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Weak decay of *®Ba and *Ba: Geochemical measurements
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The half-life of 3®Ba due to multichannel weak decé8*, 2EC, and E@B") has been determined for the
first time by the measurement of th&Xe daughter accumulated in natural barite (BaSffom the Belore-
chenskoe deposit in North Caucasus, Russia. The accumulation time was determined from U-Xe and K-Ar
gas-retention ages measured in the same material, yielding a half-Iit{é%&a for all weak decay modes of
2.2+0.5x 107 yr (68% C.L), about a factor of 2 lower than that predicted by the proton-neutron quasiparticle
random phase approximation. From excE€%e observed in this barite, the half-life for weak decay &Ba
can be estimatedT(,,= 1.3+ 0.9x 10?*yr). However, this value is more tentative, since other sources of this
isotope cannot be excluded, but the lower limit of 2 20 yr remains firm.
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INTRODUCTION geochemical or direct counting methods, the double
K-capture (2EC) mode might be accessible geochemically.
Double positron emission and double electron capturgiowever, thepn-QRPA calculations, extended by the mul-
(2B", BTEC, 2EQ are the lesser investigated channels oftiple communicator modegMCM) [2], suggest a half-life of
electroweak decay compared with conventional double bet&.7X 10°°yr for 2EC **Ba decay, well above the experimen-
decay %7_ Contributing factors are genera”y |@ values tal detection limit. DeteCtion. Q%SOBa decay .in geO|Ogica”y.
(decay energiedor the 28", BEC, and 2EC channels and ©ld samples can test the validity of these different theoretical
long predicted half-lives, especially for theg2 transition models as well as provide measurement of its half-life.

13
[1,2]. However, the pertinent nuclear matrix elements are not  S° fzr,bthg only knOV\(/)n Sﬁamh féFOXedf)r(om OII?Zjabwa}s
very well constrained and do not seem to have predictablkEPOrted by Srinivasaf0] who measured Xe in old barites

trends[2], leading to considerable uncertainty. The case idBa>Q) from South Africa and Australia. In that work, how-

less dismal for 2EC transitions to excited std@d]; it may ~ SVel the presence of other Xe componesfsllation from

be possible to detect these decay modes using geochemidigh-energy cosm|c-r:;1?)é8l|Jr1t¢rqct|ons, neutron captures on
accumulation methods which are more sensitive than direcfarious Ba isotopes, and™U fission prevented resolution of
counting experiments. any contribution from weak decay. Later, Barabash and

Determination of decay constants by geochemical methSaakyari3] reexamined the data of Srinivasan and, making

ods is based upon the accumulation of daughter products Ygrious assumptions, estimated a lower limit for the half-life

minerals of known age. The most favorable cases occu?! . Ba atTi;>4x10*yr. The work reported here repre-
when the daughter products are isotopes of xenon and, toSgNtS @ new attempt to measure the half-life'8Ba using
less extent, krypton, where the low natural abundances ad§fined analytical methods and samples carefully selected to
the large number of stable isotopes permit resolution of smafieduce interferences. The particular barite chosen for this
radiogenic contributions. This technique was first applied to>tudy has negligible colgtnbutlon; from spallatiorcapture,
the investigation of the 8~ decay of'*°Te in 1950 by Ing- and theB,{B decay of_ Te, mak_lng it more suitable than
hram and ReynoldE5]. Since that time, the half-life of this (he material analyzed in the earlier studies.
transition has been measured and refined by many different
laboratories[6—18]. The sensitivity and precision of the SAMPLE SELECTION
geochemical method are amply demonstrated in the determi- Although barium in the Earth’s crust is a much more
nation of the 3~ decay half-life of ®Te (to '*%Xe). At  abundant element than tellurium, it is much more difficult to
7.7+0.4X 10P*yr, this is the longest half-life ever measured detect weak decays df%Ba than thess~ decay of 3Te.
experimentally17,18. Geochemically determineds2decay  First, it is difficult to find stable, high-purity, Ba-rich miner-
rates of the shorter-livetSe[16] are in excellent agreement als of documented age, suitable for the geochemical investi-
with those determined by direct counting methi8,20. gation of Ba electroweak decdynost barium minerals are

