQW
DQG KDOIOLIH DFFXUDWH /X+I UDGLRLVRWRSH DJHV
FDQQRW EH GHWHUPLQHG 7KHUHIRUH /X+I GDWLQJ
FDQQRWEHXVHGWRUHMHFWWKH\RXQJHDUWKFUHDWLRQLVW
timescale, especially as current radioisotope
dating methodologies are at best hypotheses based
on extrapolating current measurements and
REVHUYDWLRQVEDFNLQWRDQDVVXPHGGHHSWLPHKLVWRU\
for the cosmos.
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