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Abstract

Over the last 80 years numerous determinations have been made of the 147Sm half-life. The
determinations since 1960 have converged on close agreement between the two primary
determination techniques used in direct physical counting experiments—ionization chambers and
liquid scintillation counters, and with radioisotope age comparisons using two meteorites. Thus the 147Sm
half-life value of 106 ± 0.8 Byr has now been adopted for standard use by the uniformitarian geological
community. This value is based on the weighted average of four direct counting determinations in the
period 1961–1970 and the recalibration in the 1970s of Sm-Nd model ages of two meteorites by forcing
them (essentially by circular reasoning) to agree with their Pb-Pb isochron and model ages. However,
direct counting experiments in 2003 determined the 147Sm half-life value was 10% or more longer at
%\U7KLVZDVDFKLHYHGE\XVLQJIRXUVWDQGDUG6PVROXWLRQVZLWKLQWHUQDOǂUDGLRDFWLYHVWDQGDUGV
in 19 alpha spectrometer and 24 ionization chamber determinations, making it the most thorough and
comprehensive effort to determine the 147Sm half-life. The thinner counting sources used, while resulting
LQORZǂDFWLYLWLHVEHLQJPHDVXUHGJUHDWO\UHGXFHGWKHFRXQWLQJXQFHUWDLQW\GXHWRVHOIDEVRUSWLRQRI
WKHHPLWWHGǂSDUWLFOHV$OWKRXJKUHMHFWHGRULJQRUHGWKLV%\UYDOXHIRUWKH 147Sm half-life, which
DJUHHV ZLWK VRPH HDUOLHU GHWHUPLQDWLRQV PD\ ZHOO EH KLJKO\ VLJQLÀFDQW DQG PRUH UHOLDEOH WKDQ WKH
adopted value. Yet, in spite of the many experiments directly measuring 147Sm decay, preference has
been given to the half-life value of 106 ± 0.8 Byr determined by forcing the Sm-Nd data to agree with PbPb dates. But many unprovable assumptions are also involved, not the 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 determined half-life of 147Sm has been shown to be dependent
on the thicknesses of the Sm counting source and the detector. There is also evidence decay rates of
the radioisotopes used for rock dating have not been constant in the past. This only serves to emphasize
that if the Sm-Nd dating method has been calibrated against the U-Pb “gold standard” with all its
attendant 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
compared to, or at least be commensurate with, the
analytical uncertainties of the mass spectrometer
measurements of isotopic ratios 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
GHFDGHV VWDUWLQJ ZLWK WKH ODQGPDUN SDSHU E\
Wasserburg et al. (1969), have not been accompanied
by any comparable improvement in the accuracy of
WKHGHFD\FRQVWDQWV %HJHPDQQHWDO6WHLJHU
DQG-lJHU LQVSLWHRIRQJRLQJDWWHPSWV 0LOOHU
2012). The uncertainties associated with most direct
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half-life determinations are, in most cases, still at the
OHYHOZKLFKLVVWLOOVLJQLÀFDQWO\EHWWHUWKDQDQ\
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
QHZ IRU H[DPSOH 0LQ HW DO  5HQQH .DUQHU
and Ludwig 1998). It continues to be mentioned, at
one time or another, by every group active in geoRU FRVPRFKURQRORJ\ 6FKPLW]   7KLV LV D NH\
issue especially for very long half-life radioisotopes
due to the very slow accumulation of decay particle
counting data, because the statistical error is equal
to the square root of the total decay particle counts.
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 the issue of how reliable have been the
determinations of the radioisotope decay rates, which
DUH VR FUXFLDO IRU FDOLEUDWLQJ WKHVH GDWLQJ ´FORFNVµ
Indeed, before this present series of papers (Snelling
2014a, 2014b, 2015) there have not been any attempts
in the creationist literature to review how the halflives of the parent radioisotopes used in long-age
geological dating have been determined and to collate
their determinations so as to discuss the accuracy of
their currently accepted values. After all, accurate
radioisotope age determinations depend on accurate
determinations of the decay constants or half-lives of
the respective parent radioisotopes. The reliability
of the other two assumptions these 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
DQ\FRQWDPLQDWLRQZKLFKLVVWLOOVLJQLÀFDQWO\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. Yet
there is also no reliable way of determining the
difference between isochrons and mixing lines. That
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this is common practice is illustrated with numerous
H[DPSOHV IURP WKH OLWHUDWXUH E\ 'LFNLQ   DQG
)DXUH DQG 0HQVLQJ   2Q WKH RWKHU KDQG LW
could be argued that this discarding of data points
ZKLFKGRQRWÀWWKHLVRFKURQLVDUELWUDU\DQGWKHUHIRUH
is not good science, because it is merely assumed the
´DEHUUDQWµ YDOXHV DUH GXH WR FRQWDPLQDWLRQ UDWKHU
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 D
2014b, 2015) has documented the methodology behind
and history of determining the decay constants and
half-lives of the parent radioisotopes 875E176Lu, and
187
5H XVHG DV WKH EDVLV IRU WKH 5E6U /X+I DQG
5H2V ORQJDJH GDWLQJ PHWKRGV UHVSHFWLYHO\ +H
showed that there is still some uncertainty in what
the values for these measures of the 875EDQG 176Lu
decay rates should be, in contrast to the apparent
agreement on the 1875HGHFD\UDWH7KLVXQFHUWDLQW\
is especially prominent in determinations of the 176Lu
decay rate by physical direct counting experiments.
Furthermore, the determined values of the 875E
GHFD\ UDWH GLIIHU ZKHQ 5E6U DJHV DUH FDOLEUDWHG
against the U-Pb ages of either the same terrestrial
PLQHUDOV DQG URFNV RU WKH VDPH PHWHRULWHV DQG
OXQDU URFNV ,URQLFDOO\ LW LV WKH VORZ GHFD\ UDWH RI
isotopes such as 875E XVHG IRU GHHS WLPH GDWLQJ
WKDW PDNHV D SUHFLVH PHDVXUHPHQW RI WKDW GHFD\
UDWHVRGLIÀFXOW7KXVLWFRXOGEHDUJXHGWKDWGLUHFW
measurements of these 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 that the secular
FRPPXQLW\ XVHV LQ WKHLU URFN GDWLQJ PHWKRGV
Indeed, the 875E 176Lu, and 1875H GHFD\ KDOIOLYHV
have all ultimately been calibrated against the
83EUDGLRLVRWRSHV\VWHP\HWWKHUHDUHQRZNQRZQ
measured variations in the 238U/235U ratio that is
FULWLFDO WR WKDW PHWKRG %UHQQHFND DQG :DGKZD
+LHVVHWDO 
Therefore, the aim of this contribution is to further
document the methodology behind and history of
determining the present decay constants and halflives of the parent radioisotopes used as the basis
for the long-age dating methods. It is necessary to
H[SORUH MXVW KRZ DFFXUDWH WKHVH GHWHUPLQDWLRQV
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 every
ORQJOLYHGUDGLRDFWLYHLVRWRSHLVOLNHO\WRVKRZVLPLODU
variation and uncertainty in half-life measurements
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EHFDXVH WKHVH DUH GLIÀFXOW PHDVXUHPHQWV WR PDNH
However, even small variations and uncertainties
in the half-life values result in large variations and
XQFHUWDLQWLHV LQ WKH FDOFXODWHG DJHV IRU URFNV DQG
the question remains as to whether the half-life
values for each long-lived parent radioisotope are
independently determined. We continue here with
samarium-147 (147Sm), which is the basis for the
Sm-Nd dating method.
Samarium and Samarium-147 Decay
Samarium (Sm) and neodymium (Nd) are both
UDUHHDUWKHOHPHQWV 5((V ZLWKDWRPLFQXPEHUV Z)
of 62 and 60 respectively. The rare-earth elements
generally form ions with a 3+ charge whose radii
decrease with increasing atomic number from 1.15 Å
in lanthanum (La), atomic number 57, to 0.93 Å in
OXWHWLXP /X DWRPLFQXPEHU )DXUHDQG0HQVLQJ
  7KH 5((V RFFXU LQ KLJK FRQFHQWUDWLRQV LQ
several economically important minerals such as
bastnaesite (CeFCO3), monazite (CePO4),and cerite
> &D0J 2(Ce)8(SiO4)7･3H2O].
Furthermore,
they
RFFXU DV WUDFH HOHPHQWV LQ FRPPRQ URFNIRUPLQJ
minerals (silicates, phosphates, and carbonates) in
ZKLFK WKH\ UHSODFH PDMRU HOHPHQW LRQV 7KH\ PD\
also reside in inclusions of certain accessory minerals
LQWKHFRPPRQURFNIRUPLQJVLOLFDWHV
0LQHUDOV H[HUFLVH D FRQVLGHUDEOH GHJUHH RI
VHOHFWLYLW\ LQ DGPLWWLQJ 5((V LQWR WKHLU FU\VWDO
VWUXFWXUHV )DXUH DQG 0HQVLQJ   )HOGVSDU
ELRWLWHDQGDSDWLWHWHQGWRFRQFHQWUDWHWKHOLJKW5((V
(the Ce group), whereas pyroxenes, amphiboles, and
JDUQHWFRQFHQWUDWHWKHKHDY\5((V WKH*GJURXS 
7KH VHOHFWLYLW\ RI WKH URFNIRUPLQJ PLQHUDOV IRU
WKH OLJKW RU KHDY\ 5((V REYLRXVO\ DIIHFWV WKH 5((
FRQFHQWUDWLRQVRIWKHURFNVLQZKLFKWKRVHPLQHUDOV
RFFXU 6P DQG 1G ERWK EHORQJ WR WKH OLJKW 5((V
so they tend to concentrate in feldspar, biotite, and
apatite. Thus the Sm and Nd concentrations in calcDONDOLQH SOXWRQLF DQG YROFDQLF LJQHRXV URFNV UDQJH
IURPSSPLQXOWUDPDÀFURFNVWRDERXWSSP6P
DQGSSP1GLQJUDQLWH$ONDOLULFKLJQHRXVURFNV
have consistently higher Sm and Nd concentrations
WKDQ WKH FDOFDONDOLQH VXLWH UDQJLQJ XS WR DERXW
15 ppm Sm and 85 ppm Nd.
Sm and Nd exhibit an unusual geochemical
EHKDYLRU ZKLFK DULVHV IURP ZKDW LV NQRZQ DV WKH
´ODQWKDQLGHFRQWUDFWLRQµ )DXUHDQG0HQVLQJ 
This contraction results from the way electrons
ÀOO WKHLU f shell orbitals. As a consequence, the
ionic radius of Sm (Z = 62) is smaller than that
of Nd (Z = 60). Even though the difference in the
radii is small (Nd3+ = 1.08 Å 6P3+ = 1.04 Å), Nd is
preferentially concentrated in the liquid phase during
partial melting of silicate minerals, whereas Sm
remains in the residual solids. For this reason, basalt
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magmas have lower Sm/Nd ratios than the source
URFNVIURPZKLFKWKH\IRUPHG7KXVWKLVSUHIHUHQWLDO
partitioning of Nd into the melt phase has caused the
URFNV RI WKH FRQWLQHQWDO FUXVW WR EH HQULFKHG LQ 1G
UHODWLYHWR6PFRPSDUHGWRWKHUHVLGXDOURFNVLQWKH
lithospheric mantle.
Even though the concentrations of Sm and Nd
reach high values in accessory phosphate minerals
such as apatite and monazite and in carbonatites,
these minerals and carbonatites are still more
enriched in Nd than in Sm and hence their Sm/Nd
UDWLRV DUH OHVV WKDQ  $PRQJ WKH URFNIRUPLQJ
silicate minerals, garnet is the only one with a high
Sm/Nd ratio (0.54) even though its concentrations
of Sm and Nd are both low (1–2 ppm). Several other
URFNIRUPLQJ VLOLFDWH PLQHUDOV VXFK DV .IHOGVSDU
biotite, amphibole, and clinopyroxene, have higher
Sm and Nd concentrations than garnet, but their
Sm/Nd ratios are less than 0.32 in most cases.
Sm and Nd each have seven naturally-occurring
isotopes. Of these 147Sm, 148Sm, and 149Sm are all
radioactive, but the latter two have such long halflives (about 1016 years) that they are not capable of
producing measurable variations in the daughter
isotopes 144Nd and 145Nd, even over supposed
conventional cosmological intervals (1010 years)
'LFNLQ   <HW 147Sm only has an abundance of
LQQDWXUDOO\RFFXUULQJ6P /LGHDQG)UHGHULNVH
1995). Although the half-life of 147Sm is also very long
(currently determined as 106 billion years), it decays
by ǂ-particle emission to 143Nd, a stable isotope of Nd.
The relevant decay scheme is often depicted as:
6Pń143Nd + 4He + E

