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Geophysical determination of the*3.a B~ decay constant
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The %8a B~ decay constant was determined geophysically. The isotopic growtHs$%@et*’Ce and
143NdM“Nd were examined from ancient igneous crystalline rocks. For the Ce isotope measurement, a newly
developed dynamic multicollector technique was applied. The crystallization age of the rocks was calculated to
be 203713 Myr from the growth of“*Nd. From the age and the growth 5Ce, X ; of **_.a was estimated
to be (2.37-0.10)x 10" *2 yr~1. This value is consistent with those of the latest tysoay counting data of
lanthanum compounds within the analytical error.

PACS numbses): 23.40-s, 91.35.Nm, 91.65.Dt

134 3 is one of the long-lived radioactive nuclides, which et al. [14] from three metamorphic rocks was more than
decays to stablé**Ce and**®Ba through~ decay and elec- twenty percent higher. Norman and Nelddd] and Tanaka
tron captureEC) decay, respectively. The half-life df®.a  and Masud416] discussed the discrepancy between the two
was reported by many investigators by counting the radioachethods. The problems of the radioactivity measurement are
tivity of lanthanum compoundgl—11]. However, even after the calibration of detector efficiencies and relative attenua-
Ge(Li) detectors were introducef@—9], the half-lives ob-  tion by self-absorption.
tained before 1980 were scattered from X@®' to 4.7 On the contrary, geophysical determination had a problem
X 101 yr for the B~ decay and from 1.8710" to 2.34 in measuring precise Ce isotope ratios. Ce isotope ratio is
X 10 yr for the EC decay. In the 1980’s, two mutually measured as oxide species (CeQwo obtain a stable and
consistent results were obtained by Sato and Hifa&kand lasting ion beam and to reduce the isobaric interference of
Norman and NelsofiL1] by paying attention to the problem ‘*Ba. The ion beam intensity of*®Ce'®0, which was usu-
of volatile impurities in the compounds. Their data seemsally more than 10'°A, was ignored to obtain a more precise
most reliable, but this method has difficulty in determining ***Ce/***Ce ratio, because such a large beam intensity was
precise and accurate efficiencies of the detector. Because 8t of the detectofFaraday cuplinearity range. Thus, the
the long half-life of 1*8.a, a large volume of the compound mass fractionation of**Ce/*“Ce ratios during the measure-
is required to obtain precise data, which results in the differment were normalized t6*Ce/““Ce after removing the in-

ence of geometry between the samples and stangasy  terference of' 2Ce'®0 on the neighboringCe™0. For the
sources. To avoid this, a potassium compound is mixed angorrection of %0, '80/*%0 isotope ratio of Nier{17] or
relative half-lives are determined against the well-knownWasserburgt al.[18] was used and considered as constant.
40K half-life. The 1460.8-keVy ray produced by the decay The interference of**%Ce'®0 on 4%Ce'®0 was estimated
of 4K is close to the 1435.9-keV EC decayray, but far  from a constant'*®Cel*’Ce ratio without considering its
from the 788.7-ke\3~ decayy ray. Therefore, it is difficult mass fractionation.
to determine the precise and accurate partial half-life of the Makishima and Nakamurd 9] improved the precision of
138 a B~ decay. 138Cef4%Ce ratio using the static multicollector technique,
The other method is the geophysical determination fromwhich cancels out the fluctuation of ion beams. The mass-
ancient rocks. Cerium has four stable isotop&¥Ce dependent fractionation was corrected t5Cel*Ce
(0.1999, %%Ce (0.25%, %Ce (88.45%, and *Ce  =0.01688. They measurédO/*0 ratio simultaneously and
(11.11%. The ¥8.a B~ decay constant can be estimatedfound a gradual change ¢fO/*%0 ratio during the measure-
from the isotopic growth of*¢Ce, if the ages of the rocks are ment. Thus, they pointed out the importance iof situ
known. The age is usually obtained using the deca}/@m  80/*%0O measurement to obtain a preci§&Ce/**Ce ratio.
to *3Nd because of the similar chemical property of rareAlthough the precision of*%Cef*’Ce ratio was improved by
earth elements. The measurement of Ce isotope ratios anhis technique, it is difficult to obtain accurate data because
the comparison of the decay constants between the twof the change of the relative Faraday cup efficiencies and
methods were carried out by Tanaka and Madudd first,  amplifier gains through time.
but the uncertainty of Ce isotope ratios was quite large. This Recently, | developed the dynamic multicollector tech-
comparison was tried by several investigators. The value olmique for Ce isotope ratio measurement with one order of
tained by Dickin[13] from the whole rock analysis of six magnitude smaller ion beam intensity compared with that of
metamorphic rocks was consistent with those of Sato antakishima and Nakamuril9]. The dynamic multicollector
Hirose[10] and Norman and Nelsofll]. That of Masuda technique is the most accurate techniqgue among those used
for the thermal ionization mass spectrome(€iMS), be-
cause it cancels not only the fluctuation of ion beams but also
*Fax: +81-52-789-3033; the relative Faraday cup efficiencies and amplifier gp20$.
Electronic address: mash@gcl.eps.nagoya-u.ac.jp Since the ion beam intensity 8f%Ce'%0 can be measured by
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applying this technique, the situ interference of**%Ce%0
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minor minerals. No alteration was recognized by the micro-