If any of the electroweak decay modes'dfBa have half- affected by hydrothermal processeSecond, the isotopic
lives of 10*?yr or less, it may be possible to detect ##e  abundance of*®Ba(0.106%) is much lower than that of
daughter product in the Xe spectrum of geologically old Ba-**°Te(33.87%) and Ba is present in minerals most abun-
rich mineral deposits. From proton-neutron quasiparticle ranedantly as BaS@whereas Te is often found as the pure native
dom phase approximationg(-QRPAs), the half-lives for metal. This implies that, in order to detect a similar half-lives
the 287, B"EC, and 2EC decay modes &iBa are pre- with Ba and Te samples of the same antiquity, it would take
dicted to be about 1¥107°, 1.0x10% and 4.4 10?'yr, 500 times more barite than native tellurium. This means that
respectively{4]. While the first two(28" and 8EC) half- interferences and background of trapped atmospheric xenon,
lives look hopelessly long for measurement by eitherwhich are both normally proportional to sample mass, will
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be much higher in the barite experiment, making it muchrity [0.31 wt%, determined using inductively coupled
more difficult to detect small additions of a radiogenic plasma(ICP) mass spectrometfy Although the relatively
daughter than in the tellurium experiment. Considering theyoung age of this sample must be considered a disadvantage,
long theoretical half-life predictionspfp-QRPA) for the many older hydrothermal barites show evidence of internal
electroweak decay of%Ba [2,4], measurement will be dif- metasomatisnti.e., they were redeposited during late-stage
ficult, even for geologically old samples. Solving this prob-Or post-formation hydrothermal activityin the Belorechen-
lem will require substantial amounts of material and carefuiskoe sample, the barite veins show no evidence for hydro-
analytical technique. Although it is not a problem to locatethermal activity since formation.
kilogram quantities of pure barite, it is not easy to make a
low-blank hlgh-yacuum oven for such large sqmples: The EXPERIMENT
blank problem is further exacerbated by the mineral itself.
BaSQ, decomposes upon heating in vacuum, releasing large The isotopic composition of xenon from 60 mg of Belore-
guantities of highly reactive SOThis gas attacks the sample chenskoe barite in the initial preliminary examination was
system, releasing significant quantities of Xe from the inte-indistinguishable from that of atmospheric Xe. Once this
rior surfaces. As a compromise;5 g of BaSQ was chosen sample was selected, a more detailed analysis would be re-
as the optimum sample size for this study. Even this requireduired to separate the atmospheric component, to identify
four stages of chemical gettering and careful data analysisany other components present, and to resolve Ba-derived
Five “promising” barites were initially selected from a 3%e. For this, we selected two additional samples to study
variety of sites. In order to minimize contributions from using stepwise extraction techniques in two different gas-
cosmic-ray spallation reactions, the most desirable sampldgandling systems. Both of these samples were pre-degassed
should come from a large enough depth that cosmic-ray efat ~150°C in vacuum to remove superficial atmospheric
fects are suitably attenuated. All candidate samples were r&ontamination.
covered from depths of at least 100 m, had low concentra- The first stepwise extraction was performed using 0.4234
tions of uranium and thorium, and had well-documentedg barite in a small tungsten coil, a procedure originally de-
geological histories. Atmospheric Xe, present in all barites, isigned for subgram-sized samples where extremely low
a background that can be subtracted since its isotopic conblanks were require@26]. The coil temperature was origi-
position is known[29]. However, in order to measure small nally calibrated against the input power using an optical py-