147

where 4He is an ǂ-particle and E is the total decay
energy. The energy of the 147Sm emitted ǂSDUWLFOHV
LV 0H9 7KLV GHFD\ VFKHPH KDV SURYHQ XVHIXO
to uniformitarians for apparently dating terrestrial
URFNV VWRQ\ PHWHRULWHV ERWK FKRQGULWHV DQG
DFKRQGULWHV DQGOXQDUURFNV
There are two parameters by which the decay
rate is measured and expressed, namely, the decay
FRQVWDQW ǌ DQGWKHKDOIOLIH W½). The decay constant
FDQEHGHÀQHGDVWKHSUREDELOLW\SHUXQLWWLPHRID
SDUWLFXODUQXFOHXVGHFD\LQJWKRXJKVWULFWO\VSHDNLQJ
probabilities do not have units associated with them
DQGWKHGHFD\FRQVWDQWLVGHULYHGIURPDGHÀQLWLYH
functional relationship. In contrast, the half-life is the
WLPHLWWDNHVIRUKDOIRIDJLYHQQXPEHURIWKHSDUHQW
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 1476PKDVQRWEHHQDOOWKDWGLIÀFXOW
to determine once the necessary instrumentation
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was developed to accurately count the emitted
ǂ-particles. However, the Sm-Nd dating method has
had its problems.
The lanthanide contraction causes the distribution
RI6PDQG1GWREHRSSRVLWHWRWKDWRI5EDQG6U )DXUH
DQG 0HQVLQJ   $QG EHFDXVH 6P DQG 1G KDYH
YHU\VLPLODUFKHPLFDOSURSHUWLHV XQOLNH5EDQG6U 
ODUJHUDQJHVRI6P1GUDWLRVLQZKROHURFNV\VWHPV
are rare, and in particular low Sm/Nd ratios near the
vertical y-axis on an isochron dating graph are very
UDUH7KHUHIRUHEHFDXVHRIWKHGLIÀFXOW\RIREWDLQLQJ
DZLGHUDQJHRI6P1GUDWLRVIURPDVLQJOHURFNERG\
and because of the greater technical demands of Nd
isotope analysis, the Sm-Nd isochron dating method
KDV EHHQ JHQHUDOO\ RQO\ DSSOLHG WR GDWLQJ URFN
XQLWV IRU ZKLFK 5E6U LVRFKURQ GDWLQJ KDV SURYHQ
XQVDWLVIDFWRU\0DQ\RIWKRVHDSSOLFDWLRQVZHUHDOVR
made before the U-Pb zircon dating method had
reached its present level of development. Therefore,
VRPH RI WKRVH URFN XQLWV KDYH VXEVHTXHQWO\ EHHQ
dated to apparent greater accuracy and precision by
the U-Pb method. Nevertheless, the Sm-Nd method
KDVFRQWLQXHGWREHXVHGWRGDWHURFNVDQGPHWHRULWHV
and thus the determination of the 147Sm half-life used
by the method requires examination.
Determination Methods
Attempts to measure the ǂradioactivity of Sm
GDWH EDFN WR WKH HDUO\ V )DPRXV QDPHV VXFK
DV +HYHV\ DQG 3DKO &XULH DQG -ROLRW /LEE\ DQG
many more, are among the researchers who studied
this phenomenon by various techniques (Begemann
et al. 2001). At that time, before 1476P KDG ÀQDOO\
EHHQ LGHQWLÀHG DV WKH LVRWRSH DFFRXQWDEOH IRU WKH
ǂUDGLRDFWLYLW\RI6P :HDYHU WKHKDOIOLIHZDV
calculated in terms of the total element of Sm, with
results ranging from 0.63 to 1.4 × 1012 years (that is,
630 to 1400 Byr). Even in 1949, when 1486P :LONLQV
DQG'HPSVWHU DQG1526P 'HPSVWHU KDG
been reported erroneously to be responsible for the
ǂDFWLYLW\ RI VDPDULXP 3LFFLRWWR VWLOO SXEOLVKHG KLV
result in terms of total Sm as 6.7 ± 0.4 × 1011 years
(670 Byr), this quoted statistical error amounting to
approximately 300 observed decays of 147Sm. Almost
DOODWWHPSWVWRPHDVXUHWKHǂUDGLRDFWLYLW\RI 147Sm
have been by direct counting of ǂparticles, although
two geological comparisons of radioisotope ages of
LQGLYLGXDOPHWHRULWHVKDYHEHHQXVHGWRFRQÀUPWKH
direct counting measurements of the 147Sm half-life.
Direct counting
Initially direct measurements were done by
counting ǂSDUWLFOHV UHJLVWHUHG RQ D SKRWRJUDSKLF
emulsion. For example, Picciotto (1949) used
solutions of samarium sulfate to deposit layers of
calculated weights of samarium across photographic