is correctly estimated. Also, the mass-dependent fractionscopic observation of thin sections. This means that the gab-

ation is corrected more appropriately with*®Cet*Ce
=7.941, not the smalt**Cel*Ce ratio.

bros are in closed system after the crystallization. The
Sm-Nd isochron and the La-Ce isochron of another gabbro in

The growth of **Ce in a closed system is expressed bythis area were investigated previou§h2].
the following equation using thg™~ decay constantxg@, The gabbros were crushed and sieved. After the sieving,
the electron capture decay constakg(), present-day*Ce  the grain size 40-10@m and 100—~18Qm were separated
abundance *Ce,), initial '*Ce abundance't*Ce), and  into pure minerals, plagioclase, and pyroxene using their dif-
the crystallization ag&, which means elapsed time since the fgrent magnetism. Samples, weighing about 1 g, were de-
sample became a closed system: composed by HF, HNQ and HCIQ. The obtained solutions
were split into two aliquots; one was used for the measure-
X159 5 x (et NedT_ 1) ment of *Ce/**Ce and**Nd/**4Nd ratios and the other one
a ' for the determination of concentrations of La, Ce, Nd, and
(1)  Sm by the isotope dilution mass spectrometry. Each element
was refined by cation exchange column separation using HCI
If **Ce is used as a reference isotope, this equation is repmd 2-methyllactic acid as eluents!*Cet*Ce and
resented as 143Nd/A44Nd ratios were measured with a TIMS, VG Sector
54-30. Details of the Ce isotope measurement will be de-

Ag

138~ _ 13
fCe,=13%Cq + Mot hec

( 138Ce) ( 138Ce> Ng ( 1381_a> scribed elsewhere.
= + X The obtained isotope ratios are shown in Table | and the
HCel 1 e \hpthed) | e 147SmA44Nd and M*3Nd/**Nd ratios are plotted in Fig.(&).

From Fig. 1a) and Eq.(3), the ageT was calculated to be
2037+ 13 Myr (all errors in this text mean one standard error
except as notedwith the initial *NdA*Nd ratio of
0.509 64~ 0.000 01 using\ gn,=6.54x 10 2 yr=t [21,27.