contributions from weak decay, it is necessary to minimizerometer, but as a result of the open coil design, the sample
contributions from other sources that are not so well charactemperature is substantially lower than that of the coil.
terized. To determine the best among these five samples, X8aSQ, decomposes at 900—1100 °C in vacuum, releasing Xe
isotopic compositions were measured in snfalD.1 g ali-  from its lattice. We were not able to melt the more refractory
quots from each. Four of them had clear signatures oBaO, which remained in the coil, by raising the temperature
spallation-produced Xe, indicating near-surface residencéurther. Although the higher-temperature fractions did release
some time in their geologic history. The presence¥Ke  considerable amounts of Xeue to chemical reaction of the
excesses$from neutron capture of*’Ba) in three of the bar- SO, decomposition product with interior surfaces of the
ites indicates significant exposure to epithermal neutronsample systejnthey were atmospheric in composition with
compared with the other two samples, an effect which isvery little additional contributions of radiogenit®®e or
commonly observed in baritg®0,21], but which compli- 23U fission Xe.
cates the analysis for low-level isotopic effects. The second stepwise heating experiment was done with a
One of the five samples was clearly superior to the otherssingle 3.783-g piece of the Belorechenskoe barite in an oven
It contained relatively small amounts of indigenous Xe, at-of special design for low blanks with larger sample 4i2€].
mospheric in composition, accompanied by minor contribu-This oven uses separate vacuums for the sample and the
tions from other sources, providing a background most suittantalum resistance heater, and an embedded W-W/Re ther-
able for the detection of low-levéf®e additions from the mocouple for temperature control. Procedural blanks run at
weak decay of*Ba. That sample, from the Belorechenskoe 1000 °C, accumulated for 30 min, weres5x 10~ *4cm?® STP
barite deposit, Northern Caucasus, Ru$g@, was selected of ¥?Xe, ~50 times higher than those of the small oven, but
for the more detailed experimental procedures. This hydro10 times lower than the smallest temperature fraction of Xe
thermal deposit was formed in successive stages, witheleased from the barite. The Belorechenskoe barite was the
quartz-dolomite, ankerite, and barite-calcite veins, intersectfirst sample analyzed in this oven, eliminating the possibility
ing fault dislocations and surrounded by Lower and Middleof memory effects. Xe from this larger sample was extracted
Paleozoic formations with more recent granite intrusionsn five temperature steps of 700, 900, 1100, 1480, and
[23]. Dolomite veins post-date the host rock and provide al700 °C, each maintained for 30 min. The gases released at
reference geologic age of 1.7®.15x 10°yr (beginning of  each temperature were purified from chemically active spe-
the Middle Jurassic[25]. Both dolomite and barite are sec- cies in four sequential stages of getterifigree successive
ondary minerals, but the dolomite veins are crossed by bariteteps to SEAS-type 707 getter pellets and to a freshly depos-
veins, establishing this age as an upper limit for the age oited titanium film. Light noble gases were removed from the
the barite. Our particular sample was of the third morpho-Xe by selective desorption from activated charcoal. The pu-
logical type, forming at 105-110°Q24], a nearly pure rified Xe was then admitted and analyzed statically in a
BaSQ, of tabular structure, with SrO being the major impu- 20-cm magnetic sector ion-counting mass spectronj@@r
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TABLE |. Concentrations and isotopic compositions of xen&¥{e=100) measured in Belorechenskoe barite in two different stepwise
heating experiments. Temperatures for the first run are estimates; the uncertainties show(68fé C.L). “Subtotal” corresponds to Xe
released at temperatures of 1000 °C and below. “Total” includes Xe from all temperase@sexk