emulsions which were then left exposed to the
samarium ǂDFWLYLW\ for four to more than 19 days. At
WKHHQGRIHDFKH[SRVXUHWLPHLQWHUYDOWKHWUDFNVOHIW
by the ǂ-particles on the emulsions when developed
were counted. The calculated numbers of ǂSDUWLFOHV
per second per gram of Sm were averaged to derive
a decay rate in terms of the total Sm (all isotopes)
of 6.7 ± 0.4 × 1011 years (670 Byr). Even though Beard
DQG :LHGHQEHFN   REWDLQHG D 147Sm half-life
value using an ionization chamber (Geiger counter),
WKH\FRUURERUDWHGWKHLUUHVXOWE\FKHFNLQJWKHHQHUJ\
spectrum of their samarium source by exposing it
IRUWKUHHZHHNVWRDQXFOHDUSODWHZKLFKUHJLVWHUHG
WKH WUDFNV OHIW E\ WKH ǂSDUWLFOHV 7KH PHDQ WUDFN
length compared favorably with previous emulsion
H[SHULPHQWVDQGWKHHQHUJ\GLVWULEXWLRQFRQÀUPHG
WKH WUDFNV ZHUH SURGXFHG E\ ǂSDUWLFOHV emitted by
147
Sm.
A more recent use of the emulsion method by
0DUWLQV 7HUUDQRYD DQG 0RUHLUD &RUUHD  
involved spreading a calibrated solution of samarium
nitrate over a glass plate which was then heated to
OHDYHDVWDEOHÀOPRIVDPDULXPR[LGHZKRVHXQLIRUP
WKLFNQHVV ZDV PHDVXUHG 7KLV PHWKRG HQDEOHG
accurate control, within the limits of volumetric
error, of the quantity of samarium deposited on
the glass plate. This glass plate was then contacted
against a plastic emulsion plate for registration of the
spontaneous 147Sm ǂ-particle emission. After exposure
for 30 days, stored in an underground laboratory to
protect it from cosmic radiation, the emulsion was
SURFHVVHG WR HWFK WKH WUDFNV OHIW E\ WKH ǂSDUWLFOHV
ZKLFKZHUHWKHQFRXQWHG7KHVDPDULXPR[LGHÀOP
ZDVDOVRFKHFNHGE\Ǆ-spectrometry to rule out any
FRQWULEXWLRQWRWKHFRXQWHGWUDFNVIURPWKHSRVVLEOH
presence of any U or Th atoms. A measurement of the
147
Sm half-life was then calculated from the number of
ǂSDUWLFOHWUDFNVSURGXFHGIURPWKHNQRZQTXDQWLW\
of samarium in the exposure time period of 30 days.
Though they did not account for possible ǂ-particle
energy loss in the samarium or the glass and plastic
plates, this possibility was deemed negligible.
However, since the mid-1950s a variety of
instruments have primarily been used for direct
counting of 147Sm ǂSDUWLFOHV. In these instruments,
the alpha (ǂ  DFWLYLW\ RI 147Sm in a source material
is counted over a designated time period, and
divided by the total number of radioactive 147Sm
DWRPV LQ WKH NQRZQ TXDQWLW\ RI 6P EDVHG RQ
Avogadro’s number and the isotopic abundance of
147
Sm. Two types of such instruments have been
used to count the ǂ-particles emitted from different
147
Sm sources—liquid scintillation spectrometers
%HDUG DQG .HOO\  'RQKRIIHU  .LQRVKLWD
<RNR\DPD DQG 1DNDQDVKL  .RVVHUW HW DO
:ULJKW6WHLQEHUJDQG*OHQGHQLQ DQG
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ionization chambers or Geiger counters (Beard and
:LHGHQEHFN  *XSWD DQG 0DF)DUODQH 
.DUUDVDQG1XUPLD.LQRVKLWD<RNR\DPDDQG
1DNDQDVKL0DF)DUODQHDQG.RKPDQ $
variety of 147Sm sources have also been used, namely,
samarium octoate (Wright, Steinberg, and Glendenin
  VDPDULXP R[LGH %HDUG DQG :LHGHQEHFN
 .LQRVKLWD <RNR\DPD DQG 1DNDQDVKL 
.RVVHUWHWDO0DF)DUODQHDQG.RKPDQ
Su et al. 2010), and samarium metal (Gupta and
0DF)DUODQH6XHWDO 
In the most recent half-life determination, Su et al.
(2010) deposited 147Sm-enriched metal and oxide on
pure quartz glass substrates by vacuum evaporation
DQG VSXWWHULQJ UHVSHFWLYHO\ DQG WKHQ FKHFNHG WKH
XQLIRUPLW\ RI WKH WKLFNQHVVHV RI WKHVH VDPSOHV E\
exposing them to plastic emulsion plates in direct
contact with them. However, in using this method
LWLVGLIÀFXOWWRFRPSHQVDWHIRUǂHQHUJ\ORVVGXHWR
absorption. After 100 hours exposure the emulsion
plates were chemically etched and the ǂSDUWLFOH
WUDFNV ZHUH REVHUYHG DQG FRXQWHG 7KLV GRHV QRW
appear to be a good way of establishing uniformity
RI WKLFNQHVV ZKHUHDV ǂJDXJLQJ ZRXOG EH D EHWWHU
method. Nevertheless, the ǂactivities of the two
samples were then measured by silicon surfacebarrier detectors placed in vacuum chambers for
a period of 200 hours (8 days 8 hours). Finally the
147
Sm half-life was then calculated from the ǂactivity
spectra for each sample (Sm metal and Sm oxide).
A liquid scintillation counter or spectrometer
detects and measures ionizing radiation by using the
excitation effect of incident ǂSDUWLFOHV on a scintillator
material, and detecting the resultant light pulses. It
consists of a scintillator which generates photons of
light in response to incident ǂSDUWLFOHV, a sensitive
photomultiplier tube which converts the light to an
electrical signal, and electronics to process this signal.
Liquid scintillation counting measures the
ǂ-activity of a sample, prepared by mixing the
ǂactive material with a liquid scintillator, and
counting the resultant photon emissions. This allows
IRUPRUHHIÀFLHQWFRXQWLQJGXHWRWKHLQWLPDWHFRQWDFW
of the ǂactivity with the scintillator. Samples are
GLVVROYHG RU VXVSHQGHG LQ D ´FRFNWDLOµ FRQWDLQLQJ
a solvent, typically some form of a surfactant, and
VPDOODPRXQWVRIRWKHUDGGLWLYHVNQRZQDV´ÁXRUVµ
or scintillators.
The radioactive sample is then placed in a vial
containing a premeasured amount of scintillator
FRFNWDLO DQG WKLV YLDO SOXV YLDOV FRQWDLQLQJ NQRZQ
amounts of 147Sm are loaded into the liquid
VFLQWLOODWLRQ FRXQWHU 0DQ\ FRXQWHUV KDYH WZR
photomultiplier tubes connected in a coincidence
circuit. The coincidence circuit assures that genuine
light pulses, which reach both photomultiplier tubes,
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are counted, while spurious pulses (due to line noise,
for example), which would only affect one of the
tubes, are ignored.
:KHQDFKDUJHGSDUWLFOHVWULNHVWKHVFLQWLOODWRULWV
atoms are excited and photons are emitted. These are
directed at the photomultiplier tube’s photocathode,
which emits electrons by the photoelectric effect.
These electrons are electrostatically accelerated
and focused by an electrical potential so that they
VWULNHWKHÀUVWG\QRGHRIWKHWXEH7KHLPSDFWRID
single electron on the dynode releases a number of
secondary electrons which are in turn accelerated to
VWULNH WKH VHFRQG G\QRGH (DFK VXEVHTXHQW G\QRGH
impact releases further electrons, and so there is a
current amplifying effect at each dynode stage. Each
stage is at a higher potential than the previous stage
WRSURYLGHWKHDFFHOHUDWLQJÀHOG7KHUHVXOWDQWRXWSXW
signal at the anode is in the form of a measurable
pulse for each photon detected at the photocathode,
and is passed to the processing electronics. The pulse
carries information about the energy of the original
incident ǂradiation on the scintillator. Thus both
the intensity and energy of the ǂ-particles can be
measured.
The scintillation spectrometer consists of a
suitable scintillator crystal, a photomultiplier tube,
and a circuit for measuring the height of the pulses
produced by the photomultiplier. The pulses are
counted and sorted by their height, producing an x–y
SORWRIVFLQWLOODWRUÁDVKbrightness versus number of
ÁDVKHVZKLFKDSSUR[LPDWHVWKHHQHUJ\VSHFWUXPRI
the incident ǂradiation.
The ionization chamber is the simplest of all
JDVÀOOHG UDGLDWLRQ GHWHFWRUV DQG LV ZLGHO\ XVHG
for the detection and measurement of certain types
of ionizing radiation, including ǂSDUWLFOHV ÀJ  
&RQYHQWLRQDOO\WKHWHUP´LRQL]DWLRQFKDPEHUµLVXVHG
exclusively to describe those detectors which collect
all the charges created by direct ionization within the
JDVWKURXJKWKHDSSOLFDWLRQRIDQHOHFWULFÀHOG,WRQO\
uses the discrete charges created by each interaction
between the incident radiation and the gas, and does
not involve the gas multiplication mechanisms used
by other radiation instruments, such as the Geiger0OOHUFRXQWHU or the proportional counter.
An ionization chamber measures the current from
the number of ion pairs created within a gas caused by
incident ǂUDGLDWLRQ,WFRQVLVWVRIDJDVÀOOHGFKDPEHU
with two electrodesNQRZQDVWKHanode and cathode
ÀJ . The electrodes may be in the form of parallel
plates, or a cylinder arrangement with a coaxially
located internal anode wire. A voltage is applied
EHWZHHQWKHHOHFWURGHVWRFUHDWHDQHOHFWULFÀHOGLQWKH
ÀOOJDV:KHQJDVEHWZHHQWKHHOHFWURGHVLVLRQL]HG
by incident LRQL]LQJǂUDGLDWLRQ RUǃRUǄUDGLDWLRQ ,
ion-pairs are created and the resultant positive ions
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Fig. 1.6FKHPDWLFGLDJUDPRIWKHF\OLQGULFDOLRQL]DWLRQFKDPEHU DOSKDVSHFWURPHWHU XVHGE\*XSWDDQG0DF)DUODQH
(1970) in their determination of the 147Sm half-life.

and dissociated electrons move to the electrodes of the
opposite polarityXQGHUWKHLQÁXHQFHRIWKHHOHFWULF
ÀHOG 7KLV JHQHUDWHV DQ LRQL]DWLRQ FXUUHQW ZKLFK
is measured by an electrometer. The electrometer
must be capable of measuring the very small output
current which is in the region of femtoamperes
(10-15 amps) to picoamperes (10-12 amps), depending
on the chamber design, ǂradiation dose and applied
voltage. The unique feature of ionization chambers is
WKDWWKHHOHFWULFÀHOGVWUHQJWKLVORZHQRXJKWKDWQR
multiplication of ion pairs occurs. Hence the current
generated at a given voltage depends on the type and
energy of the incident radiation but is independent
over a range of applied voltages, approximately
100–300 volts.
Each ion pair creates deposits or removes a small
electric charge to or from an electrode, such that the
accumulated charge is proportional to the number
of ion pairs created, and hence the ǂradiation dose.
This continual generation of charge produces an
ionization current, which is a measure of the total
ionizing dose entering the chamber. The electric
ÀHOG DOVR HQDEOHV WKH GHYLFH WR ZRUN FRQWLQXRXVO\
by mopping up electronsZKLFKSUHYHQWVWKHÀOOJDV
from becoming saturated, where no more ions could
be collected, and by preventing the recombination
of ion pairs, which would diminish the ion current.
7KLV PRGH RI RSHUDWLRQ LV UHIHUUHG WR DV ´FXUUHQWµ
mode, meaning that the output signal is a continuous
current, and not a pulse output as in the cases of
WKH*HLJHU0OOHUWXEHRUWKHSURSRUWLRQDOFRXQWHU
In the ionization chamber operating region the
collection of ion pairs is effectively constant over a
range of applied voltage, as due to its relatively low
HOHFWULFÀHOGVWUHQJWKWKHLRQFKDPEHUGRHVQRWKDYH
any multiplication effect. This is in distinction to
WKH*HLJHU0OOHUWXEHRUWKHSURSRUWLRQDOFRXQWHU
whereby secondary electrons, and ultimately
multiple avalanches, greatly amplify the original