X (e AedT— 1),

)

The decay from**’Sm to *3Nd is also written as follows
using the decay constant 6#'Sm (\g.):

(143Nd> (143Nd> (147Sm 0.5125 1117
= + X(etsm—1). (3 @
14 14. 14.
“Nd ) Nd/ “Nd . 051201
-
By measuring these present ratios, the initial ratio andTage f
are calculated by the least square fitting from more than three 30115
data sets. By comparing these equations to the equation of a .-f 2037+ 13 Myr
straight line in the slope-intercept forny € b+ax), we see ~ ostiof ]
that the intercept on thg axis is
0.5105 T
1380 143\g 0.06 0.08 0.10149.12 l0.14 0.16 0.18 0.20
b=| or | T 4 Sm/“‘Nd
Cel, Nd/, (Y1777 ——
and the slope is 0.022600 ®
3
A & 0.022595;
a=|—2L | x (e edT—1) or (esm—1). 3
At Nec 00225900
(5) slope: 0.00486
. - . 0.022585 + 000021 ]
Therefore, in some rock, coexisting minerals that have the
same {3¥Cel*Ce) or (**3Nd/*Nd); and the same age are 00225800ttt

0.002 0.003 0.005 0.006

represented by points that define a straight line in coordinates
of the measured ‘tCef*?Ce), and (3%Lat*<Ce), or
(**NdA*Nd), and (*SmA*Nd),. This straight line is FIG. 1. (3 ’SmANd vs 3Nd/*“Nd plot of the minerals and
called an “isochron” because all points on a given line haveyypole rocks of the gabbros. The agewas calculated from the
the same age. Equatid8) is called the La-Ce isochron and gm-Nd isochron to be 203713 Myr with the initial “Nd/A4Nd

Eq. (3) is the Sm-Nd isochron. . ' ratio of 0.50964-0.00001 from Eq.(3) using Agy=6.54
The experimental procedure is summarized briefly belowsx 10712 yr=1 [21,22. (b) & a/%Ce vs B3&Cet4’Ce plot of the

Two ancient rocks were selected from South Africa. Theseninerals and whole rocks of the gabbros. The slope'dfge*Ce
rocks are gabbros, which is a group of Sigbor crystalline initial ratio were calculated to be 0.00486.00021 and
igneous rocks composed of plagioclase, pyroxene, and son®e022 573 3 0.000 000 9 from Eq(2), respectively.

0.004
l38La/1 42Ce
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TABLE |. Isotope ratios of**8.a/**%Ce, %Cel*’Ce, 1*'SmA*Nd, and**Nd/A*Nd in mineral separates
and whole rocks from the gabbros. The errors'8tCel*?Ce and*Nd/**4Nd are statistical errors which
have 95% confidence interval. TH&%.a/**?Ce and**’SmA*Nd ratios were calculated from the concentra-
tion of La, Ce, Nd, and Sm using the isotopic abundances and atomic weights estimated by [REAT
The uncertainty of*8 a/**Ce and*’SmA4“Nd is = 0.5% without including the uncertainties of the isotopic
abundances and atomic weights.

Sample 138 aft42Ce B&cefizce HISmitiNd 143NdA4Nd
plagioclase rich gabbro

whole rock 0.00408 0.022595520 0.142 0.5115488
plagioclase(100—-180um) 0.00534 0.022600%8 0.0698 0.5105786
pyroxene(100—-180um) 0.00211 0.022583513 0.184 0.51207%7
plagioclaseg40—100m) 0.00533 0.02259887 0.0747 0.51064% 6
pyroxene(40—100.m) 0.00229 0.022583520 0.178 0.51202%7
fine fraction (<40 wm) 0.00438 0.022594%8 0.134 0.5114537
pyroxene rich gabbro

whole rock 0.00402 0.022591® 0.150 0.5116567
plagioclase(100—180um) 0.00491 0.022597813 0.0703 0.5105648
pyroxene(100—180xm) 0.00221 0.02258469 0.184 0.51210%6
plagioclasg40—100.m) 0.00542 0.022600212 0.0735 0.5106478
pyroxene(40—-100um) 0.00253 0.022585717 0.188 0.5121627
fine fraction <40 um) 0.00437 0.02259349 0.139 0.51150F 6