132)(e
T (°C) (10" em®STP/g) 124%e 126xe 128¢e 2% 130 e Blxe 13%e 5e
First run, 0.4234 g, extraction in small low blank oven

~800 0.2489 0.3735 0.3326 7.105 98.70 15.301 79.184 38.828 33.180
+0.0011  *0.0075 +0.0083 +0.044 =*0.32 +0.076 +0.219 +0.154 +0.116

~1100 0.4067 0.3615 0.3268 7.164 98.21 15.197 78.829 38.978 33.338
+0.0012 *+0.0048 +0.0065 +0.035 =*0.24 +0.057 +0.160 +0.098 +0.100

Subtotal 0.6956 0.3660 0.3290 7.141  98.40 15.236 78.964 38.921 33.278
+0.0016  *=0.0041 +0.0051 +0.027 =*0.19 +0.046 +0.129 +0.085 +0.076

~1500 0.1083 0.3674 0.3475 7.129 98.24 15.309 78.545 38.781 32.973
+0.0008 +0.0229 +0.0118 +0.095 =*=0.44 +0.107 +0.305 +0.224  *0.205

Total 0.7639 0.3662 0.3316 7.140 98.37 15.247 78.904 38.901 33.235

+0.0018 =0.0048 +0.0047 +0.027 =*0.18 +0.042 +0.119 +0.079 +0.072

Second run, 3.7830 g, extraction in high-capacity double vacuum oven

700 0.0851 0.3538 0.3276 7.098 97.74 15.132 78.596 39.023 33.241
+0.0003 *0.0032 +0.0029 +0.018 =*0.13 +0.023 +0.076 +0.057 +0.054

900 0.164 0.3537 0.3309 7.103 97.63 15.281 78.628 38.931 33.273
+0.001  *0.0036 +0.0033 +0.022 =*0.14 +0.032 +0.093 +0.111 +0.058

1100 0.0136 0.3440 0.3174 6.911 96.54 14.874 77.431 39.270 33.640
+0.0001  *0.0175 +0.0122 +0.095 =*=0.74 +0.144 +0.677 +0.435 +0.308

Subtotal 0.2625 0.3532 0.3291 7.092 97.61 15.212 78.556 38.978 33.282
+0.0035 *=0.0026 +0.0024 +0.016 =0.11 +0.023 +0.072 +0.075 +0.043

1480 0.782 0.3514 0.3304 7.106  98.09 15.069 78.762 38.747 32.974
+0.001  *0.0040 +0.0036 +0.046 =*0.46 +0.057 +0.352 *0.176 +0.129

1710 1.648 0.3559 0.3306 7.116  97.99 15.085 78.729 38.740 32.885
+0.001  *0.0025 +0.0027 +0.016 =*0.12 +0.022 +0.076 +0.060 +0.032

Total 2.693 0.3544 0.3304 7.110 97.98 15.093 78.721 38.765 32.949

+0.004 £0.0019 +0.0020 +0.017 =*0.15 +0.022 +0.112 +0.063 +0.049

Reference xenon isotope compositions
Atmospheric Xg29] 0.3536 0.33077 7.0989 98.112 15.1290 78.9055 38.7819 32.916
+0.0012 *£0.00072 *+0.0029 =*=0.041 £0.0047 £0.0076 *£0.0069 =*0.017
Xe from 2 fission[30,31] 0 0 0 <03 0 14.63 142.2 172.1
+0.34 +0.4 +0.9

whose sensitivity and mass discriminatigr-0.02% per RESULTS AND DISCUSSION

amu were determined before and after each sample with Xe The melting point of barite at atmospheric pressure is re-
calibration spikes. ported to be 1580 °C. However, as suspected from the analy-
In order to measure potassiuffior K-Ar dating) and ura-  sis of the stepwise heating data and confirmed by off-line
nium (for U-Xe dating, barite aliquots of about 0.2 g were experiments, BaSQdecomposes into SOBaO, and oxygen
weighed and placed into a pure graphite crucible along withwhen heated in vacuum. In the temperature range 900—
a standard flux to facilitate melting-1.2 g of lithium me- 1100°C, the BaS@visibly changed from a blocky white
taborate, lithium tetraboraye, and lithium carbomafEhe  crystalline form to a fine powder, releasing $S@hich was
sample was fused in a Leco furnace and the potassium conetected by reaction with a copper test foil. Subsequent
tent determined using optical emission spectrometry ICPanalyses, using the energy-dispersive x-ray analjiEidX)
OES (Thermo Jarrell Ash Enviro )l calibrated with three mode of the JEOL-840A scanning electron microscope, con-
international standards. TH&®U content was measured by firmed the presence of sulfur compounds on the test foil. The
ICP mass spectrometriPerkin Elmer ELAN 600D cali- highly reactive S@degrades surfaces of the sample system,
brated with suitable uranium standards. releasing adsorbed atmospheric Xe. While this compromises
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Consequently}?*Xe is the preferred tracer for atmospheric