ion-current charge. In the proportional counter the
HOHFWULFÀHOGSURGXFHVGLVFUHWHFRQWUROOHGDYDODQFKHV
such that the energy and type of radiation can be
GHWHUPLQHGDWDJLYHQDSSOLHGÀHOGVWUHQJWK
7KH *HLJHU²0OOHU FRXQWHU DOVR FDOOHG D *HLJHU
counter, is also used for measuring ionizing radiation.
It detects radiation such as ǂparticles, using the
ionization produced in a *HLJHU²0OOHU WXEH. The
processing electronics displays the result. The
*HLJHU0OOHUWXEHLVÀOOHGZLWKDQLQHUWJDVVXFK
as helium, neon, or argon at low pressure, to which
DKLJKYROWDJHLVDSSOLHG7KHWXEHEULHÁ\FRQGXFWV
an electrical charge when a particle or photon of
incident ǂUDGLDWLRQ PDNHV WKH JDV FRQGXFWLYH E\
LRQL]DWLRQ7KHLRQL]DWLRQLVFRQVLGHUDEO\DPSOLÀHG
within the tube by an avalanche effect to produce an
easily measured detection pulse, which is fed to the
processing and display electronics. The electronics
also generates the high voltage, typically 1000–1400
YROWVZKLFKKDVWREHDSSOLHGWRWKH*HLJHU0OOHU
tube to enable its operation. The voltage must be
high enough to produce avalanche effects for all
LQFLGHQWUDGLDWLRQ7KXVD*HLJHU0OOHUWXEHKDVQR
DELOLW\WRGLVFULPLQDWHEHWZHHQLQFLGHQWUDGLDWLRQV
all radiation produces the same current.
There are two main limitations of the Geiger
counter. Because the output pulse from a Geiger0OOHU WXEH LV DOZD\V WKH VDPH PDJQLWXGH
regardless of the energy of the incident ǂradiation,
the tube cannot differentiate between radiation
types. A further limitation is the inability to measure
high ǂUDGLDWLRQ LQWHQVLWLHV GXH WR WKH ´GHDG WLPHµ
of the tube. This is an insensitive period after each
ionization of the gas during which any further
incident ǂradiation will not result in a count, and
the indicated rate is therefore lower than actual.
Typically the dead time will reduce indicated count
rates above about 104 to 105 counts per second
depending on the characteristic of the tube being
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used. Whilst some counters have circuitry which can
compensate for this, for accurate measurements ion
chamber instruments are preferred to measure high
radiation rates.
&RXQWLQJ HIÀFLHQFLHV RI OLTXLG VFLQWLOODWLRQ
counters under ideal conditions range from about
30% for tritium DORZHQHUJ\ǃHPLWWHU WRQHDUO\
100% for phosphorus-32 (32P), a high-energy
ǃHPLWWHU7KXVFRXQWLQJHIÀFLHQFLHVIRUǂSDUWLFOHV
are within this range, which is <100%. Some
chemical compounds (notably chlorine compounds)
and highly colored samples can interfere with the
FRXQWLQJ SURFHVV 7KLV LQWHUIHUHQFH NQRZQ DV
quenching, can be overcome through data correction
or through careful sample preparation. In ionization
FRXQWHUVWKHFRXQWLQJHIÀFLHQF\LVWKHUDWLREHWZHHQ
the number of ǂparticles or photons counted and
the number of ǂparticles or photons of the same
type and energy emitted by the ǂradiation source.
&RXQWLQJHIÀFLHQFLHVYDU\IRUGLIIHUHQWisotopes and
sample compositions, and for different scintillation
counters3RRUFRXQWLQJHIÀFLHQF\FDQEHFDXVHGE\
an extremely low energy to light conversion rate
WKHVFLQWLOODWLRQHIÀFLHQF\ ZKLFKHYHQRSWLPDOO\
will be a small value. It has been calculated that
only some 4% of the energy from a ǃHPLVVLRQ event
LV FRQYHUWHG WR OLJKW E\ HYHQ WKH PRVW HIÀFLHQW
VFLQWLOODWLRQ FRFNWDLOV. Proportional counters and
HQGZLQGRZ *HLJHU0OOHU WXEHV KDYH D YHU\ KLJK
HIÀFLHQF\IRUDOOLRQL]LQJSDUWLFOHVWKDWUHDFKWKHÀOO
gas. Nearly every initial ionizing event in the gas
will result in avalanches, and thereby an output
VLJQDO +RZHYHU WKH RYHUDOO GHWHFWRU HIÀFLHQF\ LV
largely affected by attenuation due to the window
or tube body through which particles have to
pass. They are also extremely sensitive to various
W\SHV RI EDFNJURXQG UDGLDWLRQ GXH WR WKHLU ODFN RI
discrimination.
-XGJHG IURP WKH IDFW WKDW PDQ\ RI WKHVH GLUHFW
counting experiments, particularly the earlier ones,
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
VWDWHG XQFHUWDLQWLHV DUH OLNHO\ XQUHDOLVWLFDOO\ VPDOO
and typically are underestimated. Begemann et al.
(2001) maintain that many of such experiments are
OLNHO\ SODJXHG E\ XQUHFRJQL]HG V\VWHPDWLF HUURUV
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, although most of the postearly-1960s experiments appear to converge on a
common value (see below). Furthermore, the presence
RIXQNQRZQV\VWHPDWLFELDVHVPDNHVDQ\DYHUDJLQJ
dangerous. It is possible that reliable results of
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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.
Geological comparisons of methods
A second approach used by secular scientists
to determine the 147Sm decay half-life has been to
date geological samples whose ages have also been
measured by other methods with presumably more
UHOLDEOH GHFD\ FRQVWDQWV 'LFNLQ  )DXUH DQG
0HQVLQJ   7KLV HVVHQWLDOO\ LQYROYHV FLUFXODU
reasoning, because it is being assumed the other
radioisotope dating methods, principally
the
U-Pb method, gives the reliable dates to which
the 147Sm half-life can be calibrated to bring the
Sm-Nd radioisotope ages into agreement. It should
EH QRWHG KRZHYHU WKDW WKLV LV KDUGO\ REMHFWLYH
EHFDXVH DOO WKH UDGLRLVRWRSH DJHV RI URFNV FRXOG
be wrong due to the underlying unprovable and
suspect assumptions on which all the radioisotope
dating methods are based. Nevertheless, a few
geological determinations of the 147Sm half-life were
made in the 1970s using components of individual
DFKRQGULWHPHWHRULWHV 'LFNLQ²/XJPDLU
/XJPDLU6FKHLQLQDQG0DUWL/XJPDLU
DQG0DUWL 
This method has the disadvantage that it involves
geological uncertainties, such as whether all isotopic
systems closed at the same time and remained closed.
+RZHYHULWLVFODLPHGWRVWLOOSURYLGHDXVHIXOFKHFN
on the laboratory determinations by direct physical
counting. Nevertheless, this approach entails multichronometric dating of minerals and components
in individual meteorites and cross-calibration of
GLIIHUHQW UDGLRLVRWRSLF DJH V\VWHPV E\ DGMXVWLQJ
the decay constant of the Sm-Nd system so as to
force agreement with the age obtained via another
dating system, usually U-Pb (Begemann et al. 2001).
In essence, because the half-life of 238U is claimed
WR EH WKH PRVW DFFXUDWHO\ NQRZQ RI DOO UHOHYDQW
radionuclides, this usually amounts to expressing
ages in units of the half-life of 238U.
Results of the Samarium-147 Decay Determinations
'XULQJWKHODVW\HDUVQXPHURXVGHWHUPLQDWLRQV
of the 147Sm decay constant and half-life have been
made using these 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. 2.
In each case the data points plotted have been
color-coded the same to differentiate the values as
determined by the two approaches that have been
used—direct counting, and geological comparisons
with other radioisotope dating methods.
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Discussion
5HVXOWV REWDLQHG DIWHU  DQG SDUWLFXODUO\
during the 1960s and the ensuing decade, began to
converge towards a 147Sm common half-life value
VHH WDEOH  DQG ÀJ   ,Q WKH HDUO\ V ZKHQ
Lugmair and his colleagues began to develop the
decay of 147Sm to 143Nd as a dating tool (Lugmair
1974), they used only a weighted average of the
last four half-life measurements at that time,

those of Wright, Steinberg, and Glendenin (1961),
'RQKRIIHU  9DOOLHWDO  DQG*XSWDDQG
0DF)DUODQH   /XJPDLUDQG0DUWL 7KH\
range from 1.04 to 1.08 × 1011 years (104 to 108 Byr)
with a weighted mean of 1.060 ± 0.008 × 1011 years
(106 ± 0.8 Byr) (1ǔ uncertainty). It is worth noting
that the statistical error of this weighted mean
LQIHUVWKDWPRUHWKDQǂGHFD\VRI147Sm have
occurred to produce this result. Nevertheless, it

Table 1.'HWHUPLQDWLRQVRIWKH 147Sm decay rate expressed in terms of the half-life using direct physical counting
H[SHULPHQWVDQGFRPSDULVRQVRIUDGLRLVRWRSHDJHVRIWHUUHVWULDOPLQHUDOVDQGURFNVDQGPHWHRULWHV
Determination of the Sm Decay Rate
Date

Half-Life (Byr)

Uncertainty (Byr)

Method

Instrument

Notes

1936

150

± 11

direct counting

emulsion plate

Hosemann 1936

1949

100

±6

direct counting

emulsion plate

Picciotto 1949

1954

125

±6

direct counting

ionization chamber

1958

128

±4

direct counting

liquid scintillation

Beard and Kelly 1958

1960

114

±5

direct counting

ionization chamber

Karras and Nurmia 1960

1960

117

±5

direct counting

ionization chamber

Karras 1960

1961

113

1961

115

±5

direct counting

ionization chamber

MacFarlane and Kohman
1961

1961

105

±1

direct counting

liquid scintillation

Wright, Steinberg, and
*OHQGHQLQ

1964

104

±3

direct counting

liquid scintillation

'RQKRIIHU

1965

108

±2

direct counting

liquid scintillation

Valli et al. 1965

1970

106

±2

direct counting

ionization chamber

*XSWDDQG0DF)DUODQH
1970

1975

106

geological
comparisons

Juvinas basaltic
achondrite
meteorite

Lugmair, Sheinin, and
Marti 1975

1977

106

geological
comparisons

Angra dos Reis
achondrite
meteorite

Lugmair and Marti 1977

1978

106

± 0.8

direct counting

weighted
DYHUDJHRIIRXU
measures

Lugmair and Marti 1978

1987

105

±4

direct counting

1992

123

±4

direct counting

emulsion plate

2001

106

±4

direct counting

emulsion plate

FRUUHFWLRQRI
Martins et al.
1992

Begemann et al. 2001

2003

117

±2

direct counting

alpha spectrometer

with vacuum
chamber
(also liquid
scintillation)

Kinoshita, Yokoyama, and
Nakanashi 2003

2009

107

± 0.9

direct counting

liquid scintillation

2010

106

±1

direct counting

alpha spectrometer

with vacuum
chamber, Sm
metal

Su et al. 2010

2010

107

±1

direct counting

alpha spectrometer

with vacuum
chamber, Sm
oxide

Su et al. 2010

ʌ*HLJHU
counter

Source

Beard and Wiedenbeck
1954

*UDHIIHDQG1XUPLD

direct counting

Al-Bataina and Jänecke
1987
Martins, Terranova, and
Moreira Correa 1992

Kossert et al. 2009
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Fig. 2. Plot of each 147Sm half-life determination versus the year of its determination, color-coded according to the
method of its determination. The error bars for each determination are also plotted from the error values listed in
Table 1.