A program made by Ludwif23] and namedsoprLOT, which  have different chemical properties means that the gabbros in
is a plotting and regression program for radiogenic isotopéhis area has been in closed system since its crystallization.
data based on York’s algorithf24], was used for the calcu- ~ The isotope ratios of*%.a/*“Ce and **Cel*Ce are
lation of least square fitting throughout this study. The &ige plotted in Fig. 1b). The slope and initial ratio were calcu-
obtained here agrees well with that of Tanaka and Masudkted from Eg. (2) to be 0.004860.00021 and
[12]. This age is also consistent with the age calculated fron®.022 573 3-0.000 000 9, respectively. From the slope, the
another long-lived radioactive nuclid€Rb [25]. The good 139 a B~ decay constant was calculated on the assumption
agreement of ages calculated from different nuclides whictihat the ager of the La-Ce isochron should agree with that
of the Sm-Nd isochron, whilagc=4.39x10 *? yr ! was
TABLE Il. *%a B~ decay constants reported after 1980 andapplied from the weighted average of the latest tyvoay

in this study. Those of the geophysical determination were modifie¢ounting dat410,11]. Even if A cc changes 10%) 4 changes
with the latest IUPAC reporft26,27 and recalculated by a regres- |ess than 0.1%. Thereforkgc can be treated as constant. As
sion programisopLOT [23] by comparing the slopes of the La-Ce the result, Ng was calculated to be (2.37.10)
isochrons with the ages obtained from the Sm-Nd isochrons. The: 1012 =1 from Eq. (5).

: y g.(5)
Sm-Nd isochron age of Tanaka and Mas({#id] was recalculated The geophysically determinetfd_a B~ decay constant

and 205145 Myr was used. Also, 263189 Myr and 2602 : :
A values are summarized in Table Il. These values were recal-
+149 Myr were used for Makishimat al. [29]. The error of all

recalculated values is b The uncertainty of**.a/*Ce and 1980 T
1475mA44Nd were assumed to be0.5%. Those of the radioactivity | T
measurement were also modified by the latest reports. The error 1985 [
size of Sato and Hirosel0] was modified according to the discus- .,
sion of Norman and Nelsofi5]. 5 1990 |
) e

Year Reported value Recalculated value

(10712 yrfl) (10712 yrfl) 1995 -
1981[10] 2.30+0.03(10) 2.27+0.15 This study ‘ e s
1982[12] 2.97+0.51 1 2 1012 3, 4
1983[11] 2.17+0.15(10) 2.15+0.15 s (1073
198713 2.24£0.14 FIG. 2. Comparison of recalculatéd®.a g~ decay constants
1988[14] 2.77+0.21(20) 2.86+0.11 reported after 1980. Solid circles represent the geophysical determi-
1991[29] 2.33+0.24(20) 2.41+0.14 nations. Open circles represent the radioactivity determinations.

The solid line means a weighted average values ofvhich were

This study 2.3%0.10 determined from the three ddtk0,11,29 and this study, equivalent

to (2.32£0.06)x 10" 2 yr 1,
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culated with isoPLOT by comparing their slopes of their [13] is consistent with those of the radioactivity measure-
La-Ce isochrons with the ages obtained from their Sm-Ndment, but he pointed out in his bodR8] that some rocks
isochrons. The Sm-Nd isochrons were also recalculated became open system after the crystallization. _

this program, when data were available. Isotope abundances Based on these assessments, only the geophysical deter-
and atomic weights of the elements were modified with thdninations of the**.a s~ decay constant done by Mak-
latest reports of IUPACQ26,27. The results are shown in 1Shimaet al.[29] and this study should be reliable, as these

Table Il and Fig. 2 together with the latest tweray count- values were calculated through appropriate sample selections
ing data[10,11]. The size of error is comparable except and adequate number of data sets. These two values are con-

- sistent with the latest twg-ray counting dat@10,11] within
Tanaka and .Masuc[aZ]. The result of Masud'at. al.[14] is the error. The weighted average value of these four data is
apparently different from the other data. Their isochrons con-(2 32+0.06)x 10" 19 1
sist of only three points. A regression line calculated from* ™ ' y
three points may be unreliable fundamentally. In this respect, | am very thankful to Professor T. Tanaka for advising

their original estimation of uncertainty which should havethis work. This research was supported in part by the Japan
95% confidence interval is too small. The result of Dickin Society for the Promotion of Science for Young Scientists.
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