60 1 Xe and is used as the reference isotopé plots of Fig. 1.
30 - ~800°C (1) Xe from any additional nuclear process will manifest itself as
ok---2 a positive § value (note that no negativé values are ob-
served. Any isotopic fractionation of the atmospheric com-
60 L ponent would be indicated by sloped lines in Fig. 1, with
20| ~1100°C (1) both positive and negativé values; none is obs_erveo!. Al-
though the presence of a small amount of fractionation has
0 little impact on the measureld®e excesse§'?*xe, the ref-
—_ erence isotope, is adjacent ¥Xe), it is more important in
8 % determining the quantity of fission Xe, as will be addressed
~ 30 700°C (2) below. As previously mentioned, reaction of S@ the
«© 0 b-t——cy = g higher-temperature fractions releases additional atmospheric

Xe (Table ), diluting the visibility of the Ba-derived Xe for
thebulk sample. However, in the 700 and 900 °C fractions in
the second run and, to a lesser extent, in the 800 and 1100 °C
in the first run, there are clear excesses'#¥e, coupled

with fission-produced Xe from®U. Since'*%e is shielded

by stable'*°Te in fission, it can only be the product 61Ba

60 - decay. The correlation between radiogehitXe and fission

30 b 1100°C (2) Xe is important for two reasons. First, resolution of the fis-
P O S G 7 A sion component provides a means to measure the Xe reten-
tion age of the sampléessential for determination of the
=30 1 139Ba half-life). More important, though, this release con-
60 ! R . . firms the temperature of vacuum decomposition of BaSO
124 126 128 130 132 134 136 that point at which radiogeni¢®*®Xe accumulated from the
Mass (amu) weak decay of*®Ba will be released. To summarize, pre-

degassing of the sample at several hundred degrees in

FIG. 1. Permil deviation of the Xe isotopic composition from vacuum removes much of the superficial atmospheric Xe;
atmospheric Xe, normalized #6%€e (run numbers in parentheges stepwise heating allows the two radiogenic components
Temperature fractions above 1100 °C are not shown since they afé**Xe and fission Xg to be resolved in the 700—1100 °C
dominated by spurious atmospheric ¥e text and plot as hori-  fractions from additional atmospheric Xe released at the
zontal lines. Most temperature fractions demonstrate slight enrichhigher temperatures.
ments at'**Xe and the heavy isotopedission, most precisely In order to determine the amount of radiogerit™e
shown in 900 °C of the second run. present in the barite, trapped Xe must first be removed.

While it is clear from the delta plots shown in Fig. 1 that this

the usefulness of the higher-temperature fractions, by theapped Xe, traced by the quantity &°Xe, is very nearly
time this occurs most of the radiogenté®e has already atmospheric in composition, a small amount of mass frac-
been released. tionation may still be present. To detect any linear mass frac-

The quantity and isotopic composition of Xe released durtionation of trapped atmospheric Xe, a series of spectral de-
ing two stepwise extractions of the Belorechenskoe barite areompositions was made using a range of mass fractionations.
shown in Table | and plotted in Fig. 1 as permil deviationsRemoving the knowrr>U fission Xe composition and a cor-
from atmospheric Xe composition. The temperature fractionsectly fractionated atmospheric Xe should leave zero residu-
above 1100 °C are dominated by extraneous atmospheric Xais at all isotopes except®e from *Ba decay. To deter-
released by the chemical reaction of Shd are not shown. mine the specific mass fractionation which best fits the data,
If we ignore a minor €20) *?*Xe excess in the first run, the sum of the weighted square residuals of all Xe isotopes
there is no indication of spallation-produced enrichment ofwas minimized, excluding®Xe (which can have neutron
the low-abundance light Xe isotopdshere such effects capture contributionf21]) and **2Xe (which may have con-
would be the most evidentThis indicates substantially com- tributions from**Ba weak decay The best fit was found for
plete shielding from galactic cosmic rays, distinguishing thisa slightly negative mass fractionation 6f0.05% per amu.
sample from that of the earlier study of Srinivag@0] and  While allowing for a small degree of mass fractionation has
assuring that thé®%e will have no spallation component. only a small effect on the quantity of radiogerfit’Xe de-
Contributions from the spontaneous fission ©fU are rived compared with unfractionated atmospheric ¥ess
present at the heavy neutron-rich isotopes. These, along witihan 5%, it has a somewhat larger effect on the quantity of
the measured radiogentéAr, play a vital role in constrain- fission Xe(30%) and consequently on the implied U-Xe age.