should be noted that three of those measurements
were made using liquid scintillation counters and
one using an ionization chamber (see table 1), all
RI ZKLFK KDYH GLIIHUHQW FRXQWLQJ HIÀFLHQFLHV DV
already discussed. Nevertheless, that 147Sm half-life
value has been adopted by all geochronologists and
cosmochronologists since that time (the late 1970s).
7KHUHKDYHEHHQÀYHPRUHPRGHUQPHDVXUHPHQWV
of the 147Sm half-life since the 1970s (table 1). The
ÀUVWE\$O%DWDLQDDQG-lQHFNe (1987) with a value
of 1.05 ± 0.04 × 1011 years (105 ± 4 Byr) agrees very well
ZLWKWKHSUHYLRXVGLUHFWFRXQWLQJUHVXOWVRI'RQKRIIHU
  *XSWD DQG 0DF)DUODQH   9DOOL HW DO
(1965), and Wright, Steinberg, and Glendenin (1961),
as well as with the geological comparisons with
Pb-Pb ages of meteorites by Lugmair (1974),
/XJPDLU6FKHLQLQDQG0DUWL  DQG/XJPDLU
DQG0DUWL   WDEOH ,WLVDOVRLQFORVHDJUHHPHQW
with subsequent determinations by Kossert et al.
(2009) and Su et al. (2010) (table 1). However, the
GHWHUPLQDWLRQ E\ 0DUWLQV 7HUUDQRYD DQG 0RUHLUD
Correa (1992) of 1.23 ± 0.04 × 1011 years (123 ± 4 Byr)
is substantially higher than the Al-Bataina and
-lQHFNH   GHWHUPLQDWLRQ RI ð11
\HDUV %\U DVLVWKH.LQRVKLWD<RNR\DPDDQG
1DNDQDVKL   GHWHUPLQDWLRQ RI ð11
years (117 ± 2 Byr) (table 1). These variant results can
be easily seen in Fig. 2.
Begemann et al. (2001) claimed that because
there is good agreement of ages obtained using
the generally accepted 147Sm half-life value of
1.06 ± 0.01 × 1011 years (106 ± 1 Byr) with ages obtained
by the U-Pb (Pb-Pb) systems (for example, Lugmair

/XJPDLUDQG0DUWL/XJPDLU6FKHLQLQ
DQG0DUWL DQGEHFDXVHWKH238U and 235U halfOLYHVDUHPRUHDFFXUDWHO\NQRZQWKHGHWHUPLQDWLRQ
E\0DUWLQV7HUUDQRYDDQG0RUHLUD&RUUHD  RI
1.23 ± 0.04 × 1011 years (123 ± 4 Byr) should be viewed
with caution, and indeed, that discrepant result most
OLNHO\ LV DQ DUWLIDFW %HJHPDQQ HW DO   QRWHG
WKDW0DUWLQV7HUUDQRYDDQG0RUHLUD&RUUHD  
reported in their experimental procedure the number
of ǂGHFD\VZDVUHJLVWHUHGRQD´WKLQÀOPRIQDWXUDO
samarium oxide Sm2O3 with an overall uniform
WKLFNQHVVRI ± 0.005) mg/cm2µ+RZHYHULQWKHLU
VXEVHTXHQWFDOFXODWLRQRIWKHGHFD\FRQVWDQW0DUWLQV
7HUUDQRYD DQG 0RUHLUD &RUUHD   DSSDUHQWO\
XVHG WKH VDPH WKLFNQHVV DV IRU SXUH VDPDULXP
element instead of correcting for oxygen. If this was a
PLVWDNHDV%HJHPDQQHWDO  FODLPHGWKHQWKH
published half-life value should have been multiplied
by the weight ratio Sm2/Sm2O3 = 0.8624, provided
the Sm2O3 used was truly stoichiometric. This would
have yielded a 147Sm half-life value of 1.06 × 1011 years
(106 Byr), which is in very good agreement with the
SUHYLRXV ÀYH GLUHFW FRXQWLQJ PHDVXUHPHQWV WDEOH
1). Begemann et al. (2001) reported that according to
a private communication with one of the authors of
WKH0DUWLQV7HUUDQRYDDQG0RUHLUD&RUUHD  
SDSHULWLVYHU\OLNHO\WKDWWKLVH[SODQDWLRQLVFRUUHFW
DOWKRXJKLWLVQRWSRVVLEOHWRJLYHDGHÀQLWLYHDQVZHU
For this and other reasons, Begemann et al. (2001)
stated that they do not share the authors’ opinion
that their result “may be considered as the most
accurate measurement of the half-life performed up
WRQRZµ WKDWLVXSWR 1HYHUWKHOHVV6XHWDO
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(2010) performed parallel determinations using Sm
metal and Sm2O3 (as described above) and obtained
similar results of 1.06 ± 0.01 × 1011 years (106 ± 1 Byr)
and 1.07 ± 0.01 × 1011 years (107 ± 1 Byr) respectively
(table 1).
What then can be said about the Kinoshita,
<RNR\DPDDQG1DNDQDVKL  GHWHUPLQDWLRQRI
1.17 ± 0.02 × 1011 years (117 ± 2 Byr) (table 1)? Actually,
it can be argued that their careful experimental
approach using multiple repeated measurements
with multiple 147Sm sources using both an alpha
spectrometer and a liquid scintillation spectrometer
to measure the number of emitted ǂ-particles per
unit time, plus their detailed analysis of the counting
HIÀFLHQFLHVRIWKHLQVWUXPHQWDOWHFKQLTXHVWKH\XVHG
PDNHV WKHLU GHWHUPLQDWLRQV RI WKH 147Sm half-life
more robust than any other determinations. Kossert
et al. (2009) subsequently questioned the Kinoshita,
<RNR\DPDDQG1DNDQDVKL  GHWHUPLQHG147Sm
half-life value because it did not agree with many
other determined values. They also incorrectly
DVVHUWHGWKDW.LQRVKLWD<RNR\DPDDQG1DNDQDVKL
(2003) did not measure the isotopic ratio when their
paper clearly reports that they did. These are not valid
reasons to dismiss their determined 147Sm half-life
value. Worse still, rather than engage in discussion,
Su et al. (2010) simply ignored the Kinoshita,
<RNR\DPDDQG1DNDQDVKL  GHWHUPLQHG147Sm
half-life value. Yet the reality is that the Kinoshita,
<RNR\DPDDQG1DNDQDVKL  GHWHUPLQHG147Sm
half-life value of 117 ± 2 Byr is in very good agreement
with the four direct counting values of 114 ± 5 Byr of
Karras and Nurmia (1960), 117 ± 5 Byr of Karras
  DQG %\U RI *XSWD DQG 0DF)DUODQH
(1970) who all used ionization chambers for their
determinations, and of 113 Byr of Graeffe and Nurmia
(1961). However, it seems that the accepted 147Sm
KDOIOLIHYDOXHRI%\ULVGHWHUPLQHGE\´PDMRULW\
YRWHµ EHFDXVH LW LV VXSSRUWHG E\ WKH VHYHQ GLUHFW
counting determinations of Al-Bataina and-lQHFNH
  'RQKRIIHU   *XSWD DQG 0DF)DUODQH
(1970), Kossert et al. (2009), Su et al. (2010), Valli
et al. (1965), and Wright, Steinberg, and Glendenin
(1961) (table 1).
.LQRVKLWD<RNR\DPDDQG1DNDQDVKL  ZHUH
well aware that the 147Sm half-life values reported
from 1954 to 1970 showed some scatter between
104 Byr and 128 Byr, so they purposed to design their
experimental procedures to thoroughly reevaluate
the 147Sm half-life by means of a developed alpha
spectrometer with counting sources prepared in
a manner different from those adopted in those
HDUOLHU GHWHUPLQDWLRQ H[SHULPHQWV 7ZR NLQGV RI
commercially available Sm2O3 reagents of 99.9%
SXULW\ DQG WZR NLQGV RI FRPPHUFLDOO\ DYDLODEOH
Sm standard solutions for atomic absorption
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spectroscopy were prepared as four standard Sm
VROXWLRQV ZLWK NQRZQ FRQFHQWUDWLRQV LQ ǍJ6PJ
solution). These were labelled as Sm-A, Sm-B,
6P& DQG 6P' 5DGLRDFWLYH DQG QRQUDGLRDFWLYH
impurities in these Sm solutions were measured by
low-level gamma spectrometry, neutron activation,
,&306VSHFWURPHWU\DQGWKHUPDOLRQL]DWLRQPDVV
VSHFWURPHWU\ 7,06 DQGLWZDVFRQÀUPHGWKDWWKH
solutions did not contain any detectable impurities,
and that the isotopic composition was natural (that
is, 15.0% 147Sm).
.LQRVKLWD<RNR\DPDDQG1DNDQDVKL  XVHG
calibrated solutions of the ǂ-radioactive nuclides 210Po,
238
U, and 241Am as internal standards in preparation
of the counting sources for alpha spectrometry.
Known aliquots of each of the four Sm standard
VROXWLRQVZHUHPL[HGZHOOZLWKNQRZQDPRXQWVRIWKH
calibrated 210Po, 238U, and 241Am standard solutions to
SURGXFHWHQNLQGVRIFRPELQDWLRQV(DFKPL[WXUHZDV
then evaporated on watch glasses and the amount
RI6PRQHDFKZDWFKJODVVZDVDGMXVWHGWRaǍJ,
ZKLFK PHDQV WKDW WKHUH ZDV DSSUR[LPDWHO\ ǍJ
of 147Sm on each watch glass. Alpha spectrometry,
using a silicon surface-barrier detector with an
active area of 450 mm2, was carried out for one to
WZRZHHNVIRUHDFKRIWKHFRXQWLQJVRXUFHVDQGWKH
ǂGLVLQWHJUDWLRQUDWHRIWKHNQRZQDPRXQWVRI147Sm
was determined by reference to the ǂ-activities of the
internal standards.
0HDVXUHPHQWV RI WKH ǂGLVLQWHJUDWLRQ UDWHs
RI WKH NQRZQ DPRXQWV RI 147Sm were also carried
RXW FRQFXUUHQWO\ E\ .LQRVKLWD <RNR\DPD DQG
1DNDQDVKL   XVLQJ D OLTXLG VFLQWLOODWLRQ
spectrometer. However, only the 241Am internal
standard solution was added to each of the four Sm
standard solutions. Each mixture was prepared
for the measurements and then 10 ml of either
WKH $PHUVKDP $&6 ,, VFLQWLOODWLRQ FRFNWDLO RU WKH
SWHUSKHQ\O32323WROXHQH VFLQWLOODWLRQ FRFNWDLO
ZDV DGGHG $ EODQN VDPSOH IRU EDFNJURXQG OLTXLG
scintillation measurement was also prepared in the
same way. The liquid scintillation counting was
FRQWLQXHG IRU ÀYH KRXUV IRU HDFK RI WKH FRXQWLQJ
VRXUFHV7KHVDPHFRFNWDLOPL[WXUHIRUHVWDEOLVKLQJ
the quench curve was used in determining the
FRXQWLQJHIÀFLHQF\
.LQRVKLWD <RNR\DPD DQG 1DNDQDVKL  
then calculated a series of 147Sm half-life values
based on the 147Sm ǂ-activity of each of the prepared
counting sources calibrated against the ǂDFWLYLW\
of each internal standard measured by the alpha
spectrometer, and these are plotted in Fig. 3, along
with results from several earlier determinations.
They also calculated a series of 147Sm half-life values
measured with the liquid scintillation spectrometer,
and these are plotted in Fig. 4. The attached error
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Fig. 3. The 147Sm half-life values and their errors determined by alpha spectrometer using a silicon surface-barrier
GHWHFWRU DIWHU.LQRVKLWD<RNR\DPDDQG1DNDQDVKL>@ 7KHYDOXHVIURPHDUOLHUGHWHUPLQDWLRQVDUHLQGLFDWHG
E\ FURVV V\PEROV DQG YDOXHV REWDLQHG E\ .LQRVKLWD <RNR\DPD DQG 1DNDQDVKL   DUH LQGLFDWHG E\ FORVHG
symbols. The prepared sources are referred to as the sample names with the original solution name, the reference
standard, source number, and the measurement method.

for each plotted half-life value included the nominal
systematic errors in the calibration of the ǂ-emitting
standard and in the measurement of the isotopic
abundance of 147Sm, in addition to the st atistical
error of 1ǔLQǂFRXQWLQJ,WLVTXLWHREYLRXVIURP)LJV
3 and 4 that the 147Sm half-life values obtained by
.LQRVKLWD <RNR\DPD DQG 1DNDQDVKL   XVLQJ
an alpha spectrometer and a liquid scintillation
spectrometer respectively agree very closely with
each other within the error bars shown.
.LQRVKLWD <RNR\DPD DQG 1DNDQDVKL  
were also careful to discuss the sources of error and
their potential adverse effects on their 147Sm halflife determination. They admitted that, in alpha
spectrometry for a deposited counting source, self-

DEVRUSWLRQ RI ǂSDUWLFOHV LQ WKH VRXUFH LV D VHULRXV
problem. However, the energy loss and absorption of
ǂSDUWLFOHV in the window-layer of the silicon surfaceEDUULHUGHWHFWRU aQP DQGLQWKHYDFXXPFKDPEHU
(<4 Pa) are negligible. As to the extent of absorption
in their alpha spectrometry measurements, they
DUJXHGWKDWVLQFHWKHWKLFNQHVVRIWKHUHVLGXHRI6P
and the ǂHPLWWLQJVWDQGDUG on the watch glass was
OHVV WKDQ ǍJFP2, energy loss and absorption of
ǂSDUWLFOHV from 147Sm and the ǂHPLWWLQJ VWDQGDUG
of the counting source was expected to be negligible.
2QWKHRWKHUKDQGZKLOHWKHFRXQWLQJHIÀFLHQF\RI
the liquid scintillation spectrometer is usually high
a  WKH VSHFWURPHWHU KDV WKH GLVDGYDQWDJHV
RI KLJK EDFNJURXQG DQG SRRU HQHUJ\UHVROXWLRQ
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Fig. 4. The 147Sm half-life values and their errors determined by liquid scintillation spectrometer (after Kinoshita,
<RNR\DPDDQG1DNDQDVKL>@ 7KHSUHSDUHGVRXUFHVDUHGHSLFWHGDVLQ)LJ7KH$PHUVKDP$&6,,VFLQWLOODWLRQ
FRFNWDLOLVVKRZQDVFORVHGV\PEROVDQGWKHSWHUSKHQ\O32323WROXHQHVFLQWLOODWLRQFRFNWDLOLVGHQRWHGZLWK
open symbols.
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Hence, they concluded that in spite of the agreement
between the mean 147Sm half-life value of 115 ± 2 Byr
measured with the liquid scintillation spectrometer
and the mean 147Sm half-life value of 117 ± 2 Byr
measured with the surface-barrier detector,
within the error, the former value was regarded as
supporting data for the latter value because of these
described disadvantages.
.LQRVKLWD <RNR\DPD DQG 1DNDQDVKL  
determined that the arithmetic mean of the 147Sm
KDOIOLIHYDOXHVREWDLQHGLQWKHLUH[SHULPHQWDOZRUN
IRUWKHFRXQWLQJVRXUFHVE\DOSKDVSHFWURPHWU\ ÀJ
3) was 117 ± 2 Byr, the stated associated error being
one standard deviation. This average 147Sm half-life
value was thus about 10% longer than the then, and
still, currently adopted value of 106 ± 2 Byr. However,
.LQRVKLWD <RNR\DPD DQG 1DNDQDVKL   QRWHG
that in the earlier determinations the half-life of
147
Sm was obtained by measuring the 1476PǂDFWLYLW\
ZLWKDǑJDVÁRZFRXQWHU %HDUGDQG:LHGHQEHFN
1954), liquid scintillation spectrometers (Beard and
.HOO\'RQKRIIHU:ULJKW6WHLQEHUJDQG
Glendenin 1961), and ionization chambers (Gupta
DQG 0DF)DUODQH  0DF)DUODQH DQG .RKPDQ
1961) from sources with the number of 147Sm atoms
in them also measured. Because the 147Sm half-life
is then calculated conventionally from the obtained
values of the 1476P ǂDFWLYLW\ DQG WKH QXPEHU RI
147
Sm atoms, the experimental errors in measuring
those two values result in inaccurate determinations
of the 147Sm half-life. For example, impurities in the
Sm reagent bring error into the number of 147Sm
atoms in the counting source, and uncertainty in the
FRXQWLQJ HIÀFLHQF\ VHOIDEVRUSWLRQ RI WKH FRXQWLQJ
source and radioactive impurities in the Sm reagent
bring error into the value of the 1476P ǂDFWLYLW\
.LQRVKLWD <RNR\DPD DQG 1DNDQDVKL   WKXV
suggested that the purity of the Sm reagent was not
VXIÀFLHQWLQWKHHDUOLHUH[SHULPHQWDOGHWHUPLQDWLRQV
They also suspected that the corrections for counting
HIÀFLHQF\ DQG VHOIDEVRUSWLRQ ZHUH QRW DSSURSULDWH
in the earlier experimental determinations. High
EDFNJURXQG DQG SRRU HQHUJ\ UHVROXWLRQ RI WKH
liquid scintillation spectrometers used in the earlier
experimental determinations might also have
resulted in inaccurate 147Sm half-life values. Since
.LQRVKLWD <RNR\DPD DQG 1DNDQDVKL   ZHUH
FRQÀGHQWWKDWDOOWKHVHVRXUFHVRIHUURUZHUHH[FOXGHG
IURP WKHLU H[SHULPHQWDO ZRUN LQ FRQWUDVW WR WKH
earlier experimental determinations, they concluded
that their result of 117 ± 2 Byr for the 147Sm half-life
is reliable.
As already noted, Kossert et al. (2009) subsequently
TXHVWLRQHGWKH.LQRVKLWD<RNR\DPDDQG1DNDQDVKL
(2003) result of 117 ± 2 Byr for the 147Sm half-life. They
ZHUHFRQÀGHQWWKDWWKH\KDGDFFXUDWHO\GHWHUPLQHG