ing the gas retention age of this sampf€Xe has one of the The amount of radiogeni¢®*®e is found by subtracting
highest abundances in atmospheric Xe and a low yield ithe slightly fractionated atmospheric Xe from each of the
23y fission (<0.012% compared to 6% fot*®Xe [28]). individual temperature fractions, assigning all of ti&e to
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that source. This leaves only fission Xe and radiogéffice ~ ent areas of each sample, confirming Te homogeneity to
(Fig. 2. As can be seen, the residuals are zero within errowithin 5%. Clear Te signals were obtained for all but the
for all other isotopes except for an enrichment*3tXe, = most dilute standard, establishing the Te detection limit at
which, although small<2¢), may be due to the weak decay <0.05 wt% Te. This implies that Te would have been de-
of 132Ba. Summing the contributions in the temperature fractected in the barite if it had been present at the 0.05% level
tions 1100 °C and belowsubtotal,” Table 1), we obtain the where it would contribute less than 5% of the observed ra-

following values for the radiogeni&®Xe: diogenic 3*%e. Therefore, more than 95% of the excess
130 e must be due td*Ba.
(4.6+3.6)x10 ¥cm® STP 3%e/g for the first run, Once the quantity of*Ba-derived*%e is established,
its half-life can be found using the gas-retention age of the
(4.36+1.03 10 ¥cm® STP ¥%e/g sample. This must be equal to or lower than the 005

x 10®yr age of the dolomite veins in the host rdds]. The
gas-retention age of the barite itself, however, can be deter-
mined using U-Xe and K-Ar ages measured in the actual
sample. Since all of the daughter products are noble gases,
_ . . issi i 0 i FEYY
13600 = (2.15+0.62) x 10~ “cn? STP/g in the first run, fissiogenic Xe, thé®Ar from potassium decay, and t e
i=( 2 gt st T from 13®Ba should have accumulated for the same length of

for the second run,

and similarly for the concentrations 62U fission Xe:

136y, — time. The potassium content (0.020.003wt %) and the
Xer=(1.69+0.14 concentration of radiogenic  argon “°Ar (9.8+0.7
x 10" *cm® STP/g in the second run. X 10~ 8 cm’/g) measured in this sample provide a bulk K-Ar

age of 1.240.22<x10°yr. The 238 content (0.235

Remarkably, while the precision of the data and the con-+ 0.025 ppm) and the measured concentratior®®e from
centrations ofrappedXe in two runs are quite different, the 238 fission (1.72-0.14x 10 *cm® STP/g sample like-
calculated radiogeni¢®’Xe and 2% fission Xe concentra- wise provide a U-Xe retention age of 148.23< 1(Pyr,
tions are essentially the same for these two runs. Inclusion afsing the two most recent measurement&%8# fission pro-
the higher-temperature fractiofwhich contain spurious Xe duction rates[17,1§. Since the K-Ar and U-Xe ages are
of atmospheric composition released by, S@action has a totally independent of each other and concordant within the
negligible effect on the measured quantities of either the rastated uncertainties, the gas-retention age for the Belorech-
diogenic**%e or the fission xenon, but it increases the un-
certainties since more atmospheric Xe is subtracted. More-
over, once the barite lattice is disrupted, releasendfitu— 150
produced radiogenic components is complete. We cal =[] - Barite, atmospheric Xe removed
combine these two measurements as weighted means to ¢ B
tain final values (radiogenic *%Xe=4.38+0.99 | ] - 238U fission Xe
X 10 ®cm® STP/g, fissiogenic  1%%Xe=1.72+0.14
x 10 ¥cm® STP/g, but the results are clearly dominated
by the greater precision of the second run.