the 147Sm half-life as being 107 ± 0.9 Byr because
they had expended great effort to evaluate the liquid
VFLQWLOODWLRQFRXQWLQJHIÀFLHQF\ to be 100%, because
the number of 147Sm atoms in the Sm reagent had
been measured by means of ICP-OES (inductively
coupled plasma optical emission spectrometry) using
a reference standard from the National Institute of
Standards and Technology, and because their result
agreed well with most of the other measurement
results and the recommended value. However, as
KDV EHHQ DOUHDG\ QRWHG D VLJQLÀFDQW QXPEHU RI
other measurement results also disagree with the
recommended 147Sm half-life value of 106 ± 2 Byr
DQG DUH FORVHU WR WKH .LQRVKLWD <RNR\DPD DQG
1DNDQDVKL  UHVXOWRI%\U)XUWKHUPRUH
while Kossert et al. (2009) asserted that Kinoshita,
<RNR\DPD DQG 1DNDQDVKL   PHDVXUHG TXLWH
low activities in their experiments, they incorrectly
DFFXVHG .LQRVKLWD <RNR\DPD DQG 1DNDQDVKL
(2003) of not measuring the Sm isotopic ratio when
they clearly stated that they did. Such an error would
cast doubt on the Kossert et al. (2009) assessment of
WKHH[SHULPHQWDOZRUNRI.LQRVKLWD<RNR\DPDDQG
1DNDQDVKL  HVSHFLDOO\DV.RVVHUWHWDO  
admitted they did not have enough information on
WKH .LQRVKLWD <RNR\DPD DQG 1DNDQDVKL  
measurement details, in particular on the treatment
RI WKH EDFNJURXQG DQG WDLOLQJ RI WKH ǂSHDNV LQ
WKHLU PHDVXUHG VSHFWUD %XW .LQRVKLWD <RNR\DPD
DQG 1DNDQDVKL   GLG SURYLGH PHDVXUHPHQW
details, as already described, and the ǂSHDNV LQ
their spectra measured by alpha spectrometer are
very narrow, sharp, and distinct with a short tail and
YHU\ ORZ EDFNJURXQG DV LOOXVWUDWHG LQ WKHLU UHSRUW
So the reality is that Kossert et al. (2009) questioned
WKH .LQRVKLWD <RNR\DPD DQG 1DNDQDVKL  
result primarily because it didn’t agree well with
most of the other recent measurement results and
the recommended value, even though Kinoshita,
<RNR\DPD DQG 1DNDQDVKL   GLG  DOSKD
spectrometer determinations using combinations
of four standard Sm solutions and three internal
VWDQGDUGV ÀJ EDFNHGXSE\OLTXLGVFLQWLOODWLRQ
spectrometer determinations yielding essentially the
VDPHUHVXOWV ÀJ 
On the other hand, Su et al. (2010) simply ignored
WKH .LQRVKLWD <RNR\DPD DQG 1DNDQDVKL  
determined 147Sm half-life value of 117 ± 2 Byr after
an introductory passing reference to it, and simply
DVVHUWHG WKDW WKH ´DEVROXWHµ KDOIOLIH WKH\ KDG
determined, 106 ± 1 Byr (Sm metal) and 107 ± 1 Byr
(Sm2O3), is consistent with the recommended value
of 106 Byr. Yet Su et al. (2010) used a silicon surfacebarrier detector coupled to an alpha spectrometer
to similarly obtain their 1476P ǂDFWLYLW\ SHDNV
MXVW DV .LQRVKLWD <RNR\DPD DQG 1DNDQDVKL
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(2003) had done. And Su et al. (2010) tabulated
the uncertainty components in both their 147Sm
ǂDFWLYLW\PHDVXUHPHQWVDQGWKHLUPHDVXUHPHQWVRI
the number of 147Sm atoms in their counting sources,
which together summed to 1.1% of the 147Sm half-life
YDOXHFORVHWRWKHÀJXUHRIXQFHUWDLQW\LQWKH
Kossert et al. (2009) determination, but considerably
OHVVWKDQWKHaREWDLQHGE\.LQRVKLWD<RNR\DPD
DQG1DNDQDVKL  ,WZRXOGWKXVVHHPWKDWWKH
PDMRUUHDVRQIRUWKHGLIIHUHQFHEHWZHHQWKH6XHWDO
  DQG .LQRVKLWD <RNR\DPD DQG 1DNDQDVKL
(2003) results may be due to the different Sm reagents
used and the different procedures in preparing the
counting sources.
Su et al. (2010) used 147Sm-enriched metal and
Sm2O3 SRZGHU REWDLQHG IURP 2DN 5LGJH 1DWLRQDO
Laboratory and did not analyze them for purity,
although they did perform isotope dilution mass
VSHFWURPHWU\ ,'06 WRFKHFNWKH147Sm abundance,
ZKHUHDV .LQRVKLWD <RNR\DPD DQG 1DNDQDVKL
(2003) simply used commercially available Sm2O3
reagents and analyzed them for both impurities and
the 147Sm abundance. Then Su et al. (2010) used
vacuum evaporation (Sm metal) and sputtering
(Sm2O3) to deposit the Sm reagents onto glass
VXEVWUDWHVWRDWKLFNQHVVRIDERXWǍJFP2 before
FKHFNLQJ WKH XQLIRUPLW\ RI 147Sm distribution in
these prepared counting sources by exposure to
plastic emulsions. On the other hand, Kinoshita,
<RNR\DPDDQG1DNDQDVKL  VLPSO\HYDSRUDWHG
the prepared mixtures of Sm standard solutions and
LQWHUQDO VWDQGDUGV RQWR JODVV VXEVWUDWHV DGMXVWHG
WR aǍJ RI 147Sm to ensure calculated amounts
RI ǂSDUWLFOHV ZRXOG EH PHDVXUHG IURP WKH 147Sm
and internal standards in these prepared counting
sources. However, neither the choice of Sm reagents
nor the procedures in preparing the counting sources
VHHP WR EH VLJQLÀFDQWO\ GLIIHUHQW EHWZHHQ WKHVH
two 147Sm half-life determinations, even though
.LQRVKLWD<RNR\DPDDQG1DNDQDVKL  VWDWHG
they prepared their counting sources in a manner
different from earlier experiments. Apart from Su et
al. (2010) not analyzing their chosen Sm reagents for
SXULW\ZKLFKZRXOGQRWEHH[SHFWHGWREHVLJQLÀFDQW
JLYHQ WKH VRXUFH RI WKRVH UHDJHQWV WKH RQO\ PDMRU
GLIIHUHQFH DSSHDUV WR KDYH EHHQ WKH WKLFNQHVVHV RI
the counting sources and therefore the numbers of
147
6PDWRPVLQWKHPUHVXOWLQJLQRQO\aFRXQWV
LQ WKH FHQWUDO FKDQQHO RI WKH ǂSHDNV REWDLQHG E\
.LQRVKLWD <RNR\DPD DQG 1DNDQDVKL   WKH
quite low activities in their experiments referred to
by Kossert et al. (2009), compared to the 500–600
FRXQWVLQWKHFHQWUDOFKDQQHORIWKHǂSHDNVREWDLQHG
E\6XHWDO  <HWLQVSLWHRIWKHORZHUǂDFWLYLW\
it could be argued that the thinner counting source
should have yielded the more accurate determination
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of the 147Sm half-life value, because even though the
WKLFNHU FRXQWLQJ VRXUFH ZRXOG FRQWDLQ PRUH 147Sm
DWRPV DQG WKHUHIRUH HPLW PRUH ǂSDUWLFOHV WKH
WKLFNHUWKHFRXQWLQJVRXUFHWKHPRUHVHOIDEVRUSWLRQ
RI ǂSDUWLFOHV WKHUH FRXOG EH ZLWKLQ WKH FRXQWLQJ
VRXUFH WKXV VLJQLÀFDQWO\ UHGXFLQJ WKH GHWHUPLQHG
147
Sm half-life value.
,ILQGHHGWKHWKLFNQHVVHVRIWKHFRXQWLQJVRXUFHV
and thus the self-absorption of ǂSDUWLFOHV in them
have resulted in the experimentally determined
values of the 147Sm half-life being up to 10% or more
GLIIHUHQWWKHQWKLVKDVSURIRXQGVLJQLÀFDQFHRQWKH
determinations of the Sm-Nd radioisotope ages of
URFNV PLQHUDOV DQG PHWHRULWHV :LWKRXW FHUWDLQW\
as to whether the present 147Sm half-life (decay rate)
has been accurately determined experimentally
by direct counting, and the assumption of constant
radioisotope decay rates at the currently determined
values, the Sm-Nd radioisotope ages calculated by
XQLIRUPLWDULDQV FDQQRW EH DFFXUDWHO\ NQRZQ QR
matter how accurate are the measured 147Sm/144Nd
and 143Nd/1441G UDWLRV LQ URFNV PLQHUDOV DQG
meteorites.
In any case, the adopted 147Sm half-life value of
106 ± 0.8 Byr had essentially been already settled on
the basis of the geological comparisons done on two
PHWHRULWHVE\/XJPDLU6FKHLQLQDQG0DUWL  
DQG /XJPDLU DQG 0DUWL   ZKR DGMXVWHG WKHVH
meteorites’ Sm-Nd ages to agree with their Pb-Pb
DJHV %HJHPDQQ HW DO  'LFNLQ  ² 
Lugmair (1974) compared the Sm-Nd isochron age
KH REWDLQHG IRU WKH -XYLQDV HXFULWH PHWHRULWH ZLWK
WKHVLPLODU5E6ULVRFKURQDJHREWDLQHGRQWKHVDPH
PHWHRULWH E\ $OOqJUH %LUFN DQG )RXUFDGH  
+RZHYHULWZDV/XJPDLU6FKHLQLQDQG0DUWL  
ZKRP'LFNLQ ² FUHGLWHGIRUWKH6P1G
LVRFKURQDJHRI%\UIRU-XYLQDVWKDWLVLQ
agreement with the Pb-Pb isochron age for the solar
V\VWHP DQG WKXV FRQÀUPLQJ WKH DGRSWHG YDOXH RI
106 Byr for the 1476PKDOIOLIH 'LFNLQ²
Patterson 1956). This though begs the question—
KRZGRWKH\NQRZWKDWWKHVHVRFDOOHGLVRFKURQVDUH
QRW PL[LQJ OLQHV ZKLFK KDYH QR WLPH VLJQLÀFDQFH"
,W VKRXOG DOVR EH QRWHG WKDW 'LFNLQ   ÀJ
4.1 caption) wrote that the “Nd isotope ratios are
affected by the choice of normalizing factor for mass
IUDFWLRQDWLRQµDUHPLQGHUWKDWWKHDJUHHPHQWRIWKLV
Sm-Nd isochron age with the Pb-Pb isochron age was
RQO\DFKLHYHGE\PDNLQJFKRLFHVRIVXLWDEOHIDFWRUV
6XEVHTXHQWO\/XJPDLUDQG0DUWL  REWDLQHGD
Sm-Nd isochron age of 4.55 ± 0.04 Byr for the Angra
GRV5HLV $'25 DQJULWHPHWHRULWHEDVHGRQDQDO\VHV
of phosphate and pyroxene mineral separates, which
they made sure agreed with the Pb-Pb model age of
%\U IRU $'25 REWDLQHG E\ 7DWVXPRWR
Knight, and Allègre (1973). Lugmair and Galer
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 ODWHUUHÀQHGWKDW3E3EPRGHODJHIRU$'25
to 4.55780 ± 0.00042 Byr based on analyzing a
pyroxene mineral separate, which they then used to
suggest what the 147Sm half-life should be in order
WRPDNHWKH6P1GLVRFKURQDJHIRUWKLVPHWHRULWH
agree exactly with this Pb-Pb model age.
/XJPDLUDQG0DUWL  DQG/XJPDLUDQG*DOHU
 MXVWLÀHGWKHLUJHRORJLFDOFRPSDULVRQVWRDGMXVW
the 147Sm half-life value so that the Sm-Nd isochron
DJHVRIWKH-XYLQDVDQG$QJUDGRV5HLVPHWHRULWHV
agreed with their Pb-Pb isochron and model ages on
the basis that these meteorites’ Pb-Pb ages were more
precise because the decay constants of the parent 238U
and 2358´DUHNQRZQPRUHSUHFLVHO\µ$QG/XJPDLU
DQG0DUWL  DGGHGWRWKHDGRSWLRQRIWKDW147Sm
half-life value of 106 Byr by choosing the “most
SUHFLVHµ UHVXOWV IURP RQO\ IRXU RI WKH HDUOLHU GLUHFW
counting experiments (see table 1) that would give the
desired weighted average value for the 147Sm half-life
of 106 ± 0.8 Byr “that has been adopted by all geo- and
FRVPRFKURQRORJLVWVVLQFHWKDWWLPHµ %HJHPDQQHWDO
2001). This was also the basis for Begemann et al.
  VHHNLQJ WR ´FRUUHFWµ WKH 0DUWLQV 7HUUDQRYD
DQG0RUHLUD&RUUHD  GHWHUPLQHGKLJKHU147Sm
half-life value to bring it into agreement with this
adopted 147Sm half-life value calibrated against the
U-Pb radioisotope system, and for Kossert et al.
(2009) and Su et al. (2010) dismissing and ignoring
respectively the more thoroughly determined but
higher 1476PKDOIOLIHYDOXHRI.LQRVKLWD<RNR\DPD
DQG1DNDQDVKL  
+RZHYHUWKH83E´JROGVWDQGDUGµGDWLQJPHWKRG
has come under much scrutiny in the two last decades.
Ludwig (2000) has demonstrated that, although
almost universally ignored, the effect of the errors
in the U decay constants on U-Pb concordia-Pb-Pb
LQWHUFHSWDJHVDUHVLJQLÀFDQWEHLQJD0\UHUURU
IRU D 0\U DJH ZKLFK DPRXQWV WR DOPRVW D 
error. The U-Pb method also depends on the crucial
238
U/235U ratio, but discrepancies and variations
have been found recently between the 238U/235U ratio
LQ 8EHDULQJ WHUUHVWULDO PLQHUDOV DQG URFNV DQG
the 238U/2358 UDWLR LQ PHWHRULWHV %UHQQHFND DQG
:DGKZD+LHVVHWDO 0XFKHDUOLHU$SW
et al. (1978) had reported that the 235U/238U ratio in
uranium ores in Canada, Brazil, Zaire, and Australia
varied from 0.7107 to 0.7144 when the recognized
value is 0.72. Such variations in uranium ores have
been further documented by Bopp et al. (2009). These
discrepancies and variations remain unexplained,
especially in the context of the 238U and 235U decay
constants and half-lives. Furthermore, the fact that
there are these variations in the crucial 238U/235U ratio
LQWHUUHVWULDOPLQHUDOVDQGURFNVRQZKLFKWKH83E
GDWLQJ´JROGVWDQGDUGµGHSHQGVZKLFKKDVEHHQXVHG
to recalibrate Sm-Nd isochron ages to determine the

A. A. Snelling

Sm half-life and decay constant, only underscores
that these radioisotope methods cannot provide the
DEVROXWH LQYDULDEOH ´GDWHVµ WKH\ DUH VR FRQÀGHQWO\
proclaimed to provide.
In any case, there is the additional assumption
in all the radioisotope dating methods of having to
NQRZ WKH RULJLQDO FRQFHQWUDWLRQV RI WKH GDXJKWHU
DQG LQGH[ LVRWRSHV ZKLFK LV YHU\ VLJQLÀFDQW LQ WKH
U-Pb method 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
DWWHPSWLQJWRQHJDWHWKHQHFHVVLW\IRUNQRZLQJWKRVH
initial values, and despite the assumption ever since
Patterson (1956) and Tatsumoto, Knight, and Allègre
(1973) that the Pb isotopic composition of the troilite
)H6 LQWKH&DQ\RQ'LDEORLURQPHWHRULWHUHSUHVHQWV
WKHLQLWLDO´SULPRUGLDO3EµRIWKHHDUWKDQGWKHVRODU
V\VWHP 'LFNLQ)DXUHDQG0HQVLQJ 7KXV
the U-Pb method should not be used as a standard
to determine other parent radioisotope half-lifes and
decay constants.
Indeed, 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, not least being
the assumption that the decay rates of the parent
radioisotopes have always been constant in the past
at today’s measured decay rates. Second, the U-Pb
PHWKRG UHOLHV SULPDULO\ RQ ǂGHFD\ DV GRHV WKH
Sm-Nd method. Yet both Austin (2005) and
Snelling (2005) have reported that the parent U
DQG 6P ǂGHFD\LQJ UDGLRLVRWRSHV VHHP WR \LHOG
systematically different U-Pb and Sm-Nd ages for
VRPH HDUWK URFNV XVLQJ WKH VDPH VDPSOHV ZLWK
essentially the same methodology. Additionally, they
suggested the pattern of differences was potentially
related to the parent radioisotopes’ atomic weights
and half-lives, which could be indicative of parent
radioisotopes’ decay rates having not been constant
in the past but instead were substantially faster.
Furthermore, these different radioisotope ages
\LHOGHG E\ WKH VDPH HDUWK URFNV DUH RIWHQ ZLGHO\
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
EH LQGLFDWLYH RI RWKHU XQGHUO\LQJ IDFWRUV DW ZRUN
DV DOUHDG\ GLVFXVVHG EULHÁ\  DQG WKH\ FDQ VWLOO
OHDGWRYHU\VLJQLÀFDQWGLVFUHSDQFLHVLQWKHGHULYHG
147
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radioisotope ages that might otherwise appear to be
acceptably accurate to uniformitarians.
Nevertheless, the age comparisons on meteorites
XVHG WKH 83E PHWKRG EDFN LQ WKH V WR VHWWOH
apparently beyond any subsequent dispute, the
determination of the 147Sm decay half-life at
106 ± 0.8 Byr, which is within the range determined
by many of the physical direct counting experiments
E\VHYHUDOWHFKQLTXHV VHHWDEOHDQGÀJ <HWWKH
robustness of the 10% higher 117 ± 2 Byr 147Sm halfOLIH YDOXH GHWHUPLQHG E\ .LQRVKLWD <RNR\DPD DQG
1DNDQDVKL  PLJKWHYHQLQGLFDWHWKDWWKHRWKHU
higher 147Sm half-life values determined in some
HDUOLHUH[SHULPHQWV VHHWDEOHDQGÀJ VKRXOGQRW
be simply dismissed as due to poorer experimental
methodology or equipment. In any case, Sm-Nd age
calculations are now ultimately calibrated against
the U-Pb method, and thus the 147Sm half-life value
of 106 ± 0.8 Byr has been adopted. However, this U-Pb
´JROG VWDQGDUGµ GHSHQGV RQ ZKHWKHU WKH 8 GHFD\
FRQVWDQWV DUH DFFXUDWHO\ DQG SUHFLVHO\ NQRZQ DQG
on the crucial 238U/235U ratio. Yet discrepancies and
variations have been found between the 238U/235U
UDWLR LQ 8EHDULQJ WHUUHVWULDO PLQHUDOV DQG URFNV
and the 238U/235U ratio in meteorites which remain
unexplained. This only serves to highlight that if the
Sm-Nd dating method has been calibrated against
WKH83E´JROGVWDQGDUGµZLWKLWVRZQXQFHUWDLQWLHV
then the claimed accurately-determined 147Sm decay
rate cannot be absolute, especially given the evidence
LQVRPHHDUWKURFNVRISDVWKLJKHUUDGLRLVRWRSHGHFD\
rates and the evidence that some direct counting
experiments yielded 10% or more higher 147Sm halflife values. Yet even though it is to be expected these
half-life measurements vary by 10% or so because of
WKHGLIÀFXOWLHVLQPHDVXULQJVXFKDORQJKDOIOLIHWKH
resultant calculated radioisotope ages end up being an
order of magnitude or more different from one another,
ZKLFKLVIDUWRR´LQDFFXUDWHµLQSURYLGLQJWKHDEVROXWH
ages required by uniformitarians. Thus without an
DFFXUDWHO\ NQRZQ 147Sm decay half-life, accurate
Sm-Nd radioisotope ages cannot be accurately
determined. Therefore, Sm-Nd dating cannot be
XVHGWRUHMHFWWKH\RXQJHDUWKFUHDWLRQLVWWLPHVFDOH
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.
Conclusions
There have been numerous attempts to determine
the 147Sm decay half-life in the last 80 years by
two primary techniques used in direct physical
counting experiments—ionization chambers and
liquid scintillation counters, and by radioisotope
age comparisons using two meteorites. The
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determinations since 1960 have converged with close
agreement on the 147Sm half-life value of 106 ± 0.8 Byr,
which has since the 1970s been adopted for standard
use by the uniformitarian geological community. This
adopted 147Sm half-life value is the weighted average
of four determinations by direct counting experiments
LQ WKH SHULRG ² FRQÀUPHG E\ JHRORJLFDO
comparisons in the 1970s in which the 147Sm half-life
YDOXHZDVDGMXVWHGLQRUGHUWRUHFDOLEUDWH RUIRUFH
essentially by circular reasoning) the Sm-Nd isochron
ages of two meteorites to be the same as their Pb-Pb
isochron and model ages.
However, even though this 147Sm half-life value
of 106 ± 0.8 Byr has been universally adopted by the
geochronology and cosmochronology community since
/XJPDLUDQG0DUWL  SURSRVHGLW %HJHPDQQHW
al. 2001), the more recent direct counting experiments
E\ .LQRVKLWD <RNR\DPD DQG 1DNDQDVKL  
determined the 147Sm half-life value was 10% or
more longer at 117 ± 2 Byr. They achieved this by
using four standard Sm solutions with internal
ǂUDGLRDFWLYH VWDQGDUGV LQ  DOSKD VSHFWURPHWHU
DQGLRQL]DWLRQFKDPEHUGHWHUPLQDWLRQVPDNLQJ
it the most thorough and comprehensive effort to the
determine the 147Sm half-life. It would appear that the
thinner counting sources they used, while resulting
LQ ORZ ǂDFWLYLWLHV EHLQJ PHDVXUHG JUHDWO\ UHGXFHG
the counting uncertainty due to self-absorption of the
HPLWWHG ǂSDUWLFOHV 6R LQ VSLWH RI EHLQJ UHMHFWHG RU
ignored, this 117 ± 2 Byr value for the 147Sm half-life,
which agrees with some earlier determinations, may
ZHOOEHKLJKO\VLJQLÀFDQWDQGPRUHUHOLDEOHWKDQWKH
adopted value.
Yet even though there is close agreement between
many determined values, the 147Sm half-life value
obtained by recalibrating the Sm-Nd isochron ages
for two meteorites with their Pb-Pb isochron and
model ages has been given preference over the
values obtained by direct counting experiments
which directly measure 147Sm decay, and 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.
Since the age comparisons on two meteorites used
the U-Pb method to determine the 147Sm decay halflife, all Sm-Nd age calculations are thus ultimately
calibrated against the U-Pb method. However, this
83E ´JROG VWDQGDUGµ GHSHQGV RQ KDYLQJ SUHFLVHO\
determined 238U and 235U decay constants, as well
as on the crucial 238U/2358 UDWLR EHLQJ NQRZQ DQG
constant. Yet there are still uncertainties in the
measured U decay constants, and discrepancies and
variations have been found between the 238U/235U ratio
LQ8EHDULQJWHUUHVWULDOPLQHUDOVDQGURFNVDQGWKH
238
U/235U ratio in meteorites. These discrepancies and
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variations remain unexplained. This only serves to
highlight that if the Sm-Nd dating method has been
FDOLEUDWHGDJDLQVWWKH83E´JROGVWDQGDUGµZLWKLWV
own uncertainties, then it cannot be absolute.
Furthermore, there is evidence that nuclear
decay rates have not been constant in the past.
7KXV ZLWKRXW DQ DFFXUDWHO\ NQRZQ 147Sm decay
half-life, accurate Sm-Nd radioisotope ages cannot
be accurately determined. Therefore, Sm-Nd dating
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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