An additional potential interference must be carefully
considered before concluding that all of the radiogénfXe
is due to decay of*Ba. As mentioned earliet*Te is more
effective than**®Ba in producing'*®Xe by 8B decay(greater
abundance and comparable half-Jlifand the presence of
only 1% Te can produce the observEfXe excesses. Evalu-
ation of this possibility requires assessment of the Te concer
tration in this sample. Although difficult to do by either ICP
mass spectrometry or neutron activation analysis due to fol -
midable interferences in both techniques, there are othe
nonchemical methods at our disposal sensitive enough to s ‘ | th
appropriate upper limits. Using the EDX mode of the JEOL- | T o ' '
840A scanning electron microscope, we examined the tellu 124 126 128 129 130 131 132 134 136
rium L line (3.769 keV and found no Te signal above the
detection limit. In order to calibrate the Teline sensitivity
and determine its detection limit, we prepared a series of G 2 xe from Belorechenskoe baritsecond rup after sub-
Te-Au standards with Te contents of 1%, 0.1%, 0.05%, angraction of fractionated—0.05% amiuatmospheric Xe. The vertical
0.01%. Metallic tellurium was weighted with @ CAHN C-31 scale has been increased by a factor of 25 at mass 124 and 126.
microbalance, added to a predetermined quantity of goldRadiogenict®¥e and?*&U fission Xe are most evident, with a small
and fused. After melting, the resulting pellets were cut upexcessess than @) at *Xe, suggestive of double beta decay of
remixed, and melted again to achieve a uniform Te distribu32Ba. Excess'*Xe from neutron capture oi*’Ba is quite small
tion. To verify, x-ray spectra were taken from several differ- (10).

100 —

50

Enhanced by
factor of 25

Relative Isotope Abundance

Mass (amu)
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enskoe barite is confidently taken as the average of these twabout 40% for—0.05%/amu mass fractionation to 63% for
values: 1.340.12x10° yr. This postdategby about 25%  no fractionation. In addition, the effective’*Xe (and the
the reported geologic age of the dolomite in the host rock, ag®Xe) yield in 23U fission can be modified by chemical
expected since the barite is typically hydrothermal in originmigration, especially if carried by fluid82]. While the ap-
and observed in secondary veins that transect the dolomitearent exces$®?Xe in Fig. 2 can be used to estimate the
[25]. half-life of %2Ba weak decay Ty,=1.3+0.9x 10?%yr),

From the measured radiogertt®Xe and the gas-retention other sources of*?Xe cannot easily be excluded. It is, there-
age of this barite, thé®*Ba half-life is found to be 2.16 fore, less certain than th&°Ba half-life, but the value of
+0.52x 10%yr. This electroweak multichannel half-life is 2.2x 10%yr is a rigid lower limit and almost an order of
about 2 times lower than that predicted ppy-QRPA[4], not  magnitude larger than the previous lower limit for the weak
bad as these things go. Since the 2EC decay chanféBd  decay half-life of'3?Ba[3].
probably has the shortest half-life of the three available chan-
nels[1], this value probably pertains to the doublecapture
channel.

The small residual excess?Xe (less than &), observed We thank D. I. BelokovskyFersman Mineralogical Mu-
in Fig. 2, may be due to the double beta decay*®a, but  seum, Moscowwho supplied us with a sample of Belorech-
the case for this is less certain than f8fBa. The difficulty  enskoe barite, Yu. M. DymkoyVernadsky Institute, Mos-
is due to the isotopic abundance &¥Xe being 6 times cow) for important information about this sample, and T.
greater in atmospheric Xe thdi’Xe, and 98% of thé®*Xe  Bernatowicz (Washington University, St. Louisfor many
in this barite is atmospheric in origin. Therefore, the excesdelpful discussions. We also thank L. A. Neim&tkS. Geo-
132¢e shown in Fig. 2 is much more dependent on massogical Survey for providing several other barite samples.
fractionation(e.g., the uncertainty of this excess goes fromThis work was supported by NASA Grant No. NAG5-9442.
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